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T H E  S T U D Y  O F  U L T R A - C L E A E

C O A L

IETRODUCTIOE

The dawn o f  th e  m achine a g e , w ith  th e  in tr o d u c t io n  f i r s t  

o f  steam  power and th en  o f  e l e c t r i c i t y ,  fo c u se d  a t t e n t io n  on 

th e  im portance o f  c o a l  a s  a prim ary sou rce  o f  power. The march 

o f  e v e n ts  s in c e  th e  b eg in n in g  o f  t h i s  cen tu ry  has more th an  

confirm ed m an's dependence on c o a l ,  n o t o n ly  a s  a prim ary f u e l  

but a l s o  as a m ajor sou rce  o f  organ ic  c h e m ic a ls . I t  i s  but 

l o g i c a l ,  th a t  th e  in c r e a s in g  im portance o f  t h i s  raw m a te r ia l  

sh ou ld  have r e s u lt e d  in  numerous in v e s t ig a t io n s  as t o  i t s  

proper c o n se r v a t io n  and u t i l i s a t i o n .

Coal — -  i t s  o r ig in .

O rdinary c o a l i s  a com pact, s t r a t i f i e d  m ass o f  th e  

rem ains o f  p la n t s ,  w h ich  have undergone p a r t ia l  d ecay , v a ry in g  

in  c h a r a c te r  and a r r e s te d  a t  d i f f e r e n t  s t a g e s .  With th e  

e x c e p t io n  o f  c a n n e ls , in  th e  a c c r e t io n  o f  w h ich  th e  m icro 

organism s o f  p lan k ton  and m arine faun a p la y ed  a p a r t ,  th e  

p r a c t i c a l l y ,  e x c lu s iv e  v e g e ta b le  o r ig in  o f  c o a l  r e q u ir e s  no  

fu r th e r  p ro o f (1)

/C o a l...........................



Coal and I t s  a s s o c ia t e d  im p u r it ie s .

I t  i s  w e l l  known , t h a t  c o a l  i s  i n v a r i a b l y  a s s o c i a t e d  

w i th  a  c e r t a i n  am ount o f  m in e r a l  m a t t e r  a p a r t  from  th e  p u re  

c o a l  s u b s ta n c e .  Thus fro m  th e  e a r l i e s t  d a y s  o f  f u e l  r e s e a r c h ,  

i n v e s t i g a t o r s  have  b e e n  c o n c e rn e d  w i th  t h e  n a tu r e  o f  th e  

" n o n -c o a l” a s s o c i a t e d  w i th  c o a l .

De M a r s i l ly  (1848) was p e rh a p s  th e  f i r s t  t o  p o i n t  o u t 

t h a t  "how ever p u re  a  p ie c e  o f  c o a l  may b e ,  how ever hom ogeneous 

i t  may a p p e a r  t o  th e  e y e , i t s  d i f f e r e n t  p a r t s  do n o t  y i e l d  t h e  

same p r o p o r t io n s  o f  f i x e d  r e s id u e  on i n c i n e r a t i o n " .  Thus t h e  

f a c t  t h a t  th e  m in e r a l  m a t t e r  i s  n o t  d i s t r i b u t e d  u n ifo rm ly  i n  

c o a l  l e d  su b se q u e n t w o rk e rs  t o  r e c o g n is e  tw o d i f f e r e n t  ty p e s  o f  

m in e r a l  m a t t e r  — -  t h e  in h e r e n t  and  th e  e x tr a n e o u s  —  i n  c o a l .  

T h e ir  o r i g i n  h a s  b e e n  d e s c r ib e d  by  S to p e s  and  W h ee le r (2 ) a s  

f o l l o w s : -  " In  n e a r ly  a l l  c e l l  w a l l s  o f  p l a n t s  ( fo rm in g  o o a l)  a t  

l e a s t  a  m in u te  p o r t i o n  o f  th e  m in e ra l  m a t t e r  i s  i n c o r p o r a te d  

w i th  th e  o rg a n ic  m o le c u le s  and  i n  some p l a n t s  w id e ly  an d  i n  some 

l o c a l l y ,  m in e r a l  m a t t e r  i s  s e c r e t e d  and  d e p o s i te d  i n  o r  on th e  

w a l l s .  Such f o r  in s ta n o e  a r e  t h e  s i l i c a t e - im p r e g n a t e d  w a l l s  i n  

t h e  g ra m in e a e , th e  o a lo e ro u s  s h e a th s  o f  o h a rao eaa , th e  a lum in ium  

i n  th e  ly o o p o d ia o e a e . Such m in e ra l  m a t t e r  w ould  be  a n  in h e r e n t  

p a r t  o f  t h e  c o a l  foxm ed from  any  su ch  s p e c i e s  o f  p l a n t s ” . The 

a s h  c o r re s p o n d in g  t o  th e  i n h e r e n t  m in e ra l  m a t t e r  o f  c o a l  i s

j jo f te n
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o f t e n  r e f e r r e d  t o  a s  th e  t r u e ,  f i x e d  o r  n o rm a l a s h  c o n te n t  o f  th e  

c o a l .  L i t t l e  I s  known a b o u t th e  i n h e r e n t  m in e r a l  m a t t e r  ,b e c a u se  

i t  c a n n o t be  d e te c t e d  by  th e  m ic ro sc o p e .

The e x tra n e o u s  m in e ra l  m a t t e r  i n  c o a l  i s  t h a t  p a r t  o f  

t h e  m in e r a l  m a t t e r ,  w h ich  i s  f o r e i g n  t o  t h e  p l a n t  m a t e r i a l  fo rm in g  

c o a l*  T h is  a r i s e s  e i t h e r  from  se d im e n ta ry  m a t e r i a l ,  w h ich  was 

d e p o s i te d  c o n te m p o ra n eo u s ly  w i th  t h e  a c c u m u la t io n  o f  p l a n t  d e b r i s ,  

o r  from  m in e r a l  s a l t s  ( l i k e  gypsum , p y r i t e  and  m a r c a s i t e ,  and  

c a rb o n a te s  o f  l im e , m agnesium  and  i r o n )  in t r o d u c e d  by th e  

i n f i l t r a t i o n  o f  v a r io u s  s o l u t io n s  a f t e r  th e  c o a l  seam s w ere  " l a i d  

down”.  In  I - r a y  p h o to g ra p h s , t h i s  may be s e e n  i n  t h i n  l a y e r s  on 

s e v e r a l  o f  t h e  b e d d in g  p la n e s  and  i s  o f t e n  r e f e r r e d  t o  a s  th e  

a d v e n t i t i o u s  m in e r a l  m a t t e r  i n  c o a l .

The l a s t  s o u rc e  from  w h ich  th e  a s h  i n  m ined  c o a l  

o r i g i n a t e s  i s  i n  th e  f ra g m e n ts  o f  ro o k  from  r o o f  and  f l o o r  o f  t h e  

m in e , a n d , i n  some i n s t a n c e s ,  from  r i b s  o f  in o r g a n ic  m a t e r i a l  

o c c u r r in g  i n  th e  seam i t s e l f ,  w h ich  a r e  m ixed  w i th  t h e  c o a l  d u r in g  

m in in g  o p e r a t io n s .  Q u a n t i t a t i v e l y  t h e  ro o k  d e b r i s  a c c o u n ts  f o r  

th e  b u lk  o f  t h e  a s h  i n  com m erc ia l c o a l .

The in h e r e n t  m in e r a l  m a t t e r  o f  c o a l  v a r i e s  i n  q u a n t i t y  

a n d  q u a l i t y  a c c o rd in g  t o  th e  c o n s t i t u e n t  o f  c o a l  w i th  w h ich  i t  i s

/ a s s o c i a t e d



a s s o c ia t e d .  Thus a c co r d in g  t o  L e ss in g  ( 3 )

(a )  c l a r a i n  and  v i t r a i n  c o n ta in  th e  i n h e r e n t  m in e r a l  m a t t e r  o f  

th e  p l a n t s  ( o r  w hat re m a in s  o f  i t )  y i e l d i n g  on i n c i n e r a t i o n  

1*1  t o  1*3  p e r c e n t  o f  ash", w h ich  c o n s i s t s  l a r g e l y  o f  w a te r  

s o lu b le  m a t t e r  t o g e t h e r  w i th  a  s m a ll  p r o p o r t io n  o f  d a y  

m a t e r i a l ,  w h ioh  d id  n o t  a r i s e  frcm  m in e r a l  s a l t s  i n  t h e  

p a r e n t  p l a n t s .

(b) D u ra in  y i e l d s  from  6 t o  7 p e r c e n t  o f  a s h  m o s tly  d e r iv e d  from  

c la y  and  s i l t .

(0 ) The a s h  from  f u s a i n  may v a ry  from  4  t o  3 °  p e r c e n t  an d  i t  shows 

e v id e n c e  o f  h a v in g  b e e n  in t r o d u c e d  a s  c a r b o n a te s  o f  lim e  and  

i r o n  i n  s o l u t i o n  i n  h a rd  w a te r s  an d  p a r t l y  i n  s u s p e n s io n  i n  

th e  fo rm  o f  c la y .

C oal p r e p a r a t i o n .

The n a tu r e  o f  th e  a s s o c i a t e d  i m p u r i t i e s  i n  c o a l  h a s  a  

d i r e c t  b e a r in g  on th e  p r e p a r a t i o n  o f  c o a l  f o r  th e  m a rk e t.  The 

I n h e r e n t  m in e r a l  m a t t e r  i n  c o a l  s e t s  a  l i m i t  up  t o  w h ich  a  c o a l  

c o u ld  be  c le a n e d  by  m eo h a n io a l m eans a lo n e ,  i n  th e  b e s t  p o s s ib l e  

c ir c u m s ta n c e s .

The m ost im p o r ta n t  s i n g l e  c h a r a c t e r i s t i c  o f  b o th  c o a l  

and  th e  a s s o c i a t e d  i m p u r i t i e s  from  th e  s ta n d  p o i n t  o f  c le a n in g  

i s  th e  s p e c i f i c  g r a v i t y .  Thus c o a l  r a n g e s  i n  a p p a re n t  s p e c i f i c

/ g r a v i t y
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g r a v i t y  from  1*2 t o  1*7 d e p e n d in g  on r a n i ,  m o is tu re  and  a s h  

c o n te n t ;  s h a l e ,  o la y  and  s a n d s to n e  ra n g e  b e tw een  2*0 t o  2*6 

d e p e n d in g  on th e  d e g re e  o f  p u r i t y ;  p y r i t e  r a n g e s  fro m  2*4 t o  4 *9 ; 

and  o a l o i t e  and  gypsum have  a  s p e c i f i c  g r a v i t y  o f  2*7 and  2*3 

r e s p e c t iv e ly *  H o s t c o a l  c le a n in g  p r o c e s s e s  u s e  g r a v i t y  co n cen 

t r a t i o n  m e th o d s; b u t  m ethods b a s e d  upon  s u r f a c e  and m a g n e tic  

p r o p e r t i e s  and  upon  e l e c t r i c a l  c o n d u c t iv i t y ,  s l i d i n g  f r i c t i o n  

and  s t r e n g t h  a r e  a l s o  som etim es u s e d .

M odern c o a l  c le a n in g  p r a c t i c e  and  i t s  l i m i t a t i o n s .

The i m p u r i t i e s  w i th  w h ich  c o a l  i s  a s s o c i a t e d  a s  i t  

comes from  th e  m ine a r e  rem o v ab le  o n ly  t o  t h e  e x t e n t  t h a t  th e y  

a r e  p r e s e n t  i n  th e  fo im  o f  d i s c r e t e  p a r t i c l e s  p h y s i c a l l y  d e ta c h e d  

from  th e  c o a l  and  o f  p a r t i c l e  s i z e  am enable  t o  c le a n in g *  She 

common i m p u r i t i e s  com ing u n d e r  t h i s  h ead  a r e  s h a l e ,  s a n d - s to n e ;  

c la y  e t c . , w h ich  g e t  adm ixed w i th  c o a l  d u r in g  m in ing*  F in e ly  

d iv id e d  i m p u r i t i e s  d i s s e m in a te d  th ro u g h o u t  th e  c o a l  s u b s ta n c e  

( th e  ^ a d v e n t i t io u s  m in e r a l  m a t te r * )  a r e  n o t  l i b e r a t e d  t o  any  

a p p r e c ia b le  e x te n t  a t  s i z e s  s u i t a b l e  f o r  o le a n in g .

The aim  o f  an  i d e a l  c o a l  o le a n in g  p r o o e s s  s h o u ld  be  t o  

p ro d u ce  n o t  o n ly  c le a n  c o a l  b u t  a l s o  d e a n  r e f u s e  i . e .  r e f u s e  

r e l a t i v e l y  f r e e  o f  o o a l .  B u t im p e r f e c t  s e p a r a t io n  o f  m a t e r i a l s  

o f  d e n s i ty  in te r m e d ia te  b e tw een  o o a l  an d  * d i r t *  i s  a  

c h a r a c t e r i s t i c  o f  a l l  g r a v i t y  c o n c e n t r a t io n  p ro c e s s e s *  Thus

/m o s t
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m ost p l a n t s  p ro d u a e  a  o le  an  o o a l  w i th  a  c o n s id e r a b le  l o s s  i n  

r e f u s e ,  a  l o s s  p a r t l y  o f f - s e t  by  re c o v e ry  o f  t h e  "m id d lin g s* *

B u t i t  i s  e v id e n t ,  t h a t  i n  a l l  su c h  p r o c e s s e s ,  co m p le te  o r  n e a r  

co m p le te  e l i m in a t i o n  o f  i m p u r i t i e s  c o u ld  be  a c h ie v e d  o n ly  a t  t h e  

e x p en se  o f  t h e  y ie ld *  B e s id e s  t h i s ;  p h y s i c a l  m ethods o f  o le a n in g  

a r e  o f  l i t t l e  o r  n o  a v a i l  i n  t h e  c a s e s  o f  c o a l s  o f  h ig h  

a d v e n t i t i o u s  a s h  l l h e  bone o o a l  and  m ost c a n n e ls .

C lean  o o a l  — -  an  e x p la n a tio n *

I n  r e c e n t  l i t e r a t u r e , o n e  comes a c r o s s  e x p re s s io n s  lifc e  

c le a n  o o a l ,  p u re  c o a l ;  v e ry  c le a n  c o a l ,  c le a n  f i n e  c o a l  e t c . ,  

w h ich  f r e q u e n t ly  do n o t  r e f e r  t o  t h e  same p ro d u c t,w h e n  u s e d  by 

tw o d i f f e r e n t  i n v e s t i g a t o r s *  H o s t a u th o r s  l a b e l  a s  c le a n  o o a l  t h e  

p ro d u c t  o f  c o m p a ra t iv e ly  low  a s h  c o n te n t ,  o f t e n  3 p e r c e n t  an d  

b e lo w , p r e p a r e d  by  any  one o f  th e  u s u a l  c o a l  o le a n in g  p ro c e s s e s *  

B e r t r a n d  (3) c a l l s  a s  p u re  c o a l^  t h e  p ro d u c t  w h ich  i s  a lm o s t  p u re  

V i t r a l n  (a s h  l e s s  t h a n  1 p e r c e n t )  p r e p a r e d  by  a  s p e c i a l  p r o c e s s  

a s  d i s t i n c t  frcm  th e  d e a n  c o a l  p r e p a re d  by t h e  u s u a l  o le a n in g  

p ro c e s s e s *  G rum ell an d  Dunningham (6 ) d e f in e  p u re  o o a l  a s  t h e  

m a t e r i a l  f l o a t i n g  a t  s p e c i f i c  g r a v i t y  1*33 &&d a s  d e a n  o o a l  t h e  

m a t e r i a l  f l o a t i n g  a t  1*6  s p e c i f i c  g r a v i ty *  S h is  i s  l i a b l e  t o  

c a u se  c o n fu s io n ,  s in c e  t h e  a u th o r s  th e m s e lv e s  g iv e  ex am p les  o f

p u re  c o a l s  (1*35 f l o a t s )  o f  a s h  o v e r  6 p e r c e n t  an d  o f  c le a n  o o a ls  

(1*6 f l o a t s )  o f  a s h  1*1 p e r c e n t .

/ I t ..............................
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I t  i s  more o r  l e s s  a c c e p te d  now t h a t  th e  a s h  c o n te n t  

sh o u ld  he  th e  g u id in g  f a c t o r  i n  l a b e l l i n g  o o a ls  and  W ilk in s  (7 ) 

a c c o rd in g ly  m akes t h e  f o l lo w in g  su g g e s tio n s *  -

(a )  Y ery c le a n  c o a l  (2  t o  3 p e r c e n t  a s h  c o n te n t ) .

(b) S u p e r c le a n  o o a l  ( o r  u l t r a  d e a n  c o a l ;  u s u a l l y  l e s s  th a n

1 p e r c e n t  a s h ;  o o a l  w hioh  h a s  b e e n  c le a n e d  t o  i t s  in h e r e n t  

a s h  c o n te n t  and  b e y o n d ).

(c )  C lean  f i n e  o o a l  ( I n  g e n e r a l ,  a  low  g ra d e  p ro d u c t  o f  f i n e  s i z e  

and  o f  r e l a t i v e l y  h ig h  a sh )*

T h is  n o m e n c la tu re  h a s  much t o  commend i t  a n d  may command 

w id e r  a c c e p ta n c e  i n  due c o u rse*

The t e z n  p u re  o o a l  (and  i n  th e  U n ite d  S t a t e s ,  u n i t  o o a l)  i s  

g e n e r a l l y  u s e d  t o  r e f e r  t o  th e  d ry^  m in e r a l  m a t t e r  f r e e  o o a l  

s u b s ta n c e  and  i t  i s  now se ldom  u s e d  i n  th e  same s e n s e  a s  by  

B e rtra n d *

P r e p a r a t io n  o f  u l t r a - c l e a n  c o a l s *

F o r  p ro d u c in g  o o a ls  o f  th e  lo w e s t  p o s s ib l e  a s h  c o n te n t^  

t h e r e  a r e  some a d v a n ta g e s  i n  u s in g  s m a ll  s i z e s  o f  c o a l s ;  i t  i s  

se e n  from  r a d io g r a p h s  made a t  t h e  F u e l  R e se a rc h  S t a t i o n  t h a t  

even  ’c le an *  lum ps o f  o o a l  o f  t h e  lo w e s t  s p e c i f i c  g r a v i t y  c o n ta in  

some h u n d re d s  o f  v i s i b l e  p a tc h e s  o r  s t r i a t i o n s  o f  " a d v e n t i t i o u s  

a sh "  p e r  c u b ic  in o h  (7 ) . Heavy medium o le a n in g  p r o o e s s e s  a r e  

g e n e r a l l y  fo u n d  u s e f u l  f o r  t h e  p ro d u c t io n  o f  v e ry  c le a n  c o a ls*

/ ^  *«•••»»****•#
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I t  w ould be c l e a r  ft h a t  no s i n g l e  s ta g e  p r o c e s s  c o u ld  be  e x p e c te d  

t o  g iv e  r e a s o n a b le  y i e l d s  o f  u l t r a  c le a n  c o a l s  i n  i n d u s t r i a l  

p r a c t i c e *

The Ougree M arihaye  P r o c e s s  (5 ) s T h is  B e lg ia n  p r o c e s s  i s  c la im e d  

t o  be  u s e f u l  f o r  t h e  p r o d u c t io n  o f  o o a l  o f  l e s s  t h a n  1  p e r c e n t  

ash* I n  t h i s  c a s e  c ru s h e d  o o a l  (3 t o  1  nun. s i z e ) ,  p r e v io u s ly  

d e -d u s te d  and  d e s lu d g e d , p a s s e s  o v e r  j i g g i n g  t a b l e s  on w hioh  th e  

o o a l  i s  s p ra y e d  s u c c e s s iv e ly  w i th  c a lc iu m  c h lo r id e  s o l u t i o n s  o f  

a b o u t 1 *05 , 1*18 an d  1*25 s p e c i f i c  g r a v i t y  b e f o r e  i t  i s  a d m it te d  

t o  th e  s e p a r a t in g  b a th ;  on em erg in g  from  t h e  b a th ,  t h e  p r o d u c ts  

a r e  sp ra y e d  w i th  t h e  same s o l u t i o n s  i n  t h e  r e v e r s e  o r d e r  and  

f i n a l l y  w i th  h o t  w a te r*  T h is  p ro c e d u re  i s  c la im e d  t o  e l im in a te  

t h e  d i f f i c u l t  and  c o s t l y  s t e p  o f  r e c o n o e n t r a t i n g  l a r g e  volum es 

o f  weafc l iq u o r *  The p r o c e s s  in c lu d e s  a  s e p a r a te  t r e a tm e n t  f o r  

t h e  rem o v a l o f  fu s a in *  I n  t h i s  p ro c e s s ^  p u r i f i c a t i o n  i s  done 

a t  t h e  e x p en se  o f  th e  y i e l d ,  th e  l i m i t  f o r  t h e  a s h  c o n te n t  a t 

t h e  c le a n  p ro d u c t  b e in g  th e  in h e r e n t  a s h  o f  p u re  v i t r a i n ;  t h i s  

p r o c e s s  i s  r e p o r t e d  t o  y i e l d  u l t r a - c l e a n  o o a l  w i th  a s h  c o n te n t  

w e l l  be low  1  p e rc e n t*

Some German tw o -s ta g e  p r o c e s s e s ; Many im p o r ta n t  tw o -s ta g e  

p r o c e s s e s  w ere d e v e lo p e d  by  t h e  Germans d u r in g  t h e  w ar f o r  th e  

p r o d u c t io n  o f  u l t r a - c l e a n  o o a l ;  o f  t h e s e ,  th o s e  in v o lv in g  a c i d  

e x t r a c t i o n  o f  i m p u r i t i e s  a r e  d e s c r ib e d  l a t e r *

/  ( l)H e a v y   .................
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(1 ) Heavy medium w ash in g  fo l lo w e d  by  f r o t h  f l o a t a t i o n  (8 ) (1 0 ) :

The K o n ig in  E l i z a b e th  c o l l i e r y  n e a r  S s s e n  p ro d u ce d  a b o u t 

1 2 ,0 0 0  to n s  a n n u a l ly  o f  s u p e r  o le a n  o o a l  by  t r e a t i n g  f u s a i n  

f r e e ,  d e -d u s te d  c o a l  (8 -1  mm) f i r s t  i n  th e  V ogel l a m in a r  f lo w  

w a sh e r  and th e n  a f t e r  r e e r u s h in g  i n  a  f r o t h  f l o a t a t i o n  u n i t ,  

u s in g  a  t a r  o i l  f r a c t i o n  a s  t h e  f l o a t a t i o n  ag en t*  The f i n a l  

sam ple h a d  an  a s h  c o n te n t  o f  0*6 p e rc e n t*

( 2 ) E l e c t r o s t a t i c  o le a n in g  fo l lo w e d  by  f r o t h - f l o a t a t l o n s 

The a p p l i c a t i o n  o f  e l e c t r o s t a t i c  m ethods t o  th e  t r e a tm e n t  o f  o o a l  

i s  o f  v e ry  r e c e n t  o r ig in *  I n  i t s  s im p le s t  fo rm  (7 ) t h e  

s e p a r a t o r  c o n s i s t s  o f  two r o l l e r s ^  w h ich  a r e  o p p o s i t e ly  c h a rg e d  

t o  b e tw een  1 0 ,0 0 0  an d  4 0 ,0 0 0  v o l t s ,  w i th  a n  a rra n g e m e n t f o r  

f e e d in g  f i n e  g ra d e d  p a r t i c l e s  t o  one o f  th e  r o l l e r s  a s  a  t h i n  

l a y e r ,  and  th e n  c o l l e c t i n g  th e  p ro d u c ts ,w h ic h  d u r in g  f a l l i n g ,w o u l (3 

have b een  d e f l e c t e d  t o  d i f f e r e n t  e x te n t s  from  t h e i r  n o rm al 

t r a j e c t o r y  by th e  e l e c t r o s t a t i c  f ie ^ d *  M o is tu re  c o n te n t  o f  t h e  

raw  o o a l  h a s  t o  b e  wi t h i n  1 p e rc e n t*  I n  Germany^ th e  d ry  o o a l  

(1*0 t o  0*1 mm s i z e  an d  8 t o  10  p e r c e n t  a s h )  w as c le a n e d  

e l e c t r o s t a t i c a l l y  t o  b e tw een  1*3 4 p e r c e n t  a s h  and  a f t e r

c ru s h in g  r e o le a n e d  by f r o t h  f l o a t a t i o n  (1 0 ) .

The P o tt-B ro o h e  P r o c e s s : P o t t  an d  B roche w ere th e  f i r s t  t o  

p ro d u ce  on a  l a r g e  s c a l e  " a s h l e s s ” o o a l  ( a s h  l e s s  th a n  0*1 

p e r c e n t )  by  d i s s o l v i n g  t h e  c o a l  i n  o i l  u n d e r  p re s s u re *

/T h ey
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They fo u n d  t h a t  th e  t e r n a r y  m ix tu re  o f  t e t r a l i n ,  p h e n o l,  and 

n a p h th a le n e  i n  a  w e ig h t r a t i f c  o f  2 :1 :2  was th e  m ost s a t i s f a c t o r y  

s o lv e n t  f o r  b i tu m in o u s  c o a ls*  C o n tin u e d  wo'rk on th e  p r e s s u r e  

e x t r a c t i o n  o f  c o a l  (1 1 ) a t  400 °C h a s  p r o v e d , t h a t  h ig h  b o i l i n g  

a ro m a tic  s o lv e n ts  su ch  a s  n a p h th a le n e  e x t r a c t  20  t o  30 p e r c e n t  

o f  t h e  o o a l ;  a  r e a d i l y  d e h y d ro g e n a te d , b y d ro a ro m a tic  s o lv e n t  su c h  

a s  t e t r a l i n  d i s s o l v e s  a b o u t $0 p e r c e n t  o f  th e  o o a l  and. h y d ro -  

a ro m a tic  compounds c o n ta in in g  a  p h e n o l ic  g ro u p  su c h  a s  

o -o y o lo h e x y lp h e n o l o r  1 , 2 , 3 ,4  t e t r a  h y d ro -5-h y d ro x y  n a p h th a le n e  

d i s s o l v e s  more th a n  80  p e r c e n t  o f  th e  co a l*  The l a s t  two a r e  th e  

b e s t  known s o lv e n ts  f o r  coal*

W hile t h e  i n d u s t r i a l  s i g n i f i c a n c e  o f  t h e  P o tt-B ro o h e  

p r o c e s s  c o u ld  be s c a r c e ly  u n d e r r a t e d ,  i t  i s  e v id e n t ,  i t s  

im p o rta n c e  w ould  n o t  be  a s  a  p ro d u c e r  o f  d e a n  o o a l  f o r  

i n d u s t r i a l  p u rp o se s*  An i d e a l  p r o c e s s  f o r  su c h  p u rp o s e s  w ould  be  

w hat one m ig h t c a l l  th e  r e v e r s e  o f  t h e  P o tt-B ro o h e  p r o o e s s  —  

n am ely , one , w h ich  i n s t e a d  o f  a t te m p t in g  a  s o l u t i o n  o f  th e  

o rg a n ic  o o a l  s u b s ta n c e , a t te m p ts  t o  e l im in a te  th e  m in e ra l  

im p u r i t i e s  o f  o o a l  by s o lu t io n *  Thus L e s s in g  (1 2 ) r e m a r k s -----

"The ten d e n o y  o f  m odern m ethods o f  c o a l  r e f i n i n g  i s  

u n d o u b te d ly  a im in g  a t  a  co m p le te  e l im in a t io n  o f  t h e  rem ovab le  

a s h .  I n  o r d e r  t o  b r i n g  a b o u t t h i s  o b j e c t ,  f a r  g o in g  d i s i n t e g r a 

t i o n  i s  e s s e n t i a l  and  t h i s  c a n  be  b ro u g h t a b o u t o r  a t  l e a s t  

a s s i s t e d  by  a c id  t r e a tm e n t" .

/ U l t r a - o l e a n
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U l t r a - o l e  an  o o a ls  b y  a o id  t r e a tm e n t  -  a  h i s t o r i c a l  s u rv e y .

T re a tm e n t w i th  v a ry in g  c o n c e n t r a t io n s  o f  h y d r o f lu o r i c  

an d  h y d r o c h lo r ic  a o id  h a s  lo n g  b e e n  a n  im p o r ta n t  m ethod i n  th e  

d e t e n a i n a t i o a  o f  c o m b u s tib le  m a t t e r  i n  s i l i c a t e  and  c a rb o n a te  

rooks*  L i s s n e r  s u g g e s te d  t h a t  t h e  s i l i o i o u s  m a t t e r  i n  su c h  

ro c k s  c o u ld  be  e x t r a c t e d  by  e v a p o r a t in g  t h e  sam ple  t o  d ry n e s s  

w i th  a  m ix tu re  o f  tw o p a r t s  o f  40  p e r c e n t  h y d r o f lu o r i c  a c i d  

and  one p a r t  o f  h y d r o c h lo r ic  a o id  o f  s p e c i f i c  g r a v i t y  l * l 8 ,  

a f t e r  w h ich , th e  r e s i d u a l  c o m b u s tib le  m a t t e r  c o n ta in in g  s m a ll  

q u a n t i t i e s  o f  in o r g a n ic  m a t e r i a l s  c o u ld  b e  a n a ly s e d  i n  t h e  u s u a l  

way. F i e ld n e r ,  S e lv ig  an d  T a y lo r  (1 4 ) a t te m p te d  t o  e v o lv e  an  

e x p e r im e n ta l  p ro c e d u re  b a s e d  on th e  above s u g g e s t io n s  an d  fo u n d  

t h a t  t h e r e  was a  l o s s  o f  o r g a n ic  h y d ro g en  an d  c a rb o n  due t o  t h e  

u s e  o f  h o t  a c i d s ;  f o r  r e d u c in g  su c h  l o s s e s  t o  a  minimum, th e y  

a d v is e d  a g a in s t  t h e  u s e  o f  h o t  c o n c e n tr a te d  a d d s *

By a p p ly in g  t h e  L is s n e r  m ethod  t o  c o a l s ,  G al l a r d  (13) 

s u c c e s s f u l l y  re d u c e d  t h e  a s h  c o n te n t  o f  b itu m in o u s  o o a l  sam p les  

from  an  I n i t i a l  v a lu e  o f  8 -1 2  p e r c e n t  t o  one p e r c e n t  and  be low . 

He a l s o  n o te d  t h a t  t h e  e l im in a t io n  o f  th e  m in e r a l  i m p u r i t i e s  i n  

o o a l ,  e i t h e r  by  th e  L i s s n e r  m ethod o r  by m o d i f i c a t io n s  o f  i t ,  

was a lw ay s accom pan ied  by a  l o s s  o f  o rg a n ic  c a rb o n , h y d ro g en  

an d  v o l a t i l e  m a t t e r .

/ T u r n e r ............... ..



(Turner (15) m o d if ie d  th e  above p ro c e d u re  o f  a o id  t r e a t 

ment o f  o o a l s ,  by f i r s t  r e f l u x i  ng  th e  sam ple  (60  m esh) w i th  

o o n o e n tra te d  h y d r o c h lo r ic  a c id  f o r  h a l f  an  h o u r ,  w ash in g  i t  

f r e e  o f  th e  a o id  and  th e n  t r e a t i n g  i t  w i th  49 p e r c e n t  h y d ro 

f l u o r i c  a o id  a t  a  te m p e ra tu re  o f  9 5 °^ , oa r ® b e in g  ta k e n  t o  

p re v e n t  e v a p o r a t io n  t o  d ry n e s s .  The sa m p le , a f t e r  t h i s  t r e a tm e n t  

was a g a in  b o i l e d  w i th  c o n c e n tr a te d  h y d r o c h lo r ic  a c id  f o r  one 

h o u r  and w ashed f r e e  o f  a c id s .  Thus he re d u c e d  th e  a s h  c o n te n t  

o f  sam p les o f  b itu m in o u s  o o a l ,  c h a r c o a l ,  a n t h r a c i t e  and 

g r a p h i t e  w i th  an i n i t i a l  v a lu e  be tw een  0«93 P e r c e n t

to  b e tw een  0*09 and  1*1 p e r c e n t .  The u l t i m a t e  a n a l y s i s  showed a  

l o s s  o f  a b o u t 1*5 p e r c e n t  c a rb o n , and  0*1 p e r c e n t  h y d ro g en  f o r  

a n t h r a c i t e ,  and  a b o u t 0*6 p e r c e n t  c a rb o n  and  1 * 0  p e r c e n t  

h y d ro g en  f o r  b itu m in o u s  o o a ls .

K aravaev  and  R apoport (1 6 ) w ere  t h e  f i r s t  t o  p o in t  o u t 

t h a t  th e  u s e  o f  c o ld  d i l u t e  (1 0 :1 )  h y d r o f lu o r i c  a c id  t o  d i s s o l v e  

th e  s i l i o i o u s  im p u r i t i e s  i n  o o a l  b e fo r e  t h e  u s u a l  c o m b u s tio n  

e x p e r im e n t , w ould a v o id  e r r o r s  due t o  w a te r  o f  h y d r a t io n  o f  th e  

s i l i c a t e s  i n  th e  u l t i m a t e  a n a l y s i s .  N io o l l s  and  Sw artzm an (17) 

to o  r e a l i s e d  th e  im p o rta n c e  o f  o o a ls  f r e e d  from  in o r g a n ic  

m a t e r i a l  by a c id  t r e a tm e n t  f o r  p u rp o s e s  o f  c l a s s i f i c a t i o n .

I n  B r i t a i n ,  L e s s in g  (1 2 ) was t h e  f i r s t  t o  draw  a t t e n t i o n  

t o  th e  p o t e n t i a l i t i e s  o f  a o id  t r e a tm e n t  o f  o o a l ;
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he f u r t h e r  d e v e lo p e d  a  p r o e e s s  ( l8 )  f o r  b r e a k in g  down o o a l  

d u r in g  m in in g  by  th e  u s e  o f  a o id  v a p o u rs .  I n  193*- > -Paw likow ski 

(1 9 ) s e c u re d  a  B r i t i s h  p a t e n t  c o v e r in g  th e  rem o v a l o f  th e  m ore 

e a s i l y  rem o v ab le  c o n s t i t u e n t s  o f  t h e  m in e r a l  m a t t e r  i n  c o a l  by 

w a sh in g  w i th  a o id  a s  a  p r e l im in a r y  t o  i t s  u s e  i n  i n t e r n a l  combus

t i o n  e n g in e s .

Down ( 2 0 ) d e v e lo p e d  a  p ro c e d u re  f o r  th e  e l im in a t io n  o f  

th e  m in e ra l  m a t t e r  i n  o i l  s h a l e s  u s in g  h o t  d i l u t e  h y d r o c h lo r ic  

a o id  (5 U f o r  2 h r s .  a t  100 °C ) , n i t r i c  a o id  ( o f  1*18  s p . g r  f o r  

100 h r s .  a t  room te m p e ra tu re  f o r  t h e  o x id a t io n  o f  t h e  p y r i t e s )  

and  f i n a l l y  h y d r o f lu o r i c  a c id .  H i t r i e  a o id  w as s u b s t i t u t e d  by  a  

m ix tu re  o f  z in c  d u s t  an d  h y d r o c h lo r ic  a o id  b y  H lm us. Himus an d  

B asak  (2 2 ) t r i e d  t h i s  im proved  m ethod on  b i tu m in o u s  o o a ls  an d  

fo u n d  t h a t  th e  sam ple becam e o x id is e d  d u r in g  s u c h  t r e a tm e n t  

r e s u l t i n g  i n  a  l o s s  o f  c a rb o n  and  h y d ro g e n .

The rem o v a l o f  t h e  m in e r a l  i m p u r i t i e s  i n  brow n o o a ls  

by  a d d  t r e a tm e n t  h a s  engaged  th e  a t t e n t i o n  o f  i n v e s t i g a t o r s  i n  

G- erm any s in c e  th e  e a r l y  t w e n t i e s .  F o llm an  (23 ) I n v e s t i g a t e d  th e  

a c t i o n  o f  h y d r o c h lo r ic  an d  h y d r o f lu o r i c  a e i& s on  t h e  m in e r a l  

i m p u r i t i e s  i n  brow n c o a l .  H a n k lss  ( 2 4 ) (4 ) s t u d i e d  th e  e f f e c t  o f  

v a ry in g  c o n c e n t r a t io n s  o f  h y d r o c h lo r ic  a c i d  (2  t o  10 p e r c e n t )  on

v a r io u s  p a r t i c l e  s i z e s  o f  c o a l .

/  Sustm ann



Sustm ann and  L e h n e r t  (23 ) w ere  th e  f i r s t  t o  c a r r y  o u t a  

s y s te m a t ic  s tu d y  o f  th e  p r e p a r a t i o n  o f  s u p e r  c le a n  o o a ls  by  a o id  

t r e a tm e n t  o f  brow n and  b itu m in o u s  c o a l s .  A p a rt fro m  s tu d y in g  t h e  

e f f e c t  o f  a c i d  t r e a tm e n t  on h ig h  and  low  a s h  o o a ls  w i th  v a ry in g  

c o n c e n t r a t io n s  o f  d i l u t e  h y d r o c h lo r ic  and  h y d r o f l u o r i c  a c i d s ,  th e y  

com pared th e  i g n i t i o n  te m p e r a tu r e ,  m e l t in g  p o in t  o f  th e  a s h  e t o .  o f  

th e  o r i g i n a l  and  a o id  t r e a t e d  sa m p le s . They a l s o  p o in te d  o u t t h e  

l o s s  o f  c o k in g  p r o p e r t i e s  due t o  a c id  t r e a tm e n t .

The o u tb re a k  o f  th e  w ar an d  th e  c o n s e q u e n t  s e a r c h  f o r  a n

a l t e r n a t e  s o u rc e  o f  u l t r a  c le a n  c o a l  f o r  t h e  p r o d u c t io n  o f  

e le c t r o d e  coke r e q u i r e d  i n  th e  a lum in ium  i n d u s t r y ,  saw th e  

dev e lo p m en t i n  Germany o f  tw o p r o c e s s e s ,  one b a s e d  on th e  rem o v a l 

o f  m in e r a l  m a t t e r  i n  o o a l  by  a c i d s  an d  t h e  o t h e r  by  a l k a l i .

(1 ) The D e ash in g  o f  C oal b y  F r o th  F l o a t a t i o n  a n d  A c id

E x t r a c t  io n . C a r l  A le x a n d e r  M in e , R uhr (2 6 ) .

The f r o t h  fro m  th e  f r o t h  f l o a t a t i o n  u n i t  (1*1  p e r c e n t  ash ] 

i s  l e d  i n t o  th e  a o id  e x t r a c t  io n  (c a rb o n )  p o t  and  th e  a c i d  m ix tu re  

(2  kgm o f  4 0  p e r c e n t  HP and  4  kgm o f  7 °  p e r c e n t  HCl i n  200 kgm 

w a te r )  l e d  i n ,  i n  th e  r a t i o  o f  2 p a r t s  o f  a c id  t o  one o f  c o a l  by  

w e ig h t. The p o t  i s  k e p t  a t  100°C f o r  one h o u r  by  b lo w in g  i n  l i v e  

s te am , a f t e r  w h ich  t h e  c o a l  i s  f i l t e r e d  th ro u g h  r o b b e r  l i n e d  a o id  

r e s i s t a n t  d i s c  f i l t e r s  p r e p a re d  from  s y n t h e t i c  p l a s t i c  m a t e r i a l  

known a s  s p a l a t l t e .  The a d v a n ta g e  o f  a c id  t r e a tm e n t  i s  t h a t  th e

/ y i e l d .
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y i e l d  o f  t h e  f i n a l  p ro d u c t  w i th  0*5 p e r c e n t  a s h  i s  a lm o s t th e  

same a s  th e  e f f e c t i v e  y i e l d  o f  t h e  p ro d u c t  w i th  1*1 p e r c e n t  a s h  

fro m  th e  f l o a t a t i o n  u n i t .  I t  i s  n e e d le s s  t o  ad d  t h a t  th e  y i e l d  

o f 0*5 p e r c e n t  a s h  o o a l  hy  f l o a t  an d  s in k  m eth o d s a lo n e  i s  

n e g l ig ib le *

(2 ) The L e a sh in g  o f  C oal by Combined J i g  W ash ing! F r o th  

F l o a t a t i o n  and  E x t r a c t i o n  w i th  A l k a l i . (27) ( I .G .F a r b e n in d u s t r i e  

A. G-.Hochst )• Raw c o a l  o f  4  t o  5 p e r c e n t  a s h  i s  c le a n e d  by  tw o 

s u c c e s s iv e  j i g  w a sh in g s  t o  1*8  p e r c e n t  a s h ,  f i n e l y  g ro u n d  and  

f r o t h  f l o a t e d  t o  a  p ro d u c t  o f  0*8 p e r c e n t  a s h .  T h is  p ro d u c t  i s  

e x t r a c t e d  w i th  a  2*5 p e r c e n t  s o l u t i o n  o f  c a u s t i c  so d a  fcm tw e n ty  

m in u te s  a t  120  a tm o sp h e re  p r e s s u r e  and 250°C . The p ro d u c t  i s  

s u b s e q u e n t ly  a o id  and  w a te r  w ashed  m d  c o n ta in s  0*28 p e r c e n t  a s h .

I n  t h e  U n ite d  S t a t e s  to o ^  a n  a p p re h e n s io n  r e g a r d in g  th e  

p o s s ib l e  s h o r ta g e  o f  c a rb o n  s u i t a b l e  f o r  e l e c t r o d e  m a n u fa c tu re  

l e d  S e lv ig ,  Ode and  G ibson  (28) t o  exam ine th e  p o s s i b i l i t i e s  o f  

p ro d u c t io n  o f  u l t r a - c l e a n  c o a l s  by th e  a o id  t r e a tm e n t  o f  c le a n  

low  a s h  A p p a la c h ia n  c o a l s .  As a  r e s u l t  o f  th e  i n v e s t i g a t i o n  t h e y  

fo u n d  t h a t  t h r e e  o u t  o f  th e  se v e n  c o a l s  exam ined  by  them  c o u ld  be  

made t o  m eet th e  s p e c i f i c a t i o n  f o r  th e  m a n u fa c tu re  o f  e l e c t r o d e  

c a rb o n  by  a c id  t r e a tm e n t .

/T h u s
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Thus a  su rv e y  o f  t h e  a v a i l a b l e  l i t e r a t u r e  on th e  

“c le a n in g "  o f  c o a l  by  a o id  t r e a tm e n t  p o i n t s  t o  t h e  n e c e s s i t y  f o r  

a  f a r t h e r  s tu d y  o f  th e  v a r io u s  f a c t o r s  i n f lu e n c i n g  t h i s  p ro c e s s *  

C om plete and  co m p reh en s iv e  d a t a  on th e  optimum c o n c e n t r a t i o n ,  o f  

t h e  a c id s  t o  b e  u s e d ,  t h e  s i z e s  o f  o o a l  t o  be  t r e a t e d ,  th e  

te m p e ra tu re  o f  su c h  t r e a tm e n t ,  and  a  s u i t a b l e  v e s s e l  f o r  th e  

r e a c t i o n  w i th  h y d r o f lu o r i c  a o id  w ould  be  o f  some im p o rta n c e  i n  

th e  w id e r  d ev e lo p m en t o f  "d e a sh in g *  o f  o o a ls  by  a c id s  a s  a n  

i n d u s t r i a l  p ro o e s s .

U n lik e  t h e  p h y s i c a l  m ethods o f  o o a l  c le a n in g ^  th e  

rem o v a l o f  i m p u r i t i e s  by  a o id  t r e a tm e n t  d ep en d s on t h e  o h e m io a l 

n a tu r e  o f  t h e  i m p u r i t i e s  co ncerned*  I t  h a s  b e e n  p o in te d  o u t 

e a r l i e r  t h a t  t h e  q u a l i t y  an d  q u a n t i t y  o f  t h e  in h e r e n t  m in e r a l  

m a t t e r  i n  c o a l  v a r i e s  w i th  t h e  n a tu r e  o f  t h e  b an d ed  c o n s t i t u e n t s  

o f  o o a l  w i th  w h ich  i t  i s  a s s o c i a t e d .  9b a  s tu d y  o f  th e  e f f e c t  a t 

a d d s  on s e p a r a te  sam p le s  o f  e a c h  o f  t h e s e  p e t r o g r a p h io  

com ponents o f  o o a l  m ig h t th ro w  some l i g h t  on t h e  n a tu r e  o f  th e  

i n h e r e n t  m in e ra l  m a t t e r  i n  co a l*

I n  th e  few  e a s e s ,  l i t  e r e  a c id  e x t r a c t i o n  o f  t h e  m in e r a l  

i m p u r i t i e s  o f  c o a l  i s  p r a o t io e d  i n d u s t r i a l l y ,  t h e  g e n e r a l  

te n d e n c y  seem s t o  be  t o  a p p ly  a c i d  t r e a tm e n t  t o  c o a l s ,  w h ic h  have  

a l r e a d y  b e en  c le a n e d  t o  a  f a i r l y  low  a s h  c o n te n t  by one o r  t h e  

o t h e r  o f  t h e  p h y s i c a l  m e th o d s . Thus th e  p r o d u c t io n  o f  u l t r a -  

c le a n  o o a ls  by  th e  p r e s e n t  m ethods i s  a  tw o o r  a  t h r e e  s ta g e

/ p r o c e s s ......................
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p r o o e s s ;  b u t  th e  c h a n c e s  o f  i n d u s t r i a l  a p p l i c a t i o n  o f  a c id -  

t r e a tm e n t  o f  c o a l s  w ould  b e  c o n s id e r a b ly  im p ro v ed , i f  a  s tu d y  

c o u ld  b e  made o f  t h e  p o s s i b i l i t y  o f  p ro d u c in g  u l t r a - c l e a n  o o a ls  

o r  v e ry  c le a n  o o a ls  from  o o a ls  h ig h  i n  a d v e n t i t i o u s  a s h  o r  o a n n e ls  

(w hich  c a n n o t b e  c le a n e d  t o  an y  a p p r e c ia b le  e x te n t  by  t h e  

p r e v a le n t  p h y s i c a l  m ethods) by  a c i d  e x t r a c t i o n  a lo n e .

I t  w i l l  be  n o te d  t h a t  m ost o f  t h e  e a r l i e r  w o rk e rs  i n  

t h i s  f i e l d  have r e f e r r e d  t o  t h e  l o s s  o f  o r g a n ic  c a rb o n  and  

h y d ro g en  i n  t h e  c o a l  (w ith  a  c o n se q u e n t l o s s  o f  v o l a t i l e  m a t t e r ,  

and  u n i t  o o a l  c a l o r i f i c  v a lu e )  i n  th e  o o u rse  o f  t r e a tm e n t  w i th  

a d d s .  So i t  becom es n e c e s s a r y  t o  exam ine w h e th e r  th e  c o n d i t io n s  

o f  e x p e r im e n t c o u ld  b e  so  d e v i s e d  a s  t o  a v o id  any  o x id a t io n  o f  

t h e  p u re  c o a l  s u b s ta n c e ;  f o r ,  a  sam ple  o f  c o a l  w i th  l i t t l e  o r  no  

" a s h ” , p ro d u ce d  by  a c id  t r e a tm e n t ;  w i th o u t  i n  any  way o x i d i s in g  

t h e  o o a l  s u b s ta n c e ,  w ould  be  o f  c o n s id e r a b le  t h e o r e t i c a l  

s i g n i f i c a n c e .  I t  i s  w e ll-k n o w n  t h a t  w hat i s  u s u a l l y  r e f e r r e d  t o  

a s  th e  a s h  i n  o o a l  o r i g i n a t e s  fro m  th e  m in e r a l  m a t t e r  i n  c o a l ,  

w h ich  u n d e rg o e s  many ch an g e s  d u r in g  i n c i n e r a t i o n ,  t h e  p r i n c i p a l  

o n es  b e in g :

( i )  d e h y d ra t io n  o f  h y d ra te d  m a t e r i a l s ,  l i k e  s i l i c a t e s ,  
gypsum e t c .

( l i ) t h e  d e c o m p o s itio n  o f  c a r b o n a te s  ( o f  c a lc iu m , m agnesium  
and  i r o n )»

(H i) t h e  d e c o m p o s itio n  o f  s u lp h id e s  (m o s tly  p y r l t e  and 
m a r o a s l te )  and

/  ( i v ) t h e . ..................
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( iv )  t h e  v o l a t i l i s a t i o n  o f  t h e  c h lo r i d e s  o f  a l k a l i  m e ta ls*

At p r e s e n t  th e  g e n e r a l  m ethods fo l lo w e d  f o r  th e  d e te r m in a t io n  

o f  th e  t r u e  c o n te n t  o f  th e  m in e r a l  m a t t e r  i n  c o a l ,  f a l l  i n t o  

t h r e e  c a t e g o r i e s  ( a )  th o s e  ta lc in g  i n t o  a o e o u n t t h e  r e a c t i o n s  

o c c u r r in g  i n  t h e  m in e ra l  m a t t e r  d u r in g  i n c i n e r a t i o n  (h)B rinsm aidfs
r

m ethod ( l a t e r  m o d if ie d  b y  S t a n s f i e l d  an d  S u th e r la n d )  i n  t f t i c h  

th e  c a l o r i f i c  v a lu e  i s  d e te rm in e d  a s  a  f u n c t i o n  o f  th e  a s h  

o o n te n t  a f t e r  s e p a r a t i n g  th e  c o a l  hy  f l o a t  an d  s in k  m ethods 

i n t o  f r a c t i o n s  v a r y in g  i n  a s h  o o n te n t  and ( c )  m ethods 

d e p en d in g  on th e  e x t r a c t i o n  o f  a l l  o r  p a r t  o f  t h e  m in e r a l  

m a t t e r  o f  c o a l  w i th  a c id s*

She g e n e r a l  l i t e r a t u r e  a v a i l a b l e  u n d e r  t h e s e  t h r e e  

h e a d s  i s  sum m arised  i n  t h e  i n t r o d u c t i o n  t o  P a r t  Two o f  t h i s  

t h e s i s *  im ong th e  v a r io u s  fo rm u la e  p ro p o se d  u n d e r  ( a ) ,  fro m  

t h e  p o i n t  o f  v iew  o f  s c i e n t i f i c  j u s t i f i c a t i o n ;  t h e  m ost a c c u r a te  

y e t  ad v an ced  f o r  th e  c a l c u l a t i o n  o f  m in e r a l  m a t t e r  o f  c o a l  fro m  

i t s  a s h  c o n te n t ,  i s  t h a t  due t o  K in g , M a rie s  and  C ro s s la y  (2 9 ) ,  

a l th o u g h  a n o th e r  one due t o  P a r r  (30) h a s  g a in e d  w id e s p re a d  

a c c e p ta n c e  i n  th e  U n ite d  S ta te s *  I f  t h e  e x t r a c t i o n  o f  t h e  

m in e r a l  im p u r i t i e s  i n  c o a l  c o u ld  he  e f f e c t e d ,  w i th o u t  o x i d i s in g  

th e  c o a l  s u b s ta n c e ,  t h i s  w ould  p ro v id e  a n  im p o r ta n t  m eans o f  

s tu d y in g  th e  l i m i t s  o f  a p p l i c a b i l i t y  o f  t h e  v a r io u s  fo rm u la e  

I n  th e  f i e l d .

/ t h e s e  *,
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These w ere some o f  th e  m ain  o on s i  d e r a t i o n s  w i th  w hioh  

th e  p r e s e n t  i n v e s t ! g a t i o n  was u n d e r ta k e n .

G iven be low  a r e  s a s e  o f  t h e  m a jo r  p ro b a b le  u s e s  o f  

u l t r a - o l e a n  c o a l*  I t  n e e d  h a r d ly  h e  e m p h a s ise d  t h a t  i f  a  s u c c e s s 

f u l  i n d u s t r i a l  p r o c e s s  o o u ld  h e  w orked  o u t ,  t h e  demand f o r  u l t r a -  

o le a n  c o a l s  w ould  a l s o  in c r e a s e  c o n s id e r a b ly .

Some u s e s  f o r  s p e c i a l l y  c le a n e d  o o a ls  ( 5 ) (7 ) *

(a )  H y d ro g e n a tio n : I n  t h e  h y d ro g e n a t io n  o f  c o a l ,  t h e  a s h

c o m p lic a te s  th e  p ro b lem  by  a c c u m u la t in g  i n  t h e  p l a n t  an d  

c a u s in g  a b r a s io n ,  w h ile  t h e  a s h  c o n s t i t u e n t s  d i l u t e  a n d  ev en  

p o is o n  th e  c a t a l y s t .  The i n c r e a s in g  p u r i t y  o f  t h e  raw  m a t e r i a l  

w ould  p ro v id e  b e t t e r  c o n t r o l  o v e r  t h e  r e a c t i o n .

(h ) D ie s e l  f u e l s  F o r  s e v e r a l  y e a r s ,  e x p e r im e n ts  h av e  b e e n  c a r r i e d  

o u t  a t  t h e  f u e l  r e s e a r c h  s t a t i o n  a n d  e ls e w h e re , t o  r e p l a c e  t h e  

m in e ra l  o i l  u s e d  i n  D ie s e l  m o to rs  by  a  l e s s  e x p e n s iv e  f u e l  —  

nam ely  p u lv e r i s e d  f u e l .  The m ain  p ro b lem  i s  one o f  p r e v e n t in g  

th e  c o a l  fro m  s c o u r in g  t h e  c y l i n d e r s  and  t h e  m oving p a r t s *  

G e n e ra lly  t h i s  a c t i o n  l e a d s  t o  a  r a p i d  f a l l  i n  e f f i c i e n c y ,  

s to p p a g e s  and  e x c e s s iv e  m a in te n a n c e  c o s t s .  U l t r a - c l e a n  c o a l ,  

t h e  a s h  c o n te n t  o f  w h ich  h a s  b e e n  re d u o e d  b e lo w  i t s  i n h e r e n t  

a s h ,  w ould  p e rm it  m o to rs  t o  be  ru n  c o n t in u o u s ly  on  p u l v e r i s e d  

f u e l ,  f ie c e n tly  a t t e m p ts  h av e  b e e n  made by  P aw likow sky  (5a) and

/W ahl
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Wahl (5 b ) t o  b u m  t h e  f u e l  I n  t h e  p re -c o m b u s t io n  cham ber 

o f  t h e  i n t e r n a l  eo m b u s tio n  en g in e*  She s u c c e s s f u l

a d o p t io n  o f  su c h  a  d e v ic e  w ould  f a c i l i t a t e  t h e  u s e  o f

u l t r a - c l e a n  c o a l  a s  a  d i e s e l  fu e l*

(c )  C o l lo id a l  f u e l  i s  inow n t o  be  a  m ix tu re  o f  h e av y  m in e r a l  

o i l  o r  a n th ra c e n e  o i l  and  p u l v e r i s e d  c o a l*  She m ix tu re  

i s  s t a b i l i s e d  by  v a r io u s  r e a g e n t s ;  w h ic h  ev en  i f  th e y  

s t a b i l i s e  t h e  c o a l  p a r t i c l e ,  h av e  o n ly  v e ry  s l i g i t  e f f e c t  

on t h e  i n e r t  m a t t e r  w h ich  i s  i n t i m a t e l y  m ixed  w i th  i t *

S h is  r e s u l t s  i n  s e d im e n ta t io n  i n  p ip e  l i n e s  l e a d in g  t o  

u n c e r t a i n  perfo rm ance*  She s u b s t i t u t i o n  o f  u l t r a - c l e a n  

c o a l  w ould  t h e r e f o r e  w iden  th e  f i e l d  f o r  th e  u s e  o f  

c o l l o i d a l  fu e l*

(d ) She e le c t r o m e ta l lu r g y  o f  a lu m in iu m , m agnesium  an d  o t h e r  

l i g h t  m e ta l s  r e q u i r e s  a n o d e s  c o n ta in in g  l e s s  th a n  one

p e r c e n t  o f  a s h  o r  m ore e x a c t ly  l e s s  th a n  0of> p e r c e n t  o f
and

i r o n / s i l i c a *  I t  p r e s e n t  i n  t h e  a lu m in iu m  i n d u s t r y  t h r e e

/ q u a r t e r s



q u a r t e r s  o f  a  pound o f  c a rb o n  e l e c t r o d e  I s  consum ed f o x  each, 

pound o f  a lum in ium  produced*  C a lc in e d  p e tro le u m  c o k e , t h e  

r e s id u e  fro m  c ru d e  o i l  d i s t i l l a t i o n ,  h a s  t i l l  r e c e n t l y  b e e n  

th e  s t a r t i n g  p o in t  i n  t h e  p ro d u c t io n  o f  su c h  e l e c t r o d e s ,  f h e  

w ar gave  a n  Im p e tu s  t o  th e  s e a r c h  f o r  an  a l t e r n a t i v e  p r o c e s s  

and  t h e  r e s u l t s  a c h ie v e d  by th e  German w ar m ach in e  h av e  b e e n  

en u m era ted  above* E le c t r o d e  c a rb o n  h a s ,  f o r  y e a r s ,  b e e n  

p re p a re d  fro m  coke m a n u fa c tu re d  wELthin t e n  m i le s  o f  Glasgow* I t  

m ig h t s a f e l y  b e  c la im e d , t h a t  th e  u s e  o f  low  a s h  coke p r e p a r e d  

from  u l t r a - c l e a n  c o a l s  w ould  c o m p le te ly  r e p l a c e  t h e  u s e  o f  

p e tro le u m  coke I n  th e  n e a r  fu tu re *
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P A R T  I

THE PREPARATION OF ULTRA-CLEAN COALS BY ACID
TREATMENT.

A. GENERAL CONDITIONS OF ACID TREATMENT J0ff COALS*

I n  th e  m ethods d e s c r ib e d  i n  t h e  l i t e r a t u r e  c i t e d  e a r l i e r ,  
î

u s e  h a s  b e en  made b o th  o f  h y d r o f lu o r i c  a c i d  an d  h y d r o c h lo r ic  

a c id ,  u n d e r  d i f f e r e n t  c o n d i t io n s  f o r  th e  e x t r a c t i o n  o f  t h e  

m in e r a l  i m p u r i t i e s  i n  coal*  The d i f f e r e n t  p r a c t i c e s  

fo l lo w e d  by p r e v io u s  w o rk e rs  a r e  d i s c u s s e d  below*

(1 ) C o n c e n tr a t io n  o f  t h e  a c i d s  u s e d : The e a r l i e r  w o rk e rs

l i k e  L i s s n e r ,  G a l la r d  (1 5 ) ,  F i e ld n e r  (1 4 ) a n d  T o m e r ,  

m ore o r  l e s s  c o n f in e d  th e m s e lv e s  t o  t h e  u s e  o f  f a i r l y  

high, c o n c e n t r a t io n s  ( g e n e r a l l y  4 0  p e r c e n t  a n d  ab o v e) o f  

h y d r o f lu o r i c  a c id *  E arava jn r a n d  R ap o p o rt (1 6 ) and  

l a t e r  N io o l l s  an d  Sw artzm an (1 7 ) recom m ended th e  u s e  o f  

10  p e rc e n t  h y d r o f lu o r i c  ac id *  Sustm ann an d  L e h n e r t  (25 ) 

u s e d  15 p e r c e n t  h y d r o f lu o r i c  a d d  f o r  brow n c o a l s  and 

p resu m ab ly  t h e  same s t r e n g t h  f o r  b itu m in o u s  c o a l s ;  th e y  

v a r i e d  t h e  c o n c e n t r a t i o n  o f  h y d r o c h lo r ic  a c id  from  

1 t o  6 p e rc e n t*  The German C a r l  A le x a n d e r  M ine p r o c e s s  

( 2 6 ) em ployed a n  a c i d  m ix tu re  o f  0*4 p e r c e n t  h y d r o f lu o r i c

/ a c i d  .............
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a c id  and  1*4  p e r c e n t  h y d r o c h lo r ic  a d d *  F i e l d n e r  and  

c o -w o rk e rs  (28) u s e d  v a ry in g  c o n c e n t r a t io n s  (5 t o  1 0  

p e r c e n t )  o f  th e  tw o a d d s  a lo n g  w i th  w e t t in g  a g en ts*

The u s e  o f  o rg a n ic  a d d s ,  p a r t i c u l a r l y  fo rm ic  and  

a c e t i c  a d d s ,  f o r  t h e  rem o v a l o f  i m p u r i t i e s  i n  brow n c o a l s  

h a s  b e e n  r e p o r t e d  (2 ^ ) ,  b u t  t h e i r  u s e  i s  p re su m a b ly  l i m i t e d
i

t o  s p e c i a l  o a s e s  l i k e  l i g n i t e s  and  brow n coal*

(2 ) T em p era tu re  o f  a c id  t r e a t m e n t : The e a r l i e r  p r a c t i c e  was t o  

t r e a t  c o a l s  w i th  v a ry in g  c o n c e n t r a t io n s  o f  h y d r o f lu o r i c  

a c i d  f o r  d e f i n i t e  p e r io d s ,  e v a p o ra te  i t  t o  d ry n e s s  o v e r  a  

w a te r - b a th  an d  th e n  l e a c h  i t  w i th  w ater*  L a t e r  w o rk e rs  

p r e f e r r e d  t o  k eep  th e  a d d  m ix tu re  s im m erin g  be low  th e  

b o i l i n g  p o i n t ,  w h ile  some o t h e r s  a d v is e d  d e f i n i t e l y  

a g a i n s t  th e  u s e  o f  h o t  a c id s*  I n  th e  C a r l  A le x a n d e r  

Mine p r o c e s s ,  th e  c o a l  was b o i l e d  i n  a  m ix tu re  o f  th e  tw o 

a d d s  a t  100°C*

(3 ) S iz e  o f  c o a l  u s e d : T here  i s  g e n e r a l  a g reem en t t h a t  f i n e r  

s i z e s  s h o u ld  be  u s e d ;  b u t  Sustm ann and  L e h n e r t  ( lo o .  o i t )  

c o n d u c te d  t h e i r  e x p e r im e n ts  w i th  c o a l s  j u s t  u n d e r  4  mm. i n  

s iz e *  I n  th e  German C a r l  A le x a n d e r  M ine p r o c e s s  ( l o o . o i t )  

t h e  m ain  f e e d  f o r  th e  f r o t h  f l o a t a t i o n  u n i t ,  ( th e  p ro d u c t  

from  w h ich  was l a t e r  a d d  t r e a t e d )  w as 0*73 mm. i n  s iz e *

/ F i e l d n e r  .
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F i e ld n e r  and  c o -w o rk e rs  u se d  e o a l s  c ru s h e d  t o  p a s s  a  60  

m esh s ie v e  (0*250 mm. o p e n in g ) . H a n k is s  (4 ) ( 2 4 ) s t u d i e d  

th e  e f f e c t  o f  a e id  t r e a tm e n t  on e o a l s  o f  s i z e s  0°5 t o  0*1 

mm.

(4) B a tio  o f  o o a l  t o  a e id  m ix tu re  (toy w e i g h t ) : Sustm ann and  

L e h n e r t  u s e d  two p a r t s  toy w e ig h t o f  a e i d  t o  one o f  o o a l ;  

t h e  p r o p o r t io n s  toetween o o a l  an d  t h e  a e i d  m ix tu re  w ere  t h e  

same i n  t h e  German i n d u s t r i a l  p ro c e s s *  F i e l d n e r  and  c o -  

w o rk e rs  ( lo o  o i t )  v a r i e d  t h i s  r a t i o  fro m  one p a r t  o f  o o a l

t o  one p a r t  o f  a c i d  m ix tu re  t o  one p a r t  o f  o o a l  p e r  17  p a r t e  

o f  th e  a o id  m ix tu re .

(5)  V e s s e l  f o r  h y d r o f lu o r io  a o id  t r e a tm e n t  o f  o o a l : R e fe re n c e  

t o  th e  n a tu r e  o f  t h e  r e a c t i o n  v e s s e l ,  a p a r t  fro m  e a s e s  

w here  a  p la t in u m  d i s h  had  toeen em ployed , was a to sen t i n  m ost 

o f  t h e  p a p e r s  m entioned*  The u s e  o f  th e  p la t in u m  d i s h  was 

o tov iously  l i m i t e d  t o  e x p e r im e n ts  d e a l in g  w i t h  a  few  gram s 

o f  c o a l  o n ly .

In  t h e  C a r l  A le x a n d e r  M ine p r o c e s s ,  t h e  a o id  

e x t r a c t i o n  p o t s  w ere  made o f  m oulded  cartoon to lo o k s , cem en ted  

toy p i tc h *

/B .
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B. COBBXTIOBS OF ACID TREATMENT IB  TEE PRESENT IMESTIGATIOff.

(1 ) C o n c e n tr a t io n  o f  a d d s  u s e d : The s u c c e s s  o f  any  p r o c e s s  

f o r  t h e  p r e p a r a t i o n  o f  u l t r a - c l e a n  c o a l s  toy a o id - t r e a tm e n t  

w ould  l a r g e l y  depend  on k e e p in g  th e  c o n c e n t r a t io n  o f  th e  

a c i d s  u s e d ,  a s  low  a s  p o s s ib le *  A c c o rd in g  t o  t h e  above 

su rv fty , a p a r t  from  th e  German i n d u s t r i a l  p r o c e s s ,  t h e  

lo w e s t  c o n c e n t r a t io n  o f  h y d r o f lu o r i c  a c id  u s e d  w as 5 p e r c e n t  

and  t h a t  o f  h y d r o c h lo r ic  a c id  1*1  p e r c e n t  b u t  Sustm ann an d  

l e h n e r t ,  who u s e d  t h e  1*1 p e r c e n t  a c i d ,  i n d i c a t e d  1 fra t 

b e t t e r  r e s u l t s  w ere  o b ta in e d  w i th  3*3 p e r c e n t  h y d r o c h lo r ic  

a c id .  I n  v iew  o f  t h i s ,  i t  was d e c id e d  t o  c a r r y  o u t  t h e  

p r e s e n t  i n v e s t i g a t i o n  w i th  5 p e r c e n t  h y d r o f lu o r i c  an d  

5 p e r c e n t  h y d r o c h lo r ic  a c id s .

t 2 ) The s e a r c h  f o r  a  s u i t a b l e  r e a c t i o n  v e s s e l : The f i r s t  few  

e x p e r im e n ts  on  t h e  h y d r o f lu o r i c  a c id  t r e a tm e n t  o f  c o a l  was 

o a r r i e d  o u t a t  t h e  l a b o r a to r y  te m p e ra tu re  i n  a  ro o k  j a r ,  

t h e  I n s id e  o f  w h ich  h ad  b e e n  o o a te d  w i th  a  h y d r o f lu o r i c  

a c id  r e s i s t a n t  b i tu m in  p a i n t .  The c o n te n t s  o f  th e  j a r  w ere 

k e p t  s t i r r e d  by  a  m o to r d r iv e n  s t i r r e r  w i th  woOden arm s. 

P ro lo n g e d  t r e a tm e n t  o f  a  sam ple o f  o o a l  (b itu m in o u s  o o a l  

sam ple  from  th e  l u g a r  w o rk s , a s h  (d ry )  2*6 p e r c e n t )  f o r  

2 4 -48  h o u r s  u n d e r  t h e s e  c o n d i t io n s  se ldom  re d u c e d  t h e  

i n i t i a l  a s h  o o n te n t  by more th a n  h a l f *  Thus q .u ite  e a r l y

/ i n .......................
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i n  th e  o o u rse  o f  th e  p r e s e n t  i n v e s t i g a t i o n ,  i t  was r e a l i s e d  

t h a t  th e  h y d r o f lu o r i c  a c id  t r e a tm e n t  t o  he e f f e c t i v e  m ast he  

c a r r i e d  o u t a t  h ig h e r  te m p e ra tu re s .

The c h o ic e  o f  a  a i i t a h l e  v e s s e l  f o r  HF t r e a tm e n t  a t  o r  

n e a r  t h e  h o i l i n g  p o i n t  o f  th e  a o id  p r e s e n te d  c o n s id e r a b le  

d i f f i c u l t i e s .  A tte m p ts  t o  u s e  a  g l a s s  v e s s e l  c o a te d  w i th  th e  

h y d r o f lu o r ic  a o id  r e s i s t a n t  p a i n t ,  h ad  t o  h e  g iv e n  u p , s in c e  

th e  p a i n t  d id  n o t  w i th s ta n d  te m p e r a tu re s  h ig h e r  th a n  85°C.

The f i r s t  s e r i e s  o f  e x p e r im e n ts  on t h e  h y d r o f lu o r io  

a o id  t r e a tm e n t  a t  90°C and  ahove was c a r r i e d  o u t  i n  a  l e a d  

l i n e d  c a s t  i r o n  v e s s e l .  T h is  to o  c o u ld  n o t  he  u s e d  f a r  lo n g ,  

s in c e  t h e  l i n i n g  was n o t  q u i t e  r e s i s t a n t  t o  h o t  h y d r o f lu o r io  

ao id*

The f i r s t  s u c c e s s f u l  s e t  o f  e x p e r im e n ts  on h y d r o f lu o r io  

a c id  t r e a tm e n t  n e a r  th e  h o i l i n g  p o in t  o f  t h e  a e i d  was c a r r i e d  

o u t  i n  a  k e e b u sh  h e a t e r  ( c a p a c i ty  tw o l i t r e s ) .  A f t e r  a  few  

t r i a l s  w i th  w a te r  and  h r i n e  h a th s ,  a n  a i r  h a th  w as c o n s id e r e d  

t o  h e  t h e  m ost s u i t a b l e  f o r  h e a t in g  t h i s  b a k e l i t e  v e s s e l*

An a i r  oven  w as d e v is e d  o u t  o f  a s u i t a b l y  i n s u l a t e d  b u c k e t ,  

s u p p o r te d  on a  r i n g  b u r n e r ;  a n  i n v e r t e d  t r i p o d ,  su sp en d e d  

i n s i d e  t h e  b u c k e t  s u p p o r te d  th e  b a k e l i t e  v e s s e l ,  th e  b a s e  o f  

t h e  v e s s e l  b e in g  a few  in c h e s  ahove th e  b o tto m  o f  t h e  b u c k e t .  

The c o n te n ts  o f  th e  b e a k e r  w ere  k e p t  s t i r r e d  by a  m o to r  

d r iv e n  s t i r r e r ,  i& th  a v u l c a n i t e  s tem  an d  wooden arms*

/T h e
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The stem  s to o d  th e  a o id  w e l l ,  h u t  th e  arm s b e in g  o f  s o f t  wood h a d  

t o  be  r e p la c e d  e v e ry  week* A wooden c o v e r  w as p r o v id e d  f o r  t h e  

v e s s e l  an d  th e  b u ck e t*  T h is  a rra n g e m e n t e n a b le d  a e i d  t r e a tm e n t  t o  

be  c a r r i e d  o u t  a t  90 - 95°C an d  w as i n  u s e  f o r  a  c o n s id e r a b le  p e r io d  

d u r in g  t h e  p r e s e n t  i n v e s t ig a t io n *

The m ain  d e f e c t s  i n  t h i s  s e t - u p  w e r e : -

( i )  B a k e l i t e  b e in g  a  v e ry  p o o r  c o n d u c to r  o f  h e a t ,  i t  to o k  

n in e ty  m in u te s  f o r  th e  c o n te n t s  o f  t h e  b e a k e r  (one l i t r e )  t o  

re a o h  t h e  maximum te m p e ra tu re  o f  90~95°C*

( i i )  The maximum te m p e ra tu re  o b ta in a b le  u n d e r  t h i s  a r r a n g e 

ment was b e lo w  th e  b o i l i n g  p o i n t  o f  th e  a e id  and  e x p e r im e n ts  on  

a o id  t r e a tm e n t  a t  th e  b o i l i n g  p o i n t  c o u ld  n o t  b e  c a r r i e d  ou t*

(iL i) The b a k e l i t e  d e v e lo p e d  c ra c k s  due t o  q u ic k  h e a t in g  an d  

c o o l in g  an d  t h e  a v e ra g e  l i f e  o f  th e  v e s s e l  was o n ly  t h r e e  m on ths 

o f  c o n tin u o u s  use*  (T h ere  w as n o  e v id e n c e  t o  s u g g e s t  t h a t  t h e  

b a k e l i t e  i t s e l f  h ad  b e e n  a f f e c t e d  by  t h e  h o t  h y d r o f lu o r io  a c id )*

( iv )  I n  t h i s  c a s e  t h e r e  was no  p r o v i s i o n  f o r  c o n d e n s in g  t h e  

h o t  a c i d  v a p o u rs  and  s o  t h e  c o n c e n t r a t i o n  o f  t h e  a o id  was 

c o n t in u a l ly  c h a n g in g  d u r in g  th e  ex p e rim en t*

(v ) E x a m in a tio n  o f  t h e  r e s u l t s  o f  t h e  u l t i m a t e  a n a ly s e s  o f  

th e  o r i g i n a l  an d  t h e  a o id  t r e a t e d  sa m p le s  o f  t h e  c o a l s ,  l e d  one t o  

s u s p e c t  t h e  p o s s i b i l i t y  o f  o x id a t io n  o f  th e  o o a l  when t r e a t e d

/u n d e r
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t in d e r  th e s e  c o n d i t io n s .  Hence i t  w as d e s i r e d  t o  c a r r y  o a t  

th e  a c i d  t r e a tm e n t  i n  a n  i n e r t  a tm o sp h e re , f o r  t h e  m ain 

te n a n c e  o f  w h ich  t h i s  s e t - u p  w as h a r d ly  s u i t a b l e .

(3 ) Use o f  a  c a rb o n  p o t  f o r  th e  h y d r o f lu o r i c  a e i d  t r e a tm e n t  o f
COal : ' 1 r ' T ' ' T ' ' T ' " f  f '  ' ' '  ' ' - r - r t  t  r . - ■ - ■ r , r  r - r - -

I t  w as n o te d  t h a t  m ost o f  th e  d e f e o t s  m e n tio n ed  above i
c o u ld  be  overcom e by  s u b s t i t u t i n g  a  c a rb o n  p o t  i n  p la c e  o f  th e  j

b a k e l i t e  v e s s e l , and  t h i s  was d o n e , a s  soon  a s  one was j

a v a i l a b l e .  j

The f i n a l  s e t - u p  i s  shewn i n  F ig*  1 . The a rra n g e m e n t o f  

th e  a i r  b a th  was th e  same a s  b e f o r e .  The c y l i n d r i c a l  c a rb o n  

v e s s e l  was f i t t e d  w i th  a  s e p a r a te  t i g h t  f i t t i n g ,  tw o h o le d  

wooden l i d  (made o f  h a r d  wood and  c o a te d  w i th  t h e  a o id  

r e s i s t a n t  p a i n t ) .  T hrough one o f  t h e  h o le s  i n  th e  l i d  was 

f i x e d  a  w a te r - c o o le d ,  c o p p e r  tu b e  c o n d e n s e r  and  t h e  o t h e r  

s e rv e d  a s  i n l e t  f o r  n i t ro g e n *  I n  t h i s  a r ra n g e m e n t, t h e  c o n te n ts  

o f  t h e  c a rb o n  p o t  (1  l i t r e )  re a c h e d  t h e  b o i l i n g  p o in t  (100°C) 

i n  l e s s  th a n  43  m in u te s ,  a f t e r  w h ich  b o i l i n g  c o u ld  be  m a in ta in 

ed  w i th  re d u c e d  f la m e .

The above a rra n g e m e n t w as fo u n d  q u i t e  s a t i s f a c t o r y ;  b u t  

i t  m ust b e  m e n tio n e d  t h a t  a  c y l i n d r i c a l  v e s s e l  was by  no  m eans 

t h e  i d e a l  one f o r  r e f lu x in g *  JL s p h e r i c a l  v e s s e l ,  l& th  a  

r e a s o n a b ly  w ide o p e n in g , w h ich  c o u ld  h av e  b e e n  c lo s e d  w i th  a

/ t i ^ i t
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t i g h t  f i t t i n g  c o rk , w ould have  b e e n  more s u i t a b l e .  B ut 

e a rb o n  v e s s e l s  i n  s p e c i a l  sh a p e s  w ere  d i f f i c u l t  t o  ge t*

I n  th e  e x p e r im e n ts  w ith  t h e  c y l i n d r i c a l  c a rb o n  p o t , i t  

w as fo u n d  n e c e s s a r y  t o  s e a l  t h e  c r e v i c e s  b e tw een  t h e  wooden 

l i d  an d  t h e  p o t ,  w i th  c la y  i n  o r d e r  t o  p r e v e n t  th e  le a k a g e  o f  

a o id  vapours*  Thus t h e r e  was a lw ay s t h e  p o s s i b i l i t y ,  t h a t  

w h ile  rem ov ing  th e  h a rd e n e d  d a y  a t  th e  end o f  a n  e x p e r im e n t, 

a  few  p a r t i c l e s  m ig h t f a l l  i n t o  t h e  e x t r a c t i o n  p o t  an d  t h e r e 

by  s p o i l  t h e  ex p erim en t*  T h is  p ro b lem  c o u ld  have  b e e n  

s o lv e d  by u s in g  a  m ore s u i t a b l e  s e a l i n g  s u b s ta n o e  th a n  c l a y ,  

b u t  no su c h  s u b s ta n c e  c o u ld  be  r e a d i l y  fo u n d  and  th e  

e x p e r im e n ts  w ere  c a r r i e d  o u t  i n  th e  c y l i n d r i c a l  c a rb o n  p o t ,  

u s in g  c la y  t o  s e a l  th e  c r e v i c e s  b e tw een  th e  l i d  and t h e  pot*

(4 ) The c o a l  sam p le s  u s e d  i n  th e  i n v e s t i g a t i o n : T ab le  B o . l  g iv e s  

th e  p ro x im a te  a n a ly s e s  o f  th e  c o a l  sam p les  u s e d  i n  t h i s  

in v e s t ig a t io n *

Sam ple B o*l was o l a r a i n  from  th e  m ain  seam , B arony  

c o l l i e r y  and  t h i s  w as fo u n d  t o  b e  re m a rk a b ly  f r e e  from  

d u ra  i n .  Sam ple Bo* 2 w as o b ta in e d  o r i g i n a l l y  f o r  p r e p a r in g  

a  sam ple  o f  e l a r a i n ,  b u t  h a d  t o  be exam ined  a s  r e c e iv e d ,  

s in c e  i t  was n o t  q u i t e  e a sy  t o  s e p a r a te  i t  from  t h e  o t h e r  

banded  c o n s t i t u e n t s  p re s e n t*  Sample Bo* 3 o f  d u ra  i n  was

/p r e p a r e d
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PARTICULARS OF COAL AID) CAMEL SAMPLES EXAMINED

Humber D e t a i l s

1 . C la r a in ,  M ain Seam, B arony c o l l i e r y .

2. B itu m in o u s  o o a l sam p le , L ugar W orks.

3- D u ra in , T h an k e rto n  c o l l i e r y .

4 . D a ra in  c o n ta in in g  b r i g h t  c o a l ,  (L ugar W orks)«

5 * F tis a in , Diamond Seam, A yr c o l l i e r y .

6 . F u s a in , W arrix  c o l l i e r y .

7 - C an n e l, Loanbead c o l l i e r y .

8. C an n el, Cow denbeath c o l l i e r y

9 - C an n el, H andolph c o l l i e r y

10. C an n e l, F i r t u e w e l l  Seam, R oyal G eorge co lliery

11. C a n n e l, K il to n g u e  Seam.

•
CVI
H

I n f e r i o r  c a n n e l ,  W h i te h i l l  c o l l i e r y .

I n  th e  su b se q u e n t t a b l e s ,  t h e s e  sam p les  a r e  r e f e r r e d  t o  

by t h e  num bers c i t e d  above.
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T A B L E  5 0, I

PROXIMATE ANALYSIS 
(A ir  d r ie d , b a s i s )

Sam ple S o T s tu re  Ash. V o l a t i l e  ,fI*ixed
Ho. % % m a t t e r  o a rb o n "

(d ry  7;
COg f r e e )

1 . 3*0 1*3 50*6 4 5 -1

2. 3-9 2*5 45* 0 48*6

3 - 2 .5 3*5 34® 0 6 o®o

4 . 2*0 4 * 8 38*6 54*6

5 - 8*2 5*4 19*6 66*8

6 . 2*5 23*4 21® 5 52®6

7 . 5*2 2®9 5 0 -0 4 1 ® 9

8. 3 -4 3#9 51*2 4 1 ® 5

9 - 4 °4 6*5 63*3 25*8

10 . 3*9 26*5 40*1 29*5

i l  3*9 3 3 .8 48®8 1 3 .5

i a . 4 .  5 43*5 40*8 11® 2
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p re p a re d  from  a  o o a l  sam ple  from  T h a n k e rto n  c o l l i e r y ;  t h e  h an d  

o f  d u l l  e o a l  w as f a i r l y  t h i c k  and  i t  was e a sy  t o  s e p a r a te  t h e  

d u ra  i n  from  t h e  r e s t .  Sam ple Bo. 4 , c o n ta in e d  r e a s o n a b le  am ounts 

o f  d u r a in ,  t u t  i n  v iew  o f  t h e  v e ry  t h i n  l a y e r s  o f  b r i g h t  o o a l  

i n t e r s p e r s e d  i n  th e  l a y e r  o f  d u l l  o o a l ,  i t  was c o n s id e re d  a d v i s 

a b le  t o  exam ine i t  a s  su ch . Sam ples 5 an d  6 , o f  f u s a i n  w ere

o o l le o t e d  o v e r  a  p e r io d  o f  t im e ,  a t  th e  c o l l i e r i e s  m e n tio n e d ,
#

s p e c i a l l y  f o r  th e  sak e  o f  t h i s  i n v e s t i g a t i o n .

A ll  t h e  c a n n e l  sa m p le s  w ere exam ined a s  r e c e iv e d ;  o f  t h e s e  

sam p le s  7 , 1 0 , 11 and 12 h ad  b e e n  s t o r e d  i n  t h e  l a b o r a to r y  f o r  

some t im e . Two sa m p le s , d i f f e r i n g  w id e ly  i n  a s h  c o n te n t ,  o f  t h e  

c a n n e l  from  B andolph  c o l l i e r y  w ere  a v a i l a b l e .

The w ide v a r i a t i o n s  i n  a s h  o o n te n t  ( n o te d  i n  T ab le  B o . l )  

made th e s e  sam p le s  s p e c i a l l y  s u i t e d  f o r  e x p e r im e n ts  on  a e id  t r e a t 

m ent o f  c o a l s ;  b e s id e s  none o f  t h e s e  sa m p le s  c o u ld  b e  c le a n e d  t o  

any a p p r e c ia b le  e x te n t  by any  o f  t h e  u s u a l  p h y s i c a l  m e th o d s . By 

th e  v e ry  n a tu r e  o f  th e  m in e r a l  m a t t e r  i n  e a n n e ls ,  t h e  d e n s i ty  

s e p a r a t io n  m ethods w ere  i n a p p l i c a b le  t o  th em ; b u t  o f  th e  s i x  

o th e r  sa m p le s , o n ly  one gave  any  s e p a r a t i o n  i n  th e  c o u rs e  o f  a n  

exami n a t i o n  o f  t h e i r  w a s h a b i l i ty  c h a r a c t e r i s t i c s  by  f l o a t  an d  sink : 

d e te r m in a t io n s  u s in g  m ix tu r e s  o f  o a rb o n  t e t r a  c h lo r id e  and  

ben zen e . T h is  was sam ple Bo. 2 ( th e  o o a l  sam p le  fro m  I u g a r  w o rk s ;

/ a s h
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ash; 2*6 p e r c e n t  (d ry ))  w h ich  gave  a  1  p e r c e n t  y i e l d  o f  a  

sam ple o f  0*98 p e r c e n t  a s h  and  a  38*9 p e r c e n t  y i e l d  o f  a  

sam ple o f  1*58 p e r c e n t  a s h ,  w i th  s o l u t i o n s  o f  s p e e i f i e  

g r a v i t y  1*255 1*263 r e s p e c t i v e l y .

(5 ) A p ro c e d u re  f o r  a e id  t r e a t m e n t : I n  a l l  t h e  f o l lo w in g

e x p e r im e n ts  th e  t r e a tm e n t  w i th  t h e  tw o a e i d s  was o a r r i e d  o u t 

s e p a r a t e l y  w&th 5 p e r c e n t  h y d r o f lu o r i c  a o id  and  5 p e r c e n t  

h y d r o c h lo r ic  a c id .  4 0  p e r c e n t  com m erc ia l h y d r o f lu o r io  a o id  

and  33 p e r c e n t  p u re  c o n c e n tr a te d  h y d r o c h lo r ic  a o id  w ere 

a v a i l a b l e  i n  th e  l a b o r a to r y  and  th e  r e q u i r e d  q u a n t i t i e s  o f  

th e  tw o 5 p e r c e n t  a o id s  w ere p r e p a re d  by  d i l u t i o n .

A t f i r s t  h y d r o f lu o r io  a o id  t r e a tm e n t  was c o n tin u e d  

t i l l  t h e r e  was no  f u r t h e r  r e d u c t io n  i n  a s h  o o n te n t  o f  t h e  

o o a l  and  t h i s  was fo l lo w e d  by  t r e a tm e n t  w i t h  h y d r o c h lo r ic  

a e id  a g a in ,  t i l l  n o  f u r t h e r  r e d u c t io n  i n  a s h  c o n te n t  was 

n o t i c e a b l e .  T h is  n o rm a lly  m eant th e  c o n t in u a t io n  o f  t h e  

t r e a tm e n t  w i th  e a c h  a e id  f o r  t e n  t o  f i f t e e n  h o u r s ;  s u b s e 

q u e n tly  i t  w as fo u n d  t h a t  b e t t e r  r e s u l t s  c o u ld  be  o b ta in e d
p e r io d

b y  t r e a t i n g  t h e  sam ple  w i th  h y d r o f lu o r i c  a o id  f o r  a  s h o r t  / - ,  

f o l lo w e d  b y  h y d r o c h lo r ic  a o id  t r e a tm e n t  f o r  t h e  same 

d u r a t i o n  an d  th e n  by  r e p e a t in g  th e  t r e a tm e n t  o v e r  a g a in .

T h is  p ro c e d u re ,  a p a r t  from  th e  s a v in g  i n  t im e  in v o lv e d ,

/  a lm o s t
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a lm o s t i n v a r i a b l y  gave  a  p ro d u c t w i th  lo w e r  a s h  o o n te n t .  The 

p e r io d  o f  t r e a tm e n t  w i th  h y d r o f lu o r io  a o id  was f i v e  h o u rs  

when th e  b a k e l i t e  v e s s e l  w as u s e d  b u t  w i th  th e  o a rb o n  v e s s e l ,  

i t  was re d u o e d  t o  f o u r  hours*
i-

(6 ) E x p e r im e n ta l d e t a i l s  f o r  h y d r o f lu o r io  a o id  t r e a tm e n t  o f  o o a l :

250 gms* o f  th e  sam ple  (100 p e ro e n t  th ro u g h  72 m esh 

B * S * siev e ) w ere m ixed  w i th  1000  m l. o f  5 p e ro e n t  h y d r o f lu o r io  

a o id  i n  th e  o a rb o n  p o t ;  t h e  p o t  was o lo s e d  w i th  th e  l i d ,  

s e a le d  w i th  o la y  and  p la o e d  I n s id e  th e  a i r  oven  a s  shown i n  

Fig* 1 ; t h e  w a te r -o o o le d  o o p p e r tu b e  o o n d e n se r  w as f i t t e d  

i n  and  th e  a i r  i n s i d e  th e  v e s s e l  f l u s h e d  o u t w i th  n i t r o g e n ,  

a f t e r  w hioh th e  h e a t in g  was s t a r te d *  A f u l l  f la m e  was m ain 

t a i n e d  a t  th e  s t a r t  t i l l  th e  o o n te n t s  w ere r a i s e d  t o  b o i l i n g ,  

a f t e r  w hioh a  re d u o e d  f la m e  was m a in ta in e d *  A v e ry  slow  

s tre a m  o f  n i t r o g e n  was p a s s e d  th ro u g h  th e  p o t  d u r in g  t h i s  

t re a tm e n t*  A t th e  end  o f  f o u r  h o u r s ,  h e a t in g  w as d i s o o n t in u e d ,  

t h e  a p p a r a tu s  a llo w e d  t o  o o o l ,  t h e  o la y  u s e d  f o r  s e a l i n g  

c a r e f u l l y  rem oved , and th e  o o n te n ts  o f  th e  o a rb o n  p o t  f i l t e r e d  

i n  a  s u o t io n  f i l t e r *

(7 ) E x p e r im e n ta l  d e t a i l s  f o r  h y d r o c h lo r ic  a o id  t r e a tm e n t  o f  o o a l :

230 gms. o f  th e  sam ple w ere ta k e n  i n  a  tw o l i t r e  

ro u n d  b o tto m ed  f l a s k  c o n ta in in g  1000 ml* o f  5 p e ro e n t  

fc y d ro o h lo rlo  a o id ;  t h e  f l a s k  was f i t t e d  w i th  a  w a te r - o o o le d

/ r e f l u x
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r e f l u x  c o n d e n se r  and h e a te d  o v e r  a  b u n sen  f la m e ;  r e f l u x ! n g  

was o o n tln u e d  f o r  f o u r  h o u r s ,  a t  t h e  end  o f  w h ich ; th e  

c o n te n ts  w ere c o o le d  and  f i l t e r e d *

(8 ) W ashing o f  a o id  t r e a t e d  c o a l s : W ashing t h e  o o a l  sam p le s  

th u s  t r e a t e d  c o m p le te ly  f r e e  o f  t h e  a c id s  was n o t  q u i te  

e a s y , f o rm a l ly  by w ash in g  th e  p ro d u c t  w ith  h o t  t a p  w a te r ,  

t h r e e  t o  f o u r  t im e s  th e  q u a n t i ty  o f  a o id  u s e d ,  fo l lo w e d  by  

a  f i n a l  w ash w i th  h o t  d i s t i l l e d  w a te r  gave a  sam ple w hioh 

was n e u t r a l  and  f r e e  o f  c h lo r i d e s ;  b u t  on k e e p in g  t h e  same 

sam ple i n  d i s t i l l e d  w a te r  f o r  a  few  m in u te s ,  t h e  c h lo r id e  

r e a c t i o n  r e a p p e a re d ;  and  th e  sam ple  c o u ld  b e  c o m p le te ly  

f r e e d  from  c h lo r id e *  o n ly  by r e p e a te d  b o i l i n g  w i th  h o t  

d i s t i l l e d  water*. So d i f f e r e n c e  i n  a s h  o o n te n t  w as n o te d  

b e tw een  t h e  sam p les  w h ioh  h ad  b een  f r e e d  from  c h lo r id e  a«a 

th e  o n es  w h ic h  h ad  b e en  w ashed w i th  t a p  w a te r  t h r e e  t o  f o u r  

t im e s  and  f i n a l l y  w i th  d i s t i l l e d  w ater*  So i n  a l l  o a s e s ,  

t h e  a o id  t r e a t e d  sa m p le s  w ere w ashed w i th  h o t t a p  an d  

d i s t i l l e d  w a te r  o n ly ,  an d  w henever n e c e s s a r y ,  c o m p le te ly  

c h lo r id e  f r e e  sam p le s  w ere  p re p a re d  from  t h i s  m ain  sam ple*

Sustm ann an d  L e h n e r t  (25) n o te d  t h i s  d i f f i c u l t y  i n  

f r e e i n g  th e  c o a l s  c o m p le te ly  o f  th e  a c i d s  and  th e y  

recommended t h a t  f o r  a s h  d e te r m in a t io n s ,  i t  was n o t  

n e o e s s a ry  t o  u s e  a  c o m p le te ly  c h lo r id e  f r e e  sam ple*

I s *  ........... ,
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(9 )  D r y in g :

D ry in g  o f  th e  s o ld  t r e a t e d  sa m p le s  was 

c a r r i e d  o u t i n  a n  e l e e t r i o a l l y  h e a te d  m o is tu re  

oven  a t  50-55°C»

/ C .
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C. EXMIWXIQE OF THE FACTORS UgFLUMCIKG ACID TKEA.QMMT:

(1) The r e s u l t s  o f  t h e  g e n e r a l  p r o c e d u r e ;

The r e s u l t s  o f  th e  a e id  t r e a tm e n t  o f  t h e  tw e lv e  

sam p les  a r e  sum m arised  I n  T ab le  Bo* 2 . The sam p les  w ere  

s u b je c te d  t o  a l t e r n a t e  t r e a tm e n ts  w i th  5 p e r c e n t  

h y d r o f lu o r i c  and  5 p e r c e n t  h y d r o c h lo r ic  a c id ,  e a c h  

t r e a tm e n t  b e in g  f o r  f o u r  hours*  The Q u a n ti ty  o f  a o id  

u s e d  i n  e a c h  c a s e  was f o u r  t im e s  t h e  w e ig h t o f  o o a l  

tak en *

The a s h  d e te r m in a t io n s  w ere made cm a i r  d r i e d  sam p le s  

an d  i n  T ab le  2 th e y  a r e  g iv e n  on a  m o is tu r e  f r e e  b a s i s  

f o r  p u rp o s e s  o f  com parison* The p e rc e n ta g e  y i e l d  o f  

u l t r a - c l e a n  e o a l s  h a s  b e e n  c a l c u l a t e d  on th e  d ry  w e ig h t 

o f  t h e  o r i g i n a l  sam ple*

I n  o a s e s  w here  th e  sam ple  ev en  a f t e r  tw o a l t e r n a t e  

a o id  t r e a tm e n ts  had  an  a s h  o o n te n t  o v e r  1  p e r c e n t ,  t h e  

a c id  t r e a tm e n t  w as r e p e a te d  a  t h i r d  t im e  u n d e r  t h e  same 

c o n d i t io n s  t o  s e e  w h e th e r  any f u r t h e r  r e d u e t io n  i n  a s h  

c o n te n t  was p o s s ib le *  B ut i n  no  c a s e  was t h e r e  any  

f a r t h e r  r e d u c t io n  i n  a s h  c o n te n t*  So i t  was c o n s id e r e d  

n e c e s s a r y  t o  exam ine th e  e f f e c t ,  o f  t r e a tm e n t  w i th  

s t r o n g e r  r e a g e n t s  on su c h  sam ples*

/  C 2 ) ..................
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T A B L E  1 0 .  2

ACID TREATMENT OF COAL

S iz e  o f  o o a l  « 100*1° th ro u g h  72 m esh. (B. S. S ie v e  )•
G iaan tity  o f  a o id  •  4 t im e s  th e  w t. o f  o o a l  ta k e n .
HF tre a tm e n t done i n  B i tro g e n  a tm o sp h e re .

Sam
p le
Bo.

O rig inal
Sam ple

(a)
1°

Ash o o n te n t  -  d ry  "basis 
(a)"boiled  ("b jre fln x ed  (ofccil- 

w it h  %  HF, w ith  % HQL, ed with 
4  h o u rs . 4  h o u rs . 5/0 HF,

4  h o u rs .  
(L) to ) (d)
-% °/° -7°

( i ) r o f lu x -  
ed w ith  5/° 
HC1 , 4  h r a

(e )

Yield o f  
u l t r a  
d e a n  ooal 
(y°cf dry 
ooal taken

0/1°

(1) 1 .3 4 1 .1 0 0 .8 8 O.72 O.53 9 8 .0

(2) 2 .6 0 1 .1 0 0 .8 0 0 .7 0 O.52 9 6 .0

(3 ) 3-59 2 .1 0 1 .8 0 1 .1 0 0 .8 2 9 5 .0
(4 ) 4 .9 0 2 .4 0 1 .6 0 0 .7 0 0 .4 2 9 3 .0

(5 ) 5 .8 8 3 .8 0 1 .7 0 1 .4 0 1 .3 4 9 1 .5
(6 ) 2 4 .0 0 1 2 .6 0 6 .5 0 4 .5 0 3 . 03 6 6 .0

(7 ) 3 .0 6 1 .9 0 1 .2 0 0 .8 0 0 .7 5 9 4 .5
(8) 4 .0 4 2 .1 0 1 .2 0 0 .7 0 O.52 9 5 .0

(9 ) 6 .8 0 3 .9 0 2 .6 0 2 .1 0 2 .0 1 9 1 .5
d-d 2 7 .5 7 2 0 .0 0 1 5 .4 2 4 .6 0 1*57 7 0 .5

0 1 ) 3 5 .1 8 1 8 .6 0 1 0 .6 2 3 .6 0 1 .2 5 6 0 .0

0.2) 4 5 .5 5 25.6O 1 4 .7 0 lo 5 0 0 .6 3 5 0 .0

2 2 2 5 1 *n  o a se  sam p le s  (Eos* 5 , 6 , 9 , 10  an d  1 1 ) th e  HF 
and  HC1 t r e a tm e n t s  w ere r e p e a te d  a  t h i r d  t im e  u n d e r  t h e  
same c o n d i t io n s  w ith o u t  any  f u r t h e r  r e d u c t io n  i n  a s h  
o o n te n t .

»
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( 2 ) Use o f  s t r o n g e r  a c id s  (C f: T ab le  Ho* 3)*

F iv e  sam p les  a l r e a d y  a o id  t r e a t e d  u n d e r  c o n d i t io n s  

r e f e r r e d  t o  i n  T ab le  Ho* 2 w ere c h o se n  f o r  t h e s e  e x p e r im e n ts . 

T hree  h ad  a s h  o o n te n ts  above an d  tw o be lo w  1  p e rc e n t*  T hese 

e x p e r im e n ts  c o u ld  n o t  be  c a r r i e d  o u t  w i th  th e  tw o sa m p le s  o f  

a c id  t r e a t e d  f o s a i n ,  s in c e  th e y  w ere n o t  a v a i l a b l e  i n  

s u f f i c i e n t  q u a n t i t i e s .

30  gms. o f  sam ple  w ere u s e d  f o r  t h e s e  e x p e r im e n ts ,  t h e  

q u a n t i t y  o f  a c id s  u s e d  b e in g  tw ic e  th e  w e ig h t o f  t h e  sam ple 

t a k e n .  The h y d r o f lu o r i c  a o id  t r e a tm e n t  w as c a r r i e d  o u t  i n  

an  open n i c k e l  v e s s e l  by  b o i l i n g ;  s in c e  i n  t h i s  c a s e ,  f r e s h  

a c id  was ad d ed  d u r in g  th e  e x p e r im e n t t o  make up  th e  l o s s  due 

t o  e v a p o r a t io n ,  t h e  c o n c e n t r a t i o n  w as n o t  c o n s ta n t  th ro u g h o u t  

e a c h  ex p erim en t*  The t r e a tm e n t  w i th  HC1  w as c a r r i e d  o u t  a s  

u su a l*

(3) V a r ia t io n  o f  th e  o r d e r  o f  t r e a tm e n t  w i th  a c i d s :

I n  T ab le  Ho*4 a r e  g iv e n  t h e  r e s u l t s  o f  e x p e r im e n ts ,  

w hioh  w ere  u n d e r ta k e n  t o  s e e  how t h e  e x t r a c t i o n  o f  t h e  

m in e r a l  i m p u r i t i e s  i n  o o a l  was a f f e c t e d  b y  t r e a t i n g  th e  

sam p les  f i r s t  w i th  3 p e r c e n t  h y d r o c h lo r ic  a c i d  i n s t e a d  o f  

w i th  5  p e r c e n t  h y d r o f lu o r io  a o id ;  a l t e r n a t e  t r e a tm e n t  w i th  

th e  tw o a c i d s  was r e p e a te d  t i l l  t h e  minimum p o s s ib l e  a s h  

c o n te n t  w as reach ed *

/U)
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T A B L E  HO,  5

ACID TREATMENT OF COALS -  USE OF STRONGER REAGENTS 
( a l l  a s h  v a lu e s  on a  d ry  b a s i s )

D E T A I L S Sample 
No. 7 

Ash jo

Sample 
No. 9 

Ash %

Sam ple 
No. 10  

Ash %

Sample 
No. 11  

A sh %

Sam ple 
No. 12  

Ash %

( i ) o r i g i n a l  sam ple
(a )  3*06 6 .8 0 2 7 .5 7 3 5 .1 6 4 5 .5 5

( i i ) ( a ) t r e a t e d  w i th  
a c id s  a s  i n  T ab le  
No. 2 . ---------------------(b ) O .73 2 .0 1 1 *37 1 .2 5 0 .b 3

( in ) ( b ) b o i le d  w i th  10,* 
HF f o r  2 h r  s .  & 
IO70 HCl f o r  
2 h r  s . ----------------- - ( e )  O.7O 1 .9 0 1 .3 0 1 .2 0 0 .6 0

( lv ) ( o ) b o i le d  w i th  20?o 
HF f o r  2 h r  s .  & 
20% HCl f o r  
2 h o u rs .  ------------- ( d )  0 .7 0 1 .9 0 1 .3 0 1 .0 0 0 .6 0

(v) (d ) b o i l e d  w i th  30^ 
HF f o r  1 h r .  & 
30^  HCl f o r  
1 h o u r .  ------------- - ( e )  0 .7 0 1 .9 0 1 .0 0 1 .0 0 O.5O

It! ) ( e ) b o i l e d  w ith  40?, 
HF f o r  1 h r .  & 
oone. HCl (35%) 
f o r  1 h o u r . ------ - ( f )  0 .7 0 1 .9 0 0 .9 6 1 .0 0 0 .4 6
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T A B L E  H 0. 4

ACID TREAOMEHT OF COALS : VARIATIOH OF THE ORDER OF 
TREAMEHT WITH ACIDS

S iz e  o f  o o a l  : lOO/o th ro u g h  JZ m esh Bo S . S ie v e . 
Q u a n tity  o f  ac id . : 4  t im e s  th e  w e ig h t o f  c o a l .

E x p t.
Ho. D e t a i l s

Sam ple 
Ho. 2 

Ash 7° (& ry)

Sam ple 
Ho. 7 

Ash fo (d.ry)

I
( i ) I n i t i a l  a s h  c o n te n t ,  sam p le . . .  • (a ) 2 .6 0 5 .0 6

( i t ) (a )  re f lu x e d , w i th  5% HOI 
f o r  4  h o u r s ............................. 2 .0 0 2 .7 0

O il) (h ) t r e a te d ,  w i th  5% HF
f o r  5 h o u r s ............................. 1 .0 2 1 .4 0

( iv ) (o ) re f lu x e d , w i th  5% HC1
f o r  4  h o u r s ............................. 0 .8 0 1. 00

(v ) (d.) t r e a te d ,  w i th  57° HF 
f o r  5 h o u r s ................. 0 .8 0 0 .9 0

(v i) (e )  t r e a te d ,  w i th  57° HC1
f o r  4  h o u r s . .......................... . . . ( f ) O .50 0 .7 0

I I
( i ) Sam ple (a )  t r e a te d ,  w i th  

57° HF f o r  5 h o u r s ........................ 1 .2 0 1 .7 0
( i i ) (g ) re f lu x e d , w i th  57° HC1

f o r  4  h o u r s . .......................... 0 .8 0 1 .3 0
CLii) (h ) t r e a te d ,  w i th  5% HF,

f o r  5 h o u r s ............................. • • • ( i ) 0 .6 0 0 .9 0
( iv ) ( i )  r e f lu x e d , w i th  5% HC1 

f o r  4  h o u r s ............................. . . . ( 5 ) 0 .5 0 0 .7 0

HF t r e a tm e n t  i n  th e  above e x p e rim e n ts  was c a r r ie d ,  
o u t i n  t h e  b a & e li te  v e s s e l  a t  95 °C.
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(4 ) I n f lu e n c e  o f  p a r t i c l e  s i z e  o f  o o a l  on  th e  e x t r a c t  i o n  o f  t h e  

I m p u r i t i e s  i n  c o a l  w i th  a c i d s :

I t  i s  w e l l  known t h a t  i n  c h e m ic a l  r e a c t i o n s  f i n e r  

p a r t i c l e  s i z e s  f a c i l i t a t e  q u ic k e r  r e a c t i o n  w i th  t h e  s o l v e n t ;  

th u s  t h e  e f f e c t i v e n e s s  o f  ac id , t r e a tm e n t  should , h e  d e te rm in e d  

by  th e  p a r t i c l e  s i z e  t o  w h ich  t h e  o o a l  was cru shed , b e fo r e  

t r e a tm e n t .

i l l  t h e  e x p e r im e n ts  t h a t  have  b e e n  re p o r te d , i n  th e  

e a r l i e r  t a b l e s  w ere done w i th  sam p le s  c ru s h e d  t o  p a s s  th ro u g h  

a  72  m esh B .S .s i e v e ;  i n  t h i s  s e t  o f  e x p e r im e n ts ,  (C f T a b le  

Ho. 5 ) sam p le s  c ru s h e d  t o  p a s s  th ro u g h  1 8 ,1 4 0 , 200  an d  JOO 

m esh B. S. s i e v e s  w ere t r e a t e d  w i th  th e  tw o a c id s  u n d e r  t h e  

same c o n d i t io n s  a s  b e f o r e .  The v a r io u s  sa m p le s  w ere  p r e p a r e d  

by  c a r e f u l l y  a d j u s t i n g  a  c o f f e e  m i l l  t o  g iv e  a  p r o d u c t  t h a t  

w ould  l u s t  p a s s  th ro u g h  a  p a r t i c u l a r  s i e v e  w i th o u t  a n  u n d u ly  

h ig h  p e rc e n ta g e  o f  f i n e s ;  a s h  d e te r m in a t io n s  o f  t h e  sa m p le s  

o f  v a r io u s  s i z e s  o f  e a c h  o o a l  showed t h a t  th e y  w ere  

r e p r e s e n t a t i v e  o f  th e  o r i g i n a l  sam p le .

(5 ) A c id  t r e a tm e n t  o f  c o k e : I t  i s  w e l l  known t h a t  coke  i s  m ore 

p o ro u s  t h a n  o o a l ;  i t  w as th o u g h t  t h a t  t h e  h ig h e r  p o r o s i t y  o f  

th e  ooke w ould  f a c i l i t a t e  b e t t e r  i n t e r a c t i o n  b e tw e e n  t h e  

i m p u r i t i e s  i n  ooke an d  t h e  a o id s  th a n  w ould  t h e  c o r r e s p o n d in g  

sam ple o f  c o a l .  T h is  was th e  m ain  id e a  b e h in d  th e  e x p e r im e n ts  

d e s c r ib e d  i n  T ab le  Ho. 6 .

/ T w o .....................
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T A B L E  HO.  5

ACID TREATMEUT OF COAL -  IHF1TJEHCE OF PARTICLE SIZE. 
Q u a n tity  o f  a o id s  -  4  t im e s  t h e  w e ig h t o f  o o a l .

Exp t .  
Ho.

Sam
p le
Ho.

S iz e  
100% 
I h r o T 
B.S* - 
StLe've

A S H
o r i g i 
n a l
sam ple

(a )
%

C 0 H
(a )4  h rs. 
5% HF

0>)
7s

I E I I  
(b )4 h r s .
5% HCl

Co)
7°

( D R Y
(0 )4  h r s .
. 5% HF

(1)
7°

}
( d }4 h r s .  
5 ,. HCl

(e )
7°

I (1) 16 1*3 1 .2 1 .1 1 .1 0 .7
72 1 -3 1 .1 0 .9 0 .7 0 .5

140 1 . 3 1 .1 1 .0 0 .7 0 .5
200 1*3 1 .0 1 .0 - 0 .5
500 1 .3 1 .1 1 .0 0 .8 0 .5

I I (2) 18 2 .6 1 - 5 1 .0 0 .9 0 .8
72 2 .6 1 .1 0 .8 0 .7 0 .5

140 2 .6 1 .1 0 .8 0 .7 0 .5
200 2 .6 «H» - 0 .7 0 .5
300 2 .6 1 .1 0 .8 0 .7 0 .5

I I I (9 ) 18 1 7 -3 1 5 .0 6 .8 5 . 0 2 .8
72 1 7 .3 1 2 .4 7 . 5 3 -7 2 .1

140 1 7 .3 1 2 .2 7 . 0 2 .2 1 . 9
200 1 7 -3 1 1 .5 6 .7 3-9 1 .8
300 1 7 -3 9 . 6 6 .0 2 .0 1 .5

/  IT .
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T A B L E H 1111
lA 

1 1
• 

1
O 

I ( 0 O i l D. ) .

E xp t.
Ho.

Sam
p le
Ho.

S iz e  
100$, 
t h r o 1 
B. S . - 
S iev e

A S H
o r i g i 
n a l
sam ple

(af
C;1°

C O I !
( a ) 4 hr a
5% HP

(h)
'1°

E E I
Cb)4 l i r a  
5?o HCl

(0 )
°b

( D R Y
(0 )4  h r s .  
-5 > HP

(a.)
%

B A S I S  )
( d )4  h r s .  
57. HCl

(e )
1o

IV (1 0 ) 18 2 7 .6 2 3 .4 1 6 .3 6 .5 2 .5
72 2 7 .6 2 0 .0 1 5 .4 4*6 1 .4

140 2 7 .6 1 7 .9 8 .3 3 .1 1 .4
200 2 7 .6 1 6 .1 7 .3 - 1 .4
300 2 7 .6 1 5 .9 6 .4 3 -2 1 . 4

V (12) 18 4 5 .6 2 8 .7 1 4 . 0 4 . 8 2 .0
72 4 5 .6 2 5 .6 1 4 .7 - 0 .6

140 4 5 .6 2 5 .4 1 2 .0 3 -3 0 .6

200 45*6 2 2 .4 1 2 .5 3-7 0 .6
300 4 5 .6 2 0 .4 8 .7 2-5 0 .5
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T A B L E  HO.  6

ACID TREATMENT OF COAL AHD COKE

S iz e s  o f  o o a l and  ooke ) . _ c, _.
u se d  f o r  a c id  t r e a tm e n t .  ) 100^  t h r o u ^ i  72 m esh, B. S . S ie v e .

D e t a i l s
BLtuminoas 
o o a l sample 
from  I u g a r  
Ash (dry) >

C an n e l,
L oahbead
o o l l i e r y .
Ash % ( d r y ) ♦

I
(1 ) O r ig in a l  s a m p l e .................................... (a ) 2 .6 0 3*06
( i i )a . c a rb o n is e d  a t  8 0 0 ° C ...............ooke n o 3 .7 0 5 .0 0

( i i i ) h .  t r e a t e d  w i th  5> HF, 5 H rs . • • • • (0 ) 1 .2 5 2*46

( iv ) o .  r e f lu x e d  w ith  5> HCl, 4  h rs*  . • td ) 1 . 00 1*90

(v) d . t r e a t e d  w i th  57° HP, 5 H rs ............ (e ) 1 .  00 1 .2 0

( v i ) e .  r e f lu x e d  w i th  5% HCl, 4  h r s * . . . ( f ) 1 . 00 1 .2 0
. . . . . . . . . . . . . . . . . . . . . . J

I I
( i )  (a )  a o id  t r e a t e d  a s  p e r

f a h le  n o .2 ......................................... (ff) 0 .5 2

j

0 .7 3  !
( i i )  (g) o a rh o n is e d  a t  800° C ,.......... o o k e (h ) 0 .8 0 1 .2 0

( i l l )  (h ) t r e a t e d  w i th  57. HF,
5 H ou rs.................................. .. ( i ) 0 .8 0 1 .2 0

( iv )  ( i )  r e f lu x e d  w i th  5% HCl,
4  h o u r s ......................................... .. ( J ) 0 .8 0 1 .2 0

(v) U )  t r e a t e d  w i th  5°/o HF,
5 h o u r s ................................................... (3c) 0 .8 0 1 .2 0

(v i)  (k) r e f lu x e d  w ith  57° HCl,
4  h o u r s ................................................... (1 ) 0 .8 0 1 .2 0

HOTE: She HF t r e a tm e n t  was o a r r i e d  o u t I n  t h e  b a h e l i t e  
v e s s e l  a t  95°C.
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Two d i f f e r e n t  s e t s  o f  e x p e r im e n ts  w ere  c a r r i e d  o u t  

(a )  th e  o o a l  an d  th e  o a n n e l sa m p le s  w ere o a rb o n is e d  ( i n  an  

e l e o t r i o  f a m a o e  a t  800°C, th e  c h a rg e  b e in g  c o n ta in e d  i n  a  

s i l i e a  tu b e )  an d  th e  ooke sam p les  w ere  a o id  t r e a t e d  u n d e r  

same c o n d i t io n s  a s  b e f o r e ;  (b ) t h e  same o o a l  an d  o a n n e l 

sam p les  w ere  f i r s t  t r e a t e d  w i th  th e  tw o a o id s  u n d e r  c o n d i t io n s  

d e s c r ib e d  i n  T ab le  Ho* 2 and  th e  r e s u l t a n t  u l t r a - o l e  an  (o o a l)  

sam p les  w ere  c a rb o n is e d  a t  800°C ; th e  ooke sa m p le s  th u s  

o b ta in e d  w ere a g a in  a c id  t r e a t e d  u n d e r  th e  same c o n d i t i o n s .

The o o a l sam ple  from  I u g a r  w orks gave  a  good  ooke , 

w hioh was c ru s h e d  t o  p a s s  th ro u g h  J2 m esh B. S . s i e v e  b e f o r e  

a o id  t r e a tm e n t ;  t h e  ooke fro m  t h e  o a n n e l  w as pow dery ; wo w ere 

th e  tw o sam p les  o b ta in e d  frcm  th e  u l t r a - c l e a n  o o a l  an d  can n e lo

(6) TTse o f  m ixed  a o id s :  The m ain  r e a s o n  f o r  c a r r y i n g  o u t  t h e

t r e a tm e n t  w i th  th e  tw o a o id s  s e p a r a t e l y  w as t h e  non

a v a i l a b i l i t y  o f  a  s u i t a b l e  c o n d e n s e r ,  t h a t  eof£Ld b e  u s e d  w i th  

b o th  a c i d s .  I t  was l e a r n t  t h a t  b y  u s in g  c o n d e n s e r s ,  w here 

th e  i n n e r  s u r f a c e  was o o a te d  w i th  r e s i n s ,  w hioh  w ere  r e s i s t a n t  

t o  b o th  a o id s ,  th e  s e t  up  u s e d  f o r  h y d r o f lu o r i c  a o id  t r e a t 

m en t, c o u ld  be  u s e d  f o r  a  m ix tu re  o f  th e  tw o a o id s*

/O ne
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One smell r e s i n  was th e  Marco r e s i n  6 lC , su p p lied , by  

M essrs . S e o t t  B ader and Co.. L t d . , and t h i s  was d e s e r ib e d  a s  a  

" v e r s a t i l e  r e s i n ,  w it h  e z e e l l e n t  f a b r i c a t i n g  p r o p e r t i e s  and  

c h a r a c t e r is e d  by e x c e p t io n a l  in te r la m in a r  a d h e s io n , o u t s ta n d in g  

w ea th er  and c h e m ic a l r e s i s t a n c e " ,  i n  t h e i r  l i t e r a t u r e .

T h is  r e s i n  w as d i s s o lv e d  i n  monomer C ( a l s o  s u p p l ie d  by  

th e  f ir m )  i n  p r e s e n c e  o f  th e  s u p p lie d  c a t a l y s t  (B e n z o y l P e r o x id e )  

and th e  s o lu t i o n  was u se d  f o r  c o a t in g  th e  i n s id e  o f  a r e f l u x  

o o n d en ser ; c a r e  had t o  be ta k e n  t o  e n su r e  t h a t  a l i g h t  c o a t in g  

was o b ta in e d ;  f o r  w ith  a t h i c k  c o a t in g ,  b e c a u se  o f  t h e  p o o r  

c o n d u c t iv i t y  o f  t h e  r e s i n ,  t h e r e  was l i t t l e  o r  no c o n d e n s a t io n  

o f  th e  a o id  v a p o u r s , ev en  w ith  maximum w a te r  c i r c u l a t i o n .  But 

ev en  w ith  a  t h i n l y  c o a te d  o o n d e n se r , t h e  u s e  o f  t h i s  r e s i n  f o r  

com bined a o id  tr e a tm e n t  c o u ld  n o t  b e  d e s c r ib e d  a s  an  u n q u a l i f i e d  

s u c c e s s ;  w it h  t h in  c o a t in g s ,  i t  was d i f f i c u l t  t o  g e t  th o ro u g h  

a d h e s io n  on g l a s s ,  w it h  t h e  r e s u l t  t h a t  th e  h y d r o f lu o r ic  a o id  

v ap ou rs s t a r t e d  a t t a c k in g  th e  u n c o v e re d  s p o t s .  T hree c o n d e n se r s  

had t o  be r e j e c t e d  d u r in g  t h e  e x p e r im e n ts  r e p o r te d  i n  T a b le s  7 

and 1 0 .

/ I n
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T A B L E  5  0.  7

ACID TREATMENT OP COALS -  USE OP A MIXTURE OP ACIDS.

A o ids u s e d :  5% HP and  5% HCl, tw ic e  t h e  w e ig h t
o f  o o a l  ta k e n .

S iz e  o f  o o a l  u s e d :  IOC?/> th ro u g h  J2 m esh B .S .S ie v e .

E x p t.
Do.

Sam
p le
Bo.

ASH
o r i g i 
n a l
sam ple

CONTENT ( DET BASIS ) 
S am ples ta k e n  a t  t h e  end o f  : -

5 10  15 20
h o u rs  h o u rs  h o u rs  h o u rs

Ash o o n te n t  
o f  sam p les 
a o id  t r e a t e d  
a s  p e r  T ab le  

Ho. 2 .

I (1 ) 1 .3 4 0*70 0 .5 0  0 .5 0  - 0 .5 3

I I (7 ) 3 .0 6 1 .1 0 0 .7 0  0 .7 0  - 0 .7 3

I I I (12) 4 5 .5 5 1 4 .2 0 1 .5 0  0 .6 0 0 .6 0
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In  t h e s e  e x p e r im e n ts  (C f T a b le  JTo* 7 ) t h r e e  sa m p les  

were t r e a t e d  w it h  a  m ix tu r e  ext 5 p e r c e n t  h y d r o f lu o r ic  and  

5 p e r c e n t  h y d r o c h lo r ic  a c id s  i n  one o p e r a t io n ;  th e  o n ly  o th e r  

m o d if ic a t io n  i n  th e  p ro ced u re  w as t h a t  th e  t o t a l  q u a n t i t y  o f  

a o id s  u se d  was red u ced  t o  t w ic e  th e  w e ig h t  o f  o o a l  ta k e n . The 

a o id  tr e a tm e n t  was s to p p e d  a t  i n t e r v a l s  o f  f i v e  h o u rs f o r  

t a k in g  sa m p les .

/D .
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D. EUMIMTION OF THE EFFICIENCY OF ACID TBEA3MSHT OF GOALS.

(1 ) E x am in a tio n  o f  t h e  a s h : The aim  o f  a o id  t r e a tm e n t  o f  o o a l  

i s  th e  rem oval o f  t h e  in o r g a n ie  c o n s t i t u e n t s  o f  o o a l  by  

s o l u t io n .  From th e  r e s u l t s  t a b u l a t e d  e a r l i e r ,  i t  oan  be  s e e n  

t h a t  t h e r e  re m a in s  i n  a l l  t h e  sam p les o f  o o a ls ,  a  s m a ll  

p e rc e n ta g e  o f  m in e r a l  m a t t e r ,  w h ioh  c o u ld  n o t  be rem oved by  

a o id  t r e a tm e n t .  Thus f o r  a  p r o p e r  d e te r m in a t io n  o f  th e  

e f f i c i e n c y  o f  e x t r a c t i o n  o f  t h e  m in e ra l  m a t t e r  i n  o o a l  b y  th e  

tw o a o id s  ( i n  texm s o f  th e  a s h ) ,  i t  w ould  be n e c e s s a r y  t o  

a n a ly s e  th e  a s h  o f  th e  o r i g i n a l  and  a o id  t r e a t e d  sa m p le s ;  b u t  

i n  t h e  o a se  o f  th e  u l t r a - o l e  an  o o a ls  p r e p a re d  by a o id  t r e a t 

m en t, b e c a u se  o f  th e  v e ry  low  a s h  o o n te n t ,  i t  w ould  be  t e d i o u s  

t o  o b t a in  s u f f i c i e n t  q u a n t i t i e s  o f  th e  a s h  n e c e s s a r y  f o r  

co m p le te  a s h  a n a l y s i s .

I n  v iew  o f  t h i s  d i f f i c u l t y ,  th e  f o l lo w in g  e x p e r im e n ts  

w ere d e s ig n e d  t o  exam ine how f a r  th e  d i f f e r e n t  c o n s t i t u e n t s  

i n  t h e  a s h  o f  th e  v a r io u s  o o a ls ,  w h ioh  w ere s o lu b le  i n  w a te r ,  

d i l u t e  h y d r o f lu o r ic  a o id  and  d i l u t e  h y d r o c h lo r ic  a o id ,  h ad  

b e en  e x t r a c t e d  by a o id  t r e a tm e n t .

E x p e r im e n t: A bout 0*1 t o  0*2 gms o f  a s h  was w e ig h ed  o u t i n  a
p la t in u m  c r u c i b l e  and  d ig e s te d  w i th  w a te r  f o r  h a l f  a n  h o u r

o v e r  an  a i r  b a th ;  th e  o o n te n t s  w ere  th e n  f i l t e r e d ,  r e p e a te d ly

w ashed w i th  c o ld  w a te r ,  and  th e  r e s id u e  i n c i n e r a t e d  t o  c o n s ta n t  

w e ig h t;  t h e  d i f f e r e n c e  i n  w e ig h t gave  th e  w a te r  s o lu b le  

P o r t io n  i n  th e  a s h .

/ T h e ......................



-  51 -

I  1  B 1  I  H 0. 8  

E2AMIHATI0IJ OF THE ASH.

P A R T I C U L A R S

Ash
(d ry
b a s i s )

%
(1)

W ater 
S o lu b le  
P o r t io n  
% o f  a s h

(2 )

SlOg J&2®3 
fo o f  f> Of 

Ash* Ash.

(3 ) (4 )

B a la n ce  
% o f  

A sh.

(5 )

SAMPLE m .  I  

(a ) o r i g i n a l  sam ple 1 .5 4 4 2 .8 8 .1 2 1 .3 2 7 .8
(b ) a o id  t r e a t e d  sam ple 0 .5 3 7 .0 8 .7 13 -5 7 0 .8  1

(o ) E f f i c ie n c y  o f  e x t r a c t i o n  
(> o f  o r i g i n a l  sam ple) 6 0 .7 9 3 .6 57*9 7 5 -1 - ( ? )

SAMPLE EO. 2
(a ) o r i g i n a l  sam ple 2 .6 0 38.O 3 1 .1 1 6 .5 1 4 .4
(b ) a o id  t r e a te d ,  sam ple O.52 3*7 2 2 .5 2 2 .9 5 0 .9
to ) E f f io ie n o y  o f  e x t r a c t i o n  

(fo o f  o r i g i n a l  sam ple) 8 0 .4 9 8 .1 8 5 .8 7 2 .8 3 0 .8

SAMPLE RO.jJ
(a )  o r i g i n a l  sam ple 3*59 9 .0 4 8 .6 6 .8 3 5 .6
(b ) ao id . t r e a te d ,  sam ple 0*82 t r a o e 3 3 .4 3 .2 6 3 .4
(o ) E f f i c ie n c y  o f  e x t r a c t i o n  

o f  o r i g i n a l  sam ple) 77 * S 1 0 0 .0 8 4 .8 8 9 .6 6 0 .4

SAMPLE K0 .4
(a) o r i g i n a l  sam ple 4 .9 0 7*9 3 8 .8 17*5 3 5 .8
(b ) ac id , t r e a te d ,  sam ple 0 .4 2 t r a o e 3 .0 1 4 .0 8 1 .0
(o ) E f f io ie n o y  o f  e x t r a c t i o n  

{% o f  o r i g i n a l  sam ple) 9 1 .8 1 0 0 .0 9 8 .9 9 3 -5 8 1 .5

/ s a m p l e  n o .  5
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I A B I E D 0 . 8 ( C o n td .) .

p A E T I  C U I  A fi S

Ash
(d ry
b a s i s )

%

W ater 
S o lu b le  • 
p o r t i o n  
7° o f  a s h

S i 02
°/o o f  

Ash.

EB2O3 B a la n ce
7. o f  ° J

A sb. A sh*

(1) (2) (3 ) (4 ) (5 )

SAMPLE DO. 5

(a) o r i g i n a l  sam ple 5 .8 8 1 3 -3 1 6 .0 1 4 .3 5 6 .4
(b) a o id  t r e a t e d  sam ple I .3 4 6 .4 1 4 .3 2 0 .1 5 9 .2

(0) E f f io ie n o y  o f  e x t r a c t i o n  
(> o f  o r i g i n a l  sam ple)

SAMPLE DO. 6

7 8 .3 8 9 .5 8 0 .6 6 9 .5 7 7 .1

(a) o r i g i n a l  sam ple 2 4 .0 0 2 0 .8 1 3 . I 6 .4 59*7
0 >) a o id  t r e a t e d  sam ple 3 .0 3 3 .6 1 4 .3 1 3 -7 6 8 .4
(0) E f f io ie n o y  o f  e x t r a c t i o n  

(% o f  o r i g i n a l  sam p le)

SAMPLE DO. 7

9 0 .1 9 8 .3 8 9 .3 7 8 .9 8 8 .6

(a ) o r i g i n a l  sam ple 3 .0 6 7 .7 5 1 .6 1 6 .8 2 3 .9
(b) a o id  t r e a t e d  sam ple 0 .7 3 t r a o e 9 .0 3 1 .3 5 9 -7
(0) E f f io ie n o y  o f  e x t r a c t i o n  

(% o f  o r i g i n a l  sam p le)

SAMPLE DO. 8

7 $ . 8 1 0 0 .0 95*9 5 6 .6 4 1 .8

(a) o r i g i n a l  sam ple 4 . 0& 6 .3 4 8 .6 1 7 .3 2 7 .8
(b) a o id  t r e a t e d  sam ple 0 .5 2 t r a o e 1 3 -7 1 6 .5 6 9 .8
(0) E f f io ie n o y  o f  e x t r a c t i o n  

(% o f  o r i g i n a l  sam p le ) 8 7 .6 1 0 0 .0 9 6 .5 8 8 .1 6 8 .8

/SAMPLE E0 .9
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T A B L E  1 0 . 8  
( C o n tin u ed .).

P A R T I C U L A R S

Ash
(d ry
b a s i s )

7°

W ater
S o lu b le  
P o r t i o n  
> o f  a s h

S i 02
> o f  

Ash.
> o f  
A sh.

B a la n c e  
7. o f  

Ash.

( i ) (2 ) ( 3 ) (4 ) (5 )

SAMPLE JTO. 9
(a ) o r i g i n a l  sam ple 6 .8 0 7*8 6 0 .5 2 8 .5 3 .2
0>) a c id  t r e a t e d  sam ple 2 . Oil t r a o e 3 8 .5 5 2 .5 9 .0
(0) E f f io ie n o y  o f  e x t r a o t i o n  

(% o f  o r i g i n a l  sam p le) J 2 .Q 1 0 0 .0 8 2 .1 4 8 .2 2 1 .3

SAMPLE HO. 10

(a ) o r i g i n a l  sam ple 2 7 .5 7 4 .9 6 1 .6 2 .8 3 0 .7

ID) a o id  t r e a t e d  sam ple 1 -3 7 t r a o e 3 7 .5 2 8 .2 3 4 .3
(o) E f f io ie n o y  o f  E x tr a o t io n  

(% o f  o r i g i n a l  sam p le ) 96*3 1 0 0 .0 9 7 -7 6 3 .3 9 5 -9

SAMPLE HO. 11

(a ) o r i g i n a l  sam ple 3 5 .1 8 8 .5 5 7 .8 1 3 .3 2 0 .4
tb )  A oid  t r e a t e d  sam ple 1 .2 5 t r a o e 4 4 .2 4 3 .5 1 2 .3
to ) E f f io ie n o y  o f  e x t r a o t io n  

(% o f  o i i f c in a l  sam p le ) 97*7 1 0 0 .0 9 8 .3 9 2 .4 9 8 .4

SAMPLE HO. 12

(a ) o r i g i n a l  sam ple 4 5 .5 5 9 .1 7 2 .7 I 6 . 3 1 .9
I t ) a o id  t r e a t e d  sam ple 0 .6 3 t r a o e 1 2 .7 2 2 .7 6 4 .6
(o) E f f io ie n o y  o f  e x t r a o t i o n

(% o f  o r i g i n a l  sa m p le ) 99*2 1 0 0 .0 9 9 .9 9 9 -0 7 4 .2
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The w a te r  i n s o l u b le  p o r t i o n  w as c a r e f u l l y  d ig e s te d  i n  th e  

p la tin u m  c r u c i b l e  w i th  40  p e r c e n t  h y d r o f lu o r i c  a o id  o v e r  a n  a i r  

b a th  f o r  f o r t y  m in u te s  a t  th e  end o f  w hioh i t  was a llo w e d  t o  
e v a p o ra te  t o  d r y n e s s ;  th e  r e s id u e  i n  th e  c r u c i b le  was th e n  h e a te d  

o v e r  a  s t r o n g  f la m e  and w e ig h ed ; th e  d i g e s t i o n  an d  i n c i n e r a t i o n  

w ere r e p e a te d  t i l l  c o n c o rd a n t v a lu e s  w ere o b ta in e d #  The l o s s  i n  

w e ig h t gave th e  h y d r o f lu o r i c  a o id  s o lu b le  p o r t io n #

These e x p e r im e n ts  w ere r e p e a te d  w i th  th e  o r i g i n a l  and  a o id  

t r e a t e d  sam p le s  o f  a l l  o o a ls  and  o a n n e ls  (C f T ab le  Ho#8 ) .
I

The e f f io i e n o y  o f  e x t r a o t i o n  o f  e a c h  com ponent o o u ld  be 
e x p re s s e d  o n ly  on th e  b a s i s  o f  th e  a s h  o r  th e  c o r re s p o n d in g  p o r t i o n  j

o f  th e  a s h  o f  t h e  o r i g i n a l  sam p le . S in c e  e a c h  gram  o f  th e  a c id  

t r e a t e d  sam ple w ould have b e en  d e r iv e d  from  more th a n  one gram  o f  

th e  o r i g i n a l  sam p le , a l l  th e  v a lu e s  f o r  th e  a s h  ( and  th e  

d i f f e r e n t  f r a c t i o n s )  o f  th e  a o id  t r e a t e d  sam ple  g iv e n  i n  T ab le  
Ho#8 w ere c o r r e c t e d  t o  th e  same b a s i s  a s  t h e  a s h  o o n te n t  o f  t h e  

o r i g i n a l  sam ple b e f o r e  c a l c u l a t i n g  t h e  e f f i o i e n o y  o f  e x t r a c t io n #

F o r  p u rp o s e s  o f  c o m p ariso n  t h e  v a lu e s  f o r  i r o n  (a s  F e 2 0 ^ ) , 

w hioh w ere o b ta in e d  by  s e p a r a te  d e te r m in a t io n s ,  a r e  a l s o  g iv e n  i n  
T ab le  Ho# 8#

(2 ) E x am in a tio n  o f  th e  d i s t r i b u t i o n  o f  i r o n  i n  o o a l  and  th e
e f f io i e n o y  o f  i t s  e x t r a o t i o n  by a c id  t r e a tm e n t .

I r o n  i s  known t o  o c c u r  i n  th e  m in e r a l  m a t t e r  o f  o o a l  i n  t h e  

form  o f  c a rb o n a te  an d  s u lp h a te  ( s o lu b le  i n  d i l u t e  h y d r o c h lo r ic  

a o id ) ,  p y r i t e  ( p a r t l y  s o lu b le  i n  h o t  d i l u t e  h y d r o c h lo r ic  a o id )

*n& a l s o  a s  s i l i c a t e s  and  o x id es#

/S o
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So no d a ta  o f  th e  e f f i o i e n o y  o f  e x t r a o t i o n  o f  i r o n  i n  o o a l  by  a o id s  

w ould be c o m p le te  w ith o u t  a  know ledge o f  th e  fo rm  i n  ^ i l o h  th e  

i r o n  was p re s e n t*  I n  th e  fo l lo w in g  e x p e r im e n ts  s e p a r a t e  d e te rm in a 

t i o n s  w ere made f o r  (1 ) th e  d i l u t e  h y d r o o h lo r ie  a o id  s o lu b le  i r o n ,  

(2 ) t h e  p y r i t l e  i r o n  and  (3 ) t o t a l  i r o n  i n  ooal*  I n  t h e  r e s u l t s  

t a b u la t e d  i n  T ab le  396*9 t h e  d i f f e r e n c e  b e tw een  th e  t o t a l  i r o n  and  

th e  sum o f  p y r i t i o  and  d i l u t e  a o id  s o lu b le  i r o n  h a s  b e e n  r e p o r t e d  

a s  I r o n  p r e s e n t  i n  o t h e r  form s*

D e te rm in a tio n  o f  t h e  t o t a l  i r o n  i n  o o a l : T h is  was d e te rm in e d  from

a sam ple  o f  t h e  a s h ;  t h e  s l l i e a  i n  th e  a s h  w as rem oved by  
v o l t a l i s a t i o n  w i th  h y d r o f lu o r io  a o id ;  t h e  r e s i d u e  was g e n t l y

h e a te d  w i th  solium  p y r o s u lp h a te  and  f i n a l l y  e x t r a c t e d  w i th  d i l u t e  

s u lp h u r ic  a o id )  made up  t o  a  fcnown volume and  t i t r a t e d  a g a i n s t  

s ta n d a rd  t i t a n o u s  o h lo r id e  u s in g  th io o y a n a te  i n d i c a t o r  i n  a  o a rb o n  

d io x id e  a tm osphere*

The v a lu e s  f o r  th e  t o t a l  i r o n  p r e s e n t  a r e  g iv e n  a s  f e r r i c  

o x id e  i n  T ab le  3To*8 and  a s  i r o n  i n  T ab le  J9o*9 *

D ilu te  h y d r o o h lo r ie  a o id  s o lu b le  i r o n  a n d  p y r i t l e  i r o n  i n  o o a l : 

These tw o d e te r m in a t io n s  w ere o r i g i n a l l y  made i n  c o n n e c t io n  w i th  
th e  e v a lu a t io n  o f  t h e  o o r r e o t  v a lu e  f o r  t h e  m in e r a l  m a t t e r  i n  o o a l  

and t h e  e x p e r im e n ta l  d e t a i l s  a r e  g iv e n  i n  P a r t  I I  o f  t h i s  th e s is *

/£ •
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E. SOME VARIATIONS IN THE GENEBAL PROCEDURE FOB THE ACID TREATMENT 
OF C O A L S . ______________________________________

(1 ) The u s e  o f  b rom ine w a te r  w i th  a  m ix tu re  o f  a o i d s : I t  w ould

be se e n  from  th e  r e s u l t s  m e n tio n e d  I n  S e c t io n  D, t h a t  i r o n  

was n o t  o o m p le te ly  rem oved by t h e  m ethod  o f  a o id  t r e a tm e n t  

fo l lo w e d  e a r l i e r ,  due m a in ly  t o  t h e  p re s e n c e  o f  p y r i t e s  i n  

t h e  m in e r a l  m a t t e r  o f  ooal*  The noxm al p ro c e d u re  f o r  th e  

e x t r a c t i o n  o f  p y r i t e  i n  o o a l was by  th e  u s e  o f  d i l u t e  

n i t r i c  a o id  and  b rom ine w a te r ,  a  t r e a tm e n t ,  w hioh  w ould 

o x id i s e  t h e  o o a l  sam ple  a s  w e ll*  So t h e  u s e  o f  n i t r i c  a o id  -  

o r  any  o th e r  o x id i s in g  a g e n t  was n o t  c o n s id e r e d  a d v is a b le *

I t  w ould  be  n o te d  fro m  th e  e x p e r im e n ts  d e t a i l e d  i n  t a b l e  

NOf9> t h a t  t h e  p y r i t i o  i r o n  i n  o o a l  h ad  b e en  p a r t i a l l y  

e x t r a c t e d  by  h o t  d i l u t e  h y d r o c h lo r ic  a o id ;  i n  th e  e x p e r i 

m en ts  sum m arised  i n  T ab le  No* 1 0 , i t  h a s  b e e n  exam ined  -

w h e th e r  th e  p re s e n c e  o f  b rom ine w a te r  a lo n g  w i th  th e  d i l u t e  

a c id  w ould  im prove th e  e f f i o i e n o y  o f  e x t r a c t i o n  o f  t h e
I

p y r i t e  i n  coal*

The e x p e r im e n ta l  s e t - u p  was t h e  same a s  t h a t  f o r  t h e  

u s e  o f  m ixed  a o id s  -  th e  a o id  t r e a tm e n t  b e in g  done i n  a n  

a tm o sp h e re  o f  n i t r o g e n .  T hree  s a m p le s , w hioh  w ere known t o  

c o n ta in  a  f a i r  am ount o f  p y r i t i o  i r o n  w ere ch o sen  f o r  t h e s e  

e x p e r im e n ts ;  o th e rw is e  th e  g e n e r a l  p ro o e d u re  was th e  same*

/  ( 2 ) ..........................
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T A B L E  N Oo 1 0  

ACID TREATMENT OF COALS HIGH IN PYRITIC IRON.

A oids u s e d  : a  m ix tu re  o f  5% HF and  5% HCl w i th  50  ml* b rom ine  
w a te r .

Q u a n tity  o f  a o id s  : 4  t im e s  th e  w e ig h t o f  o o a l .
S iz e  o f  o o a l  : 100f> th ro u g h  fZ m esh B. S. S ie v e .

N itro g e n  a tm o sp h e re  u s e d  th ro u g h o u t .

E x p t. Stem- A S H  C O N T E N T  ( D R Y  B A S I S )  A sh o o n te n t
Ho. pie o r l g i -  Sam ples ta k e n  a t  t h e  end o f : -  ^ iJ “ ^ate4

No. n a l  5 10  15 20  a s  ^  T ab le
sam ple  h o u rs  h o u rs  h o u rs  h o u rs  3S6 . 2

0? 0/ ov of 0/ o/
Jo Jo Jo Jo jo  Jo

I (9 ) 1 7 .3 0 8 .4 0 3*50 2 .0 0 2 .0 0 2 .1 0

XI (10) 2 7 .5 7 12*40 5 .8 0 2 .0 0 1 . 30 1 -3 7

I I I (1 1 ) 3 5 .1 8 1 2 .2 0 3.7O X .5 0 1 .3 0 1 .2 5



-  6i  -

( 2 ) T rea tm en t o f  o o a l  w i th  d i l u t e  a l k a l i : A c o m p a riso n  o f  t h e  

d a ta  i n  T a b le s  8 and  9- r  > showed t h a t  th e  p e rc e n ta g e  

e x t r a o t i o n  o f  i r o n  was i n  m ost o a s e s  h ig h e r  th a n  p e rc e n ta g e  

e x t r a o t i o n  o f  th e  h y d r o f lu o r i c  a o id  in s o lu b le  p o r t i o n  i n  

a s h ;  t h i s  m ig h t be due t o  p o o r  e x t r a o t i o n  o f  th e  a lu m in a  

p r e s e n t  b y  a o id  t r e a tm e n t ;  i f  th e  p r im a ry  o b je o t  w ere t o  

e x t r a c t  th e  a lu m in a  i n  th e  m in e ra l  m a t t e r ,  d i l u t e  a l k a l i  

sh o u ld  be  a  b e t t e r  r e a g e n t  th a n  any  o th e r  u s e d  t i l l  now*

E x t r a c t i o n  o f  s p e c i a l l y  t r e a t e d  o o a ls  w i th  a l k a l i  a t  

h ig h  p r e s s u r e s  was done i n  Germany d u r in g  w ar t im e  (2 7 ) .

I n  th e  f i r s t  e x p e r im e n t, t h e  a o id  t r e a t e d  b i tu m in o u s  

o o a l  sam ple fro m  L u g ar u o rk s  ( a s h :  0«52 p e r c e n t )  was r e f lu x e d  

w i th  5 p e r c e n t  p o ta s s iu m  h y d ro x id e  s o l u t i o n  f o r  f o u r  h o u r s ;  

t h e  r e s u l t a n t  p ro d u c t  h ad  a n  a s h  o o n te n t o f  0*35 p e r c e n t ,  b u t  

t h e  y i e l d  was o n ly  82 p e r c e n t  o f  t h e  w e ig h t o f  a o id  t r e a t e d  

sam p le . S in o e  th e  m ain  o b j e c t  o f  t h i s  i n v e s t i g a t i o n  w as t o  

e v o lv e  a  p ro c e d u re  f o r  t h e  e x t r a c t i o n  o f  th e  m in e r a l  

i m p u r i t i e s  i n  o o a l  w ith o u t  i n  any  way a f f e o t i n g  th e  c o a l  

s u b s ta n c e ,  i n  t h e  n e x t  s e t  o f  e x p e r im e n ts ,  t h e  a l k a l i  t r e a t 

m ent w as done a t  th e  l a b o r a to r y  te m p e ra tu re  by  m ix in g  t h e  

a c id  t r e a t e d  o o a l  sam ple  w ith  a l k a l i  i n  a  b o t t l e  ana, th e n

/ c o n t i n u in g
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T A B L E  N 0.  XX.

EFFECT OF DILUTE ALKALI OH ACID TREATED COALS.

Q u a n ti ty  o f  a l k a l i  (5% p o ta s s iu m  h y d r o x id e ) :  4  
t im e s  t h e  w e ig h t o f  ooal*

Eaoh sam ple k e p t  i n  an  e X eo triea X  s h a k e r  f o r  
X8 h o u rs  a t  l a b o r a to r y  te m p e r a tu re .

E x perim en t
Ho.

Sample
Ho.

Ash i n  aoid. 
t r e a te d ,  o o a l  
% (dry  b a s i s )  
(C f. T ab le  2 )

Ash a f t e r  
a l k a l i  
t r e a tm e n t  
% (d ry )

I ( i ) O.53 0 * 5 0

I I (2 ) O.52 0 . 5 0

I I I (3 ) 0 .8 2 0 .8 0
IV (4 ) 0 .4 2 0*40
V (5 ) 1 .3 4 1*35
VI (6 ) 3 .0 3 3 .0 0

V II (7 ) O.73 0 . 7 5
V III 18 ) O.52 0 .5 0

I I 19 ) 2 .0 1 2 .0 0

I (10) 1 .3 7 1 * 4 0

I I (11) 1 . 25 0*90

I I I (12) O.63 O.65
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c o n tin u in g  th e  t r e a tm e n t  by v ig o ro u s  a g i t a t i o n  f o r  e ig h te e n  

h o u rs  i n  an  e l e o t r i e a l  s h a k e r .  The r e s u l t s  a r e  g iv e n  i n  

f a b le  Ho. 1 1 ; t h e  o o a l ,  a f t e r  t h e  a l k a l i  t r e a tm e n t  w as w ashed 

f i r s t  w i th  d i l u t e  a o e t io  a o id  u n t i l  f r e e  o f  a l k a l i  and  th e n  

w i th  h o t  w a te r  t i l l  f r e e  o f  a o id .  The I n i t i a l  f i l t r a t e  was 

a lm o s t c o l o u r l e s s  and n e u t r a l i s a t i o n  w i th  a o id  gave  o n ly  a  

v e ry  f a i n t  t r a o e  o f  a  p r e c i p i t a t e  i n  a l l  th e  o a s e s .

/F.
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F# DISCUSSION OF RESULTS.

The aim  o f  a o id  t r e a tm e n t  o f  o o a ls  i s  th e  e x t r a o t i o n  o f  

th e  m in e r a l  m a t t e r  a s s o o ia te d  w i th  i t  by s o l u t i o n ;  i n  t h i s  

a a s e ,  t h e  m in e r a l  m a t t e r  foxm s th e  ' s o l u t e 1 and  t h e  h y d ro -
** r>

f l u o r i c  an d  h y d r o o h lo r ie  a o id  s o l u t i o n s ,  t h e  s o l v e n t .  The 

s o l u b i l i t y  o f  any g iv e n  s o l i d  i s  known t o  depend upon  (1 ) t h e  

te m p e ra tu re  (2 ) th e  n a tu r e  o f  t h e  s o lv e n t  and  (3 ) t h e  n a tu r e  

o f  t h e  s o l i d .  So one o f  th e  m eans o f  ex am in in g  t h e  r e s u l t s  

s u b m itte d  e a r l i e r  w ould  be t o  s tu d y  th e  in f lu e n o e  o f  t h e s e  

f a c t o r s  on t h i s  p r o c e s s .

(1 ) The te m p e ra tu re  o f  a o id - t r e a tm e n t  o f  o o a l s ;  G e n e ra l ly  

th e  s o l u b i l i t y  o f  a  s o l i d  i n  a  l i q u i d  in o r e a s e s  w i th  r i s i n g  

te m p e r a tu re ,  b u t  th e  r a t e  o f  i n c r e a s e  d i f f e r s  w id e ly  f o r  t h e  

d i f f e r e n t  s o l i d s ,  an d  i n  some o a s e s ,  t h e  s o l u b i l i t y  i s  

d im in is h e d  by i n c r e a s in g  th e  te m p e ra tu re  i n  seme r a n g e s .

I n  th e  p r e s e n t  i n v e s t i g a t i o n ,  th e  e x t r a o t i o n  w i th  t h e  

a o id s  was c a r r i e d  o u t a t  t h e  b o i l i n g  p o in t  o f  t h e  a o id s ;  b u t  

I t  was m e n tio n e d  t h a t  i n  th e  c a s e  o f  t h e  o o a l  sam ple  from  

I u g a r  w orks (sam ple  N o .2 ; a s h  2*6 p e r c e n t )  ev en  p ro lo n g e d  

t r e a tm e n t  wHLth 3 p e r c e n t  h y d r o f lu o r i c  a o id  f o r  24 -48  h o u rs  a t  

room te m p e ra tu re  d id  n o t  red u o e  t h e  a s h  o o n te n t  be low  h a l f  

t h a t  o f  t h e  i n i t i a l  v a lu e .  The c o m p a ra t iv e ly  l e s s e r  

s o l u b i l i t y  o f  th e  in o r g a n ic  m a t t e r  i n  o o a ls  a t  o r d in a r y

/ te m p e r a tu r e s
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te m p e ra tu re s  lia s  b e e n  n o te d  by  t h e  e a r l i e r  w o rk e rs .

G a l la r d  (13 ) fo u n d  t h a t  1  gnu o f  k a o l i n  (one  o f  th e  common 

s i l i c a t e  m in e r a l s  a s s o c i a t e d  w i th  c o a l ) ,  when t r e a t e d  w ith  

120  oo*. o f  1 0  p e r c e n t  h y d r o f lu o r i c  a c i d  f o r  24 h o u rs  w i th  and  

w ith o u t h e a t in g  d i s s o lv e d  t o  th e  e x te n t  o f  97*86  and  77*88  

p e rc e n t  r e s p e c t iv e ly *

S e l v ig ) Ode an d  Grib so n  (2 8 ) ,  who c a r r i e d  o u t  th e  t r e a tm e n t  

w ith  th e  tw o a o id s  (5 t o  10  p e r c e n t )  an d  w e t t i n g  a g e n t s ,  a t  th e  

room te m p e ra tu re  h ad  t o  c o n tin u e  d i g e s t i o n  o f  th e  sam p le s  

( i n i t i a l  a s h  o o n te n t  b e tw een  0*56 an d  2*13 p e r c e n t )  f o r  24 h o u r s  

t o  o b ta in  a  f i n a l  p ro d u c t  w i th  a s h  c o n te n t s  b e tw ee n  0*35 and  

0*60 p e r c e n t  (d ry  b a s i s ) *

T u rn e r  and  c o -w o rk e rs  (15 ) t r e a t e d  t | i e  o o a l  sa m p le s  w i th  

h y d r o f lu o r ic  a c id  a t  a  te m p e ra tu re  j u s t  b e lo w  t h e  b o i l i n g  p o i n t  

o f  th e  a c i d ;  so  d id  Sustm ann a n d  L e h n e r t  (25)* I n  t h e  p r e s e n t  

i n v e s t i g a t i o n  a l s o ,  when a  b a k e l i t e  v e s s e l  was u s e d  f o r  t h e  

h y d r o f lu o r ic  a o id  t r e a tm e n t ;  t h e  te m p e ra tu re  w as be lo w  th e  b o i l 

in g  p o in t  o f  t h e  a c i d ;  b u t  i n  su c h  e a s e s  f o r  e f f e c t i n g  th e  same 

r e d u c t io n  i n  a s h  o o n te n t  a s  g iv e n  i n  T ab le  2STo«2 , i t  w as fo u n d  

n e c e s s a ry  t o  c o n t in u e  t h e  t r e a tm e n t  f o r  f i v e  h o u r s ,  i n s t e a d  o f  t h e  

norm al f o u r  h o u r s ,  w h ile  u s i n g  th e  c a r to n  po t*  (The l o n g e r  p e r io d  

o f  t r e a tm e n t  was p a r t l y  due t o  t h e  p o o r  c o n d u c t iv i t y  o f  th e  

v e s s e l ) .

/ S o ................................
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So, I t  c o u ld  b e  s t a t e d  t h a t  t h e  s o l u b i l i t y  (and  h e n c e  t h e  

r a t e  o f  e x t r a c t i o n )  o f  t h e  m in e r a l  m a t t e r  o f  c o a l  i n  th e  tw o 

a c id s ,  in c r e a s e d  w i th  r i s i n g  te m p e ra tu re *

(2 ) The n a tu r e  o f  th e  s o lv e n t .

( i )  C o n c e n tr a t i  o n i The " s o lv e n ts "  em ployed i n  t h i s  o a se  

w ere  f i v e  p e r c e n t  s o l u t io n s  o f  h y d r o c h lo r ic  a n d  h y d r o f lu o r i c  

a d d s *  The r e s u l t s  o f  a c id  t r e a tm e n t  f o l lo w in g  th e  g e n e r a l  

p ro c e d u re  o u t l i n e d  i n  S e c t io n  C, can  b e  se e n  i n  T ab le  Ho*2*

The a s h  c o n te n t s  o f  th e  f i n a l  sam p le s  a f t e r  tw o a l t e r n a t e  

t r e a tm e n t  w i th  t h e  tw o a c id s  (w ith  t h e  e x c e p t io n  o f  sam p les  

Ho*6 a n d  Ho*9) v a r i e d  be tw een  0*42  t o  1*37 p e r c e n t ,  w h i le  t h e  

i n i t i a l  a s h  c o n te n ts  w ere b e tw ee n  1*34  and  45*55  p e r c e n t  

(d ry  b a s i s ) *  T hese v a lu e s  com pare v e ry  f a v o u r a b ly  w i th  th e  

a s h  c o n te n t s  o f  sam p le s  o b ta in e d  by  p r e v io u s  w o rk e rs , who 

h ad  u se d  much h ig h e r  c o n c e n t r a t io n s  o f  th e  same tw o a c id s .

G a l la r d  ( lo c  o i t )  u s e d  tw o p a r t s  o f  4 0  p e r c e n t  h y d r o f lu o r i c  

a c id  an d  one p a r t  o f  h y d r o c h lo r ic  a c id  o f  Sp* g r .  I * l 8  t o  

re d u c e  th e  a s h  c o n te n t  o f  two c o a l  sam p les  from  12*24  and  

8*74  p e r c e n t  t o  0*94 and  0*58 p e r c e n t  r e s p e c t i v e l y .

T u rn e r  ( lo o  o i t ) , who b o i l e d  t h e  sa m p le s  w i th  c o n c e n tr a te d  

h y d r o c h lo r ic  a c i d  b e f o r e  and  a f t e r  t h e  t r e a tm e n t  w i th  

h y d r o f lu o r ic  a c i d ,  u s e d  49  p e r c e n t  h y d r o f lu o r i c  a c i d  a t  

95°C; th u s  from  sam p le s  o f  a n t h r a ^ c i t e ,  g r a p h i t e ,b i tu m in o u s

/ o o a l  .
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o o a l and  c h a r c o a l  w i th  a s h  e o n te n ts  v a ry in g  b e tw een  0*90 and  

30*63 p e r c e n t ,  he  o b ta in e d  u l t r a - c l e a n  sa m p le s , t h e  a s h  c o n te n t s

o f  w hich  w ere be low  1*17 p e r c e n t ,  t h e  lo w e s t  v a lu e  b e in g

0*30 p e r c e n t .

Sustm ann and  l e h n e r t  ( lo o  o i t ) , b o i l e d  t h e  brow n and  

b itu m in o u s  c o a l  sam p les  f i r s t  w i th  1*5 p e r c e n t  h y d r o c h lo r ic  a c id  

and t r e a t e d  th e  p ro d u c t  w i th  15 p e r c e n t  h y d r o f lu o r i c  a c id  f o r  

f o u r  h o u rs  a t  90°C ; t h e  a s h  o o n te n t  o f  th e  f i n a l  sam p le s  w ere 

be tw een  0*06 t o  2*0 p e r c e n t  w h ile  th e  i n i t i a l  v a lu e s  w ere

be tw een  204 an d  16*2 p e rc e n t*

S e lv ig ,  G ibson  a n d  Ode, ( lo c  o i t ) ,  who u s e d  a  m ix tu re  o f  

th e  tw o a c i d s  w i th  w e t t i n g  a g e n ts  fo u n d , t h a t  f o r  t h e  se v e n  

sam ples o f  b i tu m in o u s  c o a l  exam ined by  them , a  m ixed  a c id  

s o l u t io n  c o n ta in in g  5 p e r c e n t  h y d r o f lu o r i c  a c id  and  5 p e r c e n t  

h y d r o c h lo r ic  a c i d  was a s  e f f e c t i v e  i n  r e d u c in g  t h e  a s h  o o n te n t  

a s  10  p e r c e n t  h y d r o c h lo r ic  a c id  and  5 p e r c e n t  h y d r o f lu o r io  a c i d  

o r  10  p e r c e n t  h y d r o c h lo r ic  an d  1 0  p e r c e n t  h y d r o f lu o r i c  a c id s*

The y i e l d  o f  u l t r a - c l e a n  o o a l  g iv e n  i n  th e  l a s t  colum n o f  

T ab le  Ho* 2 , a s  a  w e ig h t p e rc e n ta g e  o f  t h e  d ry  o r i g i n a l  sam ple  

i n d ic a t e d ,  t h a t  t h e r e  was no  a p p r e c ia b le  l o s s  o f  th e  o o a l  

s u b s ta n c e  due t o  a c id  t r e a tm e n t  u n d e r  t h e s e  c o n d i t i o n s ;  b u t  any  

d e f i n i t e  c o n c lu s io n  a b o u t su c h  l o s s e s  can  be draw n o n ly  from  th e  

r e s u l t s  o f  u l t i m a t e  a n a ly s e s  o f  th e  s a m p le s , w h ich  have b e e n  

r e p o r te d  i n  t h e  seco n d  p a r t  o f  t h i s  work*

/T h e .........................
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The e f f e c t  o f  s t r o n g e r  a o id s  on th e  a c id  t r e a t e d  sam p le s  

m en tioned  i n  f a b l e  t to .2 , oan  be s e e n  i n  t h e  r e s u l t s  g iv e n  i n  

T able So. 3 . I n  t h i s  e x p e r im e n t, th e  c o n c e n t r a t i o n  o f  th e  tw o a c id s  

was g r a d u a l ly  in c r e a s e d  t o  a  maximum; b u t ,  o u t o f  t h e  f i v e  o a s e s  

exam ined, i t  c o u ld  n o t  be  o la im e d , t h a t  t h e r e  was any f u r t h e r  

a p p re c ia b le  r e d u c t io n  i n  a s h  o o n te n t ,  due t o  t h e  u s e  o f  m ore 

c o n c e n tr a te d  a c id s*  T h is  was t r u e  a l s o  o f  one o f  th e  tw o 

e x c e p tio n s  n o te d  e a r l i e r  l»e*  th e  o a n n e l from  R andolph  c o l l i e r y ,  

whose a s h  o o n te n t  c o u ld  n o t  b e  re d u c e d  be low  2*0 p e r c e n t  by  

r e p e a te d  t r e a tm e n ts  w i th  th e  two f i v e  p e r c e n t  a c id s*

So i t  c o u ld  be s t a t e d  t h a t  th e  t r e a tm e n t  o f  o o a l  sa m p le s  

w ith  h y d r o f lu o r i c  an d  h y d r o c h lo r ic  a o id s  d id  n o t  g iv e  c o m p le te ly  

" a sh  f r e e 1* sa m p le s ; t h e  maximum p o s s ib l e  e x t r a c t i o n  o f  t h e  

im p u r i t i e s  a s s o c i a t e d  w i th  t h e  sam p les l i s t e d  i n  T ab le  So. 2 c o u ld  

be e f f e o t e d  b y  th e  u s e  o f  f i v e  p e r c e n t  h y d r o f lu o r i c  and  f i v e  

p e rc e n t  h y d r o c h lo r ic  a o id s  a t  t h e i r  b o i l i n g  p o i n t s ;  an d  t h a t  t h e  

u se  o f  s t r o n g e r  a o id s ,  th o u g h  i t  w ould  i n f lu e n c e  th e  p e r io d  o f  

t r e a tm e n t ,  was u n l i k e l y  t o  g iv e  a  p ro d u c t  o f  lo w e r  a s h  c o n te n t*

A p a r t from  o t h e r  econom ic c o n s i d e r a t i o n s ,  Sustm ann and  

L eh n e rt ( lo o  o i t )  w ere i n  f a v o u r  o f  t h e  u s e  o f  d i l u t e  a o id s ,  

s in c e  th e  q u a n t i t y  o f  w ash w a te r  r e q u i r e d  t o  f r e e  th e  sa m p le s  o f  

th e  a d d s  in c r e a s e d  w i th  in c r e a s in g  c o n c e n t r a t i o n  o f  t h e  a c id s*

/ H i )
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( i i )  The r e l a t i v e  s o lv e n t  a c t i o n  o f  th e  tw o a o id s :  T ab le  Ho#2

g iv e s  th e  a s h  o o n te n t  o f  t h e  sam p les  a f t e r  eao h  t r e a tm e n t  

w ith  th e  tw o a o id s .  One gram  o f  th e  sam ple  a f t e r  eao h  t r e a t 

m en t, b e c a u se  o f  i t s  d im in is h in g  a s h  o o n te n t ,  w ould  have  "been 

d e r iv e d  fro m  more th a n  one gram  o f  t h e  o r i g i n a l  sam p le . So 

t h e  r e s u l t s  g iv e n  i n  T ab le  Ho* 2 w ere n o t  s t r i o t l y  c o m p a ra b le . 

To f a o i l i t a t e  su ch  c o m p a riso n , v a lu e s  (g iv e n  i n  T a b le  Ho. 12) 

f o r  th e  r e d u c t io n  i n  a s h  o o n te n t  e f f e c t e d  by s u c c e s s iv e  

t r e a tm e n t s ,  w ere c a l c u l a t e d ,  i n  te rm s  o f  th e  a s h  o o n te n t  o f  

th e  o r i g i n a l  sam p le .

A w ord o f  e x p la n a t io n  m ig h t be  n e c e s s a r y  a b o u t t h e  

s i g n i f i c a n c e  o f  t h e s e  v a lu e s ;  th e s e  w ere  c a l c u l a t e d  fro m  th e  

v a lu e s  f o r  a s h  i n  eao h  c a s e  (C f T ab le  No* 2 ) and  h en ce  d id  

n o t  r e p r e s e n t  t h e  c o r re s p o n d in g  p e r c e n ta g e s  o f  t h e  m in e r a l  

m a t t e r  i n  o o a l ;  b u t  t h e s e  w ould be r e l a t e d  t h e  same* The 

v a lu e s  f o r  " a sh "  o o n te n t  w ere  d e te rm in e d  o n ly  a s  a  m eans o f  

s tu d y in g  th e  r a t e  o f  e x t r a c t i o n  o f  th e  c o r r e s p o n d in g  p o r t i o n s  

o f  t h e  m in e r a l  m a t t e r  i n  c o a l .

I n  T ab le  No* 1 2 , co lum ns 4  and  6 g iv e  t h e  r e d u c t io n  i n  

" a s h ” c o n te n t  e f f e c t e d  by  th e  f i r s t  and  se co n d  t r e a tm e n t  

w i th  h y d r o f lu o r i c  a c i d ,  a s  a  p e rc e n ta g e  o f  th e  a s h  o f  th e  

o r i g i n a l  sam p le ; co lum ns 5 and  7 g iv e  s i m i l a r  v a lu e s  f o r  

th e  tw o h y d r o c h lo r ic  a c id  t r e a tm e n t s .  The v a lu e s  u n d e r  

colum n 8 a r e  th e  sum o f  t h e  c o r r e s p o n d in g  v a lu e s  i n  co lum ns 

4  and  6 and  r e p r e s e n t  t h e  r e d u c t io n  i n  " a s h ” o o n te n t  due t o

/ t h e ..........................*
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th e  two h y d r o f lu o r ic  a c id  tr e a tm e n ts  a lo n e ;  colum n 9 g i v e s  th e  

s im i la r  v a lu e s  f o r  th e  tw o h y d r o c h lo r ic  a c id  tr e a tm e n t;  in  colum n  

10  a re  g iv e n  t h e  v a lu e s  f o r  th e  t o t a l  p e r c e n ta g e  o f  t h e  "ash" o f  

th e  o r i g i n a l  sam ple e x t r a c t e d  d u r in g  t h e  e n t i r e  p r o c e s s*  To 

en a b le  a l l  th e  above v a lu e s  t o  be u n d e r s to o d  i n  t h e i r  p r o p e r  

p e r s p e c t iv e ,  in  c o l .  11 a re  g iv e n  th e  v a lu e s  f o r  th e  t o t a l  

p e r c e n ta g e  e x t r a c t io n  o f  th e  m in e r a l m a tte r  o f  th e  o r i g i n a l  

sam p le, b y  a d d  tr e a tm e n t . The m in e r a l m a tte r  c o n te n ts  o f  th e  

o r i g i n a l  and u l t r a - c l e a n  o o a l  sa m p les  were c a l c u la t e d  on th e  

b a s i s  o f  th e  K in g , M a ries  and C r o s s le y  fo r m u la , t h e  d e t a i l s  o f  

w h ich , w i l l  be fo u n d  in  P a r t  I I  o f  t h i s  work.

The r e s u l t s  in  Ta&le Ho. 12 in d ic a t e  t h a t  th e  a c id  e x tr a c t io n  

o f  th e  m in e r a l im p u r i t ie s  in  c o a l  i s  s im i l a r  t o  any norm al 

e x t r a c t io n  p r o c e s s .  I t  i s  s e e n  t h a t  in  n e a r ly  a l l  t h e  o a s e s  

b etw een  f o r t y  and s i x t y  p e r c e n t  o f  th e  t o t a l  e x t r a c t io n  was 

e f f e c t e d  b y  t h e  f i r s t  h y d r o f lu o r ic  a c id  tr e a tm e n t;  a f t e r  t h i s  

d u r in g  ea o h  tr e a tm e n t  t h e r e  was a g r a d u a lly  d im in is h in g  r a t e  o f  

e x t r a c t io n ;  In  some o a s e s  th e  r e d u c t io n  i n  a s h  o o n te n t  e f f e c t e d  

by th e  f i n a l  h y d r o c h lo r ic  a c id  tr e a tm e n t  was v e r y  s l i g h t ,  b u t i n  

th e  c a s e  o f  th e  d u r a in  sam ple from  T h an k erton  c o l l i e r y ,  t h e  tw o  

tr e a tm e n ts  w ith  h y d r o c h lo r ic  a c id  seem ed t o  be a lm o st e q u a l ly  

e f f e c t i v e .  The o la r a in  sam ple from  Barony c o l l i e r y  was a  m ajor  

e x c e p t io n , s in c e  i t  had an a lm o s t  u n ifo rm  r a t e  o f  e x t r a c t i o n

/th r o u g h o u t
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th ro u g h o u t th e  p r o c e s s ,  w i th  e i t h e r  a c id .

On com paring  th e  v a lu e s  I n  colum ns 8 and  9 , i t  w i l l  h e  s e e n  

t h a t  5 p e r c e n t  h y d r o f lu o r ic  a c i d  h ad  d e f i n i t e l y  a  g r e a t e r  s o lv e n t  

a c t io n  th a n  9 p e r c e n t  h y d r o c h lo r ic  a c id *  The p e rc e n ta g e  o f  t o t a l  

m in e ra l  m a t t e r  e x t r a c t e d  by e i t h e r  a c id  w ould  depend  on t h e  

n a tu r e  o f  t h e  i m p u r i t i e s  i n  o o a l  i n  e a o h  c a s e .  Thus i n  t h e  o a se  

o f  t h e  c l a r a i n  sam ple  from B arony  c o l l i e r y  (sam p le  H o . l ) ,  t h e  

t o t a l  p e rc e n ta g e  e x t r a c t i o n  w i th  5 p e r c e n t  h y d r o c h lo r ic  a c id  was 

a c t u a l l y  h ig h e r  th a n  t h a t  w i th  5 p e r c e n t  h y d r o f lu o r i c  a c i d ;  a g a in  

i n  th e  o a se  o f  th e  f u s a i n  sam ple  fro m  Diamond Seam, A yr c o l l i e r y  

(Sample 3To*5 ) ,  t h e  t o t a l  e x t r a c t i o n  w i th  h y d r o c h lo r ic  a c id  was 

com parab le  t o ,  i f  n o t  h ig h e r  th a n  t h a t  w i th  th e  o t h e r  a c id *  A 

h ig h  p e rc e n ta g e  o f  t h e  m in e r a l  m a t t e r  i n  t h e s e  tw o  o a s e s  m ust 

have c o n s i s t e d  o f  s a l t s  s o lu b le  i n  w a te r  end  d i l u t e  h y d r o c h lo r ic  

a c id  a s  d i s t i n c t  from  th e  o t h e r  o a s e s ,  w here  t h e  p e rc e n ta g e  

e x t r a c t i o n  w i th  h y d r o f lu o r i c  a c id  was h ig h e r .

Column 12 o f  t h e  same T ab le  g iv e s  t h e  v a lu e s  o f  t h e  q x ia n t i ty  

o f  s i l i c a  (SiO g) ( a s  p e r c e n t  o f  t h e  a s h  o f  t h e  o r i g i n a l  sam p le) 

e x t r a c te d  by  t r e a tm e n t  w i th  h y d r o f lu o r i c  a c i d ;  t h e s e  v a lu e s  w ere

c a l c u l a t e d  by  m u l t i p ly in g  t h e  SiOg c o n te n t  o f  t h e  a s h  (C f T a b le  

Bo*8) by  th e  c o r r e s p o n d in g  v a lu e  f o r  t h e  e f f i c i e n c y  o f  i t s

e x t r a c t i o n .  On co m p arin g  th e s e  v a lu e s  w i th  t h e  t o t a l  p e rc e n ta g e

e x t r a c t i o n  e f f e c t e d  by  th e  tw o h y d r o f lu o r i c  a c i d  t r e a tm e n t s

(column 8 ) ,  t h e  l a t t e r  w i l l  a lw a y s  be fo u n d  t o  b e  h ig h e r ;  so

/ d i l u t e
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d i l u t e  h y d r o f lu o r i c  a e id  m ust have  e x t r a c t e d  o t h e r  p o r t i o n s  o f  

th e  m in e r a l  m a t t e r  a s  w e l l ,  b e s id e s  t h e  s i l i o a t e  m in e ra ls*  T h is  

was o n ly  t o  b e  e x p e c te d ;  f o r ,  b e in g  t h e  e a r l i e r  a c id  t o  be  u s e d  

i n  th e  t r e a tm e n t ,  h y d r o f lu o r io  a c i d ,  b e s id e s  r e a c t i n g  v ig o r o u s ly  

w ith  t h e  s i l i e a t e  m in e r a l s ,  w ould  have  e x t r a c t e d  a l l  t h e  

n o rm a lly  d i l u t e  a c i d  s o lu b le  com ponen ts l i k e  c a r b o n a te s  and  

s u lp h a te s ;  m o reo v e r, o f  t h e  o t h e r  tw o m a jo r  c o n s t i t u e n t s  o f  t h e  

m in e ra l  m a t t e r  i n  o o a l ,  b o th  i r o n  an d  a lum in ium  c o u ld  fo rm  

s o lu b le  f lu o r id e s * . I n  th e  o a se  o f  f o u r ,  o f  t h e  s i x  o a n n e ls  

exam ined (sa m p le s  7- 1 2 ) t h e  tw o  v a lu e s  a g re e d  w i th in  r e a s o n a b le  

l i m i t s ;  t h i s  m ig h t be  due t o  t h e  p re d o m in a n tly  s i l l  c lo u s  n a tu r e  

o f  t h e  m in e r a l  m a t t e r  a s s o c i a t e d  w i th  th e  o a n n e ls .

Among t h e  p r e v io u s  w o rk e rs ,  T u rn e r  and  c o -w o rk e rs , ( lo o  olb ) 

b o i l e d  t h e  o o a l  sam ple  w i th  c o n c e n tr a te d  h y d r o c h lo r ic  a c id  b e f o r e  

and a f t e r  t r e a tm e n t  w i th  h y d r o f lu o r io  a c id *  I n  t h e  e x p e r im e n ts  

o f  Sustm ann a n d  L e h n e r t  ( lo o  o i t ) ,  a l s o ,  a  h y d r o o h lo r lo  a c id  

t r e a tm e n t  p re c e d e d  a  h y d r o f lu o r io  a c id  t r e a tm e n t*  The r e s u l t s  

g iv e n  in  T a b le  29o*4 show t h a t  a n  i n i t i a l  h y d r o c h lo r ic  a c id  

t r e a tm e n t  was n o t  i n  any  way a n  im provem ent o v e r  t h e  s u g g e s te d  

g e n e r a l  p ro ced u re*  When t h e  sam ple  was i n i t i a l l y  t r e a t e d  w i th  

h y d r o c h lo r ic  & e i £ ; l t  r e q u i r e d  i n  a l l ,  t h r e e  t r e a tm e n t s  w i th  5 

p e rc e n t  h y d r o c h lo r ic  a c i d  an d  tw o t r e a tm e n t s  w i th  5 p e r c e n t i

h y d r o f lu o r io  a c i d ,  t o  e f f e c t  th e  same r e d u c t io n  i n  a s h  o o n te n t  

a s  done by  t h e  tw o  a l t e r n a t e  t r e a tm e n t s  w i th  t h e  tw o a d d s ,  

s ta r t in g  w i th  h y d r o f lu o r i c  a c id *
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The d i f f e r e n c e  i n  t h e  r a t e  o f  e x t r a c t  i o n  o f  th e  i m p u r i t i e s  

i n  th e  tw o e a s e s  e o u ld  be  e x p la in e d  by th e  r e s u l t s  i n  T a b le  Bo* 1 2 * 

I t  i s  s e e n  t h a t  g e n e r a l l y  t h e  i n i t i a l  h y d r o f lu o r i c  a e i d  t r e a tm e n t  

e f f e c t e d  b e tw een  4 0  and  60  p e r c e n t  o f  t h e  t o t a l  r e d u c t io n  i n  a s h  

o o n te n t ;  s o  d u r in g  t h e  su b s e q u e n t t r e a tm e n t  w i th  d i l u t e  h y d ro 

c h lo r i c  a c i d ,  t h e  r e a c t i o n  b e tw een  t h e  a c id  an d  t h e  re m a in in g  

p o r t io n s  o f  t h e  m in e r a l  m a t t e r  w ould have  b e e n  f a c i l i t a t e d  b y  t h e  

ab sen o e  o f  i m p u r i t i e s ,  t h e  g r e a t e r  p o r t i o n  o f  w h ic h  w ould  

n o rm a lly  have  b e e n  in s o lu b le  i n  h y d r o c h lo r ic  a d d .  So a  

h y d ro c h lo r ic  a c id  t r e a tm e n t ,  p re c e d e d  by  h y d r o f lu o r io  a c i d ,  s h o u ld  

l e a d  t o  b e t t e r  e x t r a c t io n *

The m ore r e c e n t  w o rk e rs  i n  t h i s  f i e l d  p r e f e r  a n  i n i t i a l  

t r e a tm e n t  w i th  h y d r o f lu o r i c  a c id *  Demann an d  S o h o n m u lle r 

( a c c o rd in g  t o  Y ancey and  G e e r  (4 ))  c o n c lu d e d  t h a t  t h e  t r e a tm e n t  

w i th  h y d r o c h lo r ic  a c id  was more e f f e c t i v e  i f  p re c e d e d  by  h y d ro 

f l u o r i c  a c id  t o  decom pose t h e  s i l i c i o u s  im p u r i t ie s *  B ut Y ancey 

and  G e e r  (4 ) ,  a f t e r  a  su rv e y  o f  t h e  l i t e r a t u r e  on t h e  a c id  

t r e a tm e n t  o f  c o a l s ,  r e p o r t e d  t h a t  f o r  brow n c o a l s ,  h y d r o c h lo r ic  

a c id  fo l lo w e d  by  h y d r o f lu o r i c  a c id  w as t h e  m ost e f f e c t i v e ;  i t  w as 

fo u n d  t h a t ,  w i th  brow n c o a l s ,  e a c h  gram  o f  h y d r o c h lo r ic  a c id  

d is s o lv e d  a b o u t t h r e e  g ram s o f  i m p u r i t i e s  i r r e s p e c t i v e  o f  th e  

c o n c e n tr a t io n  o f  t h e  ac id*

A s tu d y  o f  colum n* 5 a n d  6 i n  T ab le  Bo* 12 e l u c i d a t e s  th e  

f u n c t io n  o f  5 p e r o e n t  h y d r o c h lo r ic  a c i d  i n  th e  p r e s e n t  p r o c e d u re .
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In  m ost o a s e s ,  t h e  r a t e  o f  e x t r a c t i o n  (a s  s tu d i e d  th ro u g h  a s h  

d e te r m in a t io n s )  was fo u n d  t o  s la c k e n  c o n s id e r a b ly  a t  t h e  end  o f  

f o u r  h o u rs  o f  t r e a tm e n t  w i th  5 p e r c e n t  h y d r o f lu o r i c  a c id *  T h is  

s la c k e n in g  m ig h t h ave  b e en  due t o  (1 ) th e  a c id  becom ing  s p e n t  

a n d /o r  (2 ) t h e  i n a c c e s s i b i l i t y  t o  t h e  a c id  o f  f u r t h e r  p o r t i o n s  o f  

m in e ra l  m a tte r*  The fo rm e r  was u n l i k e l y  b e c a u se  i n  a l l  t h e s e  

o a s e s , t h e  q u a n t i t y  o f  a c id  u s e d  was f o u r  t im e s  t h e  w e ig h t  o f  c o a l  

ta k e n ;  an d  t h e  r a t i o  b e tw een  th e  q u a n t i t y  o f  a c i d  and  m in e r a l  

m a t te r  i n  o o a l  m ust have  b e e n  c o n s id e r a b ly  h ig h e r*  The l a t t e r  

r e a s o n  seem ed t o  be more p ro b a b le ,  s in c e  a  r e - t r e a t m e n t  o f  t h e  

same sam ple w i th  5 p e r c e n t  h y d ro f lu o id c  a c i d ,  a f t e r  a n  i n t e r v e n i n g  

t r e a tm e n t  w i th  3 p e r c e n t  h y d r o c h lo r ic  a c i d ,  e f f e c t e d  a  f a r t h e r  

e x t r a c t i o n ,  i n  m ost e a s e s  o f  a b o u t 3 t o  20  p e r c e n t  and  i n  t h e  

c a se  o f  one h ig h  a s h  sam ple  (Bo* 1 0 ) o f  35 p e r c e n t .

So th e  a c t i o n  o f  t h e  tw o a c id s  was co m p lem en ta ry ; i t  w as 

a d v is a b le  t o  s t a r t  th e  i n i t i a l  e x t r a c t i o n  w i th  d i l u t e  h y d r o f lu o r i c  

a c id ;  th e n  by  s e l e c t i v e l y  e x t r a c t i n g  a  p o r t i o n  o f  t h e  m in e r a l  

m a t te r  o f  th e  o o a l ,  eao h  a c i d  f a c i l i t a t e d  t h e  f a r t h e r  e x t r a c t i o n  

by th e  fo l lo w in g  a c id  o f  a d d i t i o n a l  p o r t i o n s  o f  t h e  m in e r a l  

m a tte r*

The p e rc e n ta g e  e x t r a c t i o n  o f  th e  m in e r a l  m a t t e r  i n  o o a l  

(col*  1 1 , T ab le  Bo*1 2 ) v a r i e d  b e tw een  63 a n d  99  p e r c e n t ;  t h i s  

would have  b e e n  in f lu e n c e d  s o l e l y  by  th e  n a tu r e  o f  t h e  m in e r a l  
m a t te r  p r e s e n t  i n  e a c h  oase*  I t  m ig h t b e  m e n tio n e d  t h a t  su c h

/ h ig h
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h ig h  e f f i c i e n c i e s  w ould he  u n a t t a i n a b l e  w i th  any  o f  th e  

u s u a l  p h y s i e a l  m ethods f o r  c le a n in g  c o a l s .

( i i i )  She u s e  o f  a  m ix tu re  o f  t h e  tw o a c i d s :  The g e n e r a l

p ro c e d u re  f o r  a c id  t r e a tm e n t  fo l lo w e d  i n  t h i s  i n v e s t i g a t i o n  

in v o lv e d  s e p a r a te  t r e a tm e n ts  w i th  th e  tw o a o id s ;  eaoh  

sam ple  o f  o o a l  o r  o a n n e l was t r e a t e d  w i th  t h e  same q u a n t i t i e s  

o f  t h e  tw o  a c i d s ,  f o r  t h e  same p e r io d s ,  i r r e s p e c t i v e  o f  i t s  

i n i t i a l  a s h  c o n te n t*  So no  d e f i n i t e  c o n c lu s io n s  r e g a r d in g  

th e  r a t e  o f  e x t r a c t i o n  o f  th e  m in e r a l  m a t t e r  c o u ld  h e  draw n 

from  t h e  same.

Some c o n c lu s io n s  on t h e  r a t e  o f  e x t r a c t i o n  o f  t h e

m in e ra l  m a t t e r  w ere p o s s ib l e  fro m  t h e  r e s u l t s  o f  e x p e r im e n ts  i
!

g iv e n  i n  T ah le  H o.7 ,  w here  e a c h  sam ple  h a d  h e e n  t r e a t e d  w i th  j 

a  m ix tu re  o f  t h e  tw o a c i d s .  F o r  th e  f i r s t  two sa m p le s , |

( th e  o l a r a l n  sam ple  fro m  B arony  c o l l i e r y  a n d  th e  o a n n e l 

from  lo a n b e a d  c o l l i e r y )  a  t r e a tm e n t  f o r  j u s t  o v e r  f i v e  h o u rs  

w as s u f f i c i e n t  t o  e f f e c t  a  r e d u c t io n  i n  a s h  o o n te n t  fro m 1
1°3 4  an d  3*06 p e r c e n t  t o  0®50 and  0*70 p e r c e n t  (d ry  b a s i s )  

r e s p e c t i v e l y ;  th e  i n f e r i o r  o a n n e l from  W h i te h i l l  c o l l i e r y  

r e q u i r e d  b e tw een  15 t o  20 h o u rs  f o r  a  r e d u c t io n  i n  a s h  

o o n te n t  from  45*55  t o  0*60 p e r c e n t .

B e fo re  a t te m p t in g  any  co m p a riso n  o f  th e  t h r e e  o a s e s ,  

i t  sh o u ld  b e  n o te d  t h a t ,  th e  c o n d i t io n s  o f  e x t r a c t i o n  b e in g  

th e  sam e, th e  r a t e  o f  e x t r a c t i o n  o f  th e  m in e r a l  m a t t e r  w ou ld

/d e p e n d ................. ....
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depend on (1 ) i t s  c h e m ic a l c o m p o s itio n  (2 ) i t s  p h y s ic a l  

c o n d i t io n  an d  (3 ) i t s  q u a n t i t y .  She r e s u l t s  i n  S a b le  Ho*7 , 

show t h a t  w i th  d e c r e a s in g  q u a n t i t i e s  o f  th e  m in e ra l  m a t t e r ,  t h e  

r a t e  o f  e x t r a c t i o n  a l s o  d im in ish e d *  S h is  m ust h av e  b e e n  due t o  

th e  f a c t ,  t h a t ,  to w a rd s  t h e  l a t e r  s t a g e s  o f  e x t r a c t i o n ,  t h e  

a d d s  had  t o  d e a l  w i th  th o s e  p o r t i o n s  o f  t h e  m in e ra l  m a t t e r ,  

w h ich  w ere c lo s e l y  bound  up  w i th  th e  o o a l  s u b s ta n c e  and  hence  

w ere l e s s  a c c e s s i b l e  t o  t h e  a o id s  th a n  th e  o t h e r  p o r t io n s .

S h is  was i n  a c c o rd a n c e  w i th  th e  e x p e r ie n c e  o f  th e  e a r l i e r  

w o rk e rs , who fo u n d , t h a t  t h e  e x t r a c t i o n  w ith  h o t  a o id s  o f  th e  

m in e ra l  m a t t e r  a s s o c i a t e d  w i th  b itu m in o u s  c o d s ,  w as e s s e n t i a l l y  

a  slow  p r o c e s s ,  fh u s  i n  t h e  German C a r l  A le x a n d e r  Mine p r o c e s s  

(2 6 ) , t h e  b itu m in o u s  o o a l  sam ple w i th  1«1 p e r c e n t  a s h  h ad  t o  be  

b o i le d  f o r  one h o u r  a t  1 0 0 °C w i th  a  m ix tu re  o f  th e  tw o a o id s ,  t o  j 

y i e l d  a  p ro d u c t  w i th  0*5 p e r c e n t  ash* She r e s u l t s  i n  f a b le  ffo*7 ,| 

i n d ic a t e d  t h a t  a lo n g  w i th  b itu m in o u s  c o a l s ,  i n  th e  c a s e  o f  canneLsj11
a l s o ,  th e  e x t r a c t i o n  was a  s low  p ro c e ss*  j

i

The v a r i a t i o n  o f  th e  t o t a l  q u a n t i ty  o f  t h e  a o i d s : Ah 

im p o r ta n t  f a c t o r  g o v e rn in g  th e  s o l u b i l i t y  o f  s o l i d s  i n  

l i q u i d s  i s  t h e  r a t i o  o f  t h e  q u a n t i t y  o f  t h e  s o lv e n t  t o  t h a t  o f  

th e  s o lu te *

/ in ,
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I n  th e  g e n e r a l  p ro c e d u re  o u tl in e d , e a r l i e r ,  t h e  q u a n t i t y  

o f  a o id s  u s e d  was f o u r  t im e s  th e  w e ig h t o f  c o a l  ta k e n ;  th e  

r a t i o  o f  t h e  q u a n t i t y  o f  a o id s  t o  t h a t  o f  t h e  m in e ra l  

m a t t e r  w ould  h a re  v a r i e d  ro u g h ly  b e tw een  2 0 0 :1  ( i n  th e  o a se  

o f  th e  o l a r a i n  sam ple fro m  B arony) and  8 :1  ( i n  t h e  o a se  o f  

t h e  i n f e r i o r  o a n n e l from  W h i te h i l l  c o l l i e r y ) *  I n  th e  

e x p e rim e n t*  l i s t e d  i n  T ab le  Bo*7 , t h e  q u a n t i t y  o f  a o id s  u s e d  

was tw io e  th e  w e ig h t o f  o o a l  ta k e n  and  so  t h e  l a t t e r  r a t i o s  

w ould  have  b e en  h a lv ed *

I t  w i l l  be  s e e n  t h a t  t h e  a s h  o o n te n ts  o f  t h e  f i n a l  

sam p le s  w ere n e a r l y  th e  same i n  b o th  o a s e s ;  t h i s  o o n firm e d  

th e  f i n d in g  o f  S e lv ig ,  Ode an d  G ibson  ( lo o  o i t ) ,  t h a t  t h e r e  

was no  d i f f e r e n o e  i n  t h e  a s h  o o n te n ts  o f  t h e  t r e a t e d  G o a ls , 

u s i n g  e i t h e r  a  r a t i o  by w e ig h t o f  one p a r t  o f  o o a l  and  one 

p a r t  o f  a o id  o r  a  r a t i o  o f  one p a r t  o f  o o a l  an d  17 p a r t s  

o f  a o id  s o lu t io n *

(3) The in f lu e n c e  o f  t h e  n a tu r e  o f  t h e  m in e ra l  m a t t e r  i n  o o a l  
on a o id  t re a tm e n t*

The n a tu r e  o f  t h e  m in e r a l  m a t t e r  i n  o o a l  h a s  b e e n  

d is c u s s e d  b y  G ro s s le y  (36)* The t h r e e  m ain  k in d s  o f  

m in e r a ls  a s s o c i a t e d  w i th  c o a l s  a r e  s h a l e s  o r  o la y , s u lp h id e  

m in e ra ls  an d  c a rb o n a te s *

/T h e ......................... ..
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The s h a ly  m a t t e r  c o n s i s t s  m a in ly  o f  k a o l i n ,  m io as  and. 

f e l d s p a r  w i th  some q u a r tz *  The i n d iv i d u a l  m in e r a l s  i n  t h e s e  

G la sse s  have  h e e n  i d e n t i f i e d  hy B a l l  (31) and  G auger, B a r r e t t  

and W illiam s (32)* A c co rd in g  t o  B a l l ,  t h e  n o n -c la y  m in e r a l s ,  

a lth o u g h  a lw ay s p r e s e n t  a r e  q u a n t i t a t i v e l y  o f  m in o r  im portance*

The m ost oommon s u lp h id e  m in e r a ls  a r e  p y r i t e  an d  m a r o a s i te ,  

th e  two d i s t i n c t  c r y s t a l l i n e  fo rm s  o f  i r o n  d i s u l p h id e ,  th e  

fo rm e r  b e in g  c u b ic  and  t h e  l a t t e r  o r th o rh o m b ie ; s m a ll  q u a n t i t i e s  

o f  s u lp h a te  u s u a l ly  o f  i r o n  and  c a lc iu m  o c c u r  w i th  t h e s e  

m in e ra ls*

A w ide ra n g e  o f  c a rb o n a te  m in e r a ls  i s  known t o  b e  

a s s o c i a t e d  w i th  th e  i m p u r i t i e s  i n  c o a l ,  t h e  m ost common o n es  

b e in g  th o s e  o f  c a lc iu m  and  i r o n  an d  th e  l e s s  f r e q u e n t  o n e s  b e in g  

th o s e  o f  m agnesium , m anganese , sodium  and  P o tassiu m *

( i )  I n f lu e n c e  o f  p a r t i c l e  s i z e : The s o l u b i l i t y  o f  s o l i d s  i n  

l i q u i d s  i s  g e n e r a l l y  known t o  in c r e a s e  w i th  d e c r e a s in g  

p a r t i c l e  s i z e ;  a c c o rd in g  t o  t h i s ,  f i n e r  g r in d in g  o f  t h e  o o a l  

sam ple s h o u ld  l e a d  t o  b e t t e r  e x t r a c t io n *

The e f f e c t  o f  v a ry in g  th e  p a r t i c l e  s i z e s  w i l l  be s e e n  

i n  T ab le  Wo*5 * In  t h e  f i v e  o a s e s  ex am in ed , t h e r e  w as a  

d i s t i n c t  im provem ent i n  th e  q u a l i t y  o f  t h e  f i n a l  p r o d u c t ,  

when t h e  sam p le s  w ere  c ru s h e d  t o  p a s s  72  m esh B *S *S ieve ;

/ c o a r s e r



c o a r s e r  s i z e s  th a n  t h i s  y i e ld e d  a  p ro d u c t  o f  h ig h e r  a s h  o o n te n t ,  

w h ile  a r u s h in g  t o  f i n e r  s i z e s  had  l i t t l e  o r  no  in f lu e n c e  on th e  

q u a l i t y  o f  t h e  p r o d u c t ;  h u t  th e  r a t e  o f  e x t r a c t i o n  o f  m in e r a l  

m a t te r  in c r e a s e d  w i th  f i n e r  s i z e s .

E a h k is s  (2 4 ) (4 ) o b se rv e d  t h a t  th e  r e d u c t io n  i n  a s h  o o n te n t  

p o s s ib le  w i th  o o a l  o f  0*5 s i z e  was d o u b le d  when o o a l  was 

oxushed  t o  0*1 mm. s i z e .

The s i z e  o f  a p e r t u r e  i n  in c h e s  f o r  th e  d i f f e r e n t  s i e v e s  

u se d  i s  g iv e n  below

The 0*5 mm* s i z e  r e f e r r e d  t o  by H arik iss  w ould  c o r re s p o n d  a p p ro x i 

m a te ly  t o  a  30 m esh B .S .S ie v e ,  w h ile  t h e  0*1 mm. w ould  c o rre s p o n d  

t o  t h e  130 m esh B. S. S ie v e .

The r a n k  o f  th e  o o a l  exam ined  by  H arik iss  was n o t  known 

( r e f e r r e d  t o  a s  H aza o o a l ) ;  f o r  th e  sam p le s  exam ined  i n  t h i s  

i n v e s t i g a t i o n ,  t h e  l i m i t i n g  s i z e  f o r  o b ta in in g  b e s t  r e s u l t s  was 

be tw een  18  and  72 m esh B. S. S ie v e s ;  a s  su c h  t h e r e  w as ag reem en t 

w ith  th e  u p p e r  l i m i t  f o r  s i z e s  (0*02 in .  o r  30  m esh B .S .S ie v e )

Bo S« So 17b S iz e  o f  a p e r tu r e  
i n  in c h e s .

18 0*0336 
o* 0083
0*0041
o* 0030 
0 *  0021

72
150
200
300

/recom m ended
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recommended by H arik iss . The im provem ent, due  t o  f i n e  g r in d in g  

i n  t h r e e  sam p le s  (U os. 9 , 1 0  an d  12 ) o u t  o f  th e  f i v e  exam ined , 

e o u ld  be  d e s c r ib e d  i n  t h e  w ords o f  H arik iss  " a s  a  d o u b lin g  o f  

th e  p o s s ib l e  r e d u c t io n  i n  a s h  o o n te n t"  com pared w i th  th e  

o o a r s e r  s izes* .

S e lv ig ,  Ode an d  G ibson  ( lo o  o i t )  fo u n d  t h a t  th e  c ru s h in g  

o f  one o f  th e  b itu m in o u s  o o a l  sam p le s  t o  p a s s  a  Ho. 200 S ie v e  

(IT .S .S ieve) s e r i e s  (? )  o p e n in g  0*0029 i n . )  gave  t h e  same 

r e d u c t io n  i n  a s h  o o n te n t  a s  a  U o.60 S ie v e  (o p e n in g  0*0098 i n . ) .  

Though t h e  o o a l  was t r e a t e d  i n  th e  o o ld  i n  t h i s  o a s e ,  t h e  s i z e  

r a n g e s  m e n tio n e d  a g re e d  o l o s e ly  w i th  t h e  r e s u l t s  p r e s e n te d .

T h is  l i m i t i n g  v a lu e  f o r  s i z e s  s h o u ld  h av e  a  b e a r in g  o n  th e  

n a tu r e  o f  t h e  m in e r a l  i m p u r i t i e s  a s s o c i a t e d  w i th  o o a l .  The 

s i l i o a t e  m in e r a ls  o c c u r  a s  d i s t i n c t  b a n d s , c la y  v e in s ,  s a n d s to n e  

i n t r u s i o n s  and i n  many o t h e r  fo rm s ;  t h e  s u lp h id e s  to o  a r e  

p r e s e n t  a s  b a n d s , n o d u le s  an d  p y r i t i s e d  f o s s i l ;  b u t  b o th  th e  

s i l i o a t e  an d  th e  s u lp h id e  m in e r a l s  a r e  a l s o  known t o  be f i n e l y  

d is s e m in a te d  th ro u g h o u t  th e  c o a l  s u b s ta n c e .  T im a, T h ie s s e n  (37)

from  a  few  m ic ro n s  t o  100 m lo ro n s  and  t h a t  t h e  m a jo r i t y  m easu red  

betw een  25 t o  4 0  m io ro n s , w i th  r e l a t i v e l y  few  p a r t i c l e s  

e x o eed in g  t h e  l a t t e r  d ia m e te r .

fo und  t h a t  t h e r e  w ere m io ro so o p io

/A ssum ing
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A ssum ing t h a t  th e  a v e ra g e  d ia m e te r  o f  f i n e l y  d is s e m in a te d  

p y r i t e  and  o t h e r  m in e r a l s ,  t o  he  4 0  m io ro n a  (1  mi o r  on s  0 0 0 0 0 4  ha), 

th e  d ia m e te r  o f  eao h  su c h  p a r t i c l e  w ould  he 0*0016 in* and  be low . 

T h is  d ia m e te r  w ould  com pare f a v o u ra b ly  w i th  t h a t  o f  a  p a r t i c l e  

p a s s in g  th ro u g h  a  300  m esh B .S .S ie v e  (o p e n in g  0®0021 i n . ) ,  y e t  

even  a t  t h e s e  s i z e s ,  co m p le te  e x t r a c t i o n  o f  m in e ra l  m a t t e r  was 

n o t  p o s s ib l e .  S h is  m ig h t h e  due p a r t i a l l y  t o  th e  f a c t  t h a t  some 

o f  t h e  m in e r a ls  l i k e  p y r i t e  o o u ld  n o t  he  e x t r a c t e d  c o m p le te ly  

hy th e  two a c i d s ;  h u t  i n  th e  o a se  o f  t h e  o t h e r  m in e r a l s ,  w h ich  

w ere n o rm a lly  e x t r a c t e d  hy  th e  tw o a o id s ,  i t  was p o s s i b l e  t h a t  

s m a ll  am ounts o f  in o r g a n ic  m a t t e r  w ere  (a s  s u g g e s te d  hy  F i e l d n e r  

i n  th e  d i s c u s s io n  o f  T u r n e r 's  p a p e r  (1 5 ))  a d s o rb e d  i n  th e  o o a l  

c o l l o i d  and  so  r e s i s t e d  e x t r a c t i o n  w i th  a c i d s .

( i i )  I n f lu e n c e  o f  t h e  c h e m ic a l c o n d i t i o n  o f  t h e  m in e r a l  m a t t e r  
( a c id  t r e a tm e n t  o f  c o a l  an d  c o k e ) .

T hese e x p e r im e n ts  (T ab le  B o .6 ) w ere  u n d e r ta k e n  t o

exam ine w h e th e r  th e  p h y s i c a l  ch an g e s  u n d e rg o n e  hy  th e  o o a l  

d u r in g  c a r b o n i s a t i o n  w ould  i n  any  way f a c i l i t a t e  b e t t e r  e x t r a c t i o n  

o f  th e  in o r g a n ic  m a t t e r  a s s o c i a t e d  w i th  i t .

I t  was n o te d  from  t h e  r e s u l t s ,  t h a t ,

(a )  i t  was p o s s ib l e  t o  o b t a in  coke sam p le s  w i th  lo w e r  a s h  

o o n te n t  hy  c a r b o n is in g  u l t r a - c l e a n  c o a l s  ( o b ta in e d  by  

a o id  t r e a tm e n t )  r a t h e r  th a n  by  th e  a o id  t r e a tm e n t  o f

ooke sam p le s  o b ta in e d  b y  t h e  c a r b o n i s a t i o n  o f  u R t r e a te d  

sam p les o f  t h e  same o o a l ,
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(b) th e  a s h  o o n te n t  o f  a  sam ple o f  coke o b ta in e d , by  th e

o a r b o n is a t io n  o f  u l t r a - c l e a n  o o a ls  (p rep a red , by  aoid . t r e a t 

m ent) could, n o t  be re d u c e d  any  f a r t h e r  by r e p e a t in g  th e  a o id  

t r e a tm e n t  w i th  th e  oofce sample*

Oshima an d  Fukuda h a d  shown (38 ) t h a t  t h e  a o id  t r e a tm e n t  

o f  coke d id  n o t  g iv e  a  p ro d u c t  w i th  v e ry  low  a s h  c o n te n t*  They 

t r e a t e d  f i n e l y  g ro u n d  sam p les  o f  c o k e , w i th  o o n o e n tr a te d  

h y d ro o h lo r io  and  h y d r o f lu o r io  a o id  w i th  th e  f o l lo w in g  r e s u l t s

B e fo re  A f t e r
e x t r a c t i o n  e x t r a c t i o n
A sh (d ry )  Ash. {d ry )

P e rc e n t*  P e rc e n t*

(1 ) M e t a l lu r g i c a l  coke I  5*68  0*51
(2 ) M e t a l lu r g i c a l  coke IX 14*15  3*91

( 3 ) Gas coke I  13*73  2 .7 9
(4 ) S p e c ia l  coke I  12*74  2*12

(5 ) S p e c ia l  coke I I  15*05 4*88

The p r e s e n t  r e s u l t s  a l s o  c o n f irm  th e  same*

T hese r e s u l t s  on th e  a c id  t r e a tm e n t  o f  o o a l  and  coke o f f e r  

an  i n s i g h t  i n t o  t h e  p ro b a b le  m echanism  o f  e x t r a c t i o n  o f  t h e  

m in e ra l  m a t t e r  i n  c o a l  by  a o id  t r e a tm e n t*

F i s c h e r  ( a c c o rd in g  t o  Sustm ann and  L e h n e r t  ( lo o  o i t )  was 

th e  f i r s t  t o  p ro p o s e , t h a t  t h e  c a p i l l a r y  s t r u c t u r e  o f  brow n 

c o a ls  f a c i l i t a t e d  th e  e x t r a c t i o n  o f  i m p u r i t i e s ,  d u r in g  a o id  

t r e a tm e n t .  The c a p i l l a r y  s t r u c t u r e  i s  c h a r a c t e r i s t i c  o f  t h e

/ b i t u m i n o u s ......................
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b itu m in o u s  o o a ls  a l s o ,  though, p e rh a p s  n o t  t o  t h e  same e x te n t  a s  

brown o o a ls*  K ing and  W ilk in s  (4 7 ) ,  a f t e r  a n  e x a m in a tio n  o f  th e  

f r e e  spaoe  w i th in  th e  o o a l  s u b s ta n c e ,  c o n c lu d e d , t h a t  i n  g e n e r a l ,  

o o a l was I n t e r s p e r s e d  by p o re s  o r  c a p i l l a r i e s  o f  v a r io u s  s iz e s *

The d ia m e te r  and  t h e  e x te n t  o f  t h e s e  c a p i l l a r i e s  w ould  d e te rm in e  

th e  e x te n t  o f  p e n e t r a t i o n  o f  th e  a o id s  an d  c o n s e q u e n tly  th e  

amount o f  m in e r a l  m a t t e r  e x tr a c te d *  The d i f f i c u l t i e s  e x p e r ie n c e d  

i n  w ash in g  th e  sam p les  c o m p le te ly  f r e e  o f  t h e  a o id s  a f t e r  t h e  a o id  

t r e a tm e n t ,  i n d i c a t e d  t h a t  th e  e x te n t  o f  su ch  p e n e t r a t i o n  was 

c o n s id e ra b le *

I n  c o k e , th e  m in e r a l  m a t t e r  i s  n o t  p r e s e n t  i n  th e  same 

c o n d i t io n  a s  coa l*  I t  i s  known t h a t  c a r b o n i s a t i o n  w ould  be  

a t te n d e d  by  two fu n d a m e n ta l ch an g es i n  t h e  o r i g i n a l  s t r u c t u r e  o f  

coal*  The f i r s t  o n e , w h ich  w ould  f o l lo w  t h e  d e c o m p o s itio n  o f  th e  

c o a l  a t  t e m p e r a tu r e s ,  v a ry in g  b e tw een  320 and  450 ° 0 , w ou ld  r e s u l t  

i n  th e  cem en tin g  o f  t h e  f u s i n g  m ass o f  o o a l  t o  fo rm  a  c o h e re n t  

coke; th e  c e m e n tin g  a c t i o n  i s  known t o  be f a c i l i t a t e d  by th e  

p re se n c e  o f  r e s in o u s  oompounds ( th e  gamma com pounds) i n  t h e  

o r i g in a l  c o a l ;  s e c o n d ly , a lm o s t s im u lta n e o u s ly  w i th  th e  fu s io n ^ d u e  

to  th e  e v o lu t io n  o f  th e  v o l a t i l e  m a t t e r ,  th e  o o a l  w ould  s w e l l  up  

r e s u l t i n g  i n  a  spongy m ass , t h a t  i s  c h a r a c t e r i s t i c  o f  t h e  

appearance  o f  coke* I t  i s  t h i s  spongy  m a ss , t h a t  a c c o u n ts  f o r  t h e  

b ig h e r  p o r o s i t y  o f  coke. The am ount o f  e x t r a c t i o n  o f  t h e  m in e r a l  

m a tte r  i n  co k e , w ould be d e te rm in e d  s o l e l y  by th e  a b i l i t y  o f  t h e

/ a c i d s
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a o id s  t o  r e a o t  w ith , t h e  f u s e d  p a r t i c l e  an d  t h i s  w as hound 

t o  he  low ; h en ce  t h e  p o o r e r  e x t r a c t i o n  w i th  coke a s  com pared 

t o  c o a l .

(H i) The c h e m ic a l n a tu r e  o f  t h e  m in e r a l  m a t t e r  a s s o c i a t e d  w i th  
o o a l.

Most s t u d i e s  on th e  n a tu r e  o f  th e  m in e ra l  m a t t e r  i n  

o o a l  a r e  b a se d  on a  c h e m ic a l e x a m in a tio n  o f  th e  a s h ;  a s h  i s  

t h e  r e s i d u e ,  on i g n i t i o n  i n  a i r  o f  th e  in o r g a n ic  compounds 

i n  t h e  m in e ra l  m a t t e r  o f  o o a l  t h a t  have n o t  b e e n  v o l a t i l i s e d ;  

on i n c i n e r a t i o n  th e  s i l i o a t e  m in e r a l s  u s u a l l y  c o n t r i b u t e  

s i l i c a  and  a lu m in a , w h i le  th e  r e s t  c o n t r i b u t e  s m a ll  q u a n t i t i e s  

o f  th e  o x id e s  o f  i r o n ,  c a lc iu m , sod ium , p o ta ss iu m ,m a g n es iu m , j 

t i t a n iu m  and p h o sp h o ru s .

fo rm a l ly  a  co m p le te  c h e m ic a l a n a l y s i s  o f  t h e  a s h  fro m  

eaoh  sam ple w ould r e q u i r e  a b o u t f i v e  gram s o f  a s h ,  w h ich  i n  

th e  o a se  o f  th e  a o id  t r e a t e d  sa m p le s , w i th  t h e i r  a s h  o o n te n ts  

v a ry in g  b e tw ee n  0*4 t o  1*4  p e r c e n t  w ould  in v o lv e  th e  1

i n c i n e r a t i o n  o f  33°  t o  1230  S11113* e a c h  o f  t h e  sam ples*  T h is  

c o n s id e r a t i o n  r u l e d  o u t t h e  id e a  o f  co m p le te  a s h  a n a l y s i s .

A f t e r  a n  e x a m in a tio n  o f  t h e  num erous o o a l  a s h  a n a l y s i s ,  

c a l c u l a t e d  t o  a  s u lp h u r  t r i o x i d e  f r e e  b a s i s ,  T h ie s s e n  ( 3 3 )
■f1

fo u n d  t h a t  o v e r  95 p e r c e n t  o f  o o a l  a s h ,  w i th  few , i f  any  J
J

e x c e p t io n s ,  was com posed o f  a lu m in a , s i l i o a ,  i r o n  o x id e , 

lim e  and  m a g n e s ia , t h e  m ag n esia  o o n te n t  b e in g  f r e q u e n t ly
j

/ n e g l i g i b l e .......................................
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n e g l i g i b l e ;  t h e  re m a in in g  f i v e  p e r c e n t  c o n s is te d , o f  su c h  i te m s  

a s  th e  ox id .es o f  sod.itun, p o ta s s iu m , p h o sp h o ru s , and. t i t a n iu m  and  

o h lo r in e .  T h ie s s e n  f u r t h e r  commented t h a t  t h e  v a lu e s  f o r  th e s e  

item s m aking up  th e  5 p e r c e n t  became ev en  l e s s  im p o r ta n t , when 

th e  a sh  a n a l y s i s  was c a l c u l a t e d  b a ck  to  th e  o r i g i n a l  m in e ra l  

m a t te r  i n  c o a l .

So, i t  was th o u g h t ,  any  i n d i r e c t  m ethod t h a t  w ould  g iv e  an  

id e a  o f  th e  s i l i c a ,  a lu m in a , i r o n  and lim e  o o n te n t  o f  t h e  a s h ,  

m ight J u s t i f i a b l y  be  a d o p te d  i n  p la c e  o f  c o m p le te  a s h  a n a l y s i s  i n  

t h i s  i n v e s t i g a t i o n .

I n  t h e  f i n a l  p ro c e d u re  a d o p te d  ( e x p e r im e n ta l  d e t a i l s  a r e  

g iv e n  i n  S e c t io n  D ), t h e  a s h  was f i r s t  e x t r a c t e d  w i th  w a te r  by 

d ig e s t i o n ,  w ashed r e p e a t e d ly  w i th  c o ld  w a te r  and  i n c i n e r a t e d ;  th e  

p ro c e d u re  was r e p e a te d  to  c o n s ta n t  w e ig h t;  th e n  th e  r e s id u e  was 

d ig e s te d  w i th  h y d r o f lu o r io  a o id  tw io e ,  a llo w e d  t o  e v a p o ra te  t o  

d ry n e s s , r a i s e d  t o  r e d  h e a t ,  c o o le d  and  w eig h ed . The l o s s  o f  

w e igh t on d i g e s t i o n  was assum ed t o  be t h e  s i l i c a  o o n te n t  (S iO g ).

The c o r r e c t n e s s  o f  t h e  s i l i c a  v a lu e  w ould  depend  e n t i r e l y  

on th e  co m p le te  e l im in a t io n  o f  c a lc iu m  o x id e  a t  th e  f i r s t  s t a g e ;  

f o r  c a lc iu m  o x id e  w ould  fo rm  c a lc iu m  f l u o r i d e  i n  th e  s u b s e q u e n t 

tr e a tm e n t  w i th  h y d r o f lu o r io  a o id ;  s in c e  t h i s  f l u o r i d e  i s  s t a b l e  

to  r e d  h e a t ,  th e  v a lu e s  f o r  s i l i c a  w ould be  lo w e re d .

/T h e s e ..........................
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T hese e x p e r im e n ts  w ere c a r r i e d  o u t w i th  0*2 gms. o f  th e  

a sh ; so  even  i f  t h e  c a lc iu m  o x id e  o o n te n t  w ere  t o  he  a s  h ig h  a s  

30 p e r c e n t ,  i t  was q u i t e  p o s s ib le  t h a t  i t  c o u ld  be  e x t r a c t e d  by 

r e p e a te d  w ash in g  w i th  c o ld  w a te r .  (The s o l u b i l i t y  o f  l im e  0*151 

gm/1 0 0  m l. a t  1 0 °C ). Of th e  o t h e r  tw o m a jo r  c o n s t i t u e n t s  o f  t h e  

w a te r  I n s o lu b le  r e s id u e  i . e .  i r o n  o x id e  and  a lu m in a , a o c o rd in g  

t o  Gore ( i n  M e l lo r Ys t r e a t i s e  on *I n o rg a n ic  and  T h e o r e t i c a l  

Chem istry* V ol. I I ,  p .1 3 3 ) ,  t h e  h ig h e r  o x id e s  o f  i r o n  w ould  n o t  be  

a t t a c k e d  by  h y d r o f lu o r io  a c i d ;  a s  f o r  a lu m in a , t h e  f o r m a t io n  o f  

i t s  f l u o r i d e  w ould  n o t  a f f e c t  th e  r e s u l t ,  s in c e  i t  I s  n o t  

s t a b le  t o  h e a t .  So, b a r r i n g  th e  chance  fo r m a t io n  o f  com plex  

d o u b le  f l u o r i d e s  w ith  any  o f  th e  t r a c e  a l k a l i  o x id e s ,  t h e  v a lu e s  

o b ta in e d  f o r  th e  s i l i c a  o o n te n t  sh o u ld  be r e l i a b l e .  The r e s u l t s  

i n  T ab le  Ho. 8 , showed them  t o  be  o f  t h e  r i g h t  o r d e r .

The m ain  J u s t i f i c a t i o n  f o r  th e  a d o p t io n  o f  t h i s  p ro c e d u re  

was t h a t  i t  e n a b le d  c e r t a i n  g e n e r a l  c o n c lu s io n s  a b o u t t h e  n a tu r e  

o f  th e  m in e r a l  m a t t e r  i n  o o a l  t o  b e  draw n, i n  t h e  a b se n c e  o f  

com plete  a s h  a n a l y s i s .

The r e s u l t s  o f  th e  a n a l y s i s  a r e  g iv e n  i n  T ab le  H o .8.

Column 5 o f  t h i s  t a b l e  gave  th e  d i f f e r e n c e  o f  t h e  sum o f  th e  

v a lu e s  i n  colum ns 2 , 3 an d  4  fro m  100 p e r c e n t ;  s in c e  t h e s e  t h r e e  

colum ns a o o o u n te d  f o r  th e  w a te r  s o lu b le ,  s i l i c a  and  i r o n  o o n te n t  

o f  th e  a s h ,  fro m  a  g e n e r a l  know ledge o f  th e  a s h  c o m p o s it io n s , 

one c o u ld  e z p e e t  a  h ig h  p e r c e n ta g e  o f  a lu m in a  i n  t h e  re m a in in g

/ p o r t i o n s ..................................
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p o r t io n s  ( i . e .  t h e  v a lu e s  i n  C ol. 5 )*

The a s h  o f  th e  o l a r a i n  sam ple  (H o .l ,  T ab le  U o .8 ) c o n ta in e d , 

a  h ig h  p r o p o r t io n  o f  w a te r  s o lu b le  s a l t s  and  th e  s i l i o a t e  o o n te n t  

was low ; t h e  l a t t e r  a c c o rd in g  t o  L e s s in g  (3} r e p r e s e n te d  t r a p p e d  

d e t r i t a l  m a t t e r  n o t  s t r i c t l y  b e lo n g in g  t o  t h e  g ro u p . The a s h  

was o f  a  l i g h t  r e d d i s h  brow n c o lo u r ,  due p e rh a p s  t o  th e  i r o n  i n  

th e  sam p le .

The a s h  o f  th e  b itu m in o u s  o o a l  sam ple  from  L u g ar w orks 

(N o.2 ) h ad  a l s o  a  b ro w n ish  t i n g e ;  th e  v a lu e s  m ore o r  l e s s  h ad  

th e  same s i g n i f i c a n c e  a s  sam ple  I f o . l ;  t h e  d i s t i n c t l y  h ig h e r  

peroen ta& e o f  s i l i c a  w as due t o  i n t r u s i o n s  o f  d u r a in  i n  t h e  

o r i g i n a l  sam p le .

The a s h  o f  th e  d u r a in  sam ple  from  T h a n k e rto n  o o l l i e r y  

(ffo .3 ) was g r e y i s h ;  i t  was c h a r a c t e r i s e d  by h ig h  s i l i c a  and 

a lu m in a  o o n te n t  w i th  a  low  v a lu e  f o r  iro n *  L e s s in g  ( lo o  o i t )  

showed th e  a s h  o f  d u r a in  sam p les  t o  c o n s i s t  p re d o m in a n tly  o f  

c la y  s u b s ta n c e ,  s in c e  t h e  a lu m in a  t o  s i l i c a  r a t i o  f o r  k a o l i n  

a g re e d  c lo s e l y  w i th  t h e  c o r re s p o n d in g  v a lu e  f o r  t h e  a s h  o f  

d u ra in  sam p le s .

The v a lu e s  f o r  th e  a s h  o f  th e  d u r a in  sam ple c o n ta in in g  

b r ig h t  o o a l  (N o.4 ) fo l lo w e d  t h e  same t r e n d  a s  t h e  e a r l i e r  

aam ple; t h e  e f f e c t  o f  t h e  I n t r u s i o n  o f  b r i g h t  o o a l  w as t o  lo w e r  

th e  s i l i c a  o o n te n t  and  i n c r e a s e  t h e  i r o n  o o n te n t ;  t h e  c o lo u r  o f

/ t h e ............................................
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th e  a s h  was l i g h t  b ro w n ish  g re y .

The tw o sa m p le s  o f  f u s a i n  (2To»5 Bo* 6) showed w ide 

v a r i a t i o n s  i n  a s h  c o n te n t ,  t h a t  was t y p i c a l  o f  th em . The a s h  

i n  e i t h e r  e a s e  was d e n se  and  d a rk  brow n. The m o d e ra te  am ount 

o f  w a te r  s o l u b l e ,  low  s i l i c a  and  th e  h ig h  v a lu e s  i n  colum n 5 , 

I n d ic a te d  t h e i r  d e r i v a t i o n  fro m  t h e  c a r b o n a te s  o r  t h e  o t h e r  s a l t s  

o f  i n f i l t r a t e d  w a te r ,  r e t a i n e d  by  th e  h ig h ly  a b s o r p t iv e  s u r f a c e  

o f  f u s a in .

The a s h  sa m p le s  o f  m ost o f  t h e  o a n n e ls  (Hos»7 ~1 2 ) w ere  

w h ite ,  w i th  a  b ro w n ish  t i n t  i n  some o a s e s ;  b u t  sa m p le s  Nos*9 and  

11 w ere  deep  brown i n  c o lo u r .  The c h i e f  c h a r a c t e r i s t i c  o f  a i l

th e s e  was th e  h ig h  s i l i c a  c o n te n t ;  t h e  i r o n  o o n te n t  showed

c o n s id e r a b le  v a r i a t i o n s .

(a ) E f f i c ie n c y  o f  e x t r a c t i o n  o f  th e  w a te r  s o lu b le  p o r t i o n  o f  t h e  
a s h . (T ab le  > 0 .8 ,  0o l» 2 )»________________ __

The f i g u r e s  f o r  th e  e f f i c i e n c y  o f  e x t r a c t i o n  v a r i e d

b e tw een  89 and  100 p e r c e n t ;  t h e  m a jo r i t y  o f  t h e  sa m p le s  had

an  a lm o s t c o m p le te  e x t r a c t i o n .  ( I n  t h e  a s h  o f  a l l  a o id  

t r e a t e d  o o a l  s a m p le s , t h e r e  w as a  s m a ll  b u t  n e g l i g i b l e  

p o r t io n  e x t r a c t e d  w i th  w a te r ) .

The w a te r  s o lu b le  m a t e r i a l  i n  th e  a s h  w ould  be  t h e  o x id e s  

o f  a l k a l i  m e ta ls  and  l im e ,  th e  l a t t e r  b e in g  th e  o n ly  one 

l i k e l y  t o  o c c u r  i n  any  q u a n t i ty .

/T h e ....................................
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The in f lu e n c e  o f  te m p e ra tu re  on th e  e x t r a c t i o n  o f  t h e  

i m p u r i t i e s  c o u ld  he  s e e n  from  th e  r e l a t i v e  p r o p o r t io n s  o f  th e  

w a te r  s o lu b le  p o r t i o n  o f  t h e  a sh  i n  t h e  f o l lo w in g  o a s e s .

I n  th e  p r e s e n t  i n v e s t i g a t i o n ,  w here  th e  e x t r a c t i o n  was 

c a r r i e d  o u t a t  th e  b o i l i n g  p o in t  o f  th e  tw o a o id s ,  th e  w a te r  

s o lu b le  p o r t i o n  o f  t h e  a s h  o f  th e  a c id  t r e a t e d  sam ple r a r e l y  

ex ceed ed  7 p e r c e n t  o f  th e  a s h ;  i n  m ost o a s e s  ( e ig h t  o u t o f  th e  

tw e lv e  o a s e s )  i t  was below  one p e r c e n t ,  w h ich  i s  r e c o rd e d  a s  

t r a c e .

The t o t a l  l im e  and m ag n esia  o o n te n t  ( ro u g h ly  c o r r e s 

p o n d in g  t o  th e  w a te r  s o lu b le  p o r t i o n  i n  t h e  p r e s e n t  o a s e )  o f  

th e  a s h  from  t h e  coke in  th e  German C a r l  A le x a n d e r  Mine p r o c e s s  

was 4*4  p e r c e n t  ( a l k a l i  and  SO3 n o t  d e te rm in e d ) .  B ut i n  th e  

a s h  a n a ly s e s  o f  sa m p le s , a o id  t r e a t e d  a t  room te m p e ra tu re  by 

S e lv ig ,  Ode and  G ibson  (2 8 ) ,  t h e  t o t a l  l im e , m a g n e s ia  and SO^

o o n te n t  v a r ie d  b e tw een  32 and  57 p e r c e n t ;  t h i s  f i g u r e  was

p a r t l y  due t o  th e  SO^ o o n te n t  o f  th e  a s h  w h ich  v a r i e d  b e tw ee n

12 and  32 p e r c e n t .  I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  due t o  th e

a d o p tio n  o f  s t a n d a r d  p ro c e d u re  o f  a s h in g ,  t h e  SO^ i n  a s h  n e v e r

exceeded  5 p e r c e n t  o f  th e  a s h  o f  th e  o r i g i n a l  sam p le , whilj.e i t

was n e g l i g i b l e  i n  t h e  a s h  o f  t h e  a o id  t r e a t e d  sam p le . I n  th e

r e s u l t s  o f  S e lv ig  and  c o -w o rk e rs  f o r  a s h  o f  th e  t r e a t e d  c o a l s ,  

th e  m ag n e s ia  o o n te n t  was a lw ay s below  4  p e r c e n t  w h i le  th e  l im e  

v a r ie d  be tw een  8 an d  23 p e r c e n t .  The low  f i g u r e s  f o r  t h e  w a te r  

s o lu b le  p o r t io n  o f  th e
/ a s h .................................. .
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a sh  o f  th e  t r e a te d ,  o o a ls ,  I n  t h e  p r e s e n t  o a s e , oan  t h e r e f o r e  be 

a t t r ib u t e d ,  t o  t h e  h ig h e r  te m p e ra tu re  o f  e x t r a c t i o n .

T er r e s  and. R ost (3 9 ) ,  a f t e r  a  co m p le te  e x a m in a tio n  o f  th e  

m in e ra l  c o n s t i t u e n t s  o f  a  num ber o f  o o a l s ,  by  a n a ly s e s  o f  t h e  

a s h  and. o f  aq u eo u s and. acid , e x t r a c t s ,  showed, t h a t  I n  brow n c o a l s  

a  l a r g e  p r o p o r t io n  o f  th e s e  c o n s t i t u e n t s  m ig h t e x i s t  a s  s a l t s  o f  

th e  humlo ao ld .s  o r  o f  r e s i n  o r  wax a o id .s ;  th e y  f u r t h e r  p o in te d . j 

o u t t h a t  t h e  p e rc e n ta g e  o f  suoh  s a l t s  was n e g l i g i b l e  i n  t h e  o a se  

o f  b itu m in o u s  c o a l s .  I n  th e  l a t t e r  o a se  t h e  p o s s ib l e  p re s e n c e  

o f  c a lc iu m  ham ate was m entioned, by  F i e ld n e r  ( i n  t h e  d i s c u s s i o n  o f  

T u rn e r ’s  p a p e r  (1 5 ))*  F o rm a lly  c a lc iu m  ham ate  should , b e  d.eoompos- j 

ed. by  h y d r o c h lo r ic  ac id , fo rm in g  a  s o lu b le  o h lo r id .e  and. i n s o lu b le
i

humlo ac id .. The c o m p a ra t iv e ly  lo w e r  v a lu e s  f o r  t h e  p e r c e n ta g e  I 

e x t r a c t i o n  o f  w a te r  s o lu b le  s a l t s  (89 and. 93 p e r c e n t )  w ere 

ob ta ined : i n  sam p le s  ( f u s a ln  from  Diamond. Seam and. o l a r a i n  from  

B arony c o l l i e r y  r e s p e c t i v e l y )  l i k e l y  t o  c o n ta in  a  f a i r  am ount o f  

lim e .

So i t  m ig h t be  assumed, t h a t  a t  l e a s t  i n  some o a s e s ,  a  s m a ll  ; 

p o r t io n  o f  t h e  n o rm a lly  w a te r  s o lu b le  ox id .es i n  a s h  w as o r i g i n a l l y  

p r e s e n t  i n  t h e  c o a l ,  combined, w i th  o rg a n ic  r a d i c a l s  i n  suoh  a  

form  a s  t o  r e s i s t  a t t a c k  by  ao id .s .
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(b) E f f i c ie n c y  o f  e x t r a c t i o n  o f  s i l l o a .  (T a b le  ffo*8 . C o l ,5 ) ,

The v a lu e s  i n  t h i s  e a se  v a r i e d  b e tw een  58 100  p e r c e n t ;

th e  m a jo r i ty  o f  t h e  sam p le s  had  o v e r  80  p e r c e n t  o f  t h e i r  

s i l i o a  c o n te n t  e x t r a c t e d  by  a c id  t r e a tm e n t*  The v e ry  h ig h  

p e rc e n ta g e  o f  e x t r a c t i o n  i n d ic a t e d  t h a t  t h e  s i l i c a t e  m in e r a l s  : 

a s s o c i a t e d  w i th  c o a l ,  b e s id e s  b e in g  th e  m ost a b u n d a n t, w ere  i n  j
i

a  fo rm  t h a t  r e a c t e d  e a s i l y  w i th  h y d r o f lu o r ic  ac id *  j

i
I t  was a l s o  s i g n i f i c a n t  t h a t  a l l  t h e  a c id  t r e a t e d  sa m p le s  j 

d id  c o n ta in  s m a ll  b u t  d e f i n i t e  am ounts o f  s i l i c a  i . e *  th e  

s i l i c a t e  m in e r a l s  w ere n o t  c o m p le te ly  e x t r a c t e d  by  a c i d  

t r e a tm e n t .  T h is  m ig h t have b e e n  due t o  an y  one o f  t h e  

f o l lo w in g  r e a s o n s ti
(1 ) t h e  m in e r a ls  w ere n o t  c o m p le te ly  s o lu b le  i n  th e  a c id s*  j 

G a l la r d  (13) ( d is c u s s e d  e a r l i e r  u n d e r  t h e  i n f lu e n c e  o f  

te m p e ra tu re )  h a s  shown t h a t  a  sam ple o f  k a o l i n  was 

d i s s o lv e d  o n ly  t o  t h e  e x te n t  o f  97*86 p e r c e n t  by  b o i l i n g  

w i th  10  p e r c e n t  h y d r o f lu o r i e  a c id *

(2 ) s m a ll  p a r t s  o f  t h e  in o r g a n ic  m a t t e r  c o n ta in in g  s i l i c a t e s  j 

m ig h t have b e e n  a d so rb e d  i n  th e  c o a l  c o l l o i d  and  r e s i s t e d  i 

t h e  a t t a c k  by  a c id s  ( s u g g e s t io n  by F i e ld n e r  r e f e r r e d  t o  

e a r l i e r ) ;  and

(3) B a l l  an d  Cady (4 0 ) a t te m p te d  a  s tu d y  o f  t h e  c h a r a c t e r  and  

c o m p o s it io n  o f  t h e  m in e r a l  m a t t e r  i n  b itu m in o u s  c o a l s  by  

r e c a l c u l a t i n g  th e  a s h  c o m p o s itio n  a s  k a o l i n i t e ,  o a l o i t e ,  

p y r i t e  and  s i l i o a ;  i n  a l l  th e  c a s e s ,  th e y  fo u n d  t h a t  94

/ p e r c e n t ...................... ..



93

p e rc e n t  o r  m ore o f  th e  m in e r a l  m a t t e r  was accoun ted , fo r*  S i l i c a  

was p r e s e n t  a t  t im e s  i n  c o n s id e r a b le  e x c e s s  above t h a t  n e c e s s a r y  

t o  com bine w ith  a lu m in a  t o  fo rm  k a o l i n ! t e  and. was by f a r  th e  

l a r g e s t  com ponent n o t  r e a d i l y  a s s o c i a t e d  w i th  any  o th e r  

c o n s t i t u e n t  i n  t h e  ash* The two p o s s ib l e  e x p la n a t io n s  s u g g e s te d  

by them  w ere ( l )  t h a t  th e  e x c e s s  o f  s i l i o a  r e p r e s e n te d  f i n e l y  

d iv id e d  q u a r tz  o f  d e t r i t a l  o r i g i n  o r  (2 ) t h a t  s i l i c a  o f  o rg a n ic  

o r i g in ,  th o u g h  n o t  n e c e s s a r i l y  i n  o rg a n ic  c o m b in a tio n , was 

p r e s e n t  i n  t h e  c o a l .

The p r e s e n t  r e s u l t s  i n d ic a t e d  t h a t  a  sm a ll  amount o f  th e  

t o t a l  s i l i o a  was p r e s e n t  i n  th e  o o a l ,  i n  a  fo rm  t h a t  was e i t h e r  

n o t r e a d i l y  a t t a c k e d  by t h e  a c id s  o r  was i n a c c e s s ib l e  t o  them . 

The one sam ple t h a t  g ave  t h e  lo w e s t  p e rc e n ta g e  e x t r a c t i o n  o f  

s i l i o a  ( o l a r a i n  from  B arony c o l l i e r y )  was a l s o  t h e  one t h a t  had  

th e  lo w e s t  s i l i o a  c o n te n t .  L e s s in g  had  shown t h a t  th e  s i l i c a t e s  

i n  $he  m in e ra l  m a t t e r  o f  c l a r a i n  w ere o f  d e t r i t a l  o r ig in *  T h is  

w ould s u g g e s t  t h a t  t h e  r e a s o n  f o r  in c o m p le te  e x t r a c t i o n  was 

m ain ly  th e  i n a b i l i t y  o f  t h e  a c id s  t o  r e a c h  su o h  f i n e  p a r t i c l e s .

(o) E f f i c ie n c y  o f  e x t r a c t i o n  o f  i r o n  com pounds.

The n a tu r e  o f  t h e  i r o n  compound p r e s e n t : The i r o n  

compounds m ost commonly a s s o c i a t e d  w i th  t h e  m in e r a l  m a t t e r  

i n  o o a l  a r e  p y r i t e  and  m a r o a s i te ;  b e s id e s  t h e s e ,  M arson  an d  

Cobb (4 1 ) have  m e n tio n e d  t h e  p o s s ib l e  o c c u r re n c e ,  i n  s m a ll

/ q u a n t i t i e s
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q u a n t i t i e s  o f  th e  o x id e s  and s u lp h a te s  o f  f e r r o u s  an d  f e r r i c  

i r o n ,  f e r r o u s  c a r b o n a te ,  i r o n  s i l i c a t e s  and  i r o n  i n  o rg a n ic  

c o m b in a tio n .

I r o n ,  a s  p y r i t e  i n  c o a l  g e n e r a l l y  p re d o m in a te s , b u t  

e x c e p tio n s  a r e  known. These a r e  o n ly  t o  be  e x p e c te d , f o r  t h e  

a n a ly s e s  o f  t h r e e  d i f f e r e n t  sam p les o f  p y r i t e  by S in n a t t  and  

Sim pkin (4 4 ) r e v e a le d ,  t h a t  b e tw een  1*22 and  46*09 p e r c e n t  o f  

th e  t d t a l  i r o n  w as n o n p y r i t i o  (FeO) i n  c h a r a c t e r .

W oolhouse (4 2 ) ,  s tu d y in g  th e  d i s t r i b u t i o n  o f  i r o n  i n  

P a rk g a te  o o a l ,  fo u n d  t h a t  th e  p y r i t i o  i r o n  c o n s t i t u t e d  o v e r  80 

t o  90  p e r c e n t  o f  th e  t o t a l  i r o n  i n  f i v e  o u t o f  th e  s i x  c a s e s  

exam ined; th e  l a s t  sam ple c o n ta in e d  o n ly  52*6 p e r c e n t  o f  p y r i t i o  

i r o n .

S i n n a t t ,  G rounds and  B a y le y  (43) fo u n d , t h a t  i n  L a n c a s h ire  i
f  j

Seams, t h e  p e rc e n ta g e  o f  i r o n  i n  f e r r o u s  c o n d i t i o n  v a r i e d j
b e tw een  15 and  35 p e r c e n t  o f  t h e  t o t a l  i r o n .  j

S i n n a t t  an d  S im pkin  ( lo c  o i t )  exam ined  t h e  d i s t r i b u t i o n

o f  th e  v a r io u s  f o m s  o f  i r o n ,  i n  se v en  d i f f e r e n t  L a n c a s h ire  

seam s. They fo u n d  (1 ) t h a t  t h e  i r o n  e x t r a c t e d  by w a te r  (m o s tly  

th e  s u lp h a te s  p r e s e n t )  v a r i e d  from  n i l  t o  24*79 p e r c e n t  o f  t h e  

t o t a l  i r o n ;  b u t  a s  a  r u l e  t h e  am ount o f  i r o n  e x t r a c t e d  by w a te r  

was n e g l i g i b l e ,  i n  some o a s e s ,  t h e  e x t r a c t  b e in g  m e re ly  a c i d i c  

i n  r e a c t i o n ;  (2 ) fro m  0*84 t o  35*76 p e r c e n t  o f  th e  i r o n  p r e s e n t

/w e n t....................



w ent i n t o  s o l u t i o n  I n  10  p e ro e n t  h y d r o c h lo r ic  a c i d  ( a l l  t h e  

c a rb o n a te s  and  s u l p h a t e s ) ;  (3 ) t h e  p y r i t i o  I r a n  c o n te n t  

( e x t r a c t e d  w i th  d i l u t e  n i t r i c  a c id )  v a r i e d  b e tw een  55*55 sad- 

98*05 p e ro e n t  and  (4 ) t h a t  th e  s i l i c a t e  i r o n  c o n te n t  was b e tw een  

n i l  t o  9*52 p e r c e n t .

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  s e p a r a t e  d e te r m in a t io n s  w ere  

made o f  t h e  d i l u t e  h y d r o f lu o r i c  a c id  s o lu b le  i r o n ,  p y r i t i o  i r o n  

and t o t a l  i r o n ;  th e  v a lu e s  r e p o r t e d  u n d e r  th e  colum n i r o n  i n  

o th e r  fo rm s , w ere  th e  d i f f e r e n c e  o f  th e  sum o f  th e  f i r s t  tw o , 

from  th e  t o t a l  i r o n .  (T ab le  Ho*9 h

The v a lu e s  f o r  t h e  d i l u t e  a c id  s o lu b le  fo rm  o f  i r o n  w ere  

b e tw een  0*89 and  20*00 p e ro e n t  o f  t h e  t o t a l  i r o n ;  f o r  n in e  o u t  

o f  t h e  tw e lv e  sa m p le s , t h e  v a lu e  v a r i e d  b e tw ee n  10  and  20 

p e ro e n t .

The p y r i t i o  i r o n  c o n te n t  v a r i e d  b e tw ee n  55 (sam ple  Ho. 1 1 ) 

and  98 (sam p le  H o .9) p e r c e n t  o f  th e  t o t a l  i r o n ;  f i v e  sa m p le s  

had  v a lu e s  b e tw een  84 and  86 p e r o e n t ;  f o u r  h a d  b e tw een  66 and  

68 p e r o e n t ;  an d  one more h a d  74 p e r c e n t  o f  t h e  t o t a l  i r o n  a s  

p y r i t i o  i r o n .

The v a lu e s  f o r  p y r i t i o  and  d i l u t e  a o id  s o lu b le  i r o n  

o b ta in e d  i n  t h e s e  e x p e r im e n ts  w ere co m p arab le  t o  t h o s e  o f  t h e  

o th e r  w o rk e rs , m e n tio n e d  above .

/  S im p k in ...........................
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S im pkin  and  S in n a t t  ( lo o  o l t )  showed t h a t  I r o n  s i l i c a t e  

was n o t  e x t r a c t e d  by  d i l u t e  n i t r i e  a c i d ,  and  so  I n  t h i s  I n v e s t i 

g a t io n ,  th e  n o n p y r i t i o ,  d i l u t e  h y d r o c h lo r ic  a c id  i n s o lu b le  fo im  

o f  i r o n  sh o u ld  be t h e  i r o n  s i l i c a t e *

The s i l i o a t e  i r o n  c o n te n t  was fo u n d  t o  v a ry  b e tw een  n i l  

and 33 p e r c e n t ;  th e  tw o f u s a l n  sa m p le s  had  th e  n i l  v a lu e s ;  

sam ples 1 t o  4  h ad  b e tw een  3 &zid 14 p e r o e n t ;  b u t  th e  v a lu e s  i n  

th e  o a se  o f  th e  o a n n e ls  showed w id e r  v a r i a t i o n s  i . e .  b e tw een  1 

and 33 p e r c e n t ,  t h e  v a lu e s  f o r  sam p le s  Ho. 1 0 , Ho* 1 1 , and  Ho. 12 

b e in g  24 , 33 22 p e ro e n t  r e s p e c t i v e l y .  Thus t h r e e  o f  th e

o a n n e ls  exam ined h ad  a  h ig h e r  s i l i c a t e  i r o n  c o n te n t  th a n  

b itu m in o u s  o o a l s ;  suoh  a  r e s u l t  was q u i te  l i k e l y ,  b e c a u se  o f  th e  

p re d o m in a n tly  s i l i o i o u s  n a tu r e  o f  th e  m in e r a l  m a t t e r  i n  o a n n e ls .

The e f f i c i e n c y  o f  e x t r a c t i o n  o f  th e  d i f f e r e n t  fo rm s  o f  i r o n : The 

r e s u l t s  i n d i c a t e d  t h a t , i n  a l l  o a s e s ,  t h e  d i l u t e  h y d r o c h lo r ic  

a c id  s o lu b le  fo im  o f  i r o n  had  b e e n  r e a d i l y  e x t r a c t e d  d u r in g  a c id  

t r e a tm e n t ;  th e  e x t r a c t i o n  o f  i r o n  s i l i o a t e  to o  w as c o m p le te  f o r  

s i x  o u t o f  th e  t e n  sa m p le s , i n  w h ich  i t  was p r e s e n t ;  o n ly  i n  t h e  

o ase  o f  th e  o a n n e ls  i t  was in c o m p le te ;  h e re  a g a in ,  t h e  p e rc e n ta g e  

o f  e x t r a c t i o n  was b e tw een  71 &*id 88 p e ro e n t .  So h y d r o f lu o r i c  

a c id  was a b le  t o  e x t r a c t  i r o n  s i l i o a t e ,  w i th  c o m p a ra tiv e  e a s e ,  

th e  e f f i c i e n c y  o f  e x t r a c t i o n  b e in g  g o v e rn e d  m o s tly  by th e

/ a c c e s s i b i l i t y
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a c c e s s i b i l i t y  o f  t h e  compound t o  t h e  a e id .

The h ig h  p e rc e n ta g e  o f  e x t r a c t i o n  o f  t h e s e  tw o fo rm s o f  

i r o n  in d i c a t e d ,  t h a t  t h e i r  p re s e n c e  i n  any  sam ple  was u n l i k e l y  

t o  a f f e c t  t h e  o v e r a l l  e f f i c i e n c y  f o r  t h e  e x t r a c t i o n  o f  t h e  

t o t a l  i r o n  a d v e r s e ly .

The v a lu e s  f o r  th e  e x t r a c t i o n  o f  p y r i t i c  i r o n  showed 

m arked v a r i a t i o n s .  I n  th e  c a s e  o f  t h r e e  o a n n e ls  (N o s .7 , 9 , 1 0 ) 

and  th e  b itu m in o u s  o o a l  sam ple (N o .2 ) ,  i t  v a r i e d  b e tw een  5 °  a&3. 

60 p e r o e n t ;  t h e  v a lu e s  f o r  th e  tw o sam p les o f  f u s a i n  (Nos. 5 and  

6 ) and  o f  o l a r a i n  (N o .l)  w ere c o m p a ra t iv e ly  h ig h e r ,  b e in g  64 

and 75 p e r c e n t  an d  11 p e ro e n t  r e s p e c t i v e l y ;  f o r  th e  o th e r  

sa m p le s , t h e  e f f i c i e n c y  o f  e x t r a c t i o n  was co m p arab le  w i th  t h a t  

o f  th e  o th e r  fo rm s o f  i r o n ,  th e  v a r i a t i o n s  b e in g  o n ly  b e tw een  

85 and 94 p e r o e n t .

N orm ally  p y r i t i o  i r o n  was n o t  c o m p le te ly  e x t r a c t e d  b y  

d i l u t e  h y d r o c h lo r ic  a c id .  So t h e  e f f i c i e n c y  f o r  t h e  e x t r a c t i o n  

o f  t o t a l  i r o n  was in f lu e n c e d  a l s o  by th e  f a c t  t h a t  t h e  p y r i t e s  

was th e  p red o m in an t fo im  o f  i r o n  p r e s e n t  i n  t h e  m in e r a l  m a t t e r  

o f  c o a l .  The c o m p a ra t iv e ly  h ig h  f i g u r e s  f o r  th e  e x t r a c t i o n  o f  

p y r i t i o  i r o n  i n  some o a s e s ,  s u g g e s te d ,  t h a t  i n  p re s e n c e  o f  

h y d r o f lu o r ie  a c id ,  p y r i t e  was e x t r a c t e d  t o  a  g r e a t e r  e x t e n t .

The v a lu e s  f o r  th e  e f f i c i e n c y  o f  e x t r a c t i o n  o f  i r o n  w ere  

o v e r 75 p e r c e n t  f o r  se v en  sa m p le s , and  o v e r  63 p e ro e n t  f o r  t e n

/ sam p le s
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sam p le s; o n ly  two sam p les had  t h e  r e l a t i v e l y  low  f i g u r e s  o f  57 

and 48 p e ro e n t  (Uos©7 &nd 9 r e s p e c t iv e ly ) *  The h ig h e s t  

e f f i c i e n c y ,  99 p e r o e n t ,  was o b ta in e d  i n  t h e  o a se  o f  th e  i n f e r i o r  

o a n n e l sam ple (No* 1 2 ) b u t  two o a n n e ls  (XTos*4 and  1 1 ) h ad  93 anci 

92 p e ro e n t  o f  t h e  t o t a l  i r o n  e x t r a o te d .  The f i g u r e  f o r  th e  

minimum e x t r a c t i o n  (32 p e ro e n t  f o r  Uo*9 ) was a l s o  o b ta in e d  w i th  

a  o a n n e l. T h is  s u g g e s te d ,  t h a t  th e  e x t r a c t i o n  was n o t  

in f lu e n c e d  by  th e  ty p e  o f  o o a l .

B e a r in g  i n  m ind , th e  d i f f i c u l t y  o f  th e  e l im in a t io n  o f  

p y r i t e  i n  th e  p r e v a l e n t  m ethods o f  o o a l  c le a n in g ,  t h e  above 

f i g u r e s  m ig h t be  r e g a r d e d  a s  s a t i s f a c t o r y .  T h is  s h o u ld  b e  one 

o f  th e  im p o r ta n t  f a c t o r s  i n  d e c id in g  th e  f u t u r e  o f  a o id  t r e a t 

ment a s  an  i n d u s t r i a l  p ro c e s s *  T h is  a s p e c t  h a s  b e e n  c o n s id e r e d  

in  th e  c h a p te r  on g e n e r a l  d i s c u s s io n .

Use o f  b rom ine  w a te r  w i th  a  m ix tu re  o f  a c i d s : A tte m p ts  have  b e e n  

made t o  e f f e c t  a  co m p le te  e x t r a c t i o n  o f  t h e  i r o n  i n  t h e  m in e r a l  

m a t te r  o f  c o a l  by m o d i f i c a t io n s  o f  th e  t r e a tm e n t  w i th  a c id s*  The 

norm al p ro c e d u re  f o r  t h e  d e te r m in a t io n  o f  th e  p y r i t e  i n  o o a l  

was e x t r a c t i o n  w i th  d i l u t e  n i t r i c  a o id  and  b rom ine  w a te r*

Himus (22 ) a t te m p te d  th e  r e d u c t io n  o f  t h e  s u lp h id e  w i th  z in c  and  

h y d ro c h lo r ic  a o id ,  w hereby t h e  i r o n  o o u ld  be rem oved a s  t h e  

e h lo r id e *  B u t i n  th e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  u s e  o f  s t r o n g l y  

o x id is in g  o r  r e d u c in g  a g e n ts  was a v o id e d , i n  v iew  o f  t h e i r  

P o s s ib le  e f f e c t  on th e  o o a l  su b s ta n c e *

/T h r e e .............
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T hree e x p e r im e n ts  (T ab le  Ho. 1 0 ) w ere c o n d u c te d  w i th  c o a l s  

h ig h  i n  p y r i t i o  i r o n  u s in g  a  m ix tu re  o f  t h e  two f i v e  p e ro e n t  

a c id s  w ith  5 °  m l. o f  b rom ine  w a te r ,  t o  s e e  w h e th e r  t h e  p y r i t i o  

i r o n  was e x t r a o te d  t o  any  g r e a t e r  e x te n t  th a n  b e f o r e .  The r e s u l t s  

in d ic a te d ,  t h a t  th e  r e d u c t io n  e f f o o te d  i n  a s h  c o n te n t  was th e  

same a s  i n  th e  fo rm e r  o a s e ;  c o n s e q u e n tly  th e  e f f i o i e n o y  o f  

e x t r a o t lo n  o f  i r o n  a l s o  was th e  same a s  b e f o r e .

T h is  was o n ly  t o  be e x p e c te d , f o r  th e  c o m p le te  e x t r a c t i o n  

o f  i r o n  c o u ld  be e f f e c t e d  o n ly  by  c o n v e r t in g  th e  s u lp h id e  i n t o  

th e  e a s i l y  s o lu b le  fo rm s o f  s u lp h a te  o r  c h lo r id e  o f  i r o n .
I

M oCullooh and  o o -w o rh e rs  (45) i n  th e  c o u rs e  o f  a  s tu d y  o f
ii

th e  h a lo g e n a t io n  o f  o o a l ,  fo u n d  t h a t  when o o a l  w as c h lo r i n a t e d  

to  th e  e x te n t  o f  26*6 p e r o e n t ,  th e  i r o n  p r e s e n t  c o u ld  be  rem oved
j

a s  th e  c h lo r id e .
i

«

A 35 p e ro e n t  s o l u t i o n  o f  io d in e  t r i c h l o r i d e  was t h e  m ost j 

s a t i s f a c t o r y  r e a g e n t  (46) f o r  rem ov ing  th e  p y r i t e ;  b u t  t h e  u s e  o f  

suoh q .u a n t i t ie s  o f  c o s t l y  r e a g e n t s  was u n d e s i r a b l e ;  b e s id e s  t h i s  

to o  m igh t have  a n  o x id i s in g  a c t i o n  on th e  o o a l  s u b s ta n o e .

So a  co m p le te  e l im in a t io n  o f  p y r i t i o  i r o n  was im p o s s ib le  i n  

any p r o c e s s ,  w here o x i d i s in g  a g e n ts  c o u ld  n o t  be  u s e d .

Ifc) E x t r a c t io n  o f  a lu m in a : The v a lu e s  i n  c o l .  5 o f  T ab le  H o.8 

show t h a t  th e  w a te r  i n s o l u b le ,  non  s i l i o a t e  p o r t i o n  o f  t h e  

a sh  o f  th e  a o id  t r e a t e d  c o a l  sam ple  v a r i e d  b e tw ee n  n i l  and

/ 8 l  p e r o e n t ................................
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8 l p e ro e n t  o f  th e  ash* S in c e  a lu m in a  was l i k e l y  t o  he  th e  

m ajo r com ponent o f  t h i s  p o r t i o n  o f  t h e  a s h ,  t h i s  o o u ld  o n ly  

in d ic a t e  in c o m p le te  e x t r a c t i o n  o f  a lu m in a .

The r e s u l t s  o f  S e lv ig ,  Ode and G ibson  (28) a l s o  showed 

t h a t  th e  e x t r a c t i o n  o f  a lum in ium  compounds from  th e  m in e r a l  

m a t te r  o f  ooa l., by a o id  t r e a tm e n t  ( a t  room te m p e ra tu re )  w as n o t  

v e ry  e f f i o i e n t ;  th e y  fo u n d  t h a t  t h e  a lu m in a  c o n te n t  o f  t h e  a s h  

o f  th e  se v en  a o id  t r e a t e d  b itu m in o u s  o o a l  sa m p le s  v a r i e d  b e tw ee n  

18 and 41  p e ro e n t .

A oid t r e a tm e n t  a t  h ig h e r  te m p e ra tu re s  d id  n o t  i n c r e a s e  th e  

e f f i c i e n c y  o f  e x t r a c t i o n  a p p re c ia b ly .  The a s h  o f  th e  c o k e , 

p re p a re d  from  th e  u l t r a - o l e  an  o o a l  o f  t h e  C a r l  A le x a n d e r  M ine 

P ro c e s s  (2 6 ) ,  w here  th e  e x t r a c t i o n  was c a r r i e d  o u t a t  t h e  b o i l i n g  

p o in t  o f  th e  a o id s ,  c o n ta in e d  23*65 p e ro e n t  a lu m in a .

A lum inium  i s  known t o  o o o u r in  th e  m in e r a l  m a t t e r  o f  o o a l  

e i t h e r  a s  a  com ponent o f  t h e  s i l i o a t e  m in e r a l s ,  o r  a s  a lu m in a  

i t s e l f .

G auger, B a r r e t t  an d  W illiam s (32 ) i n  th e  c o u rs e  o f  

p e tro g ra p h io  s t u d i e s  o f  t e n  o o a l  sa m p le s , fo u n d  k a o l i n  m in e r a l s

(AI2O3, 2 S i0 2 , X H20) qj.1 t h e  sa m p le s , b u t  d e te c t e d  

d ia s p o re  (A120 j ,H 2 0 ) , t h e  one m in e r a l  w here  a lu m in a  i s  n o t  

P re s e n t  i n  c o m b in a tio n  w i th  s i l i o a ,  o n ly  i n  tw o sa m p le s ; th e

/ o c c u r re n c e
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o c c u rre n c e  o f  a lu m in a  by i t s e l f ,  i n  th e  m in e ra l  m a t t e r  o f  o o a l  

sam ples, seem s t o  be r e l a t i v e l y  i n f r e q u e n t .

H y d ro f lu o r ic  a c id  r e a c t s  v ig o u ro u s ly  w i th  th e  s i l i c a t e  

m in e ra ls ,  w h ich  a lm o s t i n v a r i a b l y  c o n ta in  a lu m in a ; on com paring  

th e  e f f i c i e n c y  o f  e x t r a c t i o n  o f  s i l i o a  (C o l. 3) w i th  th e  c o r r e s 

pond ing  v a lu e s  f o r  th e  w a te r  i n s o l u b le ,  non  s i l i o a t e  p o r t i o n  o f  

th e  a sh  (C o l. 5 > ^ a b le  H o .8 ) ,  i n  f i v e  o a s e s ,  t h e  tw o v a lu e s  w ere  

com parable (sam p le s  4 , 5 > 10  and  l l ; ) t h e  v a lu e s  f o r  s i l i o a

v a r ie d  b e tw een  80 and  99 p e r c e n t ,  w h ile  th o s e  f o r  t h e  l a t t e r  w ere 

betw een  81 and  98 p e r c e n t ) ;  i n  t h r e e  o a s e s  (sa m p le s  3> $ and  1 2 ) ,  

th e  two v a lu e s  d i f f e r e d  by a b o u t 30 p e ro e n t  and i n  th e  r e s t  by 

ab o u t 50 p e ro e n t ,  t h e  v a lu e s  u n d e r  colum n H o.5 , a lm o s t  a lw ay s 

b e in g  th e  lo w e r  o n e s . The v e ry  low  v a lu e  f o r  sam ple H o .l  m ig h t 

have b een  due p a r t l y  t o  e x p e r im e n ta l  e r r o r s .  So, i n  se v e n  o u t o f  

th e  tw e lv e  sa m p le s , t h e  s i l i c a  p o r t i o n  o f  t h e  m in e r a l  m a t t e r  had  

been  e x t r a c t e d  t o  a  much g r e a t e r  e x te n t  th a n  th e  a lu m in a  one.

One p o s s ib l e  e x p la n a t io n  f o r  t h i s  w ould  be  th e  f o rm a t io n  o f  

in s o lu b le  f l u o r i d e s .  T h is  was h a rd ly  l i k e l y  f o r  (1 ) S e lv ig ,  Ode 

and G ibson o o n firm e d  t h e  a b se n c e  o f  any f l u o r i n e  i n  t h e  a s h  o f  th e  

a o id  t r e a t e d  o o a l  sa m p le s , by q u a l i t a t i v e  t e s t s ;  and  (2 ) when 

h y d ro f lu o r ic  a o id  r e a c t s  w i th  t h e  a lum in ium  compounds t o  fo rm  

alum inium  f l u o r i d e  (2 A IF ^, 7  E^O ), o n ly  u n d e r  c o n d i t io n s  o f

s& p e rs a tu a tio n , i t  o o u ld  be d e p o s i te d ;  suoh  c o n d i t io n s  o o u ld  n o t

/h a v e
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have p r e v a i l e d  d u r in g  th e  p r e s e n t  e x p e r im e n ts ,  w here  f o r  e v e ry  

p a r t  o f  th e  m in e r a l  m a t t e r ,  t h e  q u a n t i ty  o f  a o id  was b e tw een  

8 and  200  t im e s ;  so  th e  f l u o r i d e  w ould  have  d i s s o lv e d  i n  th e  

e x c e s s  o f  a o id  t o  fo rm  a  s a l t  o f  h y d ro f lu o a lu m in io  a o id .  (The 

e x ls te n o e  o f  t h i s  a o id  i s  n o t  o o n firm e d  h u t  i t s  s a l t s  a r e  

known, o r y o l i t e ,  Ba^A lF^, b e in g  th e  m ost im p o r ta n t ) .

I n  v iew  o f  t h e  l a r g e  num ber o f  compounds o f  a lu m in a  and  

s i l i o a ,  w h ich  a r e  known t o  e x i s t  i n  th e  m in e r a l  m a t t e r  o f  o o a l ,  

i t  w ould be d i f f i c u l t  t o  p r e d i c t  th e  e x a o t fo rm  i n  w h ioh  

a lu m in a  m ig h t be  p r e s e n t  i n  th e  m in e r a l  m a t t e r  o f  a o id  t r e a t e d  

sa m p le s ; i t  i s  n o t  u n l i k e l y  t h a t  i t  m ig h t e x i s t  a s  a lu m in a  

i t s e l f .

Demann an d  S o h o n m u lle r ( 3 5 ) w ere th e  f i r s t  t o  s u g g e s t  t h e  

u s e  o f  a l k a l i  f o r  e x t r a c t i n g  t h e  a lu m in a  i n  t h e  m in e r a l  m a t t e r  

o f  o o a l .  T h is  was a p p l i e d  i n d u s t r i a l l y  i n  Germany (27 ) when a  

sam ple o f  o o a l ,  a f t e r  b e in g  G leaned  by j i g  w a sh in g , was 

e x t r a c t e d  w i th  3 p e r c e n t  p o ta s s iu m  h y d ro x id e  a t  120  a tm o sp h e re s  

and 250°C f o r  20  m in u te s .  The y i e l d  o f  th e  u l t r a - o l e a n  o o a l  

(a sh  0*26 p e ro e n t )  was n o t  known; b u t  i t  m ust h ave  b e e n  low , 

b e ca u se  o f  t h e  a c t i o n  o f  t h e  h o t  a l k a l i  on th e  o o a l  s u b s ta n c e .

He f l u x in g  o f  t h e  a o id  t r e a t e d  b itu m in o u s  o o a l  sam ple  

from  I a g a r  w orks (Ho*2 ) w i th  5 p e r c e n t  p o ta s s iu m  h y d ro x id e ,

/  though ,
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th o u g h  i t  red u o e d  th e  a s h  o o n te n t  from  0*5 t o  0*35 p e ro e n t  

(d ry  b a s i s ) ,  a f f e c t e d  th e  o o a l  s u b s ta n c e  t o  th e  e x te n t  o f  l 8  

p e ro e n t o f  t h e  i n i t i a l  w e ig h t o f  th e  o o a l  ta k e n .  So f u r t h e r  

e x p e rim e n ts  w ere c a r r i e d  o u t a t  room te m p e r a tu re ;  p r o v i s io n  f o r  

th e  in t im a te  o o n ta o t  o f  th e  a l k a l i  an d  o o a l  p a r t i d l e  was made by  

a t t a o h in g  th e  b o t t l e  c o n ta in in g  th e  tw o t o  an  e l e o t r i o a l  s h a k e r  

f o r  18 h o u rs . The a l k a l i  e x t r a c t ,  on n e u t r a l i s a t i o n  gave o n ly

a f a i n t  p r e c i p i t a t e ;  no l o s s  o f  th e  o o a l  sam ple o o u ld  be 

detected  by w e ig h in g .

The r e s u l t s  (T ab le  H o.1 1 ) d id  n o t  i n d i c a t e  t h a t  any  

f u r t h e r  r e d u c t io n  i n  a s h  o o n te n t  o o u ld  be  e f f e c t e d  by  t r e a tm e n t  

w ith  a l k a l i  a t  room te m p e ra tu re .

The u se  o f  a o id  t r e a t e d  c o a l s  f o r  th e  m a n u fa c tu re  o f  e l e c t r o d e  

ooke.

I t  h a s  b e en  m e n tio n e d , t h a t  one o f  t h e  im p o r ta n t  u s e s  

o f  u l t r a - c l e a n  o o a ls  p ro d u c e d  by  a o id  t r e a tm e n t  w ould  be i n  th e  

f i e l d  o f  e l e c t r o - m e ta l l u r g y  o f  a lum in ium  and  o t h e r  l i g h t  m e ta l s .  

The a lum inium  in d u s t r y  r e q u i r e s  an o d es w ith  l e s s  th a n  1 p e ro e n t  

a sh  o r  more e x a c t ly  w i th  l e s s  th a n  0*5 p e ro e n t  o f  i r o n  and  

s i l lo o n .

/Of .......................
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Of th e  tw e lv e  sam p le s  exam ined i n  th e  c o u rs e  o f  th e  

p r e s e n t  i n v e s t i g a t i o n ,  sev en  gdve a  f i n a l  p ro d u c t  w i th  l e s s  

th a n  1 p e rc e n t  a sh . T ab le  Ho. 12 (A) g iv e s  th e  a s h ,  s i l i c a  and  

i r o n  c o n te n ts  o f  t h e s e  u l t r a - c l e a n  o o a l  sam p le s  and a l s o  th e

0 o r  re s p o n d in g  v a lu e s  f o r  th e  coke o b ta in a b le  from  them ; th e  

l a t t e r  v a lu e s  w ere c a l c u l a t e d  on th e  b a s i s  o f  a  coke y i e l d  o f  

65 p e ro e n t .  I t  w i l l  be n o te d  t h a t  a l l  th e  se v e n  sam p le s  

( in c lu d in g  H os. 3 and 7» "k*16 ooke sam p les  o f  w hich  had  more th a n

1 p e ro e n t a s h )  c o m p lied  w i th  th e  s p e c i f i c a t i o n s  f o r  i r o n  and 

s i l i c o n  r e q u i r e d  by  t h e  a lum in ium  i n d u s t r y .  The v a lu e s  com pared 

v e ry  fa v o u ra b ly  w ith  th o s e  o b ta in e d  i n  German i n d u s t r i a l  p r a c t i c e  

by a o id  t r e a tm e n t ;  th e  G a rl A le x a n d e r  coke ( 2 6 ) o o n ta in e d  0 .1 1
^vJLUa. ©. IX Vmto* |juv

p a r t s  o f  co k e . A g e n e r a l  f e a t u r e  t o  be n o te d  i n  c o n n e c t io n  w i th  

a l l  a o id  t r e a t e d  sam p les was t h a t  m ost o f  them  w ere  r i c h e r  i n  

i r o n  th a n  i n  s i l i o a .

S e lv ig  and  co w o rk e rs  (28 ) r e f e r  t o  t h e  s p e c i f i c a t i o n s  f o r  

th e  m a n u fa c tu re  o f  some s p e c i a l  e l e c t r o d e s  ( a l s o  f o r  t h e  

alum inium  i n d u s t r y )  w h ic h  r e q u i r e  t h e  maximum i r o n  and  s i l i c o n  

o o n te n t t o  be below  0 .0 6  and  0*08 p e r c e n t  r e s p e c t i v e l y .  Of t h e  

sam ples l i s t e d  i n  T ab le  Ho. 38, t h r e e  ( H o .l ,  4  and  1 2 ) w ou ld  m eet 

oven th e s e  r e q u ir e m e n ts .

T ab le  1 2 (A) g iv e s  th e  v a lu e s  f o r  t h e  "eotes* fro m  o a n n e l 

sam ples a l s o ;  t h e s e  v a lu e s ,  w h ich  a re  o n ly  o f  t h e o r e t i c a l  

i n t e r e s t ,  w ere in c lu d e d ,m a in ly  b e c a u se  a l l  t h e  a c id  t r e a t e d

iM Sples w ould  be nonooklng*  .
/ T h e . . . . . . * . . * * *
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T A B L E  N 0.  12 (A) .

I
SILICON AND IEOH CONTENTS OF THE MINEHAL MATTEE OF ACID

treated COALS ADD c o o s .

Sam
p le  
Ho.

c
Ash

(d ry )
%

0  A L
p e r  100 p a r t s  

S i
o f  o o a l  

Pe

C 0  K E 
Ash p e r  100  p a r t s  o f odte 

(d ry )  S i Pe
>

1 0 .5 3 0 .0 2 0 .0 5 0 .8 2 0 .0 3 0 .0 8

2 0 .5 2 0 .0 6 0 .0 8 0 .8 0 0 .0 9 0 .1 2

3 0 .8 2 0 .1 3 0 .0 2 1 .2 6 Q. 20 0 .0 3

4 0 .42 0 . (XL 0 .0 4 O.65 0.015 0 .0 6

7 O.73 O.O3 0 .1 6 1 .1 2 0 .0 5 0 .2 5

8 O.52 O.O3 0 .0 6 0 .8 0 0 .0 5 0 .0 9

12 O.63 0 .0 4 0 .0 1 0 .9 7 0 .0 6 0.015
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The p o s s i b i l i t i e s  o f  m a n u fa c tu re  o f  oofce s u i t a b l e  f o r  t h e  

a lum inium  in d u s t r y  by a o id  t r e a tm e n t  o f  o o a ls  have b e e n  

exam ined i n  somewhat g r e a t e r  d e t a i l  i n  th e  g e n e r a l  d i s c u s s io n .
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P A R T  I

The P r e p a r a t io n  o f  U l t r a - C le a n  C oa ls  
by  A oid T re a tm e n t.

S U M M A R Y  j
- - 3

i l, 3

The e x t r a c t i o n  o f  th e  m in e ra l  i m p u r i t i e s  i n  o o a l  w i th  j

a o id s  i s  s i m i l a r  t o  th e  s o l u t io n  o f  s o l i d s  i n  l i q u i d s .

(1 ) The n a tu r e  o f  th e  ^ so lv e n t n»

The maximum p o s s ib l e  e x t r a c t i o n  (b e tw een  66 an d  99 p e ro e n t )  

o f  th e  m in e ra l  m a t t e r  a s s o c i a t e d  w i th  th e  o o a l  and  o a n n e l sam p les  

exam ined, o o u ld  be e f f e c t e d  by th e  u s e  o f  5 p e ro e n t  h y d r o f lu o r ic  

and h y d r o c h lo r ic  a o id s  a t  t h e i r  b o i l i n g  p o in t  i n  a n  i n e r t  

a tm o sp h e re . The u s e  o f  s t r o n g e r  ao£4L?,th o u g h  i t  w ould  in f lu e n c e  

th e  p e r io d  o f  t r e a tm e n t  w as u n l ik e l y  t o  g iv e  a  f i n a l  p ro d u c t  o f  

lo w e r a s h  o o n te n t .

I f  a  m ix tu re  o f  th e  tw o a o id s  was n o t  u s e d ,  i t  was a d v i s 

a b le  t o  s t a r t  th e  i n i t i a l  e x t r a c t i o n  w i th  d i l u t e  h y d r o f lu o r i c  

a o id ;  o f  t h e  two a o id s ,  t h e  l a t t e r  was d e f i n i t e l y  th e  b e t t e r  

’s o lv e n t1 f o r  th e  m in e ra l  m a t t e r  i n  b itu m in o u s  o o a ls  and  o a n n e ls .

The e f f i c i e n c y  o f  e x t r a c t i o n  was t h e  same when u s in g  a  

ao id  t o  c o a l  r a t i o  (by w e ig h t ) o f  e i t h e r  two o r  f o u r .

/  ( 2 )
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( 2 ) The n a tu r e  o f  t h e  " s o l u t e TT.

The q u a l i t y  o f  th e  f i n a l  p ro d u o t was n o t  im proved  "by 

g r in d in g  th e  i n i t i a l  sam ple t o  s i z e s  f i n e r  th a n  7 2 m esh 

B .S .S ie v e .  The c r i t i c a l  s i z e  was l i k e l y  t o  h e  b e tw een  3°  

and 72 m esh B. S. S ie v e .

B e t t e r  r e s u l t s  c o u ld  he o b ta in e d  by th e  a c id  t r e a tm e n t  

o f  c o a l s  th a n  o f  coke.

A oid t r e a tm e n t  u n d e r  th e  su g g e s te d  c o n d i t io n s  e f f e c t e d  

a  co m p le te  o r  n e a r  co m p le te  e x t r a c t i o n  o f  th e  w a te r  s o lu b le  

p o r t io n s  and  th e  s i l i o a  o f  th e  m in e r a l  m a t t e r  i n  o o a l .

The e f f i c i e n c y  o f  e x t r a c t i o n  o f  i r o n  v a r i e d  b e tw een  60  

and 99 p e r c e n t ;  o f  t h e  d i f f e r e n t  fo rm s o f  i r o n  p r e s e n t  in  

t h e  m in e r a l  mat t e r ,  b o th  th e  i r o n  s i l i o a t e  and  th e  d i l u t e  

h y d r o c h lo r ic  a c id  s o lu b le  i r o n  w ere  a lm o s t c o m p le te ly  

e x t r a c t e d ;  th e  o v e r a l l  e f f i c i e n c y  o f  e x t r a c t i o n  o f  i r o n  was 

d e te rm in e d  m a in ly  by th e  p y r i t e  p r e s e n t .  The m ere a d d i t i o n  

o f  b rom ine w a te r  t o  th e  m ix tu re  o f  a c id s  d id  n o t  im prove 

th e  p e rc e n ta g e  e x t r a c t i o n  o f  p y r i t i o  i r o n  i n  th e  a b se n c e  o f  

an  o x id i s in g  a g e n t .

T here  w ere r e a s o n s  t o  b e l i e v e  t h a t  th e  e x t r a c t i o n  o f

a lu m in a  by t h e  two a c id s  was f a r  from  co m p le te  i n  some 
o a s e s .  The u s e  o f  c o ld  a l k a l i  had  no  in f lu e n c e  w h ile  h o t

a l k a l i  a t t a c k e d  t h e  o o a l  s u b s ta n c e  a s  w e l l  a s  th e  a lu m in a .
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P A R T  I I

A STUDY OF THE IUFLUMCE OF AC ID-TREATMENT OH 
THE COAL SUBSTAHCE.

A. I U T H O D U C T I O I

M ethods o f  d e te r m in a t io n  o f  ?he  m in e ra l  m a t t e r  i n  o o a l :

An a t te m p t  t o  d e v e lo p  a  m ethod f o r  th e  p r e p a r a t i o n  o f  

u l t r a - c l e a n  o o a ls  by a o id  t r e a tm e n t ,  h a s ,  q u i te  n a t u r a l l y ,  t o  be 

fo llo w e d  by a  c o m p a ra tiv e  s tu d y  o f  th e  p r o p e r t i e s  o f  suoh  o o a ls  

w ith  th o s e  o f  th e  o r i g i n a l  sa m p le s ; b u t  s in c e  b o th  th e  o r i g i n a l  

and a o id  t r e a t e d  sam p les  c o n ta in  a s s o c i a t e d  in o r g a n ic  im p u r i t i e s  

i n  v a ry in g  am o u n ts , i t  becom es n e c e s s a r y  t o  d e c id e  upon  th e  

m ethod o f  d e te r m in a t io n  o f  th e  q u a n t i t y  o f  m in e r a l  m a t t e r  p r e s e n t  

in  each  c a s e .

From th e  e a r l y  d ay s o f  f u e l  r e s e a r c h  i n v e s t i g a t o r s  have  

been o o n sc io u s  o f  th e  £ afc t, t h a t  a  p ro p e r  co m p a riso n  o f  th e  

p r o p e r t i e s  o f  d i f f e r e n t  o o a ls  o o u ld  be made o n ly  on  th e  b a s i s  o f  

"pure c o a l "  i . e . ,  c o a l  f r e e  from  a s s o c i a t e d  m in e ra l  m a t t e r .  Thus 

R e y n au ltf s  c l a s s i f i c a t i o n  (1837) u se d  th e  a n a l y t i c a l  r e s u l t s  on 

a d ry , a s h  f r e e  b a s i s .  T i l l  th e  b e g in n in g  o f  th e  p r e s e n t  

o m tu ry , th e  d i s t i n c t i o n  b e tw een  a s h  and  m in e r a l  m a t t e r  was n o t  

p ro p e r ly  a p p r e c i a te d .  The f i r s t  c r i t i c a l  s tu d y  o f  t h e  c a l c u l a 

t io n s  t o  "p u re  o o a l ” b a s i s  a p p e a rs  t o  have b e e n  made by  P a r r  

and W heeler (1909)• S in c e  th o s e  d a y s , a  c o n s id e r a b le  volum e o f

has b een  done on th e  r e l a t i o n  o f  th e  m in e ra l  m a t t e r  i n  00a5.
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t o  i t s  ash*

The g e n e r a l  m eth o d s, now a v a i l a b l e ,  f o r  d e te rm in in g  th e  

t r u e  o o n te n t  o f  t h e  m in e ra l  m a t t e r  o f  o o a l  f a l l  i n t o  t h r e e  

c a te g o r ie s ,n a m e ly - (a).m ethods b a se d  upon  a  s tu d y  o f  th e  c h e m ic a l 

n a tu re  o f  th e  m in e r a l  m a t t e r  and  th o s e  b a se d  upon  th e  r e a c t i o n s  

o c c u r r in g  i n  t h e  m in e ra l  m a t t e r  d u r in g  " a s h in g ” ; (b ) m ethods 

in v o lv in g  th e  s e p a r a t io n  o f  c o a l  f r a c t i o n s  o f  d i f f e r e n t  d e n s i ty  

and a sh  c o n te n t  and  (o ) m ethods d e p e n d in g  on th e  e x t r a c t i o n  o f  

a l l  o r  p a r t  o f  th e  m in e ra l  m a t t e r  w i th  a c id s .  Among t h e s e ,  

m ethods b a se d  on (a )  b e in g  t h e  m ost s a t i s f a c t o r y  f o r  g e n e r a l  u s e ,  

have c la im e d  by f a r  th e  g r e a t e s t  a t t e n t i o n  from  i n v e s t i g a t o r s .

(a ) M ethods b a se d  upon  th e  c h e m ic a l n a tu r e  o f  m in e r a l  m a t t e r  and 
th e  r e a c t i o n s  d u r in g  i n c i n e r a t i o n :

The tw o m ost im p o r ta n t  fo rm u la e  t o  be  c o n s id e r e d  u n d e r  

t h i s  h e a d in g  a r e  th o s e  due t o  P a r r  and  W hee le r (30) and  K ing , 

M aries  and  C ro s s le y  (29)*

The P a r r  fo rm u la :  T h is  fo rm u la  f o l lo w s  c e r t a i n  a s su m p tio n s

re g a rd in g  th e  c h e m ic a l n a tu r e  o f  t h e  m in e r a l  m a tte r*  A c c o rd in g  

t o  t h i s  fo rm u la ,

M in e ra l  m a t t e r  -  1*08 a s h  0*55 s u lp h u r  

The f a c t o r  0«o8 a s h  i s  th e  c o r r e c t i o n  f o r  t h e  w a te r  o f  c o n s t i t u 

t i o n  o f  t h e  s h a ly  m a t t e r  a s s o c i a t e d  w i th  ooal*  P a r r  was th e  

f i r s t  t o  p o in t  o u t th e  n e e d  f o r  t h i s  c o r r e c t i o n  and  t h i s  f i g u r e

/ ( w i t h ..............................
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(w ith  s l i g h t  m o d if i c a t io n s )  i s  w id e ly  a c c e p te d .  The m ain  

a ssu m p tio n  o f  P a r r ' s  fo rm u la  i s  t h a t  a l l  t h e  s u lp h u r  i n  o o a l  i s  

p y r i t i o .  A tte m p ts  have  b e en  made t o  C iv e  a  p r o p e r  o o r r e o t io n  

f o r  th e  p y r i t i o  s u lp h u r  i n  o o a l  by T id e s w e ll  an d  W heeler (4 9 ) ,  

F ie ld n e r  and  S e lv ig  (50 ) ,  F i e ld n e r ,  S e lv ig  and  G ibson  (51) an d  

T h le sse n  (5 2 , 5 3 ) .  Cady ( i n  th e  d i s o u s s io n  o f  F i e l d n e r 1 s  

p a p e r  (5 1 ))  h a s  l i s t e d  t h e  t e n  p o s s ib l e  m o d i f io a t io n s  o f  t h i s  

foxraula* The t h e o r e t i c a l  e r r o r s  in v o lv e d  i n  th e  P a r r  fo rm u la  and 

i t s  l i m i t s  o f  a p p l i c a b i l i t y  have b e en  d is o u s s e d  a t  l e n g t h  by  B a l l  

and Cady (4 0 ) .

P a r r ' s  fo rm u la  i s  w id e ly  u s e d  i n  th e  U n ite d  S ta te s *  I n  

th e  U n ite d  Kingdom a l s o ,  S e y l e r 's  o l a s s i f l o a t i o n  o f  s o l i d  f u e l s  

em ploys th e  same b a s is *  The o o n s id e r a b le  a t t e n t i o n  t h a t  t h i s  

fo rm u la  h a s  r e c e iv e d ,  i s  m a in ly  due t o  i t s  s i m p l i c i t y  and  t o  t h e  | 

f a o t  t h a t  i t  e n a b le s  v a lu e s  f o r  t h e  m in e r a l  m a t t e r  t o  be  d e r iv e d  j 

from  a v a i l a b l e  co m m erc ia l a n a ly s i s *  The one im p o r ta n t  f e a t u r e  

o f  th e  K in g , M a rie s  and  C r o s s l e y 's  fo rm u la  i s  t h a t  i t  i s  g o v e rn e d  j 

more by  c o n s id e r a t i o n s  o f  a c c u ra c y  r a t h e r  th a n  o f  s i m p l i c i t y .

The K ing , M a rie s  and  C ro s s le y  fo rm u la :  T h is  fo rm u la  i s

b a sed  on th e  f a o t  t h a t  t h e  a s h  from  a  o o a l  d i f f e r s  fro m  t h e

m in e ra l m a t t e r  i n  o o a l  by  a n  am ount d e p e n d in g  on t h e  c h a n g e s

undergone b y  t h e  m in e r a l  m a t t e r  d u r in g  i n c i n e r a t i o n *  The

fo l lo w in g  a r e  t h e  m ore im p o r ta n t  r e a c t i o n s  t h a t  o c c u r  d u r in g  
a s h in g : -

( i )  l o s s  o f  w a te r  o f  c o n s t i t u t i o n  o f  t h e  s h a ly  m a t t e r ;

/ ( i i ) .......................................... '
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( i i )  c o n v e rs io n  o f  i r o n  s u lp h id e  i n t o  f e r r i o  o x id e  and 
s u lp h u r  d io x id e  and  th e  f i x a t i o n  o f  SOj i n  th e  lim e  

and  th e  a l k a l i  o x id e s  o f  th e  a s h ;

(H i) l o s s  o f  e a rb o n -d io x id e  by c a rb o n a te s  r e s u l t i n g  i n  o x id e s  

and

( iv )  d e c o m p o s itio n  o f  t h e  c h lo r id e s .

The c o r r e c t i o n s  t o  be  a p p l ie d  t o  th e  a s h  due t o  e ac h  o f  th e s e

r e a c t io n s  have  b e en  d i s c u s s e d  in  d e t a i l  i n  t h e  o r i g i n a l  p a p e r .

The f i n a l  fo rm u la  i s  a s  f o l lo w s :

M in e ra l  m a t t e r  s. 1«09 a sh -V 0*5 p y r i t i o  s u l p h u r +
0*8 o a rb o n -d io x id e  — 1*1 SC ^in 
ash-V-SOj o o a l -+ -0*5 c h lo r in e .

The tw o m ost p ro b a b le  s o u rc e s  o f  e r r o r  i n  t h i s  fo rm u la  

would be due (1 ) t o  th e  p ro b a b le  v a r i a t i o n s  i n  th e  com bined 

w a te r  o o n te n t  o f  th e  s h a ly  m a t t e r  a s s o c i a t e d  w i th  o o a l  an d  (2 ) 

t o  th e  p ro p o se d  c o n v e rs io n  f a c t o r  f o r  t h e  d e c o m p o s itio n  o f  t h e  

c h lo r id e s  i n  t h e  m in e ra l  m a t t e r  o f  co a l*

The com bined w a te r  c o n te n t  o f  c l a y s  a s s o c i a t e d  w i th  c o a l s  

i s  known t o  v a ry  w id e ly  and  t h e  o n ly  s a t i s f a c t o i y  c o n v e n tio n  

would be t o  assum e a  mean v a lu e ,  t h a t  w ould  be a p p l i c a b l e  t o  a s  

wide an  a r e a  a s  p o s s ib l e .  The f a c t o r  0*09 r e p r e s e n t s  su o h  a  

va lue  d e r iv e d  from  a n  a n a l y s i s  o f  a i r  d r i e d  c la y s  from  a l l  o v e r  

B r i t a in  an d  th e  a u th o r s  have  a l s o  recommended s e p a r a te  v a lu e s  

f o r  S c o tla n d , W ales and E n g lan d .

/A s ..............................
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As r e g a r d s  th e  c o n v e r s io n  f a c t o r  f o r  th e  d e c o m p o s itio n  

o f  th e  c h lo r i d e s ,  t h e  a u th o r s  have p o in te d  o u t t h a t  s in c e  a t  

l e a s t  h a l f  th e  c h lo r in e  i n  o o a l  i s  known t o  he  in o r g a n ic ,  t h e  

n e t t  c o r r e c t i o n  f a c t o r  i n  te rm s  o f  c h lo r in e  sh o u ld  he b e tw een  

0*35 and  0*7 0 . I n  t h e  a b se n c e  o f  co m p le te  know ledge a  f a c t o r  

0*5 c h lo r in e  h a s  b e e n  a d o p te d . When th e  c h lo r in e  o o n te n t  o f  

th e  o o a l  i s  b e tw een  0*1 and  0*2 p e r o e n t ,  th e  e r r o r  in v o lv e d  i n  

th e  a s su m p tio n  c an n o t ex ceed  + 0 * 0 3  t o  -  0*0 i  p e r c e n t  o f  th e  

c o a l .

An e s s e n t i a l  d i f f e r e n c e  b e tw een  t h e  K.M.C. fo rm u la  and  

th e  P a r r  one i s  t h a t  th e  l a t t e r  i s  on a s u lp h u r  f r e e  b a s i s .  So 

th e  oxygen f i g u r e  ( in c lu d in g  a n a l y t i c a l  e r r o r s )  c a l c u l a t e d  i n  

a l l  m ethods by d i f f e r e n c e  h a s  a  g r e a t e r  e r r o r  i n  th o s e  fo rm u la e , 

w hich n e g le c t  o rg a n ic  s u lp h u r  th a n  i n  t h a t  due t o  K ing  and  

c o -w o rk e rs .

S in c e  th e  fo rm u la  was f i r s t  p ro p o se d  i n  193^» a p a r t  from  

c r i t i c i s m s  a b o u t th e  l a b o u r  in v o lv e d  in  c a r r y in g  o u t th e  

n e c e s s a ry  d e te r m in a t io n s ,  th e  a c c u ra c y  o f  t h e  v a lu e s  o b ta in e d  

h a s  n e v e r  b een  q u e s t io n e d . T h is  fo rm u la  h a s  b e e n  a d o p te d  i n

th e  more r e c e n t  r e p o r t s  o f  t h e  p h y s i c a l  and  c h e m ic a l su rv e y  o f  
th e  n a t i o n a l  C oal R e so u rc e s . Edw ards (54) a f t e r  a  re v ie w  o f  
th e  v a r io u s  fo rm u la e  p ro p o se d  f o r  th e  e v a lu a t io n  o f  m in e r a l  

m a t te r  up t o  1944  ( i n c lu d in g  a  s i m p l i f i e d  fo rm  o f  th e  K.M.C.

fo rm u la  p ro p o se d  by M ott and  S p o o n er (4 8 )) commented t h a t  from  
th e  p o in t  o f  v iew  o f  s c i e n t i f i c  j u s t i f i c a t i o n ,  th e  m ost
ao c u ra t  e

/ f o r m u la ...........................
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fo rm u la  y e t  advanced, i s  t h a t  due t o  K ing , M a rie s  and  C ro ss le y *

So i t  m ig h t be s t a t e d  t h a t  t h i s  fo rm u la  r e p r e s e n t s  th e  m ost 

r e l i a b l e  b a s i s  a v a i l a b l e  a t  p r e s e n t ,  f o r  th e  e v a lu a t io n  o f  th e  

p u re  o o a l s u b s ta n c e  i*e*  c o a l  f r e e  from  m in e r a l  m a t te r ,

The K*M*C* fo rm u la  and  a c id  t r e a tm e n t  o f  c o a l s : A o id  t r e a tm e n t

p ro v id e s  a  c h e m ic a l m eans by  w hioh  th e  o o a l  s u b s ta n c e  o o u ld  be  . 

e s s e n t i a l l y  f r e e d  from  th e  in o r g a n ic  im p u r i t ie s *  I t  h a s  b e e n  

p o in te d  o u t e a r l i e r  t h a t  G -allard  (13)» T u rn e r  (1 5 )» U io o l l s  

and  Swartzm an (17 ) and o th e r s  had  r e f e r r e d  to  a  l o s s  o f  

o rg a n ic  c a rb o n  and h y d ro g en  d u r in g  a o id  t r e a tm e n t .  So a  com

p a r is o n  o f  th e  a n a l y t i c a l  r e s u l t s  o f  t h e  o r i g i n a l  sam ple  on th e  

K*M*C* b a s i s ,  w i th  th o s e  o f  th e  a c id  t r e a t e d  sam p les  w ould 

i n d i c a t e ,  w h e th e r  t h e  o o a l  s u b s ta n c e  had  b e en  a f f e c t e d  d u r in g  

th e  t r e a tm e n t  w ith  a c id s .  I f ,  on th e  o th e r  h a n d , th e  p ro c e d u re  ! 

o f a o id  t r e a tm e n t  a d o p te d  i n  th e  p r e s e n t  i n v e s t i g a t i o n ,  was 

s u c c e s s f u l  i n  e x t r a c t i n g  t h e  m in e ra l  m a t t e r  w i th o u t  a f f e c t i n g  

th e  o o a l  s u b s ta n o e ,  th e  r e s u l t s  w ould  o f f e r  a  m eans o f  s tu d y in g  1 

th e  v a l i d i t y  o f  th e  K*M*C* fo rm u la*

The e x p e r im e n ts  d e t a i l e d  i n  th e  f o l lo w in g  p a g e s  w ere 

c a r r i e d  o u t w i th  t h i s  o b je c t  i n  view*

(b) M ethods b a se d  on th e  d e n s i ty  s e p a r a t io n  o f  c o a l :

B rin sm a id  (55 ) was ‘kk0 f i r s t  t o  d e s c r ib e  a  g r a p h ic a l  

method t o  c o n s t r u c t  a  c a l o r i f i c  v a lu e /a s h  c u rv e ;  he c a l c u l a t e d

from  th e  o u rv e , b o th  th e  p u re  o o a l  o a l o r i f i o  v a lu e  and th e

/ d e c r e a s e ......................
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d e c re a se  i n  c a l o r i f i c  v a lu e  due t o  e a c h  p e r c e n t  a s h .

S t a n s f i e l d  and  S u th e r la n d  (56) m o d if ie d  th e  te c h n iq u e  

f o r  th e  g r a p h ic a l  d e te r m in a t io n  o f  th e  p u re  c o a l  c a l o r i f i c  

v a lu e  and  m in e ra l  m a t t e r  c o n te n t  o f  c o a l .  They f r a c t i o n a t e d  

sam ples o f  A lb e r t  a  c o a l s  ( s i z e  th ro u g h  28 m esh T y le r )  i n  a 

c e n t r i f u g e  u s in g  s o l u t io n s  o f  s p e c i f i c  g r a v i t y  1°30>

1*35 an& 1*36. The c a l o r i f i c  v a lu e  and  a s h  c o n te n t  o f  th e s e  

sam p les, when c a l c u l a t e d  to  a d ry  b a s i s  and p l o t t e d ,  w ere fo u n d  

to  l i e  on a s t r a i g h t  l i n e .  The e x t r a p o l a t i o n  o f  th e  s t r a i g h t  

l i n e  t o  z e ro  c a l o r i f i c  v a lu e  w ould g iv e  t h e  a s h  e q u iv a le n t  o f  

100 p e rc e n t  m in e ra l  m a t t e r  and  th e  e x t r a p o l a t i o n  t o  z e ro  a s h  

would g iv e  th e  o a l o r i f i c  v a lu e  o f  th e  p u re  c o a l  s u b s ta n c e .  S in c e  

th e  c a l o r i f i c  v a lu e  a t  z e r o  a s h  c o n te n t  was t h e  same a s  t h e  

v a lu e  a t  z e ro  m in e r a l  m a t t e r ,  a n o th e r  s t r a i g h t  l i n e  c o n n e c t in g  

th e  c a l o r i f i c  v a lu e  a t  z e ro  a s h  w i th  z e ro  c o a l  r e p r e s e n te d  th e  

v a r i a t i o n  o f  c a l o r i f i c  v a lu e  w i th  m in e r a l  m a t t e r ;  th u s  t h e  

m in e ra l  m a t t e r  c o r re s p o n d in g  t o  any  p a r t i c u l a r  a s h  c o n te n t  c o u ld  

be re a d  d i r e c t l y  from  th e  g ra p h .

F i e ld n e r ,  S e lv ig  an d  G ibson  (5 1 ) ,  on co m p arin g  t h e  

c o r r e c te d  B .T h .u . v a lu e s  o b ta in e d  by  th e  S t a n s f i e l d  and 

S u th e r la n d  g r a p h i c a l  m ethod w i th  t h e  r e s u l t s  by  t h e  P a r r ,  

m o d if ie d  P a r r  and  o r d in a r y  d ry  a s h  f r e e  c a l c u l a t i o n s ,  fo u n d

o lo se  ag reem en t b e tw een  th e  g r a p h i c a l  m ethod  an d  t h e  P a r r  b a s i s .

/H e rtz o g ,
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E e r tz o g  (57)» a f t e r  a s tu d y  o f  th e  v a r io u s  m ethods f o r  

th e  e v a lu a t io n  o f  th e  pure c o a l  c a l o r i f i c  v a lu e ,  recommended  

a s  th e  m ost r e l i a b l e  m ethod , th e  u s e  o f  nth e  pure c o a l  

c o n s ta n t” , w h ich  was th e  a r i t h m e t ic  e q u iv a le n t  o f  th e  g r a p h ic  

e x t r a p o la t io n  m ethod.

T h ie s se n  and Reed (55) a p p l ie d  t h i s  g r a p h ic  e x t r a p o la t io n  

method t o  a number o f  I l l i n o i s  c o a l s ;  th e y  fo u n d  th e  l i n e a r  

r e l a t i o n  t o  h o ld  good  f o r  v a lu e s  o f  a sh  c o n te n t  up t o  4 0  p e r c e n t ;  

but a c c o r d in g  t o  G radner (q u o te d  by T h ie s s e n  and Reed) th e  

l i n e a r  r e l a t i o n  d id  n o t  h o ld  good  f o r  a sh  v a lu e s  o v e r  20  p e r c e n t .

The c r i t i c a l  a ssu m p tio n  o f  th e  g r a p h ic a l  m ethod i s  t h a t  

th e  cu rve  p r o v id e d  by g r a v i t y  s e p a r a t io n  i s  a t r u e  d i l u t i o n  

cu r v e , w h ich  c a n  be e x t r a p o la te d  c o r r e c t l y  a s  a  s t r a i g h t  l i n e  t o  

zero  a sh  and z e r o  h e a t  v a lu e .  T h is  r e s t s  upon tw o a ssu m p tio n s  

( l ) t h a t  th e  pure c o a l  and m in e r a l m a tte r  com ponent o f  th e  c o a l  

rem ain c o n s ta n t  in  c o m p o s it io n  and p r o p e r t ie s  th r o u g h o u t th e  

v a r io u s  f r a c t i o n s  o f  th e  sa m p les  and (2 )  t h a t  t h e  t r a n s fo r m a t io n  

o f  m in er a l m a tte r  t o  a sh  in v o lv e s  no a p p r e c ia b le  p r o d u c t io n  o r  

a b so r p t io n  o f  h e a t .  A v a i la b le  l i t e r a t u r e  th ro w s doubt on th e  

v a l i d i t y  o f  e i t h e r .

I t  i s  w e l l  known t h a t  d e n s i t y  s e p a r a t io n  m ethods e f f e c t  a  

P r e f e r e n t ia l  s e p a r a t io n  o f  th e  p e tr o g r a p h ic  com ponents o f  c o a l .

L e ss in g  (5 ) u s e d  f l o a t  and s in k  m ethods f o r  t h e  s e p a r a t io n  o f  

Q la ra in  and v i t r a i n .  The B e lg ia n  p r o c e s s  (5 ) f o r  th e
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p r e p a r a t io n  o f  u l t r a - c l e a n  c o a l  e x p l o i t s  th e  same p r i n c i p l e .

The a u th o r s  o f  t h e  g r a p h ic a l  m ethod a l s o  ( S t a n s f i e l d  and 

S u th e r la n d , lo o  c i t )  r e f e r  t o  "a  b a r e ly  n o t i c e a b l e  te n d e n c y  f o r  

v e ry  c le a n  c o a l s  t o  have s l i g h t l y  lo w e r  c a l o r i f i c  v a lu e s  th a n  

a n t i c i p a t e d . n

As f o r  th e  seco n d  a s su m p tio n , th e  th e rm a l  d e c o m p o s itio n  

o f  th e  m in e r a l  m a t t e r  i n  c o a l  h a s  b e en  s tu d ie d  by  S tum per (56) 

and P urdon  and  S a p g ir s  (57 )•

S tum per fo u n d  t h a t  th e  v a lu e  o f  u n i t  c o a l  c a l o r i f i c  

v a lu e  was n o t  a f f e c t e d  by  th e  a d d i t i o n s  o f  gypsum t o  th e  c o a l  up  

t o  25 p e rc e n t  o f  t h e  w e ig h t o f  th e  c o a l ;  s i m i l a r l y  t h e  v a lu e s  f o r  

u n i t  c o a l  rem a in ed  u n ch an g ed  w i th  a d d i t i o n s  o f  s i l i c a  up  t o  

15 p e rc e n t  o f  th e  w e ig h t o f  c o a l .  I n c r e a s e  o f  gypsum o v e r  

25 p e rc e n t  r e s u l t e d  i n  in c o m p le te  c o m b u s tio n . The d e c r e a s e  i n  

u n i t  c o a l  c a l o r i f i c  v a lu e s  w i th  a d d i t i o n s  o f  s i l i c a  o v e r  

15 p e rc e n t  m ust a l s o  be due t o  th e  same r e a s o n .  E x c e ss  o f  i n e r t  

m a te r i a l  s im p ly  ma3der t h e  c o a l  d i f f i c u l t  t o  b u m  by p r e v e n t in g  

a c c e s s  o f  oxygen .

P u rdon  and  S a p g ir s  ( lo o  c i t )  fo u n d  t h a t  t h e  in f lu e n c e  o f  

ca lc iu m  c a rb o n a te  on th e  u n i t  c o a l  c a l o r i f i c  v a lu e s ,  when 

p re s e n t  i n  q u a n t i t i e s  up  t o  20 p e r c e n t  o f  t h e  w e ig h t o f  c o a l  

ta k e n  was n e g l i g i b l e .  B ut w i th  p y r i t e ,  th e  i n c r e a s e  i n  u n i t  

o oa l c a l o r i f i c  v a lu e s  was more o r  l e s s  p r o p o r t i o n a l  t o  t h e
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g u a n tity  o f  p y r ite s  added. The e x a o t  in c r e a s e  n o te d  was e q u a l  

to  two t h ir d s  o f  th e  t h e o r e t i c a l  v a lu e  c a lc u la t e d  f o r  th e  

o x id a t io n  o f  t h e  p y r i t e  and th e  fo r m a tio n  o f  s u lp h u r io  a c id  

w ith  th e  w a te r  fo im ed  d u r in g  co m b u stio n .

B e s id e s  a v ery  s m a ll  e r r o r  i s  l i k e l y  t o  be in tr o d u c e d  i f  

th e  r a t i o  o f  o r g a n ic  su lp h u r  t o  pure o o a l  d o e s  n o t  rem ain  

c o n s ta n t  w ith  a ohange in  th e  a sh  c o n te n t  o f  th e  sam p le .

The m ain a ssu m p tio n  o f  th e  g r a p h ic a l  m ethod i s  t h a t  a  

sam ple o f  o o a l  co u ld  be reg a rd ed  a s  a m ix tu re  o f  p ure c o a l  

su b sta n c e  and in e r t  m a te r ia l  w ith  no c a l o r i f i c  v a lu e .  S in c e  

gypsum, s i l i c a  and c a lc iu m  ca r b o n a te  a r e  u n l i k e l y  t o  be p r e s e n t  

in  su ch  q u a n t i t i e s  a s  t o  a f f e o t  th e  o a l o r i f i o  v a lu e ,  t h i s  

a ssu m p tio n , i n  th e  a b se n c e  o f  a p p r e c ia b le  am ounts o f  p y r i t e  in  

th e  m in e r a l m a tte r  o f  t h e  o r i g i n a l  sa m p le , o o u ld  be r eg a r d e d  a s  

e s s e n t i a l l y  c o r r e c t .

T h is  m ethod h a s  fou n d  o n ly  l i m i t e d  a p p l i c a t io n  t i l l  now; 

f o r  T h ie s se n  and Reed ( lo o  c i t ) ,  among o t h e r s ,  have d em o n stra ted  

th a t  from  th e  p o in t  o f  v ie w  o f  a c c u r a c y , th e  r e s u l t s  o b ta in e d  

are in  no way b e t t e r  th a n  th o s e  from  th e  P a r r  form u la#  M oreover  

as T h ie s se n  comments " t h is  p ro ced u re  in v o lv e d  t o o  g r e a t  an  

amount o f  la b o u r  t o  make i t s  u s e  v e r y  common".
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I t  w i l l  be a p p r e c ia te d ,  t h a t  u n l ik e  th e  g r a v i t y  

s e p a r a t io n  m eth od s, a c id  tr e a tm e n t  o f  e o a l s  d o e s  n o t in v o lv e  a 

s e p a r a tio n  o f  th e  p e tr o g r a p h ic  com ponents o f  c o a l .  When 

sam ples w ith  d i f f e r i n g  a sh  c o n te n ts  are  o b ta in e d  from  a p a r t ic u 

l a r  o o a l  by a o id - t r e a tm e n t ,  th e  n a tu r e  o f  th e  o o a l  s u b s ta n c e  i n  

a l l  th e  sam p les  w ould  be th e  sam e, p ro v id e d  t h e r e  h as b een  no  

o x id a t io n  o f  th e  sam ple d u r in g  th e  t r e a tm e n t . So one o f  t h e  tw o  

m ajor o b j e c t io n s  t o  th e  u s e  o f  th e  g r a p h ic a l  m ethod w ould  n o t  

a r i s e  in  t h i s  c a s e ;  a s  f o r  t h e  c o r r e c t io n  n e c e s s a r y  f o r  th e  

h e a t o f  fo r m a tio n  o f  f e r r i c  o x id e  from  p y r i t e ,  i t  w i l l  be s e e n ,  

th a t  in  th e  c a s e  o f  th e  sa m p les  exam ined, t h e  v a lu e s  ( d is c u s s e d  

l a t e r )  a re  n o t  o f  su ch  an o r d e r  a s  t o  a f f e c t  th e  c a l o r i f i c  

v a lu e  t o  any a p p r e c ia b le  e x t e n t .

In  v ie w  o f  t h i s ,  th e r e  i s  g r e a t e r  J u s t i f i c a t i o n  f o r  

a p p ly in g  th e  g r a p h ic a l  m ethod t o  th e  a c id - t r e a t e d  o o a l  sa m p les  

than  t o  th o s e  o b ta in e d  by f l o a t  and s in k  d e te r m in a t io n s ;  b e s id e s  

a com parison  o f  th e  pure o o a l  c a l o r i f i c  v a lu e s  and a sh  t o  

m in era l m a tte r  r a t i o s  o b ta in e d  by t h i s  im proved g r a p h ic a l  m ethod  

w ith  th o s e  from  th e  K in g , M a ries  and C r o s s le y  f  o m u l  a w ould  

throw  some l i g h t  on t h e i r  r e l a t i v e  m e r i t s .

E xp erim en ts d e s c r ib e d  in  T a b le s  26-29  w ere o a r r ie d  ou t  

w ith  t h i s  o b j e c t  in  v ie w .
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(o ) D e te rm in a tio n  o f  th e  m in e r a l  m a t te r  fry a c id  e x t r a c t i o n :

T h is  m ethod o f  d e te r m in a t io n  o f  m in e ra l  m a t t e r  h a s  

r e c e iv e d  c o m p a ra t iv e ly  l i t t l e  a t t e n t io n *  F o llm an  ( 6 l )  d ig e s te d  

f i n e l y  pow dered o o a l  w ith  h o t d i l u t e  h y d r o c h lo r ic  a c id ,  w ashed 

th e  sam ple f r e e  o f  a c id  and d r i e d  a t  110°C; t h e  l o s s  i n  w e ig h t 

gave th e  m o is tu re  an d  m in e ra l  m a t t e r  s o lu b le  i n  a c i d .  The 

t o t a l  m in e ra l  m a t t e r  was d e te rm in e d  by  a d d in g  t o  t h e  above 

v a lu e , th e  a sh  c o n te n t  o f  th e  h y d r o c h lo r ic  a c id  t r e a t e d  o o a l .

A l t e r n a t i v e l y ,  t h e  sam ple was e v a p o ra te d  t o  d ry n e s s  w i th  

h y d r o f lu o r ic  a c id  and th e n  d ig e s te d  w i th  d i l u t e  h y d r o c h lo r ic  

a c id ;  th e  l o s s  i n  w e ig h t added  t o  th e  a s h  c o n te n t  o f  t h e  d ry  

a c id  t r e a t e d  sam ple  was t a k e n  a s  t h e  m in e r a l  m a t t e r  c o n te n t  o f  

th e  co a l*  A d o p tin g  t h i s  m ethod f o r  v a r io u s  c o a l s  fro m  C h in a , 

T i f l i s  and  Germany, F o llm an  o b ta in e d  m in e ra l  m a t t e r / a s h  r a t i o s  

v a ry in g  b e tw een  1*05 and 1*21 , w i th  an  a v e ra g e  o f  1*12*

M ayer (62) s l i g h t l y  im proved th e  above p ro c e d u re  by  

d e te rm in in g  th e  i r o n  c o n te n t  o f  th e  a s h  fro m  th e  h y d r o c h lo r ic  

a c id  t r e a t e d  sam ple  and  c o r r e c t e d  f o r  p y r i t e  n o t  e x t r a c t e d  by  th e  

acid#  The a v e ra g e  m in e ra l  m a t t e r  t o  a s h  r a t i o  o b ta in e d  by  

him was 1*13 .
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n e i t h e r  F o llm an  n o r  M ayer a d o p te d  p r e c a u t io n s  t o  p re v e n t  

p o s s ib le  o x id a t io n  o f  th e  o o a l  sam p le . To o b ta in  c o r r e c t  

v a lu e s , i t  w ould be n e c e s s a r y  t o  t r e a t  s m a ll  q u a n t i t i e s  o f  th e  

sam ple i n  an  i n e r t  a tm o sp h e re . Even th e n ,  th e  a c c u ra c y  o f  th e  

v a lu e s  was u n l ik e l y  t o  be g r e a t e r  th a n  th o s e  o b ta in e d  by  th e  

K ing, M a rie s  and C ro s s le y  fo rm u la . I n  v iew  o f  t h i s ,  i t  was n o t  

c o n s id e re d  a d v is a b le  t o  c a r r y  o u t e x p e r im e n ts  a lo n g  th e s e  l i n e s .

B. EXPERIMENTAL PROCEDURE.

(1 ) D e te rm in a tio n  o f  th e  m in e ra l  m a t t e r  c o n te n t  o f  o o a l  by  th e
K ing , M a rie s  and C ro s s le y  fo rm u la .

The r e s u l t s  o f  t h e s e  e x p e r im e n ts  a r e  s e t  o u t i n  T a b le s

13- 24. A l l  th e  d e te r m in a t io n s  f o r  a c id  t r e a t e d  sam p le s  

m en tio n ed  i n  t h i s  s e o t io n  w ere c a r r i e d  o u t w i th  s p e c i a l l y  

p re p a re d  c h lo r id e  f r e e  sa m p le s . The p ro c e d u re  a d o p te d  f o r  

m ost o f  t h e s e  d e te r m in a t io n s  was th e  same a s  o u t l i n e d  i n  

th e  'B r i t i s h  S ta n d a rd  M ethods f o r  th e  A n a ly s is  and  T e s t in g  

o f  C oal an d  Coke1 ( B r i t i s h  S ta n d a rd s  I n s t i t u t i o n  N o .lQ l6  

o f  1942) . B ut i n  th e  f o l lo w in g  o a s e s ,  t h e r e  w ere  s l i g h t  

v a r i a t i o n s  from  th e  recom mended p ro c e d u re .

( i )  U l t im a te  a n a l y s i s  -  d e te r m in a t io n  o f  c a rb o n  and
h y d ro g en s The s e t  up  o f  t h e  a p p a r a tu s  was t h e  same a s  

recom m ended; b u t  i n  t h e  l a s t  s e o t io n  o f  th e  co m b u s tio n  

tu b e ,  i n s t e a d  o f  a  4  cm. r o l l  o f  s i l v e r  g a u z e , a
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re d u c e d  c o p p e r  g au ze  o f  th e  same l e n g t h  was u s e d ;  th e  

r e d u c t io n  o f  th e  c o p p e r gauze was done a t  t h e  b e g in n in g  o f  

e ach  e x p e r im e n t.

( i i )  S u lp h a te  s u lp h u r :  5 &&• of f i n e l y  pow dered  o o a l  ( th ro u g h  

120 mesh B .S .S . )  was e x t r a c t e d  w i th  0̂0 m l. o f  3 p e r c e n t  

h y d ro c h lo r ic  a c id  f o r  40  h o u rs  a t  60°C w i th  f r e q u e n t  

shak ing*  A f t e r  f i l t e r i n g ,  t h e  f i l t r a t e  was b o i l e d  w i th  

brom ine w a te r  and  th e  i r o n  p r e c i p i t a t e d  w i th  ammonium 

h y d ro x id e  and  e x t r a c t e d  w i th  d i l u t e  h y d r o c h lo r ic  ac id *

The i r o n  p r e s e n t ,  d e te rm in e d  by t i t r a t i o n  w i th  t i t a n o u s  

c h lo r id e  u s in g  th io o y a n a te  i n d i c a t o r  i n  a  COg a tm o sp h e re , 

h a s  b e e n  r e p o r t e d  a s  d i l u t e  h y d r o c h lo r ic  a c id  s o lu b le  i r o n  

i n  T ab le  Bo*9 ( P a r t  I )*  The s u lp h u r  i n  t h e  f i l t r a t e  was 

d e te rm in e d  a s  b a riu m  s u lp h a te .

(Hi) P y r i t i o  s u lp h u r :  5 S1313* o f f i n e l y  pow dered  o o a l  was

e x t r a c t e d  f o r  24 h o u rs  a t  room te m p e ra tu re  w i th  JOQ ml* o f  

d i l u t e  n i t r i c  a c id  (1 volum e o f  a c id  o f  S p .g r .  1*42 w i th  

3 volum es o f  w a te r )  and  10  m l. o f  b rom ine w a te r*  A f t e r  

f i l t e r i n g  and  b o i l i n g  o f f  th e  b ro m in e , t h e  i r o n  was 

p r e c i p i t a t e d  by  ammonium h y d ro x id e ;  n i t r i c  a c id  w as 

o o m p le te ly  e l im in a te d  by d o u b le  p r e c i p i t a t i o n  o f  i r o n ,w h ic h  

was e s t im a te d  a s  b e f o r e .  The d i f f e r e n c e  b e tw een  t h i s  

v a lu e  and th e  d i l u t e  h y d r o c h lo r ic  a c id  s o lu b le  i r o n  h a s
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136011 r e p o r te d  a s  p y r i t i o  i r o n  i n  T ab le  2To*9 * ^he p e rc e n ta g e  

o f  p y r i t i o  s u lp h u r  i n  o o a l  i s  1*15 x  "kk0 p e ro o n ta g o  o f  p y r i t i o  

iron*

T h is  p ro c e d u re  was adopt© d i n  p r e f e r e n c e  t o  a  d i r e c t  

d o to rm in a t io n  o f  p y r i t i o  s u lp h u r ,  b e c a u se  th e  t r e a tm e n t  o f  

o o a l w i th  d i l u t e  n i t r i o  a c id  and  brom ine w a te r  i s  l i a b l e  t o  

oause  o x id a t io n  and  s o l u t i o n  o f  p a r t  o f  t h e  o rg a n ic  s u lp h u r  i n  

some oases*  Any e r r o r  due t o  t h i s  w ould  be a v o id e d  by c a lc u 

l a t i n g  th e  q u a n t i t y  o f  p y r i t i o  s u lp h u r  from  t h e  p y r i t i o  i r o n  

p r e s e n t .

A p p l ic a t io n  o f  th e  K.M.C* fo rm u la  t o  a n a l y t i c a l  r e s u l t s *

The fo l lo w in g  fo rm u la e  ( a s  d e r iv e d  by th e  a u th o r s )  w ere
u s e d :

The p e rc e n ta g e  o f  o a rb o n  in  th e  o o a l  s u b s ta n c e  (Cp) i s  
g iv e n  by t h e  e x p r e s s io n

Cp S ( 0  -  3 / 1 1  C0 2 ) 1 0 0 /1 0 0  -  (ffttt)

where C i s  th e  e x p e r im e n ta l  v a lu e  f o r  o a rb o n  in c lu d in g  COg 

and IT and  M a r e  m o is tu re  and m in e r a l  m a t t e r  r e s p e c t i v e l y  o f  

th e  a i r  d r i e d  ooa l*
I n  th e  o a se  o f  h y d ro g en , i t  i s  n e o e s s a r y  t o  d e d u c t t h e  

p ro p o r t io n  o f  h y d ro g en  c o r re s p o n d in g  t o  t h e  w a te r  o f  h y d r a t io n  

o f  th e  o lay*  Thus

%  S (H -  0 *0 1 1 .+  0 *(XL Spyr  -V-0 *0 lL CO2 ) 1 0 0 / 1 0 Q -

/w h e re
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where Hp * h y d ro g en  c o n te n t  o f  th e  p u re  o o a l  s u b s ta n c e ,  H, th e  

e x p e r im e n ta l ly  o b ta in e d  v a lu e ,  A s  a s h ,  Spyr> th e  p y r i t i o

s u lp h u r  c o n te n t  and COg th e  o a rb o n  d io x id e  o o n te n t  o f  t h e  a i r  

d r ie d  sample*

S in c e  a l l  t h e  n i t r o g e n  i n  o o a l  i s  t a k e n  t o  be o r g a n ic ,  

th e  e x p re s s io n  f o r  n i t r o g e n  i n  th e  o o a l  s u b s ta n c e  (Bp) w ould 

be
Bp s  Nf 1 0 0 /1 0 0  * (B-*-M)

B1 b e in g  th e  e x p e r im e n ta l ly  d e te rm in e d  n i t r o g e n  o o n te n t  o f  t h e  

a i r  d r i e d  sa m p le r

F o r  s u lp h u r ,  i t  i s  n e c e s s a r y  t o  d e te rm in e  th e  o rg a n ic  

s u lp h u r  o o n te n t  o f  th e  o o a l .  The d i f f e r e n c e  b e tw een  th e  t o t a l  

s u lp h u r  and th e  sum o f  th e  p y r i t i o  and  s u lp h a te  s u lp h u r  ( t h i s  

b e in g  c a l c u l a t e d  from  th e  SO^ o o a l  g iv e n  i n  th e  T a b le s )  i n  o o a l  

w ould be th e  o rg a n ic  s u lp h u r  o o n te n t  (S o rg ) . So s u lp h u r  i n  

th e  o o a l  s u b s ta n c e  (Sp) w ould be

Sp » S org  100/100  -  (B-t-M)

The d i f f e r e n c e  from  100 o f  t h e  sum o f  t h e  Cp, Hp, Bp 

and Sp f i g u r e s  h a s  b e e n  r e p o r t e d  a s  oxygen an d  e r r o r s .

C a lo r i f io  v a lu e : I n  th e  d e te rm in e d  f i g u r e  f o r  t h e  o a l o r i f i o

v a lu e  o f  a i r  d r i e d  o o a l ,  c o r r e c t i o n  i s  made f o r  t h e  h e a t  o f  
fo im a tio n  and d i s s o l u t i o n  i n  w a te r  o f  s u lp h u r ic  a o id ,

/a s s u m in g .......................... #
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assum ing t h a t  a l l  th e  s u lp h u r  i n  o o a l  i s  c o n v e r te d  t o  s u lp h u r ic  

a o id . A f u r t h e r  o o r r e o t io n  i s  n e c e s s a r y  t o  ta k e  i n t o  a c c o u n t 

th e  h e a t  o f  fo rm a t io n  o f  f e r r i c  o x id e  from  p y r i t e ;  th e  c o r r e c t e d  

v a lu e  w ould th e n  r e p r e s e n t  th e  h e a t  o f  co m b u s tio n  o f  t h e  p u re  

o o a l assum ing  t h a t  th e  o rg a n ic  s u lp h u r  i s  b u rn t  t o  s u lp h u r  

d io x id e  o n ly . The f i g u r e  f o r  th e  h e a t  o f  f o rm a t io n  o f  f e r r i c  

ox id e  from  FeS2 i s  3032 gm. o a l .  p e r  gm. o f  p y r i t i o  s u lp h u r .

S ince  th e  fo z m a tio n  Fe^O^ i s  p o s s ib l e  i n  p a r t ,  th e  a u th o r s  o f  

th e  fo rm u la  reoommended a  f i g u r e  o f  3OOO o a l .  p e r  gm. o f  

p y r i t i o  s u lp h u r .  The e x p re s s io n  f o r  th e  c a l o r i f i c  v a lu e  o f  

p u re  o o a l  s u b s ta n c e  (C.Vp) i n  B *Th.u w ould th e n  be

C.Vp « (C.V -  54 S py r) 1 0 0 /1 0 0  -  Off-HI) 

where C.V i s  th e  e x p e r im e n ta l ly  d e te rm in e d  v a lu e .

C a lc u la t io n  o f  th e  m in e ra l  m a t t e r  o o n te n t  o f  th e  a c id  t r e a t e d  
sam p le ._______

F o r t h i s  th e  fo l lo w in g  fo rm u la  was a d o p te d .

M in e ra l  m a t te r  « 1 # 00 a s h  4 -  0*6 S py r -f- 0*5 o h lo r in e

The d e r i v a t i o n  o f  t h i s  fo rm u la  i s  g iv e n  i n  th e  f o l lo w in g  s e o t io n  

on th e  d i s c u s s io n  o f  r e s u l t s .

(2) The d e te r m in a t io n  o f  th e  m in e r a l  m a t t e r  o o n te n t  o f  c o a l  by 
th e  P a r r  fo rm u la .

Even th o u g h , th e  p r e s e n t  i n v e s t i g a t i o n  was c o n c e rn e d  
m a in ly  w i th  th e  K.M .C. fo rm u la , i t  w as c o n s id e r e d  

a d v is a b le  t o  o b ta in  v a lu e s  f o r  th e  m in e ra l  m a t t e r  o o n te n t

and o a l o r l f i o  v a lu e  o f  o o a l  by th e  P a r r  m ethod a l s o  f o r

/p u r p o s e s ..................................
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p u rp o se s  o f  c o m p a riso n . The v a lu e s  a re  g iv e n  i n  T ab le  B o .25.

(3) The im proved g r a p h ic a l  m ethod .

The o a l o r i f i o  v a lu e  o f  th e  d i f f e r e n t  sam p les o b ta in e d  i n  

th e  c o u rs e  o f  t h e  a c id  t r e a tm e n t  o f  th e  o r i g i n a l  sam p les 

(Bos. 9 , 1 0 , 11  and  1 2 ) w ere d e te rm in e d  by th e  B o m b -c a lo r im e te r .

The r e s u l t s  a re  g iv e n  i n  T a b le s  26, 27, 28 and 29 and 

g ra p h s  Bos. 1 , 2 , 3 » 4 . 1110 f i g u r e s  f o r  a s h  and c a l o r i f i c

v a lu e  o b ta in e d  e x p e r im e n ta l ly  w i th  a i r  d r i e d  sa m p le s , w ere 

o o r re o te d  t o  a  d ry  b a s i s  an d  p l o t t e d  a s  shown. The o a l o r i f i o  

v a lu e  o f  d ry , m in e r a l  m a t t e r  f r e e  o o a l ,  and  th e  a s h  e q u iv a le n t  

o f 100 p e rc e n t  m in e ra l  m a t t e r  w ere o b ta in e d  by e x t r a p o l a t i o n  

o f th e  a s h  -  o a l o r i f i o  v a lu e  l i n e  t o  z e ro  a s h  an d  z e ro  c a l o r i f i c  

v a lu e  r e s p e c t i v e l y .  The o a l o r i f i o  v a lu e  -  m in e r a l  m a t t e r  l i n e ,  

o b ta in e d  by  c o n n e c t in g  z e ro  c o a l  w i th  th e  p o in t  r e p r e s e n t i n g  

th e  o a l o r i f i o  v a lu e  o f  d ry  m in e ra l  m a t t e r  f r e e  c o a l ,  made i t  

p o s s ib le  t o  o b ta in  th e  m in e ra l  m a t t e r  c o n te n t  c o r r e s p o n d in g  t o  

a  g iv e n  a s h  c o n te n t  o f  th e  o o a l ,  t o  be r e a d  from  th e  g ra p h .

/c .
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T A B L E  N 0. 15

CLARAIN SAMPLE PROM BARONY COLLIERY ( SAMPLE NO. I )

O r ig in a l  
Sample 

( a i r  d r i e d k

A oid  t r e a t e d  
Sample 

( a i r  d r i e d k

( i )  P ro x im a te  a n a l y s i s

M oisjm re > 0 6 .0
Ash 1*3 0 .5
V o l a t i l e  M a t te r  (d ry , C O ^free) 5 0 .6 5 1 .4
F ix e d  o a rb o n 4 5 .1 4 2 .1

(il) U lt im a te  a n a l y s i s
C arbon (e x c lu d in g  CO2) 7 8 .6 0 7 7 .0 0
Carbon ( p r e s e n t  a s c O j* ) 0*04 -
B ydrogen 5 .6 0 5 .5 0
N itro g e n 1*20 1 .2 0
S u lp h u r  ( v o l a t i l e ) 1 .0 6 0*90
Oxygen and  e r r o r s  ( d i f f . ) 9* 2D 8 .9 0
C a lo r i f i c  v a lu e  B. T h .u . / l b . 14180 I387O

(Hi) E v a lu a t io n  o f  M in e ra l  M a tte r  
fo rm u la ) .

T o ta l  s u lp h u r 1 .0 8 0 .9 0
S u lp h a te  i n  _doal ( a s  SOj) 0 .0 3 -
P y r i t i o  s u lp h u r 0 .1 9 0 .0 5
S u lp h u r i n  a s h  ( a s  % o f  a sh ) 1*60 -

S u lp h u r  i n  a s h  ( a s  % o f  o o a l) 0 .0 2 -
SO3 i n  a s h  ( a s  % o f  o o a l 0 .0 3 -
C arbonate  i n  o o a l  ( a s  CO2) 0 .1 4 -

C h lo rin e 0 .1 6 0*10
M in e ra l M a t te r 1*68 0 .5 8

/ ( i v )
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T A B L E  N 0.13
(C ontinued)

ORI&HSAL SAMPLE ACID TREATED SAMPLE
d ry  a s h  
CO2 
f r e e  
b a s i s

d ry  m in
e r a l  
m a t t e r  

f r e e  
b a s i s

d ry  a s h  
CO2 
f r e e  
b a s i s

d ry  m in e ra l  
m a t t e r  f r e e  

b a s i s

vb Cb % %

(iv )  U lt im a te  a n a l y s i s
o f  " u n i t •e00

Carbon 8 2 .3 8 2 .5 8 2 .4 8 2 .4

Bydrogen 5-9 5.9 5.9 5-9
n i t r o g e n 1 -3 1*3 1*3 1.3

S u lp h u r l .X 0 .9 1 .0 0 .9

Oxyfen and 
e r r o r s  ( d i f f . ) 9.5 9 .4 9 .4 9-5
O a lo r i f io  v a lu e  
B .J f tu u ^ /lb  1 4 ,8 4 0 1 4 ,8 8 0 1 4 ,8 4 0 1 4 ,8 4 0
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T A B L E  If 0.  14

BITUMINOUS COAL SAMPLE FROM LtJGAR WORKS 
(SAMPLE NO. 2)

o r i g i n a l  
sam ple 

( a i r  d r i e d )
%

A cid  t r e a t e d  
sam ple 

( a i r  d r i e d )
p

( i )  P ro x im a te  a n a l y s i s

M o is tu re 3*9 4 .2
Ash 2 .5 0 .5
V o l a t i l e  M a t te r  (d ry , C O gfree) 4 5 .0 4 6 .0
F ix e d  c a rb o n 4 8 .6 4 9 .3

(1 1 ) U lt im a te  a n a l y s i s
Oarbon (e x c lu d in g  C02 ) 8 1 .0 0 8 2 .7 0
Oarbon ( p r e s e n t  a s  COj") 0 .0 2 -
H ydrogen 4 .9 0 4 .9 0
U ltro g e n 1 . 4 0 1 .4 0
S u lp h u r  ( v o l a t i l e ) 1 .0 1 O.85
Oxygen & e r r o r s  ( d i f f e r e n c e ) 5 .2 7 5 .4 5
C a lo r i f i c  v a lu e  B .T h .u . / l b . 1 4 ,8 8 0 1 5 ,1 1 0

6-ii) E v a lu a t io n  o f  m in e r a l  m a t t e r
(K.M.C. fo rm u la ) .

T o ta l  s u lp h u r 1 .0 6 O.85
S u lp h a te  in_$&al* (a s  SOj) 0 .0 6 -

P y r i t i c  s u lp h u r 0 .2 2 0 .0 9
S u lp h u r i n  a s h  (a s  % o f  a sh ) 2 .0 5 -
S u lp h u r  i n  a s h  (a s  % o f  o o a l) 0 .0 5 mm

SO^ i n  a s h  ( a s  % o f  o o a l) 0 .1 2 5 -
C arb o n ate  i n  o o a l  ( a s  OOg) 0 .0 7 -
C h lo r in e 0 .0 1 0 .0 1
M in e ra l m a t t e r 2 .8 2 O.56

/ ( i v )
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T A B L E  ff 0.  14
(C ontinued)

ORIGINAL
d ry  a s h  
CO2 fcee 
b a s i s

>

SAMPLE
d ry  m in e r
a l  m a t t e r  
f r e e  b a s is

>

ACID TREATED 
SAMPLE 

d ry  a s h  d ry  m in e r a l  
COg free  m a t t e r  f r e e  
b a s i s  b a s i s  

% %

( iv )  U lt im a te  a n a l y s i s  
o f  " u n i t  o o a l”

C arbon 8 6 .2 8 6 .8 8 6 .8 8 6 .8

Hydrogen 5 .2 5-2 5 -1 5 -1

H itro& en 1*5 1*5 1 .5 1*5

S u lp h u r 1 .1 0 .5 0 .9 0 .8

Oxygen and  e r r o r s
I d i f f . )  6 .0 5*6 5 .7 5 .8

C a l o r i f i c  v a lu e  
B .T lu iu / lb . 1 5 ,9 2 0 1 5 .9 5 0 1 5 ,8 6 0 1 5 ,8 7 0

1
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T A B L E  H 0.  1 5 .

LTJEAIB SAMPLE FBOM THA.EKERT0N COLLIEET 
(SAMPLE EO.3)

O r ig in a l  
sam ple 
( a i r  dried 
b a s i s )

7«

A oid  t r e a t e d  
sam ple ( a i r  
d r i e d  b a s i s )

%

( i )  P ro x im a te  a n a l y s i s  
M o is tu re  
Ash
V o la t i l e  m a t t e r  (d ry , CO2 f r e e )  
F ix e d  o a rb o n

(11 ) U lt im a te  a n a l y s i s
C arbon (e x o lu d in g  COg)
C arbon ( p r e s e n t  a s  CO3)
hy d ro g en
N itro g e n
S u lp h u r ( v o l a t i l e )
Oxygen A e r r o r s  ( d i f f e r e n o e )  
O a lo r i f io  v a lu e  B .T h .u . / l b .

(iii) E v a lu a t io n  o f  th e  m in e r a l  
m a t te r  (K.M.C. fo rm u la )

T o ta l  s u lp h u r
S u lp h a te  I n  d e a l  ( a s  SO5)
P y r i t i o  s u lp h u r
S u lp h u r  i n  a s h  (a s  7°  o f  a sh )
S u lp h u r  i n  a s h  (a s  % o f  o o a l)
SO^ i n  a s h  ( a s  % o f  o o a l)
C arb o n ate  i n  o o a l  ( a s  CO2)
C h lo r in e
M in e ra l m a t t e r

2-5
3-5

3 4 .0
6 0 .0

7 4 .0 0  
0 .0 3  
5 .1 0  
0 .9 0  
0 .9 5  

1 3 .0 2  
13270

1.01 
0 .0 6  
0 .1 3  
1 .7 1  
0 .0 6  
0 .1 5  
0.11 
0.01 
3 .8 7

1.8
0 .8

3 4 .6
6 2 .8

7 6 .6 0

5 .2 0
1.00
0 .8 0

1 3 .8 0
13790

0 .8 0
mm

0. 02

0.01
0 .8 2

/ ( t v )



T A B L E  n 0.  15
(C ontinued)

o B i & m i SAMPLE ACID TREATED
d ry  a s h d ry  n i n  SAMPLE
C02 j a * ! d ry  a s h d ry
f r e e m a t t e r C02 m in e ra l
b a s i s f r e e f r e e m a t t e r

b a s i s b a s i s f r e e
b a s i s

i % % 1°

( iv )  U lt im a te  a n a l y s i s  
o f  " u n i t  o o a l”

Carbon 7 8 .8 79*0 7 8 .6 7 8 .7

H ydrogen 5 .4 5 -3 5 .3 5 -3

n i t r o g e n 1 .0 1 .0 1 .0 1 . 0

S u lp h u r 1 .0 0 .9 0 .8 0 .8

Oxygen & e r r o r s  
( d i f f e r e n c e ) 1 3 .8 1 3 .8 1 4 .3 1 4 .2

C a l o r i f i c  
V alue B. T h . tu / l b 1 4 ,1 4 0 1 4 ,1 8 0 1 4 ,1 6 0 1 4 ,1 6 0
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T A B L E  H 0.  16

BUKA.IE COETAIHIHG BEIGHT COAL (SAMPLE HO. 4 )

O r ig in a l  
sam ple 

( a i r  d r ie d )
%

A cid  t r e a t e d  
sam ple * 

( a i r  d r ie d )
7°

( i )  P ro x im a te  a n a l y s i s

M o is tu re 2 .0 3 .8
Ash 4 . 8 0 .4
V o la t i l e  m a t t e r  (d ry , CO2 f r ee ) 3 8 .6 3 9 .5
F ix e d  o a rh o n 5 4 .6 5 6 .3

(11) U lt im a te  a n a l y s i s
C a rto n  (e x c lu d in g  CO2) 7 1 .7 0 7 4 .0 0
C a rto n  ( p r e s e n t  a s  CO^1*) 0 .0 5 -
H ydrogen 4 .5 0 4 .6 0
N itro g e n 1 .2 0 1 . 20
S u lp h u r  ( v o l a t i l e ) 1 .1 3 0 .5 9
Oxygen & e r r o r s  ( d i f f e r e n c e ) 1 4 .6 2 1 5 .4 1
C a l o r i f i c  v a lu e  B .T h .u . / l h . 13340 13770

(iii)  E v a lu a t io n  o f  th e  m in e ra l
m a t t e r  (K.M .C. fo rm u la )

T o ta l  s u lp h u r 1 . 23 0 .5 9
S u lp h a te  in :_ o o a l ( a s  SO3) 0 .1 5 •
P y r i t i c  s u lp h u r 0 .5 1 0 .0 4 5
S u lp h u r  i n  a s h  (a s  % o f  a sh ) 2 .0 0 -
S u lp h u r  i n  a s h  (a s  % o f  c o a l ) 0 .1 0 -

S O jin  a s h  (a s  $  o f  o o a l) 0 .2 5 -
C a r to n a te  i n  c o a l  (a s  CO2) 0 .2 0 -
C h lo r in e 0 .0 4 0 .0 4
M in e ra l m a t t e r 5 .5 4 0 .4 5

/ ( i v )
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T A B L E  E 0.  16
(C ontinued)

OBIGrlEAl 
d ry  a s h  
C02
f r e e
b a s i s

%

SAMPLE
d ry  m in
e r a l  
m a t t e r  
f r e e  
b a s i s

%

ACID TREATED
sample

d ry  a s h  cltj 
0^2 m in e ra l  
f r e e  m a t t e r  
b a s i s  f r e e  b a s i s

% >

(Lv) U lt im a te  a n a l y s i s  
o f  " u n i t  a o a ! "

Carbon 7 7 -1 77*5 7 7 .2 7 7 .3

H ydrogen 4 . 8 4 . 8 4 .8 4 .8

E it r o g e n 1 1 .3 1*3 1*3 1*3

S u lp h u r 1 .2 0 .7 0 .6 0 .6

Oxygen & e r r o r s  
( d i f f e r e n c e )

1 5 .6 1 5 .7 1 6 .1 1 6 .0

C a l o r i f i c  v a lu e  
B .T h .u . / l b 1 4 ,3 4 0 1 4 ,4 3 0 1 4 ,3 7 0 1 4 ,3 8 0



-  155 -

T A B L E  E 0.  17

A SAMPLE OP FUSAIE FROM DIAMOEL SEAM, AYR COLLIERT
(SAMPLE EO.5 )

O r ig in a l  
sam ple  
( a i r  d ried , 
b a s i s )

%

( i )  P rox im ate a n a l y s i s

m

A e id  t r e a t e d  
sam ple ( a i r  
d r ie d  b a s i s )

1°

M o is tu re 8 .2 2 .3
Ash 5 .4 1 -3
V o l a t i l e  M a t te r  (d ry  CO2 f r e e ) 1 9 .6 1 4 .2
F ix e d  o a rb o n 6 6 .8 8 1 .7

U lt im a te  a n a l y s i s
o a rb o n  (e x e lu d in g  CO2) 7 8 .0 0 8 7 .6 0
o a rb o n (p re s e n t  a s  COj” ) O.33 -
hyd rogen 2 .6 0 2 .8 0
E it ro g e n 0 .9 0 1 .1 0
S u lp h u r  ( v o l a t i l e ) 1® 21 0 .9 0
Oxygen & e r r o r s  ( d i f f e r e n c e ) 3 .3 7 3 .5 0
O a lo r i f io  v a lu e  B .T h .u . / l b . 1 2 ,4 7 0 1 3 ,9 0 0

E v a lu a t io n  o f  m in e r a l  m a t t e r  
(K.M.C. fo rm u la )

T o ta l  s u lp h u r 1 .2 8 0 .9 6
S u lp h a te  in  oO al (a s  SOj) 0 .0 6 -
P y r i t i o  s u lp h u r O.53 0 .2 1
S u lp h u r i n  a s h  (a s  % o f  a sh ) 1 . 32 -
S u lp h u r  i n  a s h  (a s  % o f  o o a l) 0*07 -
SO3 i n  a s h  ( a s  % o f  o o a l) 0 .1 8 -
C arb o n a te  i n  o o a l  ( a s  CO2) 1 .2 0 -
C h lo r in e 0 .1 6 0 .1 2
M in e ra l m a t t e r 7 .0 5 1 .4 9

/ ( i v )
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T A B L E  U 0 ® 17
(C ontinued)

(1?) U lt im a te  a n a l y s i s  
0t  t!u n i t  o o a l1*

Carbon

5 yd rogen

n i t r o g e n

S u lp h ur

Oxygen & e r r o r s  
( d i f f e r e n c e )

O a lo r i f i o  v a lu e  
B .T h .u . / l b

ORIGINAL SAMPLE 
d ry  a s h  d ry  m in  
CO2 e r a l
f r e e  m a t t e r
b a s i s  f r e e

b a s i s

‘Jo %

91*6 9 2 .0

3 . 1 3 .0

1 .1 1 .1

1 . 4 0 .9

2 .8 3 .0

,6 3 0  1 4 ,6 8 0

ACID TREATED 
SAMPLE

d ry  a s h  d ry  
CO2 m in e ra l
f r e e  m a t t e r
b a s i s  f r e e

b a s i s
Cj/» %

9 1 .4 9 1 .5

2 .9 2 .9

1 .1 1 .1

0 .9 0 .7

3»7 3 .8

1 4 ,5 0 0  1 4 ,5 2 0
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T A B L E  If 0. 18

FCTSAIH SAMPLE FROM WARRIX COLLIERI (SAMPLE HO.6 )

O r ig in a l  
sam ple 
( a i r  d r i e d  
t a s i s )

>

A cid  t r e a t e d  
sam ple ( a i r  
d r i e d  t a s i s )

/°

(1 ) P ro x im a te  a n a l y s i s  

M o ls to re 2 .5 1 .2
Ash 2 3 .4 3 .0
V o la t i l e  M a t te r  (d ry , CO2 f r e e ) 2 1 .5 2 3 .I
F ix e d  c a rb o n 5 2 .6 7 2 .7

( i i ) U lt im a te  a n a l y s i s  
C a rto n  ( e x c lu d in g  CO2) 5 8 .7 0 84.3O
C a rto n  ( p r e s e n t  a s  CO3” ) 1 .9 5 mm

h y d ro g en 2 .4 0 3 .0 0
B i tro g e n 0 .8 0 1 .1 0
S u lp h u r  ( v o l a t i l e ) 2 .4 5 1 .9 2
Oxygen & e r r o r s  ( d i f f e r e n c e ) 7 .8 0 5 .4 8
C a l o r i f i c  v a lu e  B .T h .u . / l b 9 ,5 5 0 1 3 ,4 4 0

(131) E v a lu a t io n  o f  m in e r a l  m a t t e r  
(K.M.C* fo rm u la )

P o t a l  s u lp h u r 2 .6 5 1 .9 2
S u lp h a te  i n  c o a l  ( a s  SO5) 0 .0 6 -
P y r i t i o  s u lp h u r 1 .0 3 O.33
S u lp h u r  i n  a s h  (a s  % o f  a sh ) O.85 -
S u lp h u r  i n  a s h  (a s  % o f  c o a l ) 0 .2 0 -
SO3 I n  a s h  ( a s  % o f  c o a l ) O .50 -
C a r to n a td  i n  o o a l  ( a s  CO ) 7 .1 8 -
C h lo r in e 0 .0 7 0 .0 5
M in e ra l  m a t t e r 3 1 .3 0 3 -*3
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T A B L E  H 0.  18
(Continued.)

ORIGINAL SAMPLE
d ry  a s h  d ry  mi n . 
002 a n a l
f r e e  m a t t e r
b a s i s  f r e e

b a s i s

% %

ACID TREATED 
SAMPLE

d ry  a s h  d ry
CO2 m in e r a l
f r e e  m a t t e r
b a s i s  f r e e

b a s i s
Cjo >

( iv )  U lt im a te  a n a l y s i s  
o f  " u n i t  o o a l”

C arbon 8 7 .7 8 8 .7 8 8 .0 8 8 .2

H ydrogen 3 .6 3 .4 3 .1 3 -1

M tro g e n 1 .2 1 .2 1 .1 1 .2

S u lp h u r 3*7 2 .4 2 .0 1*7

Oxygen & e r r o r s  
( d i f f e r e n c e ) 3 .8 4 .3 5 .8 5 .8

C a lo r i f i c  v a lu e  
B#T h * u ./ lb 1 4 ,2 8 0 1 4 ,3 5 0 1 4 ,0 3 0 1 4 ,0 4 0
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T A B L E  B 0. 19

CAMEL FECM LOAHBEAD COLLIER! (SAMPLE HO. 7 )

O r ig in a l  
sam ple 
( a i r  d r i e d  
b a s i s )

%

A oid  t r e a t e d  
sam ple  ( a i r  
d r i e d  b a s i s )

%

( i ) P ro x im a te  a n a l y s i s  
M o is tu re 5 -2 4 . 6
Ash 2 .9 0 .7
V o l a t i l e  m a t t e r  (d ry  CO2 f r e e ) 5 0 .0 5 0 .2
F ix e d  o a rb o n 4 1 .9 4 4 . 5

( i i ) U lt im a te  a n a l y s i s  
C arbon ( e x c lu d in g  CO2) 69*00 7 1 .0 0
C arbon ( p r e s e n t  a s  COj") 0 .0 3 -

h y d ro g en 6 .4 0 6 .6 0
M tro g e n 1 .3 0 1 .4 0
S u lp h u r  ( v o l a t i l e ) 0 .9 7 0*79
Oxygen & e r r o r s  ( d i f f e r e n o e ) 1 4 .2 0 14*91
C a l o r i f i c  v a lu e  B .T h * u * /rb 1 4 ,0 4 0 1 4 ,4 6 0

m E v a lu a t io n  o f  m in e r a l  m a t t e r  
(X*M*C« fo rm u la )

T o ta l  s u lp h u r 0*98 0*79
S u lp h a te  i& QDal ( a s  SOj) 0*005 -
P y r i t i o  s u lp h u r O.33 0 .1 7
S u lp h u r  i n  a s h  ( a s  % o f  a sh ) 0*40 Oft

S u lp h u r  i n  a s h  ( a s  % o f  o o a l) 0*01 -
SOj i n  a s h  (a s  % o f  o o a l) 0 .0 2 5 mm

C a rb o n a te  i n  o o a l  ( a s  CO2) 0 .1 2 mm

C h lo r in e 0*24 0 .2 0
M in e ra l  m a t t e r 3-52 0*90

/ H t )
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T A B L E  IT 0 . 19
I C ontinued)

ORIGIIHL
d ry  a s h  
CO2 
f r e e  
b a s i s

%

SAMPTVE
d ry  m in
e r a l  
m a t t e r  
f r e e  
b a s i s

%

ACID TREATED 
SAMPLE

d ry  a s h  d ry  
CO2 m in e ra l  
f r e e  m a t t e r  
b a s i s  f r e e  

b a s i s
~l° %

( iv )  U lt im a te  a n a l y s i s  
o f  f* un it c o a l "

C arbon 7 5 .2 7 5 .6 7 5 . 0 7 5 .2

h y d ro g en 7 . 0 7 .0 7 . 0 7 .0

M tro g e n 1*4 1 .4 1 .5 1*5

S u lp h u r 1 .1 0 .7 0 .8 0 .7

Oxygon & e r r o r s  
( d i f f e r e n c e ) 1 5 .3 1 5 .3 1 5 .7 1 5 .6

C a lo r i f i c  J a lu e  
B . f h * u . / l b 1 5 ,3 0 0 1 5 ,3 6 0 1 5 ,2 7 0 1 5 ,3 0 0



CAMEL FRCBI COWDEEBEATH COLLIERY (SAMPLE BO. 8)

O r ig in a l  
sam ple  
( a i r  d r i e d  
b a s i s )

>

A d d  t r e a t e d  
sam ple ( a i r  
d r i e d  b a s i s )

7°

( i ) P ro x im a te  a n a l y s i s
M o is tu re 3*4 4*6
Ash 3-9 0*5
V o l a t i l e  M a t te r  (d ry  CO2 f r e e ) 5 1 .2 5 3 -3

( ii)

F ix e d  c a rb o n  

U lt im a te  a n a l y s i s

41*5 4 1 .6

C arbon ( e x c lu d in g  CO2) 75*60 77*80
C arbon ( p r e s e n t  a s  COj") 0 .  0 1 —
h y d ro g en 5 .4 0 5 *5©
n i t r o g e n 1 .1 0 1 .1 0
S u lp h u r  ( v o l a t i l e ) 1 .2 9 0 .8 0
Oxygen A e r r o r s  ( d i f f e r e n c e ) 9 . 5 0 9 . ? o

m
C a l o r i f i c  v a lu e  B .T h .u . / l b

E v a lu a t io n  o f  t h e  m in e r a l  m a t t e r  
(E.M.C* fo rm u la )

1 4 ,4 0 0 1 4 ,7 6 0

T o ta l  s u lp h u r 1*57 0 .8 0
S u lp h a te  I n  0o a l  ( a s  SOj) 0 .0 9 mm

P y r i t i o  s u lp h u r 0 .4 7 0 .0 6
S u lp h u r  i n  a s h  ( a s  o f  a sh ) 2 .0 0 -
S u lp h u r  i n  a s h  ( a s  7* o f  c o a l ) 0 .0 8 -
SOj i n  a s h  ( a s  % o f  c o a l ) 0 .2 0 mm

C arb o n a te  i n  c o a l  ( a s  CO2) 0 .0 3 -
C h lo r in e 0 .1 8 0 .1 5
M in e ra l  m a t t e r 4 .4 7 O.55

/  ( i v )
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T A B L E  H 0 .  20
(C ontinued)

ORIGINAL SAMPLE
d ry  a s h  d ry  m in - 
C02 e r a l  
f r e e  m a t t e r  
b a s i s  f r e e  

b a s i s
% %

ACID TREATED 
SAMPLE

d ry  a s h  d ry  
COj? m in e ra l  
f r e e  m a t t e r  
b a s i s  f r e e  b a s i s

% %

( iv )  U l t im a te  a n a l y s i s  
o f  " u n i t  e o a l"

C arbon 8 1 .5 8 2 .1 8 2 .0 8 2 .0

H ydrogen 5 .8 5 .8 5 .8 5 .8

H ltro g e n 1 .2 1 .2 1 .2 1 .2

S u lp h u r 1 .4 0 .9 0 .8 0 .8

Oxygen & e r r o r s  
( d i f f e r e n c e ) 1 0 .1 1 0 .0 1 0 .2 1 0 .2

C a l o r i f i c  v a lu e  
B .T h .u . / l b 15530 1 5 ,6 0 0 1 5 ,5 7 0 1 5 ,5 9 0
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T A B L E  H O . 21 

CAHffl. FROM RA.HD0LPH COLLIERY (SAMPLE HO. 9)

O r ig in a l  
sam ple 
( a i r  d r i e d  
b a s i s )

%

A cid  t r e a t e d  
sam ple ( a i r  
d r i e d  b a s i s )

%

(1) P ro x im a te  a n a l y s i s

M o is tu re 4 . 4 5 .6
Ash 6 .5 1*9
V o l a t i l e  m a t t e r  (d ry  OOz f r e e ) 6 3 .3 6 4 .7
F ix e d  c a rb o n 2 5 .8 2 8 .8

( l i )  U lt im a te  a n a l y s i s
c a rb o n  ( e x c lu d in g  CO2) 6 2 .9 0 6 6 .0 0
c a rb o n  ( p r e s e n t  a s  COjn ) 0 .1 1 •
H ydrogen 6 .5 0 6*70
H itro g e n 1 .0 0 1 .1 0
S u lp h u r  ( v o l a t i l e ) 3 .1 4 2 .1 7
Oxygen & e r r o r s  ( d i f f e r e n c e ) 1 5 4 5 1 6 .5 3
C a l o r i f i c  v a lu e
B .T h .u . / l b 1 3 ,4 0 0 1 4 ,0 0 0

(£11) E v a lu a t io n  o f  m in e r a l  m a t t e r
(K.M.C. f o r m u la ) .

T o ta l  s u lp h u r 3 .3 0 2 .1 7
S u lp h a te  i n  c o a l  ( a s  SO3) 0 .3 0 -
P y r i t i o  s u lp h u r 1 .4 6 O.74
S u lp h u r  i n  a s h  ( a s  % o f  a sh ) 2 .5 0 -
S u lp h u r  i n  a s h  ( a s  % o f  c o a l ) 0 .1 6 -
SOj i n  a s h  ( a s  % o f  c o a l ) 0 .4 0 -
C a rb o n a te  i n  c o a l  (a s  CO2) 0 .4 0 -
C h lo r in e 0 .0 6 O.Oi
M in e ra l  m a t t e r 8.O3 2 .3 6

/  ( i v )
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T A B L E  E 0 . 21
(C ontinued)

ORIGINAL sa,mpt;e ACID TREATED
dry ash dry min SIMPLE
C©2 eral dry ash dry
free matter CO2 mineral
basis free free matterbasis basis free basis

> 7>
cy 7°

( I t ) U ltim a te  a n a l y s i s  
o f  " u n i t  c o a l"

Carbon 70*9 7 1 .9 7 1 .4 7 1 .7

H ydrogen 7 - 3 7 -4 7 .2 7 . 3

E it r o g e n 1 .1 l . l 1 .2 1 .2

S u lp h u r 3*5 2 .0 2 -3 1 .6

Oxygen <& e r r o r s  
( d i f f e r e n c e ) 1 7 .2 17 .6 17*9 1 8 .2

C a l o r i f i c  v a lu e  
B .T h . i i . / l b 1 5 ,1 1 0 1 5 ,2 2 0 1 5 ,1 4 0 1 5 ,1 7 0



CANNEL FRCH VIRTUEWELL SEAM, ROYAL GEORGE COLLIEEY
(SAMPLE NO. 1 0 )

O r ig in a l  
sam ple 
( a i r  d r i e d  
b a s i s )

%

A cid  t r e a t e d  
sam ple  ( a i r  
d r i e d  b a s i s )

%

( i ) P ro x im a te  a n a l y s i s  
M o is tu re 3-9 5 -2
Ash 2 6 .5 1*3
V o l a t i l e  m a t te r  (d ry  CO2 f r e e ) 4 0 .1 4=9 -9
F ix e d  c a rb o n 29 .5 4 3 .6

( i i ) U lt im a te  a n a l y s i s  
C arbon (e x c lu d in g  OO2) 5 3 .0 0 7 4 .4 0
C arbon ( p r e s e n t  a s  QOjn) 0 .3 0 .»
h y d ro g en 6 .6 0 8 .8 0
N itro g e n 0 .8 0 1 .2 0
S u lp h u r  ( v o l a t i l e ) 0 .7 6 0 .6 2
Oxygen & e r r o r s  ( d i f f e r e n c e ) 8 .1 4 8 .4 8
C a l o r i f i c  v a lu e  B .T h .u . / l b 1 0 ,8 4 0 1 5 ,0 5 0

tl i l ) E v a lu a t io n  o f  m in e ra l  
m a t t e r  (K.M.C* fo rm u la )

T o ta l  s u lp h u r 0 .8 4 0 .6 2
S u lp h a te  i n  c o a l  ( a s  SO3) 0 .0 8 -
P y r i t i o  s u lp h u r 0 .4 4 0 .2 4
S u lp h u r  i n  a s h  (a s  % o f  a sh ) 0 .3 0 -
S u lp h u r  i n  a sh  (a s  % o f  c o a l ) 0 .0 8 -
SO3 i n  a s h  (a s  % o f  o o a l) 0 .2 0 -
C a rb o n a te  i n  o o a l  ( a s  CO2) 1 .1 0 -
C h lo r in e 0 .0 6 0 .0 8
M in e ra l  m a t t e r 2 9 .8 8 1 .4 8

/  ( i v )
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T A B L E  H 0 . 22
( Continued)

ORIGIHAL
d ry  a s h  
CO2 
f r e e  
b a s i s

%

SAMPLE

d ry  m in e r
a l  m a t t e r  
f r e e  b afc is

>

ACID TREATED 
SAMPLE

d ry  a s h  d ry  
CO2 m in e ra l  
f r e e  m a t t e r
b a s i s  J 2* ?

b a s i s
> %

( I t ) U lt im a te  a n a l y s i s  
o f  " u n i t  o o a l"

C arbon 77*4 8 0 .0 7 9 .6 7 9 .7

H ydrogen 9 .6 9*6 9 .4 9 .4

U itro g e n 1 .2 1 .2 1*3 1*3

S u lp h u r 1 .1 0 .6 0 .7 0 . 4

Oxygen & e r r o r s  
( d i f f e r e n c e ) 1 0 .7 8 .6 9 . 0 9 .2

C a l o r i f i c  v a lu e  
B. H u t u / l b 1 5 ,8 2 0 1 6 ,3 2 0 1 6 ,1 0 0 1 6 ,1 2 0
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T A B L E  E 0* 23.

CAEHEL FROM KILTOEGUE SEAM (SAMPLE E O .l l )

O r ig in a l  A cid  t r e a t e d  
sam ple sam ple ( a i r
( a i r  d r ie d  d r ie d  B a s i s )  
B a s is )

( i )  P ro x im a te  a n a l y s i s
M o is tu re 3*9 4 .2
Ash 33. a 1 .2
V o l a t i l e  m a t t e r  (d ry  CO  ̂ f r e e ) 4 8 .8 5 4 .6
F ix e d  oarB on 1 3 -5 4 0 . 0

U ltim a te  a n a l y s i s

oarB on (e x c lu d in g  CO2) 4 6 .6 0 7-4 .6 0
CarBon ( p r e s e n t  a s  COjrt) 0 .0 2 •
H ydrogen 4 . 3 0 6 .2 0
H itro g e n 0 .9 0 1 .5 0
S u lp h u r  ( v o l a t i l e ) 2 .4 3 O.85
Oxygen & e r r o r s  ( d i f f e r e n o e ) 8 .0 5 11*45
C a l o r i f i c  v a lu e  B .T h .u . / lB 8750 1 3 ,7 2 0

E v a lu a t io n  o f  t h e  m in e ra l  
m a t t e r  (K.M.C. fo rm u la )
T o ta l  s u lp h u r 2 .7 3 O.85
S u lp h a te  I n  d o a l  (a s  SO5) 0 .2 4 -
P y r i t i o  s u lp h u r I .9 8 0 .2 0
S u lp h u r  i n  a s h  (a s  % o f  a sh ) 0 .9 0 -
S u lp h u r  i n  a s h  (a s  % o f  o o a l) O.3O -
SO3 i n  a s h  (a s  % o f  o o a l) O.75 -
C arB onate  i n  o o a l  ( a s  CO2) 0 .0 7 -
C h lo r in e 0 .0 4 0 .0 4
M in e ra l  m a t t e r 37-32 1 .3 4
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T A B L E  E 0 . 23
(C onti nu t A)

0RIGIKA1 SAMPLE ACID TREATED
d ry  a s h d ry  m in SAMPLE
CO2 e r a l d ry  a s h d ry
f r e e m a t t e r C02 m in e ra l
B a s is f r e e f r e e m a t t e r  \

B a s is B a s is f r e e
B a s is

% % % %

( iv )  U lt im a te  a n a l y s i s  
o f  " u n i t  o o a l"

oarB on 7 4 .9 7 9 -3 7 8 .8 7 9 .0

h y d ro g en 6 .9 6 .8 6 .6 6 .6

E it r o g e n 1 .4 1 .5 1 .6 1 .6

s u lp h u r 3-9 l . l 0 .9 0 .7

oxygen & e r r o r s  
( d i f f e r e n c e ) 1 2 .9 1 1 .3 1 2 .1 1 2 .1

o a l o r i f i o  v a lu e  
B .T h .u . / lB 1 4 ,0 6 0 1 4 ,7 0 0 1 4 ,5 0 0 1 4 ,5 1 0
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T A B L E  IT 0.  24.

IHFERIOK CAHNEL -  WHITEHI11  COUjIEKT 
(SAMPLE HO. 12  )

O r ig in a l  
sam ple 
( a i r  d r i e d  
t a s i s )

1°

A cid  t r e a t e d  
sam ple  ( a i r  
d r i e d  t a s i s )

cb

( i )  P ro x im a te  a n a l y s i s
M o is tu re 4 .5 4 .2
Ash 4 3 .5 0 .6
V o l a t i l e  m a t t e r  (d ry  Co^ f r e e ) 4 0 .8 6 2 .4
F ix e d  o a r to n 1 1 .2 3 2 .8

( i i )  U l t im a te  a n a l y s i s
C a rto n  (e x c lu d in g  CO2) 3 8 .2 0 7 6 .0 0
C a r to n  ( p r e s e n t  a s  COj” ) 0 .4 1 -
h y d ro g en 4 .3 0 7 .8 0
H itro g e n 0 .7 0 1 .4 0
S u lp h u r  ( v o l a t i l e ) o .6 § 1 .0 7
Oxygen & e r r o r s  ( d i f f e r e n c e ) 7 .7 1 8 .9 3
C a l o r i f i c  v a lu e  B .T h .u . / l b 7 ,6 0 0 1 5 ,1 2 0

( i i i )  E v a lu a t io n  o f  m in e r a l
m a t t e r  (K.M.C. fo rm u la )
T o ta l  s u lp h u r 1 .0 0 1 .0 7
S u lp h a te  . i n jS o a l  ( a s  SO5) 0 .0 6 -
P y r i t i c  s u lp h u r 0 .3 8 0 .0 7
S u lp h u r  i n  a s h  (a s  % o f  a sh ) 0 .7 4
S u lp h u r  i n  a s h  ( a s  % o f  e o a l) 0 .5 2 T
SO3 i n  a s h  ( a s  % o f  c o a l ) 0 .8 0 -
C a rb o n a te  i n  o o a l  ( a s  COg*) 1*50 -
C h lo r in e 0 .0 4 0 .0 6
M in e ra l  m a t t e r 4 8 .0 0 0 .6 7

/ U t )
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T A B L E  E 0.  24
(C ontinued)

ORIGINAL SAMPLE ACID TREATED
d ry  a sh d ry  m in SAMPLE
C02 e r a l d ry  a sh dry
f r e e m a tte r C02 m in e r a l
B a s i s f r e e f r e e m a tte r

%

B a s is B a s is f r e e  B a s i s
% %

( I t ) U lt im a te  a n a ly s i s  
o f  " u n it  o o a l"

CarBon 75*7 8 0 .4 7 9 .8 7 9 -9

H ydrogen 8 .5 8 .2 8 .2 8 .2

H itr o g e n 1 . 4 1 .5 1 .5 1 .5

Su lp h u r 1 .3 1*3 1 .1 1 .1

Oxygen & e r r o r s  
( d i f f e r e n c e ) 1 3 .1 8 .6 9 . 4 9 .3

C a l o r i f i c  v a lu e  
B .T h .u . / lb 1 5 ,0 5 0 1 5 .9 6 0 1 5 .8 9 0 1 5 ,9 0 0
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T A B L E  E 0.  25

APPLICATION OP THE PARR FOMULA FOR THE PETE EMI HAT I  OH 
OF MINERAL MATTER IE  COAL

Sam
p le
No.

M o istu r e

%

Ash

%

Mineral
m a tte r

%

M in era l
m a tte r /
a sh
r a t i o

C a lo r i f io  v a lu e  
o f  d ry  m in e r a l  
m a tte r  f r e e  
o o a l  B .T h .u . / lb

(1 ) 3 . 0 1*3 2 .0 0 1 .5 4 1 4 ,8 7 0 I

(2 ) 3*9 2-5 3 .2 8 1 .3 1 1 5 ,9 8 0

( 5 ) 2-5 3*5 4 .3 4 1 .2 4 1 4 ,1 9 0

(4 ) 2 .0 4 .8 5 .8 6 1 .2 2 1 4 ,4 1 0

(5 ) 8 .2 5 .4 7 .8 3 1 .4 5 1 4 ,7 7 0

(6) 2 .5 2 3 .4 3 4 .4 9 1 .4 7 1 4 ,9 5 0

(7 ) 5*2 2 .9 3 .6 7 1 . 27 1 5 ,3 6 0
;

(8) 3 -4 3*9 4*96 1 .2 7 1 5 ,6 3 0
l

(9 ) 4 . 4 6 .5 8*84 1*36 1 5 ,2 6 0 1
1

(10) 3-9 2 6 .5 3 0 .2 6 1 .1 4 1 6 ,4 0 0

(11) 3*9 3 3 .8 3 8 .0 0 1 .1 2 1 4 ,8 3 0

(12) 4 .5 4 3 .5 49*15 1 .1 3 1 6 ,2 9 0

NOTE: B eca u se  o f  th e  h ig h  CO2 c o n te n t  o f  Sam ples  
(Eos* 5 , 6 , 1 0  and 12) th e  m o d if ie d  P a r r  

fo rm u la  (1 .0 8  (A+C02)+<)*55 su lp h u r )  was 
u se d  i n  t h o s e  e a s e s .
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U B L I  H 0.  26.

DETEEMIHA.TIOU OF THE MIHERAi HITTER BY THE 
GRiPHICAl METHOD.

C annel from  R andolph  o o l l i a r y  (Sam ple Ho. 9 )
( Ot : g ra p h  B o .l )

E x p erim en t Ash (d ry ) 
Kb. %

C a lo r i f i o  v a lu e  (d ry )  
B .3? h .u . / l h

A: I  1 7 -3 1 2 ,0 0 0

I I  1 1 .0 1 3 ,0 9 0

I I I  6 .8 1 4 ,0 2 0

IV 2 .0 1 4 ,8 3 0

B: Ash e q u iv a le n t  o f  lOOfo ) 
m in e ra l  m a t t e r  (from  g r a p h ) ) > 77*0

M in e ra l  m a t t e r  c o n te n t  o f  ) 
o r i g i n a l  sam ple from  g ra p h ) i  8 .5

M in e ra l  m a t t e r / a s h  r a t i o 1 .5 1

C a lo r i f i o  v a lu e  o f  th e  d ry , 
m in e ra l  m a t t e r  f r e e  o o a l  by  
e x t r a p o l a t i o n  B .T h .u . / l b

15200



g r a p h  n p  I.

( SAMPLE N ° 9)

1 6 0 0 0

1 5 2 0 0

C V.  - A S H  L IN E

c v -  m i n e r a l  Ma t t e r  l i n eg 12000

8 0 0 0

u 4 0 0 0

100g S 85
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T A B L E  E 0.  27

DETEHMIHATIOH OF THE MIBERAL MATTER BY THE 
GRAPHICAL METHOD

C a n n e l, V Y rtu ew ell seam , R oyal G eorge C o l l i e r y  
( Sample Ho* 10  )
(C f : g ra p h  Bo*2)

E x p erim en t
Bo.

A sh (d ry )of1°
C a lo r i f i o  T a lu e  (d ry )  

B .T h .u . /l"b

A* I 2 7 .6 1 1 ,2 8 0

I I 1 8 .4 1 2 ,7 5 0

I I I 1 0 .2 1 4 ,3 2 0

ITT 6 .8 1 4 ,9 0 0

7 1 .5 1 5 ,9 7 0

B* Ash e q u iv a le n t  o f  100  % ) o
m in e r a l  m a t t e r  from  g ra p h )  '° oy*u

M in e ra l  m a t t e r  c o n te n t  o f )
th e  o r i g i n a l  sam ple from  ) > 3^®0
graph*  )

M in e ra l  m at t e r / a s h  r a t i o .  1*13

C a l o r i f i c  v a lu e  o f  t h e  d r y , ) 
m in e ra l  m a t t e r  f r e e  o o a l  "by) 1 6 ,2 5 0
e x t r a p o l a t i o n  B .T h .u . / l b
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G r a p h  n 9  z  .
(  S a m p l e  n ? i o .)

1 6 2 5 0

C V -  A S H  L I N E

C.v.-M i n e r a l  M a t t e r  l i n e .

Zo 26-5 30 AO 60

°/o ASH (_ORY)

100
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T A B L E  3ST 0 .  2 b

DETEMIHATIOH OF THE MIHERAL MATTER BY THE ORAPHICAl
METHOD

C an n e l, K L ltongue seam (Sample Ho. 1 1 ) 
(C fs graph. Ho. 3)

E x p erim en t
Ho.

A sh (d ry )
%

C a l o r i f i o  v a lu e  (d ry )  
B .T h .u . / l b

A. I 3 5 .0 9 ,1 1 0

I I 1 8 .0 1 1 ,9 8 0

I I I 7 -5 1 3 .7 5 0

17 1*3 1 4 ,4 1 0

B. Ash e q u iv a le n t  o f  100 % 
m in e r a l  m a t te r  from  g ra p h I*
M in e ra l  m a t t e r  c o n te n t  o f  t h e )
o r i g i n a l  sam ple from  g ra p h  

M in e ra l  m a t t e r / a s h  r a t i o

)

8 8 .5

3 8 .0

1 .1 2

C a l o r i f i c  v a lu e  o f  th e  d r y ,  
m in e r a l  m a t t e r  f r e e  c o a l  by 
e x t r a p o l a t i o n  B .T h . iu / l b

1 4 ,7 0 0
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1 6 0 0 0 . .

I 4 1 0 0

C V . - A S H  L I N E
c.v.—m i n e r a l  m a t t e r  l i n e

8 0 0 0 ..

36 3 8 4 0 8 0  885 100
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T A B L E  1ST 0.  29

DETERMIHATION OP THE MIHERAL MATTER BY THE SRAPHICA1
METHOD

I n f e r i o r o a n n e l , W h i te h i l l  c o l l i e r y  
(O f: g ra p h  Eo*4 )

(Sam ple H o.1 2 )

E x p e rim e n t 
E 0 .

Ash (d ry )
%-

C a l o r i f i c  v a lu e  
B .T h .u ./ l 'b

A. I 4 5 .5 7 ,9 6 0

I I 3 3 .8 9 ,8 7 0

I I I 26,4 1 1 ,0 9 0

IT 1 8 .8 1 2 ,5 0 0

T 1 0 .0 1 4 ,0 0 0

VI 6 .0 1 4 ,6 6 0

V II 0 .6 1 5 ,7 0 0

B* Ash. e q u iv a le n t  o f  100  7° ) % 91  0
m in e r a l  m a t te r  from  g ra p h  ) 10 ~ *

M in e ra l  m a t t e r  c o n te n t  o f  t h e )  „/ 4 8 .0
o r i g i n a l  sam ple from  g ra p h  ) /o

M in e ra l  m a t t e r / a s h  r a t i o  1*10

C a l o r i f i c  v a lu e  o f  d ry  m in e r a l  
m a t t e r  f r e e  o o a l  h y  e x t r a p o la 
t i o n  B .T h * u ./ lb

1 5 ,9 0 0
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GRAPH n ? 4 .
( S a m p l e  n ?  1 2 )

15900 .

C V -  ASH L IN E

c v. -  M i n e r a l  m a t t e r  l i n e
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0. DISCUSSION OF RESULTS.

^  Q -enera l: I n  th e  T a b le s  13 t o  2 4 , th e  u l t i m a t e  a n a ly s e s  o f

th e  o r i g i n a l  and  a o id  t r e a t e d  sam p les  a r e  g iv e n ,  b o th  on a 

d ry ,  a s h , COg f r e e  b a s i s  and d ry  m in e r a l  m a t t e r  f r e e  b a s i s ,  

th e  v a lu e s  f o r  th e  m in e ra l  m a t t e r  b e in g  c a l c u l a t e d  by th e  K ing , 

M a rie s  and  G ro s s le y  fo rm u la . The n e c e s s i t y  f o r  e x p r e s s in g  t h e  

c o m p o s it io n  o f  a  o o a l  on a  d ry , m in e ra l  m a t t e r  f r e e  b a s i s  r a t h e r  

th a n  on a  d ry , a s h , C©2 f r e e  b a s i s  i s  c l e a r l y  b ro u g h t o u t by th e  

m ark ed ly  lo w e r  v a lu e s  f o r  c a rb o n  o b ta in e d  on a  d ry , a s h ,  COg 

f r e e  b a s i s  i n  th e  c a s e  o f  sam p les w i th  o v e r  5 p e r c e n t  a s h  

(Kos* 6 , 9 , 1 0 , 11 and  1 2 ) .

I n  v iew  o f  th e  t h e o r e t i c a l  c o n s id e r a t i o n s  ad v an ced  

e a r l i e r ,  i t  w i l l  be a p p r e c ia te d  t h a t ,  from  th e  p o in t  o f  v iew  o f  

s c i e n t i f i c  J u s t i f i c a t i o n ,  th e  m ost r e l i a b l e  m eans a v a i l a b l e  a t  

p r e s e n t  f o r  e s t im a t in g  th e  c o m p o s itio n  o f  t h e  p u re  c o a l  

su b s ta n c e  i s  th e  u l t i m a t e  a n a ly s e s  o f  th e  o o a l  on  a  d r y ,  m in e r a l  

m a t te r  f r e e  b a s i s ,  t h e  l a t t e r  v a lu e s  b e in g  c a l c u l a t e d  by th e  

K*M*C* fo rm u la . These v a lu e s  c o u ld , t h e r e f o r e ,  be ta k e n  a s  a  

s ta n d a rd  f o r  ex am in in g  t h e  a c c u ra c y  o f  t h e  v a lu e s  o b ta in e d  by 

o th e r  m ethods*

/ ( 2 )  .
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( 2 ) The m in e ra l  m a t te r  c o n te n t  o f  a o id  t r e a t e d  c o a l s .

An e x a m in a tio n  o f  th e  a n a ly s e s  o f  th e  o r i g i n a l  j

sam p le s  (B os. 1 , 2 , J ,  4 , 5 » 7 8 ) re v e a le d , t h a t  t h e

d i f f e r e n c e  n o te d  b e tw een  th e  v a lu e s  on a  d ry , a s h , CO2 f r e e  

b a s i s  and  th o s e  from  a  d ry , m in e ra l  m a t t e r  f r e e  b a s i s  w ere o f  a  

low  o r d e r  f o r  sam ples w i th  a s h  c o n te n t  below  5 p e r c e n t .  So j
■ 1

when th e  a s h  c o n te n t  o f  a  sam ple o f  o o a l  h a s  b e en  re d u c e d  t o  one 

p e r c e n t  and be low  by a o id  t r e a tm e n t ,  t h e  e r r o r  in v o lv e d  i n  jI
e x p re s s in g  th e  c o m p o s itio n  on a  d ry ,  a s h , CO2 f r e e  b a s i s  s h o u ld  |

.i
be n e g l i g i b l e ;  b u t  when th e  u l t i m a t e  a n a ly s e s  o f  th e  a o id  t r e a t e d  

sam p les on a  d r y ,a s h ,  CO2 f r e e  b a s i s  w ere com pared  w i th  th e  

v a lu e s  o f  th e  o r i g i n a l  sam ple on a  d ry  m in e ra l  m a t t e r  f r e e  b a s i s ,  

t h e  t o t a l  d i f f e r e n c e  b e tw een  th e  two s e t s  o f  v a lu e s  was b e tw een  

0*1 and  1»5  p e rc e n t*  T h is  d is c re p a n c y  c o u ld  p a r t l y  be due t o  

t h e  a s h  c o n te n t  o f  a o id  t r e a t e d  c o a l s  n o t b e in g  s t r i c t l y  e q u a l  

t o  th e  m in e r a l  m a t t e r  c o n te n t  o f  th e  sam ple . Any d i f f e r e n o e  

be tw een  th e  tw o v a lu e s  c o u ld  be e a s i l y  a s c e r t a i n e d  by d e r iv in g  

a  fo rm u la  f o r  th e  m in e r a l  m a t t e r  c o n te n t  o f  th e  a c id  t r e a t e d  

o o a l ,  on th e  same b a s i s  a s  th e  K.M*C# fo rm u la .

The K in g , M a rie s  and  C ro s s le y  (29) fo rm u la  f o r  th e  

e v a lu a t io n  o f  m in e r a l  m a t t e r  i n  c o a l  in v o lv e s  c o r r e c t i o n s  f o r

(1 ) w a te r  o f  c o n s t i t u t i o n  o f  th e  s h a ly  m a t t e r ;  ( i i )  decom posi

t i o n  o f  t h e  p y r i t e  and  f i x a t i o n  o f  th e  SO^ i n  t h e  a s h ;

/ ( i l l ) ..............................
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( i i i )  d e c o m p o s itio n  o f  th e  c a rb o n a te s  and ( iv )  th e  decom posi

t i o n  o f  th e  c h lo r i d e s .

( i )  W ater o f  c o n s t i t u t i o n  o f  th e  s h a ly  m a t t e r : I n  th e  

o a se  o f  th e  a o id  t r e a t e d  sam p le , no c o r r e c t i o n  w ould he 

n e c e s s a r y  f o r  th e  w a te r  o f  c o n s t i t u t i o n ;  f o r

(1 ) i t  h a s  b e e n  n o te d  e a r l i e r  (T ab le  H o .8) t h a t  i n  e le v e n  o u t 

o f  t h e  tw e lv e  sam p les exam ined , more th a n  e ig h ty  p e r c e n t  o f  

t h e  s i l i c a t e  m in e ra ls  w ere rem oved by h y d r o f lu o r io  a o id ;

(2) K arav aev  and  R apoport (1 6 ) have p o in te d  o u t t h a t  i n  o o a l  

a n a ly s e s  th e  e r r o r s  due t o  th e  w a te r  o f  h y d r a t io n  o f  th e  

d a y  m in e r a ls  w ere a v o id e d  by a  p r e l im in a r y  t r e a tm e n t  o f  

t h e  o o a l  w i th  1 ;1 0  c o ld  h y d r o f lu o r io  a o id  f o r  24 t o  48  

h o u rs .

( i i )  D eco m p o sitio n  o f  th e  p y r i t e  and  f i x a t i o n  o f  th e  

SO^ i n  t h e  a s h : I t  h a s  b e en  n o te d  t h a t  p y r i t i o  i r o n  was n o t

c o m p le te ly  e x t r a c t e d  by t r e a tm e n t  w i th  h o t ,  d i l u t e  h y d r o f lu o r i c

and h y d r o c h lo r ic  a c id s  (T ab le  H o.9 )» D u rin g  i n c i n e r a t i o n ,  t h e  

p y r i t e  w ould  be  c o n v e r te d  t o  th e  o x id e  a s  f o l lo w s

2 Pe S2 — > Fe2 O3 4 -4 S 0 g

112  128  160
240

/H ie .................................
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The l o s s  o f  w e ig h t due to  th e  re p la c e m e n t o f  f o u r  a tom s 

o f  s u lp h u r  by  t h r e e  o f  oxygen w ould he 8 0 /128  o r  5 /8  t im e s  th e  

p e ro e n ta g e  o f  p y r i t i o  s u lp h u r .  So f o r  th e  a o id  t r e a t e d  c o a l s ,  

t h e  c o r r e c t i o n  f o r  p y r i t e s  w ould he a s h  0 6  p y r i t i o  s u lp h u r .

ITo o o r r e c t io n  f o r  th e  f i x a t i o n  o f  t h e  SO^ hy th e  lim e  o r  

t h e  a l k a l i  o x id e s  d u r in g  ’a s h in g 1 w ould he n e c e s s a r y ;  f o r

(1 ) th e  r e s u l t s  (T ab le  B0 .8 )  showed t h a t  a  h ig h  p e ro e n ta g e  o f  

th e  m in e r a l  m a t t e r  i n  o o a l  c o r re s p o n d in g  to  th e  w a te r  

s o lu b le  p o r t i o n s  o f  th e  a sh  (lim e  and  a l k a l i  o x id e s )  was 

e x t r a c t e d  hy a c id  t r e a tm e n t^

(2 ) th e  r e s u l t s  d e t a i l e d  i n  T a b le s  1 3 -2 4 , showed t h a t  a l l  t h e  

o r i g i n a l  s u lp h a te  p r e s e n t  i n  o o a l was e x t r a c t e d  hy th e  a c id s  

and t h a t  th e  s u lp h u r  i n  t h e  a s h  o f  th e  a o id  t r e a t e d  sam ple  

was n e g l i g i b l e  i . e .  t h a t  th e  s u lp h u r  p r e s e n t  i n  th e  a o id  

t r e a t e d  o o a l  sam ple c o u ld  he re g a rd e d  a s  c o m p le te ly  v o l a t i l e .

( i i i )  D eco m p o sitio n  o f  th e  c a r b o n a te s : Ho o o r r e c t io n  w ould  he

n e o e s s a ry  i n  t h i s  c a se  a l s o ,  f o r  th e  o o a l  sam ple  d id  n o t c o n ta in  

any c a r b o n a te s  a f t e r  t r e a tm e n t  w i th  h o t  a c i d s .  T hus, th e  

c o n v e n t io n a l  " d ry , a s h ,  CO2 f r e e "  v a lu e s  w ould o n ly  he d ry  a s h  

f r e e  v a lu e s  i n  th e  o ase  o f  a o id  t r e a t e d  sa m p le s .

/ ( i v ) .........................



( iv )  D eco m p o sitio n  o f  th e  c h l o r i d e s : To o b ta in  a  c o r r e c t i o n

a  f a c t o r  f o r  th e  c o n v e rs io n  o f  th e  c h lo r i d e s  p r e s e n t  i n  th e  j
jt

a o id  t r e a t e d  c o a l  sam p les , th e  c h lo r in e  c o n te n t  o f  t h e s e  |

sam p le s  was d e te rm in e d . The d i f f i c u l t i e s  o f  p r e p a r in g  a sam ple
i

o f  a o id  t r e a t e d  o o a l  c o m p le te ly  f r e e  from  th e  o h lo r id e  r e a c t i o n  j 

have b e e n  r e f e r r e d  t o  e a r l i e r .  So i n  th e  c a s e  o f  t h e  sam p les 

u s e d  f o r  o h lo r in e  d e te r m in a t io n s  (T a b le s  1 3 -2 4 ) ,  b e s id e s

r e p e a te d ly  b o i l i n g  w i th  d i s t i l l e d  w a te r ,  a s  an  a d d i t i o n a l  j
1

p r e c a u t io n  t h e  sam p les w ere k e p t  i n  d i s t i l l e d  w a te r  f o r  24-48  

h o u rs . I t  was v e iy  u n l ik e l y  t h a t  any f r e e  a c id  c o u ld  s t i l l  !

have b e en  p r e s e n t .

T ab le  30 g iv e s  th e  r e l a t i v e  c h lo r in e  o o n te n ts  o f  th e
i

o r i g i n a l  and  a o id  t r e a t e d  sam p les ( d r y ) ,  a lo n g  w i th  th e  p e r c e n t -  j
i

age o f  o h lo r in e  (p e r  p a r t  o f  th e  d ry , o r i g i n a l  sam ple) rem oved 

d u r in g  a c id  t r e a tm e n t  and su b se q u e n t e x t r a c t i o n  w ith  w a te r .  I t  

i s  n o te d  t h a t  in  f o u r  o a s e s  o v e r  95 p e r c e n t ,  i n  sev en  o a s e s  o v e r  

80 p e r c e n t  an d  i n  e le v e n  o a s e s  o v e r  60 p e r c e n t  o f  th e  c h lo r in e  

p r e s e n t  i n  th e  o r i g i n a l  sam ple was r e t a in e d  i n  th e  f i n a l  sam p le . 

The tw o c o m p a ra t iv e ly  h ig h  v a lu e s  o f  33 44  p e r c e n t  f o r  t h e

e x t r a c t i o n  o f  c h lo r in e  w ere o b ta in e d  w i th  th e  two f u s a i n  sam p les 

(D os.5 and  6 ) ,  w h ich  a r e  known t o  c o n ta in  h ig h  c o n c e n t r a t io n s  o f  

w a te r  s o lu b le  o h lo r in e  (m a in ly  sodium  o h l o r id e ) .

/K in g ..........................
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T A B L E  I T  0 .  3 0

EFFECT OF ACID TREATMENT ON THE CHLORINE CONTENT
OF COALS

Sam
p le
No*

Ash o o n te n t

o r i g i  i ^ h a .  
n a l  t r e a t -  
sam ple e l

sam ple

7°

C h lo r in e  
o o n te n t  
o f  o r d i
n a l  
sam ple
> o f
dry
o o a l

C hlo
r in e  
o o n ten t  
o f  a o i l  
t r e a t e l  
sam ple
jo  o f
dry
o o a l

C hlo
r in e
e x t r a c t 
ed hy
a o l l  tr e a t
ment p er  
p a r t  o f  
d ry  o r i g i 
n a l  sam ple

7c

jo o f  ch lo r in e  
i n  th e  o r i g i 
n a l  sam ple  
r e t a in e d  i n  
th e  a c id  
t r e a t e d  
sam ple

/°

(1 ) 1 .3 4 0 .5 3 0 .1 7 0 .1 1 3 5 .3 6 4 .7

(2 ) 2 .6 0 0 .5 2 0 .0 1 0 .0 1 2 .1 9 7 -9

( 3 ) 3*59 0 .8 2 0 .0 1 0 .0 1 2 .8 9 7 .2
(4 ) 4 .9 0 0 .4 2 0 .0 4 0 .0 4 5 . 0 95 .O

t 5 ) 5 .8 8 1 .3 4 0 .1 7 0 .1 2 3 2 .9 6 7 .1

(6 ) 2 4 .0 0 3 .0 3 0 .0 7 O.O5 4 4 .3 5 5 .7

(7 ) 3 .0 6 0 .7 3 O.25 0 .2 1 1 8 .0 8 2 .0
(8) 4 .0 4 O.52 0 .1 9 0 .1 6 1 8 .9 8 1 .1
(9 ) 6 .8 0 2. 01 0 .0 6 0 .0 4 3 6 .7 6 3 .3

(10) 2 7 .5 7 1*37 0 .0 6 0 .0 8 1*7 9 8 .3

( U ) 3 5 .1 8 1 .2 5 0 .0 4 0 .0 4 3 5 .0 6 5 .0

(12) 4 5 .5 5 0 .6 3 0 .0 4 0 .0 6 1 7 .5 8 2 .5
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K ing , M a rie s  and C ro s s le y  ( lo o  o i t )  s t a t e d  t h a t  a t  l e a s t  

h a l f  t h e  o h lo r in e  in  o o a l  i s  in o r g a n ic ;  th e y  a l s o  m e n tio n ed  

t h a t  th e  re m a in d e r  a ls o  o o u ld  be in o r g a n ic  b u t  p ro o f  had  n o t  j

b een  o b ta in ed *  A cco rd in g  t o  th e  F u e l  R e se a rch  S u rv ey  R e p o rts  

(q u o te d  by M ott and  S pooner (4 8 ) ) ,  i n  m ost E n g lis h  and  N o rth  f

W elsh o o a l  sa m p le s , be tw een  8 and 60 p e rc e n t  ( f o r  m ost sam p les  

b e tw een  33 an& 60  p e r c e n t )  o f  th e  o h lo r in e  i s  s o lu b le *

Chapman and  M ott (63) m en tio n  t h a t  a t  l e a s t  h a l f  t h e  w a te r  

s o lu b le  o h lo r in e  i n  c o a l  i s  rem oved from  sm a ll  c o a l s  d u r in g  w et
j

w a sh in g . B ut i n  th e  p r e s e n t  i n v e s t i g a t i o n ,  i t  w i l l  be a p p r e c i a t 

ed , t h a t  a f t e r  th e  u s e  o f  h o t d i l u t e  h y d r o c h lo r ic  a c id  f o r  o v e r  

e ig h t  h o u rs  on f i n e l y  d iv id e d  c o a l s ,  no  d e f i n i t e  c o n c lu s io n s  

e i t h e r  on th e  c h e m ic a l n a tu r e  o r  th e  p e rc e n ta g e  o f  s o lu b le  

o h lo r in e ,  c o u ld  j u s t i f i a b l y  be  draw n from  th e  r e s u l t s  i n  

T ab le  No*30 .

K ing , M a rie s  and G ro s s le y  ( lo o  o i t ) ,  a f t e r  ex am in in g  th e  

o x id e s  and c h lo r i d e s  o f  sodium , p o ta s s iu m , c a lc iu m  and  

m agnesium  showed t h a t  t h e  r e l a t i o n s h i p  b e tw een  c h lo r in e  and  t h e  

d i f f e r e n c e  b e tw een  th e  o h lo r id e  and  o x id e  i s  1 /0 * 7 8  i r r e s p e c t i v e  

o f  th e  b a se  concerned*  So f o r  t h e  o r i g i n a l  sa m p le s , s in c e  

( c h lo r id e s  -  o x i d e s ) / c h lo r i n e  3 0*78, ( c h lo r id e s  -  1*09 x  o x id e s )

w ould b e  0*70* B ut i n  t h e  c a se  o f  a c id  t r e a t e d  c o a l s ,  t h e  

f a c t o r  1*09 ( f o r  t h e  w a te r  o f  c o n s t i t u t i o n  o f  t h e  s h a ly  m a t te r )

w ould n o t  a r i s e ;  so  th e  c o n v e rs io n  f a c t o r  w ould  be 0*78.

/ ! £ ....................................



I f  a p p ro x im a te ly  h a l f  th e  o h lo r in e  i n  t h e  o r i g i n a l  sam ple  w ere 

in o r g a n ic ,  th e n  a c c o rd in g  t o  th e  r e s u l t s  i n  T ab le  H0 . 3 O, b e tw een  

13 t o  50  p e r c e n t  o f  th e  o h lo r in e  p r e s e n t  i n  a l l  t h e  a c id  t r e a t e d  

sam p le s  ( e x c e p t in g  Ho. 6 ) w ould he in o r g a n ic .  Then th e  c o r r e c t i o n  

f a c t o r  f o r  t h e  c o n v e rs io n  o f  th e  c h lo r i d e s  w ould v a ry  be tw een  

0*10 t o  0*78 ; f o r  se v e n  o f  th e  sa m p le s , i t  w ould  be b e tw een  

0*62 and  078. I n  th e  a b se n c e  o f  co m p le te  know ledge, t h e  same 

f a c t o r  a s  u s e d  i n  th e  o r i g i n a l  fo rm u la  i . e .  0*5 o h lo r in e  was 

a d o p te d .

So th e  f i n a l  fo rm u la  u s e d  f o r  th e  e v a lu a t io n  o f  th e  

m in e ra l  m a t t e r  i n  a c id  t r e a t e d  c o a l s  was

M in e ra l  m a t t e r  * 1*00 a s h  -t- 0*6 p y r i t i o  s u lp h u r  +-
0«5 o h lo r in e

I t  sh o u ld  be s t a t e d  t h a t  th e  c o r r e c t i o n  f a c t o r  f o r  t h e  

c h lo r i d e s  i n  t h i s  c a s e  was n o t  o f  much im p o rta n c e . The maximum 

and minimum v a lu e s  f o r  t h e  c h lo r in e  o o n te n t  o f  t h e  a c id  t r e a t e d  

sam p les w ere 0  20 and  O G 1 p e r c e n t  (sam ple Hob. 7 2

r e s p e c t iv e ly  on an  a i r  d r i e d  b a s i s ) ;  th e  i n c r e a s e  i n  t h e  c a rb o n  

v a lu e s  due t o  th e  c o r r e c t i o n  f o r  th e  c h lo r i d e s  i n  t h e  m in e ra l  

m a t t e r  i n  th e s e  tw o o a s e s  w ould  be  0*09 and  n i l  r e s p e c t i v e l y .

C a l o r i f i c  v a lu e  o f  a c id  t r e a t e d  c o a l s :  The same fo rm u la  a s  i n

th e  e a s e  o f  t h e  o r i g i n a l  sam p le , w as a p p l i c a b l e .
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(3 ) The I n f lu e n c e  o f  a o ld  t r e a tm e n t  on th e  o o a l  s u b s ta n c e .

A l l  t h e  v a lu e s  g iv e n  I n  t h i s  s e c t i o n  a r e  on a  d ry , 

m in e r a l  m a t t e r  f r e e  h a s i s  u n l e s s  o th e rw is e  s t a t e d ;  th e  v a lu e s  

f o r  t h e  m in e ra l  m a t t e r  c o n te n t  o f  t h e  o r i g i n a l  sam p les  w ere 

c a l c u l a t e d  by  th e  K in g , M a rie s  and C ro s s le y  fo rm u la  and  th o s e  

f o r  t h e  a c id  t r e a t e d  sam p les  hy  th e  f o m u la  g iv e n  i n  th e  

p r e v io u s  s e c t i o n .  T ab le  Ho<>31 sum m arises th e  d i f f e r e n c e s  n o te d  

i n  t h e  c o m p o s itio n  o f  t h e  o r i g i n a l  and  a c id  t r e a t e d  sam p le .

( i )  c a rb o n  and  h y d ro g e n : G e n e ra lly  t h e  c a rb o n  and

h y d ro g en  v a lu e s  f o r  th e  a c i d - t r e a t e d  sam p le s  w ere lo w e r th a n  

th o s e  o f  th e  o r i g i n a l  sa m p le s . The c a rb o n  o o n te n t  o f  o n ly  one 

a c i d - t r e a t e d  sam ple (LTo .2 )  was e q u a l  t o  t h a t  o f  th e  o r i g i n a l  

o n e ; f o r  tw o sam p les (E os. 1 and  8) th e  c a rb o n  c o n te n ts  w ere  

lo w e r by  0*1 p e r c e n t ,  f o r  two o th e r s  (E os. 4  and  9) ^y

p e r c e n t ,  f o r  t h r e e  o th e r s  (E os. 3, 1 0  and  1 1 ) by 0*3 p e r c e n t ;

o n ly  one (K 0.7) d i f f e r e d  by 0*4 p e rc e n t  w h ile  t h r e e  o th e r s  w ere 

lo w e r by 0®5 p e r c e n t  o f  d ry  m in e ra l  m a t t e r  f r e e  o o a l  (N os. 5 >

6 and  1 2 ) .

I n  t h e  o a se  o f  h y d ro g en  s i x  o f  th e  a c id  t r e a t e d  sam p les 

( E o s .! ;  3 , 4 ,  7 , 8 and  12) h ad  th e  same v a lu e s  a s  th e  o r i g i n a l  

o n e s , t h r e e  sam p les (E os. 2 , 5 end  9 ) h ad  v a lu e s  lo w e r  by  0*1

p e r c e n t ,  tw o (E os. 1 0  and  1 1 ) by  0*2  p e r c e n t  and  o n ly  one by

0 .3  p e r c e n t  o f  d ry  m in e r a l  m a t t e r  f r e e  c o a l .

/ S u c h . .................



-  165 -

T A B L E  ff 0.  JL

EFFECT OF ACID TREATMENT OH THE COAL SUBSTAECE ULTIMATE
ANALYSES

Sam
p le
Ho.

D R Y ,  II I  I E  9 A I  M A T T E R  F 
D e o rea se  due t o  a o id  t r e a tm e n t  

i n  t h e  v a lu e s  f o r : -  
C arbon H ydro- O rgan ic  C a lo r i -  

g e n  s u lp h u r  f i e
v a lu e

(1 ) (2 ) (3 ) U )  ,
> %  > B .T h .u . / l b

R E E  B A S I S
I n c r e a s e  i n  t h e  
v a lu e  o f  oxygen 
an d  e r r o r s

(5 )
>

i d 0 .1 n i l n i l 4 0 0*1

(2) n i l 0 .1 0 .1 80 0 .2

( 3 ) 0 .3 n i l 0*1 20 0*4
(4 ) 0*2 n i l 0 .1 50 0 .3

(5 ) 0*5 0 .1 0 .2 160 0 .8

(6) 0*5 O.3 O.7 310 1 . 5

(7 ) 0*4 n i l n i l 60 0 .3
(8 ) 0*1 n i l 0*1 10 0 .2

19) 0*2 0 .1 0*4 50 0 .6

(XO) 0*3 0 .2 0 .2 200 0 .6

(11) 0*3 0 .2 0*4 190 0 .8

(12) 0 .5 n i l 0 .2 60
■

0 .7

NOTE: F o r  sam p les  (Eos* 7 ,  9 , 1 0  an d  1 1 ) ,  t h e  v a lu e s  i n  Cols* 1 ;  
2 * and  3 do  a dd "k^iat C ol. (5 ) due  t o  an
i n a r e a s e  o f  0 .1  p e r c e n t  o f  n i t r o g e n  n o te d  i n  th o s e  o a s e s ,  
( e x p e r im e n ta l  e r r o r ) .



166  -

Suoh d i f f e r e n c e s  a s  th e  a b o v e , b e tw een  th e  c o m p o s it io n  o f  

th e  o r i g i n a l  and  a o id  t r e a t e d  sam p les  m igh t be due t o  ( a ) a n a l y t i -  

o a l  e r r o r s ;  (b ) t h e  v a r i a t i o n s  i n h e r e n t  i n  t h e  a s su m p tio n  o f  

a v e ra g e  v a lu e s  i n  th e  K*M*C* fo rm u la  f o r  th e  w a te r  o f  c o n s t i t u t i o n  

o f  s h a ly  m a t t e r  a n d /o r  (o ) t h e  e f f e c t  o f  th e  two h o t  a c id s  on 

th e  o o a l  su b s ta n c e*

(a ) A n a ly t i c a l  e r r o r s :  The maximum p e r m is s ib le  d i f f e r e n c e

b e tw een  d u p l i c a t e  d e te r m in a t io n s  o f  c a rb o n  and  h y d ro g en  by 

th e  B r i t i s h  S ta n d a rd  m ethod (B .S.I®  Uo.1016  o f  1942 page  71) 

on a  d ry , a s h  f r e e  b a s i s  w ould be  0*50 and  0*17 p e r c e n t  

r e s p e c t i v e l y  f o r  c o a l s  o f  m o d era te  a s h  and  m o is tu re  c o n te n ts  

(o f  a b o u t 4 p e rc e n t  e a c h ) .  The r e s u l t s  g iv e n  i n  T a b le s  13*24 

a re  t h e  mean o f  v a lu e s  o b ta in e d  f o r  e ac h  sam p le , t h e  d i f f e r e n c e s  

i n  e a c h  c a s e  b e in g  w i th in  t h e  p e r m is s ib le  l im i t s *  I f  i t  c o u ld  

be assum ed t h a t  su ch  l i m i t s  w ith o u t  much m o d i f i c a t io n  w ould be 

a p p l i c a b le  f o r  t h e  p r o c e s s e s  in v o lv e d  i n  a o id  t r e a tm e n t ,  t h e n  i t  

c o u ld  be a rg u e d  t h a t  i n  a l l  o a s e s  th e  v a r i a t i o n s  b e tw een  th e  

o r i g i n a l  and a c id  t r e a t e d  sam p les  w ere w i th in  t h i s  l i m i t  

( e x c e p t in g  f o r  t h e  v a lu e  o f  h y d ro g en  f o r  sam ple U o.6 )*

/(D)



167

( I d )  V a r ia t io n s  due t o  th e  f a c t o r  f o r  th e  w a te r  o f  c o n s t i t u t i o n  

o f  s h a ly  m a t t e r :  I t  h a s  h e e n  p o in te d  o u t t h a t  th e

c o r r e c t i o n  f a c t o r  o f  0*09 a s h  f o r  th e  w a te r  o f  c o n s t i t u t i o n  

o f  th e  s h a ly  m a t t e r  i s  b a se d  on th e  f a c t ,  t h a t  on an  

a v e ra g e , th e  c la y s  a s s o c i a t e d  w i th  B r i t i s h  c o a l s  c o n ta in  8 

p e r c e n t  o f  w a te r  o f  c o n s t i t u t i o n  and  y i e l d  SO p e r c e n t  a s h .

The a u th o r s  o f  t h e  fo rm u la  have shown t h a t  t h e  p r o p o r t io n  o f  

th e  com bined w a te r  i n  s h a le s  v a r i e s  i n  d i f f e r e n t  d i s t r i c t s  

and  su g g e s te d  th e  a c c e p ta n c e  o f  t h e  com bined w a te r  c o r r e c t i o n  

f a c t o r s  o f  0*09 , 0*13 and  0*07 f o r  E n g l i s h  (and  B r i t i s h ) ,  

S c o t t i s h  and W elsh o o a ls .  I t  m ig h t be n o te d  t h a t  th e  P a r r  

fo rm u la  a d o p te d  a  f a c t o r  0*08.

Any v a r i a t i o n  i n  t h i s  f a c t o r  i s  bound t o  a f f e c t  th e  

v a lu e  f o r  m in e ra l  m a t t e r  and  c o n s e q u e n tly  th e  c a rb o n , 

h y d ro g en  v a lu e s ;  a l s o  th e  m ag n itu d e  o f  su o h  v a r i a t i o n s  w ould 

i n c r e a s e  w i th  in c r e a s in g  a s h  o o n te n t .  I t  w i l l  be n o te d  

t h a t  o f  th e  t h r e e  c a s e s  w here th e  maximum d i f f e r e n c e  o f  0*5 

p e ro e n t  b e tw een  th e  c a rb o n  c o n te n ts  o f  th e  o r i g i n a l  and a c i d  

t r e a t e d  sam p le s  was n o te d ,  tw o h ad  h ig h  a s h  c o n te n ts  

(Sam ple H o .6 w i th  24*0 p e ro e n t  a sh  and  Uo.12  w i th  45*6 

p e r c e n t  a s h  (d ry  b a s i s ) ) .  So th e  lo w e r v a lu e s  i n  t h e  c a s e  

o f  t h e  a c id  t r e a t e d  sam p les m igh t p a r t l y  be due t o  th e

/ c o r r e c t i o n
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c o r r e c t i o n  f a c t o r  o f  0®09 f o r  t h e  w a te r  o f  c o n s t i t u t i o n  o f  

th e  s h a ly  m a t te r  b e in g  s l i g h t l y  on th e  h ig h e r  s i d e .  B ut no  

g r e a t  s t r e s s  c o u ld  be l a i d  on t h i s  a rg u m en t; f o r  th e  a u th o r s  

recommended a f a c t o r  0*13 a s  b e in g  more s u i t a b l e  f o r  S c o t t i s h  

c o a l s .  I f  t h i s  f a o t o r  had  b e en  a d o p te d  f o r  th e  c a l c u l a t i o n  

o f  th e  m in e ra l  m a t te r  o f  th e  o r i g i h a l  sa m p le s , th e  d i f f e r e n c e s  

b e tw een  th e  v a lu e s  f o r  th e  tw o w ould have b e e n  s l i g h t l y  

h ig h e r  th a n  th o s e  g iv e n  in  T ab le  Bo. 31. I n  t h e  a n a ly s e s  o f  

S c o t t i s h  s h a l e s ,  t h e r e  i s  n o th in g  to  s u g g e s t  t h a t  t h e  com

b in e d  w a te r  c o n te n t  i s  much lo w e r th a n  th e  f i g u r e s  s u g g e s te d  

by K ing  and c o -w o rk e rs . So w h ile  th e  c o r r e c t i o n  f a o t o r  o f  

0*09 m ig h t have b e en  s l i g h t l y  on th e  h ig h e r  s id e  i n  sane  

o a s e s ,  i t  w ould  n o t  be  j u s t i f i a b l e  t o  assum e, t h a t  i t  was so  

i n  a l l  t h e  c a s e s .

Even g r a n t i n g  th e  v a l i d i t y  o f  th e s e  tw o a rg u m e n ts , 

i t  w ould  s t i l l  have  t o  be e x p la in e d  a s  t o  why th e  a o id  

t r e a t e d  sam p les had  th e  lo w e r  v a lu e s  i n  a l l  t h e  c a s e s .  So 

th e  d i f f e r e n c e  m ig h t p ro b a b ly  be due t o  th e  e f f e c t  o f  th e  

h o t  a c id s  on th e  c o a l  s u b s ta n c e .

(0 ) The e f f e c t  o f  th e  tw o h o t  a c id s  on th e  c o a l  s u b s ta n c e :

A l l  th e  p r e v io u s  w o rk e rs , who a tte m p te d  t h e  e x t r a c t i o n  
o f  t h e  m in e r a l  i m p u r i t i e s  i n  o o a l ,  w i th  h y d r o f lu o r ic  and 

h y d r o c h lo r ic  a c id s ,  r e p o r t e d  a  l o s s  o f  o rg a n ic  c a rb o n  and  

h y d ro g en  due t o  su o h  t r e a tm e n t .

/  G -a lla rd .............................
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G a l la rd  (13) a f t e r  r e d u c in g  th e  a s h  c o n te n t  o f  a  

h itu m in o u s  o o a l sam ple from  12*24 p e ro e n t  t o  0*94 p e r c e n t  by 

t r e a t i n g  w i th  2 p a r t s  o f  40  p e ro e n t  h y d r o f lu o r i c  a c id  and  one 

p a r t  o f  c o n c e n tr a te d  h y d r o c h lo r ic  a o id  (b o th  a c id s  h o t ;  

c o n d i t io n s  d e s c r ib e d  i n  P a r t  I )  fo u n d  t h a t  t h i s  p ro c e d u re  

in v o lv e d  a  l o s s  o f  0«8o p e ro e n t  c a rb o n , 0*59 p e ro e n t  h y d ro g en , 

0*13 o f  n i t r o g e n  and  0*10 o f  s u lp h u r ,  a l l  t h e  r e s u l t s  b e in g  

e x p re s s e d  on a  d ry , a s h  f r e e  b a s is*  The d i f f e r e n c e s  w ould  have  

b e e n  h ig h e r ,  i f  e x p re s s e d  on a  d ry  m in e ra l  m a t t e r  f r e e  b a s is *

F i e ld n e r  and  c o -w o rk e rs  (14 ) a l s o  w o rk in g  w i th  h o t ,  

c o n c e n tr a te d  a c id s  on a  b itu m in o u s  o o a l  fo u n d  t h a t  a c id  t r e a t 

m ent r e s u l t e d  i n  a  l o s s  o f  o rg a n ic  c a rb o n  o f  a b o u t 0*47 t o  

2*70 p e r c e n t  o f  o o a l  and  o f  h y d ro g en  by a b o u t 0*2 p e ro e n t  o f  

o o a l .

T urner and c o -w o r k e r s  (1 5 ) ,  a f t e r  e x p e r im e n ts  u n d er  

c o n d it io n s  s im i la r  t o  th e  a b o v e , r e p o r te d  t h a t  a o id  tr e a tm e n t  

r e s u l t e d  i n  a l o s s  o f  carb on  and h yd rogen  t o  t h e  e x t e n t  o f  

1*5  and 0*1 p e r o e n t  o f  o o a l  r e s p e c t i v e l y  f o r  a n t h r a c i t e s  and  

o f  0*6 and 1 * 0  p e r o e n t  r e s p e c t i v e l y  f o r  b itu m in o u s  o o a l  sam ples*

Eim us and  B a sa k  ( 22 ) ,  who fo l lo w e d  th e  e x t r a c t i o n  o f  th e  

b itu m in o u s  o o a l  w i th  h y d r o f lu o r i c  a o id  by  a  t r e a tm e n t  w i th  

d i l u t e  h y d r o c h lo r ic  a o id  and  z in c  d u s t ,  fo u n d  th e  l o s s  o f  c a rb o n  

t o  b e  b e tw een  1*4 and  2*7 p e ro e n t  and  o f  h y d ro g en  b e tw een  0*17 

and 0*35 p e r c e n t  o f  o o a l  on a  d ry  a s h  f r e e  b a s i s .

/  Compared...................... ..
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Compared w i th  th e  above m eth o d s, t h e  c o n d i t io n s  o f  a o id  

t r e a tm e n t  i n  th e  p r e s e n t  i n v e s t i g a t i o n  w ere v e ry  m ild* The 

o o n o e n tr a t io n  o f  th e  h y d r o f lu o r ic  and  h y d ro o h lo r io  a o id s  u s e d  

w ere o n ly  5*0  p e r o e n t ;  th e  e x t r a c t i o n  was c a r r i e d  o u t i n  a  

n i t r o g e n  a tm o sp h e re  t o  p re v e n t  any  o x id a tio n *  The r e s u l t s  g iv e n  

i n  T ab le  Eo. 31 a r e  on a  m in e r a l  m a t t e r  f r e e  b a s i s  u n l ik e  th o s e  

q u o te d  above and a r e  t h e r e f o r e  more s t r i c t l y  c o m p a rab le .

The r e s u l t s  r e v e a l  a much c l o s e r  agreem ent b etw een  th e  

oarbon  and h yd rogen  v a lu e s  o f  th e  o r i g i n a l  and a o id  t r e a t e d  

sam p les  th a n  t h a t  n o t ic e d  i n  any one o f  th e  above o a s e s .  But f o r  

th e  f a c t  t h a t  a d e c r e a s e  in  oarbon and h yd rogen  o o n te n t  i s  

aooom panied a l s o  by a l o s s  in  c a l o r i f i c  v a lu e  ( t h i s  i s  d i s c u s s e d  

i n  a su b seq u en t s e c t i o n )  th e  d i f f e r e n c e s  n o t ic e d  i n  a l l  t h e  

sa m p le s , c o u ld  be a t t r ib u t e d  m o s t ly  t o  a n a l y t i c a l  e r r o r s .

S u b je c t  t o  th e  l i m i t a t i o n s  o f  d raw in g  in f e r e n c e s  a b o u t 

th e  o o a l  s u b s ta n c e  s o l e l y  from  th e  u l t i m a t e  a n a l y s i s ,  i t  m igh t 

be s t a t e d  t h a t  a o id  t r e a tm e n t ,  u n d e r  th e  c o n d i t io n s  o f  th e  

p r e s e n t  i n v e s t i g a t i o n ,  re d u c e d  t h e  l o s s  o f  o rg a n ic  o a rb o n  i n  

m ost o a s e s  t o  a  n e g l i g i b l e  minimum. T h is  p ro c e d u re  had  a lm o s t 

no  in f lu e n o e  on th e  o a rb o n  o o n te n t  o f  th e  p u re  o o a l  i n  th e  c a s e  

o f  sa m p le s  w i th  an  i n i t i a l  a s h  o o n te n t  below  3 °  p e r c e n t ;  t h e  u s e  

o f  h o t  a o id  d id  seem t o  a f f e c t  th e  o o a l  s u b s ta n c e  s l i g h t l y  i n  

th e  o a se  o f  r e a d i l y  o x id i s a b l e  sam p le s  l i k e  f a s a i n  (H os.5  and  6)

804 o a n n e l  sam p le s  w i th  v e ry  h ig h  i n i t i a l  a s h  o o n te n t  ( H o . l2 ja s h  

45 .6  p e ro e n t  ( d r y ) ) .  / S i m i l a r l y ...................   . . . . .
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S im i la r ly  th e  p r e s e n t  p ro c e d u re  had  no  n o t i c e a b l e  e f f e c t  

on t h e  h y d ro g en  o o n te n t  f o r  sam ples o f  m o d era te  a s h  c o n te n t ;  

th e  e f f e o t  was s l i g h t l y  f e l t  i n  f u s a i n  sam p le s  o r  in  o a n n e ls ,  

w h ich , "besides t h e i r  g e n e r a l l y  h ig h  h y d ro g en  c o n te n t ,  w ere  a l s o  

h ig h  i n  ash*  ( I n  th e  c a s e  o f  sam ple  Ho*1 2 , a  v e ry  h ig h  a s h  

i n f e r i o r  o a n n e l ,  th e  c a rb o n  o o n te n t  was n o t i c e a b l y  a f f e c t e d  b u t  

n o t  h y d ro g e n ) .

N i t r o g e n s The r e s u l t s  in  T a b le s  1 3 -2 4  i n d i c a t e  t h a t  

n i t r o g e n  h as  n o t  b een  a f f e c t e d  a t  a l l  by a o id  t r e a tm e n t  

u n d e r  th e  c o n d i t io n s  o f  t h e  p r e s e n t  in v e s t i g a t io n *  ( I n  th e  

c a s e  o f  sam ple Nos* 7 , 9 > 10  and  11 , an  in c r e a s e  o f  0°1 

p e ro e n t  i n  th e  n i t r o g e n  o o n te n t  o f  t h e  a c id  t r e a t e d  sam ple  

was n o te d ;  t h i s  m ust have  b een  due o n ly  t o  e x p e r im e n ta l  

e r r o r s  and  t o  th e  p ro c e d u re  o f  c o r r e c t i n g  t h e  v d lu e s  i n  

e a c h  c a s e  t o  th e  f i r s t  d e c im a l p la c e )*

G a l la rd  ( lo o  o i t )  i n d i c a t e d  t h a t  t h e r e  was a  l o s s  o f  

n i t r o g e n  c o n te n t  o f  th e  c o a l  due t o  t r e a tm e n t  w i th  

c o n c e n tr a te d  h y d r o f lu o r ic  and h y d r o c h lo r ic  a c id s*  A p a r t  

from  G a l la rd ,  t h e  o t h e r  w o rk e rs  on th e  a o id  t r e a tm e n t  o f  

c o a l s  have  n o t  r e f e r r e d  t o  any e f f e o t  o f  t h e  a c id s  on th e  

n i t r o g e n  o o n te n t  o f  c o a ls*  S h ao k lo o k  and D ra k e le y  (64) 

showed t h a t  p a r t  o f  th e  n i t r o g e n  In  c o a l  c o u ld  be e x t r a c t e d  

b y  d i l u t e  s u lp h u r i c  a o id .  B u t g e n e r a l l y  i t  i s  known t h a t

/  th e



-  172 -

t h e  more m a tu re  th e  f u e l ,  t h e  lo w e r t h e  p e rc e n ta g e  o f  n i t r o g e n  

e x t r a c t a h l e .

I t  i s  w e l l  inow n t h a t  n i t r o g e n  i s  th e  o n ly  e le m e n t 

p r e s e n t  i n  th e  c o a l  t h a t  i s  e x c lu s iv e ly  in o r g a n ic  c o m b in a tio n .

As a  r e s u l t  o f  e x te n s iv e  c h l o r i n a t i o n  s t u d i e s ,  H e a th o o a t and  

W heeler (65) c o n o lu d e d  t h a t  n i t r o g e n  i n  o o a l  i s  i n  a  h ig h ly  

s t a b l e  fo rm  and  t h a t  i t  i s  an  i n t e g r a l  p a r t  o f  th e  r i n g  

s t r u c t u r e  o f  c o a l s .  B e s id e s , th e  w ork o f  Bone, H o rto n  and  Ward 

(66) on th e  b en zen e  S o x h le t p r e s s u r e  e x t r a c t i o n  o f  l i g n i t e  

i n d i c a t e d  t h a t  th e  n i t r o g e n  compounds p r e s e n t  in  th e  humio a c id s  

a r e  r e s i s t a n t  t o  o x id a t io n .

I n  th e  p r e s e n t  i n v e s t i g a t i o n ,  th e  n i t r o g e n  i n  o o a l  was 

c o m p le te ly  u n a f f e c te d  by a c id  t r e a tm e n t .  T h is  m ust m a in ly  be 

due t o  (1 ) th e  m ethod o f  e x t r a c t i o n  b e in g  v e ry  m ild  com pared t o  

th o s e  o f  G ra lla rd  o r  S h ack lo o k  and  D ra k e ley  and  (2 ) t o  th e  

n i t r o g e n  i n  c o a l  b e in g  p r e s e n t  i n  a  v e ry  s t a b l e  fo rm .

( i i i )  S u lp h u r

(a )  d i s t r i b u t i o n  o f  th e  fo rm s o f  s u lp h u r  i n  o o a l :

T ab le  Ho*32 g iv e s  th e  p e rc e n ta g e  v a r i a t i o n s  o f  
th e  t h r e e  d i f f e r e n t  fo rm s o f  s u lp h u r  p r e s e n t  i n  co a l*  
The s u lp h a te  s u lp h u r  o o n te n t  was g e n e r a l l y  below  5 

p e ro e n t  b u t  m o s tly  below  2*6 p e ro e n t  o f  th e  t o t a l

/ s u lp h u r ,
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s u lp h u r ;  th e  p y r i t i o  s u lp h u r  o o n te n t  v a r i e d  b e tw een  17 and 

72 p e ro e n t  o f  t h e  t o t a l  s u lp h u r ,  w h ile  t h e  o rg a n io  s u lp h u r  

o o n te n t  was b e tw een  24 and 85 p e ro e n t  o f  th e  t o t a l  su lp h u r*

I n  t h e  i n t r o d u c t i o n  to  P a r t  I I  o f  t h i s  w ork, i t  h a s  b e en  

m en tio n ed  t h a t  th e  P a r r  fo rm u la  f o r  th e  e v a lu a t io n  o f  th e  

m in e ra l  m a t t e r  i n  o o a l  assum ed t h a t  a l l  t h e  s u lp h u r  i n  o o a l  

was p y r i t i o .  W ith a  view  t o  m o d ify  th e  P a r r  fo rm u la , T id e s w e ll  

and  W heeler p ro p o se d  t h a t  t o t a l  s u lp h u r  i n  e x c e s s  o f  1 p e ro e n t  

c o u ld  be ta k e n  a s  p y r i t i c  s u lp h u r  w h ile  F i e ld n e r  and  S e lv ig  

(50) s u g g e s te d  t h a t  p y r i t i c  s u lp h u r  w ould a p p ro x im a te ly  be 

e q u a l  t o  h a l f  th e  t o t a l  su lp h u r*

The r e s u l t s  i n  T ab le  Ho*32 i n d i c a t e d  t h a t  none o f  th e  

above a s su m p tio n s  was l i k e l y  t o  be c o r r e c t  i n  a l l  t h e  o a s e s ;  

t h i s  c o n firm e d  th e  c o n c lu s io n  o f  K ing and  c o -w o rk e rs  t h a t  a  

s e p a r a te  d e te r m in a t io n  o f  p y r i t i o  i r o n  was n e c e s s a r y  i n  e a c h  

o a s e .

The t o t a l  s u lp h u r  o f  t h e  a o id  t r e a t e d  sam ple c o n s i s t e d  

m o s tly  o f  o rg a n io  s u lp h u r  (be tw een  60  and  94 p e ro e n t  o f  th e  

t o t a l )  w i th  a  l i t t l e ,  p y r i t i c  s u lp h u r ,  (b e tw een  5 ancL 39 p e ro e n t)*  

The s u lp h a te  s u lp h u r  was c o m p le te ly  e x t r a c t e d  by a o id  t r e a t 

ment* The e f f i c i e n c y  o f  e x t r a c t i o n  o f  p y r i t i o  s u lp h u r  by  a o id  

t r e a tm e n t  w ou ld  f o l lo w  th e  same t r e n d  a s  t h a t  o f  p y r i t i o  i r o n

/ ( p y r i t i c ..............................................
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( p y r i t i o  s u lp h u r  » 1*15 x  p y r i t i o  i r o n ) ,  w h ioh  h a s  b een  

d is o u s s e d  i n  P a r t  I  (T ab le  Ho*9) o f  t h i s  work*

(b ) E f f e o t  o f  a o id  t r e a tm e n  t  on o rg a n io  s u lp h u r *

The n e c e s s i t y  f o r  e x p re s s in g  t h e  u l t i m a t e  a n a l y s i s  o f  

th e  ao id . t r e a te d ,  sam ple a l s o ,  on a d ry , m in e ra l  m a t t e r  f r e e  

b a s i s  was o l e a r l y  se e n  i n  th e  o a se  o f  th e  o rg a n io  s u lp h u r  

v a lu e s .  I t  w i l l  be  noted, t h a t  i t  i n  th e  a n a ly s e s  o f  th e  aoid. 

t r e a te d ,  sam p les  on b o th  d ry , a s h , CO2 f r e e  b a s i s  and. d ry  

m in e ra l  m a t t e r  f r e e  b a s i s ,  a p a r t  from  s u lp h u r  th e  d i f f e r e n c e s  

i n  th e  o a se  o f  th e  o t h e r  v a lu e s  w ere o f  a  m in o r n a t u r e .  When 

th e  r e s u l t s  a r e  ex p ressed , on a d ry ,  a s h ,  CO2 f r e e  b a s i s , s u l p h u r

c o n v e n t io n a l ly  r e p r e s e n t s  v o l a t i l e  s u lp h u r ,  w hioh  i n  t h i s  o a se  

would, in c lu d e  v a ry in g  am ounts o f  p y r i t i o  su lp h u r*  I f  suoh  

v a lu e s  w ere u s e d ,  t h e  r e a l  d i f f e r e n c e  be tw een  th e  v a lu e s  f o r  

o rg a n io  s u lp h u r  o o n te n t  o f  th e  tw o sam p les  c o u ld  n o t  be  p r o p e r 

l y  a p p r e c i a te d .

I t  i s  o n ly  o rg a n io  s u lp h u r  t h a t  fo rm s a  p a r t  o f  th e  o o a l  

su b s ta n o e *  The o rg a n io  s u lp h u r  o f  th e  o r i g i n a l  and th e  a o id  

t r e a t e d  sam p les i s  fo u n d  t o  d i f f e r  b e tw een  n i l  t o  0*7 p e ro e n t  

o f  th e  o o a l ;  o n ly  two sam p le s  (Iffos* 1  and  7 ) ba& th e  same 

o rg a n io  s u lp h u r  c o n te n t s  f o r  th e  o r i g i n a l  and  a o id  t r e a t e d  

sa m p le ; f o r  f o u r  (Hos* 2 , 3 ,4  and  8 ) t h e  d i f f e r e n c e  was 0«1

/ p e r c e n t ...........................
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p e rc e n t  o f  o o a l ;  f o r  t h r e e  o th e r s  (Ifo s* 5 ,1 0  and  12) i t  was 

0*2 p e ro e n t  and f o r  two more (Bos. 9 and  1 1 ) 0*4 . O nly i n  one 

o a se  (B o .6) th e  maximum d i f f e r e n c e  o f  0 .7  p e rc e n t  o f  o o a l  was 

n o te d .

V ery l i t t l e  in f o rm a t io n  i s  a v a i l a b l e  on th e  n a tu r e  o f  

th e  s u lp h u r  compounds i n  o o a l .  S to p e s  and W heeler (67) s u g g e s t 

ed  t h a t  a  m a jo r i ty  o r  a l l  t h e  com plex  m o le c u le s  w hioh fo rm  th e  

o o a l  c o n g lo m e ra te  p o s s e s s  eaoh  a s u lp h u r  atom , i n  some g ro u p in g  

i n  t h e i r  s t r u c t u r e .  W heeler (6 8 ) ,  i n  view  o f  h i s  f i n d in g  t h a t  

th e  p y r id in e  and o h lo ro fo rm  e x t r a c t s  and  th e  e x t r a c t i o n  r e s id u e  

a l l  h ad  th e  same s u lp h u r  c o n te n t  a s  t h e  o r i g i n a l  o o a l ,  o o n o lu d ed  

t h a t  o rg a n io  s u lp h u r  oompounds w ere p a r t  o f  th e  fu n d a m e n ta l 

c o n s t i t u t i o n  o f  o o a l  and  w ere u n ifo rm ly  d i s t r i b u t e d *

P o w e ll  and  P a r r  (69) d i s t in g u i s h e d  b e tw een  p h e n o l s o lu b le  

and  p h e n o l in s o lu b le  o rg a n io  s u lp h u r ,  b u t  th e  s i g n i f i c a n c e  o f  

suoh  a  d i s t i n c t i o n  i s  n o t  c l e a r .  A cco rd in g  t o  P o w e ll ,  F i s c h e r  

i n  1899 c o n c lu d e d  t h a ct  by  th e  u s e  o f  b rom ine ( o r  p r e f e r a b l y  

sodium  h y p o b ro m ite )  on o o a l  b e s id e s  th e  p y r i t i o  s u lp h u r  some 

o r g a n ic  s u lp h u r  a l s o  was d i s s o lv e d .  T h is  o b s e r v a t io n  h a s  b e e n  

c o n firm e d  by num erous w o rk e rs ;  b u t  r e l a t i v e l y  l i t t l e  i s  known 

a b o u t t h e  s u lp h u r  compounds in  o o a l  a f f e c t e d  by su c h  a  

t r e a tm e n t .

/ I n .........................................
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I n  th e  p r e s e n t  i n v e s t i g a t i o n ,  i n  view  o f  th e  f a c t s  t h a t

(1) th e  o rg a n ic  s u lp h u r  was d e te rm in e d  by d i f f e r e n c e ;

(2 ) th e  d i f f e r e n c e s  w e resm a ll and  w i th in  e x p e r im e n ta l  
l i m i t s  i n  m ost c a s e s  (e x c e p t in g  Nos. 6 , 9 1 1 )

i t  w ould n o t he j u s t i f i a b l e  t o  draw any d e f i n i t e  c o n c lu s io n s  

ab o u t t h e  in f lu e n c e  o f  th e  h o t a c id s  on th e  o rg a n io  s u lp h u r  in  

o o a l .  B ut i n  some o a se s  ( f o r  e .g .  Sam ples Nos. 6 , 9 , and  1 1 ) 

th e  p r e s e n t  r e s u l t s  i n d i c a t e d  t h a t  a  p o r t io n  a t  l e a s t  o f  t h e  

o rg a n ic  s u lp h u r  p r e s e n t  i n  c o a l  was r e l a t i v e l y  w eak ly  a t t a c h e d  

t o  t h e  o o a l m o le c u le  and t h a t  i t  was a f f e c t e d  by th e  u s e  h o t  

d i l u t e  a c id s  even  i n  an  i n e r t  a tm o sp h e re .

OxygQflj Ik® oxygen c o n te n t  i s  u s u a l ly  o b ta in e d  by 

d e d u c t in g  from  1 0 0 , th e  p e rc e n ta g e s  o f  o a rb o n , h y d ro g e n , 

n i t r o g e n  an d  o rg a n io  s u lp h u r  o f  th e  p u re  o o a l .  S in o e  th e  

oxygen v a lu e s  a re  o b ta in e d  by d i f f e r e n c e ,  th e y  in c lu d e  th e  

p o s s ib l e  a n a l y t i c a l  e r r o r s  i n  th e  d e te r m in a t io n  o f  o a rb o n , 

h y d ro g e n , n i t r o g e n  and s u lp h u r .

I t  h a s  b e en  p o in te d  o u t t h a t  th e  P a i r  fo rm u la  i s  on a  

s u lp h u r  f r e e  b a s i s .  I t  i s  nne  o f  th e  o h i e f  m e r i t s  o f  t h e  

K in g , M a rie s  and  C ro s s le y  fo rm u la  t h a t  by a l lo w in g  f o r  t h e  

p re s e n c e  o f  o rg a n io  s u lp h u r  i n  o o a l ,  i t  c o m p le te ly  l i m i t s  

th e  p ro b a b le  e r r o r  i n  oxygen v a lu e s ,  o b ta in e d  by

/ d i f f e r e n o e



d i f f e r e n c e ,  t o  a n a l y t i c a l  e r r o r s  o n ly .

I t  was one o f  t h e  a im s o f  th e  p r e s e n t  i n v e s t i g a t i o n  t o  

a v o id  o x id a t io n  o f  th e  o o a l sam p le , d u r in g  a o id  t r e a tm e n t ;  h u t  

th e  oxygen v a lu e s  o f  th e  a o id  t r e a t e d  sam ple w ere fo u n d  t o  have  

in c r e a s e d  by  0*1 t o  1*5 p e ro e n t  (C o l. 5 > T ab le  No*3 1 ) o f  th e  

o o a l ;  f o r  e le v e n  o u t o f  th e  tw e lv e  sa m p le s , t h e  in o r e a s e  was by 

l e s s  th a n  0»8 p e ro e n t  o f  t h e  o o a l .  Suoh v a r i a t i o n s  w ere  q u i t e  

p o s s ib le ,  due t o  e x p e r im e n ta l  e r r o r s  a lo n e . B ut i n  th e  p r e s e n t  

i n v e s t i g a t i o n ,  t h e  in o r e a s e  i n  oxygen o o n te n t  was i n  e v e ry  o a se  

ao o o u n te d  f o r  by a  s l i g h t  d e c re a s e  o f  o a rb o n , h y d ro g en  and  

o rg a n io  s u lp h u r  c o n te n ts  a s  a l s o  t h e  o a l o r i f i o  v a lu e s .  Of t h e s e  

t h e  d e c re a s e  i n  c a rb o n , h y d ro g en  and  a l s o  s u lp h u r  i n  m ost o a s e s  

have  b e en  shown t o  be n o t  o f  a  s e r io u s  n a tu r e ;  b u t  i n  some o ases ', 

l i k e  f u s a i n  sam p le s  o r  h ig h  a s h  o a n n e ls ,  th e  h o t  a c id s  d id  seem 

t o  e f f e o t  a  v e ry  m ild  o x id a t io n  o f  t h e  o o a l  s u b s ta n c e .

T h is  w ould , p e rh a p s , be th e  m ain  c r i t i c i s m  a g a i n s t  t h e  

p r e s e n t  p ro c e d u re  o f  a o id  t r e a tm e n t .  B ut th e  o h ie f  m e r i t  o f  

t h i s  p ro c e d u re  w ould be t h a t  i t s  r e s u l t s  on th e  e x t r a c t i o n  o f  

th e  m in e r a l  I m p u r i t i e s  i n  o o a l  w ere a s  good a s  th o s e  o b ta in e d  

by  any  o t h e r  p ro c e d u re  em ploy ing  m ore c o n c e n tr a te d  a o id s ;  b u t  

a t  th e  same t im e , i t  re d u c e d  t h e  o h an o es  o f  o x id a t io n  o f  t h e  

o o a l  s u b s ta n c e  t o  w hat m ig h t p e rh a p s  b e , an  i r r e d u c i b l e

/minimum,
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minimum. I n  t h e  r e s u l t s  o f  t h e  p re v io u s  w o rk e rs  f o r  b i tu m i

no u s o o a ls ,  th e  mininram in c r e a s e  ( o f  1»6 p e r c e n t )  i n  oxygen 

o o n te n t  due t o  a c id  t r e a tm e n t  was o b ta in e d  by T u rn e r  and

o o -w o rk e rs  ( lo o  o i t )  and  th e  maximum ( 2*9 p e ro e n t )  by Himus and  

B asak  ( lo o  o i t ) ,  th e  r e s u l t s  b e in g  on a  d ry  a s h  f r e e  b a s i s .  I n  

th e  p r e s e n t  i n v e s t i g a t i o n ,  w i th  a  much w id e r  v a r i a t i o n  i n  th e  

a s h  o o n te n t  o f  t h e  sam p les exam ined ( e x c e p t in g  i n  th e  c a s e  o f  a  

f u s a in ,s a m p le  H o .6 ) , th e  maximum in o r e a s e  i n  oxygen o o n te n t  was 

l e s s  th a n  h a l f  th e  minimum n o te d  above.

(v) C a lo r i f i c  v a lu e s :  T hese a re  d is c u s s e d  a lo n g  w i th  th e

r e s u l t s  o b ta in e d  by th e  P a r r  fo rm u la  and th e  g r a p h ic a l  

m ethod.

(4 ) C om para tive  v a lu e s  f o r  t h e  m in e ra l  m a t te r  o o n te n t  o f  o o a ls  
by th e  P a r r  and  g r a p h ic a l  m ethods.

( i )  The P a r r  fo rm u la :  T h is  fo rm u la  h a s  r e c e iv e d  c o n s id e r a b le

a t t e n t i o n  from  num erous i n v e s t i g a t o r s  and  i t  w ould  n o t  

be  s t r i c t l y  w i th in  t h e  scope o f  t h e  p r e s e n t  i n v e s t i g a t i o n  

t o  d e a l  a t  l e n g t h  w i th  t h e  im p l i c a t i o n s  o f  th e  fo rm u la . 

T ab le  Ho. 25 g iv e s  th e  v a lu e s  f o r  t h e  m in e r a l  m a t t e r  

o o n te n t  and  c a l o r i f i c  v a lu e s  f o r  th e  tw e lv e  sam p le s  on 

th e  P a r r  b a s i s .  The m in e ra l  m a t t e r  v a lu e s  f o r  

sam p le s  (Hos. 5 , 6 , 1 0  and 12 ) w ere  c a l c u l a t e d  by th e  

m o d if ie d  P a r r  m ethod ( th e  sam p les had  h ig h  CO2 c o n te n ts )

/and ,
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and o th e r s  by  th e  o r i g i n a l  P a r r  fo rm u la . T ab le  Ho. 33 g iv e s  

t h e  c o m p a ra tiv e  v a lu e s  f o r  th e  m in e ra l  m a t te r  o b ta in e d  by th e  

P a r r ,  K.M.C. and g r a p h ic a l  m ethods. The r e s u l t s  a r e  a l s o  

e x p re s s e d  a s  m in e ra l  m a t t e r / a s h  r a t i o s ,  s in c e  t h e s e  o f f e r  a  

b e t t e r  means o f  co m p ariso n .

I t  i s  n o te d  t h a t  f o r  a l l  th e  tw e lv e  sam p les u n d e r  

c o n s id e r a t i o n ,  t h e  m in e ra l  m a t t e r  v a lu e s  o b ta in e d  on th e  P a r r  

b a s i s  w ere a lw ay s h ig h e r  th a n  th o s e  o b ta in e d  by  th e  K.M.C. 

fo rm u la .

The m in e r a l  m a t t e r / a s h  r a t i o ,  a s  d e te rm in e d  by th e  P a r r  

fo rm u la  may be e x p re s s e d  a s  f o l lo w s  2-

M in e ra l  m a t t e r / a s h  « 1*08  -*-0*55 x  | 5 i l 2jS E j

I t  i s  c l e a r  from  t h i s  m anner o f  e x p r e s s io n ,  t h a t  th e  r a t i o  c o u ld  

n e v e r  be  below  1*08 and th e  amount by  w hioh  i t  ex ceed ed  1*08 

w ould be d e te rm in e d  e n t i r e l y  by  t h e  s u lp h u r  t o  a s h  r a t i o .  B ut 

th e  s u lp h u r  t o  a s h  r a t i o  d o es  n o t  r e p r e s e n t  any  fu n d a m e n ta l 

r e l a t i o n  b e tw een  th e  com ponents o f  t h e  m in e ra l  m a t t e r  and  so  any  

v a lu e  o b ta in e d  from  i t  c o u ld  o n ly  be a r b i t r a r y .  Himus and  B asak  

( lo o  o i t ) ,  whose w ork  i s  p e rh a p s  t h e  m ost r e c e n t  a t te m p t  t o  

v exam ine th e  v a l i d i t y  o f  th e  P a r r  fo rm u la  (M arch 1 9 4 9 ) c o n c lu d e d , 

t h a t  w h ile  i t  w ould be  j u s t i f i a b l e  t o  a p p ly  t h e  fo rm u la  f o r  

o o a ls  w i th  a s h  c o n te n ts  be low  15 p e r o e n t ,  i t s  a p p l i c a t i o n  t o

/K e ro g e n ...............................
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K erogen ro o k s , h ig h  in  a s h  and p o s s ib ly  i n  o a rb o n  d io x id e  and 

s u lp h u r ,  m igh t g iv e  M is le a d in g  and even  a b s u r d T r e s u l t s *  I n
^  r-

t h e  p r e s e n t  in s t a n c e  a l s o ,  th e  maximum d i f f e r e n c e  i n  th e  v a lu e s  

f o r  m in e ra l  m a t t e r  o b ta in e d  by  t h e  P a r r  and  fo im u la e  was

n o te d  w ith  th e  f u s a i n  sam ple No. 6 ( a s h  23*4 p e ro e n t  and  CO2 

7*2 p e r o e n t )  i n  s p i t e  o f  t h e  a p p l i c a t i o n  o f  th e  recommended CO2 

c o r r e c t i o n .

I t  i s  a l s o  n o te d  t h a t  i n  some o a s e s  (Sam ples 4 , 7 , 1 0 ,

11  and  1 2 ) t h e  P a r r  m ethod  gave a  r e a s o n a b ly  c lo s e  a p p ro x im a tio n  

t o  th e  v a lu e s .  T h is , a c c o rd in g  t o  Cady (70) c o u ld  be

a s c r ib e d  t o  " th e  p ro b a b le  co m p e n sa tio n  o f  o p p o s in g  e r r o r s  

in v o lv e d  i n  th e  c a l c u l a t i o n " .

( i i )  The im proved  g r a p h i c a l  m ethod (Of f a b l e s  26-29  an d  g ra p h s

1- 4 ^ : I t  was s t a t e d  i n  t h e  i n t r o d u c t i o n  t o  P a r t  I I  o f  t h i s

w ork, t h a t  one o f  t h e  s o u rc e s  o f  e r r o r  i n  t h e  a p p l i c a t i o n  o f  

th e  g r a p h i c a l  m ethod t o  th e  a c id  t r e a t e d  o o a ls  w ould be t h e  

a b se n c e  o f  c o r r e c t i o n  f o r  th e  h e a t  o f  fo rm a t io n  o f  t h e  f e r r i c  

o x id e  from  p y r i t e .  F o r  t h e  f o u r  sam p le s  (E os. 9 , 1 0 , 11  an d  1 2 ) 

u s e d  i n  t h i s  i n v e s t i g a t i o n  th e  p y r i t i c  s u lp h u r  c o n te n t s  w ere 

1 *4 6 , 0*4 4 , 1*98 an d  0*38 p e ro e n t  r e s p e c t i v e l y .  S in c e  th e  

a c c e p te d  f i g u r e  f o r  t h e  h e a t  o f  fo rm a t io n  o f  f e r r i c  o x id e  from  

p y r i t e  i s  3032 gm. o a l .  p e r  gn . p y r i t e  f o r  t h e s e  sa m p le s , th e

/ c o r r e c t i o n ............................
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c o r r e c t i o n  n e c e s s a r y  f o r  t h e  c a l o r i f i c  v a lu e  o f  th e  o r i g i n a l  

sam ple w ould be be tw een  20 and  110  B .T h.ufc / l b .  I n  th e  g ra p h , 

th e  c a l o r i f i c  v a lu e s  a re  p l o t t e d  o n ly  t o  t h e  n e a r e s t  h u n d red  

B .T h .u s ;  so  th e  c o r r e c t i o n  n e c e s s a r y  f o r  sam p le s  (Nos. 10  and

1 2 ) w ould  n o t  make any a p p r e c ia b le  d i f f e r e n c e *  B ut i n  th e  

o t h e r  tw o o a s e s  (Nos. 9 and  1 1 ) th e  c a l o r i f i c  v a lu e  o f  th e  

i n i t i a l  sam ple w ould be  i n  e r r o r  by 100  B . I h .u s ;  i n  th e  

su b se q u e n t sam p les from  e ach  o f  th e s e  o a n n e ls ,  t h e  e r r o r  w ould  

b e  much l e s s ,  s in c e  p y r i t e  h a s  b e en  shown t o  be e x t r a c t e d  by  

a o id  t r e a tm e n t .

F o r  t h e  f o u r  sam p les exam ined, th e  l i n e a r  r e l a t i o n  

be tw een  c a l o r i f i c  v a lu e  and a s h  h e ld  good ev en  up  t o  an  a s h  

o o n te n t  o f  45 p e r c e n t ;  th e  v e ry  m ild  o x id a t io n  o f  th e  sam ple 

due t o  th e  s o l u t i o n  o f  a p o r t io n  o f  th e  o rg a n io  s u lp h u r  d id  

n o t  d e p re s s  th e  c a l o r i f i c  v a lu e  t o  any n o t i c e a b le  e x te n t .

By th e  v e ry  n a tu r e  o f  th e  g r a p h ic a l  m e th o d s, th e  m in e ra l  

m a t t e r  v a lu e s  c o u ld  be d e te rm in e d  c o r r e c t  o n ly  t o  t h e  n e a r e s t  

h a l f  o f  t h e  w hole num ber. W ith t h i s  l i m i t a t i o n ,  th e  m in e ra l  

m a t t e r  v a lu e s  showed c lo s e  ag reem en t (T ab le  No*33) w i th  t h e  

£•&!• C* v a lu e s ;  th e y  w ere a  d e f i n i t e  im provem ent o v e r  th e  P a r r  

v a lu e s ,  th o u g h  n o t  a s  e x a o t a s  t h e  3£#I£*C* v a lu e s .  I n  s p i t e  o f  

t h i s  a g re e m e n t, t h e  m in e ra l  m a t t e r  v a lu e s  o b ta in e d  from  th e  

g r a p h ic a l  m ethod  c o u ld  o n ly  be  s tu d ie d  w i th  r e s e r v e ,  s in c e  th e

/  exb ra p  o l a t  i  on,
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e x t r a p o la t i o n  o f  th e  g ra p h  b o th  ways c o u ld  n o t  be e a s i l y  

J u s t i f i e d .

(5 ) A c o m p ariso n  o f  th e  o a l o r i f i o  v a lu e s  by t h e  d i f f e r e n t  
met H ods.

The v a lu e s  o b ta in e d  by th e  d i f f e r e n t  m ethods a re  

sum m arised  i n  T ab le  N o .34.

(1 ) C a l o r i f i c  v a lu e  o f  th e  p u re  o o a l  -  N.M.C. b a s i s  and  d ry  

a s h  COg f r e e  b a s i s  (C o l. 1 and  5 o f  T ab le  N o .3 4 ) :

The r e s u l t s  show t h a t  th e  e x p re s s io n  o f  th e  o a l o r i f i o  

v a lu e  on a  d ry , a s h , C02 f r e e  b a s i s ,  w h ile  J u s t i f i a b l e  i n  

th e  o a se  o f  sa m p le s  w i th  v e ry  low a s h  c o n te n t s ,  in t ro d u c e d  

i n c r e a s in g  e r r o r s  w i th  i n c r e a s e  i n  a s h  o o n te n t .

6i )  C a l o r i f i c  v a lu e  o f  p u re  c o a l  ( c a l c u l a t e d  from  th e  a o id

t r e a t e d  sam ple on a  d ry , m in e ra l-m a t t e r  f r e e  and  d ry  a s h , 

C02 f r e e  b a s i s  -  C o ls . 4 and  6 o f  T ab le  34 )•

The d i f f e r e n c e  be tw een  th e  two v a lu e s  seldom  e x ceed ed  

30 B .T h .u s  and  was m o s tly  below  20 B .T h .u s . I n  t h e  o a se  o f  th e  

d ry , m in e ra l  m a t t e r  f r e e  b a s i s ,  th e  s l i g h t l y  h ig h e r  v a lu e s  w ere 

due t o ;  (1 ) t h e  u se  o f  th e  s p e c i a l  fo rm u la  f o r  th e  d e r i v a t i o n  

o f  th e  m in e r a l  m a t t e r  o o n te n t  o f  th e  a c id  t r e a t e d  sam p les and

( 2 ) c o r r e c t i o n  f o r  t h e  h e a t  o f  fo rm a t io n  o f  f e r r i c  o x id e  from  

p y r i t e ;  t h i s  w as n e c e s s a r y , s i n c e  t h e  p r e v io u s  r e s u l t s

/{ T a b le ..................................
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(T ab le  H o.9 , P a r t  I )  showed t h a t  t h e  p y r i t e  I n  th e  m in e ra l  

m a t t e r  o f” o o a l  was n o t c o m p le te ly  e x t r a c t e d  hy  a c id  t r e a tm e n t .  

Thus o f  th e  tw o s e t s  o f  v a lu e s ,  t h e r e  w ould be g r e a t e r  

j u s t i f i c a t i o n  f o r  com paring  th e  v a lu e s  on a  d ry  m in e r a l  m a t t e r  

f r e e  b a s i s  w i th  th o s e  from  th e  K.M.C* fo rm u la .

( i l l )  C a l o r i f i c  v a lu e  o f  th e  p u re  o o a l  (v a lu e s  from  t h e  K.M.C. 

fo rm u la  a p p l i e d  t o  th e  o r i g i n a l  sam ple and th e  s p e c i a l  

fo rm u la  f o r  th e  a c id  t r e a t e d  sam ple* C o ls . 1  and  4  o f  

T ab le  Ho* 3 4 ) .

The d i f f e r e n c e  be tw een  th e  two v a lu e s  was b e tw ee n  10  and  

310  B .T h .u s / lb ;  th e  v a r i a t i o n s  n o te d  i n  th e  c a s e  o f  

e ig h t  sam p le s  ( H o s . l ,  2 , 3 , 4 , 7 , 8 , 9 and  1 2 ) w ere 

below  80  B. T h .u . / l b  an d  c o u ld  n o rm a lly  be a t t r i b u t e d  t o  

e x p e r im e n ta l  v a r i a t i o n s ;  b u t  t h a t  c o u ld  n o t  a c c o u n t f o r  

th e  a c id  t r e a t e d  sam p les a lw ays h a v in g  t h e  lo w e r  v a lu e s*

So a p a r t  from  e x p e r im e n ta l  e r r o r s ,  t h e  d e c re a s e  i n  

c a l o r i f i c  v a lu e  m ust have b een  due t o  t h e  s l i g h t  d e c r e a s e  

n o te d  i n  th e  c a rb o n , h y d ro g en  and  s u lp h u r  v a lu e s  n o te d  

e a r l i e r .

The D u long ’ s  fo rm u la  f o r  th e  c a l c u l a t i o n  o f  c a l o r i f i c  

v a lu e s  from  u l t i m a t e  a n a l y s i s  a s c r i b e s  a  v a lu e  o f  4050  

B .T h .u s / lb .  o f  s u lp h u r  i n  c o a l .  Thus a  l o s s  o f  0*1 

p e r c e n t  s u lp h u r  w ould  in v o lv e  a  d e c re a s e  o f  4  B .T h .u s . A *

/B u t ................................
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B ut f o r  h y d ro g en  th e  v a lu e  i s  a b o u t 62000  B .T h .u . / l b .  E ach 

0*1 p e ro e n t  o f  h y d ro g en  w ould  a cc o u n t f o r  62  B .T h .u s  and  

s i m i l a r l y  e a c h  0*1 p e ro e n t  o f  c a rb o n  f o r  14»5  B .T h .u s . So 

a ssu m in g  th e  g e n e r a l  v a l i d i t y  o f  th e s e  f i g u r e s ,  t h e  d e c r e a s e  i n  

c a l o r i f i c  v a lu e  due t o  t h e  l o s s  o f  s u lp h u r  w ould be  n e g l i g i b l e ;  

i t  i s  t h e  d e c re a s e  i n  hyd ro g en  c o n te n t  and  t o  a  much s m a l le r  

e x te n t  t h e  d e c re a s e  i n  c a rb o n  c o n te n t  t h a t  c o u ld  p ro d u ce  any  

s i g n i f i c a n t  lo w e r in g  o f  th e  c a l o r i f i c  v a lu e .  Thus i n  th e  above 

e ig h t  sa m p le s , t h e  d e c re a s e  in  c a rb o n  and  h y d ro g en  v a lu e s  w ere 

o f  th e  o r d e r  o f  n i l  t o  0*4 and  n i l  t o  0*1 p e r c e n t  r e s p e c t i v e l y  

and so  th e  d i f f e r e n c e  i n  c a l o r i f i c  v a lu e  n e v e r  ex ceed ed  

80  B .T h .u s . / l b .  B ut i n  th e  c a se  o f  th e  tw o f u s a i n  sam p les  

(H os. 3 and  6 )  and  th e  tw o o a n n e ls  (Hos. 10  an d  1 1 ) w here  t h e  

d e c re a s e  i n  h y d ro g en  c o n te n t  was be tw een  0*1 t o  0*3 p e r c e n t  o f  

t h e  c o a l ,  th e  c a l o r i f i c  v a lu e  a l s o  r e g i s t e r e d  a  d e f i n i t e  

d e c r e a s e  (b e tw een  160  and  31 0  B .T h .u s . / l b ) .

T h is  s u g g e s te d  t h a t ,  even  u n d e r  th e  c o n t r o l l e d  c o n d i t i o n s  

o f  a c i d  t r e a tm e n t  a s  i n  th e  p r e s e n t  i n v e s t i g a t i o n ,  th e  u s e  ocf 

h o t d i l u t e  h y d r o f lu o r i c  and  h u d ro o h lo r ic  a c i d s ,  d i d  m i ld ly  

o x id is e  th e  c o a l  s u b s ta n c e  i n  th e  c a s e  o f  f u s a i n  sam p les  

(Hos. 3 &&& 6 ) and  h ig h  a s h  o a n n e ls  (Hos. 10  an d  1 1 ; Ho. 12  seem s 

t o  be  a n  e x c e p t io n ) .

/  ( i v ) ..........................
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( iv )  C a l o r i f i c  v a lu e  o f  p u re  o o a l  from  th e  K.M.C* and  t h e  P an?

fo rm u la e . (C o ls . 1  an d  2 o f  T ab le  Ho*3 4 )s

The r e s u l t s  a g a in  b o re  o u t th e  e a r l i e r  c o n c lu s io n s  r e g a r d 

i n g  t h e  m in e r a l  m a t t e r  v a lu e s  by th e  P a r r  m eth o d ; i n  1 0  

o u t  o f  th e  12 o a s e s ,  th e  c a l o r i f i c  v a lu e  o b ta in e d  by  th e  

P a r r  m ethod was h ig h e r  th a n  th e  K.M .C. v a lu e s ;  w i th  

sam p le s  o f  low  a s h  c o n te n t ,  th e  d i f f e r e n c e  w as w i t h in  th e  

p e r m is s ib le  l i m i t s ,  w h ile  f o r  sam p les h ig h  i n  a s h  a n d  CO2,

th e  e r r o r  in t ro d u c e d  by th e  P a r r  m ethod was c o n s id e ra b le *

(v ) C a l o r i f i c  v a lu e  o f  p u re  c o a l  -  K.M.C. v a lu e s  and  th e

g r a p h i c a l  m ethod (C o ls . 1  and  3 o f  T ab le  Ho*3 4 ) :

The v a lu e s  from  th e  g r a p h ic a l  m ethod w ere h ig h e r  th a n  

th o s e  o b ta in e d  from  a c id  t r e a t e d  sam p les on a  d r y ,  m in e ra l  

m a t t e r  b a s i s  and  w ere r e a s o n a b ly  c lo s e  t o  th e  v a lu e s  f o r  

th e  o r i g i n a l  sam ple  on a  d ry , m in e ra l  m a t t e r  f r e e  b a s i s  

(K .M .C .). I n  t h r e e  (H os. 9 , 11  an d  1 2 ) o u t  o f  t h e  f o u r  

o a s e s ,  t h e  v a lu e s  from  th e  g r a p h i c a l  m ethod w ere  c l o s e r  

t o  t h e  K.M .C. v a lu e s  th a n  th o s e  by  any o t h e r  m ethod .

Thus t h e  two m ain  c o n c lu s io n s  a r e  ( l )  t h e  l i n e a r  

r e l a t i o n  b e tw een  a s h  an d  c a l o r i f i c  v a lu e  h e ld  good f o r  

sam p le s  o b ta in e d  by a c id  t r e a tm e n t  and  (2 ) th e  p u re  o o a l  

c a l o r i f i c  v a lu e  o b ta in e d  by e x t r a p o la t i o n  a g re e d  w i th in  

r e a s o n a b le  l i m i t s  w i th  th e  K.M.C. v a lu e .  T hese f a c t s  

m ig h t i n d i c a t e  t h a t  o o a l  s u b s ta n c e  had  n o t  b e e n  a f f e c t e d

A y ...................................
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by  th e  a c id  t r e a tm e n t .  T h is  w ould  be p a r t i c u l a r l y  t r u e  o f  

th e  sa m p le s , Hos. 1 0  and  1 2 , f o r  i n  th e  c a se  o f  th e  o t h e r  

tw o sa m p le s , w hich  c o n ta in e d  n e a r ly  tw o p e ro e n t  p y r l t i o  

s u lp h u r ,  th e  a b sen ce  o f  a  c o r r e c t i o n  t o  th e  c a l o r i f i c  

v a lu e  f o r  th e  h e a t  o f  fo rm a t io n  o f  f e r r i c  o x id e  m ig h t have  

r e s u l t e d  i n  a  s l i g h t l y  h ig h e r  v a lu e .

( v i )  The l i m i t a t i o n s  o f  th e  im proved g r a p h i c a l  m ethod :

(1 ) T h is  m ethod i s  o b v io u s ly  l i m i t e d  t o  sam p les  h ig h  

i n  a s h , a t  l e a s t  o v e r  20  p e r o e n t ;  w i th  sa m p le s  o f  

lo w e r  a s h  c o n te n t ,  i t  w ould n o t  b e  p o s s ib l e  t o  

p l o t  c o r r e c t l y  th e  s lo p e  o f  th e  a s h  c a l o r i f i c  

v a lu e  l i n e .

( 2 ) B e t t e r  r e s u l t s  w ould be  o b ta in e d  w i th  sam p les  low  

i n  p y r i t i c  i r o n .

( 3 ) B e in g  a  g r a p h i c a l  m ethod , th e  c a l o r i f i c  v a lu e s  

o b ta in e d  by  e x t r a p o la t i o n  w ould  be  c o r r e c t  o n ly  t o  

t h e  n e a r e s t  3 °  B .T h .u s  and  t h e  m in e r a l  m a t t e r  

v a lu e s  t o  th e  n e a r e s t  h a l f  o f  a  w hole num ber.

(4 ) The im proved  g r a p h ic a l  m ethod h a s  one s p e c i f i c  

a d v a n ta g e  o v e r  th e  e a r l i e r  S t a n s f i e l d  and  S u th e r la n d  

m ethod . T h ie s s e n  and  Reed (33 ) c o n c lu d e d  t h a t  t h e  

l a t t e r  g ra p h s  d id  n o t  g iv e  v a lu e s ,  m ore a c c u r a te  

th a n  t h e  P a r r  fo rm u la . I t  i s  a l s o  Icnown t h a t  f o r  

v e ry  h ig h  a s h  c o a l s ,  t h e  P a r r  fo m ra la  i s  n o t

/ a p p l i c a b l e .........................
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a p p l i c a b l e .  She p r e s e n t  expe r im e n ts  showed t h a t  th e  

f o r  h ig h  a s h  c o a l s ,  th e  c a l o r i f i c  v a lu e  o f  p u re  o o a l  a s  

d e te rm in e d  by th e  im proved g r a p h ic a l  m ethod w as d e f i n i t e l y  

m ore a c c u r a te  th a n  th e  v a lu e  o b ta in e d  by th e  P a r r  fo rm ula*

(5 ) She m ost s e r io u s  o b j e c t io n  a g a in s t  b o th  th e  o r i g i n a l  and 

im proved  g r a p h ic a l  m ethod w ould be th e  p ro c e d u re  o f  e x t r a 

p o l a t i n g  th e  a s h - e a l o r i f i o  v a lu e  l i n e  b o th  t o  z e ro  a s h  and  

z e ro  o a l o r i f i o  v a lu e .  E x t r a p o la t io n  o f  th e  l i n e  t o  z e ro  

a s h , w h ich  gave th e  p u re  o o a l  c a l o r i f i c  v a lu e  c o u ld  e a s i l y  

be j u s t i f i e d ;  f o r  in  e ac h  c a s e ,  th e  o a l o r i f i o  v a lu e s  o f  

sam p le s  o f  g r a d u a l ly  d e c r e a s in g  a s h  o o n te n t  up t o  2 p e ro e n t  

and  below  had  b een  o b ta in e d  and  th e  e x t r a p o l a t i o n  t o  z e ro  

a s h  c o u ld  n o t  have in tro d u c e d  any e r r o r .  B ut th e  same c o u ld  

n o t  be  s a i d  o f  e x t r a p o la t i n g  th e  a s h - c a l o r i f i c  v a lu e  l i n e  t o  

z e ro  o a l o r i f i o  v a lu e ,  f o r  b e s id e s  th e  t h e o r e t i c a l  o b j e c t io n s  

a l r e a d y  m en tio n ed  (se e  i n t r o d u c t i o n  to  P a r t  I I ) ,  su ch  a 

p ro c e d u re  m eant t h a t  i n  a l l  o a s e s  more th a n  h a l f  th e  t o t a l  

l e n g t h  o f  th e  g ra p h  was o b ta in e d  by e x t r a p o l a t i o n .  I t  o o u ld  

t h e r e f o r e  be s t a t e d  t h a t  th e  g r a p h ic a l  m ethod c o u ld  b e s t  be 

u s e d  a s  a  m eans o f  d e te r m in a t io n  o f  p u re  o o a l  o a l o r i f i o  

v a lu e ;  t h e  m in e ra l  m a t t e r  v a lu e s  o b ta in e d  by t h i s  m ethod , i n  

s p i t e  o f  th e  r e l a t i v e l y  a c c u r a te  v a lu e s  n o te d  i n  th e  c o u rs e  

o f  t h e  p r e s e n t  i n v e s t i g a t i o n ,  w ere l i k e l y  t o  be  e r ro n e o u s .

/T h is ............................
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T h is  im proved  m ethod , l i k e  i t s  p r e d e c e s s o r ,  i s  u n l ik e l y  

t o  g a in  w ide a c c e p ta n c e ;  f o r ,  i n s p i t e  o f  th e  la b o u r  in v o lv e d ,  

th e  v a lu e s  a r e  l e s s  a c c u ra te  th a n  th o s e  o b ta in e d  by th e  

K.M.C* fo rm u la .

(6 ) The K.M .C. fo rm u la  and th e  a c id  t r e a tm e n t  o f  c o a l s :

I t  was one o f  th e  m ain  aim s o f  th e  p r e s e n t  i n v e s t i g a t i o n  

t o  com pare th e  v a lu e s  o f  th e  c o m p o s itio n  o f  th e  o o a l ,  f r e e d  a s  

much a s  p o s s ib le  o f  th e  m in e r a l  m a t t e r  a s s o c i a t e d  w i th  i t  by 

a o id  t r e a tm e n t ,  w i th  th e  c o m p o s it io n  o f  th e  m in e ra l  m a t t e r  f r e e  

o o a l  d e r iv e d  from  t h e  K.M .C. fo rm u la .

The r e s u l t s  (T ab le  H0 . 3 I )  i n d i c a t e d :

(1 ) i n  th e  c a s e  o f  s i x  a t  l e a s t  o f  t h e  tw e lv e  sa m p le s , 

t h e  a o id  t r e a tm e n t  l e f t  th e  c o a l  s u b s ta n c e  v i r t u a l l y  

u n a f f e c t e d ;

(2 ) th e  r e s u l t s  o f  th e  a n a ly s e s  o f  th e  a o id  t r e a t e d  

sam p les in  th e s e  o a s e s  showed c lo s e  ag reem en t w i th  

t h e  v a lu e s  d e r iv e d  from  th e  K.M .C. fo rm u la  and

13 ) i n  t h e  o th e r  s i x  sam p les (Hos. 5 , 6 , 9 , 1 0 , 11  and  
1 2 ) ,  w here t h e r e  w ere  r e a s o n s  t o  s u s p e c t  a  m ild  
o x id a t io n  o f  th e  o o a l  s u b s ta n c e ,  th e  r e s u l t s  d id  n o t  

show any u n a c c o u n ta b le  v a r i a t i o n s  fro m  t h e  K.M .C. 

v a lu e s .

/ i t .............................................................. ,
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I t  m igh t t h e r e f o r e  be c o n o lu d e d : 

t h a t  f o r  o o a l  and  o a n n e l sam p les  v a ry in g  in  a s h  c o n te n ts  

from  1 t o  46  p e ro e n t ,  th e  K.M.C. f o m u l a  f o r  th e  e v a lu a t i o n  

o f  th e  m in e ra l  m a t t e r  a s s o c i a t e d  w i th  them , h e ld  good and

by th e  u s e  in  an  i n e r t  a tm o sp h ere  o f  h o t  d i l u t e  h y d r o f lu o r ic  

and  h y d ro c h lo r ic  a c i d s ,  i t  was p o s s ib l e  i n  m ost o a s e s  t o  

e x t r a c t  b e tw een  65 and  99 p e r c e n t  o f  th e  m in e r a l  m a t t e r  

a s s o c i a t e d  w ith  c o a l s  (T ab le  K o.1 2 , P a r t  I )  w i th o u t  

n o t i c e a b ly  a f f e c t i n g  th e  c o m p o s itio n  o f  t h e  o o a l  s u b s ta n c e  

by  su c h  a  t r e a tm e n t .

D. SCME PROPERTIES OP ACID TREATED COALS

(1 ) V o l a t i l e  m a t t e r .

Among th e  p re v io u s  w o rk e rs , G a l la rd  ( l j )  was th e  f i r s t  

t o  m e n tio n  t h a t  a  sm a ll  amount o f  v o l a t i l e  com ponen ts had  

b e e n  e l im in a te d  by a o id  t r e a tm e n t .  M o o l i s  and  Sw artzm an 

(17) and  l a t e r  Sustm ann an d  L e h n e r t  (25) c o n firm e d  t h e  

same*

The p ro p e r  b a s i s  f o r  e x p re s s in g  th e  v o l a t i l e  m a t t e r  i s  

s t i l l  c o n t r o v e r s i a l .  P a r r  recommended a  m in e r a l  m a t t e r  

f r e e  b a s i s .  K ing , M a rie s  and  C ro s s le y  ( lo c  o i t )  p o in te d  

o u t t h a t  d u r in g  th e  c o k in g  o f  o o a l  i n  th e  d e te r m in a t io n  o f

(1)

( 2 )

/ v o l a t i l e
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v o l a t i l e  m a t t e r ,  so  many ch an g es o f  an  in d e te r m in a te  n a tu r e  

o c c u r re d  in  th e  m in e ra l  m a t t e r ,  t h a t  i t  was im p r a c t i c a b le  t o  

o a lo u la t e  an  e x a c t  f i g u r e  on th e  b a s i s  o f  p u re  o o a l.  Some 

oh an g es l i k e  th e  l o s s  o f  w a te r  o f  c o n s t i t u t i o n  o f  s h a ly  m a t t e r  

and  t h e  l o s s  o f  c a rb o n  d io x id e  a r e  co m p le te  and  p r o p e r ly  

u n d e rs to o d . The b e h a v io u r  o f  p y r i t e  i s  more com plex ; P o w e ll 

(a c c o rd in g  t o  K ing  and  o o -w o rk e rs  ( lo o  o i t ) )  s t a t e d  t h a t  th e  

d e c o m p o s itio n  o f  p y r i t e ,  w hich  b eg an  a t  4 0 0 °C and  was co m p le te  

a t  500°C, b ro u g h t a b o u t th e  fo rm a t io n  o f  f e r r o n s  s u lp h id e  

c o n ta in in g  d i s s o lv e d  f r e e  s u lp h u r .  I n  a d d i t i o n  t o  t h i s  c h an g e , 

r e a c t i o n s  b e tw een  o rg a n ic  compounds and in o r g a n ic  s u lp h u r  

oompounds r e s u l t e d  i n  an  in c r e a s e d  amount o f  o rg a n ic  s u lp h u r .

I n  t h e  c a se  o f  c h lo r in e ,  e x p e r im e n ts  a t  t h e  F u e l  R e se a rc h  

S t a t i o n  (K ing and  c o -w o rk e rs , lo o  o i t )  have shown t h a t  up t o  two 

t h i r d s  o f  th e  c h lo r in e  i n  o o a l  m ig h t be v o l a t i l i s e d  d u r in g  

c o k in g  a t  925°C* The m anner o f  c o m b in a tio n  o f  th e  r e s i d u a l  

c h lo r in e  i s  n o t  known.

Hence i n  th e  a b se n c e  o f  e x a c t  in f o rm a t io n ,  K ing  an d  o o - 

w o rk e rs  c o n c lu d e d  t h a t  i t  w ould be b e s t  t o  c o n tin u e  t o  r e p r e s e n t  

v o l a t i l e  m a t t e r  v a lu e s  on a  d ry  a s h  CO2 f r e e  b a s i s  o n ly . T h is  

c o n c lu s io n  h a s  b e en  c r i t i c i s e d  by M ott and  S pooner (4 8 ) ,  who 

s u g g e s te d  th e  a d o p tio n  o f  a  d ry , m in e r a l  m a t t e r  f r e e  b a s i s ,  w i th  

a  fo rm u la  s i m i l a r  t o  t h a t  o f  P a r r .  I n  t h e  p r e s e n t

/ i n v e s t i g a t i o n
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i n v e s t i g a t i o n ,  th e  r e s u l t s  a r e  r e p r e s e n te d  only  on a  d ry ,  a s h  

C02 f r e e  b a s i s  (T ab le  H o.3 5 ) .

The r e s u l t s  i n d ic a te d  t h a t  t h e r e  was a  n o t io e a b le  

d e o re a s e  i n  th e  v o l a t i l e  m a t t e r  c o n te n t  due t o  a c id  t r e a tm e n t ;  

i n  n in e  o u t  o f  th e  tw e lv e  sam p les . The d e o re a s e  was l e a s t  

n o t i c e a b l e  i n  th e  low  a s h  sam p les  (Ho* 3, 4  and  7 ) th e  f u s a i n  

sam ple  Ho. 5* th o u g h  low  i n  a s h  showed a  d e o re a s e  o f  o v e r  6 

p e r c e n t ;  i n  m ost o f  th e  h ig h  a sh  sam p les a l s o  t h e  d e o re a s e  d id  

n o t  e x ce ed  4  p e ro e n t  e x c e p tin g  sam p les  Hos. 11  and  1 2 , w h ich  

showed a  d i f f e r e n c e  o f  o v e r  18 and  9 p e r c e n t  r e s p e c t i v e l y .

The r e s u l t s  i n  T ab le  Ho. 36 (Of g ra p h  Ho. 5 ) showed t h a t  

w i th  th e  g r a d u a l  e x t r a c t i o n  o f  m in e ra l  m a t t e r  by  a o id s ,  t h e  

v o l a t i l e  m a t t e r  c o n te n t  a l s o  d e c re a s e d  g r a d u a l ly .

G a l la r d  ( lo o  o i t )  and  o th e r s  a t t r i b u t e d  t h e  l o s s  o f

v o l a t i l e  m a t t e r  t o  a n  a t t a c k  by t h e  a c id s  on th e  o o a l  s u b s ta n c e .  j
i

The v o l a t i l e  m a t t e r  c o n te n t  o f  c o a l s  h a s  b e e n  shown t o  j
I

be  I n f lu e n c e d  by  th e  a d d i t i o n  o f  i n e r t  m a t t e r  t o  o o a l  by  S i n n a t t  | 

and  G rounds (7 1 ) . They u s e d  t h r e e  d i s t i n c t  ty p e s  o f  i n e r t  m a t t e r  \ 

p u re  sa n d , c o a l  a s h  from  th e  same o o a l  a s  u s e d , and  e l e c t r o d e  

c a rb o n . H t h  th e  w e ig h t o f  e l e c t r o d e  c a r b o n /u n i t  w e ig h t o f  

c o a l  v a ry in g  b e tw een  n i l  an d  tw e n ty , th e y  n o t i c e d  a n  I n c r e a s e  

o f  0*2 t o  4*4  p e ro e n t  o f  v o l a t i l e  m a tte r*  f o r  th e  weight c o a ls

/ex am in ed
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T A B L E  E 0. 35

EFFECT OF ACID TREATMENT OE THE VOLATILE MATTER
COETEET OF COALS.

Sam
p le
Ho.

A S H  ( D R 7  ) 
O r ig in a l  Aoid. t r e a t e d  
sam ple  sam ple

> %

V o l a t i l e  m a t t e r ;  d ry  ash. CO2
O r ig in a l f r e e  &o£ctSt r e a t e 4  
sam ple sam ple

(1) 1 .3 4 O.53 51*3 5 1 .7

(2) 2 .6 0 O.52 4 6 . 2 4 6 .2

( 3 ) 3*59 0 .82 35*2 3 4 .9
(4 ) 4 .9 0 0 .4 2 4 0 .6 3 9 .7
( 5 ) 5 .8 b 1 .3 4 2 0 .7 1 4 .4

(6 ) 2 4 .0 0 3 .0 3 2 7 .4 2 3 .8

(7 ) 3 .0 6 O.73 5 1 .5 5 0 .6
(8 ) 4 .0 4 O.52 53*3 5 3 .6

(9 ) 6 .8 0 2.00. 6 7 .7 6 6 .0

(10) 2 7 .5 7 1 .3 7 5 4 .6 5 0 .6

( l l ) 3 5 .1 8 1 .2 5 7 3 .7 5 5 .3
(12) 4 5 .5 5 0 .6 3 7 2 .2 6 2 .8
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T A B L E  1 0 ,  36

VARIATION OP VOLATILE MATTER WITH REDUCTION IE  ASH COETEET
(C fs g ra p h  E 0 .5 )

Sample Ho. Ash (d ry )

%

V o la t i l e  m a t te r  
( d ry ,  CO2 f r e e )

7°

(9 ) 1 7 .3 7 0 .6
1 1 .0 6 8 .8

6 .5 6 7 .7
2 .0 6 6 .0

(10 ) 2 7 .6 5 4 .6

1 8 .4 5 3 .1
1 0 .2 5 2 .8

6 .8 5 1 .4
1 .5 5 0 .6

i n ) 35.O 73*7
2 4 .0 7 0 .0
l 8 . 0 6 5 .5

7 -5 6 0 .0
1*3 55*3

(12 ) 4 5 .5 7 2 .2
3 3 .8 6 9 .0
2 6 .4 6 7 .2
1 8 .8 6 6 .5
1 0 .0 6 4 .6

6 .0 6 3 .5

0 .6 6 2 .8
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exam in e d  by tliem ; th e  maximum I n c r e a s e  was o b ta in e d  w i th  

i n e r t  m a t t e r  t o  c o a l  r a t i o s  o f  4 and 8.

The r e s u l t s  In  th e  p r e s e n t  I n v e s t i g a t i o n  c o u ld  be  

e x p la in e d  in  th e  l i g h t  o f  th e  above f i n d in g s .  S in c e  th e  

a d d i t i o n  o f  i n e r t  m a t t e r  t o  c o a l  i s  inow n t o  in c r e a s e  th e  

v o l a t i l e  m a t t e r  c o n te n t  o f  c o a l s  th e  g r a d u a l  rem o v a l o f  th e  

m in e r a l  m a t t e r  m ig h t l ik e w is e  be e x p e c te d  t o  c a u se  a  d e c r e a s e  

i n  v o l a t i l e  m a t t e r ;  b u t  i t  i s  n o t  c l e a r ,  why t h i s  sh o u ld  be 

so .

S in c e  th e  q u a n t i ty  o f  th e  in o r g a n ic  m a t t e r  a s s o c i a t e d  

w i th  o o a l  i s  l i k e l y  t o  in f lu e n c e  t h e  v o l a t i l e  m a t t e r  c o n te n t ,  

i t  w ould n o t  be j u s t i f i a b l e  t o  i n f e r  a  l o s s  o f  t h e  c o a l  

s u b s ta n c e  due t o  a o id  t r e a tm e n t ,  by th e  d e c re a s e  i n  v o l a t i l e  

m a t t e r  a lo n e .

(2 ) S o lv e n t e x t r a c t i o n  o f  th e  o r i g i n a l  and  a c id  t r e a t e d  c o a l s .

The s o lv e n t  e x t r a c t i o n  o f  o o a l  h a s  f o r  a  lo n g  tim e  b een  

an  im p o r ta n t  m ethod o f  e x a m in a tio n  o f  th e  c o n s t i t u t i o n  o f  o o a l  

and  a  v a s t  amount o f  l i t e r a t u r e  i s  a v a i l a b l e  on t h i s  t o p i c .  Of 

t h e  v a r io u s  s o lv e n ts  i n  u s e , one o f  t h e  m ost im p o r ta n t  i s  

p y r id in e .

W hee le r and  h i s  co w o rk ers  (72) have  d e v e lo p e d  t h e  u s e  

o f  t h i s  s o lv e n t  and  d iv id e d  t h e  e x t r a o t  i n t o  f r a c t i o n s  a c c o rd 

in g  t o  i t s  s o l u b i l i t y  i n  c h lo ro fo rm . W heeler s t a t e d  t h a t  t h e

e x t r a c t i o n  o f  c o a l  by p y r id in e  fo l lo w e d  by t h e  e x t r a c t i o n  o f
/ t h e ...............................
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t h e  p y r id in e  e x t r a c t  w i th  c h lo ro fo rm  made a  co m p le te  o r  n e a r  

co m p le te  s e p a r a t io n  betw een  th e  r e s in o u s  c o n s t i t u e n t s  and  th e  

d e g r a d a t io n  p ro d u c ts  o f  c e l l u l o s e  o f  w h ich  o o a l  i s  c o n g lo m e ra t

ed . The n a tu r e  o f  th e  f r a c t i o n s  w ere d e s c r ib e d  a s  f o l lo w s

f r a c t i o n ,  in s o lu b le  i n  p y r id in e  c o n s i s t i n g  o f  

u n d is p e r s e d  u lm in s  p lu s  r e s i s t a n t  p l a n t  r e m a in s .

J f r a c t i o n  s o lu b le  i n  p y r id in e  b u t  i n s o lu b le  i n  c h lo r o 

fo rm  c o n s i s t i n g  o f  d i s p e r s e d  u lm in s  an d ;

^  f r a c t i o n ,  s o lu b le  i n  b o th  p y r id in e  and  c h lo ro fo rm  

c o n s i s t i n g  m a in ly  o f  r e s i n s  an d  h y d ro c a rb o n s .

Thus one o f  t h e  m ethods o f  exam in ing  t h e  e f f e c t  o f  th e  

a o id s  on t h e  o o a l  s u b s ta n c e  w ould be t o  s tu d y  th e  p y r id in e  

e x t r a c t i o n  o f  th e  o r i g i n a l  and  a c id  t r e a t e d  sam ple .

T ab le  Ho. 37 g iv e s  th e  r e s u l t s  o f  p y r id in e  e x t r a c t i o n  f o r  

f o u r  o r i g i n a l  and  a c id  t r e a t e d  sam ples (H os. 1 , 2 , 3 7 )*

B o th  th e  p y r id in e  and  th e  su b se q u e n t c h lo ro fo rm  S o x h le t  

e x t r a c t i o n s  w ere c a r r i e d  o u t a t  a tm o sp h e r ic  p r e s s u r e  u n d e r  a  

n i t r o g e n  a tm o sp h e re , th e  fo rm e r  f o r  240  h o u rs  and  t h e  l a t t e r  

f o r  4 8 -6 0  h o u rs .  The e x p e r im e n ta l  p ro c e d u re  recom mended by  

I l l i n g w o r t h  (A n a ly s is  o f  o o a l  and  b y e -p ro d u o ts  -  P age  334-38 ) 

was c l o s e l y  fo l lo w e d .

/A c c o r d in g . .....................



PYRIDIHE EITRACTIOU OF COAL SAMPLES

LET, ASH FHEE COAL BASIS
T o ta l F r a c t io n s  % o f

P A R T I C U L A R S  P y r id in e  t o t a l
E x tr a c t  ft I T

%  o f  o o a l ’
% 7° /

(a )

Sample H o .l  

O r ig in a l  sam ple 3 0 .6 6 9 .4 1 9 .5 1 1 .1

0>) A oid  t r e a t e d  sam ple 
(p e r  p a r t  o f  th e  o r i g i n a l  
sa m p le )• 2 0 .9 7 9 .1 1 5 .5 5 .4

(a )

Sample Ho#2 

O r ig in a l  sam ple 2 8 .2 7 0 .8 2 0 .9 8 .3

(t>) A oid  t r e a t e d  sam ple 
( p e r  p a r t  o f  th e  o r i g i n a l  
sam p le ) . 1 9 .1 77*9 1 7 .1 5 .0

(a )

Sam ple Ho. 3 

O r ig in a l  sam ple 2 0 .6 7 8 .2 1 3 .0 8 .8
(D) A oid  t r e a t e d  sam ple  

( p e r  p a r t  o f  th e  o r i g i n a l  
s a m p le )• 1 4 .6 8 4 .2 1 0 .5 5 .3

(a )

Sample Ho. 7 

O r ig in a l  sam ple 1 4 .1 8 5 .9 1 0 .0 4 .1

tt>) A oid  t r e a t e d  sam ple 
(p e r  p a r t  o f  t h e  o r i g i n a l  
s a m p le ) . 1 0 .0 8 7 .9 8 .1 4 . 0
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A o co rd in g  t o  th e  r e s u l t s  in  T ab le  H o .37, th e  m ain  e f f e c t  

o f  t h e  a c id  t r e a tm e n t  on th e  c o a l  s u b s ta n c e  was t o  r e n d e r  i t  

l e s s  d i s p e r s i b l e  i n  p y r id in e #

A s i m i l a r  f e a t u r e  h a s  b een  n o te d  i n  th e  c a se  o f  a  Don 

b a s i n  o o a l  (7 8 ) ;  a f t e r  e x t r a c t i o n  w ith  s o lv e n ts  u n d e r  p r e s s u r e  

a t  350~390°C, i n  no o ase  was a l l  th e  o rg a n ic  m a t t e r  d is s o lv e d #  

So when th e  r e s id u e  was t r e a t e d  w ith  h y d r o f lu o r ic  and  h y d ro -  

o h lo r io  a c id s  t o  rem ove th e  a sh , a  second  e x t r a c t i o n  rem oved no 

more o rg a n ic  m a tte r#

The r e s u l t s  i n  t h e  p r e s e n t  c a se  c o u ld  be e x p la in e d  frc m  

o u r  p r e s e n t - d a y  know ledge o f  th e  s t r u c t u r e  o f  o o a ls#

C oal h a s  lo n g  b een  assum ed t o  be a  c o l l o i d ;  th e  f i r s t  

p r o o f  o f  i t s  c o l l o i d a l  n a tu r e  was o b ta in e d  th ro u g h  m io ro sc o p io  

o b s e r v a t io n s  by T h ie l .  T h ie s s e n  (73) u s in g  v e ry  t h i n ,  t r a n s 

p a r e n t  s e c t io n s  o f  th e  o o a l p h o to g ra p h e d  th e  o o a l  m ic e l le #  The 

a v a i l a b l e  l i t e r a t u r e  on th e  c o l l o i d a l  s t r u c t u r e  o f  o o a ls  i s  

sum m arised  by H i r s t  (7 4 ) . C o a ls  a re  l ik e n e d  t o  i s o g e l s ,  g e l s  

whose m ic e l le  i s  com posed o f  m o le c u le s  o f  s i m i l a r  c o m p o s itio n  

b u t o f  v a ry in g  d e g re e  o f  p o ly m e r is a t io n .  The v a r i a t i o n  o f  o o a l  

p r o p e r t i e s  w i th  ra n k  i s  a t t r i b u t e d  t o  a v a r i a t i o n  o f  th e  shape  

o f  t h e  m ic e l le #

/T id e s w e l l ...................
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T id e s w e l l  (7 5 ) s u g g e s te d  t h a t  th e  e x t r a o t i o n  o f  o o a l by 

s o lv e n t s  o o u ld  be c o n s id e re d  a s  a  c o l l o i d a l  d i s p e r s i o n  

p r o c e s s .  P e r t i e r r a  (76) c o n firm e d  th e  same by o b s e rv in g  

B row nian  movement i n  an  a n i l i n e  e x t r a c t  o f  c o a l .  A v a i la b le  

l i t e r a t u r e  t e n d s  t o  s u p p o r t  th e  v iew  t h a t  th e  p y r id in e  

e x t r a o t i o n  o f  o o a l  i s  m a in ly  a  c o l l o i d a l  d i s p e r s i o n  o f  t h e  o o a l  

s u b s ta n c e  i n  t h e  s o lv e n t .  The a rg u m en ts  f o r  and  a g a in s t  su c h  a  

v iew  have b e en  sum m arised  by K ie b le r  (7 7 ) .

I n  view  o f  th e  ab o v e , i t  m igh t be i n f e r r e d  t h a t  t h e  

a o t io n  o f  t h e  a c id s  on th e  o o a l su b s ta n c e  was m a in ly  a  c a s e  o f  

p a r t i a l  o o a g u la t io n  o f  th e  o o a l  o o l lo i d  by  th e  e l e c t r o l y t e ;  due 

t o  t h i s  p a r t i a l  o o a g u la t io n  th e  o o a l  s u b s ta n c e  became much l e s s  

d i s p e r s i b l e  i n  p y r id in e  th a n  b e f o r e .

N a tu re  o f  t h e  th r e e  f r a c t i o n s :  Of th e  t h r e e ,  th e  Jk

and  f r a o t i o n s  have  b een  shown t o  be c h e m ic a l ly  s i m i l a r  by  

t h e i r  a n a ly s e s  and X ray d i f f r a c t i o n  s tu d ie s *  I t  i s  a l s o  

e s t a b l i s h e d  t h a t  th e  gamma f r a c t i o n  o o n ta in s  r e s in o u s  

m a t e r i a l s ,  s in c e  b o th  t h i s  m a t e r i a l  and  t r u e  r e s i n s  a f f e c t  a  

p h o to g ra p h ic  p l a t e .

The X f r a c t i o n  lia s b een  d iv id e d  i n t o  s u b - f r a c t i o n s  by 

th e  u s e  o f  s u i t a b l e  s o lv e n ts ;  a c c o rd in g  t o  W heeler and  o o w o rk e rs , 

t h e  n a tu r e  o f  t h e  v a r io u s  f r a c t i o n s  i s  a s  f o l l o w s : -

/ * » ............................................
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X  1 :  h y d ro c a rb o n s , s a t u r a t e d  and u n s a t u r a t e d ,  n o rm a l 
and  a ro m a tic ;

^  2 :  r e s i n o l s ,  r e s i n e s  and  re s c u e s ;;

3 & r e s i n - l i k e  s u b s ta n c e s .

Cookram and W heeler (q u o ted  by K L eb ler , lo o  o i t )  s t a t e d  

t h a t  th e  a c t i v e  c o k in g  p r in c ip l e  n e c e s s a r y  f o r  th e  p r o d u c t io n  o f  

good  cok e was p r o v id e d  by r e s i n s  and h yd ro ca rb o n s o f  th e  c o a l ,  

s in c e  a m ix tu re  o f  d  , . f t  and ^  f r a c t i o n s  ga v e  t h e  b e s t  co k e .

B ut i t  i s  s t i l l  a  m a t t e r  o f  c o n tr o v e r s y ,  a s  t o  w h ich  o f  th e  

gamma f r a c t i o n s  c o n s t i t u t e d  th e  a c t iv e  c o k in g  p r i n c i p l e .

I n  th e  p r e s e n t  i n v e s t i g a t i o n ,  th o u g h  no  s e p a r a te

d e te r m in a t io n  o f  t h e  c a k in g  in d e x  was c a r r i e d  o u t ,  t h e  coke

" b u t to n "  l e f t  b e h in d  a f t e r  th e  v o l a t i l e  m a t t e r  d e te r m in a t io n s  

f o r  a o id  t r e a t e d  sam p les was a lw ay s pow dery; so  a o id  t r e a tm e n t  

h ad  c o m p le te ly  d e s t ro y e d  th e  c o k in g  p r o p e r ty .  P re v io u s  w o rk e rs  

a l s o  have  c o n firm e d  th e  l o s s  o f  co k in g  p r o p e r ty  due t o  t h e  u s e  

o f  h o t  a c i d s  on o o a l .

I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  t h i s  l o s s  c o rre sp o n d e d  t o  
t h e  d e f i n i t e  d e c r e a s e  n o te d  i n  t h e  v a lu e s  f o r  th e  gamma f r a o t i o n s  
o f  th e  a o id  t r e a t e d  sam ple i n  t h r e e  o a s e s  (N o s .1 ,2  and  J ) ;  th e  
f o u r t h ,  Sam ple N o.7 , i n  w hich  o a se  t h e r e  was a lm o s t no  d e o re a s e ,  
was a  o a n n e l and  h en ce  n o n -c o k in g .

T h is  m ig h t s u g g e s t  a  p r e f e r e n t i a l  o o a g u la t io n  by th e  tw o 

a c id s  o f  th e  r e s in o u s  com ponents ( V f r a o t i o n s )  o f  th e  o r i g i n a l  

o o a l  sa m p le s .
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' S u  M M A R Y  

PART I I

A:  INFLUENCE OF ACID TREA2MEET OS TEE COAL SUBSTANCE.

( i )  U lt im a te  a n a l y s i s : The u s e  o f  h o t  d i l u t e  h y d r o f lu o r i c  and

h y d r o c h lo r ic  a c i d s ,  i n  an i n e r t  a tm o sp h e re , d id  n o t  a f f e c t  

th e  o a rb o n  and hy d ro g en  c o n te n ts  o f  b i tu m in o u s  c o a l  sam p le s  

and  o a n n e ls  o f  m o d era te  a s h  c o n te n t*  I n  f u s a i n  sam p les 

and  h ig h  a s h  o a n n e ls  a  v e ry  s l i g h t  d e o re a s e  i n  o a rb o n  and  

h y d ro g en  c o n te n ts  m igh t be a t t r i b u t e d  t o  th e  u s e  o f  h o t  

a c id s .

The t r e a tm e n t  d id  n o t a f f e c t  th e  n i t r o g e n  c o n te n t  o f  

any  sam p le .

A s m a ll  p a r t  o f  th e  o rg a n ic  s u lp h u r  o f  t h e  c o a l  was 

fo u n d  t o  have b e en  e x t r a c t e d  by th e  two a c id s  i n  some c a s e s .

The c a l o r i f i o  v a lu e s  a l s o  w ere n o t  n o t i c e a b ly  a f f e c t e d  

e x c e p t i n  th e  c a se  o f  f u s a i n  and h ig h  a s h  o a n n e ls .

So th e  a c id  t r e a tm e n t  o f  o o a ls  by th e  s u g g e s te d  

p ro c e d u re  d id  n o t  in v o lv e  an  o x id a t io n  o f  th e  o o a l  

s u b s ta n c e ,  d e te c t a b l e  by u l t im a te  a n a l y s i s  i n  m ost o a s e s ;  

b u t  i n  th e  c a s e  o f  f u s a i n  and h ig h  a s h  o a n n e ls ,  t h e r e  w ere 

r e a s o n s  t o  s u s p e c t  m ild  o x id a tio n *

/ ( i i ) ..............................
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( i i )  V o l a t i l e  M a t t e r ; The rem oval by a c id  t r e a tm e n t  o f  th e  

in o r g a n ic  m a t te r  a s s o c i a t e d  w i th  o o a l  was fo l lo w e d  by 

a s l i g h t  d e o re a s e  in  t h e  v o l a t i l e  m a t t e r  c o n te n ts  o f  

th e  sa m p le s , even  when th e  l a t t e r  were e x p re s s e d  on a  

d ry , a s h  CO2 f r e e  b a s i s .

( i i i ) S o lv e n t e x t r a o t i o n : The m ain  e f f e c t  o f  th e  h o t  d i l u t e  

a c id s  on th e  o o a l  su b s ta n c e  was t o  c o a g u la te  t h e  o o a l  

o o l lo i d  p a r t i a l l y  and  th e r e b y  r e n d e r  i t  l e s s  d i s p e r s i 

b le  i n  p y r id in e .

The oom ple te  l o s s  o f  th e  oofcing p r o p e r ty  due t o  

a c id  t r e a tm e n t  c o rre sp o n d e d  w i th  a  r e d u c t io n  i n  th e  y  

f r a c t i o n  o f  th e  a c id  t r e a t e d  sam p le .

B ; .  THE APPLICABILITY OF THE DIFFERENT FORMULAE FOR THE 
EVALUATION OF THE MINERAL MATTER 13ST COAL.

T here  was c lo s e  ag reem en t b e tw een  th e  v a lu e s  f o r  th e

c o m p o s it io n  o f  d ry , m in e r a l  m a t t e r  f r e e  o o a l  o b ta in e d  by  t h e

K ing , M a rie s  and C ro s s le y  fo m ra la  and th o s e  from  t h e

a n a l y s i s  o f  t h e  a o id  t r e a t e d  sam p le s . I n  t h e  c a s e  o f  th e

l a t t e r ,  s in c e  a o id  t r e a tm e n t  d id  n o t  c o m p le te ly  e x t r a o t  t h e

p y r i t e  an d  c h lo r i d e s  i n  th e  m in e ra l  m a t t e r  o f  o o a l ,  i t  w as

n e c e s s a r y  t o  u s e  a  s p e c i a l  fo rm u la  (M in e ra l m a t t e r  o f  a o id

t r e a t e d  sam ple -  1*00  a s h +  0*6 p y r i t i o  s u lp h u r - f -  0*5 

c h l o r i n e ) •

/ I n . ...................... .
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I n  s p i t e  o f  th e  t h e o r e t i c a l  e r r o r s  in v o lv e d ,  t h e  P a r r  

fo rm u la  gave r e a s o n a b ly  a c c u r a te  v a lu e s  i n  th e  c a s e  o f  low  

a s h  c o a l s ,  b u t  f o r  sam p les h ig h  i n  a s h , o a rb o n  d io x id e  o r  

s u lp h u r ,  i t  in t r o d u c e d  c o n s id e r a b le  e r r o r s .

The im proved g r a p h ic a l  m ethod gave v a lu e s  more 

a c c u r a te  th a n  th e  P a r r  fo rm u la  b u t  n o t  a s  e x a c t  a s  th e  K ing , 

M a rie s  and  C ro s s le y  fo rm u la .
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T H E  S T U D Y  O P  U L T R A - C L E A I T  C O A L

GrEHERAL DISCUSSION

(a )  The p o s s i b i l i t i e s  o f  I n d u s t r i a l  developm en t o f  a c id  t r e a tm e n t  | 

a s  a  o o a l  c le a n in g  p r o c e s s .

I n  P a r t  I  o f  t h i s  i n v e s t i g a t i o n ,  a  s tu d y  h a s  b e en  made I 

o f  th e  optimum c o n d i t io n s  u n d e r  w h ich  th e  a c id  e x t r a o t i o n  o f  

th e  m in e ra l  im p u r i t i e s  i n  o o a l  c o u ld  be c a r r i e d  o u t .  P a r t  I I  j 

o f  t h i s  w ork i s  c o n ce rn e d  m a in ly  w i th  th e  e f f e c t  o f  h o t  j

d i l u t e  a c id s  on th e  o o a l s u b s ta n c e .  On th e  b a s i s  o f  t h e  |

a v a i l a b l e  d a ta ,  i t  w ould be re a s o n a b le  t o  exam ine w h e th e r , 

i n  th e  n e a r  f u t u r e ,  th e  p r e p a r a t io n  o f  u l t r a - c l e a n  o o a ls  

w ould f i n d  w id e r  i n d u s t r i a l  a p p l i c a t i o n  th a n  a t  p r e s e n t .

( i )  The in f lu e n c e  o f  th e  ra n k  o f  th e  o o a l :  The p r e s e n t

i n v e s t i g a t i o n  was c o n c e rn e d  o n ly  w i th  th e  d i f f e r e n t  ty p e s  

o f  o o a l s ,  a l l  o f  w h ich  w ere o f  th e  same ra n k . The sam p les  

exam ined  w ere l i m i t e d  m a in ly  t o  th e  d i f f e r e n t  b an d ed  

c o n s t i t u e n t s  o f  b itu m in o u s  c o a l s  an d  t o  b itu m in o u s  o r  j
I

s u b -b itu m in o u s  o a n n e ls . I t  c o u ld  be s t a t e d  w i th  r e g a r d  

t o  t h e s e  sa m p le s , t h a t  th e  e f f i c i e n c y  o f  e x t r a o t i o n  o f  I
t.1

th e  m in e r a l  m a t t e r  waw in f lu e n c e d  l a r g e l y  by  th e  c h e m ic a l  !
I

n a tu r e  and  p h y s ic a l  d i s t r i b u t i o n  o f  th e  i m p u r i t i e s .

/A c c o rd in g ................................... * j
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A ooord ing  t o  F i s c h e r  (a s  q u o ted  by Sustm ann and  

L e h n e r t  ( 25 ) )  th e  a o id  t r e a tm e n t  was more e f f e c t i v e  w i th  

brown o o a ls  th a n  w i th  b itu m in o u s  o o a ls .  B ut T u rn e r  and  

oow o rk ers  (15) w ere a b le  t o  red u o e  t h e  a s h  o f  sam p les o f  

a n t h r a c i t e ,  g r a p h i te  and b itu m in o u s  o o a ls  t o  w e l l  be low  1 

p e r c e n t  by  t r e a tm e n t  w i th  c o n c e n tr a te d  h y d r o c h lo r ic  and  

h y d r o f lu o r i c  a c id s .  A v a i la b le  l i t e r a t u r e  d o e s  n o t  i n d i c a t e  

t h a t  th e  r a n k  o f  a o o a l  h a s  any d e f i n i t e  b e a r in g  on th e  

e f f e c t i v e n e s s  o f  th e  e x t r a c t i o n  o f  th e  m in e r a l  i m p u r i t i e s  

by a o id  t r e a tm e n t .  Thus i t  w ould be p o s s ib l e  t o  t r e a t  by 

t h i s  p r o c e s s  a  much w id e r  ra n g e  o f  o o a ls  th a n  by any  o f  t h e  

p h y s i c a l  p ro c e s s e s .

( i i )  The p ro d u c t io n  o f  u l t r a - c l e a n  o o a ls  s u i t a b l e  f o r  e l e c t r o d e  

m a n u fa c tu re ;  I t  h a s  b een  m en tio n ed  t h a t  one o f  th e  

im p o r ta n t  u s e s  o f  u l t r a - c l e a n  o o a ls  p ro d u c e d  by a o id  t r e a t 

m ent w ould  i n  th e  f i e l d  o f  t h e  e le c t r o m e ta l lu r g y  o f  

a lum in ium  an d  o t h e r  l i g h t  m e ta ls .  T ab le  12(A ) ( P a r t  I )  

i n d i c a t e d  t h a t  t f iv e .  o u t o f  th e  tw e lv e  sam p les exam ined 

w ould com ply w i th  th e  n o rm al s p e c i f i c a t i o n s  f o r  t h e  

m a n u fa c tu re  o f  e le c t r o d e  coke and  t h r e e  o u t o f  th e  tw e lv e  

sam p le s  w ould be s u i t a b l e  f o r  th e  m a n u fa c tu re  o f  v e ry  

s p e c i a l  e l e c t r o d e s .

/T h e............................. .
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Die s ig n i f i c a n c e  o f  th e s e  v a lu e s  w i l l  be b e t t e r  a p p r e c i a t e d ,  

when i t  i s  id e a lise d  t h a t  t h e  o r i g i n a l  sa m p le s  w ere c h o sen  a t  

random w ith o u t  r e f e r e n c e  t o  th e  n e e d s  o f  any p a r t i c u l a r  !

i n d u s t r y .  T h is  m akes i t  c l e a r ,  t h a t  by a  c a r e f u l  s e l e c t i o n  o f  

th e  o r i g i n a l  sam p le , a o id  t r e a tm e n t  o f  c o a l s  w ould make i t  

p o s s ib l e  t o  com ply w i th  any  p a r t i c u l a r  s p e c i f i c a t i o n ,  r e g a r d in g  

th e  p re s e n c e  o f  in o rg a n ic  im p u r i t i e s  i n  o o a l .

I n  th e  l a s t  decade  th e  e l e c t r o d e s  f o r  th e  a lum in ium  

i n d u s t r y  w ere m a n u fa c tu re d  a lm o s t e x c lu s iv e ly  from  o i l  co k e , 

w h ich  i s  t h e  r e s id u e  from  c ru d e  o i l  d i s t i l l a t i o n  i n  p e tro le u m  

i n d u s t r y .  Due t o  im proved  m ethods o f  d i s t i l l a t i o n  and  c r a c k in g ,  

t h e  su p p ly  o f  o i l  coke h a s  gone down c o n s id e r a b ly .

Among th e  p r e v a le n t  m ethods f o r  th e  m a n u fa c tu re  o f  

e l e e t r o d e  c o k e , th e  m ost im p o r ta n t  a r e  ( l )  f r o t h  f l o a t a t i o n  

and  (2 ) th e  c a r b o n i s a t i o n  o f  p i t c h .

The f i r s t  p r o c e s s  s u f f e r s  from  th e  d e f e c t  t h a t  th e  j

p y r i t e  i n  c o a l ,  b e in g  a  s u lp h id e ,  i s  m ore d i f f i c u l t  t o  rem ove !

by f r o t h  f l o a t a t i o n  th a n  a r e  o t h e r  i m p u r i t i e s  l i k e  f i n e  c la y  o r  

s h a le  p a r t i c l e s .  A cco rd in g  t o  P r o c t o r  and  C a r ls o n  ( 8 l )  a 

b e t t e r  r e d u c t io n  o f  f r e e  p y r i t e  i s  p o s s ib le  when th e  f l o a t a t i o n  

u n i t s  a r e  o p e ra te d  on a  low  o v e r - a l l  e f f i c i e n c y .  !i

I n  i n  t h i s  r e s p e c t  a o id  t r e a tm e n t  o f  o o a ls  h a s  d i s t i n c t  

a d v a n ta g e s  o v e r  f r o t h  f l o a t a t i o n .  I t  h a s  b een  shown (T a b le  B o .9 ? 

P a r t  I )  t h a t ,  i n  m ost o a s e s ,  b e tw een  65 and  99 p e r c e n t  o f  th e
I

/ i r o n ................................
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i r o n  p r e s e n t  i n  o o a l  c o u ld  be s u c c e s s f u l ly  rem oved by  a c id  

t r e a tm e n t .  As r e g a rd s  t h e  y i e l d ,  i t  i s  one o f  th e  c h i e f  m e r i t s  

o f  t h i s  p r o c e s s ,  t h a t  i t s  e f f e c t i v e  y i e l d  w ould a lm o s t be  e q u a l  

t o  th e  p u re  o o a l  c o n te n t  o f  th e  o r i g i n a l  sam p le . A c id  t r e a tm e n t  

c o u ld  be w orked w ith  s l i g h t l y  " c o a r s e r*  s  t i . e s  t h a h  t h a t  

r e q u i r e d  by f r o t h  f l o a t a t i o n *  The a b sen c e  o f  any  p ro d u c t  o f  

in te r m e d ia te  a s h  c o n te n t  i s  l i k e l y  t o  be a n o th e r  a d v an tag e*

The c a r b o n i s a t io n  o f  p i t c h  was p r a c t i s e d  w id e ly  i n  p r e 

w ar Germany; t h i s  p ro c e s s  r e q u i r e d  n e a r ly  two to n s  o f  p i t c h  f o r  

e v e ry  to n  o f  coke and was uneconom ical*

The o n ly  known in s t a n c e  o f  t h e  p ro d u c t io n  o f  u l t r a - c l e a n  

c o a l s  f o r  e le c t r o d e  m a n u fa c tu re  by a c id  t r e a tm e n t  i s  t h e  C a r l  

A le x a n d e r  Mine P ro c e s s  ( 2 6 ) .  Any f u t u r e  p ro c e s s  em p loy ing  th e  

same p r i n o i p l e  i s  l i k e l y  t o  u s e  a  c a rb o n  p o t a s  t h e  r e a c t i o n  

v e s s e l .  The d i f f e r e n t  o p e r a t io n a l  r e s u l t s  o f  th e  German 

p r o c e s s  have  b e en  r e f e r r e d  t o  i n  P a r t  I  o f  t h i s  w ork.

The f o l lo w in g  a re  some o f  th e  m ain  c o n s id e r a t i o n s  w h ich  

w e ig h  a g a in s t  t h e  w id e sp re a d  a d o p tio n  o f  t h i s  p ro c e s s

(1 ) The a c id  t r e a t e d  sam p les a r e  l i k e l y  t o  c o n ta in  f r e e  j  
a c i d ,  s in c e  i t  w ould be v e ry  d i f f i c u l t  t o  w ash f i n e  | 

o o a l  p a r t i c l e s  c o m p le te ly  f r e e  o f  a c id  on an  j

i n d u s t r i a l  sc a le *  I t  i s  w e l l  known t h a t  a p p r e c ia b le  

q u a n t i t i e s  o f  c h lo r id e s  i n  c o a l s  t o  be c a r b o n is e d  i s  

v e ry  d e t r im e n ta l  t o  th e  b r i c k  w ork o f  t h e  coke o v en s .

/ E i e ............................................ .
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The d i f f i c u l t i e s  due t o  t h i s  o o u ld  he m in im ised  by u s in g  a s  

low  a c o n c e n t r a t io n  o f  a c id s  a s  i s  c o n s i s t e n t  w i th  e f f i c ie n c y  

Thus i n  th e  C a r l  A le x a n d e r K ine p ro c e s s  ( lo o  c i t ) ,w h i c h  u se d  

o n ly  1*4  p e r c e n t  h y d ro c h lo r ic  a c id ,  i t  i s  r e p o r t e d  t h a t  no  

d e l e t e r i o u s  e f f e c t  on th e  oven  w a l l s ,  due t o  th e  p re s e n c e  

o f  h a lo g e n  a c i d s ,  was n o t ic e d .  B ut th e  u s e  o f  h y d r o f lu o r ic  

a o id  i n  l a r g e  s c a le  I n d u s t r y  m ig h t c r e a t e  some new p ro b le m s . 

The developm en t o f  a c id  r e s i s t a n t  f i l t e r s ,  and  th e  d i s p o s a l  

o f  l a r g e  q u a n t i t i e s  o f  w a te r  c o n ta in in g  t r a c e s  o f  h y d ro 

f l u o r i c  a c id  a r e  l i k e l y  t o  c o n s t i t u t e  a  p rob lem  o f  some 

m ag n itu d e .

( 2 ) The a o id  t r e a t e d  sam ple w ould be c o m p le te ly  n o n -o o k in g . 

C a rb o n is a t io n  w ould be p o s s ib le  o n ly  by b le n d in g  th e  a c id  

t r e a t e d  sam p le  w ith  p i t c h  o r  w i th  u l t r a - o l e a n  o o a l  sam p les  

p ro d u ce d  by any o f  t h e  p h y s ic a l  m eth o d s. Such  a  p ro c e d u re  

i s  l i k e l y  to  in c r e a s e  th e  c o s t  o f  t h i s  p r o c e s s .

The German w ar tim e  p r a c t i c e  ( 2 6 ) was t o  b le n d  p i t c h  

and P o tt-B ro o h e  e x t r a o t  w ith  th e  a c id  t r e a t e d  p r o d u c t .  Even 

th e n  th e  f i n a l  p ro d u c t l e f t  much t o  be d e s i r e d .  T h is  i s  an  

a s p e c t  o f  t h e  p ro b lem , w hioh  o o u ld  be s a t i s f a c t o r i l y  s o lv e d  

by f u r t h e r  r e s e a r c h .

/ ( 3 ) ..............................
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( 3 ) P e r io d  o f  T re a tm e n t:  A v a i la b le  e v id e n c e  shows (s e e  T ab le

Ho.7 ) t h a t  th e  a c id  e x t r a c t i o n  o f  th e  m in e r a l  i m p u r i t i e s  

i n  c o a l  t o  be a slow  p r o c e s s .  The c o m p a ra t iv e ly  lo n g e r  

p e r io d  o f  t r e a tm e n t  i s  l i k e l y  t o  p re v e n t  th e  dev e lo p m en t o f  

any  s i n g l e  s ta g e  p ro c e s s  f o r  t h e  p r e p a r a t i o n  o f  u l t r a - c l e a n  

c o a ls  fro m  c o a ls  o f  m o d era te  a sh  c o n te n t  by a c id  t r e a tm e n t  

a lo n e ;  b u t  t h i s  d i f f i c u l t y  sh o u ld  be v iew ed a g a in s t  th e  

a d v a n ta g e  t h a t  t h i s  i s  t h e  o n ly  p ro c e s s  l i k e l y  t o  g iv e  th e  

maximum y i e l d  o f  u l t r a - c l e a n  c o a l  o f  u n ifo rm  a s h  c o n te n t .

(4 ) C o s t :  The d a ta  a v a i l a b l e  on c o s t  i s  v e ry  m eag re ; th e  c o s t  

o f  th e  coke o b ta in e d  by b o th  th e  w ar tim e  Geratan 

p r o c e s s e s  -  one em p loy ing  a c id s  and  th e  o th e r  a l k a l i  -  was 

h ig h  ev en  a c c o rd in g  t o  w a r tim e  s t a n d a r d s .  The g e n e r a l  

te n d e n c y  seem s t o  be t o  t r y  a c id  t r e a tm e n t  on c o a l s  a l r e a d y  

c le a n e d  by any o f  th e  p h y s ic a l  m eth o d s. The German p ro c e s s  

a t te m p te d  a o id  t r e a tm e n t  on sam p les from  a  f r o t h  f l o a t a t i o n  

u n i t .  B ut among th e  d i f f e r e n t  m ethods o f  c o a l  c le a n in g ,  

f r o t h  f l o a t a t i o n  i s  one o f  th e  c o s t l i e s t ;  i n  any p r o c e s s  

em p lo y in g  a o id  t r e a tm e n t ,  i f  t h e r e  w ere t o  be  an  i n i t i a l  

f r o t h  f l o a t a t i o n  u n i t ,  t h e  o v e r - a l l  c o s t  i s  bound t o  be  

e x c e s s iv e .

The f u t u r e  o f  a c id  t r e a tm e n t  o f  c o a l s  a s  an  

i n d u s t r i a l  p ro c e s s  w i l l  depend  l a r g e l y  on a  s o l u t i o n  o f  

t h e s e  p ro b lem s o r  on th e  developm en t o f  some u n f o r e s e e n  

demand f o r
/ u l t r a - c l e a n .  .
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u l t r a - o l e a n  o o a ls ;  t i l l  th e n  th e  u s e  o f  t h i s  m ethod i s  

l i k e l y  to  he l im i t e d  t o  th e  p r e p a r a t i o n  o f  s m a ll  q u a n t i t i e s  

o f  u l t r a - c l e a n  o o a ls  f o r  s p e c i a l  p u rp o s e s .

(h ) The p o s s i b i l i t i e s  o f  o x id a t io n  o f  t h e  o o a l  sam ple d u r in g  

a o id  t r e a tm e n t .

I t  h a s  b een  p o in te d  o u t t h a t  a c id  t r e a tm e n t  even  in  

an  i n e r t  a tm o sp h ere  m igh t in v o lv e  m ild  o x id a t io n  o f  th e  

o o a l  i n  th e  c a se  o f  f u s a i n  sam p les  and  h ig h  a s h  o a n n e ls .

I t  i s  known t h a t  th e  a b s o r p t io n  o f  r e l a t i v e l y  s m a ll  

q u a n t i t i e s  o f  oxygen can  change p ro fo u n d ly  th e  o o k in g  

p r o p e r t i e s  o f  a  c o a l .  W heeler and  W oolhouse (7 9 ) have  

shown t h a t  a  d e g re e  o f  o x id a t io n  i n s u f f i c i e n t  t o  a f f e o t  th e  

u l t i m a t e  a n a l y s i s ,  c an  red u o e  th e  c a k in g  pow er o f  a  o o a l  

a lm o s t t o  z e ro . S ohm id t, EOLder and D av is ( 8 0 ) r e p o r t  t h a t  

m ost o f  th e  o o a ls  th e y  s tu d ie d ,  showed s e r io u s  im p a irm en t 

o f  o o k in g  pow er b e fo r e  th e y  w ere o x id is e d  s u f f i c i e n t l y  t o  

d e o re a s e  t h e  c a l o r i f i c  v a lu e  by  1 p e rc e n t  o r  b e f o r e  t h e i r  

p ro x im a te  and u l t i m a t e  a n a ly s e s  showed any d i s c e r n i b l e  

o h an g es .

B ut i n  t h e  p r e s e n t  in s t a n c e ,  one oanno t s u g g e s t  t h a t  

a l l  th e  sam p les  w ere o x id is e d  m e re ly  b e c a u se  o f  th e  l o s s  o f  

o o k in g  p r o p e r ty .  E o r H e s te re n k o 1 s (78) X ray s t u d i e s  on o o a l
a

h a s  r e l a t e d  th e  l o s s  o f  o o k in g  p r o p e r ty  t o  t h e  l o s s  o f  t h e

/ c o l l o i d a l
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c o l l o i d a l  mi c e l l a r  s t r u c t u r e .  I n  th e  c o u rs e  o f  t h e  p r e s e n t  

w ork a l s o ,  th e  e x p e rim e n ts  on th e  p y r id in e  e x t r a c t i o n  o f  

o o a l  i n d ic a t e d  t h a t  th e  o o l l o i d a l  s t r u c t u r e  o f  o o a ls  was 

a f f e o t e d  hy  a c id - t r e a tm e n t .  B e s id e s ,  s in c e  t h e  a c id  t r e a t 

m ent was c a r r i e d  o u t in  an  i n e r t  a tm o sp h e re , i t  w i l l  be 

m ore j u s t i f i a b l e  t o  a t t r i b u t e  th e  l o s s  o f  c o k in g  p r o p e r ty  

t o  t h e  l o s s  o f  th e  o o l l o i d a l  m io e l l a r  s t r u c t u r e  th a n  t o  

o x id a tio n *

I t  o o u ld  t h e r e f o r e  be c la im e d  a s  one o f  th e  o h ie f  

m e r i t s  o f  th e  su g g e s te d  p ro c e d u re  o f  a c i d - t r e a t m e n t ,  t h a t  

i t  l i m i t e d  th e  c h an c es  o f  o x id a t io n  even o f  f u s a i n  sam p les 

and  h ig h  a s h  o a n n e ls  t o  w hat m igh t p e rh a p s  be an  i r r e d u o i b l e  

minimum*

(o ) A oid t r e a tm e n t  and o o a l c l a s s i f i c a t i o n .

I t  h a s  b een  shown t h a t  th e  u l t i m a t e  a n a l y s i s  o f  a o id  

t r e a t e d  o o a ls  a g re e d  o lo s e ly  w i th  th o s e  o b ta in e d  from  th e  

K*M. C. fo rm u la .

The c o r r e c t i o n  o f  th e  r e s u l t s  o f  t h e  a c id  t r e a t e d  o o a ls  

t o  a  m in e ra l  m a t t e r  f r e e  b a s i s  d id  n o t show any m arked 

v a r i a t i o n  from  th e  d ry , a s h  f r e e  v a lu e s  e x c e p t f o r  o rg a n ic  

s u lp h u r .  On th e  b a s i s  o f  th e s e  r e s u l t s ,  one m ig h t f i n d  an  

im p o r ta n t  u s e  f o r  th e  s u g g e s te d  p ro c e d u re  o f  a o id  t r e a tm e n t  

o f  c o a l s  i n  r o u t in e  o o a l a n a ly se s*

/K a ra v a c T .......................
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K aravaev  (1 6 ) , M o o l i s  and Sw artzm an (17) h ave  u s e d  

o o ld  h y d r o f lu o r ic  a o id  and  h o t  h y d r o c h lo r ic  a c id  f o r  th e  

p r e p a r a t i o n  o f  o o a l  sam p les f r e e  from  in o r g a n ic  m a t t e r  f o r  

p u rp o se s  o f  c l a s s i f i c a t i o n .  The p r e s e n t  p ro c e d u re  l a i d  down 

th e  c o n d i t io n s  f o r  th e  u s e  o f  h o t  h y d r o f lu o r ic  a o id  by w h ich

t h e  a s h  c o n te n t  o f  th e  sam ple o o u ld  be  much f u r t h e r  re d u c e d  j
I

w ith o u t  n o t ic e a b ly  a f f e c t i n g  th e  u l t i m a t e  c o m p o s itio n  o f  t h e  

p u re  co a l*

I t  i s  t h e r e f o r e  s u g g e s te d  t h a t  w h e re v e r  i t  i s  n o t  p o s s ib le ;

t o  c a r r y  o u t t h e  n e c e s s a r y  d e te r m in a t io n s  f o r  th e  u s e  o f  t h e  

K.M#C# fo rm u la , th e  sa m p le s , i f  am enable t o  a c i d - t r e a t m e n t ,  

o o u ld  be t r e a t e d  by th e  recommended p ro c e d u re  and  th e  r e s u l t s  

exam ined on a  d ry  a s h - f r e e  b a s i s .  Such r e s u l t s  w ould v a ry  v e ry  

l i t t l e  from  t h e  K*M.C# v a lu e s ;  i n  t h e  c a s e  o f  sam p les  w i th  

h ig h  a s h  and  c a rb o n d io x id e , su c h  v a lu e s  w ould d e f i n i t e l y  be  

m ore a c c u r a te  th a n  th e  c o r re s p o n d in g  v a lu e s  by th e  P a r r  fo rm u la#
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ABBREVIATIONS USED

B r. Abs.

Am. Chem. Abs.

J  • S • C. I .

J . I n s t . F .  o r  B u l l  
I n s t .  F.

J «C« S.

P ro o . Roy. Soo.

B. C.U. R. A. B u l l

In d . Eng* Chem. 

T rans* In  s .  M in. Eng,

U*S.Bu. o f  M ines 
R* I*

T rans.A m . I.M  & M 
Eng* C oal D iv.

J . I n s t . P e t .

B re n . Chemie 

Univ* I l l i n o i s  B u l l .

The B r i t i s h  A b s t r a c t s .

A m erican  C hem ioal A b s t r a c t s .

J o u r n a l  o f  th e  S o c ie ty  o f  C hem ioal 
I n d u s t r y .

J o u r n a l  o r  B u l l e t i n  o f  th e  I n s t i t u t e  o f  
F u e l .

J o u r n a l  o f  th e  C hem ioal S o c ie ty .

P ro c e e d in g s  o f  th e  R oyal S o c ie ty .

B r i t i s h  C oal U t i l i s a t i o n  R e se a rc h  
A s s o c ia t io n  B u l l e t i n .

I n d u s t r i a l  and E n g in e e r in g  C h em istry  
( J o u r n a l ) .

T ra n s a c t io n s  o f  t h e  I n s t i t u t e  o f  
M in ing  E n g in e e rs .

U n ite d  S t a t e s  B u reau  o f  M in es:
R epo rt on I n v e s t i g a t i o n s .

T ra n s a c t io n s  o f  t h e  A m erican  I n s t i t u t e  
o f  M ining  and  M e t a l lu r g i c a l  E n g in e e rs  
C oal D iv is io n *

J o u r n a l  o f  th e  I n s t i t u t e  o f  P e tro le u m .

B re n n s to f fe  Chemie

U n iv e r s i ty  o f  I l l i n o i s  E n g in e e r in g  
E x perim en t S t a t i o n  B u l l e t i n .



I l l i n o i s  Geo* S urvey  

Ego* Geo.

G as. J o u r .

Lane* and  C hes. o o a l 
Res* A ssn .

B. I .  0. S.

C. I* 0 . S.
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I l l i n o i s  S ta te  G e o lo g ic a l  S u rv ey . 

Econom ic G eology.

Gas J o u r n a l .

L a n c a s h ire  and C h e sh ire  C oal 
R e se a rch  A s s o c ia t io n .

B r i t i s h  I n t e l l i g e n c e  o b j e c t i v e s  
Sub-com m ittee*

Combined I n t e l l i g e n c e  o b j e c t i v e s  

S u b -co m m ittee .
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