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T h is  resea rch  was c a r r ie d  ou t under th e  

d i r e c t io n  o f  p ro fe s s o r  J. E, Andrew, H. So., 

o ve r th e  p e r io d  e x te n d ing  from  Septemher 1925 

u n t i l  June 1928, a t th e  Eoyal T e ch n ica l C o llege , 

Glasgow.
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ia t io n  and indebtedness to  P ro fe sso r Andrew f o r  

h is  con tinuous in te r e s t  and guidance, and f o r  th e  

generous manner in  w h ich  com plete f a c i l i t i e s  were 

p la ced  a t th e  a u th o r * s d is p o s a l d u rin g  th e  course 

o f  th e  w ork.



THE OOITOOL OE BASIC OPEN-HEARTH lUPEAGE

EEADTI0N8.

EUPilACE EEACTIOH PRQIUCT3.

I t  is  th e  g e n e ra l b e l ie f  th a t  in  the  s te e l m aking processes 

th e  e l im in a t io n  o f  m e ta llo id s  is  e f fe c te d  by fe r ro u s  ox ide  in  

th e  m o lten  b a th , w h i ls t  th e  fe rro u s  ox iue  in  th e  b a th  is  a 

fu n c t io n  o f  the  fe rro u s  ox ide  co n te n t o f  th e  slag.. C onsiderab le  

d ive rgence  o f  o p in io n  a r is e s  w ith  re s p e c t to  th e  amount o f  i r o n  

w h ich  shou ld  be cons ide red  as a f fo ru in g  a v a ila b le  fe r ro u s  ox iue  

in  th e  s la g .

E ie ld  s tre s se s  th e  n e c e s s ity  o f  c a lc u la t in g  to  EeO a l l

i r o n  found by a n a ly s is  in  th e  s la g .
( 2 )

McNair regards a l l  the  EeO as fre e  and ig n o re s  th e

e x is te n ce  o f  f e r r i c  o x id e .
(3)

Colcough assumed th e  f e r r i c  ox ide  p rese n t to  be s ta b i l iz e d

by th e  lim e  and cons ide rs  the  whole o f  the EeO to  be f re e .
(4 )

MeCanoe s ta te s  th a t  o n ly  f re e  EeO shou ld  be cons ide red  as

be ing  a v a ila b le  f o r  the ba th  and emphasises the  la c k  o f  e x n e r i-

m enta l da ta  in  th is  connec tion .
(5)

S ty r i  has s ta te d  th a t  "o n ly  EeO n o t bound ch e m ic a lly  to  any

o th e r s la g  c o n s t itu e n t"  shou ld  be cons idereu .
( 6 )

W h ite le y  on th e  o th e r hand has advanced the  v iew  th a t  an 

im p o rta n t p a r t o f  the  o x id a t io n  o f  ba th  m e ta llo id s  is  due to  the  

f e r r i c  ox ide  co n te n t o f  the s la g .

In  the  case o f  tl'O  b a s ic  open-hearth  process th e re fo re ,  the  

la c k  o f  fundam ental da ta  re g a rd in g  th e  c o n s t i tu t io n  o f  the  process 

s lags  renders  re ce n t a p p lic a t io n s  o f  chem ical k in e t ic s  to  the  

c o n s id e ra tio n  o f  m e ta llo id  e lim in a t io n  somewhat obscure. F u rth e r, 
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th e  co n c lu s io n s  a r r iv e d  a t by d i f f e r e n t  w orkers appear la r g e ly  

s p e c u la t iv e .

In  t h is  th e s is  th e  r e s u l ts  o f  experim ents made upon th e  

p rod uc ts  o f  th e  re a c t io n s  o c c u rr in g  in  th e  b a s ic  o pen -hea rth  

ifu rn a c e  a re  d e sc rib e d . S pec ia l, a t te n t io n  has been g iven  to  th e  

changes w h ich  ta ke  p la c e  in  s la g  c o n s t i tu t io n  d u r in g  th e  r e f in in g  

s tages. Such e xpe rim en ta l in v e s t ig a t io n s  i t  is  b e lie v e d  form  

an e s s e n t ia l p re l im in a ry  towards an exact knowledge o f  th e  

re a c tio n s  w h ich  occur a t  s te e l making tem pera tu res  and conce rn ing  

w h ich  v e ry  l i t t l e  ç iu a n t ita t iv e  d a ta  e x is ts .

The o b je c ts  o f  th e  in v e s t ig a t io n s  w e ro :-

(1 ) To a s c e rta in  th e  n a tu re  o f  non -phospho ric
■ c o n s t itu e n ts  in  b a s ic  s la g s .

(2 ) To observe th e  a lte ra t io n s  in  c o n s t i tu t io n  
w h ich  ta k e  p la ce  in  th e  s la g  d u rin g  th e  r e ­
f in in g  s tages.

(3 ) To de te rm ine  th e  p r a c t ic a l  b a s is  o f  th e  fu rn a ce  
re a c t io n  c o n tro l d u rin g  process o p e ra tio n s .

M ic ro sco p ic  exam inations o f  th e  b a th  m eta l co rrespond ing  

to  d if fe re n c e s  in  s la g  c o n s t i tu t io n  were made. Some in v e s t ig a t io n s  

were a ls o  made upon th e  s t ru c tu re  o f  th e  fu rn a ce  h e a rth .

p rev iou s  in v e s t ig a t io n s  o f  b a s ic  s la g s  have been co n fin e d  

alm ost e n t i r e ly  to  th e  phosphoric  c o n s t itu e n ts  in  v iew  o f  th e  

im portance  o f  these  compounds to  th e  a g r ic u l t u r is t .  Such con­

s t i tu e n ts  a re  n o t however o f  f i r s t  im portance  in  th e  processes 

u s in g  a h ig h  percentage o f  s te e l scrap, th e  re a c t io n s  be ing  p r i i : -  

a r i i y  dependent on th e  ox ides o f  Calcium, I ro n  and Manganese.
(7 )In  1887 Stead and Beds d a le  p u b lish e d  analyses o f

-c ry s ta ls  and c r y s t a l l i t e s  is o la te d  from  b a s ic  bessemer s la g s . No 

o p t ic a l  da ta  was g iven  and analogous c o n s titu e n ts  have no t h i t h e r ­

to  been is o la te d  from  onen-hearth  s la g s .
( 8 )

In  1911 K r o l l  in  an exh a us tive  paper on B as ic  S lag 

Phosphat es

S ta te s :-  "Besides th e  phosphates th e re  e x is t  c r y s ta ls  o f

m e ta l l ic  oxides o f  g re a t in te r e s t  bu t beyond th e  
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scope o f  th e  p resen t in v e s t ig a t io n " .

These researches a re  co n fin e d  to  b a s ic  bessemer s la g s , and

in  c o n c lu s io n  he s ta te s  -  " I t  w ou ld  be in te r e s t in g  to  in v e s t ig a te

th e  b a s ic  s la g  c ry s ta ls  from  th e  o p e n -h e a rth , t h e i r  com po s ition

d i f f e r in g  s u f f i c ie n t l y  from  c o n v e rto r  s lags  t o  be in te r e s t in g .
(9)

In  192c B a in b r id g e  no ted  th e  e x is te n ce  o f  m agnetic m a te r ia l

i n  b a s ic  open h e a rth  s la g s  and suggested th e  e x is ta n ce  o f  combin-

a t io n s  o f  f e r r i c  o x id e  and lim e .
( 1 0 )

I n  1922 S co tt and M cArthur p u b lish e d  th e  r e s u l ts  o f  t h e i r

a p p lic a t io n s  o f  p é tro g ra p h ie  methods to  th e  exam ina tion  o f  open-

h e a rth  f in is h in g  s lag s  from  th e  b a s ic  p rocess. T h e ir  s la g s  were

obta ined  from  d i f f e r e n t  sources and u n fo r tu n a te ly  t h e i r  work,

a p a rt from  genera l s la g  analyses i s  c o n fin e d  to  m ic ro sco p ic  exam-

in a t io n  o n ly . No is o la t io n  o r a n a ly s is  o f  in d iv id u a l c o n s t itu e n ts

was secured and l i t t l e  o p t ic a l  d a ta  v;as g ive n . They however

id e n t i f ie d  se ve ra l o f  th e  s la g  c o n s t itu e n ts  w ith  th e  analyses
(7)

g iven  by Stead and B id s  d a le  and t h e i r  re se a rch  is  th e  o n ly  

c o n tr ib u t io n  o f  i t s  k in d .
(11 )

P ub lishe d  researches on b a s ic  s lags re v e a l a mass o f

evidence o f  th e  occurrence  o f  phosbhate and s il ic a -n h o s p h a te
' ^ ( 12 )

compounds in  a f re e  s ta te .  M o rr iso n  found a s ilic o -p h o s p h a te  

o f  iro n  and lim e  a pp rox im a ting  in  com pos ition  to  th e  fo rm u la  

Peo P2O5 SIC2. The e x is te n ce  o f  t h is  compound has no t been

con firm ed  by o th e r workers and in  v ia v  o f  th e  d i f f i c u l t i e s  exper­

ienced in  is o la t in g  s la g  c o n s titu e n ts  in  th e  pure  s ta te  i t  is  

p robab le  th a t  th e  PeC e x is te d  as an im p u r ity .

In  th is  th e s is  an account is  g iven  o f  th e  methods used to

is o la te  th e  b a s ic  s la g  c o n s titu e n ts  o th e r than  those  c o n ta in in g
( 8 )

phosphorus, re fe r re d  to  by K r o l l

S pec ia l f a c i l i t i e s  were a v a ila b le  to  th e  w r i t e r  to  p repa re

open-hearth  charges on th e  m anu fac tu ring  s c a le  whereby th e  fo rm a t in

o f  non-phosphoric  c o n s titu e n ts  cou ld  be augmented in  s u f f ic ie n t

q u a n tity  f o r  o p t ic a l exam ination  and a n a ly s is .

±he o p t ic a l da ta  uhus secured was employed to  observe th e  

p ro g re s s iv e /
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p ro g re s s iv e  changes w h ich  occu r in  p rocess s la g s .

The w ork  d e sc rib e d  can be d iv id e d  in to  th e  fo l lo w in g  p a r ts

(1 ) B a s ic  S lag c o n s t itu e n ts .

(2 ) E xam in a tion  o f  th e  process s la g s .

(3 ) E xa m in a tion  o f  th e  b a th  m e ta l.

(4 ) E xam ina tion  o f  th e  s t ru c tu re  o f  th e  b a s ic  h e a rth .

A s e r ie s  o f  open-hearth  charges was p repared  and s la g s  o b ta in e d  

under observed c o n d it io n s  w ith  a phosphoric  o x id e  co n te n t n o t 

exceeding about 3^. These s lag s  were su b je c te d  to  tre a tm e n t and 

exam ina tion  as d e sc rib e d  la t e r .  Photographs o f  th e  c o n s t itu e n ts  

no ted  to g e th e r  w ith  th e  r e s u l ts  o f  c h e n ica l a n a ly s is  a re  g ive n , 

wherever p o s s ib le  th e  c o n s t itu e n ts  were examined by p e tro g ra p h ic a l 

methods and th e  o p t ic a l da ta  o b ta in e d  is  a lso  g ive n .



ISOLATION OE SLAG CONSTITUANTS.

(10)
S c o tt and M cArthur have drawn a t te n t io n  to  th e  closeness 

o f  th e  analogy between c e r ta in  igneous rocks and b a s ic  s la g s .

They a lso  p o in te d  out th e  e x is tm c e  o f  c e r ta in  c o n s t itu e n ts  w h ich  

correspond to  m in e ra lis e rs  in  th e se  ro c k s . B a s ic  fu rn a ce  s la g s  

d i f f e r  from  many igneous ro cks  and from  s lags  o f  th e  a c i i  process 

in  t h e i r  com plete freedom  from  g la s s .

These two fa c ts  w ere u t i l i s e d  in  th e  is o la t io n  and subsequent 

id e n t i f i c a t io n  o f  th e  s la g  c o n s t itu e n ts  h e re  d e sc ribe d . The 

e s s e n t ia l ly  h a lo c r y s ta l l in e  n a tu re  o f  th e  s la g  m in e ra ls  f a c i l i t a t e d  

t h e i r  s e p a ra tio n .

#hen a s la g  magma s o l id i f ie s  i t  e x h ib its  s im i la r  c h a ra c te r-  

i s t i c s  to  th o se  observed in  th e  c o o lin g  o f  igneous ro o ks . The 

c h a ra c te r o f  th e  p rodu c t depends upon th e  c o o lin g  c o n d it io n s , 

O r u s ta l l is a t io n  occurs to  a degree dependent on th e  tim e  a v a ila b le  

f o r  th e  a tom ic groups w hich form  th e  c ry s ta ls  to  move towards 

th e  c a it re s  a t w h ich  c r y s r a l l is a t io n  b eg in s . I t  a ls o  depends upon 

th e  m o b i l i t y  o f  the se  a tom ic groups w h ich  in  tu rn  la r g e ly  depends 

upon th e  v is c o s i t y  o f  th e  s la g .

The o c c lu s io n  o r s o lu t io n  o f  gases in  th e  l i q u id  causes an 

in c re a se  in  m o b i l i t y  w ith  consequent decrease in  v is c o s i t y ,  and 

d u rin g  c o o lin g  th is  a c t io n  r e s u l ts  in  a more e f fe c t iv e  o n ffu s io n  

and augmented c r y s ta l l is a t io n .

I t  was found by experim ent th a t  th e  amount o f  occ luded gases 

in  th e  s lag  co u ld  be la r g e ly  in c reased  by th e  a d d it io n  o f  sm a ll 

amounts o f  m o is t s la g  o f  th e  same gene ra l com pos ition  as th e  

m o lten  magma. The use o f  t h is  gaseous o r " v o la t i l e  f lu x  " d id  

no t a f fe c t  th e  s la g  com pos ition .

I t  was p o s s ib le  by t h is  means to  in c re a se  e f f e c t iv e ly  th e  

m o b i l i t y  o f  th e  s la g  when s lo w ly  coo led  in  la rg e  masses so th a t  

an improved degree o f  c r y s ta l l is a t io n  was o b ta in e d . The s la g  

masses weighed about 12 tons  and were a llow ed  to  coo l f o r  96 hours .

When/



# ie n  such masses co o l s lo w ly  th e  p o s s ib i l i t y  e x is ts  th a t  

each c r y s ta l s e p a ra tio n  may modifb' to  some e x tm t  th e  com ^ios iticn  

o f  th e  ro s id u a l magma and th e  e f fe c ts  o f  th o se  changes m lg lit a l t e r  

to  some degree th e  com pos ition  o f  th e  f i n a l  p i'oduc ts . That t in s  

a c t io n  is  a p p a re n tly  n o t o f  g re a t im portance  i s  deduced by compa]."- 

is o n  o f  s lo w ly  coo led  w ith  those  o f  q u ic k ly  coo led  s lags  d e sc rib e d  

la t e r .

The s lo w ly  coo led  s la g  masses were b roken in to  lumps w liich  

were s e p a ra te ly  examined. S u ita b le  p ieces  were crushed w ith o u t 

g r in d in g  in to  a powder. Dust and c ry p to c ry  s t a l l i n e  s la g  

aggregates v/ere removed w ith  s ie ve s . A t each s tage  th e  la r g e r  

eu lied ra l and subhedro l c r y s ta ls  were p ic ke d  o u t. The s la g  powder 

thus r o u n i ly  p u r i f ie d  was su b je c te d  to  fu r th e r  tre a tm e n t. The 

powder was examined under a low  power in  a b in o c u la r  m icroscope 

and e if ie d ra l c ry s ra ls  removed w ith  a m oistened s p l in te r  o f  s o f t  

wood. I t  was then  su b je c te d  to  m agnetic s e p a ra tio n .

An e le c tro -m a g n e tic  f i e l d  o f  v a r ia b le  in te n s i t y  was used.

The magnet co n s is te d  o f  a c y l in d r ic a l  co re  o r  s o f t  i r o n  bent to  a 

L l shape. Each lim b  v/as tapped a t i t s  end and f i t  red  w ith  

an a d ju s ta b le  sharp p o in te d  s o f t  i r o n  shoe. A v a r ia b le  re s is ta n c e  

?/as co iinected in  s e r ie s  w ith  th e  b a t te ry  and th e  f i e l d  c o i ls .  The 

magnet was mounted below an e bo n ite  p la te  supported  by s id e -b ra c k e ts  

An a d ju s ta b le  ta b le  below th e  magnet, a llo w e d  e, g la ss  t r a y  c o n ta in in g  

a t h in  la y e r  o f  powder to  be passed a t f ix e d  d is ta n ce s  beneath th e  

magnet shoes. For th e  f i r s t  se p a ra tio n  th e  minimum f i e l d  was 

used so th a t  th e  most s t ro n g ly  m agnetic m in e ra ls  were ju s t  a t t r a c t ­

ed. The t ra y  was w ithd raw n  and a g la ss  p la te  s u b s t itu te d .

T y p ic a l c r y s ta ls  were a b s tra c te d  from  th e  crop w ith  a m oistened 

wood s p l in te r ,

M agnetic s e p a ra tio n  is  an e s s e n tia l p re l im ia ry  s te p  in  b as ic  

s la g  c ry s ta l powder exam ina tion , as i t  e l i iq in a tes m e ta l l ic  shot 

which would in te r fe r e  w ith  subsequent a n a ly s is .

The use o f  h ig h  s p e c if ic  g ra v i ty  l iq u id s  f o r  c r y s ta l s e p a ra t-

io n /



se p a i'a tio n  is  l im ite d , to  those  media h a v in g  a d e n s ity  o f  over 

3.1
T h o u le t S o lu t io n  was p repa red  by s t i r r i n g  270 g rras .H e rou ric

Io d id e  w ith  230 grm s.potassium  Io d id e  in  80 c c . d i s t i l l e d  w a te r.

A f l a t  b a s in  was used snd th e  s o lu t io n  evapora ted u n t i l  a

c r y s ta l l in e  f i lm  form ed. I t  was coo led  and w a te r added drop  by

drop to  d is s o lv e  c r y s ta ls  fonned d u rin g  c o o lin g . A c r y s ta l  o f

F lu o r  Spar (Spec. Gr. 3 .1 8 ) f lo a t s  on th e  co n ce n tra te d  s o lu t io n .

T h is  l i q u id  is  m o b ile  and c o n v e n ie n tly  m is c ib le  w ith  w a te r in  any

p ro p o r t io n .  I t  is  reconoe n t r â ted by e va p o ra tio n  o r  a w a te rb a th .

Any io d in e  se p a ra tin g  ou t th rou g h  decom position  can be re s to re d

by a d d it io n  o f  mercury .

T h is  s o lu t io n  was used to  sepa ra te  th e  lo n g  n e e d le - l ik e  c le a r

c r y s ta ls  subsequently  id e n t i f ie d  as F lu o ra p a t ite .  The c r y s ta l  c rop

from  th e  m agnetic se p a ra to r was in tro d u c e d  and th e  l i q u id  a llow ed

to  stand  u n t i l  a c le a r  la y e r  showed beneath th e  suspended m a tte r .

A c o n ic a l ve sse l was th e n  in tro d u c e d  in to  th e  c y l in d e r  c o n ta in in g

th e  s o lu t io n  u n t i l  th e  con ten ts  overflovred  and th e  suspension

washed in to  a c o n ta in in g  b a s in . The suspended m a te r ia l was f i l te re d ^

washed w ith  d i lu te d  potassium  io d id e  and f i n a l l y  w ith  h o t w a te r.

The re s id u e  was th e n  d r ie d .

M o lten  Mercurous N it r a te  (Sp.G r. 4 .3 )  was found to  be

exceed ing ly  troub lesom e to  work v ; ith  owing to  th e  fo rm a tio n  o f

a w h ite  b a s ic  s a l t  o f  h ig h e r m e lt in g  p o in t  which separa ted  out
o

soon a f te r  fu s io n , w h ich  occu rred  a t 70 0.

A f a i r  degree o f  s e p a ra tio n  o f  c r js a a ls  o f  T r ic a lc ic
0

F e r r i te  was ob ta in ed  when th e  powder was preheated  to  about 70 0 

snd r a p id ly  p lunged in to  th e  n i t r a t e  im m ed ia te ly  upon fu s io n .T h e  

tube c o n ta in in g  th e  m ix tu re  was coo led and th e  s o l id i f ie d  mass 

d iv id e d . The n i t r a t e  was d is s o lv e d  o f f ,  th e  c ry s ta ls  d r ie d  and 

hand p icke d  under th e  m icroscope.

I t  was o c c a s io n a lly  d i f f u c u l t  to  o b ta in  enough m a te r ia l 

f o r  a chem ical a n a ly s is . In  such cases c e r ta in  m icrochem ica l 
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te s ts  were found o f  v a lu e  l 2:y.ŵ be approx im ate  d e to m iln a t io n  o f-, 

ohem ioal co m po s itio n . For t h is  p u rp o s é iç ry s ta ls  and c r y s ta l  

fragm ents o p t ic a l ly  f r e e  from  in c lu s io n s  and extraneous m a tte r  

were s e le c te d . T h is  was u s u a lly  p o s s ib le  v/here d i f f i c u l t y  was 

experienced  in  o b ta in in g  la r g e r  q u a n t it ie s  necessary f o r  f u l l  

a n a ly s is .

A number o f  g la ss  rods  about 10 cm. lo n g  were p repared  

by h e a tin g  and draw ing t h e i r  e x t r o n it ie s  to  a f in e  p o in t .  These 

ends were rounded by h e a tin g  m om en ta rily  in  a bunsen flam e. The 

rods were used in  th e  m a n ip u la tio n  o f  th e  re age n ts . The c ry s o a l 

under exam ina tion  was p u t on a s l id e  and a di'op o f  th e  reagen t 

p laced  upon i t .  In  some oases slow e va p o ra tio n  o f  t h is  s o lu t io n  

form ed th e  c r y s ta l ls  w h ich  c h a ra c te r is e d  th e  re a c t io n .  In  others, a 

drop o f  an a d d it io n a l re a g e n t was p laced  a lo n g s id e  th e  f i r s t  and 

th e  two l iq u id s  caused to  mei'ge g ra - lu a lly .  In  each case th e  

p r e c ip i ta te  cou ld  be recog n ised  by i t s  o p t ic a l  p ro p e r t ie s .

The fo l lo w in g  te s ts  w hich can be r a p id ly  perfo rm ed upon sm a ll 

q u a n t it ie s  o f  m a te r ia l were u t i l i s e d  in  th e  course o f  t h is  w ork.

CiiLCIUIJ: - The c r y s ta l v/as d is s o lv e d  in  a drop o f  h y d ro c h lo r ic

A c id , A drop o f  S u lp h u ric  A c id  was p laced  a d ja c a it  to  t h is  

s o lu t io n  and merged th e re in  by mecuis o f  a f in e  g lass  ro d . . 

O h a i'a c te r is t ic  r a d ia l  groups and needles o f  Gyps'am appear 

on g radua l e va p o ra tio n . These needles u n i te  in  s ta r  shaped

aggregates as shavn in  photogra.ph. No. 1. They have a m axlrun
o

e x t in c t io n  ang le  between crossed n ic o ls  o f  37 and te rm in a te
o

o b liq u e ly  a t an ang le  o f  65 .

PE01PR0BU3 - The c r y s ta l was d is s o lv e d  in  N i t r i c  A c id , th e  s l id e

was p la ced  upon a h o t p la te  over a bunsen bu lk ie r and th e

s o lu t io n  evaporated to  d iyness . I t  v/as hea ted  to  rende r 

any s i l i c a  p resen t in s o lu b le .  The m a te r ia l was taken  up 

in  n i t r i c  a c id  and tre a te d  w ith  a d rop o f  ammonium m olybdate. 

The y e llo w  p r e c ip i ta te  o f  ammonium-phospho-molybdate an;■''ears 

as rounded oc ta  h e d ra l forms and aggregates o f  g lo b u la r  

o u t l in e /



o u t l in e  I l l u s t r a t e d  in  photograph No. 2. In  t h is  photograph th e  

r e s u l ts  o f  th e  a p p lic a t io n  o f  t l i i s  t e s t  t o  a c r y s ta l  o f  a p a t i te  

(ex b a s ic  s la g )  a re  shewn.

OHROMIUÏI -  Oliroraium was d e te c te d  in  an in c lu s io n  in  a

. s i l i c a t e  o f  lim e  c r y s ta l .  The s i l i c a t e  c r y s ta ls  were 

t re a te d  w ith  H y d ro f lu o r ic  A c id , th e n  fu se d  w ith  Sodium. 

Carbonate and S a ltp e tre  on p la tin u m  f o i l .  The fused  

m ix tu re  was d is s o lv e d  in  h o t w a te r a c id i f ie d  w ith  N i t r i c  

A c id . The a d d it io n  o f  a d rop o f  S i lv e r  N i t r a te  caused 

a deep re d  c o lo u ra t io n .  On g e n tle  e va p o ra tio n  o f  some o f  

t h is  s o lu t io n  on a g lass  s l id e  re d  rhom bohedia l c r y s ta ls  

o f  S i lv e r  Dhromate were formed.

IBON - To d is t in g u is h  between fe r ro u s  and f e r r i c  i r o n

under th e  m icroscope th e  c r y s ta l  was d is s o lv e d  in  H ydro­

c h lo r ic  A c id . The a d d it io n  o f  a d i lu t e  s o lu t io n  o f  

potassium  fe r r ic y n id e  caused th e  c h a r a c te r is t ic  b lu e  

c o lo u ra t io n  in  presence o f  fe rro u s  ir o n .  Potassium  Theocy- 

nate  gave a re d  c o lo u ra t io n  in  presence o f  f e r r i c  iro n .  

O cca s io n a lly  m e ta l l ic  I r o n  sho t i s  found  in  th e  31ag,

I t s  e x is te n ce  was proved by th e  a d d it io n  o f  copper 

su lpü ia te  s o lu t io n  in  w h ich  case i t  became coated w ith  

m e ta l l ic  copper.

3I1ICATA3 - An a d a p ta tio n  o f  th e  method described, by fU '.Scobt 
(13)

was u t i l i s e u  in  th e  exam ination  o f  b a s ic  s lags in  r e ­

f le c te d  l i g h t .  The p o lis h e d  s la g  s e c tio n  was etched w ith  

d i lu t e  H y d ro c h lo r ic  A c id  and washed f re e  from  a c id  w ith  

w a te r. The s e c tio n  was a llo w ed  to  rem ain in  a s o l i t io n  o f  

m a la c h ite  green o r congo re d  u n t i l  th e  g e la tin o u s  s i l i c a  

formed by th e  e tch  had become im pregnated w ith  th e  dye. The 

s'ui'face was aga in  wasned, d r ie d ,  and a f te r  warming covered 

w ith  Canada Balsam to  p reven t a l te r a t io n .  The a c id  must f i r e  

be ra iioved  to  o b ta in  s a t is fa c to ry  re s u lts , w ith  th e  dye.

HAGN33IUM -  C e rta in  c r y s ta ls  from  th e  b a s ic  h e a rth  were o ltceo . 
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in  h y d ro c h lo r ic  a c id . The s o lu t io n  v;as taken  to  

d ryness, hea ted , taken  up in  a c id  and decanted. I ro n  

and any Manganese S a lts  p re se n t were p r e c ip i ta te d  

in  s l i g h t l y  ammoniacal s o lu t io n  to  w hich ammonium 

c h lo r id e  had b e a i added. The s o lu t io n  was f i l t e r e d ,  

d i lu te d  and sodium phosphate added. In  presence o f  

magnesium s a l t s  c ry s ta ls  o f  magnesium-ammonium phosphate 

were p re c ip i ta te d .  These c r y s ta ls ,  w h ich  a re  shavn in  

photograph No. 3 have a v e ry  low  doub le  r e f r a c t io n  and 

t h e i r  r e f r a c t iv e  index is  lo w e r than  th a t  o f  Canada 

Balsam.

For th e  m ic ro sco p ic  id e n t i f i c a t io n  o f  c o n s t itu e n ts  is o la te d

from  s lags th e  d e te rm in a tio n  o f  t h e i r  o p t ic a l  p ro p e r t ie s  is

e s s e n t ia l.  Th is  n e c e s s ita te s  th e  p re p a ra tio n  o f  c r y s ta ls  and

c r y s t a l l i t e s  in  s e c tio n s  o f  th ic k n e s s  a p p rox im a tin g  0.03 to  0.05

m.m. I t  is  d e s ira b le  to  o b ta in  s u f f ic ie n t  tra n sp a re n cy  in  o rd e r

to  a vo id  o ve rla p p in g  o f  a d jacen t c r y s ta ls  and to  p re ve n t th e

s tudy  o f  t h e i r  in n e r  te x tu re .

The fo l lo w in g  method gave s a t is fa c to r y  r e s u l ts  : -

A q u a n t ity  o f  Z inc Oxide was fro u n d  to  a f in e

pov/der. A pp ro x im a te ly  5 grams were taken  and g e n tly

m ixed w ith  a sm a ll q u a n t ity  o f  th e  c r y s ta ls  to  be

examined. Enough potassium  w a te rg la ss  was added to

g iv e  th e  m ix tu re  th e  con s is te n cy  o f  a s t i f f  p as te .

Too much o f  th e  w a te rg la ss  causes th e  m ix tu re  to

c rack , w h ile  i f  to o  l i t t l e  be used th e  m ix tu re  la c k s

coherence end breaks up on th e  g r in d in g  la t e r .  The

pa s te  was pressed in to  a mould foimied by i "  d ia .  g lass

tub e  aûout lo n g  and r e s t in g  upon a g lass  s l id e .  I t

was found advantageous to  m o is ten  th e  in s id e  o f  th e

tube  w ith  potassium  s i l i c a t e .  The m ixtur-e was l e f t
o

a t a tem pera tu re  o f  about 5C 0 f o r  s e v e ra l days. The 

tube  was broken o f f  and the  cement su b je c te d  to  th e  

u s u a l/



u sua l g r in d in g  and p o lis h in g  to  t h in  s e c t io n . Unuer 

th e  m icroscope in  t ra n s m it te d  l i g h t  Z inc Oxide has a 

d u ll is h -g re e n  n o n -c r y s ta l l in e  appearance d is t in g u is h -  

a b le  tom  any s la g  c o n s t itu e n t .  T h is  method p e rm its  

o f  a p p ro x im a te ly  a ccu ra te  o r ie n ta t io n  o f  th e  la r g e r  

s la g  c r y s ta ls  in  th e  cement w ith  re fe re n c e  to  t h e i r  

c r y s ta l lo g ra p h ic  axes.

MIOBOSOOPIOmTEOm:-

Thiokness o f  s e c t io n  -  The method used was a m o d i f i ­

c a t io n  o f  th a t  o f  Duke d.ê Ohaulnes f o r  r e f r a c t iv e  

index  measurement. I t  was a p p lie d  in  th e  re ve rse  

manner. The Oanada Balsam o f  th e  mount was taken  

as o f  s im i la r  th ic k n e s s  to  th a t  o f  th e  s e c tio n . Any 

f in e  du s t p a r t ic le  o c c u rr in g  between th e  cove rg lass  

and th e  Balsam was f i r s t  focussed, than  th e  tube  o f  

th e  Dficroscope was low ered u n t i l  th e  same was seen 

r e f  le c te d  from  th e  under s id e  o f  th e  s l id e .

Then when

t  - Thickness o f  s e c tio n .

d = D is tance  o f  lo w e rin g  th e  tu b e

n = Index o f  r e f r a c t io n  o f  Oanada
Balsam (n = 1 .54

t  = dn

Th,e change o f  o b je c t iv e  focus was read  from  th e  drum o f  th e  ' 

m icrom eter screw.

BEFRAOTTVE INEEX:
(14)

The Becke and Schroedgr Van oar K o lk  methods o f  

d e te rm in a tio n  were used. Use was made o f  T h o u le t 

s o lu t io n  as th e  im m ersion medium.

ADJU3TI0NT:

For crossed n ic o l o b s e rv a tio n s  e tc . th e  o c c u la r  

c ro s s -h a irs  were a d ju s te d  e x a c tly  p a r a l le l  to  th e  

v ib r a t io n a l  d ire c t io n s  o f  th e  n ic o ls  by use o f  

known c ry s ta ls  o f  q u o rtz  in  t h in  s e c tio n  mounted 
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in  Canada Balsam. Those c r y s ta ls  showed no%u,e

grow th and s t r a ig h t  e x t in c t io n  w h i ls t  th e  r e f r a c t iv e

index  o f  q u a rtz  is  c lo s e  to  th a t  o f  th e  Balsam. The

lo n g  edge o f  a q u a rtz  c r y s ta l  was p la ced  e x a c t ly

p a r a l le l  to  one o f  th e  o c c u la r  c ro s s -h a irs .  The bottom

n ic o l  was ro ta te d  u n t i l  i t s  v ib r a t io n a l  d ir e c t io n  was

e x a c tly  s im i la r  when l i g l i t  passes th ro u g h  th e  q u a rtz

u n a lte re d  and no in te r fe re n c e  c o lo u rs  re su lte d , v/hen
o

th e  a n a lyse r was ro ta te d  th ro u g h  90 .

EXTINCTION MGhSS:

The B e rtra n d  P la te  was used f o r  a ccu ra te  d e te rm in a tio n s  

o f  e x t in c t io n  angles betv/een crossed n ic o ls .  The tu b e  

a n a lyse r was w ithd raw n  from  th e  p o la r is in g  m icroscope end 

a cap n ic o l  f i t t e d  over th e  eyepiece. The B e rtra n d  P la te  

was p laced  in  th e  o c c u la r. T h is  d e v ice  c o n s is te d  o f  

fo u r  secbions o f  a lte rn a t in g  r ig h t  and l e f t  r o ta t in g  

q u a rtz  p la te s  2 ,5  m .m ,th ic k  cu t p e rp e n d ic u la r ly  to  th e  

o p t ic  axes. The d e x tro - ro ta ry  and le v o - ro ta r y  q u a rtz  

s e c tio n s  l i e  in  o p p o s ite  segments. #hen th e  n ic o ls  a re  

a c c u ra te ly  crossed th e  quadrants have a u n ifo rm ly  p a le  

b lu e  t i n t .  The in t r o d u c t io n  o f  a doubly r e f r a c t in g  

c r y s ta l  upon th e  s tage  a llo w s  th e se  quadrants to  add to  

o r s u b tra c t from  i t s  re ta rd a t io n  except when i t  i s  on 

th e  p o s it io n  o f  e x t: in c t io n  when th e  w h it is h  b lu e  t i n t  

i s  u n ifo rm  th roughou t th e  f i e ld .

In c id e n ta l ly  t h is  dev ice  was used to  chock th e  a d ju s t ­

ment o f  th e  o c c u la r c ro s s -h a irs  as de tenu ined  by means 

o f  q u a rtz  c r y s ta ls .

INTEPIEPENOE OOhOUBS:

The in t  e r f  or en oo co lo u r f o r  a g ive n  s e c tio n  th ic k n e s s
0

i n  th e  45 p o s it io n  between crossed n ic o ls  was used as 

a meas'ure o f  th e  r e la t iv e  re ta rd a t io n  o f  th e  s low  ra y  

beh ind th e  fa s t  ra y  o f  th e  s e c tio n . T h is  c o lo u r i s  th e  

r e s u l t  o f  th e  sum o f  th e  e f fe c ts  produced by in te r fe r a ic e  

between/



between th e se  two ra ys  f o r  eo.ch wave le n g th .

When th e  r e la t i v e  r e ta r d a t io n  is  th u s  de tena ined  th e r  

th e  B ifr in g e n o e  i s  a lso  known s in o e

Thus where

Then

d * Th ickness o f  S ec tion ,

t i  = Time ta ke n  by th e  s low  ra y  to
t ra v e rs e  t h is  th ic k n e s s .

tp  = Time ta ke n  by th e  fa s t  ra y  to
tra v e rs e  t h is  th ic k n e s s .

s :  Maximum r e f r a c t iv e  in d e x  c o rre sp o n d i ig
w ith  th e  slow  ra y .

f  = . Minimum r e f r a c t iv e  ind e x  corresponLLing 
v / ith  th e  fa s t  ra y ,

L  = V e lo c ity  o f  l i g i i t  in  vacuo.

V e lo c ity  o f  slsTvV ra y  ■ d = h
%, s

V e lo c ity  o f  f a s t  ra y  = d ™ L
tg  E

Hence t-, = s d and t?  = fd  
L L

And

t f -  tp  r  ( s - f  ) d = R e ta rd a tio n  in  tim e , 
h

R e ta rd a tio n  can be expressed in  term s o f  d is ta n c e  i f  tim e  

re ta rd a t io n  be m u lt ip l ie d  by th e  v e lo c i t y  o f  l i g h t  in  vacuo.

Hence R e ta rda t io n  { in  d is  tanc e ) = L (t y - t  2 } -  (3 -E )d 

R " B ifr in g e n c e  x Thickness o f  S e c tio n .

S ince R is  always expressed in  m ic ro m illim e te rs  and th e  th ic k n e s s

in  m icrons th e  th ic kn e ss  o f  th e  s e c tio n  must be m u lt ip l ie d  by 1000

to  g iv e  th e  re ta rd a t io n  in  m ic ro m illim e te rs . Hence

R / ip  " 1000(S-E)dL,

The r e la t iv e  re ta rd a t io n  can th e re fo re  be a p p ro x im a te ly  de term ined 

by o b se rva tio n  o f  th e  in te r fe re n c e  c o lo u r. The v a r ia t io n s  in  

in te n s i t y  and tone  from  th e  deep ha rd  co lo u rs  o f  th e  f i r s t  o rde i' 

to  th e  f a in t  p in k s , greens and w h ite s  a re  s u f f i c ie n t l y  marked to  
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rende r t h is  oo iiven ien t method s u f f i c io n t l i '  ; 

purposes o f  id e n t i f i c a t io n  in  s la g  s e c tio n s .

F o r th e  a c tu a l d e te rm in a tio n s  o f  r e la t i v e  r e ta r d a t io n  

and maziimum b e fr in g e n c e  va lu e s  6 f  unknown m in e ra ls  th e  Q uartz 

Wedge d e v ice  in  common use in  p e tro g ra p hy  was used. T h is  

compensator was a lso  used f o r  th e  d e te rm in a tio n  o f  c r y s ta l 

c h a ra c te r ( i . e .  p o s i t iv e  o r n e g a tiv e ) by th e  u su a l methods.

In  a d d it io n  to  th e  o rd in a ry  convergent r o la r is o d  l i y h t
(15)

te s ts  th e  method recommoLided by Johanns en was used when 

sm a ll grains were under o b s e rv a tio n , f o r  th e  d e te ra in a t io n  o f  

th e  number o f  axes o f  no double r e f r o u t io n  ( i . e .  u n ia x ia l  o r  

b ia x ia l  n a tu re ) . The f ig u ré s  in  such g ra in s  a re  o th e rw ise  

d i f f i , % i i t  to  observe. By use o f  t h is  method they  a re  sm a ll 

bu t w e l l  d e fin e d .

A g la ss  ro d  ?/as heated in  a burisen fla m e  and dra^m to  

a f in e  th re a d . The e x tre m ity  o f  th e  t lire a d  was fu se d  and a 

s p h e r ic a l g lass g lo b u le  form ed. The ro d  c a r ry in g  t h is  s p f ie r ic a l 

g lass le n s  was clamped in  p o s it io n  ju s t  over th e  s e c t io n  bu t 

independent o f  th e  s tage . The m icroscope was focussed upon th e  

sphere and s l i g l i t l y  ra is e d .
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TRI-BABig FERRITE CRYSTAIS.

Photograph No.4 shows th e  appearance in  tra n s m it te d  

l ig h t  a t 60 m g s . o f n e e d le - l ik e  c r y s ta ls  is o la te d  from  

b a s ic  f in is h in g  s la g s . T h e ir  appearance in  o b liq u e  l ig h t  

a t 50 Mags, is  i l l u s t r a t e d  in , pho tograph  No.?.

These c r y s ta ls  were o f q u ite  common occurrence  in  c e r ta in  

s la g s  and were is o la te d  from  th e  s lag  powder by c a r e fu l  

h a n d -p ick in g  w ith  a sharp s p l in te r  o f m oistened wood 'under 

low powers in  a b in o c u la r  m icroscope.

In  r e f le c te d  l ig h t  th e y  were c h a ra c te r is e d  by a b r i l l i a n t  

m e ta l l ic  lu s t r e  and appeared b la ck  in  c o lo u r.

The c ry s ta ls  were e longa ted  p a r a l le l  to  th e  v e r t i c a l  a x is ,  
axes

one o f the  la t e r a l  appeared in c l in e d  to  th e  p r in c ip a l  a x is , 

w h ile  th e  o th e r was at 90^ to  i t .

Where development had been incom p le te  the  c r y s ta ls  had 

developed a f l a t  needle  fo rm  w ith  o c c a s io n a lly  a b a rre l-s h a p e d  

o u t l in e  as shown in  photograph No.4,

Th is  c h a ra c te r is t ic  need le  grow th was fre q u e n t ly  seen to  

be th e  r e s u l t  o f  incom ple te  c r y s ta l l i s a t io n  a long  a secondary 

a x is  a t 90^ to  th e  p rim a ry  a x is  o f  a la rg e r  c r y s ta l .

The c ry s ta ls  were hard  and nonm agnetic; they v a r ie d  in  

s iz e  from  m inute  in d iv id u a ls  up to  a le n g th  o f 7 m.m. They 

were is o la te d  from  th e  s la g  v e s ic le s  in  a h ig h  degree o f p u r i t y .

The chem ical a n a ly s is  showed:-

A n a ly s is  No. 1. Mo le  ou la x  
Oompontion.

SiOz 1.08 0.0180

A1203 1.36 0.0333 Se ca lou  la t  io n .

ESgO^ 44.04 0.2753

EeO n i l - EO H2O3 A o ids.

MhO 4.43 0. 0624

CaO 44.16 0.7884 CaO 0.8201 F@202 0. 2864 8 102

MgO 4.48 0.1106 MgO 0.1150 AP2O3 0.0346

P 2OS - MnO 0.0649
99.55 1.000 0.3210 0.019
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I t  c o n s is ts  e s s e n t ia l ly  o f  a O a lc ic -E e r r ite  compound o f 

th e  approxim ate fo rm u la  -  3 OaO-Ee2Û3 -  where MgO can a p p a re n tly  

re p la c e  CaO.

The complet e t "  developed c ry s ta ls  appeared opaque in  

tra n s m it te d  l ig h t  under h ig h  m a g n if ic a t io n s . The f l a t  need les 

were f a i n t l y  t ra n s lu c e n t ,  had a deep ru b y - re d  c o lo u r and were 

doubt" r e f r a c t in g  between cWSsed n ic o ls .

C ry s ta l fragm ents  and s e c tio n s  o f  c r y s ta ls  had a re d d is h  

r u s t  c o lo u r. They showed h ig h  r e l i e f  and roughness when th e  

condenser o f  th e  m icroscope was ra is e d . The r e f r a c t iv e  index  

exceeded 1. 73. Cleavage was in d is t in c t  and im p e rfe c t p a r a l le l  

to  the (c ) a x is .  The f r a c tu r e  was uneven.

These c r y s ta ls  were c h a r a c te r is t ic a l ly  f r e e  fro m  in c lu s io n s  

thus  in d ic a t in g  fo rm a tio n  a t an e a r ly  stage in  th e  s o l id i f i c a t io n  

o f  th e  s la g . In  a s e c t io n  0,04 m.m, th ic k  th e  c o lo u r was 

y e llo w is h  r u s t .  Between crossed n ic o ls  when th e  d ir e c t io n  o f  

th e  p r in c ip a l  zone was p a r a l le l  to  th e  slow  d ir e c t io n  o f  th e  

q ua rtz  wedge th e  in te r fe re n c e  c o lo u rs  were a d d it iv e .  T h is  

d ir e c t io n  was th e re fo re  th a t  o f le a s t  v e lo c i ty  and th e  c h a ra c te r  

o f  th e  p r in c ip a l  zone was p o s it iv e .  When th e  com b ina tion  was 

s u b tra c t iv e  compensation occu rre d  w ith  second o rd e r g ree n ish  

b lu e . T h is  corresponds to  a r e la t i v e  r e ta r d a t io n  o f  approx:

670 microme l l im e t  e rs . The maximum b e fr in g e n c e  measured was

th e re fo re  about 0. 017,

The e x t in c t io n  ang le  o f some o f th e  g ra in s  was s t r a ig h t ,  

in  o th e rs  i t  was in c l in e d  to  th e  p r in c ip a l  d i r e c t io n  o f elong-r 

la t io n  in d ic a t in g  th a t  th e  c r y s ta l  system is  p ro b a b ly  m o n o c lin ic . 

The c r y s ta l  form  supports  t h is  co n c lu s io n  a lth o u g h  the  n a tu re  

o f  th e  f ig u r e  in  convergent p o la r is e d  l ig h t  was no t d e f in i t e ly  

a s c e rta in e d

S im ila r  c ry s ta ls  were o b ta in e d  in  th e  course o f t h is  work 

from  in v e s t ig a t io n s  upon the  b a s ic  h e a rth . In  t h is  l a t t e r  

case, however, they con ta ined  FeO .
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MAGNETIC CONST ITUBLTT.

Photograph iMO* 6 shov/s a t ?0 Mags.' th e  appearance o f  

t y p ic a l  c r y s ta l l in e  s k e le to n  fo rm a tio n s  o f  t h is  substance in  

o b liq u e  l ig h t .  Photographs Nos. 7 and 8 e x h ib it  t h e i r  

appearance in  t ra n s m it te d  l ig h t .

These c r y s t a l l i t e s  were s t ro n g ly  m agnetic  and th e  f i r s t  

s e p a ra tio n s  were made from  th e  s la g  powder by use o f a b a r 

magnet. These se p a ra tio n s  were exposed to  weak e le c t r o ­

m agnetic f ie ld s  and fa r th e r  d iv u ls io n  e f fe c te d  in  th e  manner 

a lre a d y  described .

The appearance o f t h is  substance is  most e a s ily  observed 

in  o b liq u e  l ig h t .  WeU developed specimens showed grow th  t o  

have ta ke n  p la ce  a long  s ix  d ir e c t io n s  a t 60^ to  each o th e r , 

fo rm in g  a secondary a x ia l  system s im u lta n e o u s ly  w ith  the  

e lo n g a tio n  o f  th e  p rim a ry  c r y s ta l  a x is  p e rp e n d ic u la r  to  th e  

p lane  o f  th e  secondary axes. These secondary l in e s  o f 

'growth in  tu rn  showed development te rn a ry  and qua te rnary  a x ia l  

systems, e tc .

In  a l l  cases the  axes o f  th e  h ig h e r o rde rs  e x h ib ite d  th e  

same development as those  o f  th e  low e r o rde rs  and th e  m a te r ia l  

showed a c h a ra c te r is t ic  d .e n d r it ic  s t ru c tu re .

The chem ical a n a ly s is  shovJed:-

Analyses Mo. 11 Analyses No. I l l ,

%
M o le cu la r Mo le  Cl
C om position. ?I Compel

S102 8.00 0.1333 SJÛ2 5.18 0.0863
A1203 4.79 0.0470 A I2O3 4*27 0.0486

reaOs 32.04 0. 2002 EeaOs ' 34.10 0.2131
EeO 4 .86 0.0675 EeO 6.36 0.0884
MdO 13.65 0.1923 MnO 14.53 0. 204 6
OaO 32. 20 0.5750 CaO 29.66 0.5297
MgO 5.00 0.1234 MgO 5.25 0.1296

100.54 99.35



No. 11 Is  th e  a n a ly s is  o f tn e  m a te r ia l as separa ted  from  th e  

B lag, No. I l l , was a f t e r  g r in d in g  and f u r t h e r  e le c tro -m a g n e tic  

c le a n in g . A t h ig h e r  powers th e  s t ru c tu re  was seen to  

c o n s is t o f  p u re ly  c r y s ta l l in e  m a te r ia l;  th e  fo rm a tio n  ?;as th e  

r e s u l t  o f p a r a l le l  in t e r  grow th a lo ng  th e  common a x is  o f deve 1- 

lopment. The c o n s t itu e n t c r y s ta ls  were p i le d  one on to p  o f  

th e  o th e r.

In  o rd in a ry  l i g h t  th e  c r y s t a l l i t e s  appear g ra y is h  b la c k  

in  c o lo u r ; they  were h ig h ly  r e f le c t in g  and showed a hard  

m e ta l l ic  lu s t r e .

T h is  c o n s t itu e n t was o b ta in e d  from  s la g s  where th e  i r o n  

c o n te n t exceeded about 14^. I t  was no t n o tic e d  in  s la g s  where 

th e  ir o n  con ten t was known to  be low.

I t s  fo rm a tio n  made i t  troub lesom e to  o b ta in  f r e e  from  

extraneous m a tte r ; e le c tro -m a g n e tic  s e p a ra tio n  d id  no t o ve r- 

;come t h is  d i f f i c u l t y .  I t  was observed as an in c lu s io n  in  

c e r ta in  o f th e  t r i b a s ic  s i l i c a t e  o f lim e  c r y s ta ls  d e sc rib e d  

e lsewhere.

Under th e  m icroscope a t h ig h  powers th e  c r y s t a l l i t e s  a t 

th e  t ip s  o f the  d e n d rite s  e x h ib ite d  o c ta h e d ra l fa ces  w h ile  

c e r ta in  fa c e ts  showed a deep b lo o d  re d  c o lo u r in  o b liq u e  l i g h t .

These c r y s ta ls  are th e  r e s u l t  o f  g row th  a t th e  most 

ffihar^)ly p o in te d  ang les, d i f fu s io n  in  th e  su p e rsa tu ra te d  s o lu t io n  

b e in g  g re a te s t a t th ese  ang les . The fo rm a tio n  o f th e  secondary 

axes was th e  r e s u l t  o f  g row th  o c c u rr in g  a t some o f  th e  s o l id  

ang les produced. T h is  W as repea ted  f o r  each o f  th e  h ig h e r 

a x ia l  systems.

The c ry s ta ls  q u ite  f re e  fto m  in c lu s io n s  b u t th e re  was 

a grea t tendency f o r  im p u r it ie s  to  be entrapped,am ongst th e  

d e n d rite s . T h is  fo re ig n  m a tte r  can be r e a d i ly  d is t in g u is h e d  

in  tra n s m itte d  l ig h t .  I t  c o n s is te d  pa^rtly  o f  th e  s i l i c a t e  o f 

lim e  c ry s ta ls  described  la t e r .  The m a te r ia l ana lysed  was 

th e re fo re /
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th e re fo re  no t q u ite  pu re .

T h in  s e c tio n s  o f t h is  c o n s t itu e n t %ei'e pi-eparecl oy use o f  

th e  h in c  Oxide cement in  the  manner a lready  d escribed ,

Photographs 9 and 10 show i t s  appearance in  p a r a l l e l  

t ra n s m it te d  l i g h t  a t IJO Mags. In  th e  photographs o f th e  

t h in  s e c tio n s  t h i s  c o n s t itu e n t appears dead "black:, th e  h a l f -  

:to n e  and l ig h t e r  co lo u re d  groundmass is  th e  z in c  o x id e  

cement which shows a d u l l  green c o lo u r under th e  m icroscope.

in  t h in  s e c tio n s  th e  c r y s ta ls  were homogeneous. They 

were o fte n  a lm ost opaque "but f re q u e n t ly  showed th e  deep h lo o d  

re d  c o lo u r  w ith  im p e rfe c t c leavage. They were d is t in c t l y  

o c ta h e d ra l in  fo rm  in  s u ita b ly  o r ie n t ly  s e c tio n s . The f r a c tu r e  

was even. The re f r a c tu re  index exceeded 1.9* The c r y s ta l  

J u n c tio n s  w ith  th e  balsam were rough and th e  s u rfa ce  uneven 

w ith  th e  condenser o f th e  m icroscope ra is e d  as h ig h  as p o s s ib le .

In  p a r a l le l  p o la r is e d  l ig h t  u s in g  th e  bo ttom  n io o l  th e  

c r y s ta ls  were n o n -p le o c h ro ic . Between crossed n ic o ls  th e y  

rem ained dark o r showed no re g u la r  double r e f r a c t io n .  A few 

o f  th e  g ra in s  appeared f a i n t l y  t ra n s lu c e n t and d id  no t e x h ib it  

e x t in c t io n  in  any p o s it io n  o f  r o ta t io n  between th e  n ic o ls .

^ h is  phenomena is  o f th e  n a tu re  o f an o p t ic a l  anomaly no t 

uncommon in  cub ic  m in e ra ls  and may be th e  r e s u l t  o f  s t r a in  

produced d u rin g  th e  c o o lin g  o f  th e  d e n d r ite s .

T h is  m agnetic c o n s titu e n t belongs to  th e  o c ta h e d ra l group 

o f  th e  cu b ic  system.

P rev ious ly : p u b lis h e d  analyses o f m agnetic m a te r ia l is o la te d  

from  b a s ic  s lags are  o f in te r e s t ,

Analyses No. ld[ is  by Stead ) from  b a s ic  bessemer s la g s . 

Analyses No._£_ is  g iven  'oy B a in b rid g e  fsctta h e a rth  s la g s .

In  each case th e  (coirespending m o le cu la r co m po s ition  has 

been c a lc u la te d .
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A nalyses ho. Analyses No._V_
Bteam M a ih b rid g e .

M ol. Camp. /« M ol. OOBip,

OaO 18.73 0.3344 OaO 7.40 0.1312

MgO U .46 . 2830 MgO 24.90 .6148

A I 2O3 1.80 .0177 A I2O3 1.84 .0180

16.14 .1009 F 6283 23.29 .1455

FeO 38.06 .5286 FeO 26.23 .3643

MnO 9.58 .1349 ' m o 14.04 .1977

81O2 0.80 .0134 SiOg 1.30 . 0216

P 2O5 1. 66 . O il? P 205 1.03 .0073

98.23 - ■ 100.03

The com pos ition  o f th e  m a te r ia l sepa ra ted  by th e  a u th o r 

d i f f e r s  from  these  analyses in  be ing  low er in  fe r ro u s  ox ide  

and magnesia w h ile  th e  f e r r i c  ox ide  and th e  s i l i c a  a re  h ig h e r .

A fe a tu re  o f each a n a ly s is  is  th e  r e la t i v e ly  h ig h  con ten t 

o f  Manganese Oxide. The p o s s ib i l i t y  e x is ts  th a t  under th e  

o x id is in g  c o n d it io n s  w h ich  f re q u e n t ly  occur tow ards th e  end o f 

th e  process, the  Manganese ox ide  may a c t as a base tow ards th e  

f e r r i c  ox ide  which in  th e  absence o f lim e  may combine to  fo r^ i 

c o n s t itu e n ts  o f  complex c o n s t i tu t io n .  c r y s ta ls  o f M agne tite  

have never been observed in  b a s ic  s la gs  and i t s  fo rm a tio n  as 

a separa te  b a s ic  s lag  c o n s titu e n t appears u n lik e ly : .

The amount o f m agnetic m a te r ia l in  b a s ic  s la g s  is  

n o rm a lly  ve ry  low, a t le a s t  u n t i l  th e  f in is h in g  stages are 

reached. T h is  c o n s t itu e n t consequently  cannot be o f g rea t 

im portance as a r e f in in g  agent. I t s  o r ig in  is  a p p a re n tly  o f 

a secondary n a tu re  and appears the  r e s u l t  o f complex com binat- 

; io n s  when the  s la g  assumes a more s tro n g ly  o x id is in g  c h a ra c te r 

tow ards th e  f in is h in g  stages o f th e  p rocess.
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These c r y s ta ls  a re  i l l u s t r a t e d  in  photographs N o s .11 and 

12 at 35 Mags, in  o rd in a ry  t ra n s m it te d  l i g h t .

T h e ir  s e p a ra tio n  was e f fe c te d  from  th e  s la g  powder a f t e r  

T r io a lc ic  F e r r i t e  c r y s ta ls  and th e  m agnetic  m a te r ia l had been 

removed.

A q u a n tity  o f  th e  co n ce n tra te d  Thotrlét s o lu t io n  (sp . aa3.17) 
was p la ce d  in  a narrow  beaker and th e  s la g  powder in tro d u c e d  

in to  th e  s o lu t io n .  The beaker was se t in  a b a s in  and a llo w e d  

to  stand  u n t i l  a la y e r  o f c le a r  l i q u id  showed between th e  

suspended m a tte r and th a t  at th e  bo ttom  o f th e  beaker.

A c o n ic a l v e s s e l was g radua lly : in tro d u c e d  u n t i l  th e  

co n te n ts  o f th e  beaker o ve rflo w e d . The suspension was th u s  

worked in to  th e  b a s in , th e  co n te n ts  o f  w hich were d i lu te d  w ith  

w a te r and f i l t e r e d .  Th is  p rocess was repea ted  u n t i l  a sm a ll 

q u a n t ity  was c o lle c te d .

The crop was d r ie d , g e n tly  crushed betweem two watch 

g lasses and th e  process o f s e p a ra tio n  in  the  p o ta ss iu m -m e rcu ric  

io d id e  s o lu t io n  repea ted . F in a l ly  th e  s o lu t io n  c o n ta in in g  th e  

suspended m a tte r was d i lu te d  drop by drop w ith  w a te r u n t i l  

o n ly  pure c ry s ta ls  rem ained suspended. The s p e c i f ic  g ra v i ty

a t t h is  stage was determ ined as 3 .105 . These c r y s ta ls  were

c o lle c te d , washed and d rie d .

T h is  process was extrem e ly  te d io u s  as th e  amount o f  t h is  

c o n s titu e n t in  th e  s la g  was ve ry  sm a ll. I n s u f f ic ie n t  m a te r ia l 

was c o lle c te d  fo r  a chem ical ana lyses, b u t th e  amount o b ta in e d  

vjas s u f f ic ie n t  f o r  o p t ic a l  and m ic ro  chem ical d e te rm in a tio n s .

In  r e f le c te d  and in  o b liq u e  l i g h t  th e  c r y s ta ls  appear as 

c o lo u r le s s  hexagonal coluus w h ich  show co n s id e ra b le  e lo n g a tio n  

in  th e  d ir e c t io n  o f  th e  p r in c ip a l  a x is .  They ranged in  s iz e  

up to  10 m.m. in  le n g th . In  o rd in a ry  l ig h t  they showed a 

v it re o u s  lu s t r e ,  im p e rfe c t cheavage a...d -concho ida l. f r a c tu r e .

D e te rm in a tio n  o f the  re f r a c tu re  index  in  th e  d ir e c t io n  

p r  ep end i cu la r /



perpencL icu la r t o ' t h e  p r in c ip a l  a x is  by th e  Schroder van her 

K o lk  method u s in g lh o n le t  s o lu t io n  as in d ic a to r  gave th e  

va lu e  o f 1.64

The c r y s ta ls  were tra n s p a re n t and b r i t t l e .  They were 

f re e  from  in c lu s io n s .  In  t h in  s e c tio n s  when ro ta te d  over 

th e  p o la r is e r  th e  c ry s ta ls  were s l i g h t l y  deeper in  c o lo u r 

when th e  lo n g  edge o f th e  c r^ ^s ta l was p a r a l le l  to  th e  v ib -  

; r a t io n a l  d ir e c t io n  o f  th e  n ic o l  p r is m  th u s  showing s tro n g e r 

a b s o rp tio n  p a r a l le l  to  th e  p r in c ip a l  zone. ^hey were th e re -  

: fo r e  f a in t  ly  d ic h ro ic .  In  s e c tio n s  p a r a l le l  to  th e  

p r in c ip a l  zone they were doubly: r e f r a c t iv e  and showed s t r a ig h t  

e x t in c t io n  between crossed n ic o ls .

The long edge o f th e  c r y s ta l  was p la ce d  a t from  i t s  

p o s i t io n  o f  e x t in c t io n .  The q u a rtz  wedge cu t w ith  i t s  le n g th  

p a r a l l e l  to  i t s  o p t ic  a x is , th u s  having  i t s  le n g th  th e  slow 

d ire c t  io n , was in tro d u c e d  between the  n ic o ls  so th a t  i t s  

le n g th  was a lso  a t 45° to  th e  v ib r a t io n a l  d i r e c t io n  o f th e  

n ic o ls .  Compensation o ccu rre d  on a s e c tio n  0.05 m .m ,th id i 

w ith  f i r s t  o rd e r g re y is h  w h ite . The r e la t i v e  r e ta r d a t io n  

is  th e re fo re  very low at about 200 u .u . The co rrespond ing  

b if r in g e n c e  va lue  is  0.004 u .u .

The slow d ir e c t io n  o f th e  wedge was, in  th e  p o s it io n  

g iven , p a r a l le l  to  th e  f a s t  d ir e c t io n  o f  th e  c r y s ta l .  The 

com bination  was th e re fo re  s u b tra c t iv e  and th e  s ig n  o f th e  

p r in c ip a l  zone was n e g a tive .

In  hexagonal c ro s s -s e c tio n s , i . e .  a t 90° to  th e  d ir e c t io n  

o f  th e  p r in c ip a l  zone, th e  in te rfe re m c e  f ig u r e  in  convergent 

p o la r is e d  l ig h t  cou ld  n o t ûe d is t in g u is h e d  on account o f  th e  

low double r e f r a c t io n .  In  these  s e c tio n s  th e  c ry s ta ls  re -  

anained dark between crossed n ic o ls  in  p a r a l le l  l i g h t .

The u n ia x ia l  n a tu re  and the  c r y s ta l  fo rm  in d ic a te d  th a t  

t h is  c o n s t itu e n t oelongs to  th e  hexagonal system.

The m a te r ia l was su e je c te d  to  th e  fo l lo w in g  m ic roo h em ica l 

t e s ts /



( 1) The s o lu t io n  c o n ta in in g  th e  c r y s ta ls  in  n i t r i c  a c id  was

evapora ted to  dryness on a g lass  s l id e ,  th e n  heated. The 

d e p o s it was ta ke n  up in  d i lu te  n i t r i c  a c id  and te s te d  w ith  

a drop o f ammonium m olyhdate. The sm a ll y e llo w  "rounded" 

oc tah edra  appeared as g lo b u la r  aggregates re c o g n is a b le  as 

ammonium phospho-moly odate. The presence o f phosphorus 

was th e re fo re  in d ic a te d . Photograph No. 2 shows th e  r e s u l ts  

o f  th e  a p p lic a t io n  o f  t h is  te s t  to  a c r y s ta l  in  p a r t ia l  

s o lu t io n .

(2 )  The a d d it io n  o f S u lp h u r ic  A c id  to  a I ^ d r o c h lo r ic  A c id  

s o lu t io n  o f th e  c ry s ta ls  caused th e  p r e c ip i t a t io n  o f  

gypsum needles and in d ic a te d  th e  presence o f lim e ,

( 3 ) No tra c e s  o f  ir o n  in  pure c r y s ta l  fragm ents were observed.

(4 ) Some c ry s ta ls  were d is s o lv e d  on a g lass s l id e  in  a 

s o lu t io n  o f co n ce n tra te d  s u lp h u r ic  a c id  c o n ta in in g  Sodium 

S i l ic a t e .  A drop o f t h is  s o lu t io n  was t ra n s fe r re d  to  

a no ther s l id e  w hich had been g e n t]y  heated. Bo s e t t  es and 

S ta rs  o f  fa in tH y  rose  t in t e d  c ry s ta ls  hexagonal in  fo rm  

g ra d u a lly  appeared. These co lo u re d  c r y s ta ls  o f Sodium 

F lu o s i l ic a te  in d ic a te d  th e  presence o f F lu o r in e .

The m icroohem ica l te s ts  p roved th e  e x is te n c e  o f F lu o r in e ,  

lim e  and Phosphorus, The hexagonal c r y s ta ls  fo rm  and o p t ic a l

te s ts  agreed w ith  those  o f th e  m in e ra l F lu o r  a p a t i te  

(3 OaO “• Pg^^ -  OaF2)

The c a lc u la te d  percentage o f P hosphoric  A c id  in  t h is  

substance is  about 42.3yB The amount o f t h is  m in e ra l in  a 

s la g  c o n ta in in g  2>% F2O5 w i l l  th e re fo re  be about 7%
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STAB -  SHAPED GR'fbTAILITEB.

Photographs Nos. 13 &; 14 show o r y s ta l l i t e s  w h ich  were 

.se^parated from  th e  s lag  powder a long  w ith  th e  eu h e d ra l 

F lu  o r a p a t ite  c r y s ta ls  by use o f th e  methods d e sc rib e d . The 

amount c o lle c te d  was in s u f f i c ie n t  f o r  chem ica l a n a ly s is .

The c r y s t a l l i t e  development in d ic a te d  th a t  g row th  had 

occu rre d  a long  th re e  h o r iz o n ta l  axes and th u s  c o n fe rre d  a 

s ix -p o in te d  s ta r  shaped appearance upon the  fo rm a tio n . The 

p o in ts  l i e  a t 6o° to  each o th e r  a long  th e  h o r iz o n ta l p la ne . 

Development was a lso  n o t ic e d  to  have occu rred , as can be 

observed in  th e  photograph, a t a reduced ra te  a long  th e  

n o rm a l p r in c ip a l  a x is  a t 90° to  th e  th re e  h o r iz o n ta l axes. 

Growth a long  t h is  norm al p r in c ip a l  a x is  fre q u e n t re s u lte d  

in  th e  fo rm a tio n  o f  hexagonal columns s im i la r  to  th o se  o f 

F lu o s a p a t ite  c r y s ta ls  as a lre a d y  described .

M icroohem ica l te s ts  showed th e  presence o f  F lu o r in e ,  

Fnosphorus and Lime. The c r y s t a l l i t e s  had th e  same index o f 

r e f r a c t io n  as th e  A p a t ite  O rys ta le  w h ile  th e  d e n s ity  was a lso  

id e n t ic a l .  The c r y s t a l l i t e s  a lso  showed s iiw ila r  o p t ic a l  

p ro p e r t ie s .  In  photograph N o .1$ ta ken  between crossed  N ic o ls  

a c r y s ta l  and a c r y s t a l l i t e  are shown a long  th e  same p la n e . 

The c r y s ta l  is  in  the  45° p o s it io n  between th e  n ic o ls .  In  

t h is  p o s i t io n  the  c r y s t a l l i t e s  rem ained dark d u r in g  r o ta t io n  

o f  th e  stage th rough  360°  and t h e i r  o p t ic a l  b e h a v io u r was 

id e n t ic a l  w ith  th a t o f  th e  hexagonal c ro s s -s e c t io n  o f  th e  

Flu c r a p a t i te  c r y s ta ls .

I t  was concluded th e re fo re  th a t  these  c r y s t a l l i t e s  were 

ifche r e s u l t  o f  incom ple te  o r  in te r ru p te d  c r y s ta l l i s a t io n  o f 

F lu c r  a p a t ite ,  t h e i r i  fo rm a t io n  be in g  th e  r e s u l t  o f development 

o f the  axes o f b in a ry  symmetry.
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A Gorjiiiionly occu jz riiig  e u h ed ra l c r y s ta l  c o n s t itu e n t o f  th e  

s la g s  examined is  i l l u s t r a t e d  in  pho tograph ho. 16 ta ke n  a t 18

M a g n if ic a t io n s .

The c r y s ta ls  va ry  in  s iz e  from  m inu te  in d iv id u a ls  up to  a 

le n g th  o f 7 m.m. They were r e a d i ly  p ic k e d  ou t by means o f  a 

m oistened s p l in te r  o f  s o f t  wood w ith  th e  use o f low powers under 

a b in o c u la r  m icroscope.

I t  o ccu rred  in  th e  s la g  in  masses, as f l a t  p la te s  ocoas ion - 

: a l l y  e longa ted  w ith  dom atic te rm in a t io n s . The c o lo u r o f th e  

c ry s ta ls  v a r ie d  from  o l iv e  green, th ro u g h  c i t r o n  y e llo w  to  

brow nish  green. The dominant and c h a r a c te r is t ic  c o lo u r was 

o l iv e  green. The c i^ s ta ls  e x h ib ite d  v it r e o u s  lu s t r e  and showed 

co n cho id a l to  uneven f r a c tu r e .  Cleavage was in d is t in c t .

T y p ic a l c r y s ta l  form s are shown in  th e  photographs Nos. 16 & 17.

The c r y s ta ls  o f t h is  substance fre q u e n t ly  co n ta in e d  

abundant in c lu s io n s , m os tly  id e n t i f ie d  as T r io a lc ic  F e r r i te ,  

th e  M agnetic C o n s titu e n t and c r y s ta ls  o f  F lu c ra p a t ite .

Photograph No. 17 (30 M a g n if ic a t io n s )  shows those  in c lu s io n s  

by tra n s m it te d  l ig h t .  The sym m e trica l arrangement o f  th e  

in c lu s io n s  w ith  re fe re n c e  to  th e  c r y s ta l  fa ce s  can be observed 

in  th e  photograph and in d ic a te s  th a t  t h is  s i l i c a t e  has been 

amongst the  la s t  o f  th e  s la g  c o n s t itu e n ts  to  s o l id i f y .

The euhed ra l development o f  th e  m a te r ia l in  la rg e  c r y s ta ls  

f a c i l i t a t e d  o b se rva tio n  o f  th e  c iy s t a l  fo rm  at low powers. 

Development had taken p la ce  a long th re e  unequa l axes. Two o f 

th e se  axes were a t r ig h t  angles to  each o th e r. M ic ro sco p ic  

measurement showed thqy were a t 90° to  th e  p r in c ip a l  ax%8 . No 

g o n io m e te r io a l measurements were made however.- The t ra n s -  

;Parency o f tn e  m a te r ia l enables th e  c r y s ta l  sym ie try  to  be 

observed in  th e  photographs.

In  t h e i r  p la ce  o f  o r ig in  in  th e  s la g  they o c c a s io n a lly  

showed/



showed p a r a l le l  grow th where th e  co rrespond ing  axes, edges 

and fa ce s  o f d i f f e r e n t  in d iv id u a ls  were p a r a l le l .  T h is  typ e  

o f  com posite c r y s t a l l i s a t io n  d i f f e r s  from  th a t  r e s u l t in g  in  

tw in  c ry s ta ls  s in ce  th e re  is  no sym m e trica l u n io n  a lo n g  a 

GoniiTion p lane  o r a x is  between ad ja ce n t c ry s ta ls .

The chem ical com pos ition  w a s :-

Analyses No. V I  

% M ol. Comp.

Analy s es NO. 
M o le cu la r 
O om pos iti

OaO 57.40 1.0250 OaO 57.50 1.027

lîgO 2.50 0.0619 MgO 2.70 0.067

AlgO^ 3.66 0.0359 A I2O3 3 .4 1 0.033

7 .74 0.0484 Fe£0^ 7.39 0.046

FeO 8.10 0.1123 FeO 7 .50 0.104

MnO 5.58 0.0786 MnO 5 . # 0.072

8102 15.20 0.2533 S i02 15.60 0.260

Î 2O5 - P2O5 — -

100.18 99.25

A n a ly s is  No. ^  was made upon the  c r y s ta ls  as p ic k e d  

from  the  s la g . , A n a ly s is  No. V l l  was upon t h is  m a te r ia l 

a f t e r  c ru sh in g  and t r e a t in g  w ith  a b a r magnet, whereby the  

amount o f i r o n  ox ide  bearing  in c lu s io n s  was s l ig h t l y  reduced.

T h is  substance has a s tro n g ly  v it re o u s  lu s t r e  by in c id e n t 

l ig h t .  S trong  t o t a l  r e f le c t io n s  from  th e  c r y s ta l  fa ce s  in c l in e d  

to  the  a x is  o f th e  m icroscope to g e th e r  w ith  h ig h  " r e l i e f "  and 

rough su rface s  in  Canada Balsam in d ic a te d  a h ig h  index o f 

r e f r a c t io n .  -̂ n s e c tio n  p a r a l le l  to  th e  p r in c ip a l  zone 

d e te rm in a tio n  by th e  Van der KoLc method gave th e  v a lu e  o f 

1. 707. Convergent p o la r is e d  l ig h t  on carbain o f  th e  c r y s ta l  

g ra in s  showed a b ia x ia l  f ig u r e  w ith  r e la t i v e ly  low o p t ic  

ang le .

A pprox im ate ly  accu ra te  o r ie n ta t io n  o f  the  g ra in s  w ith  

re fe re n ce  to  th e  th re e  axes was secured by s e t t in g  s e v e ra l o f 

tn e  c ry s ta ls  in  z in c  ox ide  cement b e fo re  p o lis h in g  to  t h in  

s e c tio n  .oy the  u su a l methods.
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Photograph Éb. 18 is ' th a t  o f  th e  t h in  s e c t io n  a p p ro x iia a te ly  

p a r a l le l  to  th e  zone o f  th e  p r in c ip a l  a x is . In  ordinary; 

l ig h t  th e  s e c tio n  was c o lo u r le s s . Cleavage was Im p e rfe c t.

In  p o la r is e d  l i g h t  i t  was n o n p le o c h ro ic . Between crossed 

n ic o ls  th e  e x t in c t io n  was s t r a ig h t .  °n  th e  in s e r t io n  o f  

th e  q u a rtz  wedge w ith  th e  c r y s ta l  in  th e  4 5 °  p o s i t io n  to  th e  

d ir e c t io n  o f  th e  n ic o ls  the  c o lo u r com b ina tion  was s u b tra c t iv e  

and com pensation o ccu rre d  w ith  f i r s t  o rd e r w h ite  o f  th e  

compensator.

The th ic k n e s s  o f th e  s e c t io n  was 0.05 m.m. The r e la t iv e  

re ta rd a t io n  was 230 u .u . . The co rresp o nd in g  b e fr in g e n c e  v a lu e  

was th e re fo re  about 0'd046.

In  Photograph No. 19 is  shown the  c r y s ta l  a t a p p ro x im a te ly  

9 0 ° to  th e  p r in c ip a l  zone, i . e .  p a r a l le l  to  th e  zone o f  th e  

(b ) a x is . Photograph N o .20 shows th e  s e c t io n  p a r a l l e l  to  th e  

zone o f th e  (a ) a x is .

■̂ n each o f  these  three, s e c tio n s  th e  e x t in c t io n ,  w ith  

re fe re n c e  to  the  re s p e c tiv e  o ry s ta llo g ra p h io  a x is , was s t r a ig h t .

In  convergent p o la r is e d  l ig h t  th e  ch a ra c te r o f  th e  in t e r -  

;fe re n ce  f ig u r e  was i n d i s t i n c t . i n  t h in  s e c t io n . In  th ic k  s e c tio n s  

i t  was -b ia x ia l:  and on the  in t ro d u c t io n  o f th e  q u a rtz  wedge 

w ith  i t s  slow d ir e c t io n  p a r a l le l  to  th e  d ir e c t io n  o f  tra c e s  

o f the o p t ic  a x ia l  p lane  as in d ica te d , by th e  hype rbo lae  o f 

th e  in te r fe re n c e  f ig u r e  ( i . e .  when th e  p lane  o f  th e  o p t ic  

axes was a lso  a t 45° to  the  n ic o ls )  th e re  was a decrease o f 

colour* on th e  in s id e  and an in c re ase  on the  o u ts id e  o f the  

hyperbo lae . The dark b a r produced by an o b liq u e  a x is  is  

curved w ith  th e  convex s id e  towards th e  acute  b is e c t r ix .  The 

in c re a se  o f co lo u r takes  p la ce  when th e  wedge and th e  s e c tio n  

a re  a d d it iv e .  In  t h is  case i t  c o in c id e d  w ith  th e  d ir e c t io n  

o f  tne  acute B is e c t r ix  so th a t th e  c h a ra c te r o f  these  c ry s ta ls  

was n e g a tive  s ince th e  d ir e c t io n  o f th e  acu te  B is e c t r ix  was 

slow .

j-iic ü a x ia l  notuxe, s t ra ig h t  e x t in c t io n  and c r y s ta l  fo rm  
in d ic a te /



in d ic a te  th a t  th e s e  c r y s ta ls  be long  to  th e  O rthorhom hic System*

The chem ical co m pos itio n  approxim ates to  th a t  o f  the  

T r io a lc ic  S i l ic a te ,  3 OaO -  S1O2 , i f  a llow ance be made f o r  

th e  com position  o f  th e  in c lu s io n s  i l l u s t r a t e d  in  Photograph 

No. 17. These in c lu s io n s  rrust c o n ta in  the  b u lk  o f th e  B 2O3 

o x id e s  shown in  th e  a n a ly s is  in  combinat io n  c h ie f ly  w ith  lim e .

The r e la t i v e  amounts o f each ty p e  o f  in c lu s io n  co u ld  no t be 

a sc e rta in e d  w ith  c e r ta in ly  b u t they  c o n s is t most ly  o f  T r io a lc ic  

F e r r i t e  need les.

The o p t ic a l  p ro p e r t ie s  o f t h is  s i l i c a t e  d i f f e r  from  those  

o f  d ic a lc ic  s i l i c a t e  w h ich  were c h a r a c te r is t ic  o f b a s ic  s lags  

o f  a h ig lie r  s i l i c a  c o n te n t. The la t t e r  were fre q u e n t ly  o b ta in e d  

fro m  e a r l ie r  s tages o f the process and are d e sc ribed  la te r ,  

D ic a lc ic  s i l i c a t e  c ry s ta ls  in  t h in  s e c t io n  were always y e llo w is h  

to  b lu is h  y e llo w  in  c o lo u r, they showed in c l in e d  e x t in c t io n ,  

h ig h e r double r e f r a c t io n  and h ig h e r r e f r a c t iv e  in d e x .

These t r i b a s ic  s i l i c a t e  c ry s ta ls  were always a s s o c ia te d  

w ith  in c lu s io n s  c o n ta in in g  f e r r i c  i r o n ;  in  s la g s  c o n ta in in g  

d ic a lc ic  s i l i c a t e  th e  amount o f f e iT ic  i r o n  was r e la t i v e ly  

low.
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OHBOMIOS OHBYST'Mj IN'3LU310NS.

- Photograph No. 2 1 .ta .ka i a t 100 M a g n if io a tio n s  in  re f lo o te c l 

l i ^ i t  shows th e  appearance o f  m Lm te  o n /s ta ls  o c c a s io n a lly  

n o t ic e d  as in c lu s io n s  in  c ry s ta ls  o f  T r lc a lc ic  S i l ic a te .o b ta in e d

in  subhedra l form  from  s lo w ly  coo led  s la g  masses. These s i l i c a t e‘
c ry s ta ls  had p a r t i a i y  developed c e r ta in  faces d u rin g  s o l i d i f i ­

c a t io n  end th e  in c lu s io n s , were observed upon these  fa c e s .

They wei^e p laced  upon a c e l lu lo id  p i  a te ,a n d  t re a te d  w ith  

h y d ro f lu o r ic  a c id . The in c lu s io n s  were p a r t ia l l y  is o la te d  a/id 

were fu se d  w ith  sodium carbonate  end s a ltp e t re  on p la tin u m  f o i l .  

The fu s io n  was d is s o lv e d  in  h o t w a te r. The te s ts  d e sc rib e d  on 

page 6 shewed presence o f  chromium.

The c r y s ta ls  were non-m agnetic , v e ry  h a rd  and alm ost i n ­

s o lu b le  in  a c id s . They p ccu rre d  as sharp d e f in i t e ly  o u t l in e d  

c r y s ta ls  in  v a r io u s  forms o f  th e  cube. They e x h ib ite d  medium 

lu s t r e  in  re fle c te d , l i g h t  and were b la c k  in  c o lo u r.

I n  n a tu re  Chrom ite is  u n iv e rs a l ly  a sso c ia te d  w ith  rocks  

o f  th e  o l iv in e  group wher-e i t  occurs as w e ll  formed ch;.rp 

c r y s ta l  in c lu s io n s  s im ila r  in  appearance to  those  i l l u s t r a t e d  

in  th e  photograph ,

I t  was in c lu d e d  th a t  the se  m inu te  c ry s ta ls  co n s is te d  

e s s e n t ia l ly  o f  th e  o x id e  o f  Ohromlim p ro b a b ly  In tro d u c e d

as an im p u r ity  i n  th e  m te ^  scrap . I t s  e x is te n ce  w ith in  th e  

s i l i c a t e  c ry # ta le  1 u.3;;tog th a t  i t  must be one o r  th e  m r l i m t  

p roôuctg  o f  c% T#ta% lina tion  from  th e  s la g  The p o s s ib i l i t y

e x is te  th a t  th e  Chromic o x id e  is  i n  com bina tion  w ith  OaO in  

.these cu b ic  c ry c tm lc  a ith o u # i t h is  was n o t d ^ T in l to iy  a s c e rta in e d .
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EXAMINATION OF ffi0g333 3IAG:

W ith th e  e xce p tio n  o f  F lu o r  a p a t ite  th e  c o n s titu e n ts  

d e sc rib e d  in  th e  p reoeed ing s e c t io n  have n o t p re v io u s ly  been 

observed in  b a s ic  open h e a rth  s la g s . These s lag  m in e ra ls  were 

obtained, .from f in is h in g  s lags  where th e  c o o lin g  c o n d it io n s  

a llo w e d  th e  maximum degree o f  c r y s ta l l i s a t io n  o f  tJ ie ir  com- 

ponents. A knowledge o f  th e  c o n s t i tu t io n  o f  th e  m o lten  s la g  

must be th e  u lt im a te  p r a c t ic a l  o b je c t o f  m e ta l lu rg ic a l i n v e s t i ­

g a t io n s , I t  was d e s ira b le  to  a s c e r ta in  i f  th e  occurrence o f  these  

c o n s t itu e n ts  in  s lo w ;y coo led s la gs  had s ig n if ic a n c e  in  th e  con- 

s t i t u t i o n  o f  th e  l i q u id  s la g .

Sm all r a p id ly  c h i l le d  s la g  samples were taken  from  a fu rn a ce  

b a th . M icroscope exam ina tion  o f  p o lis h e d  s e c tio n s  in  r e f le c te d  

l i g h t  re v e a le d  th e  e x is te n ce  o f  c r y s ta l l in e  c o n s t itu e n ts . T h is  

proved th e re fo re ,  th a t  re a c t io n  must have taken  p la ce  in  th e  

l i q u id  s ta te  between th e  components o f  these  c ry s ta ls  and th a t  

s a tu ra t io n  w ith  th e  co rrespond ing  molecu3.es must have occu rred  

ju s t  b e fo re  s o l id i f i c a t io n  o f  th e  specimen. The c r y s ta l form  

p rese rved  by th e  ra p id  c h i l l  w oidd be c h a ra c te r is t ic  o f  th e  

tem pera tu re  a t which th e  specimen was ob ta in e d . Where no con­

s t i t u e n t  fo rm a tio n  in  th e  c h i l le d  s la g  was n o t ic e a b le  then  e ith e r  

no re a c t io n  had occu rre d  in  th e  l i q u id  phase or th e  c o n e e n tra tio n  

o f  any new com binations must have f a i le d  to  reach s a tu ra t io n  

p o in t on c o o lin g .

The exam ina tion  o f  sm a ll r a p id ly  c h i l le d  specimens o f  s la g s  

taken a t d i f f e r e n t  stages o f  th e  process was s y s te m a t ic a lly  u n d e r­

taken.

A re p re s e n ta tiv e  s e r ie s  o f  s la g  samples was o b ta in e d  from  a 

ty p ic a l  o d d  m eta l charge u s in g  1 ov/-phosphorus p ig  ir o n .  The 

Specimens were drawn a t re g u la r  in te r v a ls  under u n ifo rm  sam pling 

c o n d it io n s . ,

Tab le  No. 1 g ives  th e  com position  and amount o f  th e  m a te r ia ls  

charged.
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The sio.g eciniuiiS v g ig  oaken., 4-|- f'o, from th e  d o lo m ite  banks. 

The w e ig h t o f  th e  samples w asapnrox im ate ly  k ilo g ra m .

T a b le  No. 2g ives th e  tm e  in te rv a ls  o f  sam pling during , 

th e  w o rk in g  o f  th e  charge w ith  no tes upon th e  b a th  c o n d it io n s . 

T a b le  No. 3 shows th e  analyses o f  th e  s la g s .

Table No, 4 gives th e  composition of th e  m e ta l when th e

s la g s  wore o b ta in e d ,

MI0R08C0TI0 3XAI.aiTlTI0N: For r e f le c te d  l i g h t  exam ina tion

th e  specimens were ground to  a s iz e  a p p ro x im a te ly  

i "  X X i" " .  S lags c o n ta in in g  over B% i r o n  were

ground on a carboru idum  v h e e l.  Where th e  ir o n  con­

se n t was lo v ;e r th e  s logs  were f r a g i l e  and were shaped 

w ith  a f in e  f i l e .

F u r th e r  g r in d in g  was done by hand, u s in g  o rd in a ry  

p o l is h in g  papers. P o lis h in g  in  th e  u su a l sense was 

im p o s s ib le . The use o f  w a te r cir o i l  in  th e  f i n a l  

s tages form ed a c e m e n t- lik e  la y e r  v e ry  d i f f i c u l t  to  

remove. A f te r  th e  f in e s t  paper th e  s e c tio n s  wei'e 

g e n t ly  rubbed on a dr-y "S e lv e t"  c lo th  and f in is h e d  on 

a s i l k  pod.

The f in is h e d  s la g -s u r fa c e s  fre q u e b t ly  shewed c e r ta in  

c o n s t itu e n ts  in  r e l i e f  owing to  r e la t i v e  d if fe re n c e s  

in  herdness h u t fo r  s a t is fa c to r y  d e f in i t io n  th e  use 

o f  an e tc h in g  re ag e n t was e s s e n t ie l.  The c o r re c t  

s tre n g th  o f  t h is  r e a g a it  v a r ie d  %7ith th e  ty p e  o f  s la g  

s in c e  marked d if fé re n c e s  w ere found to  occui-' d u r in g  

th e  m e lt .  E xpe rim en ts  w ere  ma.de t o  de te rm ine  th o  most 

s u ita b le  s o lu t io n s .

&OID' A 2';̂  S o lu t io n , used as recommended
• ( 1 3 ) ( 1 0 ) 

t y  S c o tt ana n c A rth u r d is t in g u is h e s  te tw ean

fe r ro u s  ana f e r r i c  i r o n .  Compounas c o n ta in in g  PS2C,

a rc  n e t a t onoo s tta a ke d  as can to  -irovod Dy to o t in g

th e  s o lu t io n  used f o r  th e  e tch  w ith  potassium  th e o cg -

natG , o n ly  wli-ai th e  s o lu u io n  is  o z ia is e a  is  ;s. re d
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c o lo u ra t io n  n o tic e d . Tho a p p lic a t io n  o f  t h is  t o s t  

re q u ire s  ce re  and i t  was found u n s 'u ita b le  fo r  s lags  

c o n ta in in g  much fe r ro u s  o x id e . In  such cases th e  

f e r r i c  oxidewas a lso  a tta cke d ,

LAOTIO ACID: A 2 i>  s o lu t io n  a tta cke d  s i l i c a te s  and

phosphates h u t had l i t t l e  a c t io n  on m a te r ia l c o n ta in in g  

ir o n  compounds.

OXiLI.O AOID: A 2^;^ S o lu t io n  had l i t t l e  d i f f e r e n t ia l  e f fe c t .

I t s  a c t io n  on th e  s lags was s l ig h t .

OITRIO AND MALIC AO IDS: These were found to  have s im i la r

e f fe c ts  DUD had n o t narked d i f f e r e n t ia l  a c t io n . S co tt 
(1 0 )

and M cA rthur recommended a 0,2;;^ S o lu tio n  o f  c i t r i c  

a c id  to  d i f f e r e n t ia t e  between a p a t i te  and s i i i c o  phos­

phates, th e  l a t t e r  shewing phosphorus to  be d is s o lv e d  

when th e  s o lu t lo z i used was te s te d  w ith  ammonium m olybdate 

The d e lic a c y  o f  t h is  te s t  was increa.sed by c a r ry in g  ou t th e  

p r e c ip i ta t io n  o f  th e  c ry s ta ls  upon a g lass  s l id e  under th e  

m icroscope in  th e  manner a lre a d y  desc ribe d ,

ACETIC ACID: T h is  a c id  was found to  g ive  th e  bes t r e s u l ts

in  d i f f e r e n t ia l  e tc h in g . A ra p id  e td i in  s tro n g  a c id  

q u ic k ly  a tta c k s  s i l i c a t e  compounds. Phosphates are le s s  

r e a d i ly  a tta c ke d . Ferrous o x id e  is  a tta cke d  le a s t  w h ile  

s p in e l lo id  m a te r ia ls  appear greyinh. in  c o lo u r, a  2^^ 

s o lu t io n  was founci most conven ien t and was e x te n s iv e ly  

used in  th e  course o f  t h is  work.

A f te r  e tch in g  th e  s la g  s e c tio n s  wero r a p id ly  washed in  a 

stream o f  w a te r, then  d r ie d  in  a lc o h o l.

The p re p a ra tio n  and r e f le c te d  l i g h t  exam ination  o f  b a s ic  

s la g  samples can be q u ic k ly  perfo rm ed,. The normal v a r ia t io n s  in  

th e  amounts o f  e s s e n tia l c o n s titu e n ts  was found to  be sm a ll w ith  

in  th e  u sua l range o f  an e s ta b lis h e d  p ra c t ic e  in  an open-hearth  

m e lt in g  shop. Where p o s i t iv e  d e te rm in a tio n s  o f  th e  usua l com­

ponents in  th e  s la g  have f i r s t  been e s ta b lis h e d  fo r  a p a r t ic u la r  

range o f  s la g  com positions t h e i r  subsequent re c o g n it io n  by r e -  

f l  ect ed /
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re fle c te cL  l i { ^ t  was foiund e a s ily  p o s s ib le .

Th is  l a t t e r  method o f fe re d  a method o f  process c o n tro l 

w h ich  can supplement i f  n o t re p la c e  th e  usua l ba th  te s ts  d m 'in r  

th e  w o rk in g  o f  th e  h e a t. The p h y s ic a l d if fe re n c e s  o f  b a s ic  

s la g s  w ould seem to  bear l i t t l e  r e la t io n  to  t h e i r  chem ical 

com po s itio n . T h is  fa c t  i s  w e ll  known to  th e  experienced 

s te e l- fu rn a c e  man. The use o f  th e . m icros cope has been found 

o f , s e rv ic e  by th e  a u th o r in  th e  c o n tro l o f  s la g  fo rm a tio n  

d u r in g  fu r im c e  o p e ra tio n s  on an e x te n s ive  sca le .

In  th e  scheme adopted fo r  t h is  work th e  s lags  were f i r s t  

examined by r e f le c te d  l i g h t .  S ections were a lso  prepared f o r  

t ra n s m it te d  l i g h t  exam ina tion  and comparison made o f  th e  con­

s t i tu e n ts  observed by th e se  two methods.

The n a tu re  o f  th e  s la g s  was found to  v a ry  c o n s id e ra b ly  a t 

d i f f e r e n t  stages o f  the  process, hence th e  method adopted is  

based on t h e i r  u lt im a te  com pos ition .

The m o le cu la r com pos ition  correspond ing  to  th e  c h a n ic a l 

a n a ly s is  was c a lc u la te d . The sum o f  th e  oxides o f  th e  

p o te n t ia l  bases v iz  -  Calcium , Magnesium, Ferrous Iro n  and 

Manganese was re c a lc u la te d  to  u n ity .

The sesqu iox ides  o f  I r o n  and Alum inium wece re c a lc u la te d  

to  t h e i r  co rrespond ing  p ro p o r t io n a te  w e ig h ts . The a c id ic  

ox ides o f  S i l ic o n  and Phosphorus were l ik e w is e  re c a lc u la te d  and 

shewn s e p a ra te ly .

T h is  method serves f o r  th e  range o f  slsig com positions 

examined a lth ou gh  from  th e  p 'u re ly  m e ta l lu rg ic a l v ie w p o in t th e  

most d e s ira b le  c la s s i f ic a t io n  o f  s te e l process s lags  would be 

to  sepa ra te  th e  " a c t iv e "  r e f in in g  agents i . e .  th e  o x id e  o f  ir o n  

and p o s s ib ly  a ls o  o f  manganese from  lim e  and magnesia. In  

p ra c t ic e  t h is  l a t t e r  method is  u s u a lly  adopted w ith in  th e  normal

ranges o f  f in is h in g  s la g s .
(4 )

I t  has been shewn however, th a t  th e se  e x is ts  th e  p o s s ib i l ­

i t y  In  th e  case o f  the  e a r l ie r  s lags  th a t  th e  fe rro u s  o x id e  and 

th e  ox ide  o f  manganese may fu n c t io n  as t ru e  bases.

i n /



%n oGTuauii j l i i ib i i in g  s lag s  d e i'io ie n t  in  lim e  i t  is  h e re  shewn

tiled FeO aiiu ItlO  acu as bases towards th e  K oxides since
■ 2 -

suoh slags where the iron  content is high, become d is t in c t ly  

more m agne tic  tow ards th e  end.
(1 6 )

The method proposed by m i t e le y  has l i t t l e

rn G ta llu i 'g ic a l s ig n if ic a n c e .  T h is  w r i t e r  has o b ta in e d  a

" B a s ic i t y  In d e x " by d iv id in g  th e  summation o f  th e  m o le cd la r

r a t io s  o f  fe r r o u s ,  mangonous, ca lc ium  and magnesium ox ides

le s s  th a t  o f  th re e  tim e s  th e  phosphorus p e n to x id e  by th e

m o le c u la r  r a t i o  o f  th e  S i l ic a  p re se n t. T h is  f ig u r e ,  to g e th e r

w ith  th a t  o f  a " D is t r ib u t io n  F a c to r"  got by d iv id in g  th e

phosphorus c o n te n t o f  th e  s la g  by th a t  o f  th e  m eta l -  is

suggested as b e in g  in d ic a t iv e  o f  th e  n a tu re  o f  th e  s la g .
»

Consideration shews th a t ,  a lth o u g h  ' W hit e l eys 

method o f  c a lc u la t io n  h o ld s  a p p ro x im a te ly  f o r  a c e r ta in  

range  o f  P h o s p h o ru s -S ilic a  S lags, w ith  h ig h e r  S i l ic a  s la g s  

such as th o s e  exæûined in  th e  course o f  t h is  w ork  th e re  T -y  

be a h ig h  " D is t r ib u t io n  F a c to r"  w ith  a " B a s ic i ty  In d ex" o f  

norm al v a lu e  o n ly . W hit e l eys method o f  e xp re ss io n  f o r

co m pa ra tive  s la g  c la s s i f i c a t io n  i s  th e re fo re  n o t g e n e ra lly  

a p p lic a b le .
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SLAG 31

T h is  sample was o b ta in e d  from  th e  f i r s t  form ed s la g  in  

th o  b a th  b e fo re  th e  p ig  i r o n  had been com p le te ly  chai'ged..

G aanica l A n a ly s is  and re c a lc u la t io n  o f  th e  m o le cu la r 

com pos ition  from  T ab le  No. 3 shews : -

M o le cu la r
% Compos i '

S I02 2.80 0.047

l.OO
1-

0.050

P205 )

OaO 24.50 0.438

IfeO 3.82 0.094

iïDaO 3.82 0.049

FogO^ 13.60 0.085

FeO 50.14

99.68

0.695

EO EgO] Acids

FeO 0.545 F82O] 0.067 81O2 0.037

OaO 0.343 AD20j 0.004 P^O  ̂ 0.003
0.038 

0.074

1.000 0.071 0.040

T h is  c in d e r was ve ry  s tro n g ly  m agnetic. In  r e f le c te d  

l i g l i t  th e  p o lis h e d  s e c t io n  shewed a s tro n g ly  re f l^ e c t in g  su rfa ce  

w ith o u t d e f in i t e  s t ru c tu re .  When etched w ith  s tro n g  HCL i r r e g u la r

areas were a tta cke d  tlc roug liou t th e  m a tr ix  v/hich remaineo. b r i l l i a n t  -
0

l y  w h ite . P ro longed a ir ie a lin g  f o r  170 Hours a t  1050 0 re s u lte d  

o n ly  in  a s l i g h t l y  g re a te r  s o lu t io n  in  e tch in g  re ag en ts .

The t h in  s e c t io n  in  tra n s m it te d  11 ̂ t  shewed th a t  t h is ,  

c in d e r was n o t homogeneous. The f i e l d  co n s is te d  o f  opaqpe masses 

around w h ich  were boundary l in e s  o f  a re d  tra n s lu c e n t c o z is t itu e n t. 

Eoundeo. groups, u n d e f in i te ly  a rranged, o f  th e  same c o n s t itu e n t 

were a lso  observed. These sm a ll c ry s ta ls  she?7ed no c leavage 

tra ce s . T h e ir  r e f r a c t iv e  index was h ig h  s in c e  thegr shewed 

’'roughness" and r e l i e f " .They' are  doub ly  r e f r a c t in g  between crossed 

h ic o ls .  T h e ir  sm a ll s iz e  p reven ted  d e f in i t e  id e n t i f !  ca t io n  though': 

t h e i r  o p t ic a l p ro p e r t ie s  are  g e n e ra lly  s im i la r  to  those  o f  th e  

T r io a lc ic  F e r r i t e  c r y s ta ls  a lre a d y  described .

The opaque masses a re  n o t homogeneous as th e y  v a ry  s o m a fu t
w



i l l  coxOLii uy in c id e n ti oo th e  su rfa oe  o f  th e  s e c t io n ,

Tlie COM3u iuUülo.:i o f t h is  cm cier is  complex. M ic ro -  

chem ical te s ts  ind ica te  f re e  Ferrous Oxide. The m agnetic  

n a tu re  oa. the m a te r ia l p o in ts  to  fu rther com bina tions w h ich  

were n o t d e f in e d . They p ro b a b ly  c p n s is t o f  f r e e  fera.ous 

o x id e  i n  s o l id  s o lu t io n  w ith  a substance s im i la r  to  th e  

m agne tic  c o n s t itu e n t  is o la te d  from  f in is h in g  s la g s . The 

e x is te n c e  o f  :free  M a g n e tite  -  a lthough  e a s ily  o p t ic a l ly  

re c o g n is a b le  -  has n o t been observed in  th is  o r  any o th e r  

b a s ic  s la g s  e x m in o d . I t  appears u n l ik e ly  th a t  i t  can e x is t  

s e p a ra te ly  in  presence o f  s u f f i c ie n t  lim e  but may form  e ith e r  

o f  th e  " s p in e l lo id "  c o n s t itu e n ts  already described.

T h is  s la g  is  t y p ic a l  o f  th e  e a r l ie s t  non -m e ta llic  m a te r ia l 

to  reach  th e  b a s ic  fu i'n ace  h e a rth  and banks, d u r in g  t l ie  o p é ra tio n  

o f  th o  sc ra p  and p ig  p roce ss . I t  can be rega rded  as th e  re c e p t io n  

s la g  f o r  th e  m o lten  p ig  i r o n .  A fe a tu re  is  i t s  h ig h ly  b a s ic  

n a tu re . I t s  o x id is in g  c h a ra c te r  w i l l  a ls o  prom ote ra p id  re a c t io n  

w ith  th e  non-m eta l l i e  im p u r it ie s  in  th e  ir o n .  T h is  r e a c t io n  is  

s p e c ia l ly  marked on th e  in t r o d u c t io n  o f  m o lten  i r o n  in  th e  h o t -  

m e ta l s c ra p  process.

The e x is ta ic e  o f  a compound o f  l im e  and f e r r ic - o x id e  

in d ic a te s  th a t  due ca re  must be ta k e n  d u r in g  ch a rg in g  o p e ra tio n s  

to  p ro v id e  th e  l im e  necessa ry  f o r  t lc is  com b ina tion . O th e n /is e  

dgmage to  th e  h e a rth  is  l i a b le  to  occu r d u r in g  th e  s o fte n in g  

down o f  the s te e l s c ra p  owing t o  th e  com b ina tion  o f  th e  lim e  in  

th e  h e a r th -d o lo m ite  w ith  th e  f e r r i c  o x id e  form ed.
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T h is  was ta ke n  from  th e  f i r s t  s lo g  fo rm a tio n  a f te r  th e  charge 

hod been com pleted.

M o le cu la r
Com position.

SlOp ?. 00 0.12 E e c a lc u la t io n

A l20:̂  ]2 , 4b 0.012

0.008 EO M b A cids

OaO 34.20 0.61

MgO 4 .69 0.12 OaO 0.477 FGgO] 0.063 SiOp 0 .09

MhO 6.62 0.09 MgO .094 . 009 P2O5 .006

Fe203 l2 .50 0.08 MnO . 070

Fee 32.79 0.46 FeO .477

100.20 1.000 0.072 0.096

Th is  s lag  was m agnetic and lu s tro u s  in  r e f le c te d  l i g h t .  E tc h in g

s o lu t io n s  showed a re d u c t io n  in  th e  i r r e g u la r ly  a tta cke d  areas

when compared w ith  81 bu t o th e n v ise  i t  was s im i la r  in  appearance.

The a n ne a lin g  tre a tm e n t o f  s i  as m a te r ia l to  deve lop s t ru c tu re
(17) .

rooommended by McOance was t r i e s  w ith  t h is  and o th e r sl.ags.

In  t h is  case th e  s la g  was annealed f o r  6o Hours a t 105C 0 to
0

HOC 0. Ln th e  case o f  th e  au tho rs  b a s ic  s la gs  no d e p o s it io n  

o f  FSpOg in  th e  form  o f  M a g n e tite  to o k  p la ce . T h is  tre a tm e n t 

a lthough, su cce ss fu l w ith  a c id  s la g s  which a re  o f  a g la ssy  n a tu re  

is  a p p a re n tly  n o t a p p lic a b le  to  b a s ic  s la g s . The p o s s ib i l i t y  

a lso e x is ts  th a t  such tre a tm e n t may r e s u l t  in  th e  fo rm a tio n  o f  

low tem pera tu re  form s o r  com binations o f  th e  components, t h is  

method o f  de ve lo p in g  s la g  s t ru c tu re  was th e re fo re  d is c o n tin u e d .



SLAG 33

The hi.üh dû Lhis sûyge containGcl poo ls  o f  s la g  in  sevsm .te  

areas. The p ig  i r o n  had conriaiGOd to  s o fte n  and m e lt.

-t Mol o c u la r,0 G o m ro s itio n .

SlOg 11.00 0.18 Becalccû-ation

A b  j 5.29 .026

M b  ) .019 BO
M b Acius

OaO 40.80 .73

MgO ' 5 .62 .14 OaO 0.584 FSpO, 0.045 iSlOg 0.144

IfaO 3.72 .05 MgO .112 m ,0 ,  .021 F̂ Ocr .015- j y
FGgO] 9.00 .056 MnO .040

FeO 23.60 .33 FeO .264

99.03 1.000 0.066 0.159

The specimen was fo . in t ly  m agne tic . P o lis h e d  and etched 

w ith  2 - j/ HCL th e  m a tr ix  had a g ree n ish  w h ite  t in g e .  

e tched areas shewed th e  presence o f  s i l i c a t e  when s ta ined, w ith  

m a la c h ite  green. The s t r u c tu r e  was, hov^rever, in d e f in i t e ,  and th e  

c o n s t i t u t io n  o f  t h is  s la g  is  complex. No exam ina tion  was maue 

by t ra n s m it te d  l i g h t .

The appearance o f  th e  t l i r e e  e a r l ie s t  s la g s  under th e  

m icroscope suggests th a t  th e y  can be regarded  as c o n s is t in g  

la r g e ly  as s o l id  s o lu t io n s  o f  FeO c o n ta in in g  OaO-FegO^ com b ina tions  

A p p a re n tly  FeO can d is s o lv e  c o n s id e ra b le  amounts o f  3 p in e l lo id s  

a lth o u g h  i t  was n o t fo u n d  p o s s ib le  t o  secure t h e i r  d e p o s it io n  

by heat tre a tm e n t.  S lag 33 is  e v id e n t ly  th e  p ro d u c t o f  a

t rm n s it io n  s ta g e . Tine e f fe c t  o f  s i l i c a  in c re m a it seens to  s p l i t  

up th e  GaC""F320g com b ina tion s  v / ith  th e  fo rm a tio n  o f  l im e  

S i l ic a te s  E xa m in a tio n  o f  succeed ing  s la g s  shows th a t  as th e  araount 

o f  S i l i c a t e  In c re a se d  th e  amount o f  S p in e l lo id  m a te r ia l in  th e  

s la g  r a p id ly  decreased. The e a r ly  s la g s  appeared dead w h ite  in  

r e f le c te d  l i g h t  under th e  m icroscope . They weL'e a lm ost e n t i r e ly  

w ith o u t s t r u c tu r e .

T h e /
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The ohajige in  appearance which accompanies th e  re d u c t io n  

in  i r o n  o x id es  and th e  in c re a s e  in  S i l ic a  con ten t was v e ry  marked, 

The s lags  become c r y s ta l l in e  ev@i to  th e  eye, t ] : e i r  h i i t t le n e s s  

in c re a se d  w h ile  d i f f e r e n t ia t io n  o f  t h e i r  s t ru c tu re  co u ld  he 

secured by means o f  s u ita b le  e tch in g  s o lu t io n s .



SLAG S4
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The s la g  san i)l8  was " b r i t t le  aiicL o o n ta ire d  mar^/ h lo w - 

h o le s . The s la g  in  th e  fu rn a ce  h a th  was v isco u s  and t h ic k ly  

adhered to  a s t i r r i n g  ro d . I t  con ta ined  much u n d isso lv e d  lim e .

A s la g  "scum" was observed around th e  fu rnace  hank T h is

occurrence  is  no t uncommon in  th e  e a r ly  stages h u t i t s  cause 

had n o t heen determ ined.

%
Mol 9ou3.ar 
Com position.

s i 02 12 ,40 0.2066 H e o a lc u la t io n

m:o^ 2.75 .0270

P2O5 1 .28 .0090 BO B,0
3

Acids

CaO 46.50 . 8305

MgO 5.77 . 1424 OaO 0.63 FGgO  ̂ 0.0339 S102 0.1587

m o 5.09 .0717 MgO 0.11 A I2O3 .0207 P2O5 0.0069

7.50 .0441 MnO 0.06

leO ■ 18.50 

99.79

.2569 FeO 0.20

1 .00 0 .0546 0.1646

The s t ru c tu r e  o f  th is  s la g  in  r e f le c te d  l i g h t  dee%)ly 

etched w ith  a c e t ic  a c id  is  shown in  photograph N o.22 taken  a t 

300 M a g n if ic a t io n s . The da rk  areas a re  masses o f  a l im e  s i l i c a t e

which do n o t s ta in  deep ly  w ith  th e  dye when t re a te d  hy S co tts  

method. The h a l f  to ne  areas c o n ta in  "S p in e llo id "  m a te r ia l w h ile  

fre e  o x id e s , m o s tly  fe r i'o u s  o x ide  appear as dead w h ite  h ig h ly  

r e f le c t in g  g lo b u le s  in  t h is  m a tr ix .  T h is  s la g  was no t examined hg 

t r  an sm i t t e d  1 ig h t .

The amount o f  m agnetic m a te r ia l in  th is  s la g  was sm a ll.

I t  is  l i k e l y  th a t  th e  re d u c tio n  in  th e  amount o f  th e  s o lv e n t FeO 

has caused some d e p o s it io n  o f  th e  s p in e llo id s  from  th e  s o l id  

s o lu t io n  d u rin g  c o o lin g . A t h ig h e r  m a g n if ic a tio n s  th e  w h ite  

g lobu les  o f  FeO appeared o c c a s io n a lly  surrounded w ith  d u l ly  w h ite  

fr in g e s  l i g h t l y  s ta in e d  by th e  e tch.
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SLAG 58

The e f fe c t  o f  an a d d it io n  o f  5g owts Spar to  th e  b a th  a t 

t h is  s tage  was v e ry  n o t ic e a b le . The "s la g  scum" d isappeared 

and th e  f l u i d i t y  was inc rease d . The pow e rfu l f lu x in g  a c t io n  

o f  F lu o r  Spar upon lim e  is  w e l l  known. I t  seems l i k e l y  t l ia t  th e  

lim e  rendered  a v a ila b le  in  th e  s la g  had combined w ith  th e  m ateria l

around th e  s lay; wash. The a n a ly s is  o f  th e  s la g  sug gests  th a t

t h is  substance was p rob a b ly  f r e e  S i l ic a  from  th e  ir o n a lthough

attem pt;s to  is c ) la te  i t w e r e uns uc c es s f u l .

M o le c u la r
Com position.

8102 26.40 0.44 R e c a lc u la tio n .

AlgO^ 2.72 0.027

320^ 1.28 0.012 RO RgOo ACIDS.

OaO 41.20 0.74 CaO 0.66 FSgOg 0.02 SiOp 0.38

MgO 5.47 0.14 MgO 0.12 AlgO. 0.024 RgO^ 0.01

MnO 5.95 0.08 m o  0.07

F02O':, 3.67 0.023 Feo 0 .15

FeO 12.15 0.17 ______  _______

98.34 1 .0 0  0.044 0.39

The s lag ; s e c t io n  etched in  a c e t ic  a c id  showed in  r e f le c te d

l i g h t  la rg e  masses o f  s i l i c a t e  le s s  deep ly a tta cke d  by th e  solution  

than lo n g  b a th  shaped c r y s ta ls  o f  a d a rke r etched s i l i c a t e .  The 

appearance o f  t h is  s e c t io n  c lo s e ly  resem bles th a t  o f  th e  fo l lo w in g  

member o f  th e  s e r ie s .  The g lo b u le s  o f  f r e e  oxides and s p in e l lo id s  

were o f  le s s  fre q u e n t occu rrence  th a n  in  th e  p rev iou s  s e c t io n ,
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SLAG 63

Tiie s;la g  in  the hath haâ hooome more viscous :3nd con-

ta in e d iindisS 'o lve d  f re e  lira e . Photograph Ko. 23 shot'/:3 the

specimen in  r e f le c te d  l ig h t  etched w ith  s tro n g  acetic a c id .

The ma,K n ii ic a u io n  is  150

a

Mol eou3.ar 
Com position

3102 27.20 0.4533 BS0.4LCÜLAÏIOH

A I203 2 .57 .0252

B2O5 1 .79 . 0126 BO ®2°3 A cids

OaO 46.00 . 8215 OaO 0.7206 EL2O3 0.0132 sioo 0.3977

MgO 5 .48 .1353 ' MgO 0.1187 Ü 2O3 0.0221 P2O5 0.0111

KnO. 7.81 .1100  m o 0.0965

2.40 .0150 FéO : 0.0641

Fee 5.26 .0731

98.51 1.0000 0.0352 0.4088

The need le  crystals were id e n tif ie d  la te r  as th e  ( X -  form  

o f  B icaloic S i l ic a te .  The amount of f re e  ox ides and s p in  e l l  o i ls  

was c o n s id e ra b ly  reduced. As shewn in  th e  photograph these  

substances occu rre d  in  segrega ted  areas th ro u g ho u t th e  s e c tio n .

The m a tr ix  between th e  need le  c r y s ta ls  was c o m p o s ite .:,



PIAI3 IX
MIGBC-3TRuOTüEd 0? RAPIDLY 3ÜÜL3J,RA31C FUR^^Od 

DATE 3LÀG3 -  F3GM'INITIAL 3TAG38 OF L IM Ü -3 IL I0A  

- -RLAG FORMATION.

No. 2g
TBAN3.LT. 60-M
DIOALOIC 9ILI0NTd LATH . CRYSTALS 
IN  OBAQRE-GROUNDMASS OF BBB3 
0X1L3S. q
LATH SLAGS 7 IN  THIN SECTION.

No. 26
TIUITS.LT. 300-M.

BATH SLAGS 7^IN  THIN SECTION

%  A
%  > '0

'.f. ’■ vl-

N o , '^
TM ^S.LT. 300-M.
{&GALCIC 8ILIGATB CRYSTALS 

NO. 26 H3TWBEN X^NICOLS.

BATH SLAG 7^IN  THIN SECTION.

No. 26"
H3F.l t . 80-R
DICALCIC SILICATE CRYSTALS 
IN  COMPOSITE GR0UNBMA3S.

BATH SLAG 88 .
. (ETCHED IN  LTL.ACETIC ACID. )
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sp ine ls , o r  s p in e llo id s  were n o t observed.

. . .  R iotogrc:.pii N0.25 shows th is  s la g  in  t h in  s e o tio n  a t 60 

m a g n if io a t io n s  in  t ra b s m it te d  l i g h t .  In d iv id u a l c r y s ta l  g ra in s

a t 300 m a g n if ic a t io n s  a re  shmm ' in  photograph No. 26, w h ile
o

photograph No. 27 shows th e  same c r y s ta l s e c t io n  a t 45 to  

crossed  n iç o is .

The da rk  groundriass between th e  c ry s ta ls  in  th e se  p h o to ­

graphs is  opaque. No re s o lu t io n  was e ffe c te d  at h ig h e r  powers.

By in c id e n t  l i g h t  th e  c o lo u r o f  these  opaque areas v a r ie d  from  

green to  b la c k , so they- p ro b a b ly  cont.a in th e  iw io le  o f  th e  

Manganese and I ro n  o x ides .

In  t h in  s e c t io n  th e  e longa ted  c ry s ta ls  formed a system 

o f  in te n yo ve n  la th s  g iv in g  o c c a s io n a lly  a l a t t i c e  s t ru c tu re .  

C om plicated tw in in g  was c h a ra c te r is t ic .  The in te rs e c t io n  o f  th e  

o r;\se a ls  a t v a r io u s  angles to  ea.ch o th e r produces th e  com p lica ted  

c r y s ta l  arrangements i l lu s t r a t e d  in  th e  photograph.

The c r y s ta ls  were d is t in c t l y  y e llo w is h  to  la ve n u e r y e llo w  

in  c o lo u r .  They were f re e  from  in c lu s io n s . The average r e f r a c t iv e  

in d e x  was 1 .7 2 . When ro ta te d  over th e  bottom  n ic o l th e y  shewed 

no d if fe re n c e  i n 'a b s o rp tio n  f o r  any o r ie n ta t io n  o f  th e  g ra in s , 

th e y  a re  th e re fo re  non-plcochroic.

Between crossed n ic o ls  th e y  were doub ly  r e f r a c t in g .

E xtinction  was in c l in e d  to  th e  d ir e c t io n  o f  th e  g re a te s t elongation
o

The maximum ang le  measured v/as 12

When th e  q u a rtz  wedge was in tro d u c e d  w ith  i%5slow d ir e c t io n  

p a r a l le l  to  th e  p r in c ip a l  axes o f  th e se  c ry s ta ls  in  th e  45 p o s it io n  

between th e  n ic o ls  th e  in te r fe re n c e  co lo u rs  ascended. The 

ch a ra c te r o f  th e  p r in c ip a l  zone was p o s it iv e .

When th e  s e c t io n  th ic kn e ss  was a pp ro x im a te ly  0 .03 m.m. 

maximum compensation occu rre d  w ith  second o rde r green, . The 

r e la t iv e  re ta rd a t io n  was th e re fo re  about 750 u .u , so th a t  th e  

maximum b e fr in g e n ce  v a lp e  measured was app rox im a te ly  0 . 025.

In  convergent p o la r is e d  l i # i t  th e  f ig u r e  was b ia x ia l



w ith  a la rg e  o p t ic  a n g le . On th e  in t r o d u c t io n  o f  th e  wedge 

th e  c o lo u rs  in c re a se d  on th e  s id e  o f  th e  h^-perho lao. T h is  

oorz'ospcnds to  th e  d i r e c t io n  o f  th e  acu te  h is e c t r io ;  th e  

c r y s ta l  c h a ra c te r  was th e re fo re  p o s i t iv e .

The amount o f  m agnesia in  t l i i s  s la g  was about 6̂  ̂ b u t 

th e  o p t ic a l  p ro p e r t ie s  o f  th e  numerous c r y s ta l  g ra in s  were 

p e r f e c t ly  u n ifo rm  th ro u g h o u t th e  s e o tio n , a l l  th e s e  g ra in s  

th e re fo r e  c o n s is te d  o f  th e  same substance. Any Hagnosiurq 

811 io c 'te  ( F o s te r i te )  2MgO. SiOp p rese n t must be i n  s o l id  

s o lu t io n  in  th e  c r y s ta ls  d e s c rib e d  w hich Eire a p p a re n tly  

th o s e  o f  a h ig h  te m p e ra tijre  fo rm  o f  D lc a lc ic  S i l ic a te .

No tra c e s  o f  th e  in te rm e d ia te  compound Mont $c e l l  i t  e 

(0a0.M g0)S iÛ2 w ere observed  in  t h is  o r  any o f  th e  subsequent 

specimens examined.
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SLAG 83

The sample was s o l id ,  f r e e  from  b low ho les, nonmagnetio and v / ith

v it r e o u s  f r a c tu r e .

.M o lecu la r 
% C om position.

3102 28.80 0.4799

A120h 4 .00 0.0392 R e c a lc u la t io n .

1^05 1 .98 0.0139

OaO 46.50 0.8305 P̂ 03 ACIDS.

MgO 5.77 0.1424 CaO 0.741 Fe^O. 0.005 SIO2 0.4282

MnO 7.63 0.1074 MgO 0.127 Ü 2°3 0.039 F2O5 0.0124

0.90 0.0056 MnO 0.096

FeO 2.91 0.0404 FeO 0.036

98.49
-1 ■

1.000 0,044 0.4400

photo graph No .20 is  o f  t h is s lag  a t 60 Mags, in  I 'e fle c o e a  l l g t i t

a f t e r a c e t ic  ia c id  etch,

I t  was id e n t ic a l  w ith  th a t  o f  th e  p reced ing  specimen ana con­

f irm e d  th e  o n se rva tio n s  made thereon.



|X ,^ S ;X  ■

f c f  c c c l s j

3IA G 3 -  FRO:' TH3 R A i. iy  3T ;:,^S  -  o llC '.æ 'ü  TO'B

srascrr op ikcsbsasb op it^ok c x ih s s .

"  " : :3  3iSR

ITO. 29
R iB .iT . 15C-:
DIO.ÏLCIC 3 I I . I 0AT3  IA ÏH 3 
AÎTD 353 3  0X I IS 3  (T.RHT3  )
BATH SLAG 9 "

(STOaSD IS  H L.A O B X IC  A O ID ).

Ko. 30
R3 i . L T .  i 5 c - ; :
BIOAL.OIC 3 I L 10 .'iT3  1303333 
AiLD FP3 E OKI 3  3 .
E.C1IH  SLAG IC'3
(3T,THD IK  3 IL .A C 3T I 0 AGID. )

Ko. 31
BSP.LT. 150-1'
D ic i i o i c  s n jC i ï r a  k a s s s s
AKD PR3S OKIISS.
bath SIAG-S l lS
(STCT-Bd  I -  DIL.ACSJIIC AOID. )

No, 32
B3 p . l t .  1 5 0 - 1:
D lO il-O IO  SILICATE 1LA3338 
A ID  P?ji3  0X I IE 3 .
3-DH slags 12^.
(STCSDD IK  D IL .. ia S iIC  AOID. )



47

Slag 98

The sample was ta k e  2 m ins. a f te r  470 lb s .  ï l u o r  spar had been 

fe d .

M o le cu la r

R e c a lc u la t io n31 Op 26.6 0.4433

A I2O3 2.77 0.0272

Î 2O5 1 .90 0 .0133

CaO 49.50 0.8839

MgO 5.70 0.1408

MnO 6.88 0.0969

Fe 0
- 2 3

1 .53 0.0096

FeO 4.05 0.0563

98.93

RO R2O3 AGIOS

aO 0.7502 FGgOj 0.0081 SlOg 0.3780

0.119^ A I2O. 0.0220 R^O^ 0.0114

MnO 0.0825 

ReO 0.0478

.0000 0.0301 0.3894

The a c e t ic  a c id  etched s t ru c tu re  is  shes/ui in  photograph 29 a t 

150 Mags. I t  c o n s is te d  o f  tw inned  c ry s ta ls  o f  d ic a la c  s i l i c a t e  

set- in  a h ig h ly  r e f le c t in g  na teox o f  f re e  oxides c o n ta in in g  th e  

s p in e l lo id s .  The p e c u lia r  " b a lle d "  fo rm  o f  th e  o x id e  is  

i l l u s t r a t e d .  A p p a re n tly  th e  reddced c o n c e n tra tio n  o f  th e  

S i l ic a te  had d im in ish e d  th e  id io m o rp h ic  n a tu re  o f  th e  c ry s ra ls  

and re s u lte d  in  th e  fo rm a tio n  o f  i r r e g u la r  masses o f  th e  same 

substance as sham  in  th e  p lip tog raph . T h is  tendency became

in c re a s in g ly  marked in  subsequent s la g s .



10 û

B ath  %lo ta l  in ( ;o m p lo to ly  m e lt ed. The chem ica l an a ly S J-B

shows a msi'kec.L in c re a s e  in  l im e  c o n ta c t o f  th e  s la g .

Mol e c u la r  
C om position .

SlOg 22 .00 0.3666

A I2O3 2.23 0.0219 R e c a lc u la t io n

P2O5 2.04 0.0144 RO RhCd A c i dS

OaO 53.34 0.9517

MgO 5.33 0.1316 CaO 0.7567 RgO;  ̂ 0 .0144 8IO 2 0\2 ? 1 5

MnO 5.58 0.0786 MgO 0.1046 A I2O3 0.0174 RnOy 0c_ p ^0114

Re^O] 2 .87 0.0179 MnO 0.0625 .

ReO 6.89 0.0957  FeO 0.0762

100. 24 1 .0000 0.0318 0 .3029

The a l t é r a t io n  in  appearance o f  th e  m ic ro -s e c t io n  i s  shewn in  

p h o tog ra ph  No. 30,. ta k e n  in  r e f le c te d  l i g h t  a t 150 Mags. The 

ia io m o rp h ic  n a tu re  o f  th e  c r y s ta ls  o f  d ic a lc a c  s i l i c a t e  had 

d isa p p e a re d . They o c c u rre d  as i r r e g u la r  masses o f  in d e f in i t e  

shape. The f r e e  o x id m & s p in e llo id s  shew dead w h ite  in  th e  

pho to g ra p h .
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11 8

Bath  Lm cüm plete ly m e lted .

M o le cu la r 
% Com position.

81Og 21.40 0.3567 R e c a lc u la tio n

A1,^0 ,̂ 2 .00  0.0197j
2 .00  0.0141 BO B2O3 ACIDS

CaO 53.25 0.9510

MgO 5 .12  0.1264 OaO 0.7598 FSgO] 0.0148 AlO^ 0.2848

MnO 5.58 0.0786 MgO 0.1009 AloO, 0.0157 0. Ü I I 3
i  “̂ 5

2 .96 0.0186 i&iO 0.0628

FeO 6.39 0.0957 FeO 0.0765

99.20 1,0000 0.0305 0 . 296:

Tlie s tru c t 'o re  in  re f ls o te d . l i g h t  is  slietm a t 150 Hags, a f te r  

a c e t ic  a c id  e tch  in  xfcotograph No. 31. I t  was s im i la r  to  th a t  

o f  th e  g re c eding specim m .
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12 3

Bath i]le t a l  in c o m p le te ly m e lted .

7̂
M o le cu la r
Com position

810^ 21.00 0.3499

A1 0 
2 3

^2%

1.95

1 .95

0.0191

0.0137

Beea lo u ia t io n  

Bo

CaO 52.75 0.9417

MgO 5.33 0.1308 OaO 0.7489

MnO 5.95 0.0838 MgO 0.1040

RegOq 2.70 0.0169 MnO 0.0667

ReO 7.29

98.92

0.1013 ReO 0.0805

1.0000

R2O3 A0ID3.

RegO] O.0I 34 8IO 2 0.2793 

0.0152 Pg&T 0.0109

0.0286 0.2892

The e f fe c t  o f  th e  in c rease d  ir o n  con ten t upon th e  s t ru c tu re  o f  th e  

s la g  is  shewn in  photograph No. 32. The reduced c o n c e n tra tio n  o f  

th e  s i l i c a t e  had re s u lte d  in  th e  g radua l re d u c tio n  in  s iz e  o r  uhe 

c r y s ta l masses w h ich  f r e q u a i t ly  appeared in  a s ta te  o f  f in e  

u iv is io n  in  th e  m a tr ix  o f  f fe e  oxides and s p in e l lo id s .
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13 8

B&tji ]let cl incompletely melted.
Molecular
Composition.

310, 20.8 0.3466
AlgOS 1.95 0.0191 Recalculation

h b 1.95 0.0137
OaO 52.60 0.9393 BO ^ ^ 3 A0ID3

MgO 5.12 0.1264 OaO 0.7580 Rê Og 0.0173 SlOo 0.2798
mio 5.77 0.0813 MgO 0.1021 A12O2 0.0154 RpOr 0.0111

^2 3̂ 3.43 0.0214 MhO 0.0656
Fee 0.43. 0.0922 ReO 0.0743

98.26 1.0000 0.0327 0.2909

M ic ro s c o p ic a lly  t h is  s la g  was id e n t ic a l  w ith  th e  p reced ing  specimen 

o f  th e  s e r ie s .  The p lio togrnps Nos. 28, 29, 30, 32 i l l u s t r a t e  th e  

e f fe c t  o f  th e  g radua l in c re a s e  o f  i r o n  ox ides upon th e  m ic ro sco p ic  

appearance o f  d ic a lc ic  s i l ic z - ite  in  th e  s la g . In  Slags 7^ and 

th e  c r y s ta ls  o f  th is  substance a re  subhed fa l in  fo rm . The p ro ­

g re s s iv e  re d u c tio n  in  c o n c m tra t io n  w hich takes p la ce  owing to  th e  

in c re a se , in  i r o n  and lim e  co n te n t o f  th e  s la g  causeu th e  c ry s ta ls  

to  g ra d u a lly  assume th e  anhedra l form , they  f i n a l l y  appeared in  

th e  c h i l le d  ha th  samples m o s tly  in  a s ta te  o f  f in e  d iv is io n
o x id e s ]

th rou g ho u t th e  s t ru c tu r e  o f  th e  s la g . On the  o th e r hanu th e  f r e e  - ]  

w h ich  have g lo b u la r  form  in  th e  e a r l ie r  s lags coa l es ce ajid  merge 

in to  la rg e  i r r e g u la r  masses a p p a re n tly  su rrounu ing  ana o c c a s io n a lly  

appearing  amongst th e  d is i l i c a t e  masses in  th e  s lags  o f  h ig h e r i r o n  

Gont e a t.

The c o o lin g  c o n d it io n s  in  each case were u n ifo rm , hence 

these  photographs i l l u s t r a t e  th e  e f fe c t  o f  th e  reduced s a tu ra t io n  | 

o f  th e  m e lt w ith  th e  m olecu les o f  th e  o rth o  s i l i c a t e  o f  lim e , 

and tho se  o f  th e  s o l id  s o lu t io n  o f  ReO c o n t l in in g  th e  s p in e l lo id s .
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No. 33
EGf.L-fc. 150-1.1
DIOALOIO 3IX:iaATJS MASiSSS 111 
GEOITTD 1IAS3 001131311X0 MOSTLY 
OF EESE OXIIBS.
BATH 3LAÆ 143
(BTCHED IK  DIL.AOTTIC ACID).

Ho. 34
H e f .L t .  15C-1Î
TBIOALOIO 3ILI0ATS CRYSTAL HÀS3BS 
IS  OOEPOSHS QH.O'JlDtLiSS COHTALTIHG 
E833 OXIXaS.^
BATH SLAG 14^
(STOHED IK  OIL.ACETIC ACID).

HBF.LT.
Ho. 35

150-H
Ho. 30

TBICALOIC 3ILI0AT3 CRYSTAL

, BATH SLAG 15®
(ETCESD IN  DIL.ACSTIO ACID. )

TBAK3.l t . 200-M ■ '
1 -  THICALCIC SILICATE CBI3TAL
2 -  FHE3 L IIIB  CRYSTAL. „

BjilH  SLAG 158IK  THIN SOLUTI®'
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T h is  was th e  f i r s t  s lag  ta ke n  a f t e r  th e  m e ta l l io  ba th  was 

co m p le te ly  m e lte d .

M o le c u la r
% C om position ,

Si02 20.2  0.3367

A I2C3 1 .95  0.0191 R e c a lc u la t io n

^2^5 0.0137 RO BgO^ ACIDS

OaO 51.60 0.9212

MgO 5 .05  0.1247 CaO 0.7375 R32O3 0.0144 SlOg 0.2696

MnO 5 .77  0.0813 MgO 0.0999 4I 2O3 0.0153 ^ 2(^5 0.0110

Re203 2.88 0.0180 MhO 0.0654

le o  8 .7 4  0.1213 ReO 0.0972 _ _ _ _ _  _____

98.14 1.0000 0.0297 0.2806

The s la g  s tru c tu re  was no t homoge]lous. Two d is t in c t  t jp e s  o f  

s t ru c tu re  were observed. Thotograp ii No. 33 i l l u s t r a t e s  th e  

appearance o f  the  f i r s t  w h ich  is  id e n t ic a l  w ith  th a t  o f  the  

p reced in g  specimens.

PhotograT;h No. 34 shews th e  appearance o f  la rg e  c iy s ta ls  o f  

rounded o u t l in e  w hich have separa ted  from  th e  groundmass o f  

f in e ly  d if fu s e d  more d eep ly  e tched  s i l i c a t e .  These la rg e  

c r y s ta ls  were le s s  deep ly  a tta c k e d  by th e  reagen t and d id  n o t 

s ta in  as s t ro n g ly  w ith  dye. They a p p a re n tly  c o n s is te d  o f  

c r y s ta ls  o f  th e  T r io a lc ic  S i l ic a te  id e n t i f ie d  in  la t e r  s la g s .

m :  -



Slag 15 8

T h is  s ample vfas drawn 10 M inu tes  a f t e r  about 19 O^ts o f  M i l l

Sca le  jhad been fe d  in to  t l ).e b a th . The co m p o s itio n  o f  the  s ca le

was :

ReO - 61.58

R6203 - 36 .54

8102 - 0 .8 0

MnO - 0 .93

The slaQg ana lyses shew : - -

M olecu les
C om pos ition .

SiOz I 0 .50 0.2750 R e c a lc u la t io n

AlzO^ 2 .70 0.0265

2 .7 0 0.0150 RO H O  r AQID3 
3

CaO 47 .80 0.8535

MgO 4 .3 2 0.1067 CaO 0.6961 FBgO, 0.0275 SIO2 0.2243

MnO 6 .1 2 0.0862 MgO 0.0870 A lgO ] 0.0216 P^Oc 0.0120

Re^Cd 5 .4 0 0.0338 MnO 0.0703

ReO 12.96 0.1800 ReO 0.1466

98 .50 1 .0000 0.0491 0.2363

The s la g  was non m agne tio  b u t c o n ta in e d  some m e ta l s h o t.

The p o lis h e d  s u r fa c e  i n  r e f le c te d  l i g h t  shewed th e  e x is te n c e  

o f  la rg e  c r y s ta ls  o f  th e  l i g h t e r  e tched s i l i c a t e .  The s t r u c tu r e  

c o n ta in in g  these  m assive e r y s ta ls  i s  shevm in  pho tograph  No. 35 

ta ke n  a t 150 Mags. The s u rro m ia in g  groundtiiass c o n s is te d  f re e  

b x id e s  and s p in e l lo id s  v /h ich  have c o n s id e ra b ly  in c re a s e d  in  t h i s  

specim en. A p e c u l ia r i t y  o f  th e se  la rg e  c ry s ta ls  is  th a t  t h e i r  

euges shew in  sh a rp  d e t a i l  under th e  m icroscope a :d a re  su rrounded 

by a d a rk  b o rd e r in  th e se  specim ens.

P ho to g rap li No. 36 i s  o f  t h is  s la g  in  t h in  s e c t io n  in  t r s n s -  

m it te u  l ig h u .  I t  siiewed two d is t in c t  c r y s ta l l in e  c o n s t itu e n ts  

marked l  anu 2 in  th e  m ic::'ograph. No. 1 c o n s is te d  o f  c r y s ta ls  

w h ite  in  c o lo u r  in  o rd in a ry  t r a n s m i t t e d ' l ig l i t .  These shewed no 

cleavam e/
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Î.CiaB;0-STKüCTURS OP BAPIiXY' OOOLSD BASIC FORHACE 

BATH 3LAGS - FB.ai IIH ISE IKG  STAGES OP THE PEOCBSS.

TEAI\T3.Lt 1 ° -  . 50-H HSP.LT. 36 lO Q -L
(1) WEITE CPYSIAL8 AF.E TP.ICALCIC SILIOiSE ilAS^SS IH

TPTCAICIC SILICATE. COiiPOSlTE GÎÎGUHLiasS OP IBEE
(2 ) THE ISOTBûPIO 0P.Y:3TAL3 OP 0XIXE3 A l©  SPIHSIiCTLS.

LI1.3 APPEAL LAF.Y GEEï.-ELACK 
QP.OUKD IIA33 CONTAINS OPAQUE 
OXILES & PED COLONEL SPIaE IL t 
CILS.
BaTH SLAG 15’̂ IK TEIN SECTION.
EETïJSEK GROSSED HI00L3.

B.:lTH SLAG 17 *̂

(ETCaiSD l i î  DLL.ACETIC ^CIL)

TPK3.LT. HO. 39 
wIIITS ORYSTxLS ÛP TPdCi-lLCIO ' 
SILICATE. LAPJC APEa S COHTDIK
(a)APHAKIC MATERIAL CONSISTING 

J.- OP PBSS PeO and HiiC.
' {■b)ERCTOTI3H FED GLOBULES OF 

TP.ICALCIC PERF.ITE.
{c)ISOTP.OPIC ELGC3-S3I) GPA1K3 

bath SLAGS 19^111 TEIH SECTIOlf.

TH’IS.LT. AO. 40 20-L
TPJCALQIC SILICATE CPYSTAL3 IK  
SLGl'vLY COOLED SLaG LASS.
3HCTING EFFECT OF 3L0., COOLING 
IK  PEGLOTIisC- CKÏ3TAL GHOvÆH. 
3L01.LÏ COOLED SLAG LASS IN THIH



cleavage tra c e s , v e ry  low  doub le  r e f r a c t io n  and s t r a ig h t  

e x t in c t io n .  T h e ir  o p t ic a l behavious corresponds w ith  th a t  

o f  th e  c r y s ta ls  o f  T r ic a lc io  S i l ic a te  separa ted  from  f i n i s h ­

in g  s la g s , -

No. 2 C ry s ta ls  in  o rd in a ry  t ra n s m it te d  l i g h t  were 
- -

b row nish  y e llo w  in  c o lo u r , shewed two f a i r ly  good cleavages.
dh igh

They e x h ib ite d  v e r y / " r e l ie f "  and "roughness" in d ic a t iv e  o f 

very h ig h  re fra c tiv e ' index. The value o f  the  re fra c tiv e  

index c o n s id e ra b ly  exceeded th a t  of concentrated Thoulet 

Solution (1 .7 3 ) .  These grains are usually rounded in  o u tlin e , 

b u t se v e ra l shewed a d is t i n c t l y  cu b ic  fo rm . They were non- 

g le o c h ro ic  and were iso trop ic  between orossed-nicols. They 

belonged to  th e  cu b ic  system.

These c ry s ta ls  were ir re g u la r ly  d is t r ib u te d  in  the s e c tio n . 

They were n o t ic a b ly  d iffe re n t from  other slag c o n s t itu e n ts .

T h e ir  optica l properties id e n t i f y  them as c r y s ta ls  of f re e  lim e .

In  th is  s e c tio n  t ie  f re e  oxides were opaque. Bed t r a n s - 

lacent crystals  o f s p in e l lo id  constituents were noticed.but these  

were minute in  s ize . They correspond to  s im ila r c ry s ta ls  which 

were more abundant and consequently  more co m p le te ly  observed in  

la te r  s la g s .

Photograph No. 37 is o f  the same s e c tio n  ta ke n  a t 50 Mags, 

between crossed  n ic o ls .  IT  shews the  T rio a lc ic  S ilic a te  Crystals 

dead white in  colour, the iso tropic  lim e  c ry s ta ls  shew a d a rk  

g ray w h ile  the groundrnass o f opaque oxides and re d  co lo u re d  

spinello ids appear dead b la c k  in  the photograph.

No tra c e s  o f  f re e  magnetite were observed a lth o u g h  th e  

sample was drawn soon a fte r  heavy a d d it io n s  o f  M i l l  Scale.
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SLAG 16 3

L a th  h o i l i i i ;  h iû s k ly .  Sample ta ke n  20 M inu tes a f t e r  4^ Owts 

S ca le  had heen fe d .

M o le c u la r

8102
C om position

16 .30  0 . 2.718 '

2 .5 0 0.0245 Be c a lc u l a t io n

P2 O5 2 .5 0 0.0176

OaO 50 .00 0.8930 RO ^2 ^3 ACIDS

MgO 5 .0 4 0.1245 OaO 0,7016 RBgO] 0,0221 S i02 0,2134

MhO 6.12 0,0862 MgO 0,0977 AlgO 0.0193 PgOc 0.0138

4 .5 0 0.0281 MnO 0.0678

FeO 1 2 .15 0.1688 Fee 0.1329

99 .10 1 .0000 0.0414 0.2272

In  r e f le c te d  l i g h t  t h is  specimen was g e n e ra lly  s im i la r  in  

s t r u c tu r e  to  th e  p re ce d in g  specimen.

s la g  17 S

A d d it io n a l K i l l  Scale was fe d  t o  h a th  beyond th e  norm al r e q u ir e ­

ments so th a t  th e  e f fe c t  o f  these  a d d it io n s  upon th e  s la g  s t r u c t  

u re  c o u ld  be examined. T h is  sample was ta ke n  12 m inu tes  . a f t e r  

abou t 12 cviTbs had been fe d .

M o le c u la r  
% co m n o s itio n

SiOz 1 5 .6 0 0.2633

A I2 O3

?20^

2 .0 0

2 .0 0

0.0201

0,0144

R e c a lc u la t io n

CaO 4 9 .70 0.8876 RO

MgO 5 .5 0 0,1371 CaO 0.6797

MnO 5 .9 7 0.0841 MgO 0,1049

Re^O. 4 .5 0 0,0291 • MnO 0,0644

ReO 14,41

99.81

0.1968 ReO 0.1510

1.0000

R 0^ ACIDS
2 3

RGgO. 0,0215 SiOo 0 .2017 

AlzO^ 0,0154 P^Og 0.0111

0,0369 0.2128

T h is /
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T h is  s la g  examined in  r e f le c te d  l i g h t  c o n s is ts  o f  la rg e  S i l ic a te  

c r y s ta ls  in  a com posite groundness. I t s  appearance is  shewn 

in  pho tograph No. 38 a t 100 Mags. The groundnass was s im i la r  

to  th e  o f  s la g  19 S w h ich  shewed th e  h ig h e s t ir o n  co n te n t o f  th e  

s e r ie s  o f  f in is h in g  s la g s  and w hich is  d e sc rib e d  in  d e ta i l  la t e r .

SLAG 18 3

A t t h is  stage b o i l in g  a c t io n  had a lm ost ceased.

'/o
M o le cu la r
C om position .

3102 15.80 0.2633

AlpO
3

2 .00 0.0196 H e o a lc u la t io n

P2OJ 2.00 0.0141

CaO 49.40 0.8839 BO ACIDS

MgO 5.33 0.1316 CaO 0.6795 ^®2^3 0.0203 SlOg 0.2024

MnO 6.04 0.0851 MgO 0.1012 ^ 2 ° 3 0.0151 P„0_ 0.0108 
2 5

4.23 0.0264 MnO 0.0654

ReO 14.41 0.2000 FeO 0.1540

99.21 1.0000 0.0354 0.2132

In  r e f le c te d  l i g h t  th e  m ic ro s tru c tu re  o f  th is  s la g  was id e n t ic a l  

w ith  17 8 and 19 8.

SLAG 19 8

B o il in g  a c t io n  had a lm ost co m p le te ly  stopped. The carbon c o n te n t 

o f  th e  ba th  m e ta l was 0 .0 5 / The a n a ly s is  o f  t h is  s la g  shewed an 

in c re ase  in  i r o n  ox ides and magnesia. The amount o f  S i l ic a  had 

been reduced by d i lu t io n  w h ile  the  lim e  con ten t was m a in ta in e d  by 

increm ent from  the  d o lo m ite  o f  th e  h e a rth  and banks s ince  no a d d i t ­

ions were made to  th e  ba th .

/



16L e c u la r  
^  C om pos ition .

8 i02 1 4 .00 0.2333

A I2O3 1 .7 2 0.0169 R e c a lc u la t io n

1 .7 2 0.0121 RO R203 A0ID8

OaO 49 .70 0.8876
1

MgO 6.42 0.1585 OaO 0.6659 16203 0.0249 siO  0.1750
2

MnO 5.58 0.0786 MgO 0.1189 AlgO 0.0127 P2O5 0.0090

10203 5 .31 0.0332 MnO 0.0589

ReO 1 5 .0 0  0.2084 ReO D a ^ 6 3

99.45 1.0000 0.0376 0.1840

P hotograph  No. 38 i l lu s t r â t e s t h e  appearance o f  the  la s t  th re e  

s la g s  i n  r e f le c te d  l i g h t .  The c r y s ta ls  o f  t r i o a l c i c  s i l i c a t e  

were o f  la rg e  s iz e ,  bu t th e  groundrnass was complex and l i t t l e  

r e s o lu t io n  c o u ld  be e f fe c te d  by t h is  e xa m in a tio n .

The appearance o f  a t h in  sect io n  o f  b a s ic  s la g  in  t r a n s ­

m it te d  l i g l i t  i s  most in a d e q u a te ly  shewn in  a pho tograph  because 

o f ' t h e  d if fe re n c e s  in  d ia p h ra n e ity  o f  th e  c o n s t itu e n ts .

Photograph  No. 39 is  o f  t h is  s la g  in  t h in  s e c t io n  a t 50 

Mags. The c r y s ta ls  o f  T r io a lc ic  S i l ic a te  shew w h ite  in  c o lo u r .

The groundrnass appears dead b la c k  in  th e  pho tograph b u t e x h ib ite d  

a he te rogeneous appeeirance under th e  M c ro sco p e  ip  t ra n s m it te d  

l i g h t .  I t  was c r y p to c r y s ta l l in e ,  w h ile  a p la n ie  components were 

a ls o  d is c e r n ib le .

(1 )  APIh:iNIC lL iTNl^J:iIj: T h is  e x is te d  in  i r r e g u l t r  masses uneve:

l y  d is t r ib u te d  between t h e / c r y s t a l l in e  components o f  th e  s e c t io n .  

I t s  n a tu re  d id  no t appear t o  be th a t  o f  a cement as i t  d id  n o t fo rm  

q boundary between th e  g ra in s .  I t  in c re a se d  in  amount t o  an 

e x te n t w h ich  co rresponded to  th e  percentage in c re a s e  o f  PeO in  th e  

s la g s  o f  th e  s e r ie s ,  "and t o  th e  dead w h ite  m a te r ia l a p p ea rin g  in

s e c tio n s  examined a f t e r  e tc h in g  by r e f le c te d  l i g h t .
substance

In  f in is h in g  s la g s  t h is  opaque/was q u ite  b la c k  in  c o lo u r  by
g

in o ld e n t  l i g h t  ana re s e m tle d  th a t  n o t ic e d  in  1 w h ich  c o n ta in e d

i -
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50% ReO. In  s la g s  7 and 8 where the  percentage MhO exceeded 

th a t  o f  ReO, s im i la r  m a te r ia l had a d is t in c t l y  g re e n ish  t in g e .

I t  was concluded th a t  these opaque masses co n ta in e d  most 

o f  th e  ReO and th e  MnO in  th e  s la g . The m agnetic  n a tu re  o f  the  

e a r ly  c in d e rs  suggested th a t  c e r ta in  s p in e llo id s  must a ls o  e x is t  

th e re in  in  a s ta te  o f  s o l id  s o lu t io n .

( 2 ) ORYETO ORYSl'ALLINS CCMPOlŒïlTS :

(a ) Reddish to  b row nish  re d  g lo b u le s  were observed. 

O c c a s io n a lly  th e  same m a te r ia l had an i r r e g u la r  sh re d ­

l i k e  appearance. T h is  substance was doub ly r e f r a c t in g  

and shewed r e f r a c t iv e  in de x  and b e frin g e n ce  va lu e s  w h ich  

correspond to  those o f  th e  c o n s t itu e n t id e n t i f ie d  as 

T r io a lc ic  f e r r i t e .

in  some cases th e  c o lo u r o f  these g lo b u le s  v a r ie d  

th ro u g h  bro ivn ish  re d  to  a s u b tra n s lu c e n t re d  approach ing 

b la c k . A p p a re n tly  th e y  were n o t u n ifo rm  in  com pos ition  

and the v a r ia t io n  was p ro b a b ly  due to  the  presence b f  ReG.

T h is  c o n s t itu e n t was q u ite  absent in  the  case o f  

s la g  78. I t  had inc re a se d  in  amount in  th e  more h ig h ly  

b a s ic  f in is h in g  s la g s .

(b ) V e ry  da rk  s u b tra n s lu c e n t b lo o d -re d  g ra in s  o cca s io n ­

a l l y  shewing o c ta h e d ra l c leavage tra c e s  were observed. These 

c r y s ta ls  were is o p t ro p ic  between crossed n ic o ls ,  and were 

thus  d is t in g u is h e d  from  those ju s t  d e sc rib e d . These g ra in s  ' 

were m inu te  and even ly  d is t r ib u te d .  T h e ir  sm a ll s iz e  p i'e - 

ven ted  fu r th e r  d is c r im in a t io n .

They were n o t n o t ic e d  in  any o f  th e  e a r l ie r  s la g s .

SLQliTY OOOIRD SLAG 22^

The s la g  from  th is  charge was a llow ed  to  coo l s lo w ly  in  a 

la rg e  b lo c k . S ections o f  t h is  s la g  were examined by r e f le c te d

and tra n s m it te d  l i g h t .  The t h in  s e c tio n  a t 20 Mags, in  shewn 

in  photograph No. 40 The c h ie f  d if fe re n c e  between th e  q u ic k ly  

cooled b a th  s la g  and th is  s e c tio n  was in  th e  inc re ase d  s iz e  o f  

th e / '



th e  c r y s ta l l in e  c o n s t itu e n ts .  O p t ic a l ly  th e  components 

were id e n t ic a l  w ith  those  observed and de scribed  in  th e  case 

o f  th e  f in is h in g  s la g s . The s low er c o o lin g  d id  n o t produce 

any a lte r a t io n s  in  the  c o n s t itu e n ts  observed in  th e  r ra p id ly  

c h i l le d  s la g s  and no new form s were n o tic e d .

59



ou

RJCAïaiûïIIGN OR TN3 LABIO liSARTH.

The ana lyses o f  S lags 178, 18^, 19"^ shew t;:ia t a lth o u g h  

d i l u t i o n  had o c c u rre d  as a r e s u l t  o f  th e  in c re a se  in  i r o n  

o x id e  c o n te n t o f  th e  s la g , th e  percen tage  o f  lim e  was m a in ­

ta in e d  w h ile  th e  magnesia c o n te n t had in c re a s e d .

No a d d it io n s  were made so th ese  in c re a se s  had come from  th e  

B a s ic  H e a rth .

In  p ra c t ic e  th e  S lag make depends updm the  q u a l i t y  and 

amount o f  th e  p ig  i r o n  in  th e  charge. The minimum amount 

n e ce ssa ry  is  u s u a l ly  about 1 2 / o f  th e  w e i ^ t  o f  the  charge .

The oonsumpt o f  ohe a o lo m ite  f e t t l i n g  v a r ie s  w ith , the working 

c o n d it io n s  from  about 50 t o  70 lb s .  p e r to n  o f  s te e l produced.

The n a tu re  o f  th e  h e a r th  tJ ie re fo re  must e x e rc is e  a ’c o n s id e ra b le  

in f lu e n c e  upon th e  s la g .

The d u r a b i l i t y  o f  th e  h e a r th  depends upon th e  c o r ro s iv e  a c t io n s  

t o  w h ich  i t  i s  s u b je c te d  and th e  tem p e ra tu re  m a in ta in e d  w h ile  

th e se  a c t io n s  are  in  p ro g re s s . The campaign may ex tend  to  u p ­

wards o f  14 weeks, d u r in g  v /h ich  thue  h e a r th  tem perat'ures seldom
0

f a l l  be low  1000 0. The norm al w o rk in g  te m p e ra tu re  is  in  th e
o . 0

ne ighbou rhood  o f  1500 0 w h ile  th e  maximum exceeds 1800 0. D u ring

th e  Ccmrouign th e  s la g  is  in  in t im a te  c o n ta c t w i th  th e  h e a r th .

I n  p e r io d s  o f  a c t i v i t y  th e  v is c o s i t y  o f  th e  s la g  w i l l  te n d  to

in c re a s e  a t  th e  expense o f  th e  h e a rth , w h ile  wear o f  th e  s l l i c io u s

p o r t io n s  o f  th e  fu rn a c e  s t ru c tu re  due to  a t ta c k  by h o t f e r r o -

geneous fu u e  must a ls o  re a c t  upon th e  h e a rth .

A t w o rk in g  te m p e ra tu re s  th e  h e a rth  e x h ib i t s  th e  c h a r a c te r is t ic s  

o f  an e x tre m e ly  v is c o u s  f l u i d .  T h is  can be observed by exam in­

a t io n  o f  the  " l in e s  o f  f lo w "  on samples o b ta in e d  by fo i 'c in g  a 

h o llo w  tu b e  about l i "  D ia . in t o  th e  banks o r bo ttom  b e fo re  

f e t t l i n g  b e g in s . The specim en, u s u a lly  about 3" lo n g , can be 

wltjiLLCiwni im en c o o l.

The chem ica l m 'la lyses o f  these te s ts  shelved c o n s id e ra b le

v a r ia t io n  in  c o m p o s itio n  a lth o u g h  the  p r in c ip a l  components 

w e re /
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were Magnesia and F e r r ic  O xide. The lim e  co n te n t v;as low .

Specimens o b ta in e d  in  t h is  way were examined in  r e f le c te d
£*

l i g h t .  The s t ru c tu re  resem bled th a t  o f  an in te n s e ly  Ira rd  c in n e r 

and no c r y s ta l l in e  components were observed.

E xa m in a tion  o f  the  h e a rth  when c o ld  shewed th a t  h ig l i  tem ­

p e ra tu re s  m a in ta in e d  over p e rio d s  o f  2000 hours had re s u lte d  in  

th e  fo rm a tio n  and se g re g a tio n  o f  c o n s t itu e n ts  in  c r y s ta l  "p o cke ts " 

th ro u  h o u t th e  h e a rth . The tim e  fa c to r  had re p la c e d  t l ia t  o f  

n o b i l i t y  in  se cu rin g  c r y s ta l l i s a t io n  in  th e  v isco u s  meuia. 

O iM ^ s ta llis a tio n  was most com plete a t depths exceeding 4 inches 

from  th e  w o rk in g  h e a rth  s u rfa c e .

The c o n s t itu e n ts  d e sc rib e d  were ^Obtained from  u n ifo rm  

c r y s ta l  masses in  th e  b a s ic  fu rnace  bottom , th e  o r ig in a l  com position , 

o f.w h ic h  c o n s is te d  e x t i r e l y  o f  h ig h -g ra d e  E n g lis h  d o lo m ite .

a: hh'
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BLAOE OOLIjlÆITLJLÆ E0ARTH 0RY3TAL3.

? h o to g ra # is  No. 41 ajid 42 sha? . th o ir .  a]p%)eeranoe in  

o"blig.iie l i g i i t  a t 50 Mags. They v a r ie d  in  s iz e  up to  ahout 

10 m.m. lo n g .- . d

In  r e f le c te d  l i g h t  th e y  shewed a " b r i l l i a n t  lu s t r e  and 

were j e t  h la o k  in  o o lo u r. They were h a rd  and f a i n t l y  

m agne tic . They commonly shewed p a r a l le l  grow th where c o r re s -  

pon,Ling edges, faces  and axes were p a r a l le l .  They were norm a lly  

w e l l  developed and alm ost, f re e  from  extraneous m a tte r .

The chem ical ana lyses shewed:- 

A n a ly s is  No. V I I

• M o le cu la r 
Com position

0.0g86

0.0238

0.2146

0.1316
0.0211
0.7375

0.1689

The com po s itio n  a p p ro x im a te ly  corresponds to  th e  fo rm u la  SBO.BgOn 

where RO is  c h ie f ly  lim e  and magnesia, and R^Og c h ie f ly  f e r r i c  

o x id e .

In  tra n s m it te d  l i g h t  the  c ry s ta ls  were opaque. C ry s ta l 

fragm ents in  t h in  s e c t io n  were re d u is h  in  c o lo u r. The r e f r a c t iv e  

index was h ig h . They were douh ly r e f r a c t in g  "between crossed n ic o ls .

In  th e  d ir e c t io n  o f  the  p r in c ip a l axes th e  e x t in c t io n  ang le  

vfas s t r a ig h t  hu t was in c l in e d  w ith  c e r ta in  o r ie n ta t io ] is  n o t 

e & a c tly  d e fin e d . The maximum "befringence va lu e  o"bserved ivas 0.02

These c ry s ta ls  d i f fe r e d  somewhat from  those o f  T r io a lc ic  f e r r i t e  

o"btained from  th e  S lags. They wore s l ig h t l y  m agnetic and co n ta in e d  

9 .5^ ReO. T h e ir  o p t ic a l  p i-o pe rtie s  wereehowever g e n e ra lly  s im i la r  

9-nd th e y  a p p a re n tly  c o n s is t o f an impure form  o f  the same c o n s t i t ­

uent/

SiO^ 3 .60

A1203 2.43

^^2^3 34.39

ReO 9.48

m o 1 .5 0

OaO 41.30

MgO 6.84



T h is  suhstaïioQ was q u ite  f re q u e n t ly  observed in  the  

e xa m ijia tio n  o f  the h e a rth . I t s  com pos ition  in d ic a te s  th e  

s e le c t iv e  a c t io n  w h ich  fe rrogeneous s la g s  must e xe rc ise  upon 

th e  d o lo m ite . The r e la t i v e ly  low  MgO co n te n t e x p la in s  the  

s u p e r io r i t y  o f  the  p u re ly  m agnesite h e a rth  in  r e s is t in g  the  

d e s tru c t iv e  a c t io n  o f  s la g s  o f  h ig li i r o n  c o n te n t.
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COlUimJLAB. E3ARTE CR.Y3TAL3.

Photograph No. 43 taken  by t ra n s m it te d  l i g l i t  a t 150 Nags.

sheivs c r y s ta ls  o b ta in e d  in  th e  h e a rth  a t a dep th  o f  fibout 12

inches below  he n o ii ta l s la g  co n ta c t fa c e .

They v a r ie d  in  c o lo u r from  a c le a r  to  a v e ry  f a in t  y e llo w is h

w h ite . They were tra n s p a re n t and e x J iib ite d  a c h a r a c te r is t ic

p e a r ly  lu s t r e  and f ib ro u s  c leavage.

They sank s lo w ly  in  co n ce n tra te d  T h o u le t S o lu t io n  (3 p .G r.3 .1 7 )

They were fre e  from  in c lu s io n s  and extraneous h e a rth  m a te r ia l.

The Chemical Anal 7/s is  shewed; -

A n a lys is  J£o. V I I I ;  -

M o le cu la r
C om position.

SiOg 52.50 0.8750

AlgO^ 0 .20  0.0020 R e c a lc u la t io n

PegO^ 10.80 0.0675

ReO -  RO RgOg ACIDS

MnO 1 .4 0  0.0197 OaO 0.0599 AlgO^ O.OO23 giO 1 .013

CaO 2 .90  0.0518 MgO 0.9173 RSgOg 0.0781

MgO 32.10 0.7925 MnO 0.0228 . _____ _

99.10 1.0000 0.0804 1.013

Most o f  th e  c ry s ta ls  shewed incom ple te  development as in  

"A" o f  the  photograph. C e rta in  o f  th e  c ry s ta ls  e x l i ib i te d  ro u g h ly  

e longa ted  p r is m a t ic  development w ith  p a r t ia l  s t r i a t i o n  a long  th e  

p rism  fa ce s .

The r e f r a c t iv e  index was 1 .65 In  p o la r is e d  1 ig h t  th e y  

were p le c h ro ic .  Between crossed n ic o ls  the  e x t in c t io n  was 

s t r a ig h t  f o r  a l l  th e  o r ie n ta t io n s  examined. The double r e f r a c t io n  

was lo w .

The f ig u re  in  convergent p o la r is e d  l i g h t  was b ia x ia l .  These 

te s ts  in d ic a te d  th a t  these c ry s ta ls  belonged to  the  o rtho rhom b ic  

system.

The chem ical a n a ly s is  shew th a t th is  subatanoe is  a magnes - 

ium m e ta -s i l ic a te  c o n ta in in g  f e r r i c  ox ide .

I t /  . .
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I t  i s  a p p a re n tly  form ed as th e  r e s u l t  o f  th e  a c t io n  between 

s i l i c io u s  m a te r ia l from  th e  fu rn a c e  s tru c tL ire  and th e  Magnesia 

o f  th e  j ie a r th .
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YaiAOW-HaÆTH.miSTALS.

In  photograph No, 44 taken  a t 150 Mags, by tra n s m itte d .: 

l i g h t  th e  appearance o f  g o ld e n -y e llo w  co lo u re d  c r y s ta ls  is  

i l l u s t r a t e d  in  th e  specimen marked D.

When observed th e y  were a sso c ia te d  w ith  th e  tra n s p a re n t 

co lum nu la r c r y s ta ls  0 p re v io u s ly  d e sc ribe d . They were n o t ob­

ta in e d  in  s u f f ic ie n t  q u a n t ity  f o r  a n a ly s is .

The c o lo u r  was c h a r a c te r is t ic .  They shewed p e r fe c t  

cleavage and v e ry  marked d if fe re n c e  in  a b s o rp tio n  o r  p o la r is e d  

l i ig h t  .a long th e  p r in c ip a l  zone. M ic ro  chem ical te s ts  shewed 

th e  presence o f  S i l ic a  and Magnesia in  la rg e  q u a n t it ie s .

T h is  substance was no t id e n t i f ie d  bu t i t s  occurrence 

a long  wivh th e  magnesium m e ta -s i l ic a te  d e sc rib e d , suggests th a t  

i t  is  p ro b a b ly  a m o d ifie d  fo rm  o f  th e  same substance.
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Note on the Microsoopic RKaiiij.nr..tion of S te e l Bath Samples,

A series of metal bath samples was taken c o n c u r r e n t w i t a  

th e  s e r ie s  o f s in g  sa n p le r a lre a d y  described .

Experience had shoYjn th a t  the r o l l i n g  quality  or the s te e l 

a p p a re n tly  depended more upon th e  co m pos ition  o r  c o n s t i tu t io n  

o f the s la g  th 'u : upon the chem ica l composition of th e  stee l  

in d ic a te d  by analyses.

An attempt was made to  trace the e ffec t of th e  gradual 

change in  slag c o n s t i tu t io n  upon th e  m icro  s t ru c tu re  o f  the  

s te e l  during th e  progress of the re fin in g  reactions.

In  pho tograph  No. 45 the unetched structure of b a th  

samples 1^ (00.045 -  MhO. 02) at 100 Mags, is  shown. This 

sample was taken  from the f i r s t  formed l i q u id  scrap in  the 

ba th .

I t  contains numerous specks s itu a te d  m ostly  along th e  grain  

b o u n d a rie s . In  appearance i t  resembled c lose l^ i th e  sections 

i l lu s tra te d  by T r i t t o n  and Thomson ( in  P la te  V - photo- 

: graphsNos. 12 and 14 of t h e i r  paper.

Bath samples are seldom wholly fre e  from such inclusions.

In  c o lo u r  these  specks were dark b lue  in  r e f le c te d  l i g h t . They 

were t re a te d  w ith  2$ h y d ro f lu o r ic  A c id  in  a lc o h o l s ince  

su lp h id e s  and s i l i c a te s  are darkened by t h is  tre a tm e n t. The 

method recommended by Oomstock fo r th e  d i f f e r e n t ia l  e tch  o f 

4nB by means o f b o i l in g  sodium p ic ra te  was also used. N e ith e r  

o f th e se  tre a tm e n ts  gave d is t in c t iv e  r e s u lts .

Me Gance ) has n o tic e d  th a t  in  so:rt b a s ic  s te e l th e  

com pos ition  o f  hard  b la ck  in c lu s io n s  co n s is te d  o f  94.5 Manganous 

and F e rro us  Oxides. In  t h is  case th e  Mh. was onl;^  ̂ 0 .02^. I t  

was concluded t l ia t  these  in c lu s io n s  must c o n s is t m o s tly  o f

an oxide of iron.

T r i t t o n  and Thomson have shown th a t  th e  s o lu a b i l i t y  

o f  Oxygen in  pure i r ç n  a t 1530^ 0. is  0 .21^ w h ile  evidence o f 

l lQ i i id  im m is d M l i t y  o f ox ide  o f  ir o n  and i r o n  beyond 0 .21^ 

oxygen is  a lso  g iven  in  th e  paper.

l i /
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In  th e  s te e l oath, however, the l ie u  id  m e ta l co n ta in s  

oaruon and manganese. The s o lu a b i l i t y  o f  o^iygen in  ir o n  

c o n ta in in g  th e se  elements is  w t  known.

In  th e  speoimens ta ke n  from  th e  s te e l  b a th  th e re fo re ^ th e  

o x id e  n o t ic e d  may c o n s is t p a r t ly  o f m a te r ia l d e p o s ite d  from  

s o lu t io n  on th e  c o o lin g  o f  th e  specimen and p a r t ly  from  

o x id is e d  m a te r ia l ŒQludéd b u t irm n isc ib le  in  th e  m o lten  m e ta l.

The s lo w ly  cooled samples o f analyses g ive n  in  Table No.4 

were cut and sectioned so th a t  th e  e f fe c t  of c h i l l  on th e  edge 

of the specimen could be examined. The m ic ro s tru c tu re s  d iv id e d  

th e  specimens in to  th re e  groups.

Group 1 -  C onsis ted  o f Nos. 14̂ '̂  to 19^ to g e th e r  with th o se  o f  

1 ^  and 3 ^  taken  d u rin g  th e  early stages. In  t h is  group the  

f e r r i t e  c o n s t itu te d  th e  greatest mass and enclosed the pear l i t  e. 

In  specimens containing less th a n  0.13 Carbon the pear l i t  e 

o ccu rre d  a long th e  g ra in  boundaries .

Group 11 -  Comprised specimens 9^ to  13®. IVhere p ear l i t  e form ed 

the  g re a te s t mass and f e r r i t e  form ed th e  su rround ing  ne tw ork. 

Group 111. -  In  specimens 4® to  8® th e  g ra in s  co n s is te d  o f 

e u te c to id  pear l i t  e surrounded by a network o f f re e  cement i t e .  

T h is  group a l l  showed needles o f Martens i t e ,  w e l l  developed 

n ea r th e  edge o f  th e  samples.

C e rta in  fe a tu re s  were coJiimon to  each group. The in c lu s io n s  

n o t ic e d  in  the  case o f 1̂ ‘  ̂ p re s is te d  in  somewhat reduced amount 

up to  12®. A lthough  th e  carbon con ten t in  th e  ba th  m e ta l 

reached a maximum 1.35^ in  6® no marked re d u c tio n  in  th e  amount 

o f th e  in c lu s io n s  was n o tic e d  u n t i l  th e  steel oath reached th e  

com plete ]y  m e lted  stage. The FeO con ten t o f th e  s la g  had f a l le n  

from  50 .14^ in  th e  case o f 1^ to  2 .93^ i r i  th e  case o f  8^ and 

aga in  r is e n  to  7. 29^  in  12s b e fo re  any re d u c tio n  in  th e  amount 

of the in c lu s io n s  in  th e  m eta l was disciernaD le.

In  specimens 13® to  13® th e  number o f ox ide  specks was 

g re a t ly  reduced. In  19® they aga in  appreciabOy in c re ase d  in  

number.

In  a l l  specimens most o f these  in c lu s io n s  were s itu a te d
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s itu a te d  a long  th e  g ra in  boundaries . T h e ir  ocourrenoe d id  no t 

appear d i r e c t ly  r e la te d  to  e i th e r  m e ta l o r s la g  com po s itio n  in  

th e  in c o m p le te ly  m e lted  b a th . T h e ir  e l im in a t io n  from  th e  

m e ta l however c o in c id e s  w ith  th e  decrease in  s lag  a c id i t y  in  

th e  com p le te ly  m e lte d  b a th  which accompanied the  in c re a se  in  

lim e  con ten t in  s la g s  14^, 15^, e tc .

The in c re a se  in  the  numbar o f in c lu s io n s  n o tic e d  in  19^ 

can be accounted f o r  by th e  in c re a se  in  m e ta l o x id a t io n  w hich 

o ccu rre d  in  the  a lm ost com ple te ly  decarbon ised ba th .

In  th e  case o f8 ^  th e  s la g  con ta ine d  o n ly  about 3% ReO and

o v e r 1^ Garb on e x is te d  in  th e  m e ta l. I t  was e v id e n t th a t  th e

e x is te n c e  o f Carbon in  th e  b a th  m e ta l when the  s la g  is  r e l a t - 

l i v e ly  a c id ic  in  c h a ra c te r had l i t t l e  a c t io n  upon t h e i r  

e l im in a t io n .

I t  fo l lo w s  th e re fo re  th a t s in ce  th e  Carbon o f  th e  b a th

m e ta l d id  no t a p p re c ia b ly  reduce th e  e x te n t o f  th e  occurrence

o f t h is  substance the l a t t e r  cannot w h o lly  e x is t  in  s o lu t io n  

in  th e  m o lten  m e ta l. These oxides e x is te d  la rg e ly  in  th e  

" f r e e "  s ta te  in  excess o f th a t  s o lu t io n  s a tu ra t io n  which the  

m e ta l possesses a t the  ba th  te iip e ra tu re

To in v e s t ig a te  th e  reasons f o r  th e  occurrence o f  these 

o x id e  specks a t th e  g ra in  boundaries samples were ta ke n  from  

d i f f e r e n t  charges o f s im i la r  com position  a t the  f in is h in g  

stages o f th e  m e lt.

T ab le  No. 5 g ives  th e  com position  and tre a tm e n ts  in  each 

case:*"
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TAB IE  No* P

Mark. Oar bon. Manganese. Remarks.

A W 0.05 0.15 W ater quenched w h ile  s te e l 
l iq u id .

B W 0.05 0.15 S low ly coo led  under s la g .

A X 0.09 0.15 W ater quenched w h ile  s te e l 
l iq u id .

B X 0.09 0.15 S low ly  coo led  under s la g .

A U 0.08 0.18 W ater quenched w h ile  s te e l  
l iq u id .

B U 0.08 0.18 S low ly  coo led  under s la g .

A T 0.08 0.21 Wat e r quenched w h ile  s te e 1 
l iq u id .

B T 0.08 0. 21 S low ly  coo led  under s la g .

A J 0.08 0. 24 Water quenched w h ile  s te e l 
l iq u id .

B J 0.08 0.24 S low ly coo led  under s la g .

X G 0 .31 0 .21 W ater quenched w h ile  s te e l  
l iq u id .

2 G 0 .3 1 0. 21 S low ly  coo led under s la g .

3 G 0 .3 1 0.21 M eta l shaken w h ile  l i q u id  
and w a te r quenched.

In  th e  w a te r gpenohed specimens the ox ide  specks^ in  each 

case e x is te d  in  reduced amount and were evenly d is t r ib u te d  

th ro u g h o u t th e  c r y s ta l  g ra in s . ^n th e  specimens s lo w ly  coo led  

u n d e r th e  s la g  the  specks occu rred  m ostly  around the g ra in  

boundaries .

No d if fe re n c e  in  the  amount o f in c lu s io n s  was n o t ic e d  w ith  

th e  s l ig h t l y  h ig h e r Manganese con ten t.

The d is t r ib u t io n  o f t h is  m a te r ia l a long th e  g ra in  boundaries  

was a p p a re n tly  th e  r e s u l t  o f th e  mode o f c o o lin g . T r i t t o n  and 

Thomson  ̂ have shewn th a t the  s o lu a b i l i t y  o f ReO in  m o lten  

ir o n  is  appreciably^ g re a te r than  in  the s o l id  s ta te . On c o o lin g  

th e re fo re ,  th a t p o r t io n  o f the  FeO con ten t which is  no t in  

s o lu t io n  w i l l  in c re ase  w ith  a correspond ing re d u c tio n  in  the  

amount/
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amount of dissolved o x id e . The conoentration of th e  o x id e  a t 

the grain surface must reach the  stage of s u p e r-saturation  

before th a t  o f  th e  i n t e r i o r  o f th e  g ra in . The f i r s t ; f o r m e d  

n e u o le i w ou ld  te n d  to  fo rm  th e  b a s is  o f  f u r th e r  d e p o s it io n  in  

th e  case o f th e  s lo w ly  coo led  specimens so th a t  d e p o s it io n  

tended to  a ccu im la te  around th e  g ra in  boundaries .

Certain  differences in  structure, the  r e s u l t  o f  d i f f e r e n t  

c o o lin g  c o n d it io n s , were n o tic e d  in  th e  e tched specimens.

In  photograph No.46 taken  a t 6o Mags, the appearance of 

th e  edge o f th e  s lo w ly  coo led  specimen 2 G is  shovm. Photograph 

No. 47 is of the i n t e r i o r  of th e  same specimen about 4" from 

th e  edge.

Pronounced segregation had taken  place. The e f fe c ts  of 

c h i l l  fro m  th e  sample s^omi upon th e  l iq u id  m e ta l re s u lte d  in  

the fo rm a tio n  of " c h i l l  c r y s ta ls "  o f f e r r i t e  and reduced 

pear l i t  e concentration a t th e  edge o f th e  specimen.

In  photograph No.43 is shown the sample 1 G taken from 

the bath at the same tim e  as the p re v io u s  specimen and s in iil-  

:a rly  etched. The water quench of the liq u id  s te e l had 

produced a marked d ifference in  structure. Segregation was 

p r a c t ic a l ly  absent. The g ra in s  were u n ifo rm ly  sorb i t  i c  in  

c h a ra c te r . Along c e r ta in  of the edges of the g ra in s  dark 

areas apparent ly  t ro o s t it ic  in  nature were observed.

The b a th  samples examined ccmmonly showed numerous b low ­

h o le s . The d is to rtib n  produced upon the su rround ing  s tru c tu re  

was p a rtic u la r ly  marked. Tnis e ffe c t  is  i l lu s tra te d  in  

pho tograph  No. 49 which shows sample 17® taken  at 5^ M a g n if ic -  

: at ions. The deep seated nature of the e f fe c ts  produced upon 

the s te e l structure is  evident. I t  seems questionable i f  

such e f fe c ts  caused by i n t e r i o r  b low holes can be removed by 

subsequent heat tre a tm e n t, as has been fre q u e n t ly  suggested.
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In  th e s e  s la g s  th e  phosphorus e x is te d  w h o lly  as 

f lu o r a p a t i t e ;  no t ra c e s  o f  s i l io o -p h o s p h a te  com bina tions 

were observed.

O the r c r y s t a l l in e  c o n s t itu e n ts  c o n s is te d  p r in c ip a l ly  o f 

th e  o x ides  OaO, ^0203 and SÏO2 ; in  c e r ta in  oases MgO apparently^ 

p a r t i a l l y  re p la c e d  Lime.

The e a r l ie s t  com b ina tions  r e s u lte d  from  th e  o x id a t io n  

p ro d u c ts  o f  th e  sc rap  and t h e i r  co m b ina tio n s  w ith  lim e .

The e x is te n c e  o f  l im e - i r o n  o x id e  compounds in  b a s ic  bessemer 

s la g s  was n o t ic e d  by bteatL b u t th e  is o la t io n  and i d e n t i f i -  

: c a t io n  o f  a compound a p p ro x im a tin g  in  co m p o s itio n  to  3 O&O- 

FG2O3 has n o t h i t h e r to  been secured fro m  o p e n -h e a rth  s la g s .

H i lp e r t  and KohLneyer ( id e n t i f ie d  a substance o f th is ' 

c o m p o s itio n  in  t h e i r  e xa m in a tio n  o f  th e  system  OaO -  F6203. On 

th e  o th e r  hand th e  most b a s ic  ca lc iu m  f e r r i t e  found  by Sojlcan 

and H e rw in   ̂ had th e  co m p o s itio n  2 OaO -  ^ 6203.

T h is  t r i b a s i c  f e r r i t e  was observed in  b a th  samples where 

th e  s la g  was s t ro n g ly  b a s ic  in  c h a ra c te r , v ia ;  a t th e  b e g in n in g  

and tow ards  th e  end o f  th e  r e f in in g  s ta ge s .

I t  was n o t n o t ic e d  in  s la g s  talcen d u rin g  th e  in te rm e d ia te  

s ta g e s  when th e  c h a ra c te r  o f  th e  s la g  was re la t iv e i^ ^  a c id ic .

I t s  appearance in  f in is h in g  s la g s  c o in c id e d  w ith  th a t  o f  

t r i c a l c i c  s i l i c a t e .  I t s  fo rm a tio n  a p p a re n tly  depended upon 

th e  a v a i l a b i l i t y  o f  th e  lim e  e s s e n t ia l to  i t s  fo rm a tio n , i . e .  

upon  th e  o rd e r  o f  th e  s la g  b a s ic i t y .

In  t h i s  co n n e c tio n  d e f in i t io n  o f  th e  te rm s used  here  in  th e  

consideration of slag c o n s t i tu t io n ,  i s  d e s ira b le ,

(1 )  B lag b a s ic i t y  is  th e  e xp re ss io n  o f  th e  v a lu e  o b ta in e d .b y  

d iv id in g  th e  sum o f  th e  m o le cu la r r a t io s  o f  th e  bases OaO 

and MgO p re s e n t, by th a t  o f  th e  compenents w ith  w h ich  th e se  

bases were fo u n d  to  e n te r  in to  an: a p p re c ia b le  co m b in a tio n

vi2;, P 2O5 ^ i 02

( 2 ) /
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( 2) A t 1350^ 0 Re2^3 changes to  a m agnetio ox ide  w ith  a low er 

oxygen c o n te n t. M a gn e tite  was no t observed in  th e  s la g s , 

th e re fo re  th e  com bination  o f  i r o n  ox ides which e x is ts  a t 

s te e l making tem pera tu res shou ld  be des igna ted  Fe203X Re 0 

I t  i s  th e  F02O3 in  t h is  com bina tion  w hich is  r e fe r r e d  

to  as " f re e "  in  o rde r to  d is t in g u is h  i t  from  th e  f e n â c -  

o x id e  found  to  be in  com bina tion  w ith  lii'ne.

GAS OXIDATION -

The ana lyses o f th e  s la g  s e r ie s  on Tab le  No.3 shows 

th a t  th e  amount o f  f e r r i c  ox ide  iwasr reduced from  I 3. 6^ 

in  s la g  1^ to  a minimum o f  0. %  in  8 - ;  th e re a f te r  i t  

ro se  to  5 . 3^  in  19^ the  la s t  s lag  o f  the. s e r ie s .

T h is  v a r ia t io n  corresponds w ith  th a t  o f  th e  s la g  

b a s ic i t y .  The o x id is in g  e f fe c t  o f  th e  fU rnace gases had 

form ed FepO^x FeO from  th e  b a th  m e ta l th ro u g h  th e  medium 

o f  th e  s la g , s in ce  l i t t l e  d ir e c t  o x id a t io n  was p o s s ib le  

except d u r in g  a v ig o ro u s  b o i l ,  and the  v a r ia t io n  does no t 

d i r e c t ly  correspond w ith  th e  ox ide  a d d it io n s .

T r i t t o n  and Hanson ( have shown th a t Fe2Û3 x  FeO in  

th e  presence o f i r o n  at 1530^ 0 r e s u l ts  in  th e  fo rm a tio n  

o f  FeO a cco rd in g  to  th e  e q u a tio n .

Fe20] p lu s  Fe # 3 FeO

T h is  re a c t io n  does no t proceed to  com p le tion  a lth o u g h  

th e  e q u il ib r iu m  constan t in c re ase s  w ith  th e  tem pera tu re .

A t s te e l making tem pera tu res the  o x id is in g  e f fe c t  o f  

th e  gases which r e s u l ts  in  th e  fo rm a tio n  o f  fu r th e r  Fe203 

must be chedced when lim e  is  a v a ila b le  f o r  th e  s t a b l l l s -  

: a t  io n  o f  th e  f e r r i c  ox ide , w ith  th e  fo rm a tio n  o f  the  

c a lc ic  f e r r i t e  compount observed in  th e  s la g .

When lim e  is  no t a v a ila b le  f o r  t h is  com bina tion  th e n  

o x id a t io n  o f th e  im p u r it ie s  in  the  b a th  and th e  ir o n  © f 

th e  b a th  w i l l  proceed by th e  re d u c tio n  o f  th e  f e r r i c  o x id e . 

I t /
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I t  appears o e r ta in  th a t th e  la c k  o f  r e q u is i te  b a s ic i t y  is  

th e  prim e cause o f gas o x id a t io n , a p a rt from  th e  s im i la r  

e f fe c ts  produced by low tem pera tu res .

Gas o x id a t io n  o f  th e  charge is  th e  source o f many o f  th e  

p r a c t ic a l  d i f f i c u l t i e s  experienced in  th e  c o n t ro l o f  th e  process, 

No e x p la n a tio n  has h i th e r to  been advanced which s a t is f a c t o r i l y  

m eets th e  a p p a re n tly  anomalous re s u l ts  which occur under w o rk ing  

c o n d it io n s .
( 6 )W hite le y  ' has s ta te d  th a t  "Gas o x id a t io n  shou ld  in c re a se

w ith  th e  b a s ic i t y "  o f  th e  s la g . T h is  v iew  appears erroneous 

and is  n o t in  accordance w ith  th e  observed fa c ts  o f p ra c t ic e .

Thus, a d e fic ie n c y  o f  lim e  in  th e  s la g  i s  fo llo w e d  by th e  

commencement o f  th e  b o i l  w ith o u t ore  a d d it io n s  o r by a " s o f t  

m e lt"  where the  carbon has alm ost d isappeared from  th e  m e ta l 

b e fo re  th e  b a th  is  com ple te ly  m e lted .

S te e l made under such c o n d it io n s  shows la rg e  amount o f 

n o n -m e ta ll ic  in c lu s io n s  and is  f re q u e n t ly  " re d  s h o rt"  when 

r o l le d .

An in c re a se  in  s la g  a c id i t y  from  any source h e a rth  

s t ru c tu re ,  impure o re , e tc , w i l l  th e re fo re  te n d  to  in c re a se  

th e  g a s -s la g  re a c t io n  because o f the re d u c tio n  in  b a s ic i t y .

I t  fo l lo w s  a lso  th a t  in  norm al ke e n ly  w ork ing  fu rn a ce s , th e  

e x te n t o f th e  losses which occur from  gas o x id a t io n  can be 

c o n t ro l le d  by adjustm ent o f the  lim e  content o f th e  s la g . The 

r e a l is a t io n  o f  t h is  fa c t  is  o f  co ns ide ra b le  im portance in  

p ra c t ic e  s in ce  th e  losses in c u rre d  th rough  gas o x id a t io n  

in c re a s e  w ith  s u rp r is in g  r a p id i t y  and may account f o r  an 

a p p re c ia b le  precentage o f th e  charged w e igh t o f m e ta l.

F8203in  B a s ic  B lag ;

W h ite le y ^ lL d  suggested th a t  F8203 p la ys  an im p o rta n t p a r t  

in  th e  o x id a t io n  o f  the  b a th  im p u r it ie s .  These in v e s t ig a t io n s  

show however th a t  in  a s la g  o f  c o r re c t ly  a d ju s te d  b a s ic i t y  th e  

F02O3 is  in  com bination  w ith  th e  lim e .

The/
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The e x p e rlm m t upon whioh the  oono lus ions o f  W liite le y  a re  

based was repea ted .

Two b a th  s la gs  were dravm s ira u ltan eo u s ly  iro m  a no rm a l 

oharge. No. 1 was ta ken  near th e  door where th e  b a th  was 

p e r fe c t ly  q u ie t owing to  b re a s t e ro s io n .

N o .2 was taken  in  th e  in t e r i o r  o f  th e  fu rnaoe  where a l i t t l e  

b o i l in g  a c t io n  was in  p rog ress .

The a n a ly s is  o f  th e  two samples was as fo l lo w s ;

A n a ly s is  No. IX  A n a ly s is  No. X

Near Door. 4J- F t .  w i th in  Door.

% M o le cu la r
Com position.

% M o le cu la r 
Com position

S i02 14.40 0.2400 , si02 14.60 0.2433

BeO 12.31 0.1710 FeO 13.11 0.1821
5.04 0.0318 B6203 3.77 0.0236

A I 2O3 2.15 0.0211 A I2O3 2.10 0.0206

m o 6.50 0.0727 MhO 6.50 0.0915

OaO 44.20 0.7893 OaO 43.90 0.7839

MgO 7.80 0.1926 MgO . 8 .06 0. 1990

B 2O5 6. 14 0.0432 F 205 6.14 0. 0432

98.54 98.18

B a t io  : CaO TDlus MgO R a tio ; OaO p lu s  MgO
g 3.47

P2O5PIUS S ip 2 P2OJPIUS S3P2
= 3 .4 1

The ana lyses co f rob  o ra te  those from  th e  same experim ent 

made by m i t e  le y , V iz ;  th e  FepO] in  th e  sample taken  n e a re r 

th e  door was h ig h e r th a n  th a t taken  from  th e  in t e r i o r  o f  th e  

b a th . m i t e  le y  a t t r ib u te d  th e  low er f e r r i c  ox ide  in  th e  

second sample to  th e  a c t iv i t y  o f  th e  Carbon re a c t io n  w i th in  

th e  b a th .

In  th e  w r i te r * s  experim ent a sample o f be th  m e ta l was a lso  

ta ke n  w ith in  th e  b a th . The Carbon con ten t was 0 .05^. I t  is  

n o t p o s s ib le  i f i  th e  b a s ic  fu rn a ce  to  o b ta in  a p e r fe c t ly  q u ie t 

batlq/



oath even a lth o u g h  in  t h is  case th e  m eta l was a lm ost 

com p le te ly  decarbon ised and th e  e l in in a b io n  o f carbon 

had ceased.

The in c reased  amount o f Re2O3 shown by th e  ana lyses 

o f  th e  f i r s t  sample must th e re fo re  be a t t r ib u te d  to  th e  

s t a b i l i s a t io n  o f th e  f e r r i c  ox ide  which r e s u l ts  from  th e  

in c reased  b a s ic i t y  o f  th e  s la g  ad jacen t to  th e  fu rn a ce  

b re a s t.

R e c a lc u la t io n  o f  th e  analyses g ive n  in  b h i t e l^ y *s paper 

a ls o  con firm s t h is  e x p la n a tio n . Such evidence o f fe re d  to  

su pp o rt th e  v iew  th a t Re2P3 in  a norm al s la g  p la y s  an 

e s s e n t ia l p a r t  in  th e  o x id a t io n  o f  im p u r it ie s ,  is  th e re fo re  

in c o n c lu s iv e .

In f lu e n c e  o f  Tem perature :

The in f lu e n c e  of a tm ospheric  o x id a t io n  on b a s ic  s la g s  

a t d i f f e r e n t  lov; ta n p e ra tu re s  is  in d ic a te d  by th e  fo l lo w in g  

eorpe r im e n t s.

A q u a n t ity  was ground to  a f in e  powder and analysed.

I t s  a n a ly s is  showed;-

A n a ly s is  No.

%

8IO2 11.40
Al203plue P2O5 4.22
Fe 0 23.91
F02O3 7 .50

MnO 6.50
OaO 40.00
MgO 5*33

98.86

Q u a n tit ie s  each consisting o f 2.5 grms. were spread in  

a t h in  la y e r  in  an open co n ta in e r. Th is was p la ce d  in  an- 

open e le c t r i c  fu rn a ce  and heated f o r  30 m ins. S ucce ss ive ly  

in c re a s in g  tem pera tu res up to  1250^0 were employed. The 

in c re a s e /



-i-4iO ieab0 in . weight wasimeasured a f t e r  each tre a tm e n t. The 

r e a l I t s  are  g ive n  in  T a b le :-

Spea- 
: ir.ien.

Temper- 
. : a tu re .

W eight 
in c re a se  
in  grms.

in c re a se  
in  W eight.

O a lcu la .te l 
/  BeO 
o x id is e d .

H e s id u a l 
BeO fo u n d  

hy
ana lyses.

H 1 400% 0.0014 0.056 0.504 22.51
H 2 520 0.0125 .500 4.500 19.49

H 3 540 0.0168 .672 6.048 ■ 17.37
H 4 600 0.0404 1, 616 14.544 10.29

H 5 700 0.0760 3.040 27.360 ? N i l

H 6 800 0.0908 3.632 32. 683 ? -

H 7 900 0.0964 3.856 34.704 1 -

H 8 1000 0.0980 3.920 35.280 Î "•

H 9 1100 0.0974 3.896 35.064 1 -

H 10 1150 0.0950 3.800 34.200 7 -

H 11 1200 0.0938 3.748 33.74 ? -

H 12 1250 0.0916 3.664 32.93 ?

The t o t a l  FeO con ten t o f  th e  o r ig in a l  s lag  was 23. 91^ . 

Agreement e x is ts  between th e  c a lc u lâ t ed amount o f FeO o x id is e d  

to  F6 203 and th e  re s id u a l amount found by analyses up to  a 

tem pera tu re  o f about 540'^G. Above t h is  tem pera tu re  th e  

in c re a se  is  g re a te r  tha n  can be accounted f o r  by th e  re a c t io n .

4 FeO p lu s  O2 ® 2 F02O3

The amount o f oxygen re q u ire d  to  o x id is e  23.91^ FeO to  F6 203 is  

2 . 657/  The maximum increase  in  w e igh t was 3 - 9 ^  so th a t  1. 263/  

oxygen rem ains unaccounted f o r .

The slag co n ta in e d  6 ,5 /  MnO. .This excess gain in  oxygen by 

th e  s la g  approxim ates th a t re q u ire d  fo r  th e  fo rm a tio n  o f  Mh02' 

Above llOQOO. th e  s la g  became d is t in c t ly  m agnetic and t h is  

change was accompanied by a decrease in  w e igh t up to  1250^ 0. 

th e  h ig h e s t tem pera tu re  reached.

I t  is  apparent th e re fo re  th a t  th e  amount of fe r r ic  oxide found  

b y / _ . i ,  -
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by chem ica l a n a ly s is  must depend to  some e x te n t upon th e  

c o n d it io n s  under w h ich  th e  s la g  co o ls . In  norm al b a th  s la g  

samples th e  tim e -te m p e ra tu re  g ra d ie n t is  u s u a lly  s teep , 

above 540% , so th a t  f e r r i c  o x id e  is  n o t form ed to  an 

. a p p re c ia b le  e x te n t in  t h is  way.

In  r a p id ly  c h i l le d  s la gs  FeO is  th e  ox ide  o f ir o n  w h ich  

occurs in  th e  g re a te r  amount. The d is s o c ia t io n  p ressu re  o f 

FeO is  le s s  th a n  th a t  o f  Fe^O^ and th e  d is s o c ia t io n  p ressu re  

o f  Fe^O^ le s s  th a n  th a t  o f  Fe20j  consequen tly , as th e  s la g -  

h e a tin g  experim ents in d ic a te ,  when th e  b a th  tem pera tu re  

in c re a se s  th e  le s s  w i l l  be th e  te n d ^ g j f fo r  th e  ox ide  w ith  

th e  h ig h e r d is s o c ia t io n  p re ssu re  to  e x is t ,  s ince  th e  most 

s ta b le  ox ide  m i l  be th a t w ith  the  low est d is s o c ia t io n  

p re ssu re .

LOV.' B-YTH'TiLSP'jilRATIHEIS;

I t  is  w e l l  known to  th e  fumaceman th a t  low b a th  temper -  

: a tu re  promotes in c re a se d  gas o x id a t io n  a t a l l  stages o f  the 

process and re s u l ts  in  an in c re a se  in  the  FeO con ten t o f 

th e  s la g .

In  p ra c t ic e  th is  in c re ase  is  always checked by lim e  

a d d it io n s  ; i f  p o s s ib le  th e  ba th  tem pera tu re  is  ra is e d  and 

re c a rb u r is in g  agents added. The a v id i ty  w ith  w h ich  s la g s  

form ed under low tem pera tu re  c o n d it io n s  can absorb la rg e  

q u a n t i t ie s  o f  lim e  is  exp la ined  by th@ fo rm a tio n  o f th e  

OaO -  F0203 c o n s t itu e n ts  described .

I t  a ls o  supports  th e  b e l ie f  th a t  in  such s la g s  Fe20]  

u n le s s  in  com bina tion  w ith  lim e  must be th e  medium f o r  th e  

o x id a t io n  o f  th e  b a th  m e ta l. No o th e r re a c t io n  which w ou ld  

account f o r  th e  lo ss  o f ir o n  seems p o s s io le .

HIGH BATH TEnPIIElATlJHES :

On th e  o th e r hand a t th e  h ig h e r tem pera tu res  o f  s te e l-  

imalcing th e  tendency f o r  th e  fo rm a tio n  o f Fe20^ must oe 

reduced owing to  th e  in s t a o i l i t y  o f t i ie  oxides o f  th e  l i ic h e r  

d is s o c ia t io n  p ressu re  as th e  tem pera ture  r is e s .

A t /



At higher temperatures with the normal limey slag any 

formed w i l l  combine with lim e; consequent ly the losses 

in c u r re d  uy the gas-slag reaction must be reduced as the 

re su lt of high temperature h ig h  slag b a s ic i t y .

Under these  c o n d it io n s  the  c o n t ro l o f th e  re a c t io n s  

w h ich  de te rm ine  th e  e l im in a t io n  o f  im p u r it ie s  w i l l  depend, 

a p a r t  from  th e  tim e  fa c to r ,  d ire c t]^ ;  upon th e  ox ide  

a d d it io n s  made to  th e  b a th  by th e  o p e ra to r. T h is  e l im in a t io n  

under th e se  c o n d it io n s  must then depend e n tire ly  upon 

the FeO content of th e  s la g .

The d iv e r s i t y  o f o p in io n , commented upon e a r l ie r ,  w h ich  

e x is ts  re g a rd in g  th e  n a tu re  o f th e  medium o f  o x id is in g  a c t io n  

in  the s te e l  b a th , is  e xp la in e d  by the f a c t  th a t  th is  must 

va ry  a cco rd in g  to  th e  p re v a i l in g  c o n d itio n s  o f s lag  com pos ition  

and b a th  te m p e ra tu re .. _ .

These conclusions based upon the fo re g o in g  experimental 

investigations peiiriit the c o n d it io n s  to  be thu s  d e fin e d  -

(1 ) In  a s la g  of s u ffic ie n t b a s ic i t y  at norm al h ig h  b a th

temperatures the e lim in a t io n  of im p u r it ie s  must depend 

e n tire ly  upon th e  FeO con ten t o f the s la g .

( 2 ) Fe2Û3 can a lso  function as an oxidising medium when the

b a s ic i t y  o f the s la g  is  in s u f f ic ie n t  to meet th e  regu ire -

iments of the a c id s . Low bath  tem pera tures prom ote th is  

action by increased fo rm a tio n  of F0283 w ith  consequently 

increased demands fo r lime. '

The c o n t ro l o f  th e  re a c tio n s  w hich govern th e  e l im in a t io n  

o f im p u r it ie s  th e re fo re  depends upon th e  o p e ra to r se cu rin g  th e  

c o n d it io n s  o f  c o r re c t b a s ic i ty  .and o f h ig h  tm p e ra tu re .

O orrect s la g  b a s ic i ty  n e c e s s ita te s  lim e  in  s l ig h t  excess 

f  0 what-ever amount may be. required to  sa tis fy  the requirements 

o f those  components w ith  which i t  en te rs  in to  com bina tion .

The determination o f the relationships which e x is t  in  th e  

s la g s  between th e  oongponents is  th e re fo re  o f prim e im portance 

i n /
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in  t h i s  cormeo tio n .

The da ta  o b ta in e d  re g a rd in g  th e  n a tu re  o f these comb in -  

la t io n s  is  d e ta ile d  e a r l ie r  in  t h is  th e s is .  I t  s u p p lie s  

evidence w hich p e rm its  th e  approxim ate  d e f in i t io n  o f th a t  

degree o f s lag  b a s ic i t y  e s s e n t ia l to  th e  a ccu ra te  c o n t ro l
I

o f th e  r e f in in g  re a c tio n s ..

In  s lags  7^ and 8^ c ry s ta ls  o f a substance co rrespond ing  in  

co m p o s itio n  vO th e  compound 2 OaO.SIO2 v/ere observed. I t s  

o p t i c a l  p ro p e r t ie s  id e n t i f y  t h is  substance w ith  th e  h ig h  

te m p e ra tu re  form  o f  th e  o r th o s i l ic a te  o f lim e  n o tic e d  by 

Messrs Ranken and W rig h t in  t h e i r  exam ina tion  o f th e  OaO-

B102system. ; .

A cco rd in g  to  these  w r i te r s  t h is  ((-form  e x is ts  above 14-20°C, 

■below t h i s  tem pera tu re  i t  changes re v e rs ib iy  to  th e  ^  -  fo rm , 

w hich a ls o  passes re v e rs ib ly  at to  th e  ^  -  fo rm  accompanied

by a change in  volume w hich s h a tte rs  th e  compound to  a f in e  dust.

The oC-forrn is c h a ra c te r is e d  by in t r ic a te  tw in in g  which is  

absent from  the ^  - fo rm . In  the rap id ly  c h ille d  b a th  samples 

i t  was t h is  oC'form w hich was observed. The slag analyses 

in d ic a te s  th a t  th e  c r y s ta ls  may c o n ta in  some magnesium re p la c in g  

th e  ca lc ium .

No tra c e s  o f th e  double compound M o n t ic e l l i te  ( GaO-MgO)- 

S i02  were observed in  any o f  th e  s lags  examined. In  magnesium 

s i l i c a t e  c ry s ta ls  o b ta in e d  from  the  b a s ic  h e a rth  the . lim e  con ten t 

was s u rp r is in g ly  low. I t  seems u n l ik e ly  th a t  th e  double s a l t  

e x is ts  a t s tee  1 -ba th  ta n p e ra tu re s*

The degree to  which th e  o r th o s i l ic a te  o f  lim e  can h o ld  th e  

analogous magnesium s i l i c a t e  in  s o l id  s o lu t io n  is  not known 

The c r y s ta ls  in  these  s la g s  were o p t ic a l ly  u n ifo rm  and no t ra c e

o f  th e  compound F o s te r i t e  (2  MgO -  S1O2) was observed.
( 22 )

has p o in te d  out in  connection  w ith  th e  m e lt diagram s 

o f  OaO and MgO w ith  g i0 2  th a t when the  o r th o s i l ic a te  in  each 

case /
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case separa tes ou t from  a m e lt o.f i t s  own co m po s itio n  the  

a d d it io n  o f sm a ll q u a n t it ie s  o f lim e  and s i l i c a  s u f f ic e s  

t o  produce marked a l te r a t io n s  in  t i,e  m e lt in g  p o in t .  The 

r e a c t io n  is  a,lmost q u a n t it iv e  in  the  l iq u id  phase and i t  

is  c e r ta in  th a t  th e  new compound is  ve ry  s p a r in g ly  d is -  

: s o c ia te d  in to  i t s  component p a r ts .

In  these s la g s  th e re fo re  th e  o r th o s i l ic a te  o f lim e  

can be regarded  as a fundam enta l compound.

The o r th o s i l ic a te s  o f I ro n  and Manganese on th e  o th e r  

hand d i f f e r  from  those  o f  lim e  and magnesia" when th u s  

examined. The a d d it io n  o f t h e i r  components produces no 

g re a t v a r ia t io n  in  m e lt in g  p o in t ,  so i t  is  p rohah le  in  these  

cases th a t  th e  re a c t io n s  are incom ple te  when e q u il ib r iu m  

s e ts  in ,  and th a t  c e r ta in  percentages o f th e  o r ig in a l  

substances rem ain .

Mo dance has suggested, on p h ys ico -ch e m ica l grounds,

th a t  where no d is s o c ia t io n  occurs a s la g  c o n ta in in g  OaO,

Feo, MhO and S i02  shou ld  c o n ta in  th a t  amount o f  each s i l i o -  

:a te  w hich is  p ro p o r t io n a l to  the  square o f the  concent- 

: r a t  io n  o f th e  re s p e c tiv e  ox id e .

The c o n s id e ra tio n s  o u t l in e d  above, however, in d ic a te  

th a t  i t  is  im probab le  th a t  any a p p re c ia b le  amount o f  th e  

s i l i c a t e s  o f ir o n  o r  Manganese can e x is t  in  r a p id ly  coo led  

b a s ic  s lags  owing to  th e  d is s o c ia t io n  w h ich  occurs a t 

s te e l maicing tem pera tu res .

The ex is tence- o f a substance a pp rox im a ting  in  

co m p o s itio n  to  30a0. 8i 02has n o t p re v io u s ly  been observed 

in  b a s ic  s la g s . I t s  occurrence must m odify th e  views 

commonly accepted re g a rd in g  the  amount o f  lim e  necessary 

to  s a t is f y  th e  requ irem ents  o f th e  S i l ic a .

The o p t ic a l  da ta  o f th e  s lag  c o n s titu e n t agrees w ith

th a t  o f th e  s y n th e t ic a l ly  p repared  compound o f  Messrs R ank in

and W rig h t except th a t  in  t h is  case th e  e x t in c t io n  ang le
v;as s t r a ig h t  and th e  sm a ll angles n o tic e d  in  th e  s y n th e t ic  
c r y s ta l  were no t observed. The r e s u l ts  o b ta in e d  a lso

in d ic a te /
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in d ic a te  th a t  t h is  s la g  c r y s ta l  be longs to  th e  o rtho rh o m b ic  

system.

The appearance o f t r i c a l c i c  s i l i c a t e  in  s la g  15^ wo.s 

accompanied by an in c re a se  in  th e  f e r r i c  ox ide  fouhd by ana lyses, 

ev iden tly^  th e  r e s u l t  o f  an in c re ase  in  th e  lim e  a v a ila b le  f o r  

th e  s ta b i l is a t io n  o f t h is  ox ide .

S lag 14s suggests th a t  a p p a re n tly  2 O aO .fiO ^ and th e  

compound 3 OaO.SiO,^. can e x is t  to g e th e r  in  th e  same s la g .

I t  is  p ro b a b le  th a t  in  b a s ic  s lags th e  fo rm a tio n  o f  th e  

o r th o s i l ic a te  precede t i n t  o f  th e  t r i b a s ic  s i l i c a t e .  The e a r ly  

s la g s  in  w hich th e  o r th o s i l ic a te  was c h a ra c te r is t ic ^ w e re  

v is c o u s  and t h ic k ,  w h ile  th e y  absorbed lim e  w ith  d i f f i c u l t y .

S lags w hich co n ta in e d  t r i c a l c i c  s i l i c a t e  were r e la t i v e ly  more 

f l u i d / i n  th e  b a th .

The exact . a c t io n  o f f lu o rs p a r  is  n o t d e f in i t e ly  known. I t s  

e f fe c t  i s  to  hasten th e  s o lu t io n  o f  u n d isso lve d  lim e  and th u s  

prom ote com b ina tion . when added in  excess t o  tÿ e  s la g  gas 

o x id a t io n  in c re a se s , the  s lag  loses b a s ic i t y  and fu r th e r  lim e  

a d d it io n s  a re  necessary. O bserva tions suggest th a t  th e  

f lu o r in e  g ra d u a lly  becomes d is s o c ia te d  as la t e r  on th e  s la g  

becomes th ic k e r  and fu r th e r  spa r a d d it io n s  may be necessary to  

m a in ta in  f l u i d i t y .

The a d d it io n  o f f lu o rs p a r  to  th e  b a th  in  these  experim ents 

was fo llo w e d , f i r s t  by th e  fo rm a tio n  o f  d ic a lc ic  s i l i c a t e ,  and 

la t e r  by th e  fo rm a tio n  o f  t r i c a l c i c  s i l i c a t e  and t r i c a l c i c  

f e r r i t e .  The m in e ra l A p a t ite  was a lso  observed.

I t  th e re fo re  appears c e r ta in  th a t th e  r e q u is i te  degree o f  

b a s ic i t y  e s s e n t ia l f o r  s a t is fa c to ry  c o n t ro l o f  th e  p rocess is  

n o t reached u n t i l  th e  s la g  assumed an essentia lly  t r i b a s ic  

c h a ra c te r  towards th e  a c id ic  oxides in  co n ta in s .

The accuracy o f t h is  co n c lu s io n  has s in ce  been c o n c lu s iv e ly  

p rove d  by th e  improvement in  p ra c t ic e  w h ich  ensued from  the  

a p p lic a t io n s  o f these  co n s id e ra tio n s  to th e  c o n tro l of open- 

h e a rth  fu rn ace s  u n d e r/
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under th e  o liarge o f  th e  w r i t e r .

The study o r low phosphorus s la g s  c o n ta in in g  f lu o rs p a r  

was g ra d u a lly  found  to  c o n s is t la rg e ly  o f  th e  exam ina tion  o f 

bhe system Oa8 -  F6203 and SiOp s ince  FeO is  " f r e e "  and th e  

phosphorus e x is ts  independent ly  as a p a t ite .

No work hss been done on t h is  system. The e x is te n c e  o f  

compounds a p p ro x im a ting  in  com pos ition  to  30a0. 81O2 and 

3Ga0.F e 203 to g e th e r  w ith  th e  fa c t  th a t 20a0. siOa can a lso  

e x is t  in  th ese  s lags  suggests th a t t h is  system is  c lo s e ly  

analogue to  th a t  o f  th e  system OaO -  A I2O3-  8102 in v e s t ig a te d  

by Rank en and W rig h t. ' 1

Comprehensive exam ina tions showed th a t  pure OaO, A I2O3 and I 

8102 heated a t a h lg li enough tem pera tu re  f o r  a s u f f i c ie n t ly  _ I 

lo n g  tim e  re s u lte d  in  e q u il ib r iu m  be in g  reached w ith  th e  fo rm a tio n  j 

o f  th e  th re e  compounds, 2GaO.8102, 30a0.8102 and 3A I2O3 . 8IO2, i

They found  th a t i f  e q u il ib r iu m  were approached bu t no t 

reached e i th e r  f re e  OaO o r  th e  compound 30aO#3A l203 o r b o th  

w ou ld  be ob ta in e d  in  a d d it io n  to  these  th re e  compounds.

These p re d ic t io n s  were subsequently  con firm ed  by th e  

P i t ts b u r g  Bureau o f Standards in  t h e i r  in v e s t ig a t io n s  on 

P o r t la n d  Cement c lin k e rs  which c o n s is t e s s e n t ia lly  o f  OaO - 

A I2O3 -  S i02»

The t r ib a s ic  compounds here described  can be regarded  as 

tw o o f  th e  f i n a l  s la g  p rod u c ts  when e q u ilib r iu m  c o n d it io n s  

have been approached. In  the  a lm ost carbon less m e ta l b a th  

however, th e  c o n d it io n s  w i l l  r a p d i ly  tend  to  become more complex 

u n le ss  b a s ic i t y  and h ig h  tem pera tures are m a in ta ined , owing to  

th e  in s t a b i l i t y  o f f e r r i c  ox ide  a t h ig h  tem pera tu re .

I f  th e  tim e  fa c to r  be s u f f ic ie n t ly  in c reased  any no rm a l 

charge can be worked out to  a f i n i s h  w ith o u t ore a d d it io n s  from  

a h ig h  carbon con ten t even where th e  b a th  tem pera tu re  is  h ig h .

T h is /
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T h is  shows th a t  at s te e l making tam perat'ores some '^^2^3 

is  a lways form ed. I h is  g a s -s la g  re a c t io n  w i l l  th e re fo re  

G on tinuous ly  te n d  to  d im in is h  th e  b a s ic i t y  o f th e  s la g .

In  norm al s la g s  th e  amount o f m a te r ia l which can he 

m a g n e tic a lly  separa ted  is  vei^- low ; i t ,  however, in c re ase s  

r a p id ly  when th e  lim e  con ten t o f  th e  s la g  is  low  and th e  

ca rbon  in  th e  b a th  m e ta l approaches 0.04?^, t h is  va lu e  b e in g  

th e  u su a l minimum observed.

ConseQuently th e  m agnetic c o n s titu e n t n o t ic e d  in  th e  

f in is h in g  b a th  s la gs  and is o la te d  f ra a  th e  s lo w ly  coo led  

s la g s  cannot be o f  im portance as a r e f in in g  agent. I t s  

o r ig in  appears o f  a secondary n a tu re  and to  be th e  r e s u l t  

o f  com bina tions when th e  s la g  :assûmes a s tro n g ly  o x id is in g  

c h a ra c te r tow ards th e  end o f th e  process.
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A d e s c r ip t io n  is  g iven  o f s e v e ra l c o n s titu e n ts  no t 

p re v io u s ly  is o la te d ,  which were o b ta in e d rfro n i open- 

hearth b a s ic  s lags  and from  th e  basic fu rn a ce  hearth.

T h e ir  chem ica l com pos ition  and t h e i r  o p t ic a l  da ta  

a re  d e ta i le d .

(2 ) The r e s u l ts  obtained from  th e  chem ical and m ic ro s c o p ic a l 

exam ina tion  of a s e r ie s  of r a p id ly  c h i l le d  bath s lags  are 

d e sc ribe d  and d iscussed.

(3 )  Data are g ive n  to  show th a t  th e  amount o f "^02^3 formed by 

a tm ospheric  oxidation on b a s ic  slag in c reases  w ith  

decrease o f tem pera tu re .

(4 )  Data are  given to  show, th a t  in  a s la g  o f  s u f f ic ie n t  

bas ic ity  th e  ^©2^3 combined w ith  OaO. When th e  basic ity  

was low such com binations were n o t observed and th e  FegO^ 

then fu n c tio n e d  as an oxygen c a rr ie r  to  th e  bath.

(5 )  The im portance of the  e f fe c ts  which re s u lte d  from  o x id a t io n  

due to  th e  fu rn a ce  gases, upon th e  o p e ra tio n  of th e  b a s ic

p rocess, is  considered. Control of th e  re fin in g  re a c t io n s  

by th e  operator is  shown to  be opposed by th e  effects  of

gas-oxidation upon the s lag  and metal.

(6 ) The e x te n t to  which gas oxidation w i l l  occur is  shown to

depend upon the p revailing  bath conditions of slag 

basicity and tem pera tu re .

(a ) Gas oxidation losses decrease with h ig h  slag- 

b as ic ity  and high bath temperatures.

(b) Oonversely -  Gas oxidation losses increase w ith  

slag ac id ity  and low bath temperatures.

(7 )  The b a th  c o n d it io n s  e s s e n t ia l to  the e ffe c tiv e  c o n t ro l  o f  

r e f in in g  a c t io n  are d e fin e d

(a ) The combinations which occur in  the slag between 

th e /
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th e  bases (OaO ahd i%0 ), and th e  ac id s  

LPgPg > SiOz snd "^^2̂3 ) ^ s t  De t r ib a s ic  in  

c h a ra c te r, i . e .  th e  s la g  b a s ic i t y  must be o f a 

t r ib 'a s ic  o rd e r.

(b )  C o n tro l i s  inc reased  by h ig h  b a th  tem pera tu res .
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ÆPPîïiDIX -  A

BASIC OPM HSiffiTH OHASGB.

TABIB Ho. 1.

FIJHHAOE CHARGE COÏviPOSITXON.

Tons. 0\¥ ts . S i. 0. p. S u l.  Mn. Pe. FegO j B e ina rks

S t e e l
S c ra p . 67 3 0.05 0.20 0.05 0.05 o,6o - d a a rg e d  t o  

F u rn a c e ,

P ig  
I r o n . . 24 17 2 .4 9 3.68 0.20 0.04 0.85 - - d o -

B u rn t  
L im e . . 5 11 - M  . W* M  IM M - —do—

M i l l
S c a le . 1 15 0. 80 -  0.027 0.045 0.60 61.58 36.54 Fed t o  

fu rn a c e .

F lu o r ­
s p a r .  . - loj- - - - d o -



APPENDIX -  B

TABL3 No. 2 

SLAG ' .AND METAL BATH 8AMPIE8.

90

SLAG METAL.

Time 
Mb. talc en

a f te r
Charging

NOTES, ETC. No.

M in.

I S  - 1st S lag n o t ic e d  in  fu rn a c e  9 M ins, b e fo re  
p ig  ir o n  com p le te ly  charged.

1 M

2 8 25 P ig  ir o n  b e g in n in g  to  m e lt. No m e ta l 
sample o b ta in e d , ■

2 M

3 s 5 2  P ig  i r o n  m e lt in g .  3 M

4 S 8 2  B a th  in c o m p le te ^  m e lte d . Slag gaseous. 4 M
îü ioh  u n d is s o lv e d  L im e.

5 S 105 Do, 20 M in s , a f t e r  5 i  ow ts  Spar fe d .  5 M
No m e ta l  sam ple o b ta in e d .

6 S 107 Do. Slag t h i c k .  MZuoh u n d is s o lv e d  6 M
Ldine. I r o n  m e lte d .

7 S 130 Do. A f t e r  1 cw t S pa r. S la g  o p e n in g  7 M
■ o u t .  B a th  le v e l .

8 S 150 Do. S la g  more f l u i d .  C o n ta in s  8 M
u n d is s o lv e d  l im e .

9 S 175 Do. A f te r  4 ^  c w ts , F lu o rs p a r .  9 .11

10 S 195 Do. C o n ta in s  u n d is s o lv e d  Lime. 10 M
■ M e ta l, gaseous.

11 S 207 Do. C o n ta in s  u n d is s o lv e d  l in e .  11 M
S la g  o p e n in g  o u t.

12 S 234 Do. Do. B o i l  ooimnencing. 12 M

13 8 255 B a th  c o m p le te ly  m e lte d ; S la g  c o n ta in s  I 3 M
u n d is s o lv e d  lim e .

14 S 274 Do. S lag  o p e n in g  o u t and b o i l  14 M
in c r e a s in g .

15 s 295 Do. A f t e r  19 c w ts . S ca le  fe d .  15 M

16 8 318 Do. B a th  b o i l i n g  b r i s k l y .  16 M

17 s 337  jx>. A f t e r  12 cw ts. Scale fe d . I 7 m
S tro n g  b o i l .  A c t iv e  s la g .

13 s  353  ]]o . B o l l  s la c k e n in g .  S la g  f l u i d .  18 M

19 s 331  Bo. F u rn a ce  ta p p in g .  1 9 'M
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■APHSNDIX S

T A B L E  NO. 5

BASIC QESN: HEARTH CHARGE.

OALCULATED MOIECULAR BSECEHICAGS SLAG COMPOSITION.

Slag Time 
No. I Mins

SI

82

S3

84

55
56

87

0

25

52

82Ü
*105

107

130

814

S15

816
817

818 

819 

LS

274

295

318

337

358

381

CaO M#0

30.87

40.

88 1150

S9 1175

810 1195

811 I 207

812 I 234

313 I 255

6,66
8.05

47 .7119.14

FG2O'

6.03

5.39
3.68

SiOg Po(

52.20 8 .95  2 .95

46.0318.37

50.02

48.68

8.26

9.06

1 .40

0.90

0.61

48.1718.26 I 0.33
;

5 2 .8 2 |8 .4 5 l 0,56

56.69 I7 .86 I 1 .05  

57.22 17.6 0 ! 1 .13
i

56.83 |7 .8 9 1 0.99

57.29

56.23

53.99

7.70

7.62

6.75
5 5 .3 1 17.72 

54.41 8 .40

54.44 |8 . 09 

54 . 5 0 I9 .74 

43.66 8 .73

1.28

1.07

2.17

1.75

1.76 

1 .60  

2.05

3.33

7.70

11.77 

12.99

26,51

27.62 

28.65 

27.83

26.62 

21.87

21.45

20.64

21.09

20.61

17.38

16.78

16.16

16.17

14.32

0.85 24.72

0.27

0.51

1.23

CaO
p lus
MgO

37.53

48.88

SlO?
p lus
P?Oc

P a t io  
CaO p l'u ^  MgO 
8iO 2 p lus  ?20g

5 o .oper

O.57I 61.15

I 0 .70

I 0.76 

I 0.81

I 0.78

I 0.78

I 0 .82

10.83 

{0 .84

jo .83

I 0 .84

1 .16

j l . lO

I 0.88

54.40

58.28

57.76

56.43

3 .60  I

8.21 I
I

13.00 

13.56

27.21 I 

28.38 I

29.46 I

28.61 I

63.85

60.74

63.03

62.81

0 .88, 62.53

0 .74

0.85

64.24

52.39

6l . 27 j 27. 4O j 

64 . 55 I 22.69 I
1 i

64.82{22.28

64.72 21.48

04.99 21.92

I2I .45 I

18.54 I 

17.86 I
17.04 I
17.05 I
15.08 j
25.57

10.42

5.95 

4.37

4.51

2.00

2.05

1 .96

1 .97

2.24

2.85

2.91

3.01
2.97

2.98 

3.28 

3.53

3.69

3.67

4.26

2.05
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