
Glasgow Theses Service 
http://theses.gla.ac.uk/ 

theses@gla.ac.uk 

 
 
 
 

 
Earnshaw, Ian (1959) Sulphur distribution in gas-metal-slag 
systems. PhD thesis. 
 
http://theses.gla.ac.uk/5032/ 
 
 
 
Copyright and moral rights for this thesis are retained by the author 
 
A copy can be downloaded for personal non-commercial research or 
study, without prior permission or charge 
 
This thesis cannot be reproduced or quoted extensively from without first 
obtaining permission in writing from the Author 
 
The content must not be changed in any way or sold commercially in any 
format or medium without the formal permission of the Author 
 
When referring to this work, full bibliographic details including the 
author, title, awarding institution and date of the thesis must be given 

 



a U LP Btl n D I ·6 1', l~ I D U A, :&0 .l!

u
L -_ a L. A g S, ,le ST, ,1 Mi'S.,,'. . I" , ,

fU 'SIS
=-=::11==-

"

·~-u ,1l"~~! •.B.sp•• A.l!~V'li.i\



BEST COpy

AVAILABLE

Variable print quality



TEXT
CUT OFF IN THE

ORIGINAL



SUMl~AHI

A study was IIJl.deof the rate of absarption of sulphur 1n

grams per minute from sulpbur dioxide - nitrogen gas mixtures by

molten iron and iron containing four per cent ear-bon, The ma:x1mum

rate of nitrogen flow and partial. pressure of sulpbtu- diOJdde was

350 ml/minute and 0·06 atmospheres respecUvcil¥. The malts were

contained in alundum and _gnos1a crucibles at 14000 .. l5500C, the

gas being blown on to the surface of tho metal arid oooas1o~

bubbled through the metal for mixing purposes by means of an

alumina tube. Samples or metal were taken periodi~ and

anal¥sed tOr carbon and sulphur by combustion methods:., In. tm.
iron .. carbon melts the rate of carbon remQVal \fO.B also 8tudied.•.

The effect of up to three per cent e1llcon OIl tbe absorption of

sulphur and cm. the removal of carbon was noted at 140000. The

etfect at SUlplDJron tbe so~ub1l1tl of carbon in 11'0./,.. carbQn ""

sulphur alloys waB found at l40QQ Oartd tbe.l1mitB at the' .o1bUi~·

.gap at carbon aattu"ation wer. determinod in. th113system at 1300° .

and 150000.

Tho equilJ.br1'1.1i1aBulpbur ,cUstrlbJ;tlon betveen lrol1 .

o.x1q""Billoe ..ma~esla 'Sf&a8 and; wt.Dir. 0.1) 1550°., 1600°, and

1650°0 .. obtalhed. . The Jd.n1mum ferrous add. content at

tMse slags Vail 5$ Il101 per ·cent.: tM Feaq. oontent of the BlAg
, . ~, ....., ,. " . , ,

wu 'convwrted ~ Fee) Gn'~ iron 'bas1s~ th~ slap bling anBl¥Bed

"
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tor FeS, FeO, Faaq" SiOg, and MgO, the metal far S. .Tba

(.1:21
[

" with mol
Q, ]

variation in tho sulpll.1r distribution ratio,

pe-r cant FoOTwas found to be independent of temperature in the

range studied and was given b¥ the 8~r.ssion •

The effect of magnesu. and s1l1ca on the cU.strlbution ratio ot

sulphur was noted, magnesia and si,lica being fcmld to lower the

ratio b¥ appr9X1mte~ the sams amount. Using tba re~van~ ,
a..

therm~c data the sulphide capacities, (1.s)~J#ii0a. ot \he

pis. '
slags 10 equllibrlWll with the molten IIl8tal ~ ,1'9Un4~" ...to inorease

with, 1u.creae1ngFe~ concentration aDd v1th increasing teJJlPGratUFe.,
, ,

T. absorption of sulphur trODl a 2 per eent, au1pb#

diox1Q... n1tl'ogen gas mixtUre tv' lIolten 4.ron oxide alaga held

in ~gtlesia cruoibles was etud1ed at 155Qo" 16~» and 162000.

TbQ pal"t1al, prea&Ureof ,ax;ygen 1i1 tba saa phase va. calculated

frOIl the terJ:'lc ~df oontent ot the equ1Ubr1ua alag and t.'JIe
. r ,~ '. :~

#

par~ press~. ,Qt' 'sulphUr ~ tile sas pbas ... oUcu14~q "CIi
. " ~,_. ."'. I '" .

the ~QWD ~~~c 'data 01) ~ gaseaue cOlJl)OUnds' of SUlpliJr aD4

OJqgent- ,he eu1.pbi.d.:0a.p401"',,, ua~ y ~~. ~ fr_
, ) " '~',

absaL-pUon powtIr" ot ~e slap t~ sUlp~, ~M sulphlde, OapaolUt.

, obt.a1Qed frOSt ths gae .' .lagtaptr1miintasd1ttceQ fl'~ 'thos.
'-',' .
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are given far the differenoe,,_

The absorpt1on of sulphur _from a 3 per cent sulpbur

dioxide-nitrogen atmosphere by molten iron oxide-eUica slags 1n

contact with molten iron was studied at 1550oC. Samples er slag

and metal were taken almost s1multanoousq, and the variation in

the sulphur distr1bution coefficient with percentage FeO;~l1rOi1ghout

the run we obtained" The slagws found to be in equilibrium with

the liquid metal and not with the gas phase. fteference bas boen

made to the applioation of these results to tho pick-up of sulphur

by the metal in the open hearth furnace during the ,melt-downperi~,

. ,

, l~
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Wl h 'bhe increa.nd production of 11'on o.nd steol tUld tho

demands at ali 111du..'lWtor greator qua2ltlUes of oool and "'81 oU,

the re~erves of IQOd quo.llty 1'4V ma'arhls 1l8ed tJ.Y ,be iron. ODdsteol

1ndUs\17 fU'Q diminishing rap~ \hl.'wghou.\ tho WfM."ld. 'erf_c. the

1.ndus't.17 fl1UBt u e cres, coal. all tu.o ol1ot pOQllfF qualltq eaob

year, whicb plaCGS an incr ~1ng burden OIl tl\e oxtro.ot101l and r.i'l~

processes,,· As a resul.t, 1n recent Y06l"S, tbet ~obl.", ot S\.~hlUi'o()n't:.tG1

*~ghcut tho prQ<iuet10.n of lron a.n4 Bt$elllu(~ au'il!l3d gr."t lpU1eance

a c ainlg 1n tha uoq futUre wU1 boo~ 01 par8l'lOW1t ~tan(t ••

The " ,t lnpcrtan' 1IfI~ of GUlp" ...mcNnl 1n ~b ~h8

blaat turMQe and, steel _ktng t\u:1:mceb__ dn$l. 1iit U14plDl' b-

tal. \0 G,kn,TbBremevnl Of dulp~ tt·01I tl1e mqJ.t.fm,.tal .. t)tUtft·

tQW14 to 4,opend lJl)Qh a nw_I" ot fM'\Oi:'8, .• 'S. ocq,.lttlonot * llA.,

_W, and ,pe pbBaee,. oontac' atea. ~_n\U;r., WW sulpauz.,~.
"

and tbe: de"fi.< ,qt ~t~nt, of .q11J'Ul#1_ NIOI'I8 tbit ~!!fJUI pna,otrt
be .lnll p&atMt plq. "',t= tho mos' ~tan, pBl"\ In aul,bIQ:o ~ ,otal
in bQ, b ~. blABt, IUd '-8, ~, ~c ... tmd n ~,. ._ledge , '

of ~ cbatdcal ai¥1 pl\Vplcm3. ,pJroptn1a8 ott ,btl ol&fPS s~ll ao ,.

to belp C1U1" UDdG'a~ 01. 1htJ, if_aU... Inwlvtci tn, ~ liCW_n' •
f ' ~ ~ '_"

-wpllrt ,J,a the ~"'. In \Mape." ~aHl\ fU'ttnt"H __ au. ilmw...
pUOlt&J 'bp.~li)etm ~11d ,au\ 'OU~ .. ~, 1t~U .. __ w4\n .....,._

.. eua.g... bUt wl~ lI,t$ $\leo••• dllt tQ • ~qlex1tr01 _ ~.-W.fl~.~
%J) \hi ~_, •• "tIUlJrSlua •.u.... CIfPt M .~



of the slag and matal ol)taJ.n.ed. Shtpl1t1cat1ons Bl"G adapted ranoh 0.8

tho st.udy of onl¥ two pmSGB. e\.-f;. alas-gus ... sag-metal. !l;vell here

con;>l1caUonB arise as tho stu.dy' <lr clWlUcal roacUons 0.\ etee~ldng

temp-oro.ture& is rathEir d1ttloul:t. furtho;'IilGr., molten mu~ fl.lld trOll

and. Gtoe~ ld.ng sla,t8 have acorros1ve llOt.ioB 011tbeoon.ino~8 t.md no

refractory Ms Qoen toun<i ,,,blob lu oottpl,1te:l¥ 3I"eslGtan\ to tb1.s Ii.ttack.

Alumina, silles._ drcOllla_ boryJ.l.1a. ~or1a and_ansela .~~U ettael«t4

to 11 granter·.. lesa d.egree, wb11e noble _'ta.l.a.j "bleb oo.n be used tw

ro:eults obtained £)romsuch stud1_ er. c~U.cntod ., tbe ... ideal

behaviour of raoot of' thD, oon:,0l19nts til sol"U_.

The ~ols Of tho .ga.tI, phao. ill trOll and I"elmatd.ni. rau' ..

M.8 up \0 t-M present be.l1$OlIlO~t Mgleot.oii, bU\ ~ inwe,,' loo

nW bOlq shOwn, no dGUbt d_ to ~. Sa_oduefiiOft ., ~, Md ... ~ti"
procctaaes, f)t .-4lJIa14ng tI~ .... W tt.otl .. Wl'tfWI~ • DtV

~4h ~ gaB. ··p_s .. 1$ Of' peat.siBnUlcU1Qe in OJ>onb~th

atoel.mak1n#J, ~ the tI1Od.n 'tQl.nq ls 'et Wld ou. ~ ttil'rtd_ •

.J)iIpotlftWj cm 'he aulpllwr ecm"ten' of 1mta luel oU.. llppr:4o~b1e

quantlUesot $Ulp~ ~ ~""QJl ,. pa p" to \It4: !\m-Off .~

,It M$ b~!~tetabli41»d'_a' tbe aon\ ~ .. ..,. \imIt '~ pick-up .,

e,ulJ- lnet1..n ~ .. ~ *ll:. ~trIg -.1t, dOWliVhPll tb.e .. W .la $ti

,«Umt~'non_otw1~ • pa , ... lUld •• .-ctt«letted tv a ~. ~"., .



Dist,,1nct advant.aps Qf ua.1ng gaeOfl in labaratQry ex.per1menW

vork at"e cloae con\rol Qf composition, and milt'. 1qlOl"taJat tbe roasc.m.abl.o

o.ssu:r~tion tthat the in.dividual corrt>0Tl4n\1J of the gaG plslse b&1\u1VG

1deall¥ at steelmaking 'omp8ratlttoa. Tba t.h.....mQdynamlcpropel"tles

ot gtlBGa and tb.eu· gaGeOl1B oanpound8ue also t'onuonabl¥ well

establiMed u.t theae temparaturGO.

fAG preeent1nvecJt1pt1on waG eQn.'C~ed mtJ.:nlJ v1th non~
,

.q,uUlbrbul condlt1<mfl, Md tt _e p1"~ed to atudV tno l\eQrpt1<m

of sulphur by mo:~tln~e 1t'vn, il1tlQ ovbctn l).?on, tU1d aon<bdd.

slap bold 1n . 19na$S.a QJruclbl4Ulb'oi:l a nt,\Vogft a~l_CI centalnitts

oulp~ dloa1de. As, \llB. ptl.bli&hoa l11;Gr.tw. _ .~All_U.
,of aUlpba- bEt'W~tln tRl.\on ~Gn and. !Jr__ Ad ,ttil10n.Blap \Q t~ 1,0 1M

,,~ eCa11ty~ tl Gtudr ~. 1IW1tt, OZ Wa ~brtl_ a·.15~ .. 18$~,.

A ..... I~br1Wa IJtttltit vaaalao~a.f filW '.m.t ,"q'rtem '

~t) iY." hton Q1d,d. ... siUea ~Ib cmd bl_~g."\ ,parum_Wn;

sulpnwr <llO:ddt..





f"U~tm.t'O' perta~ _ ~' mWSu.t¥l"Qft8 on a

lA- ~ fiG voll QfJ IXlA Wli'U ...nlQ; I" -.e.u.n~ ~~.
As t. M 10 po&aaw. It, la FdpOD~ to tl~ 'oW¥ with bbQarft~

,~'" "'~ ancl \be pW3l1uhed Pf'Poll'8vUl bQ~,&ftl~d1ftded .ala.
GQ (Jl'~b ... , ...

1. tlu· ,tnltlnVl, _ptlQl1$*

a. QRg....tnnelft~U.\I.on8.
S.I$k ....lfift,n,l :&lve \1gaU,tmI.

,twOi$ ~. ou "".vl!t1~ •• of C#CMJ'fU' tltmlblo tli,
'WQr'.1" Mv.Cl\ftW .1' mV«l.,UgatiWi8 $llslnU.,.r >~ -~,

•.qaU.l.la .\. *' ono 'tlfle. li~' uU, _ \M 1. ,,'''1,,''01.
l"etm~ ~ 1n tdds, ...~lCN '._ ~ ~l·i.t4OU' Q,S_,Blall '~M

Glef\Wc£.&" lin\ha iitltta ooMi'iorla',"._a\t"u \f~'" Dr . U~

to l.tOO.~" *_e1l o<Wtru •• b ~ .. fUld "'~~~ ~,~,.'
.,.

Whl_1., ,Md ~'.'. ~iDe4 '~Mutlitct or l', ~
":, ',' ;. it ... ,i.._ 11Ft.-t'!> .. h...........:t,. Ii\_"..t~'" _-_ 4<"",: ~,'I',tii ..... _;-1"''''.- II'
". .,.~ _ aq .UtI .-.r" .,.. ~J~" .....• ",,"'1't'l' .~- r-"'- ~ .~~n~~~~•..,

!'UW.IiM"'~ .~~ _I'.1t ,I.lMt" ~,_wa .... .- .• ~_~,~bt."." .~ ..
·It ~ 'I·~~~UUII..'



•Vh~·I 1R wl,u 1ft ",}luUQA1n 1r_..~ur. and llloobGt

.~e4 a lino6#'t'.l~ltl.on#ld.p t»mctn ~. sulv'- u.'en:ii of •

~W and ~ rt,\\lOJ .'?&..' '. . • fbf1lr nmlk.\lblok COft~od UII\ang,ot
»1t;5

aulpJawr content-n ftl'0ltt 0 "',9« j ,. .,.n\ uulp,'-' t did llfft)· "".eh

.qtU.UWr1ta RD 'MU OJlUu1b1a~o t.Jr. 1Jlct~blo of r4a;t(t\lltlacdlBftl<mi

at . cm .. ~, I'eac"ntt aubat.&wQ$ r•. ~ ..~ .,i""ltIiuutu ..

·".lr IUldBll3(#~ & 8n'_ted equlliliW1i\JAcu~ I. .
( ','

'\lt~· . . .,
filii ~ ,~ 'lw\ Qt Cba,p.nl a.ncl tea ·14wMobtalno4. wl'Wli Of

O-Q049S t. \t.w.~.,\ o$U;tAft:' u, ~. Oblpmnn tUl4 t'~~
..

. 'd -Id' .~~d.at1n4 .171UA a,ttlB.iblQS f.nl\4.1.:W, ba, hu4' ...
Qf>Qaliiable pWk Ul) .,tun.,_. "'.~'~Q.. ',~•• pl.laa••

1'M, It, . 0M4 '}wile btwi.f1: ~lblun ·WIdiuac:tJOt14 ~, 4U ....

be '.ueQ..... Vlllttc Wld ¥1'of tt,uv.' _I ut.tl'bQt .. (tu, ,po tAl, Ultl ,.'

. ~aJ.k ~J.l4o: '" tbe lA"..o3'., b.l\Qamt .k.~ It:\ __

: '. b ot '11 .. lau, .~ .. "'.,lMnld 'M .---IJ..ilqwJ'J ~,

ca.::tt: itiO "l.'m'n~.!(J _Iml d ,rut.'. tV .... oI ... U J"$.~~.':. "
• <:y4~

C~lt on~lV in; tM~, ,__ tit Ii. "'»*41 bfl4:.t la ptf..,:~~._~~'j tM~'~.··ol~. "ft*,~~ '.'1i.
~ .;10 '~'fl

.,.... , Of o.~i '. l_~.WMoJl ~~" ... ,.,'$ ~t.·.
~- ,



.~'t#1na UO.mltwlt UM tJJ~'t.Gt Oh1PI'lll·lllfmd fa; lA. ~tf·13duo· to..
,blS aWeon p1(}lt:....up. tict1r~and WWio.r»~~tct ~\, ..

~~\S~ "- elltQQn OOll on\ or 'laD klimt• 'IW lm.iLplur n.QJr~ __

t.lW ~w. ~. 1~ 1.drOglJnI~.B $Ul.pi~ at~_~ dOfWonJt ••

AB~I Cl etau:dtlr'dp~'t i\n "bios "• .,,"1 om;·1iDll,M•• pu

een\ ~ulptw 'hu~ Ob~J!d u. .,ll.ue> ot t> (mit ft' w.:u~~,. \bit

~ldllblrt_ 00f1tS~'.; Wwn ,~, I)tt~"., ·a:U.ilc.'_ Ibfl ij,C,l.VS,.

~l.ittil1) Ott INl.pl __' tnual,- "OD It~_lkOlJ lnW QC>tlJll4eAU.

&1tl b Jr.$ll~ ut tildt4 M{i .U¥ •• teelM ft... ~bgJf'. tdwk

t1I' .... w oonl'tWl' I:e ~.n .Ntt.t.l' belL_ t;bn."" ~,WId; Itl14 ..
.'t

, 1t't.-l1Itmtt~t ~le titvl U~. ",,~~~ GI\ •

pro~.'J __ . widell u" :eM'.• \Wa".. or ,*".:t'wt8
~*' :"))"' ~~fJtltu tW1:P~ BeUvtflr Q. :t&tU**C.> t~ .., . . . .,' , .
ant aa~. ·1otmtt\iJi·\ ~_ .~da j~ •. _, ."eA_ ."., •
~.i· (In fl_l~'.,.(tJ~" '~u). * ft~""'__ .ttI... '._

- ._;" ~ " /.) 'I: ~ c , .,

auJt. '.: '.lI" ·,'A.ii. ilIft.....,.........: ,000Jl ... ~ .. ~, .• r:- __ -"ft.", JI'O/iI)' ._ •• ;11.• 'l1li et __:cl> t ~ ,,~,.~. It ~l\U!f _ .... " - -,~ ... ~ PloNiJIII_ !'!II"'"
,>' .,~~. ,t'f"f•.w,··'Q~'<d4. b'o • ..,itIft ·14••• ·.··,... ~ ~.~ .....

.~ ~~'I~ 1.~ldA··~", In .. '



mu~Otlf1(l~l tv. :JiJc. iron a_ ib '\fU, shO\m \hn' 4' low oQM.nQrjt~!",

_eh nt.om1o pal" een' Qt" (} OOll 111t':r~ (1 thQ Htivitq uuttlf1.tta$

Gt fl'Ulphmt __ d.lt p. cmlltm"ab 1$ in i~ a~"~' wttdl __

"lJa ,84 1Mroo-e •. Qj' a!x ~. sown p. cell'_
2,(1;

, SiOOCiupllInn ltwd'iflflttJd 1M ·efhfYl

'bI

cmeOltvn,UQf. ~ 'I. tcqr P .;an* .. '_»1 na' _ ... a .~

QOIWt)nn"\ ." lifmplllcOAl _fa- tpGltktAcm '" .-0 mlli,latr ~ tl \1fu.

value t«l1 ~ ~~mt. :tile lntiL""Wlvd~"~"'«*" __ ,

usa4 R ~ ~'-~d .:ttl... lI~tln •• b ~_ Qutl8on~._

\mfI r~ tv "mr~ast_ un'lVl" of maplE fa \1. _1'.. ''M•
. lmm n1sQe~ ttl_Il' 'i'uJ1br ,.k .,Its .. '- ~<*l At__ O••

•WlMl ,ha J:'ffAl1 01 ~~ ~ WUlI.tl*' ,.,~ ~IlW

~. ut Of ulIl .. M'Id n_l",,' M • u_~~,.,tAM .,~.;m4;~ 9t
(10"'-'''. - .... ~ .. "',.... '., "'.....M•...'~m:r"'" _It, .4" ttl 'llU~t.__ uwl:.~ atid ifU~,

~ .. 'lit) ",4\."'.' aWtttll•. ,,- ...U._' of ~p_. I' ~ &,...
'.' "'t). ".

oorwlu .• ~t_u)., lSl."'.Md .... tbR'~·_11i~

., O~ aM In lA •• 4ft -r- '._*ftIll 4UIUflA.'.., ~.

.. :1'15 t~ \ta, _l. J_f,~ ..~t4 ~ ,a"'''''., .:cattl-d.q .

mMP 1ft ... _ ~~. - ,

t.~ ~ ~~J;;' .... 'lfthi _. ..... ~.::',,"
..

~ ••• n\O ,Wl4',da. gf' __ r, , •• 'Iid Id MntM....
......., - ". ., < '. ~ '.' ,' •• -, ~""""~1"l""_' .,

~~_f,~',l~ .w,••,~d4 __ .. -k'



- ..

aO"V'1\1 cooi't1c1unt ·of mU~ 1Ji flUlt\Onk_~"<lYllS

o a~ '_ao Ql~.. 'll)_. datil" .. uopputr UflIW:\k1l11 boa...
hs wmtkof ~a' and ~« 1\ \fQM t~ tdlt..,phGa~ ....

~, "moon 3;nd .. ~ iMrmme4 lw Q~ri.ot ~,
pim-p~ .vlq tbcJ: UIl$\cetf.fW\,and cQ'" ,be 'lOu*, wt41.

fIOPPfJ.r"~)aB.fI and ~I$ Wlur_lIm1bt u",':lvlV' Qt·lNlplW_

C 'J ·.VJ.r.18 t.be leeut, etle¢ Imd~Jl_ ,. . It All 1lJlti.

•~hto ~. _a:-IU.I-.4 'n; w~"h' p_C19I't~:GD. <t'_.,~lOd_
O.'~fd.nane".'. c_'~,1ontG ,,. 'ft~'~ .t ... w._ OWl
(f~etl' •• d~lop4d .b \1* pt.J*l*,,1I :It\ ... GhQllm'b,~,la ..
~" ... ~ q$ ~ .•et1:'i_·~tt(!'etl', tmn ~.·d

.QL' -14s: t •" s
.• "4ls •

Pc.

f~II ~¥t ••• 'ffieluaft Qf m~ ib t_ ~,~.~ ~ .lU,,_



cllu e ae' cm'btl au ,vuq '*J.ft'1.alon of

aqu,t:vlllftnt ~'of :As add ( tiC

."lit, ooettlo1cm..,

c tIled ft.(~'of
A ...

, "-lV 1$-$ , _.

~n.¢. 'fft .CJolu

'1_ tn • blruJ, tu.mu ..

11':" _ i low Wf!ID.~lIIU'. ~"s ,

'f

~.' .
l.*

«§i8~_tJ;'i ". nc1:-
.. l'!'..1.IJ8.d!U',In, .1\4~. ~

~ h1gb ", ·tlo~

_ 'lIing h. V~'

u" '"ft1rlllm·tloD .,'.<Pf.U!' '4.U.a "



liS t.#Ql"ko",Uil'lJtium u4Uld not be a'ta:1i1S4 dUQ \.' tAil.twfl or

tMetmclbl«Uh ~he 2I'{)sultp 1ndloa~, 'kf' the t1Ml aulpbu.r '.co tent was ~?P~ n&l. ~() '" JOn".., /1". botil a..._. Q~, al

tmd IIS.Bcllot oug ted tGllOldJl.i ~(!acUon - 44lQCUn t.
orp, 1_ ulphwl'_ pnqat

• (l1q) .. ,

,-- JJl'

,.
_or·,'bie- .. be

•Tn J.4. , _. ".. '.'

, mktwr" of • ~1.__ s· '0" 'M~!nq. M fNlp_ ,tck-oqp

,. ~lti'rlthou.ld .~cnatft\ l,~·i·_'. fr_ ~'IG.'

..hA.1Jc t~ 1t:ftowt1l to ~JI !ne ,"r. C~ end tl 1.4 l~.
'.,.4 " .'_'_,I'Qa.$, ~
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'. ; 1 '~.ll••le:$d \lan *-'t aJ.Vl~ftcond. .G4... 'i)l\tt 1_ prct'8"_
~"":

'dO of '~wn: i. 1, '\l' tbwu'l' ,."' 'ltwlPl 4:"~ ~ ti.ta3~
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Fig.2. NITA.OGEN FLOWMElER STANDARDISATION.
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Stlll)llttl' d1QK1de firom t.llo flOi/ll'lotmi' l):\$Sed. into toM rli:t.at' ru:ld una

diluted '};),$il:'@ with. nltroi~on. 'l1~1 thOl.'oo\;lllg ~d p_6GO \ml~d t.~%1
/

pnr..sed tnta a MUt.Tnl 4 'VQ:W1IU! lJulu~10flot ~{lrogQn l')Ol·QXi\d.,wb~1"o

tbo Bulpbttt1c :tc1d tor-mod llfua neumu.1s'od by s~·d a:(~.U.um

l\vdJ'mc1dG. u 1nJ$ m~t!:w'l rod fiU un irltiioot.01". 'too t'd:({)(1 ",W lme

paGGed .or ten m1nutriui ~brou.gb the tUllutlOfl Anti t.b0 vollUM otsulpbW:'

dicrd.d. n "3';0 M(i 160 no L'Wl"ou.t'1 aalcuM1Wd tUm g:rallMd ftit' d1fferGtl\

puge l'~ad:lnlP3(flg.4.J. . UUt'Gl:ont flOlia~R~u of nitrogen ilwe

t.r1.od (50, l5O, 3ao Ull/I'lli.n in crunt UOlllGof' ~oo su.lpbw.· d.1<m1de \Ma

blfJ1ng60.r1-1·ud (>u' ot t.~l t30luU~1 and nQt. l'»1ng ~ld1Hd, bu., it. ~

f~md t,btl t few n t:l.ned '!ulpbul' (tiox1d.G fjtu18- read1n~ t.lltt wlJ''''

diOlclde ~'Wlle t.¥ tb1s Inf}t,hodof 'BtnndNrd1&ll~lU.oa remin. tl tbtl 8ft ••

Ablo.,"'P\1onof "blliJ wlplnU' dia:d.di in ftc1dulaed _tc.

and t.;Uirtlt.1<m 'l4t.h fi ~""u\dt:t.rdKI/KIQ,sQlul_ wd.ng B~b. M (lA

lndiea~., WIUl Aluo Ua6d o.nd t~ t\lQ dlU't~'lJ:\t cbtlmlctrtl an hods Pft

Q~GQll.en 3gr6Gl_Ut" ,ha 1\vdroglJl't p~Q:dd. IUt) lcd, 1.\"·~# _#I

preiQrrGd due tt) t&tt (lUGQ of utanruwdioitlg t_ d,(to1n.01"C_l _•. 1.Um

l'\Vdl"QX'1du.

fbin ~~tU_'lQf1 Gf '~tnllp1YUil' dl~id. ~W~ \Iilifj __

uned a n lfOUfVl ~dD to tl~ lrl"'''S 6.$ tm JlUlpJ1\D" tU.sW. cGnttm'tt

of \l.ift iNl U96:dft~1nAJc1 botw."'O, tlUt'inS, and {lntll"tmlq l.t1.

~J#\.q.,
fho I'~~~U~ tta-ruleo (It) ~1g.;. &.c ..,. A 'VlJJ"UcJlll

roolt.fbM.:OO tU}"nnm, _tid \d.\h l' ,,~ ~W.llWl we ~tnl Q
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