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fMs is mvtltj timt tMs- work mmm earrled out 

^ aut&or in t̂ m Seitool of Ctomieal Eagineeap^ 

iagt ^^ Wales of t#elmol®gj» 

0f thm tos prwiomsl;!^ submitted tQW 
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fhm amtM-or to ttoa^ i^ofassoa? Jato Balllip 

Ba3ct«r, t 

M.I.l.Aust.t r.l.A.S*.^ ¥ie# Olaa^tlior a M Frof^ssoir 

Qf lugimes^riMgt ^^^ Somtk iales iJaiTOr-

sltj of Auatmlimn 

OliBmî alJi Biirisim, Industries» for 

M s guidmnee ani. iMtrnmrnt in ttô  progress of wox̂ k. 

ftoa&s ar© t© to* Brie ^ . B . , 

for M s most mBil aiirioe ttooia^-

omt af tMs warl̂ i ta Mr, fr#4@riek 

f®^ of Anstraliiuai lisairy 

Colombo Flan Amtiiorities 

im Amstralia, a M ^Mstmii for thM 

m e faM-g^iag ĵ̂ ragraam®; aat to 

ftoistas Imdmstrial l^wlop^at O^i^^mticia for 

suppI^SMg t M mmmpl&B mud gifologieal data of g^Bum 

m3Md Ĝ rnlm 
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A B Z f k Q t. 

Thm mim of tMs wwA was to investlgata tka reaotioaa 

im tba mniifactmi:^ of atilplimrle aeid amd 

etiasint from ailles a M a radnciag agant iBmh 

as coal or Saall am0mats of irom a M alaain-

iw oKid#s uswallj oeemr in th& raw mat^rtals or 

A of the rml̂ wmmt lltemtar© is aad 

t-li# - 0f the principal possible mmtionm 

hmr^ connM^md* fbM tM^mtlcml bmkgr^uud of 

aad solid-gas im 

11© priB.eipal of iBTestlgatioa was to h^at 

TOa?ioaa mixtursa oi thB mmc%mn%B to 1400^0 la an 

el^etrie fumaee woimii witli % platlnum-rliodlm alloj 

a M to ©stiisat© aulpliiSur produced aft^^r 

Tiiî ious tiaa imt#rrals-. 'In most am 

o:s£ldigi£g Bt^mo&pimm mum la a an 

ataosp^ra of mitrog^n mm Se^sral jnms w0r# 

also sa4@ atllOC3%* 

of of tte© complete- Mixture ware 

.measuradt as as rat^s of reaiJtiaii of simpler 



up of or of tto comstit-

memts* 

Biffm^-ioml meeli^isms bj m 

eJE^stal Qf gyfsuffi ia emr^oHi ^ ^ tmeiBg 

the p@ii#t;mtiom of thm siilpMiii imto tls0 ̂ jejs-

tal. 

f M petrologieal axamisiitioa of thm mm^nt 0Xlak.0r 

was ^mt aiad. t M coisgpositiuja of the pkasas 

A miMaiim commntm^tkon of 90S of 

trtealeium ailicmt© was foBnat* iadieating a m r ^ 

©f cXimfear. B^ amploying 

reeosm^Mc'd eompasltioa of raw 1«5 toxiB 

of mmeut will obtained per toa of sulphuric 

aeid A d#30riptiaii and eost coiisid#â -

atioas of proposed plmxt tor thB in̂ iiBfmetura 

of milpliuric aisid and m m n t iiavt also h m n gtwmu. 

A gmmt deal of effoi^t was diM^jted to tvolvl^ 

and stajidardi^iag satisf-acjtor̂ ^ Mtliods for uollaet-

ioa amd estimatioii of tlie pit>dmcts# As a resiilt, 

a M g h standard of j^eprodu-eibilitj was aehiewd. 
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Haw mM^Ttmlm from gjpsm and coal^. tx'om 

mhl^h m'm was a lso pmpmm^^ mmm used to dattspmine 

mhBthBT m ^ mmw featmr#s mmm latTOdueM. 

I t was. eomolmilad tliat tk# PaMatam mw sat#3?ials w#re 

tow- mm tm tMm ptoc@ss# Th® 

mmct im wmm fo%md to pro&md e k i e f l j tliro^gk the 

^reduction of c a l e i m smiplmt# to c a l e i w smlphide 

and of tli# ^alelmii smipMde b^ m m t t o n ^ 

aa ia l^ witli additiomaX ealeitia sulptota^ .•Some e a l -

clvm smlpMde r^aetad with f M r a t e eoatrol l -

ing 0t#p was tli# i?#dmetiom of ealeiiua mlpl ia te the 

s^xir'ct of oarl^OB. 
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^rmpm'a.tlmmt 
4iim.l,jsis eoaX amd 

Chmptmr f l l ••• StaMaMisatioa of mnml;ytical 
mthMm mM pr0€#4mr# for 

C^apt#r f i l l 0f ^©actloas, 
©lisk^r amd -of 

of b&IM TOlid 

@f til© eernent 
clinker: jLXf 

jtudf of 

Chmpt0:t IX mad cost eoasid-
arations q£ ^m proposed 
plao t̂ for tl̂ e maimfactMi:̂  

3ZO 
Pr^uetion of suiptaria acid 
and mm^XLt 03a lai^e seal®: •• ^xi 
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4POTMI IIJ • data of 
ami tolDe: 



CHAPTER I. ^ 

iK^E-iuti^icy. 

•^listam mtmr^M Ilf# mm a mml^ ms^l^nltwtml 

vmimrgmm m gmmt fbm^ 'MmtmU^ agilmltiirslt 

it hmm hm^^mm It tea hmmn rmliBM^. thmt 

i» Titw 0f th0 M i i t m l t l m in mmm^Mg rmml^x"' m ^ p l i m 

0mmmtt&l r m mtmrtmlm- m 4 mp^tml ^fui'^tat t r m rn^m^&d 

teiiMt^its imist ^ tailt mf m ^ A the prm^ctB of soil. 

The 

IB falistmm i@ ®#lf fit of frtseBt 

wrk- t© stmij th^ mtmlm^tm'^ of Mlpfemrie mm4 t^mmt 

iwm e^'pmm^ 1» f^Biit to slwiiaMe© Ib Bakistini mi, is 

a s^tetitnt'ft f©r Bemre#lj ©eenrriiif stilfmr m & stjClfMe 

mmmrn 

m ^ ^ r l ^ t^ffesi Im tM Mtiirml Minimi 

imm #f ealeim aiiXfatii imm^m 

w t i ^ 2*31 l^ran^s® t«5 --

It is imd afeimdastlj iletrltet-ei in mature mM 

mmxm in m Mtrnmrnting turlmtf foma^ cr^isiitioas, 

ass^iatimisj ar.d oolomra* Ir. t̂̂ jr© fora, ^^ ar̂ oŵ -

a M Q^omrB M iitrstlflad. lajers^ douMless of tmriiie 

origin* lltliar b^cauae of vrvrjiJig conditions at ^lie tta© 

of priori Imitation or tliroî l̂i x^er/stallisi.tiori^ t M aiBcral 

oaeiirp Ib Yf-̂ rXmiB eomiiiona from Bard roek to 

fracxa^ntarj ard crMHttlar f^rms^ In some posits^ tha r w k 

to mmmm 

beiSt wMa^ » » appmjsdmttlj eall^i fMigar laiif 

tl̂ ® mssiya mistral ^rsmgli tte af 

i ^ J ^ oxyirtmls of m^lmltB^. d«posita "b^ing 



o u. 

as ^r^sum. Tfost of ijypsiis 
mmr c l m ^ l j as^oeisttd either strsta or nculm 
mmmtme^B of Etrieml aml^jarlte^ ^ii^gmtln^ z 
qmmttm, of gteloiri^al origin aad tte poaalljla t f^i^s-
t^^rmitlmn fom into IM other^ after iepocsitids, 
C ^ e i m amlfstt lii ?iatiir€- aa al-sM-̂ tî rt selej^itt^ 

M aMitift® mult rani'^s tn fl^st Faklstms 
ealiJlOT ^̂ â mrs as ĝ ^mm^ It la wlitlf 

t M mmd. is e^ramemiailf alalia 
ia f m m t i t j M iBiiaatrlal matiem®*. fM f^llmiMg 
ta^lt mhmm thm mnntrtrnf wMdi immlmtmm sulpliwMe 
aaii fmm thlm umrmt'^ 

Biite #f 
lastailatiim 

Hew 

MlIin^M®!̂  1S2S 100,000 tOBS mliyilrite 

1954 

midBT '^xtmmlm t© 

Qmmm&^t 
Imtm^tomm. 

end 
i K i t i a l i j 

than 
anfejdrite 

1S3S ri%mo terns jjRlijcirlte 

Miswmm 1S37 2̂ 000 tofts HgSOi/year SfpsMm 

lisnw 1950 ABhjdrlte 

t Iiislm0ii2i Gjpaim 



As far mm is no ap^eial adirantaet cnn. 

^ Glntmd for loil^tlritc cr tc wuurccc of ci^laiias 

milfrt^t tfê sre snj ciffietilt^ I'̂ sculir.r to tfĉ- tiae-

©f ^rdy toon-^ efi'ect tfee inertasei 

ooiasu^ptimt ^inm ^^ a^^sd tccmxi^o of th€ het^t 

mt^kimd tmp i^iy^a^itiumv. TM Tmmm ^^ aiilijdrit^ is 

M064 ia e^rtslm flaiits, is Its sTsili^billtj la the wleinitj, 

1b tli^ stu4i#0f the source of f ^ the 

reimetloa of wm© m lilgh mml^mr mml oMaiat^ 

tiit fta^iirttsj thm Pskistaji Indi^trial 

ThB prcblta ham h^m. tharamilily f r ® 

thmmttQBl ^iii practicsX vlmpQisttn bj stuffing sjottaa 

af pure as well as maturaXl^ oocurinii rmm isaterialB* 

.possibility of abtmlfiiis^ 0O2 ^ ^ ^ 

M ^ l m it with cla^ iis steft Itilii was first miggeated 

im 1903 hj Umg^-* Durimg tiit f i M t tlie U-mrmmm 

eake %& reduce ealeii^ enlpteta in two roturj k i l M 

at L^'vwkuatm, out lio attt-mft wits sn'scl̂  to pr^i^re 

frat tli0 cXimkar* In late twexitles at liilllnjluva, 

M ^ o n i m sulfate waa fx-odmersd anb^xirita, A-fterŵ -̂ r̂̂ ^ 

t#clmiGaX mim com stowad pruaucticn oi: s^iXrtoria 

m̂ Did wllk c^mut to sioi:*© ^eo^mieal from M'^'jdrxt^ 

witb. aoiiic and s I'^d'aeini Sigm^^ 

Ca) f^s kiln tl2# ĵ rsjcosB^ to IrC! eooBomic^ 

siaet ^ emrrled out JLb Ifirgt! unit© of not less 

tiaaii of 40^CX)0 SO^ ^ r aimmi. 



wa'lTOl of tlia .Ttaelafita mst to 
limits* 

C®) tte cn̂ llnl re-X'̂irt̂l for tb̂  froat-at-i iB larfe, 
mln^ ill ratio 1 2 2 i 4 for a tĉ n—ĵ er 
0f protaet for fmlf̂ r fâ a 
pjrltsri trnm rtspcietlvelj.,. 

IM rmm&tlm. hm rml^ hmm mMmBmfml 
esjfrfei tut ill m Img^ w^tmf klla ̂ f tĥ  

Ste B0W Uilmm mow h^ing iastalMi 365 
tmt M 'Img^ ami t#a ft#t iji. M̂ rnffa 

C#) fte per torn ©f salliif im̂  
mllmmm far eafltml 

fr« pjritea* 

fliia i.3 a genaralî ei stat̂ aasKt that may aot fee 
to all 

tlir## elitnioal maftet® ©f tlia proeaes* 

(a) Mb»ation SOg ̂  r^tarj 

CD # CaS 4C0 

{t) Crnm^ 4 4CO2 

C3) # aCaS—> aCaO • 6BQ2 
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TM mhmm 3 stagma ^m^ "m mj^irlBZd 1M tlm i^Hming 

mrnm^ 0 « 2cm 4 co^ ^ 

fMa ia iti aati tlia iia.artanet of 

3 to keft in vitw, 

(!) cliiktr Im proimeta Im t M kiXa 'uj 

»im©tim #f ealcim sullatt with eok® ami 

m^q^m^ rm^timeiB mitfe usiiis o^idms^ m^^lMi,. 

M til® i ^m elmf or fiie 

^f aatirisis la ati^letlj mmtmllM* 

Ce) kiln 03t.idiaimi« ffee 

maM. mpmlull^' m^t be mainlaJ^td mi tM 

«Misiiii sidtt wMofa atoida soiitasiliiati^ 

^f eliis^gr with sulfides and elumental smifiar* 

Thm liaitfeSims of Ike praciesa art tb^ larg# aise 

0f '%hm Jjn^t^ilatim aad t M gmr toii/^aar of tm sulfuric 

aoiil t0 pr^dme^i, o^ereeais tale ilf liae fet^u 

t0 tli© riiw amt©rials im ĉ laaed rt'iiorta^ fc^f a,pplieati©ii 

df -sxt̂ raiii mUMnmiMg thm 0X mMX̂ lmiMg air ani 

mmf^rtlmg -cmmn%itm%mm SO^ obtained I© smlfiiric acid Im 

plimiB of §̂ >00 tQUB o&paait^/Vear^ 

fh® prssTOt w^rk with t M clee^^f^aitiim 

to bot^ amd n^sa^xldlssinir mtewplieres* 

Er^toetiw ©f Mmiwia. am^mt sr sulfuric aaid ana a gooi 

fiiiiitj liss tlm miM target* Suusimar^ reeetioiia 

tmm mlm hmm sw^ii^m to^ tim mechgmlasis in^c^lv^d* 



6 

mMMm 

iMmmim mmm. 

{AmmrMmg t^ t k t a f tM m^rt 
mi f ^ mf^^ of 
mmmmMtmtm (immmX î f tM Cfetmieal s^eiet j 1g40 
TO* 1404 -- 14tf)-» ffai ehMioml @l@m#iita m i tli#ir 

l a w hj tfetir 
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mmm^MM.. 

MMmmm s w m 

Mm m IpTt ^ m. 'imm^h i 7 } m 

m^m^im. mi Mirfiw imm, iMmm is a ^mrnstlm mt 

•mm^ijm mMh t m ^mrntrn #f frm-

mThmmm^mm Ma^mmmm-^ CiiS Ming 

w im I^S Itefeaa m i l#sttmitsoiiC ^^ ) 

te thm ^t^wiour at 

mm mm^ m mm ti» 

Iter4# ^^^^ wmm ^m^md wltM gimt 

tm mmrm piMtf* Bjr CaM)^ mteia iia am 

immMm it is fmmM tl»t wm 

-of mmMmm tBJtues glmm/m:§ tm 1150^* M 1200*̂  

mmm^iM^ hy .facial fUBlm, SUtes Is^sirs 

mm§M%m t^ ttat wlsi^k 

to wmm om^^wiM ^mmpmiMm mi Cmm^ 

M. m% im st •• M ' 

tm CaSO^ mlts 

a rafej' iifmii. ^f ml&imn fswite emtalmisf 

Cam^ to PMî  la® m m ^ th^ 

mt it fetfiE^ 

at fl» m^wm^mgmB mM lisaiwaMfefta ©f tMmm fliisss 

witto. to m miî il̂ r 0f iiietaXIwgieal 

^mmmn^ flm gm^^nl guiding jrliiolalea mm ttet? Ib a 

^mmBBf wlitrt of oxgall is dasirabXat 

f^ ioB is a^d tlitrefere Vm cif 

fa^Ojs iftereas %Iib ̂ mmpo^ltlm of a stroitflj 
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wm&Mjm ^ tmm m ptmmt 

imi^m^, Wm m %m mlMMg m^ 

mm mmmllw imimMMi, '^m fmet tliat a toisis 

MBtef tm M m :»#itlf ly m 

mMd MMjm tlssm ^ $ e^wMiminf f^gO^ 

i» ^ tte fmsiMJlitJ ©f ©aieiiasi 

MMiMm ( B I ia 1 9 1 t l i # sanafeetiire of 

aaX^mri© fej mMMMg m î f CsSO^ imni^itrmm) 

mmi. fe^img 

« or m M w tlia trnm^rmtmrB of 

Ttm iwduete are Iti 0 w r 

»02 ^̂ ^ OTCr « î ii Og 

f i ^ C ^ ) ttet the vl^w 

Wmt 'rm imMitmimiMg S t^r t M mm^B.atvLre 

of othtr thm pjritts, caimot conpete 

ffitli tlni XftttOT» Bmt In ccmiBtr̂ .eĉ  rmmt^^ froî i impx^li^e of 

^Tltea m d toTitig t!i0ir 0 m amiiî l̂ " oT Ca^sO ,̂ tlia possiMl--

itf^ of m^e^stifiillj itP̂ in̂ T t M Ifî tler â .̂  reo*-̂  ..ai-ti-irSr̂ I 

mfi^tirs f?©t altogether tici^ltsa* rm^i^ti^ of is asriea 

^f mletniMfZ Fitli 'ihrXmic fairer̂  uf crude 

and fii02 or aarrt era !?lie CtyX)̂  is lUiOQî imBê  

witMH a sten tlm€ mder the oondlti&iis 

fr^mmim 0f Bmill aiMuBta of 

Irmt ai^iStim ©f f^g^j does not seM ao«€l€rat@ 

rTOetim wlooitj ijt^cmd m mrtuln point. 
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t'tm of ^ m a i î r ô âiî s or -^rfiKitea 

l̂ j imstiat! tha mixtVLT^ of cr '̂ids trials -mith so 

l^riltn tr^t thB ll'aterrf̂ ^d b;/ tlm lf%t«er la 

for posit Ion 01 gjpiKia b;f 

SiO^. fht pmm&^-B is- is tfce af sb© 

gj^fsms obiatoeil tlt-Ĉ  of 

1a 1511 H^l'aaii and i-'o^tf^iteli { ^ ^ ) immu thai ItaiiÔ  

la rti-kcei C CO ^wilfmil lo&c- of wstcr* r^cluetica 

CO ij^fteB at tCO^ If tiniahed at ^rOO^C. ftt redueticri 

C iH a naiitsTî I ĉt TCC^ fe d 

cciiali0r#ci st tCO:^, ^c-natirc 1b mre drj air 

forMr li ; or feO, wit-b a 1mm of 

fhis interaetioia t̂ tliee plaee lis m neutJ^I m w i l aa 

Im an ^ t not î i redueine ateosfii^re* 

lia 1920, ^nmlltz { ) a^^eri'ii^tl a it^if^loped 

in d̂ jtrinf the wr tO: -rodnee required C^r 

and HgSOj ^asrmtf.et which ê r̂t̂ lr.ted Ifi redneiiig WIP^^ 

with Ciikm mnA oomTcrtJji^ the n^mutt^nt i^ite t^lo^ld^ 

m eaiitaet -̂ iroĉ egi* Ceriei-t ie s^^imiwir^n tee 

?or th^ prtî ae-tion stiliw ^^ i.^sttd 

with w soal ia ti Xmnmm to IICXJ^ Cm^ 

is trt-fltji ^itb î teaja to toxrs i*- iimXi / 

in a cm^tmot iwttiucm* -^irit/ or tm 

€»f miirhsrie ael^ irotii -u.er.rdine: 

fcimf gjpjiw aay be ei^a^ertea Imtc latta^ 

iiit® tmm mhleh tr^t tH^i^a^K-a ijj 

(m) reduosioH of ihe frt@ acid tc- a-t̂i 

(b) distillation with (c.j\ lo) 
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Imtioi ^"J m^l'ini îna eurx^^fcr "tlon ^f 

th^ li^imTm ineref^se^ ir̂  o^XnbL.ihj îtli 

mlth tlw si t-.c zn%lmM:i i'OlitiJillty 

mtTMpQUtii^-^ to 3EV a^i'l 4V'' by 

stpirfitic^i Qmr in oiit A ^alamltition 

Qif tlia TOter re^'air^d iveO0SBa-r;7 for 

oi iiieid ^^it; ti i^imn teap^r^'t^ir© 

is a M M * 

^©Ximcii llv^ir work ® mdsicii^H: A mSM^iK^^ 

to Ca-i l^j 

rta^tiaii ia ^miii^iliatiw , SOa®^ th# veioi^it/ of 

is # iar teoimc^l .u^^-^Bm* 

/itlaa -iUi'aittivatiY^ij, on r.aXitxM* 

khm^ VmQ im 

CO iti ^t.aplaiiitl^ v.io Trca S» 

afisduaij-i IL^J vi^Cian vhiic 

uad^r aioiits^ coiiitltiiiriii co« > /'t-̂i.. xh^ pro^iuets 

CM fe/'U -hl'.is -I tt̂  at 

1- letiiree 

tf Li e x̂ finc of 

Ti^hlduti Im ^mi;/* lii-'j-^r 

r̂ iO jT^^Ai^M^iiwi^X^'* 



11 

Hf t0 TOmirrArc v i m 0.21^ .̂f- f^ee CaO 

at tfcat 1100\ rttd ja ami 

nrrd atscriy^i^ 04 aui^li^ 

^uipi^M Js î .ii I'̂ Ĥ tl̂ jiX Xii ijTv.'Û ĵrfc ta a I'll,d-

etili o^iuM ta \hm irm^̂ îicm a î rc t̂eetl̂ ^ lii^w of 

t'^mm mum^ m avuidadt ua U^m r^aatiast 

pr^dttcits liu^ s-^iii Ims -^-mushlm. can 

i-i •••jrv^'G 

iroK realms 3J2 ĉ̂  fcl*^ utxd l̂ie 

rfifioilon i:: r 1 >1J J ĉ̂ î jl itc^ X;̂  uivr^li/ t ; I e i ^ 

J-Bot̂ioj.̂  ^^ âf̂ Jliiil r^lm^ 01 aiiiea 

Betie^ .^iMlar to Ihf̂ t f r c - i d . i^ii, 

t3S) vi^ 1 X silver 1 

author iMt. r̂ ^̂ ^̂ct ioiî , 

(a) 4- Si^^ » C^SiOj 4- SO2 
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ih) crnm^ ^ Cftiî ^o^ + U.I1O2 

^ mmm^iXLis tlm ^mmt^^^m rut liiirerer^t 

tm^^wmtmrnm (thm ^mtm^ 'mXmg fhe firat 

rm^tim at ti-̂  ^mQn-nd S40 - Imth 

Mim- atmdied ap to IZtQ^^ m%h a m rugtai thun if 

in #^:plliiirim Ir a few 

ateonds* fii^t r̂ .-iotlon^ 1r:;e total 

hmmmm 760 m mt for tlie m% 1 

p^lkitlm. it^ these two 

twtm is to kis^flr^^ witii difiertn::-^ Mt^trnm th€ Le-̂ its 

®f tnm^ttmB of e^lcium emi eisleimi alsi^lBiiiit* 

Aeato iî  um̂ m Hmtia ( ^ 7 J a 

©a trl̂  t r o ^ e t i ^ of smiptoriti aeid from g^/^jmrnu 

Bmmml I&r r̂ eoireî gr milgixur ^lemii 

( i ) fsî d : tre:-tm^rt of ŝ̂ et© 'slack 

nsh from the -̂ ijoer̂ t̂  -1th to fora at 

mmM • ems # mlr » ' ^^ % 

Cli) poiythiofiate pmmfm^ shears o-t wMisIj 

^ e i ^ n f tbe isport-itlcm oi 

tmm p^rltm mr jmmr* 

Cili) ^nd flnnily tlw -eooear, Snr^lQp&^-S by the 

"mdlB^tB '̂ 'l-ir-Ii i:02 

iri Hgv to loT-3 ' n i d to* 



o 

M&Iltm I to 1024 pMMltmke^ M s wmk m 

muM ami m i i ^ t t s tela imtmral gf pMim. ffet 

Wm mmk ©f asi M m ^ m ^ ^ . iĉ Am aai t^e 

0f flaatlea© mm ^ o t 

tto wlmmrn p^etsses^ 

i,1S6i) ami t M ^^Miiiilit®^ aM inciiiiti. 

la 19^5 larstol. C ^o 5 p^lii^iti .fsp^r m 

thB tlŝ rmal iHBs^eisti^ Qt aetallie miXfirntm^ lec^riisg 

t© ls#rt s^^ijr^m ealeJte aml^ata afieris ©f 

at tlie ilss^cjiatten p ^ s s ^ t mrn^m 
en St- 1230^* f^r a .mĴ tmre ©f ttml m^Mq of mh^irmm 

mleiJm mlpMt0 mi mm&t^imuB Blllm thm 
M m ^ m mwM€Bt mt ami tli# diaso^lilios 

Bl^t ® at ffct partial p̂ ts-surt of 

is glfafi bj tte 

^ ^ « -ItaiS/^ - 11.67 f 4 49.27 

C m ^ SiOg « ^ SD^ 4 0,5 Og 

la to 74 eal tî  ^̂-liiltit tlxat dater^sined 

valms-a is 76*6 aaX* fliî  ainao^i-^tioa 

pressar® cunm® mlmn qmart^ or asiorffeoma- sllioa is s-re 

mt mtilalmt'l^ Mft^rmr'X d^teriain^ Urn limit of orystall-

of siliea* gaa is Tmorm^^ the sjst^ h^mmm 
^il'irariamtt i w pî lmblj* to disaolutlon of m^ Qt tte ©olli 

te Corjeeaimndifig riix̂ tire of aiiisifia witk 

afford BwMmm Qt iisssoeiiitiaii at Tim 
aiB&^^lmtlm ^rm&mm Tm^im 16*7 ea Bt 1270^ and tl̂ e total 
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fmmwm at m^AMw^mL is m ^ exiresmiim 

t m # tSi^f li^ f - 4»4 

^ ^^iogy wltli tiit mmltB imm mlll^n si^sirfes 

r^aetlw m^ lit r^^ma^nted tk^ 

m^QXum ealcluii aaljî  te asiti 

iit mftmi^i take ril̂ .ee to tLĉ  

file in miv̂ - r̂ifist ao .̂ f̂ a is 

Mff^r^r.t Molia® dlff^rsif't r̂ spralts, the 

Tm^&tlmn mldmit at u-a.i ti.e jî f̂jic-cii-tion 

att^la© 100 oa at 1160^,. ?L€ tfm 

with fc^ iiiz-er of tlie 

It le f̂ Iief-̂  

is pi^etieally imiTOĴ iaontt ^^ ^̂^̂  ^^^ 

jtm^ttm. is alvmt -tn : t'v̂  ii ^̂  cel^.tioa 

attains 27,3 a I 1280^* Ckro li-C&̂ .iila doc-c not 

3?#mct with CaCŝ *̂ TL© ex t!;-e re.T.lw^ 0x2 rcMô srĵ  

Hg-iÔ f iri yx^marr c£' Xcao 

mjii £rm ^pmm 1b -liseussta. elao 

t M of UmBmlftimi of Caf.0^ C K/ )• 
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TO'^tTOess m. high "-e rnQords ti.e 

m0%tm mi gmmmm mukmtmmB on njpam «t MgL 

mMmt at ^wm tru^m mi 7h& mr^etltMi 

emo^ 4 ® « # I C02 

is at feiifctr ̂ sî -ja'̂ -iiiM-aa 

is fOT^il 

L-a ^ CO « CaO # ^̂  # CO^ 

îrĵ  st 1000^ eaus^^ a 70"' omwwrBim of sẑ sBtm 

SMtG CmH'f Imt BtmPi tit t M mme t^^p^mture •ar'otoĉ a oalj 

sliî fet AmmtJQMtlmp mil^MB dĵ rcm-il iu jr^smit^. '̂ilth 

!^ir0f#ii at lOCXî  t M f^ectian&t 

CmB§̂  -4 « CaSCil^SfS) aigO ^ S 

In i&lmr publisfe^a mn ftoc&unt or the 

gjpmm^&ul0Mric said Siiî ^oĵ a Bnjer t 

f'aXclm sali^'ite in tk® fwja iKf g-ju^m or ssl^ydrile ia 

bf m r h m Is of e^kt Boiv̂  ^cjecrdii,;:: 

equmtim 

# c ^ ^ # # ' 

liae rao- f̂tr̂ ia Xn a mr'-.ĉ acif- icâ r. to 

aafe® tilî : aroeesij ^oaiicala'̂ Xi;̂  .̂ r̂ a its 

ta tl'.a mw ^.tcrliila in ILe to 

obtain r^orllfmd ciî î̂ -iiioii ea^M'i^v oa^ IT- a 
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mU^ klM palwriBed ima^ nm 

mmt m ilritd b^fcjrt %hM kiln to o^^tain 

m ^ffielantlj tiî 'fc 00iie#t ol Du^ ^̂ ^ iiiuiilag 

gmm^ An m±4MMg ^.i^jsos^Mre m tn llm 

MM ^mmmtt %ht tuf.MtlQH ^f ^t^hcn In 

^m^m mnd ealeim ^.lipMd® in cmtxml rjlink^T^ In 

prmtlcm^ hnlt the tumvutl-^^ikl cdai tit;/ cl eake Xn 

W M to BTWtiit %m repia r^duetier. for̂ îticrii of 

i » tl^ ^XMkmT-rn 

-mr̂ hml atn^Sied mcilon ailiea î poa 

^taXiie hl^h ;102 

fros iMlfales of r.fi, r-̂ ĵ aid tihc liitsnr^a 

ToXatllitjt reatjiioaa o^xtr^-^.^lg endotlMrsd^^ 

tm^^mtMTitm ia largtil^ isto 

Qrti&ml iji cottl̂ aê  wiî ii 

aullats® mlm^ ( c f n n a .̂ 102 

î î getLar ^j^txwx'iy r̂c at 

wliicli tl̂ e jmBwrn^m^ reiioL-ed tu vZqt,c raid 

mttli uliiea raisaesi^i^felj ror ^ H ĵ̂ ^ l̂ 

BWa% laoa^, (TS®. Tl̂ e 

ay^iCi'tlCfH iri efetpiniiv lUf^Q^ mi-S - m -iO-t cî stfit 
4 J 

elinKer fTOm gf^iiis is ^ug^mt^d* 

Betitmat-m ( t^f ) ^pi^^md hi %hi\ urtcr.t 

ttire or? th^ muh^ml it ^^orouft-i/ rwlc^- îd in it, v.it'; 
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cm^i.tm mmy -^immimuB^ Ma^ie^er, he- li/rneB out of 

nil jraeesscs Vr.vt i^roimc-X.-^ 

COii-jti^isl ©iil^i like a"" ttxiiltxa cr at brLifviiî r 

i^emwlBr at t0O M f h r. (1375^) far 

aiieotoi-i* prftaeiJiiê  '"^.cxna-iri,^ ulimo^: 

tl^ ^cnY^r^tcJ - ii: I'.̂ x-r: , tl..:? 

of coril .mirt̂ jr̂ ^̂ j hi sl^fi vi" 0. ^̂  

^as^ is turrxicas, sr trê itaî -.t cf ^ v i l ? n-oke 

In a ^jrate (I'zil^ihurg} l^^m mt 

tMi uBhCu t^jm^rn Tne ijir^m ^ isi 

whicli sls^ sai.d is a lifirî  

am^im^i* In t! i'̂  rtroĉ c.-t or .'jjsm^ il-.alj 

grotmi witli s/id cake sr.i 'iiui^rt^A tc elinker lit m rotarj 

kilm* is .̂ IftP 7o re^hwm 

the te.-ivmTBtiir^ vt wJch raHO^ ar lie fit 

Bftî ? tl. e s aeet̂ ful r̂ f -JX-î cê Ŝ''?, k tw beer̂  

©•agg^st^d in ffhlch thB t'allv^'tn^ to '""tif-O^ have 

mA^t :,HiirtZf clny^ eonl^ 

otliar isetElIic said a. d 4 isXi-j-̂li 

St mlA^h '102 Iti c'iwr^ offi esveelHli;' iî  thi-. r̂̂ ê of linollji,* 

^̂ icli Is %o ex x̂ iiieiitr. of tiori of 

isf tl^ 

Frjai^B'^er utrerî ^̂ if̂  bif̂  H.iilp.eke^ 

Ottd^ t^i/er fiTî  1.4 ĵt/tiO the 

rmctlm -z^f thm ^.adis.^.e jmom^ irj oa; t:\ 'i ^i^aelal 
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tmmtrn Mm imm §lmn m emiJ^^Tln-^^r^ -t v & 

t M tk^ ixro'^eulon ©f ^-^Ifuide i.ciil 
as msM during L̂c: ^.^r i-md -̂̂ ĉaiiĉ "̂-

^ t ^ m m ^ ^ >iiMS%m { i i n i^as th#ir 
i n t M ^ w g t u l e dmmm-mBt^lm. of In thair 

%hB m^c&l'lmd t i i ^ m of gyi^sua i s as oinioal illmiicm*. 

m i ^ d ^ t hf mid acrrdar. C tc* Us®® 
Btmtmtt^ un^ ( ^ 4 ) fc^uud i-ticit Swv^, 
4 • 4 1 3 ^ plc^m* 

^OTdftr. femm^ tk^it at ^CXî ^ n̂'js M t 

rnQQ^raiiif, t^ tlm ^KMBtlQU 

m^ # ^ — ^ 

sSosttol Mpcirt^d ( //3 i Câ -̂â  Ca.. 4 (b) 
I t ia thar^fc^rt^ ti-r.t trLc- rs.'.etlu'n caw liGg 
tskmm ^nm M fî ê JiSt a ntt&^if^ mm 

^ i B t aiiil to Sî .. ^r-^uluut^ u i i c^.-r^x^iur^ a?i iLt- hnrntn 
©f -fel̂  araa nation Bcximimu It i s 

thmt -^rmmm^ M riiiturc vU .te 
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tm^Um^- wtm M %M meighmmfima c&l^Mm 

mm^mmtm m^ hm MM-M^MM ^ 

P^i'rt^ { i a his arti^ls ©n siifjiifie^ric® df 

iai^miitt^tim ^oeesa^ out 

î cml olm^ ^mlm^ gt^Mg ommmt 

miM ^ ^ accomt of 4if is pt^e^iis 

mm giwmrn Cm% mmlym-tB mhmm tlmt Um fi^ica #f spsmt 

will aiot Mwrn^mlj by mm^tlmg 

^mm&mrn 

M tS^t B^riltts afi4 fijrmMi { ^ ) w A s t 

« timssnlatJlm of gî jŝ î  in pmmmmm of eetmlj^^ta* 

if ismper chuim of the /ieia. aOj at 600^ 

iHi ifaian^ fro î 0*18 to wMlat of uOg ia 

te 0*54'/ Cwitli "'iiO^ as 

emtal^ats ©^ploy^d* 21m resuXte ui-̂  iii a.ic-cix̂d ult^ 

01' 

In l̂ lia mum ymr a f«w .-luâ itr̂ d on cea^t 

ia -̂mllatt C ) iiî udiea tte effect 

q£ ^ ^ m m m %'m of triealeiUiĵ  sillcr.lii 

hmt m^ f^mii tl̂ iî .t lii^rrttioa ^f --aO fraĉ  jriia.-.iGg 

bj hmtlng nt is aootô er-̂ t̂ed bj adaiŝ î ai af 

It pi^^a i^amible te iia® tlils .̂s a 

#f qmmtit^ of in 

CmMf^k's C eê riosiiee of 
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t l i# ar^^c l r i ts ^^mmmrn v^iQ^ mu m i^aarce loiS 
4 m M wt t k tw^ m i n MMmm ($) rsaaver j 01 te 

0l0mBmtml f w m m4 (2) th^ ^ ijs tl^e of 
SQ̂ m Br i# f ^ i l i a w of tlmd-ie ff^i^mmm mm gtmizt m^ w « i l 
m %lm mm^tkmm Imi Ihm fc CQnim^Qtim uith 
Mm^lmd I c i t t ^ r t i t 
rmMmm xr^a tfet oluj^ eard et<i* 
aien tlicj Ceai^i^-riti?® coats u f 
m t e r i a l s SBII 01 sua sranrr^^tura t l ^e : ^ ehcwiEt 
t l ia t m n m l j m cai.s id^rM n^ a sa i re t of f w 

J^ l i i t or e a ^ i t i s 
EiiiU w^r, them mae^giii i s mich loea l 
mn or atl-^i^r woulc a 

fe^s^inf M H a stmismie 'fmlit## 

s^ttei-i^ tQT ot Ti^^iQ^ imm 
i^^mrn 2he iXmt e^imiet® ii^ LeatiHe ^ mi-^ture oi' usihj.ircms 

e^alf ssr.a iiitd i?. r-'he re^sence o i 

f o r ehamter &fid Quntmrn ^momm^m a-^^suItiUfe sc^lid 

ml^ lB i Xim^ mnl'^y^r^mt '^'iife eote l i i t t e .^ro^ 
4 t % mt 4 bumiBii ih^ ji^jLtur^ In a rot^irj 

imto wMeli Bz^ a i r i n b l o w 

# « Call # CCIg ^ 

fl i i t l ^p^^ ime t i s ^ I t L w^tor mi^' 

lis-i S j r j t - i ^ s k i (/3 43 the re^^ar-sifcilitij 
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nf %hm "̂ tt̂ â ri SQg liBx. besŵ i'̂ a t-aî  aiit 
file t^^iJl'^iw ta Caii # 4r,-r,a ^ 4̂ >02 7 

236#6 mlm wmm mtudi^d froa l̂ otli tite^asioiia. fita 
of sOg fom^ ideriticsl i i i mil 

mmM-^ mXtlmugh^ mcmv^iM^ u^coni^iT^ mmtlm Cm^i # 

t&t sol id phum of the ŝ ŝtiim (m) waŝ  altered, tli^ 
of mg M mn%m% with dio at mglnni^g ^f 

th€ mtm^ittm l i j ^stsatce af tKt aĉ ô̂ a a 
mvm a ll'&tl© mai le r timn thmm of tlie equiiifariimt t̂'̂ reas 
tlie pM^si^ga of the sasie fass at the begiiifiiii^. q£ 

af Cn:-; ^ Ŝ â lÔ  ©xeetd tlioae of f i m l 
fli© r^uults fco exexuai pass lb i l i t j 

af aitc^Xie^ b;̂ - adaittia^- tlit fom/.tiim 
@f soli^ mlatXonm sr.d internediate flm 
mhWml^tna Itcmat ei-u.̂ tion was .locd for c^Iculatir.^f t M 
thar^aio offsets, îie l̂ ŝt of re-ict i^ (a) f̂ ^̂ und 
232̂ 4 to av. tb-.t r̂ f r^-uctiofi (b) 

- 57 

t^rr^m (H^) Xn wrote mn artiai% on aa 
tlt« Eiiittrifil of Clicaioal In^uaiirj^ irk widcb lie 

l^aii to tlisF. usefai rsGcver^ or Iii flc'st 
^m^mjoBltimi ^nd tfwn 

btatsd with TJ^m KafUO^ praauoeil m tnrther hmtini: 
m&lmB The Bmmd mthM i0 the t^.tuTial ite€OB:«0»iti0ii 
©IT fi-p^t « 'Hie letter i s cliasooia-
t#i at feiit ^jTmBum M €1 mid HCl ta si.e casta 

iî  slitix'̂  u l i l i s s t i m far ft̂ ^̂ iÔ  ^Mtijag^ 
^mQQm'̂ Bttim q£ ĝ &̂m ml^ hneinm at i© 

Iher^foirt to mM oiOg Al̂ Ô  or 
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tlm tkr#t itcreaae© In %h% iMiitionti* 

gl'psOT -with moh i s fivefi. fMa p^omBB is u t i l l itot^ti 

ttt j i tM im i saXtafele etmtmt m m 
.toothtr of thl& t|fpt eotislsts ia Hit trtatatiit #f 
f jpsm o©:K-|fti3iiiii i t with ookt in a blast 

iwmmmf ^p^oaant feting sulpteir* f l » t h i r i irous* ©f 

^©u^ists in rttootiam ©f gffsm to iiml.|iiiit 

hf TmmtiMg witii eok© or ooal in a 'furtfetr 

my 0oaiiiat M ite^afi^sitiom witli CÔ  aM rt^oTerf 

Q bj th0 Chmc0^1mm prmwBt Or ttm CaS mmj 
with. suptrMated in a ateft fmnMmt 

CaS it HgO,,^ CmQ ̂  IfgS. fills TBrn^im at lOCXÎ  

with ri^® In tta,p®raturt the tqmililriM aow^ tl^ 
rigliti iO|| is also fomt i fej 

mm "eomfltx ani as tfetj m m r vmdw tli@ eoniitions 

•p^tatEt in m gaa proimetri thaj txplain.. ooeasionmX 

of fret 3 i n prMuatr 

I t^er ia 1931 atuditd thB form->tim ©f 

ooap^mda mder praotleal kilJi eonditioas at mb̂ mt 

1300^0t 

Im 1S32t Aiaimr^v ar̂ d 'aiiimov ( } pasl iAat a 

on tilt dis-s-oeiatiom of ĝ pBvm in jireser^ee of eatalfists 

mp 1200^* ArnQTiiMg to thea aiSjJlacemtiit of SOj 

SiOg i » BOt m ohtai^sal Mt a oatal^ytiis eoiitrari-

th# ©î iEiOT mi ferrt®, the addition at 

CrgO^ i s similar to tliat of silica^ the qiiantitf ha^inf 

l i t t i t efftet on th i j t i l d of sOĵ . fi irlnf 

iteoMpositioa iM 0m hoiir* AdaduroT { ^ ) also a ta t t i 

timt Bim% tilt litat ©i' acti^ratioii at ?UU SOÔ  in QUlf 
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9500 gtenl* .ptî  m&lf isn^mp^sitim misii uzjimd on 

iMirm moleomlar At &00 - tfet 

^ m ^ m ia amtalftie* Ag&$M kim^mm^ ami 

( ^ ) tMm^l ilasooiatioa of eheiiiaally 

pire ii'psm ia prtstm^ of oxMm ^t teoai and 

QMmivm^ Sl̂ t is iOOa - 9000 g-cal at 

SOO - 15000 - 4i000 f-^al at tOOO^ -

EiOg, ir.OHias© yield of SO2 

©r mm at Itss tiiiiii §00̂ '« tlm Immt or eicii¥ation ?it 

1000® to 1200® I0 CaSO^ - SSOOO| CmCÔ  4- SlOg - kJOOQi 

CaSO^ ^ AlgOj - 480001 CaSO^ 4 X FtgO^ 320001 

CsSO^ 40000 '-lixed eatalyata are not 

additiw 4n tli#lr aetion* BiO^ • ^^2^3 

ar® awe mBd HiO^ ^ laiĵ tiires Itss #ffici«at 

tlum cm additlirltf immiB̂  BhmiMg tlia ilias00iaticai 

is a mtml^tiQ 

l^Xikmtoh (n^ ) in tim mmm% jtar pulilish^a mn 

mmmmt th# mtiliBatiom of gf-pmm fur tlit mtumfaotwt 

Qi igiO^ m i whiit frifomov i m nmt 

mgimmtlm for deocmposlticm «f CaSO^ la tolsat 

gBlmm bj tii© Car̂ aioMĉ tl- B̂fairoM iietlioit 

lacariljig to tMa © t̂pianatioii ther® %m a .pirfeiai rtdiiction 

of to CaS wMoh stta in mt atôJtit Abcrrt 

tM C^B m&QtB with, Cmm^ t© form GaO and m^f ^it tht 

cmpX@tt a®aoM^®iticm of gfpBvm in this mmmT 

bf tii« rtaation 

cm 4- > casa^ as. 

onl^ abQTt 1000^ Qm li^ aosplttalf frm trm 80^ bt 

alfOTt tkia ttaifwatti^i th# 
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Somiski ( iM hlB of 
th» t c p i l i t e i w f r iesur^a ia tM m^&tm. 

t-tmililirim was tfp^omol^i fi-aa 'i^tli Otw 
I W ^ t i ^ l ^ ^ i i t t i a tesgts t# itiiljjiritt^. fli© f t o t 
m m #f -i^fefiri t t ftitw t o m^tlier liOO^t Ib %lm 

ami 
-4 asOg 5 = ± csso^ 'f 

a^Pt^tBt mtth pritr tlitrModfmfiiie iata was tliimiaeit 

M i n i k m mM itkr iol i C .im srti^slt 011- t M ' 
mi^ttfa^tmrt ©f fo-rtlmid Qmmt imm aa i 

€iStt(mX%im mhi^h a © ^ t a t 
smitM i tOMf ta i t i oa t f CaSO^ i s el^se i t s mtltiisf 
f t i a t i tti® wkioh. ifi foamed during dtcoapoisitioa 
ale© Ima & low m^p rnM'Om i© lorsed in iln' vi^duaXng. 

In t l i t i r ©piaiaBf ^x^rimm^u mi 
mmlM mlmm eaii t h t ^riie'iiealiilibj 02 ^tm 

itMolmmn aiid 
mn^mtm^ mm^^^Mmttm on the prtF^r^tlan of SO^ and Fort-
I m ^ mmmt fe^m gf^im* tlm^ took a 2 s 0«37 ? 0»1 

ifpmnif clay (aoittaiBim^ 2a.' K2O) and C, wiacb 
f i t l d s m f i r imi at 1450^ Portland cement (BO^ content ^ 

tilt Tmot im tû Bm̂  ar^ Srmn CO cr c'Os anci 
Mm t i l t ccapoaitioB 30^ O2 1»5t 002 
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Ib; a -^tmnt ( ) mi the rQcmer^j iit 

trm Mt#rials sulfmr, p^ritBs arid rml '̂dritt., 

f^XlwMg m t M d hm h^m ai^ptes. Iyrit€s is v^naed 

a rotarj ftiras^ di^M^d Into 3 ^onea: in tlm lirstj 

S Is lilie-ratt-d hj tl̂ ^ liot ^aaes tmn Iu%bt iimmt iii 

gaa^ w-at̂ r si,ci a tie f i d en, 

iff mir atoltted to l;eat Uis ora ai.d libenite ItgS bj 

tfet t ^ formd In the thiî ^^ 

ai^ mn̂  Btm^ are iBti^u0#4 to rmnt th-e reaicMe to 

mM tfee rtst of tha s «b -̂ liicli resets aith 

t M H^S to g iw AMiyilrite in tinted si^^ilm^ij 

t-Mt it i© wit^ fiB^l^ li^md eaal to reimce t M 

to Cau, wMoli tbm deo^jos^a bj tte sî ai'̂ ^ 

fMfdiiw ( f^f ) In him BtmAim 011 ^^ 

m-2 fmm mixtures bj F^gOj, at 

mimtmiMB tlit fairo^iMblt mQ%%m of ^^ 

dua t!i# of fte ailf^tlsatiea of Ob'- Iî  sOg* 

Z ^ t m ^ ^Bi HaaiitiP^oteitt C stmiiei tlia #cpiili-

l^^im tlie rm-t^lm CmS ^ ^ S^ 

mM isMlitsaa m% £50%* 

Im 1934 CtoraandarisB d '̂iartaohê iro ( ) ? ^ ^ted 

til® of CciBÔ ^ olajt carlmii in tlTn^lmy 

ar.d tmnn that fusion to^k plnee at 

mM§ to eoixoaiim mrA dimooXutios af th« flr^^Iajf ttm 

is^ent ol^tain^i waa found to Ije unaatiafricttorî * Cx̂ae--

ibles lte@d witb refriotoi^y a^d tli€ Bafis i^ea 

n ^ aft^r l̂iiriiî  4 ImuTB at 1 



0 c iC o 

p ^ i m u t ^m^mimm 15 - ^ j t tet mo CaS aBi f l a l i s 
good mm of l imiag was mlm 
Iĝ  SMisMi^vitTOii rai C ^^ 
tet tm a^TOli hm witli w l i f i r ^ i 
f l r e e l a j toriok eonta la lnf Vmn Si02 of 
m - ^ r m t t f of uot I t s s th^n t M iwlo^ Bhm^^ mhrii^ 
W g i ^ a t e r than O^S/' f i l t e r r e l l r i i i g l o r 2 lisux^s a t 

Slaolt BisaE i s ay^^r^f&ted ae a poss iul^ 
s t i t m t e . Waa-il^weki isiJiJ Ids CQllmgmB { /Z6) in t L e l r 

m the pyroi^etiois 0f 30^ ar.d Fortlaiid ce^^jit f r o a 
CJ^F^ra fotmd t h a t f f / af ^lie Csi-IO^ i s deeo^gjoa^a to 
/ I t l i F ^ r l l ^ i a eemml imi SO^t h t a t i a g f ^ r IS mixm^m 
mt wltli o^to ami m a i ^ t i ^ ©f rnima ISiO^ 
+ A l ^ j Witll 0f ^ ^ ^^^^ ^ 
t t e l m i e a l us ing m aant imoms rotary-' 
m m m4 e t e r g i a ^ a M x l u r t of e l a j 

OM 0*38 and ec>k# 1^72 f a r l s a t aai o F l t a ^ f w 
•t!i€ spparatua'.TS^"^ d m w ^ m l t i m tm @ttaia#4 rt 
1210®, m±%h m of SO^ to t l ^ i&miiMg gmmm^. 
smd of 4? and t h a froitmot. 

^ l ^ i s l c i an^ Sobiara j C /33 ) in t h a l r ^ 
af gypsm foniMl t t o t ?@rtlajiu ^eriimt 

of ipaality mrM m.Qt ca^ntaiBiJig GaS w can 
f i r M g a a i^ tar® of ilaSO^, e l j i j ar̂ -i 

C© )̂ m a ^ r -eemiitiotts Mal^gTOs to appl ied tc> 
proiii^tism of F ^ r t l m d frcM CaCO^̂  tal mt m 
hl^mr i n i t i a l C H ^ ^ •• 1200^)^ flia li©mt mi 
r t a a t i o n tertof f ^ m t t i i m s i l i o m t e 
f^r^a SJP^m aad siliei; wa^ ly Emm }• flj^ 
m l w t r m Wsrofeal*^ ^ r t t a l sirtssmre i a t a 
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^ m S3f 828 % - eoapaMi witli tke vato© of 

Kt^^al few tiyi mmm% ^^mtimi^ Tim Immt i>f 

tM tmmMm tM .fran tisB tw M 

%Mm 21 •f a® mt^Bgm tws ii^tlie^s 

f^^ -aicroseopieaX ^tudy of clinker 

I f ^ ® mmm icme foj r'̂ imil.aTsi and Hojak C i^iieh 

t'Mit tlm striioture 

irae^i eXimlier ia witli V. î t ô f ©riiiiarj 

B^rllani ©m^mt* A eonsMtraol^ qumtltf mx m^-^Mmm 

mh&tmm is flie f^i^itl^B ^f P dieml^tes 

ailioatt is Mtmtm ia lla© feai^mint prmmrnBm 

iw^tiiki ( //7) fcmad tMt 

qma^tltati^ cait̂ êraioi' of feî O^ CaS la aeliaY^i 

% keatine witli cofeii, CO or C 1 hm^ at 

goo lOTO^). sliculcS b€ coolad. im a rf<lucliig 

at^aptert or wltii .r.rtial r^^oxMatim to 

tatos fe air^ 

{ ) M s atmlies the extr^vCtî m 

0f ariipî ar fro^ ĝ ĉtma r^imccd it at - 1100^ v̂ lth 

cmlf eote, pest^ anti wood elx^̂ rcoal, -oal 

TOB thB mm% #ffleieatt ^^mpl^t^ roiiiictioB ialtiiî : pXae^ 

im 30 al 1000® with a nJjruir^ '̂ o 

CaBO^ 30. tith BnthTBGltB uTdl -ths efficieneies 

at 1<K)0® S^^ aati r^^v^^ctiveij* 'Sha entnljtie 

eff#0t of the reaelie^ t^n-arnt^ire fee ce 

^ 100^. file eatnlytic effeets ot kX^J}^^ 



O o ^ O 

mmM ^^^ towfttifiitMt 
at ^^^ l a t e i liJ t l i t i r 

Miiw { ) in l^is work ob of 
witfci m^talMe torn aixtiares of Ca'̂ Q̂  witli 
fmwt Ft Ir. a of ti^ to 

casa^ 4f« « 4 cas 

^ ^ 60# -- £00^ tbe prodaotss mmrm CaO, feS + JFeO^ 
sni b^joni 900^ wera CaÔ  f'aCi i- F̂ S SfeO. 3cm 
f e ^ ^ fims 600^ ami tiOO^̂  t!^ 
imetJtoi # Jfm « CaS + Onlj trao^s ©f 

mml^wm^rn M^ i to f f aiiil El^lto { ^^ ) M m m ^ m M . 

ĝ pmm with earfecjuiferoma 'i^rit^s and al l ien M the 
ratio ^ I Z t % hj heating Xn a rotai*!^ mmm̂  with im 
a i r mu^h that the ĉ iabmsliiGS ttaFejMtiiye i s 

- of a ia ^irel^^d as f%S aiii S0g 
mts r av'ti tlie residue eoT.tsliiB^ 

Ca:? F^C 0 . 5 ^ and CmBO^ 

î aiflov fxnd Ilia 'ollBa^A^B {l^x) Seated n 
^^ cl^/ r.nil eoal in ro'iiia'̂ / rit 

ar.d foim-i tU t i t ^iT^r. iS - or rt^Ifur as 
r02 n eoclrr -'O'' iv. u 

el^a^mt* ffee rmlM&l eli i iktr a a t i s f i t a tlm stansards 
t^ mmmtrn. 

Im I94t fH'ifSMtn (loo) stmitisd tM l)ehtivic<.ir of 
at Mfli teafierstuMs* and 
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mrnl^mlB m $ t^ m, trmimltton ©f '̂-aSÔ  at 

^ t higli^r tormi was mxBtmhl^ m\4 eaiili 

m^ hm mt mm t^^^rnmrnm Am 

mlKtw® CaO ami -cî aSO;̂  wfeiel Mit^ i at 

Altli^uili to %tm 

tQ^m^^e SCaO^SOj aai tew 

tMir ^m^mm wm Btfl e^nfJj^i lif tMa 

ai^ BiMi^ti ) to tMir mk 

tUm mt iiillmi f^^-d ttot 

wliefi to furtlitr 

^ t « 0 - with iiH tqmimolar mmmt ©f 

SiOg mnm-^ of tte CaSO^* flit Mating 

was icmt im a fMtimm, ia aa wit la 

to i Of tlie trlmd^ SOg 

tlw least mm a m strtan was l^i 

thrmigl- tlie i^t^ at 2 or 4 O^t ^ ^ 

more dt-eoapi-Bdtiori^ A mtrmmu 

4 aliewM altar 4 hours at 

IIOO^,. to Blateoff C ) -i-zea vâ iÔ  

aBt ^quiiibriua w rKed" 

I j wMl# tig a M A -at^i' vfipmir 

m^m with ineTOastof partial ^mBmm^m^ 

tlm rsae-tim* 

m m m ^ C //̂  I in 1S43 an llXuSviVited 

©f tits isimiiig ftfils^-ciritii a }sllllxieamu 

Its Mt iUMtim to tto of 

Qm^s^ mM tm^tMSmr uhiMn In afeeets. 

1M If44 Bria-'tr C 30 I Lt^auioa tiî  
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#f Ca^^ im -^mmmm water 

TOi^^ mm. t^m. witt mrtMMMl 

^mmm^rnim mm hm mmxrnM at nm - tt 

mm^m m^mat la ^i^totti mm tkm Crnm^m IS sir is 

msti to #f ttot fmHB 

t© witfe sat^Ml 

m^i^Mm Afttr hmtlm t^nr 

topes- at to a ĉ f water tl̂ a-̂  was 

mt® at ^ TO tfcat %hB mat #f 

W M m m fail mt ImB tims 

M ttm TM m&^tmiXm of 

rmmMm is- It iB tl^t b^jmlfsia 

©ê TO-ŝ  tM@ Mimg J^atifiti % fmot ttet 

will ©WIS iaCl. fbm TBmo^tmm 

mms^i^ mm 

•flii ta 

mml^MtmA hf t^ n^ttoi lerast w frm tmlilss 
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Mimmr him I yh3z ) mlm^ 
m M 

mi wmtm 

'4 

ith tmmtm is-tttr rmm^m ttmxn thmm 

mr rnm^mitm^, ̂ slaj ami is a 
irntrnrnm foa^ t M # 2C » CaS # 

with tlis fto ^teknr im 
i m mismxit a M f ̂ ^ CaS ^ ^ 

mt € a i i ^ is mm^ m^ miimm^^ In 
s -of 
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tht to of M f^r 

r m m m t r m t i m M §mm^m { ^^ ) tm Ws 
atntloa® t M t ffet iOg fmm ^^mm 

tm tkt fMiiit'liom is tmrriii mdml^ tht 
i ^ l l m t a i Mtthtis i» s t w m l itimB aai f r m ^ 
^ttrtsi CI) Bwwmmf If feta^tof 

1400^ tt 4 i§2 Ct) wisk sta^ri-ini 

• € « SaO 4 SOg or CaSO^ ^ ac • » 
acOg fimm CaS 4 W g I2O « ^ Hgif t M a 
Ifiw® iSg m S Ij tet 0f t)w Imdwn m^thmim^ C3) Itiieticm 
mtth » i M m mmmMMg CtSO^ 4 8102 » SiO^CaO # 

mmmmrn tmm at ^ Si 757^ at 35^ Sia^^ 
(4) Itmttlm w i m AlgOj at alowl (I) Diatoltfmti^B 
®f or tul^iritt witfe maai-liam of SiO;̂ ^ ami 
Al^Qy 

lE 1951-»52 «tl.tw® afi^awi 011 th® fTOtoatim 
of etmtBt ana ^̂ ^̂ ^ gjpmm by Ito^tog (7^,7? 
Aktraan ( f )t ( Higeoin ( ̂ z. ) aad MxmrM ) 

m-f^idm I 71 ) ̂ ImoTihm tlia locotioii and geological 
wtgiM 0f rnli^arita ana gypsum Ib i^nglmd* With a 
proiuetian aealC' of at Xmnt 50,000 twe attfiuallj 
iiii @ ntarl̂ i' aaitn^le aoure® of MattrinXsi aoi^ is 

from anhi^tolt® app^^eiuMy less cost tliam f r « i 
n m mt^riala per ton of HgSO^ ^ ^ 

mrt anhtyilrit̂  co^l rai ookt ©aM 0#13 
a3a4 from coal m d 00k® 0#11 tona* flit maî a line of 
p ^ m m m tioESists of pr^paratioti of rmv̂  mtwlulm^ 
Tm^timB In @ rotarj Iciln, fiirifî atiaii ©f gaaea, 
ooiiTtraioji 0f SO^ ^^ tioM^ and coiiveraioii of kiln clirikerfj 
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to eeaoBt. line di2d«d rm mterials gromd .wd 
to fiy« me of AlgOj, 
iiOg mi Q^ tmttjriai tte kllM wMth ©ftrmtts at m 

sMiWl^ M^hm tMm of a m^ml ^mmt 
Mlm̂ i atwit tlit rta^li^m is tli# rtto^tion 

©n^iritt with OmSi M ^ m m ^ l t t m 
aii^toi^® Oî  iQm Q^ moM iO^ md fimM^r^ tli# 
rea^im #f 3tmMml OaiÔ  wltfei ii02 liMefe 

^m^ml 1© s l i t w a o l i i ^ i i s t t o t liw© 
r t s f i m s i i l j i ^ for 0f mmmmm in s^^^rml p r t i r i i i m a 

attmpta r m t m 
ia liy tto ©f rta^tls îiai 

cif pr^otas, iimi tf 
mtirimXs, froiEOtim of DOg mad oXinkarf 

8021 of ^^ «i£ tlii^tr 
oemtatf s^w m t t r i a l o^atSf mpitmX pBsimotim 

Bijm ( ^ ^ ) im Ig&E gjpmvm hj immMMg 
i t witk H2Cit prtfising iato 15 7 am, mi 
m m t i M g . m a Mg plats paintti witfe ^^th 
m nmtrml m ^xldisin,® flame in m gas tummm^ It 
t0 t© f o » CaO ttt - tout ite^af^sti im 
m ytim^toi filMt trm 850^ t# OaO toiI GttS# to ^ 

tM at - p t - r l i E l l f lUesi 
•abŝ irt 1400^ aM ^ f CaO at mft« 2 
tl^ nfjpremtlf' rttartof ttos i^-mmpmlttm 
imM^nU foiait of Oî  - CaSÔ  is 

liitiaeliê wskl ) M artitlt am tke 
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kilm limiai ^ pr^dmetiOT of H2SO1 mni. oliiiktr 
fmm mly i j f i t e g lws t l i t ^Maiaa l factors i n 

wwMag^ eoMit imis of the of i e o w ^ a i t i o a 

i a a rotary k i t o m d the ©f ewat re ia l lâ Miid® 

of f l r t ^ l j i ^ amd temi© r t f r a t t ^ r i t s to in t M 

liMm* r t t ^mtmis ttaiiig firtolmi' ooiitato-tef a®ra. tlma 

40^ ^^^ I te iag th^ lisating aM odoling region® 

m k i l n aad the I to i i i f ©f the f i r teg region BhmM 

t ^ ^ ) t© oiiaBiieis in temparatura. Th& 

lasi© ( a t t b i l i a t i d^Iomit^, f©Mt#rit© 

mui mgaetsitt) mm mot eu f f i c i es t I j rtsistaiTE.t to 

tMi^ra tw© iitottgeat ©tab i l i a t i i s tha 

aoBt rtslstaHt to aorar^aim of a l l Un i n f laattrials • 

f 

Irm^li-n faoe (^^ ) ganerat® bxiMv^ vapmir 

m^ gmmmm SO^ retorts f x w a aluurgt a^rtaining CmSÔ  

»iM.QtmM m^w B^gXllmomm material m ohm^ml. 
Any f02m of OalSO^ eau bmt natural aiali^ii^ite or 

ea le ia t i gaffâ fca ia p i f t f tweit fo pâ ôvide aiiioic^ijis 

M t e r i a l i t i s itairatel® to um m o l a j whieli a<m:fe©daa 

SiOg to rat io of 2 1 1 tjf̂  

A l l m t ^ r l a l i stouM m r«imotd to a 

p i r t io le of Im® %hmi t S i i ^ f thorotighly ant 

tk ia i raamlat t i witli auitalila tooling agt^t to f am 

-ixmnilas 0A 1/ i ^ 1/4 ixt* Molar ^oport iama of OmBO^ 1 

0 I ^iOg. AlgOj shottM b© about 1 1 1 i 0 . 5 (witli 

anttoaoit® t imm) mA 1 1 t t l 6 * Ot5 (with Mtmin^t is 

fti© miE i® atargt i imto T^i^tieal rtt#rt i i ami 

h m t M to lOOO--̂  20 0001 s o l i i raa i to t I t w i ^ g 

thB bettoa 0f the r t tor te mml lilso t© iitfr^Ta tfe.® rata of 
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imjtttti mm tfat %-^ttm tf tM to imtm 

An fm ^rmtimbl^ ^^^ mllmM the 

to timsglt "iisiiif eoMfoiiti of €5*5/̂  

tli^ mi. Mtmiftout ©^wa timt 

tli# -l̂ tuX S tTOlTCil wae frtt 

lit est Wlgmt t^ 

A ©f mm% futttttti prsotaets ia 

in f^lXmitng. m^MMlm^ 

I t f f ^ Mm Hitt^i 

txim 

rnmmkB 

l^Mtt 1580 Eti C-aSÔ  

19, 20, 125 K.g oEa^ 

21). mA ^ 

i^m mdM te 

(2i:) 

ftr 

img 

Sttfim is tiatA im ^ 

img COS iB Mraaa 

to eOg M (18) an^ (19). 

Air iiiltts pmtiM^i, 

at til® rear ©f th# 

^̂a Alkiiline 

15) 

(16) 

Air Itnat for ttstidiati 

mM mslitttir̂  

Si^h t«e0al CaSO^ mm mltn^ 

-t- aiscti with 

aetftl msliMi^ 

ft S imi. 
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mm 
law f tap" 

Mftill- . ami 

liti^ i flit MtigW 

Ifltll*^ in a waf 

urfiseli® tliet B0 fr#e 

(Sf) " la tn 

iilT fret 0g TOlstimTO'* 

tlf aaiti for 

C4iiif#«» aixfi, mitlt aljyim-- fifing iBimg 
-tt-tim Mim tilleattf ' 

iMm tMfi 1,/10tli 

#f tto w«iiM 

Cltf) im MBteri^lB ^ 
flvhxm to pitets 

of 30 iia---

Anilln & (In 22J, wattr 

Soia raw 

Fatel^. ial %B mstit 

CfÎ  

Air fl» art 

fii0s©il over cata-

of fire 

prooi rmj-̂aea soakei 

with >0 '.>altr sol^ 

tioM to frtt tliasi 

froit St 
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law Msttrial 

AmiMn k 

(m 

m* 

AbHIb t ^ ilmim 

fa^rtk 

ttf) 

CO or 

(10) 

Ov ill 
... 

Air 

eaul i© tissit 

im slmft 
Mmmm.^ SOg is 

to s 'hy 

Itfi) 

1100% Sttto 
ami 
intrt 
fas 

Froeaas tittd tm* 
lijdramlie 

Br md ffe i^ti to 
ooiîfeite® with 
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Saw Mm%m*iMl 
fh^ra 

Hemrks 

m 

of 
fusion iiat nec^r^sarf 
la aiai^ring 
operation for pro*-
iMeisi caBi?.: t , 
CXiBker Gmi 
oool©a, tiWi-Ulatefi 
ana 

1100® 
oxid- H^a-tiag gmm art 
ieitif ooBtateteg 

a?i4 mmX 

.Briakt sr® iifii# 
before tiriMM* 

I t e r i s CaSO* # ismil 
m 

4 '0v-?der lilom 
n&aslo© im 

tl a kilu# uhBBB 
fmetl t'vou iiu^t bj 

cal liiJica îi 
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m m 

Raw f 

'Ifaitriŝ ^ CaSÔ  -f e luj 
0 t i iotall ic to froQ tlic 

' mrhmmtm^ 

o'tolk 

Cljpawi or C£5';rCi4 rod im 

liOat 
Gimrd enuo Oi -ator 
(43) 

.-ai.O .̂ -fg.S liumed 

wum OjpmM or reduo*- i,:- . oau Uirrit 
tm) aml^drit© 1300^ 11 iv or i xuraed 

OX euiil 

gm 

witfe 
lih^nXX'** 

Hunt 

air 
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E t f e i v 
BmB 

Em mm&i&i 
mm-' pli tr© 

ii^XM 

{ 85) 

a iad a f m t 

•^rr'nulvi^ mw 
are uacd 

pre ve r; In, c nkl t ig 
on T'lr, .'loe B€»lle# 

Cfeai^lm Gf paiim 
K d l i i i t 

s i a i l l t s CmSO^ a 

m i 
alasiiiiim® ©r 
a l X i c t a l i i ^ J i ' -
mm 

a)800® 

1500® 

F i B t l j 
i f f s r a f i n t l ^ 
g r o m i m r f i i X * 
aat^u® m a t t r i t l a 
i s k t a t i d t o r t ^ 
mm t l i e p a r t i c -
l e s © i ^ t t fhM 
©Xinfetr i s g roma 
f f i t l i ©r 

mM^ Cm&M a n i SOg 
i B l s i i s produeet. 
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Mm Mmmriml I t l iUJte 

eaistalmimf 

pmp^r t iOTnl 
t o i i r t t l ie 
r i f l i t 

i:ll# l m f 0 r l a a t Aspteta of t M o ^ i t i a n of Sfsa-ms-^ 

of th^ Bulmr ^BJI 
^htntm^Q 'hf t!i@ of gjtmxn alon® i n d i c a t e isr^t 
witliTOt tf.M of mi^ B t l .e Dro-

i s atooiit a i o l t m at 1400^Ct tin? m^oiiT pj^es-^ajte e t m i l i b -
r i m ^̂  -zmTiMksz oi' T;' i )» 

Zawadski (/53 ) found t i ia t the r.̂ B •̂ ••̂ bow 
np.timil f ^ r h j a r i t e n t Ili'^O^C w^jr i o r̂ '̂  
a t 1340%^ t c 41^5 r- a t I f HÔ  c>taliped 
b j d eeoapdsinc gf^mm a t i t s ir^olnt, c h m i G ^ l 

f a c e d . 
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T M ^ M S A m i , s n . ^ m M i w tea- ^ m 

I t i s f ^ t i j ^ i i m 

t t o t t t o o f i s mmBlmwm^i. 
t M mm i ^ e M O M M i t ^ i ^ i t M 

t l ^ a m i t l i # i m e w m ^ 

AXimim mlmm mmm immi M^m mttmt Mtrnt 
' S t t ^ t o l C ^ ^ ) t i m r m m r n t m h m t m m n 

tto rmetlmm mmM 
mt Mwrnw" traprotoro^ { 1 atowi tMt 

mMm^ 'fey s i l l ^ ® ^ m M w r f s m o M ^^^ 

I t Im mlm t ® fee rmmtUmmd %lmt i e a l t a d a i X i e a 
w i l l 'be r e s e t t h m i %hm n t ^ t ^ i ^ n l t M otWm A i t l i c u g l i 
t t e b i i p tM Mmmppmltlm^ tlmtr e f f e c t i s t o a 
S M l l t o M k ® m^M p o r o a m c t i a i , a m e c o i t ^ M e 
p p d p o a i t i ^ m , mnlmm m r ^ t o ^ t e f a . f # r i % a d d e d ^ f f e e 

mMg # t § « C m s ^ 
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mA i s i e i w 1000%* MMmi i and l^^iitowiWn C } 
hrnt^mm CaSO^ aaii OaS i » a i r 

m t f ^ ^ t l M t tlm mme^ttm 'mgrni a t aiifi b t e a ^ 
ami 900%» M t t o tbe 

mM^t ^ ^ o s M i s t i ^ CaMI^ mm 

• iCsS. ; — » 4-

wl i i i^ l mmmAMg t o ( ) mmM m^l^- mxT'li^ 
t # mmpMttm^ rt iB a stimm of p t r t i g * 

i ) ©tuii^i tli^ ramctioii is 
of a i r ari l tLe t o l a l prtBaiire t o 

SOg ^^^ Tii^ciur i l l t i i i s u^ntrnim I t v^as f&iiBcl tlnj^t up 
t@ I t M ^ t o t a l ware ra l ^s t i ' ^e l j bx^bII 
m% I.he t ^ t a l .ireeaiire only l i t t l e t h m on^ 
t l i i r i atiioisliberie ^raaaure^ Ife t^aa CGnoiucl^d tlmt 
Im^T tlm teaa^.-ature the tmga'^er wis -̂ hĉ  r a t i o o f 

suXfitr t o to ta l# lior.mol: 
( //<> ) f o u M t i m t i n %hm r m ^ t t m CaS ^ asO^?^ 
(a) a t m j i^irmn t o t a l prosrjur^ the ^ o p a r t i o B o f S 
i s %hM lower t l i0 te iaxra t^ i ra and (h) at a r^ 
c- iwn temperatiiX'*® t L t of i f i %hm ^ubb 
i s thm g r e a t w the i o t s i l 

smirfty t ims sliows tLn t I f ealei-xa 
i s w i t l i ea^rfea. t iSi flm^^es, '^otli otinent 
a n i aeM; ©mn p^iSaoai^ I t i s 

mmm^f Wmmtmm tim ^m^m^ 
mi t t o rirw M t t i f i a i S f ait t l i« i p a l i t f o^.s i i t l ty o f t l ie 
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fh® Btmg% Tmtk^skmd wtore further 
m^rmmmm mpm thm atmif^ of %%m tmrn^ratum 
T^lattmi^it^ OT-d mkd^TmtBMtn^ tlm mmlm&lmr. of rmctimB 
mt temimmtm'mm^ a t whlnh t l i # kllMsmm o^^erat^^t m M g 

mm umHiAWi^ to the iumi rn t r f . 
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mkmm ui* 

m^mimmim m P^^sibm nmmmMB^^ 

Mm- m to thm mmMm^tim #f %lm Mm^tics 

0f tlî e l^iisg a revlo^ flie thmrm^ 

i^mm^m #f a^rt ir^bable maisti^s was 

"^iMle ^ m m & ^ m m ^ m mm. at 

'^mlmim will it is tlis^^ to 

^ ^ mmmm thmm^xmmlu ml^^mttmm aigM tMt 

mM% mm m$Mm s^M^i'&rim la usIiMly tm Im rmrnhM 

iB the'•systems p^t^ets aif̂  ^mtimmm^ 

M mm mrn^tlmm immljwim ©^J soliist ^^ 

iiome in i^ud ttatt if tht rmctmntB a M prodiiota 

toTO n^t m. appreeiafel^ MtiMl solmbilitjt tfmix tim-mo^ 

ipmil^s mctl^fitt^m vrnm^iM QtmBtmut the 

t M reaetioji, ffeuSf r#aoti0rm eaimot raaeli 

la^t ^te seltoa reaeli 

^.^Ma© of th^ sar# iiot î i oontaei with 

wm^tMr ioea i30t mttaimemt of 

rmuttotx will pr^oeed im tl^ alreetim 

to im m m#»tiir« f^ree tiiergy 

M WMtamt tm fros frt^ 

f̂ kmmm ^ ^ ttmm^ w^m^ttmm^ if mm̂  miy lis tatos as « 

#f tl© im wMali. tlaa wmmtlm. will 

S«0tim»* eciMeiti^a with tberaaX d^aosi-ĵ sltiou ©f 
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mlctm ^Xfatt mm %tm r^tuction of e^ein^ mtL'^t^zt^^ 

iatamati^ii ©f m i l ^ t e wltfe ixta^Amtn ^f de-

0f tl^ pf^agiets tfitli atmositera* 

more irMefe plaj a ar-d can^iidersd 

A* ftemal &£ CalniiM S- f̂limt̂ j-^ 

•fte '^m^ttms in tto tb^rar^l îtcoa posit Ion 

ealeim imw- 'mmi stmcied fej a mleetlQn of 

flt0 6q.uilibrim eoiistml E ^f & r e a c t a t anj 

tmmpmTmture f maj ae ircsa the c^t^iderd c.'- r̂gj 

#f mt thmt tm^-^rmtur^* 

T M a m l ^ i i m ^ f Im f « to k 

f 

I^j^Jf^ im M ml/g w l e % 

wbtM ^ » Al!^ - f AS^ 

fto m fmllmmt^ 
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im} Mmt^^ m^ MMiMmg C^Mi t lms i - ^ 

Ct) cwm^ m m ^ m ^ i g ) i % C i ) 

f 

(2) Qrnm^m « 0a0CS) • S0J ( t J 

f 

(to) 

(1) # COC€) » Ca^CS)^ Sd^Cf) 

K ® ^ 0^44-2 log f ^ 0.47 
f 

C2) Qmrn^m ^ - Ca0 (S) ^ fSgCtJ ^ SCO^CgJ 

f 

{3) crnm^is) # 4 mig} ^ €mm ^ 4 cog^ 

f 
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C4) G m m ^ 

im K « 
f 

« aaO(S) 4 l%Cl ) 

.IS - f 

f 

2. 

^g^ was is m&iM^i tta 

f 

4.5If « - ^ f l ) 
f 

f#r select:ed is 

mm 

hm 

hm 

111,800 

required 

Qfi 

13^210^000 

l^stree of fwious Additiwas*-

fli# #f wmriMm^ mMm c&uam m 

mm » Sfewliai C^^'^®) .ii^ssnrad tha 
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d&^miM^tijm af mixi-umM ©f eaiclm mxlimtm 
aad mt4.mm im « cle-n̂ rd M-jumm* fallal?table 
lias h ^ i b^ H m i m m { ) iarg^ij on 

SiiriMr® ^ „... _ ̂  
w l ^ §40 logq 1100 ttTO 1^40 12B0 

SiOg 20 S4 219 - S?? 

AlgO^ - S as - 133 20C) 

laoliji 17.3 ^ 

- I? m m - m 

CaSD^ wltli Sili^^s-

1# tb& 

f 

1 e^aMsariaim of valuei> the ©xpcri-* 
Mtmtml mlixts of înd nt 1300 rir,.i are 
as tmlXmmt^-

CalermlatM .̂ easfiirei ietal x̂ rer-s-ar© 
t , f 

1 ml 

13§0 1 M 34 11.1 
f ^ m m 440 42.4 



^ n 

of Ca'iO^t a^rai? 

wtii, the e^nre^pmnilBc Iti oi iviiicr. 

Irii^r tkat thm raaatiaa maoa tii© 

m%m iB lox iJt̂  i-^acti^s 

iOTiiltia^ 2 isrlu^r iL^t it viii. oe 

aM^ -sî rs fe^uistl^emlc^ of 

sUlCM, ox %tii\ rtnculcp^ -̂ îli brli'ii^ 

^et'-^ure Bcr^rer ti? ILc r:.. jcri:. vii^al 

nf Mm% imfCixtmt ^QaaliAai^s of t&g 

ffct i^mQtlm Cat) ^ jCaSO^—^ 4CaD iSO^ la 

1100 - t^O^C beo.31si2.14 mhms:t 

1170%. 

flit tui-e .Tc fiir aecor^xia^ 

iti-on of wiXi 1340^0-. 

3-* m M ^ l m , q£ cam^ % CO mrnAM mglxi at afeo^t 
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m ^ m m i f ̂  

^ thm ^mlm #f tte 4mtm m A pr^^iems 

m M m m ^ it tep f c m i %k&% m v ^ b ^ r mf 

rmmtiMmm a. fmrt im %im ^^^mmmm 

f s ^ r t t f ^ * It i % to t&i 

^ t ^ ^ t i O ' i ^ t o t #f t f ^ s t0 littif in 

SiOJJh-ias 

Im ni^^r til imIMmtm m m l ^ ^ m ^ tli# 

Wmm i m m m^ilQimiM fl^ iixmt is 

ill #f tli^ g M m thB m^XM matimmi, 

Gmtml^t-M -^m^mmmM immMm tm mtmu wtthmt 

Mii^t-im witi* and imi0li i m t o m t i M 

mlOTt Ma imm •^atal^tifi 

a t first iŝ  thm tntmmctt^^ of m ^aa witL a 

"fam forces of whiek tim mi^r^j 

gm wmw M ^ i * ^ ^ ^ ^ eal/malt for a^^fe g^ms^ 

TM ^mXmml rn^^rpttm IrnXm ©^otl^jmi^t as^ml a I 

^^^ 4M0mmmB rtth iaeraasing 

CmXmlmtl^m mhm Umt th^ mount Qf ..pfcfslcal 

mimrgtlmM ia M^tll^i^X^ rnmm • In a ftw efi&^s 
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^^ « l i m i t t d r.-e . Ids 
SMtt, te stes^e wi higher 

a e M w ^ l ^ 

tmmm Qt l i l f fetr mlao glv® r l s # 
Mgtar- hmmtm ^f mi^r^lm^ M th^ o f '20,000 t© 

ar a^^re, f t e forcsisa Bimtlnr to thooe^ 
eea^^mati in the fi^rivitlm of elic-nleal b îicla mm t j p e 

aisOTptioB IB j ^ f e x r e d t o aa eheaissorstion. 

TM i e s a i a g eLa^aiiiorjjtioa mrB M g l ^ f 
ai^^Mfl©, ZQ fmi Uw t^aal'B fm-cBB^ Mmmt 
msmr^immtml w&j^k Ims b^mn doae on ti.e aS-mr^lm #f gmmm 
mpm m t a ^ tet .Wfe^rts and Amiersm ( ) liaTe sIm îib 
t t o t n x j g m l a mpcm iirsmlms d i m M s 

mmtmlM^ arnl^ii ias, tWE at C 

In i^ork ooac^i^iea i^i i i i^ mXth î lte reaction. 
^S'S'̂ S "î jl'tM- ionic In c'licli ô iŝ ofi- Ix̂ îtts Ti'yTi'̂ ^̂  

mwm mien ^n^rgj tl^ht i!ei> cc^r-cerntii 1:? . r,t rewr^-ibly 
mmThe^f m% ^^^Qmotm ox reaet io^ elisor bed» G â̂ ner 
sad ©tl̂ r̂ ' w A ^ s a t C ̂ ^> S7y 
tmM thm T^mrmtVlm cher^i^ic-rTtior^, cf Cb qq^ 

4mm mm i^xn^ Ic 
tQ tmkm crttio^ s i t e s , -rhc? InBrm-c^lhl^ 

m^mrptt^m M 00 mt hl^T tma^^r^^VATn^ li^ h^.Um^n t o tmM 
m th($ tormtxii} eoYfa^-t ŝ n̂dŝ  

OCI se CO *̂ 
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Mm Mm^rnmBM^ 

^m mn^M^rm^ aa l^l^e laî ae uĵ  of bteirj 

hmomim ^hmXml plaint at th^ 

^^na&Mts f ^ mampM^ in the foriisatioii, 

AlgQj^^iO^f it is fcmBi tlist two of the thrs@ eompments 

at %lm first amil thm tht third oosj^iieBt 

witĴ  e^poimd im a Ptep* 

reaetmr.ts mpm heating* fhe ©T^lutiaii of gaaes doe^ 

B^t umalij' miter Uw of th€ rmcilon* In ^ucli 

eaaas, tlie imcreaatd r#sietiirity ©1 titt frt^ihlj iormtl solid 

is sn F ^ eatm.̂ le^ delijdrutecl 

i® c#si0i4timbif aor® reactive tton M^jOrit©* 

Isanti^ 

fit ©wr^-^H i^mseti^B d^t^mimet tbt 

f M ^mtwiM^ttm #f ami t M ^ri^r is 

2-0 Wm^mmmm at pfen-st iB̂ elm-̂ bif 

(iij nt ^tm^trnXm 

i^} f^Mtiim^ m&i gfwtli 0f mmlMl^ 
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3* Mffmaim y^oties 

lw0 MBj €'ttm ^ 

Ci) fM pMmm 'h^^mimr^ 

attffiel^rllj rufit t© 

mmd Mffmim ta th^ 

fTO^at is 

Cii) Tim pimea feommaaj^ process-s fix̂  of 

n rat© eora^j^Me with Mffu^ion md 

diffuaSMg m t̂terifil sall®ets st 

^ba pM^e In tm eerly 

atafea were tlie proclmct X̂ f̂ jers are 

tMSj the Bttmt of illffaê .iou m^j 

Is) flittMl Dm&mp^mitlm of m Stofte 

f M wliioli hrnm 

0f tf 

ACS)-—> B(S) • c(f) 

a neî  î hasĉ  li i;;- Lcriuaî  ..-li.'kî  i,!;?; Ipltiei' ot Am 

"lo tm ilniXL' i'dzB oX r.tox̂ eyie:? !i "str^.in'' v.ill 

te 07i tlife zun A# '̂ âiL aî it a© 

ao torn tte rmel^l of E vriî liiu r̂ rlri.-̂  ax tlie 

m^^gj amat ^afcalm^d f ^ ® tlia miira^ chmkum 

x'̂ caetloa* zcr £ vx̂ -F̂ tnl ^rc^^ir :̂ lavlu^i^^ 

thCT^ will a eritloal below f̂ ticfc .̂f/rtiijle of 
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Cl) UmmtM mf l^laii** 

IMrinf waeMrnttm.^ mppBTmt rat^ rjf rmQtlmi 

rmpim^m Tkim gmwth of Hmslai^ mm f^meit 

t^llm m itTBt or secoaia î ^ îer rate lsw« ffee oharact--

#risties #f gr^'tli of m ^ l ^ i are o t t ^ M r i to 

^Istimimisk i f BMol^i mm h&ing loreed daring 

If^ ke^i^wrj nviCli^l oiilj at -̂̂ cirfcieuliir 

pointB 0rfatal tli^ae saj l̂ e x^mpi^Ij naei 

Hf rate of el^^m^e will th^jn due mily m ijTOwth 

Ir. thi. cum i>i' ^ao'^herxalc reactiOB8, hmok 

±& ummllj aeglltlbla or at least thm Bquillhrlwa 

f^raarii rm^tim,^ In %M eaoe cf eiidctMmie 

i^^aetiens Iŝ î u. rc^ctioii ±b ^it^n in a cloaed 

ŝ 'steiiî  of eEtio^i^CTie reaet^i^nss arc loss of 

mmmr erjiarsllisfe i-iî r. iî  li^dXEtcs and 

of earlivr^ttea. cSalijdrafcioi; of ci^'^^m 

WQuld cmm tlx xxî s-s kmi^dltki^ ml^imn^h It aot 

"mm m-^xdled ir. ae^^ntlf. i^-^izrticEii^ .̂ UirthBr dmmxp^ 

culQiim sulpli te cj lieoilB,:- vioulu ^It^o i;c 

mid^th^mi^m 

t$:m2j laiiteTlal ii^t as in tlieoe 

tl^^st are plenty ef aiiit^^bLt i^ori tsMeii 

mi^lentiori '^sr, l^e^'ir^ Tcr or^atall^int u.tcrSalc^ tie 

Blmpe&i the nuelBi iQtr^^ arc f̂lfe-M ri&î -̂ted to tlie 

ei^stal ImMt* 



411 timm^ r^mutlmm M-mlm imnui^r of imAtmriBl 

m^T&BB as Mt^rfmemrn I n tim of a^e^^mi^oltioa af 

ealalim m^clmX ©f €a0 art foarmtd w XthiM tibe 

tto j^tielts of f^r r m c t l m ^ 

anl^sOT SMl^ittr ^ m M m m j g m n ) mmt bt 

thr&ugh %lm iaf«r ealeliKs oxide* 

W^M^^bMm mM m r n M t ( ^^ ) mmMlMAm4 t m t f m s m ^ 

m r n t ^ m l u mmlM m%mtm t m 

mm m%mX tn t M '^mt mi m m ^ t i m ^ fto 'toet: 

If limit ^immmntm h&m i^e^sf^sitiom 

Casts #f 

©f rnmmm mkm^mmmm mm m ^ m l m m ^ As a ©Icss 

t&ty sjrt #f 'MlJiOT to the .̂ reser.t rnm^m 
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C mmtirnarn -

I n i^untrimt to reaetii^is in ^l.nfms^ s o l i d -
mtate reaefcl^a oeour lietwetn a^sIM^, u&'ajill^ e i^t ikai i i ie , 
to wiilefe M a t i ^ of %h® l a t t i c e oiiits ia v e r j I'-^r.trlc^ted 

Is a fumotioB Qt thm of &f -ŝ nriatAB 
lî ort-E fe tL® crjut^sl Isiftiet* 

m mt^tmmi. ^ t ^ l e m s l j ^ met', ^mulm r^m.m%tmm mm 
ml'mfB MM np Pf m mmlm eS M i m r j I - r a j 
aMl^mls In tfe:© f^TJiatim of 

f ja^Ojt i - mfid CaO^SJi)^* 

Amor^Liir^ to m i^mmd bf iurt l isr r#aeti©ii 
i^felamita* 

tw0 solid® i^imXr^B aas.̂ - trisr.iitar of out- or joth re^cimntB 
thxough the ^.rod^ict lit^tFi. î v/o z^G.hm^t^r.Xi arm laportiiritt 

Ci) MffMsiim. Ihrmu^L t M erf^t-al la^ttmi^ 

TiAB iii li^pm de; ; itn. t'l e r^i-mm- ce csf .^ari^Jus 
of eraijs tov-arl'eetioas in 'h.tttx^m* 
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(ii) "Mffuai©!!*' mlmig cr^^tml ^iwithmB .imd li. cLe.'-mels 

ami fMn-wtm in ImtttmB^ tlmm^ '^uriaee .m^mr^m 

mm yer^' dtptnatrt oii tl^ pmyt^iim trm%::.mt oi the ujutmi* 

It is iM imm' eas^s tfae 

^ ^ s i m tfeat difj^r^st l^ttiee diffaiiion 

dtfisitt rmlntt^rmhlp to iHB n^ltini If ratio 

im a for the aonolutt auriv.ce aobilitj naa 

saM "fê oĉ se at a « a? 0 htltim difi'tiaS 

at CL » For BQlldm in "̂ attiTe** tnals- tht̂  r.^tio 

ii} 

kmm£ widtr atod^t tliere are fi^^eral 

o! conneeutive reaatioa.a ir. --^fpSQ'h mi 

is iora^l srd decomposed 

C 

It rmm^Hf hm ^ m u tlimt tmler ttmum eij^cn^-

mtmcmB tte eoneMit^ttoa ©f 1 will fItto % 

ig - li, 
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iM) Qmmmw^im BmmA OMer 

40 ut mmmtltt-mf eonr^ecn.itIw Beeomd 
mmtimMf c m m t i t r t t o r e n e t l o s 

I 4 1 § # 1 

A ^ Q ^ B # 1 

wim 
4 4 / i t 

m/m 

A - 2 1 - C? « 
1 -f- € • 1 ^ 

tliii m m mmm^tw^B t i i i i ^ a t e i m i t i a l e e & ^ m t m t i ^ W t 
i t t'Imt 1 m i 1 a t tbii s t a r t , 

I x p w i M m t a l cmi be eo eliooes uii t o smke 
tliese p e m d o ^ f i r a t oriler For- ex^ii^ple^ ^ im-̂ ire 
mtmrnm ^t k a a j be f l ^ f o r oaeh amaas 
i s t t o a tlie s ^ e s a s i i r ^ r t m e t i m s ^ 
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EQUIPMENT, 

I-
•C1) fmmt^ 

Mai-"^^^ m s a,® mk^n to tte iiafi^M* 
its tta rarta wfel̂ li. M eoiitaM witl 

tlit f^lst.^ flatti, stoM tm^lmmlmm- mi 

^ This press was ideal for making small batches of 
pellets for experimental work. 
(2) teatsi^ 

T^n platimm boats lif 
I^tiia^m ^ fSat-Mj wltE the follwimf 

IMtli H€iiM 0f 
iat trial 

2 a 1*5 « 3/4 O^dll Mohmm 

Thmmm 
mm^^mm im thm mmM^ ©f 

CD msMMm^^ 

M l woft: M mMiMiMM was iloaii 
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K 
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6 2 

5 
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z 

'7» - . oo I S 
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1 OFF AS D R A W N , PlN 
MAT. s t a i n l e s s ST EE I- . 

1 O F F AS D R A W N . S A S £ E>LOCK 
M A T . STAiKlLESS STEEL . 

2' HOt.£S 

DfZiuu. 8 TAP 
Houe: 

1 O F F AS> O R A W f N , MELA^D . 
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'<5 

JM 
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i OFF AS O R A W N . 
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FIG. 5 .1 .2 

2 OFF AS P G A W N , COLUMFSL 
MAT / W A R D C H R . P L A T £ 0 M.S. 

P E T M L S Q F P E L L E T 

M A K ) K G M A C H I H E 

Sca lS . T u l l S i z e 

DATE ^O 6 S<£>. 

DI2W. BY. M.S .ZAHID 

D«aa. Ni® 
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(a) liegiilation of 

fbere mm car aii^rable riuet-iittion of pressure la 
tl^ coapreaaed air aarvioe to tlie lasor.itox^j. fo get an 
©vex. flow, an air-rogaiMtir.g was itsedi foliotvecl bf a 
needle valirt, far aaciu^ata adjMtoant* MiBor fluctui^tio. s 
were b j tlie Inolueicm of s i l lea i:el ar-d 
aBbestaa H^tutoe^ mhlch als# serwd to r^ove ^istiu-e f:?ro:a 
air» 

CMj-gtii WII3 witMram froa tM cyllatert malng 
©Xjgeii premmr© r^tiieMf valr©, folJUiw îi by € nmifXlM 
ffet flow TOa 

ih) i^utiJi^ tioii of gaaesj-

(1) t'-'cy/Ten raB by gm^ilr.g tkror#:li n 
eo: ccnct ir foi3ov?ed hf b cq 'tr-ijilnu 
asearit"--*^ wl ieL ir i? ^nctAiii irorrr-̂ ^ « 

( i l ) ilie sir cci ap'-jretJiablr '.'0.. nid 
duBt ar.rtioles^ /.a bô .li i" ''ill- s.-. .i: r> 
were renovoci n CQ̂  ?#!J.cli retailed Ĝ  
aiiii tof.'.t î l.a i-.oieuix-e wiis rmmxed^ fĵ / 
s contrdBisv Inpreant.ttKi r.aiica £;0l d ar.otLer 
tube aor.tainlxit: a 1 1 1 ^ îlztiire P̂ Ô  ashurtoo 

(2) UrniMMMlBixigt*̂  

Cx̂ ^mi tre^ Mg ^̂ isi used for pit^daciiig jiSB--
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C3) B^a^ipticm 0f 

T M mnzhhBT ^mplo^^d was v^rj ^Ificlemt aai 

mp^lBd a em^timouB ^trmam of purified bIt^ It eojitsined 

a mlntiom ©f SaOH, air w s tliraugh aa 

orifiea iJito tib̂  mptml md m^tiM'^M ^ X̂ r̂ s comact of 

hubhliiB with SaOH flit ©f purific^il air not 

©nly tlwi mtmQm̂ bmrm im tbe reao^ars^ v&m 

xaixê l t̂ ii-l;. p i ^ ^ ^ sttoiii lifiuid ia tli® 

diirlmi It mlm̂ ^ mmpt the atisoaxjfcer® 

abme th^ liqmli trm f s ^ ^ ^ otltti* 

oael; serub'^ers m^t miX^ t^r purtffiM^ tms 

BtmimBf but mlm for irjiMg m^^ wmtr^IliBir thQix xiioietiire 

eor^tent, m% m ^ ^^mlrM ©f m^wmtlm* For the 

latter pmi'̂ foŝ  tk® m^tuWmr m&f h® ^barged witia cmct 

Hgi-iÔ t aeid aototi^s w satiiratea î Dlmtiona of 

salts*. 

fIm veere mm f^llmmt^ 

It .eiilM #f affamtms^ « i5 

tipper 

si 500 

Cylinlri^al eameetini;: â .<Trer 

Ma^t^rt QB 3,5 



6 G 

nmnxti^m' %lm rmomX CO 2 
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m iOOt 
« 0 *6 

asfiratim liti^^^tr* 73 

C4) '̂Imi 

f#et i^ag, Xiawii^ 
ti t w lri0li laiii; e^ipiXliiry md a alei^r^s mlu in the 
caiicretad "bo t i^p SBJ owxfloK, wliej f i l l e d 
witfe watsr up tc 

lltmxB ris^e t to mtalaena msll^ TB^aahMm Xbe 
fl0®iiet6re ware wir^d tn t t e wj^ir t l i ie v.ao^en Mnrde aii4 
uwipnfM^&d uki mak I j Mans ©f toek^^ 

f l o r i s t# r s ^ l i t e a t e a up to 1B0 oe/niimt# 
aî  thlB i s s te aasslj^^ i lu i t tor %lw aisootli flow 

using fiseli^r & raeter using sis© Ciî^ t^ibe 
witli 1 / 1 c l a a s ball^ t&r flmm f r ^ 2 to 5S ec/alniate 

and, t/16*' a ta inlss^ ^a i l for up t© ItO 
Tne claaB lisli n btt ier roiierci oi: viitlite 
i t s liiilva* 

flia liisaueioiis -is 
Leirî tii of %hB flmimt^T » 2 

s f tubt « 5/32 
ri^Bgth of toe « 2 i a e t e s . 
i'^re o: i:BQllUirj tiiM ^ 2M 
^laa^ter of tKe bulb » I f imclu 
LengtJi ox vim an îB » 1 | ineiit-B rnrn^hm 
Bare of ilae ute^ araa « 1/4 Mdh*. 
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flmmtmt* 
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ThB bare of tlm CEfill^rj war. afilectad^ to ^ i w 

n m i m m height of water coltim t m the g i m n f l m & to order 

HI*- Itnef.^ras'^ 

f t e W m mm^tmrm mmtB mm f ^ X l m m t ^ 

sEsmXi 'li© affected hy tkm prMmett tk® 

I M tiitets slaomli M M ^ ^ r w t & m m 

flit rea^t^rs shomiii b© oajmbl^ af mml04 

f a i e H j t m-r^W t&a gmmm mnd 

^rnmm m^ iesirsil in, it# 

4* witliatani tte tailSmf af ima pr^smirts 

witltia 

all tlitj lit sf iroimeiiig 

liiglj mm mmplmt^ iae^mpusi-li® 

#f f j ^ m tates abow 

lemrat© stomlA m m desiralilt 

imrntwm* 

file tm&pmrmWTW mmr tte aiitla t!i« 

r m Q t m M as mmifi^im mm 



7 i «-/ 

a t e i l i be a iiiB^tam* 

fm rmwt^TB Mllt to qqm^ wiith tim rmivdr^ 

mmtBrn TM fiTBt m^ pnsdmced up to aa i 
wmm mmmBt tm ĥ  UB̂ d̂  t i l l th^ rmmt&ff wbb liciaierie^ 
amd to ^dmce tm'pBT^t^reB as M^ti as ITOÔ ĉ  

li^sign of A 

Mm^m A ennaistM m siliea ttife^, wmi witli 

Eamtti^ k mi^ m i laffiei wit^ 

•fb© dar t^ and ^f Turlms 
pirts mm t^Hmmt'^ 

{1} 

It 0f Emstbal A ariMBd tfeB 
s i l i ea tuhm* Tt^ mm% umit̂ M® wtoi €±mmt%T mmm ^almlata^i 

C ^̂  5 
3 

335-a 1 P 

f » rmtinf #f rttMut im wmtta 
^ « mmimtlwttf to o-tes- ^ir* mil f t , ©f 

laa^lml alX®!- at w^Msf 

1 « mmiMtrnmrn-' M ml&mmt in otoa 
1 
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B5.3 m 

m « 14 B t tî  
flis new^mmt i S m m t m r mwmilm'UXm 17 B M S^ 

Pw mmtatlm ImM 1 » f 
1 

f r ^ m 2WA t te whMh emu M drmmk mt 
2m rwltB » s 8 •31 

a40 

• ^ S ^ gM,.,̂ ,, E6.81 
8,33 

If Im m ^ tm̂ m-m-m tm TmBlm%mm€ of wire at 1300%, 
-e^w^ted 1 ® 28.81 x ^ ^f*II mm 

of B 4 3 1? EaRtfe&l. A wlm 0.412 ^sa/ft, 
L^igtli af wir© 27»3? ^ 

0.412 
Thm 66*43 te^it of the w i r e t m r ^ m^milf womi lis 8? turns 
to coatititiite tiie heâ ir̂ -̂ laoli tura of mXrm 
wm situated at a diBtafio^ of 5/3̂ ** tTom m̂ dh ©tfetr, ©jieept 
tlio ©iitemoat turi^ if?er0 waund a l i t t l e Qlmmr t© give 
SB 0¥trmXl of t3s® l^at i^ i B l m m t * B^S^m 
v̂ tiidiMg wa0 dm^ a aica aad tl-̂ eii m urnhmtm mhm%% WEB m âpped 
mm^d tttfee. was miotod witli 
where the tuims wtz-̂ e tij oam ,̂ then molatm^d miii. winding 

Tim w M m m / W ^ r n ^ M mt eai to lo©ps of 
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Kamtl^l wix^t, t i i ^ t i a t i aM then omtM 
with a l ^ m tf l l f i m m^ m - ^ mhî h mnU 
wlilmtm^ iif te 14CM)%» 

(2) lt®0t0r tults 

AS atatta tht tml)® wm® of 
fuse-i sl l iea» Ite t a i was bf w^Mtog a 
Eilioa disli it* 'iwo Jfeoles wtre drilled b j g^iMiim with 
carbormidTO %n))nB in %lAm ciiBli* On mm holB a 
Biliea tub® wa® mld^d t© aot aa an omtXtt fo r 
'^LiB tub® was ground to f i t iiitcj ^ BIO ®©oktt mttmohi^i to 
the absorber. Ĉ i the Qzhcr holt u nilica thsraoooupl^ 
alieatli mm Xliiss v/ns mde bf eealiiig the end 
oi a ai l ica t.uut xusion arid fejt^tju^is up to th® middle of 
%lm hot portiion oi "î liu reactor xuhia^, 2q or^Bte tlie desired 
ateos^iere iii t»ht; reuctar, %ht tube v?as- welded to 
fmothtr hole drilled in %h% reactor tutoe E#ar the open end, 
iii&Xdt the reaotor, i t was btifit at 45® towiaria the otntre# 

Si l iea Mmmm br i t t l t a f t s r mim Ideated at high 
ueaperaturt©. It also wry ©low amtalini eft#r 
welding %q rsduct th© diiBftr of cniokini aiid 

1 1 1 weldings mr% demt xming a ^illm rod and oxy-
liydrogtn flame* 

Am tht Imt® containing thu of t}m mixtures 
to m atuditd, mmm i»strttd mud fiitlidrmm from the 
mui^tor iiit«xmitttiitl|^t aros® the pmVlm of staliiig 
iw -̂̂ itb mi ond. plattf whioh. oouli \m uatd to ®ta l thi^. end ' 



( o 



4 

tli« tlMm thm rm was b^lmir A olrealar end 

was tei^ two of tMek --̂ in̂ anjo 

sMt of wMoh fed a olreuXay 

to fsBk®t» 

Wmwtmm gm^ats wtr® mttl ln^ wftli tto ris€ nf 

mmt- tfeta tti m^t satisfaiitwil^. 

Ct) 

(11) 

Ciii) IMO^ ITS -^afc is 

t/8^ tliiat; mmhmtm 

fite^t J^tefcif' wtth mhmmt 

aai mlmm frtcrM^m Mgli at^ss is -

{i^) Shim 'brmmm with Mmmlm 

•MljBll gmmBm 44 • 

C t ) ABMmtm- ImteicBt^d witto. 

Cifi) SXllcmm mMtmtrn 

BiMmmm m^mt i^atef mmgUrn m%th th^ mix ^oAing 

#f tilt ©f pmwmi mmtiaim^Mw* Wmw^ll^ thm 

^thmr gmk^mmM wmrU is 

^ laas^tl f ttm ImM m il mm ^^ .n^mw^d tettx^ 

wma Bot s u f g r t a s ® was 

abao^tecl fej tl2t M i aim mp witto tli« rise of 

tmpmrntXiT^ bmmm grtttj, wii,ii the acmmKiwcn^ dmBlo'^t^nt 



( 'J 

M ^m. 

s#«r# B 'Imtwmm tfe®- fssk^t am^ 
tie ©mi of tmlJt it fema-gr^imt witE m e i ^ piwder bj 

#f m milt grinder m i t for thl& 
fl# was %hm t m ^ "aj m 
alMfiai ttxtwm BtuMM tfm mmtm mmm* fhB miM Btml 

ftetmr© wmm rm^ tTO m^pp&rtiMg BtuSm ©exewed to 

^mmmS m buttm-il^ mrm^ with a swiTtl o^t w tLs 
lilt plntm mmm Immlj listt im ani trm 
tm ^ Qttor. fEt a slot t^ fit 
Wm ©f tfm tlMB ss^cis^ it p-̂ aaifele to 

m hmttm « tto-

it mm 

M i l 

iMhm wim. 

INi^ Mmm fef 
Mist s 

til® mmtmrn 
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C3) Iteilatismi-^ 

wm .̂ s mi: mtiiQttnt Irnmi^m 

mUh mi mgm^^^t mvA 

St 20 4^0» Stie of tl^ hmm%lm£ ml^mnt pm&^inu thz^m^ 

it mmm Mm^fitm4 mlth ciiij j^ij^s to t^ga f r w 

f M 

li&ii te 

an 18 ^auijt mild ca^e^ 01: tw^ simiXnr mmM 

a toXXt^-^^ ejllniart mhm mrmM 

flit eii-culiir BtLdm ^ t M s •ejlin^er 

tlie r^EGtor fit w m ©mjt^rttil 

slmlXmrlj e^t circles of inatil^tioa feaard* 

fte mpi^r mm wm slotted 

irsSuIi-jtM life® 

^^ mmM of teit^rrj^' ^ o e w ^ tm tto amjJforliEi and 
suspended on the rack, 

Cf) f a r a i M i 

a e K m t M l wires mm^m aoBn^isttd the t^a^^aml 

m^r^r lifilf of % m txur-.m̂  Tfrn' terzrlnsl^ fittf?4 on 

a Mea ^XQBpt tM »airit fejr ei^rtb Itail^ the 
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mMm mm tMMMM 3 mti^hmtm 
m%%m « i t k a 10 mp ^^w^mt mi^m^lt j^ t M 
mmrmt wmm a t Wl. 

l i ^ i l i i m t l^^j^^emple -mlrm 
mmm mwrn^md mlth t M n e l a j litrvifi^- ss 
mm b l o ^ raa mwmm o f ^ m ^ l i w te^ 
TO tl^ aiXicm ZM tmp^m^m^mm wm s^asnrc^ fef m 
Stter wMcfc was m tfpm t t m p e m t ^ ^ 

mr ub^ with ^Wt ^ t ^ i witM 
t e a ^ r a t w e wace 0 - iMBtrmmmt mn f i t t t a 

mttk mM immtlm mmpmmttm a M famd a ^^airra 
tee^ts mlCTw-baekeii seaX^^ mm Jtmet im^ at 

TOiS wlitu m^ Qtm^Umd 
dmrfci aae* XM^ wao tot© b j di^e^arieotisg 

f r o s t M imstxua^i t i t M r^^i^twt stomlci t i i«ii bwI j^ 
siiwmd tfee of t h t l a s t e m m t * Wî m the p^tnt^r 

i t s f rae mm hj r a t ^ t i a g ttm 
ai j^ tmsB, ! screw* mt t t e l imti ian^iit 

was ^ com^-trisg witfe a m r m r y thm^mmmtmr^ IhB 
m^trn*® iM^lmti^r wmm tu tt%m ter^ii-ila m 
thmm^mA^lm hXmh fej aams ^ f mirmm^ 
fh% Q^mBmmBtMg l e M ^ i r t s c-Qprnr^-^g^^ ^ Bietel^ 

h j t^rnm k I s r t t o p t h t •• 11 



o 
( V 

I#- B# Q* 

1* 

t/1^ 

A i r f i ^ t - ^ 

©f I* D* #f 1* 0f 



n 

•f l i t l 

16 Sa^t-^t 

r 

of 

l^y^.iith TkM^mmm 
p i r t i o f i 

m 
M&tmm hmtm^mk Wm mtMm 
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Cti} C i s s ^ a g ^Mmt^ 

S M ^ uMth M LwmMi 

fi^ t/l^ 3/li^ 

(lii) 

w i i r ^ i i w t f ^ |slat# 

1/4* > I*' 

(i) Wmtm^mmm. 0f m a e t w i t — 

Zffth ZiTt^) 
m {t i: ̂  X J l % 2(22 X ^ J 

7 48 3 7 2304 

16128 

« 3,^8S8 St* fta 

mliftf^ Q » ^l/tm 

% « C 7/ ) 

1 » Mjrf 

f « m m f m m m t i ^ ^ m ^ i m ^ m M ^ m t 

i m TOsinta^et ImM to. j^C » I e 1 



Wmmm0 slmXX ftep* f 
m. f t tpt jmturt i a 

ftoiaTO 
h E 3415. M A f 

t l i V ^ 

% % % % % % 
w 

t p t i l 21 iStS 21 2$ § 

a 2m - i i i 43 109^4 ai 341.5 2S4*835 

3 80 0*24 1004 m 154.4 67*1 8 7 a 81^, i 685•633 

4 10T $m 1472 778*5 141 1461.62 1303•eta 

f 134 1020 1868 144 291,2 72 ,3 ms 
i 160- 1210 2210• 171*5 340^7 17 62.6 11S3 3 3243,75a 

6»7 m l ^ l i i 1320 2406 18E 370*4 23.5 74.3 3.1 40^0.19 3566.834 

CO 



1 200 

1100 

1000 

900 

600 

700 

Rise in 
m 600 

Temperature C. 

(tp ^ t^) 500 

400 

300 

200 

100 

0.1 0.2 0.3 0.4 0 ,5 0.6 0.7 0.8 0 .9 

Power Inpjit (Kw ) 

Fig. 5 .3 .8 . 

1.1 1.2 
CXJ 

ro 
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mm$m ^t Mm^mm » iVt^^ v 

I D 
CM| 
C i i t I 
Ci^l 
m 
Cirt) 

SUM ^ t f e f i r o a ^ p 

mMmmm tmmmm, 

tmMmtlm imwmm^ 

MmitmtMmn^ 

i l l M ipJ l i Mtis fmwmm — 

M ^ i l Salt l i tMs t wtn* - 1 ^ 0 -

i a ^ i i a i ^ M M mn^ mlm ami of 
t l » tm l i t ^ mf m a i l t p m b l e m s ^ 

{ t i ) f i i i m ^ • 

fte 4f mm mXm mmgl^e^ 

im t-^ftmtei^ w&Am mmiMtmmm mf m m€ %m 

t'm mm^ im MS^ mm^mm rtef 
Wm :fi#lt«r - r ^ i i mmk mM ^m mm r^ i . mmmm 
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mmk. thm r^dm ham mMo hm rmmmmd^ flie 
iiric« of ® mil •^ttec saarlj £10 %hm fwimoe becc&es 
ê -stlf' t© a^diiiaml aiss^mnti^fjes ar^ tlie 
Mfli ^^LCT^nt and tlm of trrmmtt^mmT* 

iMS} csrtea, tmmmm -

tmmMmm mm tef p&^kmM 
m̂rboii #r ̂  tmMlw m^thm. ftoir 

mmt iM hlgk imt t© liî E 
t© b^m mp dme t0 tte ©xiiati^a of 

to^^mi* tto oaat ef m ^ m m e^ii^nt is mt rnMltlmml 
ia aattisf mf smell a ftsmnm* 

(Iw) '-X&IjhMmm fwmmm ^ 

At tmp&mtm'^B mhmm ^OO^Q^ mol^Mmrnm. imnm 
m t^m mM^ imr %hm pn^teetim M 
winttef W flatiiaf it to m m^m^m^mm ^ M2 
p m i m i smafĴ iet tern ^f 
H^vdM mmmdm^ tbm Mimg emektd m. mtml wmQl in m 
mts^lMmtf immmm mt mmmt' ^ im-g m s pmasiir^ 
©Mtffetlf tbm th& mtm^'ph^rM is tetetaiiiat to 

(w) -

Is, mmM m a^talli© pImeM In m 
wtai^e&^lei m i l e m It hant^t M g t fmqm^^t&^w^ 

t M tmrmrntlm « f mMf fli« tli0 
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Bc^WMAlf^m contx-^^l dlxtl^uluiMm 

mi^ tm '^hl^m ^t Umlkmg wr i^t 

MM-wmtmg^^ ^t m m&mA iwmmm^** 

fur Qmti^Ql af mid twm ©f 

eMmft €if sx: eHeetrie is Meal* 

furaaoa Ijn® mmli^r ateastta^^i iti is posiaiala to 

f'Xm^^mB to mrk in reatrieted 

« meier e^mditiciaiif i^^trs aSlm^ of kasttiiî  

is 

It mm de^iacfd t̂ s V̂ 'IIIa ria.tinma 

iitodiiM th^ i^iodlt^ aXlv '̂ liaa a Mtli 

(llf^O^C) ani tD oxMz^^iqii^ li. is 

a aa^fiil i.mt#rlal loî  rm îiaa^ i^iiiaiji^s. OX ©eauomie 

tfeii ^iailiMii usmilj uaiad tlilr .̂ar tiî m womld 

ttul. Bka-ulU izct m forf%i%ttn ttet ma^ 

It ta l̂ to l^suaXly "-liMimi 

a i l ^ ia m^^dt tot was to a^t allof for liifii 

tm aXs^ Xs îi ^QtSlm pmrtt It in hmt ta 

S M wixt Im&'S fej^d to abase all 

mmah mu is Mm'JLmA M im% Ms^ii^g mn^ m^linim 
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WM mix^mm tfes Amwtm ittmil© ©f thm 

Cf) Mmtim 

mi mm Flmiwrn ' wir^ ̂  

M r T%mlmmm0 limto in eirwits 1 ^ ? 
1 

f im a 2 onrroat whde.ii can "be drawn 
at 240 volts = 2000 =8.33 amps. 

1 » EM^ « ti^Bi 

^f all^ir « mierotos/ 

at 

f^^ mm^Mtmrn of sll^f ptr jrari st « 

olxma* 

•. Bit Tmi&tmm ©f all^j per jairi at « 2, 59 

mlXmim tm^ 3 tims th^ inOT f̂tse 

#f Mslsti^e® mt w^^Mm the Imgtfe 

«f tit wJjrs i^miMt « 2BmBi » 10,»9 f'iia?̂  

32 f««t mi t M ^ w^TO 0htmiM»d wo^M 

OB, a ^ttlMts f m tmmm -per iseM ŵ jr® ^ploj^a 

gi-wiMg m t#tsl S ^ î isg mlmmmt mai tte wiMJtog 

aa^^^ii at tm tmw^ #f ft«iamiiM ^ ^ ^ « t 

of 5 tn-^ Img §%mmB tmm tfet mmm rnirm* Sefo?^ wtodiag 

m TOs Witffti m ttos 

bai t̂ ^ p»t#0t®i fTOa «f a^iim w silica* 

It ^ ^ t hmm^t tst© witfe sill- ,̂ imitr 
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m^^im m% M^ tmm^mtmm^ mm gh^tl 

It* mlmmmt eastei with trimglm M SOS oe^cnt 
ttimii 

ami ^ot mf t^ 

(2) liea^t^r tm^ mmmmrt^t^ 
fM '^^^^JNmmtm f r m tto r^^tsr tn^e oi^ratiiig 

at tesimrmtipms mm^ ©metlBg- -aaj 
cit thmm ©r ^mB are a©t 

mH teiails a-wallafele to %fm 
mmA^t trisa^glm l . f MLULte tm^t fejr i-orgtm 

It i s m porcelain 
witli a m-d prcvidiag 

at mp to fhe iJlcro--
^ l i i t e 0t»0tiii»# î er, resistance 

t0 eliTOî al hmn a aad a 
n^gls TmtBtmm t^ ei^eldtaif te^permtiix# 

ma mmh m^ hy stainless 
mm^ h^lmi eyl isir leal in 

•mXlm^m -mmm^ t te 
tei a TOllms^i: im tim 

tofilat iM to 
im tfe® It .tarn- be 

I ^M 0 t 
If' tM 

mM 

to sTOld 
f mm 

ttMmm Im t# ifet reactor 
nf thm f imte^ Mt a 

f ̂  t ^ 
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g* 

sMt of kmctor B# 
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t m M l m 4 M £ imto t t e m l U m ^ . h^lB Qf shr aduj^tor 
f t e elampl^^- pi^^ts wnu s i s i i M r l j cis tlis 

me- nmmi. to tli« elffi^piB^ fixtmi*© a f raivstor and €tmi he 
Bwmg m% o r t ^ l e t t j MgWmiis^i pirfoses^ 

a ^ f t - i ^ r ^ l ^ t ^ %h€ o u t l e t aide o f tlie 

s u l l i t t s ^ i i t f e m B I O fias© cone t o serre 
m an f u r f M a plnta sii^suilierei 
t© f ^ i ' m mUM mtm%X c e l l a r , ^ M t i l i in t u r a 
was t 0 s ^ i t e l ^ f * Setli a p l i t e a l l a r e l s ^ i ^ 
were f l M d an t l i « OTllite t u t e w i t k a ptid ^t ^sb^stoa tai^e 
Jji 

file s^teptor and p l a t e s coatalned s i i i e ^ a rmbber 
gMB^^tm b j t & t m^Bd/z-abm o f 0 0;3r«5 0rlritis sis©, 
te^lag m ^ ^ c i p r i a t e l ^ a i ^ d fei^ltis l ^ r tlia -^smnm s f 

ateatk^ 2o awoid smj leakage, emel̂  
wpa m t o 0 f 3 ^ i r c l ^ e o f a i l i s ^ m rabber Joimad t o on© 
a n ^ t h ^ r by B i l « s t i c 1 1 0 mdmBi^B^ s o M liy Dow t^omiBif C o r p -
^ r a t l m of MlaMitsm E^feguard tlm e f f e c t 
0 f liigli m % e^nduetios^ a i r eoeXing 
o f totli a ^ e t m ? t m t o m s dona a i r J e t a 
tlirmigfe t M h i ^ m to & c ^ p f e r tufee orot i n t o a 
c i r c l e t l ^ rm^w t m ^ ^ ^ lia^orlbed e a r l i e r . 

f l a t t o i s m i t o t ^ 

^ t i s t l m , . pli^ttoiia r s M a t r l e s t^ere r^iplojea oa eai^ 
f l ^ j e o M i ^ t e i o f i i s e s o f plittlraxti.. Tlie sfcielii on t h e 
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iHtMb 



Saltrl mMm fcai mm mXlmm^ la^l^ M tte cm%:m mA 

m^ tlm tMas tmhm rmmm-t im 

tM bad two 

i»f thmmmm^m Bimmth it ant thm: 

mm tM tm^ tfet-

til© 

CJ) I^^ati^i--

Ifei mmmtm 

la 

C 4 ) 

ftî  rm^pr mm mm -mmd^ of 18 fang® mili ate^l 

imd mm to almf^* fte mdm M tfee war® 

ulmm^ hj s^rwJjig t^g^t^^r two clrml^r ptmrnm of f* tM^k 

Sim^myQ i^uMMm bmrd md tltting emŝ  bj Esema 

Imm* Wm Ite im^r aii© lisd eir^^ml^r toles 

Iji to ^^^irt tfee af t M silica tetoe and 

tfeii m tiit tea for ths r^umto^ t̂ abê  

^ ^ d i frTO la reri^^r bj 

it 0m ^tM nt^mm mmM iMmmr%iMg tim Bnm of tfm elm&p im 

sl^ta, mutwmd €m SmmMm &t thm mittr boards. 



t i m rmmrnmt mm mmm m^.^n&M on tfm ra^lc hj immm 

( § ) f m m S M ^ m r n k t - ^ 

2h% t#miaal hloch was nf^da of -erririic tLram£:li ^ M c h 
n 3rd li^le was irlli^^ for e^r&li t^rrjlBuls isor̂ r̂ ed to 
%hm setallie Xiie electric c a b M was rltii;i'|}le 3 

m m ^ m t m cotton backed Ŷ itli a tcm 
amp* crnrr&m om-rgnl, rfst̂  rsfna^^tcd bj a 

it^) 'im^p^TntuT^ iieasurmeBt and 
^fm tmi£mmitm*u was mtecm^ed Ir^' 

13,'- 'i^htr^-eomple eneli^Becl bj tlî  tlier-aeosiiijil̂  
BtM^th tmA reaeWac up t̂ o th^ cmitTm oX the h^t j;crticn of 
tto renctar t^bt* Base to tbe Ijiick oi tlic themacomple 
^l-oek Miy t0 M f̂itit nsquxrenc^nt^* It eciislate^ 
ai' a cr̂ 'liî dx̂ lcml piece tard wood wttli 0»02 Iscbes dlmaeter 
twin toolea, eofid-xii- emt in tl;e miMlm^ or. opposite sides* Xbe 
mi:4B oX t!i@jiiQeom.gI# ' f ^ t r m QQwiHii 'tiirmî h theis iî r̂a 

t0 two typ^ ttraJxttsls ffec-d aeiir eaeh bole, 
mnu tlw ©•m^f* r̂efit-rateci web iakeii thra'iich coapeiisatiag 
leads a l r e a d y mmitmBBd to t m i a < i l e a t i > r , ^^hldh 

f i m mlBQ hmu am^rXb&d © s r l - i t r * For ^©a^uririg t f e i f c / e r f i t - a i - e s 

h i g h e r %1'mn a -^QtmitlQ^^Kir irius usud* 

it) • llefiSMren^nt® of rtuctor piirts^-

3€F 1 

laltt 
h m f t h I •P.* 



J 

7/^ 3/W 

f 

aMtlisf** 
Ci) 

im 

la i ia t iOT tlm telet 
0f fkietoi^M of 

4 mXlMT #f 

n/i^ 

tel^ f# r tilt 

n . 
64 

IS* 
32 J t 



3 4 

Lmg^U mi 

ta^ 

2 mi 

f / r 
e t o m l s ^ p i r t© 

1 

M^^im arid 
im) Imi#t mMm^ 

.f^es^tti of tfm holXm e j ^ M ^ i r i c a l 

m-

Mmmtms- tM MI0 fm Uimmm^uff^^ 

Mu^^tm: m: tmt holt- f^r outlet tuu^ 
i t ^ 

Thl^kmrnm 
1 / r 

hmtwmm 

Sf l . i t m l M r elmmpt--

3 r 



Q o O 

ih) Outlilt ztam-^ 

l^T.gtli Of" til" cylltoricw!,- x-rtricm A'« 
ti 

ri^ii^t^r of h^M 
cf c^lhiT Cirvtiitii tl 

zt eallar 

CIaapte^t I 
(1) . 

I Hi JhX 

51-

Leai:^ Qi 
iirommd 
mrtlmiL 

i/z^ 
iK^rtlmi 

3/1 

.iietciTieu v^twesi; iituau 

C i f ) C'lmi^ig S^iiJt1 •• 

1/4^ 
elst 
l/t:'' 

( l i i ) uliinpit.̂ ? 

ca' avr&ff o? oerew 

.'.crirtV- '^Itith ^Idrfr^'c^n 

{ i¥) roli/ir 

I t St 
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CSJ W m r i & m m m #f W m ^ m 

^gm.- #f mm ^ 23^ 

ms^irnm ^ m ^ 2 Vrh # 2i TTi^J ^ s S x X x ^ E IJ 
? t 12 7 4 

tPIt # 1 1 « ^ 1*571 

1SS m 

« f^SSi ft-. 

&mtBtmkm of 31 r ^ a i ^ (1 lia# b m m 

tO^ v ^ m for aiiesc^rin^ ami 1 irieli 

10 to mt tes.-^ratOTt « Q^BB x. 
3 

« 9*1 ctea 



. 'fwmrnm kmkiimt 

Amp f d l t s I n 

H 

m 

i i i r m i i o a 

K w x 3 4 1 | M A f 

% ^ f % % % % « t A % 

M A f 

! I f 1 9 0 3 1 4 2 3 7 1 * 4 2 3 7 3 . 4 1 § T 0 0 51 0 

2 3 0 C u O i 1 5 4 2 0 t e e 1 8 6 4 * 4 1 8 6 4 . 4 0 0 2 0 4 ^ S 0 

3 6 6 0 . 1 9 S 1 1 5 * 7 T T t S i a s € t 5 I T 

4 1 1 0 a j 7 3 # 4 1 1 4 3 8 1 . 0 2 1 5 0 2 , 6 1 2 3 0 . 3 9 

i a 5 1 7 0 0 3 0 S 2 8 1 , 5 H i t ? 7 3 . 4 u n ' 1 0 5 a 2,1 1 9 2 0 . 9 3 8 1 6 7 9 . 4 8 2 

CO 
- a 



Cbaracteristica of Reactor B. 

Rise in Furnace Temperature Vs Pov/er Input 

Rise in 

Temperature ^C. 

0.2 0.3 0.4 0.5 0.6 

PoNver Input (Kw ) 

Pis. 3-13. 

CO 
CO 



Characteristics of Reactor B, 

H Vs Power InirUt. 

R (ohms) 

0,2 0.3 0.4 0.5 0.6 

Power Input (Kw ) 

CO 
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tm mmmutm t o ml^mAc mlfi^ it'dch 
iM ti^^ gm&r,±&e tM '^Mlm mi Ammlmtm^ mi ^H'txntmt 

tkhnf^rmr^ 1m tf^m mi wmm rnxdm t^ ssudj 

ik) nmmmi, mm t^m 
C-B) t j ^ ubmmfMrm^ 
. -eseriir^itm of t ^ m fcllwsi^ 
Caj 

^Jmm tSTlt glMmm Mmm 0f tM grrn^m^ CrO, a j 
afid c4 were ^^dhmm-^ rta^rber^ a-Mm^ 
> hereaa t l ^ of fmri C50 diaes wac-
Ifirgn era! Si &M 04 fmirii Bml l i t %aB 

tfea ^f f a s pmmm^m im the s ja t^a , witB 
s±m 021 123 §4 t i s e was 01 ii.ise nbâ v̂ ^̂ mr 

tfw ma^m^ia t^ m±%md MbhMB with the 

imr^mi etwiy oJ mij^'lB soxr^'^tlcn 1% ^'sf- i+aJB^ 
thBt tim ta'roles tfpiesX of tli-e f r i t Cisie.v oi :icl\ 
^imd^ ii^rMd anl^ i f faeea ^it!^ 
tlim* Cm. thm Q%h€r to? ̂  If dis-eit- vi^rr ^o laee 
aad falet tiî De lî  I t a- too r̂ ut̂ h 



1 0 1 



1 0 2 

al^^^rMnf- mmit- tm ^ %# f t i r# raffi^itut fmmA fw 
mhmmwp^̂ mrn f # mmmm t l i i i i wmMem tli# gms I s t e t wns 

t© I t e ^ ^n^ lmi a l i^ l t i s i t® ^-mitm* 

I'he B^^au^ii'^tiientB of %lm uhmrmrwere -as, X'allov;^!^ 

Qf l§ iaolit® 

j ^ i n t 1 34 
"^augtli of i a l ^ t t^sst I t 

i f t l a t tB^^ 3/16 In r^ Size of the i n l e t 
M i i a t t c r ©f 01 F r i t t\ibe socket = B10 

glaar. a i s c 3/4 i M ^ 
um^.gth tlia o u t l e t 

tM^a I t 
of tha ©Mtltt tmte l / i 

ti'^^t iliics t 0 lihe "Iraild up of tiM ay^itesi^ 
li^imid 111 t-t̂ n ilmiZk^t^T waa out^ tLc sudda^i 
ef .Kra-̂ B^U'̂ et thi^ r e a c t o r mis optn^d l i i t t r s l t t^ i ' t l ^T t a 
t a t e tlia boi^ta m%m 1% ^tis decMed t© nxm t h i u aJiscrbiir f w 
hfilT^geji nnXphM^ a'baciilJtloiit ^^ t^l'^liic ie terair i rd^iana^ 
whmr© thB ali^Te aei i t ioi iat d i f f i e ? i l t j cM r^m mTlBB* 

(1) Mteil i^ue 

f r o n a r ricw^iet^r f l u i f l , dm 
t o tli^ toiM mp of i t waa nese^anx^j t© JsAe aft 
®f£lei0®t mlth mlnimm% pTmmrn As 
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th% t # W m^sm^b^d uiku^i ^A^h ixj^our^t^is © f 
Aijtmil iJies n ur«c ^uc / r e o h 

- m k r w ^ f w m B d m ^ t o ntirij^ s h ^ st/^iorliers 
d e a i ^ ^ i i ^ a sii.4 I t ^ H i l i i m i V ) f 
r ^ f i t o t K t t j a n d I ^ ^ u g f^r-^'o.T ^̂ -̂nd e^i^ijt^^nl 

-rui m i d ( 

a f i i p ^ a z a ^ i i s ^ ^ . lube?; 

K ^ l g u t t I t 1 

- i a i ^ t S T t • i 

cm 4 2 • 0:3 D i a m e t e r o f o r i f i c e , c m . = 0 . 0 5 

a a s w ^ a r j^rl^mrU^j .-a l o r xhm 

C a ) I t a c^f I S r u I m (III tii^ I ^ c ^ J i u u ^ } I t i o e ^ 
o f t L s S 0 i r f i l f^g v̂ r̂jor- fui t u c r e r c t f ^ r ^̂ -k-v "-^iV'cl, 
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Co) uim^ttr Qi' UiV uiirica tci; B-rr.ll^ 

Tm'^m^m #.i tl^ aitsignsi sfiml tym lamwosiff-' 

(%} ^ eilc- iii-jdc. tumt:^ of VKrUyiXis '^en^thti an^ 

mt'm^ cmh tux'ii Vnc c^.il, 

1\ joufi,! ^tmt ^ wi^tmd er^il z^de fi'-ô i 90 

loi'.C ^ ^ ® diM^tmr Uwe ^Mm c^rM 

am imll as x^auetd tit- jJi^essure 

Cfe) ciii-'c' t'v clisi^rt® %Im eaaape of CM'̂ -̂i trjvACis 

vor-tical iMBtmik uf tJia tliv Itui.rtli 

p^rklm. of i^e tu^cs ^oimiiir tlm 

r-.plr̂ il laie v ^ t i c a l tuisa mis 

I a) t̂ a© o^Iiedrie-ril lit lo 

XiiolilttAU. tttr^tXm an opesiB t̂ 

xor r̂î c • IC ii-v ^ -^virriji '̂ Is 

fomtic * iild l-i- ^jvj.SX^'-

sarKed whfc c< t̂l-i I4, t^iker. 

ox ap̂ -SfcrbtUî f ŝa 45 

i^l^lisai^ie&i tubss 

ItagtlH 17«5 
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a 
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imi^^ m lf#S 

'Mmmtm m 
iBit % 

'M^m #f i M t im 

Mm* ®f OTlf 

Imm m te^Ellt 

ilrtctlf^ ttas m^t^m ^Mh i^mwltmhly^ 
ali^m^ts a w rmOTM f^r tttr^tlmi* ^m 

§mm tte appiMtw mfmrg^^ wiM. 

tfê  §mm ttamLgh. tM rnfrntm^m 

mm mm% 0f ia ^ffini^^tij' in -

its ^mll mm^^^I fc^ aiia^r^tog 

m£ ttm wM^h tlt»ti©fi» 
fts it will « little urn ^ 0f 

mXmttmlw ^i^mtr^tBd n'mmr^Mg mlutimm M umd 
wt^mM t^^nlrte^ ^mm^mimutl-^ TOlm-ts of 

in It r^acr^d ti^ jrmmmr^ Xn th^ 
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m^Btm 5-11/1^ 

1 m^m^ w^^mmim ^mmMm^^ to 
tM tm mhmmlimm mit^imMg. m mf 

tmbM 5.4.3. 
Umm^mtlwi^ mi 'Bmmmm% 

'MM tQ AbmmMmrn 

s f t o A miMtmM^ WjartM^m 
mi mMmrimT Mjm mlworMr' 

Ampim^ (M^hmm ^ wstsaf (iMhrnm of water) 

J te is f M^mm I t o l i ^ le f i i i ^ iMrtag 
te^tta® tofe'felii^ tebtoliiig 

star t start s tar t 

100 St t t 2 ^ 5 / i IS 15 

150 e^/ 5f , a © - ^ 2 t i 

180 t - 7 / i a i t a i ^ / B 23i- 151 

tta M eaeli. of abn^^era wmm 
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'ky mmMMg - r̂̂ mfli it m mtrmnt ©f mrbm 

i,tmMm irmn ato m% wmimm tnti^ wbish waB llMrmtei 

a mmti Mumt 0f emlfa^ TMB 

^ Blml^ iMfpinf stiniteri s'lal^Mt^ B^MMm fmrn 

m imt# m ©las-ti oeai^sl flask oortfiiair̂ g feytoo--

0rf.fi0# sf was sijii^aa t# 

0f mhB^rptlm pf milfmr ittxMt ia K01, it wmm k^pt 

l^lMnf*, Is wxy toUJaf liMetoi tte tml© 

t# mmimmMm. mt m^m^ rmmlttrng to to^gtotlar fl^w 

i-aa m tomtt® wllai. ^̂ iidamaar wit^ m 

liia^r liatwsm tli© fas md 

thm M mMSMm teillmf wmtmr mm mmi to 

Mrnt tm tiM^ ^^m^m^MMg mi^ ^img it m±l mmlzf* 

mmm mmmmm^' i&t 

flm 

Am awXmtiim 0f ^^ alsWf t^t was 

mir flOT t4 eontalali^ 

mmlMtlmrn to a l ^ r ^ r was mmm^mi. Im ©sries 

t0 ttm% mhmmlmri, MMm thm fXrmt 'i^m^r 

slsWtot mmimm mmmt ^^ ws ea^riei 

©wr t© tlie saeoB^ Bhu&rhBT^ cbtm^Mg tlit €mlmm ©f %lm 

imilleator la it 

Wrm Wm mmwtm iOg tlm ©cpiiTOlamt 

CaŜ l̂ t will twJjr® fto m^B mmmt M 

SQ^ mmltu^lmMm M oaliJiilat^i* 

are siijâ jMrit̂ til te taMa 5 .4*4'* 
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H i 

mi- UMism mmm .jOTfiarM* 
1 Ml #f miM miMttm • m la^sOj 

with tICl ^ i r o t E SDg t M follc^ing 

# 21101 > 2im0i 4 1^0 

m ^ 

M J ^ ^ ©f S i& mn%m$MmM M ^ wMefe 
win mmlm mm SOg 

O»0i3O3 ^ « « t e s O»OS303 

« ^ CaSO. 
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l i i i^ltel i^eh ei^ to diis^l-
^ iwimd Mm. 

Mm Mimmrn S^jmi Bgm^md 
m mMm^w ^m m^t mhm^^r iimc 

WW im 243 242 16.45i 

101 m 2m*7 ma 13*43 

f 1 tm m • m 4.284 4.08 

Wmm- imtm « M uBm 
im m ^ W M ^ ^ im mhmwhmm^ te ̂ sieli tM 

a t m M t t # f Miw mi m^gm mMxM 
M tM rmtM mf W t 1 mmm fer wteftof 



1 1 3 

f. tm:/^ ^imMjm ml m^Mmrn^ 

m amIfMtt mmm hf mw^l-wlm m^ 

stecirM^ it ia ^ m l m m l m$jm s^totio^a, m m 

m i ^eratOT mud m mhmmt^lmT wmm m%n,iTm€* TM- tr%t glass 

dise wmm n m ^ as mm. aosorber* 

Thm glmmm grntmrmtm hM m tm^ im- WimgiMg to aim 

gas to aet mm mwmm^' tMst'ls fiMii<sl 

m^ttot tlife aeicl. fto toit M t m BIO t^iokfit 

w^ieM ̂ mad h^ mjtrnm^ itttm tm %tm m^tmt mf tM 

tlmB mmt&Mg ma^ m^hhm 

&tmmM.mm ©f tim gmm^^mit mm follOTSj-

!liii#;:l-it of eraser 

Lm^th 

Imltt 

tlie 

12t imaliija 

ft 

ft i n ^ 

1 ,34 

3/32 inehm 

fi iMQhm 

5/32 todies 

tmMt 

'Ismigth 

3iMmmtm 

mdhmn 

110 

i^m nitTOfts. mmm bb aa iiityt f&a 

at a rate 0f 100 
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^^^ ^^^mhim ^ml'Mmt far Ce^irt eiiBkCTi-^ 

T M d^temjtotiori of phc^mB ^ %Mm d^&pmM 

Vipm tte fs^t tliiit ecioltof 

W^'^^^r'mm M ttm tlie gMmm pmmmt mt tM 

t^a^ratiir^^ imm mhlah %}m c^mrgn wm 

kjOrates if M Ci7)t l i f ^ i air was 

tuOTeMat"* i t ^ i ^ m t m s stoplt tff^etlTO* It 

af a s tf^ statol»B tmM plmm^ M m 

b^^m ecmt^Mteg ii^mid sir, fiit p^ll^t mlm$ ^tth 

mm& lirappad MBtmnt^^mmly into tli0 tuhm mM 

mmm ftother oanlei n blaat nf 

litmii air, f r ® a bj aij-pinf it te 

f M s spirlimg, estaaei qwaehiisf 

•itesutX/ ±n Xlquia Bir^ m d gmm good er^'stals im 

fll» lUiJJw 

Ife km^ juilt or̂  the fxisciple of n rnil-roai taae 

aBd mm aada of ^^elsht ghiBB %o th& 

saoll o.t oiilfur de^oiitea o:. it ecmXfi bis deteetaale. 

TM alxtjii^iaia t̂ n follo-mt-

leigtit 0f 7 iiieMs 

i^Rgtfe 6 iMrnmm 

Dismt^r 1/2. is^M 

C^me BIO 

hm^^ Cms km ti ln€km 



16 
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tmtoi 

M^mtm i/4 ^ 

rn^gm ef Am I f ¥ 



1 1 8 

Bmmm^ mmBAumoM Mm mAmniB 

or 

Xm 

^"^hms^Mi^t^ Mil mm^ im mmm ^ 
•^mm gradt mmMtm 

t ^ j t BI§2f ^ ^ Isaie i^pi^^sta thm 

tatti wmm mM ^IgOj wmm ̂ f tli® 

im ^^m^mgrm^dM mmlfmiB:m 

Bfpmm, ar;4 ^jpsim and M^li eulfar 

'If fi&iati® ^ ^ t f l s l 

tim promrei tlm^v^h th^ tImptriBlmiltiit Collitri^s 

Talari InduB ftMstam aM st«rei to f̂mr- fsllm t i ^ 

with 1mm lMs# 

fM^Mti^ii Wmtm '^rt, i ^ ^ m mmm- prtpftrM 

li:f ^^tai a^ar ^hmrm-^ it to m immm @t 

ia m litr^m wma mM im 
tMM '^j^pmrn* ̂ lita tte i^l^wm mtt^ tM 
mm^^m wa mlthM fm^mm-^ tm^tM tm^ 

B^^rottei #f was Mill ©ml̂ ŷy? 
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Mmm u^m* C^Mmi w a i^Et Sm m. 16^ 

rttert, fTOEte f M s Gmbom^MiMg 

flmt is l.E* mk twm (: 

C^lmltoi #f Bm^mmt-^ Cml^ gjf®® mm 

gm^ %M m mU aill mrn^ 

iitemieftls tmpl^jed ^^ eoiapo^tr.ts ef s '̂sttma 

mtmm:^ %}m Bmm A h^mh tmm m aimilBg 

mM f@r which ta jmss th^wM^ 

mm t© tlî  of particles Tiitk îjgî ĉ̂ oeofio 

sciistw©* CmX reqmirM tir^ for i^M^iiie^ 

wts meo^Mtof 

to t M atsBdart at^tol { mm t^njmmt^ 

1* w^i^ii 1 tci 1^01 f af ^f 

^M^m imM-mm c^^it^ut t^ aKsl^ 

sis atjcercil̂ ;̂ !̂  t0 gtroi iii f ^ l 

msjŝ ê  fE^tr 44) iM m 

{5 m X 1 mi-rn W M ^ is a Mffle 

tmmmm m% î mm. ^ ^ 

to - 2 5 % im 30 aimtes^ 

rnim^mM mt thlm tmpmmlwm tm 30 miuutts^ 

tiM® beat 'in m mMimlxig ateoa^^M 

rt i 2 5 % 1 to^ ^^ imtll 

iii rnrni&^m 

2* fifte-y iiiciiieraticm co^or tlm disfê  tmumtm' 

tLe disL to a dmtt^m^m amd mll©w • 

to cool* iMxmSk mt tim asli. 
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3* Mpmt the ^mt̂ T^zhuitlm mMtil m mxiflemmt 
ummtltj 0 3 £ o f mh Mm hmm 

Coal aiid eak̂  was amaljsti m. mlr aM 
basis lit S* I,. 1, RmmmT̂  fiorlli 
3S30 uTsxis of coal wert esrtoiiisM at 800%, Tim 

waa 2340 î r̂ -js of results aiii^ljsis 
are rieported in I# ' 

Analysis, gf Urw^. 

Ci) #f jBd Cmbtogî  t^ter te Qĵ gmgg 

(Ul) 

(m) f r m ymt^rt^ flie m-}rmd mit IJI a tkia liijer 
is wtiftei M II 'mrnM mM i r i td irt m mm fer 2 te^P^r© mt 

I t i s QmM^ M m mA wmti^mA 

mgmM* ImB ©f wtlgfet m^Tmm'pmi§m tu frm wm%m mrS 
is tn " Bwm̂lm m® mmlwm *̂. 

(h) Cm^teei Wlmm 1 ^ ©t Vm mm̂glB ia a 
ewerai Bir^ dry al £15 tis 2i{rC %c QQnutmt 

CalcuMtt tfiB Imn oS mleht to Miromtm:̂  Qi 
mmmpl^ a® rteeivea and report as ê xabimd water, 

Gw^mMM-tmmi^ 

im) f r m ''^mt&rt^ 
x'^lght of hmmlm 31 



1 2 i 

of tBkm « 
wtî l̂st Q£ tei^ii; 4 uftm remwal. 

of î̂ îst'ui't » gms, 
m** wmlght &f i i ^ » 2S»21I4 gais. 
. •. 0»ai88 W ' . 

Cfe! Cmoln^d tmtmt-^ 
-'t-iimt Qf b^^mr ^ gm 
wticfct of 'l̂ aktir # gi-̂ ttm iŝ  SS t̂̂ iO m 

©f mist gfpmm tmkm m gm 
dry gffntM %&km. « 0#SS14 m • 

%m 
m "ĴŜO? 

w#iili% Maker 4 gf̂ jiiiMa after 2fl̂ 0 

in. « 0̂78311 gs 

ggjfgito^i^^,,^'^ r-ulpliatt 
Coal ̂̂  hnlit^ 

Wmmd^mt*^ 

(m) gis in ijiI of 
1;5 MCI. B0i l» k M t ® i l l of i iM 
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^iXi i i i t m 5 mMmm^ F l l t t r mnd mBh 
rnmm^a^ wmx hm wfittr* Boil, mi. wMlm foil ing 
mm m M m mtlMg 10^ B^mi^ of BaCl̂ ^ 
Bi^^tst tot for 1 Imir u^rfeil 

aiii fimslu awefmll^,. Bmam. 
M^mr St m t i l ^war i a 

off . Ipi i ta at teigM red tort r©r ^^imtes 
afeii wmgk. Imlt i f i f t l i i s wmigM ^ 3735 t^ 

t te w@i||M S» f ^ CaiiO .̂aigO 
p^rcmitiig® of mm 

Cb) iahs-- a ucipiiî u'̂ ^ ^rsi^m £ of 
t&e afcji'i witli to:/ ee oi' H€X 5 eo of Isr^slne water and 
allow to digest at b^jlliiic:. p^iiiii far 1 Mm̂ î  Fi lter tha 
Iicimi4 t^rowjl-i a f i l t e r wasis tls# 
iii»0lubXe r̂ îî me with liofc water. C^mr residue* 
Boil the fi ltrrste aad ¥#1̂11® boilinc wltli 1!> ee of 

iieC;X2 -solution stuiied amp by drap to 0f 
usiiiterr'upt€cl Boil th€i liqmiu ta a i'lirtlaer 
15 latoutes mn& thm mllm to staad far at ieast 2 hmxrm 
•or oi^eri.iiTht ii" tL-e s^remtm^e of euls^iir i s simll* 
Jiltei^ m% ftoa pm-̂ ^ or in m dooeli eruoibl^^ waali with 
lm% wat#r m t i i tlie mtiQliiM̂ m not sore tli^is n traoe 
©f ©piineconet witli soliitxoa* ^ry and ipilt^i, 

tJbe fil^ii^r asli iii tha mŝ ual xmimw ff'ltli a drop 
tf iil̂ Oj ami 



1 2 3 

it): v^tiafet 0f sjpmm tmhmi « 0»4874 m^ 

wl^'kt l^iml ^mullil^ » m 

oi: ig^^ited ermciMe ^ ^SO^ ^ 
of f i l t e r a^h ^ ^ 

reijit ^ r ^̂  0^65943 

mm 

^ M. 5.y!m gm 
« f a 

or i j^ i i i iad erucl t j le 16»30$1 § 
rmitht of ItT^lted cxnieible « 1T*t485 lt 

o l i lX t i i i ' pinier aah » gm 
• % wair i i t «3f: .-aaO^ 0.64333 im 

^ ^ E i & a i e g^ 

® o .aea i i ^ m 

^ 0»4745 ^ 
• % ^ ^ U*4t45 X tag « 



1 2 4 

Cli) Caal iBfei^ 

^t watch glsm « 15»25t8 m 
xmtght of wateb glass # ssh » ^ 

Wight of a A ta^en ^ 0*2715 m 
of ImttM mxnlhl^ « 12̂ 942̂ :) ^ 

^airlit of ignitea 4 ^ gm* 
of i l l l e r fsp^r ÔOOOO? ipi 

• of « O*O0€O gm 
SÔ  or BaHÔ  ^̂  ^ 0.13735 

0,00274 m 
i m^ m o^yjzu ^,100 

» pi 
CaSÔ  m 0,004666 im 

^.mn 
m .1 »7ia# 

C iii)Pe^terai totian f̂ , f Cyal ĝui . gyg^^i— 

Ca) Fraptraticm oi Coal Aalit-

w^iffi. ^ f̂ mb in a f lat tow 
ijrmeiMs ft'lioiit 30 ee eapi-eitf • 
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th^ ^ s h t ^ i i & i . l u c c c i ' I X - 1 ^ 

a l l o w t o a t t L e . c o ^ ^ - r i n ^ 

- ^ U a c m c i i ^ I e F i t h I t o l i d a i i i i omrtixiUB tM 
d i g e s t i o n t i ^ a t n t ; - h a s © T a p o r a t a i . 

A a 4 a / x i r l r J i ^ r 3 mlc, rmC. mxitttm^,.' ' ^ u l U j i f 

w c m i l : . * A w C 3 o s c f n e l d t i l l 

m l j 2 o r 3 o a o f l i i i u i d t l i e 

o m c i i i l © O i i u ^ . l a ' i l a t ^ o r c w t ^ 

f i ^ I i t ^ c c c m 

to I X C O i^X' IkQ-t w a t e r * a x u c i y k m 
m i s i C e a i i v ; d i g e s t b . ^ i l - l B - 6 

J ^ t i t T e a ' m l j o t i t 2 u t t o 

f r o s e ^ j i r ^ a m X r ^ tout I n t M s 

j m r i C T C j f i ^ ^ a r u o i i ^ d i ' s ^ a l l i l , a l e i m w i t t i 

M o t w l - e r i J i d i n t e r s M ^ o u ^ b a i t i m f i l t e r c m p ® ^ 

( W S i . t j i a r ^ -hjX-Q a l a t ^ l a » 

rmuMm mitl^ f - r a t a r , s o i l ^ c t i n n 

t h M m m t ' h M ^ u ^ i f i i t l i c m 

t h e w p ^ x ^ X t e r j f i i p a r a a u t ^ a 

p l a t i n m t O i ^ i v ' i i ^ l ^ i a B u u i T l i i r fee^lle I m m t k ^ c 

a ^ i d i z l x i k ^ U i o r o n ^ i t i I h t l m e r u c s i M . 0 

w i t l " . 4 A: M I t ? l - j i ^ r ^ m r t h e 

e r u ^ l b i e W i l l i i l ^ i i i l ' l i m ^ h m t i s j o f a n 

w ^ i M a r s b ^ v m ^ v m v A l £ m l m % -^ht i s r ^ a e h ^ d , 

Q f X n m ^ t m m t o t O O O ^ O 

at & m'ulQu uwldu mmBBl^m i-^ix^haXmim^ 
x t a i s t a l i i t h i s t e m ^ ^ r m t u r ® l i c m l d i a 
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mitm mhi^^ hm% tm m^^t Mm^m 

m% m mt kmlm 

JkUm tti# QmmiMM mmXftkm Isaat »f3JIf t© 
mbmM immMMt^I^ w^l^m^ Immr 2/3 
®f thm istis mM ^mtmr tm Immmt thm 

»tlt« tte to amffioimt feit 
w'iter ta itf ia # ^ati^®^ 
Add tLe mtaibl^ lit* Cm^r feaaia ami! 

m M 13 c:0 0f ICl* lit 1 ©r 
2 Orops oX il202 t© aasgmie 
wMafe saf tew fMa fofwi 
tartef %'tm fmaim« H«t tfĉ  "licpid uttitl̂  to 
teiiiag ^iat,. afi^ mimwm %lm ammr glmBBp 

waaMfig thB wMmmiAe tot© iiipit* M f t 
mit tM- esmeiM© aii4 liil % mama a thte 
flase waaMni tseb Mt© tbm'M40.d* €lmmn 

tfm itt^Ma tlia witli wattr mm4 m 

rmbh&r ttppM glmBmmif mMimg tM msMngB tm 

tkm AM lO^^ m #f aM^lm 

and 
trim&i^ Um ll'^^M/^meipitBtm t© rmm^t 

in ̂ fiiieli tto acid saln^iom of l̂ie aah haa 
mmp&mtiMi* .yn^rum "iLt whoM to ^r^mmBm 
3M m 

Tm Coolt GmrnT hmmiM mxi4 #ci4 10 ee of 
HCXt 2 J als^-^e 

SO 0C hot watsr, Mm gMm^ 



1 2 7 

L I ^ D TA L ^ I L I B F F^ IAT I T AT T ^ 

TELLTET P^INT 10 SJJMTAS* M M M T TTO 

L I I I M I I A M P M ^ I M 

F I X T M M M ^ WTETAAN 1.0, 41 F 

TLIE M T© TLIT wm^* LA I ^ . ^ ^ 

^ I T O II0T I I J J I T T I KCL 3 T I M M MTTH 

hot- mrntm^ T© 
M WATER BATLI* I N AN «^ E AT I I O ^ C FOT 

1 

F^R Mth Cml S M 

FATE 2 GAS G F F P M IFT A 2B A MMMN^ 

H ^ ^ B T T M M TLI0 BOLUTI^M ^T G M L ASLI MA ^ H T U T M A 

S I I I MMM^LM M ^ A T ^ L ^ AS 

A I I TO 1 # 1 HCL ARID F ^ N T I J <M M T 

PLAT0 T I L L TUE RESIDUE I S WHITE OR RCUMIS LL|RM OOLONI-ED 

Î N VMITHMI^D, I IVILIN?;* > OOL L ITTLE A F W DROPS 

OF K Y'FTO^ TO ORSDLK^E IRT^N COM^LNTEL^ TAKHIG C U M TC ADD 

mil^ 1 DROP IN bc WILL 

M M 2VO CC FFGOT 20 EC 1 1 H-GSO^ AND 8 G ^ M 

OF ASM^^ITIA THLM^YM.^T^ AND SHAKE # RITRTITN WITH A 

SOLUTION 0F RITRAIAROUS NITR^^TE^ A^-LCINIR ^SLL 

TILT TITRHTISR^T ^ T I L RED FERRLE 

I S JUST DIMGTMRG^AM 

LIIAI-AARAIAATIC^B OF MSRCMX̂ OM^̂  25 00 OF 

DEOIRIORML OF FERROUS A A A M I I M ^ P B I N T ^ T ^ ^ ^ 

20 OC OF DILMTED HGSO^^ AND EEOL TO ABOUT 1 0 % • ADA A 

dmlnoriml tmMllm OF T I L I TLA IRON I S OXIDIISET 
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m4 timm mmM mm mxmmm M ^^mmgmm^m Um'^ %hm 

pknk m l̂mm tmrnm tmiiafclj. AM S m-
m^ mlMm %im s^mt im it t ta i i i rm^ t-m^mm^-mm-m 

f w U h m m^MUm &i mi t»t#, 
wlgmmrn^ tiig tUmtimA^ mmM t t o 
af f ^ r i o i s jmst i i a c l i s ^ i * 

^mlmMtlmmt^ 

im) 

of gjprm^ tsisuE ^ 1#.f£i ^ 
25 ee etrij.'ifcrd Jai^ic 

1 « staf.ckiri f«rric? 

1 00 0f Ig selatiOT. » 2f. ^ 

^ 0^00413 i a f^O^ 

mhAim 

i Is ^pOTII--€ 
* * f 

» 0»00413 X 0»t X i cy ^ 
1.988 
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w e i ^ t wi 'm^t^iMmm » tf^tfl? ^ 

of of EfnOj m##i 

£ Itm^BTiiBSitimt'^ 

3 af « m mf 

1 ec 0£ H '̂iiOj § K Q^mi^B 

liie wnml^Hlu wns doije ar̂ ĉ ô îiiafr to Btn: 

( ) using tailt 

lij Vnimu InBtrm^mt Co^ fiiekel eraeit^les iii 

the .^oliitiwis ^t olmvtio.'^la liribl€ tm 

oorroil© glaBfĉ  kept its .i^X^iUen^ sottlc-o to fi.:v®i-i 

aildltioB of ::i02« niQTmK-ul$mm mm m^d for ^mlefdrng 

mh mud gjpam to werk* 

2o tkts atafeilis,' of tae am^rct of i l l M t o 

mtlmn tm tte 0 atorar^^ l̂ attcir̂ - maai, 

nM aaiJlifier cirouit ths i^is fad 

Cart takeii to fix ti.c oo- teiniii/ the 



1 3 0 

mUB rici^lv M fel^t m Bll^t aMfta 

ia ffQBixim, Qunmd large mm'̂ igm in irmtlmi of 

atoftw wan %c oellp ^ttt&rmt ^immmlmm, 

liter iimltehiM^ m tLe 

tii^e waa glwBn to the ixisirmmnt rtadifigs* Tim 

cm.^'srihon mh^ oec.tslrjir^ z'&i^rer^m felamk 

was tt..' ^ouitiis^^ IL^ w&^^ityietli ml^^t&r mm 

mdJuBtBii to tilt Mdimu wnm e^t* 370 or 600 rn^rn^Um 

'û ims: blufi 637 red pfeeiooell em b& 

first tJit ^mrsMt mwM&M mmm mmi^ m^imt 

t M p m ^ t m tifc© mtsilt te mtro- mud. th«m tfct 

toob ims mmM. t® 'tiring tlit i^aitiim of t^a stMlt anaiii 

Etro 'Wltli liIaBk inserted iii posittei* ffetm 

tij® mmmplM scilmtisma wmre in. ^^iticm mm 

mk^ %'km 

Im} Slllo^i 

1. "̂ eiiifĉ  aaeiirateiy of t^ diibs 

0f cc eripaelt^, 

2# Add 10 mllwtm (aptroximt^lf of BsOH* 

3.. r-oYer OTtellilo md to fiiill r-td ,f©r 3 t0 

5 Hillytee» -'ifer̂ov̂  the Lent and swirl tfm 

xdext ZAT'^wui &ht sSdeB Qi U^c emeiblt, Illm® to 

•eo0l* 
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50 eo of i i s t l i l e a water &M 
allQ'ti t o s.t les / i t 15 to 2Ci ratoates, 

% Trtmsfer the con-terts of tLe er^iciMe to a 
6'X' CO oontfdBii.^:: a 4 0 0 qc 
of ^c.ter 6 ee of HCI. Semi tli« 
e^ticiblci r. rubber r-t^llcmmn nra wash a s j 

solut ion or residue Intc h^mk^^r* 

to s 1 litre fclns^trla 
f la i^^ -sicike up tft Tol-aae i^ifch d i s t i l l ® i 
ana w#Ilt 

In th€ of tlie j e l l w s i l i e o -
aoi^baate ^mipX^T. to hhi^ m d t.fe# 
trsf Jajoisiiio '̂ of i i ^ M 1?: -r̂ ociP.ujtje lit As 
s i l i e e ii'j ! I cor!.r;itii€rrl in ©ilieat© roek® .̂ 
rela acre i^reclise vr^Itiea urt dciTired f o r -.102, thaa 
for- tb Iti io-o.:-
Fox- re^iiioB .1 

75 aal/l^iiatt In 79j oI wAttr^ Aid loo ee 
0f t 1 mu^^ tu on^ in Stci-rt. 
to a p l a s t i c 

C )̂ tartaric; im'lmilm^. 
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im a fi-astia 500 

{c} Redmcl'ife, salu^ia;.;- ^i^umxm 1 m ai" ©^iiim sulfite 

in m&tw. A m 1.5 gu tmlfcimie 

aoid a^d stir aiisll ^dmolm ^ griia af 

aadlmsi hlmZ;Jxite jUi Sua ae oi^ x^utt^r^ mi4 mM tMm 

aolKition to the colu^iioa auove mm 

Sî eaittiird 

A mlmirn Is prtpi^ei ^ tlMi mtMi. d^mcrlhm^ 

mlmm^ msia^ M^tlmml M^^mu ©f StaMaMa 

to ©r fh© aiQteX OMCi^la akmld uartimi^ 

el^afitti wMii diltttisd f!£;l sefoM u m t© rai^^© irm^ 

laaj lia¥@ lâ ei. tlm enieililt f r m tl^ 

^mlBxm fmaiom* fte stisBdarcl solmtim mhmM m stored 

is a ^MntXc bottlti ekg. tot prepsirea l^^sh if aoi'^ 

tte^ a week ©Id* 

t» Î pfi-itt 5 ee of s^lmti^m iiit# 

a 100 

^ Aii ^ 00 Hater* 

3» f# 100 m fla.mkt ^ ^ ^ ^ 

B8t#r sn ft 

4« M i 1 oe or ivmQuir^ ra^i^mt 



lOO o 

mMktioms^ ix aai mllm t© utmd ter W 

mimimB^ 

MM 4 m ^f tmrtm^la mcM aoMti^^ 

flaaks wMlt rnMMgm 

Aia 1 aa Qi %l.t reuuclrâ  t stdrltei 

tte nix i^^ll .uau nlXm 

"S© a iit iBf'iV^ Ji} 

7m 'mtmrnmm tfce trmummleBim. far 

at 650 ttsiisii %im bliml 

mQiMbim. B-& tilt mi^m^im lilaak 

Faeiar im^ ''^.Icjuili^i-^ai ^ of eomparî OB ©tteted 

aliaaf'bMiee ŝf esmpirls îi stsniart 

• 'Bmr&mt SiO^ aaMfia » faat^r J:, mmummsim saafi® 

ft^t for 

:%n ol and lij tsklat; 

1 «r:a ada^ 00 1 4 1 aM 20 ec of M F 

in a pia'SiiTOu ^Iter -iî ^̂ eoil'iî  o^er^ifht 

volmie waa ae O;- m hhtlim mm 

crtieiiil̂  m^^ tiii^ uh^ ^^^jiiik^ îliucoivsa is ÔU 

tiric ilaak. ea oX ajultivieii n̂ âr̂^ run into 

ĴC' of XiOo u^iu^icii 1 ^̂ f miuing 100 oe 
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1 1 ee -y'O^ cc of to 
700 ee Btor^^ 1b m o t t l e ) . 

io ytllo^y eoli>-r dwelocua* fteis titmlmt wm 
f r m i mud 

( e ) ^IgO^ 

missl^r of li.:it c-,C t^ c of alUDiiilm 
f e r r y l i juroxy-T-lott ' .-^^ t n i i f o - i c 

li-Cft imd 2iti'mimH e0 : ;p iexeB w i t h terrcsu 
w h l e h a f f # € t i h e ab^ir.rbenet ai. 3 7 ' i h e e f f e c t ® 

cirajc^x'tioii j : ! /'"c^^-ectivtr "f̂ * eentra^tloiSii smdi 
a r c tio I t c c r r e e t i o r . s fi^r 
%hmt* V;.e f̂ -̂r TIO^ i s .^asad a s t h e eonecrs fc r s t im 
Qi r i G v i n aatT.^lc? jfsc? '^Le s c i f r e c t i c n toT 
iroFi uac-cd c: o ^̂  e f i e o i o f i rc- i i 
a e u i e X I j prese-: t ii^ t l : - ^.ol/j&iofi^ ir . ^^m'̂ erste^ I l e a 
o i Al^Oj* i a neee^^a^^r/ tmesmse o f p a r t i a l 
x^eteii i iori o f i r ^ n t i i t n i e k e l msed f o r tL© I'miM 
fniiim^ 2lw mftmu o f i ror : c ^ e ^ u p r ^ & e . t i n 
aolut^ion O'/̂ i be a^teiv^ii; ua i t is . ©r^lj 

ioi'i b j f e r r o r i wii iol i LiUi 
aesorbtr.ce ml tu. rcdf^tiorship of ^mcm^ 
trntlon o f Irot. to rr̂  37-

i e r r o n t̂ -̂ inc .raX^o^ae a c i d ) s e l m t i o a . 



13 5 

Q̂ ^̂ t wat#r tOCjO et̂  

i^^oiiim Amtmtm s^tetim^ lO t̂ Wat̂ r 
ICI, 1 g mJMttm* 

.-sluti^ns-- ^̂  soliit-ion t» wMeli, 1 m 
mntmiMB 0̂ 01 of hf ililntlr-/ 10 ae #f t i t 
Irofi soiusicm « 0 3 B.̂ /ml tn m witli 
!£ha a^a ida r i i » i i solyt^iun i s 

I? 0f ptr© i » i i in 
30 m i t % Add SO llgSd̂ ^ 
ŵĵ ^̂ orf̂ te and ĥ at to of adding 

1 cc of MllO^ nn thr^ ^ t e t si 
i s r̂ mchea, dilute t^ 2UQ sil̂  'ind 

i a Jog ! mr>d t o 
l l t T i i t i CB̂  Pi^stte 

2 cc a tunduM f t i ^ i o rw^.^itimt 
^li i t i im C24«11 m tote @ lltx^ 
TOltirii&ric and d i lmte t^ tfm mmA w l t l i 

Mfmmm ntmmmr̂  flia stsni^ri 

1, frtm^ f̂̂ r 10 ce of solr^tioTi 10 ĉ tl̂ e 
TOfer^ne^ st̂ ar̂ .erd 10 cc of t̂ c 

ftnOj to ^tmr-t^ 100 oe 
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n-

volmiutviQ I ' l / . s v s , 

f o r - % h m f i r s t s a t e f e a s p l n s ^ ^ n d d f ^ c a s i o i ^ a l l f 

i B a m ^ l M t i i r o i a g l t p f ^ a t i i i r t * 

r i l i r ^ ^ i t h e s c l ^ i t i i ^ i i a l u i ^ u t - ^ G 

7 0 , V : t d a p ^ . r o r l T a ^ A t l j ^ . i c o i a i s t i l l t ^ 

t w miQuutX' l O u C O t l a a k t G 

• i S f e ' J ^ o r t i l l ? ^ r e o - i r a t i ^ r . a x a ^xlur^ 

i m I c i d 1- e © o f H C l ( t ^ i / ) " 4 0 e a c h a n d m i x * 

A ^ u c c Q ^ t - © 

' F i & f e ' l l ^ 1 0 a X f e r r c m e a l u t l u i : vLiJ.^ 
s ^ i r i - i n - f t l i s f l ^ ^ s i u U v i k e u p t o m i x 

a l l ^ - w t f c ^ s c i l u t i y E i ^ i t o s t i m d a t l e a s t o u t 

'hmr* 

6 # I r ^ J i e f e r % e c a f e & o i ; i ; c X u t i o i 2 c o a p a r i i ^ o r t 

m ^ l i i t ^ t / h c - r o a ^ ^ ' i i n t a i a n k •mlu^lou a a t h e r t e x i ^ r m ^ e 

Im B ^ t f s . m t e s a i fii^y f o r t a o l i 

s ^ t o t l ^ y t ' m r a r a r t ^ n o f ^ c t r ^ r c i c - r i a o l u ^ i i ^ m 

a n d mlutim c o i r t a i r i l i i ^ r fcli-ii G t a r . ^ f . i r i l i O g , 

i i f i l n g t l i # i - f i t b l a : i : . - . v O l U f e i o K u i i i ^ i i c ; r t s f e r a i i O f t 

b l a n k * 
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Ff*etor for irŷ n 

» cif at^dsri at ^^ 
„ .n r „ . . 

ftbssrtee^ isf Eiaii^wi a:! 600 

Calculate th-î  iron afl'teW 

abrtorbarca af ^aMtlOB 
at M sni 

K St 370 m m 
iron 

thc; earrti^-iiea froin t M 
mlass for ĥa ssajilt solittioa nt 3T0 m mi. 

4» vaiciilate tfm feetsr for AlgG :̂ 

^^ mtwrm^m atmnimrd 
aaŝ î banee at 37-" rm. 

BOfl'i Soda S'̂ î ie siv. mppMM by II. 

co: If-to Cc. SiO^ Slid 



w t i f l i s mt mm ^ 

wtlfejirfc ax /nxato^^r 

s i i i l ea C^iitesits--' 

(a) O^pniimj 

(b) Coal Aelij 

i a O'.l 'sK » to .6c x 0 , 
0.3S2 

1.1^0J Cmteutt^ 

of upmim at 
3tG « 

138 
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I'teerteiee of gfpaim at 

mi mil m% 

yjQ « 0«515 

Atoai-taiie® #f aali mt 

AM^rlmmm Qt fm s^totim 

at €00 iî iŝ m* » 0»1t2 

l^OTtan^^ M ft ml^i^. 

St 370 « 0.145 

Stantori iTCH soto&im c^taina » 0«O15S-2 mg' f % 0 00 
3 " 

factor » » %m2$4 

(m) Coal î ahs-

Absorbmne® #10 to ft- at JJO « x 

0*1515 

« » 
* 

AlgO, In mh « It,.06 X 0.3635 x O fOVMl 

0.2JI 0,.4S67 

» 
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0»t3t §#0541? 

(ir), 

» a»aa2 ̂  
mmaia « # 

fit^is, « 1 

CaSO^ « 1 •718 
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.For mo 
»«i»irnBi»<.«wiijiiaMiwiii«iiniif<r»[| iiMiiiiimiiiMmin 

BteBciarii^atte: of ^ -^rftiosl ''Izthomi^ 

Am froposed mthmi'^ 

Caloiuia miiph te wl̂ ea Le.ited T^tli earbcmt silie® 
aitd a^tiu^h at tea^xr^rî mres^ i i m ^ rt-mm to 
tlm m^olmim oi miietf ir, 

hen tSc tiejc l i tHag i s suifrill aomt 
imlphice ulso lii 
alGOf tf'C' /irotla^T nf of viilptor tlio^Ma 
and to vc. 

1% lieciii^a fee Hî ŝarb sxidae of siulphuir 
M W 117.2^2$ ^^ oom/tivZi tvA-.i tnhij kAilv.Uirlc jAOici and 

llm Milmi '̂ Km̂ ' vraksii oufr oi rmnci^T ami %tiB 
enloiiLii 'Xiil'JiAtlQ t̂ ci iv v-tif. ft: icts af 
tvolvii'u aeld .--^a'̂ lr.c i t in a ^itiitsult 
riolutio; t-i^ c tLe. e.'.tlri'.tif it̂  trionXlf. 

= Mlc S^texumin.^ ilk: ncL. oon̂ m % Qf HgQ̂  ^̂ UpC'lied 
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hy La?©rtt ibej^isEls i t wms "b© BtnhlliaM 
% beiisoi^ aci^J, rjioxl̂ ie -tsroancti from ê irl̂ om 
in the ia aliic r îr.rUsd In B2O2 gi^^E ri^e te 
^arbor.lc rî icl̂  c-f ^Mm wtafe ssiie ia a 

prodmced fmm Ihe oxiu-feB erf .aylfur^ evoifcii fr^a tte 
A suitable I'.aica-ŝ cr ÎKS reqmirtd t^ ratismtt 

tbt moMit̂ " ^rcdiieta bj atc^orbliî  in (a) H2O2 
©oaî titoiu^ a l̂ not® x̂ĉ-ĉu I'laOH uolutim 
ib) m numjti^ 

€ f^ltefisf tmM. mmitsfelei 

(a) 

Cf) vt-llor., 

ill) r'etii;/! jtll.ew 

Cli} ff«tral mi # MflifXtiit 

Ci) ertnel 
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ae %w-Q isaicritcrj' i-Lioi, T^mmd i^t-ml in aeiiie 

^•^g are ttmm^ 

(m) rt>r: ^ '-ilhitmm 

Cb) ^ errFol 

"TirJh i.^ite to r.e€ I tf^i tlic^j in 

iilL-^line '"̂ -igt t .ere vae ro irr^'cpe; to it ir. 

îr.ae nlU'^t'^' X it jtir l̂ isolmti^n t© -̂-Meti t m 

or :1/10 r̂  Uxj-HiM-Ov: Wiz^ aMoilj or« litmtlB^^ 

a^fiin.'t '-/l^. .ait imd^r tiotnni 

ooi iiv . ct êr̂ .̂jojtd* In̂ '̂ i-eriu of q^b dr#f| 

5 r-o of '"Ci % crt r-.wdirefl a colour chMiir®* 

elir.irr'tt ^o.-airilit of i. icsrferL ca du^ u? 

t^C ec Jir^iiilc I V tc : ivfc -

solution, 1 .c lu is* a-'he 

titi-.tio^. .^ide unfair. I u i ^icators 

iiid net li€ .t --l^.r: er..' Ajtt^i* 'it., en uLc 

of t^o is-c^lM'utiA.t^ A i i ' e fj %: i -uifa 

flat^ 

aoX-'.feiui red 4 uro^-osri^acjl 

iTCt; â i imici.tor* li -rt;d IQV "tlircî  
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m^ rmtt mthsl r^d B^lntim is ft̂-t 

mlmiT nffs 1t^ceftlonall f ^hnrp »t .p Sml* 

ia .secU^ iŝ  ^ir.^ red and t^ iilkalte^ 

iTem^ Tte imllefstar is ststolB 

red serctBc-d with sel^l^ne Mm m 

violet aoloitr ?it jfl ^ m t at 

greem at 5*6» tbiifi not as sl;arp in c^lQnr oliaiigt aa 

wter sost̂ er-rKfil ivith ^^eerw 

C^ Vittm of thŝ  Cmrtm^t^ 

^ram the xllMtB hi^atei M %hm finmmm^ thm ^^mt 

of ralpimr cm ba hy ^rolring thm 

miXjiiur mn fî r.̂  whieb cmi 'm ©.^itimted % in 

%!$-# molsitiori of r̂  Biibstime^ und Mek titimtiOT.« 

fin^4 a rQlwwtrSn nethod fippli^fele 

irf of H^S^ foHowliig 

wnm fi'-.'isor'b̂ ^ i ' a imor̂ r of stam^ir^ 

ioilne fjoliition unl sodium thiofmlphat^ 

ite iwthcd WBE il^if '̂P^ivc ti.c aMlpfetar 

mcloBei m pm^tim of iBainf? mMoh mumped titr^tte.-. 

in a utmimmi umiim 

ar&mlte ^^olutien rir̂ p̂ nred bj ^lissolvlai arsenio^as 

in im" Ba0H aeltiti^Et nelrUr̂ lc-d ritli Fm^ filter td^ 
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with mdlm. uiearfeonattf « € t i t r a t ^ i 
of iirisenioii® neia ugaiaa i msimg TOtim 

f̂er^reli .jlfoi^li-ita ar̂  

Ii; %i\lts ^^ettod, r i l tr ' -^ien af a r a m l ^ s 
m l s ^ i d ^ in Si r itakini i t 

iUo mui-inlm' m i%m trtips t# 
eh0w ^lie oelotar chnnrt^ 

(o) rtlOj mm ufi^a iiB mi ©^Idieinc r^^jtut ^^ttoi (h) 

ktm-^ltig a e i d t j of i^^aiiAti^ ^atwe^n J i 
mM mltli 100 hiifli HCidltj tM rmiQttmi t©ok plgio^ mitf 

sissrly* fCo indiemicir wot a^allmfelt, 
i t \mm fiifi'ieiii'lr to cseaoardiint i^ imlts mstog 

eliiaMl'oir* ĉ r earaon z^^mQlilQrtu^ In d^t^ctXng tli^ 
^r.a bj tii0 lo^is s f parpl® colour in tlieir lajt^ii^ 

If? of h ^ h acMili^t Msing a^^u M^^^Hmmn 

or aa iii^eimil mdiea&urs^. In 
tMa i t iotiiu Qi ^irseiiii^m 
syl|Jiifi0 mm nteeasfsjr;^^ am to t..^. axiiiiaing 

mi^nrm^ oyi^ixat^d thu i^al^iiMt ar? arr^ 

avoid t'lliVBtlmi %m eolii^idai 
%h% t a umork Hg^^"* 

fmifiti t : i s s^imlitu 
a i i e e t e a l i i M aM 
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Cii) Ammmlê  %lxm TMm 
mMnl tsfid mM- wfy 

m^itfM^ Kcthi^il^ 
T't^ mclvm miiis mhmrhBi IT, nm̂ îseal sine 
mihj.zim̂  ttei ncidlfStd filtli Bxcmn of HCX̂ >3r 

liolulioii fî cl î r̂ mte 
imtr̂g whicfe was 

iTidleutor ŵii to^j 0*1 gm iri lOO 
©f 

flOT- iR tills Biftlî î  #f mi 

was B̂iiTOlf It ws ftimid timt 
lij'̂ i misttiirt m̂kmi, wittoirl 

asidifietfti©!!* 

II. tilt Mmi-̂  

km fiill̂ t takings-

eonotltii-̂ '.j'Ŝ  to lseL 
acr-iralc Ij v-̂ i th'>roUi. L ij/ .liaieS -itli a î ŝtle 
en̂  tha bo otiwutoed wna irj--̂ eessed in 

Â llcî  ruf̂kirig imolilî ie o'nr; dried c 
at t€i rni^v noisturt̂ * l̂ ./̂ l̂itts t-ert t!.^ 

ir tlM Qii>tim/J liCi-ns reaâT far fê dî g 
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the reenter* 

/h-b ot ir, lu^j ivra^ "mllis sf-tltln ĵ tlx© 

IkfXlets V7as ^n^oida?!^ • ^ /fcLiet stra^sx eaeli 

lY' E ori i t kept v r̂e^̂ sed irt fclvfe .Vii'sofeiae 

for a r j i^uta, '^ere tlmx-u^iiout b j fi apatuia* 

B* P s ^ a ^ l i ^ a n a m^^latlm ©X 

In tri€ 'ta^ctorss'"-

For o^'iaisistf mlr bM mjgm mmm 

adri.;ttiei the Tmot^jT i s the r a t i o 10 t t a t a rmt^ 

of Mr mm f i r s t '.^s^a^d t lm 

thmudl^ H^tmsee e^i 't^inir^' s i l i c a g#i 

to tlia traces of I t s fl^ir 

B CBlir/mtei f lwa^eter as.ti t l i ^ 

ivith starlfisd o îĵ ger. i n a ^Ji^Mfrcia I t 

thxw^jh & ri'^ljfir tube, :Siito the raaator . tke 

toj ptaa^iiic "llirotJiffe a c-or.taiali^ 

conc* sulphuric no id, and d ll-'iiiM oa. tsiniiig a^ofix^it^* 

r.'fin ntac'AriKi a ^t^mn^l f lowjotcr fmci them. 

^B u e.. J1 iv - » «« " ^ ' '' - ^ ^̂  ^ ̂  '' ̂  ' 

C» mmperutuTB A^jwitmntz*^ 

4'lx- tcdi t'ii^e o^raf^ij/lj > 

am! osrc riiri ^.ffcr. tc ie t inAn^ run. 
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tmt tm 
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^ . r t x ^ l i ^ i S i i I t i < U r i % - i X ^ . l t o t l s s 

V y j 1 0 ^ c o ' ^ t c e V f - ' d 

" i i & t a i i d p l i i i t s f r a s r^i^icr^f,-.! 

ZUii mut r , ' W i U ' i p i i ^ i l i e J f u r s i ^ ^ ^ h t 

c j ' s a i ^ i c a I r ^ r i e ^ i r * , : ^ ' r o - i j i ^ j ; n 

i ; / b a n t fmf.luB t o n a n d 

t . . e u c l r o i 'aj o X a t l i l n m/lyMmtm 

i ^ j a 1 / 4 

I 2. W . , ,-.,,(•••» f 

u . . L J » j > c r t l a r m 

I : - 1 6 
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tistSias^ tmt mnS. tiK* lassKiĴ li® 
î Tlffi®. 



1 5 i 

-̂ J-fiî ; c f; :-ct K̂̂ rtil̂ ^̂  of tl̂ e rmctor rh&n it 

f̂ 'itl'-ii.t the iT tL^^mi^cmpM Bhmth^ the 

loiob ^ iit®̂  e^a^t 

B0CC; tl.e 0vo: fei c tmat w«s "rithdrsm 

fx̂oia L̂fc lî icLly^ tlsc amapiate of tlx® 

reactor o.n v^itMrawsl of the Mitt wm& 

dmiB -̂fciar.;̂  uV ft vtlra ti^i to tto 

t::rca, % r " ole ij'iil.^d ir it>8 -Ide^ '^ith tM frm 

e-.ii ; ira rtUî Hl Jx.to m fi^cilitata 

oiiiie^̂ ii tfi:.t the ^'iU.aniTOl tnm 

UqZ eu jLIj aviie u^a arOĴ iruf of a 

yellC't v̂ rr̂ lc, X TKe lenrtL of thâ  

: i: i ^^nrllaji sn ^^IzMmn&i of tke 

which o^rz ftj so/cierâ i. t rcmliBt. 'Mlth4mml 

Oi thi. Ci ci "ilate 5 BrnêrndBm 

vife x̂tJaâ-OA' ûÛc icr̂ n i ta.a ed ivr fajftutf s tm 

?il*iva î iTi i. tO.t: %lm 

m^iti î'̂ î .tca Sr;riiru>s ui'-k arm! BoMtirnim 

p^omced M r i , ' ' ^ T v n r * li feasts for 

ajia is^i-^j mQ v^ta-r^ii^f a ut% of 

acidity t-Xul̂  iv* \ vv-'I Uusorut̂ ry ijr̂-u iji ccî -̂ e 

to irar:. •% X'V 
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f» Wmmml 

-^^taim^i iM ai^ mmmM^i^ f 'toafw® 

tltft fTOm -^mbmi 

^mtmimmi. tr̂  tii# ptlJ^t^ was te m^lm 

it it was tJ^ MfeMlai 

imrifif thm tflmmfa-tei ^f tw^t^f 

l^ii in 

It w s first M mil mAm m^m tlist tim siO.ite^ 

mMmrhmr mm ^rft^tif Qlmm. mimmlmm M 

SlE ir©^ ©f ^^m with^ 

ft̂ - sultiti^ was stiwt-i 

ta^ t^ thm ^mmtm^ ai^ mm^M^mg 

thm t®^ mmiM§ il ©ti^jtef* 

M ttm I g ^ ^ ^©l^io® was 

t# a^ii-itf^ mhmn hf tht 

iisf^lliaf ©f tiie Hiia 

at tlie peirit* If tMM f#ijit was 

or ^ p s #f 0*01 M ffCI stsfiJiiriisM were ^ 

aiaiass asi mijmsttt m® ptinl 

witl IsOlt 

l#s:tt ©f fliiw #f thm 

§mm si^tm^a (100 oe/mlximtt) asi rfjmstti tto tea^ratwt, 

tont was thm. im 
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mm mmrnm -^mm wim t i ^ 

n m ^ ^ e r i e - l t o H ^ S O ^ l i j B ^ O ^ i m I t o 

i p y i ^ t t f % M i T O m t t m i t o i , ^ t # m 

i ^ ^ i ' f t a i M M j M t w i t r i m 

f l i # w a f t ' m§mM l i f ^ 

fm 2 0 mSm^tmrn S y t l ^ r t t a ^ M f m m i M t m m h s ^ h m r 

t m m B t - M m M m m i t h m i m M m t m w i m B m M ^ 

M f t ^ r 2 § m ^ m M m S p t M s t a s i a M M m M s s l n f e i w 

wmm tM mhmrh^s^ wmtil mM m^m^t 
imt itmmppmmi:* MimmM tMm thm im^Mt 
mm %l;it if mmm mi m ^^mm ni txtmm 
mmtm irm m. wmmh t M t f e t telWtef 

a ^ ^ M i ^ m i t i w t t l t tMmtM 
^wmM imm tM m^Mm^ 

m M k W m m i W w l m t i t m i r o p a T O t t i : ^ t # 

matter rimMmf mi mMm%mt mm 
mmmmr^rn 

M * ^mm&mrm f w i t t t m i i g t i m © f 

m m m 0 f I g ^ t O O O e e © f s t r o L ^ w m m m M ^ 
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m d filtration civM utter 24 UrnxSm 

Hg- e€; fcr tor T̂ aa i.̂ '-̂eps fracf oi' r̂ ir a 

Btreati of o-sĝ mi citru^^eri obtained fro^ a c^-llBder* 

fixe bont oontaiBliii tlia pellet was dr^ppsa tn It aiid 30 cc 

of 6S Tfei'e dmpimd thTQug^ thistle funnel 

ima the ab^rt-er eoBtaiiiiot: 10 ec of mssoniacal sine 

aaljiif-ite i^lution md 40 oc a! wat^r da cutely attaclied 

lio tL^ gimenxtor* free nitr^gan Wia then ^ansed 

at a slow rate (ou* 100 tlsx̂ iagh tL@ equiiMent 

and the ijener^jtOT waa Iseated or.̂  a lor̂  firinie for ten 

raiiiiites» Mb filiation of'!!CI with iiwlded as 

Fmeh as possible* tuimcd sdjnc mlpkste 

mlntlm mllkj* At\j trace of Xtft in the £:m:@rHtor 

was OT^pt by tht I2 to tte aboor^ei after wMch 

the altro£en fl0%t was etop-ped ar.a tli© absor^^r discoanectcd, 

flic aotati^a im the absorber was ^olad under a ta:) asid 

ther. .iourad is a beaker* iBlet 'tofê  ani tlie frit glase 

alone abaorter ware t/.ree times and th© 

rinoinc^ to beaV.er. JXintmta of 

b#aker êî ĉ  diluted \:iVu .litstilled water tt- CC, aiii 

40 ec of v?erc ĉ .tiâ d to -lioerate follot'iei! bj 

10 ee ol tft-. RBr solution, 1 cc af 

indicator mid titixitian wm done â â iu-.t i^tsrdard pot-

aa^iii^i brosiĵ ito ii^iutioii, until tî e oolaai^ oi' tJie noljxtlm. 

^lim^Bd ©range* 'Bm O^IOM oiia/ :̂̂  wa:- ci!ir*rp» 

f^gOj^ whmk prtsemt is tiin iiellet^ lamed 
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f mmm^ 



1.5 6 

witli tnn .IJ^ i'ooiiloric; -iciu, milQh ^ S to S ani 
att'i-^keu tlm pi tlmm l̂ o-its .ccordlnF: to tii© followlBg 

Pt 4 feCl^ Pt Cl^ ^ 4 P^Clg 

Tla^tfore, '//hese^er coke or ^ 
stitueat ox' tm poliet, Û B w s Bmlvmi wit' the help 
of 20 m Oi conoentr-ited il̂ l̂ to whielj 3 oe of 10, 
stv-iiirious ehloriae oolution vi added to re^tioti tm 
ferric iron, into ferrous atute. Ir pmctioe fitrmiioue 
0iil0ric!# solution huidei irirnt, follô '̂ âd lij coric* 
HC1». f in oiilpMda ciecomxjostd in tm pmnrntm Qf 
liot, eoiicen^r-itea to (riVB whiô i carriaci OTtr 

nisro^con strarm to abnorb©r# 

A.̂ enevt;- jaoimt of sulpriida in pellet 
wan oa ar p^.onian stilpliat0 solution 
were a.-. Îĉ /ed in t e n-sorber, ĵd ,if tor 
5b CO v;f yl- aCl .¥@ri -̂ adou to li.^i t 0 
::VjOtc%xq 11/ t e 'imoanl or itc^r in --ihieh Î B 
prodtioisd r̂ STfi 1 of 0 rcr;:'in f̂ oli-̂ blo is 
124.2 gm*. 

In order to molA cIo,:riB/ oV yf 
f r i t glass, i t was kept dipted in GTMCl -n-i od with 
dist i l led watŝ r before 
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Im B̂mWlmm of smltB chtflmd i^t l^igh 

• hmm^r aelts m̂ rm oiitol̂ â in %1m $\tim 
ImctM̂ -: pallets %)f ivrrtl̂ mlar -''OsltioBF.̂  it wsri lotmi 
tfict thtf stuek tĉ  hmt mm -er̂ ^ ailfi^at to 
Bcrmtch offt the hr̂.rtteess £ € -- 1 r.QhB̂  

scalar ̂ l̂o. 14S of ntml was 
to PmlmiM cruiliiif; 'HJl 

a-̂ ae oit brtttXâ  jtftcr which tlie boats were 
m the l̂ msen flft?n# niwl tLtn qumchml In wcrttr* 

scf.flea-̂  ocmld tlwi c?iip off tr̂ie ard tlie ôomtm 
mme fr#0 of thrnrnm 

J* af Calcralsticgia;-

(i) Fer gmliiitirt̂  

CD 1 ef uqIaHob « 1 ee af v̂ l II 

of j-iii Inir 

(11) 1 00 #f 0.1W ^ -î e 3C 136*146 
• 3 2 • 
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iiMi t 0 f S i W a l 0,0<K>6c0c4 ga 

Ct) fm mnl^Mm m l ^ w s -

l ^ j ^ 5 6 I C l m § mi ^ 3 ^ 3 

3 4 3 E ^ « iHM* 

tmo^ # # i TCI mm rn^Q ^ mm 4 m 

167*012 I 9 t . 048 

Ci) 1 « o ^ i i ^ r o ^ « J S B s S i i ^ o«oa2T84 

a a . o a t i o i fm 0 f KgS 

m 0^00160016 ^ 72:^146 i a ©f CmS 
32 • 

® m ^t eas 

C i i ) t 0 f o ^ o o a i i o n o s or ^ oS, 

ammat ia. ttm m^mMmtlc m 

U®« o f f s ^ a r n Ima las i t im isa^emMtln^ 
mmm>% ©f QaSD^ i n as w l l ms t M 
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Bttlplir.tB t o tlie o£ snipliiir tl^e 
mkB m : It. tlia whm cake wa© one of tlia 

Cĝ ^ waa s^ts^-t^ daeml'Jrar-* 
mm ^niml't^teA^ on t L t bi-tsis t-i;® av^M'̂  n 

p^tser.t In i.a^O^ ana at the f a e t c r a 
calcuV^taii OV' m^ g-rn̂ ^ 'ht t̂ ITIOII 

mm W i m l t i p l i t d a^fcusl v^lifut tJi' tr.ti ^jtilet 
ana tlis ©met valii^ o'lr^ateti^ of 

ff%0to» hrnm h^m BIioto at p l s a t s 
In 
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g i i ^ flll.-

Bwm 02 soLi^oMii ^.i^cgiejEa mmmn Am w^^mmn 0/ RtkciimB^ 
t* st̂ f #f mrn^immt*^ 

M mMMim- t l^ ftoal. p-^tots 

gl^m hy tM t^lmim 

ams at tmmm^mt^m 3 m^Mm #f mUl M «itti mqIM ©f C m i mm mIm mi S^g ftrtef asd tro Uji# wtll mm mmM ^f 

te mmXim€. gmmm tia« mmmrnn^ ^f 

litre tmm Mm^tmi- start wtlli a 
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mjmtm fkm ^mmti^mM im. Mm mMm 
tM^wtimX mtMm amd » M m i m f p ^ ^ f t t ® ^hmsm^ to 
th^ smtet^^t mimtmm^ te tli# ligM M ttm. Mim^lm 
mhtmiMm^ fmm thm mm* Am dOTiag irhe 
mmm mi i^aettm* earMa CaSO^ to tfm 
M l ^ l i t tli0 mtUimttm CraB toraeil tlm 

tomttogt f o r ^scih ami* f M s 
rnt^^^mtlm wmm -m-mmmx^ tmmm^ Cmu &kmXd imt 
rn^m M m e l i i t o r , mrmwrn^ thB Bzmm M i t 
^mm^m -imMm M tMm Mlm^ 

B^^img ^mtm mt mtm^iMm ^mh mfmhmti^ 
ami aJte^tmi ^-p^mm nm€m £lm% l%m h%m 

hy t̂ lie tbm mmmi. m% I f 

I s r l j tjrial® f « r ^dlBiii^ ^mt e^st t int 
i B t e r w l s f # r Mllmtm m^m ^t at 1400% 
f s w tli0 f i ^ l l ^ i i g iattr^mlsi 1 mte^ft^ 5 
10 20 M a ismtts , 1 hmmt^ t hmzm m-i. 
J Mm̂ m-rn 

Im m&Bt th% interesting poirtior^s ©i tlie 
mmm oMais^ei mp ta 20 mintita Mt 

wh^aTOr f o m i r.^mmmBTj rssetio^.s ware cai^ied 
After 20 Mimtt® mr^&B 'motutî  nlsoEt 

ffe® f or d^imf %hm .ftliet^ A c ^ i 
-mmmi 45%» fiwe gyiittss M-d to 'fe-t rc-^taiti 
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^mmxxm ptllat® m iriti m B^C toi M s t 

tlie mwpmlttmx tit nlstaMa^ A teotm 
©aioimt 0f mmn first cma tLt- mmmxtm 
0f otlitr t© aMiidt oalaiilr^tei 

f ^ ^ hmmiM 0t tli'lî  Oiilj 
in '^itr^ Cas C^l^ccsij 37*411/' 
CaSO^), was aa a oor.ntiteemt, tl'̂e of CaS 
was mm m tasis t-^ aijm^i t'm ̂ 044:11% ©f 

the- Tm%% of 
t M itas wlt'h fMl^ ei a irla^^ paatl^ 
mia smrtuTt th^ pellets t % m ^tracl:, ilritcl 
aiiMf ia mab^r^d '^lutUnm bmt heated 
ia tlie Tmctrnv for tli© gi-^tn tî ie ir ttrv̂ ŝ la, to obtain 
tM mi Tm^Xmmrn 

111 ia 1' ia 

SCa^io^aHgO t t silies s 1 0. 

w 

» 3.StClO gm^ 

116.534 

^̂  im 
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im^ 5 t l i t aOt ^ i B t t i m l a * 



Bfmtm 
I 1 u m ^ I f 0 

1 6 4 

1 t i t -

m M/tm m M/tm 
iis:Oii mm 

teat « 5 nUl 

wt. 10 mil 

wt* 15 mXl 
i## # 

nf m 10 CI mil 
Mm 

f t . fi^tait' m nU 
i^stn 

m mU 
# 



"vmrn 3*i,a 

r̂vtiMi X 

.̂tgui CÎ ^ to t in P^it . pu 

f t e 

Cam) piUî  
^ tm i-mrns^ $ iî  

5 f^ftP ml 
If ^^rnmm •Ot.1̂ 1 m m 
n §•1114 m 
m m Ml 
n Ml 

0»i1M m 

CO 
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I 
I I s iUea i 1 

iig&ts ftm0 t i t - r^aiifclle ^ i t -
(mtm) Mtian Tilt laii 

cc K/1TO 
S®OH ICEirOj uBta 

0f feast » i.^Tfg 3 

Wt. ©f feiiat » to 11.5 mil 

I t . 3.mm 15 12.7 

Wt. •f>f m m mil 
# 

5*68t€ t5 15.75- a i l 

©f teat » 2a»i n i l 
€0* 



11 
Sa f fis. 

I 1 

t i l M ^ I t l Cm? 
$ Wm^Sm^md. i i i ' tmm^ 

i m ) 

f t,f3f %sm 

It 

15 W U 

i ^ M m MI 

15 0*4lt3 m 

m §̂ 51S? al l »I1 

CD 



fmM 
M^mm 

i 1 Sil ica i t 

168 
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.V sights 

(£121) XMtiOft 

as .uVii 
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t t . 5 3 ? r 5 4S .4 1,11 

mts. 

S.0521 iiil 
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ft^ 71 . 0 a i l 
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tim p^lle^ii .^-Xttf^ in vha QviitB^ ut^^r r^itr^ir^- x't^r 5 
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f m rnmUmlm^ 

immM 

(m) 
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f 

S ^ ^tTfJ? Ml 

5 Ml mx 

mm mi 

m ^ 0.rff4 m.m mil. WUL 

m m 
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m ml 
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i « 0.5936 0.4834 81.435 nil nil 
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3CaS0^.2H20 t t Mltm t 2 

mt Crnm^^m^ tw^m m m* 

516.534 

« 3^5195 m^ 
Mmmm 0t asrfeta .iri « 24 J}2 % 

516»534 

CaSÔ  to 1 gm B^nm ^ 408̂.4̂ 8 
€00*614 

« 0,6600" m* 

tmhlm 

3 Crnm^^m^ I 1 SiÔ  * ^̂  
- 1400%. 

f i s e M^SO^ t i t -

r a t i m 

ee O^t i 

WU bmt m 6^0566 im^ 51^0 
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^ ̂  mttm . 
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n^mtm Mm 

l#t«M0 Tim 

mMm 

m M W m 'N 20 m 

Mrnm. tMQ^^ XIBî j 

m^ mrnt m 0^15 

©f » ^ m^B niJL 
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Wt̂  'mmt 1 to* €4 bH 

0f « t m S mil 
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B y s t m Mm 

s igk l a IgSO^ t i t - Sm l f l i i i t t i t -
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1 N ^^ cc N/100 

KSXDj msmd TBrQ^ mM. 
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§3153 

It^ o f b ^ t » 3 ^ 82.3 n i l 
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i i i r^au i t e i In 1; -Mi^i i l fnr lmUm^ 
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l a i i M i i s 1 gi3 fal l i i t ® 0,0331 x 
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Bjmtm 

mOgMM I 1 mxim I 2 m 
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t 
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y^tm s^at « 1 

wt . hmt w 3.$m4 

§.$458 
f 
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i.7931 
mi l 

0f hmt » 

ps l l t t® 
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fmlXe e.1,15.. 

I t Sillen .1 a 

f t 
nil^ts fte© 

(ifts) 

tit-

rsiuim^ 

Siilliili® 

m GstM 

MJlrOj IBrOj 

of « €.2033 t 

1 21.5 

hmi:t ^ 

c.ssia 
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S ia mml M 1 m ^ x 13i*146 

« a«031f3 



194 

TmbXm S^I.IT 

fI# 

I 1 BiMm i t 
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flM 

Cmtm 

fm^im tltrm^ 

t±m 

laOi 

m W/m m M/im 

It^ mt Mst « 

§•8922 
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Aaoaat ©f eoal tb® aJxtmre « 71.83 x 3S.Q122 
516.534 

m 
Siiifiit Qt iM % em « x i 

m y 
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€.8141 
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f i l l e t ©f fe f ^ 40a»439, 1 
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M t i ^ s t 0 f S Jb 1 ^ l l s t « 0^1221 632 
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mi^mUf^t l a t l i e aisc^^t 
w t i g M 0 f S i r t e o s l im 
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mi i 
leOlf 
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Cî ) imtm) 

mi i 
leOlf 

m i / to • S/IOO 
1 

1 
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it^ af » ^•ii&o 

§ 72̂ 0 8.9 

I t , « S.»00t5 10 mil 

1§ all 

wt* #f 3MS2 20 73*3 BH 
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Bmm as t ^ t m fl . 
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i»i#it tfi 1 m f^iiM « m* 

CiSO^ if̂ ial'ral'î  tli® m%m Qi S eoniaimt ia in. 1 m 
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(^5 (m) f€>lal 
£ 

(a) aX^nt $4 
^ S i® 

Im) 

T W " 

i o^sm 0t034T 0.1519 2n8ff 

1 isOiU 0.#035t 0.1453 

5 0*43^ 

5 osm 0.6903 
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3- U^pmm $ a 

CmmrnM rmtM tf « IW ^ 24mM -

51i-534 

0f CsSO^ in 1 m 40§>436 . j: 1 

» 0*7346 m* 

w#i#it nf te 1 iia ® s 1 
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Qg 
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f 
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mm mm^^^S m mml* MmiMrlf mmMMm^ #f ĝ mm̂  mmm mtm' 
%mm Witfe imrmmMm is to temti® fca^tinf^ 
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U) ^mm t n M 

to (a-^%) 
C D 

(m) 
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5 
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r o 

CD 



SYSTETvi X. 3 Gypsum : 2 Coke 
1400^0. 

(Oxidising Atmosphere) 

^ Desulfurisation 
of 50 

Calcium Sulphate 

Time (mts) 
Pig. 8 .1 .7 

ro 



O 1 9 

m M̂rntmB M̂  III m̂  XIII. 

mm mmll m tht ^IXnkm^ 
fŷtŝa the of i>f 

Fif̂^̂  to tM aystwf 3 f̂fîsm̂s s 1 ̂ ÎXles ? a Ĉ^̂e. Is 

II n̂ i ŵr̂  mn̂ mt̂ w 

in Bj0t#m IllX̂  toĝ tlw* 

Of f̂ pi 1 is fumt̂ l mmm mtmwt̂  tm 

mat mssi fw apteifî  î̂ mta^ 

w ̂ îgim ut fiBi f^j in I Wwr̂ l̂  

fĴ e g witli nf trl-

siMeate, kmmpiMM tkmM mtMn fh® saMt 

tM- mrn^M ef Al̂ ^ ami aiî i.̂  eal0uisit#t 

« 'tM teiiis 0f tf I te^liial 

3 af gmsis of 

n^cjilT&A^might #f « € s fm 

ma 

m a 
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a^sstog tMm ml^m mm 

tfet mmti^m^m ef m 

wm% t^m in t te M 

klt^ 3 I- 1 t 2 i 

I l l i-^ J I t i i l i a a I a Cok« t 0^04501 fa^^J 

njmtm 3 i 1 i a Cc&t i aI^O^ i 



2 1 4 

njHteri XT. 
3 s 1 3.10. s; 2 Cato I 

Mĉ igfet ^ 3'i*7l4j m» 

Qmmrn^^ wm%iM fm a 24*01 ® 19*44t 

'. #f tn the ^ 3S..442 ^ ^ 

" ^ k^mmim Im asii ^̂̂  
• mwm% #f il^O^ to 1 fii s ^ t « ^C)^ x i m iSmi3 m 

100 too 

S16.534 
« fM 

0f ^ 1 fn ftllirt ^ 

M i gm^ 

.'.Whiffet s iB.f gis ^ 0»0€a75 ^ ^ 
lOi 

• Gf II 
mnMMmii im to 1 ps O^OOIffJ K .13e>146 gm 

32,06 



2 1 3 

Bfmtmm 
3 I t Siliom I t s 0;«1SiT Al^tj^ 

ftii^s tit-

m 0^1 H 

hmut » 6.^1020 1 24.35 

It* 
# s.asjT 

1 

It* 5 nil 

Ita S f 1 ail 

mil 

n mlJL 

M a i « f^SS^ • mil 

2Q ti.i nil 

m i ^ l ^ M i m after fejittti^ f ^ 1 
f itfe thm ^Imm iii Ifct %i®i #f ^ M ^ mliitm g m ^ 



fmM 

11 umm I i I 

C^) Cm) al^f 

i ift 

tmmA tmmi^ 

% 

t 0,3534 |.t5t 
5 i^mm 
5 ©•01 tr 
10 OdiU 
m mm Otllfl 
w 0»fTT5 
m 

ro 

cn 



io Desulfurisat ion 
of 

Caloi lira Snlplmte 

100 

90 

60 

70 

60 

50 

40 

30 

20 

10 

6 

SYSTEF̂ /XI. 
3 Gjpsuiii ; 1 Silica i 2 Coke: 0.1 

1400^0. 
(Oxidiaing Atmosphere), 

AI2O3 

-O 

T5 15 25 ^ " 
•Time (mts), 
Fi^. 8,1.8 

ro 
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Syettit IIX.. 

3 i f ^ m I 1 nm^ I s c ^ t t § # 0 4 ^ 1 

li.o 'lit S102 ia sixtiir^. - m^Cn ^ ^ 

« m* 

. •, isieimt of ^^^^^ rtquij^'ci in tfee Bixt^ar^ ^^ 33.442 ^ M«S4J0 im 

« i^^moB ga^ 

Imtim^ ©f mm m « 

• ' • ** * ^ 1 im » M 1 M tm im 

mrnm #f t© M » 7»1874 

•. Mmm^ wt Sm tlm- mix^mm ^ s 34»B410 m 

m 0.2767 m* 

m^ #f eaS^J^ ^ f m p^M^t X 1 

516.534 # 3Su442 4.101S 
= 0.6586 gm. 

Wt, of coke in 1 gm pellet = 39.442 x 1 = 0.0636 
- 620.1379 

f t . S 1 giS ^ » gs. 
tm 

ii cosiain^^l in ssak^ Jii 1 ^ p^IItt j. 

12*06 
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WmMM 

3 Bf-^mm $ 1 m^g $ t I f 

imml wmMjm 
m^ a^i « 

QM*. 

1 57 25*4 

It* 

# €•8110 

1 §4.1 

of bml 

6.S160 

5 aJll 

#f ^mt m 5 nil 

to' fi.3 ail 

ft.. #f « 

# €.6541 

10 3Sil 

It. 

4 ft31#t« 

20 mil 

20 S2.0 ail 

mm imm Itght i^ram t^i rt## m Um 



fmhU 

BfB%m WLm 

J I f Si©^ t t t 

lt# I pi « §#I5SI pi* 

i# irt« ©f S im in 1 «« 0#§1t 

fim OiiSO. f m 

imrn) 

(m) C^) 
f " .^miW SorŴ i*-
(m) 

S in (a-fe) 
M 

OsBÔ  

(m) 

1 i.fS©̂  

i omu O.IPI o#015f §•§15 

5 §#0144 0.5334 m^m m 

5 mm 0.5477 0.0141 Ml m 

10 0.0154 mi m 

10 ^Mm 0.di4i 0.4f1? m m 

m Ct5S7T m m 

m ©.5421 nil m 

ro 

CD 



SYSTEt̂  X I I 
3 Gypsum : 1 ̂ Si l ica : 2 Coke,^: 0.04501 Fe20^ 

uoo^c. 
(Oxidising Atmosphere) " 

ii Besul fu r isa t i on 
of 

CalciiiDi Sulplmte 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

10 15 20 

Time (mts) 

ro 
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3 I f Si^ I t cm^ I §.*156f ^ t^ . 

Ammm% SiCi^ rtQ^mireii in fhe x ^ 

51i-5M 

» m 

^ 3.335̂ - m* 
mmm% mi F^g^j mq̂mim-̂  M tM » 4t10tS 

51633* 

iâ îâ  of -Mĵ Oj ^̂  is ttî  mUMrm * ia,4TfS ^ 

4aM33 

516,314 4 ^ 4.1019 

I t 

6J2.6I30 
3. to 1 i® f#ll#t » ^•06235 X » 

the 

ia ^̂ km m % gm pmlM̂ ^̂  1; ^ 



2 2 3 

i i f f i * t 1 t 2 ' ^ t 0*1567 

1100%,. 

1 f t * t i t - r'VlpMd^ tttTrntim 
Tnt±m& CO ce l/tOO 

MmM 
ft* mi hmt « lat 21 .g 

^ f i l l tta 
I t . 1 » 16.55 

of » 5 * ai l 

It* % m i Bll 
B.7B32 

Wt̂  Mmt m m ^ stil 
# fSllStrSa 

m « 
§.$443 

Wt* ©f ^cfit to mil. 

n i l 
at-. 

uiX 

6.0422 30 « n i l 
Mm • p^lMtm 
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f3jm ^^^ sul^Am Utrrntim..... 

ii J' J 

Wt* hmt ^ 1 isr 

.if î mt ^ t « 

of umU « 

4f 

3 ^̂  

J ^̂  

9 S - . 1 

nil 

nil 

mil 

ail 

bH 

Jill 

MS^iMtm, mcmrn^ mitm^ îittiai: far ©ma 



^im 
imrn) 

m i * 
3 • 1 rnum I t aite I 

nf Cusî  im f m itBtt « 
^ ^ ^ ^^m^ma^ i?%t ̂ ^ S ̂ imlmtest im ̂stet in 1 m ftil̂ t ̂  m* 

(m) 

Might mi 

imO 
(ji) 

f 4 

M . 

t 
1 0*ft|? %m 
5 Gsm tumm ih^m mi 
5 o.fain m. ml 
10 OtfOM 0̂ 5145 MnZm m mi 
10 0.5341 mi nil 
m msn mil nil 
ao omn 1141 nil 
^ 0*01^ aStOTS nil mx 

0,5464 mx nil 
ro 
ro 



f l i ^ 
(to) 

f i ^ t ^ 
i n 

(a) 4 ecuiir-CosTC^'-
thm 

wim of B to 

0a; fm-m^ 

1 ^ m m mjM^ mil i idi 
1 osm M l f i l l 
t % m 4 n ^ m I i i l 
t M I M l 
3 0.6435 m . 

I ft.345 B i l m 

ro 
ro 



SYSTM X I I I . 

3 Gypsum s 1 S i l i ca s 2 Coke : 0.1567 Al^O^ j O.O45OI FejO. 

1400°C 

(Oxidising Atmosphere) 

Points showing active desulphurisation by Carbon are marked 

2 7 

100 

90 

80 

70 

60 

50 

Cesul fur isat iou 

of 40 

Calcium Sulphate 

10 

20 

10 

9 

-5 10 15 20 25 30 
mts. mts. mts. mts, mts. hr . 

7 ime. 

Pig. 8.1,10 

2 
hr . 



2 2 8 

mt^lli.U^m M ^ in 
^liit ^m^ m m ^ fmt 

m^ m^mtm mt 

m^ mmm ̂ Mm mi%Bw ̂ mMm tw 
M m^^m Hi 



0 9 0 

Mm, 

i k ^ m a t© 

TBl.^tlmsii.l^^,. in ^ih^!^ -^r^t .COT rm^mmm 

miah as -̂lî-r' other • ^mtliM ^ ^ £&llm 

C D m^mt miMmmm^ 

C3) mm^imtim #f tto mmrm* 

C11 0f ttm 

f ^ mMm 0f tim wmBtitmmm IIII 

Ijf 3 

^ i ^Mls ^toiM ê ilfifi® m$Mk m0 m^M- iif silJyia iit M f ^ 

tn film ^iMmt^m ptre^mt 

» t i t af I: mlHm a^iml T3*S i ii»4t « 

tilt MmiMrn IM Mm^tm mi tlii m^mtm 

^ •• w i t i r i ^ Ctii«. mhm .̂ t ^ 

#f witli Ifcis 



J J,.', ^06S' 

CaO 

1900' 

CjS + CaO 

CaO 

CjS i-

olC^S 

I C j ^ i 

1420' 

. CjS 1-

14 S5' 

/o 

L,(f B 'L,<^ A -t B 1.-9.A 

. 1696' 

'^ISTOBALlTe tLiq A 

fL.q CRISTOBAL!TE t L,q B 

\ 1470' 

- - V' TniVuOTfUf. J 

1436' 

TKlOruiTE ^ M-CS 

/^/O' _ 

TRIDTMITE t PCS 

^ CjSX CeS •'OCySg SOcs 60 70 

i¥€ICHT PERCENT, S.O^ 

lOO 
S.Oi 

^riic s y s t em (" ; i ( )-Si() , . ( h ' n n k i n i im l Wr i f / l i l . 

2 3 0 

m m m 0 m m % ^ m ^ w m m - m m 



0 1 I i-

% M m l % B i n H l M ^ 

pwlleta c^f teLe 3 f y f s w t 1 

eilicfi s 2 i ^ 

1 liaLta f o r Im^^iMg 

c^USBCliili^:* 

J io ^tuAr^i- cc Ir iiic beat lianted i o r 

3 hours fi'̂  i n r^ucta:^^ nri-i tlfê ri ^ueBalA^d witli 

the l.clp Qt Xl'^ui^ t o .^resiir/e pluis^s ^ e s ^ n t 

fit ttitJ 'se.a.vL'ru.Aire • a^i^r vir.s irtciaou a eoolii'ig 

t c eliirdiurte ^esr^iwillit^ a f tl̂ ŝ  tmMii~i%lmi 

."Jtcr l .eatiiv 3 xcuatv^.' tUi wwf-̂ t 

l^'^u attc^I t u l e , ceo led trj ^iaciii^ in & b^nkfer^ 

li^tuic^ I ' ir* A atrom^: j t t cold alTt 

sinaltaiico'^iil^^ IJICĴ Ê oYsr tKî  pellets ^kc Jot wes 

bf ir^ ox' ^-tiir a t l a s s t u b e 

ec t E l a i : ir licjulti iiir, iro.^. wMeli gi i ^ I l w r j t u M took 

tts -nipouriee^ a i r to t i e ssta®! tube* l^irmct 

%nmcldMii lit.ui^l ^tir i n a t te^ i j ^ f la i ^k 

Wfifci mt-mn^-^ulX^j irUiii^ uclT.f rabhcr ef^d a 

faee for ac^ifiat a ^ r t i a f * 

C3) fxmiSMP^tioti ©f tlie Cmmlitil c* ri 

^t Cliat-Xitr wms ftrnt timt 
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of ctmf&wmM tmm^ te-ing m^ 
orf St all! ratios; eoiile ;not cl̂ e-alciil 

cir̂ il'EiiĴ  land iit'̂ r̂ iprapMc* a^t^^da mr^ ttt 
clfe^eie^i '̂ 1%'li iM.̂ ^ jw^Mt®. fl^m 
mthiiaB m?plisfti tor th^ mkomimt^tu malxa^tl^M 
of thB f&^mmil, l̂iB-kei.̂  

ik} imm. 

stfei.d&ri H«t bf %lm m^Mmd MBQriMed to 

I^llmdnii mi' 'jlmed m a slii-s EH^ m 

«i2iXl. s&ammt of fcht' iK̂ witî 'fl pl̂ ^̂ eiji on it.# 

-A cm^r glaeu mtB ti^a owr t.̂ fr mlKtiar̂ - It 

eo^ld thm fee ĵ 'î Ĥ seu iBto g thlB f lM axii 

dat^miafttiefi 

CK»1 1*658) usM tri M ilifferent 

reftB^im tnilmn i-o tiatek s of 

^ap^aent^a of maw.i^ ĥ̂ trt was t0 

ratioa M wMali aosî pon̂ iuts utr^ 

mMei i m retiniŝ mt M^m^ 

mm^^m^^ ^.diei frc® « Jtiar^bur^tt^ t M mrnhm" 

pf dmp^ mmpmmt limllvmmi aso rmm mlm^ 

mtmi fftitillt̂ itfi Vm addition tl^ fraotims of 

tim Mcpia ^he M̂ lm fimia^ adjmattd bj 

m ^ m ©f a L^its fo 

^t r̂ l̂s thmn aMJklwcma^iilmleiie 

was mpl&jrn^ t# ttoss tlM mm^r^^ r&lum^ 
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-leiiŝ lerif? iaai^if was prastrwed witli criimlsit^C ttot 

oilterwise it ĥ ctmn dark* mmw th% Bolutlmm 

%m of thej wî ® teft to 10 se corl^a 

tmMst piix^ed lilsck m mitsMt s M in m 

wmami mmA^ "Sfm a^ttmtims ^OBH witli 

help ,1>sits 

fte s'lMf thm rmBSmiMg pw^rliws «f 

Cl) M ttois lij trgfi.«itt«i 

sections x^eflecttd 

tfeia pelisfe.ti sto'lictis ^tf^rei 

t^llMmm-*' 

(a) at fMa 

of thm eiifiit4sr wmm dwi « 

i^LQ ^Me Vi&tm mracrmidmi. of gn̂ îts M 

011 a is SSI nlmhi^ 

iX) 22Q 

lii) 4IM) Cain© omlX î. 3F} 

Ciii) 



2 3 4 

thm mUm th^m m^^tM m m glmmm 
h^ (Mh^lB m.u on x^atetlmi 

UBing mrbtinmawa* flm ims thm 
dotm b^f 31 Mid At thi& ^tag^ tfes 

fiQm^taml^ aiacfctd mi4f3t tlm rnlQmmmp^m 
Cm^m mlmm mi & aover gJxiss "af 

^yXs^ing it m m t^i^a aft<#r hm%iMg 
MlBm^ m wmnSami m'lxiU m Btmm mff ^mmr 
glmu waa 1). y'iiHt^ ulldB ^I^mi^i i a t i i 

isi m €>f mxiiTMslit thlx^r,.:^^ In rmmlBd I g i jr^a^sk 

Fn-.m.̂ .̂ îi.'̂ .n of" PGlialin,! 

o ims is ta i %mm naim ^ ^ t a t — 

C i i ) p o M A M f * 

f 1) Hcmil^ f i^ isfe ings^ 

f t a ^ISm^esr a^teisisaa wmm ami ^ 
l ia^ i 400 praUt ^ r̂nr̂ itm^mmm- ^Wlmmtmrn 

mm /thm p^fuMi fw tito 
laixlBf mmpmmmtm to te^ 

tm wXmmm 



2 3 5 

ata l j r - t T 2 
. 1' VCit.' ̂  rfT' 'i # 4I 

tx;*c 'hL .f^Lix d 'ay c i c l . L I - c l o • 3̂e 
... 'if -Ma - % 

a ilr •f.'x'iS .red 
- > if- "r 1 is 

S -SfRfc tJ, A * * It. ' ' J fc^ ̂̂  : r r lev't of 
r i ^ » i J L- C- 1 1"/ 't £• 

pla.-'t « * a 1: hoû n̂  to . v 5 . f t c r 
^ J 'W 

r J 

3.4 m 

( i i ) f l s M 'i: 

iQi^ti: J ' i'tiir-v-jr-; o i l 
.tad ' JaiIc i 304 • 

i'-'oIitihXri^ an \ i\x li^j w-^ ic n e i 

lap id ^lii.i difiriat^a J - " " - ' c u ^ "Tim 

In lixe I'vjp'-r c ! th l ^ find 



23 6 

mrnimm kmmBmm #11 ̂ mm ms#i i n s t ^ i #f wmf 

Cc) m^hMg ^t tm miiMm 

CD Mtstil^ita 2 m^imM 

Cii) f f mO^ ^oXation la f • 

i i i i ) tc/p 15 

aimi dark •Xmrnw^ixlfd,! 

ffiO^ mXu%t0m aizmr^^rAlml^A mtmmn C^h^ CigS, Ĉ AF 

o îrk ss^ji^rial^ umfitX 

^x^mr i& 111 ^ ^ wiita 

t^Af mn ilr̂ SiiS -̂ liis Xi-itiid^ ti'nlX î km ±m 

Ci) Im.-^HXo'-tlu'^ iLt-' ( '̂hih&x' GmDciimitof-*̂  



23 7 

i ieht -I-uij afied* '̂Lc 'Â ork mim ao.̂ ti t̂ lit nssistsae^ 
©f ti'* li* J* ca fcXe .-ti^rtLi^tf 

: ; 1' 4 «i r§ 1: aleea 5 
to a. 
e ^ 1.T16 

Uniaxial negative. 

polariaifii im Isl 

'̂ .iH.ri? aXiiio ê maBS 

V ' s s 1 4 . ' Ji, .U,'^' i - ^ . t , * liA »w> « 

alii^ftt m J ^ i t i i figure., ta© bl^k 
low ht^rnirln^mim 

lir^ ii l i aiatfccti 'f j* 



2 3 8 

ivf iiid 1 t f ^ 
a ^ 1 

r 

were anis.^tetpif^ M t polariaatim 
mm I j iitititml rnXm^m 

. I ^ 1 ffft-ritt^ 

( t) ^ 



2 3 9 

hr X n«m 



2 4 0 

a 
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f ig* 



2 4 2 

ftit' WM^rntm F s M ^ N r t 
m&mim-^ f t e m l l f mtth. w%m E ^ 

w ^ m ^ ^ I 



M ^ m l ^ n t r tootfe^ n m 
ndt tM mmtm^ f t e J i f m i i l ^ 



2 4 4 

#f tfef mm m f^lXmBt"^ 

• friealelm ail,tele 

Brofrnmili^ritt 6 - ̂  

Glasa 2 -

(f) ^̂ ^ tM.n aaetianB. witli 

Ti rt ' B ? ̂  

Vink̂ r-? H-.ic. wa.3 Vt̂rrd .Cor yiiin̂ ^ 

the thi/t nnrl -^lishei sscrllana*. ^s tfsi crvstals 

t!ran®ii;ttd ll-̂ lit in emu of thtn nmttmB m£ 

^fleot^a light in till ^me. ui aolislied stotioi^i^ with 

wtt&^it nis^l©^ 



2 4 5 

m m 0? mkonon 

A* O x i i i s i - ^ 

S f s t ® 11? • 
Sfl^isa of t i l t ^ l l t t ® 

©f ^JBi^ to t ^ « 0.791' ^ 

faM® 8 ^ * 3 3 
Xl f» 

^ei^xtm Timm 
tos) 0 » t i I ^ g 

of tMsnt «« 5.S4t2 5 

I t . &t ^ 6*0747 § 

m . 0 f ^ BM22Q 10 ^aSf 

tj. o f M a t « 6.1i42 10 5#7 



2 4 B 

fmrnm 

f i M t i t r a t i o n 
^ i l t s ) TO . , , , 

o f hmt « 5 . f § 3 5 
d o . 6..462f 

20 

m* Qt boat » t o 10.15 

f i l e o f m wm mmm 
pronTOj^aa a t 'feottOMf no m s l t s m r ^ o'Dtaiaed 
mp t 0 m l m t m r n f r o ® 5 Mpwanla th% caBt t n t s 

t h a boa ts f n ® w i t h t l m f m ^ m t l m - ©f o f CaO. 



V/^i^M o f Ornm^ 

System X l f • 

140 a<% 
ptX le t a 0«T91 

p e l l e t 
kaight aX CaSC^in 

pes i l e t *f 

1 
I 
§ 
5 

10 
1,0 
20 
20 

0.9E.S1 
03014 
0^9767 

C.98T8 

0,77:16 
0.3889 
a»7S13 
^.4031 
0^7 

0,002383 
DITTO 

OtG1634 

o.w^aax 
0,06468 

4«463 

If) wi/^i 

ro 



io D e 8U1 f i i r i s at i on 
of 

Ca 1 c ium S u l pha t e 

20 

18 

16 

14 

B 

SYSTES/I X IV, 
Gypsxim 

HOO®C. 
(Ox id i s ing Atmosphere) 

Smal l p e l l e t s o 
Large p e l l e t s A 

Tliae (mts ) . 
P ig . .20 

ro 

CX) 



2 4 9 

I f . 

mrnmh^ Ja s i w mlv^tm mni 
t i t r s t M l/XO IBrOj aol i i t imt after aeMlf iaat i^a 
4a mmal 

Ci) of (1) « g® 
i / I O « 11^23 m 

C i i ) nmpXm (2) ss 0^1020 g® 
I AO iBri^ » m 

» 4S.45 

• ^ CaS in Q^i l^ f a ^ i a = 

mm Mitli -tie! In uUAm iiati:»»# ffet 
amtmt mmBlMm fim Bmplm w^ra 



2 5 0 

i M a i ^ kmt^A n i tM t%mm hrntim 
lag ## ^mgtmw^B mrm t ransf#r red 

tc^ a hmmk^T^ aai a ^ n t r a i l s M wttia 30 m of 1 ; 5 
mi ^rm thm md h i d i n g u^hmM f o r § mimit^s* 
fhm B o l u t l m Mm f i l t # r @ i mM. b i l l i n g 
20 o f a I C ^ mi&lwtim of mm 
ixtt^T i i g n a t l i ^ t h ^ p r a ^ i p i t a t ^ f o r aa kmw'f i t 
f i l t e r e d , i r i e i ad i g B i t # i at b r i gM r # i l i«at . 
A i r o p of Mm t o mMiSM aaj- ©uiphM© formM 

Calctuiatianai--
( i ) Weight of Cl) « m 

0f CMCible « Xa*939t gia 
+ B^^Oi pi>t ^ ash « 13»6028 g« 

mtgh% y^atrngii MO pup&r mh « O^auyijg g^^ 
• wtisto-t af B^O^ ppt* » 0»663D3 gm 
• Og^O^ t© the al^ot'e weight of BsSO^ 

•m m* 

* %M thm aa i « x IQQ 
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Cii) Wi^ mmpM Ci) ̂  a»Sf#4 m 
nt mmrni^ m 
^ B ^ ^ fft f- « lT»ii44 

m i . ^ Qt rn^mm S40 fsper m h ^ 0*0^00? 

• to tli0 mbor^ iiî iglit 

« ^ 0^13735 I M s i M €» 

^ c^c^ in tm cm m ^ im 
0*9944 

« 37*40 

» • 

of t^tml S in 1 pa 

s d^e.. to a^l)^ « JliAii ̂  MmM 
JlOO 13-6.346 

« O^QBBl m 
B to cw^ « M ^ a It aa^M 

100 tta4S 

» §•2894 » 
ttm mjLT nmlmlmtt&m at tk€ m-r^ mtm'^ tfeat, 

Im ©f Q.IM MbM » CM 



O ^ 9 o 

If-

(g®) 

fist 

(sita) 

MgSO^ titration 

O.ii iaCil 

¥!• of hmt « 

6»a5CK) 

1 46»25 

0f boat SB 

^a, -I- ptli#t« 

5 109*6 

of boat « >•8295 10 139 .TS 

0f bciat « 6.0084 

6.9673 

2Q 145 

4 dx-d mt fuse but lî arf 

m^ aoapaat aft^r f̂ ir 20 J^m t^ 

dm-mp^mxttQ^. ^t Im miM^im mtmom^Mm m 

-tjpieai bliaterci surfmee wm© 



a y s t ^ X V # 

T a t a l & i n 1 g m p e l l e t 

m 
w t l ^ c M O f I g l - t O f t o t a l S 

l a p t i l # t 

o f S i D e n u i f u r i S i d i i o a 

1 

1 0 

2 0 

0 ^ 9 0 3 9 

w, 

0 . 

0 , W 7 4 0 1 

67 

r o 
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2 5 5 

Analysis of tlie tm Bulph^M^ O0iit#gfe» 

iieati^ for 20 Mantea:-

after te 20 

and tlî ? eiT^mt aft^r 

litaitiî  with ©odiuffi ia tfâ  ttSttal 

Calei^latio^ s-

^rl^iiial yiBiffat of pilMt fetfOT^ toatijag « gii 

vaight of » 16«47S8 gm 

do, + BaSO^ ppt â fe m M.tSfi gm 

^̂ ĉ iilht ©f tfliatsaa filter pp-tr sah s gm 

i^ait^t of M^Q^ ppt m m 

• ^aS'̂ ^ to- tlia weiciM of ^̂  

32*06 

« 0^1004 gm 

im th^ p^lMt mit&r mlmitm* hmrttm 



^ Q D O 



2 5 7 

^ml^lvm Mul^lm Imtt In pellut afler 20 m^matm 

of p#]tl#t « gm 
^aiglst of Qî  prnmM to i t « a^^^as s: 45 >3 

a #»4344 gM 
auiptor ^voiire îl after s^mtitig fm 20 mliiiite© 

a m 
Wt, ©f aulpfeiite suli^liiir im tfee 

for 20 » x i» 
» O»0424f m 

• of Siilpliur atilplimte Mlpfeiir 
« ^.rtm m 

wt# Qt total sulpfeur arigiaaii^ fr^a^nt » g® 
• af suifhMa suiptor lmt% In p^H^t « Q..002 m 
m * m yt* Of Gm in tfe.® 

« 0.002 X mM^ m 

« •̂oooaaaa ga 
» o.ayasaae is ^ 

0.4344 



2 5 8 

kXl tfce Bf^tmm tQ tQllUM mm stmied ia 
mitrc^em ^rnm^^rm^^ gmm eaataJji^d ©iilj 
SOg, lo M^t aM aa^ 

auipMur â ^̂ adaa-sar wm cmm^tn-d im fettviiem ttet 
r e a c t s SÔ  abaorlier* flaiii aoM^^ar mm smrroisii^ 
"by io# mn̂  HCl m^m^m In ©rder t a !># that no 
sulphur in the eo-oler parti0»s of fiirnaot 

l a Vm OMtl#t tli# i^agtM of Ma^itor 
oa tlia outlet aid^f hŷ  4 i inelies 
floy of moltng a i r t o km^ %lm h^tm l a 

tine m t l t t tube vss wo\md îtli resistmtice 
©Hi iie&ted to Just a^Ser i t s aaft^niiig f0iiife# I0 

suipbur evalTsi* 

3 Qf^Bvm (ai^iycii'Ous) t 2 

kwhfdmum gffSMS was prepared hf hemtiiig- to ootistmt 
m t ^ mt - 230%* 

'^alsM of EBlî drouB sypSMS tak#ii ss ai.v^ie gm 

Corrected rat io of cok̂ - » x 24•02 
60^9 

« 59»442 m 
Aiioiaiit of eok© rs^fpired in tke mixture 

« ISai ig S® 

« m 



2 5 9 

mi^ of ia i m 

« 0^9119 

of coke in I m p-^ll^t « 3V>44g, x 1 

44?•80 

£ht af S 111 X gm pallet ® O.OCBOe x 

^ gm 

CmSO^ aqui^alettfe to weight of S eo^tmiiiei Iti 

ifi X m P^Xl^t « 



o 

2 

i mis^m 

imi i^ts) ration 

ee ^ .X H CO 

^aCH iBr 

phid© tit-

imtian 

-y*X i 

MSM 

of boat aas 6•0X73 X 16 

do* T.-OX25 • 

boat » $ 96 .a 13 

wt. of boat 8» 6.1614 10 

do* 

9f boat SB 5»8543 20 iax.4 14.0 

peXi^tas €•8463 

* •«» 

p#Xlais aisijp^tgralied Into MalX 

ylzh mmtfJ^cl so^i^p as s^on ms 

im^rlea in r^aetor* She coXcmr of tj 

xirisc tii^^ ^ia not stick 



B^nim Ml^ 

te 1 m mll^ « Otfltf pit 

â aiirmltmt wl* i in ia 1 ^ pftll#% » OfOtlJI 

flM f af € ess 

'im^) 

Ci^) C^} 
Ca) 

It %n mkm 
, 

1 

5 ei»otas 

1© 

ro 
CD 
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BfBtm Ml. 

3 ^fW^^ irnakf^mm) i 2 

ftm tit- ^tilpfeiie tit-

im) (Ms) ratioa. rmtioa 

00 m a^ii 

— 

of boat « 6.0149 1 28»6 

©f boat « 6.Mai § 6 6 2 8 ^ 5 

lit. af b©^ « 82»? 24.85 

da, I- pallst« 6.7841) 

Vt. of « 6.0180 86.9 25.6 

lo of m^umd mt 

^oXoMr of thm pallets after lî atimg wtoitt 

aad t# fro® 



H I * 

i ^mm im^^tmm) i Z 

Cmsa^ I j i 1 I P « O t f l l f 

mB^ f ^ ^ ^ a l ^ i t l isi ©f S i n in 1 ^ p « l l # t » m* 

e m u ) 

i MmMv^m^ 
CaSO^ f d j m i 

(m) ( i n ) 

S in <1̂ 5® 
( b ) 

f i l t i O l 

5 C u f S T i 0 * S t 3 4 O t 4 2 8 t I f . l S f 

1 0 C U O t I S 

o ^ s t f i t 0 ^ 0 2 1 4 0S102 6 1 , , SOT 

r o 
CTD 
CO 
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F i g . 8.3.23 

ro 
CD 



o 6:; 

3 Cl-̂ psum I .2 » 
14 

(gm) Csits) rm:t4«3a 
ee Q^lM 

a®Oi lisea 

Biilphlds tit-
ratios 

00 O.IM 
.KBrÔ  uB^d 

4- P^lltta 1.1-685 

of bami » 12 a 

0f bmt a 6,0ia7 10 

Wt. of » ^.PO^ 
6*87t4 

20 11.6 

^rfolig^ted pellets irere 
aftar lî atiiig. 



3 Q'/pmm I 2 

i a i ^ ia 1 m ^ l l t l 0.734^ ^ 

fim .^-tiriit of ^ mB 
(m%B) imn%% la J t^i^HWtiL 

im) fmnT^ 
M 

wi t af (m-%) 
3 ill 

M 

(sm) 

1 0*282$ tOtSP^ 

i^om 0*0194 O^^SIS Tr»5TS 

10 •0.9613 0»0t8t T?#44t 

fO- ItOPf O^OlfT 0*04185 ro 
CD 



BtBtm Ifllm 

3 ^fpmum^ i 2 

2 6 7 

im) 

f£m@ " l i t -
est a-/ rfe t̂lcm 

cm 0*1 i 

^uipltM^ t i t ^ 
iiatioa 

OS 0*1 i 
SlrCL 

i . f 

mf boat « €#1622 2BA 

n . of baat 5^8548 10 28 

of fe^at « 6 .0132 go T8.2 

Ofe B ® r f mt i m s s -

Im the 1 idmit^ remciiBgt the p^l l^t dasiMp^iii 
tii^t Imrnrlm ^^ mlBkm 

ia i t ufib^Mt, wmm tmmtmt^ not acs^^nnt^ 
i n ^ulmMtlmn* thn p#l.i#ta firing v%m 

-nkltm i n a^ l^ i r and aid stt^k ta tlit 



3 t t 

im% 
i s 1 m * m 

t© wt» 3 i n l a f #B « 

flm 
(mm) 

1 

CaSO^ 

€ 

( p i ) im) 
( n ) l i t 

S i l l 

f O ^ O I g f S WSI0 BSh* 

1 O . f S S l o^im omm 0 . a f 5 t 4 

1 0 

m o . f i a t O-MBi e ^ T P 

r o 
CD 
cX> 
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îYSTET.: XVII, 

^ Gypsudn : 2 Coke 

1100^0. 

(Nitrogerj Atmosphere) 

CaS formed in the system 

> Caii 

Foriaed 

16 

u ^ 

1 c 

10 

Tiiue (mtB). 

Fig. 
ro 

CD 
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Bys^tom m i l * 

3 ĵpBxm I 2 Ookfs J Al^O .̂ 

of g^pBwm tskeii ^̂  23̂ 4 >56 gm 

Qmrrmctm rati© of ôke ss luO x 24 

a 39*442 gm 
asaiiirt of required ia'tlie mi^ure « 39*442 k .Zl^daM 

« i.7&ll m 
QorrmtBu ratio of.AlgO^ » 12A13S 

mmrnt of lilĝ ^ rfê uirtd In %m mixture •as X2»4T59 sc 23 mA'j'Sii 

of î i 1 gm pallet » 

- X 1 SB 
^16 •^M ^ 259#442 

QmllM:? gffi 
ai la i gm piiil̂ t » 

0f S iE 1 ŝi pellet « 0.06958 
lua 

» 0*004571 g® 

• Cfi^^ to abô e weight of S 

iiimliiiiî i iii TOkt xa X ^ f̂ ll̂ ls 

^ 0X856 gs 



2 72 

Sfst@m I f X i l . 

3 ^fpmvm t 2 Coka l O ^ B i ? Ai^O • 

1400% • 

(gm) iftitii J r^txm ri i t loi i 

ca 0.1 I 

of hQut » J. 44 . t 

bomt « i . M M 

T*287e 

101^4 13 .•75 

Vfe. of boat 5 . SMS 

^ prnllrntm 

l a 13. 

mm of boat « 6»01t7 20 13*1 



famt 
Uf&tm .Win* 

3 Qfj^m t 2 f 0*1^7 

#f t^mo^ imi m Otfias m* 
til® «ft* i in to 1 ̂  * O^OIiJS m * 

fisit 
(mm) PIII0I of OaSO^ 

(pi) . 
M 

a in < 1 ^ 
(I.) 

t 

5 0*0209 at^tM 

lo- 82.814 

go uom 83-.OT? 

to 

CO 



2 7 4 

f a b l e 

3 $ 2 Co^ t o a f 6 7 • 

f ' ix^ IvS^. t j t - V 
i^mj tea) ratxoii^ lori 

cc I H 
liaQ î ' U S I f c i f c r i l 

of bast 6 •1615 5 23 S 30*0 

0f d o ^ « 10 mrnO 

da, -^mllMtm T i i ia?! 

ms l a V l l mt XlW^Qm 



fmU^ i«3»4i« 
u^m mam 

I i t CNalii I 0#isi7 

^ im I gs • e ^ m m 
irl« i m^^im^ iM im i m mll^ • m* 

in pellet C a ^ ^ « imm^ fmm^ 

(m) Ci®) f ©iS""" ̂ liiOjii^^^^ C ^ ) 

im) rnlm^ %# 

s* im eote . , c^), . , 

temi 

5 f.O^ft OtOlff §»1S11 t|»tS5 O^IC^t <4»tt1 

10 . 1^0543 O.tSTf o^om O^m^l 0»t1i3 

ro 

CJ'. 



3 CJypsvun -f- 2 Cok:« AXgO^ 
1400°C, O 
1100®c, A 

(N i t rogen Atmospliiere} 

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

'Calcium S u l | t o t e 

15 20 

Time (mts). 
Fig.8,3,26 

ro 

CD 



fo CaS 
Formed 

16 

14 

12 

10 

SYSTEM X Y i n . 
3 Gypsum : 2 Coke : Q.1567 AI2O3 

HOO^C. 
(Ni t rogen Atmospliere) 

GaS f o m e d i n t h e sys tem. 

1G 15 

Tiine ( l a t s ) . 
I'ig-. 3 . 3 . 2 7 

ro 

-si 



2 78 

B^tem X2X« 
3 Ojpmm 5 2 Coke s 0*04501 ^̂ gÔ  

Weight ©f Ca^^ tak^ ^̂  ^^ 
ef eok̂  » 100 ii 24#02 

60.9 
« 39.442 

• Mimmt ©f coka required im the w t̂wtm » 39*442 x 20• 
516.534 

« 1*3131 m*-
rati© @f ® 4.1019 

imî wit 0f r@qmir@d in tlte miitmre 
« 4.1019 X 20.6350 m 

516.534 
« 0.1639 m*-

leigM of CaSÔ  in 1 gm p@ll©t 4CB.43B ^ ^ 
516.534 ^ 39̂ 442 4.1019 

» O.T425 m» 

Weight of eoke in 1 gm pellet 39.442 z. 1 
550.0779 

« 0.0717 
Weight of S ijQ 1 gm pellet « 0.0717 x 

100 
« 0.004517 m* 

CaSÔ  equirmlmt to the abO¥e weight of S eontaimea 
iB 1 gm pellet « 0.004517 x 136.146 gm 

32.06 
« 0.01918 m* 



o 7 9 

3 i f ^ r a t 2 m m t 

i t i g fe ts f t e 0 S2SO4 t i s - iM l i t i i i® t i t * -
Cats) m t i m Tmtlm 

- ee 0»1i m 0#1 I 
laOl msei 

1 46.6 18.4 
in* # fe lXt f ts 

0 f boat » 5»?5»33 5 95,1 11.35 
^ p®l l#t« i .79?3 

Wt, ©f » 10 95*5 

t t * of « 5»8386 20 SI S.S 
4 6S2S2 

pallet© 0a hmtMg teeiiat exf^limtei mid 



Bfis^tm HI* 
3 I t I 

%n I m f t i l i t « o * 0 i f l i m^ 

mm mm f l i g h t 0 f 1 ^ i i S 

(m0) i n (m) OaSO^ 

C ^ ) im) 
.. . , , 

Ca) tef t l ^ 
S i l l 

im) 

i 0 . 0 1 f t 

5 0 . 6 4 1 5 O t i t i s 0#O4O9f 

t o 

m o.im 8 1 • t o o 4 . 6 5 T 

r o 
c-o 
CD 
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Bjmtm IMm 
3 i 2 I 

t i t - t i t -

(mt^) a w i t i ^ s m t l m 

ee O v i l ee 0 »1 I 

I t * o f b0mt » § .0118 1 11.15 

l t # ©f ^ a t « €•1592 5 28 , 9 

7*1840 

Wt^ 0 f b o a t » 6.1591 10 60 .3 

Wt» h m t » m t s . o 

f l ie wmm g m j i B k w M t ^ i n s u i 

c m t m t # f tii# eoke mm » 0 t a e e o m t t t f w 

i n t M s 



fmrn 

3 I t i 

f t ^ i a f p i l l # t « 0»t4t5 m* 

m%m ^ i mmtmimi. tm In % m 0»O1f l8 

f l M f « ig i i t # f I'tlg-iit #f M m ^ t ^ m i . 

imrn) i n CsSO. (gm) Qmo. 4 aaS f ^ E w d 

C ^ ) 
Cm) sliBsf tH tib® tM. 

0f S i a 

Cti) 

(m) 

1 S "w® iBm*̂  Ot04at3 

5 o^im 1 5 » 4 1 i 

10 

OtTf74 ©.ofTta T»t3f 

ro 
00 
FN.:' 
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S Y S T E M XIX, 

3 Gypsum : 2 Coke : 0 .04501 ^e^O^ 
1100°C. 

( N i t r o g e n A tmosphe r e ) 

CaS f o rmed i n t h e sys t em. 

CaS 

Formed 

16 

14 

12 

10 

8 

6 

4 

10 15 20 

Time ( f f l t s ) . 

F i g . 8 . 3 . ^ 9 

ro 
CO. 



2 8 5 

Bfmtm 
3 ^ j ^ m t 1 

•W#ieiit 0f 0sS tmtea « 3*5003 m 
of Cms » 

CaSO^ a^-ntmt of B f̂̂ C C-aS m 3T#4l¥ 

0f B^F ĉ̂  cas 37.̂ 411 E nz^nB 
13i#14€ 

» 

Corrected of CmB » m 100 
45.3 

\i 59*263 y \ im J 

^ m 

It., ©f t o t s l Stili&iir ia 1 ga pe l le t 

516.534 --{159.263 X- 47.314 ^ 159«263 m 

^ ^ 4 4 3 3 
« 0«2136 ^ 

0f €mB ia 1 pa f e l l 0 t ^ '^^-•llfi -

» 0*1202 fa» 



8 6 

Sjrst^ IX*. 

3 s t CaS.. 

siightB HgŜ O. tit- Simli^ie titi^tics 

(iB) Cis^s) nation OS i EBrO^ 

ee a*1 M 

I ^ H 

of hmt « 6.1502 1 43.4 20.25 

lain 

wt. of hmt « 3*B234 5 125..7 ail 

do* 6*9012 

ft . af boat « 10 132^2 mil 

7.0659 

of bmt « .20 141*0 ail 

T..03B9 

i© melts w#rs 



fmrn 
Mi 

3 sm I t 

f ̂ lal in t m iNiIXtt ® 0#2136 

mi aas in 1 ^ pmm « 

flm 
(mtm) 

(ip) 

^ f ^ in 

mii^- im) 
f iif m^lvwi. 

CPI) 

Qm m 
nf i 

Xtfl 

M M M 

1 o^m fTt^T 

t.OT^ oam^- S7t5M mil Bil 

10 0#ttt€ n^m nil 

iMn o.till o-jrn M l nil 

ro 
CX) 



S^YI^-J.- JZ-ln 

3 Gypsuia : 1 CaS . 
1 400^^0. 

(,Nitrogen At-liOGphe re) 
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ro 15 20 
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mmm mx^ 
3 I 1 Cms s 4/3 

m* of B̂ p.c* c.̂  tdfctii ^ 3»4m m 
of Cs? ^̂  72.146 x XOO 

45.3 
^ 159*263 

AflditioiMil •wt» of î psua î îiirtd is th® mlxtvim f ^ ̂  \ / ^ 

9*6930 pt. 

X 1.499̂  . ̂  
xm 

Mtia of ©iliea ̂  60,06 £ ^̂  8C5*08 
3 

Wt« of SiOg im Vm ̂ rfctir© 
^ B0>08 X 3-4991 1»7593 gm̂  

af total sulpaar- in 1 gm ptUat 

516.534 -(159*-263 X 47.M, 
100-̂  

- m E i 
680*5233 m 

of Ĉ S ia 1 gm pillat - JT.XÂ  Ô lOs. ^ • 
6̂ :0.5233 



29 0 

3 Qwmm z 1 t 4/3 

^ii-riits tW'yOa tit** 
(£m) (atB) rat lai i CO 0*1 

ce O^V: used 
^̂ inOH iiaeA 

1 335 
pmlXmt^ S^StfiO 

I t * 5 n i l 

-mut m 10 s l l 

m taî .SS n i l 

I t ©btaiBad* 



fmrn 

3 t 1 I 4/3 

f t , .s in t ^ pt l l t t ^ 

f t . ^ Cî - iE 1 ^ ^ 

f lM 

{mB) ^ I t t 

ftiglrl ®f 

m^fm iM 

(ip) 

f a f 

CiS In 

af 

u n 

UMM 

# m 

f o.tt^i i4#ota 

$ ( h m s n i l 

10 Q^nm (hifOB ai l n i l 

20 o j i m mil M 

ro 
c.̂  



0 0 9 •u C^ 

t 1 Cal? s 

wt^ o f t a k m « 3^4St9 

45*3 

AMtttmml gjp&m is, tlie mixture 

- ( s M I i « 3 V ( X 3*4S?9) ^ 
^ tOQ 

Corrected ^ Al^O^ ^̂  I t^^ fSS x £ « 1€#6345 

3 

rsqmlr^d to tfe® mix tm^ 

« i: 3 . 4 f r S fis 

» im 

• s ^ ^ i r i f i 1 im 

« ^ 

i i 7 * o ? ? s 

m 

m * # f CsS 1 gm p e l i a t » 
€17»0?T8 



2 3 3 

Bŷ nt̂ m Xlll* 

s 1 J 0.20 :̂:. Ml^y, 

ftmt tit- Sml^Mt titrmti^ 
(IM) î irfcim 0.1 i 

0*1 I msei 

wt. of Mat « 1 25,75 

of Mat « €.1494 5 127*95 ail 

# l^ZJW 

m* ef tot^ « %B2m to nil 

to, # €^9162 

lt» Mat » ^ 143.3 mx 

"f 1,13t0 

f0 m^m 



ffiMii 8tlii58# 

% ̂ ^mm $ i m i ^jm 

iRilrte Im 1 m 

f i ^ 
mttmi^ in cm ia 

p^l t l 

t Itf 1 IM 

1 M M I €%mi 

5 i . tg j i m^im ©•fstj mi 

to o.aias o»tm M l 

0.1|t3 fil l 

ro 
C-D 
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HIII* 

ft, of feS t^am « 3*5052 
C^i^ctta rmtio of CaS ar 

wt* -of ^pswm. rm^ilmM In the ai-xturt 
^ / \ 

X 3.505a 
3100 

« 9»?099 
Q^rrm^tmi rmtlo 0f 4 •1019 x J, 

3 
ft. of m%ulTBd in tm mi:xtum 

X 3»5052 m 
issam 

« QmllM m* 
wtm totml milptar in- 1 gm pallet 

516.534 -^59^263 x 47.314 
^ 100 ^̂  

« 0»2116 
Wt, df GaS iB 1 IP pellet ̂  72̂ 14.6 

605*S125 
^ oai9i 



2 9 6 

IIXII* 
Ofpm ^ 1 CuS f 0»06 ft̂ Ô . 

Cim) 
^so^ tit-

x̂fittet 
ce I 

m 1 3 

It, teat » 5 

# t^oa^ 
140̂ 45 

137*5 

19.25 

sil 

mil 

nil 

mltB wmm oM^feti,, 



BftMm mil-. 
I ̂ tpmm I 1 ©iS I 

ft* ©f t^ai s III 1 'miim ^ m * 
ft# III' Gi^ t gm «« 0ft t If I 

mixim milte Iji sulfur cta-D Im lafi Imft^ 
pull^ (f^) ^ I M 

la) 

f 1#044O 

10 

ft^ns 

0«ia?O 

©•1S43 ull 

m l 

nil 

ail 

Ml 

ro 
CO 



io Total 
Desulfurisat ion 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

£>Y;>X:EM XXI. 3 Ĝ î sxxiQ i 1 Cars 
S Y S T E M X X I I . 3 Gyp sT J j n : 1 C a S 

SYSTKi/I XXIII, 3 Gypsuni : 1 CaS 
>0 

0 . 2 0 b 9 

0.06 Fe^O. 
a 
A. 

HOO'C, 
(Nitrogen Atmosphere) 

10 15 20 

Time {tirts), 
Fî -; 8,3.31 

ro 
CD 
CX) 



2 9 9 

3 Qypmim t 0*425 

of 0aS tmrni - 3*39X4 
M r i t f of S.F^C* ^ 
CaSO^ mntent. of — " 

tci CaSO^ m^mtrnxt of 
l^F-C^ CaS ^ 3T^411 X 1.72.178 

©•425 gra^ of fe^ ^ 0.425 - 72*146 
K 30 #6621 m ^ ^ 

Corr@0t®4 rati© of Can ^ x ICX) 
45*3 

M i i t i o a a l wt» of ĝ 'pmMs, to b# wti/claea. 

- {m^m ^ 3-3914) ^ U L O M ^ 

« 24*2759 
0f sulpMr in 1 ^ Fel ie t 

-(67.6668 x 47.314 
^ 100 ^ 

552^1955 
® 0.19-09 

Wt» of CaS te 1 gm p e l l e t ^ 30>66ai 
552.1955 

^ 0.0S55 gm^ 

-I- 67.&eG8 



3 0 0 

3 Sji^tm jt 0»425 

^%'lcMtm f iae F̂ -SÔ ^ t i t - ."̂ "XL-̂ lm ti^rcitian 
(gm) Csta) mti^a eo 0*1 XBrO^ 

ec it used 
•tiiOII iii.'ad 

f t . li^at ® €.012^ 1 8^35 
• 7• 1040 

#f l^at 5#8§7S 10 71 n i l 

It* 0f toat « 6*0181 20 86.a Hil 

^ J ^ i s dM ^ot iialfe aiii ^mmm wMt^ to 
after hmtim^ 



ftt, s In 1 ^ « Ornish m* 
#f Ĉ  im 1 m ^lltl 0.0555 

fim tf 

im) 
S ill fitillto Ĉ  la » Itfl liifl 

fflltt litMM WdM 
_ J a L _ 

©•oâfT 

10 nt4f3 §•1151 

0̂1381 

Ml 

mil 

nil 

sil 

o 



3 Gryps\ajii : 0 . 4 2 5 G a S . 

1400°C. 
(Nitrogen Atmosphere) 

io Total 
Be su i f u r i s a t 1 o n 

100 

90 

80^ 

70 

60 

50 

40 

2 , 0 , ; 

10 

o 

5 TO 15 20 

TjUae {m%s), 
Pig . 8 : 3 3 2 

CO 
CZ) 
KD 



n 
\j -J 

3 Cypem : 0»425 Oitf? i 1»25t mO , 
2 

o f Cas tmmn « 1,6?f8 
ipa o f OaS ^ 0,425 ^ 72•.146 ^ 10. .C" I ipa CsS 

C^r rmtmi l i ^ t i o M B^P^C. €ii3 ^ x 100 - 67»S868 
45.3 

l i i i t JUsma l i n * ^pnnm t o M w#lg l i# i 
47.314 X 1 .675$ m 

\Sf»6868 y 
« 11.9955 gm;̂  

r a t i o ©f mtUQz - x U251 
« 75.135 

o f a i l i o a r ^ j p i i r ^ f i i n l i a M x t u r ^ 

« 1*8602 gm* 
Wt. d f t o t a l S i n 1 

\ 

516.534 -^IwT.Gf 6S x i I , i . M , 
100 

6^7^3305 



3 0 4 

3 t 0^425 CaS s 1^251 SIO^, 

iJto® t i t - tmlpfeida t i t r a t i o n 
( s s t ) :nstlciii ee W IBrO^ 

ee If 

of 'tert « €»0ia6 1 41.5 1.S 

t t . n i l 

wt. ©f l i ^ t ^ 5»8492 10 nil 

in* 
teat 6*0152 

pallet® 
20 m i l 

.Observat ion i -

MeMs "̂ '©rt̂  o'^tc.lr.ed ^ ttm boat 5 
mlmt#s hmtlng 



of UtsO, S im t i® pmlU% ^ m* 
f t . -of « i n 1 IP p#XX#i p i * 

fim f Mm^ o f t ^ a l / ms 
(mm) w l f i i r i s mlfm OnS im cm un im 

im) im) WMM 
., c^^) C ^ ) Im) 

1 o ^ i r r r OMH 

o^faas - m. M l 

to O^IToS Mm t i l l i i l l 

20 o . i a t i M l t^l 

CO 
CD 
U l 



SOB 

3 I 0^425 C ^ 5 O.t^i 41^0 
Jf 

of Cai n8650 
0#42§ gnm of CaS 0^425 x T2,.146 

mtio of l^P^C. CaS ^ x 100 
45*3 

^ m^mm 
i iMit i^sal w î ^ t TOtmir^i in. mt 

1.6650) Î as^ci) 
\fm 

« 13*34f8 
-ratio of ftj^G^ « 12*4759 x 

^ X 1 m 

of tatal aiilpter in 1 -la ^ l l e t 
Mtlft,,-^ 

-fa,6668 i: 
^ too 

i#igiit a&s i s 1 ipa ^ m*$tm 
567^8029 . 

» IP* 



n 

CO.55 

3 ^^wm t 0.125 i 0.1S6 AX^O.. 

WsitMs titrnticm 
Cim) - - - Vl'He.) OS 0^1 M raeo^ 

cTl moet 

af boat « 1 25.6 
4 ftll#t» 

lit. of » 5.S364 5 ail 

7,02?6 

wt* af bost 5^7600 10 65.55 mil 

€•8762 

Of tet « 20 ail 

do* 4 6.ST56 

e&tai^ti in the tetri sltti* 5 



n f ^ m ran* 

f t * s i n t # 1 * o * f 9 J 4 m * 

m^ ©f Qm in i m- « m* 

f t e 

( i ® ) 

f ^ i ^ l m l 

i n 

. 

(m) 
0:«S i f t l - e f l 

1 

5 O ^ E t l O m i l Ml 

t o n i t s g 0 . 2 1 I f n i l Ml 

m O . t l S f m i m i l 

CO 

CX) 



3 0 9 

3 -ijxmmi I 0,125 ̂  ^ 0̂ 0563 im^^* 
ft. of tiîari ^ 2,1353 • 

® 30*6621 grim GbB 
C@fT@0t0ii ratio af Ca:-! 10.6621 JpO.̂ . 

45.3 
^ 67»6P68 

Mdlti^nal wt^ 0f gfpem ̂ auliMii ie ̂  laixtiirs 
^ ( m M i i ^ 2.1353) fiiaa ̂  

« 15*2846 m* 

\ 100 

mtio of x 

67.6868 
0.215c 

ilt» of total niilplmr in 1 

-{67.686a x H U H 
1U0 7 

• 67.6668 4 6*842 

« mmi 
« 964 

of iB 1 -

$59.0375 
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taslt 8*3.67. 

3 ^fpmm % CaS s f n ^ y 

WtigMs 1:1:3© HgSO^ tit- AiVhiJe tim^tloa 

3 
0e V.I 1% uBfĉ d 

Of bcft̂  6.1 M 7 t 5.55 

ao* 4 ptllet^ 7,2510 

Wt* c.r ^ ? nlX 

^Q. ^ collet^ C^SlOt 

wt. of coat « 5.R378 10 70.1 all 

do* pellat« 

of boat ^ 5.SS5S SO^ tb.l nil 

40* 4 pellet ^ 



3 ^ f m m I 0 # 4 t 5 t O t i ^ J 

1 4 0 0 % . 

» t t S i s t ^ 0 » 1 f 6 4 

Wm A ' c i ^ t a f 

i n . mltmt GaS J j i Qm un un 

(ml UMM 

1 

5 o ^ a a i t © • • l o r i S . . 0 I 1 M M I n i l 

m 0 ^ 2 1 4 5 0 # i i 2 a n i l mi 

m i t O t M a p . n i l s t i l 

CO 



SYSTEM XXVI. 3 a^psxim o . 4 2 5 CaS 

^ Total 
Desulfuri sat i on 

o.196 Al2^3 
SYoTEM X X V I I . 3 G y p s u d : 0 , 4 2 5 CaS : 0 . 0 5 6 3 ^^e^O^ 

1400 
(Nitrogen Atmosphere) 

00 

a 

CO 

ro 

Time (mts). 
Fig. 8,3.33 
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Q* V r m f o f ti'Ms i , e t i¥e .to^^ii-itriop, u f ^ a l e i m s 

BuX^mtm tg uarboiis*-' 

to {ji'-oTt t ' . c v o i i / e d ^ ' o ^ i l pMr i s r i t i on 

cc i lc ima S4l:<hi ! ,e cia^bo:: ki^.u ac.^oofi; f j r t h e loiî J 

t i o ' c^̂ ATvet a f t e r i t t^'iio o l f ^ 

t h e iruce? v;er?> a a o p t e i 

( i ) l o w t r^jrmr^B Qt t ! ie X i l l were 

h e a t e d s t I'-jU^C^ f v r 20 i^iimb-^s -j t Le ^.-ere^.-ta^e 

a t a u i p h u r i f c Ixoa foi- tL^^ ^mUf^t m a no ted* 

^iXter •.tine tht vmU'lit of t'̂ i© 

t l i e fpicits^ 11 WQji f r o u t l ^ b a a t s -i d i i i a l n 
weii-i^ed* i! c- v - j e i j i t of vmil^QKm^m^^ salcim milplmtm 
±n tlAs mi;? o>-y.,pA%fl ntr. nizt^d w i%h -pir^ oiwhon 
iM T k l i o 3 J 2 li f i l l e t str-iclc froia t L i s 

mi^turte tveVJied, arci t . e Tjel^iit o f ^̂ ^ 

t lm ^ . e l l e t ^.iis i n t l i ^ r e a c t o r i n 

^ t . i / a J ^ e r c 2a s l s u t e s and ai^t.ulpl-mriaatiori 

/rciL -mlu^ t he r-ere^utadc a e n u l p l m r i a a t i ^ a 

o f t L ^ aaoi^nt or la'-C^ l e f t I n tr*<; im t f c r l a l ^ aft t-r 

^ i g J a a l 20 latomtsa fcaatiait was C E l c u l a t t a * 

•ILd tli© cosnliiaDi deraipl i iar-

i a a t i ^ m o i ( w i t a t l i€ ook^ a l r t f ^ d ^ coAtt^iac-a i a llva 

ar.d w l t l : i^Jre ovxhcii) wsis alo'St^a '.m t l :e 

# f a l o r g wi-iii t L j pclTit , r-^ rr-st^n^i. S t b e 

m m i k ^ u ^ i M i i h l o n o f -aaCf^, a i t e r iid^ l n U L ^ l 20 xeinutes 

M a t i n g , , T l ie j Bliow e l e a r l j i l i e a e t i ^ e t i tsMi J i u r lB i ^ t i oL 

l i f oarb^ ia . 
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Cmi^IatleKiss-

T^tul m^l^ht of * 3#85D7 m 

0f i n the pel iets 2*4860 m 

lotBl h/%:'^ use-i » 320*75 

- t o t a l ite-

si i l j^t ir isrd 

Correctiiii^ .-.a .Jz-ir iC-r̂ Iî -d a; t U cake^ tue 

ae taa l a^acir of 'AiimiLfumrl^^.^jd ^ 36 

» 2»t1S6 m* 

l i on aiTter i n i t i a l 2C latoit^s Iseatteg 

« LM1S6 X 100 

2.4^-60 

e:f t i t m i t a r i s l l e f t bsfiind im the limits 

« IP* 

--^iirlit ©f ir t h i s 

^ 2.4S6 X (100 

100 

Bife wiis seratolasi o f f from tlif ta^ts, cwuercd 

Slid 

mt m t e r i aX « 1«2SS2 ga 

W^ i fM i n th i s * t t r i a l ® it ^ * 3664 ^ i 

iACSQ 

of tmr^ cmrmii addiia %q thcs asove 

« o . u i s m^ 
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tM wmm m i ® mi^ m ^^mlMt wmm f ^ m a i ^ 
o f p a i a t i^mm m^ 

^ m i m ^ f c ^ S ^ to m m p a l l e t « 31 i q ^ m 
^ o . o i f 

me mm hm^ma 20 m% art 

i m c m B t @ f 0 » 1 K « e e 

C a S O ^ . 
C m S ^ vlileli w m l i l M to, tli® 

e ^ i t a t o l B g gia C a S O ^ « 0 ^ 2 3 2 6 x 0 . 3 6 6 4 ^ 
0 ^ 2 9 9 

i m tiit m i x t u r e aiifi. rnim. p e r t e a r l m 

# » 2 ^ 4 2 9 3 ^ 1 0 0 
2 . 4 B 6 

CaSO^ mitmr tbt initial 

2 0 hmtim 
f # l a X C m S O ^ w i t f e p ^ © 

C t i ) Mmtimg m -^Umt a f s p i t ® 1 1 1 1 f o r 2 0 
mimutm m% 1400%* t thm ismilag ^mmm lai ttomgfe. 

TO ^ i m i e s ^ m f e ^ f S O g lanc! 



o i h 

tlwmgh too ee of 1/20 Mim)^ m^lutlm* flie strengtii 
of riaCOH)̂  meliEiiged Bwm aftar OTf iKJur, 

of CÔ  to the gms«« m^ hence the 
bundiig ê f tlio earte^ mntrnim^ im 

before 20 i^imxtm* m^ Im sl#p® of tim mm.lfUiT±Bm%im 
euTTOt due to tM ^limJmtiw ©f cmrbss 

gypmm^: 

fwi) si^atmls were ©alustM aad. cmt 
mt^fmlXf t# 0 f i t tots tM 
platimm ^mktBf same rntmmm thm 
and tlm sMea of %fm ^mi^M* fim tliiuii^sa of tm 
e^stala ŵ a cut %q %/4%h of an Moh mid tiie adgas 
mmil^ ccî aa 'ilO -̂carfeonrndtia, Thuj w#re thm 

In tlie ai-d omrroundê  bj pixre BumT eliarcoal 
m MMm* 

a t , tl^m M mn mtmrn^T^ 
m MUr&sm m% CD fmr mm sJjMt© arid (2) 1100% 
fmr 5 siOTleSf t© ^litsiii m^imm mt 
m-^h tm'^mtmrm aiii thm m^^Mm prists mtmimeA^ 
Tfm Q-^Btmlm 011 |-#a.tiii|! iM® t© tl^ lasa 



O 'i 7 
i ^ 



3 1 8 



3 19 

mxrtuc^) soakM to a Bolm^lmi of woid 
i n w--ter for two aimiteai loo r̂er î toe caussd 
tm mmmll tm meh and alip^^xf̂ , fli® .aper %mm 

of tht aeid ana t to excise of mlmt im was 
witb blc^tifie pi^er^ ea t i s t iioaaie r^mlmaii 

mm^ tlm% wkiolx had liec-a atef^rlaeil by tli© g^i^ttoe* 
f te erj^BMla were t t o Is i to i t td ĥ f a ms&w blade 
aM tk t earefully pliteei tbe smsi t is t i l paî er 
amd faj a steet of flaati for 5 mimxtm^ IM 
m^l^m In the pallet was attacked Vm diimtt udd 
#iralvi»c mlphlM gm staiaed tlm hm'mlM 

f l i t 0f writ mM 
t to ^psr w s awilMd i s fer thr## -mlm^mM 

i a ^ iw^ TOliiti^ im itm mMmtm^ I t 
w a s im wmtmw- im 2Q miMmtmm: m n i 
ia i^ r©^ wa tfc# 

f k i pattsmB- 0lit#Med wert 
a s Mhmm» 



3 2 0 

for tlia liamfegt^r^ of aul^mric seli aB4 

Note;- All inf^mati^ slrot tl^ Briti^. 

G ĵsaaa tB^mtm hm^ Mm mmm^U^ efefK^ î l^efwe 

liaa WTlttMn* 

Im Chmlml t^uMGtBi^ 

it is td ^ tlie 

apflieatiOT ©f hmrnt* It mlj mî mmm^mwii 

ia tbt ©^militei^m kas reti«ii#t» 

Witli eartei Is t^ 

fto of incipieut TmiQtlm CaSO^ 

filtli S.I02 at^ut 870^0 ai^ mmtMm Im 

ly of farrugifious sand, almee iitiii asii® iteta as 

a eatalfst* Xrirn arid© is M eaal.̂  

fit^i tM telaiioe can napiilî d froa amj ©li#iif notree.̂  

i3i«i.piaat r̂ iiotiom of CaSO^ 

with AI2OJ is giO^ -̂nd tli€ r«aeti0» is ae^ieratM 

tdiml of ?6 m, of Mreiii^ is rtmafê i at t ^ f e n ^ 

1271% aM re® j^cstlftlj* 

ia is ^ tto iifftiwt tesats ®f 



3 2 

mmlmt^ 

tkm UULmMg mtmpm mm Mmmmrj fm tte 

^^^A^tQm of aMl.^mj^.0 aeM ^TOWI m iMtgm mmlBt^ 

Ca) m i p^paratJjai 

i'b) Wrmmmtim of SO .̂ c^um-*-

C^) f^lfloatiim til® m ^ m M M g 

(1) M SOg t^ rnilj^rie 

Ce) af kiln ellsfcex̂  ta e^tst* 

fte r̂ iw sat^rials used aMi-^ 

CI) ^-psmi 

(2) A #f e^tof 

C3) 4 â m ê® of sill^a^ or clafi 

(4) M Mfmrm of alimlMt elaj OT 

©r mill mmM^ 

Tbm "wmtmm et#f© of 'tltot pmm^m iii^^lwi art 



FLOW SR3ET op anhydrite PROCESS. 
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;oal 

n •H >-( c sC Tj o r-1 c. 0) p. u o 
LL. 

Coke 

i 
Anhydrite 

Sand & Clay 
(Shale; 

, c 
c: c c r-i a-. 03 
a ® f-4 
c pf P. , o 

d 
c 4> 
4̂5 

- H 

M o a. 

"fjn" 
C bf) •r, d -H OJ a Ot 

•r< o P. rn 

Silo 3 i In 

Y 
Ceioent sulphuric Acid 



O 9 tJ C 

nhmm. to tte t\m steet^ 

Ca) It^'^uttom. mdi of Itfw Materials--

c^psmii is mii tolastM ia tte 

%mal Isiesti truc:̂ ^ art umm€ f#r iicjyimg tlia mt^risl 

Imk^BT- mn Im msti for ImMmg* Thm fjs^wt ©f tw^ mMm 

i iiŝ lies 2f teetos a M mims 2| Im lamnflit tm 

%hm im^t^^ BttM ^ rail M tern ea^eitf, h^ttim 

mggmim* Tim mrnggmm te m 

tetate llamas at a mmTSmm. of 200 t© m 

mhl^h thm laaterlal is amt^^ 

aisetorgM to m akip 'Mlmt wiiie^ li-fta tli® 

to im% to a r^^^iTlBf feofpsr, 'fM 

ia tqmiipi-i witfe a ti^f tipe jiggtei t m ^ m h M h 

at a:'at es m 30 bslt 

270 f#®t limf, m r t0 a eraallai plant.-

1 st^efc i^Ia oi 1200D tons cs^aoitj eas 

tfe^ wagfoii wil&idlr.^ mlQilon urA tM 

plant 'If of a frictian driven ilirsw ^ff 

earriiift t^ twr^l m tlit mnfmy^QT trmmmrnA 

im ^iselimrge of tto mat^ilsi from to 

Staekiiig ©f t M im dwp® is ace^pllaliai bf 

of aa em* fi^ ^ irel 

Sii© # 2i ^iterial ateeted in tM 

t^a 21 toeMs smterial Is. aiimpei In s e^irerei 

liat»ial i® rt^OTereti frora l̂ie top areas bj 

n^mm ^t mm Bxmmtm^ vmcii fm%dB a tmrmlUne hoo^r^ 



3 2 d 

i a mMm mm^mm^^ t r m ^ l m t l i t t r m m ^ ^ 
Ib^ t rmwMSm. hmM a t m y i i d i f w W m 

• -gypsxun.. m th® 
t M p i M t * g f p ^ e fTOM 

umw^^r tlwm^ t © 
o ^ ® erwA&m* f lm a a t w i a l f x ^ 
i a t r f t i i i ^ f ^ r r t i ^ aa i ©f 1 t0 f # # l 

t ^ g j f W i mtmmg^ ^m^mrn 

S^i jp SImi1# m i 

SEd saM a tef^r 

a o M l ^ X o a t o . fti# ia. f # t fell! a m m ^ to^ 
a f t e r I t a t m ^ i m ^ - m i . % 

i i f i ^ e t i e m i t s mmy t # a m t m ^ ^ i ^ m ^ -era^^r 
t 0 r a t o ^ t i t t roB a sim^ wMeli w i l l pasa t te^ i i f l i n 

a^afe i ^ M ® p ^ i u a t I t Xts« 
i n A eiiaii i a i i i bmetet alef i i t^r- raiasa t l i t shal t 
33 t l is M^ptr fm mkm ami M t a t 

f l i t and 
aar̂  w i t l i t l i a i r m M r l ^ g fi'osi the ^oict® 
Ib^tpsr ^ a fm l l# a i i t e ^ t i e t ^ ^ sk ip l ^ i s i , eqti ipp^i 
i f i t fe mir trtpplm^ gmr f a r dJ^oli^irglne t h t s l i ip 
0 r# r t M sfprepr iBte 



3 2 5 

^ ^ t t m i m t i TmtBB ^ itXiTtx* tbe 
MMt^lBlB t 0 a i r i i ^ testallstim t m r m & m l of 

^ is tuare* 

flit drl^i x^terimls dilivtrti f»a th% iriers 
t l a ra i i h r o t a r j fe t ie r© t n a t i pp tog 

wMoh a im f t j s t l ^ t n t t a t l i t a a t t r i a l s 
aiamltrntomsli- M a l t t i m a t t buektts t i i ^ i r i t i ^ t t r i a l , ^ 

s t t rag^ bniaktra f a t d two 30 iBeht'S wMe 
©oiiTtfor b t l t s ttoomgb mmtoaati^iOllf ^©latool l t i fi^igMmg 
aa^iJ^i^atSf wliiali a r t %& t r i f I t l a 
t s e t i i t i i i l t l i# mater ia ls a o o i M t s l j at t h i s 
stag©! tbe amt^iaatie p i ' t - s t t w t ig l i in f maoiiiiies 
cmtmll^d tmm. an t l e c t r i o i t l l f o p t r a t ^ i paaaX t f ^ f p ^ i 
w i t h alaOTf m i t r i p -^mt 

Tim ^ p ^ r t i o n e d mixtux'^ a t a l l f © w 
dir^ m t e r i a l ® i a dlfiehargt^d froM t lw h ^ l t coav^/ors 
tTfO- P foot aiid foot dimmester corabirvntion M i l 
m i l l s to wfeioli t i l t i i a t ^ r i a la am crowid and aixed. la^ l i 
l a l l m i l l i s ar isen through a turb ine gearB r M u o t i m m i t 
hy m 700 motor* The r ^ m l t m t mixtr^rCf Imcivn m 
mm mtalt is tranr^yort^d bj belt ami taotet slevator© miii 
F l t i i i o r mnm^ors to a rtiaber of raw aaal ntora^m 
htmMMg ml lm* Mbb® u i l m mud ai; adjac^i^t aust tokar 
a r t a t r a t t i to f a a i l l t a t t euiptyiiMif 

law •m0ml ia m t r m t ^ ^ fmm fb t s l i p s at p^det** 
©jradBtii r a t as thvmm^. TOttri^ e i p i i f p t i witla 
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imt^m^. is t© m Byntm 
ompristof Itlt aiii ^maktt aXt'taftrt mmi fMilter 
for to kila ftta tiiiiiktw* tof mmm'M rm 

tt tlm kila ftei ^m^tr rftmimti t§ tfae 
©t^rsf # bf ©f a flmiior am^^ym^ syffttm* 1 
flitii^r 1® 'bex-sMpti la st^titm* flii 1mm 
Mli tilt Etttim is Msit iat© m teimgii 
^ a MiJaa ©m • îeli Msts t&i mattrimX t0 M 
oonftfti* Coispresstd air ia imt»dma«i int^ tM 
irm Î ^Xw, amd tMa tlm antsriali so tl^t it mm 
fXm mime a sl^f® ©f as littl® ne fiw or tJiK ftwe^f c^f 
tte omr^ym Itiigtk* 

twimetim of i02 Cliafem-' 

MM^^rm tilt feei tetors eomtMllti 
tf r^tari" iis^Mrf^rs f§r miimrf twe rotary Mtes 
m^h 355 ftet Imit in wMali tlie t^psraterts is 
raiwt to 1400%. Emali kiln ie oarrlti stE 
#f ^esrtofs^ tM is trtrtu tarom î a f^mik^M^l&ix flmii 

If 1 150 hf P* aotWf aai. ifi lim^i witli rtfTCst^rj 
toiate* ffet kiMa art f iMi miMh. e^al tlar^^ 
a 30 fmt lm§ tiring fipt% Oil it m»#i f©r starlteg tif* 

CoaX teiliniS--

for firing kiliiB itXlTtrti to ffes 
•^mnt M t^a-^tiffiBf ImriMm mi mrnmrngm i^m n 

Jmf litpfisrt 1 Jiigiaif trsf i t l i fwe tkt aoal mt m. 
mmw^ll®^ ^©w to m ©tola m^ m^Mt AmBtm 
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57 tmt in h^lufit^ whicli la turn cltllvers tliro^^h an 

tit ot x̂ -̂'TOgnet io 

tfpr^^totelj 100 ftet loiie;# belt pmnmB coal 

a ooritiBmouB before U'j aeŝ-̂o of a 

V rovf-̂ cit mrri&c^ to a Bfeorâ re bimker 

aij^iniiig the kill, firinc flie ccsl to 

f-itritorâ  in whieh ic- iMXveri..?©^ aad irc-ii led to tlit 

kite firliiĉ r pipe tocBthev with hot iais^^ on,polled bj 

Clij&sr femdliBii-

TKa hot olinkor froii ei-̂oii Li'U. piis&̂ ee thiiî ugh 

1 2 r^ouperator tmtse©, whleh nrt otitî icle tl̂ ^ kiln and 

fililah eat ao heat cxcten^̂ erB bj cooIiBc tlie aliiiker and 

MatiXif tli0 iBconing: combustion air* 2ha dial -̂r then 

Tia fciifureateu ahutae aucl p-iBring tray convtjors 

to Jaw cruBliers to redtioe tlî  nisa to Isaî  tlinE inches# 

Th^ eruahti oltolctr ia il^Tatai oteia mi 

tomcat tleTators 80 fe^t in. Iislglit to amtoofatio 

the enaliti eliaicw is trar4sf®:rrti t© 

0t©rmgt bunkers tro 20 iiiolits wida collar©jora # m^h 

100 foot la»r;» cquippaa with fetat, rtaifcitiiig belts mM 

frictioi'i-ariveii tteo'̂ woff 

Kleatric vi'fcmtiHi: ê ctraat tlie oliiiktr 

from these arid deXiw it to a of belt-

e^n'̂ efar© aad oi^in and imckiat %hioh omzmj 

the material to a 10,000 tan capacity 
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In tlm amx ot biaiiilii;̂  ia a i^clt aumeyor 
^HXel; dlstrlautts tlic clinker aeans of a frictioi:.-

tlorm off carritige to aaj ^mrt of the sior^i 

tia^uglaout ItB tatirt; leĥ itoii oX 3ag A U Q m a t l m l f f 

oonvi^^or quu to cariiroUed 

cilaci,a3'̂ £a dimetly to H iî elt 

#/l:icL li.P,' wr.tcrini the 

Cliniifer lu rtciaifii^d froa ta^ Btore bj 

^omr& and loa-iirie wliioli aimctmx'i.B into m 
unAwn^amid hop^^BV in t m ctntrt of tlie Bt^r^* Xhia, 

Ii0i>per û io jiis^dn;: tra/ leader v-McVt -liocUarges tht 

at a controllaa rato to a Cfjala bmikQt 

elevator lest liî ii, ihatcalal It̂  l̂.en 'ielivared 

to the ^^tigii^r aachines i'or tr-arisf'̂ r to the 

ctaeat faotoa^i, 

hq^'^m^ lo&L^ing ^rrm'^gBmmtB imitftlled 

t m the disposaX of hmli totin^l eliak^r pjruteaai wlitu tiit 

kiln is comimg m l l m ^ 

(0) iPurifieritlon of SO2 ^̂ ^ th© Tuet MsmoTiB-f Pliattt--

IIu? iifeaes Ife&vii.r': tLe liihi QQnUxiii a'mut Ŝ - ̂ iOgt 

an oriaWil ©f tluet wMcli is seiaratea in 

a m m M box and ejrcXoixe, these m i t D the aist is 

aiBoharged throiiji'L rotc^.r^ Bealn tc a s^^sten 01 tulmlsr 

vi^bro '.ionm^om^ tii^xah d^iiv^r to a rotai^ p'uXv©ri0#r 

witli a ahaia and buoii^t e^leTOtor i'or i^rme-^ 

fiir io tliî  ^Mnt U m k e r bj a 71xildor m t teases 

art cooled ia wanh towers T/hial; re.jovc the i'reater .prirt 
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^t maMu-^ tttstt BOg dlBsolTCHl ŷ  v/ater Is air ctrippei 

mi(i m%i%tn®i. to the mtiu sti'feata, ciur.t xn 'iimlXy 

bj tlectroi'tixtic ia'-eoioî â tors pr-il tiio v/atux* in 

ttit gaa acr-iibbiî S with counter-i-̂ iaTen-t flo;̂  cf sulphuric 

aalcif 

driar is cleared "before diseiiî r/je -to atsoaî -iert b̂f 

of a ajelo!:e oepeiriitor r.ic wet arreetor^ TIte duat is 

disohargsd froia t îroicb ^ rotary f̂ eal, for 

deliirerj into the rain streaa cf aandi aliile or 

fh0 dried itrnte-rir̂ ls bnnkere eŝ k̂̂  mA 

Btmlm arici the oo> .ŝ y.̂ û̂ j art-$ fitted a±th 

tully automtie rluet filterim: idîtrdt to e'̂ limiot' tie 

firing filllrig: tiilii . Inju al^o e/J- ûstn tli# 

W0liii0r3 under tfeo biuikero ur.̂ i tlx- eonvê /or xeod 

daring plaEt op^^ration, Clm? ĵir is dî âl-ar̂ ĉ d to 

atiaost^era an exl-.-iû-it f-̂ n̂, îrc] the duct ie 

rtturstd to its appropriate l̂ ur/̂ er throurh rotnr;/ IIBI^.IB* 

It the raiile th© is exImuBt^i by 

sealpiiJi cjoi.aa00 ecitii;i)ed Umter^* 

oltanei air ifi dleclv^rged nt̂ iafî -phere 

fans, ana tlm cMHt; la returred to t.-e naifi of 

material thrciifh rotai^j ideals* 

dust-liter ear be rsro.-icltd ^liloh is 

oapsbie of aust-ladeB nlr Binia' tnneoiiiil/ irm 

all the Piuidor coiiTt ore^ belt b̂ jcLet ©lewiloM 
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r̂ â  to a tlici sildp^ tte mml 
BllOB tlia dust bunki-r tariiiii aeratiesi n̂d 
Îie alear; air pasBiis to ttteoaph^r^ ana the dust is 

'ieliirtred tc tac autit Mnktr rot^rj fjeala from 
tlie f i l ter plant, wlilclt la loaatta tentaiateli- mhQm the 

fwc cospr0B'Core atrate thĉ  In t!i© raw 
MtJitl Ellon f'.nci. dtû t lmtilir;X% A^ieilliarj equipment 
jrovided with uacl; eorl̂ 'r@0sor m eftor oooltri 
water -^rlr-lBltt ;Cilte€?r aM two zllmmm^ 

( i ) Coa^orsion of SOg to SulAmris 

502 lesv̂ lnt̂  the rtr̂ vin/, towsr in 
clue %o tlw IntTQ-'luotlot of oir gxw i^^rffieleiit oxfgts 
for eom '̂erffiott t?? « raseB mss tliroianh bXow@w J? 
and boat e x c l i a i i t o oortsii^l^if a plfitteiiia 
or -fam-diwa errt-il^/st. i'he:/ are haatti to in tM 
heat bj ^̂ isr-ts t.̂ -e Cf̂ ryfirte'ra, 

r€̂ r4Ction evtttlM f̂do^ tm^̂ p̂ mtm^ ia 
koyt lov-"' irowlî ^C tl r̂  Cf.talĵ fit rv̂ m̂iiig nctivt' tiui ii 
retaocrialic refiCtlĉ B -rexoci&y ir; '̂ of.ver̂ d̂ cu id 
cm-ririci out it Bt'^e^i^^ T-rmovinr the intemt-aijf- beat in tlit 
licmt txclaxicort-^* uO^ it:^ nyr.crbed after tĥ ^ 
In llyW^^ if̂  'towr. weak neid frora 
tbe dryinr %qv̂ t g^/ caftufiiiieil in tall 
ira^^isso Xtz renoTOj. i<2r scn^obiBfr: ir> voXet o,r ^^^liionifj ii:j4or 
to give sotatior 01 t̂ nil̂ hitt or bimil-Mteg 
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% m m f ^ a r m ^ ^ t t Q u of t t e iH t l f o i ^m lM tUg 

l i quor , t k t af m^ im k t f l t® tfet. mMiMm m d 

SOg, ^ ^xi t gaste, as icpiTOltst II^SOi 

aan b« rt<tu,ati 2/3 nf a gxmiii/^iille fo^t^ ; 

ob t a i n t i oy a^cc^a^oBiE^ ^mliiil&e-btoalpliite 

©tetiiM witii HgSO^, returaed t a the ai.d tht 

oaiitalBliig (I^H^JgSOi Im w v a t a l l i s ^ i t o oMalm 

thin mlumiB cliiott 

C®) C^ir trs ioa 0f k i l n ^Itoker t ^ 

Fckt t h t satisfaotoi:^ proimoti^JE f o M 

o l ink^r eijB be praduaet provMtd feiM optrat ian -aai tlia 

Cdapopltion of tli® r w a^a l a r t orird^i l j ' ' 

f te . i n tlis k i i a siicmXa Oid^diiilEg xmiMg 

1 $ 10 m^gm^lr miatur©* tiic- ash o^iitsnt Qf the coal 

matd f o r f l r t o g ahauld ba Irept in Tm 

o l i j ^ e r i g sTQUiii with gy^mMf stored i a a i los m i 

a® tm ^t jiroi^ets a p p ^ ^ i a i i t t l f 1; 

I t Etq^ir^n^ats of tli© Mm Maitriml mM Cmt 

flat mat^r ia ia anil sar^iet ara 

^imm in Tmbt0 .2,3*1* Tl^ aaomts ef basis oomati'lmtiits 

M t o f m l m M t ^ i geaort i i i i to the 3 Sjfismi 

1 2 l l g G j i ai.0450t I ' t ^ ^ j t 

nMM elm J c&n aii^i^rtixuta smd imA 
fTO^dt^ mtim of s i l i c a , nltisina rMcl f t r r i e 
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k^pt f a r t m 0f ae i i 1»T6 
mB^m will h% t# t imMf^rl exfta^i-

tM^ imtoTi^ s toul t 1:10 a% tht s i t e ĉ f 
^ imtmUU^ though th% ideal ^itt is mmly a^ailallt, 

l̂ îTJ rnUrm. or Etciiaix-ti per lOÔ I 

OjfSHS 
Ooke 
Cdal 
Sfflid 
• l lmlm 
Iron oxiat 
I l , tc t r i0 piwtr 
Cooling wnter 
f u e l Cgaii or oil) 

1t?i 
0*082 
0.44 
0.205 

0*00153 -
130 k,m 
33 ^ 
50 t0imt 0al# 

f* • 
m 
It 

I^T tlit pix^osi Of arrlTisf at as. Mm t h t 
aMUBt of oesett oMaiatfij tlit following ruaa t im i s 
'fei kept in 

CtSO^ € 

4 12.01 
rJaO ^ SOg • CO 

16*1 64*066 

m CO huT^Js 'in oziHii^'ixh. H'^nrnv/mm 00^ 
mud mud cocil leure l i t t l e iisli it; to a.'-nuae 
t ' lat the weight of c^iQnt ^JtBimiJ uiXl oox̂ r̂ mî oM uO 
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<̂ oau:mml ^mtah'i of foteei i t o the Mlgtit of silies 

axid mtmlllc o x U m km mm waifM ©f CaO fomti 

frara %mu of ry-ma is 0.573 tms^ tl.erefore 

€a0h ton 0 st^^urxc acia toxm ui: will fet 

.produced 00 tons at .imr̂ t* 

ma amour t ur aoal unea t̂ ? jTlr̂  Id ins is 

si^riTOTteattly or of a'l^uu Iiima, 'ihlm 

4MB not tilt r^riiiirea £OT dry ire tke raw 

imd initial htatins tLo liilBS* 

Corlsi-p̂  

'ilitt mctiidl eo.-t depenar. nit®^ iWaiiaMlit^ 

s- r̂iriê s nan/ o^h^r icict̂ ora* 'ihe oapitrl cai.̂ / 

oi' tk# gypsum., ialxut rnui o£ cê jcrrr. tew li^m 

ampaoity of alaiit in 

iB at srram* Thz ratio of 

tlit capital 0001 of ar^jdrite - stil|tiurie mM - aad 

ffritea laeiri plants is 1»5 to 1» 

Wt L. ( ) rivcî  ifolXowlitg 

iUpA^^^ t ^ OHpitfil niiii -jrociiictloti costa f w aslii'clritt** 

aoM .plant t 
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Cafital Gmt for ^nlii'toits^-^Xxli^urio A aid :nmit 
150f Jco tmm ^^^ atmnu) 

S l t t 350,000 

Sarvie^Bj ncid and anhydrite storage 

^QOfjOO 

lorKinc carjitkil 3/0,000 

f ^ t a l 

- .30 
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ytim Costs p m tim 100 per mi^ E^O^ 

Voiiverr?,J Incliî linr: 
iiiol etc* 

Ô axiieadsi iattrtst 
axi-u deî reelation 

hBBB er#clit< 

.et eorl 

OaleiTO 
mili^ste 

^f plaBt ̂  tons 
aeld I'tsr 

Capital 

2, 

3.50 

6, 

nc 

a.80 
U67 

7.00 

28 

5.S3 

2,0? 

0.30 

8.65 

60-?0^000 60-TD|000 60-?0^000 

plant - jcx Xeî .̂  trx.r ^̂  oh a 
p̂ ritê '-'oontact v̂lnat tie crijiUil cjf̂ t ~ uotit .14 
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the Bhorm iijimras Bhow' thmi^:h oajital 

Cost Im C0iil af milphwic acid ..-aclt 

from e y p s ^ cai be tliaa tUtt î -irmfnefciirea iron 

pjrit^B or aulfur^ and oh: bo cheaper in 

wfmm pfrttMB or gooi s^fi^- btb hsmd to g#t# 
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C H A P f B l X 

Bia0033lQii and c m c m m m B . 

ThM maim Qhi^Qtlr^ of thim work was a Btu^j of the 
rates -mad atelaamisma of me wMch' tmim 
plmee at elevated temperatures Ib tti0 mixtures used 
for the majamfactrnx'© of ̂ ulplitirie aeM and portlmM 
o@m@nt fTOm .gypsuâ  flie amthar was -also 
in thM posaiMlit^ of s#ttirig up a plaiat .Fakistaa 
for the commtrcial applieatioa of tM» pTOeesSt andf 
liemea, aft#r eatafellsfein̂ - tto msing pmr# 
iaborato^ c-fesMeals, t^e raw materials from Pakistan 
soureea were also iaelmtod in tha systems studi^dt 
so that ©ompIieatiBg faetorst i^ ̂ ^t to^ differ-
ence s In pjiritĵ  cr̂ atsil straetxirt or gaatral activ-
ity comld imv@stigiit#d* 

As set out in tlie pr©Tious pages, ejifloratoî  work, 
oa the gaaeral oonditioiia of r#motioii aad t-E® prod-
ucts formd w m first naeessar̂ r'. fhB system 
in com®#re@ is comples:, and t M oonditioBS of firimg 
ia a rotma^ kilm caBBot dupllemted osi a small 
saml# iB a modal kila, because of 
in seaae, leading to wry different heat losses. 
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t^m^TB^m g3?a4i0ats aM f l m coMitioas, It was 
easmtial to eatal)lisk conditions wMeli produead a 
produet similar to e#m#Bt of comaî re©. 
Bj atmd^ing the ^aetioas, tht Bmm 

eonditiomst tlia i^imtiw of #aek waa t© 
be 

BASIC ooMi^oKafs 0? ma maii mmTim 

Calelm sulphate dilijdratet sil iea aad earboa 
ms@d as hmlQ eompoaents aloag witl^ small qmantitias 
of Al^Oj aM Bolts of OaSÔ  3I2O, 

msed witte. obs mole EiO^ aad two of 
carbon, Bxp0rim©iit3 eoadmeted «ritk of 
emrbOB or 0Ok# prodmetd Btlts« wMcli aj:^ to be 
avoided in a kilm* Tim b#@t tB&pmmtum 
for camming out fee reaetioa prowd to b# l^O^C* 
flie ratio of Air to was mimtaimed at 10:i 
t]^roughomt« for tb# prodmeti^ of ox:idisijag ateoa-

AJQJ flmctiaatioa^ ia tb© aaouat of O2 
affected tb@ mmount of OaS iairarsolj* 

BMATIOro 0f MllSfA1 M i MAfERIA'IB 

Geological data oa tbe gjpsu® aad coal from PmklBtBn 
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is glTOa in App#Mix I I . 

Thm^ materials pmr^A to from 

featmres. ots^m was of M ^ pmi^l^ and 

BO sigaifieaat Mttmrnm^ In famm tkat of 

pmr^ 4i^di?at# mad was ami--

stituttd ia its piac# dtceli^ tto mtu^ of i^aetioa 

Qml^ Mgli iii smiphuje coata&tt aa 

FaklBtm. eoal prodmcsd a M g k w jeate of des^lplmsds-

ttoi ear^oa^ to its i-eaotlw surface 

amd sj^ll amĉ iimts of eatalj^ie impm^itits 

coal pr0T@d l^ss ttoa 

wMM thm trmnmiBnt eone^ntratioix of 

ealeiu^ smlpMde was M ^ a r to t M pĵ op-

ortian of irolatil0s* 

ps^aetlcal <;omlusi0m can ^ma di^nm tMt th& 

prodmctiim ©f smlpterla anid and mmnt Smm Pakistan 

±m f and wmiM M t Introduce uompl̂ x-

itie^ to til© CJtoaieal ©Imj^acli^ristios of tlia raw 

materials. Thm high puritj af Fakiataa gypsum 
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^rnmultm im Qi m stable t r i o a l e i m 

s i l icat® im f i n a l ajai. 4o#s a^t gif^e 

s i l i ea tes t mhmmmm of frae % 0 . 

ofiEALL (mmkmmimioB ow u s BMgficii. 

TOactim faa^ thm mmm^ 

tmmtmm of e^ammt ajt4 suli^nir d i « i 4 # ^oasists 

s m l l aaoiamts of Mlmd.mM anfet i raa axi4#* 

curves showlBg t^e progwas iw I l b am t i a a of 

mjJLphmt ^ fiaiuetiTO of frsm siMiiar 

mm- g l m n to fis-@# S . I . I tm ©• l . IO . f t e 

amnre i s eliajfaete^dLaed a stetp i n i t i a l p^rtiomt 

a tmraiiag poiat to m s t m i j ^ t 

seetioa of mlm^* l a aa oxidisiag atmos-

phMm^ thm agemt i a ^ mimtmm i s MaovM 

b^tl. ^ witk cialisim amlplmt® aad jeametioa, 

witli tke diE^gta. I t prubablt tkmt tmra-

ing pQimt i a teis was to t t o m^uclu^ a^mfe 

Mv i ag baem ^©asiimad. Th^ latt®^ p o r t l y 

itimid tliea ieeompositioix of 

g j p sm and r®aetioa with aijidio OKltoa* 
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to ©̂ jaJtli?® tM.m posslbtlit jt mom of 

mm^tw was a f t t r liad 

oeeus^i. to a stag® ^ j o a t %ii# t^jmiag ^^iat in tM 

flie r#smlt is sfeciwa la f ig* S^l^lo iad ieat i^ 

elusiTOl^ tMt ttei« mdditi<m af m^m cmTb&n greatl j 

^p t M TOaistiom agala ant tlmt %hm ttumiag 

point ia tlie i-ai ia faut to ©^Kiiauatioa of 

Thm oT^rmil enrro eaua tkms be as sad® mp 

of two di-stinet s#eti<iM» ^m iMiemtijag tfa# rat© 

of reaetioa iô  prssftnee of Mducing tii^ 

3?«p»s#iitiiig thM- mitm of 2?#aotio.a ia tk# 

of redaeiBg. CM? tli# fi^rst 

s#oti®a ^ tte ii^ortaii-t m 

of prodmetioii of smlpkur dioxid® is imielt mom 

mpid ttesa oonditicms aad i t aeaomts foir 

owr of r@aatioa# Wittiomt a ^dueiag agemtt 

w&otiim womld too alow for iadmstrial 

at 
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QOMmimfim mmTimB. 

to evalmte thm importane® of th@ mrtous 

possiMe Mmetioaa whiek might mbMb up the overall 

pTOoeaa^ a series of sjrst̂ jas wem 

results of t M m n m s ajpt set ©ut ia Ctept#r 

flllt and those whieh glTe th# ^ a t ai^lficaat 

iiiforaatioii will b® disemased b^lons 

fhamal 0#ooffipo3itiQa of 

thermal deisompositim of p#ll#ts of ^ipsum 

mlQsm m m escsBiaed taking pellets of diff^wat sis^^t 

one series being twiee the weight of the oth#r. It 

wma f o m d that after m ^ period of h^atiisgt 

affioimt of d^ooaposition was the saa® im each pellet t 

th@ percentage decomposition la the larger 

pellet was half that la the smaller ome» 

fhis imaioated that the rate of deoompositioa of 

gypsttm aloae mmm goveraaed hj some co»ob faotort 

iBdepemdeat of the weight of the pellets ThXm wmm 

prohablj the rate of heat transfer to the tablets 

Althotigh the pellets were of differeiit weights, the 

areas of their loirer mrimcem were similar and it 

^aa through this smrfaee that eoiiducti-re heat traas--
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wcml4 talDi fM® upper smrfaets w îoM 

would mmtrm of tJbyi radiat iaa wer# a lso of sim-

iljue- mm^rn 

Tklm mmlt ©mpMsises the p4>iiit Utet im raactioBS 

between pmrl^ mmdmtiM^ keat ti*amsf®r 

a a j be i ^ o r t m t aM tkat me e f f e c t ^f adclitlirea 

wMck pTOMote t M M a c t i m be t e reduce the heat 

©f reaetloi i mad thereby aake possible more rapid 

mmttoum 

fhe r a t e of e w l u t i o n of a^lphur dioxide from pure 

gypsum WM compiu?ed with thmt frim the mistture eorree-

ponding to the coiig^ositicm used coMaercial l j im the 

l a t e r stages of react ion a f t e r the reducing mgeat 

had been exhausted. fhese did not agree ^ the ra te 

of eTolutioa from the c f P ® ^ p e l l e t s being the higher 

per mass of gjpsum preseat# t h i s i s uaderstaadable 

as the heat t r a n s f e r c h a r a c t e r i s t i c s would be quite 

d i f f e r e a t . In the l a t t e r case the p e l l e t i s a 

mixture which, a t t h i s stage,, would be highly e x f o l -

i a t e d . 
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ir? geacfelon of CalelBm BnimMm in OxlaiBlim 

most Important Maetioas ia irMeb. ealcium sul-

phide partieipat# mm probablji 

(Ij • • OaS 20^ ^ GmSO^ 

(2) . . OaS U O ^ ^ QmO ^ 30^ 

(3) JCaSO^ Cms ^mO 480^ 

When CaS was hmâ t̂ a In mn 03cicliai:ag atmospkti^ at 

1400^0» th© suIpMde sulptar was malr^d as 30^ witk-

im tea Bo CaEO^ appeared to be formed im 

tlxe coursa of r@aetioxi| in factf miwrnm tli® OaS 

used contained CaSO^ initiallji tli0 filial 

quaatitj of CaSO^ x^epTOiented onl^ 1S«8% on tlm same 

basis. It can be conclmded that theimal deooapoait-

ion of the oaleitim smlphate initially present oecmrrad 

and that the 0aS was decomposed aceordiE^ to reactions 

2 and 

Systems 3 Qynmm - 1 silicas 

Heating toge^er silica a M gjpsnm produced a reac-

tion in which the less volatile silica replaced the 

volatile sulphur trlOKide. At thBm temperatures, 

sulphur tricKstide is broken down into sulphur dioxide 

and oxjgen* fhe reaction was alowart and the eur^© 

(fig* B . l . S . ) tiirntd at a lower conversion than when 
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a ĵ edueimg agent wits preaeat as well. 

Thm remeUom pm^cmM mla^tlw®!^ rapidly, and at 

eonstant rate, to abomt 37% deamlplmrisatioii after 

whicli the rate fails off sMrplj. 

Sinoe a ratie of 5 ^psi^ : 1 silica was used, it 

appears that reaction to moneealeimM silieate 

is me Most rapid wMl© fuartker reaetim to di-

er tri- calcim silieate is considejmbl^r slwer. 

-^atfiia ; Q^p^nm cmfhou 
GjpauM mW^ 
Qgrpam - eoal 

ThB reaetioas betweea ^pmm and irarioma redueia^ 

ageats (earboat ooiie aad eoal) were examined in 

oscidisiaag alaiospheres and ia aitrogea at temperat-

ures of 11 O and 1400%. The resulting smlpkide 

eoncentrations and the eirolmtien of SBlptor diox-

ide aa a funetioa of tiiie are Bhomn in Figs* 

a.3.23 -- 25. 

fhe imte @f eirolmtioa ef ^Iptor dioxlda is eonald-

erab3^ higher at 1400^0 than at llOO^C. Considered 

in aonjnneticm with the figures for CaS aonceatrat-

iont it la appaj^nt that the ineremse in temperature 
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its g2?#at0st mttmct on tke secondary raactioa 

h^tmmm CaS amd fMa a im seaordaace with 

til© tli#rmodjaamic i^ssults. Wlier^as,. at XIOO^C the 

suipMda readies a maxima oi 15% at 

b-̂ twaeja fiire and siEnt^s^ at 1400%t tlie m̂ axim-

im oeeurs h^tom om mijamta aM tke ^oneaatrntion. 

fallst tmm about K M coatlBU^BSl^ aftaa* that tlmm* 

Coke was tha Moat actiw of thm^ thm^ miming 

from th© poijat af of producing <l#sulpiiur-

isatioa» (Fig* 

of coal produced m cm-

c#ntration of calciu® sulpMde duB to It s Mgii eon-

tant of Tolatll© jeeduci^g fMe u m of ccml 

had the disadvantag© of producing a fog of ta^i^ 

material in the furaac®. 

pmB®xiQ0 of iron or almiBium oxid® liad tiie 

effect of B l i ^t l j imcjc^asing tlia intarmediate coa-

c#mtj?ati0m of amlpMd® at 1100%» ^ut of slightl^r 

decreasing it at 

A 37apid iMtial ewMtioa of mlplimr dioxide 

resulted from the pmrlmxm d^b^rdration of the gjpsua. 

p@r cent of the sulplaur appeared as 

dioxide witMn th^ first minute* 
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The Barly part of thmm emrmB approximates 
to a straight Xtot indicating m mmmtmnti ov#rall 

of r^aetioa, Batli ^Mmetion of th0 

caleima milpliate ajad mi^hmmqmmt Mactiaa plmj a 

la aJbiaBĝ s. fii0 Mt® of h m t tmuBt^^ will als© 

be a faetor Imt tto 0o#ffi€i#at of tte 

dxaagt of m^tB seema tkim eaa te meeomated 

for as a result of toat tea^af^r mloM. It is of 

interi^at to caXemlat© aa o w m l l aotlTOtiom ^a^rgj 

for tJbt® earlj stage of tto ^aotiom. f M a oaimot 

tmkmn as a true actiiratioa mmtt^ whl^h is aiisoe-

iated wit^ a particular re&etiom. 

From m m Xini 

Slop# of cmrm at 1100% » 

aiop# of oury® at 1400% « 

Applying aquation: 

iCg 

2.503 log. 

• AE (f.- f^. 

A1 
r m 

#•6 p#r e@Bt 
desulplmrisatioa 

40' p#r cejat 
p#r miamt©. 

A l r 500 ) 
i r P (I55oxTIoo) 

1105} 
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« 2 .303 l o g , J J ^ ] X X 1400 K 1100 

« 2 .305 i > f a 1400 % n o t ) 

« 21^990 c a l o r i e s . 

f M a f a i r l y M g h "aet ivat i cm ^ m r ^ ' * i s absorbed 

mainly the r e a c t i o a between CmS an^ CaSO^. 

f k e a d d i t i o n o f small qmaat i t ies o f ii^oa aad a l s a -

iaium ox i les made ao a i g a i f i c a a t i n the 

a c t i T a t i o a energy o t t h i s o f r # a e t i o B s . 

f h e vlbb o f d@hjdmted gjpsum o o a s i d e r m b l j iacr©as#d 

the rat® o f r©ac t i oa a t bo th temperatures due 

p a r t l y t o the f a c t that no water had t o be removed 

but mainly t o the g r e a t e r a c t i T i t j o f the f r e s h l y 

dehydrated e r y e t a l l a t t i e e . f h i s i s i n acaoMance 

wi th o b a e r r a t i o n s tha t the a c t i v l t j o f dehydrated 

^fpsma i 0 g r e a t e r than that o f anla^drite. 

f h e a o t i v m t i o a e a e r ^ f o r r e d u c t i o n o f dehydrated 

gypsna was o a l o u l a t e d s i m i l a r l y : 

Mm̂ B a t llOO^C « ^ « 

moo^Q » 75%/min. 



^ /f o 
^ li .J 

^ « 2 . 3 0 3 log X % 1 4 0 0 X. 1 1 0 0 CSlB. 

« 2 . 3 0 3 X 0 , 8 7 2 1 3£ ^ ^ 3C 14fX) X l lOO 

« 2 0 , 4 1 0 c a l o r i e s . 

f t o s , f o r TOactioa umtng debjdjmt^i. tto 

Maetion rates at llOC) m d 1#00% ar# eoiisita^al^lj 

Mglitr tliaa for hut the r^latiw rates auad 

the activrntioB aaergi#s um similaje. 

fha E f f e c t of Addit ions 0 f I r o n a^d 

Alumiiadum Qscides; 

la all cases, the desulplxti^iaatiom produced in thB 

pjteB&nc0 of i r o n mlde waM greater thMM t M t prod-

^aeed ixt the prmsBMCB of almmiiiiM aidde, befoi^ tk# 

first 5 minutes of thm r#acti0B» 

In comparing tli# lat#r stmges of reaction, two 

cases may be distiagmislied. WM^a tii® proportion 

of tlie reagents is SMCh that calcium sulpMde is 

produced or is initially present In ratio of 

JCaSq^: CaB, tMre is no aigaificaat differeBce 

betweea the degree of desialpMirisatioa produced hj 

the two additives. fiiis la apparently due to t M 

rapid aed complete reaction between CaS and 
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^ thmme proportions, 

ih©ii tii0 as^tio of C a S ^ 5 CaS ia lesa tban 3 i 1 

system IXTII), the greater amtaljtle aotiT-

itj of iroa in doeomposiag th© oalciiim 

©mlpkate^ leads to gramt#r d#sulphurisaMo& through-

out the CDiirse of reaetio^i as oompared to al-omina 

In Sjstam Ttn. (fig, a.5.53). 

ia Systems s iiimm. - silica - cmdh^m 

W P f ^ T ailioa ^ 
Qymum ^ siliom er 

A comparisoja of thB tteee redmoisg agents ia tteae 

sjstems shows, that eote is most effectiire ia pro-

ducing deeuiphuriaation In the overall reaetioa 

under the conditions of these experiaexits. Sugar 

carboa showed a alight advantage in the iaitial 

stagest while coal produced the greatest inteamed-

iate concentrati m of calcium sulphide. 

The activity of coke aaj be attributed to its active 

surface and the presence of catalytic impurities 

such as iron o^ide, fhe finelj divided stTOcture 

of the sugar carbon gives it greater activitj at 

low temperatui^s, fhe expulsion of volatile matter 

from the coal and coke will be an endotliermic proeeas. 
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whicii maj cause a lag in rise of 
Mixture ijaitiallj . 

2s gp^ t i^n and MenQval ^t Cmleim 
Some of t̂ ® most imp-ortaiit aaetesisma wMeh oomtrib-
ute to th0 Qhmn̂ m tu tMa mjBtmm̂  mm th^m in^olir-
tu^ til® intermediate formation of caleium smiphide. 
fli0 ooxieeiitrmtiom of sulpMde was In all 
rwxB and showed tte chaag#® topical of am iateraad-
iate fojemed in a series of eoms©catiTO 
Its eoaceatration okaagss mhmzi im 
S.5.27 aad 8.3.29. 

In @aek oas© i t ria@s to a maatimtta and tkea decays 
as the secoad stage of reaotioja beeoMS signlficaii-^ 
calcium smlpMde caa be fo3?®#d b^ the raduetion of 
calcim® stilphat# b j carbon o3? carboa moiaoxid®. 
I t MBj subaeq\i©Btlj raaowd »acti0ii with 
oxygen (if the atMO0ph#3?@ is o:Eidisiag)t with cal-
Qtvm sulphate or with sulphmr dioxide. 

fh0 latter reaetioiis are r0pr©s#iit®d hj tha equat-
ioms: 

(1) CaS -4- 20^ OaSÔ  
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(2) mrnB ^ m m aso^ 

(3) 5CaSC^ CaS + 

(4) aiaS ^̂  30^ 5CaO S 

Bo mtasMmfele suiptar form#4 ia ©f 

ioast so Mactlon (3) was eamsidtir^d to hm Mgligi^l©, 

B#eaiis@ of its iMportanee, tMs s#rt#s of ^aaetlojas 

was studied fej swerml procedtires. 

Tim T^mltm of ^eatimg ©aleiM® smlphida ia aa oxidis-

iBg mtm&mph^m hMm already di.seujss#d mmA it 

was 0oiielud#d that mo wmt tmmmm^ to oalelu® sulph-

ate oeomrrtd. f M s iadleatas thsit Maetioa (X) is 

tmimpoĵ tajat at 1400%. 

Im Sjatem XI (fmbl© B.5»54)t ijpsum asd oaleim smlp^-

ide wmm lieated tos#tker at 1400% iM an ataospiiere 

aitrogeii. fixe .rat© of @yol*itioii of BO^ was 

rapid at first amd began to fall off,, mh&n 

abomt thm& quartars of tii# total sulp^Br tmd 

®Tolv#d. Sstiaations of thm ^ulpMd^ pmn^nt at 

eacii stage of roaetioa astafelisliad that tliB-

sulpiride liad hmn ooiipl#t@lj^ eliminated in fim 
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thm disapp^arame® of smlf^^d sulpkur 
from %hm x^aetioa aixtur® c^rmmp^m&M^ eloselj 
to tiamlEig polat In thB Qmnfm* 

Th^ oxidation of cmleiMm hî th hj oxjg^n 
aad fej caloiuffi we^ mpi4 partle-
mlarlj ia the iait ial stag®®. ttis aecomts f^r 
th© tramsieat of ealeimm la tl̂ t 
i!Hfiimctioa mixture • 

Mhmn ĝ pwmm wmm hm̂ tm̂  witk a i^toeins ia aa 
mtmoBplmT& of aitrog^a mt 1100^0, smlplkid® aoa-
cdatration rose to 13% % w^iglit mt 5 to 10 misutes 
aM again f # l l off in th% tjplcml fasMoa ( f igs . 
B.3.23 I a.3.27 ^ad S.J.29). At tte mte 
©f tî e remetion batweaa c a l e i ^ smlpMd® miiid ealeium 
aulpkate Mgh^r^ ralativa to thB rat® 
of faraatio^ of oaicim sulpMd®, so tli»t thB max-
iffitta smlphide eoneeatjcmtioii occurs earlior, fro® 
oae ffliamt# owardst a st^aî r fa l l Im sulpMd® cob-
c«tttrmtloa occurs from abotit 10%Iŝ  weight. 
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rmoMBi^ m:mBmjBu mna M f i cmTMmmm sfiy 

Bas^d ou foi^goiag .^smitst & ©am 

biillt up of probable eomrss q£ th® 0ir@mll 

tloa. 

Thm fii?st stage of jre&eMoat Ib east ^p-^ 

mm wmiM h® its d^ii^tj^tioa, la ^psiam latt-

tk© sulplmte ajQ-d calcim aiĉ  b0iid#d im 

be id t ogetber bj bydrogem bottdiag tbjr^mgb 

watar moleemles. tte rsmwml of wat^^t 

boads h&twmm rarion^ broken -mM. thm 

ea^stal la @ff#et, a pll® of d ise^ts lajers 

(Figs, amd a.*3»55). Mges #f ttose Xma-

inae polmts ©f ©xtwm^lj M . ^ which 

iateraetion witb QthmT substaaeaa eoiiM well b^gia* 

Thm m x t ataga aouM b# • • 

(m) fmi?tb®r tb^jai^l ^mompmltlQu. of grfsma 

(b) ar^actioa of thm d#bydi?at0d S3rpsmm witb milium 

or 

(e) of thm g^pmm witb wdu-^iiis 

fbile (a) amd (b) go om to mom Mteatt mmt 

irnpo^^^^^ at tela tte f^a^tioa witb 

jradaei^S Ibis is Bhown by tba tbat Ca3 



35 5 

is fox^aed ais an 'Cosipoiiiidf wJbil©3bk. BPP&B.TB 

ia th^ tlrmt t®w of tM mmtion^ Heduation 

to Ca3 occurs at temparatmr^s, at wMch r^acticms (a) 

and (lb) hum hmm mhomn to g© on onlj T&rj nlmlj* 

It hBB um&T preirioiislj beam ©stal^iistod defiaitalj 

wtether thB 3?0duction takes as a i^actio^ 

directly b#tw®em earbm amd CTpsu® or 

whether CO Is alwa^fs tk# mctiw rtducljag ageat* 

fkis po-iat was inTOstigat^d l̂ j ksatlag Tarious forms 

of cmThon with g^sum in an atffiosptore of altrogaja 

h0th at imo^ amd 1100^0 • H&pid r^metioa occurred 

in thBBB cas#B without anj induction pex^iod* 

ThM m#chani3m ©f tis0 px^oceas was furtMr ia¥@stig-

ated Ijj packing aacro-e^atals of gypstam in carbon 

and Mating again, in nitrogen. km described pr©"̂ -

iousl^Ti ^ suIpMd# lig^er was rapidly formed aronnd 

tli# @dg©s cf the ex^mtmJL laainae, as sliown bj tlie 

mlpbld© prints (fignraa a.5*36| and 

8»537b)* fl^ snlphid# can tli#n b@ rtmowd bj react-

ion witk 02 ^^^ mtmoBphem is oscidising) or 

with CaSO^» 

reaction b#tw#en CaSO^ and OaS was fmrour^d hj 
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ttm paî eseaee of s i l i m t aad to & i^saar^ h j 

as sliOTO i a t l ^ m u and 8 ,3 .53 . 

A a o t e w o r t ^ fealmi^ r ® m l t s of these studies 

was thB mwM.rkB.'bl^ rapM iftmetioii betwmn gypuum and 

cok0 l a an atmosphere of l ^ t i n which 80S desulplmr-

i sat ion was raaehed ija 5 Bi»mt@St without the a id of 

mx oxid is ing atmo@ph#ret ^ ^ addit ive s w h as 

aiXica^ f h i s i s iaterestiixg aa th# #irolmti0ia of 30^ 

i s th# r e s u l t mi a t least two conmcuttrm rtaetiaiia 

b#twe@n sol ids - ( a ) reduetioa h j cokm 

and (fe) iiit#3^atlom of OaS aad CaEO^. 

A complete studj of the d i f f m i o M i l prooass^s 

i w o l v e d i n th#a@ two m m t t o m would of gTOat 

i a t t r ^ a t . 

A t 1400^01 th@ d#sulphiirlsmticm prm^mm tm thms 

r a p i d , providifd a m^mlrn^ ag#iit i s pr@sajat. fhe 

rat® aoatrol l i ios ^t#p appears to th@ r#dwctiom to 

sulphide, mtum i t s coiaoeiEitratioa r ises i m i t i a l l x to 

a I w Talm#t f a l l s off and i s e a a a n t i a l l j sero duriag 

most of tha » a e t i o i i » 

fhe rate of reaetion f a l l s off sharply®her4 the 
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l a ©x^us tad^ aad eTOlmtiom ©f 

^X'om thmn om^ womid hm dm© t o t ^ t m a X dseoaposit iam 

o f su lphate M a d e r ^ t by poor eond i t io t is 

o f the rma l comdmet iT i t j and t^® f a e t t M t i t i s u m 

beiag i a c o j ^ o r a t e d iia a e l i j i k t r ©r m@lt. 

OE imf CMIKIE 

fJbs queadi iag l i i i tkod p M W d f o r g e t t i n g 

larg© o f e i ia fcer oompoa^nts, # a p © 0 i a l l j 

t r i e a i c i T O s i l i c a t e , whxth tm a ooBst i tuaa t of prim® 

i®portai ie# I n t l i# e l i n t e r * f l iese oj^^rstala are shown 

in. t t o pliotogacmp^ ta.k#a b j T iokera Microscope. 

Due t o tka l a r ^ e s iae o f the o j ^ s t a l s t tk@ magn i f i o -

a t iom omplojed was as compared t o the us i i i i l 

X500, f k e i r oxamijaation was don® h j pet rographic 

methods, whioh showod the presejaoe of two e r ^ f s t a l l -

i ne phasest i a a d d i t i o n t o g l ass . fhe phase coapos-

i t i o a was as fol lowss—• 

(1 ) f r i e a l c i m s i l i c a t e . . . . . . . . . . . . . . . 

(2 ) B rowami l l e r i t e 6 m 

( te t raca lc iuM. a l u m l a o f e r r i t e C^AF) 

(5 ) Glasa 2 « ^ 

f h i s shows t h a t the c l iaator obtained from %steM I I 1 1 
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h m a much lilg^r toicaloim eilleat® content, as 

compared to geii0i?al clijakerst ̂ Mck aoraalij do not 

coBtain al>ov# 45 - 55s, Thm production of a good 

cement cliiiker M s thuB hmn realised. Tim glass 

coateatt as desiraMet is fairlj low. 

Browjamillea?ite is a tiMsic comfomad and is fomed 

in place of tiae tribasic O^A, which process releases 

CaO. fMs CaO then, is aTailable for comMaatioia 

witk to fora lu thB final product no 

free CaO or MgO was foimd. free OaO affects tixe 

buraabili^ of cement adTerselj amd MgO increases 

the C^S at e^uilibrina. 

A description aad coat comsiderations of the prop-

osed plant for the maniifacture of sulphuric acid and 

cement have been given in Chapter IX. Bj emplojing 

the coaposition of System llll 1.3 tons of ceaent 

per ton of aulplmric acid producedf can be obtained. 
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mmmmimB wm mwMM worn. 

f h e f o l i w l n g mppmmr m m l i m # a w k U h c m M hB 

nmtul for tmsth&j^ mmks 

1* - A d d i t i o n a l s t o d i ^ s o f i i t i e l # a t i i m amd 4 i f t « -

u s i o B a l m a o i m a i s m a i a t t e s t a t e M a e t i o m s 

i a v o l w d t a s t l i a a i ^ a i i t i o a ^ p m m : 

mBd e a r ^ o n t mmd s i l i c a a n d e a l c i m Bmlph-

a t@ a n d e m l e i t i m A e o m p a j ^ i s o a o f 

0 f am a i i f e ^ d r i t e l a t t i e s a a d a 

d e l s ^ d r a t e d ^ p s m m l a t t i e e w-omM o f -rmlms. 

B f e ^ M h a s 1^0011 t o h ^ m a a a r t o d c a t m l -

j t i o 0 f f # e t o a t M a s t t o f i r-eaet lomst a n d w o u l d 

w a r r a n t i B ^ e s t i g m t i o a s . 

B e p a r t i n E w i d e l j f i ^ o a t t o p r a a a a t l i n @ o f 

a p p r o a c h , a n e x a m i a a t l o a o f thm I s ^ M ' r i o t i r o f 

s i m i l a r s j s t O M mpom l i # a t i a g i a m. ^ t o- r f e i a 

mbsanc-e o f o o m l t o f s e o a o m i o i s p o r t a B O ® . 

f k i s p r ocess- l i a s t l i t a d i r a a t a g ® o f p r o d m c i i i g a 

o f smlplit ia? aiad e 0 a e # m t r m t t d a u l p ^ u r d i -

o s i d # w h l o k t t o e o o n o m i o o p ^ r a t i o a o f a 

s m a l l e r s m l p t o e i e a e i d p l a a t t a l t t o u g h p r o b -

l e m o f a s t t l p M d © f r e # c l i n k ® r w i l l i i a r a t o 

t a e k l # d w i t k . 
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A m p I ^ C i M a . B m s a i a . ^ 1 5 7 - 1 6 2 (1932) 

i^rit^. uli^itr, ( 1 9 j a ) . 
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M̂ f ̂lo, F29#/6ia%/5S Coml f^m Fakistam (eoatetoer 

fTOm MaM Indus* WO, 
MIA 2/m OIMM 

»#£• Otor fMM eoal 
fjtiglit Qt mml « 5f30 ĝ aaass 25#C) gmmimm^ 
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