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The aim of this work was to investigate the reactions
operative in the manufacture of sulphuric acid and
cezent from gypsum, silica and a reducing agent such
as cosl or coxe. OSwall awounts of irorn snd alumin-
ium oxides usually occur in the raw materisla or are

adied.

4 review of the relevant litersture is presented and
the thermodynamics of the principal possible reactisns
have been considered. The theoretical background of

solid-golid and solid-gas reactions iz treated.

The principal method of investigation was to heat
various mixtures of the reactants to 1400°C in an
electric furnace wound with a platinum-rhodium alloy
and to estizate the sulphur dioxide produced after
various time intervals. In most experiments, an
oxidising atwosphere was maintained; in a few, an
atmosphere of nitrogen was used. Jeveral runs were

also made at 1100°C.

The rates of reaction of the complete sixture were

measured, a8 well as rates of reaction of siupler



systems made up of one, two or three of the consiit-

uenta.

Diffusional mechanisms were studied by embedding a
crystal of gypsum in carbon, heating, and tracing
the penetration of the sulphide layer into the crys-
tal.

The petrological examination of the cement clinker
was carried out and the composition of the phases
established. A minimum concentration of 907 of
tricaleium silicate was found, indicating & very
desirable type of clinker. By eumploying the
recommended composition of raw materials 1.3 tons
of cement will be obtained per ton of sulphuric
acid produced. A description snd cost coansider-
ations of the proposed plant for the manufacture

of sulphuric acid and cemeni have also been given.

A great deal of effort was directed to evolving
and standardizing satisfactory methods for collect-
ion and estimation of the products. As m result,

a hizh standard of reproduciblility was achieved.
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Haw materials from Pakistan, gypsum and coal, from
which coke was also prepared, were used to determine

whether any new features were introduced.

It was concluded that the Pakistan raw naterials were
entirely suitable for use in this process. The
reaction was found to proceed chiefly through the
reduction of calcium sulphate to calcium sulphide

and removal of the caleius sulphide by reaction,

mainly with additional calcium sulphate. jome cal-
cium sulphide reacted with oxygen. The rate controll-
ing stepr wass the reduction of calclium mulphate by the

asource of carbon.
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CHAPTER I. 1

IFIRLUCTION,

Paklistan started 1ife as & turely agricultural
country. Within a matter of o Tew years, her econony has
andergone s gresi change. Though baslcally sericultursl,
i% has become semi~indusirial, It has been realised, that
in view of the difficuliles in ensuring regular supplies of
esgentisl raw materials and cepital equipment from abroad
industries muet be bullt up round the products of the soil,

The need for the memufacture of heavy chamicsls
in Pakistan is self explarstory. The cuject of $he presant
work is to study the manufseture of sulphuric acld snd cesertg
from gypsum, which is found in sihundsmee in Pakiasten ard is
& good substitute for searcely cccurring sulfur and sulfide
Qredy

Gypsum properly defined is the naturel minersl
form of caleiws sulfete dibydrate :gaaéwzagﬁ, Tormula
welght 172,18, ope-gr. 2.31 - 2,33, hardness {loh's) 1.5 -
2. 1%t iz widely and sbundently distributed in nature and
cecurs in an interesting variety of forme, conditions,
asgocintions, ard colours, Iz pore form, gypeun 1o BnoWe
white and ccours in ptretified laoyers, doubtless of marine
origin. Fither becsuse of varying conditions at the tine
of precipitation or through recrystallissticn, the mineral
ocoure in various corditions from hard =0lid rock to
fraguentary avd granular {orms,. In some deposits, the rock
gccurs in esaily frisble mssses of coarsaly srysizlline
beds, which are sppropriately eulled suger »ock. Hany
depoaits yield the masslve ninersl through the body of
which occur erystals of selenite, thepes deposiis beling
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deseribed ss selenitic gypeum. Most deposita of gypsuz

- oecur closely associated with either strsla or zandom
cconrrences ¢f the ninersl ankydrite, sageesiing g
guestion of thke geslopiceal oriszsin snd the ovossidble irsng-
formstion of one form Inte the other, after deposition.
Caleium sulfste coeurs in nature ss alabester, selenite,
satinspar, zzhydrite, gypsite snd gypeonm sands,

In addition to the szli ranges In Yest Pakistan
where caleium sulfate ocours as gypeum, it is widely
distributed over ithe earth and is conmerecinlly avsilable
in guantity in most indusirial nations. The follewing
table showe the couniries, which manmfacture sulphuric
acid from Lthis scurces-

Locality Tute of Capnolity B
Insiallation Haterial

England: | |

Billinghom 1529 100,000 tons ﬁzﬁﬂéffna? tnkhydrite

under extexalon te
175000 tons Egﬁﬁg/&&ar

derseyside 1954 150,0uU bons Hzﬁsé/yea? Anhydrite

Germany: _

Leverkuben 1516 used as an experisental  Initially

plant gnd new dismantled gorpoum, then

anhydrite

Wolfen 1438 175,000 tons HaBS0 é,fyemr Anhydrite

France:

Yirenans 1637 25000 tons HyS0,. year Gy pswa

foland:

Hlisow 1450 Urimown arbyirite

Euakag

Zdroi ks Uninown Gy psaan




As far as is kpown, no apscial advaniapre can
be clained for anhydriic or gzyoeosn oo noureccs of cslciun
mlfsbe, nor 1o there any cifficnlty seculisr %o the ause
ef eliher waterisl. The only kpown efleey is the inecreased
Puel comsumptlon, shen gypows i3 usad Lecause of the heat
reguired for dehydrailon. The resson why anhydrits is
uged in certaln plants, 15 4%s evailnbility in the vicinity.
In the present studies, the source of carkn for the
reduction of gypsum wes & high sulphur coal obtained
tirough the courtesy of the lakistan Industrial Develorvaent
Corporation. She probliem hos been ihoreoughly sraamined from
theoretioal und praciicenl viewpsodnitc by atudylng asysisns
comzesed of pure as well as natuirally ccourdng raw naterdsls,

The posalvility of cblalnlmg U0, Irem gypsum,
vy beating 3% with clay in & shaefd kiin was Tirst suggcsted
in 1503 by lunge. iuring the first world sar, the Girmans
used coke to reduce celedum sulphste in dve rotory kilns
at Leverkusen, bul nc atienpl wap made fo repare cenent
from Zhe olinker. In late twenides ot ¥iliinghan, fnaland,
ammsoniun sulfate was grodueed Sren anhydrite. Llterwards
tectnical and cost siudies showed the Drovducileon of sulphurice
acid wiith cement o Le more eoonaaicali frow anhydrite by
reacting with scldic czides and = reducing agent,

The main oodnts to Lo noted op swamrised by
A. Fleck(50} sres=

The kiln section ¢f the process, o b
must be carvyied oul in lerge undis of not less
thas the equivelert of 40,0040 wona &Qz PEL ALNWI.

s
®
W



(v)

(a)

(e}

The consrol of the reaclanis wmst be kedd ¢,
very close liaiis,

The oaplisl reqaired for she ovovsess lz large
saing In the %aﬁia 21 2 € ¢ 4 Tor a Lun-ysar
of produet Tor ﬁgaﬂé,f;a@ elamental smlfar from
prrites and from arkhydrile respectively.

The reaciion bhas hitherte only been succesaiul vhen
carried cut in & large rotary kxiln of the cenment
type. The new kllme now belng installed are 365
feet in lenmcil and ten feet in average diameter,

The opsysiing cost por ton of product, ssking due
allowance for the whole ecapital required, should
cone s8lizhtly below the operating cost of 82364
fron pyrites.

This is 5 generalised siatenert $hat nay not be

true 1a il circumsiances,

Chenicel as 5acte of the anhydrifte srocessie

There are three chenioal anpects of the arhydrite process,

{a)

Liberation of 3&2 in rotary kilnte

(1) 63334 + 4C—> Cal + 4C0
{(2) CaS0, + 4CO-— Cat + 400,

{3) 6Cas0, + 2¢as — 8CaQ + 830,
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The above 3 stages can be sl
eguation

ia the fpllowing

g

2&&3*4 + © = 20al 4+ 00, v 200

)

it
i
.
#

This egquation is ovey slmplified and ik
reattion 3 1s o be kept in view.

o
O
Iy

iz ortone

{B) Cement elinker ia proeduced inm 4he kiln oy the
reductlon of calclum sullate with coke and sub-
gequent resciions with acldic oxides, supiiied
in the forae of o2lay or ashes., The composition
af raw caterials is strictly controlled.

{c) The kile stmcephere should e oxidising. The
#xzit end especially zms=t bDe maintsined on the
exidising side, which avelids the conbaszdnation
ef clinker wiith suliddes and eleaentsl suifur.

Tho lizitesions of the provess are the large vige
of the insteilation sid the ecosi ger ton/year of the sulfurie
acid to be produced. 20 overceme thlde 1b hae been suygzented
0 heat $he raw maierisls in closed rﬁﬁorﬁﬁ; py the sppiication
oi external heat, eliminating the use of oxidisinog air and
converting concentrated &Gz 80 obtained to suliuric acid in
conventional plants of 5000 tons capacity/year.

The mwresent work desle wiih the decomposiiion
studies in both oxidising and ron-oxidising atmoupheres,.
Froduction of ammximun smount of suliuric seld anu a guocd
gqunlity cesent has been the mmin target. Subsiulary rcesctions
have alse been studied $o invesilgale the meChanieus invelved.



CRAPTER Il

LITERATURE SURVEY.

{According to the recommendation of the report
of the Committee for the reform of inorganiec chemical
nomenclature (Journal of the Chemlcal Society 1540
pp. 1404 -~ 1415), 7The chemical elecents and their

capounds have Leen represented extensively by their
formlne. }




LIPERATURE SURVEY.

I. Historical Dutlinei=

4s early as 1907, in a French patent ( 7 ) on the
extraction of sulphur from gypsum, there is s mertion of
reduction with the products of distillation from waste
carbonacecus substances, the Cael obtained being decomposed
Wilth B 004 into HyS and CaCOy. Mofuan and NMestowitsch( 64)
in 1308, studied the behaviour of Casd, at elevated
teaperatures. The ﬁaﬁ@¢ as well as the fluxes, silica,
ferric oxide, and lend moncxide were prepured with great
eare to seeure purity. By beating Qa304 alone in an
electrical resistance furmace it is found thut no change
except loes of moisture takes place up to 1150°. at 1200°
decomposition sets in, which becomes compiete at 1360°,
accompanied by partisl fusion. Silica lowers the tempera-
ture of complete decompesition to sbout that at which it
begins in pure Qﬁﬁﬁg?Wi$h ?a2$3, dsconposition of Cai0,
sets in at 1100° amd is strongest at 1200 - 1250%. it
1250° the charge of Te 0, end ﬂﬁﬁﬁé melts sonpledely to
a ruby red liguld consising of cslelum ferrite containing
Cal and ﬁaﬁﬁ4 in solution., PY0 hue no effect wyon the
decomposition of CaSl,, since It beglns To volatilise
at 700°%. The advantages and disadvantages of theee {luxes
are discussed with refevence t0 8 nuabsr of webtalliurgical
processes. The general gulding mrinciples are ihsd, in s
roagting srocess, where free excess of oxygen is desirable,
fusion is t¢ be avoided and therefore the yrese:ice of
?&ﬁ%, whereas the decomposition of Call 4 pelrg a sirongly
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endothernmie resction {(~55, 6U0U ecal) tends to prevent
local fusion. PFor s fluxing process low meliing come
binations are usually desirasble., The fauet thsi s bssic
dolomite furnace lining is less rapidly sitacked by an
acid silice flux ther by a basic one containing ?a2§3

ie explained by the ready fusibility of eslciun Territe,
suzdes (3 ) in 1510, described the zmamufaciure of
salphurie acid by caleinirg a mizture of Cas0, (arhydrous)
and ?&?&3, the poticn being

3Cas gt ?@2@3 = ?@2{§ﬁ4§3 +'3€aﬁ;

and on heeting %o or above the tempersture of disscciation.

The goaeous mroducts are led over %ﬁﬁﬁ or %hgﬁ3 4T over
“Qz or %2ﬁ3 or over 23263 1553 ﬁh;ﬁg at 200Y.

Frey { 53 ) mentions that the view generally
ebtnins that rew mnterials cortaining & for the namufacture
of Eﬁﬁﬁé, other than pyrites, carnol successfully conpete
with the latter, Bul in coumiries remote {rowm supplles of
pyrites and having thelr own susply of ﬁaﬁeé, the possiblle
ity of successfully using the Iatter as raw urierisl
appears not altogether hopelesa, The remlis of a serles
of esleining everivents with verlous alstures of crude
ﬁaﬁﬁé end 10, or ssrd are glven. The ﬁaﬁﬂé is decouposned
within & short tise upder the conditicons of the experiments.
Pregerice of suall amounis of Fey0; favours decomposition
but addition of ¥ Fe 0, does not seen to accelerate the
reaction velocity Leyend a certain point.

%edekind end Co. {/28) exployed a process vhereby



the decomposition of gyszsuw by nsans ol wond oan e elfested
by roasting tho mixture of w oride aaterials wish a0 such
pyrites thet the heat libersied by rousiing the lstier is
safficient for the desenposition of the gypsun by wesns of
%162. The z»rocess iz appliealtls ir the sreatmert of the

Fypsam slimes obiained In the nunmutaelure of %izézﬁ‘r

In 1511 Hofman and Yostowiteh (65 ) found that éaxﬁé
is reduced By C and U0 wiibout lese ¢f walsr. The reductien
by CO begins st 706° ard is Tinfshed ot 900%C. The reduction

By C 4n n neulbzsel stmcspliere boging he
cenaldersd finiched at 1002°, Tonoting Cab in sure dyy air
forae ¢ preduct of T€7 wui0, or 2€" a0, with £ loas of 32:

83, This interaction tnkes ;lace in & neutral as well as
in an oxiddsing, but not in o reducing stussphere,

T 1920, Yaselits {72 ) deacribed a nrocess developed

in Gerzany during the war 4z rodnse U remired for H,50 4
and §§2§?§€33 sanufnoture, which corpinted in reducing #ypsum

with ooke and converding the resuliant «im into Triczide
| py a comtact arocens. Cenart I8 manal wwma ivon the
bypreducts. Tor the productiom of sulfur gyyoum I8 hested
with coke & zoal in a rotary Dwmsee to 11007 srd the Cas
is trested with steam o form e wirieh dis finally oexldised
in 8 contames fursnce. The writy of the sroduct is $5.055.

Dowdnik { 44 in 1921 worked on e reblss of the
produetion of sulvhurie acid {rom gypsws. Aecording §
him, syscam may be converted intc {’ﬂs‘f’ ;)2 {;4 mnd Lhe l&t%w
inte %}Ta%éfiﬁv from whieh free M, 0, sy ve vblalned by
{8) reduction of the free acid i “G, and re-niidalion
{p)distillation witk basllast i‘@,".. Cage 15,2159 {ez-} &ﬁ*;,«m;:@;i_l-—

Geoin
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isstion of hydrated ﬁﬁﬁﬁﬁa by cooling and cuncentroiion of
the pother ligquer. &gfag increasses in solublilivy »ith
additicn of iree ﬁaieﬁ to a mexisun, sbeve =hich the scid
sulfate sepsrntes. 1he selullllily siso decresses rapldly
with the femcerature; st ~41$, the oaXimey solanility
ﬁﬂt?ﬁﬁ?ﬁﬁﬁiﬁ@ to 320 free neld 1s only aveut 47 %ggﬁﬁﬁ by
weight, 20 that st this fexserdure, n feirly comslete
separstion can be obisined in ene yperstion. 2 caleuleiion
of the water regulred ssd fuwel consuaytion wnecessary for
the decomposiiion of whe acid ssli »i u gliven teaperaiure
is sdded.

#

A i&mgeruzar@%* below @Gu', 1&”u4 is reduced to “ﬁﬁ ﬁy ﬁg
the resction is quansilative sbuut 3@&“, the veloolily of
reaciion is suificiery ﬁax*%@ﬁ&ﬁiéﬁi Arposes.  She Jal
Jielus Hyo quaatiiatively, on heollng with #Hgll, sclatien.
Above 3390 Cal and S0, wre glse produced in gusatiiies lne

2 -t
ereacing with rice ol oo wiabiite. fon with
oy,

&

U0 is alaost ubﬁig)&ﬁﬁ@“ VR A xi Arien “&&g‘”,? wad free S

%gﬁﬁg reducwd with Mﬁg avuve TuOP iﬁﬁ Siptyy while %aﬁ&$
under siasilsr conditicns ig ooover BETYE The products
hg parien are Jeendent

of the redusilon ol Unod, wid
b sulplotey at

G Rhe Sesperalure end e milla o

lower leaservtures and width sicess of ourbuty, s@i lenves
& reaidue coatalnlng Hgo sos well as ghy Lo e case of
z&ﬁ&4, Lie residue is sullilids ﬁﬁl§, £ s ceraliares
ansd with iees Corids L SFwdulsn arg o

Cad wnd -0y respecilvely,

&3

Goand

¢

e TN Ty . TRt S SN B e a3 g <
in 1 el Sadndkedl g Rl o e % LY 34 Jooetioasaga Lol
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work on ihe dissceistlion ol ﬂaﬁﬁé gt hisk teaserainres.
Aeserding to thea, the dissccistion ¢f ﬁ&ﬂﬁg ip very maall
my to 1000%C, equilibrinm cccurring with 0.21% 65 Zreg Cad
6% $tat temperature. At 1300%C 3408 Cad 38 wressct and ihe
"OBS %ﬁgiﬁﬁ'ﬁﬁvmaiz, svoiving copicus fumes. At 1275°C
4izacoiztion is srsciiealiy complete, only 1.330 ef ggﬁﬁé
rezuining undeconposed.
L 2 4

Ameihsy pmosr in Lhe sous yess oy Vghisr, laridin
and Gohmidé (/32 ) descrices vhe lorcmetien of sulshur by the
action of HU, on the sulshldes of caliciug, Zdnc asd lrven.
%ﬁg BORE o0 Uss st bonperatules welow %ﬁ&&ﬁ'$a~§iv& Log

ipnsge and oy vab bndo resviion is soon srought o 5 stande

#tiil owing $u whe lermslion of v prolective layer of
sulphate on the pleces ol suliphide. 4y working ab Suusorags-
tares abave 1&3&“* bris ean ve avolded, as Wb reastion
proeducts are llwe and L. Dae low Geaersiare escllion can
however e avaeleratwd ¥ tha sddiiion of Yrifsrrie tetroxide,
which sets as a catalysi. Jlnc diend reacis with O, o
give the oxide smd &, wub nere agala sue reaciion velovivy
rapidly diminishes owlig Lo the Forwmbion oi a sroteciive
loyer, in thie cuse of baslie salphide. Joth aulikides of
iror resct wiilh &ﬁz b0 glve Priferyic lLebyuzlde and 5, Jhe
reansiion Iz rasdd usd sosplate, Selsng matalyidoally svcelor-

ated by the oxnide.

imothey paper by “archal {78 en ihe ast
ardé sinsins oa ﬁﬁﬁ%" ppseared in ilo same year. Usiag a
pethod similar o bthat saployed praviously (of. 4.1
138} vis the diseoeci dbing ol silver sulslnie ( 79 j, ihe
author hae rindled %he recclione

(a) ©aily + 510, = Fatidy 4 505 v 050, and

4
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(v} CaSO, + Bl0y = Tmalyly + 20 ¢ 0050
by meesuring the eguilitrium pressurss st different
senperatures (ihe aystess bveing univerisnit). ihe first
reaction begins st 670°, tle second at 940 - $50°%, both
being ebudied up to 1260%, Both ere very rapidy thus if
inm is removed st 2233§* ecuilioriun ie restored in 8 fow
secunds, Tor the firel resction, the tolnl gue grescure
becones T6C ma at 1273, for the second at 1363°(exira-
polution value). The difference Letween these iwo tenpers—
$ures is in keeping with itke difrerence between the Lents
of formmtiona of eslciun silleste nnd csleiun sluainate.

sgain iz the smue year Vutin ( €7 ) puulished a
paper on the production of sulphmric acid from gypsun.
Several netbous lor recovery of sulphur are meriloned oriefly
Cefe

{1) Veldbig svd Tchaffrerts tre-tmert of waste blsck
nsh frog the Leblanc srocesng with | 'ig to forn

Uallay Hay and HglQ, ihe oycle

Haod + Cusl = & O

and Cud + air = ﬁaﬁﬁ4

{(43) Feld's polythionste sroces=s, by mears of which
Germany repluced the importstion of 300,000
tone pyrites oer year.

{141) and finally the orovesz, devoloped by the
Bmdische Co., in which uvﬁ sl ”P, are Wabuled,
under yressure, Voowh
if} €¥2§i t{} i%wﬁ* "ﬂ{ Qz f% li ?‘izm*f}“a&&x«s »«"&&5 tﬁ&

. & o
u ot uimzr@ ol vetl,



Holiter (92 ) in 1924 published his work on pro-
ducing sulphuric acid and sulphates froo nstural gypsum. The
Bambasch process (C.4.9,1233,2004;10,95;17,3578) based on
the work of Hofmen snd Hostowiteh (C.4. 3,241%) and the
principle of flameless surisce combastion sre described Irom
the manufacturing point of view. Heloated precesses, e.g.
of Emaset (U.A4.3,74937436533510,014,2977), sunies {C.2.5,514;
6,1568) and the "Badische” (C.A.17,3578) are included,

In 1925 ¥archel (80 ) mblished aroiher peper on
the thermal dissccistion of metallic sulphetes,., According
to her, anhydrous csleiun sulphste afiords evidence of
dimsociation nt %&Qa‘anﬁ the dissoclation pressure resches
.7 e at 1230°, For a mixture of ggual moles of anhydrous
ealeium sulphate and smorphous silica the dissocistion
beconmes evident at %7@3 and the disscdmion preasure
reaches £1.7 ocm ut 1280%, The partisl oressure of sulphurie
snhydride ot equilibrium is giver by the eguation

log D, = «1TE16/T « 11,87 log T + 49.27

whence the heat éf the reaction

é&ﬁﬁé + 31&2 = &a&i&S + 805 + Ua5 %2
15 caleuluted $0 be T4.6 eal ot 159, whilst shat detersined
from thermochenical values is T6.8L cal. The dissccistion
prespure curves when guarts or amorphous silice 18 used are
not suffiiciently differernt to determine the heanl of crystall-
isation of silics. %hen gese is removed, the sysien becones
polyvariant, due provadbly to dissclution of one of the svlid
phases in the other. Correspending mixiure of alumina with
aa%ﬁ; afford evidence of disscciation st $50°. The
disascintion oressure reasches 16,7 om st 1270% and the total
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preassure at equiliiwrdua ia glven oy the ewpression
log P = TEEU14/T » 136.7 Log T — 454.4

By smalogy with the reeulis from silics miztures the
reaciion say be represested by the egustion,

&12$3 2 ﬁ&ggg R f“{}’ 3&12&3 + 5@32 + 0,5 9;2 - iﬁ%;& ol

The resction betwesn subydvous csledun awlph te and sihyde
rous ksolin is sssuped tu take plage accoerding $o the eguniion

2 510,, Aly04 ¢ 3{333;% =  Cal, Al {33 + 2(Ca0.340,)

The reaction is undvarisnt oo long s noe ops is reaoved.
HAflerent kaoline glve éiffera“‘ resulis. Corerslly the
reaction beccomes evident at TE0® asd $he dizsccisiion sressure
attains 100 oz at about 1160%. The reasci.om of the a0,
with fﬁﬁﬁs is complicated by the lncer equilinris of the
?agﬁs. it iz sssamed to follow the course

f:&ﬁg* + ?ﬁg&} = g&i;, ?ﬁgg}E + g“{;z F i}gﬁ {}2

and is prsetically ynivsrisnt, oo xaﬁg ag ne gas ils resoved.
The reaction is evident =t sboul ?mnﬁ ad the Elely
pressure attains 27.3 cu at 1280°% arﬁiiu@? de d
rexct wi%h,ﬁaﬁﬁﬁﬁ ihe bearing of the resulis oo
of gzﬁﬁi* in the Cerzicheel~Brodiord srecvesns of lesd
erelting, and from gypeuwm is diseunssed. Uhe sleo coleulsted
the heat of dissocirtion of ﬁn}&¢ { 8},




Badnikoefd (33 ) in 1925 studied the nedion of
subatarces on gypoum st high lenpersiares. Me records the
action of gaseous subsitances on gypeuwn st hizh ien erstures
about 1000%., air at 1000° gives troces of 50,. The reasctiom

ﬁﬁ%@# + 4 00 = Cal ¢ 4§ ﬁﬁz

is almost complets at S20%, ot higher tenseratures 50,
iz formed:

ﬁﬁ@ﬂ4 + €0 = {40+ 3 Sl + %@2

iry hydrogen nt 1000° causes & 707 conversion of gypsum
into Ca, bal stean at the seue tempernture wroduces only
slight decomsosition, unless charcesl le uresent. %ith

hydrogen sulphide at 1000% the resciions:

&hﬂ + 2ﬁ?a w  (aS{61.8%) 4 20, + 2ﬁ2§ + 8
and

ﬁﬁﬁﬁ‘ + Hod = Cal{2T7.804) + B0y + Hy0 + 8y
gecur, A

1926 ¥Maller (75,76) published an sccount of the
gymsus-sulphuric seld grocens aw eugloyed by F. Bayer & Co.
Taleiunm sulphete in the forn of gywum or snbydriie ie
reduced by cerbon in the form of soke st 50U% sccordirs to
the eguaticn

Casty + L = el + 505 ¢ T,

“be liae mmot e recoversd iv a markelatle fors teo
make ihe srocers ecuncpicnlly puseible, and ¢lay isn therefore
added to the raw seterisis in the reguisite osroportions to
obtain rortlend couent. The speystion 1s carvied vl in a
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rotary kiln fired wiihx palveriscd fuel. The moterisls
must bde dried before entering the kilin in order to oblain
a sufficiently ﬁi@h concertrotion @2"a02 iv tbe isauing
gnses. An oxidialng sinocsphere st be malntained in ihe
kiln $o prevent the forusstion of carbon szysulihide in the
gases srd cslelum salzhide in vhe oesent elinker, In
praciics, about hell the lheoretical queriiiy of coke ia
used to urevent too rapid reduction &zﬁ the foruaition of
Cal in the clinker.

Harehsl { 32}, studied the aciion of silica upon
metelilc sulghatea. 30 high senosrsours, 31&2 dis daces
ﬁﬁj from sulfates of o, Ba, wd ' becawss of the latter's
volatility, althoush the resctions are culrecsely endotleoraic
(=5Ge2=Cn1 for @a&%&, JiZe3Lal for Za %@4}, 4% ihe
teaperatures eaploved 383 in largely dlsseocloted inteo %&é
+ %Qg. Gradual cooling in conkact with the paner regensd=
ated the sulphate, mo hal tre equiliorium preveares could
be meapured by the slaliic uethode Shese pressares were
considersuly hislter tlan ithe decomwsiiion pressures of the
sulfates alone (cf.CA DY) he dry walinies and 5&@2 vers
powdered together exirenely inely. The bazieratire ab
which the sressures resched 10U .., when hesbed nlene snd
with sllice were vesypectiively f&r~ﬁm$§£ ?ﬁgﬁﬁ, @?ﬁﬁﬁg
Busl, avoat 1800%, 1255%; =g 0, 1530, 575%,  The srsetiosl
application in oblaining &ﬁwﬁé and Or sigg far cesmt
elinker froam gyreun ie suggested.

4 review of Lhe recovely of ﬁﬁg iron gyveum Oy
Bewaarm { 77 ) sppearsd in the sose venr. The potent literae
ture on the sublect iz troroushly reviewed In 16, with
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commerts on many processes. Howevely he leaves oul of
conslderaiion =»ll Jrocesses ihai : uricg sose
comsercial sulph-te like smsoniua fﬁlsttw er nt Sringing
about the decoasoslivlon ol u%$%4 by Last aloas, 2 rencilon
occurring at too high & temperoture (1375%) for ceomcuie
succens, Jush processes as ﬁL» ‘ 1 4
with 2onl %o Tat Lr
the gﬁg senverted o & in Ulwm
of 3§§$§ eeal aiztures dp alalt Swoaces .
ze8, in shaft furtaces, or treatuest of fmﬁﬁ4 ﬁ;au u&?%
in & revolving orete peserstor {(Imishburg) Lave not been
gaccesalul in jesce timesn, The gypoun - ?ﬁa srecess in
which slsg smid cesent I sede no £ by-product hmo, hovever,
survived., I $1is sroees:, snhydrite or gypsum Lo Tinealy
grﬁﬁﬁﬁ gi%h ahale sad coke ornd burned to olinker In a rotary
kiln, The elinker ls ther ground with alag pard. To reduce
the ﬁ&ﬁ?ﬁxa§ur@ wt which %ﬁﬁgé deconones o e gdve at the
same tive 2 gecond sreduct of value, srocesses Lnve Been
suggested In which the felloving additions tn ﬁgiﬂé have
beern unde: Quarts, olay, essl, olay + Tosl, ayrites nnd
other metellic suliides, sard s d pyrite’s,sand + alliell
sulfete. everal of ithese substarces lower ihe tesserciure
&t which AQQ is given aify esryeclielly s this true sf huolin,
eh spece 1o glven (o ex o ridmenis oo She
3&2 by the rencltion

g woiah 7

“’&:‘

iicercticn of

Cal ¢ ald : = 40 + 4 ?‘;ﬁg

Fredlender (57 }nlso describss in his paser, Zadlsche,
Otdo, Dnyer and Basset procesnss, Lo Otse rocess, Lhe

reaction of the Sadisehe srocess i garried ol in n apecial



tover. He has alev given n comprisan ol %

Bpaset srecesses. Sdnilerly Yertoviich {144 descrihes
the process of the produetion of sulfurdc sold fres
gypsum us uped by Cerasry dardng She wur and deliter {(13)
diseusses the chenisiry eud engiucering of v-ricus pro-
CRLBEN,.

Lomey und Sidkiten {79 ) in 1929 gubliched their vork
on the ,g@gf@g%iﬁ: deconposision of gyosws. In thely estin-
stion the so-~called Tusicn of gyvsus is s opiical illusion.
Decompesition is moticeable sbove 1000° snd suxissl at
14@2%?@*, the decompoaitdon tempermiure say be lowered by
additdon of silive, abudns or farcic oxive. eduebion by
eharcosl is best effected ad 100G°.

Egudlivrdiws studies coneerning the 8ysten Use-imoiygen
were done by Schenck and Jexrdan { 199}, Acourding 4o Lhem
Blrnbaus and wisiioh ( 24 ) found dndionticns that ab ﬁi}i}@*

4 Cal ¢ 4 U0y £—x 3 valQ, + lalio(a) tekes plase, Lclenck
ard Jordar bave Tound that s 5@&“, Cni: and My G0 not
unite wol Lo wol. odnce a depvail oI sulluyr wae obuerved,
soeording 6 the souniion

4Ca0 + ﬁ&éz E=-] é&?&s&’}% + By

Sestini reported (/3 Cail, + 5y == Cal ¢ 2005 (b).
I% is comoluded thereliore, that she resction ol Ual mud Sg
takes plsce in twe stepw, i.2. a sod be  An attenst wes
made to determine the equilivriun wesmue ab the usivariant
peint snd te explaln and eveluste ths sgwilons on the basin
of the phase rule and tlhe sass notion sguation, It is
suggested that the presence In nature of suliur derosiis




together witk gypsum in the nmeighoouriicdd of caleium
carbonate may be explained by

Parrvish (/o ) in his srticle on the significance of
the produciion of gzﬁﬁg frap sabydrite mentions the
insroduection of this proecess, sorked oul at Leverhusen,

% BEdllinghen. 4 discussion of the resciions invelved
batween coal snhydrite snd clay or sibsle, giving cesend
ﬁﬁﬁ‘ﬁgﬁﬁg and ar asccount of differert steps in the process
are given. <Cozt gnalysis shows $hst $he grice of spent
oxide will not be affected adversely by tids coapeting
pTUCatn,

In 1530, Adadurov, veribves sed hraind ( 3 ) worked
on the dimsccistion of gypeus in presence of culalysis.
By proper choice of catalysies the yield of %ﬁS at 600% can
be raised froa U.18 $0 £9.85%5, whilat $hai of 3@2 is
reduced to U.54 (with n0y as cululyet). Huwwrous
eatalynts were caployed. The resulis are in ascord with
the rescnmce theory ol caislysis.

In $he ssue yeur s few japera nupsared on ceuent
produced in she process. Jullsn ( 94) studied the effect
of gyssum on Lhe decomponitlion of tricalelun siliconte by
Lheat and found that the liveration of ~al frau 3&&@.&1&2
by keating at 1600% 1s accelernted by the sddition of
£ypewaa. It mey greve poseible Lo use thia phenomentm as a
messure of the quantity of JUal.o10, in cesent.

caddick®s arsicle {37 ) desls with the economics of
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the anhydriie process. %ﬂm@4 as a mource of I ﬁ&4 Las been
deslt with slong two wein lines (1) The recovery of 8 in
the elemental form and (2) obbaining the & in the form of
ﬁﬁg* Brief cutlines ¢ these proucesses ure given, sas well
as the reactioms in the production of S0, In conjunciion with
Portisnd ceaent samifooture. Por the lstier provessz tle
regidues Ifroa the reduction, powdered ahsale, clay, mard ele,
sre intlasiely nixed with the Call,. Coeammrative vonis of
materielis and of plant snd menuleciure are given, wshowing
that anhydrite can wnly be concidered s s souree of 8 for
ﬁzﬁﬁ4 monufseiure, when Jjolnt menuinciure of ceamert is
undertsken nnd ever thern the murgin is such that loosl
condisions an to pyrites or other souvces of & would hove a
direct besring as o its econvmic value.

selivekil and Sakmain (/39 discuss sriefly two
elmplified methods for $he manulacture of ”2ﬂ34 from
gypsun. The lirel conuists in hesting & azizture of anhydrous
QQ&QQ, ceal, sard and olsy in the ‘resence of 5 ooinlyst
€5&zﬁ3§* “he resulting guees DUp, Ui, snd Uy are sultnble
for chamber and conitact processes., The resulting solid by-
preduct is FPortland cenernt. She pecond method conanists in
mixing 4-in. lumps ol snhydrous Casl 4 with coke in fhe proe
porsion 4 3 1 srd burning the wixbure in u rotary generstor,
into whieh conpre.sed nir is bLlown

ﬁa%f% « 00 s {0 + ﬂﬁz & %@2*

The solid Lye-prosuct ds trested with wulter and mny
be aved ss fertiliser.

Zawadski and Syryesyneki (/34) studied the reversinilisy



of the reaciions between hﬁg aradl lime and beiyween Uald ahm
Eaﬁﬁ4 The ﬁ‘i},wh?iw in Cal 4 }wéﬁ »ﬁg?—*’—- 400l + 450 2
23846 E. cal, wae studled fros both dirsciiona. 7The
equililriun pressures of 50, were found idemticsl in all
cases, although, sccording to the secondary restiion Cal +
2&%2@==2 é$§94 + 8y + 50.9 E.eal. (), the composiiien of
the solid phase of the system (a) was altered. The
prassures of %ﬂz in contact with (sl ad the wegilvning of
the saturwtlon by passage of the gas scross g oolid luyexr
are s little smaller than those of the equilibrium, wherens
tha pressures of $he sase gas al shie beglnaning of she dee
composition of (ad + Bﬁaﬁﬁ4 exeeed those of the fimal
equilibrium. The rosulis seem to exclude the possibility
&f explaining these anoselies by adaltting the formation
of aolid solutions snd intersedirte compounds. The
abbreviated Nernsi sgustion was uned for csleulntirng the
thernic offecds. The leat of rescilon {a) was found to be
232,4 to ~5.% Cul.,y av. 234.1 ﬁai, 2kt of reaciion (%)
61.1 = 87.% Cal.

Terves (/18 in 1331 wrote an article on gyposun oo

e raw materiel of Vhenlesl Indusiry, in widch he desoriben
three tyves of processes, which cuanencing Irosn gyuomu
lead 4o the useful recovery of o @r>£%2, In G gir%
(¥ﬁ4)2 9@4 is wrepared Ly double decompesiticn and ihen
heated with ﬁagﬁﬁ » The a&ﬁaﬂ4 prosuced on further heating
evolves &Q;. The mecond method is the tiermel decomosition
of gypoum or Fieserite. The lotler is complesely dissceciaw
ted st i?§$° put the presspnce of €1 and HU1 in the zeses
canses diffienlty in their utdlisastion for ﬁzwﬁ making.
The decomposition of gypous only begine at 1200%, and is
therefore necessar; to add @iﬁa ﬁiﬁﬁs or ?aEQB, The



iniluences of the three decreases In the order mentloned.
A series of dissocistion pressure curves for nixtures of
gypoum with each is given. This process 1s still worked
at Leverkusen, ylelding saleable cement as a hy-product,
Another process of this fype corasists in the treataent of
gyseunm or mixtures cortaining it with coke in » blast
furnnce, the product veing sulphur, The third group of
processes consisets in the reduction of gypsunm to pulphide
by roasting with coke or coal in s rotary kilan., Purther
treatment may consist in decompesition with CO, and recovery
of S8 by the Chance-Claus process, Or the CaS may be
decomposed with superheated stean ir a shaft furnnce:

Cad + Haelﬁ Cal + }{28. This reaction commences at 1000°
and with rise in tempercture the gquilibrium moves to the
rishts 502 is slso formed by subsidiary reanciions. These
are very complex and as they cococur under the conditions
preaent in a gas producer, they explain the occcasional
presence of free U in producer clinker,

Weyer in 1931 (/3°) studied the formntion of
elinker compounds under practical kiln conditions at snbout
1300%,

In 1232, Adadurov and “ligunov ( 2 ) published a
paper on the dissoclation of gypsum in presernce of entalysts
up to 1290“. According to thenm dlsplacement of ﬁ$3 by
510, is not a chemical tut a catalytic resction, contrary
t¢ the opinion of Terres, the addition of AlﬁQB* FQZQB and
mraﬁ3 is similar to that of silics, the guantity having
1little effect on the yeild of 303. ﬁrgQB wan best, glving
100% deconposition in one hour, Adadurov ( 4 ) also stated
tiat since the heat of mctivetion at TOU - 500° is only



9500 g.cal. per mol, the decomposition imss Jepend on
inira molecular re-arrvangeserts, it 00 - 1100% the
progess is calalytic., ‘gain Adadurov, Galaneeva and

Gernet ( 4 ) studied the thermal dissociastion of chemleally
pure gypsum in presence of oxides of irom, Alumirium, and
Chromium, 4ihe heast of reacticn is 6000 ~ S0U0 g-tal at

900 - 1000° and 35000 - 45000 geeal at 1000° - 1200°,

340, ?a293 and Gréﬁs éreatly irncrease the yield of 504

or 50, even at less than 400%, The heat of aciivation at
1000% 0 1200° is CRs0, = 950005 Cai0, + 510y = 270003
Saﬁﬁ¢ + 5% 31203 - 4%&@0; ﬁaﬁﬁ4 + 30 ?9263 - 32000%

Ga$G4 + 3 $r203 - OO zocal, lxed oatnlysts are nog
additive in thelr action, 510, + Fe2%3 and &i&a + A1263
mixtures are more end 5102 + 9*203 mixtareg less efficient
than caloulnted on andditivity basls, showing the diswociation
is & catalytie osrocess, '

Volikovieh (/24) in the same yeur published an
account of the utilisation of gypsum for the manufncture
of 32@0¢ and cesent, while Trifonov (12}) gave n new |
explanation for the easy decomposition of G§$94 in blast
smeliing gelora by the CaramichaeleBrgdtord method,
Agcording 4o this explanation there is n nartiazl reduction
of gypsun t¢ Ca® which sets in at sbout 500%. Abvove 3§®$,
the Cael reactis wiih Gasa¢ Yo form Cal and gy but the
complote decomyosition of the gypsum in this manner is
hindered by the reaction

Cal + 2%@2 —> €a864 + 28,

Cnly above 1000° can lime completely free from %64 be
obtainedy for above this teuperature, the resction



2Ca8 + ﬁ@2—~* £Cal « 35 sets in,

Zawadski ( /%3) in his studles ol Un~i=oxygen
syatem, determined the equilivrium pressures in tle pyshen
| CaS0,== Cal + 80, + 0.5 0p over tue rarge 840° - 1373%
equilibrium wae approached from woth directlons, Over
1@@0“, dehydrated gypsum chenges Vo anhydrite. The first
form of anhydrite nay slter to another at 1200%, In the
aystems

4 Ca 3«_. —> Cai + 3€a304 — 4Ca0 + 430,
and

good agreement with prior therwodynamic data was obitained,

Budnikov and Hekrich ( 35 ) in their article on the
mapufacture of Portland cement from anhydrite and gypsum
recount the difficulties which arise, the temperature best
suited for decomposition of &aﬁ$4 is close to its melting
point; the Gﬂﬁﬁ4¢$a0 which is formed during decompooition
aleo has 8 low m.p and CUS is formed in the veducing
stmosphere. In their opinion, experdments on voanercial
scale alone can determine the praciicabllity of the
Procensg,

Rojak, Gerschmar and their colleagues (/26,/°7)
gonducted experimentis on the preparution of ﬁﬂz aud Porte-
land cement from gypsum, They tock a 2 1 C«37 3 01
mixture of gypsum, clay (conteining 20 ﬁﬂﬁ) and €, which
yields on firing at 1450° Portland cement (I 604 content JL
1.9%), the resctleon guses are free from ﬁﬁ y OO cr 08 and

have the average Qﬁﬁ@ﬁ@iﬁi@ﬁ.%ﬁg Cedy s 1.5, €Oy 21.2,
P 7&%» '



, Ir a patent ( 87 ) on $he recovery of i, W5, 50,

fron materdials coniaining sulfur, e.i. pyrites and ambhydrite,
the following methed has been adopled. FPyrites 1is passed
through a rotary fuwnace divided inlo 3 zones: in the first,
5 is liberated by the het gasen fron the luter senes: in

the second, cosbustible gas, e.g. wnler gns snd & deliciency
of eir are admitted to hent the ore and liberste %2% by |
the sction of the stesn formed by combusiiong in the third,
alr and gtenm are introduced o ronst $he residue o ?egﬁE
and liverate the rest of the 5 as 5&2 which resets with

the ﬁgs Yo give 5. Anhydrite ls treated sdnilerly except
that 1% ls aixed with finely greound conl to reduce the

ﬁaﬁﬁg to Call, which iv t(hen decom ocesed Uy the siesm,

Itrifonov ( 12) ) in his etudies on the essy exmulsion
of 30, from Cabl,~Cab mixtures Ly Feyla, b hich tenyers-
tureas, asnintaine thst the favouradle action of ?egﬂs is
due to the svoldnnce of the sulfatisation of Ca” by BUge

Schencl and Hommerschnidt ( ne) studisd the eguilie
briom conntant for the resction Cat + 3@%2;=z§a3$4 + 8o
and plotted the isothems at £50%,

In 1634 Chermandarian syd Hartscherke { 4y ) heated
the miztures of %3564, elay, and carben in fireeclay
crucibles ard found that fusion teok place et 1200°,
owing to corrosicn and dissolution of the Fireclsys the
csenent so obiained was found to be mnsntisfnotory, Uruce
ibles linsd with §12§3 are refraciory and the nans does
not fuse after heating during 4 hours nt ﬁéﬁﬁa, the



U
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product contains 15 - 255 ﬁé}’ but no sl and yields
geod ceuent. The probles of lining was slac studied
by Budnikoff, Shicharevitisch and Iukova (37 J. Accord-
ing to then, the ovens should be lined with well fired
fireclay brick contsinirg not less than 407 810, and of
a porosity of not less than &9, the bhrick should shrink
by not greater than 0.5 sfter refiring for 2 hours at
1450%, ©Slack Dimae is suggested s o possivle sub~
stitute. Wasilewsld and hiz collengues {,26) in their
work on the zreduction of 3&2 and Portland cesent from
gyveum found that 75% of %ha'ﬁ@ﬁﬁé is dezomposcd to
yield Portlend cemernt and %&2, by reating for 15 zninmtes
at 1150° with 10¢% coke ard & mixture of oxides {%a@z

+ A12§3 wiith 1.% of Eeﬁézﬁ, The work was Jdone on a
technical seale, using a contiruous proces. rotary
over and charglsg s aixture of Cabl, 17.2, clay 1.62,
Te ore G.38 and coke 1.72 parts at an optium rate for
the given apparatus.T5’ decomposition ia attained ad
12102, with a content of 3.5 50, in the issuing gases,
and of 4% Caf and 24% ﬁaﬁa4 in the product.

Zeradzkl and Schieraj (135 ) in their work en
the decomsesition of gypoum found that Pordtlasnd cenent
of good guality and net containing Cad or Saﬁgé can
be obigined by firing a nixture @f‘ﬂaﬁﬁé, clay ard ocke
(6%) nnder conditions mnalogous to those anplied to the
production of Portland cement frou Call,, but at a
higher imitiel temperature (1100° - 1200%). The heat of
resction during $he formation of sono-caleius silicnie
from gypsunm end silics was found by Henus ({6 ). The
value ealeulated from G, Harchal's partiel oressure data
for the resction




{:&%&é -+ ﬁiﬁz ;ﬁ Wi&} * %{}3 * %{}2

was §3, 28 Kg - oal/mol, comparsd with the velue of
524373 Kgeoal from the Nernsit equation. The heat of
the formation of ithe asilicate from the $wo oxides im
then 21,7 Kg=cal/mol us the averusze of the fwo methods
of calculstion.

The nmicroscopieal study of elinker derived from
gypsun was done by Panuilove and Hojak ( 79 ), which
showed thal the petrograshile siructure oI the correctly
burred clinker iz identical with it of wrdinuyy
Portland cement. A considersble quaniity of an smerchous
substance is sloce presernts. The formetion of § dlzelelun
sdlicate iz due to defects in the wrnlng irocess.

Teruschrevitach ard Eventski ( /7)) found that
guantitative conversion of ﬂagﬁ‘ inte Cal 1o schieved
by heatlng with anthracite, coal, CG or iy { 1 bour at
S00 - 100C%), The product should ve cooled in o reducing
etavaphere or wiith water as artial re-cxidstion to
€&$$4 tekes plaece in air.

Teldemanis (/23 ) 4n kis studies on the estrsction
of mulpkur from gypsus reduced it at 650°% —~ 1100% =ith
conl, antiracits, coke, pest, and wood charvoal, Toal
was the mool efflicient, <omplete reduction iaking sluce
in 30 minutes at 10009 with s aivture soresaponding Lo
0850, + 3C. Witk anthracite and seat the efficiencies
at 1000° were 9% and 507 respectively. The eatalytic
gifaa% @f’ﬁréaw enabled the reanction tesmernturs Lo ve
lowered by 100", The catnlytic effects of ﬁigﬁﬁ,
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F&zrf}} and ¥n0, were also investigsied, 5% efficiencies
at 9002 being attained by their use,

Wirew ( 70 ) iz hiz work on reduction of af}é
with metallic iron prepared aiztures of sﬂa{;’f@ with
four equivalents of Pe in a stres: of K, up to 600°
the reaction wanm

E}aﬁ% + 4¥e = 4tel + UmS

fram 6000 - f}ﬁﬁ” the products were Jal, PeS + 3Fel,

and beyond 500°% they were Ual, FeG + FeS + 2Fe0. Some
Fey0, vas produced betweon 600°% and 12009, by ke side
reaction Cg;i%t?@ + e = Lab + 5‘?@30 » Only traces of
50, were evolved. Hudnikeff and Rivlin {36 )} decomjosed
gypoun with carboniferous pyrites and aillicn in the
ratic & ¢ 2 ¢+ 1 by heanting in a rotary oven, with an
air saoply such that ithe conbusilon temperature is
1060° ~ ﬂi’}@"; >5&’ ot the 5 ig evelved as HaD and 3%6»2

B
wader these conditionn and the regidue corisina,
approximately, Cad 2, YeS 0.5, and Tai0, 1.6/,

Paviov and his colleazues (/o2 ) hested n winbure
of gyopun, clay and conl in o robury furnazge at 1300 -
509 mnd found Shat 1t gives off E0 - off of 1t
g mnd Mg These pass into w cocley zore ad
7507, and desosit §5 - 507 of dhelr O s vl
glesent., The residasl olinker satisfies the astandards
for cemant.

4

In 1941 Bewnon { [oo) atudied the hehavicur of
a3 4 at high temperatures. Jeirograyhic and I-aay
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analysis showed a £ to @ transiilon of Cadd, st 1214°C,
but the higher temperature form was unsbable amnd could
not he studied 2t roon tenpersiure. in eéuntectle
mixture of Ca0 and o~Ca%0, which melted at 1365° was
reported. Althoush coupounds, corresponding to fhe
formmige ﬁﬁaﬁ.ﬁﬁz and 3%&@.2&&%%5 have been reporied,
their presence was not confirmed by this work.

Mattdz and Sischofi (68,45 ) in their work on
the decomposition of gypsum by silica found that
Ca30y .2H,0 lest its water wien heaied to go0%.  Further
heating st 1000 - 1300° with an eguimolar amount of
ﬁi&z ecsused Jecomposition of the @ﬁﬁaé. The heating
was done in o platinus vessel in an oven wiih temperature
controlled to ¥ 2,5% Of the dried geses tried, 50,
sllowed She lesst decomposition, when a strean was led
through the oven at ¢ or 4 1/hr, O, air end X, sllowed
sonewhat more decomncaiiion. A streaun of sbeaa msoving
et 4 1/br allowed ¢2¢ decuomposiiicn afier 4 hours at
1100°, secording to Blshoff ( 26 ) in mizes of aa%ﬁi
and 510p, air snd O, influence the equillbriws ssrked”
ly while Ko 8nd A are completely inert. valer vapour
actz with increasing partisl wressure, esislybically
prozoting the reaction.

Steward ( /16 ) in 1943 gave an illustinted
descriplion of the wining of anhydriie at Billinghes.
Ite utilisation in the mamulaciure ol Hy50,, (W), 50,
cesent and niwxvochaik fertiliser is shown in flos sheets.

In 1944 drinsr aud huodel { 39 ) siudied the



thermal decemposition of ﬁaﬁ% in presence of water
vapour at more than 1000°C. ¥ith artificial Cas0,

504 decomposition can be obtained at 1280 -~ 1300% if
waber vapowr is circulsted over the mﬁa‘* If air is
used in place of waler vapour the decomposition falls

to 16%. Experiments were also carried oubt with natural
anhydrite containing 98 CaS0,. After heating for four
hours st 1300° 4in a current of water vapour, there was
907 decomposition. CaB0, 1tself decomposes at & reasonable
rate only at temperatures > 1450°, so that the use of
water vapour brings about a fall of not less than 1509

in the decomposition tenperature. The mechanisn of
reaction is discussed, It is assumed thsat hydrolysis

of Ca80, occurs, this being justified by ihe fact that
superheated watler will even hydrolyse NaCl. The reactions

ﬁﬂ%& + 232% K — ﬂa(gﬁz) 4+ gﬁgﬁ‘@ 4
fiﬁs g —1 5@2 + %‘ﬁa
Ca(CH), == Cal + H,0

The resultsnd resction is practically

In 1545 Briner (29 ) ealeulsted free enerpgies and
equilibrius conistants fﬁi‘f the decompoaition of Calo 4
alone and in the presence of fsmz and found that the
resulte caloulated by the method of Hermat or from
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of entropied do not agree well with the data of Harchel
{3' ﬂ&'ﬁﬁﬁ* {Ph?&q 23}3&{1‘3;‘%&)}5

Briner and his cowworkers { 3/°32Z } glso studied
ke disscciantion equilibrium ﬁf‘ﬁaﬁﬁ$ aloese or in pree
sence of eilica , Emolin and $hree types of Lauxite
from 400° - 900° in atmospheres of pure N,, H,0 and K, -
Hy0, mixtures. In sll ceses the addition of water
yapour, metekaolin, silicas or muxite incresses the
pesrcentage roacted,

In 1947 Zawadzki and Weychert (/3¢ ) reviewed the
results of semitechnical and techmicsl scale experiments,
carried oul before the war by the suthors, with sone
detalls of the process, The CaSC, content in some of the
elinkers obiained was less than 1.%:. Tensile snd come
pession airength tests gave betier resulis than those
preseribed by Polish specificalions for cesent.

In 1945 Edtme { 72 ) published his work on the pro=
duetion of ﬁzﬁii} from Gypeuwm. A ground mixture of gypsum
or anhydrite, clay ard coke is besied ir a msgneaite lined
furnace. At 760° the resmction 4CaS0, + 2¢ = Cas + 3Ca30,
* ﬁﬁﬁg begins followed by Cal » 3&&59‘ = 4Ca0 + 430,
and finally the Cal reacts with the clay. The dlinker is
suitable for cemert and Ires from CaS and CaSO, if the '
proportion of ¢ mdded ls exact and uniformally mixed. In
large units with convenient suppliss of gy psun B0, can
be produced competitively with that Ifrcsm pyrites.

Cathals (37,%0) describes an slectric furnnce
used in the mreparsilon ﬁf’ﬁéﬁa‘ ﬁremsﬁaﬁﬁgﬁ Pure 310,
or bauxite is used as flux. Thebosaible extension of



32

the process %o preparstion of Al and cement for Turopean
reconstruction i considered, Cavanda ( 59 ) in his

paper mentions that the extraction of 50, from gypsum

for the production of 52564 in carried out mainly by the
following methods embodied In several German and French
patents: (1) Decomposition of gypsum, by heating ot
1400° to CaC + 50, + 0, (2) Reaction with coal according
to Qaﬁ(& + € = Ca0 + 5362 + 00 or ﬁﬁaﬁ&é + 2C = (8B +
Zﬁﬁa from which CaS + €O, + H0 = @aﬁ@a * ﬁgﬁg this
gives 805 or 5 by one of the known methods. (3) Teaction
with silica according to 6@%04 ¥ 3102 = ﬁiﬁgﬁaﬂ +

B0y + %ﬁgg The temperature at which disintegration begins
decreases from 550° at 5 530, to 757° st 35% 510,,

(4) TReaction with AL,0, at about $35° (5) Disintegration
of gypeunm or anhydrite with addition of coal, 3103 and

A1,04.

In 1951-52 many reviews appeared on the production
of cement and ﬁ2394 from gypsum by Mamning ( 726,77 ),
ikerman ( & ), Viaeser ( /25 ), Higson ( 4z ) and Edward( 97 ).
Ha.ning ( 77 ) desoeribes the locantion and geological
origin of anhydrite and gypsun in Fnglend., With a
production seale of at least 50,000 tons H2$0¢ snnually
and a nearby suitable source of raw materials, acld is
made from anhydrite at appreciably lese cost than from
pyrites, FRaw materials required per ton of H,30, pro-
duced are anhydrite 1.66, coal nnd coke 2,33, sand 0,13
and ash from coal and coke 0,11 tona, The main line of
process conslots of the preparation of rew materials,
reactions in o rotary kiln, purdifieatlon of gases,
conversion of SUy to acid, and converslion of kiln clinkers



to cement. The dried raw materials are ground and mixed
t0 give the required propoxtion of anhydrite, ﬁlgés,

540, and (a0 entering the kiln which operates at a
tenperature slightly higher than that of & normal cement
kiln, Prooable course of the reaction is the reduection
of ophydrite with coke to form Cas, deceompositicn of
anhydrite by Cas 1o form Ca0 and 80, and fimally, the
reaction of residual Lamﬁ4 with 540, which aleo combines
with Ca0 and 5126 to form cement clinker, Accurate
control 1s necessary to prevent side reactions that have
been responeible for lack of success in several previous
attenpis t0 produce 32504 from anhydrite. Anocther review
in 1952 by Bedwell™gives the mechanism of reactions,
development of process, ;roduction and preparation of raw
naterials, production of aﬁz and e¢linker, puriiication

of 50, conversion of 50, to 32304, conversion of clinker
16 cement, raw material costs, capiial coats, production
coots and ccourance of Ca$04 minerals in Great Britain,

?uéa (55 ) 4n 1952 decomponed gypsum by kneading
it with 150% Hy0, preesing into 15 x 7 mm discs and
roasting on a ¥g plate palnted over wiih 4r0y dust with
a neutral or oxidising flame in a gas furnace., It began
to decompose to form Cald at 1020 - %09, but decomposed in
a reducing flame from 850Y to Ca0 and CaS, In an electric
furnace the decomposition began at 1350%, partially fused
above 1400° and freed only 1.4+ Ca0 at 1450° after 2 hours,
the ilquid formed appasrently retarding the decomposiiion
(Butectic point of Cal = Cas0, is 1365°).

Kadachowskl ( 78 ) in his article om the rotary



kiln lining in the production of H2364 and cement c¢linker
from anhydrite gives the chenmicsl corrosion factors in
working conditions of the process of anhydrite decouposition
in & rotary kiln and the properties of comnmercial brands
of fireclay and busic refractories to be used in the
lining. He recousends using fireclay containing more than
407 Aly04 for lining the heating and ccoling regions of

s rotary kiln and the lining of the firing reglon should
econslet of basic refractories ("Radex A" or "Ankral!

type) resistant 4o constant changes in tempersture. The
Polish basic refrachories (stavilised dolouite, forsterite
and magnesite) are not sufficiently resistant to
tenperature changes, however, etabilised dolomite is the
most resistant to corrosion of all lining materdals,.

'Franklin and Pace (52~ ) genernte suliur vapour
and gaseous 302 in retorts from & charge corisining &a&04
silicious and/or argillaceous material and coal or charcoal.
Any form of 63304 can be used, b noftursl anhydeite or
ealeined gypsum is preferred, To provide the silicious
material it is deslrable to use a clay which conbalnsg
Siﬂg and élﬁﬁs in the ratio of approxinasely 2 3 1 by
’ welght. All materials should ve reduced $o0 a
particle size of less than 1504+, thoroughly mixed and
then granulated wiih suitable bonding agent vo form
granules of 1/8 - 1/4 in, Molar proportions of Casl, &
¢ ¢ 840, - A1203 ghould be about 1 31 1 3 0.5 (with
authracite finea) and 1 1 1,18 1 0.5 (with bituminoua
coal)., The mix is charged into vertical retorts and
heated to 1000~ 1300%, 7o cool the solid residue leaving
the bottom of the retorte and also to improve the rate of
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reaction, water (about 5% of weight of solids) io
injseted nesr the botten of the retorts to forz stean,
As for as sracticable Qg is ot ellowed to enter the
retorte, An exenple uwring gravules composed of 69,50
anhydrite, 21,%% elay wnd 9 vitumincue conl shows that
597 of the total 8 evolved was free 5. Desulfurisation

was 907,

II, Patent Digeotte

4 digest of zome pelented procespes is resented
in the followinzg sohedules-

Refeor- IHaw HMaterial

Temp~ Atmos- Reunarks

enoe era- phere
Hure

Ba 1550 Ea.¢ Cail, 500°  oxidisw Steam im uzed in
(17,18, + 350 ¥X.g clay for ing (12. €05 is burned
19, 20, + 12% H.g char= proe to 50, in (18) angd (19).
21). coal and 27 duo- air inlets provided

iron oxide in ing at the rear of the

(271) 50, furnace,
Bambach Alkeline earth High sir Heant for oxldised
(14,15) sulphubes and aulpohur,

Banbach ﬂaﬁ§4
(16)

High

weter

f.conl ﬁaﬁﬁ4 WeE altel

gas +  natively nmixed with

air metal oulphide or

2,8tean C, Fe or 5 and
heated,
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heferw Raw Material Temp~ Atnogw Remarke
gnce gra-~ phere
ture

Hetalle &aﬂﬁé and coal, - Adr Free &2 suhagquen»
benk & The height nde tly added for
Hetall=- Justed in 2 way oxldntion.
urgische that no free Oj
(86)  is present in

ssenping goses,
¥aller & Calciun sulphate Sinte oxid- -
Clinge~ nixed with alum— ering leing
stein inium siliecate, point
(o7) silicaand carbon

less then 1/10th

of the weight of

celeiunm sulphste.
fieeren Gypmim + reducte = - -
(129) fon meterials +

fluxes in pieces

of 30 m.m, din~

netexr.
Bedlsche Gypsum + fuel - Mr The gases are
tnilin & (In 22), water passed over catoe
Soda free raw npter=- lyste of five
Pabrik isl iz used, prool nazses sonked

(D 12}

wiith Y& nalt s0lve
wiong to free then
from 3,
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Referw faw Haterial
snge

Tempe ALHO0
era~ phere
ture

Tenrrks

ﬁaﬂisahé do.
Anilin &
Loda Fabe

(10)

Bedisshe Gypeum + fuel
Anilin & + fluxes

& Sods

Fabrik

(1)

Tetens ﬁaﬁﬁ4 + &i@a
{119)

Khenania Gypsun + %i@z

\104)

de, €O or
SRILQTw
abor
gas in
(10}
and/oz

ﬁgﬂiﬁ

(13)
- Alr

1160% Steanm
- and
inert
gae

glowing coke or
conl 18 usad.

Reaction earried
out in shaft
famace, - ﬁﬁz is
reduced to & by
pasasing through
the deep charge.

¥roceen used for
hydraulic cenment,
sroand Ph oused to
conbing with une
deconpoaed sulphate.
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Refere Eaﬁ Haterial

ance

?&a@e AtnoBe-
ara- phere
ture

Remnrks

Kunse & Cas0, + sili-
Sotter cates and
(73) aluninates

Aothe & Gypsum + 810,
Lrenek
(108)

Farbeninéd Gypsunm or

and coal

Harris
(60)

Ga@ﬁé + gand
+ glay

above o0xld-
1100°  4sing

anhydrite + ¢.lay

Avoloance of
fusion not neceassary
in aintering
operation for »ro=-
ducing cenment,
Clinker car be
¢ooled, ¢ranulated
and ¢round.

Heating gases are
used contalining
195 steax,

Hricks sre nade
baefore iiring.

vy ocowder blown
throush nozzles in
the kiin, Uases
freed from dust by
Yorhes or elegtrie
gal BUPETEIOrs.



Hefer- RKaw Material  Temp= AVNMOS- Remarks
ence ‘ era~  pheras
ture

Hourds  Cal ﬁﬁ + olay - - Carbonnbas ased

(8B,89) + C @ metallie Lo fiow Whe
‘earbonates, c.y. elinker Irom
chalk Cal

Chavoal= Gypeuws or Cail4 red - Cao
iere 4+ charcoal heat whole 00
Gi«“ﬁfd anee
{43) Fomming haw und

& wE R

xaf*B. Hod burned
. P e s s
‘;f'-I’r j» ‘kt’ b i :;; z;“ v!ff A -:

reduce Ho dead barnt
ing ldue oy Cab lormed
flane

ol coal

frs &

Sredueer

gas

with

insuif-

iclent

air

(51)  anhyirite 1

o
3D
Qe
4

L

i.w
e
.,
%k
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Haw Meterial Teupw ALnch- JRLE AT o

Charrin

(104)

seailles
{112)

Wilson
(131)

Gypasum 4 aligie - - Cramalon of Daw
inous matorisl mabordal are used
+ @x¢oss ol redue preveniling caking
oind agent on furnnce walls,
Gy poum 3615%}: - - -

Gehdatd 10,060

Coke 5,367

Hecovered dust
4.0

Cato, or a 2)260% a)reduce | -
wixiure of te 00 ing
$&334 and 531000 b)oxide

‘slusincus or v¢  lsing

silicoelunmin- 15009
aud oYe

Finely ground w  gxide Cement and ﬁ@z
gypsum + Linely ising is produced.
eround argills

aceous materinle

iz heated to re-

duce the partice

les size, The

elinker iz pround

with coke or

carbonaceous
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lefer— “aw Materisl  Temp~ Atmsoe  Hemarke
ence era~-  phore

Gilson  materlsl
septaining

(conttd) 510,,A1,0,,
or §a£@33
proportionsl
t6 glve ihe
rizbt eompose
ition

111, Importent Aspectz of the Tecomsenitiom of Gypsumte

Yessurcunent of the sultur dloride gao pressuras
obtained by the hesting of gypows alone indlcate nat
witheut the use of fluxes snd » reducing agent, the pro-
cess carmet be enployed soonomicnily. Pven wher CaniQy
i elnoet molten at 1400%C, the vapour precsure equilib-

PR . . g [ " " ’ . . o .““‘f o - N . R X
rum showe o asxigue of 79 in the ges shese { Bo ).

Zawadski (/33 ) feund tuat the tetel fas oresiure sbove
nrbursl srhydrite at 11809C wae 2.4 =¥ vising o M na
at 1340%C, mné %0 47.5 w2 at 1270%.  If 80 dn obtained
by decomposing gypsun at Its velting Qﬁiﬁﬁ,gﬁh&miﬁai
gnginesring yroblens of sreat magnitade would keve 5o e
faced,

Py



The published vork on celoius sulphate has been
dome on sampyles obisined Ly the ignitiom ui synthetic
gypoun. It is known thet debydrated gypeun is nore
sueily decomposed than netural snhydrite in laborstory
experinents, glving considersbly hisher decomsosition
pressure (80,33 ),

The thermal deconposition of i;faiiz% can be
represerted by the following equation

mﬁ# ﬁ Cal + 332 * ‘%{32 - 116.6 cal.

it was shown by Hofman and Hostywiteh ( 67)
that the thermal decomposition of ';;a%ﬁ‘ is accelersted
k_ix the presence of i&fiwz and ?egﬁs which coubined with
the Cal produced snd promoted the forwerd resction.
Alsmming slso was found to bhuve sinilar effect later on.
As mocording 30 darchal {80 ) the reaction between
510, and {:ai‘:‘si}‘ is less endothermic than the thermal
deconposition of iﬁa&i}“ alone, the msemim would croceed
&t lower teajerstures. Neuusnn { 99 ) showed that the
decomposition pressure is incressed appreciably by ferric
oxide, conslderably by silics and wvery smch by kaolin.

It 18 aleo 10 be resembered thet lonited silica
will be more resciive thar the non-ignited one. Alshough
the fluxes help the decomposition, thelr effect ie foo
sasll t0 meke sulphuric scid produciion, sn economie
propoaition, unless a reducing sgent is added. 7The
reaciion can be represented ss follovwss-

M@% + 2 = (aS + 24115%2



and is complete below 1000%C. lHofman and Ncstowitch ( 65 )
studied the reaction between (alU, and Cad in dry air

and found that the resction began at 800°C snd became
rapid between 850 and $00°C., Iwe to the resence of
oxyzen, the oxidation of Css $o §$$9‘ was more rapid

thar. the reactioni=-

3@&%§4 + Yas —> 4080 + %ﬁ@g

which asccording to ﬁ&ﬁ&aﬁﬁ,{ 99 } could only be carried
10 completion at 1@%@Q§, in & atrem of pave g%,

sawadzki ( /33) studied the resciion in the
absgrce of alr ard neasured the toial pressure due to
$ﬁ2 and 5 wvapour in this systen. It was found that up
to 1100° the total Jressures were relstively sonll -
at 1120°% the total presswre only Little more than one
third atucspherde gressure. It was conciuded that the
lowmer the tenieiglure the gremter was he ratlo of
elemental sulfur to total. lehenck srd Nanverschaidd
{ /o )} found that in the reaction Cad + 2504 7= ﬁaﬁﬁg + Gy
(a) at any gsiven total pressure the sropertiocn of &
is grester, the lower the temerature and (b) ot any
given $emperature the groporiicn of 5 in the goas ghase
is greatey the greater the tolal sTessure.

The litersture survey thus shows that 10 eslciunm
sulfate is mixed wiith carbon snd {luxss, both cenent
elinker and sulghuric scid can he nroduced. 1% is
necessary thereiore to deternine ihe 2oirect propoxrtions
of the rew spierials, as the guality end guantity of the
sreduets are directly afiected by then.
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The stage has been resched vhere further
advances depend upon the study of time teuperature
relstionship and anderstanding the mochanizs of resctions
at temperstures, al which the kilngsars operatsd, using
the raw msterials avallsble to the imdustry.



reliminary to the conspiderstlion of the kinetles
ef the resctions beldng studied, a review of the thernc-
dynanmics of the more probsble reaciione was underitaken,
¥hile ithermodynamics can give no ides of ihe rate at which
various reaciions will proceed, it i posaible thas, in

some cases thermodynsalc calculations aight indleste that
the degree to which muy rsaction could proceed is regligible,

Any concliusions based on such calculstions must be
made with care since equilibrium is unlikely to be reached
in the systems where gaseous products are removed contimmous—

1y.

In the case of reactions involving only sclids, it
zust be Lorme in nind that, if the reactants and producis
have not zn sporeciable mutual solubiliiy, thelr thermom
dynamics asctivities remasin constant thromghout the course
of the reaction. Thus, such reacilons cammol resch
equilibrius. In faci the resciions seldon reach compietion
becsuse some of the solid particles are nod in conilach with
ancihor yeacsart. This doge nol vrepresent atitalmsent ol
true squilibrium, The resction will preocesd in the divection
in which there is a negative free energy change, LHui vhere
an equilibrius constent is calculated Irem the free ensrgy
change for these resctions, it can only be tsken ns an
indleation of the direction in which the resction will
proceed.

Heactigns, concerned with thersal deconmposition of
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calecium oulfate are the reductlon of caloiux sulphote,
interactiion of calcinmg sulphate with Lhe products ol dee
compoaition, or of the products with the almosphers, The
nore lmpordent resctions whichk may play o sard are counsidered
below,

Ae Thermal Decompositdion of Caleium Sulphsier

The probable reactions in the thersal decomposition
of calelun sulphate hnve been etudied by a selectiion of
squations,

The equllibrium consiant ¥ of s reaction at any
Seaperature I may se found frem the slandard [ree crergy
change G® of the reaction at that temperature,

The relzlionahilp is £¥§i>l = wi In k
T

Ii'25§f) je expressed in eal/g mole %K

N\
* T

i

the equation becomes

40576 logggk = -(A«:e‘?

where A L% = AF® - 7A3°

The egnatlions are az follownte
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{(a) FKeuiral or Czidising Conditionsi-

{b)

(1) Caff, (8) = Cal(S5) + 50,(e) + & 0y{¢)

log L =+ 25,500 + 10,58 « 1,681 log 7
T

~1.005 x 10737 -~ 0.0663 x 107612
{2) Gﬁi‘%ﬁé{&}} = (al{3) + 5363 {&)

log K = =20,750 + 10.45 + 1.181 log T -
?
0,80 x 10737 + 0.1165 x 107092

Redueing Conditions:e

(1) cas0,(s) + cO(g) = CaG(B)e 80,(&) + CO,{2)

og K = ~11,000 + S.26 + Co442 log T - .47
? 3
% 10737 = 0.0731 x 107672

(2) CaS0,(5) + 3C0(e) = val (I} + uby(g) + 3C04{e)

log B = 2,839 + 7.65 = 0,565 log T + U.230
P
x 1073 o oopo x 107822

(3) Ce80,(8) + 4 €O(g) = Cas(5) + 4 CO,x{g)

log £ = §

040 ¢ T.64 - 2,242 log T4 0,716
? .
% 16737 + 0.29 x 10692
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(4) caS(o) » 130,(g) = Cal(s) + 50,(8)

log £ = 23,800 ~1.29 - 1.009 log ¥ + U.36
4
E 1{3”37§ - k;}'{':}:zg‘;‘ e 1{}‘6@2

(5) ©mS(5) « 30as(,(8) = 4Ca0(5) + 4.0, (&)
1@@? o= 3;:1&&‘ % }f ﬁ’% % g‘i"‘wé }vﬁﬁp ¥

-2

58 % 10737 - 0.1 % 1070

2c°
iy

prpregsion

was derived in cal/(gm.mol){%K) uslne ihe

0
4,576 loggpf = - A6 )

BN )
i

Heab of vesciicn =t 18%C for selected »eseilons is as
ivllowgs~—

eaction no. w18%

Hemt reqnired
2al/g.u0l

2%u/ton sulfur based
en  H18%

al1) 117,500
b{%} ~ 104, 500
8(5) 244,100

13,810,000
=12, 300,060
6,550,000

B, 7Therasl decoapouitien of Talcium Culphste In fbe
Preserce of Verious Additiveste

The preserce of verious oxides causen Call g 0 deeone
pose nmore resdily. Yarchal (73,30} thus

it

asessured the



decon oaition wressure of mixiures of caicium sulfate
and sone oxides in « closed zyuilen. The folloving table
has bsen prepered ny Heussom ( 77 ) ussed lirgely on
Zsrchal's werk,

Mixture of Pressure mens Hge
CasO, with 040 1000 1100 1170 1240 1250 1260

410, 1G% &0 G4 215 - 575 877
AL,G, - 9 25 50 - 133 200
Eaolin T.5 17.3 38.5 1,00 =~ - -
Fe 0, - 125 37 50 176 - 273

Reaction of {';'s:%{_ with “ilicaze

Briner {27 ) calculated the iree energy chanze in
the resciion Call 4 * 3:&&2 = ﬁﬁﬁiﬁB + Glo + %{}z,
He ableired the expresaion

log ¥p = = 53,100 + 1.3 x 1.75 log T + 4.7

4.57 2
where Ep = i}“ﬂz . 3:{32

& comooardssn of Srinerts ocoloulated valuss und the exgerie
- mental valuss of Yarchsl and Iriner =t 1300 and 15009 are
a3 follovase=

op Caleulated Feasured ioial Pressure

¥ P
Harohal Irdner et al

1360 154 34 11.1
1500 2656 440 4l



Thereat Lie geloulated ol ex.oerisenia. valuesn for
equilibrium jressures of h&3§4¢ alone, sares rensorably
well, the cerresponding wslues in the presence ol oilien
diverge widely.

Ericer cencluded tlLwi Ihe reaciion upon which the
calculation was baszd is 0% the saln one sakdng place.

Complets duia ls =03 wvallaole for the reacilie
invelving 2 510,, bub Griser shows Ghet it will be conuider-
ably more & dollermic, %whan Ghad wllh one agudvelert ef
silicu, l.e. considerasion of this reseticon »11d brins the

= #er

k

. . - [ SRS SO SR
} E&l‘?tﬁ& g\if""a,z:: ’—‘e o &va nEonTel v"hf :.xn.aii w«-,iv'wf&.q{,«ix;;i& FEig LRl

Some of the soxe lapurtast conclusions of the
thermodynanic study are:

1. The reaction Tal + 3ﬁaﬁﬁg-~94§aﬁ + &332 is
favoured by a Ligher Sempervesuce Lo whe range
1100 - 1305% secomdng significaat above about
1170%¢.

2. The teaperviure rejulred for ajwecisble deconiosS=
ition of "asU, will Le advus 1340%,

3. feductian of Loty by (0 sheuld begin at sbout
720%C,

4. lesetion botween ;a&ﬁé + &1&2 should begin at sbout
§70%,



CHAPTER IV.

SOLID=GAS B:D SOLID=STATE RFACTICNS.

On the basis of ithe theracdmenic dsis and previocus
experizental svidence, it has beern found thal a mamber of
recctions probably play & part in ihe processes boling
atudied. Some of these are gas-solid and solid-splid
reactions, It is, therefore, proposed ¢ discuss the
characteristics of these i1ypes of reacticons to help in
establishing the parts played by each.

I. Solid-gas Heactionsiw

In order %0 initinte & solid-gas reactiion, ihe
partsicipating molecules auct remaln in contsci at an inter-
face for a sufficient time. The first step is thereiore
sn adsorption of the gas molecule on the solld surface.
Catalytic processes involve the adserpilon step wilthout
further resciion with the surifsee and much informetion
about the primsry step baa been obiained from catalytic
studles.

Physileal adsorptionse

e first stege in the intersction of a gae with a
solid invelves varn der %wal's forces of which the energy

is not very high, being under 5,000 cel/mole for most gases,
The physical adsorption belng ezothermic, the saount of
adsorption, dus to these forees, decreases with Inorsasing
tenperasture. Calculatliens sbow Lhat e smount of “hysical
adsorption is negligible svove 600°C., In & few cnses




iy

however, the tolal a&ﬁﬁrgt}.m is I
tenpersture, over s limited lezsera
indicates thai, in these caxes, vilal
aotivation enerzgies come Into play.

Cheadsorpbion:~

These forces of higker ¢rergy alse give rises o
bigher heats of adsorption, of the ovder of 20,000 to
100,000 cals/mele or more., The forces are similsr to those,
concerned in the formetion ol chemical bonde and $his type
ol adsorpiicen is referred to ag chezisorpstion.

ihe forces leading %o chenlsorytlen are highly
speeifio, ia cemirest Lo Van der %aal's forces. Noest
experimextal wori has been dene on the adserption of gases
upon zuxtals bul Zoberts and Anderson { 1995 ) have shovn
that oxygen ig very rapidly sdsorbed uson ursalue diexide

A

end metallic sulphildes, ever at yoom temperature.( 6 ),

in $hds work we are concerned mm&g with the reasetion
of gsszes vith ionic sulids. 1In such eapes, ihe bonds Torued
are of such energy $het bthe gas concerred s rot reversib Ly
deasorved, wut producis of reamciion are deseried. Carner
and other workers at Iwistol (56,57, 58.45),
found that the reversible chenisorpiien of Clgp.wrides st
reon Lenperature does pot Lring about reducty iﬁéf‘ and is
believed to u&k& plsce on extion sites. The {rreversinle
adaorpiion of €U st hiasher temversiures in halieved to ioke
place on ithe oxide iong, forming covnlent tonds, the
oxidised UU being ﬂegﬂ;‘rbmi ag 5
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J1. Solid-itate Hesctionsie

Irrespective of the mumber i reacisnis, solid-ulate
reactions csn be considered as Deing made up of binsyy
resctions becamuse chemlecal rencilons take place at the
boundaries petweern phases. For exasple, in ihe forzmiion
of such fercary compounds as 26&&.A1233.$302, and (nl.
31263.2§i32, it is found that two of the three components
combine at the first step and then the $hird component
coabines with this compound in a pecond step.

Oiten, compounds are used which decompose intoe the
three reaciarts upon hesting., 7The evolutlon of gases does
nod usaslly alter the nature of the reaciion. In such
cases, the incregsed resctivity of the freshly formed solid
is irequently an advantage. For example, dehydrated gy ouwnm
is considerabliy more resctive than anhydrite.

III. GHeaction Elneticsie

The over=-all reaction rutes are determined by the
following factiors.

1. The distribution of phnses nnd the order in
which they sppear. |

2. Processes at phase boundaries, including

(a) <Zrensfer of materisl.
{b] Chemieal reaciion.

{c} Fermation sud prowih of nuclei,
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3, Diffasion through resctlion nroeducta,

Twy special cases nay cfien be distinguished.

(i) ‘he phase boundsry orocesses aye
guificiently rapid %o maininin
equilibriom and diffusion in the
product layer is rate deternining,

{41} The phese boundary processcs are of
o rate conparnible with 4iffueion and
dgiffasing nsterinl collects st one
¢f the phase boundsries. In the serly
atagen where the product layers are
thin, the effect of Jdiffusion ney be
nezlizitle.

() Trermsl Tecomposition of & Single Substences-

'&

The majority of reactions whiech have bheen siudied
are of Lype

A(S)— B(s) + G(g)

i.8, 8 new phase I Lo formed oldkin the latiice of A,
Ime to the findve size of the moeleeules s “airsin® ﬁill
be fmposed on Lhe suwrrouwcsing phese 4. 1E
done Lo forsm the nuelel of I within Lhwe meiriz of 4, the
energy must ve oblained from the iree epergy change of
the reaciion., Then, as fer = crgrial groving selublion,
there wvill e e critical alze below whdch she prrilele of
3he new phase is nob stavles
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{b) Growth of Fuclelte

Tardng macleasion, the apparent rate of reaction
accelerates rapidly. The growth of mclei, once fornmed,
may follow a first or nmecond order rate law. The charact—
eristice of the growih of suclel are often hard %o
distinguish if puclei sre being forsed constartly during
srowth. If, howewer, muiclel form only at serticular
points of the orystal lattice, these may te rapidly used
up and the rate of eﬁﬁﬁge’wili then be due enly to growih
of nuclei.

(e} Indotheymic Jesmctionsie—

Iz the case of sirengly esotheruic resctlons, back
veaction 1o ususlly negligible or at lesst the eguilibriun
favours ilc forward réactien, In the cuse of endothermic
reactliore Dmcek reaction ls often significant in s closed
systen. xanples of endoijliermic reactions are loss of
water of crysimllissclon by cryetelline hydraten and
decomposition of carbonutes. The dehydration of pypsum
would come under $he 1ixet hecding, slthough it has not
been situdled irn debesil, wiveticeily. The further decoup-
ositien of calciun sulph Yo by hesting would also Le
endoinorsic.

“hen finmely sround material is used, ag in theoe
experiments, the oryeials hove Tesn lroken sxtensively so
that these are plenty of auitables placsy {ron which
melestlion oon begln, Tor oryetalline smeterdals, the

shapes of the nuclel Tormed sre oflen relsted to the
crystal habit.



All these reacticms involve iransfer of materisl
across an Interface. In the case of decomponition of
calclium sulphate, raclel of Cal are formed within {he
caleium sulphate and soun & layer of caleius oxide surrounds
the particles of cslciom sulphote. For further resction,
sualphur triexide (or sulpbur dicxide and oxygen) must be
transported through the layer of calciur oszide.

Fischbeck and Snaidt ( 47 ) concluded thotl for sany
sndotbernic sclid state reactionz, the activation energy
was equal S0 the heat ol remction, i.e. the back resctions
mast oceur without sctiveiion,

{(d) rTxoihermic Jolid Wesctiompie

if we limit the discussion here %o decomposision
reactions, they usurlly are of the type:
Age1ia — Bso114 * Cgas
Cases sre knosn of
Asalid ? ﬁgaa + ggg@

and

Aao1ida — Paorsa * Caclia

Jome ¢©f these substances are explosives. 48 s olegg
they sre of winer interest in the presert work.



{e} 3So0lid-Solid “esciionsie

In comtrapt to resciioms in flald glases, scliide
siate resciions occur between scllids, usually *fgﬁ slling,
in whiech motien of the lattice units is very restricied

end is o funciion of the concertration of defects of various

soris In the oryotal lattice,

As mentioned wrevicusly, eve: complex reactiong are
always nude up of a2 series of vinary steps. T-ray powder
arnlyosle showe thad in the Tormtion of gehlenite
(2ﬁa§.£1q§3.uiﬁg}, the interxzediznte products are 12 (al,
?312633 Calb. §12G3§ £ - E”Q%.ylﬁg and Cal aﬁiﬁg»

Anortbiie aprears o be formed by lurther rszciion
ai gehlenite.

2{&&3‘&(&1& 3; iﬂa + v&.uiﬁg g:&ﬁﬁg&lfi}:%c Eiwiég

Ei‘:&ufﬁ“k{% _ i{}g + ﬁl‘i{{s * ,3 3&&;3_'—9 (§§ s o %,I.QQEQA

?\.2‘

2:.405)

oy

Aa for the decompesition of solids, ihe reasction o
twe aclide inwelves mass drpunsfer of oug or bodh resciamds
through the sroduct layer. Two e ars inportsnts

preg

{i) niffusion Shreush the oryolal latticere

inde is deperdent on e presence of vardous Lyoes
of ¢ross dmeriections in e lsnttice.



(11) "piffusion” along orysial surfaces and in channels
and fissures in imperfect letticesn. These surlisce rocesnes
are very dependert on the previcus treatzent of the sysles.

It 18 not estsbliched in moet cases wheltler the
sigrating anterial moves in the form of molecules or lono.

i suggested thet difierent latiice diffusion
rocenses become opersntive st tempersiures Learing a
definite relsticnahip to its meliing sodnt, If tids ratie
i8 o for the auvsoluite teaperstures, surlsce mobllity wus
Baid to become asimmificent at o = 0.3 mod Imttice diffusion
at O = (5,5, For sclids in "active® slates ihe ratio nay
be distinctly lower,

{f) tonsecuiive HeaciionBie

Among bhe rescliicns under study, there are several
exaaples of consecutive reasciiors v whleh an invernedisnte
product is foroed ard decomposed

as A : B

where ki ard k, are velocliy constanis.

It esn readily be shown thet wnder these civouwm
stances the concentration of B will be given by

i ]

1 X
¢g = al Kb e S
. £2 = Ky
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{g} Competitive, Consecutive Second Crder Heuctionsi~-

As mn exsuple of competilive, conseculive second
order reactions, coasider the complex reaction

k,
éE*E ——_*G‘Q‘E

ks,
g*ﬁ-—-—e ’%*E

dA/dt = =g AD = ko AC
dB/at = ~ky AB
A/ds = kg AB =ky AC

an/ds = ks AC
By material balance theIv resulis
Ao 2T e I m A e 213@

G
B+ C e+ D = Eﬁ

where the sere cubosceripts indlesie inltial concentrations,
it velng assumed Lthst enly 4 and B are present ot she stari.

Ixperimental concitions can be o choven as to nnke
these psendo-first order remctioms. For exasyle, & large
excess of A may be used, The Integration icr such casesn
is than eguivalenit to the successive {irst-order renctions.
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CHAPTER Y.

EQUIPMENT, .

I.
{1) Pellet-naking Press:

fo moke pellets of 1/2% dismster, a pellet
saking hend-press was designed, as shown in the dlagram.
Affer its serufsciure, the parts which casze in contact with
the pellet, were hard-chrome plated, {0 sveid inclusion of
iron, which otherwise was noticenble on the surfsce of the
pellete. This press was ideal for making small batches of
pellets for experimental work,

(2) Plstinum Beats:-

Ten platinum boails were manufactured by Garret,
Davidson & Mathey with the following dimensions:e

Length Width "Heigkt Thickness of
' Haterial
2 em 1.5 om 3/4 ea G017 inches

These boats contained the pellets which were fed inte the
reactore for the siudy of various systess,

iX.

Heactor Atmospheres:-

(1) Ozicisingse

411l work in oxldising stmosphere was done by
mixing O; and air in the ratic 1 : 10,
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(a) Regulation of susesie

There was corsiderable fluctaation of Lrespsure in
the compreassed air service $o the laboratery. o get an
ever flow, en alr-regulating valve was used, followed by s
neadle valve, for accurate adjustnent. Hirnor fluctustiicis
were avoided, by the iInclusion of silica gel and ggﬁg +
acbestas U~tubes, which also served to remove molsture frono
air,

Gxypen wag wibhdrawm from the eylinder, using
oxygen pressure reduclng valve, followed by 4 needle wal g,

Phe flow was even,

(b} PFarification of gasce:ie

(1) Oxygen was pudfied, by psssing through s bubbler
cortudning cone:  Sulphuric acld fellowed by o Uetube contuining
ascardts, which ie e Sodien Hydrabe Astestes ansorsers (M5 ),
(41) fhe sir contznined appreciable smomis of (U, snd

L

dust panriicles,. As Lotk inverfered with sa.ls

were removed by using a Qﬁz sorubber, which retoulred %ﬁf

and dust particles, The nolsiture wes removed, by iﬁtayqayirg
a U=tube containing &6 inpregnsied silies gel s+ d ancther
tubs contulning s 1

o G b
snviorn Lhey

i

L2 4

1 adzture of §Q05 and ashestos filires,

Ko

(2) HNone=Ozidisingse—

Cxygen free H, was used for producing nove

oz idising stucaspheres., M, was ob’ ninad from

P 3
feofy Linder,



(3) Descripiion of Scrubber:e

The acrubber employed was very efficlent and
sapolied 8 continuous stresm of purified siy, It condalined
a 207 aclution of RalH, The air was bubbled ithrough an
orifice into the spiral and scrubbed by long contact of
bubbles with FalH solution. The stresm of purilicd alr not
only produced the deaired atmoesphere in the resctors, vien
mized withk pure Oy, but alse stirred the lijuid in the
absorbers, during titratione. It also swept the atmosphere
asbove the ligquid free from Q@z and other interfering gases.
Such serubbers may be used not only for puriiying gas
streass, but also for drying snd contrelling thelr wmolsture
content, at sny deslred degree of saturstion. Tor the
latter purpose the scrubber may be charged wiih conc:
ﬁaﬁiﬁé, sulplmric acid solutions or saturated solutions of
certain selils,

The digensions were as followase

Helght of apparatus, om
Upper reservolri-

€5

Height, cm
Jianeter, ca
Capneity, ml

regervolirie
Helght, om

Dlaneter, ca
Uapaciiy, nl

Lower

12
10
500

20
13
1660

Cylindrienl tube cormmecting upper and lower

reservoirie
Reight, cn
clameter, cnm

5
345

(@)

(VRN
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Soermiboer for the renoval of 002
and duet particles,

60



Hellesnl Yuberw=
Length, ca 200
Disgeter, ¢ 0.6
Inlet jet, diaseler of crilicey; ca  U.1
Baximus aspirstion rete, litres/br. 75

(4) Flow swasurenontsSie

The flowseters were two feet long, cach having
a two inch loag cnpllilary tube, and & glass bulb in the
calivreted arn. Vo trap any overflew, They wers fllled
with water up ¢ the zerc mark, which was Lighitly colgured
with 1itous to make the meniscus eamsily readgble. The
floeasters were wired to the supporting wooden bonvrds and
suspended s tlhe rack by means of hooks.

The flowneters were calibrated up to 180 co/minute
#as flow, o this is the maximus dait for the suoosh Tlow
of bubbles through the abzorbers, Ihe cslibreiion was done,
by uaing Pischer & Porter Flowrator moler using size OF tubde
with 1/16" glass ball, for flows fros 2 %o 50 co/minute
ard, 1716 stainless steel ball for up to 160 cofuinute.
The gless ball gives s betier roguge of callorations within
Its limite.

The dinsnsions vere 30 followsie
wengih of the flowasther = & Id.
Boye of the tube = 5732 dinches,
Lengeh of Capillary fudbe = 2 inches,
Bore of she vapiliary tubs = (.6 mm
iemeter of the bulb = 1% inch,
Length of ihe side arns = 12 inches each.
Sere of the side aras = 1/4 inch.
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The bore of the capillary was selected, 1o glve

maxisum bheizht of water columm fer the glven flows in order
to obiain befter ealiurations.

I1l.

1.

3«

4.

2.

G

Te

Henetorgs-

The reguirenents for the resciors were as followsi-

They should be construcied of aslerials, which
should not be affected by the products of the
reaciions involved.

The refractory tudbes used should be lupervious,

The reactors should be capable of being sealed
guickly, %o avoid the loss of gases and also to
nroduce any desired stmoaphere in i3,

Thaey should withsatand the uildup of gas preasures
within the syasten.

Above all they should be capable of producing
high Semperstures, as the complete decomposition
of gyosun takes place sbove 1400%,

Asccurate tempersture controel should be s deslirable
fenture.

The tenperature near the mlddle of the hot portion
of reactor should be as wniform as pomsidble,



8.

Pwo resctors were buils to comply with the regulre-
wents, The Tirst one produced temperstures up to 13009, and
wae nmeant to¢ be used, $ill the second rescier was designed
and constricted to sroduce temperstures as high ss 1760%C,

Tesign of Reactor A (1300%C):-

Hearctor A connlsted of s silice tube, wound with
Lonthal 4 wire and lagged with Kieselguhr.

The deslien conglderations ard descerigilon of various
parts are as followste '

(1} Heating Zlement:-

It consisied of Fanthal 2 wire, wound sround the
silica tube. ‘The most suilable wire dlaueler was calculated
as fellows:= ( 67)

3
¢ = 1 /E% s
335.3 & ?
where 4 = diangeter of wire in inches
rating of element in watis
= repistivity in ohms per cir. mil £t. of
desired Kanthal alleoy at working temperature.

g
#

p = surface load in watis per sgquare inch,
R = total resistence of clement in ohus
E = vyoltage



4
L

}'-“”‘

3 2
i,e, & = . 1 % v

= 16 5.¥.0G, = 14 B & F,

The nearest diameter wveilsble was 17 B & D,

Por resistive A.0. loands B = ¥

x

Prom & 2kVia varise, ithe current, which can be drawn at
240 volts = 2000 = &,3) aaps.
240

« R o= _240 = 28,01 olms.

8,33

if there is a 9+ imcrease in reaistance of $he wire at 13009,
the corrected value of B = 20.8% x 8% = 27.37 ohns
100

Hesintence of B & 3 17 Eartbal A wire = (.412 ohsy/ft.
i.e.  Lengih of wive required = 27,37 = 66.43 $t.

0.412
Thus 66.43 feel of the wire were evenly wound in 87 turne
e conatdinte the heatving elaent. Daeh Surn of the wire
was situsted at a dietance of 5/32" from each other, excent
vhe outermont turus which were wound a litile closer to give
an overall length of 133" heating e¢lement. BRefore the
vwinding was done a mica and then an ssbestos sheet wes wrapsed
around the tube. The asbestos sheet wne marked with points
where the turns were to come, then moistened and winding
completed. The ﬁiﬁaing/§§2hmreﬂ at each end {0 loops of
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¥anthal wire, tightened around the tube and then coated
with a thin layer of Alfrax cement no, K5-2¢ which could
witLetand temperatures up to 1400°C,

{2} Eemotor tubet~

As already stated the 21" I1.D. tube was made of
fused silica, Ites outlet end was zezlod by welding a
silica dish on i%. fSwo holes were drilled by grinding with
carberundum and copper tubes in thie dish, On cne hole a
silica tube was welded to mct as an outlet for the gases,
Prie tube was ground $o it into & 310 socket gsbtacked to
the ahsorber, {m the other hele ¢ nilicn thermocourple
sheath wag welded. This sheath was wvade by sealing the end
of s wsilicn tube by lusion and exiecds up o the ziddie of
the Lot portion of idhe reactor bube, o creste the desired
atuncsphere in the resctor, the inlsl tube was welded to
another hole drilled in the reactor {tube nesr the open end,
inside the reactor, 1t wes bent et 45% towards the certre.

ilica becomes brittle after being heated at high
venpersbures, It also requires very slow smimealing siter
welding 4o reduce the denger of cracking sud breskuge,

411l weldings were done ueing e sillies rod and ony-
hydrogen flaae,

Ae the beats contalning the pellets of the mixtures
o be pbudlied, were to be inserted snd withdrewa from ithe
resctor intermittently, there arocse the problem of sealing
it with an end plate, which could Le used to seal this end -
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during the time the rum was being zmade. 4 civeulsr end
plate was nade from two pleces of 1/2" thiek Sindanyo
beard screwed toyether, one side of which head a cireulasr
groove tu contaln the gasket.

Various gzaskets were used but with the rise of
tenperature most of them did not work satistectorily. The
gaskets tried were nade of

(i) Keounrene.

(i1} Salamanderite.

(341) Eilingerit 1000. C.2.¥, 178 type whick is
wade of 1/8" thick compresaed ssbestos
fibre, jointly graphited with sheet gouze
and wsed when friction or high stress is -
encountered.

{iv) Shizm breass lubricated with Fagosine
Holysll grease 44.

{v} Asbestos pupers lubriceied wiith silicone
ETEnB8 .

{vi} Silicone rubber.

Gilleone rubber gasket coupled with the air coeling
of the end of the tube proved sstisiactory. Normally the
other zaskeis would work provided the end plate iz boltes
peraanently to the tube, but as it was $o be renoved inter-
mittently, there was a a#llight leaksge with any material which
was nod sulilclently elastic. Gilicene greane was both
absorbed by the gasket and also dried up with the rise of
temperature ard became gritty, with the conseguens develomment
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f leakage. 3ilicone rubber gasket was free of these short
comings, It can be esasily cub by using a nuil sharpened
inte a imife-edge und driven half way through o bar of wood,
which can be rotated like & compass, with anciber pointed
nall acting as the fixed point. The distance betwesn the
twe nails should be egqual to the dismeter of the gesket.
Zwe auch devices vers uzed to cut an snnuler gusket.

Te secwre n good cortacet between the gssked snd
the end of the tube it wns handeground wiilh emery powder by
aesns of a mild steel srinder specially unsde for this purpose.
The sealling end plate was tighiened ontoe the tube by &
elomping fixture studded $o the rescior case, The mild steel
clamping fizxture was moade of two supporting studs screwed 1o
the case and & ¢clamping plate, throughk the middle of which
pessed a butterfly serew, with s swivel cap on ithe end.

The olamping plste wae loosely {ixed on one side and free
to swing on the other, The free end ecarried a slot to fit
the grooved end of the stad, thus msking it possitle to
tighten or loovsen the clamping sorew quickly. The swivel
ploie gave a betier grip on the nd plates. To punrd against
the sliding of the reactor tube Uy the pressure of the
elsmping screw, il wap secured by clesplng the permorently
sealed end to the casge by means of a 1/4" wide, 16 gauge
mild steel strip. The air coclinme of the open end of the
tube wme done by blowing coupressed alr through a copger
tube bent inle a cirvele asround the silics jtube. The
eircular portion wes drilled on ithe side fscing the s8ilica
tube with 1/16" drill, making holes st a ¢istance of 3/4
inches. The Jets of the aly plew through these holes ard
cooled the portlen of $the tube outaide the resctor.




-~
o

(3) Insulotion:=

Elevelouhr wis enployed ss sn efficient lagging
material wiih an agpsrent deusity of 27.7 1u/cu.ft. and
shemusl conductivity of G.U51 .t.u./(hr.) (ea. 05.) (%F/£1.)
at 204°C. The wires of the heating elenent passing through
it were insuleted with clsy pipes io save them from
chemlonl motion,

(4) Zeasctor Cussie

The resetor tube snd ilnsulution were enclosed iIn
an 16 geape nild eteel cswe, consirucied of iwo siniiar end
flanged balves which made & hollow cylinder, when screwed
together., The ciroulsr ends of this cylinder were cut %o
let the remctor fute L1t in them, which wae supported on
sizilerly cul cireles of Lebeb insuletion board.

The upper half of the csee was slotted for the
pus inlet ftube and $he ends of the Fanthul wire, which
congtituted the leating eleuent and vere insulsted from the
caze by using eillica insulstion pilpes. 7The case was fastened
by means of butterlly nerews io the mupporting brackets, and
suspended on the rack.

(5) 7erminsl flecii=

The Kanthal wires were comnocted te ihe terminal
blenk enclosed in o flenged nild steel box and serewed to
the upoer Lell of the cese. The teruinsls vwere 7i4ted on
a mlea plele, except the one meant for the envth lesd, The
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seleciric cable used was flexible 3 core aabestos covered
cotton bmcked F.V.C. with a 10 2mp carrent capmcity. The
carrent was regulated by a 2 kVA varisc,

(6) Zeuperature Heamsurezent ard Uontroli=

The teapersture was measured by Flatinune
Platinum + 137 idhodium thermeconple. The thermoceuple wires
were covered with thin clsy sipes, serving ss insulsatiion.
The thermotouple block was fitted by means of o rubber bung
on the silica shesth. Ihe temperatures was messured by an
Evher Pyrcmeter which was s nillivoltmeter type Seuperature
indieator Ior upe with Pi~Pt + 13 Rhodium thermocouple with
the teaperature range O - 1500%. The imstrusent was fitted
with sutomatic eold junciion compensatien and had a seven
inches sirrer-backed scale. The cold junetion, situsted at
the instrusment, was sdjusted when inntalled and checked
cccazionally during use. Ihie was done by diseonvecting
the leads from the Instrument; the seinter should then swing
freely around the zerc of the instrument. Yhen the pointer
setiled down, its free poesition wes sdjusted by rotating the
gerc adjustment screw,., The tempereiure gt the instrusent
w88 sel Dy comparing with s mercury ithersemeter. The tenpe
exature indicator was conunected 3o the terminals on the
therascouple block by mesans of conpenseting lesd wires.
The compenssting lead wires were copper-copper + nickel,
marieted by Leeds & Horthop umder the trude name - No. 11
Compensating Lend ¥ires for ¥4 «P% + 13° Rk thermocouples,




(7) Hemsurements of the lesctor Peris:-
Zenclor tube and asvessuriesiw

4% zi® 24w
Inlet tubeie~

mgﬁh z* :’i;%t {}i ?&c
43® 5/ E35 1 fgu

Outlet tube:~

Iength 1. 1. Ou Bu
e 5/16 1/20

Thermoocnnle Shenthew-

Tength I. .
125" 5/16" 1/2¢

Alr cooling copper pipeie

Length of ie Be of Te De 0of
aten tube girculer pert

1o /4% 34



Renclor-~casay

Dingeter %idth of Thickness
flange
20" T 1 18 genze

Terninal hozse

Lenpth Widsth Hedioht

Prickress

127 3" 2" 12 gauge
nd Yleter=

Pismeter 1Ihickness JI.b. of 0.0, of seypth of
Lroove arouve grogve

3" " 24 23" 5/16"
Cluuping Tixturer=
(1) Gssadsi-
beugth Ihickness hength of  Thickness of

¢#rocved grooved
poriion poriion

& /4 /2 3/16"

Jistance belween the studs

aiﬂ
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(13) Clamping platet=

Lenglth Width Thickmess Vidth of lLength of

slot slot
7™ k Ao 1/4" 3/16 1/2"

(111) Clenping screw:-

Length Thickness Dismeter of Thickness of
' swivel plste swivel plsie
43" 1/4% . 1" 1/40

(8) Performance of the reactor At
length of the reactor = 20, dinwetsr = Ti%
Surface area (A} = 217%n + 2 Tfrz}

= (2x2=x15x5) +2(22 x 225 )
T 43 3 7 2304

- 3:% # ﬁﬁ i}- = 3,274 + 0,614

G = BAAY S/ ar

whers ¢ = EU/K
b = eombined cosfficient ( 7/ )

4 = purisce arsa
2 = surfsce temperature - ambient temperature
Power in resistance losds in AC oireuils = I x E



Amp Yolia

Shell Anblent

Farnace
Kw, Temperature Teapersture Tezperanture
b5 by

L{Btu/ur)
h KW* X 34‘15.

Furnsce

@G & :fd* ﬁg ay

BAAD

Bhu/hr

50 122
250 482
540 1004

C.67 1020
Vo€ 1210
1.186 1320 2

L LY B S R

6.7 177

43  109.4 21 64,0
60 154.4 1945 67.1
10245 1645 21,5 TS,T
144 51,2 2445 T2.5
1715 240.7 1T Gllé6
18 370.4 23.5 74.3

Yy
W

1.£€9% 341.8
L 02 B14,.6
2.3 1461.62

2465 2288,0%

@{-}ﬁjﬁw ‘tﬁ

0
284,835
685,633

1303.£02
2253. 3

3243.758
356E.834
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Design of Reactor B (1700%) 1=
Iatroduactionge

The following methods of producing iigh besmperatures wers
investigated:

{1) Iimguid sslt bath fTurnace.
(13) Globar furnace.

{(i11) Carbon resistance furnsce,
(iv) Holybdermum furnzce,

(v} Industion furmsce.

{vi) Wwire wound furnace,

Lisitations:w-
{1} Liguid salt bath furnace -

Three gernersl tenperature ranges sre avellsbls in
Houghton's Liguid Salt Beths, vis. 350 - 1000°%F.; 1600 -
1900%. and 1800 - 2350°F. Obvicusly the desired temserature
is pot obtained. Fuming of the Bath mnd size snd shape of
equipsent and time taken to heat up are amdditionnl probleus.

{(ii) Globar furnace =

The Globar rod type A7 furnsmces zre also emploved
for high teaperature work. The resistance of a rod is
approximately 1.6 ohms, wmhich decreases with usage, hence
the need for high anperage and aicp down tranaformers.

The glober rods are mechanieslly weak snd when one rod csuses




to work the companion rods have slso o be renewed. The

price of & rod belng nearly £10 each, the furnsce becones

cesily to operate. The additionsl dissdvartmpes are ihe
high current cost and the price of transforner.

(434) cCarben resistance furnnce =

These Turnaces are heated either by packed
eurbon grapuoles or by tubular carbon elemente., Their
gperating cost iz hipgh due to high current consumption
sndé sre lishle to turn up due to the cxidasion of hLeating
elements, hence the desirability of operating them in
vacuum. 7Thus the copt of vacuun eguimient is an additicnal
deterrant 1o setiing up such s furmeoce,

{iv) ‘lolybdenun wound furnace -

At tempermtures above 6009C, molybdenunm forms
a volutile oxicde, hence the need for the protection of
- winding by plucing 1t in an atwosphere of Ky and Hye The
parging simosphere can be susplied from o oylinder of
ligquid azmuonis, the gas beimz cracked on stesl wool in an
snoilliary Zurnace nt about 500%C. s lomg as a pressure
slightly grester tihen the atmorpherdce 18 s:inlained in {le
casing, there can be no risk of explosion.

(v) Imductien furaace -
in such a furacce metallic mnterials placed in a

unber-cooled copper o0ll can be hanted by high frequencies,
wity: the formation of eddy currenis. The defescts are the

(U
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nun-unilors heatlug, bich power R&a@% conteol diffliculiien
eud the provlem ¢of hesting noo-mebtalliic or non-caruon
materiale. This aeibod of besling o8 Custly snd assaiisnils
far the project is hand.

¥

Advantasges of a wire wound furnspei~

Ffor the contrel of jcapersture and the raste of
change of tempersiure, smn eleciric furnace is idesl., The
electric furnace hes another advantege: 41t is possivle to
censtruet farsasces for apedinl purposes o work in restricted
gpaces Oor uwnder conditions, whers no olther means of hesting
is prpeticacie.

Design Considerations of Hegolonr It

It was declded 30 el reactar & wilh Jlstinuwa
Hhodima winding. The 200 dhodiue allsy has & hish zeliiing
poing (%?%ﬁ*ﬂ; @ild grreat resistacce o sxidaltion, iy is
e e useful wterial for Jurnace windings. UL econoale
necessity the windinge ususlly ueed vwers dhdaier than would
olbervice be used, bul iy should notv e forpotizn thet imach
oi the cest may be recovered when the winding fulls by
returning it to Lthe manufscturer. Usualily 1994 “hodium
ailoy is used, sut it was Jecided o uase 207 alloy Tor high
specific resistance and iaproved sirengih when het., It
is miso less ductile than pure platimunm. It is Lest to
keep the wire bol end 10 aveld mechanical abuse n% all tines,
such as is idnvolwed In {esd leating &nd weollng




The following were the design details of the

parbai-

(1) Heating element:
Dismeter of the Flatinum ~20° Bheodinm wire = {02

For resistance loads in A.C, ciremits " =V
From a 2 kVi variac, the currenl whieh can be drawn
at 240 volts = 2000 = 8.33 amps.

e B w-ia-s- = 28,81 chas.

The specific resistance of alloy = 20 mierolms/
cms at 20%

' The resistance of alloy per yurd at 20°C = ¢.88
ohms.

. The resistance of alloy per yard at 1500°C = 2,59
ohuas,

Thaz allowing for approximately 3 times the increase
of resistance ai working temperastures, the lemngth
of the wire required = 28,81 = 10.9 yards
0.8 x 3 apsroxinstely.

32 feet of 0.02* thick wire were obiamined and wound
on 8 13 0.D. mmllite tube. Ten turns per inch were employed
giving a total of 93" long element and the winding was
anchored at each end to loops of Pi~ihodium wire, sade out
of 5 inch long pleces cut from the same wire, Before winding
sn asbestos shest was wrapped sround the tube, on which the
poinis were marked showlng the positiom of turns. 7The wire
bad to be protected Irom the influence of sodium or silica,
It =zust not be brought into contact with silics under




reducing conditions at high temperntures, as plotinus
silicate nay be formed. Nelther mmat carbomacesus gas touch
it. 7The element was conted with Trisnmgle R 90¢ cesent
supplied by Horgem Crucible Company. 7This 18 & seiting
cement and cam be used up to 1900%.

{2) Zeacter fzx&% and accessoriesi~

The reguirements from the reactor tube coperating
at temperatures clese to 1700% are very execting. lany
tutes ot these teaperatures bend or crack. 3ome are not
impervious, After comparing all brands svailsble in ithe
market Triangle H.S5 Mmllite iube, marketed by Yorgan
Crucible (0., was selected. It 1s an improved porcelain
with a2 high mullite content, very reiractory and groviling
mpermeability at temperatures up to 1700%C. The ricro-
erystalline mullite structure ensures ver; high resistance
40 chemical attack, has e high mechaniesl strength, and a
wide margin of resistance to cracking under temperasiure
gradient.

The reactior tube was secaled on each end by stainless
steel sdapter and plates which were hollow eylindrical in
shape, with the oulwardly protruding collars around the holes,
fm the inlel side the end plate had a collared hole in the
centre to provide for a zlass tube bringing in gases, to
produce desired atmosphere in the reactor. It can be
tightened on the tube by means of a claaping {ixtare, tolted
%o split collar clamps fixed on the mmllite tube to avoid
the btuild up of jressure on the hot portion of the tube, ns
would happen if the clamping fixture iz bolted te the reactor
cace. The clamping butierfly screw of the fixture had =

yoke at the end to provide spuce for the right angled slass
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tube leading inte the collsred hole of ithe adeptor end
plate. The clamping plete was simllarly construcied sz the
one used in the clamping firture of resctor & snd csn be
swang on or off, guickly for tightevins purposes.

The adapbor end plate on the cutlet side of ihe
reactor tube had two collared holes to provide for the
mullite thermocouple shesth and a 510 glase cone to serve
as an cutlet for the gases, This end plate wms shouldered
%o provide speee for a mild steel ring collar, which in tum
wns holted to split collar clemp. DBoth splid collar clemps
were fixed on the mallite tube with 4 5nd of asbestos tape
in between,

The sdoptor end plates contalned silicone rabber
peskets cut by the sharp &ﬁg&&/*%ga% of approprisie sise,
heving approprintely sized holes ior the passagse ﬁf‘%&b&ﬁ
pnd shermgoouple sheath., To aveid aay leaksge each gasket
wne mede of 3 circles of silicone rubber Jjeined to one
another by silastic 110 zdhesive, s0ld by Dow Uorning Corpe
oration of Michigan U.5.4. o safeguerd sizainst the effect
ef hizh temperature on gaskets by eonduction, air cocling
of both ends of reactor tube “was done by blowlng air jets
through the holes drilled in & copper tube bent Inte &
circle arcund the reactor tube, as described earlier,

Platinus radiatien shilelds:-

Po gasrd agsinst the burning ol the gaskets by
radisztion, plutinus radiation shields were euployed on each
end., They consisied of dizes of platimum. The shield on the
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side had one collared hole in the centre and slides
on the glass tube uzesnt for Inlet games, Um the ocullet side
the shield had two holes, one ves collared snd meant for the
pessage ol thermvcouple sheath through 1t and the other one
served as the exit for the gases and was chielded on the
gasket slde by mean
angles in the middle and soldered o the dime, This ashileld
gath near ihe end of the het

wﬁmﬁ on the thermocouple ok
portion of the reanctor tube.

(3

fhe reactor tube was enclosed in a silics tube of
23" 0.0 mnd £1lled with alumins which scted as imsulction.
The ends of the element wires passed through s hole drilled
in the silica tube snd conuected %o the terzimal Doz Iixed
an the rencior case. The wires were insulsted from the
case and each other by double holed cerasmic pipe which also
afforded proteciion frou any huramful subsiance in the
insulaticon materinl. The space betwoen fhe sllics tube and
the resctor csse was filled with kieselguhr,

(4} Teactor casei-

The rescior case was mode of 18 pumuge mild steel
and was cylindrical in shape. The snds of the cylinder were
closed by screwing together two circulsr piecez of ¢” thick
Sindsayo insulstion bdoerd snd fitting to the case by seans
of luge. The piecss on ihe inner side had ¢lrcular holes
in the ceutre to sapport ihe ends of the silica tube and
the pleces on the ouiside bad heles for the resclor ltube,
which was stopped from rotating in the Deacier by elanmping
it on both sides ard inserting the srus of the ¢laap in
slots, carved on the imside of the culer Iindanyo boards,
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The reactor cass was guspended on the Tack by weans
of supporting bracketa,

(5) Terminal tlock:-

The terminsl block was nade of zersaic through which
& Jrd hole was drilled for the earih torninal, sereved to
the metallic case. The eleciric cable used was flexible 3
core, nabestos covered, cobton backed P.V.0., vwith a ten
amp. Current Capeeity. The current wne regulated by s
continuous duty < kVi smbesransformer, =iih thicker windinmgs.

(&) Temperature measuresent and Conireliie

ihe tezperature was measured by Plstinas~Dlstinum
13 shwodium thermocouple enclossed by ths mmlliile theraccouple
sheath and raaé&nng np Lo the cenire of the holt poriicn of
the reactor $ube. Dpe fo the lack o space ihe themocouple
bleck hand to be mode with exact reguirenents, It consisted
of & cylindriesl piece of hard wooud with U.02 inches dinzeter
twin holes, oond out in the middle, on opposite zides, The
erds of the thermocengle wires coudny oud Shrowgh then were
connected to two ascorew Lype teralnels Tixcd near each hole,
andg the e.m.f. gencrated was taken through the compensating
lsads alrendy mentionsd to the temiersture indicator, which
has sloo heen described esrlier. For measuring tunperstures
higher them 1500%C, a potenticacter wan used,

{7) #Hessurements of the reascter parisie

Hepotor tubale
Lmh Telia LT

“«

30" 7/5 &

Inlet tchet-
32" /32 5/16%



(atiet tubes-

s ML ‘zuﬁg é’gt
i /32" 5/16

Theraocouple sheathie
}isﬁa.:"ﬁi Ialta Celle
15" /32" 1z2/32n

Flatinunm fsdistion shieldsse
(i) ¥adistion shield on the inlet sidesw
Digmeter of Thickness of Diameter
disc dise & collar of hole

7/6" G.02" 11/320

{ii) Rudiatior shield ¢n the cutlet zidet~
Diameter of Diameter of Lengih of
éing hele for the collar
thernctouple
sheath
1/ 2 1/8°
64

( -~
(S

Thickness of dise, Dismeter i hele for

vollar and sirip the exit of pases
0.02" 11/32"
Dirensions of stirip

220 , L
32 32



Alr ceeling copper pipes:=
Lengih of lede @F
sten dube
¥ /4"

Lagate
Llrmeter
1 i3,

ACEPLO snd ploles and AccesaorieSie
(@} inlet pides=

L0, of
ciroulsyr pards

2n

Thickness

Lepmgth of the hollow cylindrical portien  1-3/8"
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{8) Perforamce of the Resoctor fi=

lepgih of case = 23"
Piaseter ¥ = f2%
Surface ares = 27 rh« 2{7Tr") = (2 x 22 x 1 =22 + 2(22 =
7 2 12 7

= 4012 + 44 = 6.0¢4 + 1.5T1
168 26

Reslstence of 31 it. of Pi=-20; Rhodiun wire {1 fi. bas been

sabtracted, because 10" were used for snehoring and ‘% meh
is screwed to each termingl) ail roem tem eruture = .00




Tadle 5.3.8,

Perioruance Datus of Veastor B

Eadiy . Purmaoe

R

Amp Volts Ew

Teupersiure

Ghaell

Tenperature Jespsraiure
Ta

somblent

Tempe. risa

in

PTG 0e ﬁ‘s\*ﬁg}

tp - ﬁ&

B

2

g

4{ Btu/hr)
Kw x3415% hAA T
{Btu/ur)

b

4 110

4.5 125

G015 19 190 374

¢.06 19 420 788

G.198 22 112 2091.6

U4 27,5 1566 2050,.8

0.962527.8 1700 3042

23 Tl
1€ 64 4
46.5 115.7
68 1%4.4

1.5 178.7

| 453

37.8

£1.0

105.3

g 51.225 0

G 204.9 0
1.85 676,17 531.128
2 1502.56 1230, 39

2.1 1320.938 1679.482




Characteristics of Reactor B.
Rise in Furnace Temperature Vs Power Input.

18001
fioo -~
1400 1
1200 1
Rise in 1000 1

Temperature .

(tp - t,) 800

600 1

0.1 0.2 8.3-0.4 0.5 0.6

Power Input (Kw )
Fig. 5.3.13,
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R (ohms)

Gharacteristics of Reactor B.
R Vs Power Input.

30 ]

25 | /

20

o’-—‘——“o

15 10 |

10<

0;1: 0.2 0.3 0.4 0.5 0,6
Power Input (Kw )

Fig. 5.3.14.
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I¥. Siudies dn the sbecrsiion of Oxides of Julfur:-

Lt owas decdded to assort he oxides of sulfwr in
aydregen peruside for cenversion to sulpgwric seid, which
in twm gaverise o the problen of desiguing an afficiont
Zan abserber. Tweo Lypes of abaorbers were nade fo study
this gueasilonie-

{4}  Sintered disc type absorbers.

{3) Spirel type sbsorbers,
seseription of each type 15 8 followsie
{4} Lintered Dise $ype Ansorbersie

Jena Lrit glase discs of the grades 4T, (1, G2, 03
and U4 were purchaped and Tweschel type absorhbers were unde.
Thorens the size of pabbles obialned from 60 discs wes
inrge sod elze G2, G and G4 gave smell bubbles, it wes
noded thet the builld-up of gas pressures in the systen, with
size G2, 03 and G4 disc abeorbers wes high, o1 dise sbawrber
gave the appropriste sized bubbles wilh the nreassmure
davelopmens of Z0-5/8 inches of watex.

mying the study of mabble Tormetion 14 was seon,
1hst the bubbles tyslesl of the frdt glass diser of easch
grade were formed only if the dises faced mpward. Wilth
inverted dises only & single larse bubble was obiadped at m
tinme, On the sther hand 317 the dises were 30 face upwards

and the ges inled tube was Jedined o 1t oo Lhe
space waz regulred, which in furn meant lspge
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Sintered Disc Ty0e
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sbsorbing 1licuid ever to be used to give sufficient head for
absorption. To overcomeé this srobleam the gas inlet tube wan
Jodned, to the dise hHy boring = hele in its cenire.

The peasuresents of the sboorberwere as Iellovwni-

Length of abaorber 10 inches

fele of avaorber 1-1/8 inches

Sire of maln jolnt B 34

Lengith of ialet tube 11 inchesn

T.7. of inlot tube 3/16 ineh  Size of the inlet

Hameter of 61 frit tube socket = B10
ginss dise 3/4 inch

Lergih ef the outlet
tube 14 inches

T.0' OFf the outlet tube 1/4 inch

alihough sbuorber & was very eiflcient, 4% wes found
that due to the bulld up of preasure in the systen, the
1&@&3& in the flommeber was pushed out, by the sudden velemse
of aressure, wher the resclior waz opened Internitiartly to
teke the boosts oube It wua decided to use this absorber for
hydrogen sulshide absorption, in suizkide debernirstions,
whare the shove meniioned diffienltiy ¢id rot srise.

# e & 2ty ga 3 s A
VB Sedral Lype scsorberie

e eldnireste the clanece of any lenkoge ol guues
from the rescier oy interierence wmiih flosseter fluld, due
t¢ the build nup of pressure, it was neceesary to make an
efficient absorber, with minimun orepsure development. As



nealded %*,g;:iral tyse, mnd |

idtersture survey was dome to astudy the ahsorbers
deslaned by vVeaver and Zdwaris {117 Je Hi l&imm { M3,

Beommont, “1llasan and De Leng {23 )}, Harvey and fegenmbal {61),

9

sriin an

4 Creen {89} and #artin ( 83 ).
wrbin's suserber of the Yeollowing dincunlions
VRS audere

ieighd of ad
Nerzerveldrs
Yiedght, . 11
Glmzeter, wma
tapaeity, w1l 300
f*'zieai jubes
th, ¢ 42
Mameser, o U.6

sparusus, em &0

e

0.05

{a) I4 agvelepsd = preesare of 19 Lok
the aysted.

e o Lhe
she gases epoaped Shpw

i the awiz“il s sogn s the

o~
aﬂ
et
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Capacity nl 200
Yertical Tube:

lergth, ca 27.5

%’?imier, m 0.6

1 tabeg

ﬁz‘ﬁm‘kﬁr cm Q.6
Inlet Jets
ia. of lead in
tabe::, @ Jed = 045
Hia. of orifice

Zhe disueter of the orifice wes meusured

inmspectroscepe wognifier whick has an inbuilt grati

The deslgned absorber was Phus & quantitative absorption
vessel in which the sbeorbing solution wmas titrated
direcily, thus obviating the errors which inevitably
gocur, when aliguots are removed Jor titratiom. The
gases were passed through the apparstus charged with
neutral ﬁzﬂﬁ solution, which was then titrated within the

: ; wim@r sompression or suciion msy be used to

nrough the systen.

The principal sdvantisges of the above abesorber

over mont of those in general uae were its sfficiency in

baorption, its susll ceapaciiy for susorbing solutien,
and ite deslgn, which sermitied direct titrstion., Inas
ss 1t »ill operste on ne lititle ss 30 ml of liguid,
relatively concentrsied avsorbing sclutions could be used
without reguiring inconvenlently large volumes of standard
solution in titeaticn. It reduced the sressure in the
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systen 0 9=171/16 inches only.

A comparabive study of preesure development in
the system for sbeorbers containing 100 cc of Hy0,
solution esch,is given in tablc 5.4.3,

Table 5.4.3,
Conparative Study of Fressure Develorment
Due to Ausorbers,

egigned splral Designed sintered Hartin's
#ate of sbaorber disc absorber Absorber
Aspirs~ {inches of water (inches of water) (inches of water)

ton  yotere During Before During Before Iuring
babbles bubbling bubbles bubbling ‘bubbles bubbling
start atart start

100 e/ 6% 5-11/16 21 20-5/8 19 15
min

156 ec/ 7T-3/8 5% 21-1/8  20-7/8 214 15-1/8

160 ee/ 7-71/8 5~T/8 213 21=-1/8 23 153
min

Comparison of mbsorber efficlenciest-

he efficiency of each of the sbsorbers was



o

03

determined by passing through it a current of carben
dloxide free air a% various rotes Inito which was liberated
# known smount of sulfur dioxide. This was accomplished
by slowly dropping standard sodiwmm sulphite solution from
a buretie, intc a closed coniecsl flask cortaining hydro-
chloric acid. The crifice of wwrette was adjusted to
deliver 200 cc of solution/hour. To eliminete the risk
of sbscrpiion of sulfur diexide in HCL, it was kept
bolling. 4s very urisk boiling blocked the outlet tube
due to condensation of water, resulting in irrvegulsr flow
of gas mixture, a double walled condenser with a wide
inner tube was Inlerposed hetween the gas genserator and
the avoorber. In additlon boliling water was used 3o

heal the flask containing HC1, meking it boil evenly.
These precautions were necessary iﬁv'eﬂﬁﬁﬁﬁxxﬁmghthe

flow accurately.

As the evelution of 50, was slow, the gas was
swapt by air flow %o the absorber contulning Ho0,
solution. in additlonal absorber was comnected in series
to the first sbesorber. When the firet sbsorber hud
absorbed meaxlimm amount af‘ﬁﬁﬁ* the 23xcess wae carried
over Lo the second absorber, chenging the colour of the
indicator in it iLmmediately.

Prom the amounts @ﬁ'%ﬁg absorbed, the eguivalent
ancunt ﬁf‘ﬁaﬁﬁ4g vhich will evolve the sww asount of
%&2 om desulfuriseiion can be caleulated.

The resulils are sapasrised in table 5.4.4.
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Caleulationsie

63.03 gn/litre sclution of Sodiuwm sulphite was srepared.
1 ml of this solution = 0,.06303 e §a2%03

Bemction with HCL y@ﬂﬁnﬁaa-ﬁﬁﬁ gecording ¢ the following
squationse

ﬁazsﬁs + ZHCY — 2Ball + S&Q * ﬁéﬁ

Thus 126.06 gu Hagyi0y evolve = 64,06 gn 30,
= 32,06 gn §

3206 gm of & is conteined in 136.146 gn of ﬁaﬁﬁg which
will evolve as Sﬁz on desulfurieation of Qaﬁﬁé

12666 g2 of %agﬁﬁs is eguivalent to 136.146 &u

ﬁ&ﬁ@4

¥ B 125‘%
&% {;&%4

= 0,068 gm Cab0,



Table 5.4.4.

o0 8 2&@ M@j;g*gm M; wu %%f Cal ‘@ 4

3trength GRate of aﬁa&rh&é {4) which can be disle
of H,0, Aspira~ R f%riﬁeélﬁxﬁ.ﬁéé £ag,
tien Spiral Sintered Spiral Sinvered
e absorber dise no.t abﬁarh%r dise no.l
abBorber absoerber
1W0O8R 160 243 242 16.524 16,456
10 % 160 226.7 287.2 15.62 15.45
1K 100 63 B ¥ 4,284 4,08

From the data on absorbers, it woe decided $o use
100 ce of 10 B H,0, in absorbers, in which the gnsea were
passed at & rete of 100 ce/minmate. Alr snd oxypen mized
in the ratic of 10 1 1 were used for sweeping purpucen,



V. fguipment for the Zstimetion of Sul

As sulohide was estimsted by evolving »2&
absorbing it in mamoniacal szinc sulphate solution, i&ﬁ’ﬁh
& generator sud an absorber was required. The {riz Zlosse
disc ausorber previcusly described was used as an absorber.
The glaus generntor had an inlet tube for bringing in an
inert gas tov sct an sweeper and a thistle funnel for
adding the scid. The ocutlet tube had a 310 guickfit cone
which could be directly fitted to the socket of the
absorber, thus aveiding any rubber comnections,.

The dimensions of the generator were am followsi-

Hedght of generstor 124 inches

Generabor Guoet
Length | T4 inches
Pisueber | 14 dinch
Joing B 34
inist arms
Length £ indhes
Diometexr 5/32 inches
inlet arnd acid dropping tubes:
Length inside the

generator T4 inches
iiomeber 5/312 inchea
{utled tubes
Length 2¢ inches
Disueter 5/3% inches
Cone 510

Uxygen iree nitrogen was used as an inerd sas
and was passed at a rale of 100 co/min,
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R.% gmnerator asd absorber,

gig_‘, - 5 . 6. e ¥}
Clinker guenching sguipment,
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Vi. guenching fouioment for Cemeut Clinkersm—

The determinstion of phases by this method depends
upen the Ieet thut lestastanecus cooling of the silicste
mells, preserves in the charge, the phasen present at the
tempersture, Irom which the charge was quenched.

&8 the tricalelum pilicaste in clinker developes
hydrates 1f cooled in water (27), liguid air was used for
quenching. The squipment was simple and effective. It
consisted of a %" x 14" stainlcoss atoel tube plaoced in a
beaker containing liguid sir. The pellet aleng with the
boat was dropped instantaneously inte the cool tube and
was furdher coeled simultaneously by & strong blast of
liguid eir, vaporised from & tube, by di-ping it in wetex.
This methed eliminsted spurting, caused by guenching
directly in liguild sir, and gave good crystals in the
guenched olinker,

Vii. Sulfur Condensers

1t was built on the mincizle of 2 roail-road fube
and was asde of 11:0% welghd glass components, ao thet the
small welght of sulfur dessclted on 1% could be detectadble,
The dizeansisns werg as fellowsie

Heicht of sbsorber 7 inctes
Jncket tube:

Length & inches
Dimneter 1/¢ inoh
Long ia e

Length of Cone Arm 1. inches
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Inlet tube:
Lengih of Jeckebed curtion
Hleneler
Lockest

.

5% inches
1/4 inch
a1 143

14 inches

e

-}



CHAPTER VI,

e

SOURCES, PREPARATION AND ANALYSIS

0¥ MTERIALS.

"hemicals:~ All chemicals used in ressarch were of the
mrest grade avelleable. Hydrated ealciunm sulphate,
?92635 ""12%3 and 5105, the basic componenis of ihe
gystens, were critically examined before use. Precipi-
tated geﬁi}B wns used and &12{}3 was of the qzml:i%y, used
in chromatosraghic snanlysis.

Gypsun ard Conli- OGypsun ard high sulfur conl were
supplied by the Paklstan Industrial Development Corporaw
tion procured through ithe Sugerintendent Collieries
Yari Indus Yest Pakistan and stored in four gellon tins
with lever lids.

Preparation of Pure Carbon:=- Pure carbon vwse prepared
meking sugar charcosl and heating it in a furnace at
wm% in an inert atmoaphere. Hiitrogen was nsed for
this purpese. %hen the volatiles were driven off, the
carbon obtained was cooled within the furnace, tested for

Laparities and bottled.

Preparation of Coket~ Coke was osrepered from high sulphur
coal, through the courtesy of the Coal tesearch Siation,



Cs 5o Ia He Uey Horth Hyde. Coking was done in an 18"
retort, of eight pounds capacity. This cerbonising
plant is B.H, -~ AGA type ( /03 ),

Grinding of Sanplesi=~ Coal, coke and pypsum were
ground in s porcelain bell mill to -~200 mesh. Other
chemicals employed as copponertis of the asystems were also
nsleved %0 the mause size. A brush was used as a sieving
ald for gypoum, which olliervise refuses %o puss through,
dug 1o the ageregation of particles with hygroceople
moiature., Conl required considerable fime for grinding.

Yreparstion of Coal ishii- The ach was prepered acceording
to the standard methed { 46 ) an fellowsse

fe sccurstely welsgh T to 1.0 g of cosl of
known moelabure content {srepmred for srnolye
sis scocordisg o bhe melbod glven in Pusl
hesearch survey Paper Ho. 44) in 2 sillca
diek {5 om x 1 cn). Place in a maifle
furnnee ob roem tezperature and raise the
seaperature to 450% % 25% 4n 30 minutes.
Veintein at this tesperslure Lor 30 minutes,
and when ieet in an ouxldising atwosphere
at 715% L 25%C for 1 hour or until constant
in wedghi.

2. after incinerautlion cover the dish, {ransfer
the covered dish o a desicecator and allow
t0 gocl. Yelghe Trush out the ash and

wolph the euspey dish.

19
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3»  Hepest k¢ deteralnstion walil s sufficient
quantity 0.5 g of ash lLas been repaved.

Analrads of Coal and Cokese

Coal and coke was analyssd on aly dried and
Ded.To bvasis at €. 5. I. R, Coal Fesearch Sistion, North
Hyde, 3530 grsnms of cosl were carbonised st 800°%C, The
yield was 2240 grams of char. The resulis of snslysis
are reported In Appendix I.

yode of Gypwmun snd Conl

(1) Determing.ien of Free srd Combined Vater in Gypsums-

Procedurer~ ()

(&) Free vpter:- The sanple ssresd out in o thin lsyer
is weished in a baein and dried in an oven for 2 hows at
45%, It is then cocled in e desicemtor and weighed
again. The loss of welght corresponds to free weter and
is caleulsted te perceninge of sample as received.

{b) Combined water:- Place 1 gz of the sanple in a
covered crucivle znd dry at 21% fo 230% to constant
weisht. Caloulste the loas of welsht to pereensage of

sample as received and report as coubined water,

Galoculationst-

{(a) 7Pree “ater:-
vedght of basin = 31.0451 ém



felght of tasin & Jypews = 56,3253 go
o s welght of gypoim inken = 25,2200 g
welght of basiy + gypeum after removal
of molature = 5, 3085 gus,
e walahh of Sry pypown = 2%9.2114  gms,
.* . melsture = 0,086 x 100
25,2114
3 {}v@??@é'ﬁ

{b) Combvined “aberi—
wedght of beaker = 24,1266 zm
welsght of beaker ¢ gypeum = 25,1260 gn
+«%e welgkt of modat gypoun taken = 0.9514 gm

e

«*e welpgnt of dry gypoum Ysken = 80,5514 1z 95.33

160
= 0.9907 ga
weisht of beaker ¢ gypsum affer ZH.0
remeval = 24,9105 ¢n
% Ol in gypsum = G.7839 gm
«*s Cosbined water = U,2060
GeB30T
w 20,8740

x 100

{1i) Deterpinstion cof Unulphate Coritents eof Cypeup and
Conl Lehle

Froceduras-

{e) Gypsums= Ulssolve V.5 gu of bhe sanple in 50 ml of

1:% HCl, Boil. Add 100 ol of boiling water snd continue

)
}.—.«o
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wolling for 5 minutes. Filter lumediately and wash
thoroughly with hot water. Soil, and while boiling
add slowly 20 nl of a voiling 109 scluticn of BaCly.,
Dlgest hot for 1 hour or uniil precipitete settles,
Pilter anid wash., o &amﬁzulxg. lgnite over Dunsen
urrer at lowest Leat possivie until filter paper is
burned off. Jgnite ai bright red heat Tor 15 ainutes
auu welghe Hulidply this weight by 0.713735 t¢ detere
mine the welpht of 8. Then caleuluate Calbs $4.233& to
percentuge ol saupie as received.

{b} tCoal ishi= Trest a sepsrube pordlen of U.5 g of
the ash with 100 oo of HOL and 5 c¢ of Lromine water and
sgliow Lo digest at boiling polins for 1 hour. FPilter the
liguid throusk & grovicetyric filter gaper and wash the
inseluble residue with hot water. UCover ihe residue,
Boil the filtrste and while boiling treat with 1% oo of
(174 Hally solution added drop by drop 3o sermit of
usinterrupted polling. Boll the liguid to g further

15 minutes and then allow to sitand for st lesst 2 hours
or evernight 48 tbe percenmiage of sulphur 1o amsll.
¥ilter on fine paper or in a Gooch crucible, wash with
hot weter until the washings glve not more $then a trace
ef opalescence with ﬁgﬁﬁz solution. Ory and ignite,
oxidising the filter aoh in the usual panner with a drop
af ﬁ%ﬂs and sulparic avlds,.



Caleunlationgie
(a) Gypswes-
(1) Felght of gypswn taken = U.4874 gm
welght ef igniied spucibie = 12,9408 ga
welght of ignited crucidle + BaS0, =13.6003 gm
welaht of filter puper noh = O,000407 g
« %o welihi of Bei0, = 0.65943 gm

ot ﬁaﬁﬁg*ﬁﬁ%&»%@ﬁi?&lﬁnﬁ of HaS0, = U.65943
¥ 0.,13735 = 172,178 a
32,06
= GO005T z 5.3764 am

JTe ¥ opypsum w4864 n 100

048574
® %gvyﬁ

W &
weight of iynited crucible = 16,3051 go
welshd of ionited crucible + ﬁﬁ§§4 e 17,1485 i
weleht of filter puper nsh = Q00007 ¢m
o wWaizht of ﬁﬁﬁg% = (.64333 an
P gaﬁﬁi,zﬁgﬁ gguivalent of ﬁﬁﬁﬁé = 0.64333

(31} . ‘velsht of gypounm token = (L4750 g

x GLA3725 x 112,178
. 32.06
= ,GBE36 x 5.3704 @&m
x Ul.4745 gl
WPa Fogzpeum w L4745 2 JUG = G5.TeT

ot fHean Cai0.2H0 = GUa T
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(%) Coal Ashi=

“elght of watch glass = 15,2918 am
welght of watch glass + ash = 15.5633 =
«%s welght of aszh taken = 0,2715 sn
welshi of ignited erucible = 12,6420 g
veleht of d1gnited erucible + %aﬁﬁé = 12,9500 zm.
weighl of filter paper ash = 3.00007 o
« e waisht of Ta ail, = 0.0080 gm
g 333 squivalent of N = G008 % G.13738

. x 8@.&5 -

32.06
;@“{ fﬁ%ﬁB w G,00LT4 X ?‘3@
vedi15
w . 1,011

Caly equivalent ol fesl, = U008 x 013735 x;ééégéig,ém

#

; U, 154666 gm
o ST il ‘ w GO04066 x 100

, 0.2715%
1.71864

#

(i31)Determirmtion of 19,0, content of toul Ash and Gypsumi-
i -

{a) Preparation of Joluticn ol Coal Aslise

1. spcurately wedsh Ued gm of a8k in & pletinus
erueible of sboud 30 co capucily.



4.

i concenirsted N1,

y 2 pedling peint, covering
whe crucible with ite 1id ~ mnd ecomsimue the
ddgeation until haelf the ligwid hus evaporated.
444 & further 5 ce 4f acid and sendinue bolling
o neli the bulk., Add zgedn 5 oo of amcid 411
ouly < o 3 co of liguid ressdn. Urproler the
crucdslie aue <id o @ plasiuan baclin or good
Queliby clmae dishy 100 e cupaciiy, corvinining
TH to 100 ¢o ol Lod wuler, durn the orucible
on Albe side and Jddgest ab the bodling polst ar
Just bedow Jor about 20 wdwutes, grotecting the
Liguid Zrow coviamimatlon hy dust In this and
mabmegnent owrations,.

Luwer the ash wivi
allow %o digest

demove the cruedlle and 114, washilng ¢lesm with
ot water snd filier through & fine Tilier paper
(¥ taes 44} Lute a plusdpuz bsela. Vash dle
residue fise times with hot water, colleciing
the waghings with the filtrete, Ivaporaie on

& wabkel ootl.

Transfer the wet faller paper and residue 0 a
platisan crucille and witer gentle heatlvg
inciverase &1 a Juil red heal. Aldow Lo wool
and mix the resldue bthorcushly dn the crucible
with 4 g of a&&%éré@ﬁ ggﬁﬂﬁs‘ Vover the
gracipie with 165 144 end hest by nesrz of an
ordinary burasr unsil fusien polst is reached,
helee the temperasurs of Iused mass $o 1000%C

at & rate which avelds excessive turbalence,

meintain al thie temperature until liguiad is
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quiescent after which, heat for about 30 ninutes
at a teajersture not below 1100°C.

Allow the crucible to cool,then heat rapldly 1o
avout 4U0%C and immedistely plunge the lower 2/3
of the erucivle inte cold water to loosen the
medlt. Immerse the crucible in sufficient het
woter %o cover ii, contelined in a platimam basin.
Add She crucible 1id., Cover the basin and
slowly add 13 ce of concentrated HC1l., 4dd 1 or
pd ﬁr@y@-@f.ﬁgﬁg o ﬁeﬁﬁaﬁ@%& any manganic neid
which may hove come Trom sanganates forped
during sbhe fusion. Yest the liquid genily to
bolllng point, and remove the cover glass,
washing the underside Into the licuid. Lift

tut the oruclible and 1id by wmesns of 2 thin
glass rod, washing esch lube the liguid. Clean
the Inside of the cruciple with woter and a
ruvber tipred glassrod, adding the washings te
the ligudde Add 1Wee of s solution of annor
sulphate.

and
iransler tie liyuid/precipitsie to the vessel
in whieh $he aeid solulion of ithe ash has been
evaporatdng. .vaporsie e whole to dryness
in a waterbeth,

Cool, cover the vsain snd add 10 e¢ of concen=
trated HCLl, followed after 2 %0 3 ninutes by

40 ce of hot water. Hewove Lhe cover glass,
waehing the underside Into the iliguid. Heat the

o



liquid to boiling point and maintein it at ihe
beiling point for 10 mimutes. Decant the
pupernstart ligaid througk a rspid, low ash,
filter paper Whatman Ho. 41, subseguently
woshing the residue on to the paper. VWash the
reaidue with hot diluted ECL snd 3 tises with
hot water. IFvaporate the filirate to dryness
or @ witer bath. Hest in sn over =t 110°C for
1 .i"imf’t

{b) Procedure for Roth Conl ish anG Gy eumie

Take £ guns of gypsunm in o benker. In g second
beaker take the solution of coal ash as obisined above
ard proceed with these samples separutely ss followsiw

A48 25 ce of 1 ¢ 1 HUL and boil gently on hot
plate $111 the respldue iz white or ronslsre llght coloured
on eontinued bedling. Cool & 1ittle and sdd s few drops
of ¥ Eﬁﬁé 40 oxidise iron conplelely baking care o add
enly 1 drop in excess sc thsd bhe pink colour will fade
guickly. Add 200 ce H G, 2U oo 1 + 1 Hy80, and & granm
of ammoriuwa thiocyansie and shake. Yltlrate with a
solusion of mercurous nistrate, ghaking well throughout
the $itrstior, uniil he red colour of ferric thiccyanste
is Just disclsrged.

Standardisstion of Hercurous Hiirotei- Take 25 co of
decinorasl solution of Perrous smuonium sulphate, add
20 ce of ailuted HyS0, and cool to shout 10%, adé a
decinoraal solutdon of %ﬁgi $All tbe iron is exidised



ard there is 80 saall an ezcess of permsnganate that the
pink celour fades guiskly. Add B zm sssonium thiegyanate
and allow the soluition to atianin room temperuinurse.
{itrate wilh o solution of ¥ercurcus nitrate, shuking
vigorounly throughoul the titrstior, until the colour

of ferric thieccyanate is Just discharged.

Caloulstionsti-

(a) Gyosusi-

wedght of gyseun teken = 1,888 gm
2% ¢e of standerd Ferric ammonium
sulphate solution = 40,15 e¢ of nerourcus
nitrete solution
1 cc ¢f siardord ferric alum.
solution = 000756 m of Pe203

e o V1 o2 of Ng EﬁBVﬁﬁlﬁ%iﬁm = Z

=% fﬁgéﬁfjéts gﬁl F@zﬁ}

Iron sontained in gyosun conmues = J,1 ¢o of
merourous nitroate
selution
R %@233 in LY oot |

« 0.,00413 =z 0.1 x 140 w0024
1,088

-

b

AW

X

-
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{b) Coml ishie

welght of weichylass = 15,2917 m
welght of watchglans + ash = 15.49%0 m
welsht of ash taken = 0.2033 ¢m

Ho. of eo of Hgn§3 used = 13,1

Shandnrdisnticnre

5 oo of gtandard Foi.0e = .49 co of ﬁgnﬁ3
»“« 1 ce of ﬁgnﬁz = ;

.505‘}

&
« e ?eﬁﬁs = 000407 ¥ 13.1 = 100

ﬁ;éﬁ33
= 25,0047
(iv) Determinsiion of : 330, 250, avd AL.C. Content of

Cesl ish angd vaﬂﬁﬁzw

The snglysis was done sooording te stardard
netheds (114 ) using soectrophotomeier Bo, 5.7600 built
by Unicen Instrusent Co. Hickel erucibles were used in
the deterzinstions. Jolutlons ¢f chenlenls ilinble to
corrode glaps were kepd dn polythene botiles to swoid
addition of Eiég. 4 microbunlance was used for welighing
eoal ash and gyssum da the spectrophotomeiric work.

Po ensure dhe ebabilisy of the sowrce of 1illumaine
atien in the spectiroybolometer u storage batlory was used.
The anvlifier circult of the inalrusert wae fed By a.c,
line. Care wos tuken to Fix the sdapier cortedning the



celles rigidiy in the spectrophotoumeter, as slight shifts

in positlon caused large chaczes in the fraciior of
incident 1ligbi reflected [renm the oat tube surisce. The
agapior was adjusieble 1o fiz ecells of different dimensions.

After switching on the specircphutometer, sone
tine was glven o stabilise the instrusent resdings. The
conmrdson tube costainiryg the reference blunk solution
was asved Lo posiltion. The wnvelangth selecior was
adjusted %ov the deadred wave lengih, e.z. 370 or 600 nuan.u.
asing blue hotecell. Abave €37 red photocell car be
uged., Tirsi the dark ourrendt switch wans moved to gdjust
the positicnc of the nsedle b0 were snd then the "cheok®
Enob wes aoved to bring the position of the needle agalin
e zero with Blenk golution inserted ir position. Then
the saaple sclutions were ineerted in position one by one
and tie resdings itaken,

Frocedares-

{a) Silics feteralnobionsliw

Te “edrh mocurately U.1 gun of smople, prowmd ¢ ouss
= 100 mesh soreern. Jransfer o 2 nickel ormicible

of aporoximately TH cc capucity.
2. add 10 seliets (mpprozimstely 1.9 anm) of Ns(H.

3. cover the erucitle avd heat to dull red for 31 te
§ minutes. Temove {rom e usat and swirl the
melt arcund the sides of the omieible. Allew te
-cool.



ke £3¢ approzlmetely 5C ec of distilied water and
' t 1% to 20 minutes,
dietinum rod.
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5. Tronsfer the conjterts of the oracible to a
&UG oo d@ﬁk&? con tﬁiﬁi%g‘ﬁﬁﬁrﬁxiﬂﬁﬁﬁly 400 cc
of distilled water and 6 co of FC1, Gorud the
crusible ﬁiih 5 rubber rolicemsn prd wash any
remalaing solulion or residue intc the beaker.

G Trapafer e solution o 8 1 litre volumetrie
flaak, m:ke ap te volume with distilled water
ard milzx well,

In the deterauln:tion of “i@z, the yellew silicoe
aclybdate conplez 1o reduced Lo molybdenus blue and the
Pracsmissior of 1is%t s mosenred st 690 m.w.d. A8
gllies 1a the gredosiract conglituent In silicate rocks,
rels.ively acre grecise values ure desired for ©ilny than
for $he congbitueris uresent in lower ocolesnirestionnm,

voluse aeaturesent and
greciruihoioieter rendda s we € @&&% acouraleiy.

Heagentaim

{a} Asmoniunm mﬁ”“f?uﬂ{iﬁu Teusgent selubloni- Llssolve

75 g ancenius molybdate in TH% oo of water. Add 100 ce
of 1 ¢ 1 Hp30, and sake up to ome 1litre in volume. Store

in a plasitic uobtlie.

(t) Tartavic scid sslution 10%0i=~ %ater solutlon, stored

13



in & plastic botsle, 500 zl.

() Tfeducing soluiicii- Jicscive 7 om of sedium sulfite
in water. idd 1.5 gu of 1«&&iﬂau2 nuphthol~-4 suliondc
acid and ailc untidl disecived. DJlusoive YU gran of
aadi&w,%iﬂﬁ;*‘ te dn 80U e af weter, and add this
solaticn to the volutien avove and uix.

Heference Hilanderd Solubicnse

A solulian is prepgured by the weihod described
above, using ihe Naticnal Bureau of Htardards ssmple
N, 70 or €49, The mickel erucible should be carefully
clesned wilh diluted TCL before use to reaove sny iran,
which may hove been L¢f% ou the crucible from the
srevicus fusion., Uhe v*a@é&r« sulution “hﬁﬁl@ e siored
in a plastic Lottle and should e srepares fresh if aore
thar o weel old.

Frecedures-

1. Pipette 5 ce of prepmred ssmple solution into
a 100 oo {lesk.

Ce A4 B0 co wster,

3. o another 100 ¢¢ volumeiric flask, add 50 oce

o e . v g R
wnter as o slonk,

4. Add 1 ce ol the amondus sulybdate resgent to
h {lask, svirling the flasks during the

e

()
.



asdditions, iz well end allow to stand for 10
minutes,

5. Add 4 e¢ of the turtaric ncid selution, awirling
the fluske whille asdaing.

Oe add 1 ce of the reducbs:t solution while swivrling
flaske, mnue S0 volams, wlz well snd sllow
3 3 nminubes.

T reteraine (he perocenbnye trarsmission for essch
goluslon u%F (50 .iadey uBling the resgent blank
solutdon ss She reference blank sclusion.

Foobor for Caleviations:r =  Tercent ﬂiﬂz af couparison zitardard

sLsvrbance of comparison stondard
e rarcent Siﬁﬁ in ssmple = Facior x avscrbance of sauple
solution.

(b} Zest for 0. 1=

an extract ol gypsuwa end asb wan asde by toking
1 eu ssuples and addd ¢ 1o e 1+ 1 ﬁgﬁw% and 20 o of B F
in & platinum crucible. after digesiing evernight the
yolume was reduced e 9 20 on g slean Dath. OCrucible wos
hegted or a4 burner o Vthe evolutlonm of ¢ 3 umesn. The
B

erucible was cooled mna she conlesvs dlssolvsd dn 200 oo
voluzesric Tliask. 15 oo ol his socluiion were run inio

15 ce of Ti0, rengeni sclution {rewmred by adding 100 ce



T+ 1 ,.;i .. 10 oo ard 100 ce of 30 %, %
Te0 eo af water a4 shered in u ;xswﬁ.%%t%;%;f

Bo yellow eolo v develooed., Thas titanium wos
absert froez ash snd oy oein.

{e) §1§§3 Deterainntionss e

BEASUTRL,
misaion of ?3,4% sl 3?% Betiatts of the oo ;1&@ ﬁf ﬁl&ﬁiﬁiﬁ&
with ferroe. (& hydrozy=-T-lodo=% guinsline salfendc acid).

&
n
&
g‘i

+

Ircn and Pitanium also form cosplexes wiith ferron
which affect the abscrbence ai 370 nm.u.u. $he effects
arc sropsréisnel 4o toslr yaﬁya@ﬁi¥§ zureeniraticns and
are awdcitive oo it 1o sossinle o ly ecorrections for
them. The correction for TG, s Lased on the eontentration
of &iw» in bthe samxle zp Jdetorals The corrociicn for
iron iu pazed o the deterainstion of she effect of iren
aobunlly osresert in the nelotien, used in tle determincsiion
of ﬁlzﬁsﬁ Zhis is necessnry becpuse of the partial
retention of dron by the nieckel crusible used for the Halul
fusion. The effect of irer setuslly vresent in the
selutdon osn rendily be deterulies becnuse 1% is the ouly
coumon ion complexed vy Lerron which
gbacrberce at L00 m.o.n. ond the relst

Gl CONCETI-
tration of iren to shoorinces le lipenr abt bobh 370 o.m.1.

Henjenisle

ferron (O-hydroxyei-ivio=3 qui caioe sulionie acdd) sclution,



U252 water soluticn, 1060 ce.

sAzpordum Acetate Colution, 107 Water solutiom, 1000 ece
Hely 1 ¢ § selution.

tandard ¥e Lolutdons~ Drepars » soluition in which 1 ce
containg .01 my of f%?&3 by dilnting 10 ee of the standard
iron solution ﬁﬁ?ﬁ} = 0.5 mg/ml te 500 ce with mater,

ihe stardard iror solultion iz premsred as followsie

Weleh G.0U8 » of pars ireon wire, 7Tisselve in
530 e of 1 ¢ 1 HCL. Aqd 50 ee of ﬁzﬁ“&g
Ewaporate and hest to fumes of 50 4 adding
approzimmtely 1 co of nﬁQQ as the fuawing peint
is resched. Uool, dilute “te 200 nl, and beat
untlil seluticen is elesr. Jool and sske up $o
twe litres wich dignilildd waser. OH, Pipstte
2 eo of stundard ferric a@m@ﬁi&ﬁ sulphale
solution {(24.11 gm P.AL5/500 ce) into s litre
volunetyic flusk and dilnte to the nark with
distilied waber. This oy wred soclution
pomtaing 001552 my ?&zuﬁfmla

ieference Htandard Solutiont~ The reference standsrd
solution orepared for the determivntion of %2@2 is used,

Procedures=
1. Transfer 10 g2 »f solution 4, 10 o0 of the

referenne atarderd solution ard 10 oo af +the
etondnpd F &ﬁﬁE zalution to 2enavete 100 co
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G.

T

For the Tirct ses of samples, and occonslorally
hersattar, 10 co of ho standand Zifg solution
is alse carried thryough whe orocedure.

2Aluse the solutiens in dhe fiashs ¢ asproxiastely
O ez ASd azssroxinstely 70 co of distilied

water 1o another 100 e veluwsewrde vlask fo be

used sor Yhe pregauvation of a zeagent

"‘1 qiiyf: &

HOL (Y 4 9) o esach Jlask ard mix.

T ety R R N T RE ey
bl Smnondun adatave soiusien Lo

%
P b g SR
2 ‘%4.&?&.&»&% PRI .{i; 5334}...

&
sk
T
o
£
&
B!
e
ok 3\(
M &=
?e«

Cilnelly sad 10 oo ol bie Yerron solusicn wiidle
T g b 2 g oo, P Y. o, O T
4: wa«’\'w e :.:iw,‘ifm%a @;;f g i:‘ ¥ *&L&L&i@’ ;ii:ﬁ\ %‘}21&,

&

oG ailow the selutlions Lo stand 2t louast oune

Ivanefer %0 co of esech coluiion o compsrison
eells ond deternine assorbacce ot 370 deid.lde,

%

uasing the reagent vlank solusion as the relference

seterpine shrorbance ol GUU D.n.d. Tor sach
ﬁalaﬁiﬂﬁ, excent the rolerence obardard solusion
and 3ne selotion covialining the ptardsrg 7 iuz,

5
fg

uaing the ressent blork selutden as the refers: o
blunlk.



Yethod of Taleninticroye

1.

2.

[ W
L

-
»

{‘l

=
faf

P

4

Poeter for Sren ooryecsion

= wbsorbance of miandsrd Fe.0, at 370 mm
shonrharce of &

gharlnrd ?@§$3 at GO0 xmm

{ﬂ}.m}ﬁ ‘z’% ¥l w\s}wa‘w"‘ﬁ

ey 324

o 2.
Faw jron affech.

Phe iron correctionm = i&gﬁs correction factor x

ghacrbarce of sample solution
at 600 m =

e auscerbance at Y0 5 owa due
to drom

BubsTact vao Fe,U, cerreciion f{rom the mheorbance
L |
yalaes oulelned for Sha semcle sceluntion at 370 - ma.

Calouwlste the Inmcler Jov ﬁiﬁﬁja

Factor = connentrasion &i &xgg} in reference gtandard
assorbance ot 373

e TL.

el culahe b roosh ﬁlr‘ye -

r

1 OAL,0, = faetor i corcecied ambsorvarce, step 4.

Budn Yeldes s saaple

Tive 949 ﬁﬂﬁg&i&é by U. S
faresu i

B T e ry
VR SRS RE P TS Y i o K e

ne 0 Comueree,
cortaing €0 668 %iﬁg and 15,06%



Calcalasionsse

telshits lakenie

#

welghis ol ash Laden SIRYT DVTY (VI
welsht of gypsam taken = ULUB41T am
welent ol Faidsgar

tanen = ULU4G0T3 g

Silica Cenbeniim

(a) Syspoums

Gypoun developed no coicur
Yo ciidom eorwend o= UL,

(h) Conl ash:

0.04 5‘5’?&'}

= 43,08 48

ﬁlﬁf@} content

ndnrd = {NE}‘{

;3

of pypoum ub
37»* FielielBe = *{3{}3
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Absorbarce of gypaum at

600 Memanta = 0,000
Absorbance of ash at

37%3 Tialielie = i}i&?ﬁ
Avacrbance of ssh at

G0 Helielle e 0,117

Absorbarce of Fe solution

at 600 meiieR. = (.112
Absorbance ¢ Fe solution

8t 370 m.m.u. = (5,145

Stendard dren solution contains = UW01552 mg Fe,O per ce
T

Correction factor for Fe = $,14% = 1.294
val112

(a) Cocal Ashi=

Absorbance due o0 Fe at 370 m.n.ua. = 0.117 x 1,204
' = (.1515
. absorbance due Lo ﬁl?QB at 370 mezau o= 0,515 - $,1515
= 00,3635

P élgﬁs in Ash =




(v)

Gy poums -

‘ﬁ12$3 ir gypson

(v) Hesulis:~

Gypeams-

free water
Gombined water
Hilica

3?‘33@3

Mz‘};

Titania

Casl 4 2Ha0

sdlica
?&233
filgﬁB
Titanis
?%%3‘43
Casl 4

140

= 19»@6 x Q 003 x & ﬁﬁﬂ?l:

0.237  0.05417

= 0,222 ¢

B % B B B B B

§ %

¥ % B €

0.0746 %
20.874 #
000 %
0.02 &
0.222
0.00 ¢
55,758 %

43.0845

25.504 &

29.35 4
000 %
1,011 4
1.718 ¢
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stardardisation of Arnlytical Methods and ‘recedure
Jor Tho Suns

I. standardisatior of Aralytical Jethods:e
A MW%Q Tethiodse

Caleiun sulph fe when keated with earbon, silica
and asetallin oxldes at hish temjersiuree, gives rise to
the evolution of ozlies of oulphur, ir ozidisieg
stnoepbores. hen the tiame of hesting is szall some
milehice is nlse formed. In non-oxidising simospheres
also, the problem of the esbincotio of sulvhur dloxide
and coleiunm oulphide wes to e colved,

It was declded o sowerd the cxidea of sulphur
in 10 BH, U,y %o converi then into malphurie acid and
estioate bhes voluaetricaily.

The elley wap tuken ouv 0f the resclior and the
caleiun sulpidde consadned in iv wns eotinsied by
evolving the M8 with seld snd sboersing 1% in a maitaule
solutior and then esilanbing 1T voluas

B, Crobless casoecisted with the letersination
of Usides of bulgbur A sorbed in Hydrogen

Py ey 4
Perurldese

Fydrogen peroside iﬁ'ﬁﬁ@ﬁily'ﬁ%ﬁgﬁziﬁﬁﬁ ik an

141

acid. “hile deberndning Lhe aodd conbert of HaU, wupolied



vy laporte ihemicals Pty., it was found to be stabilised
by venzole meld. Onrbon diexide produced from carbon
in the pelietl, is aluc niporbed iIn M0, glving rise to
carboric neid, The _resence ¢f these weak scide in
powerful oxiclsing sgent like 1,0, introduced the jrom
biem of avcurstely eslinmciing the sulshuric aseld
preduced Ivom the oxlies of suliur, evelved frem the
pellet. A sulteble ilndicaiucr wus required to estioate
the scidity produced by absorbing the gases in (a) HyO,
contedning o baown excesu of atondayd HalE solutien

(b} or neuwbral H,0,.

The folluwing iniicmbtors were found mnsuitable:

{a) Iromothysel vlue.

{d) “ethyl orsuge + Indizo-Caramine,
{#; “ethyl yellow.

{£; vinethyl yellow.

{g) Hethyl yellow + methylene blue,
{#} Heutral red + methylense blue,

, » o
Bromt Qresel purpit.

o~
[
Twr

fosolie acid (uve gly eltacked by Fyls).

ey,
Beaitr
o

142
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g dndlentors wideh preved geod In acldic

x

{2} Zethyl red + Yethyiene blue.

red + hromo oresol SYeen.

mude 1o see how they responded in
alinline M.0,, e tlere wae ro vefersrce to it in the
1iterature, ?ii”:{ nognred o work alei #hY in ??2“;,;2
acde slinlize will sterdard Sal¥ solution to mhich 1 oo
of 5/10 edinge-curbo: te soluiion was added, on titrsting
agninet nisnderd 510 FOUL, but under sctual ex meriuental
cordiiicons fhey 4id nol respond. Instesd of one drop,

5 o of 510 Y01 were reguired for s ecolour change. 16
91:1 innte the pousindlit, of ictsriervrce due o

gnsolc aeld, bydrogen percilde was repared from sodiun

ﬁ@?@&iﬁ%* thout 7 gress of Tagl, were dlssolved dn

100 ec disiilled water fo givﬁ 1% ‘”gﬁz solution, the
nikaldnisy of "y ; egual o ZH Halw
soluation, snd &alﬁmﬁr ﬁiﬁﬁi&% wan sopsroed Iin it. The
tdirution umde bepd HO ﬁ,ﬁm pucve 1o ui&awr&:

¢id not giv
of two ﬁ%lﬁ%iﬁﬂ%

gr

Tima sulpbur dioride sbeorbded 1o neutrsl
hydrogen seroxice anu suldhuric sodd was Litzated saninst
Gethyl red + Lromonresoel
red by mizing three

o pesution dn slochol aed

stondard Ha0¥ solution uoslng

groe: as m“iaﬂ&ﬁfﬂ it s
werts of G107 dromoerescl (1
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one art of 0,27 methyl red zolution in slechel., The
colour shonge 1o excentionslly shars st 3 5.1. The
eolour in aeidde zediuz iz wire red and in alkaline
mediws green. The indicator is stable te@arﬁﬁ'ﬂgézg

Yethyl red groreened with methylene blue has a
red violet colour st o 5.2, éirty blue at 5.4, dirty
green at 5.6, srd thus not as sharp in colour change an
wher sereened with brong-oressl greern,

s

Ce  Deterairation of the ulshide Corntentim

Freom the mliste heated In the furnace, the amount
of sulchide sulohur ez be entimeted by evolvwing the
sulvohar asn ﬂﬁﬁ, which omn be satimnted by absorbing in
the polntion of s muliebls mbatmoe and bhook titration.

To fivnd o suliatle volunedris nethod an2linable
in dedersinives smell anownts of swolved ﬁgﬁ, the following
methods were tried.

(=) ﬁgﬁ wne ansorbed I- a imowrn excess of siandard
iodire solution nnd titrated sjainet sodium thiocsulghate
gelution uning sodius sisreh glyecoedlste s iodlestor.
The mothod was defeoitive s Lhe srecipitated sulshur
enciosed s portion of lodine which escaved Yitrotion,

(b} ZEvolved i3 was alsorved in & standard sodium
arsenite solution prepored by dissclving srsenious ozide
in 107 Xal¥ selutiom, ncidifdied with HUL, filtered,

9

§
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neutralized with sodiws bicsvbonate, and titrsied the
excess of arcseniocus secid againsi iodine, using sodlun
gtarch glycollate se 1. dinstor,

in this =method, the f£iltrstion of srseniocus
sulphide vecomes recessar; in ench titretien, making it
Cumberseae, Loreover Lhe indisaior tzkes s few drops teo
shoew the colour change.

(¢} 'ﬁl@E wes used ss an oxidising moent in methed (b)
keeping the acicity of the pelution petween 38 and 5N,
as with too bigh scidity the remotien fook place very
slowly. No saitable reverasible indicslor was svaillsble,
while it was difldeult to et concordant resulbs using
chloroiorm or csrion leirachlorice in detecting the

end podnt oy the loss of purple colour in thelr layers.

(8) Potassium vromste seemed very proamising ss oxidising
aeent in sreserce of high scidily, using o-ns hthofliavone
or pesthoxychryscidine se interssl indieators. In

thie aleo 1t was found thee the filirstion of arsenicus
sulphide was necessary, ss due 30 the strong oxidising
neture, it oxldised the salpbide as eell ns the arsericus
Bodde

() To aveid the filtrstion oi the colloidal precipitate
the following were tried o ausery Hibie

(1) smsoniascalecadnivs ohloride scluticni- It
was sotn found bosd b4 soluntion was
pilectes vy lisghit and hence dusulbsiple,.



(11) Asomoniecal zine sulpheter- 7This solution
groved wsefnl ond was very effective.

Hodified Methods-

The Fob evelved was aboorbed In srmoniecsl sine
sulphute solution, then seldilied with exrcess of ¥C1, ¥Br
solution sdded, a0 d tiiratsd apainst Potasnslusm bromate
uging e-navhthiolinvene as indiestor, which was more
sensifive $lum ever peeshoxyehrryesoidine. a-naphthoflavone
indicator wns pressred by dissoelving 0.1 gn in 1006 ce
ol aihyl aleochel.

Thus in thio method, the use of lodine ard
iecdides, lodste snd lodide, atareh and irreversible
irdicotors was enlirely aveided. It was found that
iodate s»d fodlde mixture evolved fodine sven without
acidification.

11, Procesdure For The Tunie
&y Pellel Sakdugte

The dry conptituenis powdered fo -200 nesh were
ac urabely welshed, wod thorouehly sdzed #ith o pesile
end aorier. The zizture so ocbiained was dry-ressed in
the pelliet zmking machlse nnd the pellets dried cverzight
at 45% ¢ eliminste muy moisture. Ihfsellets were then
weds hed ir the sletlrusm boats and ket resdy for feeding




in the rescior.

any form, while saking the

sliet wow strack each tiane.
cood pellet 11 was kepd wressed in the sechine
for a mirute. They were herdled throughout by a spatuls.

Be Froductlon and Regulation of Atmospheres
in the Meactorsie

For cxidlsing atnospleres, alr and oxypen were
ainitted In the wescior du the ratiec 10 ¢ 1 ot & rale
of 100 eofuimate. Adir was first -essed through the
sorubher 0 renove %2 wind dust periicles and then

brough UY=tubes coctainirg silica gel and phosghorous
m,%mim to remove the traces of water., Its flow

vas acasmired by & caliorsted flowasetsr smud then nized
with furified erggen in o T-tube wherelrom it peesed
through & mmibber tube, indte the reacior. The oxygen
wio arified by pussing through a bubbler containing
cone. sulphuoric acld, and g U-itube cortairdng nscarite.
Ite flew nag gseasured iv a 2esend flowsvier and then

B g &7 am, & opm p ay
Wi LELE VLG ggen

en b g g g ey A "% Fa s s awe g oA g
PR BATCR S S i RELY S S SRS IR GHE Ak 8 3T £ 3N

= T s e gy B o o Bl Ay g Been o g o
Ca Temsereturs Adjusthenile

T T A T L ‘t: 3 e W - ciy Tl oy T W L L3 e
The Lemperolure war SIOVRXY Ceraiuily odjustagd

= y e e .‘ DY I TR PRI T SO N y
and eare was taken to nvold fluctantlone durding 4$he run



arrandecent ¢f shr eguipaent for the
study of decempositien of gyyous in
oxidising utuosphere,
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praciice of gavirg
bulence Deflore Lhe (Lne
sariiculsy Lwhserstus
gralure wao relsed anc Lowersd slowiy

5

Ry 2 g ;s ¥ Lo o &
WA and wez howob st

nulh usned.

-3 %L%

se anserteon of Boas Cesdaining U

RUr o .ﬁswmd“‘gyggﬁzu wi Ghe

Yo thia
e B & 0

Evalved a8t

PR o g atyen cu o H - o % b
Lhe wencbor sas flaashed with

daee bhe desized abgonshores and Lho

alised 10 g%iz,@%g wng comeeked Lo Lhe

oullet Bubs.  The gao flow acd the sowersture were

rowcteckad.  The lmet endplate was resoved gulokly nnd

he boad cunluindag miiled wap §u$h§§ inside She

ol 8 agdiica lsunalidng rod oarryinyg

aoadrs bend adv right angles o fors n &vﬁﬁ a&d
vf the rod by means of a $hin zolyvbdenn

arenents of the lsunching devices wers

s

verstin of red - BL Swoven
re % ,f %

A% 24 T & s oy 7

Thickng ek Gl e TV 174

ST AEEEN

»* 4%
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Z‘!ws ?!.202
Pistiimmse boat end the lsanchlieg
de7iote



1ol

sioalienecunly with the poshling of ke boet do
e umiddle of the Lot worticor of the resctor vhere it

e

rested agaiost the vrd of Lhe thermoccuple shesth, the
koot of the 2lep woboh was orecned o keap exact time,
A% Bowr as the tdme wes over the boot wes withdraen
from the resctor wuishly, snd the m}.&gmta of the
renllor screved on
dene Ly aeans of

“y

B.¥ags prabinwg wire $ied o the
Doat ”:"J*{ﬁzii“ # hele driiled in ite sdde, with the [ree
@l el #ire volled dnto g Znoh %6 freilitate
O T author wi*ewa that the withdrawal from
L done as dropping of a
pellet fron a woriicsl rencior. The lensth of &
& Was aarge ensush bo orevert the sooape of evolved
gares during the L osertlon end sithdrewal of the boat,
#ieh wae Borae ous by conceordsct resulis. Pithdrawmal

it Ton w Bgen v, W e o SH
Wi boe ooy Ba

0

ang olate Susk % seconds.
e PeacLur Labe waw thonm Dlushed for &0 sinutes $o
toe suoorbed mw she sulshuric
Cacld produned Vitrutod sgeinet stacdard alkell solution,

drdve off Whe sases vk

e AGE rommoblante

ﬁ?*

WHIEEy Be s 7‘{*%} ig fﬁﬁg VR
aroduced 1a i he sisuros 1% gave negnilve tesis for
’3“3 and wos found o o %%2&2 @iy cwryying w bit of

&3

&giui“ﬁy with 2%. Uhree saBoroers we

v oisaesd dn gories

Lo make re Rhot nw 2200 Akd,



F., Hemoval of éi%;_,w

Uy contained in alr was scrubbed off before
entering the reactor. Heme U, obtained from the carbon
contained ir the pellet, was sbsorbed in H,0, making
it aclidic, but it was completely removed by thes bubbling
of carrier gases during the flushing perdcd of twenty
ainutes. ' :

G, Procedure for the Titration of Sulpghuric
Acid Formed in the Absorberie

It was first of all made sure that the sulphur
sbuorber wus perfecily clean and otherwise in good
cordition. 1u0cc of TWEH,0, were transferred to the
absorber. HSix drops of the Brouccrescl grees - methyl
red indicstor were added. Uhe sclution was estirred by
comnecting the absorber to the reavdor and employing
the 00, free gas stresn coming out of i% for stirring.
Wine red colour develcped due $o the benzeic geld
presert in the H,0, and U.01 § G0y free solution was
used dropeise o reutralise the acidity, shown by the
just dispelling of the wine ved colour. Ihie wos taken
as the end point., If thds point was overtlirated, one
or more drvops of i.“;z,iﬁwgér é}ﬁg free HOL standexrdised
againgt borax sclublion,/added and adjusied the end point
with HaUR socluilon.

Next, checked the rates of flow ol the sveeping
gas mixture (100 ce/minute) and adjusted the temuperature,
The bont contsining the pellet wae then ado tted in



e
w
o

the hoitest some of the reactor alemg with the wire tied
to the boat axnd the evolved gases were sbsorbed and
converted to ‘;‘ﬁzféf:?@ by H, 0, solution in the absorber.
After the reguired imterval of time the boat was pulled
out quickly by mesns of the attached wirs, on o & |
ceranic recelving tray, held just under iz front of the
opening, The resctor was sealed again by scerewiag on
the end plate and any remsining evolved gases swept

for 20 mlmates. Suiphardie scid forwed in the absorber
turns the colour of the indiestor wine red.

Afber 20 minutes, the stacdaxrd NelH selution
was sdded %o the absorber uniil the wine red eolour
dust disgppeared. Hinsed three tines through the inlet
ars of the absorber by means of n atrean of GOy free
water froaz a wash bottle, and the Mbbling contimed
each time accompanied with neutralisstion. The titrated
solution wss poured fros the sboorbor amd replaced
with another 100 ee of 10 ﬁﬁzﬁa solution preparstory te
another detevainstion. Ho rinsing of absorber was
necesLary,

Ha Vi’m%ﬁam for the Determinstion of the
Sulphide Contentie

Preparstion of the sbsorption solution of
Aomoniacsl zine sulphatetw

200 gas of zine muilpbaie were discolved in
1000 oo of ﬁgﬁ and 1004 eo of sirong ﬁ’%iﬁ% were added,




and Tiltration done after 24 hours.
Iroceduret-

T ﬁz; Zererotor wns swept free of nir bBY G
atrean of ciygen free nibrogen obitained frow a oyiinier.
The bont containing the pellet was dropped in it end 30 cc
of 6% !CL were guickly dropped through the thistle funnel
and the avsorber containing 10 ce of smmoniacal zine
sulphate solution and 40 co ¢f water lmmedisiely allached
Lo the generutor. nyg&n free nitrogen wuas then mosed

at a slow rate (co. 100 co/minute) through the eguiment
and the generstor was heated on a very low flame for tem
minutes. DSdssillstion of HCL wi%h.ﬁg‘ was avelded as

mich z2@ possible. H,y3 turned amsoniacal zinc sulphate
solution milky. Any trace of ﬁaﬁ left in the geuverstor
was then swept away by the Ha to the absorbed after which
the nitrogen flow was stopped and the absorber disconnectcd.
The sclubion in the sbeorber was ocoled under & tan and
then gsoured inm a beaker. The inlet tube and the frit glacs
along with $he sbsorber were rinsed tiree times and the
rinaings sdded to the benker, The contento of the

beaker were dilused wilth distillied weler Lo 200 cno, and

40 cc of ﬁﬁﬁﬁl were sdded Lo liberade EES* followed by

10 ec of 107 8Py sclution, 1 co of censphthoflavone
indicator a&ﬁ.titraﬁi@n'%aw done agnlnet stardard pote
assiun brommite solution, until the wwleur ol the solution
changzed ¢ orange. The colour charge was sharp.

Fﬁ?ﬁ}’ when present in the pellet, foraed Eeﬁ13
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Hg.s. 7'2‘3
dauisnent for tav estinetion ef
mldhide salpiel.



with tie Ly.rochloric seid, which oxidised By% to 5 and
attioked the pl tinum Loats cccording te the following
e;uztion (63):iw=

P+ 4 §$€13 = P Clé + 4 ?eﬁlg

ihereiore, whenever coke or ?9263 wan uged 20 A CONw
stituent ol the pellet, ﬁgﬁ‘Wma evolved wit: the help
of 20 cc of concen raited 01 o whieh 3 cec of 104
st.nnous chloride solution wes added to reduce the
ferric iron into ferrous stute. In praciice siannous
ciloride solution wag sdded Tirst, followed by corca
ACle Tin sulphide formed decouposed in the preasence of
not, concenirated CL to give Hzg which was carried over
by t.e nitregen strean 30 the absorber,

dnenever bhe apount of sulphide in the pellet
woa sppreclasle 20 ee of smmonian sulphate solution

t e alsorver, snd after assorpiion

Fy
13
e
o]
0

were gaploved in
50 co of GR 0L wers added to libe ate Loe ﬁgﬁ*
Theoretic-lly t e minimus snmount ol water In which &Zﬁ
produced from 1 om of Oalb will remodn asoliuble dis

12442 Eie

In order to avold clogging of the pores of the
frit slass, it was kept dipred in HHICL and wanned with
distilled water hefore usne.

(WA
(@)
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T, Probles of selis obteined ot Bish 7 B pere uren e

Fhenever fwi%’ wore oodedred In the vonte slfsy
teating pellels of iﬁafiz%z* %ﬁ;:}mimma@ it wan found
thzt they stuck te %m Bont and were difficuls %o
geratch off, the hardness bedlrg & - 7 ¥ohs. The
dentict’s scaler Ho. 149 made of sininless steel was
unable to remove them. FProlonged veiling with BCL
pade thes a it britile, after which the bosts were
hested on the Bmsen flmme and then guenched in water.
fhe sosler could then chiyp off the melts srd the bosis
were clemned free of then,

g, Hethod of (slonlistico s e

{1} For evolved sulphurse

(1) 1 oo of U.1Y Haldl solutisn = 1 cc of Uu1 N
Hply sulntion

= GLDUA5016 gas of

Hy il A
= alioAds016 x 38
GL.016 zm
of salghur

SR AT L. Rt LRy " o sy P
= ..d,iﬁ*% wﬁuaﬁggﬁ of sul DIGE

o

{41} 1 oo ef 5,19 UeO¥ aclutior s a,.N’fé;e et w 156,146
&
desul ghurised Uatl 4



(iii; 1 ov of .01 ¥ FaOH solntien = G.U00BL08L gn
demul ghurised Cadl,

(2) Yor sulphide sulphur

EfrO; « SEBr ¢ 6 KCL = 6 FOL + 3 By + 3 Fy0

gﬁwﬁs + SEBr 4+ G HCL + JH,§ = GHCL + 3H,0 + 6HBr 4+ 38
Jg g? » Q’Z % i}ggﬁi"f?

102,048 = 0.000784

167.012

-
[N
L
wh
A
L
1
Ny
o3
by
m‘.‘
gj
)
o
4

ey ol

= @.Qyﬁ??‘ﬁi

23

= 00160010 gu of sulphdde 8

®  G.O016001E 3 72,146 &3 of CaB
32

& LOUZL0TIGCS gm of Tal

{34i) 1 cc of Q.Gigaﬁrﬁs m 0, 0003607705 aa of Cad.
segalparisation has been owlounisted on whe
anouat of Cadl, proseat ia the synthedic or alneral

Use ¢f fectors hes aleo been made In saloulaling
the amomai of §a5§4 in the pellet as well as the valclum



-
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sulphizte equivalent o the weisht of sulphur in the

coke cortained Iix the pellet, when coke wus ome of the
constituenta, VWherever Ca’l was present, the desulphure
isatlon was calculsted, on the basis of the combired 0
orgaent in %iaiéf}* andg Cas 8t the start. The factors
ware caloulnted or one gram pellet - wel ht basisn, which
enn be zuldislied by the atiusl welzht of She pellet

and the exmct walue obtasined., The caleulstions of
thene faoctors bave heen shown ad agoreprisie slaces

iIn the next chaplber,



STUDY OF SOLIDeBOLID iintTICRS, CL
ARD MECHARISY OF RTACTIONS.

1. Study of solid~s0lid resctionsi=

Theoretical Consideraiionas-

In oxidising stncspheres, the fimanl products
of reaction, of carbon and silics, with calelur sulphate
are given by the folloming eguationsie

gﬁﬁa@ + 31@2 = jﬁﬁiﬁi@:& + wa + Ua ‘5{}3

3€3a$i%€34 + ﬁ; + ﬁiﬁg & siall + Osl ,Esiﬁg + tﬁz
angd 2080 + ﬁﬁﬂtsigz ] 3&&@:53{}2

Thus at suitable tempersiures 3 noles of 4‘&%%4
%1ll be decomponmed completely wiith one mole of ¢ and
one uzole of 33&‘}2 giving sul jhuy dioxide; and two moles
of lime will combine with one aole of momo-csloiun
ailicate glving tricalceiun silicate, which is the
principal consitituent of elinker. The above ratios of
the reacisnts should glve the maximan amount of 50,
in the evolved gases ard the naximan amount ol Lrde
ealeinnm silicste in the clinker.

Studies were tims direcied to start with o

160
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syotem cortaining the constituents in the mbove
theoreticsl ratios and usking appropriate changee In
the subsequent systems, in the light of the inforastion
obtained from the preceding ones. As during the early
course of the resciien, carbon reduced S&Eﬁé %¢ the
sulphide atate, the estimation of Cald forsed in the
pellet after heating, was done fur each run. This
deterainntion was necessary becmuse Cad should not
exist in & good clinker, moreover the excess of it
cansed fuslen in the kiln,

Turing the course of the studies bobh asyntheiic
and mineral gypsums were used. 7The first one has been
denoted by the furamla snd the mecord one by the word
5 pean.

Early irisiss-

farly trisls for finding out the Leat tise
interynls for following the retes of reasoiions st 1400%
gave the following intervalsi 1 ainute, % winutes,
10 minutes, <0 simutes, 30 mirutes, 1 hour, 2 hours and
3 bours,.

. In moert cases $he interesting porsions of the
curves were obtaired ap to 20 ainute intervales, mat
wherever found recesssry Lhe rescilo s were carricd o
completion. after 20 minutes the curves peceme nlmost
a siraight line.

The temperature for drying the pellsts shonld
not exceed 45°C. Pive eystems had to be repeated
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becsuse the pellete on beirg dried et 609C had lost
sone wober of erysiallisstion.

In the systece %o follew, the metlon rvpresent
She compesition of the resotion miviures. A knowm

of other constituenis t0 be added, were caleulated in
she given railca, on the basis of thiz eelghkd. Only
in cases where B.7.C. 085 {already conteining 317.411%
ﬁaﬁﬁ*}, was used az a constituent, the weight of (sl
was used as & basis to adjusi the wolght of gypsun

o ve added, After welghing the rest of the conpiituenis,
ihe mixiure was ssde with the helx ¢f o glass cestle
ard mordars the pellieils were then struck, drisd overe
night, welghed in & pumbered plaifnum sost and hested
in the rescier for the given $ime irtervels, to obtain
$he rates of renciions,

All systems in Secliion I were studied in
axidising atuospheres,

Syeten L.
fﬁa%ﬁ42K2$ t 1 51ldeca 3 1 C.

vedght of aaﬁﬁétéﬁgﬁ token = 34,1453 gn.

34,1457
516.534

= 3.UTO0 g

samount of 8ilice reguired in the mixiure = GULLE X

amount of € required in the mixture = 12,01 x 34,1453 =
516,534

3

1935 gn

m e

Elpaa
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Velght of CadC, in 1 ga. tablet =

At 600%C, the pellets of System I were heated
for 5, 110G, 15, 20, €% and 30U minutes time interwsls.
The deccsmposition was nob appareni, excesting the

ing of the carbor content.
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Table 8.1 le

3CA50,2H,0 2 1 Bilica : 1 C |

800%¢,

%&igﬁﬁﬁ | Lime E2§Q4 Lif- $§g§a1@¢ GG

{ aa) {mte} ration ration
ec H/100 co B/100
RalH unoed % used

Pte
d40.
%%,
do.
¥t.
do,.

Bt

of boat = 5,8B20 5 el nil
+ pellet= 6.6442
of Bont = 6.0468 10 VeY nil
+ pellet= 6.08T0

of bont = 6,0502 1S 0.8 nil

of boat = 58100 20 G.T5 Bik
+ peliet= 6,4836

of boat = 6.2212 2% G653 nil
+ pellet= 68277

of boat = 5,84920 30 (.65 nil

-+ pellet= 6.5074




Table 89,2
Bystes 1
3Casd 2&‘%&3 3 ?) %gli% t 10
valzht of M‘ in 1 gm Miﬂ » 0,609 gm.

Time Colght of  selszht of cm4 in Dosalfurised snsa4 4 Desulfurioed Cas formed ¢ Cad forwed
(mta) pelles 1let {am) Cal0, (em}
(e) ) 4

5 0.7622 0u5200 00905447 0.1030 ail il

10 o,8202 0,583 0,0006128 0,108 all a1l

15 0,74%6 05174 0.0005447 00,1053 wil uil

20 0J4T% De45T4 0.0005106 0.,1052 ail add

25 I G Q.%&fﬁ nil nil

0 044270 0.10€3 ail il

€91



Table 2.1.3.
Sgsten 1
3ﬁa§$*2ﬁgﬁ : 1 S4%iica 1 1 O

1000%0,

b
<
()

weishts Tine ﬁzﬁﬁé Bt

{am ) {mts) ration
g ?’*‘Vi ;f‘% ﬁﬁ
Eall uzed

Suluhiiie Hite
ration

e B/100

Kﬁrﬁs aned

d6.
ik
4.
“te
GG,

% he
do.

of boat = 6.07T1¢ & 12.15

. + pelliets £.685%

of boat = 6,2208 10 13.5
+ pellete £,8773

of vost = 5.91%4 15 12.7
“ pellet= &,.5600

of oot = G.0586  2¢ 16.6
+ pelliet= §.E01Q

of boat = 5.B816 2% 15.75
4+ pellet= 6. TE 5

Uab

nil

nil
nil

nil




Table 86“‘*
Eynteom X,
wwﬁé*aﬁﬁﬁ t %4108 2 1 0,

‘ £ 10000¢, ; :
Felaht of t:a.%% in ¥ o poglng& = 0,6530 m

o " 1 A -~

Wodsht of  Welght of ﬂm&% in  Iseulfuriced éaﬁ% £ Dasulfurieed a3 formed % CaS foxmed
pellst ellat {gn) | calio, {gm)
{am) (o) : |

G172 C.4283 1.931
046565 044555 0.005191 2,018
Qo446 04473 ©.008647 1933
0a7433 G558 {01334 25066
045942 0.4123 001072 2,600 il nil
DeT369 0.5127 .01403 2736 nil nil

197



Table & eteBa
Sweten 1.
30a80,.2H,0 ¢ 1 Silica 1 1 ¢.

1200%,

“eights Tims 5,80, $8%=  Culjhide Lite
{zm) (mte) ration ration
ce /10 e N/100
RaQH used £§r§3 uaed

Wte of boat = £,0741 1 &.3 61,5
d0. + pellet= 6.7264

%t. of brat = £€,2211 3 11.15 2e5
do. ¢ pellet= €,7828 '

¥i. of boat = £.49157 5 14.65 1.0
4o, + Wllﬁ%“ i’c‘j}ﬁﬁ

%t. of Deat = £,0591 10 1555 nil
Tte of Dot = S.E519 18 143 nil
d0. + pelliets t.6204

%he of boat = 6.0466 20 15455 nil
do. + pellets= (,E545

%¥4. of boat = &;ﬂ%& 25 T4e2 ril
do, + pellet= £,.5710

%t. of bont = 60501 36 15.6 nil
4. + pellet= G,665%& |

e

=0



Table 0,146
Byatem I.
Mﬁ?a‘uﬁﬁ (ol B | ﬁﬁ. joe ¢ 1 G

2
‘eioht of (370, in 1220051168 « 046937 gme

Tme Telght of  elsut of Cas, i  Desulfurioed Cas0, ¥ Degulfuriosd Cas formeé ¢ CaS formed

(mta)  pellet polist | {am) Caiedly {ga}
{m) (o)
1 046543 Sed 40 0x04289 9,447 C.02183 4,808
3 5517 0e 3006 D OTH9Y 19.474 o.0009019 0,2
5  0.6193 tzs;fam S 1011 23,506 0.0003608  ©.084
10 06423 2ad456 01059 23.75% pil il
15 0,738% Du5124 Da1246 24,317 nil nil
20 0.8179 Tea 208 241059 24,557 nil nil
25  0D.5622 Ca 3301 0409668 24,783 uil nil
I 0.8155 0274 2 1062 24,865 il nil




% Desulfurisation
of
Calegium <Sulphate

50
45 1
40 .7
35 1
30 1
25 1

20

3 CaSoO

55 LD 4 uivr e

42H50 : 1 Silica t 1 G
1200°.
(Oxidising Atmosphere)

10 15 20 25 30
‘Time (mts).
Pig. 8.1.%

0L1




Tuule T.1.7.

Syutew T.

3¢aS0,20,0 1 1 Siidca 1 1 G,

1400%C.

Seighta
{g=)

Pdne

¥
L ¥
R S
TRLLin
N

LEr0y used

¥t.
do.
“he
do.
¥ia
40,

&0

of boat = 60536
L 2 f&}&m&ﬂ ﬁﬁ%fﬁf}
¥ zf %ﬂ% = ﬁ@ﬁ{%%
of mat = 58562
+ pellets £,6697
of et = £,01336
+ pellets= £.7062
of beat = %,8584
+ pellets= 6,.%931
of beat = 6,.,101¢

, + pellet= 6,8924

et beat = 5,9563
+ pellets 6.7564
¢f boat = 6.017%
+ pellets £.8029
of boat = 5.79510
+ pallet= 55,5708

mt.,

mt.

mt s,
mts,

mts,

10
mts.

10
mts.

20
mts,

s

o

mts.

40,719

s

'
85
*

W7

34.6

4444

1.2

1.4

ril

3
B
Joud

#il

nil

il

nil

nil
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Tavle £.1.7 {conttd)

Azighis Tine g0y Bibe  Culpblde tite
(ga) ratimm ration

ge LB e G, 0T

Galf used Y80, used

i, of boud = L.ETTS 30 5%
46, + pellets G.6050 mts.

x.
<fan
i
jese
[

be 28 bost - $.0%21 30 471 il
doa + pellote 6.5174 mts,

%%, of ozt = 6,055 1thr. 53,2 $il
doe + pellebe 5.77065

p 1
i
bl
fand

¥h. of boad = G.2056  tThr. 57 .45
da, 4+ pellets= 6.0507

b P Dt ool . & e $ [ £ N ey E
%%, 0F boat = 535 Zhra. B34 AL

@
G0. 4 mll&gﬂ 5. 6682

Yt of boat = 4,460 Zhrs, T1.0 pil
do. + pellet= §.9543

HFha of boat s 58568 lhrs. T4 .6 nil
&

g
.
&
o
%
3
&
e
B
%
W
ALy e
Al |
oo
Lk
E.‘h.;'
ot
.
&
L7
L)
®
L)
5]
e
=~

Ghservationste

Yo to 120050, po meliing toek slusce, ut at 1400%,
the pellete celited in ushe Soats, siter rzeling for 5
minutes and over. The molisz mess, spread slong the
gidez of the hosls, mekiry it bapd to clssn thed

It was concluded $hat the selling cooured due
to the early burning of carbos, andhence In Systes II wwe

moles of carbon were added instesd ol one.



Table &.h&,
Byotenm I.

a0, 28,0 1 § 8405 111 0
Heloht of ﬂaﬁ% in 1 g pellat » 0,693 gm.

Time Welght of  Felght of caso, Telght of Desulfurised ¥ Desulfurised Velght of % CaS formed
Fallet in Pellet Calo Casty CaS formed
| Fol 04 4
(@) (@) () S e

1 mte 0.7554 Qu5242 01750 33.384 0.0004329 0,083
17 0.TI4 0.5374 01750 32,582 0,000505¢ 0,004
5% 0,073 0.5367 0.2499 46,562 ndl nil
5 " 0.7326 045004 02390 47,010 nil nil
5" 0,TMT 0,5098 0.2411 47.68% nil ail
10" 00,7905 045485 2774 50574 il nil
“ﬁ b ﬁ;?&@* @1%13 Qsm 4§Q%¥ ﬁil m&
W 0785 45450 0. 3037 554785 nil ail
20" 05,7798 45411 0,3023 55,868 pil nil
! 0,728 045054 0. 3091 61,159 nil nil
R 0653 045310 043207 60,395 - ondl nil
1 bre 047200 0.4996 0.3622 T2.438 nil nil
1% 0,785 0u5448 0, 3911 71,788 nil nil

A



Table 8.1.8 (m‘a)
Systen 1.

PMae Welght of Welaht of CaS0 4 @tigh*k aﬁ' Desulfurised & msuifm Helcht of ¥ CaS formed

Pellet in Pellet £as0, £as0, Cal formed
_ 4 4
(agm) (m) (em) ~ (gm)
2 hrs. 0.7727 0.,5362 0,351 81,145 nil nil
2% 0,855 0.5936 0.4834 81.435 nil nil
3" | 0.812% 0.5638 0.5079 90,085 nil nil
3" 0.7183 0.4984 04487 90,028 nil nil

Vet



System 1I.
303304;2}120 t 1 8ilica : 2 C,

gﬁigﬁﬁ ef &ﬁ%@iagﬁze taken = 39,2&?? poei: P
smount of 510, required in the mixture = 60.06 x 30,2677 &m
516.534
Amount of Carbon required in the mixture = 24,02 x 30,2677 gn
516.534
= 1,4076 gn.

Height of Sa:%ﬁ4 in 1 g pellet = 400,420
600.614

= ﬁ.éﬁﬁa'gﬁc

Table §.1.9.
333&@& 11.
3 ﬁaﬁﬁéiﬁﬁzﬁ s 1 &iﬁz 1 20

1400%;,
velghts Time H,50, it~ ulphide tit-
' & ration _ratlion —
ce U,1 % ge N /20 ce N/100

KeOH used  ¥PErd 3 naed §x~G3 used

%t. of boat = 6.0566 1mt.  51.0 2.2

do. + pellel= 6*&315

¥t, of boat = 6.2099 1mt. 51.0 2.8

do. + pellet= 6.9G1¢

¥$, of bost = 6.0388 & ats., 66,2 0.15

do. + pellet= 6.5065
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Yealghis
g5

Time Qgﬁg s $i%w

ration
o &#? ¥
%a0H used

fnlphide tit-
ration
ge N /20 ece N/100

ﬁﬁwﬁévﬁﬁﬁé ﬁﬁzﬁ} nsed

Hhe
do.
%t
3G
¥t
G
L.
do.
%5,
d0.
o
do.
Wt
do.
Wt
dG.
%,
do,

of boat = 5.8622
+ mlet = 6.0568

+ peilets= §.7508
of bont = 6.0180
+ pellets 6.5075
of bont = 95,7560
+ pellets 6,5%217
of boat = 55,0836
of oat = £.0556
+ pellet= 6.8521
of bust = 6.2088
+ pallet= 6.5761
of bont =6.0553

+ mmt” 6*@3«79
of boat = £.2117
+ pellet= £.5414

¥t. of boat = 5,.8973

do.

Sata.

16

1"

20 ¢

Z hXrse

0.5

1«45

61.4

G

66.8%

6643

64,2

64.8

7545

U 15
Cel
nil
nil
| nil
nil

nil

nil

nil



_—y
-3
-1

Table B.1.8. {(conttd)
Systen Il.

¥elghtse Tine ﬁghgé ?iﬁ« hi&g @i -
g ration rabien ;
o2 .1 H ee N 0 cc N/10d
EnCH used K%@@S uaed Kﬁrﬁg used

Wt. of boat = 6.0356 Zhyo. Téded nil
d6. + pellet= &.51%53
%te 0f boat = 5,658 3 ¢ 6243 nil
doe + pellete= 66,7082
Wt of Dout = 5.0644 3 % T4 445 nil
do., #+ pelleds $5.6532

Observationsim

The pellete exfoliated arter heating Jor 1
ninute. This exfoliation was slways sopsre-t in all
systens to follow, shere twlce 0 molsr smounts of
coke or coal was used, Good siaterz were obisined in
the bopts, for higher tine intervsis. These syeteny wers
easy bo yeumove with the help of he sloinlewss abeel mcaler.

in exgeriment wan perlormed to note the elfect
ef the incrense in the welght of g@ii@%, or. desulfuris-
stion, Two pellets of unegusl welpibs were heated for
20 minutes st 1400%. It was found thet 75.320 incresse
in welzht resulfed in $.64T. deoresse in desulfurdssiion,



Table 5,1.,10,
Syuten 1.
3@!&@ ﬁﬂa@ t 4 §10... t 2C.

Yalght of ¢M4 ﬂc Wll“ » 0,48 i—’ﬁa

Hedght of Tesulfurised ¥ Desulfurised

Time Helpht of  Tododht of ﬁﬂ% in Yelght of ¥ CaS formed
pellet poilet t}aﬁ@‘ Cns0 4 tal farmed
. (zm) {g=) {gm) {ew)
1 wte 0u7749 045269 0 4T2 55,09% 0003968 04753
1" 0,7620 045318 04 3472 65,288 CLO0505% 0,950
5" 005900 0e4507 764390 - 000005412 @‘msz
5" o197 045424 4146 76.438 X CL 00003608
10" 28,7904 05373 Taf 164 1781 nil i
10 " 0,7895 045369 0.4180 74854 uil nil
208 0,757 0a4935 04078 £2.634 nil nil
20 * 0,789 D.5338 De344 81,364 nil nil
0" G5,7965 De5416 De4551 84,029 nil nil
W 07573 0.5218 Ded514 B o508 nil nil
1 hee 0,7726 045254 Ou43T4 £3.194 nil nil
1 hea 0,7297 0.4962 Baadr2 B8.916 nil nil
2" 2.7 DaB324 D.5168 §7.070 nil ail

8L1



Table B,1,10 (coct'd)
Syatem II.

Time Weight of  Weight of CaSO, in Folght of Tesulfurised f Desulfurised Feisht of i CaS formed
pellet pallet - CaSO, LaB0

4 Caft formed
{gm) {am) £ {gm)

2 bre, 0.7197  0.5302 o065 95,530 nid il
3 0.8453 08775 5,5603 §T 002 nii nll
3" 0,7688 05220 Q. 75069 964959 nil nil

6L



% Desulfur-
isation of
Calciug
Sulphate

SYSTEX I.
‘SYSTEM II.

30250, . 2H
3Cas0,.28

T, i .
20 : 1 Silica : 1 C,

20 + 1 Silica : 2C,

1400°¢C.

(Oxidising A

tmosphere )

o
A

5

mtg.,

190
mts.

15

mts,

20
mis,

25
mts.

0
mbs

Time,
Fig. 8.1,2

hr,

ar,

180
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Syeten IZ1.
JoaBUg.2H,0 ¢ 1 #ilica ¢ 1 Uoke
“elight $£'33a$$$.2%2§ taken = 32,4744
hmount of 510, reguired in ihe miozture = €0.06 x 32,6744
516.534
= 5.7554 gm.
sctual amoumt of cerbon In the 2ole
according %o the anmliyois given in
Appendix 1 = fixed carbon -
Totel sulphur
w §7Ewb.3 = G090
Thig nexlset the sanll nevesabage of salvhns in the coke
gsl and any aalphur 1 $tu voletile aatler,

Corrected ratic of voke = 300 x12.01 = 16,721
0.9
Amevnt of coke reguired in the m o xture = 19.727 x 32,6744 o
516,534
= 1.2476 gm.
Telghs of Laily i T oa pellet = 400,43 x 1
35£.37%
e 0,654 fuie
Yeight of coke in 1 ga pellet = 18,721 x 1 = 0.0331 ga.
540315
feisht of § in 1 ge pellet = G.033Y = £ 4n
100
s G, OUVGD S am,
st ﬁaﬁﬁg scnivalert to welshd of 5 contained in coke
in 1 gu pellst = U.00GR0BS x 136,146 em.
32,06
e O,0U8854 e



Iable 8“» 111
Syatem 111,

3 u&hﬁ L0 ¢ Y Hlics 1 1 Couke,
%@&ﬁu ﬁ *

“edghie Time Ha80y Tl  Sulghide $ite
(gn) {ats)  ratim ration
oo G. 18 e B/100
Hall uned Kﬁr&z used

ve, of ooat = 6.0563 1 40.5 3.0
do. + pellet= 6.8441

heod 5.0

¥

Wi, of voat = 6.8005
do. + pelletw= TOTIZ
Tite of boat = 55,4033
d5. + pellet= £.,7513
Hi, of woat = 6.0406 & 50.3 nil
do. + pellets= 66,5088

%4, 0f poalt = 5.5868% 52.3% nil
do. + pellet= §.7550

Tt of bonut = 6.OGET 10 42,7 nil
d0. + pellet= 6,730

409 nil

o

Wy, of toat = 5,584 20 5 el nil
do. + pellet= £, 8747
The of vomd = 5.7482 €0 56 .1 nil
d5. + pellets= €,68%50

Chpervationas-

Mak mlte wers owiadved alter hsating for 5
alputes snd over. The plvk colour was due 40 the coke
ash,



Table O.1.12,
Syaten JIX,
Felio 4;%g0 t 1 54140n ¢ 1 Coke

1400%¢,

Folght of a&%‘& in 1 gn pellet = 0,6849 gm,
4 squivalent to the wt. of & sontained in ools in

{ gz pellet = 0,008854 am,

Time welght of aelght of mé “Feight af”"“‘mmhmm T Tesulturized  seignt of ¢ Oa
{ots) pellet in pallet » {om} Caso, £eS formed formed
) {gn) %ﬁta& Cacl ,equive EW (am)
() alent to the
wte of & 4n _
ogky {a~b)
— | (1) ;
1 0,7678 045396 02757 0.0070 042687 49,796 C.001082 04204
‘ Qa%ia {3,%\@9& Qsi@&&? Qa;%‘?& 5¢3§11 47'{552 ecg‘ﬁ?&m ﬂg}@é
5 0,8580 05576 043397 040076 043321 56,518 nil nil
5 08680 05945 043425 0,0077 D38 56,116 nil il
10 0,8901 0.5096 03666 00,0079 (1, 3587 58,842 nil nil
10 07749 Do 5307 N,3316 00,0088 D.3247 61,183 nil uil
20 08825 26044 0.3922 0,0078 03844 63.600 nil nil
20 Q5074 0,3520  0,007% D374 61,500 nil nil

\.A

(o



% Desulfurisation
of
Calecium Sulphate

3 CaS0 4

100,

20

10

SYSTEM III.
2H20 : 1 Silieca : 1 Coke
1400°¢, .
(Oxidising Atmosphere)

10 15 20

Time (mts),
Pig. 8.1.3

V8l




Gystes IV,
§« @; ( =g & 3..
3{&% ﬁéﬂh&*y’ & ‘i éﬁ»l

;-M
£r
=
%
Wi‘
%’
o

“{ﬁigm of Dald @;ﬁ%:gﬁ SIREL = 3€a%%? 2% a

Amounmt of silica resuired in the mixture = $0,00 x 35.5647¢n
3)%%19334
= 42,2521 @n.

Corrected ratic of 2oko = ‘%w % B5.02 = 35,442

smount of .

veignt of 1630, in 1 gu pelletv = 04,43 x 1

wgdioht of coke In 1 i pellet =

'''''

éﬂi éuv 35‘

Seight of 5 inm 1 g pedet = GLUBL 2 £,3 = 0.UUAG3E gn.

E 3

e Upa O é soatvelent Yo the abveve wael bl
of & consained in ooke in 1 @ owllet w L.AL04022 2 1 m‘i%&

s ap———
oy N g

e D0%I12 om,
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Table gnza?.Bn
System IV,
Ies0 20,0 1 1 810, 2 2 Ceke
14007C.

#elahin Tine %2§@$ $£it~ Salphide tite
i {2t} cation Jrutien
cc 0.1N eeh /20 ee H/100
NaOH used 4 M% 243%3
s e used

Whe of bost = £,2084 1 37.2 £1a0
do. + pellets €,9584

Vhe OF Boat m 5.9065 0 % iTed 1hatr

du. + pelled= 6,.66068

Wt. of boet = 5.8684 6 63.9
0. + paliats 6,6458
§t. of voat = 6.0US
d0. + pellets &,7582
he of bomt = 00010 10 S ail
doe + pelletws §,5083

whe of bost = 6.,0265% 10 £3.3 nil
d0. + pellet= 6.7931

Wte of bost = 58064 20 £5.45 nil
de, + pellet=m L,46209

-
L

L
»
W

3
Ea Y
e
*

Lot
v %
o
»

3

Fte 0f bont = 5,8076 20 GGa 7 nil
4. + pellese 6.G75%

Ubservetionss -

By usdng 2 moles of coke, the nelie were Q0mw-
pletely avoided. The pellets on hesating,first
exfoliated and then sintered. ITho colour clange



heating was frem vuff o dayk hyewn with inoresse
i the time of hesting, Cuing t6 the srasance of
'?az% in coke msh, %l houts verve sizined vlue, dus
%0 the formeticn of iraneplatinw alley.

co
-l



Tabla 3*1 * 1&5‘
Syeten IV,
Aasl yﬁﬂég 3 § 84lien 1 2 Coke

1400°¢,
Teiaht of G&$ﬂ4 in 1 gu pellet © Gl 062 ga

w% squivelent t0 the wh. of & contuinud 4n coke in 1 am pellet = 001712 gm,

Tias  veigib Of Weijis Of Cal, Geizht of Losullurised 7 Tesulfurieed Veight o | CA
(mss)  pellet in pellet Cai0, (gm) Caso Ca formed formod
(em) {en) Total  Caclequiv- Correst- (=)
(2} alent™o the  ed
W?#Q @3? & iﬁ
scise (s~o)
| | (1) |
1 N.7900 D73 042533 0.0128 0.2405 45,361 0403696 7.834
1 00,7500 0.5019 DeP546 0,0130 0,2416  47.946 0.031572 T088
2 0.7774 De5154 04351 0,0133 04298 81,5393 C.00009019 0,075
5 Ga7483 0,496 04108 0,0128 0,081 80,245 2,00007215  0,0145
Lo 73,9072 3,805 0.5147 0.0155 0,4992  £0,993 nil nil
L] 0, 7656 08,5003 0,6310 0,01 30,4179 82,215 nil nil
70 041208 045440 0.4728 00,0140 04588 84,38 nil nil
o L7882 85226 Da541  0,0135 0044006 84,39 nil nil

281



*

.

. welght of 8 $n 1 gn pellet = 0,064 x (.3 = (,004032

[
o
()

Syaten V.
3 i:iim»»‘i * ‘: ﬁi&i% % 2 {:6%{&*
Tthe mineral gzypoum being reaconubly pure, was
substituted for symthstic 3Cal0,.2M,0, is order te
note any chenge in desulfuorisction,

welant of Gypsar telen = 37.4043 sn.

cAmownt of sllica reculred in the mixbure = $3.06 2 J7.3043 &m

51¢.534
= 4,383 oo,

Corrscted ravls of cole = 100 x 24,08 = 35.44¢

R

o €

R

Amouat of weke mequired ds the asxtare =

Weight of ﬁ&ﬁ@% in 1 =

& : = 1 = %:3"3{53%%

G15.0 %8

welght of goke in 1 gu pellet = 13,450 = 1 = 0.0840¢a
&';»
104
e @aﬁ@4 gowivalesnt L€ weizht of
contained iz coke in 1 ga peilust = UL0U403E = 136,146
’h»-asi}&
= U.u175d gm.



3 Gypoun g

Patle £.4.45,
Gyaten ¥,

$ Biliece o
1400%¢.

£ Coke

1990

Welsthls

FEE
i gy

Tioe %?ﬁﬁ% tit-
rosion

{izt 5}
o8

Heh¥

C.tx

sulphide titra-

Lion

Ged

ool /B0 oo B/100
j A b 3853+
mig 3
nsad used

0¥ bont =

%+ pellet= 7

4% tuat =
+ pellets
vl boat =

af boat =
+ pellete
af post =
4 polletws
af noadp =
+ pellet=
of boat =
+ palleat=

€,209¢ 1
Was

&
&
el
e
¥4

5.0678 8
G555
2-‘5%% 1
5.49614
£.0226 10
T 105G
5,803 20
%u;&'»

52.95

21340

15

el

0.15

’;;%0 i bont = 5025851 20 ??.i} ﬁﬁ
do. + pelict= 2,019
Onservakionsi -

The condition and colear of the pellets was
the same ap 71 System IV,



Pable 69“-1;15; ‘
Sywvtea V,
3%}9@:15&11& 2 2 Cokn,
14007°C,
Wedght of *“wn;'fé@‘ An 1 gn pallet = 0,53 gm.
{as0, squivalent to the wt, of 5. voxtzined in ooke in 1 am pellet = G072 gm,

4
Time  Fei bt of Gelcht of A0 4 Woipht of Desuiliurised T Depulfurised neight Of & Cas
(mts) pollet in peliet cas0, (gm) Cas0, Ca5 formed formed
) { ) Toial | Gol0 equdv- Correcte (em)
{a) =lent™o the ed
whs of & in
coke (o~}

e | | ) ,
1 0.9467 0.6217 0.360% 0,0162 0.3443 544851 0,03608 5748
1 0.9255 0,6136 047496 00158 0.3338 54,400 003878 64320
] 0,9469 0.6278 0,523 0,0162 0,5074 80,822 0.00003608  0,00575
5 049917 06579 OWBATT 260170 0537 80,715 0.00005412  0,00823
10 0.9646 0,629% B45396 0.0165 0.,5231 81,798 nil nil
ie 0,9883 06552 05515  0,016% 0,536 81,893 nil nil
20 049565 06342 0.5542 0,0164 05378 84.800 nil nil
20 0,9308 06171 70,5379 0,050 0.5220  £4,569 nili nil

161



SYSTEM V, 3 Gypsum : 1 3ilica : 2 Coke
1400°¢C.
(Oxidising Atmosphere)

100

90]
]
80 'VQ/

% Desulfurisation 70
of
Calcium Sulphate. 60

o

40]

30

20]

LS
SR

()}
b
(&
-—

1
N4
o

Jdme. (mts).
Pig: Y134




Syasten YVI.
3ﬁa$$4.232$ t 1 S4licm & 2 Coml

Caleulation of the astual nmount of carbon
in the cosl according to the avalysis given in
Appendix Isw-

If 67.2 paris of {ized carbon in the char include 6.3
parts of sulphur, then 36,9 parts of fized carbon
will contain = 36,9 x 6.3 = 3.46 jaris of H.

ﬁ?cé
Sulphur free fixed-carbon in coal = 36.0 « 3.46

= 33%“&5{

This neglects the small percentage of sulshar in the
coke ash gnd any sulghur in the volstile matter of coke.
Yedght of ﬁaﬁe¢zﬁﬁﬁ taken = 38,1053 gu.

Corrected retio of conl = 00 x 24.02 = 71.83
33.44 |
Amount of Hiliea required in the nixture = 60.06 x 30,1053 sm
516.534
= 4,.4300 gn.
Amount of conl required in the mixture = 71.83 x 38,105
516.534

Welght of Cas0, in 1 ga pellet = 400,43¢
648,424
veight of coml in 1 gu pellet = 1,83 x 1 = C.1108 gu.

64E.424
S, edight of 5 in 1 gn pelled = G 1108 x 6.7 = 0007424 g,
166

a7 ﬁgﬁﬁi egaivalert to the above weight
of 5 conteined in ecsl in 1 gu pellet = 0.007424 x 136,146
| 32.06 g,
= 0.03153 gm.



Table 8.1.17
Syoten VI.
ICnf0,20,0 5 1 Silica s 2 Coal

14009,
Yeightas Time HyS0, tit- Sulphide titra-
{am) {mts) ratiom tion
co U.1H ec B/20 ec /100
HaOl used Ezrgzﬁﬁaﬁ KgrQEaseé

Wte OF bont = 6,095 1 25.6 65.4
do. + pellet= 6,84922
Wt. of boat = 6.,2088 1 2723 6443
do. + pellets T,0070
%te ©f bont = 5.5070 % €3.6 3.2
40, + pellet= 6,7730
%“t. of boat = 6,043% 5 6L 3.1
do. + pellete= &,8968 R
¥#t. of bont = 5.8716 10 EUe5 nil
dc. + pellet= 6.6845
%“te of bont = G,0134 10 61,0 nil
do. + f@@llﬂ’t” 6.,8082
tt. of boat = 6,037 &0 GO8 nil
do. + pelles= 6.8142
Wt. of beat = 5.8877 20 558 nil

6. + pellet= 6.6741

Observations i-
Yigorous evoluition of wolnilles containing
sulfur dioxide tock plece when coal was used as a



‘g‘-\

constitnert, of the systenm. Son
sccuwmulated near the cooler ends of the vreactor and
were removed corstantly. The pellets got exfoliated
and changed in colour from light buff ¢o brown with
increasing time intervals.

(e
L

ne heavier hydrocarbons



Table Eﬁ.‘m.
Systex Vi
3 au%04.2§20 1 YYldeca 1 2 Coal

14500 £
velght of Qﬁiﬁﬁ“ in t gx pellet =  0,8290 om,

é‘:w&% equivalant to the et. of & oontainod in conl in 1 o vellat = 03153 gm,

e i’iz:ﬁ.g;ht or Galohd of Call 4 Tadaht of Tesullurised T TeEnl fuELeed eizht of 'f Ll
{mta) vellot in palled Ca 4 {z2a) Laso 4 Cal formed formed
{ o} {m) Fotnl Cad, equive Correst= (zm)

{n) @slarit to ad
the wt, of
3 4n sonl  {a~t)
. , {x) N
1 D48307 CL52T0 0e1743 0.0264 0 1479 28,065 241160 22,391
$ G082 05008 2,4630 28,0082 0,407 31,901 5e1160 23.07%
4 01,8560 045455 044330 0,0272 05T T4.372 (001154 0,212
5 08525 PR D.4255 00252 0,3986 744200 0001118 0131
0 0,817 G510 04117 0,7256 80,3863 75,449 nil nil
10 0.7948 0,506 0.413% 0,0251 2,302 774946 nil nil
20 27785 064504 0.4140  0,0245 T.3695 794425 nil nil
20 0o 1864 G ol554 0e4071 0,024 0,3883  TT.170 nil nil

561
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Systen Vil. _
3 Gypouw ¢+ 1 S5ilicn ¢ 2 Coml
Velght of gypsum taken = 15.0122 gm.
Corrected ratic of coal = 100 x 24.02 = T1.83
) 33.43 |
mmourt of silies reguired in the mixture = 60.06 x 35.0122 gm
516.534
= 5&6’?@9 o 3
Ancunt of cosl required in the mixture = 71.83 = 35,01
516.534

Helght of Uail, D1 1 ga pellet = 408,438 x 1
648,424
e UeL24U5 gme
wodght of oonl dn 1 za pellet = T1.03 x 1 = G.1103 ga.
648,424

feight of 8 in 1 ga pellet = 0.1100 2 6.7
150
= 0.,007424 ga.
+“ e ﬁaﬁ§¢ equivalent to the above welght
of & contained in coul in 1 gu pellet = 0.U0T424 x 136,146 gm
32.06




Table £.1,19
Systen VII.

3 Gypuwa ¢ 1 Sdlics 3 2 Coml
1400°%C.,

982

delghts
(gm)

7ime 'gggg4 tite

Hde
4.
40,
it
G0
k& P
do.
Wi
de.
A0
e
80,
’fﬁ’é"ﬁ -
4o,

+ pellet= T.2174
of bost = %5,8070
+ pellets £.522%
of voat = £,0453
+ pellets T.0672
of boat = 5.8710
+ pellet= 6.9343
of bont = 6.012%
+ pelled= 7.0130
of bont = £.,0024
+ pellet= 7,0764
of post = €.0566
+ sellet= 7.0256
+ pellet= 6.7861

{mts)} ration
oc Uo1 B

1 P

1 26 8

5 £5.7

5 71.8%

10 68,85
10 T4
¥ T1.55
£0 T1.1

Kﬁxﬁéﬁauﬁ Kﬁrﬁz&sad

70,9

Ti.4

3.5

3.7

nil

nil

nil

Obamrvationgtie-

Ganme ne in System Vil



Takle 41,20,
System VII,
3 Cypmga ¢ 1 84lica 3 2 Coal,.
1400%,
Felght of ﬁamé in 1 gm pellet = 0,0299 ame
*3&*3594 squivalent tn tho wk, of & contained in cosl in 1 gn pellet = ﬁ,@;ﬁ%} e

Time Gelzht of selohs of ﬁ@ég Selcik of Desuilurised TTemiilurioed helgnt of | ¢ C2s
(ats) pellet in pellst caso,  (wm) Cas0, Gas formed  formed
(am) {em) Totel (8.0, equdv—~ Lorreshe ()
(a)  sleaf %o ad
the w, of {a~b)
3 4n eonl
()

1 10086 23,6382 2,4704 0,018 0,466 23,074 01279 20,132
% 10155 0.6397 0,1825  0,0320 0.,1505 23,527 0,1268 20,434
5 1,029 0,547 Da4745 040322 0,4423 68,712 0,001263 04196
51,0633 0.,6698 0.4852 0.0335  0.4557 68,0352 0,001335 04199
10 1.0005  0.6302 0.468C 02,0315 0u4373 654394 nil nil
10 1,0740 0.676% 0,599 040339 04760 T0.362 nil nil
20 0,9890  0.6230 04871 0,032 0.4559 134178 nil nil
20 0.9782 046162 0.4841 0,0308 04533 T3+564 nil ail

661
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Hyeten VILIL.
3 Gypsua ¢ 1 Odldeca.
“elght of gyomus taken = 32,6047 gn.

Amount sf silics required in the mizture = 60.06 x 32,6047 e
= .3.@%? Ei8 e

Woight of iaﬁﬁ4 1n 1 ga pellet » 408,438  x 1
576554



o
<
Do

Table 8,1.21,
Syotem VIIIL.
3 Gyssum 1 1 Silica.
1400%,

felebts Zine H,50, titretion
Lg] 240 oy
(gm) (wss} ce 0.1 ¥ HaOH used

Whe of bouk = 6.0441 1 £.35
do. + pellet= 7.0366
“e of boat = 6.UZ¢3 1
%t. of boat = 55,8552 5 379
doe 4+ pellet= 6.0141%
doe. + pellet= 7.1150 @

%t. of Bont = 5.9777 10 43.5
do, + pellet= 6,9127

%t. of boat = 5.876% 10 4.8
do. ¢ pellet= 6.8441

%%, of bost = 6,015 20 4E.55
dg. + pellet= 65,4639

¥4, of hoat = %.9504 20 4545
do. + pellet= 6.8450

L62)
*
£

L&
Lt
i
.

o
W

Onaarysiionsie

white melis were oitsined, which s read along
the mides of ithe boste,.



“able B.1.22.
System VIII,
3 gypau? 50303102.

veight of Cal0,

v 1 gm peliet = V.TUBY ERe

selght of

weight of Qaﬁﬁé in

veight of 'esulfurised

% Lesulfurised @a$34

Time
{mts) peliet pellet Gaﬁ§4
(gm) (gm) (gm) "
1 U.59925 GeT031 0.04352 6.144
1 09694 UebU6T De0422 64145
5 09584 046793 Ve 2580 37.58v
5 1.0189 U, 7215 V2715 374602
10 Ge4%n0U 1e6524 Ve 2989 454124
10 e D676 UubU54 Y 3Un0 44,500
20 U514 Vl6T40 Ue3005 49,036
20 VeG4 5 Us6762 Ve3570 49,857

3]
(o)
o
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T2
(o)
W

Byotem X,
3 Geprum 2 2 vonl.

Velght of gypsum taken = §5.7153 am.
Corrected ratio of conl = 100 x 24,02 = 71.83
33.44
Amount of 2oal re uired im the mixture = 71,83 x 45,7153 em
516.534
= 55,3572 gm.
Suight

Galght

588,364
© 621221 ga.

Cwedght of S in ¥ gn pelled = 0.1221 x G.7
100
% f:w’;é&% egudvyalert Lo the abuve
weizht of S contained in coml in
1 &m pellet = Q008181 x 136,146 em
32.06
= .03474 gme



= dle EE * i % 23'

systen T,

3 Gypmam 1 2 Unal,

T
<D
h)

1400°%2,
%gig%ﬁﬁ Tinme ﬂgﬁﬁé it ﬁﬁl@%&ﬁa«%iﬂréﬁiéﬁ
{gm) (mis}) ratlon ee B/20 so 5100
ee .1 B Kﬁrﬁsmﬁaﬁ EﬁrﬁBaasa
, — _HeOW_used
t, of boat = 6,0567 1 274 GG.6
do. + pellet= 7.0563
44, of bomt = 6.0431 1 26.5 101.6
d0a. + pellet= 7.0%§5
%% of Bomt = H,E650 5 8.3 TG
do. + pellet= £,.8150
¥t. of boat = 6.0103 5 72,0 8.9
40, + Fﬁl}.‘ﬁga ?5%‘7
%%, of boat = 6.0015 10 £8.0% nil
do. + pellet= 6,9215
%%, of bor%t = 55,0081 10 T0.9% nil
do, + pellet= 6,770
%4, of poat = 5.8E862 20 73.3 nil
do. + pellets= &.,8248
“t, of bont = 5.90T70 20 76,15 nil
do. + pelled= 6.84G58
Cheervationas-

Samc o8 in Jystem Vi



Table ggipﬁ&y
Systam IX,

3 QW%»@@&EMI.
Yeight of {ﬁﬁt}gﬁ in % on pellet = 20,9247 ga,

{as0 4 equivalant to the wis of 3 contalned in coal in 1 g pellet = 0,0%74 gue.

Time delvht of %z‘t‘ﬂgm of Cas0 4 %elzht of Tonu iarieed “ Ngenlfurised welcht of *7& Sar
(mts) peilet in pellst - Cad, (o) m:aa}# Cat formed  Formed
(i) {gm) Qotnl  Can agmive Correot- {0}
{e) oalon€ %0 the  ad
wt. of © in  (a<b)
enal
, _ ..
1 Ce2998 Ta0939 3.1886  0,0347 01519 21,869 D634 23,548
1 1.0114 0,702 n,1804 0,035¢ 0.1453 20,585 N, 1837 26,407
5 045500 046595 0,4650 ©,0330 00,4320 65,504 0,0028% 0.432
5 De9944 De6923 Toa02  Ce0345 0ed55T 66,0148 200324 0.465
10 0.9200 0,6387 Uedf33 040320 04313 67,528 nil nil
10 0,9609 0,6671 0.4831 0,034 o437 67.411 nil nil
20 0.9386 D.6516 044591 040326 UedbEh  T14593 nil nil
20 0,9858 06864 0.5185 0,034 Geddgtl 10527 nil nil

o
)

=1



Telght of
Corrected

Amoant of

Yeisht of

Telght of

. ﬁﬁ$§4

T
()

(@8]

Systen X.
3 Gypawz : 2 Coke,
gypeum taken = 32,8 ga.
ratie of coke = 100 x Z4.02 = 30,447 gm.
GG.9

coke reguired in the mixture = 39.442 x 32,8
516.534

G5 438
555.976

® G,TILE gm,

eoke in 1 gu zellet = 35.442 x 1
558,576

= G.UT05% g3

5 in 1 g pellet = OL0T054 x 6.3
10¢

= {3 * $Q¢4 ﬁl’? &“mi

ﬁaﬁﬁé in 1 gu pelliet = x 1t g

gyzivelard Vo the welgnh

af 4 gontained iu coke In 1 gm

pellet

= (.U0446% 1 130,146
32.05

= (,01868 gn,



Lystem X,

3 Gypram 5 2

oke,

1400°%:,

1)
<>
e)

%éigh'w
{gm)

Tire
{mta) ratim

¥4, af boat = £,.0563

d0e # gﬁllﬁ%w‘?,ﬂ3ﬁﬁ
%, of boat = 6,2006
Ac. + pellet= T7,1954
4. 0f Woat = 5«&363
do, + pellek= 6,.0276
%% oFf boat = 6.0433
do. + pellet= 6,5662
%t. of boat = 5.868%
Aue + peilet= ¢.8249
e ‘Gf boat = §¢%§3
da, + pallet= 6,.U706
Wte ¢f bont = L0015
doe. + pellet= £.9750

6.0248
6.5810

%“te of bont =
do. + poliels=

sulghide tisration
oo 5/20 oo B/10D

.%;:Mﬁ:;zx&eﬁ 50 3%@&

5 T2.65

10 T7e3

10 7.3
20 £1.6

£C.55

iz.0

35.2

Jogervationgie

Feilets were less exfolinted wlen cohe was present
Bimilarly evelutien of gases was nlso

ae compared $0 coal.
less brisk.
colour chan

%ith dincreese in the durstion of hesting, the
gad, from buff {c durk hrown.



Table 3.»1 taﬁg

QMQ

3%’@

¥eight of éﬁsﬁﬁd in 3 m pellet = 0,7M6 gu.

4 squivalent to the wé, of § contained in ¢oke in 1 g pellet = 0,01898 gm,

Time Jeight of Geipht of Caso p Weight of Desulfurised T Demlfurised Geisht of & Cao
(mte) pellet in pellet caso,  (an) Cas0, Cas formed formed
{am) {am) Total  Ca'l,equive Correct— (am)
{(a} alent to ed
wte of 5
in ﬁ?kﬁ {a~1)
1 09738 0.7154 042985 ©,0185 0,2800 33,139 005772 £,068
1 0.5858 - 0.7242 02975 0,0187 02768 38,498 006350 8,768
5  0.9213  0,6768 0.4919  0,0175 0.4744  T0.095 0,0001082  0,0160
5 0,9229 00,6780 0.4946 0,0175 CedTTY 704369 0.0001082 0.0160
10 0.9566  0,7027 0,526 0,0182 05081 72,307 nil nil
10 0,9613 0,7062 0.5263 0,0182 0.,5081 71,948 nil nil
20 0.5735  0.7159 045556 0,0185 05371 75.108 nil nil
20 049562 0,704 0.5484 0,0181 045303 75,498 nil adl

T2

=
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SYSTEM X.

3 Gypsum : 2 Coke A

1400°C,
(Oxidising Atmosphere)

v/ﬁ

5 10 15

20

Time (mts).
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Introduction to Systens %I, XIT and XIII.

These sysiteng wore inveatizated in order to
study the desulfurisatien, as well ao the cemsat clinker,
foroed by ke zodition of the risht scount of ﬁlﬁgj and
Fegly %o the systam: 3 Gypsws 3 1 Siliea & 2 Coke. Im
Byatoss LI and YII, n},,}@} and mﬁ&_‘ ware added senmralely
and in system XI11I, together.

A.5:0.M. rocognlses § types of fortland couments.
Of these Type 1 is the gureral mse cemert, sxd 1s
eisployed in genersl sonerete comuiriat ien whersas the
rost are used for specifio purposes only. The percentage
by welght of Caddy, AL, £ﬁ3 and %‘&2533 ian Type 1 Portliaxd
cmzent e as follows ( 28 )iw

nG ?@2§3 ‘%3'2«'@3
632 2.7 &

The nolsr retles of 3 Gypsuw 1 1 34lice, should
theovetically give & cesent with meximas smcunt of tri-
caleiun silicate, therefore keeping these ratios the saune,
the smounte of ﬁlz% and E‘f‘@aﬁ:& w0 b added, were caleulianted
@ the busis of Rype 1 Pordlasnd cement.

Calenletionste-
3 gramenolecules of gypeum contaln 167,24 grans of a0
,** Bes %&,‘5 ﬁi??‘t of &2@3 = § 4 3& ?4 = ?%:@?3‘ Parrd

0. a0 = T, 1674 @




D
}aw:i
%)

Expressing these weish%ts as molar ratliosis-

The molar ratio of AL,0, = 15.572 = 0.1567
Y 101.04

%‘Q'ﬁ ﬁf’a ﬁf*f ?ﬁ%g}; e

Therelors the constituents of systens XI, 171
and X111 were Yaken in the following mclar ratios, in
grder %o sbbain s good olinker.

Syaven Alse 3 Gypsum v 7 Sdldce : 2 Joie 1 0.1567 Al,04

Syetem XIlte 3 Oyuwum

-

1 B4340n 1 2 Coke 3 U,04501 Fe203

Byakem XIlIs=- 3 Grusum

¥

1 34Y32a 1 2 Cohe 1 GL1867 %.1203 H
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.-«~g

aynlen ot 8

3 Q}’Eﬁ&}%ﬁﬁ} : 1 ﬁiﬁg 2 2 Coke 1 (ﬁm‘i§ﬁ? &112{33&

Welght of gypeum tuken = 35.7143 ga.

Ll st o F yeld T A D e T b W T UV T U 4 we s L.
o v pbdEddlh Gd Edekei L G B R dh dih Wi s e

%
Corrected ratlo of cehe = 100 & 24.08 = 39,
609

“o smocunt of coke reguired in the mixture -

4
o
LR
w
-
£
3%

257143 em
515,534

= 27270 gm.

anouwnt oF agh dn cghe w 30,20
L * *
4 ¥oadnmineg in ash = 29,390

fnoant of 41,0y in 1 gm ocke = 30,4 x 1 X 0,235

100 100

G.08064 gm.

e Corroeted ruilo of A12$3 w 15,972 « (30442 x CLOUEES ) am
= ¥ 2»‘5}?’59 Bile
Ammnt of alEQS recuired in the mizture = 12.475% x 35,7143 @m
516,534
« Uil 26 gm
Walght of ?ﬁﬁﬁé in 1 gu pellet = 400430 —
S16.534 + £0.06 » 30,442+ 12,4754
x1 anm.

b Vt@‘i}j& gﬁ&.
Falpht of coke 1n ¥V go pellet = JU.44e % 1 = wautlTH gnm

628,515
“.Wedght of B in ¥ gm pelled = CLO08ETH x 6.3 = 0.003553 gm
100

PR ﬁa%Q* eguivalent o vk, ¢ &
contained in coke in 1 gm pellet = 0.0035%3 x 136,148 e
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Tanle A e 2N ?-?t
Systen 1.
3 Gypsum ¢ 1 Silica : 2 ticke t J.1567 AlyUg.
1400%;,

seights Tiwe H,30, $ite sulghide tivrasion
(i) {mts)  raliea  ze B/E0 e X100
g U1 W ﬁﬁyﬁgﬁaeﬁ xﬁﬁéguaad
, A GeUH ased —
i, of Dont = (2020 1 5,35 24,35
4o, ¢+ palilets T.1630

Whe of boat m» 5.,8835% 1 51.9 2.1

B0 + ?Emt“ ﬁdﬁ:ﬁ

The of hont = 6,088 5 $2.3 nil
3o #+ pollet= T.G267
¥%s of boat = %:géﬂéﬁ
dos + pellet= 5.8415

%“‘
¥
v
-2
B
b

$%s of Lozt = 6.,083% 10 Thal nil
dg, + m:&@‘%” Tass 3?1
¥%s oi bont = ;!:7&?%35 10 "31 oS il
¥te of boat = 5.0829 20 51,8 nil
20 * %&1&@” & #EW
Whe of bont = §,7024 Z0 1.4 nil
B - jrc liets ? +3 65&

Chservatisns:-

Ixfolietlion sccured after heniing for 1 minute,
%ith the rise in the tiue of hecidng, chiny sinte grey
sinters were obtnined,




Takle 8,1.28,
System XI,
pavis ¢ 1 S4lica 5 2 Coke + 0,1567 A1.0,,
1400%,
Falght of CeS0, in 1 g0 pellet = 00,6498 mm.
ﬁa%ﬁ4 equivalent to the wt, of 5 contained in coke in 1 gn pellet = 0,0168 am,

Time  Toicnt of  dedont @““""“”*ﬁﬁ% ~“Desn mum m T Desulturised  leigut of L Cas
(mte) pellset in pellst ?eﬂ;aﬁ & , eemw Correot- oas0, CaS formed  formed
& ed i
()  (em) the whe of
% in coke (a~b)
S - (v) ; — ; 4
1 0,5610 06245 01564 0.0164 0.3403  54.492 0404392 7+0233
| 049702 0.6304 03534 0.,0163 043371 53.474 D,03626 5752
5 1.0038 046523 0a5603 0,0169 0,5434 63,305
5 045526 046450 05562 0.0167 045395 83,643
10 045502 06174 05413 0,0160 0,5253 65,083
10 1,105 0,741 06196 0,0185 0.,6011 83,824
20 09715 0e6352 0.5569 00,0164 045405 65,091
20 0,9644 046267 0.5556 00,0162 0.5194 66,070

91¢



SYSTEM XI.
3 Gypsum : 1 Silica : 2 Coke: 0.1567 Al,0,
1400°¢C.
(Oxidising Atmosphere).
100

90
80
% Desulfurisation

of 60
Caleiunm Sulphate ?

(§%)
~—

o

G

5 10 15 20 i i
Time (mts).
Fig. 8.1.8
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.0 Aneamt of ooke resnired in the nizture

. Amnt of ;%3433 regudred in the wl

2 Coke ¢ Ul450T Teply.

Teight of gypevs baken = 34.5430 ma.
Avoat of 810, required i the minture = 60,00 ¥ £4 3
516,534
V = 4,0510 gn.
Corzeeted retic of coke = 100 x 14,08 = 35,442
L

516,534
snomnt of ueh in ocke = 30.2%
"% Degly " " w 25.508%
“ % f s ocoke = 30,2 %1 x 20,904 gn
100 1540
= 0.G7023 Fla
Caleulated ratic i F&le&.’i 40 be ndded = 7.1874

. ®

= 39.442 x 34,5430 em

Corrected . w oo #ow W e 7,1874(25.442 3 0LO0TE23)em

siﬁ‘uﬁy
s G, 2TET g
Wi, of Casl, in 1 @s pellet = 4u8,438

zture = 4.1015 x 33,0430 em

516,538 + 60,06 + 39,442 + 4.101S

| = 0.6586 gmn.
Wt. of coke in 1 gm pellet = 39.442 x 1 = 0.0636 gn,

*
ek P B O L L . Lo i g AN
“te of 3 Lot ga pelliet o ULULEZS X e = YeULALUT gm

«*s Cally eguivalent to the avove Wi, of

i eomtained in soke Inm 1 ga peliet = 0,004007 x 136,146em
32406

= 0,017

X1




?2&3@3@& ﬁ ” ? - 29’
Bystem XX,
3 Gypeun 3 1 530, 1 2 Coke t 0.004501 Feyly

14005,

D
Yoo
Lo

wWelghbs

Tine W80, it

{ats} ravion ca K20
o U1 H £§r§3aﬁaﬁ gﬁxﬁzaaﬁﬁ

HaUh used

>§ﬁiﬁﬁ de titmation

-1 2%?111 oo

.

Ul

of boat = 6.0425

+ peliethe T.0382

ef boat = 5.8876
+ pellets 6.5210

af popd w 5.0503

¢ pellet= 6.,8160

of bont = £,0006
4+ pellete T.0000

- of bost = 5.5086

¢ pellet= 6.6541

of woat = 5.8606

y 4 pellets 6.T619

Cof tost = %.8872
4 pellets 6.6

\n

570 ' "
54,1 15.0
B TH

70445

7643

Thed

TE.8

nil

nil

nil

Quoervatlonste
Exfolistion wan followsd by eintering.
was from 1ight wrosm 36 dark chooolads #ith the rise in the
tize of heating.

e coloaar



3 Gypoum ¢ 1 510, 1 2 Coke ¢ 0.04501 Fe,Cqe

Table gs‘qﬁn
Syaten XI1.

1400%,

W4 of Cali0 4 in ¥ 2m pellet
Calo 4 equivalent to the wte of 5 contoined in ocke in 1 gn pelles = 0,017 gme

o ﬁ:ﬁﬁ&ﬁ [ Y

Time elsht of Selsht of m4 Pesulfurised Cas0, < Pesulfurised Weight of & CaS
(sks) pellet in pellet T R Ty Caso Ca% formed formed
{em) (em) (a)  alent to od {gm)
the wt. of
8 4n ooke (a~b)
, ; ; . Y , —
1 0,9957 046564 03881 0,0169 0,3712 56,559 0.04582 6,580
1 Ca5334 C46147 C«3683 0G.0159 0a3524 574329 GW0342T 5575
5 5&9&57 046360 Ce5498 60164 G.5334 83,568 nil nil
5 05654 0.6384 Cu547T Gu0165 Gu5312 834208 nil nil
10 09058 Ga5956 0e5195 Ga0154 G041 844637 nil nil
16 6.8688 G572 05065 0.0148 4317 BRIM nil nil
20 C.6923 Ca5877 Ce5365 040152 Cu5213 BB.702 nil nil
20 €e9397 Ce6189 Ge55B3 040160 C.5423 B7.623 nid nil

0¢¢



% Desulfurisatiocn
of
Calcium Sulphate

SYSTEM XII.
3 Gypsum : 1 'Silica : 2 Coke_ : 0.04501 Fe,04
1400°C.
(Oxidising Atmosphere) ~

100]

& 9/9//9
80] /

507
40
30
»
10
: 10 15 20
Time {(mts

t8),
Fig, 8,1.9
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[
DI
Do

ﬁ;}fﬁ‘ﬁm Xi}ﬁ1¢
3 Gypeon 1 1 540, ¢ 2 Coke @ OL1567 AlyQy
s Ua.04501 ?Qgﬁz
4%7’}3%**’“" ;m.;..&iz = 4.;& %3?
5ily reqnived im the mixgure = 60,06 X

516.5 34
= 5.0753 gu
Corrected ra%io of coke = 100 X £44.04 = 35.442 g2
608
sohacant of coke reguired in the mixiture = 30.44% % ﬁg;ﬁgﬂ? én
515,534

Amount of ?agﬁa required in the mivture = 14,1015 ¢ 43,6011
516.534
= (343465 gw.
hoomas of £l2$3 veoudred An the niztare = 12.4755% £ 0.iK457
= 1,09%0 Fi.
dalgit of ﬁaﬁﬁé in 1 g4 sellet »

516,535 ¢ 134442 + 12,4755 « 4.1019

Wt of odke in 1 gu opellied v _uedde x 1  ow 005235 ga
' 632.6136

Wi. ef 3 In 1 gm pellet s GL00235 x 6,3 = ULU0I828 gn
the 90
PR &@ﬁ; eyuivaleny o/ %:, of .
ﬁﬁagu&ﬁwm,$n cohe i 1 ga ﬂ%ah&ﬁﬂ e 28 x 1sus 146 gm

324,06
= ULO1668 gn



Teile g&?a}?a
gutem Eilla
3 Gypeum ¢ 1 ¥ildca @ Z Toke 3 0.1567 alg04

g f}{vgw Y%@B
‘! ;11 Jt e
Jelgkt Tine ?2,‘;2“ 4 tite Dulphide titraiion
{zm) revion  co N0 ee R/100
o DLW ﬁ%rﬁgmﬁ&é Kﬁzﬁsa&ed

7 Sasd nesd , —
oa 0f bonb = $.2000 tmi S ul 21.8
dve i&ll%“ ?s},s;‘:if}
Whe of bont = 5.8523 1 * 53,6 16.8%
do. + pellets &§,74950
“te Of oat = 6.0220 5§ * ) nil
40« + pellete (.%568

B4, of Dot w 5.0477  H 7 ey nil
doe + pellats C,7052

#ts of boet = Ea}a{’&?‘i‘ e ToL. 2 nil
do. ¢ peilet= {.0928

%t, of bonk = 6,0072 10 ¢ TEL45 nil
do. ¢ velles= §6.5443

4. of bend = S.5068 20 ¢ TE L5 nil
%1’&. m.ﬁi"*‘zm f} g?

Wte o boat = S,57%E 20 ¢ £3e49 nil
do, + nellat= $,7574

¥4, of bout = 5.8636 30 * £, nil
Gos + pelleb= C,.8002

¥4, of Bosd = 6.0422 30 ® Beeb nil
do. + pellets 7.0026

f"‘&k‘%

w*;
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Zable L.1.31.  {cont®d)

Velghts Fine Wi, tite Sulshide titration

<4 — = A
ratlion an B/25 oo BES100
SSILERS B flrlquoed smasused

?3*‘&, Qf %ﬁ@ﬁt b4 gﬁi Kiﬁ% 1 :%K;f ”ﬁ{i‘x}g 131}.
49, + pellets 7,1630
Vs uE DomE = 5010 1 W £6u 3 nil
G + Pedleve UGLOELY

Was ol Buwd = 0,700 £ M 1.4 nil
wire ¥ %&i&ﬁ"m w‘?’;%.:
Whe 2% AT = faa%‘«ééﬂi 3 2 951 nii
dae + ?ﬁ%r&’a:&‘é ‘;’;\siﬁg‘fﬁ

Yhs of boak = 6,037y 3 ° 6302 il

% I N T W
dds ,ﬁ%lwz?#@* i ;;m«».f.?

Gbservetiona:s

Prfoliation ocvoured after neating for one minaie,
Ghate bown oliakar wos cblsined alter hesting for §

Aalruies aud above.



Teble 8.1,32,
Byatem m;
3 Cypaum 2 1 8dldce ¢ 2 Coke ¢ D,1567 Alﬁﬁz s 004501 %203.
1400%,
Veight of CaS0, in 1 gm pellet = 0.5456 gme
mad sguivalent to tho wi, of & comtalned in coke in 1 go pellet = O,01560 gm,

Time

Helght of Welght of Cai0, #eight of Desulfurised £ vesulfurized Teight of ¥ CaS
(mts)  pellet  in pellet caso,  {em} Casi0, a8 forned  formed
{gm) {am) k GCeBC equive Gorract— {a)
almé ed
the at, ﬁf ;
% 1in oocke (amﬁ)
, €)) - |
1 0.9319 0,506 0.,3581 0,018 0.3426 %6,948 0403932 £e536
| 09137 065899 03649 00,0152 0.3497 59.28% 0.,03058 5.184
5 05348 06035 0.5277 00,0156 0,521  £84.85% ril nil
5 G.9375 046093 05277 00156 0.5121 64,603 nil nil
10 0.5054 045845 0.5199 00151 0.5040 86,228 nil nil
10 049374 (15050 065341 00156 0,5185 85,702 nil nil
20 0,5299 046003 0.535% 0.0155 05200 864623 nil nil
20 C9TTH Ga63%1 03,5682 (,0163 0.5519 87.450 nil nil
k. 025456 05105 0.5035 040158 De53TT 584075 nil nil
ks, 029604 046200 0.5624 0,0160 0.5464 BB.129 nil nil
]
DN

wt



Fable 8.1.32 (oont'd).

(urs)

Wolcht of CaB0, Telcht of Tecvlfurised 7 Decvlfurised Felcht of i Cafi formed
in pellst ras0,  (em) Cal0, Gl formed

{em) TEAL Cai0, cquiv-Lorroet= (o)
(&) alent%to the  ed
wte of §da (e-b)
coke
{n)

B e s

W w B

0.9529
D.,E70
049398
049689
0.99468
0,.9228

045410 0.,5852 0.,0166  0,56%  £8.061 nil nil
06372 6.5876 0.0155  0.5711  65.626 nil nil
0,6066 0,5991 0,0157 2,583 $6.175 uil ail
046255 06223 D162 09081 96,898 nil all
045435 D.6543 0.0166  D,837T 99,089 nil nil
09,5558 05073 2.0154 09,5013 99,145 ail nil
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% Desulfurisation
of 40
Calcium Sulphate

30

20

SYSTEM XIII. _
3 Gypsum : 1 Silica 3 2 Coke : 0.1567 A1203 : 0,04501 Fe
1400°C
(Oxidising Atmosphere) .

Points showing active desulphurisation by Carbon are marked

203

A

5 B 15 20 25 3 1 =
wtd, mts. mtg. mts., mts, mis, hr,
Time,

Fig, 8.1.10
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& wws u'..’sc v’

icliction of the pailot In

Syaten Z1ily after Mmating fTov
500z,
ane simats et WG

The ssae pellet sfter Baating fow
20 sinutes at 1400%,

ro
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The ‘wenchlng Hethodie

The guenching wethod was used to detsraine the
eguilibrivn relutionshiog bebtwesen different phases in
silizate anl other sysieuns lovolving a high xeliing
podnt. It would wlse ue used in momy cases to elucidste
Foge relotionsihics ln other systeae shere, for rossons
sach a8 ewlensive super coeiimg other - sethed nmay fail.

The vork way divided inte 1 pucressive opersiionsse
(1) Zrapayaiion of the cesent mizturea.

{2} Hepting and quenching of the charge.

{3} Hioropoopic exaninsticon of the gquenched clumrge.

(1) Frepsration of the Cement Hixturesi~

The ration of the conptituents ¢f Syonteu XIII
were se selacted as to glve & gool gunerasl-purpoce couaent,
ef s high $ricaleium sllicste content, Theoreticslly,
three noles of lime supplied by 3 moles of calcium
milphete should ccnbire with one moles of silios st high
tempersiures t0 give tyienlcium silicute. The percent
retio of 30a0 3 1 sllicu iz equal 16 T3.6 1 26.4, wm
the waelght basis, The phase dlagras of the systen
£a0 « 510, by remkin and Wright (Pige 8213} ghows the
foraation of itricelcium silicate with this compssition
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400 .
2200
[ €
H
h oosse
;,zoooi Ca0 +a«Cp$ \ ,

, : ’ Al
o 1900° VT Lig 8 g A+ 8 L\'Q
x | | : i
> /8004 | '.
< | y 1698°
E‘ | o i"c’:;- \ “CRISTOBALITE #L.q A
3 /600 | \

S | 9%l aCStLia  CRISTORALITE + Lig B
lra7se | - N 1270°
1420°, 4 [1455°7 \.Amﬂ/}s}z‘r{ * Lip B
o €3S +1%G5| wCs¥ |
BCoS T3 €35, TRIOYMITE + «CS
| 1250° i '
] 2o°
1200+ " BCos !/ZQ: J“ : =
a0 woigs i TRIDYMITE + ACS
ooO—1 Cof
0 @ Y G5 s 90gs, Socs 60 70 0 90 0

5.02
| WEIGHT PERCENT, S0, -

* The system CaO-SiOs . (Rankin and Wright)

Pig. £.2.13

Pigs CLeZ.¥4
Arrangesent of sguipsent for



at 1400%.  ucess of £vpwan was avoided %o eliminste
e melis In the kiln,

The pellets of whe cumposition 3 gypoum t 1
silics 3 2 coke 1 UL04501% Pegly t U.1567 41,0, were
made and pluced L platinmus boate for hesling and
quenthlng.

;2 ‘$ %y

» R 4 o ST 4 .
Ve 91 - Xr %33‘3,’@ RN %yr;mmljwé;,iiggﬁw

The charee contadued v the boat wae hented lor
3 hours o 14009 in the z’m%‘.w and then guenched with
the Tely of 1igudd sdr o preserve the phases wesent
ah thic Semuerasure, Later wes svoided 85 a4 coollng
medium o eldudnast ¢ poszioility of the forantiun of
Lydruten e the aiix"w.& € oo SRl B "iif'm goul et
emsloyed for guenching |

!"}

rw

s Ledn Wﬁﬁz‘*ibm in Chapier V.
G

T VPO VETE SRR I PR B T
After heating fop 3 Lours in e o

4
2 oa

JRCI . . A iy o o B T T T T . - )
cordainisg thu peliel wan guickly wiepped L:%0 o sbolne

DR bk Wukd

lese stecl tule, cceled by plscing in s voaker,
centedning 1dguid edr. A siromg jed of cold alr, was
aimltanecusly Dlovn over $he pellet., Qle jot was
genersted by ,g‘lmi & An & besker of water & slass tube
corteining ligudd sir, fyoes wiich n delivery tube tock
the wipouwrdised sir $o {he sisinless sieel tubs. lireet
quenching in Idquid eir contsined in a therucsflask
was sloc sueceseiully tried, ueing rabler gloves snd o
foee maek for probection againet spurting.

{1) #Hiercscoic Fxaninstion of the Querched Charpgese

Le Chatlier was first %o npmreciste that ithe

D

§romem



nsture of the compounds formed during fusion and
erysballination cowld not be revealsd by chenfosl
crslysis, znd thet petrographic sethods are the
clazsicnl douls to cope with this problem. Thrse
weihods vere enpleyed for the mierescopic exsminstlion
el the Porsiend vement olisker.

{2) Refyvnotive Index Hethodiw

i smell smearit of the 1fouid mediun, of
shandard R.1 ard prepered by the method described in
the fellowing saragravh, evas slsaced o g slide and a
sarll smoont of the powdered olirker was ploeed on 1t.
A cover glees was then placed over the miztore. It
eonpld $her be wrexsed rendlily into o thin filsm gnd
dotorninstion mede.

Mathrlene fodide (.1 = 1,737 and Tromoravbthalene
{F.1 = 1.658) were used to srepare solutions of different
refreotive indices to mateh the R,1p of the 4ifferert
eonpeneria of cenert. Ramopgrsphle chert was gresared to
get the reyalred ratios in which the somponents were
added to get the required refrsctlve lndsx, The
compenents vere added fran a aloroburetie and the mnmber
of drens of sach component dalivered per ec were snlso
noted to Pfeailltate the addition of the Iraotions of
Cthe ligmid volumes. The A.18 wers finally sdjusted by
pesns of s lLediz microreiractrometer. To mrepare
solutions of R.7s less than 1.658 a-chloronsphthalens
was enployed to lover them %o tie reguired value.

o
o

D



Hethylenw iodide woe preserved with gpramlsted tin,
otherwise it became dsrk. ¥o save the solutione from
the eifect of 1iuht, they were kept in 10 oe corked
tubes, painted binck on outside and placed in =
slotted wooden smand. The estimmtions were done with
the help oX & Ledits },U.P, microscope.

ihe swudy of the remaining propertiies of the
¢linker conpounds wes done by the following rstholsie

{(B) Exmairation of thin pections by trensmitted
13 i'}:ﬁi »

{¢) sxamdnetien uwf polished snd suilebly eiched
sections by reflected light.

The thin and polished sections wers prepured
Ly the Leclegy legesriaent, Usniversity of Technology, us
foiloasie-

{(a)} FPreperation of Inin Hectlona:e
, The slice of the ciinkey wns suoothed down on
vne aide using carvorundusm of the following srades in
order, on a gians slable
Wi 20
tii 400 {aleo called 37)

(13i) 600

T2

o



The slice was then mounted on a2 gluss side
by aesne of Umnmdn balsan, sud Shen giound on retating
wheal, using 220 carborundus. Fine polishing was ihen
dons by 3F snd 600 carborundum. A% 3his stage the
soeciner wes conslensly checked under the nloeroescope.
Goue Canads ealsss was acllsn on & cover gluss Uy
vinedlng A% on 8 bBobplate snd after hesting the
wlewn on $he specimen alide in She swme way, the cover
glaen was fixed L sisece snd $le slide slesned and
fogled. The dhinness was ol the order of G.04 inches,
Undex polarised Liché, eny quarts or feldspar supedded
in & 8lide ol sullable Shinness is vevaaled by graylsh
Or erasny aoliure

(B) Presarcilon of Polishad Seaiionste

Toe grecess cunsietsd of two madn parisre

{i) rough pelishing

{14) fice polishing.
{4) Bouszh Polishingie

The climker specinens were owh and ground By
hand with 400 grade carborundam. “Flastrene 47%
plaastic compound was then mwressred for embedding the
apecimens by aldng the folloving components in the

given oxder to aveld axplonioniw

Polylite BOUO 100 volumes



Tatalyat Te, & 1.5 volumes
s ber e 1

Lim 4.

gowert supalied

AT FRE . g b e, e LI —
adkdle ke vk g £ @uﬁ‘r‘:;g

The sogedass wae then Jround

e g

garcorinoun aoya bnen wish ulizadine eaery

fanoglicd by Jaovas 041
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sections kerosene oil was used instead of water.
(C} Tiohing of the olished Sectionsse

R S W S ] el w00y ek g A Sap A Fnam
e 2elliched ssosions wars siohaed By ae
&
k2

bae given <ordadie
{4) st iilad wnter % sanonis

{11} 17 H304 solution in  § seconds

etuyi sloshol
{idd) U LCH.ag.usolution 195 seconds

distiiled waier seyved ¢ diffexrertiate Call,
B0 sl crystalline dark duverssiiial saierisl,
ﬁkﬁ3 soluition dirfereniisted belwoen MS&, Uoly &§AF
ant touval dark Lotwreiitial muberisl, s:d is nselul
wher clinker ie low in an6¢ such as may occour when
$4£? has crystaliised {row She liguid, while LOM is
Brbiiliadloly el sll soshscd rreupeciive of theldy
ivon content. The ube of BOH bwrnet tlhe interstitial
maverind derh, revenadng Gicubaie 6i u&&E, whieh
othervise reseln uncbBerved spulned o white eokaound.

() Idertificstica o1 ke (linker Componentse
L osloresuode efandentlon with e pelrelogical

%iﬁf&ﬁsﬁgﬁ, the followicrg conseliluenis were identified,
By She propecriies glven velow. In the cese of lnbtele

236



ference figure and birsiringsnce only wrensalibed
ased. ILe work was dore #1%h the nusistance
Dre Le do l@mwre: ce of bthe Geolc S8

Lisht wag

of

o

gy separtunent,

St

Univernity of Technclooy.

(1)

LE J»f;ﬂ&&%w-i*é«lw:i *?3}»-&;-*3@* :vk}” g {wﬁ%ut m?‘j:‘}g} $-

vlve 1 Liccar=
w = 1,72
E = 1,718
Uniaxial negative.

s
)
i')
w
f:ﬂ
ct

ire aversge refracvive index is

Sirefiriscencerm-

wgaky polsrisin

FGE S -
GEERARLGSy  soRle WAIe ald0 Larse oguant
SLJE bt LBy bawddar O Mes s ped.

o B, e 3 PP T PSR, S -
Cwirasi®d FEA LD LG W08

s e B L L T o T
LS NGy | iz&g.;c{lm reablrass-

e alaest walaxiol filgure, whe b Pk
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1.718.

reisachive Ladex asnd lovw bivefrisgence
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{2) Breemmilleriie or tetrscaleiur slhimino-

3:&3:‘ G {“;w”}u;fﬁ Q@}*“&E\}}}‘w

Tefrnotive dndlaeste
5 s 1,40

B w 2,01

Y S

sk erhanbic,

3 2
Gelliaftee

Fa vy hﬁ.{gﬁ "

the solarisstion

a2 were gnisgtrosie bul
nataral oolour,

v:;*@}.:m:y wnd garied by e

_.,,
ES

L

1)

L
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sat with Imperfeat oluayste,

£
Yarred sleoohmeisc Orow csllow o bhrown,

mare Yrovag osare b than gomg o

TR
& g m{ A
Tiaaintwy favelle,

7, x TR S o F 9 3
Antiomlsbling feataresie
H - g o . ) 'l = :
Blevinal oravaotar, 2eloar and

"«5

wian

[
443
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{e) Thoze romcositiont-

Ir the four s p@@im*mg hare were tep ovostalline

phanee rraaa-t in *@%é ftion %o class, the shase somponition



Fige GeaZetS
Liquié air guemcled clinker,
Tranenitted light, X 154.

L)
o
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Fig. £.2.16
Iiouid air Cunenched clinkar,.
i pondtted lighs,
oressed nicols. 2 154,



Pig. 2.2.17
Liguid eir quenched clinker,
Polishel seotion finally etched
with ag, ¥V solution. ‘ellected
1ighs. = 195,



)
(SN
Do

Plge Be2.40
Iiguid elr guenched elinlwer, Folished
pective, Tinelly etched with ag. EGH
selution, Reflected 1ight., Crossed
niools. X 104,



Fige oot

Ldquid eir guenched clinker. Aanother view
of the polinhed section, Tinelly etched with

-

. IR DT e < AR adh R A
B« OB solat it i e QLek J‘ed.;j:é,i?bg & 1;}“¢



af the tlinker wr2 oo f2llouctm
1. Irlenledun silicete 08"
2. dGrovmmillevite £ - Bi

S Glasns 7o AT

(¢

2 )
S

Fhotopraohy of tle thin and jolished seetione with
Tiokars U oP0s0008) -

Fiekere sloronco e was used for shotograshing
the thin and colished aectionn, As the orvatals
obtnined were lorge, the mammifleniion ueed was 194
instead of SO0, Puaotogrsghs wera Lwakan, using
twgngmitied 142ht In 4he case of thin sections and
raflected 1izhé in the case of solished sections, wiih
aad without crossed nlocols.

o
SN
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I1I. GRUZY OF REACTION s7CHaRIsms,

A. Uxidising stmospheregie

E:y%tw Xiv.
Gypsum (Two sets of the pellets
of different size).

Welght of &a$ﬁ4 in 1 im pellet = 136,146 = G791 gm
172.17€

Table £.3.33
Oystem LIV,
Gypsun (Two sets, oi the pelleis of
different sisze).
1400°%C.,

Selghts Time  K,0, titration

o {gm) {mts) ce Gu1H HaOH used
“t. of bout = 5.8979 1 0e35

do, + pellet= 6.3552

Y4, 0f Dot = 06,0202 1 Ue3D

do. + pellet= 56,5763

4, of bost = 5.8412 S 2.6

do. + pellet= 6.3426

“t. of boat = G.OT47 5 Ze4

do. + pellets 7.0514

¥4, of boat = 6.0220 1G 5e 69
do. + pelliet= £.5136

w4, of boat = 6.1642 10 5T

do. + pellet= 7.1520 |




oo

Table £.3.33 {cont?d)

weights Tize ﬁzﬁ% titration
— Lam) . tmts) gc Dol HaUH used

A0 + ?@11@%3 6.462‘9

¥t. of boat = 6.0710 20 12.15
do. + pellet= T.U5EU

Jbservationg:-

The effect of hegting on velietls was more
propounced at the bottom, slthargh no melts were wbtained
up 10 % minutes. ¥From 5 minutes upwards the contents
of the boats fused with the formstion of excess of Cal.

o7



Table B.%.34,.
syster XIV,
W“”ﬁé?ﬁ?gum'
delent of Gaaeé in I gm peilet = U791 gme

Time #edght of walstt of Calid,in sedight of esullurised # vesulfurised CaSV,
(mts) pelliet ne'liet Cas,

(am) {am) {gn3)

i Cek T3 Va3934 0. v02383 ebUG
i GeUl 5l ‘ U796 U, 102383 VaB1H
5 0.5014 V3956 e 770 486D
5 C.9767 Ge7726 0.GL634 .15

10 0.4916 {0, 5889 Ve vBE4T QW EY2

10 £.9878 GeTBLS JeuBiiel PIRTA |

20 Ce5086 “edU31 U UE4E8 16 4046

20 Y.GaTv 078U UeubGil B2

e . oy ’ & 4 - s e e it




SYSTEM XIV,

Gypsum
1400°¢,
(Oxidising Atmosphere)
20 Small pellets o
Large pellets A
18 ]
16
14
12
16

% Desulfurisation
of 8

Caleium Sulphate

n

5 10 15 20 i i " =

Time (mts),

-




S*yfi tem AY.
Caleivm Sulphide.

Bzo evolved frog 2 samples of Cal was
pbsorbed in jmmoniscal zince sulphate solution and
titrated against N/10 EBrO; solution, after acidification
in the usual way:=

'(i) welght of samplie (1) = Y.08%9 gm
#/10 33%,@*53 used = l}.aﬁﬁ ce
e B {383 = 1le?H % & {

(41) veight of sample {2) = 0.1020 gm
4719 KBr0g used = 12.3§ ec

'w.laza i

*e # Cab in the B.F.C. Cuality sample (man) = 4543

‘333@4 Content of HBPuCe Cald tom

Froceduresw-

Two samplies of Ced were weighed. The
sulphide was decomposed with bel in silica dishes. The
sulphate content remained undissovlved. The samples were

T
(SN

(.



ro
(SR
<

dried, heated with 48,C0y, sand then boiled after

adding 50 ce of water. “fh& contents were transferred
to 8 beaker, and neutralised with HCl. 50 ¢c of 1 : 9
HC1l were then added and boiling continued for 5 minutes.
The solution was filtered snd boiled. While boiling

20 ¢c of a boiling 1U@ solution of }3&&12 were sdded,
ARber digesiting thepregipitate for an hour, it was
filtered, washed, dried md ignited st bright red hest.
A drop of Ei‘zfﬁ% was used to oxidise sny sulphide formed
by the reduction of 3&34.
Calculabtiongie

(i) veight of sample (1) = 1.Y356 gm
reignt of crucible = 12,9397 znm
do. + 339;:;%64 ppt + ash = 13,6028 ¢m
welght of whatmen 540 paper ash = V.0UWT gn
"« weight of ;’ﬁsﬁﬁ% Ppte. = CW66303 gm

ot ﬂ,a?a% equiva.&nt to the ai’;we wei&m of Bad 94

5&.%

- ® ";3'1 {:ﬁ%{)4 in the {:ﬁﬁ = Qg igﬁz X ;1}6
1.V356



)
ot
}gu‘

(11) weignt of sampie (2) = G.9944 gu
deight of orucible = 18.4734 am
40, *,3a%§; ppt + msh = 17.1144 gm
welght of whatman 540 paper ash = 0.00007 gm
»"e wWelght of BaSQ, ppt. = Ue63893 gm
+%e CaBQ, equivelent 1o the above weight of HaSy

4
= %o6389% x U.13735 x 136.146 gn
%2.,06
= V3727 gm
ote & CaSU, in the CsS = 0.3727 x 100
= 57.48

% 65334 content of Cad {mean) = 37.411%.

Calculations of the total S 4n 1 gm pelietiw

5 due to 6@04 s ﬁzaill x ,‘2"2’%
100 156146
5 due to Cal = 45,3 x 32,06
100 724146
's Total 5 in 1 gm pellet = U,UBBL + 0.2V13
- %‘}¢2894 1% ]

We know from our calculations at the very oMtset that,
lec of .18 HalH = 0,0016W026 gu of evolved 8.



Table 8.%.35
System XV,
Cab (oxidising atmosphere)

1400%,
Weizhts Time 32554 titration
(gm) | {ats) ce U 18 Hall used

Wte of bont = 3.?6{}7 1 4@:25

due + pallet= 6,.8300

¥te 0f bogt = 5:16333 5 : 3.39-5

d0s + pellet= 7.0572

¥te Of boat = 5*@2?5 10 139075

do. + pellet=s 6.7519

s 0f boat = 66,0084 29 145 «6

Qs + p311et8 6;9&73

Ubgservationssw

The pellets did not fuse bul becume hard
and compact after heating for 20 minutes. Due to the
decomposition «f sulphide in oxidising atmoaphere a
typical biistered surfsce was obtained.



Table Be3e%64
Syvetem XV,
Ges (oxidising etmosphere).
Tutal & 4a 1 4 1ot 140098 ¢
Jetal & dan 1 am p@ll@t 023§4 Efle

Time uedight of ceighd of total O welght of evolved & #o Desullfurisation
(mte gollet in pellet (gm)
{amw) {g)

1 V8893 0.2516 047400 2 o415

Q'§939 eRi31H WaLlig 67¢ﬁ49

w

10 VG224 W, 2669 Ve 23E 8% 7177

20 09589 V2775 &‘2339 8ﬁ¢g$4

o
[
(.



SYSTEYM XV.
Can ( B. P. C. ) .
1400°¢

100 (Oxidising Atmosphere),
301
801

194

60
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Time (mts).
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snalysis of the pellet for sulphate content, after

heating for 20 minutes:-

Frocedures-

The pellet after heating for 20 minutes,
was powdered and the sulphste conbent extrmoted after
heating with svdium carbongte in the usual way. The
sulphste was srecipated as 13&.'3»4, as already explained.

Calculations sw

vriginal weight of pellet beiore heating = U.9589 gm
weight of crueible = 16.4798 gm
do. + Zsaf;% prt + ash = 16.7881 gm
seight of whatman L40 Lilter pper ash = U.VWWT gm
" a ?&ﬂi&s)ﬁﬁ uf Eﬁgi}é g}’é‘?t = i}‘?"'}ﬁgﬁv S
«"e Vail, equivalent to the above weiont of Jalbl,
= weBYG23 x ULLITES x i3El14E
52.06
= VelB804 &m
"o % Ca80y in tho pellet after 29 minutes neating

= 18,813

T
i

&5

er A



Appusrsnce uf Gl pellet oidter heating
for 20 mivases at 143070,

[ aNe)

N
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Caleiwe sulphide left in the pellst after 29 minutes
heahingse

Uriginal wt. of the peliet = u,9589 gm
«eight of Cal present in it = U.9589 x 49,3
100
= 0.4344 gm
¥te of sulphur svolved after neating for 20 minutes
= V2330 gm
¥te of suiphaste sulphur in the pellet after hesting
for 2v ainutes = U, 30923 x V13735 gm
= CuU4247 gm
o*e Wt, 0f evolved sulphur + sulphate sulphur
= Y.2755 gm
¥te of total sulphur originally present = L2775 gm

«*e wt. of sulphide sulphur left in pellet = U.OU2 gm
«’e Wte Of undecomposed Ca- in the pellet
= Q002 x i g ggg &n
T2.146
= v,0U038H8 gm
Goh 344
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B. Hitrogen Atmuspheresie

L3l the systems to folluw were studied in
nitrogen atwospheres. The evolved jases countauined only
S0ge Ho ﬁzﬁ, L5 and L3, were obtaloed. « ruilrosd
type sulphur cundenser was connsctsd in betusen the
reactor and Sﬁz absorber. The comisnser was surrounded
by ice and HC1 pixture. In order $o0 be sure that no
sulphur cupdensed in ths cooler portions of the furnace
or in the cutlet tube, the lemgth of the reamctor tube
on the outlet side, was shortened by 44 inches and the
flow of cooling air stopped to keep the exnd hot. In
addition the ocullet tube wes woungwith resistance wire
and neated to just under its softening poimb. io
weigzheble sulphur evolved.

syetem KVI.
Hitrogen Abmuspnores.
% Gypsum (ashycdrous) t 2 Ucke.

inhydrous gypoum was propared by neating Lo constant
weizht st 215° - 230%C,

ceicht of pakydrous aypsum bsken = 21.0918 gm

Correcied ratio of coke = JU0 X 24.02
HJe9
= 39,442 gu
" . Amount of coke reguired in dae mixture
= 39,442 % 21.9515 gm
408,438
= 2.0%68 cm



.

¥eight of

aeizht of
veisht of

(o

» A WY
£
* o B8O iiﬁ

in 1

CaS0y in 1 gm pellet = 408,438 % 1
447.88
= 0,9110 gm

% A4
447.88
= U.02006 gm
S dn 1 ogm pellet = 0,00806 z §,3 em
100
= U.00554E gm
gouivalent to¢ weight of O contained in coke
cm pellet = w.oU5548 x 136,146 gm
22.06

coke in 1 z2m pellet =

L)
(WOR{

()



Table 8.3%.37
System XVI
3 Gypsum (anhyirous): 2 Coke.

1400%.
weights Tipe 4‘63.%» vulphide tite
(gm) {mts) ratzen ration
44 th i} o0 Q.l #
AeUH used KirQ, usdd
¥te Of oot = 60@173 i 1@9.9 1646
ébu + pelli%‘ﬁ:a ?celﬁ ‘
wte ©f Dogt = 5.0381 5 Y6 .8 1345
0. + pellet= $.793%1
dus + peliet= 7.1857
¥te of boat = 5.354% 20 101.4 14 .9

(ig‘ + Fell@tw 6:.%4‘65

Ubservations:=-

The pellsis disintegrated into small
fregments with muffled crpokling sound, s soon ag the
bogte we.e inserted in the resctor. The culowr of the
peliets after viring wee grey sad they d4id act siick %0
the boals.



Table £,3,38.
fiyptem XV,

7adght of Ces0, in 1 gu pellet = 049119 e
wma aquivalent o the whe of & contained in coke in 1 gn pellet = 002356 am.

Pime eisht of Wolrht af Cato, Toisht of Tesulfuriced ¢ Dgzulfurised elsht of ¢ CaS
{uts) peliet in pellet ) 4 { g} 08B0, Cas fermed  formed

{ga) {on) Tobal L850 ,eudve Lorrecy {am)
{a} olany 3o od
the wie of (a=b)
& in ooke
%)

1 D.9952  0.9075 0,686 040234 Ou6635  Tie113 0.05989 e 209
] T dHI0 Ge TR DuB591 643225 Ga8368 T340 G245 Be332
1 1.0243 G330 047081 6,041 0.,8840  T3.726 DeU5454 56871

20,3920 0.5046 0.5904 00234 0.5670  T3eT34 045051 54584

o
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Table 8.%5459.
System ivi,
3 Gypsum (enhydrous) 8 2 Coke.

1100%.
veights Tinme 323Q4 tit- Sulphide titw
(gm) (mts) ration ration
e V. 1R ce O.1H
HpOH us KixO. used
¥te Of boat = 609149 1 IQ‘QQ 28.6

do. + peliets 6,5505

¥te Of Doat = €.1621 5 662 2843
d0. + pelletx 7.1199

Wte Of DOAt = 543048 1 8247 24«85
doe + poallet=m $.T840

¥te of boat = £.9180 EQ 8&.9 23.6
Q0. + y@llﬁtw §-9258

BIVES 8 S
Obsg tio

¥o disinte;rstion of peliets cccured at 1100%C.
The ceclour of the pellets after hesting wes greyish white
and were casy 16 remove from the boats.



Table £43440,
Sysbem AVI.
2 Uypsun {anhydrous) s 2 Cokes
1100%,
Holpght of Q;aim4 in 1 gm pallet = 00,9119 om.
m:f;%ﬂ& squivalent o thoe wie. of 5 contained in coke in 1 gm pellet » 0,02356 gm.

ne ?’f*m of eicht of Cas0, a2zt of Demuliurised P T —
{stn)  poliet in pellet van0, (g} Cas0, Ual ormed formed
{em) (em) Toval  CA0 equive COTrecte ()
(8) alen¥ to  od
ko whe Of (ﬁ.“b)
o in voxe
. , , _{v) —
T 0,075 0.8696 0.0681 0,020 0,0451 5,070 0a9032 114601
5 0,9578 0,673 D450 50,0028 C 4081 44019 20,1021 14,689
10 Geg292 0.8473 05631 €,0219 0.5412 63,873 5.00965 10,581
20 21,9088 0,8287 05916 0,004 05702 £8,507 0,00544 10,274

[N
(op)



% Desulfurisation
of »
Calcium Sulphate

100

S0

SYSTEM XVI.

3 Gypsum (anhydrous) + 2 Coke
1400°, ©
1100°C. A

(Nitrogen Atmosphere)

10 15 20
Time (nts).
Fie, 8, 3,23
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Tavle 8.} 0410
System XvIiI,
3 Gypsum ¢

g Coxe »

~
e

1400%,
Weichta Time &,ﬁgﬁé tite Sulphids tite
(gm) (mts) ration ration

ce Ueldn CC Weldl
HeUH used Kﬁrﬁﬁ used

d0e + ?311@%# 703.&%?} ‘

doe + pellets £.8762

0. + pellet= 5,980

Whe 0f Logt = 55,8405 20 G4 1le6

dDe + yeﬁﬁta &08794

vbuervotiongse

Greyialh brown erfolizted pellets vere

obtalned after hegtipg.



Welght of CasO, Sn 1 g pellet = 0.7345 em.

Table 53030534
Gysten AVIZ.

3 Gypsun 1 2 Coke,

1400%.,

Cal0, emivelent $o the wt, of § contained in coke in 1 g pollet = 0,01898 s,

4

Tire weoisht of Veloht of Cas 4

Faighi of Deeulfurised

& Posullurised weizht of

S PN
= Gold

(mts)  pellet in vellst Casd ; {ipa) Cas0, CaS formed formed
{eom) (e} Totsl  Coi0,couiye Corraot- (zm)
(a)  2lent to Ced
the wte of (a~b)
3 in soke
() ; ,
i 1.0064 0.7393 D.2L28  0.0191 042638 35,682 007612 104296
% 10206 07500 06012 0,0194 05818 77.573 0,04365 54620
14 0,9613 07062 05551 0,018z 05469 77442 0,038%6 56517
20 10389 00,7632 046155 0.0197 0.5958  TE.,066 0.04185 5483
T
oL




?&513'3‘3‘43.

3 uypsum : 2 Uoke.

»~
<

1100%,
weishits Time iigﬁﬁ tit~ Lulphide tite
(gm) {sts ) retion ahien
L Ull B GO Uel K
Hevil uged K?r%3 used
do« + pellet= 7.05499
whe 0f bogt = 6.1622 § 2§n?§ 3§04
do. + pellet= 7.,1506
Wte oFf boat = 5.8%48 10 85042 209
¥he 0f bomt = 6H.Y152 20 78,2 175
do, # pellet= 7,0004
Obgervationas~

for in the Caloulations.

In the 1 sinute remding, the pellet decomposed
on the surfzce oniy, leaving the coke snd the sulphur
contsined in it unburmt, wnich wes therefore not sccounted
ihe pellets sfter firing were
greyish white in colour and did not stieck to the bouls.

=



Table Bededds
Syctem XVII,
3 Gypsum 1 2 Coke,
1100%,
Wedght of CaS0, in 1 gm pellet = 0,7346 gme
(s50, equivslent to the wi, of S comteined in coks in 1 gm pellet = 0,01860 gu.

4
Time Vedght of Vedzht of Cald 2 telght of mmi‘uriaw < Desuifurised veipht of U (uf
(mts) pellet in pellst Caso {ex) caso, Cas tormed Iformed
(gm) {zm) Tot Cat0,oquiv= Correcte (em)
(8) aler® to od
the wt. of ({=~1)
% 3iu coks
) . , .
1 1,0449 0.7675 00129 S wus un~  0,0129 146861 003487 405
urnt

5 0,9863 0,7260 01753 0.0188 70,1565 21,556 0,03524 13.148
10 10704 0,786% 0,3826 0,0203 D621 46,088 0.1043 13.268
20 0.9822 047215 0s5324 00186 0,5138 71,213 006313 £.750

)
(@)
98]
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SYSTEM XVII.

3 Gypsum + 2 Coke.

1400%, ©
1100%.. A
(Nitrogen Atmosphere)
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DYSTEN XVII,
3 Gypsum : 2 Coke
100
1100°C.
s g
(Nitrogeri Atmosphere)
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System XVIIL.

3 Gypsuzm : 2 CGoke 3 U 067 AL, 3°

weight of gypsum tzken = 23.45% zm
Corrected rutio of coke = 10 x 24,07

50,9
= 39,442 gm
amount of coke requirsd in the miziure = %9447 x 27,45
516.5%4
1.7611 gm

Correciea raiio of ¢ Al 5 = 1244759
rdmount of & lgd) reguired in tne mixiure = 1244759 x

516.534

welght of ﬁaﬁﬂa in i gw pellel =
5 490,438 ¥ L oam
210t ;@ ¥ 594442 + i27%7)9

= T8
Weight of cvke in 1 g@ puimdﬁ = AUeknl X X

LED L4518

= “y‘»ﬂgf’jj’f ot 1

.oweight of 8 in 1 gm pellet = U.00938 x Lad

‘ Y
= Utv‘;‘é}?l s

*e Caoly wouivalerdt to the alove welght of 8
cunbained in coke 3n 4 ga peldst

% e w‘day j? X

= WaW1GH6 gm



Table g’}t%rt
System Xvili,
% Gypsum ' 2 Coke :9.1567 Aly0;e

3
1400%.,
Weights Time ii;:ﬁ%é tit= Sulphide tite
(gm) {mts) ratiom ration

ce U 1H Ce Y.l ¥

Baul used f?rﬂ3 used
%*t. Qf b&ﬂ’t & é'i}l?}? :f. 4‘2’.? l?‘§5
40, + pellets T.0317
¥te 0f bogt = 6.1614 5 1901.4 1§¢?§
do. + pellet= 7.2878
Whe 0f boat = 5.8548 10 G6 .55 13435
d0. + pellet= 6.5262
Wtae of boat = ﬁtﬁl?? 20 97«4 1%.1

Q0. + pellet= T.U551

Ubgervaliong s

The peliets exfolisted un heating and were
greyish brovan in colour.

Do



Table 8.3.46.
System XVIXI,
3 Gypaum ¢ 2 Coks 06.15674&129.
1400%,
Weight of CaSO, in 1 gn pellet = 0,7185 gm.
ai:‘»a# squivalent $o the wt. of & contained in woke in 1 gm pellet » 0,01856 gm.

Time Yeight of ielsht of CaSO, Wedght of Desulfurised “ Desulfurisation Weight of  § CaS
{mts) pellet in pallet | MI (gm) of Cas0, CaS formed formed
(gm) (zm) Total  Caso,equive cmct (em)
(s} alenf to
the wh. af (w:)
S in coke
()
1 1&3?&8 ﬁn??ﬁi 503{}43 0,0200 902&33 35.679 5’&@69:99 8@{)?5
5 1,1264 08093 0.,6904 0.,0209 0.6695 82,726 0,04961 6,130
10 1.0714 047698 0.65T4 0.0199 0,637 82,814 0.04816 64256
20 1,0774 047741 06631  0,0000 0,643 B1,077 004726 6,05
)

o
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Tatle P,RA7,
Sootem PVIIL.

R Gypsum ¢ P Coke ¢ Q1507 ﬁlgﬁﬁ.

V2 5 e sl B Q] sy %4 abe & [ UL TR S Yy
w3 Rt Bl P SO R T i SRS+ S %
, e
{ 0¥ ?»;rr?' e § o G yued ey
il N £r J e s \EER BN AV 41
-
(I £
e Jal B ae Uyl U
AR by, ~
Hadll used .:w;*v.ﬁ us &l

st

oy A of Lost = éﬁﬁlf'&ﬁ

d0e + posivi= Tei399

¥he of Doat = 6.1615 5 Pl PY 3080
d0e + pelietis [.2212

Whe Of bOat = 5e@H5Y 10 59 «0 3248
doe + pelists 6.9998

Whe ©F boat = G.ULE 23 550755 1645

Goe + pBLliels TeilT71

Joservitionusse

~
W,

Same as in syatem Vil at 11007¢,



Table 8,3.48,
3 Gypsum ¢ 2 Coke iﬁﬂ%?aﬂg@g
1100%,
Welght of ma4 in 1 ga pellet = 00,7185 gm.
eas% squivalent $o tho wt. of S contained in coke 4n 1 g pellet = 0,018%6 g,

Pime Velight of Velight of 5&"3&4 %eizht of Desulfurised 4 Desulfurised Yelght of ¢ CaS
(=ts)  pellet in pellet Caso {em) Cas0, CaS formed formed
{ga) (em) Total  Cas0,equive— Correste— {en)

(a) alen® to od
tha wte of

Ss in coke h
foyocka (=)

L 1.1183 0,8035 0.,0157 S waz un~ 0,0157  1.954 0,03518 4.378
Tamt

5 1,0597 0.7614 0.2008 0,0197 0,181 23,785 0,1082 14.211

10 1.0548 0.7979 04017 0,0196 0.382% 50416 0.1183 154609

20 10891 0.7825 0,6356 0,0202 0.6154 78,645 0405953 74608

T
-,Q
(N



3 Gypsum + 2 Coke + A12O3
1400°c. ©
1100°C. A

(Nitrogen Atmosphere)

100
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SYSTEM XVIII,
3 Gypsum : 2 Coke : ©.1567 A1203.
1100°¢.
(Nitrogen Atmosphere)
CaS formed in the system.
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System XIX,
3 Gypsum : 2 Coke 3 0.04501 FeQGB

Corrected ratio of coke = 100 =x 24.02

60.9

= 39.442

.*. Amount of coke reguired in the mixture = 39.442 x 20,6350¢nm
516.534
= 1.5757 ER.
Corrected ratio of ?e203 = 4,1019
"+ Anount of F5203 required in the mixture
= 4,1019 x 20,6350 gm
516.534
Welght of casc% in 1 gnm pellet = 406,438 X1 em
= 0.7425 gn.

Weight of coke in 1 gum pellet = 39.442 x 1
550.0779

= 0. 0717 gn.

Weight of S in 1 gm pellet = 0.0717 x 6.3

100

= 0.004517 gm.

ot 83304 equivalent to the above weight of 5 contained
in 1 gm pellet = 0.004517 x 136,146 an
32,06
= 0,01518 gm.



Table $a3a49

ro
N
w

323%@%3:3:
3 Gypsum : 2 Coke : 0.4501 FeEGB
1 o
14&6 C.
HWelghto Tine ﬁ2S94 tit~ Gulghide tiﬁm
{(mta) rotion ration
ce OJ18 ce O.,1 K
| EaOl used Kﬁrﬁ§ unaed
%4, of boat = 5,9357 1 46.6 18,4
do. + pellet= 6.9357
%te 0f bont = 5@7533 5 G5 1 11&35
do. + pellet= 6.7973
Wt. of bont = 95,8436 10 859 10.6
do. + pellet =6.8830
Wte of bont = 50&3&6 20 %1&@5 %cg

do. + pellet= 6.8292

Ohservyations:

The pellete cn neating became exfolianted and
developed brown colour,



Table 86,3450,
System X1X,
3 Gyomum 3 2 Gah t 0,04501 &203.».
1400%.
volght of Cﬁ% in ¥ gm pellet » 0,7425 gm,
%2%334 equivalent to the wi. of § contained in coke
in 1 go pellet » 0,01918 m,

4 Cas formed

Pime Welght af telsht of Caso s selght of Desulfuriced 4 Pesulfurised Teight of
{mta) pellet in pellet caso, (azm) mc;4 Cas formed
{en) {(gm) Total Cas0,equive  Correct— {om)
(a) alent o the ed
Wie of 5 4n
oake {a~b)
S ¢ ) . , ;
' 1,0000 0,7425 (03173 0,0192 0.2981 40,148 0.06638 8,940
5 1,080 0,770 046475 0.0199 0.6215 81,432 0.04095 54313
10 1.0394 0.7718 06502 0,0199 0,6303 81,666 0.03824 40955
20 07355 0.6199 0,0190 0.600% 81,700 0.03572 4,857
T
(@¢)

G



Tabvle £.3.51

System XIX.
3 Gypsum : 2 Coke : 0.04501 Fez%
1100%.,
Helghts Time 32354 tit= Sulphide tit-
{mis) ration ration
ce 0,18 ot U IR

HaOH voed Kﬁwﬁé uned

¥t. of bont = 6.0118 1 2.65 11.15
do. + pellet= T7.0392

do. + pellet= 7.1840

%te of Doat = 6,151 10 603 29.6
do. + pellet= 7,2402

%t. of bont = 6.,0150 20 gl.2 16.0

do. + pellet= 7.0890

Observationgse

The pellets were greyish white in colour and
cortailned unburnt coke in 1 uminute reading. Therefore
the sulphur content of the coke was not accounted for
in this case.



Pable He34524
System XIX
3 Gypeum ¢t 2 Coke 3 0,04501 Fu293
1100%,
¥t. of caﬁ% in 1 gm pellet = 0,7429 gm,
CaS0, equivalent to the wi. of § contained in coke in 1 gm pellet = 0,01918 gm,

4
Time %&ghx of Welsht of Caso 4 Feirht of Desulfurised £ Desulfurised Welght of ;f Cas formed
(sts) vpellet  in pellet Cs30 {gm) caso, Cats Pormed
{egm) (gm) Tobal Cab0, suglv-Correc— (em)
{a) alent to the ted
wt, of 5 4n
otke (ﬁﬂb)
, _ () |
] 10274 047628 0.,0130 5 was un= 0,080 2,360 0.04023 5,274
20 1.0740 07974 , Qu62TT  0,02086 00T 18,135 0,05772 7239
T
o

Dot
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SYSTEM XIX.
3 Gypsum : 2 Coke : 0.04501 Fe203.
1100°c.
(Nitrogen Atmosphere)
Cad formed in the system.

16 -

14

10

yid CadS 8 -
Formed

Time (mts),
Fig. 8.3.2¢9
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System IX.
3 Gypsum 3 1 Cad,

Veliht of B.P.C. OCaS taken = 3.5003 gn
Purity of B.P.U, Cad = 45,35
;;:a&sa‘ content of B.P.C Cad = 37.411%

+s Calily . 2H0 equivslent to the CasQ, content
of B.P.Cs Cas = 37.411 x 172,178
136.146
= @?»31%%
Corrected ratic of B.P.C. Cab = 72,146 = 100
45.3
= 155,263

Additional welglt of zypsum required in the

aixture = (510,834 x 3.5003}) (47,314 x 3.*500?;) £m

155,263 166
o §*§964 g8
%4, of total sulpaur in 1 gn pellet

= | gé.?% + }2,65 ,
[515,5% -Clﬁs%.zag x 47,314 } s 159.263  gn
100

= 128,24 £m
600,4433
z = 042136 En
Wi, of Cas in 1 gm pellet = 72,146
600.4433
s Ul.1202 gui.

289
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Table & - 3& 53 .
3 Gypsum : 1 Cal,

1400%¢,
velghts Time %2%@4 tit=- Sulphlde titration
(gm) (mte) rotion oo G.1 K Kir0y

co J.1 K uped
figOH used

%“te of boat = 6,1502 1 43,4 20,25

do. + pellet= 7.2115

Wt. of bost = 5.8254 5 125.7 nil

do, + pellet= 66,9012

%t of boat = 66,0066 10 132.2 ‘ nil

ﬁa. + Wll&t* ?006‘59

vt. of boat = 5.9570 20 141.0 nil

do. + pellé‘t” 7:&3@9

Chservationsie

Ho melss were obtained,



Table gu 3&%
Systen XX,

3 Gypoum ¢ 1 Ca8

Total sulphir in 1 gm pellet = 00,2136 sm.

Hte of Cad in 1 z3 pellet = 0,1202 g,

Time Volght of  Gelght of total Feisht of evolvsd ¢ Desulfurisstion Todght of veight of  CaS

{mte) pollet aulfur in salfir Cas $n Cas left  lef$
(i) pollet (gm) (am) pollet behind bohind

(ga) {za)

] 1,061 0,2267 0.0695 304857 0,1276 0,07308 57257

5 1.0758 0,2268 02012 874554 0,1293 nil nil

10 1.0593 0.2263 042116 934504 0. 1273 nil nil

20 {.0819 09,2314 07756 97629 08,1300 nil nil
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SYSTi XTI,
3 Gypoum : 1 Cal 1 4/3 LU

#he of LalaCo Ta% taken = 3.4991 gm
corrected rasio of L. .Ce Ca® = 70.146 x 100
4543
= 1552263
gypoun reguired in the misture
= (m X 3:@%@3} -\ 47.314 = 3‘*4%,33) .
1594263 100 .

= §,6930 gn.

Additional wt. of

Corrected ratic of silics » 50,06 x § = 00.00
3

«%e Whe of 510, required in the mixture

= £0,08 x 3.4991 = 1.7503 ome
159.263
Wte of total sulphur in 1 gm pellet
.18 + 32,06
5160534 =(159.263 X 47.314 } « 150,263 + £0.08  gme
100

680.5233 am
= Q.lG84 £lie

¥te of Ca’ in 1 gm pellet -

61065233
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Table ﬁmzﬁﬁa'
Q:‘g?ﬁﬁ&m ixl1.
3 Gypsum 3 1 Cab s 4/3 2305,
1400%.

Yelghts Pice ?3’2;*}"3{”} $i%= mldkide titration
(gm) (mis) ration ee U.1 ¥ ﬁﬁr@z
s G, 1H noed
Lagt uned

“t. of Loat = 6,0432 1 83.55 3.5%
do. + pellet= 6.5780

%te of boat = 5.6176 5 G5 & nil
do. + pellet= ¢, 8123

¥4, of boat = 5,825%4 10 106,75 nil
dos + pellet= 6.7623

%t. 0f bout = L0050 20 106.5% nil

Chservot lonss «

Ho melte were obinined,



Table 8.3;561'
System XXI,
3 Gypsun ¢+ 1 CaS :4}331@2,
1400%,
W, of total 5 in 1 gm pellet = 0,1884 g,
¥t, of Cal in 1 go pellet = 0,106 ga.

‘mm Falght of Falzht of total Teight of svelved ¢ Desulfurication Velsht of Yeisht of ¢ (a8

{=ts) pellet sulfur in sulfur caS in Cas left | left
{em) pellet (mm) (gm} pellet behind behind
(gm) )
] 09348 0,.176% 0.,1337 T5.923 0,05909  0,01389 14,018
5 0.8947 0, 1684 041533 90,925 0.00484 nil nil
10 0.9379 01767 04,1708 96 4661 0,09042 nil nil
0 09336 De Y754 01714 97.27% 0L,00894 nil nil

o
&)

}mﬂ
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System YLiIl.
3 Grpeunm ¢+ 1 Cal 3 00,2080 glg%,

Tte ©f PePuls. Caf taken = 3,497 zm
Cerrected ratic of B.P.Uas Cal « T2.146 x 100
45.3
= 155,263
Additionel wi. of gypsun required in the nizture
= (ﬁ%fi;ﬁ 34 = 3&%‘2‘5) -»(ﬁﬁ 14 % 13, 4@@)
155,263 150
= G657 gu E

Corrected ratlo of AlyU, = 12.4755 x 4 = 16,6345
3

igture

&

e 6F A}.?{}B reguived in the

¥4, of total sulphur in 1 zm pellet

. 06,18 + 32.06
[%za.zs*. - (ng.eés x £72314 “*)J"’ 155,263 + 16,6345 gu
100
w ib.24 ga
17,0778

e 0.2078 gn

wte of Cnd in 1 gu pellet = 72,146
6170776
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Table 8,3.57.
Systenm X211,
3 Gypoua ¢ 1 Ca¥ 1 0.2005 &XQQB,
1400%,

Welihts Time W,50, tit- Sulphide titretion
{ex) (ats) Tation xe Ul1 8 33@63
e U.1 ® uzed
| , HaOH used ,
“te of bDost = 55,5564 1 44,1 25.7%

de. + pellet= 7.1072

%te of boat = 6,1494 5 127.9% nil
do. + pellet= 7,2730

“te 61 bont = 5‘326? 16 }32.;"3%} nil
do. + pellet= 6,91562

%t. of boat = £,.0080 20 143.3 nil
do. + pellet= 7.1310

Chservationss -

Yo melis were oblained,



Table 8,358
Siyste XXII,
3 Gypeam ¢ 1 Cad 5 G,.2089 m.ﬁs.
?éﬁ@ect
¥t. of total sulrbur in 1 gm pellet = 0,2078 am,
Wty of Cab 4in 1 gm pellet = 00,1169 o,

Time Geight of  fsight of total Yeisht of evolved © Desulfurisation Seicht of felght of < CaS
(mta) pellet sulfur in sl fur Cp8 in ot left  lef%
{em) peliet (am) {em) pellot behind behind
1 1.1508 02391 040706 294527 041345 0.05290 894071
5 1123 02335 0. 2048 87,709 D.1313 nil nil
10 1.089% Da2264 D.2128 93,993 01274 nil nil
20 11230 042334 0,2293 964243 01313 nil nil

o
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Bystem XXYIX,
3 Gypsun @ 1 Ca® : 0,06 E&EQ .

¥t. of D.P.C. Ca% taken = 3.5052 gm
Corrected ratic of H.7.C. Ca% = 159,263
Additional wt. of sypsum regguired in the mixture

a@;ﬁzﬁ; 4 x 3.5@52) - (&I,}M x 3‘5@&%2)
100

1594263
= 9,7099 e
Corrected ratio of ?agez = 4.1018 x 4 = 5.4697

3
«ts Wh, of ?a203 reguired in the aizture

159,263
= 00,1204 gm.
Wt. of total sulphur in 1 sm pellet
- G618 + 32,06 =
[515.534 (159,263 = 47 .1.;&1)} + 159,263 + 5.4692
100
= 128,24
©605.9125
= 0.2116 ga.
Wt. of CaS in 1 gm pellet = 72,146

605.5125
= 0,1191 agm



System XiII1X.

3 Gypsum : 1 CaS : 0.06 Fég&j,

1400°¢C,

‘¥eights Time 30, tite

(gm) {mie} ration
co 0.1 K

Fall used

Julzhide $itration
a6 .1 B iaii’%zﬁ}}
used

Wt. of boal = £.0403 1 55425
do. + pellete= T7.1057

¥t, of boat = 5.,9166 5 120475
do. + pellet= 56,5606

do, + pellets 7.0896

Wte of boat = 5.79510 20 137.%
do, + pellet= 6.8210

19,25

nil

nil

Cheervationg:

Ho melte were obtained.



Pable £.3.60,
Syetem XXIXI,
3 Cypsum ¢ 1 Cas 5 0,06 Pcez:;a.
1400%,
Fte of total 5 in 1 gm pellet = 0,2116 gn,
Hte of CoB in 1 go pellet = 0.1191 gm,

Tima Welght of weizht of total delrht of ovolved ¢ Pesulfurisation Zeisht of f«?;éight of O CaS

(mta) pellet guliur in sl fur Cad in Ces laft  left
{em) pollet {em) pollat behind bahind

{om) , {zm) {am)

1 1.0664 0.22457 0,0748 42,003 D.1270 0406945 544585

5 1.0440 0.2209 0.1922 874460 041243 nil nil

10 1430 0,2391  0,2248 94,0192 0s1346 nil nil

20 10700 042264 Da 2200 97.173 041274 nil nil

T
(W}
-1
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Systeam IXIV,
3 Gypsun @ 0,425 CaS,

Whe Of DaiaCs Ual taken = 3.3914 su.
Purity of 3.0.0. Cat = 45,35
€3504 eontent of Bak.C. Ca « 37,4130
ﬁaga4.2ﬂéﬁ equivalent to tha ﬁaﬁ&i content of the
Bedele Cal = 3T.411 xz 172,178
136,146
= 47.314%
Ue425 gram molecules of Cn = (.405 = 72.146
= 30,5021 o Calb
«"« Corrected ratioc of I,7,0, Ca” = 30,6621 = 100
' 4543
= é?.ﬁ&éﬁ
Additional wt. of gzypoum to Le wels

@mjﬁx33%4 (\ x 3.3914
67,6868

Wte of total sulphur in 1 gs pelied

. 6,18 + (32,06 x 0.425) g
{516 534 ~(67.6060 x 47,31 j)]+ 67,5868
100

= 109,8055
552.1955
i (}.?98’9 e :
Wt of Cal in V1 sm pellet = 30,8621
” 55241955
= 0.0555 gm.
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Tabtle 8.3.6%.
Systen XXIV,
3 Gypoum @ 0,425 Cal,

1400%,
Welishts Time .3 s tit- Sulphide tlurstlon
{gn) (mis) ration oo G.1 & EBr0y
ce .1 1 nsed

Said uned

Ht. of boat = 6.0126 1 26405

5435
do. + pelliets T.1040
do. + pellet= T,2021
Wt. of boat = 5.557¢ 10 T1.8 nil
do. + pellet= 7,0072
Wt. of boad = 6.0181 20 6.3 nil

A0e + ?ﬁlht”‘ 7«?@61

Observationoi-

The pelleis did not well and were white in
colour after heatliag.



Table 5,3.,82,
System AXIV,
3 Oypsum 3 0425 CaS.
1400%,
W, of total 5 in 1 g pellet = 0,1905 g,
Wty of Cad in 1 gam pellet = 0,0545 gm,

Mme Teight of  Velght of total Feizit of evoilved ¥ Demulfurisation Veisht of Uelght of I CaS

{mts)  pellet % in pellet sulfur Cas in Cas left  left
(am) {gu) {gm) pellet behind behind
(o) (m)
% 1.00914 02174 0.0426 19,622 0406057 003012 49,728
5 1,1205 00,2229 0.1002 444953 0,06219 0001504 24901
10 11,9493 042286 L5154 504350 006379 il nil
20 1.1680 02323 041381 59,449 0,06482 nil nil

Cad
-



% Total

Desulfurisation.

100

30

70

607

40 1

30 7

20 1

103

(Nitrogen Atmosphere)

10 15 20

Time {(wmits).
Fig. 6i3.32

(9]

D




(9%
<
()

Syotem KAV,
3 Gypsum : Ol4e5 Cab
#ts 0f Seiele Cas taken = 1,67%8 zm,
0e425 gm molecules of CaS = 0,425 x 72,146 = 30,5601 g Ual

Y

1.251 910,

P

«*e Corrected rotio of B.7.C, Ca’ = 30,6621 x 100 - 67.6068
45.3
Additional wt. of gypoum to be welghed
= [ 516,534 = 1,675 47,314 = !'ﬁ?§§> e
67 .6868 = 100
= 11.9955 File
Corrected ratio of sllica -~ AGL06 = 1.251

= T5.135

Weignt of silics rejuired in the mizture
= 75.135 x 1.6758
37+ BEEE
= 1.8602 gu.
¥3e of total & in 1 22 wellst
= G618 4 (22,00 » $e675) , e

[51ﬂ,§;% ~(§?¢é€6% x g?,a1§/X+ 67 6060 + 754135

160

= 109.8055
62743305
= 0.1750 gm.

Whe of Caf in 1 mm nelletl -
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Table £.3.63
Syeten IV,
3 Gypsun 3 0,425 Cad ¢ 1,251 5105

1400°¢,

Velghts Tinme %g@ﬁé tite mlchide titration
{egm) {rizg) retion oo 0.1 H ﬁ%rﬁ3
ce Q0.1 W used

Hal¥" uaed

“t. of boat = 6,0126 1 41.5
do. + pellet= 7.0278

4. of bont = 6,15496 3 56.9
dos. + pelleb= T.1479
e, of pont = 5.8492 10 67.0
do. + pellet= 6.055%
Yt, of bost = 66,0162 20 TG0

do, + pellet= T,U204

1.9

il

nil

Ghgervationste

- vyt evd e 4 5 9
Welts vore cotolred in

minutes baating sod over,

the bost atder 5

<D

[



Table 343454,

EM% XAV .

3 Cypoum 1 00425 inS 3 1,251 'Si(}'zu

1400%,

Hte Of total B in 1 gn pellet = 0,1730 gu.
Tte of Call in 1 gu pellet = C,04859 gum,

Time Velsht of daizht of total Hedsht of ovolved § Desulfurisation velcht of ¥Weisht of 7 Cal
(mta) pollet sulfur in sul fuy Cas in Cas left  left
1 1,0152 04771 0.0664 37.366 004864  0.00685% 13,009
5 049863 01730 0,051 o 0404833 nil ndl
1C 1,010 Qa’?{g& T2 {;Q,ﬁ:}:} Q‘%@@ nil ail
2 10052 01759 DL 1216 69,130 nil il

0404915

()
o
&



Sratem VI,

3 Gypoum : 0.425 Cal : 0,196 1,04,

Tte oF L.P.C. CaB taken = 1,8650 gm.

0,425  gras molscules of CaS = 0.425 x 72,146
= 30.6621 ram Co

«"e Corrected ratio of 5,7,0. Ca% = 30.6621 x

‘-&

@

{é

453

p ¥

T+ 6868
Additlonnl welight of syrsum reyuired in the mixture

= (ﬁl‘m X 1;&659 é?a 114 1 1, ﬁhﬁ(ﬁ) s

= 1 3. 349& EMa
Corrected ratio of %1263 = 12,4759 % 1,251
= 15,6074

Jelght of AMEQB regulred in e aixture
6T7.0868
P Vel Elte
“eipit of total sulphur in 1 'x pellst

+ (33,00 x C,425)
~(67.0868 x 47314 )| + 67.6560 + 15.6074
100

= 109,055
5678029
= 01934 Eile
Welght of CaS inm 1 gu pellet = *
3 {}‘{\}f};;ﬁ fm'




3 Gypsum @ 0,425 Coad @ G.196 Al0

1400°¢,

30

Velghts Tme  Hyo0, lte Sulphide titration

{im) o {mye)

iy iy
ik,

C.1 ¥ 7
ﬁﬁﬁﬂiaﬁﬁﬁ

Pabion o3 0.1 N Kbx0,

nased

e ﬁi b{}h?& = {;’ci}é‘ﬁﬁ ‘5’
dos + pellets= T.157.

Vi, of boat = 5,0364
do. + pellet= 7,0276

L %3

¥i. of boat = 5.,7000 10
d0e + pellets £.0762

Wt. of boot = Y436 20
G0e + celletz £.8755

[iw)

.15

nil

nil

Observotionsie

telts vere chbained in the bosts aller §

aminutes heatling ard over.

o

C_m

LR
ey

o}



Table 8&3&55‘
3 Oypoum ¢ 0,425 Cal & 0,196 kiaﬂy
1400%,
He. of total 5 in ¥ o pellet = 0.1934 gm.
Whe of Cai in 1 zm pellet = 0,0540 .

M™me Telght of  Yelsht of total Velsht of ovolved 7 Desulfurisation Yeight of dedght of © (ad

{mts)  pellet sulfur 4n sul fur Cas in Ca% left left
(e} pellst {om} vellet behind bohind
{em) ‘ , (oo} . Cgm)
1 1,1406 042206 0,0410 18,588 006158 0,0094 £7,735
5 1.0912 02110 0,07 42,966 0.05892 nil nil
10 1,1162 .2159 01049 484587 0,06027 nil rdl
20 1.,1220 0,2189 041258 574470 0.06113 nil nil

2
()
O



o
()

System TAVIL,
3 Gypeun @ 0,425 i : 070563 Pey0s.
Hhe 0f Lafele Cal fuker = 2.1353 gie
Ceddh zrun molacules ol ol = 0405 = 72,116
= 30,6621 gram CnS
Corrected ratlo of Bui.Ce Sn® - 30,6621 x_100

1543

= 6T.6068

rdditional wh. of gypswm pecuired im ths wirbure

= (816.534 x2.13§9 C,Z'E,MM@ -
& -

57 BB 100
= 15,2846 Eite

Corrected raiic of Pe,Uy = D2.400c x 1.251

a f #g‘%‘: &f‘;“
e of feyUy royuired ir ite mixtmre = 5,047 7 2.1353 .

Yt, of total sulphur in 1 = sellet

&

= 5,18 4 (32,00 x

[ 516,534 =

100
= 109,808
55G.G3TH
= (el 964 Fio 1
%t. of Cal in 1 oo pellet = 30,8021
55G,0375

o g & X
w D548 sBe



iacle 8&305?4
ayostenm XAVITL,

(D

b

edeh Tab

Oy R o e
s ﬁu*«};':g __fy

1400°%¢,

gl

o

W L

Tl
robisn
o L.t kK

. -
e

&

(32 ws? :gi‘ }%BX@B

used

35.2

ba 0L Lrat = S.04tc B Cewly
do. 4+ pellet= £,.970¢

A - 2 g
V. 03 LoaY = %x“f&!"‘«" 16

+ pellets

te oI Loat =
+ pellet =

5.55

nil

Obperyationgte-

Byovm
5 mimatos healing end over.

celts were obtained in o

weants nfber

o
four®
i

&

<



Table 8&3&530

System XXVII,

3 Oypsum 1 0,425 CaS 3 0,0563 &%263.

1400%,

Wte of total S dn 1 g= pellet = 0,1964 gm.
¥te of CaS in 1 gm pollet = 00548 am.

Teieht of totel delsht of evelved 7 lemlfurisetion

Tine Telsht af‘ Folcht @i" Teileht of - Cal
{wts) pellet mlfur in sulfur cas in Cat left  left
{sm) peliet {em) pellet behind vehind
(em) Sem) (zm)
| 1.0063 0.2153 00563 26,150 0.06008 0,0200 33,289
5 71,1288 0,2217 04,1007 4he422 0,06186 nil nil
10 1.0023 02145 Det122 52,308 005986 nil nil
20 141456 042240 041374 61,205 0406250 nil nil

fomia
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Co Proof ¢t the ictive Zesnl hurisatieon of Caleiunm
Sulphate by varbonge
w0 prove tle active desulphurisntion of
ealedwn sal chote by carbon and meoount for the low
slopeaf deoulphurissiios curve, after it was burnt off,
the follouiry .roceduwrss wers sdopted -

1"'"%

(1) Your vrihed Fellets of the Synten 1111 were

heated ui ‘i-éséé}%h for 20 aimites avd the vercertage
desulphuriz: {ion foxr the couvlned welght was noted.
After cnlou oting the welihi of the moterial left in

the hfm‘éay 1t was removed from dhe boats o d agaln

weizshed. 1lhs weight of the undecomponed caleium sulshate
» bhis msterisl was couiutsd and mlxed with pure carbon
in the ratio 3 vad 3 3 2 C. & pellet struck from this
mixture waz welghed, ard the weipht of %.«z,:z{.,é in it was
caleulated, The sellet was heated in $he reactor in

%

oyicdising ctuusphers for 20 minutes and desulphurisation

vos noted. Frem this value the perceniage desulphurisation

of the amocualb or vall 4 left in the materidsl, alter
original 20 minutes heating, was caloulated.

The point represerting the combined desulphur-
isation of wa;,m4 {witia the coke ulready conteined in the
mixture erd with pure corben) was sletted un the graph
of System XIII, elorg wivh tlhu polud, o rrusensie g the
desulphurisation of mﬁ)é, aiter the initisl 20 winutes
heating. They show cliearly ihe aciive dew 1l dharisatlon
of ﬁgﬁég bty carbuna

(]



Caleulaticnnie

Lotul welght of pellsis = 3.8507 zm
velght of Casl, in the pellets = 2.4860 ga
Potel voluns of AU NalH used = 320,73 oo
= 2.1838 23 total de-
sulsourised ﬁa%ﬂ%
Cerrecting /or the sulohur contained in the coke, the
acltual amcw t of ﬁaxaé depulpimriced = Z.1038 - G,0642
= 2,116 gm.
besulphuric: tlon after the initisl 20 minaites heating
= 2,1196 x 190
2.4860
w 5540617

nadeht of tle materdinl left Lshind in e hoets
= 1,460 s,
“eirht ef undesulphurised CaS0, ir this msterial
s 2,406 x (100 = £5.161)
100
= Ga3604 wm,

The metericl was soratehed off from the bomls, Lowdered
and weighedl.
vedght of vowdered materdal = 1.2t82 zn
*‘ﬂgié‘?i of {?9'@34 A vhiﬁ moberial = 1;\-5@{;2 A e zﬂféé Fava
{:f

= vaded (H.
telght of pure carvcn added to the above mwtberial
= 0.3238 x 24.02
AL G40
= .01 g



The mixture was made and a pellet was forumed,
¥elght of the pellet = 1.2166 g,
height of ﬁa&@¢ in the pellet = (,3238 % 1,2166
1.2682 + 0,019
= {%i‘?ﬁg @s A
The pellet was heated for 20 minutes at 1400°C. and
the desulpmrissiion noted.
Amount of O.1N NalH used = 37.1 co
= 90,2526 gm desunlohurised
{:&:"}349
e’ Amount of ﬁaﬁﬁ4 which would pe desulphurised in the
nixture centaining 0.3664 gz Lalil, = 0,2526 x 0.3664 ¢m
0. 299
"+ Total desulpburisation with the coke already con-
tained in the mixture aund witk pure caxbon
= 2,1196 « U.3087
bt 2.&3‘33 Eiie
o*. ¥ combined desulplurisation = 2,4293 x 100
= 9T.719%
Results:~ Desulphurisation of §a364 after the initial
20 minutes heating = 85.261%
Totsl desulpburisation of Calil, with coked pure
carbon = G7.716%

(11) After heating a pellet of Systenm XIIT for 20
minutes at 1400%C., the issuing gases were led through
100 cc of 50% chreamic ancid %o serub of £ B0y and then
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through 100 cc of §/20 Ba(OR) o selutiom. The sirengih
of Ba(UR), remsined unchenged even after ome houx,
showing the absence of {0y in the gases and hence the
complete bursing of the carbon contained in coke,

before 20 uinutes. The low slepe of the desulphurisation
curve, was therefore due to the eliminatiem of carbon
from the system.

de Hecroscople examination of the actiom of carbon on
gY poutie -

Preparation of speciuens:-

Two crystals of gyssum were selecied and outl
carefully parallel t¢ the ¢ axis, to fi{ inte the
platinux boate, keeping some space between the crysials
gnd the sides of the wouls., The sthickness of the
erystals was cut to 1/4%3h of an inch and the edges were
evenly ground by gsrade [0-carborundum. They were Lhen
placed in the Loats and surrounded Ly pure sugar charcoal
on all sides,

The crystals were then heated in sn atlnosphere
of Nitrogen at (1) 1400%C for one minmute and (2) 1100%
for 5 minutes, to obtain maximum salphide content, at
ensch temperature and the sulphide prints obiained.
The erysials sweiled on heating due to the loss of
water of crystallisetion.

Sulphide Printai-

Pieces ol bremide photograshic saper (ntd



Swelling eet Laminsslon of tle gypces
arystal siter hesting for one atoale
s 3400% .

Vige Galdelb
tweliing nnd lemimadion of $ie gy ous
alraios

i
o

eryotal aiter heating Tov
st 1900%,

()

=}



ﬂﬁ a 5-3#”
Eulghide wrint of the gypmum orystel
&iter Leasing in corbon fer sac aimube
as 1400V,

sulphide primts of the grpma cryetal s fier heating in
carnor for 5 =irates at TIO0RC,

P%)

s

QO



Burface) were soaked in a 3% sclution of sul huric scid

in woter for two minutes; longer iime coused the gelatine

to awell too much and become slipiery. The paper was
taken out of the acid and the excess of solution was
removed with blotting paper, so that none remained
except Lhat which had been abssrbed by the gelatine,

The gypoun crysials were then lsminated by o rezor blade
and the section carefully placed on the sensitlised puper
and ressed by a sheet of glass Tor 5 mimmbtes. The
walphide in the pellet was attacked by the dilute scid
evolving hydrogern sulphlde gas which stzined the bromide
paper,

The sections of the specimens were removed and
the paper was ewilled in weter for three minubes snd
izmersed inm 205 hypo sclutien for five nminutes. It
was then swilled in water for 20 minutes and dried. BRo
dark room was reguired for ibe process.

The patteims obtained were photographicelly
reproduced as showl.



320

CHAPTZER IX.

Lescription and cost considerationa of the proposed
plant for the mamufuciure of sulgburic scid and cement
froa gypsunm. |

Note:~ .1l available inforwation about the British and
veraan Tactorics have besn carefully checked before this
chopter bas been written,

I. <Chemienl ispeotei-

It is soseidle to decompone ﬁaﬁﬁ4 by the nere
apslication of heat. At 1375%C only 1.33% of undecomposed
ﬁaﬁ%¢ is lefy after the equilibrium hes been renched.
%4ith carvon is is reduced to sulphide between £00% and
500°C. The temperature of incipient reaction of CasS0,
with 510, is about 870°C and tie remction is accelerated
by the use of ferrugincus sand, since iven oxide acis as
a catalyst. Iron oxide is conbained in coke and coal,
and the balence can be supplied froo any chenp sowrce.

The tesperature of inciplent reuwction of Caﬂ§4
%ith,ﬁlzﬁs 1s 6409 - 550%C, and the resction is sccelerated
uy increase in teuperabure. With 510, and Aly0q, @
total pressure of 76 cm of mercury is resched st tempera-
tures of ¥2?3$ﬁ and 13&3“& reasecuively. The difference
in tesperatures is influenced by the different heats of

3

formcticn of esleiun silieste and cnicinm sluminetle.
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1l. Froduction of sulphuric acid and cesent on large
scalet-

The following steps are necessary for the
production of sulghuric acid and cement on s lnrge seale:-

{a) Preduction and preparstion of raw materisls,
(b} Produciion of £0, comtaining geses.
{e) Purificstion of the 80y contalning gases,
{d} Conversion Qf/ﬁﬁg $o salphuric acid.
{e} Conversicn of kiln clinker to cement.
The raw noterisnls ussd arele
(1) Gyosums
{2) A cource of cmrbon, e.g. coke;
(3) A source of gilicm, e.g. sand or clays
(4) 42 mource of alumina, e.g. clay or ash;

{5} 2 source of ferric oxide, e.g. nsh, pyrites,
cinders or mill scesle.

7he vxrious steps of the process invelved sre

1 i
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shown in the flow cheet.
(a) Production und Preparstion of Raw Vaterlal:i~

The gypoum sean is drilled and blasted in the
usual way. Diesel trucks are used for moving the meterisl
to avold leylng of track required for tubs. & scraper=
loader can be used for loading. The gyesum of two sive
ranges, 6 inches to 24 inches and minus 2! is wought to
the factory site by rail in 25¢ ton capacily, botiom
opening rail waggons. The wagpons are dischnrged in an
intake house at s maximua rate of 200 toms/hour $o0 an
underground hopper, irom which the muierdal is suto-
matically discharged to = skip hoist which 1ilts the
material 70 feet to a receiving hoprer. The receiving
hopper is equipped with a tray tyoce Jigging feeder which
delivers at sredeternined rates to a 30 inch bels
conveyory 270 feet long, ior iransfer to a crushing plant.

.....

be formed beltween the waggon urnlouding station and the
erushing slant by nears of & frictien driven throw off
earriage arrsnged 30 iravel on the conveyor {franesork
for dlpehsrge of the msterial from the belt %o ground.
stmeking of the meterial in dumps is sccomplished by
gesr s of an K.C.K.2 cu. yd. shovel excavator.

The + 21 inches mnteriasl can be stocked in the
open and the = 2§ inches materisl is dumped in & covered
store. Jaterisl is recovered from the duap aress by
pesrs of the excavator, which feeds n travelling hopoer,
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which is slso arrenged to travel oa 3he corveyor lrsaework,
The travelling hojpper haa s tray feedsr driven by & S-hepe
61l engine and a two-apeed conirol to delliver the ree
clained gypsum. on te the comveyer belt for delivery

%0 the crushing plant, The gypsum flows from the

comveyor tixrocugh mugnetiec separstors te two 3-foot size
cone crushers. 7he crushed materdial from these mschines
ie trersferred Ly clmin and bucket elevators of 120 foob
centres to the zypoun storage bunlers.

Sand, Shale and Cokei-

Coke ard sand are fed inte a conmon honper eliher
directly from lorries or from neardy dumps by means of a
nobile loader. The shule is fed inlo o second hopprer by
lorry, efter which 1t passes shrowghk a tray feeder ard a
magnetie semrator on iia way 10 a swing-hemmer crusher
to reduce it from a feed size which will pess threugh s
12-inches square mesh grid to & product 17 inchee or less
4r size. A chain aud bucket elevator raises ihe shale
33 feet to the commcn hosper for coke and sond, at ab
no time are moterisls mized in this hoprer.

The wet coke, sand and shale storage bunkers
are locded with their respeciive materials firom the conmm
hopper by a fully sutosstlce wgle Type akis hodst, egquipped
with air operated tripping gear for discharging the shkip
over the spprooriate hunkeX.

Discharge frem ihs bunkers 1s pontrolled at pre-
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determined rates by table feeders, which deliver the
materials to a rotary drier instsllation for removal of
#xcesns molsture,

The dried meterials sre dellvered from the driers
through rotary fLeeders to a tipping sravity bucket cone
veyor-elevalor, whickh gonveys and slevates ithe materisls
slmultaneonsly in alierncote buckets to the dried zeterials
avoruge bunkers,

The storsge bunkers fesd two 30 inches wide
conveyor belts through sutomatically contrelled wgighxng
machines, which are set to trip simulterecusly. It is
essertial to proportion the materianls acourately at this
stage, snd the automutlic preeset weilghing machines are
controllaed from en elecirically opersted panel eguipped
with alarm, interlock and $rip-out systens.

The ceorrecily proporiioned mizture cof all four
dry materials is discharged from the belt conveyors te
two 30 foob long and £ foot diameter combination tube ball
mills in which the masterials sre ground and mixed. Each
pall mill is driven through a turbine genrs reduction unit
by & 700 h.p. motor, The resaltant smixtuore, Inown as
rav meal, is troueported by belt and bucked elevators and
Fluidor conveyors %o s rumber of rav neal storage and
blending silos. These siloez and an adjacent dust ounker
are aernied to facilitete empiying,

Raw meal is extracted from the niles at predet-
ermined rates through rotary ddschargers egqulpped with
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3=speed chonge-pole motors, and is delivered to a system
Comorising belt and bucket elevators and Fluldlor conveyors
for discharge to kiln feed bunkers., Any excess of Taw
meal delivered to the kiln feed bunker is returned to the
slorage £ilos by mesns of a Fluidor conveyoer system. 4
Fluidor conveyor is box-shaped in sechion, The lower
half o¢f the section 1o msde into = shellow clesed Srough
by & porous mediuwm on vwhich renste the material to be
conveyed., Compressed air iz introduced intc the trough
from below, and this serotes the material, so that It can
flow along s slope of as little as five or six percent of
the conveyor lengih,

(b) Production of 3@2 fos and Clinkeriw

Ddscharge from the feed bunkere is controlled
ty rotary dischargers for delivery %o twe rotary kilns
gach 355 feet long, in which the solid temperstures is
raised to about 1400%C., Eseh kiln is carried on six sets
of bearings, and is driven through s Vulcen-Ginclair fluid
coupling by 2 150 h.p. mobor, end is lined with relractory
bricks. The kilus are fired with pulverised cosl through
a 30 foot long firing pipe. O©11 is used for siarting up.

Coal handlingt

Coal for firing the kilns is delivered to the
@1anx in end-tipping lorries snd diascharged indc & receive
ing hopyer. A Jigging tray feeder delivers the vonl at a
aanﬁrallwa rate per hour to a chain and bucket clevator
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27 feet in height, which in turn delivers through an
electro-magnetic separator onto o 20 inches wide belt
epproximately 100 feet lomg. The belt pasmes the cosl
over a continaoue welgher hefore dellvery by ueains of a
friction~driven % rovecif ecarriage $0 8 storage bunker
adjoining the kiln firing house., The cosl pnsses %o
rtritorns, in which it 14 salverised and then fed o the
Elln firing oipe together with hot gasces supplied by
specinl fans,

Clinksr handling -

The hot clinker from each kily panses through
12 rscuperator tubes, which are oubtpide the kiln and
vhich eet ao heat exchongers by cooling the ¢linker and
heating the incoming combustion sir, The clinter then
moees via pifureated chutes and sdeving tray conveyors
te joaw crushers to reduce the sige to less than 1. inches,

The crushed olinker is slevated by chein and
pucket elevators B0 feet in helght to aulonetic weighers,
¥rom the welghers the crushed clinker is trunsferred to
atorage bunkers by two 20 inches wide conveyors, cach
100 foot long, cquipped with heat resloting belis and
fricticon=driven throveoll carzluages.

rlectric vibrating feeders extracet the olinker
from these bunkers and deliver 4% to n systen of bell-
sonveyors and chain snd bucket elevabtors, which convey
the manterial to a 10,000 ton capucity ciinker aiore.



In the apex oY the building is a belt conveyor
whick distriovutes the clinker vy means ol a Irictlon-
driven throw off carriage to eny part of the siore,
bhroughout 1%s entire length of 300 feet. Alternatively,
the conveyor can deliver %o automntically conirolied
weighing machines, these dincharze divectly 5o o Dbeld
eorveyor which transiers the osterin
sechion.

Go the cenend

2L

Clinker is reclaimed from the store by bulle-
derers and loading shovels, which discharge into an
underground hopuer in the centre of the atore. IThis
hopper hao & jigging tray feeder which llseharges the
material at o controlled rate to & ¢lmin ’ud uucket
elevator 54U feet high, The amatsrial ls then delivered
t0 the walgher machdnes for sumsequent translizsy Lo the
cement faciory.

Lguipment ard loading arracgesents are Installed
for the disposal of half burnt clinker produced when the
¥iln is coming on line.

{e¢) Purificaticon of 0o ond the Duet Hemoving Plantie

The geses leaving the kiln contain about Y7 505,
with an anzreciesbvle smwunt of duel which is separated in
a snoke box and cyclone. From these units the dust is
discharzed throuzh rotary seals ¢ a aystex of fubular
vibro conveysrs, which deliver 10 a robary uulveriser
with discharge to a chain mnd backed elevalor Jor Irans-
for o the dust bunker by o Fluldor conveyoer. The gases
are cooled in wash towers vhich reucve the greater part




of renidual Quet, B0, dissclved by water is alr stripped
ard returned to the mein gsse styeam, The dust is Tinally
rexceved by elecirostutic wrecinitators and ke water in
the gar serulbed with counter-current flow of sulzhurie
acld,

The ety duoty, wmodsd ale fror each rotary
drier is clearced vefore discherge %o atnosphere by neans
oi a cyclone zeparator snd wel arrestor. The dust is
dischinrged from cyclones through a raa&ry %1. oy
delivery into the main etresm of sand, shsle or ocke,

The dried mmterisls bunkers conbaining coke and
shale smid Lthe bunkers corivalning gyosun see fddted with
fuily autonmatic dust filtering plant Yo exhaunt the
bunkerg durdng £illingry this slant also sshousts the
welghers under he Lunbers und the conveyor ifeed shues
during plant cperation. Clear alr is diecharged to
at.aosnhere ;hﬁcwah ar. exhamst fan, ard the dust is
returned to its sapropriete bunker throuch robary ceals,

At the grinding mills the resk lg exbhsusted by
scalping cyciones eguiosped with stema heaters. Uhe
cleaned nir is dimcharged to ataocsphere ihrough ezlaust
fong, and the duet ip returred fo the nain sirean o
material tircough rotary ceals,

A dugteTilter slaab car be provided which is

eapohle of exhausting dusteladen nlr singlieneously from
all the Fluidor conve ors, belt and mmohet elevators
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handling raw meal %o asd from t$he 8ilos, the raw maal
silos and the dust bunker durding aerationm and £11ling,
{he clean alr passes to atmosphere and the dust is
Jelivered to 4he dust huakerw thronsh rotary seals from
the filter plart, which is located immediately mbove the
bunker, -

Twe comprescore eerate the msbterial in the vaw
mesl silss and the dust humker. Aneilliery scuipment
srovided wilth eamch comvressor includes sn afber cooler,

water scparsieor, air-inlet filter snd $wo silencers.
(d) Convorsion of 50, to Sulphuric Acids-

50, leaving the drying tower i 6.57 in strength
due vo the Introdustion of sir o give sulfficlent oxvgen
for converaion to 30G., The gases pass through blowers
snd hesd exchangers jﬁ aonvertere cortaining s platinum
or vonedium extalyst. They are heated to 4009C 1n 4he

hent exohargers, by gesgs from ihe converiers,

,J

The resction being exothermic, tenperature 1o

kept low oprovided the estalyost resslns scbive sl a
reascenshle reaotiorn velioolty is sesured. Conversion 1s
canrried out in stopes, removing the interstage heat Iin the
hieat exclangers. %G« in abeorbed after the flnal stage

in 9B “wwﬁ4, which En hroker down with wesk acid from
the drying tower to give G&7 2944 G0, contained in la
geges ie remeved b¥ serudhing in woter or mawonin llguor
to give a solution of numonium sulphite or blsnlphite,
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2y careful regulotion of the pH of the circulating
liguor, the loss of Hiy is kept to the ainimum and the
90, in the exit gases, expressed as equivalent N80y
%an be reduced to sbout 2/3 of a graic/cublc foot, 509
obtained Ly decomyosing wuiemiua sulphlte~bisulphite
aixturs with ggﬁﬁé, i3 returned $o the aystem and the
solution containing (i ) 550, is oryoballised to obtain
this valuadle Lye-prodact.

(e) Conversion of kiln elinker 50 GemEnNL:-—

For the satisfactory uroduction @?é@m@nt, good
clinker can be produced provided kily operation mng the
camposiiion of the raw meal are crrvefully counbrolled.

The zinosphere in the liin should be oxidising using

1 5 10 oxygen-air mixture. The seh content of the coal
uogd for irdng should be kept in consideration. Yhe
elinker iz ground with gypaows, stored in silos snd packed
aa‘reﬁuiraé. Every ton oi ﬁ2$04 produces approxiantely 1.3
tons  ¢f cement.

IXII, ‘lfeguiremends of fthe Paw Paterial and Cost
Conpidersticnss=-

ahe raw mederials and service rejulirenenis are
ghown in Table 2.3.1. Thw smounts of basic constituents
being csleulsted scoording %o the ratios, 3 Gyposum:
1 adilices 2 cokes U.1567 ﬁigﬁ3: C.04501 3@263,

Chele and clay csn suistitule sund ond ssh,
provided the ratlos of silica, sluming and ferric oxide
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are kept corrsctly. For each ton of sulphupic acid 1.76
$oas gypswn will be reguired. To save transport expend-
iture, ile factory should be located, ab the site of the
¥o¥i aatewrials, though the ideal site is rarely aveilsbls,

Latle 9. 3#1

buw laterial or Service Fequired per ton 100% Hy50,
Gypeun ‘ 176 tons
Coke 0,082 "o
Conl D44 "

Bemd 0205 "
sluming 0,000534 "

Iron oxide 0.00153 "
Flectrie power 130 k.%h

Cocling water 55 2

Mael {gas or cil) 90 tonne eal,

For the purpose of asrriving st an ides of the
anount of cement obitnined, the following resction is to
be Lent in viewsw

gﬁg@4 +« O = Cal 4+ S0, 4+ 0o
136,146 + 12,01 56.9 + 64,0066
Az 00 burcs dn oxnidising stanosphere o form &Qﬁ

and coke and conl leave 1it4le aeh 1% ip safe Lo assume
£t 0t the weight of cesent outained will correspond to the



Gonbined welghi of (el formed vluw the weight of silica
and nevallic ozider sdded, As the welght of Cal formed
from 1,76 tons of pyowun is 0.573 toms, therefore for
each ton ot sulphuric seid 1.3 tons of cement will be
produced as sgainet U.9% tone st the Billirnghan vlark,

The amgurt of cosl used %o {ire the kilns is
approximtely o9 of the weiski of svosum used, This
does not inelude the fnel requived for drying the rew
swberiagl and initisl menting of the bilns,

Lapital Coutnge
The aetual cort depende or site, svailability

vl services sud many olher isctors. The ceplisl cosbe
ol bue ogypsum.: mine wnd of cesent lant have bsen

gacauued,  Yhe winbawa cconomlce capaelty ol vlant in UK,

iw at leaal 50,000 tons H2§04 per anevz.  The ratic of
‘-the capital cost of arhydrite - sulphuric scid - and
pyrites suiphuric scid plants is sbout 1.5 te 1.

We Lo Bedwell, {22  pives the following
Ligures for empitsl and vroductlon costs for avhydrites
sulphurie aocid plant,



Teble #9.3.2
Capital Coet for inhydrite-~Sulphurie seld Plant.
(Cutputs 150,000 tone Hy60, per snmum)

g‘

kiln plaat aue raw saserials
Preparation 14500, 000
Acid plang 1,300,000

L5

Slde developuent 350,050

Services, w«ocid and anhydrite storage
londlng, handling aud
sranégorbaiion _ 30, S0U

Yorking ecapital 350,000

Total | £ 3,800,000

A fa ey g o g
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Table ﬁiBS 3
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The sbove Iipgures show thsd though the eapitzl
eost is higher, the netl cost ¢f sulphuric acid sade
from gypsun car be lower than thed nonufactured fronm
pyrites or sulfur, sud cur be cheaser In Palkdistan,
where pyrites or good sulfur are hard to get.



CHAFPTER X

DISCUSSION and CONCLUSIONS.
Ihe main objective of this work was & study of the
rates and mechamisms of the reactions which take
place at elevated vemperatures in the mixtures used
for the mapufacture of sulphuric acid and portland
cement from gypsum. The author was also interested
in the possibility of setting up a plant in Pakistan
for the commercial application of this process, and,
henca, after establishing the technique using pure
laberatory chemicals, the raw materials from Fakistan
gsources were also included in the systems studied,

ao that complicating factors, if any, due to differ-
ences in purity, crystal structure or general activ-

ity could be investigated.

ts set out in the previous pages, exploratory work,
on the general conditions of reaction and the prod-
ucts formed was first necessary. The systen used
in commerce is complex, and the conditions of firing
in a rotary kiln cannot be duplicated on a small
seale in a model kiln, because of the difference

in scale, leading to very different heat losses,

(WG
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teuperature gradients and flow conditions. It was
¢ssential to estsblish conditions which produced a
product similar to the cement clinker of comuerce.
By studying the component reactions, under the same
conditions, the relative importance of each was to

be determined,

BASIC COLPONGKRTS OF THE MAIN KEACTION

Calcium sulphate dihydrate, silica and carbon were
used as busic components along with small quantities
of A1205 and Fe265. Three moles of Caﬂﬂ& Zﬁaa,
were used with one mole of 510, and two moles of
carbon. Experiments conducted with one mole of
carbon or coke produced melts, which are to be
avoided in a cement kiln. The best temperature
for carrying out the reaction proved to be 1400°C.
The ratio of Air to Oz was maintained at 1011
throughout, for the production of oxidising atmos~
pheres, Any fluctuation in the amount of 02

affected the amount of Ca3 inversely.

BEHAVIOUR OF PAKISTAN RAW MATIRIALS

Geological data on the gypsum and coal from rakistan
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is given in Appendix II.

These materials proved to be free from undesirable
features. The gypsum was of high purity and showed
Lo significant difference in behaviour from that of
pure ¢slclum sulphate dihydrate and hence was sub—
stituted in its place during the study of reaction
mechanisms,

The coal, although high in gulpbur content, was an
affsctive reducing agent. Ths coke formed from
Faklistan c¢oal produced a higher rate of desulphuris-
ation than carbon, due %o its zore reactive surface

and swall amounts of catalytic impurities present.

The coal proved %o be somewhat l2ss reactive than
the coke, while the transient concentration of
calciua sulphide was higher due to the higher prop-
ortion of wvolatiles.

The practical conclusion can thus be drawn that the
production of sulphuric acid and cement from Fakistan
materials is feasidble and would not introduce cowmplex-
ities due to the chemical characteristics of the raw
materials. The high purity of Pakistan gypsunm



results in the production of a stuble tricalcium
silicate in the final clinker, and does not give

lower silicates, due to the absence of free HgO.

OVERALL CHARACTERISTICS OF THE REACTION.

The reaction mixture used commercially for the manu-
facture of cement and sulphur dioxide consists
essentially of anhydrite, coal or coke, silica and

small amounts of aluminas and iron oxide.

The curveaz showing the progressive liberation of
sulphur dioxide, as a function of time, from similar
mixtures are given in Figs. 8.1.1 to 8.1.10. The
curve ia characterised by a steep initisl portion,
then a marked turning point to a nearly straight
line asection of low slope. In an oxidising atmos-
phere, the reducing agent in the mixture ias removed
both by reaction with caleium sulphate and reaction
with the oxygen. It seemed probable that the turn-
ing point in this curve was due to the reducing agent
having been consumed. The latter portion of the
curve would then represent thermal decomposition of

gypsum and reaction with acidic oxides.

340



In order to confirm this possibility, soume of the
reaction mixture was taken, after reaction had
cecurred to @ stage beyond the turning point in the

curve, reground with carbon and reheated.

The result is shown in Pig. 8.1.10 indieating con-
clusively that the addition of more carbon greatly
speeded up the reaction again and that the turning
paint in the curve is in fact due to exhaustion of
the reducing sgent.

The overall curve can thus be considered as made up
of two distinct mections, one indicating the rate

of rsaction in,thy presence of reducing agent, the
sgcond representing the rate of reaction in the
absence of reducing agent. Of thess, the Lirst
section msy be cossidered the more important as the
rate of production of sulphur dioxide is much more
rapid under these conditions and it accounts for
over 80% of the reaction. Without a reducing sgent,
resction would be too aslow for industrial purposes

at these teaperatures.



¥o evaluate the relative importance of the various
possible reactions which might make up the overall
process, a series of simpler systems were studied.
The results of these runs are set out in Chapter
ViII, snd those which give the most significant
information will be discussed below:

1. Thermal Decomposition of Gypsum:

The thermal decomposition of pellets of gypsun
alone was examined using pellets of different sizes,
one series being twice the weight of the other. It
wasd found that after any period of heating, the
smwount of decomposition was the same in each pellet,
i.e. the percentage decomposition in the larger
pellet was half that in the smaller one.

This indicated that the rate of decomposition of
gypsum alone was governed by some COBEOD factor,
independent of the weight of the pellet. This was
probably the rat& of heat transfer to the tablet.
4lthough the pellets were of dgifferent weights, the
aress of their lower surfaces were similar and it

was through this surface that conductive hest trans-—
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fer wonld take place. The upper surfaces which
would receive most of the radistion were also of sin-
ilar area.

This result emphasises the point that in reactions
between poorly conducting materials, heat tranéfar
may be very important and that the effect of additives
which promote the reaction may be to reduce the heat
of reaction and thereby make possible more rapid

reaction.

The rate of evolution of sulphur dioxide from pure
gypsua was compared with that from the mixture corres-
ponding to the composition used commercially in the
later stages of reaction after the reducing agent
had been exhausted. These did not agree, the rate
of evolution from the gypsum pellets being the higher
per uass of gypsum present. This is understandable
as the heat transfer characteristics would be quite
different. In the latter case the pellet iz a
mixture which, at this stage, would be highly exfol-
iated.



The most important reactions in which calcium sul-
phide participate are probably:

(1) «a Ca3 + 20, = Ca30,

(2) «o Cas + 1%32 -  Cald + 30,

(3) .. 3&&304 + Cal -5 4Cal + &3@2

#hen Ca3 was heated in an oxidiasing atmosphere at
1460“0, the sulphide sulphur was evolved as 302 with-
in ten minutes. Ho QaSQa appeared to be formed in
the course of reaction; in fact, whereas the Ca3
used contained 37.4% Ca30, initially, the final
quantity of CaS0, represented only 15.8% on the same
basis. It can be concluded that thermal decomposit-
ion of the calcium sulphate initially present occurred
and that the Ca3 was decomposed according to reactions

2 and 3,

3, System: 3 Gypsum - 1 silica:

Heating together silica and gypsum produced & reac-
tion in which the less volatile silica replaced the
volatile sulphur trioxilde. At these tenperatures,
sulphur trioxide is broken down into sulphur dioxide
and OXYyEen. The reasction was slower, and the curve

(Pige 8.1.6.) turned at a lower comversion than when

A
o 4ad



& reducing agent was present as well,

The reaction proceeds relatively rapidly, and at
constant rate, to about 37% desulphurization after

which the rate falls off sharply.

3ince a ratio of 3 gypsum : 1 silica was used, it
appears that the reaction to monocalcium silicate
is the most rapid while further reaction to 3i-

or tri- caleium silicate is considerably slower.

The reactions between gypsum and various reducing
agents (carbon, coke and coal) were examined in
oxidising atmospheres and in aitrogen at tewperat-
ures of 1170 and 1400°C. The resulting sulphide
councentrations and the evolution of sulphur diox-
ide as s function of time are shown in Figss 8.1.7.;
B.3.235 -~ 25.

The rate of evolution of sulphur dioxide is consid-
erably higher at 1400°C than at 1100%C. Considered
in conjunction with the figures for Ca3 concentrat-
jones it is apparent that the increase in temperature
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has its greatest effect on the secondary reaction
between CasS and CaSQq. This '8 in accordance with
the thermodynamic results. Whereas, at 1100°C the
sulphide concentration reaches a weximum of 137 at
between five and ten minutes, at l&ﬁﬁ°ﬂ, the maxim-
um o¢curs before one minute and the concentration

falls, frow about 10% continu usly after that time.

Coke was the most active of these three reducing
agents from the point of view of producing desulpiur-

ization. (Fig. Bel.7.)

T. e use of coal produced a higher intermediste con~
centration of calcium sulphide due to it: high con-
tent of volatile reducing matter. The use of cosal
had the disadvantage of producing a fog of tarry

material in the furnace.

The presence of iron or aluminium oxlde had the
effsct of slightly increasing the intermediate con-
centration of sulphide at 1100°C, but of slightly
decreasing it at 1400°C.

A very rapid initial evolution of sulphur dioxide
resulted from the previous dehydration of the gypsuu.
eventy-three per cent of the sulphur appeared as

gulpbur dioxide within the first minute.
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The early part of these curves approximates closely
to a straight line indicating a constant overall

rate of reaction. Both the reduction of the

calcium sulphate and subsequent reaction play a pert

in the changes. The rate of heat transfer will also
be a factor but the temperature coefficient of the

change of rate seems greater than can be accounted

for as a result of heat transfer slone. 1t is of

intereast to calculate an overall activation energy

for the early stage of the reactiomn. This cannot

be taken as a true activation energy which is assoc~

iated with a particular reaction.

From Bun XVII

3lope of curve at 1100% =

Slope of curve at 1800°C =

Applying Arrhenius' equation:

k., 2 f ™ Y
P l}l i"' R {; l 2)
2 S
Y AE
2.303 106 3% - Tom ¢

4,6 per cent ~
desulphurization
per minute.

80 per cent
per minute.

= AL
300 )
00 x 1100)



AE = 2,303 log. éﬁ% x %28 x 1800 x 1200

= 2.303 x

= 21,990 calories.

This fairly high "activation energy" is absorbed
mainly by the reaction between CaS and Caﬁﬁa.

The addition of small quantities of iron and alum-
inium oxi.es made no significant difference in the

activation energy of this group of reactions.

The use of dehydrated gypsum considerably increased
the rate of reaction at both temperatures due
partly to the fact that no water had to be removed
but mainly to the greater activity of the freshly
dehydrated crystal lattice. This is in accordance
with observations that the activity of dehydrated
gypsum is greater than that of anhydrite.

The activation energy for reduction of dehydrated
gypsum was calculated similarly :
Rate at 1100°% . 22 = 9.8%/ain.

1400°C =  73%/ain.
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‘e AE = 2.303 log %%%83 x l’ﬁg x 1400 x 1100 cals.

= 2.303 x 0.8721 x 3328 x 1400 x 1100

= 20,410 calories.

Thua, for the reaction using dehydrated gypsum, the
reaction rates at 1100 and 1400°C are considerably
higher than for gypsum but the relative rates and

hence the activation energies are similar.

The offect of Additions of Iron and
- des:

In all cases, the desulphurisation produced in the
presence of iron oxide was greater than that prod-
uced in the presence of aluminium oxide, before the

firat 5 minutes of the reaction.

In comparing the later stages of reaction, two
cases may be distinguished. When the proportion
of the reagents is such that calcium sulphide is
produced or is initially present in the ratio of
3Ca50, ca3, there is no significant difference
between the de.ree of desulphurisation produced by
the two additives. Tnis is apparently due to the

rapid and complete reaction between Ca3 and CalQy

[SeeN

o o
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in these proportions.

When the ratio of CaS0, : Cab is less than 3 : 1
(e.g. system X¥VII), the greater catalytic activ-
ity of iron oxide, in decomposing the excess calcium
sulphate, leads to greater desulphurisation through-
out the course of reaction as compared to alumins

in systea YWVI, (Fig. 8.3.33).

©s _ Systems : Gypsum - silica - carb.n
Gypsum - gillica - coke

Gypsum — silica - coal
A coumparison of the three reducing agents in these

systems shows, that coke is most effective in pro-
ducing desulphurisation in the overall resction
under the conditions of these experiments. sugar
carbon showed a slight advantage in the initial
stages, while coal produced the greatest intermed-

iate concentrati n of calcium sulphide.

The activity of coke may be attributed to its active
surface and the presence of catalytic impurities
such as iron oxide. The finely divided structure
of the sugar carbon gives it greatsr activity at

low temperatures. The expulsion of wolatile matter

Prom the coal and coke will be ap endothermic process,



which may cause a lag in temperature rise of the
Eixture initially.

Some of the wost imporbtant mechanisms which contrib-
ute to the changes in this system, are those involv-
ing the intermediate formation of calcium sulphide.
The concentration of sulphide was measured in all
runs and showed the changes typical of an intermed-
iate formed in s series of consecutive reactions.
Its concentration chaﬁgéa are shown in Pigs.8.3.25;

8.%.27 and 8.3.29.

In each case it rises to a maximum and then decays
as the éacon& stage of reaction becomes significant,
calcium sulphide can be formed by the reduction of
calcium sulphate by carbon or carbon mopoxide.

It may subsequently be rewmoved by reaction with
oxygen {(if the atmosphere is oxidising), with cal-
ciur sulphate or with sulphur dioxide.

The latter reactions are represented by the eguat-

ions:
(1) Cald + 262 - Caﬁﬁ&

)



(2) 2Cas + 30, -» 2Ca0 + 230,

(%) §Qa3§4 + Cal ~-9 400 + &862

(#) 2Ca3 + 505 -  3Cad + 3

Ho measurable sulphur was formed in any of the react-

lons, 80 reasction (3) was considered to be negligible.

Because of its importance, this series of reactions

was studied dy several procedures.

The results of heating calcium sulphide in an oxidis-
ing atmosphere have already beeu discussed and it
was concluded that no net increase in calciuw sulph-
ate occurred., This indicates that reaction (1) is
unimportant at 1400°¢C.

In System XX (Table 8.3.54), gypsum and calcium sulph-
jde were heated together at 1400°C in an atmosphere
af nitrogen. The rate of evolution of 30, was

very rapid at first and began to fall off, when

about three quarters of the total sulphur had been
evolved. istimations of the sulphide present at
each stage of the reaction established that the
sulphide had been completely eliminated in five



@inutes. The disappearance of sulphide sulphur
from the resction mixture corresponded cloaely

to the turning poiat in the curve.

The oxidation of calcium sulphide both by oxygen

and by calcium sulphate were rapid reactions, partic-
ularly in the initial stages. This accounts for
the transient existence of calcium sulphide in the

reaction mixture.

¥hen gypsum was heated with a reducing ageant in an
atmosphere of nitrogen at 11aa9¢, the sulphide con-
centration rose to 13% by weight at 5 to 10 minutes
and again fell off in the typical fashion (Pigs.
8.3.25 3 8.3.27 and 8.3.29). At 1400°C, the rate
of the reamction between calcium sulphide and calcium
sulphate becoues much higher, relative to the rate
of formation of calcium sulphide, so that the max-
imum sulphide concentration occurs earlier. From
one minute onwards, a steady fall in sulphide con-

centration occurs from about 10%by weight.

o
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IROBABLE MECHANISK and FATE CONTROLLING STEP

Based on the foregoing results, a picture can be
bgilt up of the probable course of the overall reac-
tion.

The first stage of the reaction, in the case of gyp-
sum would be 1its dehydration. In the gypsum latt-
ice the sulphate and caleium ions ara'bande& in
planes, held together by hydrosen bonding through
water molecules. Upon the removal of water, the
bonds between various layers are broken and the
ecrystal becomes in effect, & pile of discrete layers
(Pigs. B.3.34 and 8.3.35). The edges of these lam~
inae are points of extremely high activity, at which
interaction with other substances could well begin.

The next stage could be ..
(a) further thermal decomposition of gypsum
(b) resction of the dehydrated gypsum with silica
or

(¢) resction of the gypsum with reducing sgent.

anile (a) and (b) go on to some extent, the most
jmportant reaction at this stage is the reaction with

reducing agent. This iz shown by the faet that Cad
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is formed as an intermediate compound, which appears
in the first few minutes of the reaction. xeduction
To Ca3 occurs at temperatures, at which reactions (a)

and (b) have been shown to go on only very slowly.

It has never previously been established definitely
whether the reduction takes place as a reaction
directly between carbon and dehydrated gypsum or
whether CO is always the active reducing agent.

This point was investigated by heating various forms
of carbon with gypsum in an atmosphere of nitrogen
both at 1400° apd 1100%C. Rapid reaction occurred

in these cases without any induction period.

The mechanism of the process was further investig-
ated by packing macro-crystals of gypsum in carbon
and hesting again in nitrogen. tg described prev-
iously, a sulphide layer was rapidly formed around
the edges of the crystal laminee, as shown by the
sulphide prints (Pigures 8.3.36; 8.5.37a and
8.3.37b)., The sulphide can then be removed by react-
- ion with O, (when the atmosphere is oxidising) or

with Caﬁﬂa.

The reaction between CaB0, and Ca3 was favoured by
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the presence of silica, and to a lesser extent by

?9263 ag shown in Pigures 8.2.31 and 8.3.33.

A noteworthy feature of the results of these studies
was the remarkably rapid reaction between gypsum and
coke in an atmosphere of ﬁz, in which 80% desulphur-
isation was reached in 5 minutes, without the aid of
an oxidising atwmosphere, or any additive such as
silica. This is interesting as the evolution of SGQ
is the result of at least two consecutive reactions
between solids ~ (&) reduction by coke

and (b) interaction of Ca3 and CaB0y.

4 complete study of thﬁ diffusional processes
involved in these two reactions would he of great

interest.

At 1800°C, the desulphurisation preocess is thus
rapid, provided a reducing agent is present. The
rate controlling step appears to be the reduction to
sulphide, since its concentration rises initially to
a low value, falls off and is essentially zero during

most of the reaction.

The rate of reaction falls off sharply, when the



reducing agent is exhausted, and the evolution of 3&2
from then on, would be due to thermal deconpogition
of the remaining sulphate hindered by poor conditions
of thermal conductivity and the fact that it is now
being incorporated in a clinker or melt.

CLdanNt CLINKER

The quenching method proved successful for getting
large crystals of the clinker components, especially
tricalcium silicate, which is a constituent of priue
importance in the clinker. These crystals are shown
in the photographs taken by the Vickers iicroscope.
Due to the large size of the crystals, the magnific~
ation employed was “194, as compared to the usual
¥500. Their examination was done by petrographic
methods, which showed the presence of two crystall-
ine phases, in addition to glass. The phase compos-
ition was as follows:——

(1) Tricalcium silicate ....cecevesess 0%

(2) Brownuillerite seeveeevscscccssens 6 = 8%

(tetracalcium aluminoferrite GQAF}

(3} Gl&&a T EEEEEEEE N E N E R E R BRI 2"&;%

This shows that the clinker obtained from 3ystem XIII

)
(VO



has a much higher tricalcium silicate content, as

coupared to general clinkers, which normally do not
contain above 45 - 53%. The production of a good
cement clinker has thus been realised. The glass

content, as desirable, is fairly low.

Brownmillerite is a dibasic compound and is formed
in place of the tribasic GBA’ which process releases
Ca)s This Ca0 then is available for coabination
with 623 to form Caﬁ. In the final product no
free Cal or kgl was found. Free Cad affects the
burnability of cement adversely and Ng0 increases

the 023 at equilibriun,

A description and cost considerations of the prop-
osed plant for the manufacture of sulphuric acid and
cement have been given in Chapter IX. By employing
the composition of System XIII 1.3 tons of cement

per ton of sulphuric acid produced, can be obtained.

)
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SUGGESTIONS FOR FUNTHER WORK.

The following appear to be the lines which could be

ugeful for further work:

le

Additional studies of the nucleation and diff-

2.

usional mechanisms in the solid state reactions
involved, such as the reaction between gypsum
and carbon, gypsum and silica and calcium sulph-
ate and calcium sulphide. A comparison of the
behaviour of an smhydrite lattice and a freshly
dehydrated gypsum lattice would be of value.

steam has been reported to have a marked catal-

ytic effect on this gset of reactions, and would

warrant further investigations.

3. _Departing more widely from the present line of

approsch, an examination of the behaviour of
gimilar systems upon heabting in a retort in the

absence of air, could be of economic importance.

This process has the advantage of producing a
mixture of sulphur and concentrated sulphur di-
oxide which permits the economic operation of a
smaller sulphuric acid plant, although the prob-
lem of a sulphide free clinker will have to be
tackled with.

%)

(N

o



1.

3.

4.

Se

G.

7.

BIBLICGEAPHY,

Adacurev, 1.t
Jo Auple Chem. Russia. 5, 157-162 (1532)
brite abLutr. A.1213 {(1032).

Adadurov, J.Ee. and Pligunov, V.0,
Je &Hobl. Them, Tusale. ﬁj T45-156 {1432}
Erdt. wostre 401213 (1632

FGo0urovy Jelej Deribas, D.E. ard draine, P.Y.
G+ Appl. Chem. Ruseias. 3, 50U~531 {1930)
Grit. abstr. AL31E (1931).

AE5dulovy leles Gmaianeeva, A. anl Gersned, L.Y,
Ju é&?@ic wii@m; 3&%)2%332»@& 2 ?‘fz’”’,}{:’? {1( 3&—)
Chem. acsir. £, 1566 (1933).

therman, R,
Froom. Chems 8, 314-317 (1952)
Prit. asetr. BY. 139 {15935,

inderson, J.5. and Morton, M.C.
PO, B;}yal S00. LONndon. 5&13%; &3 (?Eﬁﬁ‘ﬁ'}”

Anges .
Ere 315, 46%, Harch & 1907
WiiBRle QLELE. _‘%, 2wl (7 EU“) -

ﬁ’&»&iﬁﬁ, J.
Chem. wostr. 6, 1268 (1512),

(@]

o~



§n

104

11.

12.

13.

4.

15.

16.

Bodische anilir snmd Dedn Talrik.
%r. 33;}; 12,}; %ﬁ‘ 32:“; #ﬂ ﬁ’@
Chem, abstr. 17, 357 (1222,

Badinche Anllin and deoda Fahriz.
Ber. 301, 682, 1o1a,
::}egip &85, _.f'g 4-.»)& 1 E?f};}'

Badisohe inllin and Sedo Pabrdk.
Her. 302, 433, Deo. 24, 1919,
;:}]ﬁ?&q EHBELT. ﬂ, 3—??@ {?%ﬁ,};)s

Badische Anilin smd Sode Pebrik.
Ger. 306, 312, Peb. 17, 15620,
Them. sbatr. 17, 3578 (1923).

Baéisohe Anilin and Sode Tabrik.
‘{}?1&4 3{}‘2, 4?1’ ?%iﬁn 1?? i%ﬁf«&{é'
Thes. opEsr. 17, 3978 (1023).

Parhneh, A.
Enl. $3§g ?ﬁ’ﬁ’ Peb. ;34’ 1§34;
‘hem. mbatr. §, 2804 (1515).

ﬁﬂﬁlmstﬁi? ,at
drdt. 3, 1?43 Yet. élg 1%*%%
hem, abetr. 10, 95 {(1916).

Ramgneh and 0.
1,P. 3TY, T8, April 16, 151E.
m* ﬁhﬁﬁrq ﬁuﬁ{)'; gﬂgiégxa

361



17.

18.

19,

23.

24.

Basest, L.0
Chem. abetr. I, 3653 (1513).

Besmet, L. "
Er. 457, 511, duly 11, 1912,
Chem. ubstr. 8, 2753 (1914).

Bussuh, Lase
Srits 175 873, Aug. 5, 1913,
Chem. absir. 9, 365 (1915).

EE‘S :&%t' Lﬂ k%ﬂ
U.i.1, 168, 046, Jen. 11, 1316,
Chem. usesr. 38, §14 (13¢5,

Hanset, Laels
U.5.1, 198, 817, sept. 19
Chem. abstr. 189, 2577 (1916).

Pedwali, Ylele
“The Production of sulghurie Acld from
Caleius Sulphate”.
Royal Inst. Chews. Lectures, lcnograghse &
Reperis, 3, ppt (1952).

Baniadinb, d.1e; ¥illamen, J.dc and De Long, %.h.
slapt. hysiol, 2, 467-95 {15.7).

siynowns sad ¥istien.
Bec. 13, 651, 1180,
Chew. nbsir. 23, 4400 (19258).



o
5
()]

5. Bischoff, F.V.
Z. fnorg. Chem. £50, 10 - 22 {1u42).

Bischofi, ¥,
ES fﬁ'iﬁ

Andes - Hund - Schau, -13 (1%
Chem. sbatr. 43, B62Y {1949,

6.

274 Bogae, H.H.
PThe Chemiatry of Portland Ceuen

Heinhold Mb. (ors. bHew Tork(1955).

‘Ul pe 26,

2l Soguey Hela
"ihe Chemisiry of Fortland Cemeri®™. pp.32

teinhold Pub, Corp. Hew York (195%)

25, sriner, .
Helv, Chim. acta. 28, 0= (15435,

%
r

ériﬁ‘ﬁf* fw« B é :u«{i&i&}»g
HMelv. Chim. acts, &f, 1406-1414 (1544).

31. Uriner, Be3 vema, $. arnd Yalllard, it
Helv. Chim. Acta. 31, 222035 {10455,

Pami, U. sod sdllinrd, T,
{1546) .

Yriner, L.

Helv, Chim, sota. 32, 6315-B40

3z.

33. Badnikolf, F.P.
Chem = Ztg. 4%, 430-431 (1925).

trit. sbetr. 5.9543 {195).



35.

36.

3.

3.

40.

41.

364

Budnikoff, P.P, mnd Syrkin, J.E.
Chem. Zeit. 4722 (1523)
Brit. abstr. Afd. T2 (1923).

Budnikov, F.P. and ﬁﬁ%?iﬁﬁi* “ala
Jo Applied Chem. U.B.0.K. 5, 1736 (1432)
Chem. abBtr. 26, 4530 (1932},

Budnikoeff, P.0. snd Rivelin, I1.1.
Je Apple Chem. Puss. 11, 1125-1150 (1438)
Brit, absir. %04?3 (1§3§)m

Budnikov, F.i.3 Shichareviisch & Lukove, 5.0,
J. Chem. Ind. fass, 10, Bo.8, 36-40(1534)
Brit. abstr. B.23 (1535).

ﬁﬁﬁﬁi@k, Aed o
Chem, Lrade J. __ﬁ_ég 565-570 (*%3{3)#

cathala, J. |
froc. Intera., congr. Pare & Appl.Chen.
(London) 11, 35 ~ 48 (1947)
Chenm. abstr. 44, 5229 (1450).

ﬁ‘aﬁmﬁ.&, de
Cempi. rend. T8e. Congr. soc. Savantes,
Paris et degts. seck. sei. 471 - 475 {1953).
Cheraandarian, ¥.3. and ¥sriachenko, G.V.
J. Chem, Ind. fuss. 10, Ho. 4, 42-44 (1534)
Chem. absir. 28, 4641 (1534)



)
(@)
Lo

42, Charrin, V. 5Sev.

Haterdaux Constrauction trav. patlics. o,
373, 66 = 88 (14946)
Chem. abstr. 41, 6377 (1u47).

43, Chevalier - Girard.

2r, 6@&, %?5; 3&@:§1 ?%286
Chem. absir. 24, 209 (1930).

44. ﬂlﬂ:ﬁ”k; W

?MW&lu Lien. 5’ 1&%1 (1931}
' Chem. abstr, - 1L, 1652 (1523).

45.

Dowden, D.A. and Garner, W.=,
. Chem. o0, 894, (1939).
46. kdgcombe, l.d. and Crossley, H.E.
"Improved Methods for Quantitative
Analysis of Cosleash and Cokeeash®,
Fuel Kesearch survey puper YNo. 50.
vept. of Scientific & Indusirial Hesearch
sritein (194%).

4?3 Eéﬂarﬁﬁ? Waheile
Chem. & Ind. T64~73 (1452).

A=G, Fr. 658, 727, Oth aug. 1920,
Chem. absir. 23, 575 (1925).



4S.

5t.

53.

55,

b

C
8]

Pischbeck & ‘inaldt.
4. Zlectrochem. 38, 149 (1u32).

Fieck, A.
Chem. & Ind, 1184, Dee. 6 (1952),

?leﬁk, .&o aiﬂﬁ IQ{Z’XQ }'«%d&
s’?;; 32{1*, 1’2%; gth j@l?' 1%2?*
Brit. abstr. B, 862 (1930),

?Mﬁkm’ Helre and }?’ﬁ{bﬁ, GeH,
Brdt. 715, 235, Dec. 1, 1954,
Chen, abstr. 49, 7621 (1955).

Frey, H.
Chem. nbair. 4, 648 (1910},

Prydlender, J.H,.
Rev, prod. chim., 24, 613=b, 645~54(1926)
Chem, absir. 21, 476 (1927).

Fajd, K.
Govt. Lhen, Ind. Hesesrch Inst. Tokyo:
*Gypsws*, 1, 320-3 (1952)
Chem. abstr. 47, 4778 (1953).

J. Chem, Soc. 1239 (19473,

Garner, W,E. and Kingman, F.B.7.
Trens. Fara. Soc. 27, 232 (1531).



61.

6%.

6€.

Gurner, Y,2. and Veal, V..
d. Chen. Sec. 1436, 1487 (19v35).
Damvanda, L.
Hiti, Chea, Forach - Inst, ind, Bsterr,
3. 70 =3 (1949)
Chem, abstr. 44, 206 (1550).

f%&:ﬂ‘iﬁt, G.d. and IJQ*Z& Ltd .
Prit. 309, 61, Feb. 6, 1528,
Chen. aovstr. 24, 706, (1430).

Harvey, R.3. and Fegeunbal, L.O.
Plant Fhysiol, 1, #03-6 (1926).

Higuon, G.1.
Chem. “ng. News, 2§, 4465~T4 (1951).

Hildebrand, ¥.7.
"analysiz of Sdlicate and Carbenste Hocks".
oy o) . 3 - "y ey e { ¥ X ol
Ball. 700, U.G,., Geologlieal urvey {1919).

Hofaan, HeO. and Yestowitsch, W,
’ B 5 2 T " Pl a4
Tran. Ame Inet, Hin. e éﬁg’, 35;&.@;*{:333*
(1508).

Yofman, Y.0., and Tostowiiack, .
Teong. Ame Iret. Sdn. ing. 41, 763-7U5
(1611).

Honus, Ctto.
sement, 23, 415-1¢ (1534)
Chem. absbr. 28, 7135 (1934).



67.

69.

TG.

1.

T2e

3.

D
oo
0O

Mon. fods 13, 254-5 (1523)
eostr, 18, 864 (1524).

Huttlg, G.r. and Bischoff, V.
%ﬁ%@hﬁmmt Wirtachaftsausban, Chosm, Her.
Pruff - B2, 93 (BB 52008}, 171=5 (1540)
{Pub. 1941).
Chen. abatr. 41, 5009 (1947).

Fanthal.
"Xanthal Handbock" pp. 82,
Abktiebeleget Kanthal Hallistahamay
Sweden (1951).

Faszelits, U.¥.
Z. ongew, chem. 33, 49=%1 {1920)
Chem. nbstr. 14, 2056 (1520).

ﬁ&rﬁy %f%ﬁ
“process Yest Tressfort pz.18, Tlo. d.8
Mehraw Hill Book Co. (1950).

ﬁahma, He
Chem,— Ing=Tech., 21, 227-<&
Brit. abatr. B, 299 (1950).

tanze and Sotler.
G.P. 400, 223, Junme 4, 1922.
Brits @b%ﬁ?o'gtéﬁgﬁ (1§2§}c



14.

T5.

76.

6.

75

&%,

Lesev, k.d. and Hiuitin, .4,
do Uhem, Ind. Russia, 6, 104-173 (1u29)
&it: absir. B, %}‘{}3 {?93@},

danuilova, 1.5, and Hojsk, S.%,
Arans. Al unden, Sei. Inss, ceaens. 10,
122 = 128 {1935)
Brit. abstr. B.377 {1938),

i@“”Mﬁmﬁ, J »
Palnt 04l Col. J. 120, 1085 (1451).

Hamning, J.
Fertilizer Soc. Preoc. 19 (1451)
Chem. abstr, 56, 5271 (1952).

:iﬁm%l, {}a :ill@,
Compbe rend. 177, 1300 - 1302 (1923).

i{@r{gha;' e Hille.
Compt. rend. 176, 299-301 (1523)
Chem. atotr. 152, 505 (1924).

darchal, G. Mille,
Jo Chin, phys. 23, 38 - G0 (1926)
Prit., avetr. A. 3 - 5% {(1926].

Harchal, . Hille.

d. Chim, phys. 22, 325 -~ 48 {1428)
Chem. abstr. 19, 3201 (1925).

98

0

)

J



Bz,

83.

84.

&5,

86,

&

i
Lae]
*

&9,

GO,

Harchal, G. Mille.
Pull. Soe. Chim. 39, 4018 (1526).

Hartin, W, Mk,
Ind. Eng. Chem. Annl, Fd. 8, 365-96 (1936).

Tertin, Y, ¥eK., and Green, J.N, :
Ind. Fng. Chem. Aral, Bd. 8, 114-18 (1933).

Harke, G.C.
G. Volysims. &=G. B.P, 326, 612, Jan 23(1229)
Brit. sbhetr, B, 556 (1530).

Hetallbank and f»«ﬁgﬁllavgma
Frdt, a%ﬁ%r. Be 42% é1§24}¢

Jetellpges & - 4,
De®. 423451, 53*@?"5. 25 (1633%
Brit, sbsiv. ‘i“’*g {?,}mﬁ‘}

;‘i@miﬁg %i.
.utm 32@, 13:}, {:}Qtt A i‘;%f%)
i@iﬁira;ﬁq aﬂ% &2“ __&_g 33%@ é ?2,33*:3} -

“euris, H,
Belg., 354, To8, Reve 30 (1:28)
Chem. ahatre __i' %32:{3 {135%)4

irewy Da

>
) e G B 5 3 T oo ‘“‘
Arch, Fisen hubvenw. 12, 4Z0=-3101030-3)



91.

92.

93.

94.

95.

G6.

Adi EaYiy };uﬁa

Holiter, H,
Schwedz. Apoth. Ztg. 62, 517-15,
525=34, S44-48 (1924}
Chem. absir. 15, 2262 (1929).

Helitor, H.
I1l. notiz. Chinm, Ind. 1, 278~80, 312-4
(1926)
Chem. abetr. 21, 476 (1927).

rRock Croducts 33, 18, 62-3 (1230},

wller, W.d.
Ze angew. Chem. 34, 169-174 (1926).

Uuschau 30, 20=30 (19526).

?&%ﬁer, ed« and Clingestein, H.
GoP. 388, 849, July 22 (1519)
Brit. abstr. B. 379 (1524).

ladeschowski, F.
Proemysl Chem. G, 55=62 {1953)
Chem. abstr. 48, £508 (1554).

()

recnn



S9.

100,

101.

103.

104.

105.

Reunmann, B.
Z. angew. Chem. g, 1537-42 (1526).

Fewusn, E.5,
J. Hesearch Habl. Bar. Jiendards, 27
151-6 (1541).

Parrish, .
Ind, Chemist, 5, 451-3 (1529),
Pavliov, K.¥.3 Lesckbin, 1.G. and Jraber, D.C.
J. Chem. InG. U.5.8.R. 15, Bo. 3, 5~10
(1538)
Chem. abtstr. 32, 5587 (1538).

Reynolds, D.A. and Holmes, C.R.
¥ Procedure and apmyatus for deternining
carbonizing properties of Americon coals
by the Iureau of Hines ~ Auerican Gas
Asgociation Method".
Uede Buresu of Mines, tecinical paper

no. 665 (1946).

Rhenanio, Ver,
P.P, 604, 559, Sept. 30 (1525)
srit. abstr. 8, 788 (1826).

Foperts and Anderson,
Hev. Pare Applisd Chem, Royal sust, Ched.

Iﬁﬁ‘t& 2, Hoe 1 (1%‘?5&}'



106,

107,

108,

104,

111,

112,

hojak, S.M.3; Gerschman, ¥; Miloslavski, £.3
and Hagerova, L.
do Chem. Ind, uss., 30, Ko. T, 35=41 (1533)
Srit. ebetr. B, 16, (1934).

Hojalt, S.H.3 Gerschman, ¥.I.; Hiloslavski, ¥.7.3
ané Hagersvoa, E.

irans, All. Union. Sei. Inst. Cement, 10,

5 = 21 (1535).,

31‘1%5 goBir. Be 3’?? (193‘8)*

Rothe, F. aud Brenek, H.
UeBe 1, 790,023, Jan, 27 (1931)
Chems. abstr. 29, 1346 (1931).

Schenck, H. snd Jordan, K.
L. anorg. allges. Chem. 178, 309-99(1929)

Schenck, R. and Hamzerschmids, F.

Seot and Puman.
"Gtandard Methods ¢f Chemical Anniysia®.
pe 214=15,
The Technical Press Lid. Londen (193%).

semilleay J.C.
BsP. 643, 479, July 2y (1547)
Brit. abstr. Bl. 432 (1651).

-

()



113,

114.

115,

116,

117

115.

Sestini.
Ber. 7, 1295 (1674).
Chem, abatr. igé’ 4400 (1552?3}-

Shapiro, L. and hrannock, W,W,
"Rapld Analysis of Silicate Rocks®™.
Geological Survey Circular Ho. 165
Ues Depts of Interior (18%2).

Stetser, J.B. and Horton, H.H.
"Combustion train for Cerbon Jetermination”.
The Iren Age, iU2, io. 8, 443~445
Aag. 22 (1818},

Steward, G.E.
Reve Yuim, industr, B. slres, 2, Ho. 15,
20 - 26 {1942)
Brit. abstr. 51, 231 (1950).

Teraschkevitsch, V.R. and Evetzki, G.H.
Je Appl. Uhem. Husuim, G, £155-2175 (1536)
ﬁri'ﬁ‘ ﬁ@ﬁitra 3'665 {1‘33?}0

Terrcee, kK.
Z. angew, Chem. 44, 356-363 (1931).

Tetens.
GaPe 360, 621, Harch 29 {1622}
Aris. sbstr. 2.1224 (1323).

L
o {4



121,

122,

123.

124,

125,

126.

127

Trifonov, L.V.
Heballs ue ISz _;v:ﬁ’ 3{;4“% (?{.‘332}

Trifenov, 1.V.
Meballs n. 2xz. 30, 46=7 (15933)
Brit. sbstr. B.495 (1935).

Taytoviteh, .V,
Chine Fromychl, 4, 115~24 {1526)
Chimie et industrie 16, 602-3 (1:126).

Veidenanis, i,
Latvij. Univ. lsksti, 3, 365-415 (1937)
Brit, abstr, B.665 (??j}?)‘,

Volfkovick, S.i.
Yin. Suir. T Ho. 11=12, 44-45 (1532)
Irit. abstr. B. §13 {1933).

ipeser, Be -
Frdol u. rohle, 5, 497-453 (1952)
Brit. soesr. Bl. 139, (1953).

vusilewski, L.j Salcolidly Jedej Kunegorowskl, 4.
and Badaynski, V.

vezenysl Chem. 18, 633647 (1£34)

gﬁtﬂ ﬁbﬁﬁ-i&i‘« .Bs 54‘;} (1§3‘3}'

“eaver, E.R. and Lduarde, JeD.

Ind. Ing. Chema T, 934=33% (1551).

- :i

ot



16, Wedekind, X. and Co.
Gexr. €32, Tdd, Apr. 12 (1910)
Chew. abstr. %, 2710 (1411},
1€5. Wesren, I.
Chem. abatr. 17, 3578 (1523),
Zement, 20, 714 {(1331)
Chem. absir. 25, 5744 (1631).
131, w1104, He
Ueide 2526,103, Oct. 31 {1950)
Chene abatr. 45, 1320 (1851},
132, 'ﬁ‘zhmr, Lep Hardin, ¥, and Sehnlds, L
he amOrg. chem. 127, 273-294 (1923).
133. dawadaki, J.
%. anorg. allgem. Chem. 205, 180-50(19552).
134. Zawadzkl, J. mnd Hyrycsynoil, G
foczniki. Chems 18, 715273 727-28, Trench
(1%30)

Cheme absbr. 25, 1174 (1531).

135. Zawadzlki, 4. and Sobleraj. b
Praemysl. Chew. 18, 666-76 {1534)
Chem. absir. 29, 6014 (1535).

.,

)
oo



136, Lawadzki, J. and vWeychert, S,
Przeglud Chem. 5, 245-54 (1547)
Chem. mbstr. 43, 2377 (1%49).

137. Zawadzki, J.; Komsak, K. and Harbat, H.
Praeuysl Cien. 5, 225-36 (1921)
{.ﬁrﬁc‘ﬁ’v ubite 1{1 16§2 (1 é}}i

135; 01911&%11; He . gnd iﬁ’ﬁ'ﬁﬁmg Heds
Compbe rend. acad. scl, U.id.5.5. 471=4
(15304}

Chem. sbssrs 25, 4976 (1931).

)

-

e



)

AFPPENDIX 1.

A

ANALYSIS OF COAL and COXE SUPFLIED by F.1.D.C.

Con §9EW§&ETE 361@E?IFIG and IﬁﬂﬁngIﬁb
s o3 ¥ ‘ ;

COAL RESEALCH 3ECTIOR

ref.No. F298/6184/56 ... Coal from Pakistan (container
labelled:
from Hari Indus.
K0 .
HTA 2/24
CANAKA

ref. No.7294/6185/56 ... Char from above coal

Carbonising temperature 800°C
deight of coal carbonised

= 3930 grauases
Coxe Yield = 2340 gracues.

Coal Char

Alr-dried Basis

#oigture 22 1.1

Ash 18.1 %20e
Yolatile matter 41.8 1.5
Fixed carbon 36.9 €7.2

Carbon 56.9 -
Hydrogen 4.4 -

Total Sulphur €.7 6.3
D.A.¥, Basais

Yolatile matter 53.2 2.2

Carbon 72.4 -

Hydrogen 5.7 -

o



APIENDIY _ 1I.

GEOLOGICAL DATA of COAL and COKE.

Peyedecee House,

tutchery Road,

Karachi. 3.
(Fakistan).

Decenber 10,1956,
C&C/Gyp-8(1l)/Eiac,.

The High Coamissioner for Pakistan
in Australia spnd New Zealand,

Dalton House,

115 Pitt Straatg

SYDREY.

Subject: .. Supply of linersl 3amples for
¥r. Bohamed 3Jaeed Zahid a
Colombo Flan icholar in Australia.

Deax 3ir,

Xindly refer to your letter Ko. /EP/ﬁ& dated
12.11.1956, addressed to the Secretary, Fakistan
Council of SBecientific and Industrial Hesearch,
Earachi, copy of which has been tranasmitted to us.

we give below the reguired information in respect
of Coal and Gypsum:

¥iperal ﬁama” Hame Rame of the
of the of the Sean
City ¥ine
Coal dakerwal iinkerwal Semi~bituminous coal

Diatt.dari~ Collieries tertiary lower
Indus. F.I1.D.C. 8oCeN.



Lineral

Gypsum

¥ame Yamo rame of the
ol the Seam
City
Jaudkhel Gypsum No name. Tertiary
Distt, CUE Ty deyposits upper
Yianwali B:1:D.C eocen.

Yours fsithfully,
Pakistan Industrial Development Corporation.

(sgd) K.A.BASITH.
Operative Director (Collieries).

Copy forwarded to The Technical Secretary, Pakistan
Council of Scientific and Industrial Hesearch, Block

RO 951

Yaxiasbtan Seceretariat, Larachli, with reference

to his letter No. 519/136/54 dated 30.11.1956.

Co
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