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; At the rnquost of Dr. Braus 1t ‘has bsen tried bv computatlon and -
exporlmcntatson to obtain numerical -data of the cqulllbrLum of thev'“
reaction: 2Hp3 *+ 805 = 2HO + 35 i
‘Aim of tho invostigations-was to dBt“Pman whntheT the d09031t10n of

‘sulfur and water from the gas to bs converted-influences the nqulllbrr'
>and -the quantlty ‘of the rocoverable suvlfurs It has bean trled tc" S

dstcrmlnn the. equllibrlum by cosputatlon and nxpﬁrrment.
I.' Thn computatlon of the equlllbrlumr :
. The_numgrical dntarmlnatlon of  ths. constan*s of pqulllbrlum in the-’
‘technieally interesting rangs of tedifcratures was carrisd’ suty T
1. from the frae nnnrgles of formation of thz roactlng substances
" at. 289C. ‘ , ’
2, from measurcd data of the constant of rqulllbrium accordlng t6
investigiations. of Lewis- and. Randall (Journe Amsr. Chem. S0c. 4OL—
362, 1918). In-both cdses the transformation to the 1ntnrost1nvA
. tnmpﬂratvro was pnrformnd graphically and numsrically., By doing this
- —4it could bc shown that thzs graphical method could bs applizd to a
narrow témpcrature rangs sven with A simplified assumption that the
heat formation is 1ﬁdopﬁnd°nt of tho tenpsraturc.  For the computation
of ths constant of squilibrium and for the following gvaluation of the
results it is advisable to dlstlngulsh botwesn the follow1nv raactlons:

2HpS (g) *+ 505 (8) = =33 (1) + 20 (g) and K
‘2HpS (g) + SO0z (g) = 3 Sy (g) *+ 2850 (g) +)

© +).{g) and (1) indicatec cithe? ~the gascous, or 11qu1d phas 4
designates the Lqu*xlorlum-liquid of the two SUlfRP-HOdlf;C”thDS.
. This &iffsrence dlSGQO””ra 5t the boiling point of the selfvr. .Tho-
following table 1 contains the, thormal data upon wnich the compuuatior
are baszd. Tho dat1 have boon ‘cxtractsd from the f3113w1ng bﬁOVS a
Intornational critical tables, Vol. 7, .
Landolt Bocrastein and Lowis Randall, Tnfrnodynqmlcu, 21EC 559,
“The vapor prossure and tie molscular weight of the sulfur vapors .|
(Table #2) originate from a publication of Treynar and: Schupp’ (A.
phys. chnn. 63,. 129 (1910)
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Equilibrium of the reactiol
= _

‘éhﬁ (8) + 505 (3) = 35 5dz) + 2HpO

Acccrdino'to the tablc7"F298 - 23,285 cat,”

Abplvin'?"r tho forumla AP - ~RT2nK | . .18 :
Tn2 constant of equilibrium - Koag - 87 x 10 : I

“(wherabdy the constant oF cqui’ibrium was colputed from . she partial
pressurcs) S ) .
For' ths computation of the constant at_ 580°% according to the 3ibosg-
Helmhaltz cquqtlon d In X = AnH R - o

"dt T BTE : ‘ - II

For tho nathin hcat formation tho r”actloh is carriod out at a chosan
tsmporature . - o ’ : :

AH = AHggg +AC_ 'x (T-298.2) I CTIT
The cquations it ang III arc conbined and lnt“gratﬁd
log. Kogg '_ B L , ST
‘ .u.zz- v H298V — 'L\ sz S ;“T'.’T”“T

-
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(R = Molﬁc. gas const ntf

B =
S 8

For ths numnrlcal conputatlon th° figurcs'og,thgﬂfuhctignSQQQWQhé;s}j
»j.from thn tablns wore nmployod.:_w e s

R

; $i“It was obtainad K s T2 23.8 whereas fron Lew1s and Raﬁaﬁlls'
'detnrm1nat10n the value %580 25 5 can bn cogputed.

. . Vo = = ST T L —
K :

'_ Ths . constant of ethllbrlum of tho rnactlon

des (g) + SO ). + ZH O (g) has.bssen computed fram the constanf
of nqu.LlJ.brium wbﬂch &%s determln“d by -Lewis and’ iandall At 1ts
boiling point the sulfur bqs an avorage gtgm“nqm 6.71 '

~{Compare ~table-2)— _ o
The nrecedlng equqtlon can thorsfore be wrltten' S

. 2H.S +S0 'S + 2Ho0 -
2 2= 5 71 6.71 Hp :

and - the dntfrnln»d gathant (3y Lewis and: RandaLT) can bs writ%oni
Kppg = (HpS)® x (50;) :

i (‘{ 0)3 x(3 )u/vk“ . : 3/V
- whereby at the bdiiing pSint of the sulfur (3 becotcs = 1.

At chossen tompnrﬂtuAcq the constant of bULLLLéPlum with gassous su’frr
(?) can b computsd Trom tnat of thoe oq1171b“1um with llqulq ~u7fu“

_accgrd1n~ to tho foxlowing e uﬂtlu“; : : o . . S
Z 53/v '_”. S ) v: I ; ‘; .
wh“rrby {8y) hnuals the nartial prassurs at’ ths corresponding t mpara-.

turs., KS 50 '~~v.c.66 )
The "graphical transZormation of tho c:not“nt of nqulllbrlu was: per- .
formed 07 means 2f g diagran, in-which -R '1n K was plotted against
the rocciprocal vabxn of ‘thes absoluts towperature. Assune tho
appiicability of sjuation II and a constant o4 there. ﬂxxﬁ+°_a limgar
TeompeChion ba 2twoen the -qaintitics plotffd or the axis of wbs disgaram

11, potermlnﬂtlnn 2f_the ﬂav"'gggiup

Lhu cxocrlnunual iavaest: ”flbn of ihe nqvi71b“1uw-‘c teap rotares
sa0.stant allj bclow the b01l*n~ goint of the suifur Mt Crust. 2L00-
cultios becausc- the "bSD“Dthn of the sulfur vapors %z Lo o;
res3ponsibls for an incorrcct detormination Of"iLS concanto ol
gas phasz and results in crronsous results. ihcrﬁworn REGERE
for the dotormination of ths caquilibrium cannoi b*'”‘

If the mquilibrium is detsrmined in a gas £lov] -

-b2 disponsed with., But it is very. difficult %o SEL
.reactian and a propor mooasurdacnt of tho teaniye: :
is appllnd thc truc P“JCulOﬂ tcnpﬁrattmoc ara




emperaturs cannot—
reaction tempecra=

- pldces, With afcompgta;iyalg;smallzhéaqtan?éﬁéﬁ'a
~beg measurcdaandjsincejthp’regppion_is”exothermid{the
¥-ture;is_not,identical,with-thqaavenage*temperaturdﬁi

; ‘ : n tho furnace
Lo Ifaflowing gas strgpm_is.appliéd;_theggaSTconcdntﬁdtipbfat -
.. -which the dstermination.is carried out is very limited; the uppsr . -
1imit is the concentration 'at which”precipitftibd*dﬁfliqﬁid%SUl£Uﬁ"
s ocCurs;_Whichfspoilsgthe'catalyst;‘ptha}10w¢rﬁlimit;iaﬁthé"éonaqbalgw,-
Which.ﬁhe,thalyst'doesinot”work;or;WOrkSgbut_ﬂnsq;isfactbrilygﬁvq%ww:
“,:Under?the;prescnt.cqnditidnjit'was' stibleﬁtbginVGSti“atengSQSywithj
o a‘Sulfur7bontentfranging_fromgl—lo%e Approx mately 40% wator-vapor— -

‘was' addeds . Lt ] DT e e A L b S T e
; *;Ebg:tastjkilnsiwcrejpart;yfequipped,witb.eléﬁtricalfheating'drlﬂ
- T¥n 6rd0rﬂtolmaintain»a.porfécﬁly unifora tempsrature. a bath of boiling -

anthracene (324°¢.) was caploysd. . During the performance of* the tests
.- .the Chafge*af‘thevcataIYSt~WQ&fas;lcw as’ ¥ to 1/20 of the normals ) i
. -charge . (500;litefs“ofmgas per'hcurvpcbilite?'cabalﬁst). ,Before.vv R
bsginning wth the detdrnipptions'p?opsb“thé*datalyat wgs operated wigh
the gas mixture to be tested for a dcnger period of tine until a SN
*stationary condition had. ‘besn. reashed WitberSpeet”tq the gases and
'vapors'wbich-weré_absorbed oy tha eatalyns,  The analysis. before and
-after tho catalyst was carrind ou™s by-absorbing'HQS and 'S0, by iodine
'solutisn whereby thevolume ot. tns gas to. b2 ‘analyzed was depending . .
.;;Qgitgggﬁulfurrcdntent%ofw%héwgas:f"fhe“nshstdﬁt”6£3§§ﬁilibrium can be
', computed from the analytical data as foilows: = S ’
K= 2(a=at) + (b=pf) 3 a-al+a

T

1.

at ©.x Lpt

Qherebyla
' b -
d Wy R e n : RN H28 : wo- '"—“

is the partial pressure of Ho3 in atm.
1 it . My . U -ut no—

‘a' and b! arsrthevcorrcspondingfvalues)aften’the roaction. IR

- The . sxprossion (a=2f) + (b=b') can be replaced by c=ct, whoreby ¢ or

~.e! rospoct, indicates- the total sulfurs - ) T '

. 'If the valuss of the  partial pressure a,b, and ¢ are rcplaced by

. psrcant by volume, the obtainsd result must be multiplied by 100 (1-3).
or 1.1680 must bz added to the logarithm of the constant. o V-

e The following tabls S roprassnts a comparison of the rosults
obtainad by mcasurement.with those obtal ned by calculation. The means
vaives of the measursd résults aro inaccord with.the computed ones..-
The  £21lowing explonstions must be mads : o ‘ e
An electrically hcated furnace was gnployed for ths tests listed undsr
AL The catalyst chargos was % of the usual azsount; the total sulfur
sontent of the gases vapizd bctwaern 8 'and 0.5% and ths gas contained. -
1080 watir vapors. Tast run "B" was carried out under the. same” -
ditions os before but withsut an addition of watsr vapor.- The total
sulfur content of the gas was 7-10%, The contsnt of water wvapor ..
-present in the finpal 205 wWas. computod under thg assumption that the
ceruds gns was saturttod with wator vapor at 259¢% ~ ‘ -
o Tost run. "C" comnrises ¢xpurincents which wars obLained by theox
application of newly developed catalysts. The temperaturs was 250C. -
As can be onsily cxp2cted, dve to the high outou%, tas. rzaciion was
not conplsote. Ths obtdindd constant 1s a little[tgéflvw*out‘ﬁgkmng
irto consideration’ the remarks nade bslore; it fits wel:l Lito tac oewe



e (T e R e s S ;,‘-»f ~5;'fai
Test run "D" was carried out,at7524°C.fwithgutfaddiﬁion;oﬂﬁwatep::

szvéﬁﬁfzgn&fWLthfqnfaxﬁngmaly;1owsoutput~of%the*vatalysf1>jTheJtptalﬁ*“

ulfurcontent befors the catolyst was about 108.

e e g - o

!
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- .In"comparing ths  tost runs apparently thes equilibrium is reached
more 6asitv if water vapor-is. prosent, Such a. fact is in.aceordance
-with some modern'reflections-upqn~tbe=action of ' a catdlyst., With
respect to ths precision of the detormination of the constant of
oquilibrium it tmst be saig that the_ figurs following the dscifmal.
point of the value -R 1n X is not quite-csrtain, o

III. Evaluation of- ths ‘figures - - x : : ‘
. If the cquilibrium_must.bs computed thcnvaldés'nacessary for tho .
computation should be taken from dizsgrun 1, Dspending - on whether ths

formcd sulfur shall be abtainsd gaseous or liquid tho constant K¥

or K respect.~shotld .ba applicd.. By dividing ths observed figurs -
through 4.579. the Brigzian logarith is obtainad and conscquently K.
By inserting & K-valus inta squation VIII permits the computation of
the desired concertratisns from the ¥nown initiul -eoncontrations.

Due to thz fractional apparent atom number of the 'sulfur a transcanés
dontal cquation is -obtnined. In ordsr to facilitato tho ovaluatign,or
2 diagram was drawn fron which the volume >f HoS + SOp can be dfipoct-
. 1y extractitd. The diagram was-coaputud assuming that the initial
gas contains ;O%<HZS * 8Co ir- the Proper stoichiodistric prapcrtions.
‘Curves have been, pfovidad covsring.the oquilibrium—with lignid ang =~
gascous sulfur, in addition tho curves.:show the inflisres ot various
amounts. of"wat2r vapors proscnt in the initial zas. VWhother thy .
sulfur will ba obtainsd in the gaseous or' liquid phase can be >omputed
‘from tablo 2 which contains thu vapdr pressure and thin atom figurss -1 -
ths sulfur. Providsd a .gas contains 10% HoS + 'S0, in tho propor itoi-
shdlchiomstric proposrtisn tabloe 4 rapresents the dctual vapor prorsae
of the sulfur in comporison with that vapor praogsurs w ilch would nenur
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- oc, _le%,HgSf+'802 will yield-' . .:'Sulfueraporipresgure
e - mm-Hg;pressure of the sulfup Smme Hgo ot e
1150 L 8e 957 S 0423
175 ©10,20, 0,70
200 10.35" 2,26
250° 1050 - 12500
300 . 10.70 148.00°
350 - . 11.00° 128,00 -

AR

N 1
. »he'constants;gf'equilibrium‘of the claus-kiln resction and’ thsir
depsndence on temparature haveﬂbeen~determinedfby computation and -
fexpdriment, Methods for the graphical computation of the gquilibrium
for some important €ases are presented, The'equilibrium_is influencsa - -
-according to the law of mass- action and by the presencs or H50 and. ' ... .
sulfur.: e 2D S
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