oquilibrium of’ the reactlon anas iy oy
gotion wan to determing How depogition
the ynrosdted gas would affeot tlie: ‘pon:t-l.
'amount of' aulphur to 'be) ol?taimd .

eih.' From tho f‘reé onergy or—s.!amation »of the reactantsnat L25°c.. and

‘b‘.‘ From the “experi m:mtal du‘ca glven“in a p'xper by Imus nnd Randc\ll
S CIRY c. 8 40, esz, (1918)) o ; ,

Lo mmmegmea mEw e

n both cages the oonvar ion to Lhe: tempem‘-ura dea:lrad m.s carried
out graphioally and alge ralcally. - It could ‘bo shown ‘that - the graphi—
oal oomieralon osh be uged for a Yimited tomperature rogion Yy ap~"

oyming - a heat of reaction whioh ig independent of! the “bomporatures B

» In tho caloulation of tho oquilibrium com{.ant and the evnluntion of' the
‘Feoults, it is” advantargoué “to distitiguidh betwaen the 'bvm follm maotionm’ -

2 B8 + s05(6) — 8 5(1) Nt 2 R0(e) .

2 155(e) + 505(6) — § 8)(8) + 2 Bp0(e) )~

- Thia difforonce obvioualy d‘lsappaara a’t the 'boiling point of eulphur. ,

et

'mae follcwing Table 1 given the 'Lhemal da‘ba. uued i.n 'bha oalculations.
Tho date of the Imternational Criticel Tﬂb"es, voluno 7, bosides thase of Le.ndol'bu
Birnstodin dnd Lewis and Randall, “'L‘hm'moéyndmion", -viore uged, - Tho vapor prossure
end tho ‘moleqular weight of the éulphvr vapor: (seo Table 2) wore:talen: t‘rom the =~

papot by Prouner end Sohupp (z. Phya. Cheﬁ“ 168, 129 (1910))

liquid
icatio

“) "[(g) E“) ‘L‘ofor o 1:119
r

s? and: ‘
equil fum: D.iquid of thi

"modii

{5

i Hpros b




:i égz‘_(g)

’ 'Unﬂl,‘DcQOE.g +

eeeE
.o + 0.00"/] tv-ot.ocmoomefr2

T0(2)

- (é)

Ss(s)_

7 Ss(s)

e

100
126

160
176

57840, .
800
#29680

420000

() plmi.)

+83

418280
+11800
+10000

Tablo 2

L= —

875 . 0.0085

- 398 0.063

~428 . - 0,28,

a8 0.70~

8.&4

" 8. 81n0.00191' + o.ooooozzh3 ’

’;i/)=6g9 '

v B4 + 0.005T

8,50 + 000107

(averag'e mmxbe»r of. atomn)

o 7 77



“firon” “"i.t £61106W5 " aooording “§6TtHG Gquation A
riwh oonetant s K298 s 8.7~x 10 ;18 ). (1)

For the: oaleule.tien of the oonstaht e.t 580° K nooordihe; to the Gi‘bba-"
Helmholﬁz aquation

3 d 1n (2)
the negative heat oi' reaetion at a g:lven temperuture ie}intredueed
AN g Aﬁzgs + Acp(r-zas.z) (3) ‘and

R‘I'lnl{ ﬂ:a‘h“"the qﬁilib-

the eque.tione 1, 2 end 3 are eombined and integrated. It ,roll,owe then

“

208.2. o
105 EZ.&B. Aﬂagg y—Acp 2 (4) whoro - y== ?'5'75'“—”72"?.21' (5) and
‘1‘ R :

[ t

Z= zsa zy ® log 29:'3 lW') )

i it £

-, 1

For numarical oe.loulations tho tabulated valuee ‘of" tho i‘unotione x and y we:‘e o
used' which are glven in the appendix of Lowis and Rendall's beok "Thermodyndmioe".

Accofding to the above caloulations th ' @quilibrium congtant. K 48 equal to .
23.8, whoreab the cenveraion of the experimente.l data of' Iawimd Randall ‘dived
Eseo Qqnﬂl tO 23.5. ;

. I, s

The equilibr:lmn oonstant for the reaotion

2 st(g) + soz--> o l,(g) + 2 rzo(g)

-Was. oaloulated from the equilibrium oonatant determinnd by I.ewis énd Randall. At'._
‘ths. boiling point-of sulphur, the sulphur las an averige nimber of atoms. of ‘6. *71 ’

acdording to the moasukements of Prouner and Schupp (compare Table 2) The pre- '
;\~ eeding "'oquation aheuld therefbre 2 o' m'itten a8 follom: P

o " 2 HgS - + 5°z° 3"3'1' . 36.71+ 2 Hac o _:-;"-.; SRR

v - N : * “

’ f and the eonntant measured by Lewie and Rando.n can alao ‘beewriﬁten an fonmm

Ve . .
i

| 1}1 meoh at

ee@_*ﬂ&g.'_é/g_ﬂ oL o

) ‘latad

EE I



'whure‘*th ) ‘partia
‘be pubstituted for. | [s,,)
-be - 4&660 N :

o

. Ths grabﬂionl oonveraion or the équ librium oonatant oen. be carriod out
from a diagram 40 whiok = RInK is"plotted dgainst the rediprooal: valveo of iwe
_abaolnte_:bgmpgmmm,__,gmg the vdlidity.of equa’cion 2 and aseuming further
__that: AH is oonetant, a linear’ rela'bS.On exists batween the toms plottod on the
“ordindtes. of the. diagram. c e . T e
[ : : .

: Meam&-emane of the Equilibr:hxm

L]

P * The exparimental inveatigaﬁ.on oi‘ the- equili.brium at temperatures which
-lay. cox 1dera'b1y below the boiling point of .sulphur was difficult insofar -ag the
adsorpt o of the sulphur vapors, which: was..t0 b6 expeoted, would load 4
erroneous, ‘valuss for the sulphur concentration in the gas phagse and thereby to
érromoous £inal resulbs. Statical mthods for the moasurement of the dquilib-
fiom, thex‘el‘ore, had to be olininsted from the start. - ,

o “In measuremanha of” tho ©quilibrium”in flowing gas,” hmever;“a. oatalyst
could xiot bo omitted and this resulted in a certein doubt Whyther the reaction

- had gone to complotion end. algo gave difﬁoulty in the" msaeuremant of 'the tem=
perature. (In the reaction with oatalyet, the reaotion temperature mmld 10006~
sarily have to be the temperature on or near- the ‘adtive oenboré.‘,“'fhia ‘tempera=
ture, 18 vory diffiocult to determine oxperiment&lly ina oqmparatively emall - "
reaotor and since the reactlon is strongly, exothemio the . tempemimre is oorte.inly ‘

spaco.) :

e In the experimn'bal mamntemenba ‘on. flowing gaa, the ges. conoentratiom
et Whioh +the meagduréments could be carried out were. oonsiderably. limited; tho
- upper 1imit was given by the: concentration at which soparation of 1iquid sulphur
- 'would take. placs—ocausing inactivation of the: catalyst, whoreas the lower 1limit
. was given by the concentration below which tho oatalyst ic not, any ‘1onger ‘or not
= m&feimily aoeive.:Aeh:anyrgasercontaining 1"- 10% total sulphur were immti-u
gdted and- hp to 40% Gtoan Was, e.dded. R A S : S
. SOme oi' the redctora were hsated éleotrioauy. while sam weré ﬁmeraed
1n a bath ‘of boiling’ teoohnioal anthracere in order to obtain better. temparaturr”' ‘
oonitrols The space ‘volooity in these experiments was only 1/4 to loss™ than /20
" bf. jbhe" praot o eyb.ce velooity (500 ,1tere of gas per hour and l.tter of ontdlyat) -

: oata, yst 6 ueed for. a witlL the
tn <ondit ono wq h raapeot 40 the 7apOra | mnd
4 behome’ odnstant. Analysis of tho.gas.bofore |

'a‘-oam‘ied c\»ut as: usual “by absﬂnrptim of B

‘t:ure ko be mvestigated
d by the ‘cathlyst-|
uma .ﬂbor 1£ had peesed’the oatalyst

: ' n 1odine eol tion, . .




‘f'ouloulationa ond’ i;ho prerlmen’cal resulth.. , Tho 6xperimanta1 da{.a nd ,' o
show ‘in’ gemral ‘good agreomont with the oaloulated vo.lueu. PR e e

y-a'able!; B

— _Calonlated . ‘al. Doterm:luod L Expt;l. Conditiono

a “"‘Maan Individual i
T FromAr‘ B‘rom Kne Value Maaauremn'bs

208 8.1 0.0
580 25,8 . 23.5
718 | 12.87

el

580 21.3 21.3 T22.1 21.2 A
_ . 20,9
24.7

. 680 21.3. 18.8 19.3 B
: 18.8 ) —
8.8 ,

6 - - 26.0 24,0 (28.0) - o c
I S . th(?_4:‘5)- - SRR RO
S - , (24.7). -

AR 2046
e e e B ,18.8 S
RN ) . ke - \ .

“ ) In tho qeries \oi‘ expuarimni‘u tern od A, an elentr:lca 1y hnt\tted rauo:bér.v
‘ﬁas umd, t}ue  space: valo“oity s about 1/4 ofytha.t used in th

plam.. the tot'alﬁ -
4.,-I .

B

inste;ad of ‘ e pa ’." al ress '"e -0, i%‘ r:entu ro. us d t‘or Lu., » [and o,,
thi; result ‘has. to be. - ‘ltip led br 100 ) 1 168‘. haa L ba m‘ided tJ ) %he

log;arithm or th‘va conu“bant.




‘tail gas 8. "ca.loulate wn:h i:ho‘ aasmnption that: “the: eed:‘ gas wa
steam at 25°c. T et "

. sGrma cwarstn experimantni rem;lta obtnined 1n teata wi,th nmtvly v
ddvelopod ‘oatalyst. Ihe. temporaturo vas’ 2609C. ;- As it was bo- bo' —‘ekp@ctéd, tho
reaotlbn did not g9 to0 oompletion bocause of the high spaoé velooﬂ.ty. :
oonsthnt found ‘i somewlhat low tut under consideration iof the aomewhnt ohangac’l ‘
-oonditiona-—iﬁ-»is»in-—a,,ream%with«thevobbr-»val-ues. s

| ‘Sories D was cbbedmod ab S269C, without the gddition of ¢ sboun dd 86
ad oxtremoly low space voloc:lty. The totel aulphur in tha ges fed to the os.falyst
wal abiout 104, , |

On comparison of the data it appsara as if the equilibrium would bo
roached eagior in the presencs of steam. This faot would be in’ agreement with
gome 'bhaories on the mechanism of the oatalyt:ic aotion. . ,

. As to ths acouracy in the determination of the oqu:llibrium oonstant,
it mwt be emphagized that the figure behind the deoimal point- is eomewhnt un-
_cortain, Ths apparently good egroemont of goms of the oaloulated vaelues with |
“the experimntal valwe amd the extent of the deviation mkea it appear as i
the ‘accuraoy were greator, but it must be conaidored that e mimber of experi—
ments glving deviating results wers not used bocause of thoir comparatively
large error. It was not always pospible to find:a reason far the deviation.

Eéalué;{:ion ‘of the Data

S Fox‘ the’ caloulation of the equilibrimn it is bea'c t0 uee the yalues -

i‘or the constant given in Figure 1. Constant K* or K should b2. used, depahdent
on tha form of the sulphur, gaseous of liquid. When ths figure found rqr “the
exporimontal temperature is divided by 4.679, the Brigg. logarithm ig’ obtagixmd
and from°'this K oan be found. If this K value Js used in equation 8, the = -
.concentration desired -can be calculdted for ‘tho' given’ initial conoontration.
"However, gince ‘the numbsr of atomn of aulphur ib not a whole numbor, the equa~
tion becdmes: traneoendeni;gl_.u In brdor to fecilitate evaluation e diagram was: .
_drewn”in whioh tho amoimt ‘of H,5 and SO, can bo direotly obtained, -The diagram
‘has boon ommstructed with the. assumption that tha orude gas containa 10% =

st + 802 in the atoiohiometr:lo ratio.

>

. - Curvaa are given for thy: equnibrium with liquid ‘ond’ mth gaséouu
sulphun mrthermpro. ourvas for various water contente in the Peed gase

" Whether sulphur will be-obteined ae gas o in the form of a liguid ovm bo
- ‘oalenlated from the cor oentr%tion 1 the %aad gas and tha to pore.t 0| aouordinl\;
to the data in Table 1 (vapor pressure of :sulphur and.

number of at nin). | For'a -
-gae with 107 Hp8tand 50, in/the stolchiomptrio fatio’ the actuial vapor prossure’
‘of :shlphw as oox\uparad ‘to the, vapol pressire whl\r%h wounld exiat i ‘!:he sap would
‘—reac‘b qumwr;itatiw(aly i given‘ in Table: 4]



' vapor rossure oi' PRI -‘Vapor ‘pregsuro. of."

9. o s(mm.H&) S s(mm. HE.)
w0 o p8E S o
200 1036 2.26
250 | 1o 5 | 12 -
300 1o 7 - Y

360 1.0 128
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