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'Invééfigatibns;on ﬁh3'Redétibhlyélobityfdvsr%wéroﬁn7okid6"fdétdlyst,
Tor the Shift Reaction -~ . Lo TR
, Sumﬁéry S :

‘increasss with-an increasing pressure ‘and. it is also known that ths
increhss of ‘the capacity is not.proportiondl to-the prossurs. - d4s: fu

as is known, systematic ipvsstigations of ths gfficiency of the cataly:

ﬁ"It-ié,dlfaady-kn6Wn’thét‘tﬁe’dépéciﬁy:df'ar“bqun oxids™ catalyst

c
depending . on the~total pressure have never been performsd bafcrcs &
Tho' ¢xpsrimenta 1l station Op. 462 for two: years dealt with-tno -
problem (in-a scale of 50 to 200 cus m. per-hour) of liderating under
pressurs :from methans. the letdown gas of .the butyl-factory .and bylai
following process to convert the CO oveor a brown oxide catalystiwl thou
“intermediate cooling so- that tac gas»without»réleasing'tho‘pressure“ca!
‘be fed to thet ammonia synthsaisi'installation: just bsfors ths préssare
waber wash process. | In connoction with thosc expsriments 1t was poss-.-
. ible to study the qucstion of the depsndance of the activity of tas R
brown oxidse catalyst upon the prossurc. With the exporiments . Slmast-
.. finished it is now possible to report thne obtained results. ~ Tue most
important observation which could. be made was that with an inqrcass of
thc pressure from 1-11 abm the cubalyst volume (applying tho came: temp:
grature and - obtaining .the sanu cfficisncy) can be raduced to approx.
1/3. 4 furthor incrguss of tos prussurs-is followsd by almest no
‘reduction of the¢ catalyst:volumc, s

Details of thi apparatus and of the procsduro applisd f£o. ths perform-
ance of the 2Xxperimsnts ] T S . : :

v

The experimsnts wsru carrisd out ®i Sh tha lotdown zan cf fho buty
factory which had bsen liborgtcd from hydrocarucns by a procoading pitoc
Unlike tuc gas whichi-is fzd to-tho gas factory {shift rs2:tion;.  tha g
which was used for the sexperiments.was entirsly frae from sul~wr. It
CO contant is lowecr. The avorage composition’was 32% 20, €% Cug, 545
8% Np. 3Sinca its composition changtd vsey oftun, the tables :ortain
the respoctive analysis of cach - oXpsriment. - Two giffersnt apostofusss.
were used for the oxperimsnts. The cotalyst rsactdr thu design <f whi-
is recpresented Ly plcturs 1 wxs employed for the sXpIritanis uncor
atmosphoric pressure. At first the let down zas was -libaratad from It
msthone content by 2dding air and oxygsp and by passing it througn. a
shifting apparatus. The split gas was coolod to its Geow pornt by asar
<f a condons<r. Steam’ ¢ould bz addzd bo. ths split gnas -in ordér to ob-
tain thu desired proportion of Hs0 to GO using pine #2: Witk ar ou¥g
gas flans the gas was nzated to the propir toaporaturs bofors it ente:
fac brown oxids catalyst bed. The rouctor consistod of a pipe (diamet
40 cm, heignt 3 metirs), thu outside of whiea wos insulatod by means o
A -25 cm thick lay<r of bricks mado of diatomagcous cartn. Supportad b
a gratc and counting from thc Lotton to the top thy following material
was fillcd into thz tube: firc-clay-bricks ¢ a:ter, brown oxide.cata-
lyst of norual sranulatidn 1 autor, firs-¢lay-orick 3 mater. Yhe
recactor reprosontsd one lagzpr of o .sncft {sic) rezactor whiclhi i1s vsuall
employed in tas gas Lfactory. Mo tacramocouples wers adjusted In the
conter and nuar the well of tuy riactor in-such a manner that thHoy
could bo pullsd througn the sntirc langth of the roactor. buring ths
cxp:riments it was observad tLat the thsrmocoupls nuiar the wall indics
a tompsrature which was 109C. lowor than that of tho ccnter.y Yhe insu
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atlon of the: klpe ‘WES. not eff101“nt enough.‘,”he Lnlet temnerature of
the gis was -indicated by ths centyral thermocouple . inside thu uppsT:
orlch laysr.. *he outlst ts smpoteature was.the highcst tompuraturn“whlct
- was, 1ndlcatad if the csntral thcrnocouplﬂ was: pullrd tnrough tha  rées
.actor. . Gas. sampln“ in order -to dotsraming the conp051tron ‘of “tha dry
zas .and:of. the watsr content coald be~drawnrbéfor° and aftor ths react
Lo The aoparutus ‘shown."in 3lcturu 2 was.. gmployod for ‘ths ornssure'
sxporiasnts. . hg ‘pips . systoa and ths operating procsdurs  wire. tie
same as .for the low pressuri testss . Yhe resctor consisted of a pras-
‘sure, pips.which was 50 Cm. wids and 2s 75 m high.: *he insulation was .
,flxnd to the ipnoriside’ of” th0~w111. ~8§inco- only a2 liwited volums of :
1ot down. zas. Was available:,  the ‘insids. diaaeter of ‘the” tubc was: varisg”
“botween lO and 20 c¢m, aapcndlng on- the ‘opsrating pressure and thg,de-

S 'sirsd time passage.” The height of- ths.c catalyst bued was 1 metsr. The.
tomprrutur»‘ut the entrance nd outlﬂt of tha catalyst bed was detor-
“minad by fixed thfr1ocouplas. Slnc” ‘tha prissure of -the -high prussurc
‘gtoam ‘fcarrizd by 1ins 2) was. not highsr thon 8-10. dtm the ratio Ho0:

CO conld nobt b2 chosan at w1ll lf tﬂst-runs at highor orcssures were
~carriesd’ duts
. 'By & variation "6f. thG~OO“ Jtlng grocodxrn of tha 3r"cod1ng CHy~
“converter the rabtio"Ho0-CO could bs changed bstwsén 1.8 and. 294, but
it was 1m,0531b1 to obtaln th'e usutally enploycd ratis B:l.. Thﬂ
influsnce of an chnss of stcam was . t rwforv 1nvest1 atﬁd 1n a ser19<'
“of sEparaty °”oar1m nts.‘“" ) - - : i
“I. Results R,
a) The CC convarsion do pﬁndlno on . tho presgurn but ﬂmploqug_qgual
tims passages.

. The ataesphsric pr g3urs suift ro crlon is 1OStl] carricd owt-;
with a catalyst sutput »f approx, - 550 m gas (15°C., 735 am': g) per
mO cabalyste A ssriss of prCleUntS was therefore oPrformﬁd in such.
‘2 mannor that with incressing pressures ranging from 116 abs- atd the
activity of uhc catalyst was octur.lnnd at an output of . 540 P m® gas
.peET md catalyst. At sach prussureTthT sntfance tompurature was altert
and ths CU=-content of thd firlshod gas was detsraicsd. As a critorion
for thu activity of the catalys t_thﬁ obtained CO-convursion in psrcent
of the possibls “conversion it theo moasursd tompstabury and considering
the coanosition of thwe fod in zas was Qhosnn. By the application of
this proccdurs tho chan c-in tae constant of ocguilibrium w1th tompera-
“ture was clininatsad. hn attached table 1 reprossents tho ruilts of t©
oxpsriasnta.. Plcturs thrac. .saows tiw obtained G0-convarsion in pLresr
of the porsgibls conversion at the qctual OLtl“t Gmp“rﬁturu depending
on the inlet tzaperaturs and on ‘the smaploy:d prossvrs Tho curvas soe
vury cloarly ths runarkablﬁ:rfsult, that ths absoluts volumc of the
converted CO maintaining zqual tompsraturcs and- time passago dovs noth-
“incroass in proportion to tuo ap Jll d pressurs indicating tihhat under

sgual conditions it is 1nposulblu to opcrate the prsssurs conversion
with an outmrt P-times as hignh as it is nsually swmployed under atmos-
phorlc preasrre. Shonld this bs actually truve, all curves should }
coinciac ,~but diagram ;3 Shows very clearly that this doss not happen.
3nhould it Lo dwsirable to convirs 16 times as much CO applying 2
prfssuru of 16 abs. atam. and an oqual tins passags as it is possible =
under atmospheric pressurs the inlet toapuraturs of the gzas, and
cnnsequontlv the operating teuperature must ber raissd aboat 7097, 3u
-a 'raisc of 700C. will incruasw ths activity of the catnlyst to sreh w
extsnt that-it is now pissible to operate the reactor w1t 540 x 16z
8,600 md (1b°(‘., 735 am Hrr) per 1 m® catalvst. : .
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-b) Dependsnca -of tha: CO-gonversioh upon. the opsrating Fempsrature and
thé” timg passige guployinz. d CONSLONt PLESSUDG - . o S
o The.necessity to raise. ths teqperaturaé,a;considdrable_aﬂaﬁnti
makes "1t necessary to investigats how far under-a constant pressure .. -
the tise passage’ can be decredsed by incrsasing ths opcrating tempera- "
ture. At 7 abs: atm. and 16 abs. atm. exporimsnts were therefore.made
with timé passages varied in the ratio 1:2,: The results are represent
‘ by table 2 and by the.pictures. 4 and 5 .for the opsrating pressures: of
7 and 16 abs. atm. respsctivelya - o i o A i
.”Although~tho'obtaiﬁdd,rasults'vary because of a‘considerabls
variation of . the coaposition.of the. fod in gas-and bacausc a-proper
‘watse contunt was aifficult to maintain, from the curves it is clearly
secn that the activity of the catalyst.iS“twice‘as,highwas,bcfore_if5

.. the taapsraturs ig ‘raissd for about 30°C., .  asguming an increass of the
tomperaturs of 109C.  the vélocity of the regction will bs - increascd fo
the factor .. := 1.26. .Similap roesults were obtained by Laupichlss,

(Ind. Sng. Cosm. 20, 578, 1938 ) who.found with an incrcass in btempera:
ture of 10°C., a Ffactor bf 1.23 for incregass of: the wvelocity constant.
"The expariasnts wors  performsd undor atmosphcric pressurs with an :
unspeocifisd catalyst and applying a zas -of considaerably diffgrent com- '
position. 4pplying the obtained results to the s¥perincnts ‘dt 1.and .
16 abs. atm. which have beon describsd in the precsaing paragraph, it

" isobvious ‘thHat "an incroasy of “tho roacting temperaturs- for- 70°C.. will-—
bc accompanicd by an incrsase of the valocity of ‘the convarsion by tht
factor (1.26)7 = 5. “Anothor’incroase by.the. factor 16 = 3.2 is due; tc
the ‘incrsasc of thc prossurs from 1 to-16 abs. atm. ,- o
. Coaparing the curves of picturs 3 which ropresent the obtaincd
resvlts of ths 11 2nd 16 Ftm. exporinsnts it is obvious that in ordsr
to get an increass of the rsaction velocity for the factor_%% = 1.46

bssidcs an incroase' of the pressure an increase of the teamparaturs for .
about 150C. will be roquired. - Resalting from ths temperature ingrsas
alone, the re-ctisn velocity.-is incrsased by the factor (L.26)1.5. 1.-
Considering the accuracy of ths experinents an incrsase of the prussv
from 11 to 18 ati. gives alnost no incroase in the reaction vslocihy.
Ganerslly spuaking tas sffoct of inéraoased. prsssure on tine reaction
valocity of CO over brown oxide catalysts may now ,bo ‘stated. The
raoaction velocity on ths surfacs of -tho catalyst itsclf dccs not Au--
pend on ths purtial pressupe of the CO in thy gasoous phacs, but on t
conccntration of the CO on tho surface of the catalyst. Ta2 ‘ccnnsatl
baswusn partislpréssurs ard concsntration is indicnted by ~n adasorpt.
isotasrm, -the slopa of which is very well ropresented D Langauinic
.2quation C = Cs X P : " - L
=g

R suﬂf:cc concentration a% pregsure p .- v s
~ B 1) i .
ke . ' e 5 -
.©7: indlividual constant o ~3 o \
Ths slope of an adsorption isotnura indicahsd by St Jbove .
wsntionsd squation is repressnted in ploturs "¢ wnoriby G and @ ale
arbitrary valuss. In ‘prusencu¥of low pregsuris, when o 18’ smull com-
pared with-b, the surface concantration = Loincraase in proportion
to the partial prassuras whicil is pressnt in ke Zas phase with tho
rssult that the valocity of thu catalyst reaction will ircrsass In
proportinn to the partial pruessuro in ths zes phasa. Upcraticg, cher
fara, in the lincar branch of the adsorption izoth:rm,by lrncrizsing
the prassurs to p atm., tho output will bs p-timss as bigh_as3 he Joce
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'.apaljlng tho™ samﬂ volume of catalyutx ‘But opﬂratlng under hlgh pres-
sures,. when p is . large compafcd with b, the ‘surface concentration. €
‘becomss’ ‘independent of thso prsesurs and otbains the saturation: value.
Co-.‘ It is evident ‘that. opnrqtlnﬂ in.that branch of the curte,. an
. increased prossure will be without 1nfluenco ‘oh, the ' conversion ve1301ﬁ;
L PéIlowsd .y a smallsr catalyst voluine s Operatlng in the 1nterm°d1qte
“branco. of .the curve which is-situatsd between the linsar Prahch and th
branch.whlsh indicatss saturﬂtlon, the-surfaca concentratlon and con='..
s&querntly the; velocity of the hntar0é9n00u§_reactlon 1ncroases more
slowly than in proportion Lo ths Pressurse - e e

' _Viewing picture.3 it is' quite evident that 1n ‘the case of. CO-f
'convcrsion applying 2 brown oxida catalyst-we are -no langer ‘in the. lin
-gar _branch of the curve bscause in that event the curves of all prss-
'éuros must coincide.  Under ths ‘most usually employcd opnratlna_con-u;m
~ditions we arg: iin ths intéramediate brancn of. ths cvrve. :

© . 8§incd the .ovaluation of the: nxperi“xents proved that a pressure _

inercase  from 1l £6.16 atm resulted "in almost no :ipcrecass in convérsio
velocity, we may draw the conclusion that opsrating under 11 atai ‘the ‘
- saturation branch—of the adsorption isotherm which is re¢sponsible for
the reaction on the catalyst surfaco has alaost been reached already.
Operating under’ hl”h‘r pressurcs than 11 atwm.,; the absolutevolums’ of
tHe convarted €0 is governed only by the "tinie passage: “and” by Tthetasmp="
griture, but not. by tnb pressures. - We are now in that branci’ of ths
adsorptlon isotherm-whers by an.increased pressurs no ﬁurthcr docrease...
of t;n catalyst vole can b” obtalnﬁd. .

3ummary o A )

. By tho-application of prossurc it is 33551o1c to reducq the cat—
alyst v01u1P to approx 1/3 5f that volume which is roquired if atnos-
nsheric prossure is smploysd,; providad that squal opsrating conditions

“ars a2intaineéd.  Such a rpduction ¢can beycarried: out by increasing the”

-.operating pressure to 1l ata.,  S3till bighup pressures do not.rssulb in
further substantial reductions., ’ Lo o S

¢) Tae dopandoncs of the CO-conversion on the uxcess of stsem "7
.. As mintionsd befors, high prossure steam was somctimes availabls
with a2 pressurc of but 7 atm.’ fHDSF‘nxp sriments which wsrc carried ov
applying alghsr prossurces. must be performed without an adnixture of )
controllinﬂ stsam. Tt was thorsfore -impossibles to maintain ths usvall
arplizd proportion of Hy0:C0 = 3:l. The' experimnents wad therafore to
be carried out with a substantially lower cxcessrof stcaams - In order
g2t a genaral. view of the influsnce-of the variation of an <xcess of .
st-31 on the convarsion valocity, a soriss of -experimoents w‘rﬂ carrisl”
sut a a prassurs-of 11 atm applying ths usual proportion of Z:1 and
another scriecs »f ¢ xpuriacnts without any xanixvurf of Sta.ﬁ at A’ time
when stona at’a nigh prossurce was avallable. Table 3 onl plcturs 7
- show: the rcsults. with an incrsass of ths proportigr »f H.u €O from
1.0 to 3 .&he inlob tewpurature, which is ro Ohl“bd T et Af 1hﬂ 3ama
q'ﬂrox1nﬁtLﬂn to the nqulllbrlum ‘expressed In por cunv,.w13%. bo raisad
AuDLt 150C. '3ucih o resukt-is sasy to undﬁrstand caﬁ'1€~r'np Y]
rogsults of tnn preceding cxourlnfnts. £3 showo- T wawle &, vt oan
‘ncrisascd excess of steanm based.on the sane voluaw of Gr'y 3Zis, ohe
total voluanc of gos and 'steam will. inpcreasc in the proportison 1.95:1.°
ocuals 1.23. Such an incraase ol the &8s volocity hONOV“T Tequiras 1.
inecrzase of the tgmpcrqtlrn of aoprox. 1000
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‘..f?Théfremaihingwspde aré dué toﬁtheﬁfacﬁfthatfihbapplyingfa'lérgér
sxcass of steam, mors parts CO must be converted providad ran:equal;

approach to the equilibrium sxprossed in. percent nas. to be maintained.
Furthermors with a.lerger excess of 'steam appliad and provided an: :

i A g PR

~oqualuCO‘¢gmverSiom:isvmaintained,uWheﬁcat@let temperature is not -

praissd toftbeﬁﬁémb<exteﬁt,as,whqn‘smallerqvolumesLpfﬁstsam_ars employo

By, ths application“gfuaflarger-excess of steam, the partial pressurs.o
j'the'courwhichvfs pressnt in. the gaswphqse;'is~1owered.~;According.to.
Cthe  pesults whilch have bsen rsporbed in’ the preceding paragraph,ths

“doncentration-of the GO on tho. surface of the catalyst shows practi-

" phase-'is without influence on the velocity of the convarsione.
) Comparison -bstween the first and szcond catalyst beds: ‘

T

 smaller than in ths first bsd, 1t is not to be~®xpected .that with an

cally-no-decrcase if a pressurc of 11 ata. is employsd. ~Applying .

highor pressurss tho roducpion*oﬁ‘thé pirtial pressure in“the gas - o

" “The previously.described cxperinents have: been carriod out smploy

s

ing.a.gas which had the composition of the gas alxturs. just before the
entrance. into the CO%~convertor. - The experimental reactor is but a2

*poproduction of the first catalyst bed of the usual commercial ‘shaft

" kilns. Sincs the tempsrature rise’ of the second catalyst bed, dus to -
the smallor amount of ths converted volumss of CO-is substantially.

Wequal'entranceétempératuremintonbpthmofmthﬁ@Qatglyﬂﬁ»p?Q§; the same -

approach to the equilibrium can be reachsd. 1t was thore fore necsssal
to psrforn cxperiments employing a gas which represented the composits
of the gas mixture befors tho entrance into-the second catalyst bed. =
Such a gns was not avallable in the gxpsrimental statione Experimente
wasro therefors carrizd- out using a gas which had -been obtained by 4il-
uting the usually cmployed gas with hydrogen. It wasg now possible. to
operate wita such a CO content as is usually present in the gas baforc
the entrance into the first catalyst bed. The only diffsrence was the
the gas contained substantially less GOy -but a corrsspondingly nigher
pcrecentages of hydrogen. It must therefSre be borne in mind that the

obtained results do not rsproduce exactly the opzrating conditions of

-a commsrcial plant. The conelusion. can bs drawn howgver that, anplyir

_The rrsults which are. applicable for the first &Co.=

squal inlst temperatures,” thors is alanost no differencs in the astivit
of ths first and sccond catalyst bods.. L : -
Table 4 and picture 8 contain the rcsult . of the experiments. T-°

. 1c cbvious that both of tho curvas. have the somg slope, even if the

tumperarurss of the curve for tne second bed arc aboub 1090 . highcr.

But the ¢ifferencs, as shown in tabis 4, is due to the fact Lbhat tbe

Zog output has bsun increascd in the proportion 500 _x 1.7 = .18,
“1.8  cawsalyst be..

‘¢an bz transf.rred-to tho sgcend bod.

o). Tno formation of mcthane on tho brown-oxide catalysht

T GonnGction with tho convarsion, working undsr prossure, the .
~pown oxido catalyst is soametimos blamed for favoring a certain amount
ot scithane formation. Although the gxpariments hitherto performed at
Ovpaw wever ingicattd a me thano . formetion—smploying- tho ~pressurs .con=. .
virsion process, special attention was peild to a possible mithano fori
ation hecause, with HoS completoly ebsent In the gas, most favorable
sorcitions for the formation of msthane woary presont. Ths methane
aontent of the gas mixturo bsforu and after the raactor was carefully
=g orded by.means of an infra rcd recordsr which 1s espucially sultabl
2~z a qiick and exact determinstion~of tne methanc contents ¥o increa
of the mcthane content has beon obsorved. . -

i
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lf*“ EXpo?iantS wero carrled out w1th the a1m of 1nvest1aat1n~ the,

Co-convar31on-process appbylng pressures ‘of. T 7m£} and ‘16 abs.y abda
The afficitncy of the ‘catalyst was: ‘detbrmifled employing the: ‘abové.
-mentlonosd pressures andvarious. temperatures, outputs, and: content [
,‘St031.-'Lh° cfficisncy . Was. 1ndlcatnd by the convertod wwolume' of Lo
--exprassed in oercnnt of. the max;mum possible CODVBPSIOH govnrned by
the OQUlllJr;uﬂ..p : S e .
~Resultsi o Do L
1) Ths outkut ¢an be tr‘plad by 1ncr9331ng th= prossure from 1 .%o 11
”{'abs.,ath..,ﬂo substantial increase of the output can’ be obtained
o pyoa furtnsr inerease. of the pressure.
2) The. tevycrature dependence of thu,raaotlen vcloclty at V'and 15
‘abs. agn. 48 reprusnnted by the factor 1.26 which indicates the
" increass of the reaction velocity for a rise im tomperatuvre. of 109
3)  The 1nflunnce of added ‘steam can bes gxplained by the  variation of:
“'the time. passags dependlng on the volumec of the added ‘steam.

o 4) There is no differcnce in the activity-»f tho brown ox1ae catslystv

‘ “between the first and sscond catalyst beds. -
5) dven if a sulfur- frce gas is. nploynd no 'nethann fornation could
.be obsorved° -
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