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["u eliindntin Aazzolonoration el e J.:.L-'Ll-.s.f: &
dilforend  auethod  of nporedion, rupar‘-r,tﬂ
cafalzss bed."” was marlmtcfrl ‘bagiuning with
oxporiment 1% The gansral prmmpIaa of this
svstem have bein desahed br Arwel] B
AD important feaiare of thiz mada of oneratin.

[ that b !"-é‘z'r vebody of the cooling oilis
iereaetd Lo giel ¢ wehio dhet tas ::ul::l._sfat bud :

(8- to 4%-mesh portielesy wapincs. 1 ril i

peighie 3 e 30 poreenk: gresler 1han its sefitlad
volurie. - A comperatindy cigh dogres of sg-

kaliDn i3 t.]"m #npartad to the individnal parcti-

¢lrsa, ofit mll'v woien the bad = mpn.zcled, 0,

[areprs |
'Iw'ftu.rr- t1ia muem Wiy uuzd i asdual :'nm

thesty, u-zeries of etpmmmts was eooducTed -

m g glasz coluran ot atGuwespiiele pressura apd
rocil eimperature fo determire the higmal-gaz
Thbio? wnd ﬂm'- ri-tes zeqiirsd for a given bad
expuogion whils- 11 the sume tme avoidirg
Bewr vaboa shpk widd carcv sabalyst oot of che
eopverhir.  For 1his etadr a mizteoe of about
i0 FRLTLe-perscnt cioim doxide and $ per-
perd Tikteghor Waz anbetibuted for synithena zos.
and o Yielit 2nt of Qarnes oil was employed us

l‘In' ]lftltld medine.  The Pitrsienl projpectis of
s ol e ler §lese rondilions were simflor to
Lheae of t..+~ mu_:hng_r ol wre e _,nLhesLa uendi-
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tions, Uhe datd wees exiTapclatad b cpnihesis
conditinne oi the bwids of aquivelere Lreas
wewrities of gas and houid. Foo gonrly space
waiethies of fresh ¢is between SO0 and SUC and
for recyeling vatios o L to 2, an oif Aew of &, 10
tG 0.3 FL por see: p-mdu.u:& T 5|,.t.1|_~f.1u,tt:ar_I bod
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n the . wrpandec-bad ecrice wf lixpmmuﬁt..
(o5 18 e 30 2 s-}nthst.h -1MMonia-tTpe o
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ke with no-eemenlation and. cnn._equently

“witaoub say inetesasa i tha pressurc -rh'-:l]_a

throngh the bed. Quer advenbages of the
L.xpa.nderi bed ovez tha [edeld bed wae: .
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“had peenrred during experioenl 17, a f-ineh-

diameter, 2-footlone seprracer was icatalled
in both ynita in the side eeon whers theoil first

fuctuatiops v the hgoid Tevel when the rafes

o flaw of gra dr liguid- werewelanged: A photo-
g??ﬁ‘:t .of-zhe pilet plants is shown i fizere [0,
wAftor experinent 18, which sarved as 'sn
oat wos mstalled in. ;

each of the zonvertars b0 indicate the hetght of
the catelyer: during operetion. . The..apecific

prity of the foal caused 16 ti &k in the rear
oil but Soat on top of the moving catalya. &
light rod &ttached o the top ofthe ball ex-
Lepchard thtongh the wpper portion of the con-
verter inte aﬁhtf_ﬁﬂsa The mté of ¢l crou-
lation wae cesily acdiisted

the extension tod was mairftained #0 The Dropcr 5

hc%htu

medifisd s fHat it hdild be operated &t pres-
suren up to 300 . 8. 1. g Alterations wers cun-

ceroedd [or the most part with changing the -

reaetor | syafer, gacl Its ossocipted piping 1o
ctiform to Sehedule &0 piping. " Io hld.'i:E’rini.‘-j A
].argger ml-riretltiion purop, A& bapxite Tescior,
and & serubbing evstem for remorving earbon

Jiowide were insladlud as parte of the synthesis: 1= solution.  Morc surface was nocessrry for re.
plant (fg. 1104

The banzite Tezctor, s 2-vol lenglh of pipe
4 inches n J'ametor charged with abeut 0,133
o {t. of cotelyst, was ipstalled in the everhead
line batween the converler aul Me-reling.non-

" “lwwer. 'The ik was heated electrically, ahd

ploge telnperature control was meinieined,
overhead grses sud oil and stesm from the cas
soparator passed through this baumite catalyat,
where most oxpgedatéid compounds were du-
veanposarl 1o pleona, The light Eyirorarbens,
inchiding those formed in the Fauxite reactor
that wera not recoverad in_the water-tonled
pondonser, sic-cooled frap, of 'rcfrigcﬁtad 0=
demser wore returned to the converter with the
roeyole oay. | & bypass silowed eomparetire
dain 1o be obtained with and without the
kanxite reacioe io service. | o : i
.The serubber, plaied inthe pre-tecyele line

' nfter the refrizerated “condenser, romoved car-
kon dioxtde frem the ges befere it was returnad °)
ta the converser,  Waber was the first sprnbbing -

efore experiment 22 was hegin, unit 2 was_

inrhes. The asccubbed was waz then revcyelad
from the-top of the scrubbicg unit w0 the con-
wortor, The awwowré of eurbun diozide remain-

left- the couverlec (G 9 Detter separadion -—=ing in the ghs was continuonaly recorded by'a
“of attd -entratced liguid wea thus aeaicved,

an?:mﬁivar_qf wax wis avalded. . Io sddi- |
" tien, the ges doparator servéd asoa small reser-
. voir for the cooling bl gnd eliminated. severe |

gas arakzer in tae line, The effluent water,
containing dissolved gases (nainly warhon’ di-
..oxide) et operating presure, passad Imto o
tark in which e constant liqui& el was main-
tgined From there-it fowed into a fG<och-
dismeter  stripper. colurmn, flled with -inch
Raschig rings t0 & baight of appresimatcly 32
ifrhies, wheen the pressure wes reduced to ahout
atrinasharie,  Io' thiy manner the mojer por-
tion of the dizsclved peses was relegsed from
golution i the wuler: and pueged from the
petem.  Water waa returned under pressure
%o’ the top of the serubbar, P

‘AHer: & short period of operation loss of

aynthesis gas dus to its soluticn in water wae.

found “to e excessive, and the serubbi -E‘F ater
nter

so thet ikie tap, of...-tem waa madified as shown in figure 13.

“wee replaved , by, 8, 15-percent: (by _wreight)
solutipn of potsssium esrbonaie,  The over-
..ol spatepwaa basically the same, eacept that
tha-apent ealution entsring the stripper eolumn
. had do-be heztel to decompose the hiedrbonate
and-regenerate the cnrlionnte. The ' sclution
was heabed, po_shout 90° to 95 . in & ecoil
kbl Ly Lmipireeurt steam (L 12
p. 5 1. 2.0, The roserwoir wza anlzo. stean-
jaekatad to muinisin Le laaperaturs of the

Fonorotion, Be tha langth of the stapper culwmnn
wes increhsed, snd 20 more Teet of packong
was inacrbéd.  The hot; megeioratod solution of
potasginm  carbonate Howed from the lwblom
of the ressrvedr to a cooler, where it was cooled
to about 20* .- Fram tho eosler it was Te-
turned under preseucre B the lop of the serub-
Bing unit.: Eventuelly the carbonate solution
was ropleced By a 20-percens (hy waight) solu-
tion of moncethanolemine thes waa much. mors
effoctivel : '
Unit | was usad dlso in special 1eats {experi-
ment 22) o conjupelion wilh e f-ineh-iameter
abripping cohumnepacied with ¥-ioch Haschis

rings ‘to & height of & feet, Operation wth - .

this unit is discusied later’ ™
{ | REW MATERIALS ... .
o Syniditis gus was produced as reporied uoder
Bencli<trale, Trickle-Fiow Ilnvestigetions (p.
= SR S S

."_

agent that whs used 7fig. 1230 Thil fos fram <
the reeovery Bystem entered the A-inchediem- 1% 7 . i+ CATALYET o )
elor serubber at couverler pressure counter- & UFor the-initis] exvended-bed tests, experi-
currept to & straam of circulating water that © quente 18 fo 20, fused from (ratalyst D-5000.T)
wis injertéd thréigh sprif-type buzzles b the® Gop (nad cenin, Begining with oxperimers
tap of the ealnmn, Fhe column wis packed © 21 outalysi ig--ﬁﬂﬂl was uzed; mors of 1L way
with l-nch J-_I_.qun;g rigs to @ height of &4 :'_I-_‘r"fl:i]?.bfﬁ, and activity bests had skown it kle
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dl__ﬁm.'c:r_me bé.'[.'.l.n_u_'n Lhe - lwao lﬂf.ﬂ]_fl-ll.ek T

gitnilar fused eotelrsts, propared et the Feders] |
Bumau of Mimes Dﬁmﬂnst.ratlon Flant in’
Tirnsiana, Mol ware testad ln.t.E.r {ﬂxpehmauta'

28 to 29,

The ranygs Ufuu.:uh Bives Wi E 1|:| 15 in prl-ﬂ'l—
wient 19; gﬂ to 42 in expertments 20 and 215
aid B tcn 207im, the other toetz. Bacanse. ﬂ:e
gcumct.n-' H!rrﬂrm f:lf the 20- Lo 432- II:'II';'h]1 ARy L=
vlea ves about 2.8 ‘times greater.than that of
tho. B tpo zl}-mesh particles, much grenter
erted. However, inder com-
parsble npsratmg conditions, the aetivity
allowed = decresse in temparaturd: of only &7
to 10" £ Morearer. attrition snd eactyover

mivda’ the smdll partml@ lme-mt.ablr: for ‘the

cxpandad-bed syglem.

‘A= In the: iuﬂ:lr-bad EXpeTin eta, catalvsts
woré . reduecd with hydrozen: to. metallio Eigic?
before  Dndugciinn amd syubhesis - Hegmnmg
with  experiment 21, the method: of reduoction
wae madified, - Work n lshoretory—ceals unitd
hl}.d rhowrr Fhak 111('—\9-&511‘:% he hydromen o
rate, from 2000 to 8,000 In forme of hourl
space volocity ‘hed pmduced & more ste
and somewhalt fore: aolive mtal;.rsl,."ﬂus

explenation i this findivy would be 5865, at”

_lthe higher calos of Qos) ibe umwnhmlmh af
Twater TOpOT woa n.npmmuhl}r lowered. acd that
‘wrater vapor waa avolved at & moro. iniform
i mate during reductmn. Te achisve 2 pimilar
coffect 8t Bo, howrly'ephec velocits of 2,000 in
'l pitotzpland Feduelion unit, the tcmpcraturu
'of the Teaction zons wae incressed ab g con-
f tralled Tate Bu.t].mt the concentration of wator
s vapor in the cuit gas pever sseeeda] 5.0 gn,
sper. tnf, the satoration ¢omectrizatidn at 5° O,
;10 the ras cooler. The tornpersture was xmed
Tapidly from soom lempersiava to ahont . 300°
+ (3., then inerensed only ahout 5 C..per-hour
‘untl 500° ‘€. ‘wes reached.” Reduction’. was
teontinne] 4t this” teraperature netil 'the, con-
-cant-rﬂ.hnn of water vapor in the sxit gis ap-
{profched . that of the inlsé ges {lesz than 0.8
g]:u per . The time regnited for Feduction
iThe sdvantegs of. this method waw . never
dﬂmt}nsiratre«d u.learly iq t-h# plant-

. COCIMG o

A EU'D'“ fo 4607 D cut of oi] mdmmd in
;enrhier - fests wae satisfactory - mnﬁ’mg ol Ter
‘mnst of the experiments. 1 was added onl
itntil ponditions had become gtendy, after whic

i wad thys extendsd From 43 72 to 88 150 bos.
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the liguid level becamsa geli-susteined, and fles

cotr PASito R Temsinerd wosiant.

1o experiment 38 and park of czperiment 29
a 250° to 350° O, eut of East White Lalke cruda_ "

oil wag nsed tu sonalate proposed operation of
tue Durean’s Demonsteation Flant, Thoig cil
redneed the sctivicy of the cutalyst. Tre-
zamally she sulfur content of thiz ol (006
persnty was sufficlent to cause portisl poizen-
ing of the eatalyst.” -~ -

_A Jow-hoiling Leselion {«7210° (.} of Harnes
uil was employed for the imtial part of experi-
ment 30, run ia the harrel-per-day plant. I
the subssquent best in this unib (expariment
1) neutralized redux oil from the initisl run
serred ag coolaat, S '

i |

Tamin 18— Comparison of operation ﬁﬁﬁ':ﬁm&mmpw erd expanded bads !

; 19 v, and 26} e

OPERRTIDN &ND DISCUSSICH OF HESILTS

© COMERHEECH OF MI.E FRCHM TS0 AND BAFAITTED 3ED
. 1 EXIFERIWENTS -

; Dauia from faelnnmd__pa;i_c}da of eperstion
i Juring both fized- and expanded-bed iesta ara
i presented in tabie 12, For all the tes.s n-
. cluded, catalysta wers firso redvesd, with ar-

drogen, then inducted in-lhe-¥stepwise!? manner

that wae fizst used in cxperimant 12.BF
- rrference to this ‘tuble, several fpeslant ad-
. waniages will ba shewn to-Temilt from the ex-
. panded-bed anethad of operation’ {cxprriments

LA rarmie prestiare, 100 2,7 308 Lo
. el - DA . T
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. g B e —mm——— a0 meEe F TS &h. 4 RS,
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ST U gt {E, 4 O0) ‘per br. per I Faoo 194 | L8k B An T 52 . 57
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) _-'[. I’_'1._1rfral..|.ug L npetutims was 10° to 160 03, Iv;wm
whmh eanild ecotribute wppoesinhly o the 'i%e of Ehe
catalyet ™ " The lawrer mmp ratyee of gperation protebl >
was mpde . preesible pdT te ugeoul pogaller euialysd

pactisley Eluat rndided gresker geooeTic aurfaraa arca
o t.hg roaabin® pRaca

3 Clamentation s m‘*p&r.,ntlv m:r'r-"iletslr avmﬂut.
an- avidepcad br -the 'uniformaly smsl prossuoe drnn
toahtalned ug fca ot Lhu 26008 s of operatian:
This cosclb ik a0e more etTiking by the fack thoe
the caralyeh, o5 chicgsd, deatistod OF partisles roughls

| ompcimith #e laTge me were employed In fied-hat

wrperimentd, 8 ecndition that ungoestionebly would
hypwe led ta ety shtdowna o tha bed Esd naot basn
paitated. It ahod te crphesissd thot expuriments
1, 28 gnd 26 were tTaisated volwrtaTiy, whesess
axper!meut 14 gulferad fafoed . ghutdren heceuse of
eRpEETy Wik Trop, ol Frpariment 17 wae on the
waw tn forepd termination nfter 2860 S 00 gtream,
. Ureatly moressed - Chroughpyis and- yields wars
roulissd, 03 epfonlated oot basis of. patiad pmbul sl
vulume or welght of culyet clargell  For AT e

a4 the meesarec zpars-tivie Fleld waas
J hﬂﬁ. Cy |- poT duy peb m? of sitalest, or mdore than
tw e the procieslon reelized o eoperiment 17, Fexl
g3 enutpeltion aopd ool gme hnogdpal gecs ese
zer tally al-pilesl In these <o runs, bub the apace
weloaity “attaiacd in experizaczi 1B fhoand on settled
cxtaivEl volutoe) way twles o8 grent. pd was raaic.
Lyiries] n experiwent 17, -From thesa resahe copancod-
bed opervhinn shows B & Fperoent «avi g so LRl ¥AL NeaT.

Evun thragh lower femperahiras were ugad
i the czpanded-brd exporiments, the relaziee
amwounts of cessous and fegmid ilydmu:a.mans
(zazoiine, diessl 5, hewvy distillate, eod - wa)

'*fﬁﬂ ditrllartiar b GSE AL TEad g T 10T ule wik e

+ nrmmrxtbmhmmﬂ cfmssm-tta
r N-:nt mnﬂgﬂtmmm.

 wrere vnt.uu.lijr the sgrne as those n'i.laaw-*d

fzed-bed syarhess, - The specidc Fiekd aa:d
prmm:r-dmmhu‘rmn columons of fables 18 illus-
leale s poiut. - Kormslly, the productmn of
gam]ma arul 5 plue h;:rdru-q_ﬂr'buns dﬂ.ﬂ‘eases
pinl the production of wex N eXeASiA as the
tepaperature is lowered.
Table 18 elso inefides data for a tppical
permd, of operatien - willh 0.7H4-100 [expari-
ment 28}, Throuphont thiz exprrimant, carbon
dioxide wae removed fimi Lue becyele gas, &
prodedure that nswally has hean foumd to aJluW
& raduction in the redction toupersii-e.of &7
‘m 10* .. However, no such improverment wuw
ubtained o this jnshanre, aa shown by the fact
that the opersting lampersbie requered was 1s

“high ws that mrernteincd in experiments 12 and

2%, in which carbori-dioxide wea not serubbed
ewt.  Fxperiment 25 did show 3 lighe Jecrease
(2 b5 gua, per w?) 1= epectfic wald of Gy plna
Ca bydrocaebobs and woslight inereda in
béairer prodocts; Foth iffrits were tentotively
stbriboted to incressing t.he mpoporiion of caben
monoxids in the feed 'ooe. -

o sl expeniments " olefius predominatad . in
the €4 to O range: conversely, the yield of
ethrlene wes Jower than thet of cthooe. As
mright be expeebed, tha oils gu'u:lucﬂl from
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.7 Hpr b L0 e imore wodatursted then fhose’ .

from eiliwer FH, L1000 ot 1.3H, | 100,

SIMULATED SECOND STAGE, |

. The V-percent COnYEIiOn. af -syﬁiluuulﬁ..g::.a
in the sxpericienis secorded in bable 18 B cot

T moaximuin obtainable in singlestage pon-
vertey operoticn,  On the ewumpton, b

evar; thal i moight never be found feasible o
obtein substantially mere than TO-percent con- .
wersion i g strigle stage, testa were- conlnoted -
to simuleie paaivg e tail gases from experi—

tremt 19— through & eceend at The aim
wra to securs 00-Dercent over-all converzion
by converlisg 70 poreent of the hydrogen and.
carbon menomde o this gas in the second stage.

Fur thie eeriez of° tesls Lle foed gas to-the
glimlaled seond stege was a blettded pilstore:
based on the vomposizion of the tail gas from,
cxperiaent 19—C, Ae sTown in tshle 18, the
TECW0 rotio o lie feed pag throfghont sxper-
mient 1% & was 15, The averaze usage calic
waa 1.04, 50 that (ke H.OO rakio in the tail
wus was approdmetaly 2, . Cerbon divride con-
tent ¥as roughly 25 percenl, sod nitiogen [Mns
C, nrd C; hydrocarbena sbout 6 percent. (I,
meking up the syuthetie mixtures the inarts

and low-molecul ar-welght RiodrorarSods Weld

eTritted, g it is reasonable to sssuilmé that thiy
have co indvenee on “the syothesis excepl s
diluents, with lislle cffect st such low comcen-
beationa, (arbon dioxide is mot inert in the
aynthesis, 20 teats were conducted bulh it s
comiplate ahsenea:and with ibs addition ik’ the
amhicunt prescht in experiment ¥0-CF F Feed-Uak
mixturas for the tests contaned hydrogen and
aarlwi Monoaide in the 200 paddo resent in
Fimetit 19—0 wxit gazes) O T UL e

. Data from these tests: wid else’ friime 2per
mient 194} for icomperiser obe presented iz
foble 19, Sienifcans results ity be snCimar-
ized g8 follewa: ST
1. Tnequal eonverdioe, of bydrogan snd aarbon me-
vilde io the fitst atags geamis eonoditeime o @reater
dariagun of conversingd (0 toe acpadd’ staps wieal ¢aT«
bon dioxide I8 absart from the scectd stame feed gas,
& eondition Tepresenliug pperaticn with; acrubbing ke
When rerhon divslde is present in the

T SLEgEs.

pacond atdpe Fasd gns, the wlilisabinn of he'gad ia -
alwnn el 4.

pimtlar In both etages. ¢ . ¢ -t i

2. Betanze convirgion of earboo menoxide wdi el
tively nlgh ood eongequantly the partisl peessure ot
hycrogen was alsy relatively hlgh in both Beperineniy
efmululing second-atage opration,| the:oroduetlon of
4 plus {4 hrdrecsacbons indre sgniSenntly.  To
avoid this, the eomposition of the firstadaers ford wis
radss ganform to the uzught ratio, Tho dais of fable
1% will ghew that feed pAz having a LHOPLSEL UL surly-
pponditg wo LHs+ 100 or perhapes slightly Selwer in ea--
bon. monorido will makes & eioas approseh o moottng
thir ragulreraent, o e oo e

3. In Wb nocgenteations 3uoh 83 prevailad iv sxpar-
‘ment 19-?}, pars 2, varbon divzids achs detrimientally
and qoickly Teduerd The sciivity of {he'ratalyst & 8
lewal requiting yesctivativn. - This experiment hid idd

..Be. tarmingtod, ofter T dary”. opeestion basausa of cufh-

iysh failora.  Ioterstage Temoval of carkon dioxide 1has

- e et Lo mollistage oporation,

CTantm 15 —Cempartson of firs-chage with s

Igtod scoont-siFge operiiion

: Sy * Fleax . Al niliden r Aronlalel |
Eczomd ET N
Bapeclniand o o s 18 4, %, G 9000 Dk L[ 2D aps B
Tyntawsin T ) N
Ruilelo Lncab qa, Ha; 50 L2 .. 9.2
4, V. H. jpebtlod kodf. il £k - 1R
: frperte T T, ¥ 2.0 1.4
D Cgodded . _ile_ tl i H.4
G G pege] vl LN K L I
Uaaverdom, v, -podaniz . -
[ % P ¢ e 7. T
j1 MmT AT 4
H4U e Fe:y .omAd
T=orm ez, He: © -J-db v L
Lapre =T 1 1
Froegnpa, averoge NLS. L2 o201 f H
Tempera e, 19 Imam
L. 2l ™
TleTly, apmediile . ;
g 0| O por o 1.2 qR.C 40,3

| Fagml i Hyd 240 omlg. | . - . .
1 Curlsan fdleshly s beotk of sysbesls zod, G0 sholome ecsmt. -

EIGHA SPACE TEEOCTTT

Synthesia ot T —— .T.]'H‘l'.r'.]g]:l]':l;:ll'tﬂ _ .'"Lri'url}.'

sphce velocilies up to 1,000} was studied in
aFperimctitz 21-4 end 22-B.  Expeinnent 21-4 .

cousisled of sevorsl comparatively sorh todta
ipnducted - to detemiine whetha detritental
affecta -that coukl ba detected sapicdly-mighs
accoinprally bigh cenversioas at high throuzh
prits: Hesulie were cncourdgicg, as glupwn i
table 20, . fuilably Ligh overall convdrman \up
ta 50 pereent) was resdily attdined st Tesson-
shlo falibough Wigher) - tempiratures. - There
seemed to he rome inereage In O amd C. bidro-
ciirbond . the Product, Bif the riagnitude
tois effect was nob greal- -Froduct-distribotion
atialyges (rable 21) showed o significant Ddiwade’
in gmeoling that eonld prooebly Le attribarted
to Lhe ‘moressad | temperature cathier than e
inerezeed - throughpet; ac the same Aume thers
was'a decropse It Deavy distillale. - S
A o extended study 8t hign womghpot
was mnde in @Eperimens Z2-1,.but. ab 4 gori-
verler pressuza of 460 racher then 300 pos. Logs
Fri the early-part of this test, productien and
general perioihence iere stmlar to experimen
217 'l s, botit .7 DepeToent - coriversion | wid

chtamad at zomewhdt bigher bu still resson~

ably: Yo tamiperniures (table 22} Dhpiie
the dubstential inetedss In témpeiabire ) ot
Was, Ietessary ta msintéin o T0-parcent BT
vapsion in going om saf luandy speee velocity

of .BOD oa 1,000 Iz experiment 22 B, gasolive;
production mereaaed only 'ightly, gid yieids
of €, plusCy hydrocarbons remained about the
sume, . Catelyet sotivity decreased s rﬂpid]}.‘-‘-
avera-12-day poriod at the high ras througnpud:
that the experiment, wae lernmabed itz
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"Tr the praceding axpeum.buts 7l-prreent eon-
version of ges was rasintained, & value thet ap-
pesred to be neceptable _parfnrmanr:m for tho
firat etaze of & 2-stage proees In which 91

= . extreme conditions, meressds of 257 and 347 O

I%emﬂnt over-all convorasion would be atiaimad,
at.errmne wliallied aa mur-h B2 Q-percent
(:Dﬂvel'slﬂn comid be mchisved in a8l &Gtiﬁc
*‘operation, experirpent 23-B was conducted!
tempernture. was increased and the effect on
convergion obaerved. To eatablish a bescline
0f perfomnance at. Sretandard™ u]:erar.]_m, anndi-
Vians the firet, period of speration in this experi-
~ment wos coendurted &t V0-percant sonversiom
of 1Hz+ 100 at an hourl;’ spate velocity of 600,
s pressure of 340 p. 8. X 2., &nd & gﬂ.s-reqc:l-_.
ratio of 1, withous remiovzl of corson dioxids:
% terfiperafie of 243° C. was required. A 207

T inreaan in temperalird resuliad in 85-per-

gent conversios, but further Increasss to 2550 L
did pot incresse conversion bavond 83 per-
vent (table 23 and fiz. 14)., A alight improve-
ment in wzARe reEo msulbnd whon the re-:!ycla
retio was lncreased froun 1 to % but Do gain in
conversion wad noted. Therefors, 86-percent
eonTarsion BEppeirs ta have lowored the Hy+ OO

coulect of Wi ghy so anudh thab their partial

pressures were too low for’ forther reaction 1!1
singlestage “Speration. Arfother posibility is
that the desorpiion of earboo didmde, the con-
centration of which rose to obomt 44 ko &0
porceul, wes guils sl 9,'1{1 Lhalafnra & ate-
determinine factor.

Apparontly the hiph t.emperﬂ.t.ur&s thal are
mm-ﬁﬁﬂrj b secore high feenderdion gquickby
lowerad the activity o the catilvet,  After
approximately 250 nud 300 hours nder l;lw:-.a
TEBD&GH‘FEIE ware requlre-i for T0-parcent gon-

Uutrhuulr the Lesls  Lbe E{mul"t..

_iclda. gu&,uuﬂ h}rn‘j‘dcni'bﬂcs Inereasds
“._tempem'ture. rlamg o pyer- S0 gm, per m 2

’ Iﬂ'ﬂE ECIH‘?ESII}H 'i'ﬂ!'FI m-mw.:. DT CREECH DISTME

E:tp&:ument ZS—B indicated that the mini-
mura overall synthesis-gas. ctnversion of 90
pereent, which mongt ba aeqieved in en acceit.-
abla process, 1= ot [ikely o be realizod omt
neressing the opuating temperaturs. 1b 1*3
certain thet the substantial congantrations of
“varbon dioaide produced by the syothieqs bavi
& diluent ettect-and probably also, by partial

 exidation of the cetalyst, interfere with the

rerelivn,  Acking upon Lless E‘ﬁl‘.l'FHEF\- expreri-
mitnds wers conducted in which the earbon
dioxide ‘content of the convertsr sysicm wos
hl.ﬂmt-uﬂhuﬂj reducsd by a coatinunus serubling
apf"mhull u,pphr-_ui ko 1he. gu‘l r‘vl-!l:pliﬁ- RLrHRTTL.
J.uma.hy, 3 halfiour lesda (honrly space velooity

Cof 800, 11LL100, 111 recycs ratie, 247 O,
20U g B, L g were mads (czperiment 22-C) in
which -carbon dioxde was removad by water

egrabbing (see fig. 12, p. 34). The concenll's-
fom of carbon diexide was redieed from approx-
imately 15 parcent to §, Twentwfive tr thiny
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AEPREMENTAL WORK S 41

peresnt of earbon dioaide is permally pressal
i tha Tacycle gaa during operation ot 70-percent
conyersion withent serubbing. ~ Serobhing . of
Eis inercased the conversion-from 708 plrecnt
to 70 under otherwize similsr eonditions of
avnthesiz, A ealeulafed cuncentration of #0ta
42 pereenl would hawe provailed st 79-prrecat
comvarsicn wishod Eerugbing.. - _

Howaver, abuut 10 percent of the wyniiesis
gas wus lueslh By selufion in‘the waler that was
cireulated at o rate of 280 to 300 gallers per
Tour {sbout 2 gal LY ol vas feed).
Biew 1 his Inza was prohibitive, the syatera wos
revised during cxperiment £2-C (gec fiy. 13,
p. 35 so thet 18-percent nqueons potossiuio
earborate solution could be wsed imetond of
water. The rate of pumping was therehy
lowared to shoul ooslemth that nceded for
water. Clonscouently, the logs of svatheds gus
proonnted te (o less than 0.5 preent of the
Tresh 1o,

The experiments in which potassiom car-
boaate waz used ape summarized in table 24,
Diata bave hasn growped in the following order:

1. Fficct of removnl of carbon divgide Prom recyclc
mu @t oorstznb temperature snid apsee velnerty.

8 WHcet of remiaoval of carbon disxde at woenwsloel

SONYCTEOD #od ppace velooity
& Effect of sempersture ond romeoval of cerbon
dindde on conversion o4 erostant epace velagity,

4. Effect of removal of carbon dioside at space.

velncitles of 800 Lo F0,

5. Eleol of temooraturs snd =emoval of oarbon

dlU;Talﬂl“ N eoOvRrsicn Wb space volocitT higher then
1k 8.
Iixeept for exporiment 26, in whick carbioe
diexide was serulibe! thoeughaut the entire run
{1,504 hours), carbon disxide was removed only
for short periods,  Therefors, corplete prodesl
distr bullons were wswally nnt nbtained. How-
erer, the sjecific wickds of O plus €. hydro-
carions et alwave given.

Groap (1) of teble 24 shows (hat en inercase
of about 10 parcent in eonversion s peined by
removid of carbon dioxdde wien the 11,00
rslio in the fresh gaa lies bedween (.7 and 1.
A B-percent sonversion st a gpees welocity of
600 with 1B+ 10O coald pohalily be attamed
without serubbing.  Howover, eynthesis prob-
ably eould nol be sustained #t this lavel withoul.
semubbing if 0.7H + 100 were usnd at tha same
spuee vilocity becacise the -eoncentration of
earhon dicxide world be 47 volwme-percent or
higher,

A furtter adventege of removing sarbom
dioxide shown 1 group (1) tests was the Jower
yicld of ) plus {4 hydoocarhoms, except in
tests 1 and 2 of cxperimend 34 A, @ which sulfur
pomtemination woz suepacted. Raduetions io
the spoeifie vield of thess raees by 5 to 10 and
3 1o £ pm. por m." wera obtained with LHz+ 1O
and 0.7H,+-1C0, recpeetively.  This decrswss

reflecte 6 pain in O+ production st & given
tommperatanre. -

Group (23, tabls 24, shews Lhab the len-
pemture needad for & given eunversien 15 lower
whan carhon ciomide is removed. An 8% O
drop wae attamed o this ease, ggmuivalaal w0 n
poesible pain of § to 8 woeks nf synthesis.

Seruliling wes ‘smploped in sli group (3}
tesle. Temperaturs iersases of 12° w 177 G
reaulted in ineTessing (he conversion from about
70 L G0 peresnb in cverT sase.  Tigure 15 shows

Hgt €0 CONVERSION, VOLUME-FERCENT

Extgritnent
A-BEC

=284
@—'E_“-;A
50 a=2fE

L

2a0 2o FE0 270
TEM PEHATURE, *C.

Eraozn 15 —Efew of Temprrabure ox Conversion Bith

&E:m-u,] of Carboc Tinsdde (Hontly Spren Velositr,

that the rup 1 eonversicn with ihcreasing
temperniuen was lnesr amf that the slopes of
the hoes for toe saverel experiments Werc
similar.  Ae axpocted, the usege mativs declined
willl ristngr Lsnapeba s, ‘ﬁwsc teats wors
long enough to mdicabe that hizh eonTersion

. na E]ns;lc stape I= Seasible (ur long seriods i

rarhon dicxide fowesnteation is rpaintained &t
# Jow lovel. |
RErimination of grenps (4] snd (51 shows

that an incTease in the spues Foociky from 800
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44 OEVRLOFMEST OF THE FISUHER-TROPS L QIL-RECECLE PROCESS

Lo 00 Bt eorsiant Lemperaturs Tesulted 1D
lowering {he conversion frome 90 peruent to
about 55. On = cenverlibility basis (procuet
of honrly space velooity and fraction ceavertad?,
u wmall yain of abont ¥ prrcent was sttuined
at the foster Aow., The neage mdioincreassd at
thess hihier flow rates, probably becaunse of
e gmaller conversion per pass.  vields of [
pius %, hydrecarbone deeliued. The nckiv-
ity decresged mpidly at 900 apacs valoeity
in fest 1. A simultancona sharp increwse of
the iron eontest im the rovyule eil {From D05
peroent Lo 1.3%) imdicated that someo of the
aetive mgterial had boern Temoved from the
catalyst cithar by meenanicsl or chemeal acticn
ot by hell.

Experiment U7-A (gzoup 4) demonslcabed
that, ir. ndditien te & l0-gercent gain n coo-
vertibility dum to sambbing of earben diexide,
a Farther gein of abott 15 percrn) resulted at
the aumo tetnperalire om mersasing the apsec
velovity so that only 70-percont COIvarsion was
attained. The houtly spaca velochy af fresa
frod could ba boosted from 600 (without
werubbing) w0 THO {with sorubbing) while Té-
pereent cuNVEZsiOn was mainloinad (test 6.
Although operatinn ot the higher gas Tkie and
T-pereent cooversion &pPeaTs more desivah]a
hLesanae of tho resultant - grester  space-fime
viclds, o longer test would be required to study
the offect of sucl operation or eatalyub life.

Tests 9, 12, 13, and I4 in group (5] were
ralutively brief but showed rather conclusively
that D0-percant conversion ab a space velowty
af o0 wath 0.TH: 4100 i3 not to bo expected
wit1 the fnsed iron (D-3001) emnpleyed, even

hough ewrbaa dicdde s maintained at o low
lewol,  After operazon at ¥75% (O for about 2

dnrs (tost 130, the activicy deciined o rapidly

thit inecrenses of 3°.te 107 O, per dor wore
raqwitad o maintain 90-pereent coTvessicn;
#iter % more days the sempeaiore hiad to be
raised Lo 2027 {1 By that time losa of esta-
lytic Bcrivity was 30 groat 1D the exparimen|,
had to be terminsted. -

FRESTTRE ESFECT

Ta delermine whetaer Vigher pressuves are
adwvunlagrous, svothesls waa eondusted at 400
5. & 1 g Comparstive data for opeTsiton ar
200 snd 400 p. &, L g sxe gieen in table 36 for
1 H. 4100 angd 0.7H, [-100. At the higher
pTesstre, the semoperature eould be ruinecd by
4° o 87 42, rom which it ey be dediuced that
Wi svnthesis shows & positive presmure oco-
efficient i this range as well ws ol Iower pres-
aures.  The speeidi yield of O. plus C, hydre-
cnilrs was lowered by 4 to § gm. per m
Although tho wvsage raliv rose congideraoly
tfrom albout 0.9% to 108} with 1H, 100, 1%
clamged inmgrificsntly (from 9.73 to .74
with 0.7H.+ L1C0 for e sarne pressurs TIae.
This luller resilt is to be expectod beeanse the
usagz Tatio slightly exceedad thal of the Feed
roe even At the lswsr pressure,

An nndesirable ahift in produet distritration
tovrard hoavier materiel wos noled inoall tesis
at higler pressures. This shife was maers pro-
nonmeed with 6.7H 4 1C0 feed gos; the gasoline
froction was redueed substantially compercd
with the chanpe observed wath 1H,+1C0.
Beepuse the hoixte resetor was user in theae

TAPLE 23.—Efcct of preasure on operation end products fram Fineher-Tropsch synthesi

| el 1t ot S T TR REEEE RS b |' 22-I - 210 L W4 Db
Bumfion. o _.---——- (R - S [} 43 24 48 16 15
Tuigite roaetoy temperadure. [P £ - . o L3To 523 b 52% LR R4
Byntheaia e 1 | :
Ratio in I'raﬂ,hlfw, [% (Y o' TSRO [ L Lo 10 €7 T
A V. I feettled bed) oo e ___| HDZ i 1] B} f02 G010
e o —im-——e—m—-——— - o ft. per e (BT P 1100 2 1104 13, & gy, 5 11m 2 11 1
T e e T p—— ol perzent Hy+GO._[ A7 3 i 1 &b, o gap |- 674 ]
TUeage ratlo, He QO o S P S 1 1. 03 D 94 193 073 0. T+
Gozracyele FRRIC . oo e il 7l 1 | Y1 U 41
TresguTs, AVEIRGE_ o - o - - - e map s LR EDHD A0 i AK1 L300 : 400
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Yrelde, apecile T4 O oo e o g, per il AR 1 B2 4 eV | 34l 29, 4 8
Frodnete, disribukion af O34 . wa-pereunt:t . : :
Casaline (g F ) o i oo amm e - 32 6 A7 & HE. 1 a1 £ i % 43 2
Dicest ell - __ et amm e [L 12,2 1 BT 1 3 15 #
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temle, no chyige wos noted o the amounts of
nxwvgenatad compounda. However, at  the
tigher pTessure shightly more oxymensted me-
Lerial mmy huve heen ayen Lhegizad,

CATALEST] FROM FEDELAL FUREAY OF MIKEE DEMCH STILATION
FoAWT ;

Experiments 258 and % wers made to evalusbo
patalpets prepared at the Burean's demonatra-
tion plant b Lomsiana, Mo, These catalyeta
are soalFsed intehle U6, olong with tho cora-
position of calelyst D—300F used almost exchs-
wivaely 10 the Bracston pilnt-prast stoseliva. The
Foulsiwnn estelysts wire similwr to ostalyet
D20, smespt that they contpimed more
ferroae iron; also, Lounisiane % contained no
chromic axide.

‘Berewise Lhe Fesl Wlile Tale erude ol veed
ge coolant in ezperiment 28 we3 suspected of
caveing acliur poisoning, no dirset eomparison
e Te marde balwaen ife wchlvily of calalyst 3
from Lowvisiana end that of catalyst D—a001;
dry-bed tests indicated that the activities wara
sbout the sarie. .

Experiment 29 chowed that the oeuiviey of
Louistana . catalyst 9 waa sligatly inferior to
that of catelyet 13001 under- comparable
eonditions. Jnitally, sf-parpent carbon dicx’de-
frae o linglion was ohserved] al 260° C. (pas
compoaition L.7H:—+ 100, hourls space velovity
B00, pressure 300 psipg., pas-reevele Tatic of 1
withoub yenoval of carbon dioside), compared
with §0- to 65-poeresnt eorntrackion oleerved m
experiments 24, 25, and 27 under similur con-
difionz with catelyst D=3, However, cata-
lyst @ appea~ed to be mors stable. No gpacial
rirtrentment was given. Low'sizne cetalyst )
wheress eatalyat I 8L had beex cithor pre-
curbided (experiments 24 snd 25) or pretrzeled
with hydrogen-rich zaz at low prossisi (rxperi-
mesnl 277,

Tanrrk 20, —Chemaoel gralyses of prometed,
. . Fused-{ron. omides

(Welgbl-wrcent)

| ' Lauizinan, Mo,

. abalyst | -
P D-a001 -
Cuindyst # | Ca alwsh 0
Feld, oo oy, 3 L S . EQ. o7
Feglhy T G514 12 4| ¢ AT 3E
[ 4 Gl 1 8 a. 33,
iy . L.l 4 . Wab’
L - LAY - BE

Ol . Lo B I Y

The most notiscable differance batwaen tha
eatalprts was i Llw gus yields; spedfie vields
of Gy plus Oy hydrocarbons averaged 40 to 45

groms for lonidana eatalrst 9 and 20 fn 27
grars for catalyet D 001, More paseous
Lydrocarbons wete obtiglned with Lowjsiana
valalysh § in Le drgbed test alse. Tis lower
aftall content may have caueed the axcorsive
gas Telds, Owing to the brevity of the tosis,
10 attcmpt wes made to check the yields of
liquid or sompure produet distributions; how-
gvor, 2 might be expected Do Che high s

IE.]_I,'iF. the averaps mobecnlar wrizht of the
iuid produete wne lower then for those
obiainad witlh catalyat D-3001,

Both [ouisiane catalysts became more bizaly
carbided during svnthecs than Ehe comanercial
catalyste, and carhide was retwined for & lunger
period. Dwuring experiment 2%, G0 4o 75 perecnt
of the totsl iron in Lowrlane catalvets U owae
preseut as Hage iron earbide.  Afto 470 hours
of experiment 25, X-riF and roogmetic malﬁ'aca
ghowed that Louisians estelyet 8 consisted of
02 pereendh Hies oo cailids, & peareant metallie
iron, and oo magnetite. This waa the lnegest
smonat of Higg carhida found in a catalyst dis-
chatged from toe oilciwculation amite. The
nacd commercial estelvsts contained mostly
magnetite, bt alep carbide and iron.

Louisians catalyst & waa extremely resialant
to mechanical disintepration. During 470 kours
of apeeation af 230° 1o 280" . the ewoulatin
coofing vil remained light in color and containe
only 0.007 to 4.035 percent iron,  Vircuslly no
Boes were collected in the filver i the oll-
cirendating line, indicating that the particlee
were oot being reduced insize, A slave analyuin
of a reprezentative aampls of diacharpsd csbalyst
ale showad only v areall smornt of fines.

Virtually no spallinz of catalyat was ahasrved
with Lousisna cadalyat 9 dunng operetion in
the temperature move 2627 Lo 247 O How-
ever, o7ier 5 dars of synthesiz ab 275° O, 2
pounds of [inee about 11 percent of the srigingl

-charge} wus removed from she Mer 1o Lhe oil-

circulativg line.  Adies 3 more days, the experi-
ment hed to bo terminatad becanse of sroessiva
krss ol achiviyy; ah thad time 5 more ponnds of
fines was recovered m lha filser. A sieve

. analyaia of the need catilyst confirmed the fact

thaf serere attmition hed toenmapanierd operetion
gt 273" . Thus, it sppears that opecation a1
temperatimes above spprozimadels &Tot O
should be avouded for fused iror eatalysle.

SPECIAT, TESTS A1 THECITFAON OF HESULTS
DUE OF STHRETHA GELIMM DUMRS SYHTHERS

When 1.3H:4+ 100 feed gag wps emploved
wilhh Iuzad Tron <:at£,]£3ts eubmmeresd It oil
fexperimente 17-A-D}, L1-A-B-C-E-F-G,
20 A-B-C, 21-4) the vpage matio of hydrogen
to carbon monoxide was Iazs then tha raiio in
the feed. 1t hes alresdy bern nointed onl (soe

~Gimrlated Sccond Stage, p. 38) that bedaaced

o T T T,
VeI T
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45 DEVELOPMENT OF Tk FISCHER-TROPECH JIL-RECETCLE LROCTES

usege 1a an espedielly impothant taaulamend o
& multigtage process 0 obésin hich over-all
o8 conversien, to insure that preduct detribu-
tion doss nob from stage to stage, mnd
aapecially to nvold execseive prodaction of
Oy plu= C; hydrocarhons after tha firs® atage.

Lagerrlves L ol cacben moeoxidy inesos
n effoct thet the symthesia prococds prodomi-
nantly by the ovarall eguation:

2 u-20—2-H;—{CH: e+ n-Cl,
so that varbun diozide iz the madinm of oxrgen
eltminalion. There is evidence that this reac-
tion telkes plene in two steps, anrording boe the
ey naliun: _

0-C042 a-Ha— [ CHe) o —n-Tla(k,

2-IT0% 2-C 0 —n-Clg 4+ n-Ts,

thus pointing to the ceourrance of the wrater-gas
shift as & secondary reaction and as the merh-
aniarn by which carbom dioside is produced.

The mosl obviuus mesns for preventing or
mindmiwing the ccocorrence of the water-gns
ghift #a taduesion of the partial presgure of water
wapur o the resctor, experiments with
1H:— 100 feed gaz, satizfactory results wers
obtained by neing a gas-recyels rabic between
1 end 3, and coollng the recyele gaato a
temperature (67 ) where mueh of oty
vapur way condemsed and removed. Oo the
ather bhand, i the axperiments in which the
eomoporiton of tha fead pre eorregponded o the
i, LAAGICO, inerenaing e seeyela ralio
to as high ae 4:1 d:d not correct the caags ratio

sufficiently. {3ee Efect of Recycle Ratio ovn
Yields of Ch Plua ¢ Llydracarhens and oo
Cangn Botie, po 4L}

Ao wpprrenl explapation for vhe low wasge
ratio was the fact thet enough water dissolred
in the aroclating ¢l o ]grod.um the shifs
renclivn. The presen~e of wro  apprecicble
smount of dizsolved water waa established
during experiment 20-C with 1L3HA4 100 faed
gae, by reduciug the pressure nbove a macple
of the recycle ol from 200 t0 0 p. a. L. . &nd
pesging the relessed masea through B mapmesinm
perchiorate drier.

Aw o posaible method of further reducing the
concectzarion of disenlved water during ayn-
tleewis, the palot ool was mediied Inr expan-
ment 83 to indude o “stripping” column &
mchez in diamster packed witlll) }ginch GRTATNLE
Raurhip vings to & height nf 6 faed.  ‘The con-
warter and stripping coluton ware copnectad in
parelial, e shown in fi 16, Wich thisz

CATTARnEetnanE s mixhuce n rfr_‘:r fresh: Eh5 atid

recyclo zas coudd be ingeeted Into the Bobbom
of the eooverter whiie sdditional dry recyele
rag oo ld o simultanecusly injected wle the

oitoim of the gtrippicy coluton and Aow wpward
thromgh & cormteranTent atvearn of drenlating
oil 1o remove OF “atfg’_’ dissolved water. Te-
cyale gus oot sheorbed by she wl, st.n}.vped EER
aru] exit gas from the converter could then be
passad from the top of the aurpping colomr
il » wazar-oled pondewser {operaled sl 40°
to 45° C) to remove most of the water. After

‘Waters coaled '
COrdensar Refrigeroted

o condaneet b
"Li " . pm“r'm Tail gos
n rRJuldtar
fHog disgaeived I E
E im mll EI — CLEs e "
¥ Cuftrhe | % i ~ ! Hy & m.7[375
e S el
oo 27| =0 _E. fqueste  Light g 2.6 280
cop A5 a0 E layar < Taml 30 {103
r—r————————— = Tatmi 20 |1Q0Q
i Totel gas feed i |
| Gwh /N i T Aquesus
an: 15 N P B ' s
Pp 122 40 T
pa 122 4o - . M .
eps 68f2o Miesd go% Secycle-oll Fegmmle gk
Tetal 230100 | | Suft/hc | % Fums Ceftrhe | %
Ha 108 [ 44 Hz 30 |30 5
Freeh goe 3 105 44 HAroya« @ Ive) 20 |FE
Cubrte | % ?’ffifi%g_‘ilﬁ%‘ Cuftshe | % cc, _ &0[2n2 }
Hg B0 | 50 Hg 35 (374 Toral Al | |00 P hery le—gas
o s i e 945|375 Samgressor
len, ol @ _ ¢dp 320|250 -
Tatal 120|104 | . Tebal Q|00 =+

Freine 16-—COperstion of 3tripping Colwmn in Parallel iwith Intarnably Covked Comveetar Tindt 1 Tnrfng
Hiparimant 23.
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EXPFADMENTAL WORK 47
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Framne 17 —Operation of Smﬁpin%ﬂolumi hifithgr‘.;temal}ycllimled Conwerter Tplt 1, With Al Cras
amging Lhrough Colcmn Onky.

sdditione]l drying o s pelrfgeraied condenser
{operaled at 5° ('} part of this zue could be
racycled.

Before thignla,nt- wag operatad in the manner
just desmibed, a eatisfactory eatalyst eetivity
wag egtablished wi 9 Tourly apace veleeity of
GO0 with 1E, 4100, & gae Teeyele of 1, and s
preceara of 300 p, & 1. g, and 2 epeciul fesl wes
conduclarl with the stmpping eolumn, In this
tess all the gas (frigh plus reoyele) was injectad
into tha colume (fg 17). A mwaxinom eon-
version of only 45 to 50 percert was obtained
at 265° 0., and the veage ratio was wary low,
far cxample, 073 ut 32-percentl v waing, B
pedueing the prosurs above 8 sample of recyels
oil end eollacting the wﬁ&g evplred, it wae found
that sboul 4 to 4 volumes of gas (8. T. P.),
coreisting essentislly of 76 poroent evnothesis
gno &nd 25 percent cwrbon divsdds ]& vy basia),
was dissolved in ssch wolnme of oil. Carbon
dioxide and water wore mush mere sehuble in
the oil than wao esthon monoxide; caclon
monaxide was mwors soluble then hydrogen.
This informatien sgreed with dats ohésined in
a similur inapper during ormal thasis in
experiments 17-A, 17-B, 184z, and 20-C.

Calelations showed that, of 120 enbic feer of
freel, symthesis gea injoted hourly into the
simipping eohmon i this test, oniy abort 7 to
80 en- Tv. per b, dissulved o Lw oi] clrenladivg
at & Tete ol | 50 gal. per br. and reached the con-
wirter., Tha rest of the pas psseed cverhoad

from the stopping ocolumn, Becavse of this
limited solubiBty, over-sll convergion of frech
wia wis low (45 ta ) poereent), even thous

approsminately 30 percent of the gas oo 4-.111%r &
resetor was converted.  Sines eonversion of the
zas ectuelly entering the oorverter wag highe:
than the ueeel 70 percent end since the parbial
pressire of pornluch waler was nof veducad by
ntilizatiom of recrcle gaa to the venverter, the
ratio of watar to mynthesis gae was logh and the
uzege retio lew, Tf was thus indicated that
mere fresh gae would have to be injected into

the sonverter to get higher zpree-time vields -

arn] usags reting.

To provide the normal ameunt of freeh gas to
the converter und st the wwne Llime utilize all
zas (both fresh end reeycle) in hoth the simp-
pi.ngbmlumn ard the converter, eonditions ware
wslablished Lo simulate these that would exst if
the stripping coluren wers oporided moseries
with the converter. In series Aarrangement
{fig- 18, fresh sl recy ofe pas pazsed firet to the
sWipping column, and thati pordion of the gaa
that wae not sbsorbed it the eirculsiisg oil
passed into the bottom of the convertar after
eondengation of moet of the watar,

To gvoid exvensivo modification to e pilet
plant that would have bear noccseary to oporate
in serizm, the eonverter and stripping eolumn
were couneched and operated In p 1o the
manner desoribed previously (see fig, 16, p. 46).
The ovhy essentizl diTerence beotweca the 2
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Trawat fE.- Simisled Operat.esn With Striogicg Onlimn in Secks With Interoally Cocled Convarter.

schames is that the gea puesing through Lhe
strippiog evlums 10 pars.lla} operation romfained
25 vohme-rercent of carbon dloxide, whila in
meries oporation it would have contained 12.4
volume-nercent. (ATl gas analyses are on &
hydrocarbon- and. waser-free busis) For »
haaia of comparison & shogh peried of nermal
operslion {without the siripping columung waa
alzo comducted &t the same fresh Ers rale,
recyels ratlu, pressere, and  gos - conVErSion.
Tiats. for both periods are given in table 27.
The. masimum tomperature Tequirel with the
gtripping column In serviee was 47 O, loss shan
that for normal oporotios. The usage sollo
cereed 32 the criladion for debeeminimg  bhe
eMeotivencss of operation with the oclumr.
ionificently, for oparstien with the slrpping

UmL 0 darvice, Lhie Aveege USAEE TRLD WeS
1.0 fartually it ranged betwsen 0.97 end LO3),
pompaced with only 0.87 withiut the column.
For ‘operalior without the cclumn s recycls
ratio of ebout 2 woule probably bave becn
necded. to sctein v usage ratie nf 1L Thus,
only Lelf of the wolume of rooyele pas was
neered when tho etdipping coluran wus wsed.
On cha basiz of this Improvenant it sestns Yed~
gonnlile 1o essume thed a satisfoetory uedue
ratie. that bs, ¢ne egual to or approwching the
tead-rrag ratio, conld bn ochieved with & 8.3H: |
10 pas withont exvesgive gas reeyeling. As
discusaed previously, thiz is. of utmoat -
tance io & bwo-stage proeess whare the exli gas
from tha fivat stare i9 nsed ae the feed mas to %1@
gocond. Probably 29 a resale uf Lhe siripping

action of the zases on the ol strears, the acic
nymber of the droulaiing ofl averaged only 0.1
mg. of potassiom bhydroxide per gram of ol
compured with waluce of 0.2 {0 0.5 obtained
during normel operzion, Ve significans
sLanges were observed in the produet distribu-
. .

TazLe 27 —purison of aynhests qmw;’iﬁaqs
wih gnd awdtheut Hripneng CUMN W erErt—
mant 78-B

Wizhout  Withsbripe
FETIpITE pitg
erlumy JLITY (R haia]
Y 1T A7 kTl 24 2ad
Byutioris gas;
‘Tazio ip frach pasz, E;000_ 110 Lk
B. ¥v. . (acttled bec). ___. .. 600 siill}
Copversizc. vol.-porecilk :
| £ P T Y £ 4 Faaq
Tege ratio, Bxl0 . 0 57 L 40
{aw=rooyole rabic. . oo 1 1
Prezsore:
Morimum __ ..o & 43 07
. Di.l]'eretttial_n o 51 4 &
eanpreratarg, ¥ 0.1
I'eIE:r;mum__..,--_________.. o4l zdd
Diferentinl . . o -]

i | 3

ACTIRATION ‘TREATIMENTS

Ta ahtain grester stebility and longer cata-
Iyat lifc, several metiods of inuremsiny the ac-
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tivity were lesied during the expanded-bed ex-
' pariments.

""Typhoon™ Induetion.—One freairnenl (ex-
porimends 31, 27, 38), potterned after Edfbel's
“ly phoon”™ iuductinutglfj.ﬂ, eonaizted of passing
‘& hydrogen-neh synthesls gas st high Hnes-
Felocity wnd low pressurc (M) to 30 p. o iz}
over the redueced catabyst. It was earried ou
undar the fallowing conditiens: :

Freshogaz ratlo, BExiC0he eam oo _____, i
*¥rah fead rate, ... _ow. £ Jpas he (97T an
Frazh fopd enoec velosity. o ____. br-t.. 150
Ussrzoyelornbio __________________ L. .. 1
cCnnTRrbeT Bresers . o8 i E-- g0

After the presenrs and gas flows were estab-
lished, the average temperature was increadsed
“from B0 to 235% C. over & period of 15 to 25
hwprrs. This deargiaestore wes muintained for
gbout-30 hours, ontil the carbon dioxidefroe
.contraction hecema etabilized at 356 to 20 per-
-eent, at whick time the pretrestment was
‘terminated, .

In the nftial test [experiment 210 this ind-e-
-tion was followed by the stepwise induction sl
raynthesie with 1.3H,+4 100, Qperating tempara-
| tmre was lowered 5% G 10° O helow the valoes
-umislly required for TO-percent comversion,
! However, this main was sttributed to the use of
- zmeller (20- to 42-m1eah) calaly g pariiedes ruther
i than te the “typhoon’ freatment. o

In experiments 37 apd 28 the “4yphoon’
: treatmert was foliowed by induction ™ with

IHE, 100 and the smboegquent syuthesis run
- pemdnetod with U.'FF[,-—L-J%. In thess expori-
‘ments the operatiiy tempersiore wos En#‘ T
: 10% O higher then required in experiments 24

ard 25, in which the catalvst was precarbiced,
or 1h expsrimett 28, @ which roducton and
sirpwise induetinon wers nasd.  As o advanlage
accotnpatied “4yphoon’ Wmduciion, the proce-
dure was abandoned.

CGarbiding.— Annihar departore fram the nsual
preconditioning proeedure wae modo in experi-
ments 24 and 25, in which the freshly redueed
iron w8 carbided at low pressure befora stap-
wiag icduetion end spntheeis.  Similordy trested
catalysts wers found fo be quite stable over
long periods when, tested in smell, dry-bed units
at 100 p, 8, i g. Drapaiie.

To enrry out this procedure, & eurbon monoxs
ide-rich sis wad poased over e redueed catulyat
ab 2007 to 2¥5* O, and 20 p. ¢, 1. ». The trent-
ment for experiment 24 roquired 82 Lows; ibe
carbiding agend was 0.28H. | 100 pagsed over
the vetalyse ut an bourly apuce velocity of 50,
Similarly, in exnarimert 25 5 gas having the
ratio of 0.%H;;: 100 woe nsed at spoco veloeitios

10 T3 oy weBe O0F v shapative ANCTH:. Tstesd, 10 ter perninme W

B from 0" to 2007 O, ower o Blbonr Jalyd, Whad

AT GReeraRT  earham oAt et racdlon e abtadted, the bempers

ulure was forller bwrggsad b 257 0., and (8 oseoeenh 2ue converson

E@ﬂ:ﬂ-il_caﬂﬁnr 12 Brurs oacer thess pordid1TE, 3 pwikeh wee made bo
-JE‘IFP -

of 50 to 100; the ttme of trealananl was nxtended

te ehout 155 hours.  In both cases pez recyels
WA crgp]uj'ed st 80 hourly space velocity of
1. Carbon dioxide wws removed from this
Biream €0 & conectiration of less than 1
wolura-parnent: this limited the carbon diodde
concentration o tail gas o o maxioom of 155
volume-porcent.  E-ray and magnatic anal
siwwed that about 85 to 00 percent of the 1ron
had been aonverted to Ilipg won earbide; these
valuee agreed with & carbondren atemis ratis
of 0.483-0.467, determinad from chomical
analyses. Nearly all of 1l irom that was vot
carbided remained metallin; only & neglipible
amoun. of magnetite was formed.

After gsepwise irducton with 0.7H,+ 1040,
gynihesia wag nenducted ot g space velocity of
GOO, 30 p. = 1. g, end wilth & ges-recvele raiio
of 1 {without carbon dioxide scrubbing), A
relatively short time of synthesin chowad thes
neither activity nor sialilily hsd beon fm-
provod,  During the first 7. days of operation, &
Lanupecitore mercase of 14° éﬁ in expe-iment
24 gnd of 11° O, in experiment 257 was necessary
te maintain the desiced eqnversion.  Ouly ahort
periods of sieadystate operation voald be main-
tained (table 28}, as the activity diminished
rapidly. Both czperments wrere tenminatod
after ooly 500 to A0 hewrs of eperation. -

TarLy 25,-—1}‘&#& Jor sfeady operating senditions
in erperimonis Bi-A end 25-4

Frperlmant No____ . oo.. @i Uh-A
Catalyet, see for pordod__ kx| 354508 cRI-dad
Yrntheeia gaa:
Eetio i~ franh gps, Haa OO . G5 .24
3. V. IL fmettled hed)______| 347 L3k
Flow___eaL fthe (AT F__ 108 8 A0 G
Clonvrersion. -, )
vol.-paraent H,4 00 __ 85. 3 &5 1
, Deage retin, By OO0 o oou.__ AL 67 1,70
Gas-rearold TRmifan me o e 1 L
Moagimam. nuae 2 la | B0 HOE
Tifferanzial . ___ - £ .3
Temperature, * C.:
Maxirmm - ____________ 285 260
1M¥erentdal  _____________ -] T
Yielcs, speolfle "
gm. O+ Gymd. i0. 8 M

Twws of wedivicy in both experimenta was
nocompanied by oxcestive dimnbegration of
catelpst. Durneg experiment 24 the iron ebo-
tené of the eireuleting ol vose Lo § to 4 pereent
oompared with expected normal valuce of less
Lhas 0.1 percent. Inspection of the eatalyst
bed ai the end of ezperiment 25 showed that
ontr abeut 27 pereont of it (by voluma) waa =till
in Wre aohiverter, end this was muck fnar than
the originally charged { to 20-mesh matsrial,
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Extreme catalyst disintegration had elso oc-
earred  duriir syulhesis with 07+ 100
folowine carberization of w used entalyst {2,250
homse} in place under oil {experinenl 22-D;.

Experimants 24 and 2% sre to be comparad
with exporiment 26, in which the catalyst wae
industed by ths atepwize method. Synthesis
eunditions of prerzure. flow, reayols and foed-rad
cnmposition were dupliented in nll three tegus.
but throughout experiment 26 corbon diezide
was removed [eorn Lhe recyoled gas. 1o con-
trast to the performamce in exparimrents 24 and
2§, cXporimers 26 wae very prodoctive and the
catul pat dirssle, :

Evem thourh mors astisfactory oporabion
imighl hawe resiltcd had carbon Eomda bien
removed from the reevele gas in exoorimemls
24 and 25, carbiding wpparently is ol a desive-
He procedurs. Later studies in amall, dry-bec
unita heve shown thet oo sdvALEszes are prinec
by cerbiding s reduced, fused cutalysl iF syn-
wiedis 15 tn he conduocied ad 300 p. s 1 E
prossure,

Althengh the produets from experiments 24
gnd 25 difered somewhat from these ohbsined
in wiperiment 26, they displaped certan char-
acteratiey typieal of operation with (.7 H;— 100,
Even ﬂ]JJ‘I.'l%ll & relalively high reciperature was
emplored {177 . hizher than thaé required in
cEperiment 25, the spacifie yield of C) plus O
Lydrocsrbons was unly ahooet 20 g per m?
comparad with 2.6 n experimnent 26, Table
29 shows that the shift in product desteilabine
loward fipher molscular wefght, characteratio
for carbon monoxide-rich gag, was less pro-
nounced willh cacbided catalyat, probably be-
caise of the higher eperafing tnmperature.
At 2527 O, and with TH; 100 or 1.3F-1C0,
a gasoline yisld of 85 to 75 percent (by weight)
would be cxpected.

Rath cheroical and E-ray analsaes of pota-
Iyst smmples taken at the conclusion of ex-
periments 24-4 aud 254 ftable 30) showed
that after only 5M) to 800 hours of gynthesis
considersble amounta of mapnekite replaced
the Fice ivon carbide. On the other hand. in
experinizct 26 A after 1,188 hours of synthesis
ghout 55 percent of the ivon wae atill present
either a3 huxaponal, close-pecked iren earbads
or matallic iran (fip. 10). Tha superior activity
snd stability of the catalysl o expericwnl 28
mighi ba aseribed to the alow rate of oxidation
bacanse carbon dieside was removed from-the
roavela gAs,

Theas obzervations are not intended to supg-
geat a ecawsdl relationship betwoen eatalyse
phaeee and activity. All that i3 known naw,
from pumerous analyses of used catalysts, is
that metellie iron = guickly cerbided at the
start of ayntheeis and lhal irvn coarbide is
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CATALYST GOMEGSITON, WEIGHT-FERCENT OF IRON 45 METAL,
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Ticord 19.—IMerribniion of Toen in {atalpst D-5001
Dhriog Experiment 204

gradnaily replaced by magnetits as & tost pro-
gressrs,  The activity usually decresss with
TLITh

Trpie 29.—Compartson of distridution of G4
products from cxpersmends 24 A1 and 26-1
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Tautn 30, nelyses of discharged cotelysts at
the comclesion of esperemends 24—A ard 854
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YEPRCT OF RRCTOIZ RATIC OF TIELDE OF Cr FLUS & DVIRL-
. TRARDHI KM ON USRGE BATIO

A gerics of teete (teble 31 and fip. 20) waea
carried out during experiment 19-K to deter-
ntine the effect of recycling gas om the Field of

¢, phis ¢, hydrocarbons and on the H.:CD
1saps Tatio. thess teata, the hourly space
volocity of Tresh gynthesis gas (1.EG-1100)
was 230, based 41 the volnme of the expanded
bed {300 hased em the wolurne of vhe settled
bed). A FU-perocnt conviTeion wne meintained
by adjusting ths teraperatore; snd the gas-
Ierg'rla retic was nrrensed in steps from 1 to 6
gnd then returned o 1 to males sure that na
chaoyes had occurred in the behavior of the
catalyst. Tabla 31 and fizure 20 show that, at
a rooyoke ratio of 6, the nsage ratio wae highest
and the yisld of C, plns € hydreearbona lowest.
Both regulte are faverabls to off sent eorirarsion
of the synthesin . Howewer, thess advan-
rages might, ha offset by the inoresesd eost of
recycling, _ .
U OF RAUNITT REACTOR DORING SYHTMECH
In exweral mrggnﬁe&bed EEPETImENtS ONyEen-
unds in the it oz

alad compu fgrerhesd”
produciz were dnmrnpmeﬁf]fggmcarbms o
pazaing the wapors throush e bed of alumina
(lmuzile). Hemoval of these compounds in the
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converter syetom dhould simplify refining af the
product; reduce the amonant of oreanie acics in
tle resctor; minimize the problem of dispwsal
o° the agueous product; and simplify Termaval
of varbon dievida from the reepols gae by sinine,
with which organie acidd form stabie comyplers.
Tn sdditiop, thi= toestment sieald resb in
upgrading of the primery naphtha produgt.
Lanefirial resnlts from eatalytic re-formiog of 4
arnthetis Fizcher-Tropseh naphtha were: ob-
tuinest by Ilelrmers, Olark, and Alden . ($5).
Bauzita deatrnys vzfgenated compounds by
dehydration, decarboxylation, and decarbonyla-
Lt Coenversinn of o= to 5-olefins und {someri-
zation of straight- to branched-chain olefind also
oveur, both -:tig which improve the nofens Feting
of the napltha. s

Taers 31.—Effect of yr.'..:z—'i.'m:y.-:lé rodio on .ayﬂcéﬁ'ﬂ
yiehl of CL0: ana wsags rodio in ezperiment
18-£ L ' :

Trorntson, 12 b Syutteas grs—ralo I foeal s Hy:Co, 13, 3, ¥,

PO, aﬂd-

*nttded Leedl, 500, ponwemem, ok pErems Bt G
opm A ALl o :

Y A B T - NS T N I

Sgmthewin QoA il
Toske catla, HaeD0 o086 [ 203 [ Lom- 1.3 L3y LI Lioa
Uhg-reyelo patle. o 1 k] 3, 4 5 [ 1
g th.| mE| I T M| R | I

Yk e g Gk i
M .—_ .T|E@e au|mn 5| me| W

.

. To take advaniage of the elevabed tempera-
tures =n pressures 1o the gyatem the vapors
o the collverter wers preboated and pussed
through the bauxte befure Lhey ectered the
sondensing sydtem. The bauxie Teactor wog
o 2-foot length of 4-inob-dismater pipe, charged
with 0,153 cu. ft. of catalyet. Tha tetel haerly
[ow through the reactor was about 150 o, fi.
snd consisted of taib and recrole ges, slightly
over 1 gallon of hydreearhous (reflux and light
product wily, and 0.25 to 0.5 pound of woter
TLe rate of production of Lght ofl, meluding Cq
to Cy, wad only about 0.07 gal. per hr, an that
most. of treated hydroearhora were refheed to
the converter.
© Mo types of bauxite wore tested in expeni-
menta 22 and 26: 4- to S-rwech activated ali-
wina “F-17, obtained from the Alummm Cao.
of Americs, and 4- to 12-mresh “Fhillips Crelo-
cel,” chtained from the Phillips Petrolemn Co.
Poch reduced oxvgeuslwl eampounds by sbout
90 [wrcent, in the oil and 60 pereent in the
aguenis layer, s¢ that sboul 88 pezcent of
the total oxymenates was destroved, Croloesl
seemed- TMoTe setive Bt low femperatures end

i wae about oz effuétiia st 325% (. as F-1 at

3707 {1.;-in addition, it wa3 moero effective for
anitting doublz bonds to internal pesilions in
the greoline fraction. - Gasoline, as produced n
experitirat 26 in whichk Gyeloecl was nged, hud

. g moter octeno rating of aboul 68, or 16 ta i

) r T L - Tall goz
Water epoled . " pe3—Pradust gas
: sandgasarc ;._ t- Shorsaal oy ".""':.---—-'.‘.hurcw! E‘PMT'
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points hisher than unlrsated gasoline.  An in-
cressa W the Field of C; plug O gas of shout 5.
gm. pex m? appearcd to ACermpany thebausile.
frentment. e

—_

EIGHT.INCH DIAMETER.- REACTOR

(BARREL-PER-DAY PLANT}, WITH-

EXPANDED BED

OBECTIVE

4 moderately larga pilut plent. having &' meac-
tasr & imelresin Aiameter with o produstion cepae-
ity of epprommsiely 1 barrel par duy of total”
liquid product (Cy+ buedracarbons) was placed
in operabicn oo completion of cxperiment 20.
This plani opsraicd on the ex surled-catnlyat-

ke

bed principla and ineorporated the procedures”.

wnd fmprovaments devetoped in experiments
1% to 29, :
The purpose of Ui aperstion wua t0 -learn

could be duplicated and wliether niaw problems
warald be soeountered in 8 larger readtor. . Two
eTperiments wore condusted, ons with 0.7TH£.
100 and she oblse with 1He 100, The in-’
cresse 1 seale was fourteen-fold in going o i’
Reinch-diameter reactor {1mit 3} from the J-inch
ncits (Nos. 1 sud 23 and to s bed of getrled

enizlyst 8 Teot high from a bed 4~ feer "high. ™
The inoreased produciion provided snovgh ma-—

terial fo- mora complete charseerization and
2orpiehed samples of dicsel and jeb fuels to the
Armny and Navy.

EPPARATUS .

Farcept fov its inereased size winf the addition
of contimious disillxi/on units, the labger pilot
plant wos besically the same se tlhe smuller
tmits b included more corpplets instrumenta-
tion to HTovide [or anlomatie control of temper-
alira, pressuts, and How where praciical,
. Figure 21 shows gehemulicelly the more. im-
portant parts of Whe system and the flow of the
rag and oil stresms; figaro 22 i= & photograph
of the plant. Some of the deiails of the reactor
euch s loeatinge of eatries, catalyetesampling

ol snd thermacouples ars Husbrated in
Egum bs Teeause ke supply of 2mihesis pas
wng. Tmted, only an 8-foot weitled heighl of
catalyst was charged. Mized . gas,  poTisisting
of fresh and recyolp gases, entersd the bottom
of the yeactor with the recyele uil, which flowed
al & lingnr velociny of 015 1o 025 fh, per aeo.
basad on the frse cwoss-peciional srea of the
renomor,  EBoth slecama were hoated in fin-tube
hest- exchumsrs, by condsnsation of Dowtherm
wanor gaplind by a small boiler pperuted ab 4l

pra:ig  €esnd oil fawed upward, expending

.

- the. catalyat bed... Reaction preducts, unre-
..Tacied gases, and ciroulating oil wern pondusiad
.. % .+ out the op- of the. converter wl thregh &
" 2 Eeingh-pipe tu nd overflow tank, Keeyele ol

flowed by pravity from the bottom of thiz bans
to the inlet eids of & centrifogel pump for re-
cirenlation, end the mwees and vepors pamed

' overhend to the condonser gratem.  Heevy iw-
" aetion progucts weré comtinuously w_thdrawn
. by ciintainivg.-s copstant lavel in the con-
: yarter with an automatic linuid-leval conlroller.

This heavy rarerisl way ssparated into 2 frag-

© tionw in & vaonum still, maintained et ar abso-
. luge presaurc of abeu; 40 mm, me :
; poinswas equivalent to shour 3177 4. at atmos-
© pherie pressure. 'U'He. distillate, consizting of
! zasoiins end-diédel ofl, was washed wilh aque-

+ tha et

ous chistic solurion Lo remove organic aatda,
atid the zasoine wes separsted by distilation

© at atmospherie pressure to 2047 C.
12 i (3adee mnd vapors from the overhesd tanlk
whathas the rogwlts of the small. pilat. plants. (20 Eﬂ

i system, and the condensate was zent to » ==

were rordel to about 25° (O, in the condensing
. vanter m which the wquetus and oil layars
* wers continuously ecparated wnd withdrawn.
- The wogusous layer wes dischacged end col-
- lagted,snd Ue oil conld esither be veflixed to
:_the conyerter to pravent & buildup of ihe wax
" gontent 'gr discharged ss procuct, Discharged

- jufl il was combmed wth the distillate from

-thrs vienum 540l The refux rate varied be-
tween 10 and 30 g<l, per hr. Part of she
slMuent gas from the condenser was recyelad,
genarally afrar removal of carbon diexide: the
Temeinder wes lot down to atmospheric pros-
sure end laft the syeten ag teil gas, Whon
muse balances weare degired, s portion of the
Lail gas was passed through etivated charcoal,
where- & and besvier hydrocarbuny  were
adsorbed. o

The serubling systam for removng cerbon
dioride was of conventionsl design with [resh
I:ragencrnt.udg aguecus pulussinm carhorate ot
monoethayoismine (M, K. A.) fed into the top
of the ahiorber through a distribator; end ras
fowing vountercorrently. The shsorber wol-
yout wis & G-mch pipe, packed o & hueipht of
8 foat with ¥%-nch ceramic Easchix tings. The
stripper colutnn was aleo & B-inch pipe, Jacked
W a helgat of ¢ feel with X-neh ceramis
Easchiz rngs. . Initially (experiment a0 e 12-
to:15-percent carbensle snlution was naed; but,
hecanse fAooding was encountercd in the strip-
per- o flow rates of onfy sbout 1.25 aul, per
min., . the amount of cwrhoen ddiodde -
recyele gus wos not reduosd suffigiently. When
the rarbonste wias repleesd by E0-poroeht
3L, B, A. the rate of fhew was incresacd 1o 2.2
cal, per min., and the awount of earbon dipxide

e & s v g 1w SO




