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Although eobult wae found durable it experi-
ments 1 to 5, further experimentation with vhis
mederial was cot r_:a.rril:}ﬂpo-ut, sxeopt for 4 short
beat {experimont 6. Ae in the dry-Toed experi-
menss with cubelt, the liquid products were
warntially eompletely saturstad, aa shown by
the date of tekle 6. This meant prvloction of &
poor quality of gasoline with & low onetane
rating. 'TW¢ more mmporiEnt nd molivading
redsons for discontinuing tha use of cobalt werc
moncerned] with s high cost, the prehintive
amounts that would be roguired [or large-scale
operation, wnd the potential scazsiiF in 6 tine
of nawonal emergeney. .
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As shown by the dota of table 4, precipitated-
iron catalysta Tequirsd operatiop Empersiores
50° o 80" C. higher L
enmparable produetivity. Higher beilioy outs
of oil bad to be uswi a8 coolant. Despifo the
inorensed temperatures, the specifie yiclds of
O, plus Oz {23 to 35 gm. per m.5) wers rhnnst
glways less than tlhose obiaine
rtable 3}. Whereas the usage snd feed-ras

ratios always were sipilar in Lha cobalt tesis,

1ie uaa;ﬁ ralin now  legged  cotgiderohiy.
hajor difficulties that had not been ancolinfered
wich cobalt wore disintegration and agzlomera-
tion of pellsted s well &8 granular precipitated
irom ; eventizally s prehibitive pressure droy
perozs the bed resulted.

Thesa cxoeriments led diveotly Lo the sben-
¢ anment both of precipitated-iren catulysts end
trickle-fow eocliog for the remaindor of the
pifot-pluni. development. In all gubeaguent
experments to be discuseed the gubmerged-ledl
pringipie was employed o cffect tefnpeTacirs
control: and the catalysts were prepived by
fuasion of iren oxide, except w. e preliminacy
tests, whore loth pellete
toted gramaiar iron wore ased-

SUEMFRGED, FIXED-BED EXPERIMENIS

PEELIMEART TESTE

To determine wrether temperaiuzs sonkiol
eould be improved by completely submergin
the eatalysl in the cocling medium, sevars
submerzed-hed legta were mada wit the sume
appazatus, and the same type uf catalysts pnd
coolng ol »s doscribed Tor the trickle-flow
experinents.

The initial tesly (exporiments 5—F and G} wore
miule with pelleted cobalt. The catulyat for
cxperiment 5—F had been wsed previeusly i
tiickle-fow operatinm while that for cxperiment
B was & fresh catalyst recuccd with hydoogen.
The gas saturater was b passed during these
toste, and the gas wes fed éll‘ﬁl:tf.}' ac the bottom
of e converter, The aperating zrovedure was
the same o3 that deseribed for trickle-How op-
wation. The iemperature was still controlled
iy varving pressure sines EVApOrAtive cooling
wie employed,  Vapors and wureacted gas left
ine renclor overhead and flowed to the com-
demzer from which the eondensate was returned
to the reactor by a cireulaling pump.  In ex-
perment 5-F ths Houwid was returned to the
tap of the reaetor, while in experimant G il was
sent I ot the Bosbom. Al gas rotes Jawar then
sn lourly apace velocity of 304, execllent tem-
pemature coairel waa attained signifinanily, the
petivity of the exsalysl was owimpwred. Hew-
wver, when this pos rete was excecded, the gau
tended to dry Lhe cetalvst at e entraves of
the conve-ler, as it had o trickie-How operetion,

an cobalt to scowre-

with cabalt

cobalt and preeipi-
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and & Joesiizod bot apot was producsd at that
point.  (hienching ofp the Jot epot was accom-
plished by redicing the gas fow, tius sllowing
tha liquid to floed the catelyst,

The next subroerged-bed teet (czpecment
6-C) wos made with the used, pracipiteteddron,
gracular eatalyst from trickls-flow expesimant
€-B. Tn thiy experiment tin pressurs arep
slong the converter lind incTeazed more then
desired, but the rasalyst was sl setive, To
avoid hot Apols nesr the gas ectry, and,
erually important, to soara E.EEquute ietriba-
tion of eocling lquid shroushorm [e sntire hed,
the cowiling ol Was taken from the top of the
converter atd eireculeted upward through the
eatalyst by means of a puop, The Lus Waa
sent threugl the saturatod befove it entored the
bottorm of the convarter us 5 Turthar precantion
weringt the possibil’ty of drrirg the eatalvst.
Severs physival disinferration of the catnlyst
and buildup of & proMililive pressurs difer.
entigl through the bod necessitated a sh el down
sfter only about 1 %eek of operation in this
manter, but meigo mfecrintion way obtajpad
al hourly space Teioritias of 100 aad 200 o show
that the eatalyst moilvity w53 unimpsired by
submergian in ol lber expenirmentstioh
wit this tyoe of yystarm appeared very desirali(e
wia catalysts moce restalal to Jisintegration.

Warar- S

ey Ratrigeratad

AFPERLTUS

Equipment nsed for the abmearsed, fized-hed
WEPAIIMents wa3 eascnfislly the snine as that
sad Era viomaly for trickle &w, but & pump wna
added for cirenlaticg ke cooling medium
throngh the eatalyst, ss shown in figure 6.
Alag, the ni] from the overtenad, woter-cogled
condSLBET waa now Tallused into the recyele-oil
Tine on the suction side of the cireulati fig pamp,
rather thar, as previons)y, ueh & ecparate
pump arid preheater into tha lop of the eon-
vorter, (a3 and cooling cil Howed cocrTelly
from, the hottor to the top of the converter.

For ezporiments 10 i 12, & 2-incl lavar of
Aloxite (2- to T-mesh) whs ueed beneaih the
carbalyst for dispersing the pas. Becanse Aloxite
disinieprated. K-angh or ¥-inch stesl shot,
stch leyer 3 to 6 inches deep, was Aubatituted,
beginming with expeiment 13, In expsriments
10 and 11 the zas wae passed! firsd LE hoa
“saturntor,” whare it waa satwrated 4t i)

- Wnpergtures with hydrocarton rapors to svoid
avazorative cooling nad the attendaat denger
of dey spots oceunting st the bastom of the
catalyal, bed.  Atter the applicability of the
prineiple of nonevaporative ¢ooling Led besn
demonstroted i experiment 11, this emturator
waE No longsr needed and wus ramoved bedore

-
1

Prasture regulotor

coaled
coadgnyer &zg

condaagar

: . Taib=-gas
Choraagl
spirits @ meter

Raflux il
o UEQLE . \
m::ayer =1 Light oil |
- == || qlase i
AT g
:;;ﬁ% - 3
¥ ;.-j i / Aquédue ::
fﬁ?j& / feyar '
,efrg ] A : Chereooi-
ﬁ.ﬁ g ff ; acagr pilar
Strorners ;"fﬁ?? Gos— ! Charesal- syshem
; . ? helder ¥ torbed
i 2 %
il Gox saturator
r preheghar and pratacter Exit gas

@.-q——- Fregh emithecis qos

-

Lavgl
ot rotler

i

Fragh feed
| mif

Qil-recycle
pumgp

[~

e HEquy-al Crowaft

Fusurz f—Submereed, Fixed-Bod Prooes,




e el Ae—SLTt

EEPLRCSENTAL WOERK 1f

cxperiment 12F Uhercafter, gan wos prehaated
to reaction temperature by means of an electric
heatar. Aunelbher minor modifiestion mads at
the timas of experiment 12 was to return Ll
reflnx oil ditectly te the tup section of the con-
verter rather Lhan to the recyeleoil Hne, Be-
s of 3he beet lopses inhorent in small pilot
plonts, the recycle oil had b0 b preheated to
sopvarter teor perature.  DAring experimoents 10
tv 12, an clactric mmgereion hester was em-
Elcrj'ed; ot the start of experiment 13, this pre-
sater wus repinced hy a coil hested with
Dowtherm. ‘Uhis changs wes made to pravenh
wraclang of the reerela ¢il at the Migher temper-
aturen on the wiface of the immersion hoeiel.
Tn iargescrls operation, cooling of this ol
gtreare would ke requirml, since 48 mueh B2
o0 peerent of the heab of renction comld be
removed by circulating oil and recdvered b
sencrating high-pressure steam. Starting wi
e xpez et 14, provimon was made fer recyeling
the tail gos to the bottom of the eorverter by
freane of a reeycle wunpTessar. At sbomd tho
awmue bine & second internally cocled pilot plaat,
gimilar t¢ the original slrewdy described, wad
comnpleted sud nzed for experiment 14,
Trodnets and urreseted gas passed overhesd
i the condsnsing syetem 1w which gases and
hiyuid prodncts wers separated in the water-
eooled >ondensar operated at 407 1o 45° C., and
in the refrigerated ronwlenser operaved at 5° C.
T liguid producis ns}naisﬁnﬁfi cil, water, and
cevzenated orgenia componnds flowed by grav-
ity min aps hansath tha eondengers, whers,
becanse of fmmiscibility, rapid separkion into
aqueons and oif layary wemered, & f4]Ueous
laer, whivl: eootained most of thre OEFmensles
wae withdraswh Tegulstly from ewch frap, RE Was
sua putite amounl of ol collected n #he zelrig-
craled cordenssr trap (light oil). SR
ATl of tha oil from the water-vocled condenser
trap (refux oll) was returned 43 o meRfmred
stresm mbher inio wia recyole-oil line or tov the
bop of the converler, 8 waa mentianed. When
praporative conling was employad in ari-
ment 10, this reflux stroam mided primarily in
moinleining the liquid Jevel in the conwerter
and considerably reduced the amount of fresh
fred ol that othorwise would have besn Te-
guircd.  With nopevaporative pooling, as om-

ployed thercafter, this réfluz wae nob uznally

requited to maintain the liguid level in the
sonverter, but rather served ko ratain o pertain
grnonnt of rolsbivaly Heht matarial in the cool-
ast ood provont lﬂlc builldup of tow great
soneantration of high-Toiling producta.

T Rt suhuuseod-ted scppriment candanad ot 1ba Lewwom, B,
sratioa.

Withdrawsl of heavy il depsnded on the
mede of cooling sslacted, With evaperative
cooling the heavy product oil wos remgved
froquently frem the satarator to muintwin £
relativaly low boiling, solatie condant in the
ranctor. WhHen BOLevaporsilve cooling was
used, the heavy oil was drained only o anain-
tain & constent level i the converfer
gertain eopremtration of heavy moterial and
wex wae thaa intcotionally built up and T
tpined im the coolsul o fambitste this made of
opeTetivg.

The gas leaving the condensivy gystem was
pessnd through w haek-pressure regulator to o
recovely Syskem where notiveted chareoal re-
mored almoet all of the nrcondemsed (b
sagpous hydracarbons.  This system gonaiated
of ¢ mratlel vessels, eack of L cu, f1. capavily,
whieh wers msed elternatively, Each had ec
abzorption eyels of & hours. “Ihe et gaz was
rwtared, samphee for analveis, and rejected tu
the atmosphers. The material retained by the
chareosl was stripped by meana of superheated
stanm. Tha heavier fracyion was condorsed in
& Tofricersted trep; the lichter portion, maiulf'
(', and €, componects, was metered aod col-
lected in & gas holder. . :

RAW MATFRIALS
STHTRLSE GAS

Hynthesis gas was nreduced as reported
under Bench Seale, Trickle-Flow Investigaticns
(ooz p. 9],

CATATTET

Coppnerdal,  syothotic-ammnoris-{ype irou
catalyats ware tested (T3t beeauss they sesmid
to bage the bendness sod physcsl strenpth
reguired for submerged-bed operstion, The
vrermical anslyzes of twu sucl eatelysts, Buresu
of Minaz Noo. D-3001 and - 2006, are given
o fahle 7. ‘Ihe composition of 1hese eatulysls
wan wirtuslly identiral. Tuwir bullk densities
(4 to f-rnesh granules) weve 17§ (J)--3001) and
143 . per cu. o [D-B006% i particle
size wns ugad m el [ixed- experiments
rxeept 16, in wlich 2- to 4-mesh porticles wers
ewiplored.  Although catalysts discharoad affer
2 ar 5 monthe of operation showed littls evi-
decoe of luws of alren or hardnees, con-

“eiderakle reduction in the size of the particles

ocourred,  ¥For exacople, e cherge of 4 b 6i-
mesh catalyst showed the sieve analysis given
in table § pfter 4,300 hours of operslivo in
experiment 14, ’

The estalveta were redncad with hydrogen
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before exposure te svblbesis gws.  Hedocting
coaditiona were as [ollows:

Ezprriment MNo-. _..___ 10 to 13 14 to 1T

Temperstmre ... 50 ___ dE-500 450500
Prowmw oo xim o _ L L
Dorlion o or,._ -

©B-ED
Epoee velacity __ et ¢ 1, BH-L B | LTINS, 000
Mozture contant | of [
let Brdrogen®, | __sm.

ILO par mF. o 2| <4
Nacduedoy of won __ weil:t-
L - ELIR HEOE

! Bleeziargd st b,
? Rarlple plus qusknup,
Tanue 7—dnalyaes of ronr, eynleffoammonin-
type dron colalysds :
[ W elgbltprremn th

—
D-30m D706

67- 33 ad. €2
4 53 3, b
il ] L. 08
.52 . db
-t ) -

' Of Lbs bolud Fe present ns adide, sboing 35 ooay foere wrd. +4 faTTOON,

Tarer 8 —Sieve cuslves of weed, symthetie-
amoned-iyne ok cafadye (originally 4- fo
F-mesh)

A Cypical nnolyziz of the bd-noen was:

FiAtitte o e eemn
Hrdeogen oo e o am.. GRZ
Xitmg%ﬁ?__________-_. ___________________ LB
U¥vger o . R, )
Carban monexide o oo oo, -== Trae
Carbon cloxide ____________. ——- Dn,

L the mitiel eyperimetts {10 to 131 this
opecttion was onducted in che poovertar; be.
Elnning with experiment 14, & separate 4-imoh-
dizcpeler unit with eepacity for o charge of
ahout 0.05 cu. £t of calalysl was used for this
plrpees, 83 showe schematically n Fguma 7.

Becyeling the exit paw during all of the rede-
don  dreafaenis subsbantinlly derressed tho
congumMion of hydrogen.  As 80 expimnple, ic
experiment I4 the fresa hydeneen constituter]
Dﬁy 6 volume-perornc of fha toral pae fow.
Lzsentially thz only fresh hydrocen reguired
with Lhin Lype of system wun an amonnt equiv-
alent to that ronvertad to water by the redue-
tien of the axide:

Pealdi 4 +E1—rEFe+ 4H0.

Reeyele was made pozaible by deving the gas
after it passngz thro e hod valulys.
Doving wes seeomplished by cooling and eom-

resgion. Im all experiments of this zeries pre-
itrnary drying was «lected by cooling the
ghaca from the rediucter at substentially ebmcs-
plevic pressure by pussing them hrough e
wilercooled condenser opurated at 50° 4o 85°
C. snd then through o retriperated condenser

] r o ) . operated &t 57 (. The lnal dreyiug operction
Mesh sine | Weight- sk sles | W elght- foliowed comnpression. In ﬁxp-:ri:nucll%‘tali!} ie 13
b pereom the o was compressed to 125 poa L g and
- oo then cooled to 35* . befors expansion and
%:% ________ éag 152 recarn to the madueter. In exzperiments 14 o
[ ]3-2 {%% 17 eotnpression o 350 'E‘ s 1 g was Jolluwed
Tt ) e by eooluz to 7 O, Throughoab tlis serfes
COmErEssor
154 |b. In-gas sample
[ Refrigerated
L L]
Hyaragan condeee, 3°C. Ref -igerabed

T

b
Pressum
~ggulater

Condgpnsad water
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muakenp hydrogen was introduead into the mitin
stranm ob tie suebion side of the eompressoo
Rednerion was veaally continued mmtil (e
mmstire ocomtent of the exit gas oid not excecd
thet of the indei zas by more than Gl or 0.2
g of water per 1. [or ezperiments 10 1o
i3, 90- fo B3-porcont “advelion of iron wes
aohieved; in cxperiments 14 to 17, 03— to 0F-
poeeent.  Three operatiag variables may have
. ooncribuced to LIE: impmrement: Inereaded
hydrogen thrnughpt, reduced moieture content
af 1he inlet zas, and rxtendsd tires for trealment.
Fellowing reduativn the celalyst was cooled
< Toom uwsmperadrs in hydroger, When the
soduction had been conducted m place, the
enpverter wae Oooded wille carbon dioxide and
memtained al, & shight pesitive preeeure wuler
Ukis protertive atmosphere unlit o thesis was
begup. When she reduction hed been con-
dnated in the externsl redactor, the cocled,
redoced caie.rst wae discharged wndrr carbon
Jomide oo wwslight oonfainers and stoved nntil
il waz mended for mee. The conteiners swere
maintamed under savers]l ponde presscre of
enrbon dinz'ds to probect the contenta sgainst
wtmosphieric oxidation while in s.orage.

CooTIae O

Tn tte injtial cxperiment of this serien (exper-
fment 10}, in which heal of meaction was re-
mored mainly by veponzatior of eooling oil,
a petrolsum nephitha ent boiliag ab 1957 o 2027
€, wag eharged vs the cooling medivm. It was
expected that coolant boiling in this ravge
would limit the tempersture inerease resulting
*om the synlhegis resction to not more than
16 U.; heot diecipaticn was assurned b0 oe
affscted only by evapneative cooling.

- MThis «arne t7pe and enb of patrglermm né ph-
tl:n, was abso uzed ag the coolicg oil in experi-
ment 11, i which (e heat of resction wis
renoved essentielly ss sengible Deat for the
Hirab timeo. Higher boilivg meding oile were
aelooted therealler. In experiments L2 and 13
v, comtrercis]l minera] od, Primal D (200" to
4007 C.}, wae nsed. For experiment 14 8 iruc-
tiom (250° Lo 800° CL) of synthetio diceel fuel,
yendneed in & Wischer-Tropzch plant av Harnes,

France, aoreed s egolant. The Harnes pionk
amaployed cobalt ratalyst. For all work afler
wxperitent 14 oils of the desired boiling range
{3007 to 450° C.) were prepared from the prﬂ%i—
nots of procedin pritnents.  Afwer a few
duys of eynthesiz m all cxperiments excepl poz-
eibly azpericient 10, most of the origiuaf oil
sppesred to have been replaced by produets of
reaction. In other wordd, a steady niale was
reached in which “he material produced by
the ryritheais wag the gourea of the ecolant und
the progess was self-sustain'ny vrril terminated
with all of the coolant reguired roduced by

arnthegis. A fypical steadv-shate Tacyole oil
SEEW? oil) from expesimant.13 showed the
ollowing chusracters lacs: -
TRV e . <mommw-m-sammmoomm o= 2471 B30
Bimple yoeaum distilation * €. leorrected to

1 atm.):

st drop o ccoe cmmcmammom o em B
B wolImE-QETEROE. o ocmm o - cwre——m = 440
10 volsme-pareeit- - .- BE3
M} yolume-percehb_ - ... 470
&0 valume-parectt_ _ o Gl
40 Toluuie-peroenhi_ - i 4N
5O volurospRr et - oo oo 415
RO ol mespEreeit . o mememm o 443
B3 wolupe=pereznk . - e eu———_ B0

"Einomatis vigoogity Ak 12{!-_"_&___{_2¥HE F.}

e amm———aum— - __ventistoksr 4 4E

In fized-Led ezperments employing noeo-
evaporative cooling a flow rac of 35 to 50 pal.
pev hr. of oil muintained 2 temperalure differ-
antin]l of 159 to 20% . between the oy and
hettom of sn S-foat casalyst Isal at Tl-parcent
ronversion of the synthesis gas flowing ab an
hourly =pace veloeity of 300 in terms of fresh
paa.  Thiz fow of liquil rorresponded to &
velocley of 0.023 to 0.040 ft. por gee. based oo
ihe total crossscetions] azes of tha converter.

OFERATICH
. EYAFORATIVE COULING

A3 i the leiedeflow ¢xperimenls, heat dis-
sipation snd temperature watro] were oD
cficetad by evaporative cooling jn the firsi
submerged-bed rm, experiment 10, Since tha
tem prrstiee dopended on ihe pressure, sitnnd-
taneots changes of hoth variables ware required.
The procedure cploved will he discuazed

riefly. )

After the eatalyst had been recduced in the
eon verser, eoolicg oil {boiling at 195° to Lths® Gy
wna charged to the STerbow tewol whils an

adegruate dow, of nitrogen Wes maintained. .

The tappersiire was raised to about 200° C.
by passing the oil hrough the prehewier and
prefcaling the gas n the saturptor. At this
{emparafiire, Proseure wWis incregsad to between
50 gnd 60 p. = L g, and 1H,+ 10O gas wes
introdirced sl an hourky space velocity of 100.
Te preszure was redsed in increnents to sbout
46 p. &. . #.. 80 that the temrporature JILrEAAsC

miekly Lo between 360° and 2707 L After
?hesa ronditions had been mintained for sev-
erol doye and @ stewly sbtate hnd been gatah-
lislwed, the space veloestv wad increased to 200,
To madntain 265° C. at this fdow rate the pres-
sure had 1o be meiwed to 100 p.oe 1. g VROT
sompletion of & brief period of eperalion st a
space volocity of 200, the rate wad inererscd

Eorther in 30 aod the nressure To 1IN E. & 1. &
to mointain 205° C. After thal. conditions
were varied fraquently to study 8 number 0%

rarighles,
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Steady veaction conditions preveilsd aa long
a% the recyeling 1aie of oil wno eonaant, but
the spstem was quoite sonsifive tn changes.
{rring to mechanizal faileres of the odl puang,
runaway temperatores Cwecee observed seven
timee durite thia min,  These high temperatures
cumsed carbon forrmation and quickly loworod
the activiny of the catelrst.

NI Y APOEATIVE COOLNG .

As operating temperatare and pressire had ta
be varied smeltaneously in experiment 10, the
affect of each could nol be ohzerved fndepend-
ently. Furthermore, the temperature gradient
uernza tne bed varied with oporating condition:.
For these veasons an atterupt wus made in ex-
periment 11 tn cvolve a methad of operation
whersby the heat of rosetion would be diesi-
poted s sensible hual of the coolznt oil. The
first 3 daya on stream were dovoted to astab-

fahing u mindmoe operating neessurs sk which
cotnparabively wide varistions of ferperabure
were poesible,  Thuring this time bhe prassure
WS Nerwiand I inecrementa until, st 3 prossure

‘of gbout 150 p. s i z. and an hortly space

velocity of 100, the temperature eould be oon-
trolled indepea&entl Fof pressure.  fligher pros-
euree wnd gas ratcs could alse be used at soy
desired teropecature.  The flow rate of roevdls
oll conivolled the tomperature evadient acyoss
the estalyst bad, With the eatalyst submerged
Ty TIRAWAY Letrpersiorea oecurred, and opera-
tion waa considerably stocother than in il

“previous sxperiment.  Thiz mode of eocling

wal thercfore adopied for oll subsequent subl
mergad-bed ezperiments, .

Tg—pical condilivis for fixed-bed operation
(from experiment 17-B] were: An houly space
valoeity of fresh gas of 300 (123 5. T. P, ca. 6
per hr. per (141 on. ML, of eatalyet) @ preseyra, 300
p. B L g.: gasrecvcle ratde, 1:1; cil How, 50
gal. per lir.; meximum tempersturs, 236° to
265% (,; and viee twwagh dhe Ted al FO-peresmns
ae conrermion, 14° O A heat balenpe for 1
v of such operation follows:

B.L% Ferrmt

Heat libatated:
(2200 (0.7 o tE 2 VRV L Wogee uw il . B,TH 10
Haat ybaorbad: .
&) B; T alk;
_[ﬁﬁtﬁm.mr AL I0A B 14 par Ty, 7 )
(L O Pt "Gt e oD n.Am ;1]
© M Sy et . ’ -
L LT T s R RS Ll N -
L C0 COfEDTD o e e
Y- tmtlhmt:r[- v Chio oy e 15 1
. b, oF ol viguBrod) 0125 By B, L e mmeld___ . R 11
Tzl y - . B, P _‘;ﬁa

.'I.‘hus,.‘aﬁ to O pém-ant of the heat of reaction

“was remnved rs aetitile heat in the oroploting
oil. In largescals oporation wirtually all of

ihis heat eculd be rercversd by eonventiomal
heat exchangs and yaed fo menerate steam, On

“dueiton
-mank 12 wrproved sivnificantly over experiment
‘11, Specdtically, operating temperatnre was

the ouher. bucd, hoat of renction remuoved by
evaporative ancding {as lawent heat) engld oot
ba reeovared ee allicientdy owityr 4o the presenes
of the permanent gases, Therefore, an ceo-
oemic advantuge as well a4 cbiaidecably im-
roved temrporatire control i3 cainsd by Lhliz-
mg the prine’pla of nopsveporative sooling.

INTAT SO

Sincs temipersture waas tendersd independent
o1 oparsting pressure by empliFing nunesupora-
tive cogling n oronent 11, an improved
methad of ratalysl mduction was develcped in
sxperiment 12, The fmmportsnce of infurtion
of the eataiyat io ibte wetivity and lfe Lad been

shresead hr man{ Crarman. investigators (56},

The arbitrary dustion nzed For eaxperiment 12
was based oo the sesumprion thet bekber
artivity wonld result if temperalwe snd con-
varsion wete nesaased graduslly over o period
of several Jaye. Aftcr cnengh ccoline ol had
neen added fo the aonverwer throagh which
nitrogen woe fowing, the rate of o crenlation
wis wdjusted to the reguired walue ond the
tomopernture  adjusted at 1A0° (0 Nikoogen
was then repluced by syntlesie gua Aowing at
an amuiy space velocity of 300, based on tho
volume of the sattled hed. After the avsiem
wus purged of nitrogen, the pressure wae in-
creased to 300 poe. & g Dwing Lie jodwstion
the cemperaturs wea steadily raised from 150°
Lo shaut 230° C., whera 30 percect of the ayn
thesla gas was convested.  Tlis lemperature
waz maintained for 22 hours, The eonvormon
was then reised furtliee by increesing the tem-
poreture and msintained for 242 hours et 43
peurenl.  Bimilerly, it wes maintsfned st 60
percent for the next 34 hourz. On end alter

-the fourth day T{-poroenb -nonversion was

obiained. A wnmmaery of the nduetion pro-
codure i

R.L00 Trmpera—
ooT- Waxinnm | ture difs
Gale, Murch “845 [ veraion, § towpen- | ferentisd,
valnme- | hure, 0. vgl
marzant .
 J 30 R Qa2 14
L S 44,1 2a3h 15
B et e B 1 v Al
R S . & 135 1

Apparently zs a resclé of the chenge in -
aedure, catalyst activity in experi-

loworad by 10° o 30° C, an cffort to im-

prove perlptmance to an even wreater Jegree,
further modifirations in mducHon were mhade
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in expeciment 13. With gas fowing ab an
hourly ?ace welocily of 100, the tanpsaraturs
wasg gradually inereesed to uk0® (1. ovek & 2-doF
parind to reach & conversien of 70 percent.
After 24 hours bhe howly space velovity was
inrreased to 200, held for s few hours, and
finglly incressed to A0, lven thoueh the
mamm:m temperature roached 5087 £, T0-
pereery colvorsion was .wh attained. 1
method of induciion was thereore abandened.
The slepwine method described for experimeat
12 wa3 uged to induet Lhe Zrash catalyste In all
of tha remuining fixed-hed experioents.

EYNTHESE

Following indirtion, syonthesia was carTied
oul %0 s £o obtair, eonvemsion ol 70 pereent of
the eynthesis gas. For experimenta 1U throash
16, 1H;3-100) gas waa nscd and for prperimet
¥, 1.oH+ 100, An- active CHhty FAL re.% red
an jnorease in temoerslure of 19 or 2% L. per
weei Lo méintam sonstant conversion. As the
orbalyst aged and telnperatures were mereascd,
the usage ratin dechned, end proportionslly
muors varhon monomde woe copsumed, »uo thet
the Hy: OO reto i the wait gas increased. This
eondition i undesirable, bocauke it 1s difficull.
o sttain high conversion of svmilesis gas of

zuah composition in mulkistage operaticn waere
the ext gas [rom che cohvweTtal iB to i maad
as the fecd ges ‘m the next.  hlorecver, &
hydropen-zich synthes’s gas produces grester
amonnis of undesirable Gy plus Oy ghsea.

QA5 ERCECLE

To make the usage ratic agres elosely with
the eompasitien of the Mresh gas, & porticn of
tha toil gae, [vom whick water had been lavgely
rerneved bY cl:ru:rlj.:1§ to 5% O wi gvnthesls pres-
sure, was recycied starting with cxperiment
13-4, By this means tho pertial pressure of
wakber waa redueed, and tho wowount of carbot
monoxide eonverted ko carbon diozide by the
water-yas shift, HO 4 00—H. 3000, was Te-
Juced  substantizlly., This, varietion of tte
Teevrle Tate made possible & phifi of the usage
ratio within certam limits, Iu additien, pa-
ryeling the gae improved tha metivity of the
ownlal Fet.

"CROELEM CF CATSIYET AGALOMERATIOHN

A mejor difienlty enveuntersd in thie garive
of expuriments (12 to 171 was gradawl inrresse
of pressure differential tirgugh [he catalyat hed
during synsheeis, This change was pauzed by
agglomersiior. that intecfere with the flow of
par- and ol snd aventuully stopped the czperi-
menda. . Burne terdsncy towars lowser con-
cersion wsnally socompanied this plogging, end
she ioeaparesire bl 1o be raised o meniein

the desired conversion. At the end af all ef
thege cxperimunis, each of which was Operas
1 manth or lenger, tae catelvot wes cemected
together go firmly that il had to be chiscled
ot of the capvertar. Heavy dcﬁgaiuicrﬂ of
carbon vermrred on and between L catalyai
particles thraughows the bud, B aridenced from
tho Zact that chermical analysss of the eamenting
aterisl s1owed ita fros carbon contenl to be
10 o 18 weight-pereent. This condition wis
figt dus to hol spois becatsc the temperaturs
was oontrolled very precisaly and the eatalyst
wos alwayps subrerged in mrwing ol How-
ever, the rara of formaticn and dopogition of
carhon, &5 indicated during nq&ru.'..i.on Er
messuTed Ercssum differentinl through -the
eatalyatl bod, were sceslerated when high tein-

eralnras (3R5° to 3057 C.) wers earployed
-E: srimenta 12, 15, L5). :

)?artil_:les trora & cemnented cabalyet (experi-
ment 14} were gull active, evan thongh the
astivity apparently had dropped shsu:fl}-* during
cvnthesis,  This fact wag cateblished i A heat
macle in g small, fized-bed reastor #ith 4 sem la
of &scharged cetalyst (sgperiment 1: ;
Befiys thie test the entil¥at wad axtraetd with
toluene anc soreaned to reennva the fnes gnd o
separate the 4- lo f-mesh iraction. Although
the setivity had seemed to doo) du.ri.nﬁ experi-
ment 14-F, the activity of this extracted pam la
wig actuslly equivalent to that obtained] ni-
tially in experiment 14-A Tha semplo per-
formed catisfselonly in the fized bed for an
wdditional 2,400 hours, @ totel of 4507 hours
of srothesis.  Thus, 30ma whirsics] phenomeron
aspnctated with rementation, such aa flin
the void space with earhon, caused the decling
in petivry observed in experiments 12 to 7.
Tar thie reseor a cellmis elorh wis mads i
weoid, or ab leask minimizs, tha nerurrenca of
eornenba o

Pregzenee of Acids. -A certain eowmRE of
oxypenaled compounds, inshuding orgarnic acids,
wag formed in @l experiments,  The acids sre
gucpected ak Adverseiy nffecting ihe physiral
rirenigth and cherical selivicy of the catelvot.
Tn moct instances, when the sooling oil became
durk pod its iron content waz ingroasem] (ndi-
cating diaintegration of culalyst], the goid
number of s products aso Teee to & marked
degree,  TTowever, the aoid nymber sometimes
rose, even when the wmount of iron in tho re-
wrela oil remuined low. The increased Tesist-
gnoe bo flow through the bed was abso assoeiakad
with the %res:unm of acid wlhen a InTEe [EoesUTe
drop developed *n experiment 11— Lis teak
flowed a poriod (14-B) during which the
acidity of Light oil and wpieous material had
been ligh smomgh 0 cerrude the stesl pips just
helow the overhead eondemser. :

Tl

ook i

fe vt teges e = e s N N
e o P : T, L et ETRERTL e e e e TS
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When & sample of wonsed, Teduced imon
ratolyet was pleccd o ol to which cnough
glarial aeetic acid had been added to give an
acid pumber® of [3 mg. potassirm bydvoxde
por grom of cit end the semple wes wacmed
slighlly, che catwiyal froze to o rigld mass
within 5 minutes, A mixture of propiowc
acid and ol havinz an aeid number of 10, and a
light product il (From experinens 1440 with
an acid number of 3 acted smiludy.  An
adaitionst  eet made with pelargomic  ocid
(GHCOO0H), boding point 253° to 234° C.,
demomatrated what Ligher acids in tha cirenlag-
ing oil affeoted rmduced catalvst similarly.

Bucause of Lliwse obzervariona, several at-
tempts were mede 40 teduce the arid content of
the eocling oil. lo cxporiments 14 C, 16 4,
wnd 18—A the overhead eomdenzer was cpornted
“hot" (100° to 1153% O) ratbe® than “enld™
(45° CLY, beeause it was thooght thab olimine-
tlon of veflux wonkbd allnw ehe overhead prodaet,
contaimng moat of the ecid, o be romoved
evinpletely nod eontincously, thos redysiag the
acid content of the eircvinting ol Further-
mota, tha feed oil for theee cxperhnents was
newdralized by treating it with an arucous
caustic wash, followed by a waber wash o
remieve . the sodivm salt. Th a morn direet
a.pgmn.-:!]:[;: soversl ohurges of alrohalic sodinr
hydroxide were injectsd inwe the recyole ol
daring experimant 15. Despite theao offorts,
cementation was nob prevented, snd the weld
cuntent of the circulotmg o] remained e
gentially imehanged.  Congequently, these pro-
cedures were abondoned,

Usa of 2- to &-Magh Catalyat.-- Another st-
tempt (o prevent or & leasl Celay cemertation
wag mads by ua larger (2- to Lrmesh)
cala'yst particles with greater void volume in
experiment: I6-A.  Thisv calulrst wns reduced
and indueted in the same manner craploved it
experiments 14 aud 18 and vsed under similar
opeTating  cobdifions; that 1s, howly  spmes
velocity of 300, 1H, 2100 avnihesls gas, @1
zas reayrle, and 0-porvent converdiso at 300

.2. 1. g, To achicye T0-percent conversion, an
milial ternpernture of 202° . was reguired,
gbout 158° . higher thun jo ezperiment 14—3
and 13° O, higher than in experiment 35-A.
The initial pressurs drop across tha eatslvat
bed was auly 2 p, 5. { compared wilh 5 ta 6
p- 8 i. for experiments 14 & and 15-A; sther

operating rond” Hons were the same.  After 28

deva of operntion the presamre dimyr had in-
erensed ta caly 9 p. =, |, compared with 30 p. a1
m experiacnd T5—4 after the smgne tirme of
operation. Thws, largar size af ile estalyat
particles eCected o delay in the Tpts ab whick
preseire drop developed but did pot prevent

rem e Lation,

Eelrroinet by ASTH Frusedute oS,

AEACTIVATIOR

When the ohaervad zotivity had declined ap-
preciubly sfter 2,060 howrs of spochesiy in
exprriment 14-B, the eotalyat was roactiveted
to avoad Tepluestmenl, which for lerge-acele
vperation  wounld b costly. . The ol wus
drained from the cowverter; the cetelvat was
eylracted with toluene and then treated with
bhydrogen in place sl alincspheric pressute,
ternperaturs about 250° C, and so howr]y space
weboity of 108 Other investirators had ze-

orted that fhis methal of treatiwent, gives ai
inlervads, woo offeciive in restoring eobalt gnd
irom to satisfactory activite (440 nesidarable
amoints of metharee, walar, amd exdon diexdde
wers evalved, ndicat cfummpnsit-inn of ro-
teined vrgunie maserials amdfor iron carbide
aad reduction of pagpetite to meteliic ivon.
Ths treafmen: was terminated after 7 devs
when the comoesiliog of e axit ros approz-
mated that of the meorurg bwlrogen.  Iipon
resumption of svnthesis, 7-percent conversion
was affainmd ah 3% (o L0° O lower tempernture
than belore the treazment. Ewen though the
welivity wes Improved, this method was an-
deazeble bevaure i involved dvaiming tha of
from the asonvertor and requiced s relatively
bigh temnpersture [or redustion.

u determine whether the catalyat might he
feactvnted at temperatures not destructive ic
the oil, a special tesh wien made in4 small, drey-
bed reactor at 273% C. with ovdrogen wnder

LE00 poow L % pressure. Ao oxtrooted 4- io §-
ple

tneah  saum of diackerged catalyst from
experiment 140 was used, The troatrment
effected substaniially complete desompesition
of iren carbide with oo elmagt identical meoreaas
of metallle iror:

el phl-pemegnt
Frzeiraend il

Totial Foome ovo e | RZ. 1
Total . e MLE 4. 21
Muolaltic Fo_ . .__ . e 1AL 60, 2
Fe us carbide ... R A | 25l
Fe ot accounted Soro_ o L5 2 i394

1 Zrobobly mocsly mognotih:,

1 ProbetIT zoms MasTetice.

Un the basiz of thiz test, similar resctivation
treatment wag given the submerged cotalyst
in expariment 17, Although not as effectine
as treatment b high temperavare (430° 1o
BO0® ), thig reactivatton reterded the Jecline
in acfivity and was wlopled as o standerd
provedure thereafter.

TS OF ETDROGEN-IICH GAS
Tt wue balieved thyt hydrogen-rish gaz wourld
lower the rates of formation of cacben end acid
and thus increase the lfe of the catalyat; ec
18T 4100 (nstead of 1TL4-1C0) was used
in oxperiment 37, To sasist Parther in main-
taminyg s [aicly high partial pressure of Ardrogen
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iv the 1ail gas, e reryolé-gee mabio was ad-"

justed te 1 so thai the vense rativ was aboul.
1.1:1. Othor conditivns were similar to theae
for expeoirnembs L4, 15, and 16: HUuﬂ}'-EF&EE
velority of fresh gaa 380, pressiure 300 p. 8. b g,
and convereion TO parcent. C
Tn seversl impnitent respecta the resulls of
Lhis operstion werc Inere satisfactory. Uian the
exserimenta with 1H; +100 zas, The presaurs
drop aeoss i bed mercased fromh s initial
valiie of 4 pu 5 i Lo o Towxdirnam of 13 pos. 1 im

3 350 houre, Thote Lhin twice the time, required -

in previess ezperiments, Wien the run wus

tormipated volaniarily, ‘the enxtulyst was sl

active, With 265° C. watficing for Ti-pereent
couversim. A 107 . inercase had, besa re-
wired fe maintein constenl eonversion during

thiz period, wlich was good porformance [or:

irun catalysts throughoat s work DTen
w=th tha ]‘.}'C].l‘ﬂgﬂ]l-l'iu}.l ars the gpecitic Field of
(7, plus O whe t71s 2ame {ebout 33 gm. per m ¥
3s obtaimed with 1H4 100 at prniler fome
peralntas. . K T T
T Altlivugh ‘eementation ocewrzed Ak u wlower.
rate, it wad. Tot. prevesd. as evidenced by
svanrial development of appreciable prosyora

cradient, - The cooelyst wad ramover rasily

from the 2-foct spaee-rd the botvom of the
eor.verter, bit tha rezanindar (about § feel} was
agclomeoraied  and hed 4o be celissled arnd
Avilled out us  the earliar uxperimenta. - The
u.ll%aran!ﬂ}' unovoidable Tecwoencs of -shis
difficuliy  led Lo ndoptiom of ; the _pi-ealled
“gxpunded-bied vechnigue-”: e
. ADDION OF CRARON HIOKIA TC FRECE aag’ i
~ Trom Mareh 16 to, 24,1944, limng eFpeTi-
mhent 16, scveral lesls were: made. in_ which
a]% roximal =iy 12 porcent of carbon divxide win
He End lo" the fresh 1H;-+H1C0 mynchesis LG
Tn.1 test aboul, 20 percent of earbon didzida
wie aidéd bo simulnte the gas mmade frow pul-
<epized ool oxrden, end sleem In a gea fon-
rrelor Operese Undel prestiro. The .resulls
[rom 1hese tosts are -sumarsrived | lable S

Whan carlon diodde was added, the emuunk
nf rarbon ceavoried o products wther {han
sorhnn dioxide exconde] the maximum amowit
ealeudulanl 3 the basis of fresh earbor monoxide
cocsumed.  Some of the added eerbon diomide
muzt thue beve been converted to hydroces-
buns, probably after convemion to earbn
wonoxida; - - :

' O 4 ITo +CM0 L HLEL

- Addition of earbon diowide imauired the activ-
© izy eonaiderabiy. Conversion of carbon moco-

ide and synthes’s gas drercazed, (he lntter from
approximately 51 to 34 pereant 8t tha suina
CPETELiNG  Lamnperaiires (mawieum 278° -,
AT—13% ). Henee, the use of suck fond
w13 Lok ceairable with Fased lrww.

FEAIILTS AND DLICURSON

ATikougl the astivitr of che cuabpst was
unsatizfectory in expunment 1f, thiz rurn ilid
derronzimde’ the ndvamtage of operstion - at
higher presaures: - The besl of rraclinil Wi
~ornoved by e cooling 'oil manly. 'ds zeneible
wewi rather thin latent bhest ol Taporizslion:
mizking' temparuime” oonlod indepondent - of
pressiTe. i 4. pressire of vshont L3 poAL B
s possibIc Bt hitel v spabd v elovity o7 freah
mu of 100 and staot 250 B, 5 iz, ab oo Lourly
epare: volocily of 30 R N
/ The daa whisined in separiment ' 12 Care
summaeeizgd iz thble 44, When' tha pressitd
wiis tnorepssd fro 155 14190 pos L g fperionds
1" thromgh &) whils-s dtnatgnt Qourly “zpaca
veloasy of 100-end 4’ miximim sémperatire of
2769 - wers toaintained, convirsion of T

Il
from'52.4' to 732 percent, aol the “ealonlated
spade-tind yiekd of Ca< miaterial mereneed from
172 10240 Teg. per 1® cf earelrst per day, ' A
furihar inefease of pressare,le 252°p. 3, 1, g7 (in
poricdl 4} ‘made it possible fo lowet the témpet-
wlure ro 2647 O and still obtain TF-percciit con-
vergion. A increase i thp usage Tatic Erorn
0,64 1o D.ThH ﬁ!su_imjr:nmpe,niad the neresse i

M Dapnis - Bffe of Gldition of carbom divide on synhesis with Fused drin i doperiment 164

" - Mele of cparsleg, SR ERred, ol catelyrt D 3008 Tanyd of mash iz 3-4 T Ea |7 fragl gpa, TINE, 10; b . I..stted pad. el -

L | 11 s | v N L AN
e LT A NI SRR - Ep Jlias rE ] 5 H H H PO L T
Synlliess Tae: . : i . R A0 e . . o P
A i o o epaloperomnt, eioaan] LTS senio: T+ EPS A N ' TN O [ . 1 S RROROPRR SN [ S
-'Euﬂrjt.m.,-um park £ - h.ammapw_}tr-_ T = Y P T B AoE | oo | CTRARES Cwecoe |wieE LR
B i N A . poa . Voga L wWiEe S onnL mLA K| 4w - T EPE - IS
B A 1 Oy R PR TR R ST AT 4 ] 4 LT FER LA a4
Teagasvatin, Ho:CL. i ] 11, =& I 1. ¥z | 1, 2 I, S 75 [
Orgoasele il Z .. k1 P . T RS EE 20, i - R
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Tariz 1G—Summary of data for axperiment Y-
[arata, =105 ; uxaleol Jpamaliue, Los sl espaoniet e ,mmiy:: _‘\.-q,,H'I:I_‘_ rAlge o gel 3iens, 46

: T i
Fenilibrinm pariad . ! e mamemaraoCaeme—o—aa 1 7 2 | 3 4 ¥obo&
O, reepels o6 o e e gl 8 15 15 h 0 |Ak-4D
Synthesia zas: ) . . )
. V. H. {seftled 7ecy ___________.. 10 10k 0] ino PALIT) L]
Conversion, wol,-persant: T :
e e ——- 64 8 ThE |- ¥%3 .| 8%8 | ELR )
W+ e a3 | #LO TE 8 Te. I | 7.8 7L 3
Loagorstio HeCOL L ___________ I}, ¢ 0Tl T, W4 76 I ]
Prazsare, maziougom_.___ S . N A T b 153 1%h} 253 il LHE
Temperatyre, * C.: e R i ' N BRI
Maxiroom Il TR .| 27h o] Z6d 253 w7
Thifferantdel . _ . ________ oo e . 16 15 2 e | 0
Tiatds:. . . - : . ] '
Hpeeffio, oo oo vvmmecm el O e[ 385 | BL L | BL 4 " L2 | TR
dpace-tima, of h— . e .l . : . .
......... ka8, gettled cat, vel/dey, ealocluted. | 172 B - AP e 5 M- 48T 627 . -
4 T e A ple.

prescurs, revenling another imporant sdyvan-
tage of increased opersting preswra, -
AL the highest hourly space weloeity fi0U in
period A} BL ifiereese in the recyoling rata to
about 35 b 40 zal. per br. of ol was adequate
to eontrol -toe tomperafure differsntiol o the

'r:.%l.al}'}«'i. b, A npllrﬂ.lfln lemn perabirs al

pearly 300° . was poesible st B convarter
pressure of 268 p. & i g, Even at this high
temperature, wheh wseally wodl] alech Lhe
Hzf%ﬁ' uzags racie advarsely, thic ratie inereaged
to 0.80:1, wod the space-bime yizld of Bgoid
bh¥drocarbona waa the highest that hed been
ebtained during this investigation, [ ..
Crperatinnal  dondivons “and selectad | dasa
from cEperiments 12 to 1Y pro Summerized o
tahlas: 11 and 12. Froduer date are slso shown
in table 12. ‘At the start of these tests, the
cetalysts ware B0- te 95-percent reduséd.
Exeipt for e brief imdmction peciod dncing
gaperiment 13 A, the bourly space Talmitﬁ( o
Sﬁ[lthEﬂniﬂ =25 wis maintained st 300 throughout
thia geries.  To mohipws Th-precend conwersion
of the pas, temperatmes of 2507 o 285° O wers
initially required sfher abepwive activalion.
Recyeling of tal gas (beginning with experi-
metit 11) nprovwed the getivity of the catelrst
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lower than the HoZ0O rolae m the feed ﬁm, _
ar

eapecially at higher temperatures end with o
calalyala, ) -

Catalyet seglomeration was still encountared
thmughoutugus geries. - Changes in aperatiom,
guch 33 2 “*hot’’ mther then a "cold™ condenser,
nza of am gefil-free Tead ofl, wnd direct caustie
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to solve this problem or ¢ven appreciably lengzth-

e operating timre bofors enforsed shutdewn.

The vee of larger {2 - to 4-mesh) particles in cx-
pevicent 16 reduced thw cave of fuerauue @ pres-
aurr dvep geross U catelvet bed. Chakle-12).
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that the test bhad tie o stopped. . Toe adididioe,
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mre.ﬁ', £1’Dbﬁbl}f becsuse tha £ to 6-mesh cata”
vat he
malter of fact, toe lower sciivity more then
overbulenced  any cadvautase  weeruing from
lawer presgure drop. : - e
. Dperetion with a hydrogen-rieh ([ 3H, 100y
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proviously. After alwit 2,000 houss of svi-
thess, the pressurs differeftial Bad imeréased:
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l%.hsi. L m expentment 14 doring a simkilar peiiod.
ert was no wppecent =hift m distribnticn of
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{tuble 12, catulyel sow 1,524 to 3,145 hourg), in |
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© The Hguids eollected from the sraten, shewn
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aboul 5% ta 10° (1. Heflux ol wea not coh-

sifrred to bo & product but was examined dmly |
to control the péopertiss of Lhe pil in the son- .
Tntal dailr yivlds are given in table 13, .-

TErLer.
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thesie gas {41, mixed gas (3, reevets (i) At
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: II. ._':':: ' .
Wz ter:conlsd” - |
caridénsde ;.

oond

axit gas (I, and the vharenal-sorbed gases (£,
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tablé 14, whiehiafsn conteins calenloted dedly
reraveries of compounde Cf through Cp
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