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EXPERIMENTAL WORK

- BENCH-SCALE, TRICKLE-
 FLOW INVESTIGATIONS

OEJECTIVE

Praliminery tests in 1943 and 1944 indicatad

thn foamibility of diedipsting the exothermic
heak of the Fiachar-Tropach svothesis from the
reactor, by internal evaporative cooling with a
liquid hydrocarben; howovar, adequate temper-
sture eonirol was not obtained in these early
gzxperiments. Diratic {emperetoresin the eruzde
labarstory unit first enpioyed wars baligvad
i hare reaulted largely from uneven distribu-
tion of the conlng lLquid that trickled divectly
oote the calalysl by grarity from & Teservor
sbove the converter. The sarly expermmants
had alec Deen confined to operation at atmos-
pheric presoore with the aynihesis trmperatore
sutometienlly imited by the hoiling ranea of
the coofiog ﬂqmd.
. Mo incresse the fHexbiliky of the %, B
Teneb-scalo unit with & presstie-Y ting gFe-
temn way censlructe] in 1944 so that the beihng
range of the coolant in &he reacter and nonse-
quently” the operating temperature comld be
varied ab will,” The ca t bed was 3 inches
in dismetar gnd 1 foot in depth, dimensions
thet were eonsidered adeygoate b reduss sab-
stantially the wall effects and allow & abuady to
bo made of the temperatire gradients and the
activity of the welled catalyst,

Tha gonl of this Ea.rt of the program in dﬁtve-l-
oping the gasaynthesis process was to mest or
surpess the catalyst longevity snd productivity
that hod becn attained In the nsrrow-tubs,
fized-dry-bed reactozs by the Federsl Burean
of Mines, Acceptabla performancs Ly this
stacdird wonld mesn = minimum estalyst lifa
of 2 months, 80- ta F0-percent conversion of
feed ras in single-pass operation, and a O £
Cy frection not exceeding 20 weight-percent of
ihe hydroeabon produet,

- APPARATUS

- Onp of the mora important advantages of an
internzlly coolad converter is simplicity of de-
epn. - figure 1 showa the benceh-scale Teactor

arred to above.  Thiz resotor consisted of &
24-inch length of 3-inch Sehadule 40 iron pipa
with 7 radielly ploeed, Y-inch thermosouple
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Fravae l.=Hanch-Seals, Intarnally Coslad Converter,

wells of standard pipe In tho catalyst eons
aboui 2 iuches apart.” Another thermowell po-
paial with the reactor made tamperaturs read-
mngs possible &bt sny poiot wlong the verkicnl
s o or shove the 12-inch Led of colalysl.
The apper 1% inches of the reamtor was Hiled
with 4 to $-meeh Aloxita grannles. This seo-
tiom served hoth as a distmbutor and s & pro-
heating aone for the cooling Lguid thet trickled
m from the Mguid mekeup tank or rafirxed
frum the parlial comdenser ins directly
abore the packed saction.  This electrically
heated condemesr contained bolling water in
the jeclet; tha tempersiure was contmlled by
the presaare of nitroeen gbove the boiling lig-
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eopntent of the sxik 2, 3 | i
‘tube & 15-nch length of standard 1.5 {nch sipe,
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Fragnz 2 —Bonch-Sewle, Interaglly Cooaled Converter Svaiem.

wid. The ma:ét.a.a:.t‘.—temperatui‘ﬁ heth thus effec-
tively controllad the temperatire and vapor
: elow the canverter

slap filled with 4 to G-mash Aloxita, serred e
& prehesting and ssturaticn sove for the feed
ean.  Abotb § nched below the gua entry was
an electrically heated Teeeiver ivln which the
Leevy prudiets end exeess eooling oil crained.
The *eoeiver waa Joptk &t gyelem pressmre.
Figire 2 i= o dow diagram of the system, da-
gigned either for conntercurroly or edcurrent
flow; the cooling lignid Aowad downward in
gither cage. When the eystem was ojerabing
counlarerrrently, synthesis goe entered the
packed, preheating zone near the hottom of the
resctor and Avwed npward through the reacticn
soe.  yost of the coolant vapor ahd some of
tha product, which ware eartied out of the renc-
tion zone by Lhe pes atream, rondznged in the
inl condrnser and returned to the estalyst
23 Bquid, The sgmount of fresk Hquid sdddec. io
tha resctor durng operation was therefore only
s simall fraction of the arnount that, on & oLee-
through basic, would be vaporzed by the heat of
renofion, Thiz small quentisy of ligud wes
neadad primarily to replace entraingd oil and to
minimize the probability aof d-y spota develop-
g within theTeaction zone. The higher hoiling
hydeosarbon producte, with tha expess conbinl,
flowed downward inbo the henvy-ol frap, which
was dischargad periodically. The overliead va-
4UE0G— BT mome

por: and  permencnt gases leaving tas partial
condenzer floveed to water- and ise—cooled teape
maintained at system presesure. Most of the
witer Zormed i the aynthesis wos Tecovared
here., Just bayond thess traps. tie E:ressur-:—. of

gae was redioed bo atmospheic by a back-
pressare rogulotor,  From the decwenstresm zide
of Ihe vegulular Lhe gus flovwed theough a cerbon
diveide serubber, an ice-cooled trap, and & dry-
ing wiba and firally to liguid-nitvogen-vooled

traps. ‘The gaawaametered, and a proportioned

snmple wea removed for enolyais; the remainder
win digchareed 1o the atoosphere,

TDuring erourrant-Mow expetimanis, the pas
entered the converter through a port just above
the Moxmte packing and fowed downward
through the reaciion zooe. The pes loft the
bettomn of the reactor just above hoavy-pil
wran, flowed to the woter-coolad trep, anod then
followed the path previousty descobed.

RAW MATERIALS
SYNTHESES GAS

Svnthesia gas was produced by the reaction of
natiural gas with steam aawl carbon diexide by
the conventional catalviic hycroossbon-reform-
inue prravess.  HgrCO ratios wore varied frsm 10
Lo 625, The hydrogen and carbox monoside

cuntent of the synthesis ras vpuslly erosedsd 09

percenl; methare, carbon diodde, wnd nitrogen
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10 LOVELOPAMENT OF THE FISCERE-THOPECH OL-LECTOLE PLOCHSS

wors preserl us frsgliony ol 1 pecesnlexch, The
aulf=ir conient waa maintained at less than 0.1
grin per LO0 e, ft. of g2,

CATALYST

C Coball wus chosesn e the bos of cetolyst
o be initially studied in the oil-recyule process
for two roeasone.  Firet, & conaiderable back-
grownul of Tuadainental date had bers obtained
in the narrow-tube, dry-bed test umks,  Seeond,
it wae degivad to datermine whether use of cobsalt
i wn oil-ciresduidon process would wereass the
space-time vieldef O | materisl and the olofinie
content of these hwdrocarbors, fs compared
with data reporled B German  eommercd
plants with dry -hedz opersted at medion
PrEEEU=D, .

Tha catalysh cmploved for this series, and
identified aa tas Haoll ceatalyst, waa promotod

eohalt corrded on & support, It wes prepared -
by procipibeiion oml sabeoquently formoed ioto-

%- by %iooh eylindere in & pellst presa. TLe
compnaition, in termsz of weight wnils, pore-
sponded to this proporticn: _

Cor Th: 3T Eiesebpro e 10 T7 120200 (7, 470,

COOLIRG OIL

Tte ccolant finid wes obiained from u com-
merein] grade of naphtha by fractional distille-
fion. To avoid the potantisd huzard of poizon-
ingr the catalysi, the cut selected for uze wus
desalfurized by & vapor-bhese hrdrogenstion
over & cpbalt molvbdete catalyat.,

OPERATION

The catalyst pelleds were reduced af 400" C.
ity the ponverter with dry h}ydmgnn for 2 hours
il simeapheric pressure; (e hydeogen Tlowed
at Tates corresponding to hontly cpece velocities
varying between 1,500 and 6,000, At the end
vf Lhe rediuesion period the temperature was
lowered to 160° C.. the flow of hydrogem was
vedluced to a neominsl ruie, and induction was
begnn. - In all of the exserimenta of this series,
tha indvefion methed that wes employed
followed closely the procalure developed by the
Firitish Fuels Researcheroup (82} Withhydropen
flow g ot sbout § e, f6 per br. (an hourly
space velovily of 1960, preseura ab 80 p. 5. 1. Z.,
and termperstare at 1607 U o small flowr of cool-
ing oil wos pusead over the catelrst for 2 hour
(2 to 3 lilexs of oil} o msure saturation of the
bed witk Hguid. At the ond of this period the
preepure wag Teduced fo atmospherie, and the
torperaure foll simuoliancoualy as liquid Bashed
gwar on reduction of Dreswiive, At this poine
the llow of hydmgsn was discentinued, and a
smgll flow of 2H;— 100 synthesiz gons was

introduesd, Sysbem pressure was agein quicky

Tufdtup to 60 p. & L g, the How ol woling ]_1131?:‘121'1
was =et propecly (300 and 2000 ml per hr,
Toapantively, for eounterserrent gnd cocnrren’
operationz), and the How of syochesis gas waz
adjusted tr s bonzly space valocaty of approg-
imatedy 100, Temperature was rather ﬁickly
ecrnaard bo 150° O wod o aiulained for 2 houats;
then, by periedic adinstment of the pressra,
{he tamparature was mereszeed to 175° C. a8t &
reagonably mniform rete over the newt 4 houra.
The et of cooling ligukl was redeced,
usually, to between 200 and 400 . por hr
pelora the end of ik period, to operate at the
[owest precticable rate of How required to
eonktol the meastion and yod provids w simall
wxrass to insure uniforme wethng, When the
1757 O\ temperatura had boen resched, mdue-
siom was conaidered cormplate, and operation was
contimued indefinitaly af this vemperatare until
a chonge o catelytic activity necessitated
tenpamture adjustment. A femperafire in-
eTeAse was affected by moreasing the pressure
ot this ayotem, and, coaversely the temperstire
waa lwarwd by prestre veduetiom, Lénusd
producta were dis &-I"QI'Gd peviod:celly through
mynually contrdled valres.

HESIFLTS AND DISCUSSION

A series of 4 trickle-low experiments (F'T 85
to FT-#%], with a total cperating time of 15
weels, waz sufficient 0 furnish all Trocess data
nesded st this scole of opemtion to plan for
the next step of expansion of the eillTecyclc
process.  Table 2 presents wiramary dets from
thin serice for sclected poriads of zood catalyst
pecformence.  We data from experiment FT-40
sre reported beocwune tns activity of the catalyst
WHE DOOT. .

Thrmighent this series the pressures, gns-
throughput welovities, and reaction tampera-
tures were maintained, I geowrsl, ueac the
walues found to be optiveur in the fixred-dry-bed
roaqfors In current mae.  Thus, the only experi-
suealel variables subject to study wers composi-
ticn &snd Tate of Low of the coclant faid.
Thase were waricd to eetablich the conditiong at
which Lesl petlormance  was  repeodocibly
obtainad. -

The degree of succsss sitained 3n fonmd bg
comparing the valoes for contraclions so
aprifie wields of &) plua G hydrecarbous in
tablz 2 with the following valuce roprescototivo
of pood productiviiy in & [xed-dey-liwd expeci-
1oent:

Byathesie pin_ . oo BOV_.H__ L
tJontesetion___ .- __vol-paEtéant. 71
FPremiliri_ vmmm - ———am——— e —asmmaa k-t i,g.- TOHy
Tl:md:;_-mtu.ra _________________________ R oL - 11
Ticlda, specific, go./m.=:
i am——— 33,4
e e mam—————— 12L.1
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MATERIMENTAL: WOEK . 11

ToErE 2. —Henoh-senle, iricklelow experitients with eobalt

Forpericwnl Jo oo o wmm e e FT-85e FT-Rh FT—88u FI-358 T8 Fi-ssd -
Duration o memmmmmm e n e ame- Lr.. 5 | #L 1 HE X T mi s 1L 5.
Catalyst: !
i TR VR —— hr 483 HE () 58 V) g2 382
T olume. e ceeeemmmm—m [T 3 L1 TR -
Mode of apura bt . o e e ———e Crctereurment . oo+ =—ao—-lLocurttab., .o~ Coubter.
- rwrrent
Boling fnge ot Lauin . oooo-- op. | van 160 | llo-i40 | 110-1%5 | 110-125 | L1235 110-125
Flow o e wml. per Lr__| 200 ik} A 2 110 1, 910
Bynthoais ghs:
Ratic in fresh fee, Ml L a7 1 o4 13 2 05 2. 05 213
3 ¥, I (sefthed posd) oo - a8 o4 121 132 00 it
¥low_ o ____ gl T, per be B L T LA LAY 6 51 G &7 4 3% 30
Cortrasivi . _aae o e val,-pereent 3. Bl 1 46 45, & L] 400 54 d
Copweralon - __vuleneresnt Ha+O0- [T I 4o 3 4R A L1 A8 1 51 B
Treags Tatio, E;:00_ [ L &3 &7 bl 207 2.0 2 14
- I*ressure, DTATAEE_____. e E L E-- o i T 62 9 . 4 g7 3 84 0
ATE, TUMPETAEITE e oo " 143 184 e 173 T 134
Yields, spooitie- g, pec a? O Ce 4G T g3. 9 ALy 300 46 3 g4

1tee ﬂxmgug_} I, . s
¥ 2 maeered umsage thrquzh Louic-nicrayes TOES 0tk o w35 rlrtnally dren v aFdrearbos,
4]

Comparisen shows that neither COUDTETCUT TN S
nor cooxrent tricklefow operetion afforded
copvarsion s high, or gassoua hydrocarben
production ae low, as fxeddry-bed operakivim.

The eompursiively closs appronch of tha
weage T840 oo & value of 4.0, ideal for tha svo-
thema reaction catalyzed by cobalt, & a good
indication o favorable product distribution,
ilmd 15, prepondersnce af Liguidas and sulids,
High yickde of mathane would have resulted in
# UILEe Talio closer w0 3.0, Mo direct masgure-
raents of liqunids and solds prodieiion wrre
undertaken for this series, becauss eaviy in the
work it became avident thot the procedurse for
reparating coolant from product wanld be too
laborious and complex to be justfied at thie
gonle of operation, - . .

The date in tabla 2 indicate s shight bun
positive adveniage, with reapech to arotrolling
Ehe production of low-moleculer-weight herdro-
carbons, whet. gae How way voenrrent with the
Liquid. When operated in this menner the
Liquid coolant ivput wes sbout LU tines the
quantity raquiresd in equntervurzent operataon,
cince thera wws virtaelly no liquid reflus,

In weveral, TToness perfompance alipined 0
s series of egperimenis met stpectstions
rether well.  Under conntercurrent Aow condi-
lions, operstion was corntinuous and trouble
free. Radisl taraperature gradienis were negli-
ible, and longitudinal gradients did net execed
£8 1 Cocurrent operation waa nsually diffinalt
to control; slight varialions i either coolsnl or
gas fow initiaied wide Huclustions in tempars.
ture, and consequantly Hucluations RS
pOLYEIRion.

Catalyst Yif= wag apparcocly net adversely
affected, wither shemically or physirally, by ihe

coniparatively aovers treatment inherent t0 the
mipeges.  Woen discharged, the pellets wers
Tornd to be inlach.

PILOT PLANTS'

THREE-INCH-DIAMETER REACTOR
OEIECTIVE

T ipvayl igate the pronciple of direct internal
cooling oo a larger scole and make » fairly
compiets process puuly, o pilot plant with 8
F-inch-diameter Taactor and -an allowable bed
dapth of & feat waa built. I was compleis! in
March 1946. Tt waw <lesigned {or eperation
with counterourreht or coerrrent fow,  Tha B-
foot bed would permit & mors complete, ae-
eurgte study of the lonpitudinal temperaturs
eradients than the 1-faot bad thet had been
uaed previcusly,

The program followsd in the plos plants can
be divided inte thres perts that are separately
raviowed in the remaining purlign of this
TepOCt.

1. "Lrickle-flow empecitwomta.  This group e jrdaes
srperimerts 1 fo 5L, empoying pellatad cnbact
ealalyst, and cxperimenty T to -8, employing srecipi-
tated iron.

2. Enbmerged f1ed-bad expoiments.

] Pre}_[m%nnr tesly, pomprisioy 2 sestd mads with
pelletad cobolt (ezperimenis 5F and fi) and 1 with

* Tre ot plaotd wow; opemtol be A T, Finer, K. kL Jimean, T.
T Fuc:, W, P. Higws, - 3. Toal, %, ) olowan, 31, Pergao, O Ghee
roz, F. F. Belwanowesn L Chottiner, el [, Bomalo.  L4msrnetog
of tis SR Foms IAEAET A8 by W H. W Leua,
[Themivel anslvees were pr.ﬁ:\rmalnig tha stafl ol the daeiydical
Obunlitry Toctiod of the Arnthetic F Husenreh Ereaoh ander tle
~islim nf K. T1. Einkel M. E. Eundklr, aod W, %, Tigee. Xy
m_gﬁ:mcma]?h::’- afthe estalrts were ppedustel by 1.1, K. Hedar
0, Teablen, aned ¥ 7. Mchay amd moRs speoloTe rin sl
ArEFTans were uusthn b3 B A Pricdet, 4. O afeeizer, and J, Lo Stalle
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