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peints bigher shan wntreated gnanline.  An in-

CPp-s i

Grae andd oil Aowed upwsrd, expanding

crenas in the yield of Ch plus o gas of sbout 5 “the. cetalyst Tied: - Reaction products, woe-
g, per muf snpeared to aocompany t.he:bls_rlmta ... agted ‘phess, and cifrilating ol wers condocted

treatoent, i .

v - L. -

EIGHT-INCH.DIAMETER - REACTOR
(BARREL-PER-DAY PLANT), WITH

EXPANDED BED

CRIECTIVE
A mioderabely laTge pilotplaot baving B reac-

Lor £ inches in dismctor witha productioneapass
ity of appromimetely 1 harrel per day of tozal’

Ligurd product [0+ hydrocarbons) was planed
fn gperatien on compleiion of expariment 29,
This pland, operaled un the expunded-cwtal yst-
bed principle and incorporat
and improvemeris developed In emperiments
15 to 29, .

The purpose of $hia oparaticn was to lasrn

the procedirss.

i vut the.top- of the. converter and through a

2.5-inel pipe to.ar overflow tank, Reepele ol
Bowed by griviny from the boibom of this tank
¥ thy inlet side of a centrifugal pump for re-
crculation, £nl the wwes wod vapors puassed

 oveahpad to the, condenact avsicra. Hearr ro-

setion produets’wire fontinwmsly withdrawn

by mantaining -a constant level jo the eoa-

- ¥ertar with an outoreatic hquid-ievel controller.

Tliv hewvy snulerinl was separated into 2 frac-
fivns 1n & veRcmim sfill, maintained at en abao-
Infe presaure of aboat A0 mm, merenry; the ent

¢ paindwes equivalent to aboyn 316° O 4t atmos-

whather the resulis of the small pilat. plants -

coilld be duplicated and wheiber vew T oedlerns
would be sncountered in o larger reactor. . Two
experiments wers condueted, one' with 0.719;

100 and the otheer with 1H.100.  The n-

craas o seale way fourtesn-fold Jo poine To an

B=inch-disarmsier resetor funil 21 from the S-nckh
unite (Nog. 1 and 27 and t0 s bed of sbttled

catelyst & feet hiph from & ‘bed ‘4 feet high -~
The snereased produckion provided enooash ma--—

terivl for more compleis charscterizaticn snd
frraished samples of diesel and jet fuels to the
Armiy and Nasr.

APPABATUS .-

Erxoept for its inereszed size and the sddition
of contimuous distillaiier nnits, the latger pilot
plant wos besioally the Bame &5 the smaller
unids Bul iveluded more complete instrmenia-
tion to provide for Aubsmabic comtrol of eniper-
ature, pregsure, and How where pracfical, '

Figure 21 slwews wehematically the more im-
porant parte of tho system snd the fow of the
zas and oil streerma: figura 22 13w phologtuph
of the plant. Gome of the detais of the reacior
siich as locations of cotrics, catalyst-ssmpling
po‘nte, and thermocouples ace illuclraced In
Egura 23, Tecazse the supply of syntheais pea
wis Hmited, onlr nn 8doot settléd height o
oatalyet wae charged. Miwed gas, comiswliog
of fresh and recrole gaees, entersd e Twbénm
ol the reaclyr will the 1eerde oil, which flownd
at o linesr celocity of 415 40 025 ff. par sae.
baszd ¢n the free cross-scerional ares of She
feagior, Hoth streams were hested in lin-tube
hest exchargers by eotudenantion of Dowtherm
wapor anpplicd by & siaall boder operstad at 50

; pheric pressure, | Tha distil'ste, copsisting of

gesoling” and-diggel oil, was washed with ague-
ous canstic selution tn remove orgemiv newds,
md the pasoline was separated by distillation,
al aloospherie prassurs to 204° C,

Gacew and vapors frorm tha overhead tack
were tocled to abeut 25% C. in the coadensing

i erotemy and the eondensate was gond o o de-

vaphef in which the agqueous and oil layers

. were jcontinnously separated and withdrawn.
- The mquecua laver waz dieechsrpad acd cal-
- lected, pnd the o1l could alllwer be refesed to
:.the canvertor to prevent & buildup of the wax

combentordischarged 2s product. Discharged
Tiflux"4il wes combined with the diatillate from
the vasnwin still. The refliz rate waried be-
tweee 101 and 3 pal. per Lre Purt of s

- efffuent zes from the condenser was recvdlad,

geueraBy alter removel of carkon dioxide; the
reméinder wes lab down to esmespheric pres-
surc and left the gyetam na tail pas, When
s balinces were desired, a portion of the
tail gue wea pagacd through activeted charvcoal,
where- (5 amd heavier bydroearbons were
gdaorhed.

The seoabbing spstemn for vamovier ouin
dio=ide was of conventional dezign with fresh
{regmuersed) wueous potsssitm earborats or
ncnoethanolamme {M, E. A} fed invo the top
&f the pbeorber throush e distributer, and gee
flpwing countercurrently. The absorber enl-
umn - wag & f-inch pipe, packed to o height of
& fear with E-inch cerarnic Reeschip zings. Tha
atripper aolutnn was wleo-a 6-inch pipe, packed
- n heizght of 6 feet with H-inch carubmie
Ruachig rings, Initially (cxperiment 309 a 12-
to 15-pereent carbonule selution was wsed; bul,
‘because dooding was encountered in the atrip-
par ot fow metes of only sbout 1.96 gal. per
min., - the .amniynl of carbon dioxide m the
recyele rus WaY not roduecd sutficiently, When
Wi earbonaie  was replaced by 20-percent
M. E. A, the rate of Row was inceeassd to 2.2
raf, por min,, and the smount of carbon diexids
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Sad DEVELOPMENT OF THE FIECEEZE-TIOPSCHE 0IL-RECTCLD TRQCEES
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in ihe scrubbed gos wae lowered to less then 2
parcent.  The serubbed gas wae Iecroled, and
the speat soluiison was hested and regsoerated
in & stripper colntnn, Tha stripped gee oom-
Sisted of abuul 95 percent carhon dicxide end
gmall quantitics afp ynihesis pas and hrdro-
cATLOnS,

RAW MATFETALS
EIWTHEREEIS GAS

Dauring the firal part of experiment 30,
0.7H, 4100 was uzed &3 the food gas. AL VO-
percent comversion with a gas-recyele raltiv of
1, unu=ualiy high wags rutins wers experienced
that could noi be correoted by warping the
recyeling rate. ‘The compodition of the gas
was therefore clwnged ta 1H.4-1CA) far the
Iwtter port of the experiment (50-Ct and at tha
atart of the next experiment (Mo 31} Trep-
aration aod gpecification of the Ignsﬁs heve besn
deacribed nnder Bench-Scale, Trickle-Flow In-
Testipations {see p. 8.

CATALTST

Abrmt 2.6 oo, Tt (306 ﬁnunds] of reduced
cotalyet waa needed for 8 charge. T prepare

vach charge 2 hatehes of raw G- to 20-mesh
vatalyst D—3001, eachi woighing approxitately
00 potnds, were reduced willh hydrezen in s
ﬂant conetricted {or thia parpose. A almpli

d fow dacram of thie plant iz showp iu
firure 24, ‘The redwetor was constructed of 12-
inch-digmater, Bahedule-dtt pipe end bad &
charping volume of 2.1 ¢u, Zt. when fillled Lo »
mexmum heighf of 32 ipcoes,

Ta general, the reduction procedure Parallelad
that veed in experiwents 21 to 29 in the smaller
-afuction plant. (See Ezpeoded-Bed Expori-
ments, Catelyst, . 33.) Fresh aod zooyels
hydrogen was pacoed over tho catalyat ab an
hourly apaee velocity of 2,600 end afmespharic
pressura for 120 hours, whils the temperature
wos pradually inereased from 200° to 500° C.
te keep the conesntration of waier vapor in tha
orit gas below 7.0 pm per inf® Silica-pnd
driers reduced the concentzation of wafer vapor
iz the inlet gas tn leas than 0.035 gn. per m.?
A reduction of 95 percent or Inore waz achicved.
To prevent oxidation the reduged catelyar wae
stored undar s nentral oil undl geedad for charg-
irg the eonvirter.
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COOLDS DI

For initiaf operation in exporizoont 30, & low-
koiling dissel from Haroes (boiling <230% C.)
was used sx eocding oil. Az the ezperiment
provressed , this oil was repluced by oil produced
in the synthesiz. Before the oil was fed lo e
wynvirteT, b was washod with caustic and water
to remove aeidic material. During aynthesia
the linear velocity of ol woes roenlsinsd st
.15 to 0.5 foot per sseond to obiein eatisfac-
tory exprazion of the bed and also te hold the
temperature differential wlong uw hed hetwesn
4% wral 8° O fusuelly 4% to 57 GO, The lovel
of the catalyet wee ipdicated by 2 wroighted
Anat-and-pointer similar to that used in the
smell plants. :

OPERATIONS
0.7H, | 1CO FEED

Becauas 07H 100 was believed fo be
cheaper then 183100 mude Trom eoad, sod,
following a safisfactory test (emperiment 28)
with thie mas in a gnell unic, eynthesis was
gtarted wilh 0. 7Hy 5 100, )

After reduction snd stopwise indaction of
the ratalwst at an houwrly space veloeity ol 800,

450 p. 4. L. . preesure, with b gastoeyole ratio
of 1, with recrovael of earbpn diozide, Th-percent
conversir of gas was atteined wnder the condi-
tions given in tehle 32,

The activity was not sz high sa sl i experd-
ments 26-4  {pormally reduced) and 2V-A
i“typhoon™ inducted) In waich 70 percent of
tha D.FH;+1000 fred gra biad heen converted
ot P3E7 to 242° and 216% O, respectively, ab
4 p. s i, g, presanre, Howaver, the amount
of carbon diomde in the recycle gas of cxpen-
ment 30-A wa3 aboud 10 percent, whersae ‘n
experiments 26-4 and 27-4 it had been only
abouf 2 to 3 percent. This imereass occurred
Becatize & hizh enough rate of circulation of
absorbent selution could rol be msinbained =
the absorber withowt the o of Honding.
The spacifie viald of 20.2 gm. per m.5 of C; plus
s hydeoeaslions was 3 to 10 gm. higher than
n experiments 26-A aod 27-A.  As a result of
inofficient removal of carbon dioxide from the
Tecycle gaz, the sotivity foll rapidly, and thie
pert of the exporimact [30-A) was torminated
after ooly 327 hears of synthesis,

Witiul withdrawing the coolant, the catulyst
wis given an ackivation treatment wilh hydeo-
ren &b B low temporature (250700, after which
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5t DEFELOFLANMT OF THR FISCHER-TROFSCE OIL-RECTOLE PROCESS

‘Tanin 32, - Fogiol operating condeitions ot Fi-
percent  corbon  dionide-frer  evndructioe i
expartinead 30-d ..

Bynlhpeis pus: ST
Diotio in frech gae, HpO0 07

2 V. H. (getiled Peed)_ . S

FlOWeoo oot ff, per hr. (5T P} 13a8

Coavermon __vil-pezgent H4 O 11

Fanme padin, Hee OO oo 0 7
LB PR L o 1 1
Trossure: . .

[ P T TR 7L AR SRR + M B SN - SV - 1 X

Trfforartial ceme—.TH BT fi
Ternperatiars, =02 .

T T . v e s s mn e wmrmE e 254

Duffeeertinl o Lo iieicneocmmrnacn-e - B

Fiedds, speeifie________ o O 4 S pertntas 02

4 grher: diaile aontant of TRqFls gap wag Rpprrrimatety 11 walizcik-
pricamE, o

7l-percent ¢4s ponvorsion was asioined et 251°
te 253° m experiment 30-E. The araouct of
varbon dioxide ir the recyecle. gaa-duritg tid3
period was redused to between 2 and 3 pereent
by using 20-percect M. B A iustead of the
carboratc. Unvsuelly High usare ratios, fang-
ing from 0.78 to 1.01, were Tealized - . This was
1he fivet time the nsage ratio exceeded that of
the feed 20 w much an oxbent, )

Baeausa of the hiph content of carbon men-
orida wn the Tecyela ges. a relatively amadl
apeeifin yield of (), plus C; vwas obiafned.

wever, the over-all hydrueurbon disheilnition
was unfavorabls, as g relatively largs amount of
wax and lttle gasoline were baing produced.
Talile 37 presents daia from thiv experiment,
with resulis of cxperiment 6. “The slightly
hicher pressura emply in experiment 30
mbebly had kHitle influznce on the produst
I&i;tribut.inn. ' ) .

The hich spérifie yield of Ci+ hydrocac-
bens—188.1 gor. per m}  for this itc.riod agreod
closely with the theoretical yield (187.3 @mn.
per ), celenlated from & balacced equation
repreceniing the synthesie reaction. ax-

inents in ihe smaller plants the discrepaucy
hetwean aetual and theoretical specifio Ficlde
porslly was about 10 to 20 gm., probably
gg{:ausa of the rmaller quantities of Magerials
inwdlved. The high vield was substantiated by
o caloulated mass kafance of nearly 100 percent
for vwolon, hydrogen, and oxpgen,

Aa the usaze Datie incpowsyd from (.73 to
(1E0, the amount of iven in the oll ross sharply
in 8 duys from 0.24 pereent tn 485 on-
siderable ameunts of fines wars removed from
tha filtera in the resypclenil ling, further indi-
wating toad disntegration of the catelyst was
peowrring. ey diffraction and magnetic
analyzes ilable 34} of a4 sample of the black,
imaniiahla material that was separated. from the
circulating oil by repeated extractions with hot

TasLe Zi.—Comporizon of operghing condifions
wnid didribution of Oy prwdusls for erperic
| ments 86-4 el 21 & )
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toluene showad that, on a8 vydresarben-free
bazis, this matorind was prodominantly Hige
frnn eerbide with some magmatite,  The ooz
ronso of vory fine pactielrs of iron earbide n
the oil may.be wttributed to the &fact of the
bigher packis]l pressurs of carbon menoxids or
lower H,:CO retios that preveiled ot the bhigh
usage ralios {Gg. 257 .

When it was established thet tha ceape rafio
ooiald mot b porrected by waristien of the
recyele ralio Bedwesy 0.5 sod 2 and the cutalyet
continued to deteriorate in activity and to
diamtegrate, axperiment -5 was ferminated.
The ca t wae given another activation treal-
mant with hydrogsn, and experiment 30 O wag
begun with 1H; 5 1C0 feed gas, Operation with
thiz pas was meintained for 8 ghort periad only,
but the regults. indicated that & rormal uesere
atio of 002 and ssiimfactory yicld of ) plus




LR Y

P T P

i el

EXPERIMENTAL WOEE - 57

o —
i | i l I I | | [ ” .| | | [ | . | l | | | J | |!E| EI
- ; - L
ol w3arimen! Q-8 | EXpirimant 35-B Wyeroperi frechment :Ef‘l E oz .
s ¥ HE
= g liauer on f ! {".ﬁ___mﬁ
HEN ’ =
g —] \L } g
kA . 1
£a | AN h T e 2
£ Hydrogan trentment | | . i I s
R L . N
. | PO P | @
: | ! p—— P | s
% . ] H,_.I:J:_: milip R ; ' =
= [ i AN b—%
- N f N "
H A L 1
2 i '-
I N, / i
. !
O T T YO o O O 2 T e 0 T I - P
o e 4 [ [ 1 Iz I B ] & E
TIME, DS

Fromen 25 —FEffect of Mived-Gag Ratio on Iron Content of Reeyae Oil in Baperfoacnt 20,

C; hydrocarbans could be attamed. thasis
was termingated after & total of 677 hcr%rj?

IHz- 100 FERD

Experitnent 51 was beg with & fresh charge
of catelyet D-3001 snd IH;<- 100 fecd gos.
Aftar normal, sfepwiss indnction st an honrly
epsce veloeity of 8U0, 400 p. 5, L g, and with &
111 ges-recyale rado [carbon dioxida removad
from, tha recrole pes), T0-pervent canversion was
attained abt 235° C. A tomperatore of 254 L
had been required for fhe sAme courversion
initiall7 in eEperiment 30-4 with 0.7H,+100.

Tantw M. —dAnelyeen of material seporeted !
from recyels vil of seperiment 30

. [Welhs 4 soeonE)
Cthemipal anslyate, tokal Fe_ ________ | ocaa_ 240
X¥gaT and magmrﬁc acalyaes, total Fe ar—
ool (Mg _____ T . 179 49

L] e —————

| B extrzetlon wich aloeoe.

* Parofia ador preedtt, i ddit3on b0 moenatle oom pomroen,
Althonzh the dezired ueaze miio wes akbeinad
suheaqently ot gaz-recyels ratiod betwoon 1 and
L.25, s more rapd loss of conversion was
ohaezved than had ceenrred in the small plants,
and frogucot ingresscs in operating temperature
wers lgepagury. Thres hydrogen trestraents of
the submerged catalyst werc reguired dwing
only 5658 hours of operation, Apain, unusually
high eomcenlrations of o appeared in the
reeyalo oil, and considerable pricumts of fines
weore ramaoved from the fliers in the recﬁ-ele-oil
Lize. X-ray and magnetie apalyzes (tahln 55)

Tazmm 88 —Analyses of moierial separated t
: from veeycle oil of experiment 810

[T
leain sdgghi-peremt)
Total Fe_ o mm—m————— 45 83
Total O mmmanua bE. 57
017
o e e e e im——— 4.4
M?qmﬁao anglTels, Tetal Fo ae—
el (Hag e )
e e m e Hi
E-rar aonlr=s.t
F %GFH
LT
erlfﬁnﬁgﬂ
FE:DJ, .
L By exuaccion with tol1ade.

4 s {n arder af dooes g o650 0ChH RS TOT.

showed, as previeusly, that this materia]l was
chisfly ﬁigg cerbide. Tha prassnce of fatrous
carbonate was also indiceted by the X-ray
diffraction pafterns. In bhoth experiments 30
and 31 the catalyst remaioing in the convertar
at the end of the run was very elmilar in particle
aire to that oripinelly chargrd. Thus, complete
disintegration of selected particles, xuller than
parfinl gftrition of all particles, appeared ta
oCCeur. .

Two perioda wers alacted frum expariment
3!- Q in which the data were considerad repre-
seatative of the operatien, A smmery of the
pperating conditions, product raeovuriey, ealieu-
lated ¥ields, and the product distributions
during these perinda i3 given in tabls 36, which
also includes comparable date from experinnts
22-B end 30-E. Althonrh the opersting
temperafre i experiment 31-0 was I5° tu
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20° O, Behier Thaa (o experiment 22—F; the G-
hrdrocarbon  distribution wad aimilae.  The
Feld of Gy plus Cq -:Dmi'mmlds was somewhat

“Wfore-rasolins wod les weae e prodocsd: with
IH: 4100 than with carbon monoride-rick gea;
-tha yields of diepel uﬂ a0, heav;rr diztillats dld

| Juglier (3 to ¥ gm. per oo 7) for experiment 22~ ok change = tlr. Puossibly hecaure of !
' probably because iae baurife reactor had I:-::cm the hlgher pa,rtml presaure of h}d:;r:ogﬂn in the I
operated during. the selected pemod. feed ray in expertment- 31-C, the specille ¥ield |
’: The vields from both Lhe Tared-per-day plant o (G plus O byodmes oo wils, Trighir by Ahont i
: and the smnall pilot plants veried with toe com- 8 to 10 gims poer ml® than in cxperiment 30-B; '
pnmtmﬂ of the synthesis #58 In the same monner. fer t-he z8ne Teasch the degree of 2aturation of .
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tha (23 to () o= wos Ligher Zor cxperimoent
El-C. Aclusl epecific yie%da of 3+ hydro-
curbons {1R0E and 186 gm. per m.* in 2
instacces) from ezperment 31 were 14 o i85
s lower than the theoretienl wield., Thess
perepaneies muy be sttriboted In pert to in-
compleds Freoverien, as i ovidant from the faot
thal the mass belanece for carbon, bydrocen,
and oiFgen wers only 92 to 06 mtom-percent.
The specitic Fislds of cxpgenatas (17 &0 20 gm.
per ') were L0 to B3 pm. per m.® higher then
the yieldy in experiment 30 acd sbont 10 gm.
er M. highsr than ceormal. {(See Troducts
Protn Expanded Bed Expearimente; Oxyprnated
Compound p, 94)  This Culevence has ol besn
explained.

DISCTI3SHON
The barrcl-per-dey pilet plant was operated

&b at hourly epace velovity of 600, with the pag -

conversion mantwined at 70 percent, whila the
epiulyat was active, Tempersture control by
poneveporative coolinp was precise and wes
independent of opersting =zealn.  Tlern wea
curigﬁlﬂtﬂ frecdorn Irom catalyst cernentation.

o plank performad better in =ome respocts
with 1Hg+ LCC) feed gas {exprriment 210 than
with 0.7H:+41C0 (axperiment 80). In axperi-
meapl F1 doe ussee o sras meintsined st s
value su‘:bstantik:ﬁf equivalent 40 the composi-
tion of the feed gas by meanz of gas recyels
(redio bebwoen 1 and 1257, Witk the carbom
rwnomderict gas (cxpormecnt 307, howsver,
the zeage ratio {as kigh az 0.58) ewepedad thart
of the feed pas and conld not be corrected by
varying the gnz-recycle ratio between 0.5 and 2.
A nwte desealda Jisixibolion of ligueds was
noted for LH;+100 feed gas, more gasohine
and lese wax baing produced. This effect of a8
compoation oo product distriboiion is similar
to thot obtsined in the small pilos plants.
Amnple quantities of produets wera colleeted for
rharecterization, and a drom of canatic- gl

water-washed diecal ol from sxperiment 21

was aent to the United States Navy for feld
testa, .

- ‘The rapid deterioration of the fused catalyss
experienced in buth experiments 384 and 31 was
not anticipated end cannot be -expltined with
abeolute certainty. Hosrever, thera arg sovoral
poesibla causes. A= hps been previously dis-
cussed, the concentration of iron In the Tesyele
oil gnd thus the rate of disintegration of the
eatulystnaa higher when tha partial pressurs of
catbon monoxids in the Teactor wea lugh. On
tha baga of this ovidenes, the portial presmyres
of carbon monexide, carbon dioxds, hedroon,
and water in the reastor wwere detarminsd for
experinenls 10, 22 26, 27, 30, and 31 that are
reproseobetive of opeation with  lesd sasos

" harral- er-day nnit

rrnging Sronn 0, Hy =100 bo 1. 3H,4-100), with
reduccd fraed-ron cetalysta, Theas date were
plotted apeinat ecatalyet life in fgure 26,
Catalsst e varied conaidaralily and only with
the partial presgme of carbon monoxide; the
rartial presaTe of aach of the other pases was
relatively constant. Within the range of
carbon monoxide parfisl oressures (30 to 200
. 2. L &) 8o almost Hoear relationship existed
toreen the hiraliliby of the catafyan and Lhe
preasure of cirbon monexide—the [f: of the
catalyst was short an the hivh pressuves of
carbon monozide. In experiments 24 mimd 25,
not ingludead in this study becanse the reduced
valalyely were precarbided, rapid disintogration
of ihe catalyst was alsn ssperenced with cazbon
moenexiderich fead rae. Tt might be posiulated
thet the high-carben monoezide partial pressure
fSavors carbon formation, which, in tame, =
regponsible for speliing of the catalvat.

Sinca a deeper bed of catalyst wie amploved
in the barrel-per-dsy reactor than in tha 5-ineh-
dinmotor eonvorters, the linear velocities of
hoih pas and eoodund o 1y the lurger unit wore

eater for the same hourly space velovily of

and {6030} and the sare ternperatire diffor

wndinl (47 o 57 03, Toecrewsed agitation of the
cafalret bed atf tha higher welocities thus may
also have confributed to rapid brealup of the
calalret.

Severs disintegration of cafalyzt in the
bebly eould have beon
avoided by improv ngemﬁﬂg technique end
reduction of the corbon monoxids partial
proscura in the reactor Howerer, becauze
thesia gas and manpower requirementa for

unit meads it heesasery to surtail the oper-
atirn of the other pilot plants, nparation of the
barrel-per-doy plant was Hmited to the two
experiments diseussed. -

FRODUCTS FROM EXPANDED-BED

EXPERTMENTS
SCOFE
‘In this sechion the chsmical and physicsl
charaotoristies of the products obtad in the

expanded-bed tests axe givem. Moreorer, a
method of treatment is described to transform
the raw vrodusts into fuel: comparabls to thoan
L eoramercisl uee,  Tlie ww prodoet atreams
and their recovery ere described, and & schemsa
i outlined for Enpaa'at,mgirthu crude prodies inlo
by various eorutuersial fraclions.

T Anplese: of raw and tregtrd paealines are
shown for experiments it which feed gseee of
varions Mg 00 ratios were used. Opctens rets
inga of the raw and treated gasoliner are piven,
and g bried eomparizon i3 mecs with gvnthesie
prodiects from a Meidised process, Phyaical
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#ties of the mnfceriel bofling akovs the
pmpl?na range after zeparation Into diesel,
eavy diakillate, and wax fractions are described,
.Bince tha ozyzooeted compounds produced
mm the grnthesia may be of mmterest, analyees
ars presented thab shew fhe nature and quan-
tity of this materul iu both oll wad aguevus
phaees. Mime detailed miormation was obtain-
able from the agaeons phase hecansa quanti
tative analyasa rﬁ' gpacifin compuunds conld T
made by the mass spectivincter. Infrared
e wars used to determnize the amounts
of ‘the -variwus oxygenarad groupa in the oil
fractions. . . - .
The effect of the oporating variabic: upon
the distribution of products aa gasnline, diesel
oil, and beavier products iz disousacd.
HYDROUTARBONS
SEPARETICNN ,
Characterizafion date were obiamed for the
rasoling, dicsel, heavy diatillate, and wex frac-
Lonn Mo synthesis with 18H,+100, 1H,+
1060, and 0.7H: + 100 feed pases during exnari-
ments 21, 26, sud 31. Tle genersl scheme for
separation is outlined in figes 27, Four

atreams of rew produet (reevols oil, licht off
sefizx ofl, end charcosl spirits) were eollected
for primery distillation. Eﬁ:‘cyde oil wad with-
dravn pertodically from the circulating-oil line
to mantain & constant level in the conwartor.
Light o1 was collegied by eooling the overhand
guses sl vapom o s waler-cooled condecser
to ebout 457 ., then In a refrigerated trap to
5% U. The ligﬁt oil was decanted from the
water thabt condensed siroultanecusly, Reflux
oll (thatis, the hlgh-buihnfdportmn of tha over-
hepd stream) wos rebirted to the ohverter.
Thia oil wea not intended to bn & modnet, it
ga the size of the daily sample takean for anslyais
was nn appreciable part of the total produaetion
it the smallar plants, it had fo be melsdad in
the total prodoct. It wee Dot neloded with
the produrts of the barrei-per-day unit.. Part
of the hydrocarbons, which had nos condensed
on. eooling, was adsorbed in the chercoal  Con-
denspbles were reeovered as charooal spirits by
gheam au'ipgi.(ujg and cooling the evolved Zases
to abont 107 O, Tha Hguid-epiitz portion was

either added Lo the pasalioe frechion {sepurated
m tha primary dinfillotion} or o the orginal
fight o1l before diztilla Ko, -
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Polymer—-—s-] .
y Finished
goscling

m —p——
Trepee 97, - Methed fo= Separatirg Product

Tho & snd £, olefime in the produch gan re-
coversd from the chercosel, as well as thoae
romeining in the exit ges leaving the chareoal
gerubbara, were Aecounted for in the final ges-
olma bland bﬂ;:iding a ealqulatod amevnt of

olymer pmeoline after allowsnes for racovery
{1FAHG, s

Tha primary dstiliation for fractionntion of
the product strewsms was handled iw aither of
two wars. Usupliy the licht and reffux ojls
wero blended and distilled seperataly from the
recycle vil, which was of & muech higher batling
range, An alternate method wes to distil) the
gasoline from the mixture of li%ht and refluz oils
and then to add the regyele il o Ve atill pot
and continue the distillation at reduced pres-
mme yntil the diesel-oil end polnt of 316% C.
wgy reachad,

1lls‘m- ﬁ-c;.?:iiuna,ﬁun cif the gahsolj_ne and dicant
oil, pa ges (olumm= haying operating
efficiencics l:;%{ahu:rut 10 theeretical plates weara
uaad, Tho geeoline frection (<2047 €3 was
gopatated st atrnospheric pressyre, while the
diesrl odl {2047 to 3187 C.) was recovered at 75
to 10 mm. of Hz. To separate the heavy
distillute (3169 lo 450° () from the whx
{=450° C.) a distitlation wed made in & TAcUum
etill of about 1 theoretical plats at » pressure of

. . Light al
B M| |G PGy, | including
%.f' ' rafluy aﬂ.::;é:;b""
‘ .'J
T
Primary distillation vagoum'
(ctmospheric & vatuum) Jigti lation
|
1 ]
<2N47E agav-3ge o | | L5070, Wox
Faw diesel oil heavy distilla EE 1ok
gagaling -
Gas Bouiite Cautic wash
¢;Lﬁ:.:.::rd pe= From i treotments and
baumits {€] watar wash
Redizhillofjon Finished
. to digeal ol
204*C, and point

(ila From Intornally Coaled Convester.

1w s mm of He, For this Estiilation {be foad
wes either the roeyele off or the bottoms
{>2169 L) from the primary distillstion in the
cisw whera thae racyele ol was added o toe
"topped" mixture of Egnt olle,
TREATMENT AMNL EVALITATION
QAASOLINE

Following grﬂuarjr cistillation, the raw gas-
oline et (<2047 ) wes given a vapor-phese
treatment over Cyolocel, an activated alumine,
et 325° 0 375" (., 25 p. 2. 1. g. pressure, endfan
hourly lgnid space veloaty of about 1.5
Ticlds of 99 1o U5 perecet of liquid products
weare ohislved from thie reforming treetment.
Paceuse some hiph-holing ma-ueriﬁﬁ mrht be
formed by polymerization of clefing, an ABTM
distilladion wos made after re-forming to de-
termme the quanticy of polymers formed.
the ASTM distillation showed that the desirad
end point of 204% O was exeesded, the material
wae redistilled in the 10-plate colomn to remove
the polymier, which was collected as a residue.
Raw and re-fortied gasclines obtained with
varions feed prees arc compared in teble 57,

The bauxite treatment deegoyed oxygenates
n the raw gasoline and offected s cesizable

T

TR T A e

A TR e

ol

Bl el :-&\-n'.,'.__'.::fj';i.'.-

MO

-

TR AR

T
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TanLw 37 —FEfeckof i) ratie and hourly spoce telocily of feed pag on properties of gisoling
Taperimens Mo el oo F-C11:1 gas | =A% LA gas | 20-AS T0L g | 26-Dy 0751 gan
- Paw ] B Baw Ha- Ttawe Re-i| Raw R
gaaniine | Zormesl | gapiing | Cormed | gaooling Tayracd | geseline | formed !
N oo, pEusoline . pasulinc gaaaline gasoling :
AN distallation, "C.: : .
[T Ity a7 T a2 - E3 at b 24 I
LRI Y 01T T — AT | e L E(h g1 A6 :
JETJRL T oY ) -84 ) pir &4 E) 41 !
ol} volpereent ________ ... T& T . £t Hi 40 ;
a0 vol-pereent, . ___._. .o A a2 ™ il ) Y
40 #0l-porotirtem s mem - e mama 104 ] bt E& il i)
50 mol-peresat e .o mma 120 T L] a8 u7 o .
60 ol -peresrt el 147 | aEz il 11313, 111 FF] ‘
) rol-pereenl o i—ae oo lad 129 120 113 1749 114 ;
80 vol-peranlo__ . oo 173 168 148 . [ .133 [ 17 A I T
g yelmereent .- - oo 184 151 175 - 178 A2 . 175
Panedd podint e L. -7 206 203 il I 811 |ai_—o__a 2T
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izornerization. iy shifting the deuble bond frova
e termanel to af icternel pesitivn, thereby
boosting the octase vetizg, In expenimenta
where bhe overhand vapors from tha synthesis
fencror had bern Cyclocel-ireated iu plare, as
in nzperimenls 26-4 and 26-B, thr raw gas=
oline already ‘had a high content of g-olefiuy
(7 indicates the internal poeilion of the doudle
bond); only b sfight amoumts of doyblo-bond
shilling occourred with the acditionel hawwite
wreatment, As ghown in table 37, the ratio of
aplus hravehed-chain olefing to z-olefing was

abont 7.5 For the tow gaaokines frem experineot R W

96 but only 0.23 for that from experiment
21-A, whers the vapors had not been trested

tha ratice of the g-plus unnched-chain alafna
to o-nlafing were mgh, and tho meior ootans
rumbeors were about 67 to 71, - The improve-
ment of the velews rdting resulting from fhe
Oyclocel traatmens is shown for cxperiment
2| =4, where #h itereaze of over 13 numihers
from 5006 to 67.2 occurrcd.  Whern the treat-

- L . [

TaBLE 3% —Pmpen‘-‘ms 6f g'rr:.éui-:lr':;s From, T A
100 in experiment 21 -4 70T

" Bwil Mo

Teseciptiim Cpromnm | N
_ B S =

in place. ‘The total olefin content of Ihe r&® o) pew pusalios corlety M) E.L mn :

pronlines wea the same in all sases with the Bofoimvd gpsciine abe—-.: L.z .2 -

total (==(} growpicg sboit 11.5 percent by T B A :
; o molecular weight. femued, punlired 3 li5 3 Tt o 5 :
K nght- (Perl;f-:]:l_t- olefins————- 24--—._}( - 43 polymar paa o " : *
: croent’ O—C). “Tho propertics of the qe @ NRDFEEmedses|. | S\ piTUHE
j_ E:urmnrl gnsolines obtained oftor the “hauzite C- Ensde EELITIICIIN0] L | L WS :
trestrnente were similar for sl threa feed yaaes, — - AR i
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‘ment -in place had been- emploved, a rise In -

octane of ooly about tairee numbers - wae
clecied by the additions] Cyeloce]l teatment,
To ascount for the C and U olefine not

recovered. with. the liquid products, an.sguive.

lent ampnnt of commereal “cat poly™ gasoline
(30 to A4 percent by weight of the total posns
Ime), ebtainad from, the Gulf Refinine Co., was

Wanded wilh the eeuds vasoline  The smount |

of polymer gasoling addad was determined by
assuming 85-percent conversion to pely gasoling
of propylene snd 95 of batrleme, wills rees veriss
of the 2 nompenents from the gas atream taken
a3 B0 and 90 percent, respectivaly. Sinee the
octene vating of s lerded puseline would nof

be apprecizbly affacted by the miper emounts

of O, and 0 gasen, these were omitted . to
armolify hlsading. “Feble A% shows the ortene
metines cnd Reid wopor presaures of roww, ro-
[ormed, and hlerudml gaaiulp
21. Addisieon of about 3.5 percent by waight of
butans, srailable from the exit passs, Lo ihe
mwlrinrte ol rw-forrmed aod polriver Fawoline
incresesd  the Beid vapor pressure bo 9.9
ounds. A3TH distdletion of the flodl blend

{with addod botane) is as follows: (AT graw- |

ity 67.9 at 60" P

- U =
First drop - "4l | Bl wal . peresert__.. 10D
b el -porecnb_____ 48 | 8l vol-pergent. ... 1ED
10 ol -perorudh_ b9 | 70 wol -perpent,., . 144
20 vl patetnT__ea 74 | 80 vol-poroert_._- 168
30 rolperests_ .- 88 | 90 sol-percert 181
40 TalpeTdent., . .. 3 | Bond powi________ 20
Tocovored, poreete e eme oo no o e a7

© The octane values of W rew and Te formed
muzolines are lower than those of Hydrocal
cndolines (71, shown below. However, the
sotlmoek talings of the l=nded | ban=ite-treated
gasolines aTe somewhab Ligher Toc (he -
cirenlatinn pesoling, indicat & greater lead
suseeptibilivy than for the Hydrocol product.

Octane roling of vow and trented Hydroeed
) . grc-:s_ah‘n-s B )

Motlor ootana futebar,
A R .

Clanr ..o &2xo| TEW . S0

Phos lee. TOO Lo Tl WL 3 .
: 21 T84 2

Fuafee T.E Lo ____ 7441

4 Tnal -bim- croaniand 4 sulame-neccans o narhihe E.‘l':‘)éml'!ﬂh ot
Cy-ta Oy polymer, and 21 aereent of p-bolmnas. . .

A blanded . gasoline from experiment 31-{}
{1H;}:0), consisting of - 63.6 - peveant - by

ingy from experiment -

waight 6f re-fommed sasoline and J4.4 percent
polymer gascline, was eleo tezfed. The valuos

“of e colane Mslings, Beld vapor pressaces,
© and gurn sfabilities ars given in teble 3%, Aa

thege raluce correaponded vory clesoly to thoss
found previously (expariment 21-4}, no addi-
tional blends were prepared. Thess gasclines
wouli, probably have the same lesd anscepti-
Bilily ag dhows of experiment 210 The sobi-

Enock rating of the reformed gascoline was

- independent of tha H:OO racie in the feed

gis. :

The diezel frection (204" Lo 215° (), as
Tecnvered, was light yallow. After neutralise-
tiom with saustic swnd wuatar, ths ofl had the

. %mpc.rt-ies chown in table 40: cocresponding

hited Statzs Karvy specifiestiongs are alep
listrdd.  Although operaling condilions yacied
vonaiderabl swith experiments, the diesel-
vl chureeteristies 'did not., Except for a high
ouz point, these fuels met or surpassed
nited Ststes Navy spoeiffications. )
. HEAVT DITILLATE ANL WAT :
Tre heavy distillate {boiling rmeoge, 3167 to
450¢ O wae & yellow sem?;fﬁd a4 Poom Lein-
poratury, with the propertics given in tabls £1.
Tha twsidus Loilineg>450* O wes 8 solid wax
whose celor waried with its fron content; the
only propertiss that were measlred were:

Eméﬂment Mo El-4 il-c
" Bpecific gravity 2t 800 Fooo ool 0 k2l 1z
maﬁc viscoaity at 120 :
(2487 Fie__________centistekss._| 1%, 4 16, B
MeHing podnt_______________ Al SO I il5

Trom comtent - _________ oot |- 03z

Tavre 88.—Properfies of gntolineg from

TE 4100 i srperiment 318
]

Bail wlpar D.El.‘n{ﬁw Gurn is-

3T, LEDNR ST, Jacrlon
pei. |G| semilt

4 Tn~Es
Df-fermmed paealien_  _________ [ el
L, rGE il mr
D e Tas e LA

L ARTEL Daam—40: 00 zolyileg eezvaleul 0 L wonth
1% sth g (ntdbibdr, ditertiory botyl pare es<anl, sA4ed in o of

2L, pbc BACH L e R
D;E{L%wtw, dlt.a_!.rt[m-; Trtrl p;cm arpaly added i redic of
In commereipl operations beswy ilinlillale and
wix and perhaps dissel oil probably would be
cracked. Al of thoss fractions ars quite Aman-

able to thermal or catalydic cracking, zenerally -

prodaving hivhar yiefde of pazelne thon are
obtercable from petroleum els of gorcgspond-

ing boiling range.
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TazLu 40 —Propertier of diasel olls frem

bt opcrafion and U, N, Nowy specifications for

Premiym-Grade dicgsd off

frp. M40

‘Exp, 944 %|Tep. H-BE Ers. 11401 T, B, 1avy spests
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OXYGENATED COMMIUNDS

Along with hylrocarbons, several typas (par-
ticolerly nlm]:ﬁlﬂ and ecids) of cﬂﬂeﬂj;?&l]:r_a]i—
phatic exypenated compounds are _guthmed
over iron and distributed between the ol and
aquacus streams (12, 18, 83, £8). ~ Recavery of
aguecls oxygenates i3 commepcially” fonsible,

Lut the recovery of oil-aoluble exygenatrs
meipally hicher boiling acids, caters, an
E]Tnﬂ;hu s, 8 more difficult. 'To gain information
about the yvields of these materials, inirared

wers made and neid nombers dabar-
miped for the raw vils; warbon pereentages and
acid numbers of aqueous product wers obtained
in fixod-beid ezperiments; end masg-gpectrometar
pnelyses idenblving individual components in
this material were available for the sxpsnded-
bed experimenta.

Inirared anslysiz of the light oll wauy wwd ta
delarenine  wel ]:Lt-g&rcent res of  Tunctional
groupe (OO, DJEI, OOH, ). Since most
of tha oxrzeumles could be removed fmom this
oil by water washing, it wag deduced that they
WLTS ?rudomjnanﬂ}r the lower molecular wedzht
homologues.  Therelfors, acatons, ethyl aleohol,
ecetlc add, snd cthyl asstases wore zelected 10
earimaie the Fiald. eostes 121 dhe Beht oik
Cixygeralsa in renyele o1 wers estimated from
the acid number, agsuming neetle acid to be
pregent; infrared suulyses ordinarily wers not
mede for this stream.  Only minor smgunts of
ﬂtgrgenﬁtéaha EcﬂrqumEMt in rL;WI:Ie_ (ﬂlhegzme
of itz oiling renyre wilh generally i
B parcelt or mare b:;ng >250° C., a5 ghowh
by mfrared snalvsis of oil from oxperitrent 19:
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Amennts of water-solizbls compounds during
tized-hed operation wers estimsted from earhon
determinntions and acid wombers, ooly ethyl
elenhol and acetic arld were sssumcd to be

reeant. ‘This information, of coums, had
ﬁmit&d walop Tk mdicatad trends and relative
production of oxpgenated material. From the
oz spectrometer amalyscs of the squeoos
produsts obtained durng exprnded-bed ex-
paritnents, yiclds of indieidual exygenated
pompooenta. such as acelic and progione selds,
eyl unid propyl alcohols, and acetonc, wern
calrnlated. ;

Typicel inlraral analyses of light oils and
mass-spectrometric analysce of sgqueoms prod-
urts wre given in table 42; eslenlated specific
vields of cxrgenates are presented i table 4,

he major portish of oxygenates wes usually
conoenirated o the agueous layer {in ezpen-
ments 2A-4 and 30-B, 5 to 80 percant b
weiphih; in exgeriment 19 shout B0 Durcert).
Huewever, In expariimesl 31-C orypenates were
divided shout equelly betwesn the ol and
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squeoun ztreama. Of ths oryrenated eom-
pounds, alcohols 'predc-mjﬂ.a,ie?, ATETAZ.OE TH
pernent by walzht.  Specifie Field of oxyranstes
(4.1. mm. per m?) from the small plast In
experiment 2f6-A vempared favorably with that
of 7.2 pm, per m? from the baivel-per-dey
plent io expeciment $0-B, s both of which
O TH; 4100 wes employed.  Although mare
oxvgensics wors produced with 1H:H1C0, the
speecfie yoaid of 17.4 g per m? {about 10 por-
eent of the Ch- product) In experiment 310
wag unaxpectndly high.

Copsidering the totel L produchien, in-
cluding both the nvdrocarbony and oxyzensted
compounds (exeluding water), the breskdown
tulween hydrocarbata and cpgenstes shown
in teble 44 i obtoined. The vafuce shewn iu
tuhls 44 assume that al of the oxyzensted
aompounds were I the rasoline boiding rangn.
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i) OLYELOPRK EET OF THE risLHER-TROPSCH OTT-RECYILE PROCESS

INFLITENCE OF CPERATING VARIABLES OX
DISTRIEUMIICN OF PRODUCTS

The principsl vperating variables affecting
the cistribotinn of Deoducts were prossure,
200 rakio i the feed ges, and lempeontrn.
Ko dafinite srend in product distribution due
io varistion of the gas throughpus, between
tho limita of 600 and 1,000 spues velorify, was
eatablisher., The effect of pressure upon the
distribution of productz, numely, o shift todrard
the prodnstinn of besvier bydroesciwns with
incrussed pressnrs, has bemn disenesed previ-
oualy and 13 ilustrated by the data of taole 23
{sea p. 381. In table 18 (wee D 44) Tarnation
in fhe prodoet distribrior remultng from
changes 1n the HyCO ratio of the Zecd gas
during expericcents 19, 32, and 28 = shown,
Az the proportion of carbon mongxde wed in-
croased, the produstion of heaviey hydrocsrbuns
inercased. Thiz plfece wae most pronosicod
when the feed ga3 waa rich in carbon monozide
ae shown by the relatively kow [rosortion o
gasolne produced with 0.7He+100 gas.

A detniled sindy of the effect of termperadre
an the product dislribution was madn in expen-
tuenbs 28-3 and 26-F i whish 0./ H;- 100
zoa and earbon dioxide gerubbing werse ased
(tobla 45 and fuw. 2R to 30). AE the higher
temperatires (and conwersione) sonewhat more
; plus O hydreearbons sl apprecichly more

gasolire wrre preducad, while the middle iree-
tiomz (diesel ail wrl lieavy Adiztillate) remaained
wlwnt Bhe same. Similar eFects Dy e ex:
pooted with |H,+ 100 er 13H,-100. Thi
gperific wicld of (% plis C, hydrocacsens
imeresscd from 21-23 (at san hourly space
wploelty of 500 and t-Em;JE.l'&L-ul'B 233 4o 2557
O e 2329 gm. per m.? {ac 300 heurls apace
yelooity sns 230° to u75° (L), and by a2 addi-
tional 4 to 5 gm. per m® whep hanxite was
wsed in place.  The emount of gesoline sarics
from 43 to 64 weizhb-percont, ndependentdy of
spaee velosity, when - {he |smoperature Tariad
frotn 2387 bo 2817 C. The raw gasolines pro-
duced at these conditions weore ]j.tggﬁ}f olednis,
possessng an ASTH bromine nimber of about
112. Affar voporphase re-forming oFer Cy-
dueel a5 2757 O, and witheot additios of poky-
mer, they 7ad o muler ochans rating of phout
71 fRE:irj vapor prodmTe, abont 1000 poucds).
The diesel ol wae simflar to Lkal produced
from 1Hg+ 1000, w:th an octene rating of 70 to
75 and g pour point of 10° te L3° F. 4a figure
30 shows, virtually all of the powlicts were
bkvirooprbong. Mo approcieble waripticn was
abacrred in the production of cxrgenabes (oil-
and water-sclusle) whoss specific yield: 7a3
soly about 7 to 8 gm. per m? [celovlated with-
ont the bansxite nnit in servies).  The thearetical
lisnit of hydrocerhon procduciion s 208 g, per
m.t (2. T.F) of 0.TH.- 1C0,
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