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COMPLETE SPECIFICATION

Improvements in or relating to Hydrocarbon Synthesis

We, Graxpary Qi DeverorMENT
CoMPaNY, & eorporation duly organized
and exigting under the laws of the State
of Delawars, United States of Ameries,
having an office at Elivabeth, New Jersey,
United Slales of America, do hereby de-
clare the natvre of this inveation and in
what manner the same is to be per-
tormed, to be particularly deseribed and
ascertzined in and by the following
statement : —

‘The present invention relates to fm-
provements in the reduntion of the oxides
of carbon to form wmormelly liguwid
hydrocarbons and oxygenated hydro-
oarbong. More particularly the present
invention relates to improvements in the
production of the said normally liquid
bhydrocarbons and oxygenated ~ hydro-
carhang in the prosence of a fluidized bed
af finely divided ixon catalyst.

Herelofore and prior o the present
invention, it was known that hydro-
carbons boiling in the gasoline boiling
range and heavy hydrocarhons could be
synthesized by reacting the oxides of
carbon with hydrogen in the presonce of &
suftable catalysi., The original work in
this ficld was performed in tha presence
of robalt, niilizing & fixed bed of such
catalyst. For instance, a feed pas com-
faining 2 mols. of hydrogen per mol, of
carbon monoxide was charged tv @ reacter
conlainiug metaliic cobalt narried on 2
support, usually kieselguhr, and the
eatalyst composition alse included a pro-
moter which was ordinarily, thoria, The
operation woe conducted ut & femperabure
within the range from about 326°—450°
wag operated under pressures,
which were atmoespheric or super-
atmospheric. The product ohtained was
for tha most part straight chain parafiinic

with respect to the hydrocarbon product..

Minor smounts of alechols, aldehydes

and other hydrogenated compounds were

also formed. _
Thereafter further research developed

[ Price 2181

a modification of the foregoing Process
whezein the reaction wus carried out at
somewhat higher pressures and in the
Presence of am iron catalyst, This process
also differed from the carlier process in
that the tfemperatures employed were
somewhai higﬁer, namoely, within {he
general range of 350°—700° F. or higher.
This latter process was further difforen.
tiated from the older cobalt process in
that the mol ratio of hydrogen to carhon
monoxide in the feed to the reaction zone
was less than 2:1, and that it is varied
from a 1:1 40 a 1.8:1 bydrogen (o
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carhon monoxide retio in the fresh feed. .

Thes product chiained in this Drocess was
of dilferent ocharacter from that amployed
in the earliar process in that it wos less
saturated and conseguently, the gasoline
fraction wus of hetter quality.

Still more recontly the hydrocarbon
synthesis  process has cngaged the
attention of technologists who have
atlempted to apply the finidized catalyst
type of uperation fo the said synthesis.
Indeed, at the preseat time, eonsiderable
researol is being carried out in this
couniry  directed foward synthesizing
gasoline from Iydrogen and carbon
monexide in a prosess in which a pro-
moted fluidized irvon catalyst is contacted
with fecd gus under condifions of elevated
temperatures and pressures in order to
form in y single sfep (with end without
reoyele of unconverted foed} gasoline of
good octane rating. It is very desirable
to perfect such a process for, of couse,
the hydrocarhon synthesis reaction is
highly exothermic and in the older fixed
bed type of operation temperabure control
constitnted a very serivus and difficuli
problem. Il is one of the atiiibutes of

Huidized catalyst technigque, that the
turhnient state of the catalyst is cou~

dueive fo thorough mizing of all portions
thereof, and with it, o positive tendeney
0 cause uniformity of
throughout the hed of fluidized catalyst.
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Abthougk the art haz had some ex-
perience it the commareip] practice of
Huid eatalyst technigue, 28 for jnstanee
in natalylic eracking of hydrocarhon qil,
the abterapt {o ‘anply Lhig techuique to
hydrocarbon synthesiz has revaried o

Jarge number of problems uot encountered -

in catalytic cracking, This, of course, is
understandable for MANY reasons, in-
cluding the fact that the ratalytie crack-
ing of hydrocarbon vi] is an endotherric
reaction while kydrocarbon synthesis s
a highly exothevmic reaction and the
further fact that the Lydrocarbon syn-
thesis reaction unavoidahly regults in the
deposition of substantially more . parbun-
acenus material on the catalyst, which de-
are  closely conuerted with
pliysical disintesration of the catalyst to
patticle sizes which sre not adapted  for
good fluidization, hacause -of their ex-

© treme fineness. - The. Torepaing- specifie.
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ally mentipmed prubleama and - numercus
others have confronted the resesrchars
who have sirivem o adapt - the " fuid:
catalyst tecknique to hydrocorbon syn-
thesis i the laboralories, in pilot plants
and in semi-commereial operations and if
is an objeck of this invention %o alleviate
these insufficiencies: of operniion which
Luve thus been encountered, all of which
will more fully appesr hereingl ter in the
present specification, . ST

One of the problems involved ; “apply-
ing fluid catalyst fechmnique o hydro-
carbun synthesis has o do with maintain-
ing the catalyst. .ub -2 bigh level of

acliviby. Tor example, althoygh redueed

iron is charged to the reaclor duting {he
conrse of the reagtion, there is u ten-
dency for the cataiyst 1o hocome oxidized
by the water vapor and for earlion dioxide
present in, or formed in the rednntion of
carhon monoxide o form hydrosarbous,
Il can be assnmed ihat the reaction will
proceed- according . to one” or both of the

equilibrium reantions below s —
CO+2H,e=>0IL+HLO -
2004 TS 0B+ 00,

In any event it is obvious that ihe
oxygen of the carbon momoxide must be
eliminated angd it is arnally obvious that
sither water or carbon dioxide or pro-
bably both will be formed in the reaction
zone. iInder the conditions orevailing in
the teaction none, the water and [or the
carbon dioxide tend “te uxidise. “the
catalyst. Fzperience hay shown that-if

the cutulyst contains 20 welght % or

60

mure * oxyeen, il i less aclive than
cutalyst containing a lower percentage of
oxygen. Furthermore, synithesis oatolysts

cwufaining g relatively high oxygen con-
tent tend to deposit excessive quantitics

of wax on the eatalyst gt syuthesis con- 65
ditions. This deposition of wax adversely
aflects the Anidization characleristios of |
the catolyst, Now singe carhon dipxide
and water gre unavoidably formed in thy
reackinn, it would be desirable to prepare 70
a4 eatalyst which will resist oxidation by

thege constituents of the gasiform re-

aclion mixtore, sincs the activity and
selectivity of the catalyst will thereby be
maintained at g high level,

Anvther equally serigus problem in the
Huid-typs wron-catalyzed hydrocarbon
synthesis is presented by the strong ten-
dedcy of the cataiysia tp -disintegratc in
the course of fluid operation. apparently BO
a# g resnli of eXecessive deposition of free.
carbon on the catalyst. Tliz carboniza.
tion end  disinfegration tendency ~ of
Huidized irow catalyats has ‘heen sombaied
more recently with considerable success BH
by 2 s0-callsd precarbiding treatiment of
the patalyst in which the catalyst is gub-
jected fo the Influence of CO-gontainin
gases, sush us mixtures sontaining H,
and GO in the raiio pf 28 . 1, at atmos- 9
pheric to sbout 600 Ths, DAT 5. In, pres-
sure  gud  temperatures of - aboud
500°—1700" ¥. until o desfred amount
ol carhon, suy about 0.5-—5 whe %, was .
incorporated T the catalyst as iron car- 95
hide,” Hawever, this recarhding treat-

-3
e

"mcub hag merely 4 surfaca effect and the

carbide dizapyicors fairly. vupidly: from
the cutalyst surface of gynthesis ron- -
dilions particularly when high T pro- 100
porfions are present in the foral {{fresh +
reeyele) feed: Therelore, the ‘Garhiding
ireatment, irl order o-exart ils benefieial
effects thronghout runs of several hundred
bours had to he repeated at lrequent iy. 105
tarvals. A precarbided irom . calalyst
which will vetain Hs parhide aontent
vuder gyuthesiy conditions for a longer
period - of time, therefore; is g need
strongly felt in #he synthesis arh. . 110
Tt is wn ohject of the present mvention
to prepare o powdsred jron eatalyst which
is relatively resistant tn oxidation in g
hydrocathon synthasts reaction zone and
which when precarhided will “ietiin its 115
carbide coulen|; for 4 sabisfactory length
of time under synihesis couditions,. - -
I is also au ohjech of the invention 4n

brepare g catalyst which will - not form

excessive deposits of wox during the 120
bydrocarbon syntliesis reaction, and thus
improve it Tuidization charscieristioy, -

o secordance with the irivention
powdored iron cotalyst is prepared Loy
suhjecting fresh {as apposed to  pe- 195
generate(% iron vxide o g redueing troat-

- ment with hydrogen ut g temperaiurs .
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within the range of 300—1500° T. and
subjecting the thus reduced ecatalyst,
before use in the hydrocarbon synthesis
reaction, lu en aclivating or pracarbiding
treatment with g mixturc coulsiuing
hydrogen and earbon monoxide in the pro-
portion nf 2—8 molecules of hydrogen por
maolecule of varbon menvxide at a fem-
porulure between 500° and TOU" 1*, The
second step of treating the reduced
catalyst with o mixture of CO und H, iz
preferably u  precarbiding  operation
carried onf so fhat H—55Y% by welght of
the jron is converled inlv irun carhide. A
further featura of the invention involves
a second calalyst redueing trealment with
kydrogen at o temperature between 500°
and 700" F, following the inifial high
{emperature redusing freastment and pre-
ceding the freatment wilh carbun
monoxide wnd hydrogen. As will be
shown subsequently herein, a eatalyst
thus prepared s relatively stable toward
oxidetion during the hydrocarbon ayn-
thesis process thus maintaining good
selactivity fo useful produets, and also re-
tains earbide carbon incorporated by pre-
carbiding for a considerably longer tima
under synthesis conditions than cabalyst
which 13 merely reduced by cuonventional
low temperatare hydrogen treatment. Tn
the synthesis sicp, ges miziures of
hydrogen and carbon monoxide are em-
ployed wherein the mol, ratio of hydregen
to carbun mouoxide is less than 2.

Tn order to give full details and a
preferved winodilication of the invenlion it
18 pointed out that powdered irun oxide

having a particle size of from (—200

miceons and containing parficles having
a size presfer than 80 microus to the ex-
tent of 501% or more, i3 Impregnated wiil
a suitable promoler such as potassium
flueride, sodinm  rarbonate, potassium
chloride and potassium carbonate, and
then subjected tn a tempsrature within

the runge of 900°—1500° ¥, preferably
1000°—1100° . iz an atmosphere of sub-
stantiully hydroger until the vxygen con-
tent of the iron is reduced preferably to
2 value within the imite of from shout

o0

3—10 weight per cent. Thereafter, the -

catalyst is further ireated ut & tem-
perature within the runge of H500"—700°
1*. for a period of several hours with a
-mixture  of Thydrogen and carbon
menoxide in the proportions indinated,
Tests have shown that samples of irom
oxids, specifically pyritcs ash containing

55

sodiem carbonale, reduced and freated 80

under the conditions set forth abuve were
wnch less suseoptible fo oxidation by
1,0 and CO, and retained irom carbide
much longer than semples of the same
material hydrogen-iraated exclusively at
femperaturss within the range of from
TH0"—-B00° F. which is ths usual re-
duclion temperature for iron catalysts,

There ave sat forth below in tzbular
form the results of tesis varried out using
a pyrites ash catalyst impregnated in one
case with & weighi per sent, of sodium
earhonate (based on the iron) and in the
other with 1% by weight of potassium
chlaride, As appears from the tabalation,
at the left hand column, the temperafarrs
conditions employed for complete ze-
dnetion prior to oxidation are set forth,
in the 2nd, 3rd, and 4th eslumns under
the general  heading  *° Condilions
LEmployed Fer Oszidation Treatment,
ihe freating gas, the temperature of the
treatment and the duralivn thersof are
set forth and {hen in {he hth and Gth
columns there iz sat forth the inerease in
weighf per cent, oxygen acquired Ly the
iron exyosed tu the oxidizing affert of
stanm and earbon dioxide under fom-
porature gondifions compurable to those
empluyed in the hydrocarbon synthests
zome,

TABLE A _
Catalyst : Iron pyrifes ash plog 1/4% Na,00, or 1% ECl Employed

Conditiong for Conditions Employed
Complete Reduetions o Increase in
Prior to Oxzidation Ozidalion Treatment Weight %, Oxyyen
Preatiient -
Teutp., Na 00, ECt
Temp., °F. Gas °Ir, Hourz  Promoted  Promoted
700 01N, 18 4 16.5
1100 H,041N, 550 ¢ 9.2
oo H,O4+K, . 7160 4 8.9
900 WLO+K, 700 4 17.5 1.2
1100 H,0 XN, 00 1 11.0
1200 H, 04N, 700 4 10.9
800 Dry GO, r{tn] 4 15.9 16.8
1100 Dry (X3, 700 4 7.7
. 1200 ey OO, 700 4 7.4
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It can be sean from the foregoing data
that ag the temperature employed for the
reduction of the catalysts was increased,
the cxlent of oxidalion derreased during
the subsequent ozidation tests, This e
trus for oxidation by botd, water vapor
and CQ,.

The bemneficial influence of tha high
temparature Iiydrogen trcetient on - pre-
10 - rarbiding and esrbide retention of 1ron

calalysts is demonstrated hereinafter by
further cxperimantal daty, .
Two samples of ammonia synthesis

o

eatalysts which is a fused ma etite, con-
tuining among other ingredients =s iz 15
Fnowx, Potussia and a substantial samgunt
of aluwrna were reduced at 760° R, im the
conventional wnanner and of 1100° F. ig
accordance  with the invention res-
pectively, Thereafter different batches of 20
these catalysis- were subjected to pre-
carhiding treatments with gas mixfures
containing B, and GO in the ratio 8: 1 or
3:1 for different times. The essontinl
conditiony and results of these tegts nre 25 -
tabulated in Table B helow:

TARLE B
H, + CO Analysis After Treatment, Wt. uj
Treafment — : ——
80.- Ab T00° ¥ 700 F. Rednetion 1106" P, Reduction
And 120 V/Hr./W -
Wt 9, _ Wt 9,
_ Time, Taotal Carbide of Fu Total Carbide of Fe
H, /00 Hs. Oarbor  Oarbom  Cardided Carbon Carbou  farhided
38 $/1 0.25 5.2 5.0 35 6.4 3.8 43
,, 0.50 9.4 3.5 41 N 4.2 48
s 1.0 13.2 . 8.8 39 10.1 4.6 ¥l
B G.50 8.1 3.8 13 T 144 4.2 53
2 1.0 24.9 3.0 44 21.2 3.7 &0

40 U will be observed that carbiding  was
effocted to a greater extent on the catalys)
reduced at LL00° 1¥, than on the catulyst
reduced at 700° F. (50—55 vs. 43—469,
of Te carbided).

46 It is ulso shown Ly the ghove data

- thwt carbon formation (Tetsl Carhon

““ minws >’ Carbide Carbon) s less om the
material redueed at ihe alevated tem-
pergbure (1100° F.),

Further experimental work was carried 50
ou using thres different catalysts of the
following composidion ;

Wt. 9 on Ash Basis

Ammgnia 1'yrites Mill
‘BB - Syuthesis Ash Cotalvat Teala
Consiifuent Catalysh May, 1946 Untatyss
Fe,0), - 83.62 95.88 97,0
8i0, 1.33. 1.48 0.5
Al,O, 2.5 0.40 ®
60 MnO §.79 0.11 0.4
CuQ)r 010 0.15 kil
MgO 0.1 0.71 ®
ano —_ .25 *
- Cal : Trace .85 *
65 MoO - —
Cr, 0y © Trase 0.04 0.1
Hio 0.05 0.06 -
E,0 ‘ 1.50 — S 0.7
B - — 0.09 —
70 T'otal 100.00 100, 00 98.7

X-Ray Analysis indicates {hat in +he Ammenia Synthesis Gutalyst tho iron
is for the most pars in the form of Fe,0,; in the case of Pyrites Ash if s
in the form of Fe (), and a0, for the most part; while ™ the cage of
il Beale Catalyst the iron Is for the mosk parh in the form of Fe(),
i * Indicated to he present by qualifative spectrogeaphic analysis. *
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Different samples of these three Eyreor op TevrErATURD 0 REDUCTION
catalysts were Lydrogen {reated at 700° on (IxrpATION TBRLESCE, 10

"I, oand 11007 P, respeciively and tested Samples of the various catalysts were
for oxidation tendency and’ carbide re- reduced at 700" F. (16 tv 24 hours) and
tention substantially as desribed above. af 1100° I (1% to 2 hoursy employing
The essential fest conditions and the re- electrolytic Lydrogen a atmospheric
sitlig obtained are tahulated and discussed ﬁreﬂaure and then reated at 600° F. for 4 16
below. aurs af abmospheric pressure with

nitrogen sontainine 4 mol. ol HLO and at
400 peig. with 2/1H,/C0.
Tiprm O :
Wt % Oy After Freating (C—-0— free Dasis)
HBample Reduced wt 700° F. Samyple Redused at 1100° T,
Oatalyst Ny FH,O 2/1 Gas N, +H,0 2/1 Gag
Mill Soalo 6.4 5.9 4.4 2.4
Pyritos Ash 20.7 17.8 2.1 18,7
Amtinonia Synthesiy 22.7 33.8 12.9 19.6
Catalyst (LOSA #3}
It is manifest from these data that the oxidation tendency and to determine fhe
oxidation tendency of the ca lalysts of the effeet of temperature of reduetion on
invention is substantially less thap {hal  earbide retention, The averaged data
of conventionally reduced catalysts. showing the cffect of raduction plus ear- 40
EPFRCT. 0F TEMPERATURE 0F REDTCTION hiding, as compared with reduction
AND SUBSEQUENT CARRIDING on OxiDa- alome, an  the oxidetion  teudency
TioN Tonnuney Anp CaRipe RerexTron (No+4 mol. 9 of ILO) of the thrce
Labaratory  tesls were wmade to different catalysts are summariged in the
determiue the effect of temperabure of re- Tollowing tebulation, 45
duction and subsequent carbiding on the
TiBLE D .
Oxygon Content After Treat. Wt % (C— and O— Free Bagig)
Reducod Catalyst Redueed and Carbided Cat. -
Cotalyst 0T B Tled’n. 1100° 1, Red’nn.  700° T, Red'n 1100°F. Red’n
Mill Beale 8.4 4.4 4.4 2.7
Pyzites Agh 20.7 9.1 1.7 5.8
Armm. Syn. Catulyst 2.7 2.9 13.8 9.2
These daty show the fallowing - erizg the eatalysts more resistunt to oxi- G
1. Carbided, redneced catulysis are more  dation. '
Tesistunt to oxidation than unearbided, re- Data showing the effect of temperature
duced catalysts. of reduction on curbide vetentivn for these

2. For carbided eatalysts, s for nnear-  threa catalysts are sumunarized in the
bided catalysts, reducilon a{ 1100° F. i following tahulstion : 85

70.

superior o reduction st 700° F. in rend-

TABIn E

Wt. % Fe Carbided (Caleulated as Te C)

Afler N, +-H,O Test
{4 IHours)

T06° T, Reduction

1100° ¥. Redusiion

iatalyst Before Treat  Aftor Treat Befors Treal  Affer Trez;;_
Mill Seale 47 40 49 a7
Pyrites Ash 44 29 43 - 40
Amm. Syn. Catalyst 39 19 41 25



6 : 678,941

These data obtained by oxidation with

s Nat 4 mol. % H,0O at atmospheric pres-
sure show the following « :

- L. Ml seale redeced af 1100° 1, and

§ at 700° P, showed liftle or no loss of car

bide, . | Lo

2,.Coke resintercd pyrites ash reduced

2t 11007 ¥, shuwed practically no change

lu carbide eontent; bul the samples re-

19 duced at 700° F.. showad 2" considerabls

loss of varbide.

3. Aromonia synthesis catalyst reduced g

at 1100° F. and at 700" F. showed an
appreciable loss of earbide; the loss was

© Sreater however, for the catalyst reduced X5

at 700" I,

Analyses made. after treating the re-
duced, carbided cotalysis for 4 hours with
2 {1 Hs{CO at 400 psig, showing the affact
of femperature of reduclion plus carhid- 20 -
ing, as compared with temperafure of Te-
duciion slune, on the oxidulion tandency

_ 0f three different catalysts are summar-

zed below:

25 - o TarIE F

_ Oxygen Content Ather Trcat, Wi % (0— and O— Free Basis)

| Refuced Cakalyst " Reduced and Carbided Can,

Catelyst . 700°W. Red’n 1100°F. Rewn 700°F. Red'n 1100°F, Redu
Mill Soale 5.9 24 41 .on2
$0-  Pyrites Agh - 17,8 i2.7 : 7.8 6T
Amm: 3yn. Catalyst 28,8 k 15.6 22.8 - 119

These dats ave comparable to and gener-

ally eorroborate the results by oxidation

- with N, +# mol 1% of T,0 ab utmespherie
36 pressure, and show thot buth carbiding
and high temperature of rednction in-
creass the resistance of the catalysls fo-

ward oxidafion, . .
Data showing the effect of temperature

of reduction on carbide relentinn under 40

hydeouurbon synthesis conditians for these

three catalysts wre summarized below :

Tavim G

Wt % Fe Carbided {Catenlated as Fau)

45 © 700" F. Reduetion Co1100° R Heduetion
Cotbalysb Before Treat - After Treat Before Treab Af_hér Tresi

M Seale .47 T 3w

Pyrites Agh S 44 42 - 43 ©o40

- Ampt. Syn. Cotalyst -39 10 o4 2

80 These data show the following :
1. Mill senle and coke resintered pyrites

ash catalysts reduced ot 1100° T, and at

0" B, showed little change in loss gt
carbide content. . _

85 2. Ammoniy synthesic catalyst redaged
“at 1100° B and at 700" B, showed an

appreciable loss of carhide; the loss was
greater for the catalyst reduced af 700° P,
than for the eatalyst rednced at 1106° F.
The results of pilot umit vperation on 60
bymtes ash iniHally reduced ot 1050° F.
and 700750 B, respectively, are given.

in Table ®. -
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TariE H
HYDROCAKRON SYNTHESIS FLUID UNIT

400 Prig,, 650° F,

RBun Xo. 60 G1#¥
5 Calalyst -~ Pyrites Ash —
Hours 20—115 157-—130 10--137
H,/CO.FF. 1.35 2,06
Reeyele/T.T 1.95 1.8
Total Feed
10 H.PP. 156 ' 206
H./H,+C 0.64 .70
V/Hr./W 39 _ 39

% Conversion of Food

CO ' 99.1 98.4 8.8
& H,HCO 95.3 98.1 82.3
¢u./m® [[,-- 00 Congumod
C;+ 245 245 230
G+ 198 194 180
EtOH 33 87 30
20 ¢+, Predictod 91.6 19.9 24.4
0y —Cy, Actual 16.6 14.7 19.5

The exoollont activiby and superior Hqnid product selectivity of the oatalyst
of Run No. (9 are manifest. The calalveb of Bun No. 69 was dischurpad in
goad econdition affer 888 hours of operation.
25 *Roduesd at 1050° I,
**Redreed at 700°--750° ¥, and precarbided.

The beneficial effect of hydrogen treal-  disintepration test duia given in Table T
ment 1o aecordance with fhe present in-  helow., Al eszential digintegration test
vention, on catalyst disintegration fend- econditions are listed iu the heading of the 35
enries wnder condilions essentially simu-  fable. The megning of the delinitivn used
Iating {hose of fluid type synthesia apera-  to chazucterize the catalyst preparation is
tion ia further borne out by the specific  explained iy the foot notes of the teble.

TABLE 1
4 FLUID CATATYAHT DISTNTHEFRATION TERTS
EPFECT OF TEMPERATULRA OF REDGOIING O CATATYHY DIZTNTEGRATION
ATMOZIPAREERIC PRESSTRE GLARR TINIT

Temyp : ?00° T,; Feed 1 2/1 H, /OO0 Serubbed ; Gay Vel: 0.7—0.8 . /SBec.

Catalyst — Pyrites Ash — — .}I_ﬂl Seale —
45b Promoder : — 1.5% K,C0, — —Ca G.59 K.,0—
Reduetion _

Tempersturs, “F, TG0 800 1440 1200 - 700 D09
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. . Tasrn T.~—cont,
FLULL CATATYST DISINTEGRATION TESTS
LFFECT OF TRMPERATURE OF REQUOTION ON CATALYSY DTSINTEGRATION
ATMOSYHNRIC PRESSTRE GLANS UNIT, _
5 Temp: T00° F.; Feed : 2/1 H./OO Serubbed : Gas Vel: 0.7—0.8 Tt Jee0.
Disintogration .
Bun No. .- 1 2 3 4 b &
Bun Length, Hours 7 1 7 34.8 7 21
Charge -
10 Oxygen, % (&) ¢.3 2.3 1.4 1.5 0.9 0.6
Eolier, 0--20 3icrons ¢ 0 Q 1 i 0
20—40 , 2 1 0 1 9 5
40—80 o 40 13 18 25 46 54
80+ n B3 86 82 bg 44 43
1b Discharge
Oxyzen, % {(a) 0.1 0.4 1.2 1.0 1.1 0.0
Carbon, % Determined
(a) 27.5 25.1 21.5 23.3 32.8 25.0
Carbon, 9 Cale’d frow
20 Holler (nts () 27.5 22.8 20.5 20.1 32.8 24.1
Roller, 0—20 DMicrons
(b) 26 (25.1) 3 (17.8) 1(16.9) 9(28.7) 7(32.%) & (28.8)
20—40 28 (23.1) 10(28.2) 5 (21.3) 14 (23.8) 33 (82.3) B {21.4)
40—80 38 (98.9) 4% (24.6) 14 (20.5) 18 (21.8) 51 (32.2) 4b (24.8)
25 80+ w17 (28.7) BB (20.6) 80 (20.5) 59 (17.6) 9 (61.8) 42 (23.86)
Catalyst Balance, Wi. U
(o) 101 100 96 101 93 100
(Carboen Acommulation
Rabe () 540 130 394 93 690 158
30 Disintegration Rate
{c) {e) 425 kil 15 23 BR 23
Diginlegrativn Rate [ndex, :
: A 6.8 3.3 0.36 0.13 5.6 0.37
(2) AR received.
s (b) Per cont carbon on roiler eirbs given in parentheses,
fe) C-- and O— free,
{4} Gramg carbon /L00 g, calalyst/100 honrs.
{8) Grams 0—20 microns/100 g. 204+ mierons/hours.
{f} Correlates digintegration rafc wilh the change in average particle size.
40 Found o bo most relizble expression of disimtegration tendeney.

It will gheerved thel the disintegration
index of catulysts pretreated with hydro-
gen 2t 300°—1200°F, is only a small por.
fion of that of catulysis reduced at 700K,

Hevelofore the sourea of ivon has been
disclosed as mill scale, pyrites ash or syn-
thetic ammonia calalyst. T4 is to he
understond, however, that this invention
and the method of forming eatalyst may
be applied to many other forms of iren,
such as red iron ¢xide and various oxidie
ores such as hematite, and sintered iron
oxide particles as deoseribed and claimed
in speecitcation No. 820,775.

What we claim iz —

1. A provess for the syntheses of hydro-
carbony and oxygensled hydrocarbons by
contasling u gus miziure containing
hydrogen and carbon manoside in a pro-

&0

partion of less than two molerules of 60
hydrogen per molecule of earhon mon-

‘oxids with a fluidized wmass of finely

divided iren catalyst parlicles st an
clevated syntheses femperature angd pres-
sure, wherein the eatalyst employed is 65
prepured by snhjecting fresh irop oxide
to o reducing treatment with hydrogen af
2 temperalure within the range of
IM0—1500°F. and subjecting the thus
reduced catalyst, before use in the hydro-
carbon syntheses reaction, to am activat-
Tog of precarbiding treatment with a
mixfure eontaining Lhydrogen and earhon
monoxide in o propurtion of 2—8% mole-
etles of bydrogen per moleeule of curbon 75
monoxide at a temperature betwoen 500°
and 700°T, T

2. A process neeording to (flaim 1,

At

70
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wherein the trestracnl of the reduced
catalyst with the hydrogen and carbon
monoxide mixture iy carried out until
50—55% by weight of the iron is con-
verted into iron carhide,

3. A process according to Claim 1 or 2,
wherein the reducing treatment with
hydrogen is followed by o {uriler redue-
Ing ireatment with hydrogen ai a tem-
perature between 500° and TO0°TF. before
the treatment with the mixture rontain-
ing hydrogen and carbon monaxide.

4. A process according fo any one of
Claims 1—3, wherein the initial reduce-
tion of the catalyst is carried out so that
the reduced catalyst conlujne  from
3—10% by wright of oxygen hased op
irom, :

b. A proeess according to any ong of
the preceding claims, wherein the iron 20
oxide is pyrites ush or fused maguelite.

6. A process aceording to any one of -
the preceding claims, wherein the jron
vxide is impreguated with o promotor.

7. A process according to (Maim G, 20
wherein the promeotor is sodium carbonate
or a chleride, fAuoride or carbonate of
potassivm.

Dated this 15th day of November, 1949.

D. YOURG & CO.,

29, Southampton Buildings,
Chancery Lune,
Loudon, W.C.2,

Agents for the Applicants,
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