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538°C (5600—1000°F). The temperature used will depend on such factors as the quantity of
material to be dried and the quallty of air used in the drying. The evaporization rate will vary dependmg
on the quantity of air used in the drying. The temperature of the particles which are being dried is
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60 representative procedure is described in United States Patent US—A—3,653,104, the entire contents
of which are incorporated by reference.

The iron-containing catalysts are thereafter heated in order to decompose the organic iron
compounds. The temperature utilized is not critical and it can range from 46°C (115°F) to 649°C

- (1200°F) for periods of time ranging from about 1 to 48 hours.
- 68 The iron-containing catalysts must be then pretreated prior to use for the conversion of syngas. In
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of 1 to 12 is intended to be included in the instant catalyst definition regardiess that the same identical
zeolite tested under other defined conditions may give a constraint index value outside of 1 to 12.

The class of zeolites defined herein is exemplified by ZSM-5, ZSM-11, ZSM-12, ZSM-35 and
ZSM-38, respectively defined by the x-ray diffraction data furnished in U.S. Patent Specifications
3,702,886, 3,709,979, 3,832,449, 4,016,245 and 4,046,859.

The novel process of this invention is carried out at temperatures ranging from about 260—
55 316°C {500—800°F) and more preferably from 288°C (550°F) to about 304°C (580°F). The novel
' process of this invention is carried out at gas hourly space velocities {(GHSV), ranging from 400 to
20,000 and more desirably from 500 to 6,000, based on fresh feed and total catalyst volume.
Hydrogen to carbon oxides ratios can vary from 0.5:1 to 2:1 and more preferably are about 1:1,
pressures ranging from 446 to 6996 kPa {50 to 1,000 psig) and more preferably from 1135 to 2859

. %@ kPa (150 to 400 psig) are employed.

It is to be understood that although this invention has been described with reference to iron only,
the catalyst can contain minor amounts of additional substances such as tin, phosphorus and tungsten,
rare earth, vanadium, manganese, molybdenum, etc.

" The following examples will illustrate the novel process of this invention. All percentages, unless

6% otherwise specified, are by weight.
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characterized by a pore dinension greater than about 0.5 nm i.e. it is
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he sili corﬁ"ems%guﬁﬁomamwbtrm It t he ce)nters of the tetrahetgra 15&{ ef WP
he preferrg "é é?p WEHE fé‘fé? copigining 9’3’“5
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ombi nat | ﬁsﬂl@nﬂ ?hg ‘%1 @J‘ 066(?)’ @5?1 ?lun muz19 14394
tructur e:opgrsm lumuﬁomfhtreah 560 oam&smasowd f&foWiH al 1668 §rame ssd:aﬁenco hidm
Ilica-to- adllumersduﬂm The migtuer wasccklifie hHgSQieo ethohM abyla&cmmam overnight. After

nal ysis. T'FH“S hthetge' fPéEV‘ form (of, &SM-5
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seful, it fesiopealer 'fez@ 8 Q<o waten At dnng irovacheanbmiaingn o s e
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Ii.e., they mtbmtbmtenh&hydrophobl c propert ies. It Is believed that this
hydrophob| c char acter .is advantageous |n the pr esent |nvent|on The

zeolites us G‘Pe al sts in this iree or gy hexane

i have i gk S AR el e St
their str UChmﬂzSMSﬁasﬂﬂdEdl ﬁg‘&&ﬁSG @Cﬁl Uﬂ:) "t@@ﬁo fatien
It is sometoefmEs.qoses blumidun pmﬁdgeinfmemca-l Pnessnadaed; Toidlved by U6B.argearid16f sodium

zirconium silicate in 1617 cc H,0. The pH was adjusted to 4.58 by addition of H,SO, and left to stand
overnight.

The"aci digc crystalline alumnosilicate corrponent of the catalyst is - G

60
Example 9
The catalyst of this example was prepared by filtering one-half of the gel matrix preparad in
Example 8. The filter cake was slurried with 300 grams {NH,),SO, in 6 liters of water, filtered again, and
. washed with water until the washings were free of sulfate. The gel was homogenized with the addition
65 of 1132 grams of low sodium ZSM-5 zeolite (30.6% solid content) in 3400 cc H,0 and 1204 grams
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such cgnstral ned access exists. For exanple, if the only pore windows in a
crystal are fornmed by 8- nenbered rings of oxygen atons, then access by
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t he two hydeodavakenwas aﬂ@ad &JI" stbvéuﬂ mraka#efl@\@)ﬁochmf &8Mrfi (111 % ensolidsh Thag reixture

t hose whig h‘"é?iﬁ"&}g %eg% i d{cat%q\g?c% B\ mgggp amié 9 ddeziching tt 334 4{50003Fh.

Const r ai nt fe¥ Pl ®&ncl udi ng some not
within the paapR oof this invention are: Zeolite

Cl. 25 The procedure of Example 10Ewasdolioived with the exception that the CuSQ, was replac@Bwith
ZSM 5 2.64 grams Cr,(SQ,),. The finished catglyst cpafmingd 11.6% iron and 0.15% chromium after
8.7 zSwm 3% calcination. 6.0 TMA Offretite -
3.7 Example 12

One hundred grams of the fluid ge! matrix prepared in Example 9 was exchanged with ammonium-

sulfate and washed with water until sulfate-free. A solution containing 12.9 grams iron {lI} gluconate in

45- 200 cc was added, followed by 5.3 grams oxalic acid dihydrate in 40 cc H,0 and 9.79 grams low

sodium ZSM-5. The mixture was homogemzed filtered, dried and calcined at 638°C (1000°F} for 3
hours giving a finished catalyst with 5.7% iron content

Example 13

&0 A fluid catalyst gel matrix for this example was prepared by addmg 10 722 grams Q-Brand
sodium silicate to a slurry containing 830 grams of WP kaolin clay in 51.1 kg {112.5 Ibs} H,;0. The
procedure of Example 8 was followed identically. The next day the gel was divided into three equal
portions. .

55 Example 14 ' : _

: A one-third pomon of the gel prepared in Example 13 was filtered, and the filter cake was slurried
with a solution containing 1364 grams FeSQ, - 7H,0 in 5400 cc water, followed by the addition of 682 -
grams oxalic acid dihydrate in 6300 cc H,0. After filtration, the gel was slurried with 300 ppm
ammonium sulfate dissolved in 6 liters of water, refiltered and washed with water until the washings

60 were sulfate-free. A slurry containing 755 grams of acid ZSM-5 {30.6% solids) in 3750 cc H,0 was
added and the mixture was homogenized and spray-dried. The finished catalyst after calcination in air
at 538°C (1000°F) for 3 hours contained 12.7% iron. Other properties are listed in the following table

65
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30 s . - ZSM 38 | 2.0 ZSM 12

2 Beta =, ; 0.6 ZSM 4
0.5 Aciéd Mordenite - REY
0.4 Anorphous silica-al um na oogzgﬁﬁe above-descri bed Constrai nt

I ndex is an inportant and even rltlcal d'éﬁi-ﬁutlon of those zeolites which
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i dent i cal 5’f sl nder ;?éoh r_defi (‘tQQ ops
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carbon oxides ratios can vag “ﬁ“ t’( 11 angggore preferably are
rTﬁout 1:1. pressures rangi ngeg r@maﬂﬁﬁcto 996 kPa to 1,000 psig) and

re preferably from 1135 t Der38ph9aiCelgim (150 to 400%8&si g) are enployed. It
to be uffderstood that al Persitymagkad.¢/ccnventi on h&3&een described with

|
r'_'fgrgance to iron only, thepgrg @Ly }‘ can contain mv{)tog6 anount s of
afidi ti onal substances such n, rare earth,
vanadi um nmanganese, nol ybdenum—z3c. The fol |l ow ng7exanpl es wil |
i |l ustrate®* he novel process of0-+3¥s invention. Al I268ercentages, unless
0

herw se specified, are by vveigg;ngg 0012 571 Eng%;g el

0—80 72.0
- 0—100 : 82.6
45 : Mean particle diameter 50.5 um

Example 16 '
A pure silica-base catalyst was prepared by mixing 37.0 grams of an aqueous snllca sol {sold as
Ludox-LS® by E.l. du Pont de Nemours & Co.) vsith 7.0 grams ferrous oxalate dihydrate and 1.4 grams
80 of ZSM-5 in the ammonium form. After homogenizing and drying, the finished catalyst contained
10.5% -iron.

Example 17
' A clay-free silica gel matrix with small amount of zirconia and alumina added to enhance physical
58 properties was prepared by adding 205 cc of 97% H,S0, to a warm 49°C (1205°F) solution containing
3986 grams Q-Brand sodium silicate in 19 kg (41.85 |bs) of deionized water. The gel after heating to
60°C (140°F) for two hours and cooled was mixed with 70 grams aluminum sulfate in 280 cc H,0,
followed by 83 grams of sodium zirconium silicate in 805 cc H,0, which was acidified with 55 cc of
60 sulfuric acid. The pH was adjusted to 4.68 by addition of 20% H,SO4 solution and stirred gently over ca.
65 hours. ‘

Example 18
This catalyst was preparsd by adding a solution containing 11.5 grams of FeSO, - 7H,0 in 45 cc
'H,0 to 137.1 grams of the gel prepared in Example 17 which contained 8.97% solids on a dry basis. A
85 solution of 7.7 grams oxalic acid dihydrate in 65 cc H,0 was then added to the gel, followed by 4.6

o



Juiq catalyst matrix of this exanple was prepared in the follow ng- 4 [L
manfer . QBrand silicate solution (7972.2 granms) was added to a water
slurry nt' al ni ag 1861 gram; V\P kaoI | 0 O01&/571 38 kg (83 7 | bs) of water.

n
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ammnlﬁjr/n for r??géfo“ZSM Jh 2 m% gg ae"re‘rioﬁgggo‘x% ate di hydrate. After
bl endi ng wel [Exanighec20r xture was dr| ed in vacuo, exchanged two tines with 69
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7. 70/%I 20 Exa %34“@9?% f‘?de ‘gﬁ'@al’?t T r7§ ne%:Exmplds:d_hl’alnamz
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wat er. To #hEsmmplex22ir e was added 4 7 grans of anmoni um ZSM 5 zeol ite, and

after hormgenl z fnothar aml an ppqlrteda@mtvst ae pepdred yﬁhdm4@8cdmmgedoﬁ®nﬂsmo
uith 23 granged] gﬁ_@ﬁg %T oYty %% R e ses
of-sul fate igjf e

cont ai ned 2. 8{’/§‘:Iiv8°cmo®@ﬁ B.S;QQ g % g @ﬁ‘ }Zf Pﬂz?ang cggf‘%%l

with the except iEsamilie23 uswsframeentatélﬂtymmrﬁmyfcaﬁq&nﬂahiamphaﬁwshrd%thea H\'ﬁﬁaldﬂﬁ@éj
to give a fifigid maér'ce SQmRiQ) eIPeTptag) theInetaland SAM-E-lasspbalitGin Bveatyix prepated iy
of Exanpl e '“gg@%ﬂg% ?4@":5(;1’ sog inegifdishews 1pravpe physieal iprapartiespricchigher
hept ahydr ajee was' use ’Tﬁ}o |n the fini shed catal yst. 35

Exanple 7 (C@m@ig ve). QBrand sili cate solution (7972.2 grans) was added
to a water sl urrihe et sticd-agmindsol caisipstway\Rreldaed hyadaihg000grats kudlox-88D sllidalksl)in
of water. Af 1685 treafiwatey ta oclahe@s eismgntiﬁmgMgBamstP B6)in [re4667 andz0.cAidabwinina

and the I‘e_{;uFFP?)'g?GP% PVH;Eg ?a “725 E a!twe?nqq grams gég%%\g
ed sili
- contai ni ng 1%%@ 4 ﬁ%ﬁ n’hg f% Fé g urryv\%ﬁtﬁa 49 grams
foll owed by u oxeraerm»ya.@ ibl DAY dctQO WdShdde hmﬁ@m WhHHen hofdgbRi2el WhdspVey
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removal of 2808 %ﬁ*aﬂﬁﬁ"@'ﬂat@hé’f pe Hoyrs &y HBRIC (4 PRSIFL The frihed gmdmc@naqu@muron
ammoni um f or PSF Pegiies arp isted Belowi t h 8000 cc H20 was added to the remai nder
of the gel, and the m xture honpgeni zed an@ggpray-dried. The gel was
exchanged twice wth 2723. 5cemnpdsrio,wtl s) of ammoni um sul fate |n 18. 2 kg

§i0, 21
ad : AlLO, 21
Clay : 11
HZSM-5 _ 34
Fe,0, 13
Real density, g/cc ' 2.72
50 Packed density, g/cc 0.50
Pore volume, cc/g 0.48
Zeolite/iron wt. ratio 3.8
Particle size, um _ Wt. %
55 .
0—20 0.6
0—30 T 9.6
0—40 28.2
: 0—60 . 811
6o . 0—80 78.1
' 0—100 86.2
Mean particle diameter 53.0 um

{Examples 24 through 27 illustrate the use of fluid silica-alumina of different ratios and optionally a clay
weighting agent as catalyst matrices). )




46 (40 Ibs)[esr] and washed until free of sulfate, followed by drying at
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iron’ ( EX.. leyarag gy
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the m xture spray dried. An aﬂ—r—3®aIC| nati on for ®.%ours at [err] gave
the finished catal yst which bmf®ined 9.9%iron. her properties are
|isted bel ow. Properties of ifOptZSMS5 fluid syn ags catal ysts 5

.Conposi t#%n, W. %[err] Pal‘td_Q 6o Si ze distributimip 30 Exanpl e 10 One
hundred .grans of the fl ui Mesmpdrticte giirbgaér €ed i N ExBO #m9 was m xed with 8.65
{grams ferreus, jdate . [err] and 1.00 grams copper sulfate in 100 cc [err]

Oxal i c acid diAydlinith@ Sid,/41,03/caY 2t )of 69.78 82505 Wis pleafid iNVhe ninBabf Exainprved
by 4.7 g-?‘aniﬁeroﬂashmw 8ligramsf afrthe g@Mobtaihing 173.88% salid$ wels homdgesized with r7€7 ss

N e R gt 0 0.39708 450 And
L‘SF‘éﬁﬁPhéeS&, EC | apial ;@ﬂ*@ﬁm o gl ot &:ﬁ S 0 TP e g

iron and 2 0 pe st proce ure “of Exanpl e 10 was fol |l oned
W t h t he3%eEaiple Zﬁl(dohﬁ)hrahm CuS04 was repl aced with -
{n this example a spray-dried catalyst with a Si0,/Al, O, ratio {clay-free) of 87:13 was prepared by
' cogelling sodium silicate and aluminum sulfate and adding 40 wt. % HZSM-5. Ten grams of the
ammonium sulfate exchanged, washed and calcined (482°C(900°F) catalyst was then impregnated
with 12.6 grams Fe(NO,), - 9H,0 in 6 cc H,0 and dried. After calcining for 3 hours at 538°C (1000°F)
~ 40 the finished catalyst contained .approximately 13% iron.

Example 27 {Comparative) '
This example illustrates a ferric nitrate impregnated version of a mixed Si0, - Al,Q, sol catalyst for
comparison with Example 23.

45 A spray-dried SiO, - Al,0, - clay matrix was prepared in'a manner similar to that of Example 23
with the exception that ferrous oxalate was not added. The matrix properties are shown in the following
Table.

TABLE
Matrix composition, wt. %
50 sio, 29
Al,O, 24
Clay 12
HZSM-5 ' 40
- Porg volume, ccfg 0.58
55 Packed density, g/cc 0.53
Particle size, um ' Wt. %
0—20 - 13.1
60 - 0—30 26.8
0—40 : 40.0
0—60 60.6
0—80 741
0—100 ' '82.7
a6 Mean particle diameter 71.2um-

10



grams of ac GCZ'BWE? %6% solids) in 3%7‘50 cc. H204gv$s added
f Y

was hormgen g%
air at [err

54 grams [err].
_,rom um after 40 cal ci nation.

\Aashed vvrth vat,
(VRsI I ) gl UCOﬂ %L Wog;?tg c?jnwre gsw%
hydr at e .i gn pw )
%om)genl zed,

¥ ni shed ¢at dt §@/eriﬂh Eemﬂquﬁmtablemivemheﬁim

Sodi um si | cz'ﬁpg'
kg (112.5 Ib@}anZO The procedure of Iixarrpl e 8 vva§ fol | oned iglenti cal I y.
The next rday ; ,
bne-third portion of the gel
4 1ter cake_was slurried with a solution containing 1364 grans [err] I n
5400 cc wat h""“?%l"?%?/\ed by the additi §§

The finished catal yst contained 11.6% iron and 0. 15%
Exanpl e 12 One hundred granms of the fluid
U’r X: prepar ed in Exarrpl e 9 was ﬂqbagwed W t h arrm)nl um'sul fate and

untrl fat ree Aso utlo ont

S SR bl o
R Rt are \Eﬁg ¥s

f The eaatbts wire adruand mmeasomeb.@tof {s\mgis]ta Qéisoltnel 20 148D KPa\(200CbsRy) and

lobtaihgd B@ring the Secbhdidal (eseptl asst

C{ﬁ éx??i & ther easelysty iy berdsangitionpd7in2CMHa iy e Bireasdand

s M? BY%it ai ni ng 930 grans of WP kaolin clay in 51.1

nb_t,rrx

prepared in Exarrple 418'1\/\/as flltered and t he

of 682 gr oxalic d di hydrate

n 6300 as r,] After filtration, thebsgpl was sl giggi ed with ppm
anmoni um sutdey. eciveragd ved. in 611 ter 2oafiss@Fer, re4 (sekemed azes (seoFrpd Wit h
wat er until thélotwehi ngs 60 were sul f B0a{57428. A 80UBGTE° Bont a298i (AEB°Fb5

the m xture
st after | cination in
G Bps propertiggzare |isted

y-dried.. The M shed cat &
& containéd 12. 66% i ron.

in the foll Bmdmynéld,bhe%GS 7 0012 571 TABLE Zeolite/iron w. ratio=0.92
*Surface area (:lBET) : 358 ntA8f Density, 142al 234
2.55 g/ cgeb Densijy, particl : ;‘5‘ 1.30 g/cc
Density, packeql;o 0. 37 disf Povvder 9Phe vol une a4 :
0.36 cc/g Partico,e size, [err] - 24.7 % Q- 20 51.9
17 0-30 Hydrocarbon composition, wt. % 8. 9 0- 40 : 20.3 0-60
43. 6 . c, 21.8 - 220 20.3 .
_ 0 C, 7.2 " B4 1.3 -
C, ) 48 7.8 5.6
Ce : : 10.7 14.5 7.2
Cs . 9.4 7.4 7.5
Ce" : 55.5 43.0 48.1
35 Olefms wt. % by C No.
C,= 14.8 23.8 5.3
Cy= . 5.6 0 0.2
C= 9.3 1.0 21.3
Cs= 11.9 10.9 38.8
4 c, Olefin distribution, wt. %
Cs=1 (1-pentene) 1.6 1.7 1.8
2MIC,=({2-methylbutene-1) 14.7 13.8 16.1
- 3MIC,={3-methylbutene-1) 1.1 0.9 1.2
' T2C,=(trans-pantens-2) 12.5 12.9 11.3
45 C,C¢={cis-pentene-2) 4.9 5.2 5.3
2M2C,=(2- methylbutene-Z) 65.2 65.5 ?gg

Cs" Aromatics, wt. % 21.2 - 19.9
Lig. prod. 90% pt., . '
°C (ASTM D-2887)
50 Conditioned in 1:1

182—22 {360°F) 197—22 (387°F) 195 (383°F)

1M

CO/H, °C/hr. 31655 315—55 326—55
(600°F)/65 (600°F)/65 {618°F)/16
7a
55 Example 5 - B {comparative)
Run time, hours 18 42 18
GHSV 708 741 994
WHSV 0.97 0.94 1.02
6 Temp., °C, average 280 (537°F) 280 (537°F) 285 (646°F)
Hot spot 296 {565°F) .296 {665°F) 296 (566°F)
CO Conversion, wt. % 90.56 86.3 494
H, Conversion, wt. % 714 - 70.7 56.3
% Wt. C converted to
65 Hydrocarbon 56.8 58.0 60.1



15 oy 0- 80 60. 8 0-100
72.3 Mean partlcle di anet er ' 64.0 [err] Exanple 15 20 The
cat a®yst ofg this exanpl e was pre_pare% q)éo%?gt acting one-third-of the gel
prepared in Exanple 13 with a sol uti R ining 300 grams ammoni um Q
sulfate in 6 liters H20 for one hour. The gel was then filteygd and washed
Wi th wat er Exantlel t he washj ngs appeareﬁj sul fate-fieee. A sol ut{compzatveRi ni ng
2783 gramsg . - e
m xture peal ‘('ﬂd["gr’ﬁ] after which 625h70t 650C (& 1F) sol ut gg cont ai ni ng
1391 &wanms H2GZ94-2H20 in 10 26. litergg err] wasygdded. Afteggliltration
and wat er waslp ng to rem)ve sul fate ixms, ~the gep.scake was rrszed W t h. 1270
granms aci d ZSK5 ( 30. 6% solids) in 68® cc H20, h28ogeni zed, 4&8d :
spray-drj ‘g 139%1f| ni shed caxl yst wP$-&al ci ned -FAdair at [e?ﬂ for three
Yﬁ’ﬁ REPIPOSIHER W

hours and Qt her, gnr operti. es ghe shown i he foll ow ng
table: 30 1.1 ' tdABLE Zeoli{%iron W .

rati 0=0. 67 Sun::ﬁace area, n2/g (BET) 5.3 . 267 Dsmssity, real19.g/cc

2.90 DenS| ty, gpartl cle, g/cc N0 68 35 7.1 ' 13.5 Density,
packed, '§/cc 0. 36 Partlcle%?%v:, [err] ] 106 . 398 W. %

Exanpl e 16 &re kl ca- base cat al yst “was preparga by m xi nﬁ 87.0 grans of
an aqueous f’sol d as Ludox-dS[err] by g4 . du Pont,gde Nermours &

Co.) with 7. chéams ferrous oxal ate diydrate an 13 4 grams gdzof ZSMS5 in
t he ammtfli um Cgem  After honogeni zi n@3and dryi ngs68he fini shedscat al yst

cont ai ned 10, 5% ron. le 17 A cl4dy free sil 38 gel matr83Owith smal |
anmount of Q'gflﬁ'_rﬁ'séf'b& Yokt M% na.added o -enhance physical 56 ‘p operties was
‘prepared by a Bil@g, 205 cc. of 97%[err1]69to a vvarm,%C [err] sg) ution

i cont ai ni%fg 398&m:g.eams Q Brand sodiumisgglicate in139 kg (41. 8xfbs) of

dei oni zed wat é'ZCs—The gel after heatin®%o [err] f®8 two hour38.and cool ed
was mxed wt g granms al um num sul f3te in 280 [err] foll‘b%\ed by 83
grans of . Séd' gcgwwm silicate |§§§b5 cc [er Yhi.ch was dified with
55 cc of-?os fpwduaggglpd The pH was adjusted to 4.68 by ‘addi t| on of 20%
[err] solutionCm@sariirred gently over9gdao1°60 65202)(398°F)Exanpma(35&l=]'h| S

.cat al yst V\%&ﬂdgp améd by addi ng a sol ution contain sS4
i[err] in 45 ¢ to 137.1 grans é’r24t($ﬂ§°§>é18?>?%b!§r éoF’41ﬁ5E38£AﬁP% Fﬂﬂwhu ch
lcont ai ned 8.97% sol ids on a dry basi.sy, A 65 solution of 7.7 grans oxalic
aci d di hydeinplei n 65 cc [err] was thesnideade)t o phe gel, folimwed by 4.6 8

Run time, hours : 18 .18 18
« GHSV ' 670 583 477
* WHSsV 1.02 1.13 1.07
Temp.. °C average : 291 {655°F) 295 (563°F) 291 (555°F)
Hot spot . 297 (567°F) 301 (674°F) 298 (568°F)
CO Conversion, wt. % 47.2 71.0 75.4.
o H, Conversion, wt. % 54.0 62.5 65.3
% Wt. C converted to: .
Hydrocarbon 66.9 59.6 58.1
Product yield, wt. % :
HC ' 14.8 20.5 21.2
50 H,0 . ' 100 7.8 . 7.3
H, 3.3 2.7 2.5
. CO 49.1 - 27.0 22.8
CO, . 228 - 420 46.2
Hydrocarbon composition, wt. % : - :
55 C, 20.7. 18.8 213
C, 10.1 8.5 139
: C, 43 5.7 5.8
Cs 9.6 9.9 8.1
Cs ' 80 7.6 7.7
60 Cs* : "47.4 49.6 432
Olefins, wt. % by C no.
C= _ 15.3 10.6 5.9
C= _ : 204 3.6 3.1
Ce= 25.0 174 29.5
Cs= : 308 25.1 46.9

&5
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dr«,gr ng, the catalyst was contacted twce with a solution containing 46

' O%i ,-'-"571 grans of ZSMS in the amoni umform After honpgeni zi ng and @
grzang Wr umsul fate in 300 cc-watepo@pg §71al |y washed unti|

s;-fate free. The dry, finished .catalygf contained 11.1%iron. 5 Exanpl e
1€ This cat egxy,ﬁaewas prepared in rrannercoangﬁmvbpal go that in Eganple 18
efcept one-

c'tar ned 1T;O%findigwibutienamp¥e 20 10 "This exarrpl e illustrates t-he use of
$ e al uni®ha as® 1b| nder for the metall; nd zeol i te‘}grrponents‘ he catal yst .
S pLepar ed by2 endr ng together 7.0 ns FeCZO1 H20, 4. 4 s anmoni um
ZgM 5, and 11. % s.a-al umi na nonohyggate. The Qagal yst coRlgi ned 9. 1%
ton in finished, orm- Exanpl e 21 (Corrp.aratrve) 1%.9 Thi s catoal yst was -
jeepar ed 1§ bI e%MiCh@ 4.4 grans anmoni ufi®8SM 5 and 8811 7 gr ans ﬁVrSha- al uni na
nohydr ate W&t ing the nixtul®Bwith 15 78Yrans [er B di ssol ved

§ 17 cc H26 jing, the calclnesh @30 st 1R ElaskPr. 3109 e

_nt ai ned 7@9(3.{,5,@3",1 is catalyst was prepared by inpregnation an

Bt si de t he scop@MgPCt his invention. 282E6a8tA)/d72232Ar(0t0%€V1uBe6 LEHOOMHA
"pported cat al yst was prepared by adding 40.8 grans Q Loi d[err] A- 30

I umi na drs ’i}’/'bn (24.77% solids) to Msolution o¥ 12.9 gram! iron (11)

I uconat e |rth§mgqm|jgo at [err] A soluggon containjgng 5.3 graqg oxalic acid -
li hydr at e 20 g8y cc H20 was' t hen added, sé»! | owed bys12. 79 granseef | ow sodi um
ZSM 5 (30. G%IBSNH ds). The finished cat &2 st dri ecﬂ%ﬁrd caI ci n@®725 at
[err] for tH #Meeage cont aj ned 4. 25% %x X |II2 %"gﬁ?ve of
catal ysts pr&;@j’ sﬁrwqggbr ning highly3 ed 5 d aI I uid
matri ces. 20, TofvemiEa; Wt %NCOr por at es ths-;ggt aI and 5 cl ass eggol itein a
matrix pr epasraddnpnmdmg col | oi dal dispersions of silica and alum na and
shows i nproved b\?ﬂp@ﬁ@&!‘ properties and5ﬁpgher acti@fdy and sePéstivity for
the nixed sdledygiiedwedd Exanpl e 23 Thg, ji xed sil |f‘gau1 al umi na sgly cat al yst
was prepargd byHaﬂdr ng 2000 grans Ludoyz LS silica gl in 15357GC of water
to.a clay di spen§| on containing 348.8 gmans WP kaad.yn i'n 4667 2@ -H20. An

al um na di spersCQn prepared by the addi9#on of 666354 grans Di 24l - M al uni na
to 40 grams '_g @06 nitric. 35 aci d+604888c. water % then add8@ to the
above- pr egar¥@ g PItRTEPAP 'R Pure, folygued by 3268 grams of blae | ow
sodi_umformof SM5-in 2488 cc H20. Fhﬂ§.||y, a slgigry cont ai pighg 1049
grans ferrous ogal ate dihydrate in 2488.9cc H20 was3.edded and u#e i xture
was. t hen honogei zed and spray- dried. 5Fhe fl uidi z%lj bed cat alBy@st was

heat ed inpitroggn at ca. [err] for th% S hour s f fwed by a qnal air
cal-ci nation (f,lgfrnsmr,gg‘{@gyrs at [err] T al yst con ained 9.1 %

QL.

€“fini shed ca

iron. 40 Qher properties are listed begloow 218 16.6
Cy= 492 20.3 16.1
: Ci= 52.5 . 259 39.9
45 Ce= . 61.8 340 57.1
C; Olefin distribution, wt. % ' o
Ce=1 ' 1.5 1.3 2.0
2MIC = 14.9 . 134 16.9
, 3MIC,= ; a 1.0 , 1.0 1.3
50 T2C= _ 113 - 124 ' o124
CZCSz 5-3 . 5-5 . 6-0
: 2M2C = 66.1 66.4 61.6
C." Aromatics, wt. % 63 . 150 8.7
Lig. prod. 90% pt., :
' 85 °C (D-2887) : 208 (408°F) 193 (380°F) 189 (373°F)
‘Conditioned in 1:1 .
COMH,. °C 320(609°F)/17 321(610°F)/17 321(610°F)/17
Example ' .18 16 - 18
60 ' . _ , .
Run time, hours ' 18 20.8 - 18
GHSV _ ' 541 1042 688
i WHSV . _ A 0.99 1.01 0.99
Temp., °C average - ' - 292 (558°F) 287 (548°F) 287 (648°F)
¥ 65 Hot spot - 298 (668°F) 296 (664°F) 298 (568°F)
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TABLE [grr]  (Exanples 24 through 27 illustrate the use of fluid
silica-4lumna of different ratios and -optionally a clay weighting agent as
gcat? yst trixces). 9. Exanple.24 A g
'60: 20: 20 Was prepared by addi ng 8339QI2B&7D Brand sodiumsilicate to a
slurry of 83mperans WP kaolin clay ins40 kg (87.46l bs) of watger. After
-heati ng t o—496€{326F B6—5—gratrs—e B%f-er—nas —A-er—6
at [err] aC@Eenyeision v8-%ont ai ni ng 4665533? ams al unB®dm sul f at 849 18, 659 cc
H20 was RO NE Bel stirred ovélight at pPP4. 5. The fMPwas then
filtared and Wi th 4 volunes ofggipo[err] sghytion, folé@y\ed by wat er
until the rvoadetyvigs wieke free of sulfate. One third of the gel matrix which
cont ai ned 10. 8% sol i dS was m xed wi t18.41177 gr-and7.BeC204- 2HE®R-4000 cc H20
and 3409 grawggow sodi um ZSM 5 ( 30. %’ sol i ds)+2§ 0 cc H20, ¥kl the nmixture
43

was ho ‘beni zgfl and spray-dried. The ci ned 103 grrl3 hr) al yst
.contained 1 1¢ K;i ron. Other propertiga®p are |listgglzin the foddpwi ng Tabl e.
‘TABLE Exantijdeacarbon campasition, wt. % _ [err] A gel with a .
[err]clay ratfe of 69.75:5.25:25 was pared i n16Ae manner W1 Example 24.
30 After®washithg, 72.8 grans of the 1 cont ai ni 113.88%5 +ds was

- thonogeni zed \Mcgh 7.7 grans [err] in £c [err] 2:§ grams HzFg04 -2H20 in
:35 cc [err] agg 3.0 grams ammoni um Zg¥¢ 5. The driygg catal ystigms exchanged
‘twice with 23Cgrans [err] in 150 cc I48® and wash8sl8unti|l sul4xée-free. The
dried, P nPlefinsgw¥tbylCynot cont ai ned. 5. 0% i ron. 35_Exanpl e 26 (Conparati ve)
In this exarrplce=a spray-dried cataly avm'th'a[eg' rati o ( -free) of
'87:13 was pregiLed by cogel |ing sodi ygeilicate gng al uni numggl fate and

\
el matrix with a [err]clay ratio of O

4

-addi ng 40 wt . c@é:HZSM 5. Ten grans of F7ye ammoni unpgpul f at e exgdmnged, washed |

tand cal e¥ neyDl¢ferdisributioravy.98 was then inpregnated with 12.5 granms [err]lIn

i[err] and dri 1 After cal cining for 1%2 hours at 269[err] 40 ¥ ? fi ni shed
jcat al yst cont | d approxi mately 13%&5%& Exanpgl% 27 (Conp ive) This
exanple ill ustnzég‘ s a ferric nitrate qypregnat edaigr si on of fggi xed [err]
isol cat & yst fcg=conpari son with Exargd e 23. 46 215 A spray-sléied [err] -
clay matrix waM2@eepared in a nmanner &i8rilar to Bat of Exanl.® 23 with the
exception ?ilh%."’gf%%ggq’&ga oxal ate was ndt3 added. Th&2matrix propdrties are
shown in tHEPEEIIERE0 Table. TABLE [¥0Tde1°m  2311448°F)  195(383°F)
35 Conditionedin 1:1 '
CO/H,, °C : 322 (612°F)/17 318(604°F)/16 323 (613°F)/15
' 21
Example ‘ . 19 20 (comparative)
- 40
| Run time, hours ' 205 40.5 18
B IR GHSV : 680 997 891
WHSV 0.98 1.02 1.01 -
Temp., °C average 287 (548°F) 282 (539°F) 294 (562°F)
45 Hot spot _ 301 (§74°F) 298 (568°F) 298 (568°F)
CO Conversion, wt. % . 81.7 -82.0 273
H, Conversion, wt. % 69.6 - 75.1 36.4
%6 Wt. C converted to: _
~ Hydrocarbon ' 57.3 675 - 73.7
50 Product vield, wt. % :
HC 22.0 26.1 8.7
H,0 79 7.7 8.7
H, . . 2.1 1.8 45
CcO 1741 7.4 67.6
55 co, _ . 50.9 57.1 10.5
Hydrocarbon composition, wt. % - .
C, : 18.2 16.5 _ 222
C, : 10.6 7.9 7.5
C, 16.0 4.5 6.6
60 C. 11.7 - 7.4 16.6
Cs 9.9 11.4 8.2
Ct 33.7 52.4 38.9
Olefins, wt. % by C no.
C,= 22.0 93 . 28.0
65 C= ' 65.6 14.8 o)
14




0 :

2:?57,1 Flfteen grams of this matrix was inpregnated with 15.2 gm Fe[er

sol’ved in 9 cc deionized water. After dry| ng and cal cining for 3 hour
[.er *1 air, the finished catal yat ned 10. 7% iron. “The catalys
| 'Jat

ed for t he conversion of synga 0 gasoline at 1480 ‘kPa (200

;g) and 5 a l:1[err]ratio. The followi ng table gives the r&kults
# ai ned duﬁwrg"et he second day (except19as not ed) 8 the evaI J&T’T“Eﬂﬁaﬂéﬁ’ter

ted i ns the Exarrple 78, [@fg] day 1 7@,
: c,me dlstnbutlon, wt.% (conparative) Run tine, hours
C4€1 '- 18 GHS\JBS 1.9 11 708
1 =V\Hsv o 1%4 0.97 149 0. 94
102 Q912 5? e 417a 7a Exah?% a8
i .= o (conpar@tg ve) [errk.z "7b Exanpl e
gonparative) 2M2C,= = . 10 0@ 571 Exaasze . [ereds
: Cq* Aropgatics, wt. % 18 0.2 184
i3 Liq. prod. 90% pt., . ) _
¢ 1§ °C(D-2887) - - 247 (477°F) 193 {(379°F) {358°F)
1 Conditionedin 1:1 = -
; CO/M, °C/hr. . T 322 (612°F)/64.5 381 (605°F)/64 321 (610°F)/22"
i Example 22 . 23 24
. 20 . .
Run time, hours 18 18 18
GHSV : 821 831 788
WHSV : - _ 0.96 0.99 1.06
Temp., °C average 289 (653°F) 289 (552°F) 290 (554°F)
25 Hot spot : 297 (566°F) 299 (570°F) 299 (570°F)
CO Conversion, wt, % _ 25.2 87.3 58.2
o H, Conversion, wt. % 51.56 70.3 . 850.7
% Wi. C converted to:
: Hydrocarbon 86.2 56.1 : 62.3
30 Product yield, wt. % .
HC 10.2 23.5 16.4
H,0 12.0 6.9 9.1
H, ~ 3.9 23 3.3
coO 68.9 11.7 39.0
35 co, : - 50 55.6 32.2
.- Hydrocarbon composition, wt. %
1 - 15.3 179 20.7
C, 5.5 6.8 6.5
C: 4.1 5.5 5.7
40 C, 1.7 10.0 12.0
Cs 10.3 5.6 - 40
Cst 53.1 54.1 51.2
OIef'nswt%bndo )
= 48.3 5.6 215
45 Cy= 36.2 12.8 0
Ce= 418 13.4 5.1
Ce= 55.8 17.6 6.3
C; Olefin distribution, wt. % '
, Cs=1 1.7 1.3 0
' 50 2MIC,= - 18.7 " 16.6 - 154 .
3MIC = 1.2 0.9 0
. T2C,= 11.6 12.1 12.8
»F C,Ce= - 5.8 5.6 - B4
2M2C= 63.0 64.5 66.7
: 55 C4" Aromatics, wt. % 1.1 19.2 33.8
Liq. prod. 90% pt., : . :
i °C{D-2887) 184 (364°F) 197 (387°F) 196 (385°F)
. Conditioned in 1:1 o : :
. CO/H, °C/hr. 321(615°F)/17 321(610°F)/17 322 (610°F)/17
. w
5 26 27
L Example 25 _ (comparative} . {comparative)
i ‘Run time, hours .18 18 ' 18
65 GHSV 906 626 - 928
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10012571 21 Exanpl e - | 19 20

(compakative) [err] Exanpl e o 25 )

(conpar ative), (conparati ve) Run ti S - o 18

18 * B 18 65 GHSV 961271 906

928 15 0012 571 26 27 Exanpl e - 27 _
(conpar at | %8fPle (conparative) [err] M3te that t hff"E‘&f’éﬁ"&?%t dFomREgiEtle 27,
i.e. CO copygpsion-of 87.3 wt. %as’ sed to 4 Tot al hygl ocar bons

were 23.5 Yémp. ¥eutdrages only 15.1 wt 87 (B4y°rB 552 (5§7¢:;at al ysi3 (ss9¥BpsSi ti on
prepar ed by fubfspag a.mxture of an i29015680RPOUNAY7 BERERMri X ILHL(BT4°®] and an

aci di¢ cry@@ébrbvmrs@namﬂfn nosilicate zédld te havi n§3& silica-t¥&lunmna ratio
of at Ieas "9’%10? & size greater t8%fh about 5 ﬁtﬁgstrom urtd% and a '
constrai jgt Bg% % B¥ut 1 to 12, charpcterisedsjhg that the iron conpound
is a waterpg . dgerivative of an organi c conpound and said mxture is
dried and 60 u-ICeat ed Wi th carbon nonaigle or mi xtitBes cont ai th.hg the sane
at - tenperat urékOof 288 to [err] for @E{!)erlod of Pidme from[ezr'] hour to 24
hours. 2, Ac osition according to im31 whi lﬁ has. been ay-dried to
produce partidges of a size range app{4opr| ate foragse in a f{gh di zed- bed
react or. 3Hyd%@€bgpg&h5dsman akgerding to claim1 -or claim2 wherein said iron

conmpound is fé&;rous oxalate. 65 ~ W2A corrposﬂﬂfion accordl®$ to claim3
wherein said i%on oxal ate is f or med |é¥‘5|tu ga 0012 571

27 ExanpPe & 85 2 (conpaggtive)
(conparative) d.err] prepared in accorgﬂgnce with iglye instant yzgention.
Thus, Exanple is a catal yst prepareth.i n accordamge with thed.¥nstant

i nventi on Ofin) (t.OEeby Obis

C= ~ 7.5 21.4
Cy= 211 36.1
Ci= 47.2 279
Ce= 60.8 . 291
C; Olefin distribution, wt. % ' '
S Ce=1 2.0 1.4
2MIC= 17.4 16.8
3MIC,= 1.5 1.1
T2C= 12.1 11.6
- CCe= 6.0 5.6
35 2M2C,= . 611 64.6 \
C." Aromatics, wt. % 4.4 120 13.6
Lig. prod. 90% pt., .
°C (D-2887) 188 (370°F) 188 (371°F) 192 (378°F)
Conditioned in 1:1 : _
40 CO/M,, °Chr. 316 (600°F)/17 316 (600°F)/15 322 (612°F)/17

The data presented in the above table vividly demonstrates the superiority of the catalyst
prepared in accordance with the instant invention.

Thus, Example 2 is a catalyst prepared in accordance with the instant mventlon using ferrous

45 oxalate. Example 7a and 7b use the water soluble compound ferric oxalate. Note that Example 2
yielded 64.9 wt. % C.* whereas Example 7a gave 33.6 wt. % and Example 7b 55.4 wt. %.

Note that the in situ formation of faerrous oxalate resulted in more active catalysts than adding
ferrous oxalate directly. Compare Examples 2 and 4 wherein it can be seen that the in situ preparation
{Example 4) was more active in that it converted 83.9 wt. % CO as opposed to 51.4 wt. % and yielded

50 more hydrocarbons, i.e. 23.4 wt. % as opposed 10 16.4 wt. %.

Note that the catalyst of Example 27, i.e. CO conversion of 87.3 wt. % as opposed to 43.6. Total

hydrocarbons were 23.5 wt. % versus only 15.1 wt. %.

Claims
55 .
: 1. A catalyst composition prepared by forming a mixture of an iron compound, a matrix material
and an acidic crystailine aluminosilicate zeolite having a silica-to-alumina ratio of at least 12, a pore
size greater than about 5 Angstrom units and a constraint index of about 1 to 12, characterised in that
- the iron compound is a water-insoluble derivative of an organic compound and said mixture is dried and
60 treated with carbon monoxide or mixtures containing the same at temperatures of 288 to 343°C for a
period of time from } hour to 24 hours.
) 2. A composition according to claim 1 which has been spray-dried to produce particles of a size
range appropriate for use in a fluidized-bed reactor.
_ 3. A composition according to claim 1 or claim 2 wherein said iron compound is ferrous oxalate.
65 4. A composition according to claim 3 wherein said iron oxalate is formed in situ.
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gave 33.6 W . % and Exanple 7b 55'40"{% i’ﬁ te that the in situ formati

of “ferrows oxal ate resulted in nore-a 1? g atal ysts than adding ferrous @
oxal ate directly. Conpare Exanples 2 and 4 wherek® it can be2deen that the
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wer e . SCOLonssionr eu% only 15.1 w. 782 Cl ains 583.4. A catal436 conposition
pr epar ed- HyCdryemsiemgvte®ni xt ure of an PB8n conpounfi®8a matrix #&erial and an
aci di c gr?f‘é‘ﬁ’ ﬁfoﬁggrbﬁtﬂhi nosilicate Z?’ﬁl“i te having,g silica-to-alunina ratio
of at |eaploddd yied, WP Size greater Than about 5 %\ngstrom units and a
constraint ingex of about 1 to 12, chawacterisedt18 that thet$don conpound
is a water-ink0l ubl e derivative of aB5organic coBfound and s3%@ mixture is
dried and 60 Myeated with carbon nong¥ide or m x gges cont ai '499 t he sane

at terrp'e’ratur of 288 to 343C for a 'ariod of tygg from/[erjgahour to 24
hours. 2. Had,ggym%ﬁ-,bsymoapﬁ@%di ng to claim31 which has been spray-dried to
produce partigles of a size range appBa@priate fon9dse in a fl3Adi zed- bed
reactor. 3. A.conposition according t8-claim1 oﬁ-gcl aim 2 whgfein said iron
corrpounﬁ is ferrous oxalate. 65 g5 A corrposi3 lgon accordhpg to claim3
wherein said dron oxalate is forned gl Situ. 16 ﬁ;’flllll 111138
111111111111]631 0012 571 5. A conmasgition accerdi ng to an$4frecedi ng

cl ai m whepaifin, vazg6 8y Cabr i X material is siliceous. 6. A conposition according
to any Bf cld.ms 1 to 4 wherein said?®atrix mateRdd conprises alunina. 7.
A conposi tiorg@ccording to any precei@ g claim wein said matrix materi al
conprises sild®Ca- 5 alumna. 8..A coggigsition acgghding to any of clains 1
to 6 wher ej Olefiobis@ibsih, wti ®per si ons of silica and alumina are used. 9. A
conposi¥®i on &xedrding to any precedi B® cl ai m wheddin the zeolite is ZSM5.
10. A proces2MI§#= converting synt hesi‘%ﬁgas_ whi ch1§1§rrpri ses contacting said
synt hesi s gas?;‘% a2 o tenperature of f qm 260C [er}li]6 to [err] and at a
pressure of f(fz@sﬁ_l 446- 6996 kPa (50- 10@35 psig) chaggcterised in that a
cat al ys¥ conmmagdgion as clainmed in alsy4.10f clainséa.6to 9 is. enployed.

Pat ent ans s @rbmatics, wt. % 4, 12.0 13.6
iq. prod. 90% pt.,
°C (D-2887) 188 (370°F) 188 (371°F) 192 (378°F)
Conditioned in 1:1 :
40 CO/H,, °C/hr. - 316 (600°F)/17 316 (600°F)/15 322 (612°F)/17

The data presented in the above table vividly demonstrates the superiority of the catalyst

prepared in accordance with the instant invention. '

Thus, Example 2 is a catalyst prepared in accordance with the instant invention using ferrous

"45 oxalate. Example 7a and 7b use the water soluble compound ferric oxalate. Note that Example .2 -
vielded 64.9 wt. % C.* whereas Example 7a gave 33.6 wt. % and Example 7b 55.4 wt. %.

Note that the in situ formation of ferrous oxalate resulted in more active catalysts than adding
ferrous oxalate directly. Compara Examples 2 and 4 wherein it can be seen that the in situ preparation
{Example 4) was more active in that it converted 83.9 wt. % CO as opposed to 51.4 wt. % and yielded

50 more hydrocarbons, i.e. 23.4 wt. % as opposed to 16.4 wt. %. .

Note that the catalyst of Example 27, i.e. CO conversion of 87.3 wt. % as opposed to 43.6. Total

hydrocarbons were 23.5 wt. % versus only 15.1 wt. %.

Claims
55 .
1. A catalyst composition prepared by forming a mixture of an iron compound, a matrix material
and an acidic crystalline aluminosilicate zeolite having a silica-to-alumina ratio of at least 12, a pore
size greater than about 5 Angstrom units and a constraint index of about 1'to 12, characterised in that
the iron compound is a water-insoluble derivative of an organic compound and said mixture is dried and
60 treated with carbon monoxide or mixtures containing the same at temperatures of 288 to 343°C for a
period of time from } hour to 24 hours.
2. A composition according to claim 1 which has been spray-dried to produce particles of a size
range appropriate for use in a fluidized-bed reactor. = . .
3. A composition according to ciaim 1 or claim 2 wherein said iron compound is ferrous oxalate.
65 4. A composition according to claim 3 wherein said iron oxalate is formed in situ.
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