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When mixtures of Fischer-Tropsch synthesis and shift catalysts are used, their ratio is preferably
chosen such that reaction {2} above identified occurs at an equal or greater rate than reaction (1).

In general, synthesis catalysts used in the first reactor are recognized as CO reduction catalysts
and include iron, ruthenium, cobalt, rhodium, osmium and manganese. They may contain additional
promoters such as alkali, alkaline earth {Group. 1), zinc oxide, vanadia, zirconia, copper, etc. Preferred

65 catalysts include potassium promoted iron Fe{K) with and without copper.
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60 Natural zeolites may sometimes be converted to this type zeolite by various activation procedures
and other treatments such as base exchange, steaming, alumina extraction and calcination, alone or in
~ combinations. Natural minerals which may be so treated include ferrierite, brewsterite, stilbite,
dachiardite, epistilbite heulandite and clinoptilolite. The preferred crystalline aluminosilicates are ZSM-
5, ZSM-11, ZSM-12, ZSM-35 and ZSM-38, with ZSM-5 in the acid form, i.e. H-ZSM-5, being

65 particularly preferred .
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55 zeolite conversion catalyst specifically identified as a ZSM-5 zeolite of desired acid activity, a
temperature is selected from within the range of 276°C (530°F) to 454°C {850°F) and more

preferably from 288°C (550°F) to 427°C (800°F) to achieve a product selectivity favoring gasoline or

a mixture of gasoline plus distillate. These products are favored by a pressure of 790 to 2859 kPa (100

to 400 psig). On the other hand, when it is desired to emphasize production of higher boiling distillate

s0 material, a temperature within the range of 232 to 343°C (450 to 650°F) is selected and the pressure

is chosen between 2859 and 5617 kPa {400 and 800 psig). In general, the pressure in the second

reactor may be squal to or below that used in the first reactor. On tha other hand, when it is desired to

produce a diesel type fusel, the pressure in the second zeolite catalyst stage may be higher than the first

*aor Fischer-Tropsch reactor preferred pressure range. Within these operating constraints, the syngas

88 product of the first (Fischer-Tropsch) reactor, all or partially, is charged to the zeolite catalyst reactor at
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The H,/CO ratio of the synthes1s gas or syngas employed in a Fischer-Tropsch operation may be
s0 varied over a wide range. That is, in the Fischer-Tropsch operation, the H,/CO ratio used can vary from
0.2 to 6.0 as taught by US—A—4,086,262 and other sources. In a commercial Fischer-Tropsch
operation now in operation, the H,/CO syngas ratio used is normally greater than about 4.
It has now been found, however, that high rates of conversion of a syngas feed can be
accomplished to considerable advantage by using syngas providing an H,/CO ratio in the range of 0.5
85 to about 1.0. The precise stoichiometry of the Fischer-Tropsch operation . is a function of the
composition of the reaction products and particularly the methane content of the reaction product. For
synthesis products comprising up to about 25% methane, 100% syngas conversion can be.achieved
with a CO, free gas of H,/CO ratio of 0.5 to 2.3, provided the Fischer-Tropsch synthesis catalyst has
water-gas shift activity. However, generating synthesis gas from coal with an H,/CO ratio greater than 1
60 isvery costly and economically not particularly attractive to the processor.
The prior art comprises several references which show that the rate of syngas conversion is
-greatest, the: higher the H,/CO ratio gas that is used. This suggests that, at a given set of processing
conditions, a high conversion of the syngas feed can be achieved only with an H,/CO ratio at the high
end of the stoichiometric range, e.g. about H,/CO ratio =2.
65 It has now been found, however, that there are some significant advantages in converting syngas

7



H
t

‘be gbsol ut’el y essential to the formation of this special type zeolite;
however, the presence of these catrons does appear to favor the formation
of jhis speci 8 type of zeolite. ;ﬂgﬁegw is desirable to
activate this type zeolite by base exc th ammnl umsalts, followed
by cal ci natprevittinigran #i,/COa4tioaN Midtrarige b7 4.5 toOr. Tﬁartm Rd3Giaiv bﬁerﬁfo(ﬁdﬂﬂtté&ne&ﬁbc&hl?lﬂiat 24
hours. 60 a high HNQQmetié synewsl is m;ssm lmnvmgmteMmﬂsedas previdiisly ta
zeolite by "%’r“i“ﬁm s; foupditt : HP'&?P“&?@" F%megatsa “g‘a?é
exchange., 4 I@; iRt ‘“éia.ﬁ e A ol ot

. R ffm ol A

conbi naL i oRgnt Wa@ér-g 14153 a'?acmlbﬁ'dg u fé‘cts,@o Jrﬁﬁ
'br ewst erit eshowd b Elgdire 1. Gaokk af dldneaz/erpsmad g Rashiva aarmila'r edvemdge of allowing for

iclinoptil olhrqh@onvamon epass:rapd this yalt conversien @hdrmaﬂwmﬂ wﬁ&peaheﬂf@e ZBRAactign than
ZSI\/I- 11, Z,SI‘WliSbf s%a 'a‘lPenaEcta '?8 ql;zgfrﬁ\o s fqund the - l'ln gt 2/q:O tio to a
H ZSM S5, % tlgt%sh(td’ra gﬁ&? the |el ;Lz{?reskl gﬁa‘% ? %@gﬁgﬁéﬁt
of thrsrnxamjron e Initial zeolites use as catalysts herein are
sel ected as thm$ed|hravitn@s&unrrtyattbdwéldemmmqe pled\gistis/at ldast 450 dry - hydrogen
form of not substantially bel ow about 1.6 rams per cubr c centineter.

has been™o §g%‘-5a1 hese e

are. most de ?céan%?é?tt?r% p"{gh g?"é‘?"@’r( cc?i Ok ?éf@ %Yr’é"tl"ﬁ\%ﬁ /P%/TE
those conprising 5 zeoli ta&dagwggs@,ng&gﬁ{ raint in@ggu@Seld@iviyred above of
about 1 to 12, a Hy€Oca-to- laérumnbofbﬁrgasnarqid&at Ieast ab,era:;ml-Qc and a dried
crystal é‘ensrty 0 : ars—per cubic
centinmeter. The-d ensity for nr structures may be cr%ul ated fromthe
nunber of silicon s alum num at g per 1000 cubi c Angsig@ms, as given
e.g. on page 19 ofmhe article on "sgolite Structure" by Mo M Meier. This
paper, tia® enti remntents of which.tre |ncorporat ed heradd by to
reference |s ‘tncl uded in "Proceedi ng s of the Conference on Ml ecu

s eves it e bl Ty o R e ‘é"i’o@%é#’é‘y’

-Lond_on, Yo f’”e ndst H5 rahge d#'b‘iﬂg

density rmyOf nderhemf&daed thy/ reahizats Bay wayrcm rmtoaﬁrgaden 9 kHIUGS ratﬁcsvn@x Wblﬁ,
‘it may be dmt:emmﬂnethB e pffactsipaitingarlylvehed usi n smlﬁfmr@f-Tmbﬁsh zgaysti e in
Jan organi c ¢ "’Psﬂ‘ fpehe bT'sefaha eﬁ rzaﬁmarodurretc ?ﬁ may Aok
‘t he unusual IE %fg‘fﬁo ﬁ} i rgﬁ 'S ﬁ}’ﬁ
are assoak aogthaVidetion bgerdlo r%msoh ith@BMoor 1A 1 Qﬁ#&nh e(m lsma

1t han about timﬁergnarmnmrgemadmc ot @ednm imabehighiyl buoﬂaehﬁrghsd\eﬂ'&bﬁs;éh efnti@6is bpe@ativn S t
Ibe associ at‘e'ﬂchmalm syurceisaﬁfvels pymlubstmlmqtﬂoopf the beat regeitemenisiofd antchﬁ highly
crystal, wf t'.'érf el @%’Er o “33’°3ﬁ§2§"l“>"fe°"§q§%¢"”é’s%t"f‘t.‘,?% o s
free Spaae, mosiien Flothe's qn ecmmi"é aaaianeéo R OB TR brobdst. ahabih Yachhos

. flactivity. Gbgredr va deaymwrr tha sdrdsk 66n arsaemusrupnmbr-we& h proSuct Witk lspidtrGig

Jisone whi ch carten rompauntis iprentidre A@G gy selegtiveaioniensian thm@mnhmsracld ;eﬂeoknm as
oi d vol unefSM- 50‘? Vieagseike-density, Ferrierite ge/cc 76
/cc 2 1 In the combination nmﬁrag § fi is invention, the Fisch ropsch synt esis gas convgpsogn may
J 45 be carried outin one or mrl g % cB)sé ‘atl rior art. How r th ial low
JZSM 5, - 11 H,/CO ratio- sé as used in the present i :4 €?.ures a spec| rrangement and
1.72 L operating care to avoﬂ!Zany large and/or local signfficdnt tdohperedyt iincadasdsahat will Bdd to low
1. 71 30 selectivity for premium produptgy aignifi¢apte methane make 30r an undesired increased Jcafbpn
deposition. Therefore, adiabatic fixed catalyst bed type flow reactors are unsuitable for the purpose.
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55 gsuspended catalyst and surrounded by a liquid may be employsd.

Especially preferred is a liquid phase bubble column reactor arrangement with suspended finely
divided catalyst pamcles in a liguid medium such as hydrocarbon product medium. The catalyst
particles suspended in the liquid medium are preferably iron particles with or without alkali promoter

60 such as potassaum of small particle size up to about 100 um and preferably less than 40 um. The alkali
promoter is desirable to inhibit methane make.

The liquid suspending medium desirably will possess enough thermal stability to be stable under

the reaction conditions employed. Therefore it is desirable to employ a high boiling portion of the

_ reaction product. Other examples are anthracena oil, heavy petroleum fractions and silicon oil. Preferred
65 are synthetic hydrocarbons such as the heavier fraction produced in the Fischer-Tropsch synthesis
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bel ow t hat ¥ érgtug& }%Eﬁeg;uoﬁﬁéﬁi §£rt|cu A tﬁz %ﬁ&w shtord;gt:% |hte:.r|9§

to produce a cuseaiebortvy:penfmedumst Bfetl'ﬁl’ﬂﬁwbﬂ Tm sdtencseﬁgm x@b@hict epeeatioal gfSthe
stage may be ¢ompination Mla'n be h@omPhSQGd mrenﬁwsa:fveeﬂ-dr flaid el of eqtalysy rpr !dgi with eéiequate

the range of 108itthes i‘ealh@nmd ttlatBU'stpessMiO@ qr%ceamdwﬁml@'?? eiftéve%g f&eﬁ gf this

pressure r ang'@d'“’W E??F ﬁ" PRQ.? é“?? ?}%‘I’F‘@ fifptostagg ﬁ@“'&?’/é@ RRgeation.
of the firs? ?:E\k ‘:%5 rat % r;‘:éﬂoh 8 9:6 Qa{gEé:%J'&Mch rhay g‘é'&@efd o (ﬁé
zeolite catal Mﬁtne.fe,e r{yQJht qu succe ddb0(1Pa Kaddediof Ertdlysk ihca KrAit@Rdi eteQ t

30 VHSV and nshek raastoaariapganhenhivith irideeqt hery exahbngt flu o]:ZhWiiBngecﬁmgemmengpedwm ﬂne

severity of t¢pals é?) 3 F'Gﬁet’d@?eﬂ@d‘ bePo°fo§€aiMs$ Sﬁ) “éesdbtdﬁ?“rﬁlcﬁ agy 1“r‘é’d“‘a‘ﬂ‘@ oil and

sel ect ed pr‘Bdgfgg Pa}fgt mt% gamegﬁgfguch oveme o ne catalyst particles

provided with internal, external heat
exchange means or a combination thereof, and (4) a fluud bed catalyst phase operation provided with
internal heat exchange means suitable for retaining the exothermic temperature of the operation within
relatively narrow prescribed limits.

50 The preferred two stage operation of the invention comprises the use of a bubble column type of
reaction system containing suspended finely divided catalyst particles in a liquid product medium of
Fischer-Tropsch synthesis and maintaining close desired temperature control on the highly exothermic
Fischer-Tropsch operation with the catalyst suspending liquid medium when particularly processing
syngas of an H,/CO ratio in the range of 0.5 up to about 1.0. It is preferred, however, as herein

s5 identified, to maintain the H,/CO ratic from about 0.6 to about 0.8 so as to achieve high rates of
conversion within relatively economic processing conditions. This bubble column with suspended
Fischer-Tropsch catalyst in a liquid medium is most appropriate for achieving restricted temperature
variations about any given catalyst particle and such a temperature restriction is necessary to severely
limit coke deposition. Severely limiting temperature excursions in the Fisher-Tropsch operation is

60 particularly desirable during operations selected to maximize gasoline production because of the higher
temperature requirements.

The second stage of the combination operation comprising the special zeolite conversion catalyst

.o herein identified used in a fixed or fluid bed of catalyst is relied upon to convert a highly olefinic product

i . . of the first stage with or without Fischer-Tropsch formed oxygenates under exothermic reaction

. ' 65 conditions suitably temperature restricted to produce the desired product slate herein identified. In this
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:obér’atton the al pha.(a) activity of the special zeolite catalyst is
Jrai nt ai ned bel ow about 90 and s preferably bel ow 50. Zeolite catalysts as\
‘premared after® have a val ues exceedi R ORAH40A reduction in the zeolite

hactivity maysohe kel BRterldn Siefaith i doREBIRRH Weind BS sSbddzeditd LRalflh Wih @
synthesis, @ b)tgcwtyt?% h@ﬁﬁ@lﬁ& "G bele °m Eﬁiﬁ,@bﬁ |7b>:§a éreéabﬁlnﬂegbgWa:ﬁutnSg
standard a- uesﬂvumhlch Is fully descrlbed in aletter tothe Editor entitled

L\Super act |s vey %ec%vw%zﬁ@ ﬂhsﬁﬁgﬂw!‘simq(:%ﬁ g{;(ﬂ% %%WP@FWQ%'S:W @g;sli?r:f e'llﬁg&lgzg
Wi sz and®JP gg%

b | | fins (if ti m tod o
4, A BUQUSEfnebior mé Yio 3 posliis °"°“‘°:l?e§ﬁ'>“s‘p.«'ae eé.&f i addition,
ref erence, excepdlefindabn bé muﬁecm redd’ Qﬁndameistaﬁﬁ Hytp%i:e&ﬁi@to@ eESM-B dediites @t N
[ 0 pref or m toctempaatured A3a++-343° CtiAE0 o850 kent high bressute [218%10110r448 kP (390 1§ 2509
Irhe conbi ®aPfi®h operation of the inventi on is highly versatile for varying
'rproduct sel gl ye|1ty and this versatility nay be anplified to some
fconsi der abl e ememnomg BafDlell Rldira@ithOiirality & MnideREurdh chifing ot Ak AGUSEIrodEs
[ he first sobmis immims Examplectasis om expemeritivithin the 0pditing tpatsirieters dfahig wéritios and
cat al yst t§f Examplesdois the Opera digslosert in @niglaﬁaate 2§ in gachteasedhoiged 88948 wixturde

I ot fvgioan asgcerpp (R roprte saishs 3 and
broduct may L LS Wgse*b%?%?&’;‘/f eipteics o RIPTRATE /T e s e
i y

Jpoi |'i ng product drocar bon and oxygenated product of Fischer-Tropsch
isynt hesi sazai s cat al yt ically nodifi.ed by traeLspeci al zeolite catal yst herein
| dentified under selected operating conditions. Wthin this 20 operating
ienvi ronnent , i £x@mPledht enpl at ed perforning the Fi scRér-Tropsch sy‘r‘?gas

i.';,onver5| on ope th the kIsc sch ¢ b spe

iliquid mesi um rrg‘% ﬁal mal ned as a ?sr" &:ggt,,al ys%re%gggzgr ai om(-; Ofpi | ong
ireaction tubeswHsvestricted crOSSFmeéactanal ar ¢20 and/ or di aneoer to

.achl eve a desired indi rect heat exémg@aﬁmth a Heat exchanget$| uid

‘adj acent the r é?éf‘i’?)hp igzj , that i nt er nal . @B8%8149% nal t hH#Z28H&%0on t he
ot her hang, th ‘g may be en% Syed in a digpersed phasegggaction zone
25 provi ded W|th ||.qd| rect heat exch@nge coils orzoas a nore deyge fl uidi zed
catal yst bed asyagagenment pI’OVI ded with indirect 20dat exchange8&®i | neans
Sui t abl e arran %W@PCW‘P@' ndf removi ng urdesired exot &®i c reaction
heat . The,conbi %{'PE “(S'ﬁé‘ ‘t“?"o f the invention,lends itselfgto a variety
pf arrangenents V\A’tl:(,‘_ can be relied upon to achlﬁvga t he resulg§5de5| red.
for exanple, it |scs¢onterrpl at ed enpl oyi ng nore t42e81 one 30 Figsher-Tropsch
‘Feactor in seq@mnﬂatlaéun@H pa¥al | el flow arrangen‘fﬁ1t9 or a conbi&dtion thereof

' ich will, per@" éﬁc/)oﬁ‘f gqﬁ'ﬁ Oﬁéarrple b}ggp rhonate wash from -
_#he produ€ts o x'égaéf'q HM#ate the sé %Pg? Ileeaction st ages.

- @ n this operat ithg ab8lixsAdie @Raf) demohsthiRds- sUpSHOP GoauRLARIER lafe, obtaindd wWisenWpeiatksgS d
0 obt ai n beaithie thet diitical pdrSmearens GEths instanGhvetXidn. ThtaIEthﬂanatdmteﬂnwmh progeatibo pf 20 f

he sequencbvdmca'lbe'aemm vhacging the §s+r€r9°tbe “pastalat?uﬂuf"l gﬁfﬂ " lgagiwherein the

: meang plus sthang make w3 14es ing e e utp phtgined
[ttt o g}aﬂgﬁ,@ i S 5. M il & T L et i e AT S

i scher-Tropsch synthesi's as a |iquid phase Fischer- Tropsch operation-in
®ppar at.us _sbemptes 2a~bubbl e columm, it is conten‘%at ed u3| n at Ieast tvvo

¥uch colu ?wme} am*ﬁvreﬂwoap & 'at'o
rereor. oo T S

pe Wi t hdr awex ssrammmdténa@moﬁ@reea&a ys partlc es so that a slurry o

i gh catal yst pRthériopératingenuditiving, as welhascherelndts pithined) e shawrt ih ¢hefolpaingrtable:
ropsch r&hctor. The liquid product freed of catalyst fines may then be
passed to the zeolite catal yst conversion state of .the operation with or

i t hout entrained oxygenates of the Fischer-Tropsch operation. On the other
hand, the liquid separated fromcatal yst fines may be passed to a catal ytic
bper at i on®esi gned particularly to formniddle distillates, diesel fuels
bnd j et fuels. 45 In a particularly preferred enbodlnent t he
pbrocessing technol ogy of the invention is directed to

65
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- _providing.at | east 90% syngas conversion to hydrocarbon and oxygenate
Yiprog@ s yhich are thereafter conver @20 f§0a ZSM5 zeolite to nore
“desirabl e products. The H2/CO ratio of the synthesis gas or syngas enpl oyed
in a Fischer-Tropsch operation may be sOABES ed over a wide range. That is,
in the Fis - Tr.opsch operation, the [err] ratio used can vary from0.2 to
6.0 as taué%?x‘glshﬁs-A--A 086, 262 and ot hér sources. 1M a conmerci al'In |
Fi scher- Ts onsag(AgET at iFst re@ir i N OpegAabe prdock)he HR1ESO(600PERS I 842T (B4®E) | S
normahkly greater than &ecankd rehctolt heaB71nOWASEEN f OBITEIC (BADREN er , 4297raX(804Fh
rates of coWéVsion ot_.FHS%W%?S f eed2®n be accon%ﬁﬁshed to coRSi derabl e
advant age by, usi ig'gmﬁ*ngsﬁgmﬂr' i ng %P [err] rati$®®n the rangd®f 0.5 65
to about ,4.0. %l%e ‘preci se stoichiomegyy of the Figgher-Tropschggperation is
a function of #he conposition of thezggacti on progsets and parg@soul arly the
met hane cont entCOpf the reacti on prodft. For synth&sis product ©3conprising’
up to about.? Ret hape, 100% syngas®&bnversi on c4d*h7be achi eved®Rith a co2
free gas ,pf yilidonal o of 0.5 to 2.?.4provi ded tgg Fi scher-Trgpsch |
synthesi s catalgyst has water-gas 'shigg activity. kQwever, genemgting
~synthesis gas fom coal with an [err3d3ratio greaten than 1 60 B8 very
costly and ecof®gzically not particul48$y attracti 684to the pro®éfsor. The
prior art,cgnpleSes several pefey enc®s? whi ch show'#Rat the ratd2df syngas
conversion I's gieat est’ "Che"'Ri gher t4pg H2/ CO rati gagas that is,gged. This
suggests that, cat a given set of proggssing condifjgons, a hi gha@onversion .
of the syngas fged can be achieved omly with an [@8r] ratio at 7tthe hi gh end
of the stoichi tric range, e.g. ab®dt [err] ratP@ [err] 65 &1 1t has now
been foufll, ho @ver, that there are me significgdt advant age g n :
converting syng,aé' 7 0020140 proviggng an [err]3jgati o in thegigange of 0.5
to 1. That is, g4 has now been foundi.quite unexpesipedly that aem gh [err]
rati o syngas i $Cpot essential to achd8ve a high rade of conver$Sifon as
previ ousl¥y tau@ms. On the contrary, $P,was found t at a higRlgverall

"p'r_d'ée!si n(j [err] gas in aratio of 0.6 to 0.8 under processing conditions @

conver si-on of r+ tég""f‘han 60% the r :-ila of conver gn of the s é as feed is
especi al |y 0j+@hinM€wig ocessing a | £rr] ratio sygggas, with t1ge hi ghest -

conversi on €aCeinathivetded Wit h about ®.4.8 [err] raéBbv gas when3ustng a

Fi scher - PPopsdnH&ami¥by st cont ai ni ng 42 er - gas shi B4char act eri 4i88s under
sel ect ed op@PAERFHY tdn®® i ons. This $3hding is cl &Py shown by3€ gure 1.
The use of qn4|mg[(g;r] syngas thus has the particul ar advantage of allow ng
for- high conversion per pass; and this high conversion can be achieved with
a hi gher 4pat e &fory tha@bovertabiedtcap be sedvl thatviixernplg 2Tesilterlin Shedrroduciion of an grcessive
Fur t her mor e2m9unt gfeethang plys eiane. 'r;%@fﬁ \egis*ﬁgeff Jvﬂtﬁrq?f gepaegt@graotfg@a'zﬁesg@fﬁﬁ 1
or less haswéi?ﬁ%ékﬁx e s ene P f}btsnj%m suuete #'s 99,7 Cot AL 196 /h'*PH Phe

foll ow ng Tabl gnd opéfmnmf & Qlwdal cafiRl D Rt Slsh@REnUoGs dRQ %ihBGk ebimenticr 6f
of the noEecaraystfrbeitheChrst qrr echndirsacts, thérebydedionSodting lcaralaet citdbilion Althdughveemaction

found that ednditignseyagechduring thei 2b days.rthe gandiioest sst fosthdn theahave taigofor Eample 4 were
TABLE 1 Ef f Bievesatieastey e ¥8n product selectivity [err] kPa (200 psig)
SV=6 litersgmpRistyg g Fe) Rate of syngas conversion Pr oduct

sel ecti visby [ end dach of these examples, the feed utilized was a mixture of hydrogen, carbon monoxide in a ratio
of 2:1 and the pressure in both the first and second reactors was 2859 kPa (400 psig). The first reactor
in all cases contained Fe(K) and the second reactor contained HZSM-5.
Other operating parameters and the results obtained are shown in the following table.

55

65
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significantly | ess than that

to within the nost preferred range o
30 O particular interest is the realization that water can be

particul arly whenjusing a water-gas shift Fischer-Tropsch catal yst.
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produci-ng syngas of 1 or higher
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0 §36'{48
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It is
iEischer‘-Tropsc‘h synt hesi s reacti ons produce CO2 vihich

may or ‘way not be|geParated before passing the Fischer-Tropsch product in

iBal- Fi scher-Tropsch catal yst or the zeolite-conversion
é?ﬁovided. Separated CO2 may ‘be recycled to t 35 coal -

i @R J o rencky on wiet hecar lepns An i npoktraRto @gpect of the
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Fi scher-Tropsch synthesis operation which steam source is
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Q@ coal gasifi.cation operation. The operating synergism

589 @9 steps of the conbination contributes 40 geasurably
1&’&’echnql gi cal advance of the conbination precess, and
:ﬁ?advarwécgr S AGonTeh ®6 PHGAR pgor qual ity

Sdict - w%%pwrmcarﬁbﬁ;cf%jrﬂgégmmﬁ uel s by a
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e..ln the conbination operation of this invention, the
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OOZﬁlAO-reabtion A synthetic hydrocarbon oligoner, for exanple the tri
tetraggr or pentamer of 1 -decene, preferably after hydrogenation, may a
be e yed as *the suspending |i quid QGQQJMOThe pressure uti i zed | n th

Second or ZEO| I gan%%ts& era%gﬁvﬁgc%orggn ; e {, e er
~hi gher @g voi raﬁ&a&? fg] fnatefidt ce 7 Fna %ﬁ &J‘roei 5 uce |re nfo it sfﬁ)
at rmspherl Cremoraabmuaratﬁﬁla dﬁi}apIB 5 aoﬁmsr [ oopT .canaeetsuelmcwoue bﬂthB h@nam
second .r eacitantiqu. Examples B dnd @ididDpraduce vy extelfdvt eavitsnasroan pe e fradplthe datoistell i6 O
12 WHSV... THBe 8avetebler cact or tenmperature is from about [err] up to about
[err] [fwr]ﬁégge qspreferably from[err] to [err] . In general, operating

t enper at ur s | Mhd FHBcebiav SEEAMplbs SMEARR Wpeltad, With 1Y dxkerkiay bt O AZEMIE B ked
ol ef i ni ¢ gaindid seegnd\aetoe Bal dneriysiveat UI6.T8e Livalle ahwﬂzétmrsru}nliadwﬂxamﬁa 8-08 was -

product i df 4R0. FOWBHIC gasollne%m i* . reaten t han 25 me; l per cent
e e G
by the conpms'utm ampe&tmmt oraewt A a,wérqnm@ thtamsboaemo e

cat al yst 'se@mmdynlgmopamathe@atalyktmeimteemimthmat a nost desired pr oduct
is a gasoline §P°°rf@|°aqriﬂm§|69"¢ﬁ°gﬁaw1an@emfnwbtayfedate shewrsin thefellowirgsables.
research clear. Conditions to produce gasoline of either high olefin 15 or
hi gh aromatic contents are identified herein, It has al so been found that
it is posmible to coproduce by two separate catal yst stages of this
invention a distillate fraction-in addition to a relati.vely high octane
gasoline of at |east 80 research clear-which distillate has a very | ow pour
poi nt generally below -18[err].. This is ih contrast to a heavy waxy

hydr ocar b@an fraction [pour point 21[err] produced by the Fischer-Tropsch -
reaction 20 itself in the absence of the second stage ZSM5 zeolite

catal yst operation. The distillate material recovered fromthe zeolite
conversion operation, generally boiling above gasoline. may initially boi
about [erg] and is suitable for use as a diesel fuel or for jet fuel
production. For exanple, the distillate recovered may be a [err] fraction
whi ch has an APl gravity of about 59, a cetane nunber of about 80 and a
pour point of about [err] The operating conditions 25 used in the zeolite
cat al yst gonversion stage that favor the coproduction of gasoline and
distillate fuels differ somewhat fromthose used for maxim zing gasoline
production and will vary with zeolite catalyst activity. They generally

i nclude the use of a |lower tenperature and/or a higher pressure for
increasing distillate yield. Distillate is intended to refer to materi al

hi gher boiling than gasoline. A tenperature with the range of 232[err] may
" be used in the second zeolite 30 conversion stage for coproduction of
gasoline and distillate at a pressure in the range of 2169-10443 kPa

(300- 15004£sig). The second stage or zeolite catal yst conversion operation
is an exofhermic type of operation requiring relatively noderate

t enperature control neans, whereas the first stage or Fischer-Tropsch
catal yst conversion operation is a highly exotherm c conversion operation
requiring_rmuch nore 35 el aborate tenperature control neans. The reactions
contenplafed must occur in relatively close tenperature contro
environments particularly for the Fischer-Tropsch operation in order to
~realize the desired conversion products of the operation. The 'second stage
exot herm ¢ operation of the conbination nmay be acconplished in either a
fixed or fAuid bed of catalyst provided with adequate indirect heat
exchange neans. The highly exothermc first stage Fischer-Tropsch catal yst
operation, 40 because it is processing syngas [err] ratio of 1 or less, and
as lowas 0.5 or 0.8 H2/COratio gas, requires a very close tenperature
control réaction system Systens which may be used for this purpose
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Bonbi nati on t hereof,
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P aturem o t e At a3 ety qoovv‘

ngg% e pre?g$$ed r&%lg%ageﬂopergﬁreﬁNo Q%%
s5es t he use of a bubbl e colum type of reaction system
nded finely divided catalyst particles in a liquid product
- Bgpsch synthesis and nmai ntai ning cl ose desiredg
roF”@n t he . hi ghly exotherm c Fischer- Tropsch operﬁtlon W th
en-dhng ligqwa redicummhen, [ POERBIMG Syngas
g innest he rgmﬁ ﬁg(ﬁ@—upﬁe I%L’&H a% g-l-g%ﬁ&grred,

n 56 identified, to maintain the [err] ratio from about
so as to achi eve hi gh rates of conversion within

M c_processing conditions. This bubble colum wth
Izﬁpsch catalyst in a liquid mediumis nost -appgopriate
5t 2@ ed te erat ure variations about apy ghven c2 al yst

h & Renper@oiiie ¢ o% Bickt D ] § JROBEAT Y ¥ & o6 WS & ¥ Ilmt
S&@HﬂyTﬂﬁh%@?ﬁﬁmﬁﬁﬂ%ﬂﬁﬁﬂ?ﬂ)?lﬁ?ﬁ?"
peration is 60 particularly desirable during operations

i ze gasol i ne production because of the higher tenperature
P sggond stage of the conbination operation conprising the
Cory@r si on catal yst herein identified used in a f@xed or
Al VSE i s reld@d wpaast® convert a highly oh8fdniggpr oduct
je Nt h orSH BhBEG FELEhEFH S Bﬁ@i%&sd B8Bdres under

on 65 conditions suitably tenperature restricted to

red product slate herein identified. In this 9 0020140
conversion operation, it is contenplated using the speci al
vm$ an a (al pha) activity as high as about 90, bei ng

Ut and preferably not above about 50 a agtivit® . In the
i BEnEmIN  earm s A0ar 2E be
S%WQpa# © donwst Feamprroce 5P
b maxi m zed by al kyl ating i sobutane with |ight olefins and
pss ol efins (if any) by catalytic polynerization or
nmerization. Ethylene, possibly propyl ene,
In addition, [err] olefins can be utilized for production
ate by processing over ZSM5 zeolites at Iom/tenﬁbrature
pressure [2169 to 10,443 kPa, (300 to 1500 10 psmg))
il-owi ng exanple wll illustrate the criticality g
arrying out the novel process of this invention. :
nt wthin the operatlnggparaneters of this |nvenEnpn and

" Example No.
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a1

and (4) a fluid bed catdﬁyst phase

¥ —Foe exaﬁﬁﬂe”°gasollne'

can begfecovered

anple 1 -



S » . . . . . S
IS ,Exarrﬁl e b is the operation disclosed in Belgian. Patent 828,228. |In eac
case’] feed Wyas a m xture of hydrogen ‘and carbon nonoxi de having an [err]¢:
ratic the first reactor catal y@02®34Pe(K) and the second reactor
cat al yst was HZ Rl b&pesn) $depatg,5§e;p,ggg on ions and the results obtained
are set fort Heﬁ"%fg@cftob*oeuﬂnnglemﬁh Oﬂ@ G é’“’mp les 9—’3 resulted in the production ofa

TABLE 2 Exa ples 9, 10, 11, 12 and 13 were ruceptragrfﬁ ethane i% EE’{‘! Lh Examp
| b,: -t he ne hatgaa@,ﬁgf’%sﬁf E%Ia Y4 yeried fwasclee«em'als,lgzethaadndtt ?ﬁ roﬂfmmé %gle

onIy 8. 8" wel ht per cent. PB4 50 I n each of these exanp

m xt ur €6 molgeh4—aar bon nonoxi de and carbon dioxide in a ratio of 4.6

to1to 1 6 precedure iohExafelesl2 in the
fnp -a-ﬂdwdsmep%ﬁ@g' with AR eghorwggt t%’“ﬁ had an aipha

first reagq ﬁg tQ%adthat in the second reac

pressure o 285 TAB P §°%as used in all exanples in both the first
and- second reactor. Qher operating conditions, as well as the results
obtai ned, are shown in the follow ng table: 55 60 65 10 0020140 TABLE 3
Exanpl e N8 2 ' -3

4 [err] 4 From the above table,- it can. be seen that Exanple 2
resulted in the production -of an excessive anpbunt of nethane plus ethane,
i.e., 36.4 weight percent, whereas the operations of Exanples 3 and 4
resulted in acceptabl e nethane plus ethane nake while still yielding a Co+
fraction 8% at teast 40 wei ght percent, based on the hydrocarbons made. The
operation of Exanple 4 was carried out for 25 continuous days w t hout
regeneration of 45 catalyst in either first or second reactor, thereby
denpbnstrating catal yst stability. Al though reaction conditions varied
during th# 25 days, the conditions set forth in the above table for Exanple
4 were achieved at |east by the 24th day. Exanples 5-8 50 I n each of

t hese exanples, the feed utilized was a m xture of hydrogen, carbon
nonoxide in a ratio of 2:1 and the pressure in both the first and second
reactors ®as 2859 kPa (400 psig). The first reactor iin all cases contained
Fe(‘*KkW and the second reactor contained HZSM5. O her operating paraneters
and the results obtained are shown in the follow ng table. 55 60.

35

45

65
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bf t he hexane cr
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description is h
[ enperature of t
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Speci fic operati
[ he following ta
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TABLE 6

14

Example No.

) 020 I'40 [err] [err]
M th Exanple 5 did not produce a desired product,
pf thee matgrial® was [err] at 90% overhead. As can be seen, the second
eactor tenperature of Exanple 5 was QORP|14@ich is outside the scope of
i nventi on.
s can be seen fromthe data listed in 5 the above table.
Ege procedure of

0020140

Exanpl es 6

Exanpl es 5-8 was
5 e
1 i228d in Exan
aci@ ] -actEFS B o
hé® ¥et hod®§et ¥ o

Prei n incorporate
ne A= asur enent
bygsteamtreatin
Ng ZFNdi ti Qe as
Dl S& 20 2553PR35

As can be seen, operations in accordanc

since the boiling rang

and 7 did produce very excellent results
Exanples 9- 13
repeated, with the exception that the

kiR Ratdhyst dad ho & B PR ABRrnined in
MTPRP.-BNRRILAMNT - Nl e in :

ysis", Vol. 4, No. 4, August 1965, pages 527-529, which

d by reference; except that the
is [err]. Lower -a-val ues than about 200
g the catal yst at el evated tenper & ure.
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@®8n the second reactor had an a-value of 16. The a-val ue
|l es 5-8 was 10 200. The a-valye is a nmeasure

10 O A= o v s, - . - . -



0( '_"'._140 AS will be seen, operations in accordance wth Exanple
rgsul ted in the production of a desireéd product in excellent vy
vera cept abl e net hane plus ethane @20 H@l es 9, 10, 11,

wgr:e run coptinuously for 4, 7, 8, 21 and 38 days respectively

cqndi ti ons REP a&%a%ﬁﬂ f ac - ifi
" the ahove it Buresinelenfls Bt SRS Rt fted R
14-18 The pr ocesiuTie doval NS iexdmpra 3o wapedt ed, with the exc
tHe HZSM & had anThelapveluewsHI8M-6fin Bxbmpie 20@as 60 The.results
bel.ow; 20 25 3dci3Bresperatingspndiiongandgesuitsobtaingggoaphan pelyy-| 00
Exanpr'és 19 and 20 The procedure of E_xaggg 14-1 8 was repeat
fall ow ng exceptions: (a). The ratio fe “Terr] was 5.8:1.0

s 9-13

lelds w h‘>w
12 and 1

. Operating
s set forth
Exanpl es
eption that
are shown
20140

ed with the
:1.3. (b) The-

a-val ue ofo HZSkkamgignd=xanple 19 was 16. 5  The a-vapue of HZSM in

Exanpl e 20 .
shown bel ow. TASnE(AvglOC.(°F) Exanple No. . [err]
19. 20

I . . . 5
wals enpl oped i RyleY °‘§?§g§§‘i{5§t stage (Fischer- 50 Tg.@#sc
t he second stage (HZS8écond reddtdt gr ans of a co- preci pt.géted
| ron- pot assi um@qmpggon.mﬂbal yst (0.6 w%of [err] ango'-g wt . % of

" . Hy 451
’ 20 COz . : . . 3.9
: Syngas ) 70.9
Total effluent, wit% - . ' _
B Hydrocarbon ) 13.4
" H, : . ' 6.7
2 co 28
co, 56.3
. H,0 c . 20.8
: Hydrocarbon distribution, wt% :
. c, ' 193~ .
30 C, 54 -
4 C,= _
C, 8.0
C,= .05
i"c‘ 9-5
35 ' n-Cg 5.5
C= —_
i'Cs 7‘2
n‘cS 3.1
Cq+ non-arom. 204
40 Aromatics 23.1
C,+C,in H.C., wt% 24.7
C,+C,in H.C., wt% 216
Cs+ in H.C., wt% : 53.9
Aromatics in Cg+, wt% | : 429
45  Octane No. (R+0) of liquid product 87
Boiling range of liquid product 90% cut, °C (°F) 186 {366)
" Example 21 ) :

In Example 21, a fixed bed catalyst operation was employed in both the fi
.60 Tropsch synthesis} and the second stage (HZSM-5).
Ten grams of a co-precipitated iron-potassium-copper catalyst (0.6 wt% of K,

TRUAIAIY 21 | n Exanple .21, a fi ke_id_glge{ o%%at al ysg%gqgg% ation
syntlogm s) and

7.82 :

89.9
40.3
14.0
71.6

15.6
7.2
3.0
50.4

- 85.0

182 (359)

rst stage (Fischer-

CO,; and 3 wt.% of

- Cu based on metallic iron) were placed in the first tubular reactor, while 1 gram of steamed HZSM-5

55 (1 atmosphere) at 400 mi/min of syngas [at 24°C and 101 kPa {1 atmosphers)] for 2

(680°F} for the first and second reactors, respectively. The space velocity was 1.6

overhead)] and aromatics content {25.2 wt.% of aromatics in Cg+).

17

(@=19) was placed in the second tubular reactor. Prior to syngas conversion, the Fischer-Tropsch
catalyst (Fe-K-Cu) was pretreated with syngas having an H,/CO of 0.68 at 255°C {481°F) and 101 kPa.

4 hours.

Two-stage syngas conversion was conducted in a downflow fashion at 1480 kPa (200 psig) using
a syngas with an H,/CO ratio of 0.68. The operating temperatures were 260°C (500°F) and 360°C

liters of syngas [at

24°C and 101 kPa {1 atmosphere)] per hour per gram of iron. The results are shown in Table 8. Total
60 syngas conversion was 69% and methane in hydrocarbon was 5.8 wt.9%. C;+ was a high octane
aromatic gasoline (Octane=91, R+0), as reflected by low boiling range [179°C (364°F) at 90%



Cu baged on netallic iron) were placed in the first tubular reactor, whi

1 gram of steaned HZSM5 [err] was placed in the second tubul ar reactor.
Prigr to ,syngas conversion, the Fi Sﬁ] E-T{gasch catal yst (Fe-K-Cu) was )\
.pretreated with syngas haV| ng an [er ? gf 68 at [err] and 101 kPa. 55 (1*
- at rrbspheré)(araﬂem)o m/mn of syn as [at [err] and 101 KPa (11 atnos ere)]

for 24 hotlgrs!si 'N?tga@l j% g&%ﬁ Erpewh g; a%g:wnasbrmﬁw
§ fashi on at®®1" eloadiBlr k% 538
The operAibhid o é’%@ $ndt @wn rxfﬁ 952 shfié' NS ceara.ﬁ

'- second_f eaoumnstasriessaeahumam (thilﬁm Eeﬁas»e eqaibpei With a/umrerlw cH wisdperatdd a% pOQ as
[at [err] remdOneOdrark Rf stedrrechiZfM-5 HGF ackd i a fiead cgtalyst beid rpgotqr (th§|second

' resul ts arr 3%@%@%%%‘%@ f %;ge" V(!b‘ \9?%%@%3 §we'9%°a‘ﬂbfupto
- gasol i 'bg' Jndtﬁ’fgnperaﬁd dﬁ@s\a ttragof@mzop{) 8hd emeat :réb

-[ over head) tamtr&mremnnzzshausntent (25 2 wt % of aromatlcs in [err]. 66 1 7 :
i 0020140 Exanﬁ&&gfm 3bgvepr WF"ewz:cheﬂscwdrmch qaltpé/smﬂycmasuwmw# ﬁﬁ%si S
\NaS COﬂdU e I\ ti'm % ngv?é: ft‘qf G::Ig m droca%bon Wdu:l%ﬂ 7th|gg
‘flxedbﬁ pg?é'l&:ttu ﬁr’i ‘?25@ ctelyln

: CO- pr eci piabditie] the QEI-F meﬁ.asiﬁcbdua& Gepla&bnmi& Ylfetg s uﬁ Nhgé ﬁaa <BCaBoomm d

| Cu based omerhesdhlThe cesuits pmamstiatbSOantheotwosstagenirbass osipmlaabMWQD eyngag feetl ube
| 0i | base Prosges ahighyieldchbighjayalitygamlice. i st ainl ess steel autoclave (the
first ré‘é EQhie 259Ul pped with a stirrer which was operated at 900 rpm One

| gram of stea §as Ohvelich viils 36l cled inind dalrRGndnAdrab tkarhife!23 6ot @b

' (t he seconrdme ematmg)cond foafeichs tvdd tHeGspSasSieRERYNVAE rducEErd 208 kitbrs Bf dyh3dat 24hC |

t he t enperead d@tkPard atmdasphare)hper hpuriper grem of irannThe3&BEs §ré TAMIed indiable [§eHigh total

and secd@hdvnasacnysreion (BE%LwER ipy Seghanpprogyciipn wasgbtainedngas to with an [err]
ratio of QGp.¥es fed into the first reactor at 193 nmvmin [at 240C and 101

- kPa (1 at nDSPhRIfRddedds df Example@INE FepbatsLwil tHe8mb bre&aatﬁ@ﬁ%abpmg&dhmd
to [err] anckphtrbre syhthbdingastvatipeHzCO el fats ofl2.0 IsAiséthduriag conversion instead of 0.85 in

i Aft er se Hrssmiledd The tat 'emnemnvwon heanBQ%he#ucéﬂrfcvgs%ﬁ% indxemple 23). Tiganethane
pressure \%’%9! F%Y%ﬂ%‘d“ci% §F % (s 12 Examaler23hand the Gy + selgrtivity decreaged tehe
operating conditions and Het | ed product distribution 15 are given In

Tabl e 8. Total syngas conversion was 79% and net‘hane in hydrocarbon was
only 6.3%w.% The selectivity (in hydrocarbon) and aromatics in [err] were
61.6 wt.% and 27.6 wt.% respectively. In addition, the [err] |iquid product
was essentially in the gasoline range [err] at 90% overhead]. The results.
denonstrate that the two-stage process using a low [err] syngas feed _
producegsge a high yield of high quality gasoline. 20 Exanple 23 The two-stage
'syngas conversion was conducted in the same manner as in Exanple 22 under

t he sane operating conditions except that the space velocity was reduced to
2.9 liters of syngas (at 240C and 101 kPa (1 atnosphere)] per hour per gram
of irong The results are conpiled in Table 8 High total 25 syngas :
conversion (89% wth | ow nethane producti on was obt ai ned.

85 .

65
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BPiye 24 The procedure of Exanple 23 is repeated with the same g/{é
pjiet @gat ment and operating conditions except that a synthesis gas with a
{ | fativd of 2.0 is used duri n@Q@NE#Qi on instead of 0.65 in 30
Eptanpl e 23. The total syngas conver si oq,ét fnly 68% r educed from 89%in
10N

3 ﬁsgaﬁgﬁ?g@gﬂ.g,o 27% (from 14. 7%

¢anpl e 23). The net hane IS & '
3/ Exanpl e 23) and the [eﬂf%@%@?ﬁ“ﬁ’y ecrease 5% (from 85%in

anmpl e 23xampla N6O 45 50 55 60 Two- st &ye syngas ceaversion at23l378 kPa
(00 _IOS_.NJ)J_ anpte—No: - a4

L1 L.
23 [egr 919 1thus geperally describ 8 met h seque st eps
of thé‘{)rggeé'?‘ﬂ" ?ﬁgmfgﬁe@d speci f i'caggg«{g%giscuss 2 §%‘}pl es Eggggg}bort
t hereof, itwHsy, st acignder st ood t hat npgundue restzgcti ons areqto be
i nposed 1y r easSnconthemaatof except as de¥i?7ned by theB.$ol |l owi ng 4l2ai ns. C ai ns
1. A procegng'ofifserfhffﬂgFesyngaS' to ¢&rbon conpd®ds conpridithg
oxygenat es %399’ car bon 50 products., erein Syngas is contggted with an

|{on--cont ai ni ng Fischer-Tropsch catalygg and all ogpa portionggf the

pf oduct ef thaofaysyggys conversion is coepacted w threan aci dic esystalline
zeol i t e haVetsigffaerportd di nensi on greater than 5 Angstrons, a
st i ca-to-al uflvifacattani o of at |east 12188nd a cons}Zint i nde%9\§ﬁ thin the
range of 1 to.§2, characterized by cong' Gting the gggas wi t hglghe
F scher -2r ops catal yst at a tenperatgpg of fromgiwsr] and agpmessure of
fkom 108 to 1014&3 kPa (1 55 1500 psig) t#hile mainth2ning a [en ratio in
t he range Hydrgedbandisswt® 1.0, the contacting with the zeolite being
effected at [%"5] kPa (1-800. psig) and® .2 to 30 V. 2. The®% ocess of
cfaim 1 ghereigl-the acidic crystallinejyseolite is M 5. 3. Thg process of
ckaim1 whereioethe [err] ratio of the4gyngas is ws.yhin the rampge of 0.6 to
0§ 8. 60 PatentGaspruche 1. Verfahren z@8 Umandl un;;?von Synt hdsegas in
Kbhl enst of f vertsndungen, enthal tend Ox@&enate und 7.7 8.2
K{@hl enwagser steof*f produkt e, wobei Synth§$egas mit ei‘Zem ei senhéléigen
Fi scher-"65 Tri.q’;psch- Kat al ysator in Berslyyung gebraght wird unggl |l es oder
efn Teil von detyp Produkt der 19 4.1 4.6 . B
. Cs+ non-arom, 374 33.6 27.0
' Aromatics , 15.9 17.0 19.2
3s C,+C,inH.C., wt% 8.2 11.1 15.2
C,+C,in H.C., wt.% 285 . 273 : 26.9
Cs+in H.C., wt% 63.3 _ 61.8 57.9
Aromatics in Cy+, Wt.% 25.2 276 ' 33.2
Octane {R+0) of liguid product 91 89 —_
40 Boiling range of liquid product
{90% overhead) 179°C (354°F} 188°C(371°F) 178°C(353°F)
Having thus generally described the method and sequence of steps of the present invention and
specifically discussed examples in support thereof, it is 1o be understood that no undue restrictions are
.45 to be imposed by reason thereof except as defined by the following claims.

Claims

1. A process for converting syngas to carbon compounds comprising oxygenates and hydrocarbon
s0 products wherein syngas is contacted with an iron-containing Fischer-Tropsch catalyst and all or a
portion of the product of the syngas conversion is contacted with an acidic crystalline zeolite having a
pore dimension greater than 5 Angstroms, a silica-to-alumina ratio of at least 12, and a constraint index
within the range of 1 to 12, characterized by contacting the syngas with the Fischer-Tropsch catalyst at
a temperature of from 204° to 316°C (400—600°F) and a pressure of from 108 to 10443 kPa (1—
&5 1500 psig) while maintaining a H,/CO ratio in the range of from 0.5 to 1.0, the contacting with the
\zhemliste being effected at 277—454°C (§30—850°F), 108 to 5617 kPa (1-—800 psig}) and 0.2 to 30
. V.
2. The process of claim 1 wherein the acidic crystalline zeolite is ZSM-5.
3. The process of claim 1 wherein the H,/CO ratio of the syngas is within the range of 0.6 to 0.8.

Patentanspriiche
1. Verfahren zur Umwandlung von Synthesegas in Kohlenstoffverbindungen, enthaltend

Oxygenate und Kohlenwasserstoffprodukte, wobei Synthesegas mit einefn eisenhaltigen Fischer-
65 Tropsch-Katalysator in Berlihrung gebracht wird und alles oder gln Teil von dem Produkt der

19




0 014! TABLE 8 Two-stage syngas conversion at 1378 kPa (200 psi g) ExarrplU
[err] . 22 . _
thus general ly described the ﬁeﬁﬁgd‘%ﬂd sequence of steps of the:
pr esent i nvention and specifically di scgaggd exanpl es in support thereof,
it';l S to be understood thatwdistagelsghias Earvérsion bt 1378 kPd (20 psig)0 be | nposed by
rdason thereof except as defined by the following clains. Claims 1. A
pripcess for Example dpt | ng syngas to carbon cdpounds conpfi sing oxydgehat es and
hyjfir ocar tforh products wherern syngas jggcontactedg g th an 1rgpgcontarning
Fiischgj - -Tr of Bt eddieriecand all or a p@gggsga) of trﬁg,psmuct ogegmgﬁyngas
conversion i s Cogdcamfresttoriach an aci dic Bey@Bal | i ne /BT e havesgier2pore
di mensi on giVH&Y.eFirst teaetols Angstrons, a sPBica-to-al Uhﬂna rati o 8# at | east
12, and &c rr_é?‘i?f'dfeﬁﬁgﬁ vpthl n the régge of 1t % characf&ri zed by
.contacting ctefi /gt Re Fi scher opsch catalyst at a t erature of
from[err]and @opressure of from 108 t 0740443 kPa (4 65 1 50@ipsig) while
mgi ntaining a Herr] ratio in the range 8¢ from 0.5 & 1.0, thesgontacting
wiit h the'ieollﬂ'@a'mm effected at [err$9 108 to 5687 kPa (1-868 psig) and
0.2 to 30 Viatef ‘”“E‘f process of claimdwherein the acidic crystalline
zegollte S ZSIVﬁ '°? °*he process of cla f1 \Wwherei ny q’ne H2/CO% io of the
ingas i s Wit hich the range of 0.6 to O. 160 Patent%prl che 1ggVerfahren
zUyr Umnarel ungCOpn Synt hesegas i n Kohl es&8of f ver bi ralungen, “ent Balst end
genat e und Rehl enwasserstoffprodukt el 7wobei Synthé&segas nit 18 nem
'enhaltlé@ r P' Sehdist, Wa% 11 opsch- Kat al y ator |n B% hrung gebgacht wird

d al |l es odercéu n Teil von dem Pr odukt 0140
Synt heseggs- Urrw;sldl ung mt einem saur en1 hrl st aI | i nag)g Zeol i t hengmi t ei ner

Pdrendl mensi onCGPon nmehr als 5 Angstrom &Bnheiten, eé.hem 82 .
Sifl i cl undi oxi dE& uni ni unoxi d- Ver hi | t ni s3§on weni gst2e?ls 12 und 4i3nem
ZWang5| ndex |nh hal b des Bereiches von bis 12 i eri hrung (%bracht

- wifrd, dagyrch ggRenn- zeichnet, daB dasf’,: nt hesegas it dem . _
Fi scher Tropsche;(at al ysat or be| eaner Tggperatur vags 204 - bigedl 6C (400
bi{s 600F) und @&i{%em Druck von 108 bis 1@433 kPa (1 46s 1500 pskg) in

Bdr uhrung gebr c’n?”\?ﬂ"i"ﬂ wobei das HJ/ rhaltnl 53 Berei ch2¢8n 0,5 bis
1,10 aufrﬁghé &ﬁm\%rd und das | nber ungbr| ng 1t dem Zepbi t hen bei
217 bis %-c Rir% 8500F), 108 bis bfa7 kPa (1 His 8000 pshgh und O, 2
bijs 30 V\HS\,Csau:ngf wet wird. 2. Verfahremanach Anspish 1, dadsreh
ggkennzei crﬁrematm sd-ewt"éaure kristalli&®2Zeolith Z3M5 to ist 333,

Vdr f ahr en n%?f,m ran M’dlp' %’dur ch gekeRhzei chnet, &aB das H2/ €O Ver hAl tnis

dds Synt fése: ﬁfbé PRA'D des Ber ei ¢hips MaubeP. 61dabe ndrl | §9boc 3saon

Ravendi cat i ons

. ‘Having thus generally described the method and sequence of steps of the present invention and
specifically discussed examples in support thereof, it is to be understood that no undue restrictions are

.45 to be impased by reason thereof except as defined by the following claims.

Claim-s

1. A process for converting syngas to carbon compounds comprising oxygenates and hydrocarbon
s0 products wherein syngas is contacted with an iron-containing Fischer-Tropsch catalyst and all or a
portion of the product of the syngas conversion is contacted with an acidic crystalline zeolite having a
pore dimension greater than 5 Angstroms, a silica-to-alumina ratia of at least 12, and a constraint index
within the range of 1 to 12, characterized by contacting the syngas with the Fischer-Tropsch catalyst at
a temperature’ of from 204° to 316°C {400-—600°F) and a pressure of from 108 to 10443 kPa {1—
55 1500 psig) while maintaining a H,/CO ratio in the range of from 0.5 to 1.0, the contacting with the
‘ ‘z’\elﬂgs being effected at 277—454°C (630—850°F), 108 to 5617 kPa (1—800 psig) and 0.2 to 30
2. The process of claim 1 whersin the acidic crystalline zeolite is ZSM-5. . )
3. The process of claim 1 wherein the H,/CO ratio of the syngas is within the range of 0.6 to 0.8.

Patentanspriiche

1. Verfahren zur Umwandlung von Synthesegas in Koh(enstoffverbmdungen enthaltend
Oxygenate und Kohlenwasserstoffprodukte wobei Synthesegas mit einem eisenhaltigen Fischer-
# 65 Tropsch-Katalysator in Beriihrung gebracht wird und alles oder ein Teil von dem Produkt der
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s 1. Prot6d6 pour convertir du gaz de synthese en des conpos6s du car b09
corrpr-@nant des produits oxygenes et des prodults hydrocarbonds, procdde. '
sel oh | equel on net du gaz de synthege en _contact avec un catal yseur de

Fi sgher-T’ropsch contenant du far et ?'Qﬂpl’répla totalite, ou une partie, c.
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cri:stal | i nsis &C AsigstramBirtheitsne efdemdSinGiunsdickit/Aleminlamosid-VemaKni€ Usre whnigstéNsORX G5,
un rappor t eigérm Zwengsinddxinnerhalbslgs Berpiches demi big\12 h Betiihrung gelachewidd didundhtgakenon
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geconprise e bér@hrdtlbrifden Hit @dm 454°0 (850DiPBEPS), 908 618581 ¥ &Fa Qldid €
3108 et 10 80D peighuddii2 bie B0 WHSVtapsgfhrtnrdr apport H2/ CO conpris entre 0,5 et
1,0, le cont ack Verlabeen|nacly fnspiucle 1 gladyrch geieanzeigiinet fah derZagre keistallirg Zeoljts Z8Mef
25 8500!:5 et Vbt ;99%%: tAn§prggh61.l§IEé‘ur§|t eﬁ‘en%ge?chﬁlett_g%s@s ﬁ?éé—é@rlhglmqo eg%zlﬁﬁer}g? nt
A un poi dS gL inkéhdh>dds Beldithes VB DS blsURdgt € €Nt T & U, 2" et "30.7"2."Procede
selon la revendication 1, caracterise en. ce qua la z6olite cristalline
aci de est Ra®@hddtiond. Proced6 salon |la revendication 1, dans |equel le
(r)apport "J CO1C.i llgro%gcfé go%r %:an\]rterrt]i(r3 E ggzodes!sytn't'# seegr% cr'h?s g)’m?:oseéts d?:’c%ibor?eq. cs;)’rgprirganlt1 'dgs 59
produits oxygénés et des produits hydrocarbonds, procédé selon lequel on met du gaz de synthése en
contact avec un catalyseur de Fischer-Tropsch contenant du fer et I'on met la totalité, ou une partie, du
produit de la conversion de ce gaz de synthése en contact avec une zéolite cristalline acide avant une
20 dimension de pores supérieure & 5 Angstroms, un rapport silice & alumine au moins égal 8 12 et un
indice de limitation se situant entre 1 et 12, procédé caractérisé en ce qu'on met en contact le gaz de
synthdse avec le catalyseur de Fischer-Tropsch 3 une température comprise entre 204 et 316°C {400 2
600°F} et 3 une pression comprise entre 108 et 10 433 kPa tout en maintenant un rapport H,/CO
compris entre 0,5 et 1,0, le contact avec la zéolite étant effectué entre 277°C et 454°C (530 et
25 8650°F) et entre 108 et b 616 kPa et 3 une vitesse spatiale correspondant 4 un poids par poids et par
heure comprise entre 0,2 et 30. _
2. Procédé selon la revendication 1, caractérisé en ce que la zéolite cristalline acide ast “ZSM-5".
- 3. Procédé selon la revendication 1, dans lequel le rapport H,/CO du gaz de synthése se situe
-~entre 0,6 et 0,8. : '
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