; e3eXgbbce" >ef 6gTXgj oBWDO 001 48969 PCT/ EPO0/ 01153 - 1 PROCESS FOR THE
PREPARATI ON OF HYDROCARBONS FROM CARBON MONOXI DE AND HYDROGEN The present
invention relates to a process for the preparation of hydrocarbons froma
m xt ur e of woawhem nonoxi de and hydrogen. The present i nvectriEss/mesates in
particular to a process for the preparatjon of 5 hydrocarbons froma

m xture of carbon nonoxi de and hydrogen ‘having a given H2/CO nolar ratio.

M xtures of hydrogen and carbon nonoxi de are often referred mmmmmrﬂmmmrm s
gas. Such synthesis gas can be used in nunerous well-known
produce a large 10 variety of organi c conpounds, containing car4soesag*

hyd d, ti et ti f
yarogen and. opli ogaliss OR958, BRLEA S0 BSBRRCLRIpILe Preparali on o

par af fi ni ¢ hydrocar nonoxi de and hydrogen
(syngas) is comonly krfdtf¥ &SRPPYCHNQXFJp S HY¥DROGENesis. This synthesis

process involves contacting syngas at el evated tenperature and pressure
with a catalyst, | S : tal yid cti t G oup VIII
metal, in parti cBﬁ?gﬂéeﬁ%rﬁ?,ﬁgﬁﬁg%g%o%é%éﬁygﬁdgpé?g ?%T%I [0 fé‘%ocar bons. A
det ai | ed deBEPPRERBICRHICDMYAFOERARPIS BFoms 3 MLXTRFEcREr SRS ch synt hesi s

process canmbgofkbdedand HRrAgRA282RE puebd®- An0érR4686. rdherds Samher - Tr opsch
synthesis p d ej ve, J L jcular a process using a
cat al yst coh%%?g?%i{\ﬁ(;%upg?c%g% gﬁg fvip#e%ﬁgg%§§h+]fat activity, 25

typi cal |y cBHSGREATRY WYL oM 2aMBFexrs i &2 rheagBoparide An®. 0 to 3.0, in
particul ar ByBrbgeR.lBavire rzl yidepensl oy mularheakeagth of the paraffinic
hydr ocar bons for e

d. It wiJl be understood. that when a give
Fi scher - Tropsch ¥}t e sogprhéfgégg%o?fé PN §aECRHIG EEW @%tﬁﬁl ar usage
rati o of 30rkferexdanpd e .sknthkeibR¢GO rvicdr sivestesasi washwn depref erably
be 2.1 as wgkkdi Pn ORERErdus Qi dkAoshIPldtes@hs toVWrOQABUY argit her H2 or
Q f%ﬂWIEchégﬁéég of organic compounds, containing carbon, hydrogen
: and, optionally, oxygen moieties.
A process for the preparation of paraffinic
hydrocarbons from a mixture of carbon monoxide and
hydrogen (syngas) is commonly known as Fischer-Tropsch
15 synthesis. This synthesis process involves contacting
syngas at elevated temperature and pressure with a
catalyst, comprising as catalytically active component a
Group VIII metal, in particular Fe, Ni, Ru or Co, to
yield paraffinic hydrocarbons. A detailed description of
20 an example of such a Fischer-Tropsch synthesis process
can be found in EP~-A-0428223 and EP-A-0174696.
The Fischer-Tropsch synthesis process referred to
hereinabove, in particular a process using a catalyst
comprising Ni, Ru or Co, and having no Co-shift activity,
25 typically consumes syngas at a Hp/CO molar usage ratio of

2.0 to 3.0, in particular 2.0 to 2.3, mainly depending on
the length of the paraffinic hydrocarbons formed. It will
be understood that when a given Fischer-Tropsch synthesis

process consumes syngas at a Hp/CO molar usage ratio of
30 for example 2.1, the Hy/CO molar feed ratio should

preferably be 2.1 as well in order to avoid a surplus of
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A problemunderlying the present invention is that a syngas feed having a
H2/CO nolar ratio of 2.1 is not readily available and can only be prepared’
at 5 unacceptably high costs. In the art a nunber of processes are known to
prepare sywgae/4s9ependi ng on the process for preparing sYEHBBIOANE3t he type
of organic feed to such processes, the H2/CO nolar ratio of the syngas may
vary widely. If 10 coal is used as organic feed in such a process, the

H2/ CO nol ar . {g&rq_‘ OIt % resulting syngas is generally lower than if

nat ur al gas I'S-Used as organi ¢ feed. A steam nmethane reforning process,

usi ng natural gaspaslemganderigeny thepipoalskytpiwdceivrsyisgasahazi ng a H2/ CO
mol ar 15 r?% 99T tédd 18RS hg3a %M@Q&ﬁ%ﬂ Q\AQLMI?? Par tial, @xi dation, either
aut ot hermal “orf catal ytic, of natural gas typically produces syngas havi ng a
H2/ CO nol areadily ijalllableAapart:i"alordm dat poaPpretexts using coal or

resisgdual  OjhadSe @t AN mlfgeee!ogy@[ call y produces syngas 20 having a H2/ CO
nol ar ratio of 5 Acc r di nngé der to obtain a Ssyngas havi ng a H2/ CO

mol ar ratio of tor &y & 3 noef l?gsoctegsfﬁe?)ﬁ? FRIMGAS usi ng at | east
two differpnepprocewwss . HPgpAndsna worthienarpoasof fat amepewtingne ref ormi ng
and partiak Réa@xérd:&tdlﬁn t@benat Us Adardas feaBdt 81 udh&Hos sER6CO m xt ures

t hus obtai F np P- A- 8892 and EP—A 017BOO7 d| scl.ose energy
ef ficient h%%fécto graerpa:raglcs)y%gatg wo e fYerentt prgcegges

Al tier nat i vebyl meisallad prepaie ﬁeyengam bytcbne SydES ,prépaHa’cCoOn process
and m x the S pre ed with a separate ydr en_or carbon
nonoxi de sT'P %ﬁn%/‘bg]aor ‘{;giﬁ r?ﬁ@%&ﬂ red IRy dt B 6 clé'r 8gﬁeﬁonoxi de ratio.
It will bethaderStroghinalagapt igv sedhasnogsyadesi fedrd € A othemabl e to use a
syngas feegetRare syerttmlns; ptaeesa,, t%‘i ghhﬁhu§amg@§s fedriganobt ai ned from
one syngas process only,

par 153
o Ehout i hEPRRbaE (6 T RECSy REas 1SRG RRTRP &bt o JRARE havi ng a
di fifser ent bydt@g@ﬂ 410 1eashoB . NN s Ahive1 0Ln§ gRAar Al hydrogen or carbon

nonoxi de s{p Je ioé t‘ﬁftth%?éé%éﬁ&faﬁ' Q558,85 P ,gccessoff (o1 #l g, production of

paraffinic an I'C dF ocar bons from a-caf bornaceous st ock. This
process i n9615v’e3s93fﬁﬂft]\)é’r tpirﬁéuﬁﬁé LHLEnAeESDS # SRASIDO FR ikt 6a§§7ﬂt hesi s gas

having a HZECO hvlﬁrpa&actllaq ki h£SSor ft%c%s p,ta/eééallngsrt he 10 synthesis

gas partially, into i ni. ¢ _hydrocarbons converting the remaining
synt hesi s ’gj‘é\g o Cﬁﬁor‘?‘ﬁ‘t Egﬁ%l o%eaerdo&n'glc‘?’ﬁeyp‘?‘b%dé*f'fsf 89”%5 preparati on

of 2%ar af fi havimydr dtatdsomoleonsamies ofyMt-Resi s gas at a H2/ CO usage ratio
hi gher than the écﬁnccﬁﬁd ﬁtBQ eé/\/nceor %%saghe 155 ern C‘:ﬁ%%lh r the

preparation of ar drocar Ons consuires s esi s ga at a H2/ CO
usage rati th’%wotétiaﬁatthé’ PP/ E£2F feEdnlgt Lol ARNOUAS AEJPFAPRRAT s docunent

the most eﬁth&é%sww &teggtléwamlef%%qnthgpoé&%e%ve@%h ke/ £O usage

ratio is the Sane as /CO feed ratio | es of other well-known
processes FOPPPREIfIb 04 StFER ’B?tfbar’bear‘?eéoﬁ?‘b%ci”sd B8 hiéynt hesi s gas are
pr a@esses bpiditheoprepaaatireh ods oxargemeonbail misadNdr edcacboas | i ke

nmet hanol Zogb%herbtaal coniol S oreglr[lref yﬁf er’*ht%%f;gg ,are Vé‘?pl I !699%1 J]n the art.

25 GB- A di et oses a pro e prep BhEFGA PR A |rst step, of
oxygen- confaf al age RnRnYC eéé#rﬁe%’ds“eftrh@ﬂ‘ﬁsi}ﬁtWeﬂs?%reg&s/nlga\?l fgem H2/ CO nol ar

rati o of atwbea@stferent processes. Alternatively, one could prepare
syngas by one syngas preparation process and mix the
30 syngas thus prepared with a separate hydrogen or carbon
monoxide stream to arrive at the desired hydrogen to
carbon monoxide ratio,
It will be understood that it will be most desirable
to be able to use a syngas feed in a synthesis process,

35 which syngas feed 15 obtained from one syngas preparation



0.5, and, in a second step, paraffinic hydrocarbons from unconverted
synthesi's gas fromthe first step. The 30 oxygen-contai ni ng conpounds
obtained in the first step can be used as internediates in the production
of ot her owgadusesonpounds |ike ol efins. The preparati onpot/Eesomiisas
directly fromsynthesis gas is well known to those skilled in the art. 35
US- A- 4518707 and EP- A- 0446035 di scl osé éxanpl es of such WO 001 48969 - 4
PCT/ EPOO/ 01153 preparation process. US-A-4624968 di scl oses a nmufti-stage
Fi scher - Tr apsede gy oedys Fokhewe Prodesd 6a oixpthaffindas Werds by
convertijng Wit dcd-d'tlﬁhferfsts?ﬁg§$’rﬁm&igz agagfka%@n@he%dﬂ{ﬁ;exﬁ t@n_daesaﬂert:cp_g in
a second step the 0 i,ns _an i.tional synthesis gas_into paraffins.
The two stenbcgnorr%ydeber%%é%b?%e%e?an aot%o%é/dgfgﬁnbcflyu%alrngona"gﬁnf ﬁrgg of the
requi red di¥¥e58H- catal ysts in one catal yst bed. This two-stage

a][][aagehrrent OIf or GM-QEQBB_[LatciiDsEbDfser_araaprbBiaﬁs 1_20ﬁyaf@woh?aﬁibﬁ said to
of fer the advant . t S in Jncrease mount s of heavy
hydr ocar bon%lyaél!3 ov%ﬁequ%sghéc%?\?/ﬁ%lecs' grrgmaafﬁé?lse %nodn &t hane as conpar ed
with the proaiiRananeoys parasteel. iThisn®receps meolsres nonyesbiagas with
Eéogegig:s%?uawg:a&w&ﬁeab&slﬁeg@étﬂ fieed is?ntlh@shﬁ O tHa@i ngf ab]y- pr Od]‘ﬂ?-t S.

- A- S L Wo- st r.Qces or .the preparation of paraffinic
hydr ocar boﬁ"llsz.}gorsl?‘{qr%za%f irrgts:w&s)?ipfegssgé?lglnygfflfsccﬁrévee v%nl%cﬁ%les capabl e of
yi elldi ng a gpyrodiei scgasaparnba by yidtdorplhed £amint sy dfodarbphedastis. 20

Never t hel eSS,y %Tesréﬁ&rpfr?é%tih%sfigegpéoﬂ% Mordaltiss process. The
formati on of by- r% uctsFEecomes an ‘even_nore i ortant problemif it is

desired to ¥ §PGant 8¢ PEYURTS 50 “hEePFAPIHE- tHeMical i ndustry. Eor
exanpl e, i fpatafifsirdesihyddotariprnd e seiresi ayot2ss iy dragcartbens 2 /the
formati on of raffi.nic. rogcarbans represen a_.pr obl em_ By-products can
be separat e%s#)feonﬁattﬁeo ?fé?l}{'rgédg%ar%g%cet H@fcﬁegﬁégkﬂ%t\?%o’i h eﬁeeaér E{Iesuch as by
nol esul ar speyesss ddsorpei prepalistidn alfi aromat wasiydighcaronshi s is 30
oAty PRI 2 AAeLss CRLEM G EOPROTLERL | Yl Alchleh kbW OF Lhe
limted vol unes of by-products produce that Ts, no econony-of-scale). It
woul d be deshe di £0 ffeleg- pabdactss afutd isedt hestlsi pramseeentushag a synt hesi s

gas Teed, cgsbd b separated, 35, 14,04 N cIRhB PR Un i isgd 11 a7

Hp/CO usage ratio is the same as the Hy/CO feed ratio.

20 Examples of other well-known processes for the
preparation of organic products from synthesis gas are
processes for the preparation of oxygen-containing
hydrocarbons like methanol, higher alcohols or
dimethylether and are well known in the art.

25 GB-A-2092172 discloses a process for the preparation
in a first step, of oxygen-containing organic compounds

from synthesis gas having a Hy/CO molar ratio of at least

0.5, and, in a second step, paraffinic hydrocarbons from
unconverted synthesis gas from the first step. The

30 oxygen—-containing compounds obtained in the first step
can be used as intermediates in the production of other
organic compounds like oclefins.

The preparation of olefins directly from synthesis

gas is well known to those skilled in the art.

35 US-A-4518707 and EP-A-0446035 disclose examples of such



WO 00/ 48969 - 5 PCTIEPOO/ 01153 As with the separation of by-products, the
production of organic products fromsynthesis gas is also governed by the
econony-of -scal e. Thus, preferably, the production of organic roducts from
synthesis JU30%4898 carried out on a large scale. However PGHERPYMR desired
to prepare organic products for use in the chem cal industry, t he market
could be relatively small as conpared with the scale required to make
preparation_of those rprquanl c _products economcally viable, thus 10

pr ohi bi ti ngPt RB2E2onohie producti on of those products. Despite the maturity

of research in thA'H@"c%é@néld@é@ﬁfe & e lweabtAgef Fimdilercdropasht hat are

publ i shed eg@hcwgrfcm ttmzl %rfoldﬁbﬁllorl toﬂ fbati%'flfQMQQ Maés My one has
considered to BL eps are

< | L$ é irst or iC é‘ﬁ' r%roduct and a
first by-pr&8Uéts repgrlé n° &R cyd‘r%: eSl§t 83 %Oc §*dfGani ¢ product
and & secondnéycww{@tng amnd aj ﬁeaommlsrt(ﬁpsttép Oéeglnsmm the first

by- product fremidesf idsichesgansss pfrgﬂil(fatar@@glﬂbx the dld Steep¥- product with
the product fromthe sec%nd §te i nvention t refore
ep

may be ¢ gne ste %ypresent m ur
provides a PrécResFEE 15e APatTGH &Y 8P P2aR ™6 §4nit8pr oduct s
from synt he§P§ug’é%d b%/lf(ﬁe)re@(*}nvé\i@wﬁgt?a i oge syhahest degas Théed to a first
organi c proeuetsamie aaﬁ‘ﬂarns;bmbyt Pf O udie p%épé!rbi16@rw&rﬁdr%9fan§@cond
SynUpsi s oRsaleeflin Seegnd oragn s Rhadual and & seqong by-product
(|||]) separa In ?1 St "and/ or secon ucic f1om respectlvely, t he
first and/ orese ‘Bﬁdl"brlg&rﬁeésﬁﬁoﬂ'ﬂ%‘%ntsaﬁcf BGaQ’Vvl)lyqlﬁ@Gﬁ\f@oﬂlﬁeafliir st and/ or
second by pueduﬁtswddtlvrleaaectwehemhatnbeaaeceaﬂlaxa@da{s)rcofdpra&bdorganl c

product . p tﬁl }? é%%qxrc%&ggdo k&gg 1d¥:5, 4 §npgﬁéliyg arly advant ageous where

t he valueo irst or second pro uct inamxture with
respectively theP®s %fectémPéPbi?Iﬁ%tmdrfg@ﬁpeewwu\ef'elrtmawn\‘»zbeél%er sa. An
examd e i s wheres efard tikke theer prodyctiroadwet b,epasdects WO 00/ 48969 - 6

PCT] EPOO/ 01535 84 28 1410 dlok's s 8 i 11,316 oB°G0BEe O GAUY G oduct for fur her

processing. Preferably, the process co sin (r11), separating
both the fi PE?P%mtﬂs%&rfdPsyaSbeai&thmrmﬁrBOP%sp"é?:tﬁf\?elfysr#hétwrst and
second orgaai capabghictis Msed phitleriabloaphbeepodcessl dungt heprodapti ses i n-

step (iv), gbmgnfrtbe Jdlrystlmeleée&mt%yo@rBg%ﬁoa\aé& respectively, the
second and rst organic product
20 Nevertheless, by products are present in the product of

this process. The formation of by-products becomes an
even more important problem if it is desired to prepare
organic products for use in the chemical industry. For
example, if it is desired to produce olefinic

25 hydrocarbons, the formation of paraffinic hydrocarbons
represents a problem.

By-products can be separated from the desired
product by means known in the art, such as by molecular
sieves, adsorption, distillation or washing, but this is

30 relatively expensive and 1s often not economically viable
in view of the limited volumes of by-products produced
(that is, no economy-of-scale).

It would be desirable if by-products of a synthesis

process, using a synthesis gas feed, could be separated
35 from the main product and used in an economically viable

way.



It will be appreciated that it is nost advantageous 10 if the first

by- product has the same general structural fornula as the second organic
product. Also, it is nost advantageous if the second by-product has the
sane genervsPoE48pedct ural fornula as the first organic prolkKERPONHET eas for
t he individual by-products the anmobunts 15_produced could be too low to
warrant commercial exploitation, in particular in isolated parts of the

wor |l d, the by-produc xed. wi roduct, .that is the first or
second organi ¢ %‘Foau{é?n{% uﬁec?a\fé‘ﬁ:)}oﬁe?? ’5\9&?% uC&SmT%PEi al exploitation. 20
Typi cal |y, privdugshenabf seraatiyr @irofivrns | fromfsynitdesiissgaands selesond or gani ¢

products arge\ﬂe@eleaeegieﬂﬁé yed&i%@n ffr-gmawe fgrucwp rekkassbiyedes ol efins,
par af fins, es or urther errbodl ment of the

s e
present i n\?ér?tl OELOES ltthoer%arnolcce gar’?f%‘a Sd’u"‘tt SG¢R PRt Bubstantially
all synt hesiagrgad PBtc@msajn@dfganécnéehymwe&r,orifcartbbn donondde is left
over. In atfupibparaspegdnid prdaydeagesrtesLamPeneenexider usage ratio of
t he conversiagn frrom ot he IS 925,40, the Ial r.st organ&? roduct i s higher
than 30 thé fde 8§ Vatl 0 0 e synflﬁe5| S g e 208 usage ratio of the
conver si on qogpeﬁedseebhdtltﬁ Fedle Eﬁedyéﬁédltso Imsker prRRAreheod edfd rati o of

the synthesinpsg@asrgdacorshdgiots talaename@@my iviw@ikl, oBhhsrt her provides a

process for_the epar at | on_ of at, Iea ar |c 35 ucts froma
synfﬁe& S g’ash11 V\E%rg?n t%eecsonr?t esfs g‘acstl%nor?pfg%rﬂ Brgd c?ture of hydrogen

and car bon nonoXeg@eitpathe WLGGIW%GQIBWCEP@G @mis3faeh%laand rati o of
hydr ogen tmeeaﬁbentnen@e(aﬂm kbt \Mnbcnhc@to@xe:s&mmrrbsgﬁbeﬁm@dl ng in a first

stage one of, dneeLol Lpving, rrsedut es: , (2)) FQUEELLRGn8 Sl Sfasynthest s gas

feed to a first organic pro uct’ and 2 product condi tions
of a car bofOMSAERIFEE EBDrREFRA™n 16f aXELah Fat%laalflﬁ%g@r‘?%ﬂ%‘b of hydrogen
to carbon maraxcdeant &ifiwdengi-prbiutes, ga[r&atp&!’ep'falﬂanlﬁ aOsEec(cb')d converting a
second synifigsl 8 gaschaed-d 338000 100706 Rr BUS A & Second

by- product under condition car bon nonoxi de conve SI on of Xii and a
nol ar usagéfPatPo2ofhhydr Vefdh %o dcafBBRr AP BHIEISFEFPY PRSI n Fii is

| ess than Eroandhsupptyt n@rcj,ehﬁd.lmeﬂ\wttﬂﬁh Ganbaenenonext de and 15 hydrogen
t.o a secon rocedur a b) is effected;
the first g’r@&’?g?‘dlﬁ %gﬁ&sﬁ{g’r@dﬁ%h rgdé)hun %rcgggc% Q%néll %I ons that the
fol E®wi ng rel at |i6ﬁsﬁrﬁs?%t rﬁétvenltlanFhﬁfeﬂQ% iPIPVidesca (RYOCRFSpherein ¢ i s
up to 0. 2. ﬂar:eftaeabkypaﬁatﬁorupbft at0lédasdbsito prehaiabpyoduetpiatromzer o.

I nci dent al | G eTRY Qg ghtly negative, that is down to -0.1 due to a
COshift re ctlon Pn°the Yirst and/or second stage The np| ar usage ratio
(i) converting a first synthesis gas feed to a first

organic product and a first by-product;

25 (ii) converting a second synthesis gas feed to a second
organic product and a second by-product;
(iii) separating the first and/or second by-product from,
respectively, the first and/or second organic product,
and

30 (iv) mixing the first and/or second by-product with,
respectively, the second and/or first organic product.

It will be understood that this is particularly

advantageocus where the value of the first or second by-
product is higher in a mixture with respectively the

35 second or first organic product than vice versa. An

example is where e.g. the first by-product forms a



of a COshift reaction (CO+ H20 -~ G2 + H2) is -1. It 25 is to be
under st ood that negative values down to -0.1 are included within the
meaning of the terns up to 0.2 and up to 0.1, as referre j,nabove.
It is to b&UMHE¥%8t ood that XI and Xii represent an overjlctr&gg(ﬁ'gggﬁ nonoxi de
conversi on based on the carbon 30 nonoxigle- present in the synthesis gas.
Thus, the carbon nonoxi de conversion Xi is calculated by dividing the total

amount of cayhen sppnaxkdercanver ted 5ocaMe didathi SyRbAgst Sedy ocess, that is
the process for t (gar,atlon of the first ‘organic product, by the total

hé pre
WD 00/ 48969 fﬁéf)“ﬁﬁo@?@i %399  ampunt of carbon nonoxide originally
present in the symehesaslyastheTlpgocenyesoiprises iandt¥pl (arid ,not

necessarily dhgraaiBgaSot N HLOIRES ORS %on‘?ﬁ%@—]pIBQutEﬁnﬂ%&i on Eer_ pass
n es| S as aving a

may for exanple be lower due to 5 recycle | pops of s
diffe??ent h ﬁB&&ﬁlYﬁx\gar%}% ff%ﬁﬁ&xf“aé otyd aﬁgiaB.lCA%EB?‘b‘f%‘gl TSt will be
appr eci at ed preferahéy HH P rasless fartmenfcdnprifsesstinostemcbind ,synt hesi s gas

feed is not ;Nggagsani! ¥itde sRMBeasn hey Yol aenratio of the 10

synt hesi s gas produced in_the synthesis_gas production process. For exanple
t he H2/ CO ndi®g eFﬁH’?)P%T e Sfeic?lpélfj B?ds@g’bsﬁd PR HESPECYYS f eed may have

been altered by ahywihtorw arragcdphetieshiat gas iseapekeadvartausouss will be
descipbed harreirhafl Eefst i By td@ducepasat i imeP@eabbhni e hi-didnocar bons
from synt hesgrs %gs it gﬁé/ sbeecdc%‘rdef er ggd to Use a ?%Qt hes s; 9as fteed havi ng a
H2/ CO nol ar Ao WAT ch' T SSSiGYT Frdait T VP i1OWeT t Ran®t het usad® 5 atio of the
synt hesi s prsvessagepua bf diher sedorfboxtimmatucsf beRethavesnd on, at | east

part of the Jénceayest eee ©@rdI0F20uBnoxi e andshy deggeic Prqeeedure (a) or
(b) is the %le}ée% nthesis gas,.f egrqaiog t he ot her t%ogedur e. The process as

: ; divi -products mount . .
descri bed hereinabove is preq‘era y c et out us| ng a sstartlng mat eri al

a syhb hesi s rFesuRadi agutd Myl &oor apvotofwarimdgeammereddbon nonoxi de F of 25
| ess than 2.ckpibAtatpéef eid ehr@ibadh et 1dw0 a3yat pests gascHes prepared from.

natural gas b C lytic o u r arti.al _aoxi i rocess, which
processes arwé%l%ﬁé\/\ﬁa‘lgny’% eroac{utc.% %ﬁ%ggh@q Eaem%d\?iaﬁ?gae&%’h%tma% g;%/nt hesi s gas
i s produced Hevitdgsh PR/ TS &FIPRLF PFIHBT t KUt dnERr vf¥Sllom 1.5 to 1.9.

This is partWatithat! yotweeedial alxkpilbitédtiendesired to produce | arge anounts

f i d hay| / j i h I A
of ahirst pro “ifkgpégigog'ﬁd% oSReUER0c: Il 2o eLathEly o 93¢ To, the ol ar

rati o of the syn SI'S exanpl e para ] rocarbons, in one
step and to freduéedi e YESEHRE BFPPShlarer 1aAsnaRdeFlpr oducts to be
used as WRNHBEA8969m tige groups classified as olefins, paraffins,

alkanols, aldehydes or ketones.
In a further embodiment of the present invention,

25 the process is carried out such that substantially all
synthesis gas is consumed and no hydrogen or carbon
monoxide is left over. In a further aspect, the hydrogen
to carbon mconoxide usage ratioc of the conversion from
synthesis gas to the first organic product is higher than

30 the feed ratio of the synthesis gas, whereas the usage
ratio of the conversion to the second organic product is
lower than the feed ratio of the synthesis gas.

Accordingly, the present invention further provides
a process for the preparation of at least two organic

35 products from a synthesis gas, wherein the synthesis gas,

comprising a mixture of hydrogen and carbon monoxide, has



PCT/ EPOQJ01153 chem cal feedstock and having a H2/CO usage ratio relatively
fdar fromthe nolar ratio of the synthesis gas. Exanples of such products to
be used as chem cal feedstock are ol efins and oxygen-containing products. 5
Accor di ngl YO op/a8989 pref erred enbodi ment of the present i nPENEP@MWIE3ISynt hesi s
gas is used having a nolar ratio of hydrogen to carbon nonoxide F in the
range of from1.5 to 1.9, in particular’ aout 1.7. Typically; the first
synthesis gas feed is converted 10 to paraffinic hydrocarbons as first
organi ¢ préduetar Tt miehylenaIes g plagdiony meapkide Dutwhisibng a so-cal | ed
Fi scher - Tr ppsels € at ethpisils eGORIEEER Bt )y & 30U r¥k| bkt 8BE abne Kisaim@r - Tropsch

catal ysts %‘flﬁﬁﬁg %ggbdtu@etsrgose skilled in the art. Exanples of suitable

Fi scher - Tr 6psc alysts, 'selective for the conversion of synthesis gas
to paraffinR¢ hGeRWREFBEhS &iesthdgrthemitsaigRisngeedbhd ta dkinadt heni um as
actiyve metakgahicpefdduad andt Boger gesofidieduich ERdér 04tRA3 onrd

EP- A- 051077%. aTQéar m)rl1 %Ons&qtdgegi 3,988, Usage r.ataing gimo{ag hiss 20 conversion
typically Preg TH"The range of PrOM 2 1o %.13, 'n pa? 1ed®8%%2. 1. vet, it
has been f aandoadfampdugegns tbocusieonm mymidiels sfgas, f@edrdim tFhe ipr ocess
having a h%dro?en to caEr_bon monoxi de nmolar ratio in the range of fromO0.6
to 1.4, inY9pEPEFEUHAI® £/1°The use of a 25 synthesis gas feed which has a
si gni fi cant(by | coryehidrogesecondas Yorhsrirsodiege feadi vo thaeaodnae act ual usage
rati@ is p@&bbﬁybagswdlb@@%fnidciaalse&@fndtﬂ(}e—p&@d@@ti Mh&¥r ddortdia iphecess to

| ong-chai n gar aI;fiQir? rrbc}'ndcf qcar 98”‘5,;3 éAlor{ sogd\‘(?r]t agg ismct> at utsheeuse of such
feed resul £ Fn“3b ?arger xby-pro Ucts productiton. T?/pl catl Y, e process
for the comdensi 6n ydsygdrnesi sagesn freatbstiaiepatafi i ni whdwadmoEgr,bons
produces ol efins and/or_oxygenates as by-products. Accordingly in one
aspect of tRelprasEMifivention, 35 the first synthesis gas feed is
converted to pasaffswprlhiydr cbar boosn s tfdd s ropganeroprdsdwetd and

oxygenat es p, VWO 00! 4896% scoh@ sPCTL EROQHQEL53 nandiger bef i ni ¢ hydr ocar bons

as first by-prodquct. Reaction conditions for preparation of paraffinic
hydr ocar bo}#/?§°1CF HF 8yt he¥i s(%daésnﬁ§}%?‘iﬁ’w%5’§l §?[2‘T§7p?%§lﬁeﬁ°"tdhe prepar ati on
of paraffi siteghydpetay bofifedtedsupder | fuklowonalti taohenpertatree in the range
of from 10QotlQoaQQgCreigkm{sqlil\i/guhgrmég_om 200 to 250 C. The total pressure
may be chosen fromO0.1 to 10 a, in particular from2 to 6 MPa. The Gas
Hourly Space Ve%ogi%y I%GI—_}_S __t)épi,c |y may be chosen L om 100 to 10000
N1/ 1/h, 10 prefeérably T¥om™do td 2000 N1/ 1/h. Preferably the reaction
conditions are such that, with a given catal yst, the conversion Xi is such
t ha20f or nuiwhkelreis aeis Utheadét-@rnPnafemablef, sudéh npatei ®nl -cdieditt i ons
bel ongs t 0 Jrheeersl pat Yedldlld $e0b. arRel &t aKiy, | @dmbp Bdes1alght 135 I n one
enbodi nment , th% second synthesis gas,feed is conggggegftoreoalcetfiiorgi c
hydr ocar boRS3tA " Bar t it s RE s&&ond” brgunis€ Fr oduct™ < THE EGnvarsi on i s
typi cal |y darithedfdast usidpraseshati satagmt Tdsi godarargade MM n synt hesi s
catal ysts %rfe.aV\@bLsKﬂf)m&acbttiQQSQC@k#|iliﬁsj Hncgl the ant, _Exappl es of
suitable olefin synthesis catalysts are those tontdining a group VIII
metab, for iexawpbe understopid dhakl pegat comrbialakisodownt to arP Al lealei net al
such as pot;azghELandinln Ofd aRahlilg% MRl «hagelpl tom Ihardd &psi tion
metals, in particular groups. |IDb, II%, Vb, VIb, 25 VIlb or VIIl of the
Peri odi ¢ Td & -df f"ﬁer%f%‘ffg‘?ﬂ 8P NEY i n the Handbook of Chemistry
and Physi cs 65t Atedrst tonpe prrefegrsaibby nipnyahesedoKizi peprgrntoral |y, the
catal yti caldy. agh e 1) 3| & A1 SUBROLLECLPhALAGR! She YA 1Y @
refractory oxi'dé carrrer. By-products at

30 monoxide present in the synthesis gas. Thus, the carbon

monoxide conversion Xj is calculated by dividing the
total amount of carbon monoxide ccnverted in the first

synthesis process, that is the process for the

preparation of the first organic product, by the total



30 may be produced in this process conprise oxygenates and/or paraffinic
hydr ocar bons. Accordingly, in a further aspect of the present invention thé
second synthesis gas feed is converted to ol efinic hydrocarbons as second
organi c pr SYRY8MAd 35 oxygenates and/ or paraffinic hydr J&BONYEHs second
by- pr oduct . WD 00148969 - 11 PCTI EP0Q101153 Reaction conditions for
preparation of ol efinic hydrocarbons fromsynthesis gas may vary w dely.

Typi cal ly, the nreparat| ol.efinic¢c hydrocarbons.is carried out at a

t enper at ur e ﬁgﬁégggfg%?%’lrﬁ%o(frtlgl ailgb REESSR Al ?réﬁl ar from 250 to
300 C. The 3wvtlegiteddsr eThayctvadisdons Kiomd®d . Xiit @reONMPa, in particul ar
from0.5 t Ariibeas rly +FRAGEL V! i typigally may be
chosen fro%ne:ALtoé(\)éDt o_“lgoﬁo Nsl 1/ h, ptr ef gr gb%&fcé%% ggﬁt\%sm gNl/ 1/ h.

Pref er abl y $9E/elF 1082 PEF oR2TDIAY if9Fs eXPBPERICIR thPer @WPehtd gi ven catal yst,

t he 6onver siedyHd lioopsuch $rathdsdrsmgbha havsndred diFlferdeter m nati on of such
reaction COerHJJg%’?xS £BeLQRESH tibddI8 o AbRaE Y Stid | s of those skilled in the
ar

art. The np synt hesi s gas, usajgg ratio Fi1_ of this 15 conversion

typically lies AFREIPIAGe b Hridmes. BPPEeaiareq thagr theuiad“Yrom 0.5 to
0.8. The syhesistdascdsene faddto dhrOkebbRd COMMATi@NgRE syad hesis gas to
ol efi ni ¢ hydr.ocar t()aons L$ nogéras! In}é Sy gnhf I ﬁa/n(?é fyr(follovver han %h%busage ratio
for the corV&r JISGT 6P &%t hesi ¥ Gad 26 o  para |ﬁircrﬁ§ﬁ?o% roons. This is
duei1po the §padhddiat gasnpabaticead 6 ehensgythdeis yagapabystsied so have
COshift actjvity, | ' th o I N an -a | ks al .

Cat al ysts a%/?éne;%COFsBﬁP?{(gﬁééﬁ \E}'{hteyH Z\%g @%ﬁﬂa&q o?fcgﬁge%ls% of carbon
nonoxi de aner weteemd syhydespgemagase?2 aad tavddreeti eXicdeedrbyiarey versa. |t

W 'l be appiaddatedeihalnvrd £s hauldcher Presaind nathgiieagi or to enable a
COshift to h%:dr.%%%n gas.ang carhon gl oxi de. V,\Cat er gaé be %n ected toget her
with the syMHEEYRE*BLP TS % &8 FPEABERRETH *We 61 BAF AT &2 Wfdr ocar bon
synfthesi s prutesmrbl0s| fArompyefidraséd gabodlf meait kef prhéepredetr i nventi on
the second synthesingngassfged ieLorvaaged M 1do amolakakysio havidig a
CO-shift activity which is nore dependent on the reactor tenperature than
the ol efi n SelPANNiCHNbEY t K attAPs thenue e d@hier 8fokP®o ol efinic 35

hydr ocar bonsyntHis3 shgsotbes adirardt age rehaed bymedEngnigofhehe eact or
tenperat ur eim}eh“ﬁ:i%r,]t Q@Siéag@‘spalﬁa%% '{:ﬁgl Qngc?r{bebr%ed M\Qrggxll 48969 — 12
20 monoxide and hydrogen of procedure (a} or (b) is the only
synthesis gas feed for the other procedure.

The process as described hereinabove is preferably
carried out using as starting material a synthesis gas
having a molar ratio of hydrogen to carbon monoxide F of

25 less than 2.1. In a preferred embodiment the synthesis
gas is prepared from natural gas by a catalytic or
autothermal partial oxidation process, which processes
are known in the art. This has the advantage that a
synthesis gas is produced having a H2/CO molar ratio in

30 the range of from 1.5 to 1.9. This is particularly
beneficial if it is desired to produce large amounts of a
first product having a Hy/CO usage ratio relatively close
to the molar ratio of the synthesis gas, for example

paraffinic hydrocarbons, in one step and to produce in a
35 second step smaller amounts of products to be used as



PCT/ EPOO/ 01153 altered whilst the ol efinic hydrocarbon product renains nore
or less constant. Accordingly, by operating the process at different

t enperatures, using such catalyst, the conversions Xi and Xii can be
altered quimonorssss |y 5 whilst still neeting fornula I. Preft@Epeiniyss t he
catal yst conprises a Group VIII netal, in particular iron. Preferably, the
catal yst further conprises a Goup Ilb or"VIlb metal, in parti cul ar
manganese or zinc, optionally in conbination with a Group l1b, Vb or VIb
metal, in meﬂaﬁﬁ#cé?aﬁismcﬁnﬂnhéme@r@ ura/AbreageereEddl y the catal yst
further comyi.seyeap 8k b nol By PELL LS W AT AOLGRERE s Ry erably, the

K/'Fe atomc ratio iS_in the range o rom 0.3 and e (Zn and/ or
Mh) / Fe atorﬁ"@“‘lp&fa?ooﬁss?ﬁht%é;’%ﬁﬁetfif ‘Fr‘ﬂﬁﬁ‘?)a:? F&eg‘lc‘?ﬁe 15 catal yst may
or may not feerisabnkaacareolefing tandi bkyden-appredindhgdpthatctdhie preci se

variation Cﬂcdé%@g.ﬁgﬁ.?t'.@nv‘ét diRehabms Su dRRANGT $HhEOPGLYeAn the precise
catalyst that is e wever, this relationship_can be easily

det erm ned Weflﬁé%k?l %’atybeesrlssoﬁaﬁylfoﬁ??%é‘%”é’xﬁef“f’ﬁ%ﬁt’é?'f’(ﬁl °fi n” anot her
enbodi ment pfdrogenpteseatbomvmamoxéde Fhin sgoongnggnblie§remghss fteed i s

converted t;0 @nlgxgggg%@lapra@‘&pcalgl y . an al kanol, as second organi c product
and anot her OXyQ; enat e refer anot her alkanol s,second 25 by- product.

More preferably, Yf’ﬁgaéégbnﬁles BEsPENERSS kR RS £88nY8r FRYS'TSE ni xture of
a 21i@et hyl -tb @akafdhini¢ nhydiradagioas &sof brgtarnelgandrdpredhenol Tres second

or Q?RI c pr %@EIS@BQ iyré}b&rcﬂw%a@&@éda&%tfsqps%@htaésete&liépéd H} the fi rzt
syn esi s ararti nic roons IS secon
bz pr oduct clfﬁfhﬁé %8855}% @Y ﬁelé’ﬁ&l &nﬁgh?)b’h%rﬁ %O%’ Bgigf‘f‘??ﬁlc hydr ocar bons

boiling i n Rilsehgasdrppechreatiaddisasdasei Vet ekrnwoin itnrgthangeskiM badur es of

2- et hyl - 1-58f Ita,@ohrandgmgk@mlofcaalbgbﬁé B eced rhysepnt acting synthesis
gasbgt synt hesi.s ondlt ons, ata 1)(st known .t o those, skilled in the

| 489692 3}315 PCT? ?ﬁ’o A e P s VP EBT R T ata yst s
conpri se altcalpiagréfdnred mocmrb@}bznee c‘eﬂcaﬂ%/st@ta@erlatwigabbm tions may

vary wi del M:Lﬁrm@ndaﬁeasl Q(E\ti\h;-e rGhual i6apatysdullaiathbse €8PS OYAShd Opti mum

operating dijti eci al yst can be easily determ ned by
the skill ed‘%%&s%nbg ‘?‘1% hi ndgsg%o(ri‘efoltr’;aﬁﬂr outine experinentation. The

reaction tenper &har @oﬂsrwﬂmﬁﬁlys gheseprd ndid or dngefothis om 300 to 50A C,

prebgr abl yaﬁor}xvte gloﬁngg?i)é?lf}p %%0 g E}I?ﬁ’ ISQ'EI’%e tfh%B-Fﬁ? Eo(élatl_o pressure is

not critic FOWI fera e pressure IS

chosen in t%érr&ﬁgéaFFbﬁ\‘hEW o 18 N'PE' ThehaHR 2GS ff?yﬁijcal ly selected from
100 to 1000y aMNthhebusptefesald wyhtbas100hd EcE0@G bAé lphocdds wi |l | be

appr ecl at eq, gl Ll pJBYo 8 % P ABh RS F6h e grt%lgre gk € 0 hery oxygenat es

like primary a @ ticular primry kanol s contai ninhg 2-2Z5
carbon at of@N%¢ ChefFOBt P uettR &, las +BeRINL THgdnile Lpr GBGCESE Gt & ysts known
in 2he art ompeisse gae Oeedipitel alehaksa asigatfalopnitegl Lywact i ve conponent,

chosen from(I,Qup,ViL! caggorﬁmmgeapgé% FAR N Bethi pagddeul ar iron,
ni ckel , cobalt opper and/ or enu%q_leé té‘fg\“ W of various processes

to synt hem%%’rﬁﬁa??%ﬂi‘éﬂjsy fbfeé‘ﬁfé% F2E°BLEh YiY%en by
Forzatti etthel prioge€at ab. 1qey~chSdin. pENgf f183{ I§Rrocd@bod$8 X 1991 ) .

disadvantage is that the use of such feed results in
30 larger by-products production. Typically, the process for
the conversion of synthesis gas feed to paraffinic
hydrocarbons produces olefins and/or oxygenates as
by-products.
Accordingly in one aspect of the present invention,
35 the first synthesis gas feed is converted to paraffinic

hydrocarbons as first organic product and oxygenates



25 In yet another enbodi ment of the present invention the first synthesis
gas feed is converted to an oxygenate, preferably an al kanol, particularly
nmet hanol , as first organic product, and optionally other ox enat es as
first by-pwededssss An exanpl e of a suitable catalyst 30 cBﬁ'ﬁé WAKSEopper and
zinc on a refractory oxide carrier, in particular an alum na carrier.
Operating conditions may vary w deI y and depend on the actual catalyst that
i s enpl oyed. dg)tl mum operating conditions for a specific catal yst can be
easily 35 detHAF REGEHYLE Hydiqaaregnpersofii 13t MO REARGUABre t han routine
experi nentation Re‘Elaelbeaﬁcbmdhrtltoeﬁpebat pf@pa&tlo\ﬁl)o@%é%ﬁﬁmlcw

PCTI EPOO/ O )égtogggl ¥r hf%btshg?ga’g%é ey %931?0 0 to 900 C,

preferably I'n the range O pressure is not
critical arf/rigplddry F?oﬁﬁe_lpacr@tz@nwé P T s Wdfﬁ@am%&@e i s chosen
in the rangmrxifedopud 86 d0cdiperathee GiS\hes daypiecal! yroel vt ad from 100 to
10000 N1/ 1/4pq prcef gﬁaﬁgyt{éﬂrgrl(}_ggmtg gopC? %pd bih. oLt widl, be understood

that the present ‘i nvehtjon Is not res ric process whi ch produces
first orgaf*EPUSGubeE P? othGIATY foRe Pitsto %W@y §nrRagtioHadnd 10 second

organi ¢ praheet @ toom BRay Thee Geecandrsyigwsd veleatty onGHSthus the first
and second (/G yPhOQUSE S{BRenC 20BRI Py W Lithod® AL/ epyeral Tirst and

second synt r actlons cour se possible to produce

f or 1Bxanpl P55feIEPLH Erﬂ‘?ﬁ%érobaﬁgoa@ﬂ/r%t P&P&SHPElXSt?ﬁ oduct and produce
separ at el y mdagftiipnc chydi obarsbenrs andhoxlygenatieh asgseennchworiges,c products.
It w il begppreckatedoh h}@I id s%‘éﬁhtﬂax?%&r&dl% forogula. Figpd i in formula |
is made up of the sum of to subformula's Fii Xii (olefln) and FiiXii
(oxygenat e)detRrafigpabpy, 0D uin Heachhen ororistitth cosghal endy -4 ddect s can be
separ at ed mlma&@dsmmstcmaflﬁe&tsoﬁrg)ampecprleldwb at@. a further

enbodi nent, the Rresent ga/entl on gl ates Bregggssafo tJ’ue preparation
of &t |east two organl T I Froma syntsﬁ’es s? vvherel 5t he 25

synt hesi s eRveas/pr £8i M falfmcxﬂwﬂéoéiirl@%rrﬂaor%nrrﬁﬁé;m@\él%daf’nydr ogen, has a

mol ar rati QséHonlalydl’rggﬁﬂct@r&ﬂi’dﬁQnTHEn@éﬁh\EtﬁcﬁonV\ﬁibCBypi@&w conpri ses

effecting in arlfel rst.stage ane cif the_follown agrgcegur (na) converting

a first synctahe5| S gas eeogto par af‘?| nYnt}‘fUSJT'IS roca}’%ons or oxygenat es, in -
particul ar swthgsél, cahabystcomdiet Fehs iown df@r sbASEDAbKI kRS ddnver si on of Xi
andza nol arcHésage .r akh@pDds yrdsQdeanl & €addion sypp¥sde ofcdfilstwherein Fi is

greater thg% e ngk (Q?m%’fh Sgtl n%rgu§ Pﬁld XY he§5§ €ed to olefinic
Icu

35 hydrocarbons or enate mxtures rret hanol and
i so- but anollrctﬁlnd@PtéBﬁeli-%Yo‘ﬁS C@f“baneta%%rwﬂh in alkali metal such

as potassium and/or optionally a metal chosen from the
transition metals, in particular groups Ib, IIb, Vb, VIb,

25 VIIb or VIII of the Periodic Table of the Elements as
published in the Handbook of Chemistry and Physics 65th
edition, preferably manganese or zinc. Optionally, the
catalytically active metals are supported on a carrier,
typically a refractory oxide carrier. By-products that

30 may be produced in this process comprise oxygenates
and/or paraffinic hydrocarbons.

Accordingly, in a further aspect of the present
invention the second synthesis gas feed is converted to
olefinic hydrocarbons as second organic product and

35 oxygenates and/or paraffinic hydrocarbons as second

by-product.



WD 00148969 - 15 PCTI EP00101153 nonoxi de conversion of Xii and a nol ar
usage ratio of hydrogen to carbon nonoxide of Fii, wherein Fii is |less than
F: and suppl yi ng the unconverted carbon nonoxi de and 5 hydrogen to a second
st age i n Whiocdosgdse ot her of procedure (a) or (b) is effeecampowhessfirst and
second stages being effected under such conditions that the foll ow ng
relationship is net: F = Xi.Fi + Xii.Filit+c (1) 10 wherein c is up to 0.2,
preferably up to 0.1. An attractive operation is obtained by conbining a

| ar ge scal e par &ekichii onhgodnadtwirdion foynphesasatuimrt ofi tthedinetati vely smal |

ol efini c hydr OCRLBERNSYREDRSE ondiislis §al: m@Pey iﬁﬁﬁeﬁgQUt 1/3 or 1/4 of
t he production 1‘:‘i capaci te’/ of the paraffinLc hydrocarbon synthesis unit.
Due to its 1HNGE S¥al EMCePTEPHFRYIN §acprbitd iIPTO55EPRS B2 | east 20, 000
barrel s/ daycamsipecioak| gtat toasira§0r600nbsne etsigaypt foba especsal |y at

| east 100, Ofh bay,r ehspdayichher raal bEBi €0 hyels ocar ke sypthesis 20 unit

w Il enjoy the advant ages of IargILe chlﬁ gro uction, and, thus, the
"ol

d
par af f i ni ¢ FRARGEEr B8X BF otfiREd i7FoFh ?i Y MEAdAGc RPBBAC YA hesi s unit
wi || enjoy fidven daive tbehellPd s. THEh&agl 8Phnly $palroc@Elved tgynGheEsl s unit will

ﬂ]oduge t{‘etyq;i@(a;lﬁiycfngtyQEQC@{ml f%togalt@b‘e%cfdd[db har/a9n25 sgal e andfpave
e advant ages, of rfel ative ow_pr n costs. [he apount of paraffinic
hydr ocar bo epfre(fd'&&é(d%ffﬂma%g%ltecf izﬁiog ﬁgé#g%arpo‘?ﬁf%ggﬁeg‘rg unit is normally
bet Ween 25 rmEaftBOnwWeonditiemblarealsogh 8Batw withhen gieoencoabalest with a

| arge scal & arcafhfvie?ks€orOx Ny HPGRRORNSY NEHARIS: Unists fhhe. (fyel) val ue of
the paraffinic hydrocarbons will be relatively |ow or the paraffinic

hydr ocar borfe teFe na¢éArt ®f ben@orrsiagéied aendl tienitse bsdodaet to Tthes, t he
conbi nat i orofirahe twolbydspcaidaen skyDLBESis dHY tagtr.esults in synergies in

the 35 feed str I jnt p t reans. . 001 48969 - 16
PCT/ EPOO/ 01153 he%1 %?é%gn%y%éesﬁ'tsi %SV\A&??&%O]\CN TS fak-g‘rslt ﬁgr %aés)cri bed by neans

of the fol |owivegsEcanpliescaBariles EnAthypramje priodess Schete in one
embodi ment ©f; the ?aEE?é@Da_Er'ﬂ\éﬁtﬂto'.@ntbsoﬁé?. feld Qiptndssynthesis gas is
prepared by partial oxidatjon of natural gas at a tenperature of 1200 Cin

the presenc¥ 3 FA7genTaE B GRS SABR a? L rI¥15 50985 Fhe synthesis gas
has a hydr ogieafiind ccayBoncaprmnd de mokmalintsigroffitanitly lower

than the usage ratio for the conversion of synthesis gas
20 to paraffinic hydrocarbons. This is due to the fact that
a number of olefin synthesis catalysts also have CO-shift
activity, in particular those containing an alkali metal.
Catalysts havaing CO-shift activity have activity for
conversion of carbon monoxide and water to hydrogen gas
25 and carbon dioxide or vice versa. It will be appreciated
that water should be present in the reactor to enable a
CO-shift to hydrogen gas and carbon dioxide. Water may be
injected together with the synthesis gas but is also
produced in the olefinic hydrocarbon synthesis process.
30 In a preferred embodiment of the present invention
the second synthesis gas feed is contacted with a
catalyst having a CO-shift activity which is more
dependent on the reactor temperature than the olefin
selectivity of the catalyst in the conversion to olefinic
35 hydrocarbons. This has the advantage that by changing the

reactor temperature, the synthesis gas usage ratio can be



10 The synthesis gas is mxed with recycle synthesis gas to produce a
synthesis gas feed having a hydrogen to carbon nonoxide molar ratio of 1.1.
The synthesis gas feed is introduced in a heavy paraffin synthesis reactor
(HPS r eact B10)00489%6% GHSV of 800 N1/1/h. The HPS reactor 1BC 'E’EFR"QFW a

Fi scher-Tropsch catal yst conpri sing 1_819a[ts by wei ght of cobalt per 100
pbw of silica carrier. The synthesis gas feed is contacted with the

catal yst at te e ure .of 22 sure of 2.8 MPa. The hydrogen
to carbon r‘?&%&% {%ggte rhaetli glmi“é °?0pﬁ? e TSE N er at ed t o
reach an oweral prcé@@%rﬁ%ﬁt@mtdei\eeﬂv@r@l@n Xiy obeBa¥bng THee process

produces H&ofcelslsos\tn&@fél@ﬂﬁt %eﬁ\ﬁébé@;ﬂe)s, us¥Ry00h 4896 AGEEP00101153 _

17 Tabl e | Len th of I nPar af fin
w ) C15. 5C26 P %0° T 6r%Jl icyYs. kifcfé%ées q‘glt%oetassléﬁar ated The
hydr@gen t@:haaeboewbncxmeian@olfatmﬂmln Hrefprbbeg) stigascdw@dyistig t he HPS

reactor i s dndr; BBLL, A dlle iRt RERLS, 038 Js cigRyEl e dd ecycle synthesis

gas) to pro |rst synt hesi s fg{;as fee . reactor having a 5
hydrogen t &r€4PBBR¥DNERE FetRdlaE FatiRPHICOMPEisTRed L JI1¥ PAs are
separ at ed fuzam tmbeaparat fparz byl di shaddaatdsen orTheéne gneg tiidig 19ynt hesi s gas,

havi ng a hydr n i Qp0f. 0 ed as second
synt hesi s }]/}8‘ %gﬁg%ég%j&?%%gﬁwgl g?#ﬁ? f%ya?’&;‘ifb‘éﬁbs@%% eS|qs process. The
synthesi s &g ﬁééélaF sVATRGidFuCEdCE At Wt atiodice PERE R #BAY ¥ bon synt hesi s

react or (HGEtregetof)ridiea dBnpPYisks 100G INE1LLE/ hetdhe HODamacuQarcont ai ns an

oLefin Syniyeabs: Gt obySle SUTHY | BhOG:) FOMy ROLASILIN; CAPFH AND MANganese
15 in the |1ow ng atomc ra 1 The catal yst does

7ot cont ai FRIEAPFT £¥°m1%e03s9:ﬁt Reél%”‘ba%hef 428 FRSLOREDURE it bt he
cat al yst atat@muerrpetacb wre iof tAg0r&hamdcbfa froesuBetof3.l. ThevPa. The hydrogen

to garbon TBAQ% de H§§19@r rn?aty' QoE' boh®ath 2 c-EQ(%lQEOCPtSSwllSl 4, operated to
reach an overal car%dq? de conversi,on Xii The process

25.
converts 5@§p6]ecf-ﬁ*ée § CCINS Ot &ggégn o? usage rati

with temperature depends strongly on the precise catalyst
that is employed. However, this relationship can be
easily determined by the skilled person by routine

20 experimentation.

In another embodiment of the present invention, the
second synthesis gas feed is converted to an oxygenate,
preferably an alkanol, as second organic product and
another oxygenate, preferably another alkanol, as second

25 by-product. More preferably, the second synthesis gas
feed is converted to a mixture of a 2-methyl-l-alkanol,
in particular isoc-butanol, and methanol as second organic
product, and further oxygenates as second by-product.

If the first synthesis gas feed is converted to

30 paraffinic hydrocarbons this second by-product can be
used as a blending component with paraffinic hydrocarbons
boiling in the gasoline or middle distillate boiling
range.

Mixtures of 2-methyl-l-alkanol and methanol can be

35 produced by contacting synthesis gas at synthesis

conditions with a catalyst known to those skilled in the



PCT/ EPOO/ 01153 - 18 and produces the foll ow ng hydrocarbon products (Table
1) Table Il Length of carbon chainParaffins (~ w)Qefins (~

wt ) C19. 1C21. 46. 3C32. 19. 8Cg2. 17. 7C5- Cg16. 825. 2C10+9. 89. 8 The Cl-Cq paraffins
are separ avedo4spedm t he C2-Cg ol efins by distillation andPCHERNAEE with
Cl-Cqg paraffins 5 obtained in the first heavy paraffin synthesis process.
The C5-Cg paraffins are separated fromimhme C5-Cg ol efins by an adsorption
process, commercially available from UOP under the trademark "OLEX'. the
Cl0+ par af é¥the Enagpdegardt editalin tdadaCy6tsotefpnissehyaltdad isame process. 10

The d p+ p@f@,ﬁéﬁé}ﬁ anrcqrrbtrh@uggﬁ@r@a@tlg,gtgre m xed with the Cl0+ paraffins
fromthe first c§ sent converS| on unit to convert

a
part of this fedf aé”&@ EB“BéFJa?’ﬁ ﬁ'kay éﬂ??a‘ﬁ’r?fe 9ERERFT PRs from t he
HPS r eact othe tdrtuadScasadyor bk tive eh@évyepar@ﬂmmn P@e@:enwegsi on unit can

be gonbi neéox&m used ras Eeege&pfua ctamawak @élaonlf@rea(saa._@/ht ha cracker) to

convert th raff typi cal process
schene in ge C%eodab hl nen loefd % sﬁ8 byeg%% ’}ra?\?&ﬁﬁ 5ﬁaps as follows. A
synt hesi s Jg@lstirse m@@#@anbytp@n iTle orrdaipontefraratwral igas at a

t enper at ur eypf ca]lz.l.Q,D chois@nt bg @K@Sﬁ}@% of exygeso@ttA 500V®c00| 48969

PCTI EPOO/ 0115 atl fo hesis gas has a
hydrogen t%* %§ S5 ynﬁr?og(l%ag% 3?8 (gtol'h465 yrgt gb?s gas is mixed
wi &R recyctetalmirssiigegas rot m@du@@laasynmmSvasrsgésofneédthayl ng a _

hydrogen t 9o Sumar ok reRaexy det i®l gie Isatrk01 8f cHoden The th¥NthRgES gas feed is

i ntroduced_.i nt heav ar ffl nthesis r ctor HP. eact at a GHSV
of BOO Nllif%m%rﬂtec) E%S%rpgac or é(}'losrsl\%/al ng g8t f—'agf gco s§c *Rat gﬁ;%/st

conpri si ngta 8L YHRP b N1Z3BaL t Ppetenais YpEwons 1@9%% Jd%QrOrOl 84/11the 10 synthesis
gas feed is cortw|aiiad wet Bpphec Taderl tabtal t amd ergayAter erefe2284 C and a

The >or ocess” (4 BN ALl Fort CAETL A GURrart -Lar bort (RNAT b conver sion X
of 0.71. Th@rwld’g‘er?rtlﬁlaééir‘bblﬁa’ifﬁalrﬁoﬁoé}éamlng -15 carbon atoms

in their structure, as second organic product. Catalysts

known in the art comprise one or more metals as

catalytically active component, chosen from Group VIII,

20 Group Ib and/or Group VIb, in particular iron, nickel,
cobalt, copper and/or molybdenum. An overview of various
processes to synthesize primary alkanols from synthesis
gas has been given by Forzatti et al. in Catal. Rev. Sci.
Eng., 33(1&2), 109-168 (1991).

25 In yet another embodiment of the present invention
the first synthesis gas feed is converted to an
oxygenate, preferably an alkanol, particularly methanol,
as first organic product, and opticnally other oxygenates
as first by-product. An example of a suitable catalyst

30 comprises copper and zinc on a refractory oxide carrier,
in particular an alumina carrier.

Operating conditions may vary widely and depend on
the actual catalyst that is employed. Optimum operating
conditions for a specific catalyst can be easily

35 determined by the skilled person by nothing more than

routine experimentation. The reaction temperature is



15 nolar ratio of synthesis gas |leaving the HPS reactor is 0.7. Part of the
synthesis gas is recycled (recycle synthesis gas) to produce a first ' '
synthesis gas feed to the HPS reactor having a hydrogen to carbon nonoxi de
mol ar rati &V@90/48969. 20 The remai ni ng synthesis gas, havi F¢TEPPRMIBgen to
carbon nonoxide ratio of 0.7, is used_aﬁ second synthesis gas feed for an
al cohol synthesis process. The synthesis gas feed is introduced into an

al cohol synthesis reactor (AS reactor) at a GHSV of 3000 NI/1/h. The AS
reactor 25 OBMAMY SRCSPLoHdI TRy AERES] 8F cBE AT yiA0 ¢8mPPPsifg zi nc and
chrom um i rptdfedaplllyownnghat cange dt foo@n24 *C 3o72B0 The ci al yst further
contains 2.{6% fy \e%lsgn&eoisKwtmen%xesb%m x%svfa%df'rémcimtt.@m ed with the

catal yst at_a tenperature of 400 C and a pressure 0 The 30
hydr ogen toz%éﬁfon PrSAEXRREY usdi§e PEASPBTEI 15 i QTP 1?héhﬁr6%'é%% i s operated
to réach a fhambdén twoAOxMbe. cUrey @HSVons Xtypodally2Seltheepr bcassia@onverts 300

by wei ght _of R o6ON P9 COR- ¥k BIOANEER 2605 850BY00" 2N i pr OTUCE 2

m xture of nethano i sO- butanol (20 cwt) By-products 35

conpri se ot her @’éﬁl t8§ rc?\ﬁt")"daﬁaaﬁyﬁ?%c%ﬁﬁﬁﬁ% INHEP B9
PCTI EPOO/ 0183 reszplcteeot@wt )proFlees| ahieh marduresmfxedtwtdarGa: Cg

paraffins produced fRokhenPRdLaGqkak . 5 .heh@smerre%xgsna;ﬁé are separ at ed
met hanol and i so- but ano stll on and are mxed with Cg-Cg

fro
par g]lofl ns oW+ OFIPEEF ] ?\5045“ bef/?t Fﬂ@do? t‘?fbe f59FEP AP ¥RERSS 4thi ch i xture
is to be usemkcds ogasGhipetlor finddl endi se¢cdndtardsoiiki ngodarge meEroduct .

Optional |y,cddpsiRar &E&tase@mﬁlm@mm Ehesd id4red s@rc%asgyme.ﬁag/e been
subj ected to r. exa Ieacat ytlc reform%sﬁslg(i prl??c; to adm xture

with oxygerat®s YFSm 6rH‘1er’secon § BFocRes % PR M 3G Ure as
gasol i ne boidid rerampAgerprafifictic byddesarikeens rest Hamsk angamnsobut anol can be

usedst o pr goliieidrekhyl pkeaaéearssépta%%wtaﬁéfl(d\ﬂEBlﬁ)ydrwBAEbo&@rhrnﬁ used as a
bl endi ng co for gas Ie |||§§ Fgﬁhca process schene in

%Ionentte Seconcp or. a-n S
anot her  entBHIENC5f 2 ha°present ﬁve}ﬁ %‘fl f§ A synthesis gas
| s pr epar echHRr gsdeted tbék‘FdJen |501r¢hoﬁ Caﬁatm%llfoga@las FeleXcridred in Exanpl e

20 The SYBLIGSILs 1925a48 IPOdNEeduh R DRALBBLALLL N SYNt hesi s

react or (H reactor see , uslng coba manganese/titani a

catal yst). Fmé(mea{é’tlﬁlflﬁhya%rgpapé‘nat éHXY%eraa“edncé;rFﬁFBﬁ‘@ rway ofr wWith a

gas zpecycl E‘eltm %@d%tﬁoiﬂi QngtathcHE’ﬁﬁﬁa@ﬁdt%n cAhepeepapatfdd nto a 25
gaseous fract noxi de, mnethane, C2-Cq

S ydro car bon
paraffins & g}%g%“ {’11%‘9 F?éﬁlage%ﬁodélﬁ ‘a liquid fraction (C5+
conpounds) . The Igla@eéustmacqrmﬂ@l(f@oﬁpr Fr¢ mraseatupovareieed synt hesi s gas)

i's introduced 40 t@naobﬁ$¢éﬁ§ fiwdlta@agsp@;shﬂh%ylnbhegtsw@@tctt% (HGs
reactor, see Exarrpl d21 h)gar oduct §he51§ he HOS reactl on are separ at ed
Pon-{eonp

into a gaseo’i?s Fraltr rl Sl n@’ SoRe Untedct earsynt'ﬁem s gas, CZ-Cqg
conmpdunds aFithtihesris gagesyor@m@sanlgu guingxteertdforarbsr pompoidtds). 35 The
liquid fraciddmyefroyla, HSs reaedlia@nrhsa separnit@dgen to carbon

monoxide F, which process comprises effecting in a first

stage one of the following procedures:

{(a) converting a first synthesis gas feed to paraffinic
30 hydrocarbons or oxygenates, in particular methanol, under

conditions of a carbon monoxide conversion of X; and a
molar usage ratio of hydrogen to carbon monoxide of F,,
wnerein Fy is greater than F; or

{b) converting a second synthesis gas feed to olefinaic
35 hydrocarbons or oxygenates, in particular mixtures of
methanol and iso-butancl, under conditions of a carbon



WO 00/ 48969 PCT/ EP00101153 - 21 - into a C5-Cl15 fraction, which fraction
is then separated into C5-Cl5 ol efins and C5-Cl5 paraffins, and a Cl15+
fraction. The liquid fraction of the HPS reaction, together 5 with the Cl5+
fracti on o{ygddaRsdsS reaction are sent to a heavy paraffi pcempy@isdzon unit
(HPC) to hydrocrack the conmpounds in the presence of hydrogen and a
suitable catalyst. In addition to hydr&éracking, al so hydrogenation and
hydr oi someri zation will occur. 10 The products of the HPC-reaction,

t oget her wmbhokhee CoorGidy qianabti Rg; farattd eawllaronste HOS ¢ eacti on are

ted int htha fracti kero fraction, a diesel fracti d
heavy pr odlIEZFBYuTT | TRFHT G8NSEbAF ot ot iuniPE=SThel hoahy 9%Fction 15

recycl ed t@nkheri5 HPC reactor. The carbon nonoxi de conversion in

conmbi nation wt h l.ar. _u e I I an noxi de in
the HPS and thegf'-é’(f’e"r1 ac’flcr)1 grﬁg gﬁ%#‘?%%?c{%grgggﬂ?‘%’g%%ﬁeboafn ormula | is
satisfied. PYGrvBen Edrbais@® i £R238 stantthidrof@epakd®¥ i ok ¢ hydr ocar bon

synthesi s pibtedthe (4)atdrer(bgotpl erjedidd;( hyndr ggest namufaddhid ng unit,
necessary Egabggrﬁ?ﬁ%t Judrnoggnl car é%”ﬁ%%%kgﬁsr GAP dfom1.7-1.8 to

2.15, the users rati Which is essentially & non-hy tocarbon 25 produci ng
unit, has BedhovEpd akXPBPrarhpdi cB8bon produci ng unit, producing high

val ue chem cal internediates. WO 00/48969 - 22 CL AI MS

PCTI EPOQ 0i 153 E.=ApricesKifioFithe @reparation of at(lleast two organic
products froma synthesis gas by (i) converting a first synthesis gas feed

Lo gofirst ALgancc Prodyelendaa bLLst dmpradugty o (11) converting a
second synthesis gas teed to a second organi ¢ product and a second

by- product; (iif} 3epeahivfgoPREaFI PRt P ngdchracHRYE®uét from
respecti vellyrgehecdle giamafdiol cskgdnecaorganisynphesietyniandiit® &i v) m xi ng

the separatedatif{sfy al19r -30¢9RE. bfyy-&f&fé%ton%w;héﬁféﬁmj{tvel y, the second

al ne cldaim1, which

and/o_r firsft prganlc roduct. 2, A process as.c I
conpri ses EiPi) %%ﬁé?‘g’tq% %PHE H P <tr drfd Sc5hE BYRPITdRY from 15
respecti vekywpatheyfof stheaparaé€onic cngiruaa rpoadegbthesis unit.
Due to its large scale, e.g. suitably a production
capacity at least 20,000 barrels/day, especially at least
50,000 barrels/day, more especially at least
100,000 barrels/day, the paraffinic hydrocarbon synthesis
20 unit will enjoy the advantages of large scale production,
‘and, thus, the paraffinic hydrocarbon produced in the
olefinic hydrocarbon synthesis unit will enjoy the same
benefits. The olefinic hydrocarbon synthesis unit will
produce the olefinic hydrocarbons at a chemically large
25 scale, and have the advantages of relatively low
production costs. The amount of paraffinic hydrocarbons
produced in an olefinic hydrocarbon synthesis unit is
normally between 25 and 60 wt%, suitably about 40 wt%,.
When not combined with a large scale paraffinic
30 hydrocarbon synthesis unit the (fuel) value of the
paraffinic hydrocarbons will be relatively low or the
paraffinic hydrocarbons have even to be considered as a
waste product. Thus, the combination of the two
hydrocarbon synthesis units results in synergies in the
35 feed stream as well as in the product streams.



3. A process as clainmed in claim2, which conprises (iv) mxing the first
and second by-product with, respectively, the second and first organic
product. 4. A process as clained in claiml, 2 or 3, wherein the 20 general
struct ural Wosmsdd@e of the first and second organi c prodFETEPYYY1S3

i ndependently chosen fromthe groups classified as ol efins, paraffins,

al kanol s, al dehydes and ketones. 5. A'p?‘%c’ess for the preparation of at

| east two 25 organic products froma synthesis gas, wherein the synthesis
gas, conprising B¢riB&aFe® tof "HYTAF BRIV idid nedr bonf woHmd deschaBed nol ar

rati o of hygyogesns oo aheoornbeexhgeEampaaisch process conprises effecting
ina first E;{ggglgnf of the follow ng procedures: 30 (a) converting a first

synthesis ¢ o a first organic product and a first by-product under
condi tions of a RatWifatoRERFEES cHFRAMASIIANCBE drbedined thwifathBsage WO
00/ 48969 PCPLEPOR] Oilikbsht i oA3 ikaks Of A1 dwsdr agenntive £id @z aenoxi de of Fi,
wherein Fi | .E; . . converti ecqond _synt hesis gas feed
to a secondbg?géﬁ%%rg’%%gfgéngﬁhéi%lc%n%\fbb%E\?g%'ﬁc asur?(r}era conditions 5 of a
car bon monokPBeRe BT Afot28P X iitrid ea PASESPCRs@lHYAeN0 25f 2Ry dr ogen t o
carbon nonogpdel pfmdlidr, raltepebn Fié. iThe eyachbsns Fjasamassuappl yi ng the
unconverted carbon nonoxi ge and h dgo%g to a second stage in which the
other of 10MBFBEREHUrY CR)FPOP PRYCF %I Peéred2ERR 14 r'st’ -and second st ages
bei nif ef f ect ed uRersWUdieséendas i bhonitxeat wihs fedtyola myntbkatisonship i s

met: F = Xigkk ¢oXpdoddde & SyhthesiINRICitReB8 hevily 1P dd2ogdr €0 A process
as clainmed in ﬁg}{ one cif o pnglgr ecedi n%ﬁcl ains, wherein the first synthesis
gas feed isCEBRVRMER*1A L BAFAFFTTIT Hydr bcaF bony Mt Ps€28r gani ¢ pr oduct
and oxygenatesdah?l/iort xeidafcedi én hy drervar Ipeme £8&n f $ymsthepispredacer 20 7. A
process as ¢hasneshddbgnktonecvtde gpenedi ng. ofid Mps Wageebp the second
synthesi s gas éeed ias longlert_;ﬁdoto ol efti rii c, hydr oc.ar.bongeas second organic
product andC8RyuEhatred WEN4FSr ThERIFT iGHTE KNS br oM botid%as 8sR2BhY by- product .
25 8. A probissehghte|di modaln pey HHe rov olfabhbida teprgieghefkén t he second

sygt hesif] gasnikesi 4 yaeoreent ed %&mtgﬁygeegteh@sca&%q%@ eegfmi c gr oduct
and anot her _gxygenate a on s product.. 9. r Ss clained in

cl aim 8, m@?%%g%r?%%ref ioffst%%go gy?l%%easipéfegc’eslgr?e%é Zlo’sé)g’%r?\ie?ﬁgd to an .
oxygenat e aBYHFegen drywir®opr devRtidel®sagepratesstsf ors hé -pFeparation of at

| easfy two ofgggLgs p{@gﬂtﬁ%&%tga% ar SYH ReSh9eafy MH RohBgigynthesis gas,

conprising a mxture car hop_nonoxi de
P g convers{on Xi o% 8.95. The process produces the following

products (Table I):
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io of

hydr ogen to carbon nonoxi de F, which process conprises effecting in a first

stage one of the follow ng procedures:

(a) converting a first synthesis gas

feed to pavafddisméoc 5 hydrocarbons or oxygenates under coPfEWERIGAHSDHf a

carbon nonoxi de conversi on of Xi
car bon nonoxi de of Fi,

wher ei n

Fi

and a nol ar usage ratio of hydrogen to
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second synthesis gas feed to olefinic 10 hydrocarbons or oxygenates under

condi ti ons of a carbon nonoxi de cdiabdesilon of Xii

of hydrogen tq_carbon mnnoxi de
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n FEii _is
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less than F: and
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carbon monoxide ratio of 0.5,

ZH{t@rxxtvgtgat
] ca
sep

hydrogen to
leaving the
is recycled

£ synthesis

HPS reactor is 0.5.

| A,
carcta

Hctcat

P 1 A h | h |
carcacaugcarcal

(recycle synthesis gas) to produce a
gas feed to the HPS reactor having a
hydrogen to carbon monoxide molar ratio of 1.1.

The Cp-Cy olefins are separated from the paraffins

istillation.

The remaining synthesis gas,

having a hydrogen to

gas feed for an olefinic hydrocarbon synthesis process.

The synthesis gas feed is introduced into an olefinic

hydrocarbon synthesis reactor

(HOS reactor)

ca] ca]ca]ca]c

]a(r:glgg] cal] cal] ca] ca] ca] ca] ca] ca] c™a] cal] ca

carbon monoxide molar ratio of synthesis

Part of the synthesis

is used as second synthesis

at a GHSV of

1000 N1/1/h. The HOS reactor contains an olefin synthesis

catalyst comprising iron, potassium,

in the following atomic ratio Fe:Mn:K:Cu

100:33:3:1.

The catalyst does not contain a carrier. The synthesis

copper and manganese

gas feed is contacted with the catalyst at a temperature

of 270 °C and a pressure of 1.0 MPa. The hydrogen to

carbon monoxide usage ratio Fi;; is 0.5. The process is

gas
gas
firs
5
by d
10
15
20

operated to reach an overall carbon monoxide conversion

Xii of 0.25. The process converts 50% of the CO into COj
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Table II
Length of carbon Paraffins (% wt) | Olefins (% wt)
chain
Cq1 9.1
Co 1.4 6.3
Cs 2.1 9.8
Cy 2.1 7.7
Cg-Cyg l6.8 25.2
Ciot 9.8 9.8

The C1-Cy paraffins are separated from the C5-Cy4 olefins
by distillation and combined with C1-C4 paraffins

5 obtained in the first heavy paraffin synthesis process.
The Cg~-Cg paraffins are separated from the Cg-Cg olefins
by an adsorption process, commercially available from UQP
under the trademark "OLEX". the Cjp+ paraffins are
separated from the Cipgt+ olefins by the same process.

10 The Cjip+ paraffins from the second step are mixed
with the Cq1g+ paraffins from the first step and sent to a
heavy paraffin conversion unit to convert part of this
feed to Cy-Cg paraffins. Suitably, Cg-Cg paraffins from

the HPS reactor, the HOS reactor and the heavy paraffins
15 conversion unit can be combined and used as feed for a
thermal cracker (naphtha cracker) to convert the

Cg-Cg paraffins to Cp-Cy olefins.

Example IT
A typical process scheme in a further embodiment of

20 the present invention is as follows. A synthesis gas is
prepared by partial oxidation of natural gas at a

temperature of 1200 °C in the presence of oxygen at a
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G'10% reactor contains a Fischer-Tropsch catalyst comprising

18 pbw of cobalt per 100 pbw of silica carrier. The

10 synthesis gas feed is contacted with the catalyst at a
temperature of 220 °C and a pressure of 2.8 MPa. The

hydrogen to carbon monoxide usage ratio Fj is 2.1. The

process 1s operated to reach an overall carbon monoxide

conversion X; of 0.71. The hydrogen to carbon monoxide

15 molar ratio of synthesis gas leaving the HPS reactor is
0.7. Part of the synthesis gas is recycled {(recycle
synthesis gas) to produce a first synthesis gas feed to
the HPS reactor having a hydrogen to carbon monoxide
molar ratio of 1.1.

20 The remaining synthesis gas, having a hydrogen to
carbon monoxide ratio of 0.7, is used as second synthesis
gas feed for an alcohol synthesis process. The synthesis
gas feed is introduced into an alcohol synthesis reactor
(AS reactor) at a GHSV of 3000 Nl1/1/h. The AS reactor

25 contains an alcohol synthesis catalyst comprising zinc
and chromium in the following atomic ratio Zn:Cr = 3.7:1.
The catalyst further contains 2.6% by weight of K. The
synthesis gas feed is contacted with the catalyst at a
temperature of 400 °C and a pressure of 5.0 MPa. The

30 hydrogen to carbon monoxide usage ratio Fjji is 0.7. The

process 1is operated to reach a carbon monoxide conversion

Xjji of 0.29. The process converts 30% by weight of the CO
into CO, and produces as second organic product a mixture

of methanol (20 %wt) and iso-butanol (20 %wt) By-products
35 comprise other oxygenates (30 %wt) and hydrocarbons
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as gasoline or middle distillate boiling range product.
Optiocnally, the paraffins obtained in the first process
may have been subjected to for example a catalytic
reforming process prior to admixture with oxygenates from
10 the second process and use of the mixture as gasoline
boiling range product. If desired, methanol and iso-
butanol can be used to produce methyl tertiary-butyl
ether (MTBE), which can be used as a blending component
for gasoline.
15 Example IIJ

A typical process scheme in another embodiment of
the present invention is as follows.

A synthesis gas is prepared by partial oxidation of
natural gas as described in Example II.

20 The synthesis gas is introduced in a heavy paraffin
synthesis reactor (HPS reactor, see Example II, using a
cobalt/manganese/titania catalyst). The reactor may be
operated in a “once-through” way or with a gas recycle.
The products from the HPS-reaction are separated into a

25 gaseous fraction (comprising hydrogen, carbon monoxide,

methane, Cp-C4 paraffins and Cp-C4 olefins and inert
gases) and a liquid fraction (Cg+ compounds).

The gaseous fraction (comprising the unconverted
synthesis gas) is introduced into an olefinic hydrocarbon

30 synthesis reactor (HOS reactor, see Example I). The

products of the HOS reaction are separated into a gaseous
fraction (comprising some unreacted synthesis gas, Cp-Cy
compounds and inert gases) and a liquid fraction (Cg+

compounds) .
35 The liquid fraction of the HOS reaction is separated
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separated into a naphtha fraction, a kero fraction, a
diesel fraction and a heavy product, requiring three
separation units. The heavy fraction is recycled to the
15 HPC reactor.
The carbon monoxide conversion in combination with
the molar usage ratio of hydrogen to carbon monoxide in
the HPS and the HPC reactor are such that the reguirement
of formula I is satisfied.
20 When compared with a stand-alone paraffinic
hydrocarbon synthesis unit, the (rather complex) HMU
{(hydrogen manufacturing unit, necessary to increase the
hydrogen/carbon monoxide ratio from 1.7-1.8 to 2.15, the
users ratio), which is essentially a non-hydrocarbon
25 producing unit, has been replaced by a hydrocarbon
producing unit, producing high value chemical

intermediates.
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CLAIMS

1. A process for the preparation of at least two
organic products from a synthesis gas by
(i) converting a first synthesis gas feed to a first
organic product and a first by-product;

5 (ii) converting a second synthesis gas feed to a second
organic preoduct and a second by-product;
(iil) separating the first and/or second by-product from,
respectively, the first and/or second organic product,
and

10 (iv) mixing the separated first and/or second by-product
with, respectively, the second and/or first organic
product.
2. A process as claimed in claim 1, which comprises
(iii) separating the first and second by-product from,

15 respectively, the first and second organic product.
3. A process as claimed in claim 2, which comprises
{iv) mixing the first and second by-product with,
respectively, the second and first organic product.
4. A process as claimed in claim 1, 2 or 3, wherein the

20 general structural formulae of the first and second
organic products are independently chosen from the groups
classified as olefins, paraffins, alkanols, aldehydes and

ketones.
5. A process for the preparation of at least two
25 organic products from a synthesis gas, wherein the

synthesis gas, comprising a mixture of hydrogen and
carbon monoxide, has a molar ratio of hydrogen to carbon
monoxide F, which process comprises effecting in a first
stage one of the following procedures:

30 (a) converting a first synthesis gas feed to a first
organic product and a first by-product under conditions

of a carbon monoxide conversion of X; and a molar usage
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wherein c is up to 0.2.

15 6. A process as claimed in any one of the preceding
claims, wherein the first synthesis gas feed is converted
to paraffinic hydrocarbons as first organic product and
oxygenates and/or olefinic hydrocarbons as first
by~-product.

20 7. A process as claimed in any one of the preceding
claims, wherein the second synthesis gas feed is
converted to olefinic hydrocarbons as second organic
product and oxygenates and/or paraffinic hydrocarbons as
second by-product.

25 8. A process as claimed in any one of claims 1 to 5,
wherein the second synthesis gas feed is converted to an
oxygenate as second organic product and another oxygenate
as second by-product.

9. A process as claimed in claim 8, wherein the first

30 synthesis gas feed is converted to an oxygenate as first
organic product.

10. A process for the preparation of at least two
organic products from a synthesis gas, wherein the

synthesis gas, comprising a mixture of carbon monoxide
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10 hydrocarbons or oxygenates “under condltlons of a carbon
monoxide conversion of Xj; and a molar usage ratio of
hydrogen to carbon monoxide of F;j, wherein F;ji is less
than F;

and supplying the unconverted carbon monoxide and

15 hydrogen to a second stage in which the other of
procedure (a) or (b) is effected; the first and second
stages being effected under such conditions that the
following relationship is met:

F=Xj.Fy + X331.F{1 + ¢ (I)

20 wherein ¢ is up to 0.2.



