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i nvention retates to the production of methanol. There is an increasing
dermand for met hanol HROCESSIFOR [FHEBREFARAION DF MBTHANOL WD HYDBPEEN/ es such as

met hyl t-butyl ether (MIBE) and t-anyl nmethyl ether (TAVME). These additives
are produced as a result of the reaction of methanol with the 5
appropriate olefin, e.g. isobutene in the case of MIBE. The rel evant

olefins are norﬁméwenmmmée%zhapfaamga ethanbll TRt R AN F&&ﬁ;ﬁ%ﬂﬂﬁ&dstock

e.g. at a refinery. Conveniently t Itives are manufactu

adj acent to mQ"F?@"'é@de%fé“dL@t‘Qj‘ of Frigtor f\‘é‘r%ﬂdm\tﬁs stigteas ety tvty! etherf(MTBE) anditemyc al
refinery ”Hynéﬁ%ﬂ) iy R0 Thﬁe%axfnﬁés%ééi@e{due@d%ré}ésuu%%e Fé%/cﬁl)n & inebiERE: w‘.:e bhe

whi ch about 11 of ‘net hanol is regﬂw red pi cal refinery nethanol
r equi r eneht SPEIPFAG OIS §-41051ieBN HFrapesf TB@SJBH Vi"ﬁ olefinfcar BerHiRROprogused

i mpor t ed -t 0 by leacking £sdittBEmpirdtaibaA RRbstedkRY. atdYefrnt YRohverichly e QBUHIRRS are
1500- 3000 te/d.. Man rocesses g_{’%eratl ng at refineries require hydrogen as

a reactant : WAIHREUIR) g gLdRCRY ) HRSPULe P9 FaTeRRG Qlthe ieleyamhAlgha LA yPigal T BBt ha
catal ytic refiagrpf‘ﬂdﬂga ZHDbelse)arréislﬁéyf(éﬁbr@c agere’/d)of MTRE fohﬁﬁ:cma%hogme/awl i es

th d f
| noor por af e MEURTA LSRR e e{fsncas il eRRyeny P ueh re A2 Tpudly >
capaci t y1g n thehreethamobie mi;ﬁrtecﬂﬁ-ﬂ'ﬂﬂile frevhd nadthahyightaagaich tidcalippreduces t 5Eesbod Ifwd

|t egr at ed- it na ESEEE B AR RO Ghe ol Hs AP IE B h: nanol
requi red at gﬁma"ry@fqdn@dwsfa@b'pfp¢t@tl@f¢*tapmm eafalyiiT Bformingl/tiare TFANEN a WeedTfanfarther
devi sed sucmy@fegén@he;%@tnsﬁiarg pREEES by & %rreeﬁmnd %%%N%qbyncmu ?&ﬁ&k@%@yr

steam reform ng a hydrocar bon such”as nethane, nat
napht ha, at '%ﬁméﬁa%ﬁyéﬁggbplaﬂfe%ab[ﬁme@ hyAr@ges Rlanis haxe pcarAGHY i d"ea’afﬁ@f or med

gas strepn GoRb@ichi agydwgéhommav@@m@@mamaegae eShIRAN AREntAgRIs A& anghg kdroved
by subjecting.the reforned %as streamto the shift reaction to convert

car bon nonoXEYdregep pantie Py ipivedtag sdth g nediape) BlRntAf SuficRat $iFe ' PrAYEe ReBRRI N
of an equi vadquhéd amrirsineq forpysiLemanf MABE atde TAREpar ating t he hydrogen from

th hi fted Th t' ft ffect t
process, | such- 28 brESByRe ot FEPRels et FPeP oNTENITAY BN
steam from tréfmrm‘fgla‘nyedcg‘am feél'dse»cm/asctheasgmnane onatugel gasngr napbtha rae an elavabesn
oxi des aé})d TorZPdre BAQROLLAeHoRlindY I RHEL aas' 04 LOBRARAREARLD aBb e Prided,

|y use Fie ?n

gener al |n t e st proces s ave rea I sed
that if thesepaand n@thetm @ém@cbvfsn@mtmm@e r@mm siragm dmitie shit reactns to convert

de-wat ered ggbed MBbxRBH thérewé@gseacér&naaxoih@R.tmfne %hﬂﬁepbf a'?lyé'bmﬁér'\t%mount

W t hout any further conpression, a significant anount net hanol can be
produced. TRfRydiegem éﬁ%\here@ﬁ?aﬁén%téﬁamgéa frarp theghided %ﬁ“ﬁ%r Hefcserarationye often
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conprising compression, a significant amount of methanol can be produced. This methanol can be separated
30 and then hydrogen can be separated from the resi&ual gas, optionally after subjecting the residual
gas to the shift reaction after adding steam. By this route it is possible to produce sufficient
methanol to meet the refinery requirements for only a moderate increase in the size of the refinery
hydrogen piant. The present invention may be used to modify an existing hydrogen plant to provide
for co-production of hydrogen and methanol.
35 Accordingly the present invention provides a process for the co-production of hydrogen and

methanol comprising
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As described hereinafter, whichever type of reformer is employed, the fuel used to provide the
heat to heat the reformer tubes may in at least part be the waste gas remaining after separation of
the desired hydrogen praduct. The tubes are generally heated to such an extent that the reformed

30 gas leaves the catalyst at a temperature in the range 750-850°C, especially 800-900°C. The steam
reforming reaction is operated at an elevated pressure. The pressure is generally in the range
20-50 bar abs., and preferably is in the range 25-40 bar abs.

The steam may be introduced by direct injection of steam and/or by saturation of the

feedstock by contact of the latter with a stream of heated water. The amount of steam introduced is
35 preferably such as to give a steam ratio in the range 2 to 3.5 moles of steam per gram atom of

hydrocarbon carbon in the feedstock.



preferably such as to give a steamratio in the range 2 to 3.5 nol es of
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as chrom a, s,cma},](_?nesi a, zinc oxide or alumna. Preferred precursors are those
obt ai ned by ¢&l'ci nation of a co-precipitated m xture of copper, zinc,

al um ni gy and Topideoasrddyrefatned gas is then subjected to methanol synthesis: the de-watered

reformed gas, without any further compression, is heated to the desired synthesis inlet temperature,

which is typically in the range 200-300°C, especially 220-250°C, and contacted with a methanol
synthesis catalyst. The latter is preferably shaped particles, e.g. pellets, of a copper catalyst
obtained by reduction of a precursor consisting of copper oxide and one or more supporting

30 components such as chromia, magnesia, zinc oxide or alumina. Preferred precursors are those
obtained by calcination of a co-precipitated mixture of copper, zinc, aluminium, and optionally also
magnesium compaunds. The methanol synthesis reaction is exothermic and the equilibrium is
favoured towards methanol synthesis by low temperatures. However the catalytic activity increases
as the temperature is increased. {tis preferred to effect the synthesis reaction with a reactor outlet

35 temperature in the range 200-260°C, preferably below 250°C.
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mag'nesi um conpounds. The net hanol synthesis reaction is exotherm c and the
equi |'i bri uryd sodagyour ed towards- met-hanol -synthesis by |ow tﬁ@‘p,@;t’p@ﬁ/tjf£$
However the catalytic activity increases as the tenperature is increased.
It is preferred to effect the synthesis reaction with a reactor outlet 35
tenperature in the range 200-260[err] & preferably bel ow 250[err]C. WO
99/ 03807
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stages, a khgHiafithkbgralio® bf synthesised methanol after each stage. Whether such multiple methanol

stages are employed will depend on a number of factors including the relative demand for methanol
and hydrogen from the plant. Thus, by having muitiple methanol synthesis stages, a higher yield of
30 methanol can be obtained but less hydrogen will be avaitable for recovery as the co-product.

The methana! synthesis step is operated without a step of compression in order to save
compression costs: preferably the synthesis is operated as a "once-through” system although in
some cases it may be desirable to employ a synthesis loop where some or all of the unreacted gas
from the methanol separator is recycled and added to the dewatered reformed gas: part of the

35 unreacted gas, or the mixture thereof with the dewatered reformed gas, is taken as a purge from
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In the hi ghshiftdoljpeedbyiow terhperaturpsivtess, the m xture of residual gas and
steam | i‘,?heat eﬁvé%é) %@nggp}rgsﬂlﬂrgées%%@ﬁ&@;e% ?es»dt;g Wﬁn fs@xe&@@to ange

300 to O[err ssed over a n&)erature S cataly
typically éﬁ'tﬁh‘@nleﬁﬁﬁ"a@'ﬁ@fﬁ @ﬁ?’@"@@ﬂ’i‘)tﬁ@ﬁqg@ﬁo ©r2ee. evtrassadiavg %h'sfh’al I

amount of GeRRGhturel RiftRalaR¥, @ﬁz@%ﬁﬁw&(x&%f&m@é&%&ﬁon bR cBhtsninG S skl
residual gas and steam or the product from20 the high tenperature shift

process is 3FPSBERICORPENan inlet tenperature typically in the range 180 to

300[ err] C over inga lb@\érigergdat shiti pocesb) thé m&atnad:fyssnduatgepiaﬁ:aétbyn a)r ceppeluttionc
oxi de/ al um .Conposi tio eethefe wite res ft
stage i €9t hga]ap%@ﬁ‘@f”a%“f%%h féprﬁ‘feé?;l'sto Emsar s Tj'rnga éempf &R tﬁp'%y g’oo g Ii%o ®he
product fr @®0ttheveha Phv tereperatn@istift catslpstf typisaiing eonp@r/zmreoxweéalunm domnosmon
tenperat ur GWI%HB Ehe féé?il tg hetl&aﬁﬁﬁu@rgﬂhesh‘ﬂsst%g%etﬁé géuc gém a high terﬁ&g@({}e shift

al ternative process e carpbon no e content of the residual
gas is rel eﬁﬁﬁg@emwim qufhe proviucidiontthe Highigeperatirewifistagerieyihe degingg dovoempesgjure

t enper at ur eshﬁthh|gttte,ﬁ{,é‘r§{g,teqsdnécgssggat exchange with a coolant, for exanple as

described in
25 ln an altematlve process even where the carbon monoxide content of the residuai gas is

relatively high, the shift stage may be a single stage of low temperature shift effected in heat
exchange with a coolant, for example as described in US 4 721 611.

In yet another alternative, the shift reaction may be effected in a single stage with injection of
quench gas to moderate the shift reaction in a manner similar to methanol synthesis using a quench

30 reactor as aforesaid. In this instance, the quench gas may be part of the residual gas remaining

after separation of methano! and to which no steam has been added. As in the case of methanol
synthesis using a quench reactor, there may be multiple injections of the quench gas.

if one or more stages of shift reaction are employed, the extent of the shift reaction is
preferably such that the shifted gas has a carbon monoxide content below 1% by volume on a dry

35 basis.



In yet another alternative, the shift reaction my be effected in a single
stage with M@ W¥OBEBn of quench gas to noderate the shift reagtt/aBos/oussy
manner simlar to methanol synthesis using a quench 30 reactor as
aforesaid. In this instance, the quenckb gas may be part of the residual gas
remai ning after separation of methanol and to which no steam has been
added. As in the case of nethanol synthesis usi ng a quench reactor, there

may be nul ti pl h uench nore stages of
shift reacti on'gfz;érrgJl esq‘w rgﬁlaﬁ) hf Eedgqaéﬁ?oub%etcﬁge%fﬂqof’d‘?"é%ieﬁ‘id% sfegm@sg.fa@r ably
such that t4hichdhihgn e@aga@@ thgise ade-antormd shiftegdsde cont ent bel ow 1% by vol une

on a dry 35 bag
PCT/ GBOB/ 01857 Bt 29 S'%“ﬁee%?f?%@%@ FIoUMP I ALK IPVE TR SIS 9B iScool ed
to condensé‘e?%?fd@ﬁw%P%@Wﬂ@éthﬁ\me@anq}vhl ch is then separ at ed to give a

de- wat ergd shi ﬁ}&&ﬁeﬂ@sﬁher{ fecdVaR %oh?hen& \%}éljeﬁ shift% a's, OCP fr? Srtggg%ﬂ? fg?ﬁcgtﬁersf

and wat er renoval romthe resid I' S neces
t he met handlne it rea"tm“l-vﬂsr*éﬁ@l’{e”'%”“t'ﬁ tqdé?!@ﬂ@ﬂ%mﬂtbnomessefowamteamehsure

shifted ga%wm@radid’r;ﬁtl’dihbl‘b@eé’s%&h%'kn&ﬁﬁm itfe dr UG & Ero@&s%ﬁbé 5 Fo?&ﬁ%iré)ﬂn ¢Thi s

IS convenlﬁ % é{ clt eg gyan gsor({ztlon grocess for exa fegsur e

swi ng adsoltPEH HPERY SEPUY qvEr et Andoftsiie r?gf/%@’da%‘t’“t%ﬁtfaafbﬁ@mﬂweg gi ves

a product sébemoxidds, hytareged a shigppropdriion ddhyddeteh! YhiOWBste gé%a%%s‘éﬁfﬁﬂxepver
nt ai ni ng carbon oxi des, nethane and a smal |

99% St S streamc

proport]%on \é\?‘ehe%&&ﬁﬁrgﬁcre RS ﬁq\&%te gas may be used as fuel 10 for the
endot her mi ¢ r effermétimgobteparated laier thet rhalmemiol @&qnesrﬁit@gie dklagés it Rermiamy ;b'lmﬂéﬂ by

synt hesi s My r i_on.

e rod f oMtk igel Bl s el B bt bERoRsBreseuB 8RR e o

sui t abl e sé&tHee fOF?&mM*éﬁ'beéefPW@dmi afteefmjfaﬁwdt rgesenfby steainmaisingl If the @tocess
recovery b)ziftﬁé@@&\ bAllsHpBatedt a fd t a
refiner cpro ucne ° g rr%aetd r?aanolhﬁenptro%g&éieeﬂgpte %nél% sw%ré%d%ﬁ' '@PEE&
and/ or ?rﬁé‘%ff}?a{?ﬁd'l’a“ab’é?gs f‘eer?ééae%p%eaa@thpme@aa@ i t beladraged hanol i s

to be a tranbﬁabtp!\@duﬁﬁseqm::@théel@ﬁlﬁﬁtiﬁé&ﬁeﬁgﬂs AeRitol Aeastolrfaarow&w sfnﬁ‘d"@mné/opee‘j
not be so Fe s and . smal | er. and/or fewer columns can be enpl oyed. One

enbodi ment 0 f‘??lu ISSFRRE FOROYE: i | | ust r at ed by reference to the accorrpanyl ng
drawi ng whi ch @ eanmbda@nmhmnmvenffohdsﬁms&aéd Bjretd@c@fdlﬁ@é&ombéhytnbld%wmg

enbodi nent te res are for .t oses  of

il US![ rati \ghlglgﬁ J%Kérﬂ%%}%gé\g gm%&eg ock e&boﬂg‘ﬂfrﬂé‘i e@g a@Fesr?&ﬁht ha, is
suppl i 69 vPT&SE’rqf?ﬁeari@rme Parppis@s)éwsgamﬂ @ly. bar abs. Recycl e hydrogen is added
via line 11, a0gldtdaarmbh ?é@&'s{t@ck@@tngﬂrai &s?b?%ﬁ%a] gsb@)hgd \Wfﬁht 1%>%§han ng%% | N

t he convec$| on section a tefor mer moxture hen
passed over! B@rEkY Becvgle ﬁW?Q?“dPe%dGPQJ%WeSHt ?’@ﬁh@aﬁwrwtedrmﬂﬁfbm kefat an

absor bent é&aharied Il Digetie @HlqehdrtRction 12%f a @irassal The presPIegt@Muré R tha pRO:
added to t g\%r a%sél fI a ydroddees&pﬁngarﬂog ga?al)gs?gndvzla t?edl olf gr? at}s%rbaegt for hydrogen sulphide in

25 avessel 15. Steam at 40 bar abs. is added to the resultant desulphurised gas via line 16 and the
mixture of steam and desulphurised feedstock is heated to 540°C in héat exchanger 17 in the
convection section 13 of the reformer and then fed at 30 bar abs. to the reformer tubes 18
containing a steam reforming catalyst. The reformed gas leaves the reformer tubes at a pressure of
26.8 bar abs. and at a temperature of 865°C.

30 Heat is recovered from the reformed gas in a boiler 19 and then in heat exchangers 20 and 21
and then the reformed gas is cooled to 40°C in cooler 22. Condensed steam is separated from the
cooled reformed gas in separator 23. The de-watered reformed gas is taken overhead from the
separator 23 and part (about 34% of the total) is heated to 220°C, the desired methanol synthesis
inlet temperature, in heat exchanger 20 and then fed to a methanol synthesis reactor 24. This

35 contains five beds of methanol synthesis catalyst and the remaining 66% of the cool de-watered

reformed gas bypasses heat exchanger 20 and is fed, via line 25, to reactor 24 as quench gas



m xture of steam and desul phurised feedstock i$ heated to 540[err]C in heat
exchanger 1%WO0i99/088& convecti on section 13 of the reforner anpct/icses/mssr at
30 bar abs. to the refornmer tubes 18 containing a steamreform ng catal yst.
The refornmed gas | eaves the reforner tupes at a pressure of 26.8 bar abs.
and at a tenperature of 865[err]C. 30 Heat is recovered fromthe
reformed gas in a boiler 19 and then in heat exchangers 20 and 21 and then
t he refor 4 C.in cooler 22. Condensed steamis
separ at edn?ogg%ﬁgﬁﬁecg §or bc?(a? eﬂb ‘W%’ ggf‘?%”%fb??ér"&?c&d betweerrpached ig-aueh that

ref or med gdbe temperatiencfdhecgah éaido fremextivhe nssmmarra{geQo@&mwrﬁ&éécté@%uﬁavéé% of

temperat ut & TRREomReR TRl 24t SeliEES bate 0T Rt o ety et
react or 24.recpiery inggeat wmrmérraﬁ gnidvhenisecied tof40?ﬁ3m leooier27 S Yind d‘b@lﬁu%abw‘déglayfst and
the remsd nigg J365kab aWQﬂl &ﬂﬂn ﬁﬁwﬁ@?ettﬁé EhdbAded n{g?rgﬂ%% eggrgta a 5 E’\gtgnanol in Ape

exchanger 20 and is fed, via |line 25, to reactor
99/ 03807 Vapour phase is washed from the gas by a stream 29 of cold water. The resultant crude aqueous

PCT/ @98/0hmnz|§&ggmpgrg@dg§§@am beds. The proportion of quench gas
i njected between each is such that the tenperature of the gas fed to

the next bed iSe @beH és%hﬁ’féﬂf regigiiabyueactad|ges takprpoveriged fsem yash dobave2s tide

met hanol  syiné $I‘E|§h8atéd3ﬁmte&rex%n§ér2343{3&'&“5 Sidaa e 1vd ne’étegruﬁy%é&té wgﬁ\ %?I ngos-
and is cool.ed y in heat exchanger 26 and n [oJe]e} ¥o

\'
40C in o™ 'eqﬁ@*a’@é&t&ﬂ g‘&é&?"&ﬁ"’&%"mémgg foUpRegs ﬁ%@%&er{wcaxmgww um
28 where t v tempefetmmnmtémn Ofthe iremasreed 534 adheadsudl FR3abi8 8 Qhs faken! dVErnEPRGH

phase is stream The resul tant
crude aqu%gﬁ rgroé‘{rﬁano'}ﬁg?sggg?ﬁt?%’é‘%gnegﬁ 'léjczis E?g @ W&gf‘n t%ﬁh"r* PAME 2888t 65%
of the resiqdensh gambatwesnde cptalyst bdden deeerdpeladn bfrapenchashingcted BEtwaéh a4dch bki Ne

3l is heat Hﬂw th d unreacted
gas via li ﬁ%uggthgﬁﬁg e gfrth rée%tftgg.@ar{e %g([lerr 32&2%{17?“[ converter
33 cont# ning T'@lﬁ"ffséa%s 'ﬁVe&théGmy@mfza?'rﬁéZWﬁ? aed%ﬂtwrmb‘aaamdjwcamqienaﬂmne
shift cat a|h¥z§ifexch-5h@er'3§'§ﬁd ALNG 4@&%1@501&% Q‘Q@l:orHQﬁs@é‘&Eﬁ? 1s%@§ar£@§ﬁgmq %r head
to

from wash co%t%c{m asses_heat exchan 26 and via [1ne

shift convEPeR9asd %ﬁ?a IREAEhTsASRtAraRaiteggas [ 4akan gerhage figm sepasater Hpand: i on
of q]lc,legch S vih Mrjecs s, acbdmasmewmae&br;had umssgsuﬁbrewuaésvhrkg&ad%@m&ﬂﬁﬁth&ﬁ@ ﬁffthg
gas fed toy i.S.1n the range 9236=rrC15 The shifte
gas | eaves tﬂeed dclior'f;v‘c’eeg Bled e apy %67 &F L BEsisges spem 4l Partof ol ed t o
160][ er rdoC hydrogeatstrearc isa(erg gip 135 42ricla torepredsor 4D @ravidEthemyGrogdrarecydf. str&hd 11,
condensed gk as in separator 37. The

de- wat er ed sﬁ%ﬁ%gﬁ,aagg%@sﬁgiéﬁa{)&v%ﬁéﬁ#Ltﬁ%‘m%epar ator 37 and fed, via
line 38, to a Praesiedas siganytlassiepentet bupart of 8 feddstogl fed sia fime 4Anisrfed via line
adsor pt i on48i the refdi@esddithd @fbrBaSud &nﬁ&%ﬁ@ﬁé’a@th‘e%f&n@rﬁ] &r@g e%“ %@F&ﬁgr and

a waste gag stream 41l. Part of the 2 drogen streamis ne 42,
to a conpr SESEMPYRECR {5 the rEloraRE ‘stm@eﬁﬁf’ﬂr“b@ t P gdeesssip Ff@m\@ﬁﬂowptﬁ@ of e

remai nggr feartmer 141e product hydrogen stream 43. The waste gas stream 41,
suppl enent ed %ngrqr td \A(/)Jtertv}v%lchfr%aeyq%ude condeé\:nsé{e geplara?e% m4 sA'epa;atsorsf §3dan\él3af llsl ne

heated by heat exchange with the shifted gas in heat exchanger 35 and fed, via line 47, to a steam

drum 48 where it provides the feed for the boiler 19. Part of the steam from steam drum 48 is used
as the steam added, via line 32, to the heated unreacted gas. The remainder of the steam from

30 drum 48 is superheated in heat exchanger 49 in the convection section of reformer 14. Part of the
superheated steam is used as the process steam added, via line 18, to the desuiphurised feedstock
while the remainder is available for export via line 50. If necessary, further steam can be raised in
heat exchanger 51 in the convection section of the reformer.

The heat recovered in heat exchanger 21 can be used to provide the heat necessary for
35 distillation of the crude methanol.

The invention is further illustrated by the following calculated exampies.



45 to the reformer as the reformer fuel “enpl oyed to heat the ref ormer tubes
18. The air weepusged -f or -the conbustion in the reforner i s ppeherbgoissn a’

heat exchanger 46 in the convection section of the 25
whi ch may i nclude condensate separated in separators 23 and 37,

r,

r ef or mer

14. Boil er

is heated by heat exchange with the shi%ted gas in heat exchanger 35 and

feed wat e
fed, via
boi | er

i ne 47,

to a steamdrum 48 where it provides the feed for the
19. Part of the steamfromsteamdrum 48 is used as the steam added,

via line 32, to the heated unreacted ¢g@mPeHe remai nder of the steam from

30 drum 48 i sinnPeRPRitRTbrbébdlRak he4e8RMaskibéPndwandehR eﬁ@@%@&ﬁsﬁr@rﬁaﬁﬁﬂb'ﬁ@“
of refornmer 14. Part of the superheated steamis used as the process steam
added, vi a Fiftfdeersiock § praduceRRoH PrPRA e BEEERR RiddhoH RO t{day A drReRsy i s
avai | abl e froe tegiefitire, \predsdre,Rd G6 rdtds (RRBGRITA thE nedrbdt infier) of B1a NArbAR stBdarisa sed
I n heat excha er.5t§ t‘?E thet kaonvectlon section of the reformer. The heat
recover et i HEUP "EREREHIA®Y can be used to provide the heat necessary
for 35 distillation of the crude netharablet The i nvention is further
i1 lustrat ' .
PCT/ GB98/01857 8 Exanple 1 I h thi%" éxanpl e t hEOPROBER AW LIHETPHE above
descri bed fl owshsedam s enpl |Predabs) nat ur,al he feefdsfoc
produce apout 90 te/day of lcrude harfol ghd g(g%u %é)t(i ’davﬁé V'Iéfrgg en.
The t enpef atytsiRatul §&Fe8E, [aad| f lxaw reges (reundeg|to §he nepresgiintqger)
of the vapi e-shownn-thefollowng tableTable 1 T P
(bar naturalgaspienent f kow rat ¢ (&Kol / hp | Stream 1 11 ([edf] O @bs.)
CH4 H2 -CO—C2—N2 H2O—CEH3OHtot-a—raturalTgas et—46 31
897* 0 natural ggs processsfeed | 4§| 31 | (700" O nat@ral 4as fokl 0[40 031
197* 0 0 T T 0 P nagpral _gas pfocess Tee
40 31 7dusrogen rgeycle 5 | 40| - B Bl 39 b o hydrbgen Fecycl®
40 31 0 0 0 0 D stegm
340 20 progﬁss ste%%n SQ(()) 40 a 0 a O,ango 0 ()pé ?2%?% o g d
540 30 70 former et 5400 30 |4700*| 392098 4! Osfebegped gas
865 27 —431+—3189+ 36 PO3- ~5- ] 1327 -O—de—wat-ered
refornmed gas refppned ga@7 P83 B3OT7 1335189720865 2085 5| 1827 ©
ex- met hanpt—synmthesis 242 24 3171652263 P01 B 15
119 wash Waf-é%tered reformeg@as 460 27 0131 1896 365 0207 0 5 ib 5(b
8 1‘7”“0'9 MBt DAoL anoi synttidls  [232| 24 | Q1| 1859| 253P 201 15| 18] 183
wash water 40 40 0 0 0 0 4] 50 0
crude methanol 40 24 0 0 0 1 0 63 117
unreacted gas to shift 40 24 131 1652 253( 200 5 2 2
shift steam 252 40 0 0 0 0 0} 1000 0
shift inlet 188 24 857 1074 164 130 3] 1001 1
total shift quench 40 24 46| 578 88 70 2 1 1
shifted gas 240 23 131 1882 12} 440 5 761 2
de-watered shifted gas 40 23 131{ 1892 12| 440 5 9 0
PSA waste gas 40 2 131 189 12| 440 5 9 0
PSA hydrogen stream 40 23 0 1703 0 0 0 8] 0
product hydrogen 40 23 0] 1664 0 0 0 0 0

* includes higher hydrocarbons and corresponds to formula CHj g,



unreacted gas to shift 40 24 ° 131 1652 253 200 5 -2

2 shift ste¥MI903807252 40 6 - 0 - 0 0  PCHGBIZHES7

0 shift inlet 188 24 85 1074 164 130 3 1001

1 total shift quench 40 24 469 578 88 70 2 1

1 shifted gas 240 23 131 1892 12 440 5 761

2 de-watered shifted gas 40 23 131 1892 12 440 5 9
0 PSAwaste gas 40 2 131533%@32 12 4401 5 9

0 PSA hydrogen stream 40 23 1703 0 0 0 0
0 product hydrlﬁg@pxample Anrs procegue of Exampig 1 is mgdified so asdo produce@ greater agount of

0 * i ncl udfeinBhdHBbuteg EAea! HaREseAtidly GRISaRBRARIS of Rydhdemubsut@olidddy] rom VO

99/ 03807

PCT/ GBO8/ 0288§tiady be spmep totabamopnt pfi natuzg) g7%, | 1B ofdseioficirass the @rapprtips afpathane! | s
rmgl fied s ﬁrolaiﬁceHCb Fregteiun epoftiofy bEBE aasturargw Iﬁedﬁﬁcmbﬁt@é’mﬂd to Adpting hABnd sHitlay,
an essentl a

/ R
essenti al | §'@ 9?1% “§%ﬁfgﬁﬁlu"rﬁﬂfgfﬂﬁas(ﬁ %?ef%r S%D%alﬁm fq’%‘% %gtgaa °2)'—nisrﬁ%}rp§§8rs;’e§ t he

proporti onisdéd direttyao tle pressyoe ovting edsormm@nmtme fin mrscqmmgblé @4 %0df tielve-wendred al gas

f eedst ock | e £ e u Th s the
unr eact ed g os%g'ghal %“S%ed a?'fﬂ{ J’aé%lﬁa a ?%sn opa{]é] '}Cﬁg'ﬁoﬁ s F%gggf}g atsf 28 is
fed direct hydrtbgennsmoqucedsmme \saatm@seimmh@l?sbhamgnea@guelIvalue binge IEooatapise 34%
of the de ’ 85 dbitt AR theal

gas. i floe EapRen aRnBRIE Hefas e B eld SmdlE Rk 3 1sdB R PR st o
gas fromtH@%N‘Wé%at%{akﬁeééﬂqéﬁdfﬁéve'ﬁ#%e |ﬁ@éem@ef%t@rﬁtia¢$$§f91@nd fiewrretegar bon
monoxi de.  (igiHeBd tolfs Rdarddt hidGer) BAKSRRIBG mgsre%omﬁme&bumg taped for
reform ng, the anount of natural gas required as fuel is reduced. The
tenperature, pressure, and flowrates (T Bdded to the nearest int eger) of

the variqus streans are shoyn Iprtbérnlﬁ fol | ow r&n{p@mngﬂowﬁ@gl(gmg,/h]' P (bar
Conmponent] fl ow rat e (knol/h l!), Strea [err] CO
2 N2 H20 UERBOH nat UFQ| 83 [f erd | 140 | cal | coBdom, | H.0 GCH30H 0
5 7 B—rett—ed —g&as f-tret 4 34 bx 0
1 1 ngtural gas fegyl proce@s fékd 899°(1400| 31 0} 804 7 @ 00
5 6 gen_J ecyclLe 210 3T 9 0
0 0 ”aé”a' gas fue' pr oce‘go ?Laj 5 34| ad ' o % Olo
0 0| 241 (g ref orgpgr teed ggar| 54 333 804~ 39 )]
5 6 [241 9%r°°ess feed) refdrmad gas 863) 2 %40 Silz6__2la1g %[239
6 1524 hydréhefl fecp@it er el 4ogf ogned gas| 0 oll50 o41750| 4190 239
6 9 9
process steam 340 40 0 0 0 0 0| 2412 0
reformer feed 540 30 804~ 39 0 5 6 2412 0
reformed gas 865 27 150 | 2176 419 239 6| 1524 0
de-watered reformed gas | 40 27 180 2175 419 239 6 9 0
ex-methanol synthesis 242 24 150 | 1894 280 231 6 17 137
wash water 40 40 0 0 0 0 0 50 0
crude methanol 40 24 0 0 0 1 0 65 135
unreacted gas to PSA 40 24 1650 1894 290! 230 6 2 2
PSA waste gas 40 2 150 189 290 230 6 2 2
PSA hydrogen stream 40 24 0 1705 0 0 0 0 0
product hydrogen 40 24 0] 1665 0 0 0 0 0

* includes higher hydrocarbons and cotresponds to formula CH, g



ex-met hanol synthesis 242 24 150 1894 290 231 6 17

137 washwatweo 99/03807 40 40 0 0 0 0 PCT/GEY8/018850

‘0 crude net hanol 40 24 0 0 0 1 0 65

135 unreacted gas to PSA 40 24 150 1894 290 230 6

2 2 PSA waste gas 40 2 150 189 290 230 6

2 2 PSA hydrogen stream 40 24 0 1705 0 0 0
0 0 product hydrogen 40 0 1665 0 0

0 0 * includes higher hydrocarboﬁ%Lgﬁa—corresponds to fornmula CH err]

WO 99/ 03807 In this example, to make an even greater proportion of methanol, about 194 te/day, but less

/ / ' |
pr opor 1 onPFodsE REUE s e P fe FRgRPE S PedfBSRy Alad L o2
t e/ day, t hprepsureaifwe methalsl synihesis Btagss imseiesivett seperaton.vgth vater ghshing; efftoe i ng
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wat er g, eac synt €si s
st age enpl hpdelvatrsefsrelrmed gasjae quangmgasfin Mk fist étfagq dral 4860 wﬁteemmcteéﬁmfvm gas

as quench gagist Bafdss c{deﬁc%tga%‘%rﬁggsé%gﬁjd % Ghe Eerﬁ%e r@%?és?tge aas ad piR he

first stage as quench gas i1n second st age. erature, pressure,
and fl ow r @fwsed jodomuramest BteSPfé"fﬁ'??d‘faéQl’!s ﬁtrﬁﬁ@géﬁeﬁh@?” inthe fQ‘@M”GLR*P‘est reans are
shown in the followi ng table. Table 3 TgpR3(bar Conmponent fl ow
rate (knmpt-H)—Stream HerrhHe—abs - ——CHE——H2 o CO2—-PN2
H20 CH3(H natural gas feed T (P& | 41 ge@prponent flqy rate (kmajh) 5 7
0 0 natur @yrestas fuel jecy |4ds) 83 1
0 O{process feed 49~ 41 “Hegogh | CO Oc82 d | HG5 8H3OH 6
0 0 {hydr, le | 44041 [4kg7e 0 39 0 0
0 Q mngggé;isg%g& 40 1 '%(]?87 0 0 0 0] S % 0 Q 0 0
2412 0 rra&fr&!@aﬁuerf eed; 40 540 | 48 0| 390 11 0 o 5o 6
2412 O—+ef-orred—gas 26 3 4@01 2047 ——374 236~
6 1579 pra@esicfeedit er ed 408f offred 894’ 3:7 5202 620170| 3710 236
6 7 0—ex= bym HesTs a T 242 202—1705 236— 221
6 21 1afregen gReydle nash it ef 4@ | 4% 00 Olo 9} 0
0 50 f% mat—hcl exs St age, |1 3)4 0
2 orfosst YR C iRl g0 Of eed 2 %03*™1704 0| 236
219 6 reformedfeed 1 |€a0|Syms Hesos [stags 2 o| 25%| 32| 24202 1473
154 19% 6 23— 1068-stage2wasihwat-alr 4 44 0 0
0 0 réformed g8s 865 37 202 2017 371 236 6| 1579 0
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crude methanol ex-stage 1 | 40 34 0 1 0 2 0 70 148
synthesis stage 2 feed 40 34 202 | 1704 236 219 6 1 1
ex-synthesis stage 2 251 32 2021 1473 154 197 6 23 106
stage 2 wash water 401 40 0 0 0 0 0 50 0
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10 ™ includes higher hydrocarbons and correspands to formula CH, g



crude met ha age 2 40 31 0 0 0 72
105 unreact%%9?é8 o PSA_ 40 31 202 1473 154 1961’CT/G399/018€7

2 1 PSA waste gas 40 2 202 147 154 196 6
2: 1 PSA hydrogen stream 40 a1 0 1326 0 0

o 0 0 product hydrogen 40 31 0 1286 0 0
0 0 0 10 i ncl udes hi gher hydrocarbons and corresponds to

formul a CH elids WD 99/ 03807
PCT/ GB98/ 01857 11 Cainms 1 A process for the co-production of hydrogen
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reform ng at an el eyatmpsting @ﬁ%c@rb&ﬁ‘fée&ﬁmk% &E%?eférﬁ’u gra?élvpéiéva?edgﬁéé%ﬁﬂ@ed gas
stream cont ai ni ng hyd car bon oxi des, nethane and unreacted steam b)

cooling the refor neda'éda‘gmi’“d’a@fﬁfaéf?g%cesac'ég’m‘?q@séf’?ﬁ”é?@‘%@iﬂaﬁyéfqgﬁ@ Cé@ﬁ@lensed

water; c) w thout fu&i;di‘s%[‘mstﬁﬂﬂy‘a?ﬁ&hﬁ‘égctéd‘lﬁeérﬁsm tant de- wat ered reforned
gas, subjecting th for med%p%as to thanol nt hesi s, and

separating synt hes "ﬂ%{h ?ﬂ"e PP CRE AT DY ER T F@'”Iaé?ﬂ\? agfing fenddensedd gas

stream and d) separ mateng hydrogen fromthe unreacted gas st ream 2 A
process according t | n the 2. te ) |s E t he
shift reaction wt h‘?w?rg,g%ﬂ?gggr‘g@rﬁ% > réerrg ‘iﬂ%ﬁ of"\'aner‘%’a efo r}gotﬁ%

according to claim ZdMewadmefsmT@amm@rmmw Syothpasandaéparbtmgummtewstedd gas
remai ni ng after Sepap—@hbﬁd‘ﬁ% tr?eyd?& gﬁhﬁegge gge&r{p 8?g%{hetan,e i xture

subj ected to the shi Feaction and the T engj n & unreact ed gas is
used as quench gas Ct)éen@f?@e@exdéoqehéorgﬁneftmraaefaéeas)weam A process according
to any one of clains 1 to 3 wherein there are two or nore nethanol

synt hesis stages with separation of synthesised nethanol between stages. 5
A process azcor N prgeesDa@nnyling eclaifn 1odterairsthé ubreacted das sciubjestyd tdtes sigfe thaction

nmet hanol is Sep%tﬂtsfegmfpﬁ% E&%dﬁgﬁ&th%im%e by washing with cold water.

3 A process accordirig to claim 2 wherein steam is added to part of the unreacted gas
remaining after separation of synthesised methanol and the mixture subjected to the shift
reaction and the remainder of the unreacted gas is used as quench gas to moderate the

shift reaction.

4 A process according to any one of claims 1 to 3 wherein there are two or more methanol

synthesis stages with separation of synthesised methanol between stages.

5 A process according to any one of claims 1 to 4 wherein synthesised methanol is
separated from the reacted gas by washing with cold water.
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