; e3eMVW Rh6T | 1 PROCESS T' OR THE SI MULT | ON OF MALEI C
ANT3YDRTDE AND | TS HY1) ROG-NATED DER VATIJ ention & &IARReg004 0 a
process“f%Pl’%Wésc. oproduction of C4 conp : peci PICTHEBP/0I8M5f i c .

anhydri de, butane-=l, 4-diol, y-butyrolact~one,* %% 5 tetrahydrofuran, froma
hydrocarbon feedstt~ck selected from C- hydrocarbons and benzene. Malefic

Feotist oBRUCESS HGR T T ML Ha i 0TS PROD UL THONIGF MATHIC
presence, of ANHMBDRIDEWUND d4iS BivDR AGENATERBERIV AP/ Ies nat ur e of

the feedstock a supported pronoted, vanadi um pentoxi de catalyst 1s

typically usedy, whill ‘he. I enperature is ual |y from about
350C. t o about %hg%é%}%%ﬁf%%%%?g% grr%esas@reoqesss’f ?E(S)C?ﬁ atb%%t €920S Pa' to

. about 1pr8ductimrPaf A,sulesiprnindd , excessspaelal ol 19l malay; be used, in
.order to st outside the.explgsive limts. 'The.contact tine is about 0.1
s.- Al te?ﬁgﬁ’%éldf' g tb‘ftsa?‘?)b%sgbgé?lacd’dlbditrYdqu@Ctrﬁﬂ% nd@rn practice, to
design therphal =4 . Lsfac f i n hi.eved
dospTe (N R A Lo e B B R ock
is wthi@ thedroaankbhe kgl tenzemne design of reactor fox such parti al

oxi dat'i on reaﬁtaii%rls '

es a_tubular- reactor .including vertical tubes
surrounded by a ja&(eq{%ar%lu%% GRAP cREaPRAPGTS vt W?%xgcﬁ’}fli‘ﬁ?at ed in

order toorfdatdbnt e redntdasciebpar gevterdddeweich ddefeSeahgns (g,
reactor can f)e. . used instead, including fixed bed reactors, fluidi seo?%ed
react or s¢+ SHL SRRy BEART BHERHSy. 11 |HiRaRReeaBee achoR PaBrious reaction

m-xtgire beidQriesovaied Jdomthe exit' end of the reactor which conprises
mal ei ¢ anhydri de vapour,” wat er vapour, carbon oxides, oxygen, nitrogen, and -
other inert ghsesndied dus tGrgamdtuirapoli thes feedstaslacet seppeirdedacryl i ¢

acid, a et, . : 2_..PCT/ GBQO/ Q3805 rocarhon _ |
' feedsto&%&%e?é' &%&%dﬁug%e%)ﬁl@g‘g%d; &falﬂ;)? He %ﬁ’lpéfciagg)ﬁh‘s}ﬂf’gdewﬁ?r‘&rﬁ
this dilthe reactdbneffdmperatsireadsi NsUplly Fovm SRR FH6SE. tb5NaBBuL
opti onal i ﬁ‘? sgrre conventi,onal %%ocessw >_condense ‘out part of the
" mal eic an é/ i FIpFREoEPRRG 1T REBRTOFC el f| HEAN 3PPEAMIQ’y Fiac 419 ykeuabout
L5063 usinge a1 61 e PradsehogahealaIexshanger afbtnt o2 co0l g ie fULgelLt 0
about 60C.by cooling it against water, .in order to condense par% 0 he
mal ef i ¢ AWAGHr Fdestayposdisidetoie @8Pdceixboltimi®s60% e tdenvakef itdme

anhydr i tn OnLy panrti sation is effected because of the
presenccejlesofég\g§gro\i\ﬁ%]csﬁ r%‘é‘t(gte?% t?ﬂg%g e#eggnﬁﬁ?ﬁﬁﬁg’gﬁ'n %%%OF@&E%FO '
ef f | uentmosé readetn paantiwlesf ito atédignhthl pRYNkN surdhgtsoneri se to

fumaric aci d. Ma1I:efi ~c_acid has a,.nelting, point of 130C, - .
S satisfactory safe operation can“be achieved, despite the fact.

_ 20 -that the feed mixture.of.air and hydrocarbon.feedstock is
within the flammable limits. | .

One design of'reaqtor for such partial oxidation
reactions comprises a tubular reactor including vertical
tubes surrounded by a jacket through which a molten salt is

25 circulated in order to control the reaction temperature.
However, other designs of reactor can be. used insteadh
including fixed bed reactors, fluidised bed reactors, or

' moving bed reactors. . o
In each case a hot vaporous reaction mixture is

300 recovered from the exit end of the reactor which comprises
maleic anhydride vapour, water vapour, carbon oxides, oxygen,
nitrogen, and other inert gases, besides organic impurities -

such as acetic acid, acrylic acid, and unconverted

QT
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15 while fumaric acid has a nelting point of 287C, both of WﬂLé@ aﬁﬁanCh
hi gher than that of malefic anhydride (52.85C). As aresult B a» .
t endencyYOrdR27¢8posits of solid malefic acid and fumari c RGECHGBEP/AIS d up on
t he heat exchanger surfaces which require peri.odic renmoval, typically i 20
by use of water and/or sodi um hydroxi de sol ution which yields an agueous
solution that contains fumaric acid and malefic acid or their sodiumsalts
and requires effluent treatnent. A secoid step that is conventionally used
is to absorb essentially all of the remaining mal efic anhydride fromthe 25
ef f | uenthgdreaarbrhe feedwtiialy. gaseous effluent can then be vented to the
at nosphere, pgssihl fter i ration.of carbon, nonoxid u converted
hydr ocar bon, gﬁdigt e? &r&éﬁﬁ%&%%ﬁg5u%%§ RBALEY n&bSt %F 4Gt $de
absor pti prost epiandelgeari ¢esdt@nte LAMUORL USEHeal Lar MY ieR] Sodh @Q%QUS 30 -
solution_can be used as the absorbent, in which case the , malefic
anhydrld%lF§tnn}ﬁl9nh98F69ﬂﬁ%j%?Fﬁorﬁ?%%l@@FEeaéiénaQCMHﬂﬂQRF@wth wat er
or th u o] 0 . or in United -
States Pareatoe SRt PO saaeE Jlele HRTFAERAR, V) ogEhAR g,
di sadvanteget of sﬁéhuanpr @cl:e:dimre tyawer@lly i sot Aabusodd05iC tus mplefic acid
is inevitably isonerised, to. fumarnic acid. %‘e bxprodgc funa c acid

r R gh

r epr esert S HTREIEFLDY| 156 SHAMFILT IR ah8°i$n§i Lther reRover

from t hexpsoeess° sybyeavsilaes iit t@mse wPESE T VAL Blrbiele traasc%ﬁ?dé/tmeh
give rise to process fouling problens. Because of this isonerisation

pr obl em%ﬁ%r‘?fet?h%fmét-ﬁéf: MG E origami ea Sby vaReythaé Becrhinuwposed
forygo | e Ofha 1B} €f eehwmré ?ﬁ%é%}’ap@ﬁ%ng%ﬁgg% for exanple,

di butyl pht ha ate (British Patent I catl ons 763, 339, and
768,SSIﬁonﬁanﬁqﬂlQMthalaﬁée©¢mdﬂhﬂqqysg)Qf)ﬂﬁbmptghén&&phﬁhﬂdﬁemwmydride
(United States Patent Specificatian 403) nor nal | uid 15
intrarmlwiﬁﬁrér caa%%xt}tlgﬁ glgllgléznm ddre’sdes’tfzzh %1 ﬁaBFaﬁyﬁgéq(‘ﬂfd\tn

G z_| s- Jdesun tsaIbsdihuheleseCaidlid, aMiH ingkdy (1M ¢ €enShabae rRaleilo

Speci fication No. 3,818,680), tricresyl phosphate (French Patent

Speci f i EAMadH NACcHd 125MBL8FC @iciet MAS tde Mt g Beintapind38 *Bat ent 20
Publy Cat/ha Nerumdle 840821 a0hBUL W rigales ?’f?ﬁ.‘{"él et ent pEuR! lgat ! on Mo.

35-7460), high nol ecul ar wei ght waxes States at ént Specification
No. 3, Oml@gg)arﬂjlrpmwp@heachh@n ddatUnft euh 13t iat ezsnPadeateSpeci fi cation

No. 2,8%%29%%)C)?|gmgxnLéé@%?Egggé#%ig§?rgﬁerb n soI ent§§p051 gcgfas

di benzyl'bénrzéne ' ('Fr erich

di met hylsbhadzopaarane {did t #9dSfamas ikRataeritd &wcbﬁmtmpnohbtha Be@t758) ,
pol ynet hyl benzophenones, at | east a %ortlon of which contain at |east 3
met hyl §r6i FOIERUR YR & 51t BRIBE: EREUSFE Perdadich WoﬂaentYBAG)all\Mater

30 signsokub t i U S i n
R ok P MR b e HolEED S RRLLAT M1 gs

t ot al oﬁnlequeom Garlponi e ohbatncmtthlalskyﬂunmmtqosac(imaed @ahEes Pat ent

VO 01/ 20058 4, BSU/CPANLO RS Sheel Lisalian N, 3 SALORD) . andcaters of

cycloal rphati ¢ aci exanpl e utyI *African
Pat ent SpeC| fi csatcuomu Noce;BOnfﬂaé?,ts Aohkrehd isheq liyhaise & f@nuen&bea@bl y used
is to recover 5 the resulting solution of malefic anhydride or maleic acid
from t h8SE6BGEBAY. aﬂ*ﬁ?#tﬁh%bES@BéﬁﬁnﬁsméﬁeéFgéth }denfromatha

B | $EERUSAE, SRR ok 08 GBSk eceupr oLl By el
aqueousventadi bp, the atmosphere, possibly after incineration of
carbon monoxide, unconverted hydrocarbon, and other organic
compounds contained therein. In this absorption step an
organic solvent can be used. Alternatively an aqueous
30 solution can be used as the absorbent, in which case the
maleic anhydride is mainly hydrolysed to form maleic acid.
Scrubbing with watef or with an aqueous solution or

slurry is described, for example, in United States Patent



10 the recovery step nust include a dehydration step so as toqéeﬁz@grt
i.he malefic acid back to mal efic anhydride. One procedure thatl i IS
to di stiWOOHI0S®I efic acid solution in the presence of xyPER&BOIH38HS not
only renoves the water but also results in re-formation of malefic
anhydride. In 15 either event the el evated tenperatures used tend to induce
formation of fumaric acid which constitutes a further |oss of potential
product mal efic anhydride. United States Patent Specification No. 5,069, 687

proposes recovery of malefic anhydride froma gaseous m xture 20 by cont act
with an dpssribihcation| Yai-n@ \&3icHt 8dat erd idi gagduanthde opft fuchnri ched
absorbent_ by c ntact'*lng it vm'tih q:\Aa/Lat'[ter aedsO 3__2}@ or-wth_a.lbow humdity
strippi nd’réyé's? YT ef 112 Sxﬁ%ri Fe |l'§ el & ed“‘?lr%ﬁtﬁglgr *8d enri ched
- absor bentinedhi a9l pW Bomese sfear terl i anhyslid de Tise i Byphedpeeduct i on of
but ane-1, 4-diol, and its co-products, i.e._ Ybutyrolactone, and

t et r ahydriofMaRdt EF+EcF e RYGESHEFatd oll?scﬁ Hal G2 i yBr 1 8o nRAEideaci d
Nos. 5. R hos LI RS T8 OF8 166, 4 b3 B0a, 0 006, The ey caB Y T

4, 609, 636G,emtis659% 686rm4 c7YEL30I ik I85ER wib Iy B89, rbs89Fp0Rtpcess

5,473, 086 nd 5,698 749, and in European Patent Publication No. 0373947A
WO 01l 27(3‘:‘5%16‘115% C%r%]?’ggmﬁﬁ 5 Esterification of malefic anhydride with an

al kyl al cohol peri@s¥i 8Fdtai@i dldoneripdLsch ftdwved dyvayseegenst i on of
~the resulting dial k%l mal eat e has al so been proposed in order, to produce
but ane- 1, 40| anhdrPHE EFIFFGFUE VEATFIRAR RIPMPEPBOERE &R¥dr of ur an.

Hydr ggenatd i the ki guhd.pha I IR{PRASKH + It S t
O R PV e L LR St
| nt er nat ieoteaip Rat edib@bplli phtthed ate \BY I8V FRE ey dfpgehiitcanionsa

States PaET GoLettFcarbaning. b o T A eh Ehthve s aes
Pat ent Spegitd xaingnupotod 103 wedThipriopisdmlasd eaniydeiden (Uhigeldefic acid
with a C-to Co_al kanol at  elevated pressure and tenperature fqQll Qqwed by a
15 two stHGE SR RERRat PBRCIL IO Has B g 1di%d481) miPEEe 1¥saﬁr§u&dﬁ urry
2L A CEAssioTn e eptamd b ed motuach Sotes
~can be usemrnched chabouSisaratkenytlo swastddar®d suerinkanpnbydraldef i
acid, and il SNt 855 pQteRrMelei% i¥a 1§ U 2y T g8 m on- car bon.
tricresyl phosphate (French Patent Specification No. |
1,125,014), dimethyl terephthalate (Japaﬁese Patent

20 Publication No. 32-8408), dibutyl maleate (Japanese Patent
Publication No. 35-7460), high molecular weight wéxes
(United States Patent Specification No. 3,040,059),
diphenylpentachloride (United States Patent Specification
No. 2,893,924), high boiling aromatic hydrocarbon solvents,

25 such as dibenzylbenzene (French Patent Specification No.
2,285,386), dimethylbenzophenone (United States Patent
Specification No. 3,850,758), polymethylbenzophenones, at
least a portion of which contain at least 3 methyl groups,
(United States Pateﬁt Specification No. 4,071,540), water-

30 insoluble tertiary amines (United States Patent
Specification No. 4,571,426), dialkyl phthalate esters
having C, to Cs alkyl groups and a total of 10 to 14 carbon
atoms in both alkyl groups (United States Patent



Processes and plant for the production of dialkyl maleates frﬁ)wm %ﬂkc
anhydri de are_described, for exanple, 25 in United States _Pateht »
Speci fi c‘XH“dfMﬁ. 4,795,824 and in International Patent PHMTCBIYVHBESN0. WO
90/ 08127. This last nmentioned docunent describes a colum reactor
containing a plurality of esterification trays each having a predeterm ned
| i qui d hol d-up and contai ning a charge qi a 30 solid esterification

catal yst, such as an ion exchange resin tontaining pendant sul phonic acid
groups. The h¥grogemation of dialgyl mal eates to yield butane 1,4-diol is
di scussedPRETrThiFaFACBnNPed 3stiteE S efnd BSBeRPROS0EYCIPBLIRhE LS
PCT/ GB00103899 6fSpeeikl i hkﬁﬁz 284 1, :
Internationalébaféﬁtggﬁgﬁﬁgagﬁbn ]i4h0 8§%%%%%$eg?%agﬁté?%éffgna:rﬁgﬁgnt
Publ i cat iRatelt $wegifigation pcocd/I24¢escribed in which malefic

anhydride is S [ i,gh bailing solve having.a bailin oi nt _
that is at Ieggteéggghgéﬁgrﬁpggn ﬁuﬁo%ﬁéhEﬂ%ﬁ?giﬁnﬁﬁaaiﬂg gPaﬁ%éhi%@ric
pressur e,tior rexabplagdsoihybnphithal=tei c Thenydhedeabef nalanlkyddge in the
resulting solution js esterified to formthe corresponding di-(ClL to C4

al kyl) el %R efPRhPRACEDEPS - subSEAuShS 2RIFTRPRE 5 oATt REISBH® i on using a
hydr ogencontad A NopgeenShi SR L e il &2 YSHROL i3 & éiyﬁglwglt%d Scahflqe[‘he

subj ected to vapour phase hydrogenation. A sim procedure in whicC
esterifide=iwsedtep Fecomett sdeamd licie remtefdcidamhydendehesostheirppathdy om

the solution i he, 1 i Qi li.ng .sol vent_and subj ected to vapaour phase
hydr ogendti%h tiﬂéé d%gtszglrggggi Elﬁﬁ?‘e mat i'Ghal © Fat et %’%‘B‘F?Bﬁt F8\rl*u&r0‘.°%

97/ 43P 34 cHaurtdesvery estapsmhist une latiehs dey@rasDdbNestepr ot @awdhto i n

I nternational Patent Publications Nos. WO 99/25675 and WO 99/ 25678. 20 A

further dEEUpHRht BREsURASHFoEEISLLIT Proforket ¢ na kY @F hdei-on&nePat ent
Publ i cat i Nu MO 8R448852,:sb8 4RI ¢ Aeyad ) e%§f&ﬁ8da?¥.ahs Trdﬂir@n
sol vent, "such as dibutyl phthalate, is used to scrub the off-gas from an
absor pti dm stfep presence @bl sylengnhydhide nat aprsby beemévem ther w5
vaporous iRl &fj &, aphydi L 8e; 8t LEaR LR B £ G VA F8ride. 1n

15 either event the elevated temperatures used tend to induce

.

formation of fumaric acid which constitutes a: further loss
of potential product maleic anhydride.

United States Patent Specification No. 5,069,687
proposes recovery of maleic anhydride ffom a gaseous mixture

20 by contact with an absorbent, following which water is
removed from-the enriched absorbent by cdntacting it with a
water adsorbent or with a low humidity stripping gas.

Maleic anhydride is then recovered from the dried enriched
absorbent.

25 A growing use for maleic anhyaride is in the production
of butane-l,4-diol, and its co-products, i.e. y-
butyrolactone, and tetrahydrofuran. Direct hydrogenation of
maleic anhydride or maleic acid to these C, compounds is
proposed in United States Patent Specifications

30 Nos. 3,948,805, 4,001,282, 4,048,196, 4,083,809, 4,096,156 ,
4,550,185, 4,609,636, 4,659,686, 4,777,303, 4,985,572,
5,149,680, 5,347,021, 5,473,086, and 5,698,749, and in
European Patent Pubiication No. 0373947A.



plant in a first high boiling solvent, such as dinethyl phthalate. én t he
" wprior.art processes for production of butane- , 1,4-diol fro nfdT e 2404
anhydr i dﬁ'qp“cl’zl"%ssnornal procedure to 30 utilise a substant P&T{GBIERSnal ef i c
anhydri de feedstock r which contains at nost a trace each of |ight acids
(e. g. acetic acid and acrylic acid), of fumaric acid and of malefic acid.
WO 01/27058 7 o a AQR 200 PCT/ GB00/ 03805 _ It is an object of the present
invention to provide an inproved processsfor t he co-production of nmalefic
anhydri de and the C4 conpounds, butane-1,4-diol, Y-butyrolactone, and
t et r ahydr of ur aBSterifd cAEemr bopeteiefarhedpidseni ts pRvEAkydn aleohmpl ove
the yield_aqf ~ G n f 1 uant | hydr.acar
feedstocktgngiﬁgﬁcg f%gﬂgﬁé'Sﬁ%§%£€%§%%%¥§€e%0§g &%%5? snégéglab eWQH% to
reduce t heequantngy difaMast engireaitet sapralisicedeeht prspaked dm ayjdwt ©b t he
present invention _to provide ocess for the 10 production of the C4
Rompounds PERAPERT USARRIT (i Ttk arthd, HHF of 7 HEBLESF ot a¥T NG SlRctone
t et r apydYzphueap rhhg@rd findirpcarppdr §6e4st 06K i €Re CaNghedoRR=Ldi d N a
plant that is nore economical to construct and to run than conventi onal

pl ants. 1Brppesedi ag EF iitishprRasesnt i fnenifbrathereNes prdvidddd O process
for,th - i f I i
sel ected {BEREuPhTY, My R g E00VEL CRadhe B LAPSERaRS el HHNE

wher ei n: pabgitcatdplnyda.déi0 S OBRELd byydtepsnebipni sifng: d2@ 1Kyl
supplying a_source of gaseous oxygen and a hydrocarbon .feedstock sel ected
from C4 hVG}SEEFbc‘Jﬁ‘s t¥rd S‘Lfér‘?zee%eg%‘bntée c%?’éﬂ_]%/gcobﬁr‘?Fafieﬁfir&%’ﬁcgrf"kone

whi chgconggi pedasehdede rft eh P hd &l £ Dxh €adh ONo Cal a!sya% 4g8apable of
effecting the partial oxidation of the 25 hydrocarbon feedstock to form
mal efi ¢ aAhy8trdé4and which is maintained under catalytic partial oxidation
condi tions; (Ijk; O\GI| f } pdaton,z por ous
reaction efflug%%EEPr?&%éﬁ%ﬂgéggégeﬁﬁﬁé fgé?egggaﬁhydﬁfgg?'%éﬁgr

unconver t pdohysescashier iffdenstionk, o Ainua ket doac beti @esh @i Cb)teoddensing a
part of the, TRLEhe 2ANAULP FESEN . | thd EeBRoLoiEe" ERT1LAR LY U

' 15 two stage hydrogenation of the resulting dialkyl maleate

using a slurry of a copper chromite catalyst and then by
distillation.
United States Patent Specification No. 5,478,952
suggests a hydrogenation catalyst whichlcan be used in
20 ~aqueous solution to hydrogenate, for example, maleic acid,
and which consists of a mixture of ruthenium and rhenium on
carbon.
Processes and plant for the production of dialkyl
maleates from maleic anhydride are described, for example,
25 in United States Patent Specification No. 4,795,824 and in
Interﬁational Patent Publication No. WO 90/08127. This last
mentioned document describes a column reactor containing a.
plurality of esterification trays each having a
predetermined liquid hold-up and containing a charge of a
30 solid esterification catalyst, such as an ion exchange resin
containing pendant sulphonic acid groups.
The hydrogenation of dialkyl maleates to yield butane-

1,4-diol is discussed further in United States Patent



0 a a~R pat g condensation zone to forma crude nmal efi c anhydride stream
(iv) recovering fromthe condensation step (iii) a residual v p@oABﬁsZU@,‘lt.ream..-
cont ai niwgmagéssual anounts of mal efic anhydride; (v) abs@di/GBodiessesher

mal efi ¢ anhydride fromthe residual vaporous streamof step (iv) by
absorption in a liquid absorption nedium sel ected froman organi c sol vent,
wat er, and an aqueous solution; (vi) recovering fromthe absorption step

(v) a loaded liquid absorption nedium &d (vii) recovering malefic

anhydride fromthe | oaded |iquid absorption nmedium and wherein: said at

| east onesgegctoipatidns dloact erl, 80 Daif adred 14 4780 3 4ybuingd ol act one, and
tetrahydrofuran is prqoduced by steps conprising: (viii) providing a C9+

. ; ! (
hydr ogenatRbRTRREASNGK Fadiadtt rR ks tipr e . aHRy88/8893Fal ef i ¢ aci d,
di al kyl  mal eat eg, it heregf:  Cd~x) ng% ing said *
C9+ hydr ogenat ?gn I?ggﬁ%c%ﬁld%\ay r ogg%uktgr%[gafi%%ogte)ﬁamg?sone %/A%i %h
cont ai ns probesgeisf daskeydhegbriat ivin clatred Ysic ebhbgtinidef drs cisdbybed

hydrogenation of the Cs,. hydrogenation feedstock.to yiel.d said at,|east one
& product® aRcEMARCROTS R MOSURIT SIRIETSS o avgtLaRy BPOGendtith i ot
condi ti onega@pPd3 Ry hegheer ichainf te@Ed r hedrogenahhparigaeag hydrogenation
product stream containing said at |east one CS product; characterised in
that concRFERFPRATAFE REEESUCSnHRY iskaTRlefdbBebhYinpitdslatia) iTheme

presence § guij.d i [ i S| LLqui rom
mal efic a%%grplé%]g,%rrgﬁg st er%%t ol?{]rgfégfﬁgl’gm ,éd%gg%lg%sbho#sdmﬁ%&cigg?%,
and ni xt wesfofmt beocommespdratiewyf diantl,t ket habdkiydl) cfallderer udkionl efic
anhydri de, stream of s i) is ed t he +. hydr ogenati Qqn f eedst ock
o e T FSBERSheRE IR, S i, i ke 1o B 641 985578 Betenos
PCT/ GBOO/ &895%i hyfgogasaisitaie ane ads tyoiekl Dfa SkPotyiukbi hixtheeS WHih Of s
gaseous oxygen may conpri se substantial anounts of inert ggigii such as

ni t r ogen)then aﬂ‘d]P_B esheto t&x?’g"é‘r?urAiRhar'-’se_ d"%‘?&%ﬁ?éﬁ%%‘our igteous
oxygen f%:%écé’&@ré”ihh@hﬁ’&:‘?xc%%% Ustldis # VAN bRNs £ EBNES bhﬁt\%@réﬁ& _
reaction’effluent streamof step (i1) nmay contain nitrogen and oxygen in
addi ti on tthe ttheleihepnbydpddentis mentiippestl. £fomwihe sblekiba expathent to
cool ;&4 he ,v r cti ffl t stream of ste j.l).priaor to attenpting
to e* ecﬁ“%@QJ%#%%%ggt%SQQF%tsF%%P54§5?éh?é25%rgggépgdpgﬁggess accordi ng
to the i miehtogenmationf ishdescaddednliaf intaniyaitidraleratienr product of
step Uiiﬁ iS, used as ydrogenation feedstock, of step (viii) or is
:

he C,, h
used to %%a’fh‘énd“ghsﬁpo&gr{é?iz f eeFdJs’f‘b‘&ro"f‘aE?Ebaiﬁ Eor wse as

necessar pZh M rpehsh 86T6cAt bhe FRWRMHC Bkl ARt SERNET Pdhtstep (Vi)
can be used as or to prepare further . C-, hydrogenation feedstock for use

in step(Rnhﬁéqawi@éﬁnHPFveWQ,9ﬁﬂaﬂﬁ93iaﬁﬂ(WQmﬁ%/%ﬁﬁaﬁ-nediun1used in 20

. Luti .
ol (1 on cont o reubEPSF; 3048 genaRle Uit Pihelple R BRI AT
in the | danetrredsbopai oRatedtuPubdd das isedNas WO $8/pBepareinudtiey C4+

hydr ogenati on feedstock for uyse,i t Viii In this case at..| east sone
o¥ Sa?digevéhopment a secong %ig% %5% ing sglvent, sucﬁ as dibutyl

phthalate, is used to scrub the off-gas from an absorption

step in which maleic anhydride is absorbed from a crude

25 vaporous maleic anhydride stream from a maleic anhydride

| plant in a first high boiling solvent, such as dimethyl
phthalate.

In the prior art processes for production of butane-

1,4-diocl from maleic anhydride it is normal procedure to

30 utilise a substantially pure maleic anhydride feedstock y
which contains at most a trace each of light acids (e.g.
acetic acid and acrylic acid), of fumaric acid and of maleic

acid.



25 resulting malefic acid can first be concentrated by renpbval of excess
water.,prior to use in step (viii). Mreover malefic acid pr@sﬁaM’RiW"(he
| oaded aweooMTd8n nedi um whet her excess water is renoved PCAYGRBUW38R r ati on
pur poses or not, can be mxed with crude mal efic anhydride of step (iii)
for 30 use as or to prepare the C + hydrogenation feedstock of step (viii)
In a preferred process according to the invention, condensation of
mal efic anhydride is effected in step (i7ii) wo oi noss 10 o a aPR Zoos ,)
.. PCT/ GB00/ 03805 by indirect cooling against a cooling nmedium sel ected
fromwater andr@ pgogeSSbibdtdof! Bhan pdasmatimeemd B5:18t € dpPHOEERS an
condensat on of nmalefic anhydride is effected in step (iii) in the presence
of a |i quinbrereRnBEeFeRS nfaruihs coOmMPIadURf 1 i Qfuitr ket ectrlyrddeaml ef i ¢
« anhydri de st.er fi id, cdipest.ers of i i a
m xt ures amc{T?t\/\qggo&f:‘ rrcgar"g;% ersg'of},gu?%hgr ér t%tc%%rle’d C(}EDIG{E e%‘lcc)auﬁa{é\rgebf Qgﬁe
condensertixrdlpg@sofUbas . di [ectiscadlscnqumeybjectarf i Hue gotebgnsprayi ng t he

* liquid condensati on nmedi um 10 'Frgto t.h%a rou rcﬁact ant_ef Iu%apt stream so
as t o f orfAYeTHi XeRr &° ot "RF GUE Fefei’E Hg%r? artd SSARPYFIGLI O™ 2

condensatdQn. Aedi 440t Y CHE | ByHsedadb fdaddeRai eadehdnde Ndr a@giat i on

feedstock of step (viil). Such nonoesters and di esters can _be derived, for

exanpl e, themm Glompowada| kere15eadddhnlayailable 3rd HePorednaeetignol .

Mor eover the liquid.c sat di S i N S I unt s,
e o up RO sShofas e8, B5baIRER BRI Mo M st T RIR
f umar at eof lthener@ssant cihaehyipnefter iparbyirde s prdme s +£@0 thdr ogenat i on

feedstock is_.a djalk nal eat e whi ch i.s prepar.ed by reaciion of nmalefic
anhyt} i d@ERIYFEIPR %%/I the cghocforf‘Bo‘flﬂfiFh' g“‘ﬁ@ﬁd‘&l @%Y%l@iﬁ'e%wi%ﬂe r i '#hen
esterifiegth IsntPes1abkyheal aolole dta-fiofdrSEwhta kftommheate. In this

case the al kyl al cohol can be nethanol or ethanol and 25 the_di al kyl
mal eat e dwrdiecarber hfeedareakewhi cli &3y IPeePRRAELC] n1R WP SPERBE t

hydr ogenagg-g,poygt@%eé@&mgéaﬁt €8 E%éﬁ&i{ %Ed ahd Yr$e! €848 dcbhoanEIRRRI1

chrom te "and prond copper cat sts, such as nmanganese pronoted copper
catal yst plaifxdn an alternative preferred process according to the

inveption the C4, hydrogenatjon_feedstock .is malef hydr | | S
case{% he cat al3R%°% Jrf’%etﬁnéh%grgfse,ntt f‘f‘&veerbtrjb%%séeaef%ry%hégggrlg%gte% n the
prior artprdd¥s£xesP the #6-pro8aGtlibn &ARR - RGIMYERIAE 08885aane of the

catal ysts disclosed 1n one of _the aforgrrgnti oped United Sfates Patent
Speci f i caiaasits ow . Cq compausl selkegpedogyom bykanegd . 44 B 8097

9,096, 15 HBone 4aR8% 83 An v aP8bhefeir//7, 303, 4, 985, 572,
5 1409, g”é’bt%%{% 275 86, B, 478, 952, and 5. 698. 799. Conveniently the

source of gasemakebxyaehydsider isHpmedacednihy P Hf COTPES§EATAnd air,

m xtyres of off,gas and ajr L xture f ?%gl XY: p ygen,
and ygen-enr{lc)hed air %%E}pé{}]%ébbg %é’n ]'Ic%’tne%ggia e %o%%ggegf HF’% %ygen.
The of f gas may@esedibent hetdpabickofsdlectadi fiteh Capydaorgasonbaand
remai ns after absorption of further, malefic anhydride in the I'g_uid

absor pti on ned?enFeRe stepd (Fitatntisonardifl "s:"%‘}y@@ﬂen’d%l1 68 used in
excess so as tQ,@i{t&i f Lhe rGeXbi @ FartiH Dotk {spdsheskyard source of

capable of effecting the partial oxidation of the

25 hydrocarbon feedstock to form maleic anhydride and
which is maintained under catalytic partial oxidation
conditions;
(ii) recovering from the partial oxidation zone a
vaporous reaction effluent stream comprising maleic

30 anhydride, water, unconvertedlhydrocarbon feedstock,
and carbon oxides;
(iii) condensing a part of the maleic anhydride

present in the vaporous reaction effluent stream in a



15 gaseous oxygen, e.g. air, outside flanmable limts. Alternatively the
process nmay be operated so that the mixture is within flammabl & 8ipRt gi4 ! D
one particularly preferred process the hydrocarbon feedstock is a butane
feedstock. 20 In this case the partial oxidation catalyst may conprise a
vanadi um phosphor us-oxi de catal yst. Such a catal yst is sonetines described
as vanadyl pyrophosphate. In order to maintain the activity of the catalyst
vol ati | e organophosphorus conpounds can b& bled into the feed nixture 25 to
the catalytic partial oxidation zone. As sone phosphorus conpounds nay be
present in Lhe,MAROIQUSond €8CEQAN. &l huent o 8L :6AMQke SigRk) 1) of the
process of the invention which nay deactivate the hydrogenation catal yst of
step (ix), a guarldvbed of aephesphoriuss diisordidegsataberital, (Siicha ass3Qual
vanadi um contai ning material, conveniently a char of _spent partial

oxi dati on cat al yé’f‘l,gorr?ﬁf’/ ?trfetalhiCsong%ténéngereﬁ?{g%aeld af“?\'g} ﬁeo%énfgelocf aa?‘r‘écr\}gf)br ous
reaction stream af) step (iiapsodfiherrueondd ngldieb@giaridd rebbethet fedi@umy e
phosphor us- cont ai ni ng Wwo oi n~oss 12 materials therefrom 0 8 APR 2004 , |,
PCT/ GBOO/ 03805 | [RPF 4Pt Br7al i e Sptrod &8s HhEPPEBUT 0k T onpHids aesBehyehe.

In this case thepcat @ ¥sietal Q8m {iPLrEXARPLSvedr SURPOF t 88y :anadiddny

pent oxi de catal yst which nay be nodified 5 with nol ybdenum oxi de. The

catal ytic parti alsobxiigati on zone may be of any suitable design) for exanple
it my be a fixed_bed reac . lar..re . a tluidjised.bed reactor,
or a noving bed Sgg)ct or. 189 ?Veeg“%‘%’l/%%é’) tthﬁegfn%ogfé%lsogl 3#ept ﬂ(g?ian\%g?l%don may
conpri se absor bi ngaviaperoust el ekdoumandydri de fromthe effluent streamin
an organi c solvent, such as a dial kyl phthalate or a_dial ky]

hexahydr opht hal at'8:1 GFee3eaMDY éla&iﬂ%taﬂgﬁrdrﬁﬁf HaPEt e §Piscytia%pAt hal at e,

di met hyl hexahydrgphthabateqi@f; di butyl 15 hexahydrophthal ate. Water or an
aqueous solution of malefic acid can alternatively be used to absorb

vapor ous naPefi®eantyidri de fromthe effluent streamin step (v). In the
process of the inyenti.em sQue,Qf of he el isaphydride ragovered in Btep
(vii) may be used as, or may be 20 used to make, additional +

hydr ogenat i entfmédstock ofd stephfurdfivyran ilst pydubedftvestdpe prmefcésirad, duri ng
shutdown, to use 80, .gl kyl alrg\(,)ikaqln as \a hdrloi %;ljaotrio;t]ofee sth gong en%actiifon
surfaces of the condénsati 6n°zone to Ferbve deposits of Tunaric acid 25

t hereon and to casbiireatheiriesulbléig seld)t Bodn i tdhilkthe=LC" ahy diiegenat bon
feedstock. This procedure has the advantage of avoi ding or reducing the use
of sodi um hydr oxie ¥nd8°théprdicti on of aqueous byproduct streans

containing mal efig.acid or ;sgdi umyn@ligat,e MAkshnat S sk ealiuEe £ NR8ALAY
to a hydrogenation zone which contains a charge of a hydrogenation
catalyst effective for catalytic hydrogenation of the C,,
hydrogenation feedstock to yield said at least one C, product and
which is maintained under catalytic hydrogenation conditions; and
(x) recovering from the hydrogenation zone a hydrogenation
product stream containing said at least one C, product;
characterised in that condensation of maleic anhydride is effected in
step (iii) in the presence of a liquid condensation medium comprising a
liquid selected from maleic anhydride, monoesters of maleic acid,
diesters of maleic acid, and mixtures of two or more thereof, and that
material of the crude maleic anhydride stream of step (iii) is used as
the C,; hydrogenation feedstock of step (viii) or is used to prepare the

C4+



30 procedures using water and/or sodi um hydroxi de sol ution gﬁ rﬁﬁqy@
f.oul i ng deposits of malefic acid and fumaric acid from cond sé surf aces.
I n or derWOWaR7858e i nvention may be clearly understood  ( PCH/EBOABR805004 WO
01/ 27058 --- PCT/ GB00/03805 13 and readily carried into effect a
conventional plant for co production of nalefic anhydride and of the C4
products, butane-1,4-diol, Y-butyrolactone, and tetrahydrofuran and a pl ant
for the sane purpose built according toS he teachings 5 of the invention

wi |l now be described, by way of exanple only, with reference to the
acconpaniydrstsenatjon fhedsitock gfr etkp s(waiifiow di agram of a

conventional ly des%gned pl or the co-production of nale&ic anhydri de

nt f
and of the C4 Pr®d P§Feb8%aﬁé§f9¥ﬁﬁQﬁxgaﬁtﬁﬁ&r%@%%?bﬁ%,SH gtagtial

tetrahydrgfyians 88d; RegYr §adelsS BudHNdsAm il Yy ag_iﬁnaaaieiehagtq
constructed in accordance with the teachings of” the invention and intended
for the sarwgemrpolddr LB @i conyenadgemtesicatmze hyf t haseosRi bkydgenn fidre art 15
* that,. since the Co i.ng gdraw_ngs _are diagr tic.,many_other itens of
equi prentiShi th gﬁ% ﬁ%?gé %\I\lﬁ(}i % e \;et\nlnod%‘ WorT A~ Bet PEQURPSHOUF an
actual pl@agdct Spshe gdliuehansk reaeme fofstegui PENtmay ecenvsent ndkalogeh nat ure .
and include_(but are not limted to) distillation colums, reactors,

condenserald 22xYgePs 1 nhgAdi kg OPaes Ehgaiakdier FRarentan®srs 1ongsher at ur e

sensors, Eifﬂ‘i €ofPBh' Bkl BkPedi@IREtR WL WNE OLABEPouLCYBRcRERFON S,
heaters, coolers, surge tanksS, condensers, colum reboilers, and the |iKke.

Any such efiffiu¢nmnastreams off s6gl dridnt PN e 2pcedPtdagi hoaeddegince
wi th, 25 conventi o engi i .practice and formno part of the present
(f cor@ léér?.gfxlbn Rg gg%ﬁ’quﬂ)

I nventi on: Mg to Fi of ‘the drawi ngs, a partial oxidation unit
1 conprises a parai prefirrdat processt ecaardingi g thehangenofiom Al i a

oxi dation catal yst, for 30 .exanple a vanadi um contai pi ng catalyst such as
vanadiunﬁﬁb§ﬁﬁb%ﬁ§93?iﬂé EBnffoSE ?F%%ﬁi?ﬁﬂq%ﬁ%ﬁtp§8 Bﬁg58gh§§%ﬁbéﬂll

reported {0 hgeyanadyhe P! oSt {MD) FE=E@st ockNbE Lbrepn (ke iof) fdxed
bed or fluidised bed design and i's supplied with
is used to prepare the C,, hydrogenation feedstock of step
15 (viii). |
If necessary, at least some of the maleic anhydride
recovered in step (vii) can be used as or to prepare further
| C.. hydrogenation feedstock for use in step (viii).
| Alternatively, if the liquid absorption medium used in
20 step (v) is water or an aqueous solution so that the loaded
absorption solution contains maleic acid, at least some of
the maleic acid present in the loaded absorption medium can
be used as or to prepare further C,, hydrogenation feedstock
for use in step (viii). 1In this case at least some of said
25 resulting maleic acid can first be concentrated by removal
of excess water prior to use in step (viii). Moreover
maleic acid present in the loaded absorption medium, whether
excess water is removed for concentration purposes or not,
can be mixed with crude maleic anhydride of step (iii) for
30 use as or to prepare the C,, hydrogenation feedstock of step
(viii) .
In a preferred process according to the invention,

condensation of maleic anhydride is effected in step (iii)



wo oi nbss 14 0 8 APR 2004 , PCTI GB00103805 a superheated C4 ﬂé@ﬁaﬂﬁfn
feedstocﬁﬁ?iﬁéh as butane, by neans of line 2 and with air_b S 1ine
3. The. 938 r volune ratio is typically from about 20PGIT/GBANM038ES 5| yst
charge in partial oxidation unit 1 is maintained 5 under a pressure of from
about 100 kPa to about 200 kPa. In partial oxidation unit 1 butane is
converted by partial oxidation to nalefi8 anhydri de. The main byproducts
are carbon nonoxi de, carbon dioxide, and%ater: 10 Oc4H o + s.5 02 --- 0 +
4H20 0 15 CAHao + 6.5 02 ---~ 4 Q02 + SHZOC4H o + 4.5 02 ---~ 4 CO + 5H
20 All t hPEelpda®Fersnsopldng F934AR%bt :efapPeingomeed uiy se@ctdst of Tamof

sui tabl e- Lgn f .parti-al i g on it f ' .0 f efic
anhydri deggg%gr gﬁgean%fdggsnsgéélqﬁ)a Ki r@c%ﬂng?tgr%@%ﬁyﬁeg?%f%&%m cal
Technol ogpro€esst koEdietrisart,1iovblafendbe i pageby893deo i82&.f fAdueid viap os Oes
partial o Ldaﬁion rS%ction prodqg% 25 streamis .recovered fromparti al

i

oxi dati on'uhtt iR FRFePFESARCE i A4 L YeiPeFaRGrEssE PP oM 390C to

about 54306capgi §9AHARNT iRulil0 ¢RI e c OXY JfPom URA G Eednbyid@i e Wat er, carbon
oxi des, malefic anhydride, malefic acid, fumaric acid, and traces of acetic

aci d, andmaeepgsrerscerd. mHeie&Tidn Beprenaceismadama aailden asudl ed
before it_i tgea n {10 5 i I i i ned.at a
t enper at u'rr\géﬁgéfg% ? ﬁe t&’g)wg%g?r%feo?t }?%e p%ftlx\{gl Sggkga'??’ or%teglru% uctt%est ream so
as to causeuling eliothe?@¥nide mtits\iffaces ef eThbky dirert coddrH ImgP58 15
0 8 APR 200 PCT/ BQO/ 03805 about 40% to aﬁout. 00, g% t he .mal ef i ¢ anhydri de
present iRel FAET2eHoOlEnBNSET KART 1S coAULHs GOPGRPSELGE™ et Wles t wo

cool ¢ps, theof thet vapeidlisNgalcafipute 4BDGeARdstRPRaREGRNE Al AT 69C. The

resulting condensate is recovered 5 in line 6. The residual_ malefic
anhydri demispped P8 seude maledgprankydoide pRIsE3ieh liguidhe 7 to an

absor Pti 0fcHBLhsBr 1 bAX nEUIWR Suft SIS & CUUDReRSUBL! o Bl il d e
vapour . sfream i s passed. upward in countercurrent td a down flow g 10
st r eam of hpdrogegnat tosolfeedst ke roasstebdul viipht halacd memoested-d rammd | i ne

9. The residual gas_exjts .absorpfion unit 8 in line 10 and gan he vented,
typi cal | ygiﬁsolt?iﬁ of:‘ané? fiﬁ&ﬁﬁ’gé\‘t or vﬁf?’@p{l‘ﬁe FESH Pnrgos§1 lﬁﬁb’ﬁi’of

mal ef§c aabyenole ksfcheaevaetthdrbl id1ed ldtRadopasspereovars@heentigbid
recovery unit 12. In recqvery unit 12 the solvent is separated fromthe

mal ef i ¢ aPPRAPRERt 18BN PEALEAL ISRTH R LR IFPPER 1 BNSTRddr BRGMRES (0@ 1SdudRd
ressure..Jh oye okve "disa T LRs LN [ separ at ed
p t%y%l&ge ¥ep8q a3 kK %%yﬂ%y@é(%’f%gﬁ%hgéh? ﬁlo%o‘éﬁ'khrrqi Hﬂ% p

mal efic an e I's passed on oa?2p cation unit
14 for fudikkkypufuharatesn, for exanple by batch distillation. Some of the

Ul POt o) SLLE RN Pl L SRR BRIl L 5 V0 o T

20 hydrogenation feedstock is a dialkyl maleate whiqh is
prepared by reaction of maleic anhydride with an alkyl
alcohol to form a monoalkyl maleate which is then esterified
with further alkyl alcohol to form a dialkyl maleate. In
this case the alkyl alcohol can be methanol or ethanol and

25 the dialkyl maleate can be dimethyl maleate or diethyl
maleate. In this case the hydrogenation catalyst of step
(ix) is preferably selected from copper chromite and
promoted copper catalysts, such as manganese promoted copper
catalysts. '

30 In an alternative preferred process according to the
invention the C,, hydrogenation feedstock is maleic
anhydride. In this case the catalyst can be any one of

those proposed for the purpose in the prior art, for example



Ref erence nunmeral s 18 and 19 represent lines for the 25 reqgye %ghlight
‘nmpurities and heavy inpurities respectively. . In the butggg-gﬁﬁ- I'o

pl ant 1W@ALRIS8 anhydride is reacted with an al kyl al cohBFT/GE)8H3898

met hanol, to form a nonoal kyl mal eate, such as-nononet hyl maleate, which is
then 30 reacted further in a countercurrent reactor colum of .the type
descri bed in European Patent Publication No. 0954719A for substantially
conpl ete conversion to dinethyl mal eat ell The reactions concerned are: WO
01127058 16 OHOHO+ C H30H a a aPR 200 PCT/ GB00/ 03805 OH OH H CCH3 O
(1); 5 el < CheOrRHAOZEES10SCLamBDHN- onaHZt (e aforemmptiione®CH3 O
O The nonpesterification_teacti ). 1.5 .autogatal yii u eaction (2) is
pref er abl %ﬁﬁ%u%%%ganBFﬁgn%rgg%ééﬁ%ﬁ§%£$9ﬁ;§hﬁtH%’%%?éépgfcation 2

cat al yst susin asgan #p046xehanga 083 ,rs XNNt4i0H 60l 56 phpBb0, agisgy groups.
For further,details the attention of the reader is directed to European

Pat ent Puf 6Q%t Pof- Nbr 0389582194 Gihetl Hpebitd Tat {ons® dkder PHOng
" production pfsdbgbkyl, uBkeakes and Biremeany fat ent

Conveniently the source of gaseous oxygen is air.
However, mixtures of nitrogen and air, mixtures of off gas .
and air, mixtures of off gas and oxygen, pure oxygen,'and '
oxygen-enriched air may also be mentioned as the source of

10 oxygen. The off gas may comprise that part of the residual
vaporous gas that remains after absorption of further maleic
anhydride in the liquid absorption medium in step (v). The
source of gaseous oxygen may be used in excess so as to
maintain the mixture of hydrocarbon feedstock and source of

15 gaseous oxygen, e.g. air, outside flammable limits.
Alternatively the process may be operated so that the
mixture is within flammable limits.

In one particularly preferred process the hydrocarbon

 feedstock is a butane feedstock. _

20 In this case the partial oxidation catalyst may
comprise a vanadium-phosphorus-oxide catalyst. Such a
catalyst is sometimes described as vanadyl pyrophosphate.

In order to maintain the activity of the catalyst volatile
organophosphorus compounds can be bled into the feed mixture

25 to the catalytic partial oxidation zone. As some phosphorus
compounds may be present in the vaporous reaction effluent
stream of step (ii) of the process of the invention which
may deactivate the hydrogenation catalyst of step (ix), a
guard bed of a phosphorus-absorbing material, such as

30 vanadium-containing material, conveniently a charge of spent
partial oxidation catalyst, may in this case be placed in
the path of the'vaporous reaction stream of step (ii), after

cooling thereof, in order to remove phosphorus-containing



mal eate i s then hydrogenated in the vapour phase using a co

cat al ystWO9127%58onot ed copper catal yst, such as a nmanganes&

catal yst of the type disclosed in European Patent Publication No. 0656336A,
to 25 yield butane-1,4-diol and, as co-products, Y-butyrol actone and
tetrahydrofuran. In addition the hydrogenation product m xture w ||
normal Iy contain mnor anounts of the cb@responding di al kyl succi nate,
n-butanol, water, and a cyclic acetal, i.e. 2 30

(9' - hydr ovatrKbayS - Eeerahyemef uran of the fornula: --O CH2CH2CHyCHyCOH 0

0 8 APR 200 7 = / Te T apj for formation
of all thesevﬁig d%t%§§ﬁ5n6§g%gdggggkﬁgsgﬁﬁ%tf%€§%@$ﬁgI€6§€%é%§§ted.
However, WYdreiener odlmt thhsi sasensihst enttaliytdt tdwen flod | ofiwngexeapllieqn sschene:

5 CH- CO2R . ~ - CO2R Il + HZ --jJ CH._- .CO2R - CO2R + 2H2 10 -. ROH
CH2 - 'CEGWPFF@-FgZ"@nQ%?Rmi PEHtErpde ERFAlYSRERD o bEHTRSE i 15
-H 205 +2Hg o1 numi2BxigBOH CH3CH2CHZCH20H CH2 - CH20H - H2Q 20 CH2 -
CH2 CH2 - CH20H % -H20 CH2 - CH20H CH2 - CH2 ~--Q(CH2)40H +H2 O 25 H20
CH3CH2CH2CH20HF thes @t alRE s pBERial Prddatiirmoronrelwagebei aft BAYcour se of
t he hydr ogenat.i | S d n %Eﬁ; d,f. h 0 r
condensab l%éaabgn%%nééélggghf ng?gdlg%% l}t%aﬁ'et-s : -%%I? ggﬁér(%?éc g%gé,%or,
t et r ahy draoftisun ayat eacaod, by- fladditsed hEd diemgcteobut anoh. mbodnbuider
i nformation regardi ng nmet hods of separating the condensabl e conponents of
t he hydrcﬁﬁﬂﬁﬁ?¥n1 reactions, reference nay be made, for exanple,

10 Step (v) of the process of the invention may comprise

20 Specifications Nos. 0255399A and 0255401A. The resulting‘géqﬁ%ﬂﬁ
PER A 1 e
TR

absorbing vaporous maleic anhydride from the effluent stream
in an organic solvent, such as a dialkyl phthalate or a
dialkyl hexahydrophthalate, for example dimethyl phthalate,
dibutyl phthalate, dimethyl hexahydrophthalate, or dibutyl
15 hexahydrophthalate. Water or an aqueous solution of maleic
acid can alternatively be used to absorb vaporous maleic
anhydride from the effluent stream in step (v).
In the process of the invention some of the maleic
anhydride recovered in step (vii) may be-used as,'or may be
20 used to make, additional C,, hydrogenation feedstock of step
(viii).
- It will often be preferred, during shutdown, to use an
‘alkyl alcohol as wash ligquor to wash condensation surfaces
of the condensation zone to remove deposits of fumaric acid
25 thereon and to combine the resulting solution with the C,,
hydrogenation feedstock. This procedure has the advantage
of avoiding or reducing the use of sodium hydroxide and the
production of agqueous byproduct streams containing maleic
acid or sodium maleate which are a feature of washing
30 procedures using water and/or sodium hydroxide solution to
remove fouling deposits of maleic acid and fumaric acid from

condenser surfaces.

In order that the invention may be clearly understood



0 8 APR 2004 18 to International Patent Publications Nos. 91/ 01981 and
‘G 0 94/36846. The recovered nethanol can be recycled for pr SuAPR Aot
further PREEHWPS numl eate. Typical hydrogenation conditi onECT6B00EB0Fse of
an Hz:dinethyl maleate 5 nolar ratio of fromabout 100:1 to about 400:1,

for exanple about 320:1, a tenperature of from about 150C to about 240C,
and a pressure of fromabout 5 bar (5 x 10S Pa) to about 100 bar (10" Pa),
dependi ng upon the desired butanel, 4-di & :y-butyrol actone product ratio. 10
Ref erence nuneral 20 indicates a supply line fox supplying nethanol to the
but ane- 1,ahdimtagpl ntca¥riefi fethi edf2tti s doaverdriogenl sppphy Ebme cber
supply of th drogep needed fo droogenati g f dinmeth | eate. A

pur ge gas}’rsotcfuecg%?% ?gk@ﬂsfaﬁcl FHE}Y% i Iaé‘%%rt%%oébtprfégrgué&dy- product s,

i ncl udi ngytadun BNold 88, hoaru th¥enadiehs g d aeavedIegd By r¥eNnOknki Be 23.
Ref erence nunerals 24, 25, and 26 indicate lines for the recoverg.of

but ane- 1 Ril-aditol £05-the bgpRpoRHEPORE, barid tt aacamdiny? Ukantheespechiinglsy.

P Floune 2 dd Ll 1Al een 21 6h ANt 1 SORSLY WEt 88 Jd) BGEET dANGE, S0M LhahRSe

t eachi ngs of e inventron. I'n Figure Z2~I'Tke ref'erence hunerals are used to
i ndi cat e drilge partls tefe¢heseeptesehe iawcompaplydantg adrd&vinge, lwhénetihe -pl ant .
of Figure 2 the process.for e production of mal efic anh ide is
cssentially tHoShme helthar TOPVEFQARE oS of SGRRTC FRIERY SFS2aBY i ng
subst ant ildit Pege 1R eébCpaBAUELieR oF kal@ k6 drthjdei ddt ang- dedtdieol,
plant 17, this is instead supplied with crude mal efic anhydride condensate
f rom conderesGtoh HEaBeny . dagief | ivméuzyroalactdiiai odndt can al so be
supp{d ed, qnqlmggp ce ry, with partially 30 refined or pure malefic
anhyg¥id§€ﬁ?alne ??@h]ggﬁvent recovery unit 12. Hence when the demand
for butane-1, £inote =hbst yrekimdilame fdod/ aiagtarahyfirafptantri ses beyond
the output determ ned, by _the flow rat.e,of ~mal.ei c AVENDED_SHEET WO

01/ 27056 RF T PRAR 7042 PESFEABOFOTSGE. ARy GHARIIAET (R 235 sone of the

mal ef i ¢ anfedid idsn fAdn set¥pakdr €eevehe Waine bhrgwsde diverted to the
but ane-1, 4diol_plant. 17 to nake up the shortfall. Instead of using an
organi ¢ sol verkt “ikh BR @PBaegiated But k&icse skint k@R ol pt Fo® &8AFt 8 an

aqueps alhsqrb 'tncéumea§c$@ﬁ?5n9ﬁn@nd%%%§% SO ditd 0 PEmARE £E1 Cr@iyd,
can alternatively be used. In this case the streamin |ine 11 w (1 be’an
" aqueous sdihethd dritegis nef eeguipnedL whillcd eecoverty ahvvn 1Pnj the dedydngisi on

unit in whigh, the agueous . solutio 0 _of lefic acid is.subj e 0
dehydraﬂ%ﬂ#iﬂi91rr?)u%E%?iﬁa %P §§% thfﬁ% %?onéﬁFQFﬁﬁ%%ggéﬁgé gFgwflene
to regengymleyUiBingdnte Ardydonhdentibaalatier naaeasethdyinebyde aiban ate

mal efic-acid _as wel| as f the _absorbent being recovered as an

. the water o
overheadﬁﬂﬁxﬁﬂﬂlQﬁﬂi?%Ey@?éﬂliiéﬁlpﬁIQQ%EW?§MS?%?%ﬂ%5 pt FORCGRFLTS, It is

al t eynat iniflns ,p%i@iﬁtQaﬁfcggcifaﬁ‘}@@?niﬁfés%ﬂu‘g o Pk, t PemPBEBELEe
anhydride present in the hot partial oxidation product streamfrom parti al

oxi dat i orFansarss greheupe eSentsodil ey seodledPestatanie oronbreileranhydri de or

ot her 20 hy, t ' erial., ch Ky - e. g.
nnnonethﬂﬁaﬁ% é%%ﬁ%ﬁﬂﬁﬁgﬁé§Fg?§re§?Sl gg’ggﬁké%n y nhl%% e ﬁé%?sg m xture
of two orcobunt theseiferdt &pdstha pdikle.of Arhi sweth emde ctbhordEnibemsassed

to the butane-1,4diol planpt 17. The r i nder can be cool ed and used again
25 for cdﬁﬁ&ﬁﬁﬂﬁqﬁﬂt/W?%&ﬂa??vépﬁtﬁﬁgggnﬁpr€939 c@an"bel passed forward

to the b@o%%ﬁn%i%r?ﬂP'er&%iﬁeéZiﬁgr pEaRYeIcY A Pirdhe n@l 8k et 2Py dhiede
present therein to dinmethyl maleate, some of which is then recycled for
condensatiresegft finvarntioml ef i ¢ anhydri de. An advantage of such a procedure

S further podiaAng FEaFE3nER 1 Biec B B AR RE i T e, by
way of | igxdda®itom tureitbul anemprises a partial oxidation reactor
containing a charge'of a partial oxidation catalyst, for
30 example a vanadium-containing catalyst such as vanadium-
phosphorus-oxide (whose catalytically active phase has been
reported to be vanadyl pyrophosphate, (VO),P,04). Unit 1 can-

be of fixed bed or fluidised bed design and is supplied with



WO 01127058 20 0 8 APR 200g PCTI GB00O/ 03805 di ol plant. Any 4 | LS

present in the crude malefic acid or nal efic anhydride Ofpg%gfgg%§g§3 i’'n
line 27 P O278829 are separated out in the course of the E st eps
used in butane-1,4-diol plant 17. Recovered solvent is returned in line 30
to line 9. The condensed crude mal efi c anhydride stream present in |ine 27

of the plant of Figure 2 contains as iqgurities whi ch are not normally
present in the purified malefic anhydri'de feedstock in line 16 of the plant

of Figure 1. 10 Such inmpuritjes c rise |ight boiling i-npurities (such as
acetig aéiéuEﬁ6Q£ﬁgﬁ@gRaHﬂfﬁPQﬂégg%i#ﬁﬁé? Y %ﬁﬂh%ﬁFgBPEaBﬁhyErlde '
der'VQt'MS%ng!q?‘fﬁﬁEliﬁﬂﬁﬁ!&iéﬁ'Qiﬁngyfﬂaahbcoﬁcughe When ftrhe crude

mal efi c anhydride 1s esterified prior to hydrogenation, the acidic |ight
boi | i ng bopaniet:iads Wdluné mdsibo bbs esypitalédy, faomuablouds 20id maldi¢c .
anhydride derivatives., The resulfi | ight.hoiling gst.er ; met hyl
ace?ate SPtéﬁﬁﬁ%aﬁhﬁ%ﬁ%&%ﬁmp?ﬁﬁh@?ggé%g?g%ggophgghéllac?ﬁéﬁgghégglbe g
stri ppedyhaem Bhe resihte ngf df Bbkyabsatedde kea go @ibwetthyd00TeBzat € or

di et hyl mal eate) overhead) along 20 with_the water, of esterifjcation when
usi ng) for exdmpRArtifl HeedRften dartk| %eau?zﬁn@uﬂép«?é’ﬁ“’%t@ﬁl Q‘?iﬁbl i cation
No. 04547, 184 EXhaiddd £ 100 RA1LDE BRhGAES NNy dhiedaalel Ialdohbcub! |
produce ‘a corréspondi ng addi ti onal anount of the correspondi'ng dial kyl

mal eat e. ateavy ribwr imopESidepucathes dibkigess anidr oadiethe esterification
reactor along with the dialkyl nmaleate and will be fed to the hydrogenation
vapori ser, when vapour phase hydrogenation is used. The hydrogenation
vapgpi ser can be operated so as to vaporise thedli al kyl nal eate only
partially and to recycle 30 the unvaporised matdgfial back to the vaporiser,

t her eby concentratjng the y inmpurities inf[thequnvapori mat eri al and
enabling the heéﬁ&hpnpd?itsgggﬂo be renoved i %urgepstr Wo oi n~0s8

21 . 0 8 APR 2004 PCTI GB00/ 03805 In the case wh t he C- 0+ hydrogenation

f eedstock is the crude mal efic anhydride streamOthen the light inpurities
are al so hydrogenated in the hydrogenation step and result in |ight

hydr ogenat i on products including ethanol and propanol, 5 which can be
remd¥ed from t heagr ogenabisoR oproduct—aE an oV‘eEP@ad bro by -
~distillation. Heavy inpurities and heavy inpurity hydrogenation products

can be separ at ecb@_r conven izoRal distil]lation tgemi ques @fobottom
product from t he’€i8de hydrdgeRrati on product. Malefic anhydride 10

derivatives, such as malefic acid and fumaric acid, are hydrogenated to
forma correspondi ng additional ampbunt of butane-1,4-diol, Y-butyrolactone,
and tetrahydtatrecanedidts ot el roprivteslyoexphbeirmient i on has t he inportant

bengfit that the ital cpst of th I n . ignifi y reduced
becghse it is%ﬁécg:aé'grawrt odoerste%lc_)i/%rogn%}ggégg't% gz%ajg?ls(st%ié:%ﬁﬁébout 40%
to about oRQ¥htebnt e irml B4 gnamwdtide bf holei4 anairide sebscgoent

sol vent recovery unit 12 and the purification section 14 can be

cor r espomdyng§ry Masleudl Bit k1QEhBeE BRRYS 056@% &f \Ek'teﬁmﬁla]r educed.
Operat'”@eﬁﬂi&%&ﬁ&?eﬁg' ftéﬂ}iéﬁﬁ VEYGEE'Q@Va$§§é§*%§35tén9@8hlgher

efficienCy o i ¢ anhydri usage because l'ess nal efic anhydride is
lost as fumarAchati drapgorstvsagarchal upsidetaond feadtdrae|Bred#Eti ned in the

VB8t yr BEERGnG “aR @S A /A TR ha ORI A bl B 1S

Vanadi umpphiasploays z0cipdirsatksab Al Feom abeunAHAice to about 430°C
and contains nitrogen,. oxygen, unreacted butane, water,
carbon oxides, maleic anhydride, maleic acid, fumaric acid,'
and traces of acetic acid, and acrylic acid, The reaction

30 product stream is then cooled before it is fed to a

condensation stage 5 which is maintained at a temperature
below the dew point of the partial oxidation product stream

so as to cause from 'about 20% to about 60%, preferably from



in that they tend to | ose phosphorus over tine at reaction bgnRﬁéﬁhﬂres,
t.hi s loss of phosphorus having a tendency to ,, 30 accelera spots
shoul d d%?‘é’%oﬁsn a fixed bed reactor. Accordingly it nay F&GT{@HP0{as0s
expedient to add a vol atil e organophosphorus conpound to the parti al
oxidation catalyst with a viewto providing catalyst activity WO Oi N~0SSs
22 0 8 APR 2004 ,. (. PCT/ @B00/03805 stabilisation. In the course of tine
vol ati | e phosphorus conpounds escape fr the catal yst and appear in the
vaporous reaction effluent streamfromthe partial oxidation unit. Since

phosphor LBPPSE a4 Pbt Rt PRPUEaPARY s fpdilsoMarels M EtYS fBFePRBE in
hydrogenat j I in t ' W tsddq0f 5t b of
Fi gure 2,ﬂ|'r§)é1i&s:a%§e¥§rqg ﬁggi n F 'g%gsl?%oﬁ%%dte a g%ar%gbgdmgfglg@@s

* phosphor usabsoobl egs matbei fli ristt lopesra itng alts arhownyl $0 € esndf the
phosphor us-contai hin teribal that woul d ot herw se have a.10_del eterious
ef f ect - upOFFeH ﬂgd?gﬁgﬁa?boﬁ'ca %ﬁﬁeﬁﬁiﬁﬁﬂgﬂﬁQQ§§E%ﬁ§? hﬁifef?yered)

* Convesi enijyr snehea guard bed can be a bed of spent vanadi um cont ai ni ng
partial oxidation catalyst. The tenperature in such a guard_bed should be .
as | ow as possTheerfhigiadr mad efax il HiRp A ab3of bt#6niB5 but above
the condepsdls s Pebh, f BasURLCIC AN OF 4d) diCasss2a810h Lbag 4, The
condensati on surfaces of condensation unit 5 nay becone fouled with
deposits fbr nekahpteasi daandciruipiveirc weit. thriwghpreibehetheovagoma hese |
wi th nethanol. The resulting 20 nethanoli.c solution containjngfumric
aci d. mﬂ%ﬁ?%a%cfﬁ,paﬁﬁeﬁanVFEdaﬁﬂuﬁ?QﬂfeEﬁﬂﬁ?ﬁ%tn%ﬁo%e HVF ﬁ&ngP@ and

di mejhy! opteahecfonnedrhunest elferat, Qfuctcans heisuppli pHthalpaet, of the
feed to butane-1,4-diol unit 17. This has the advantage, conpared with the
pot ent i al $yPPhied dbuem2Eingnfent (T&falr St E2 W ng bt BcBBEPEPELPRY wat er

and/ or sqgij tym @yﬁﬂTaOﬂHs $8! UhioR N ae NI | Ofly 91 c D1 aveguans@eyt i on of

mal efic acid and fumaric acid or sodlun1nalgate and sodlun1funa(ate is
avoi ded. gas ainaineratorvewhédm dhe e grlcians IP1ehtonneénMRdR1iZ0 t he Ca+

hyd ' feed K_i |_ef i, ' | ,d d of
0 al kyt R e ShEr b SRR g i 3 SFLERACEB T SRIVREE D @

pl ani5 17 £o8pve sesunibylipogenat irezdwdty onnttai I2 ngha sgyilivegendsi on
catal yst, for WO 01/ 27058 73 p,%bAPR %ngfCT/GBOOIOBBOE exgnple one of
the catal SRRAr3Fee| 5Ll Fhet ReLsdicorndhy G T RREFR LGN T4 ¥ Péxanpl e, by

the af or egpnt | pneds bR hRde Bt AbghaRatcintr Necdd | $8é s 9ge NosTha, 948, 805,
4,001, 282 , 4,048,196, 4,083, 809, 4,096, 156, 4,55Q 185, 4,609,636, S
4, 659, 686redloTdred08914uen85i57 e cycilsyl 68D, Line 73, wkblesthegseparated

> 098, 119 Pl SRAGLY RS BLC el Al gbey;»fg%ugﬁeiiﬁaelsp%oari ate

reaction 0 ons*as disclose r art specifications. The -
di sch@surpsrvfiedfispenaniicadi dox nantteredabbiecat toher fom iexempda at ed
by 10 refg§%g§€¢h distillation. Some of the resulting product maleic
anhydride is recovered in line 15 while the remainder is
passed by means of line 16 to a butane-1,4-diol plant 17.
Reference'numefals 18 and 19 represent lines for the
25 recovery of light impurities and heavy impurities
respectively.
In the butane-1,4-diol plant 17 maleic anhydride is
reacted with an alkyl alcohol, such as methanol, to form a
monoalkyl maleate, such as monomethyl maleate, which is then
30 reacted further in a countercurrent reactor column of the
type described in European Patent Publication No. 0454719A
for substantially complete conversion to dimethyl maleate.

The reactions concerned are:



0's APR zoos 24 CLAIMs: 1. A process for the co-production é

mal ei c. anhydri de and at | east one C9 conpound sel ected frofl8 APR 2004

but ane- V9-02M58 ybut yrol act one, and tetrahydrofuran wher &GT/GRagY03805:
anhydride is produced by steps conprising: (i) supplying a source of
gaseous oxygen and a hydrocarbon feedstock sel ected from CO hydrocarbons
and benzene to a catalytic partial oxidation zone which contains a charge
of a partial oxidation catalyst capableI f effecting the partial oxidation
of the hydrocarbon feedstock to formmal efic anhydride and which is

mai nt ai ned under cgtalytic partial oxidation conditio (i1) recovering
fromthe partigg o}idation zone a vaporous reactien efHopnt stream

conpri sing mal efy nhydri de, unconverted hydyocarbon feeds and
car bon oxi des (ili)(%onde S|ﬁﬂﬁghgart of the mal efidlanhydri de pre "in

t he vaporous rgactifon effluent streamin a condenkati é 6l t o forn1a
crude nmal efic anhygride stream (iv) recovering from tdne condensati on step
(iii)y a residual vaporous stream containing residual anmunts of malefic
anhydride; (v) absorbing further malefic anhydride fromthe residual

vapor ousasdr eam of step (iv) by absorption in a liquid absorption medi um
sel ected froman organic solvent, water, and an aqueous solution; (vi)
recovering fromthe absorption step (v) a | oaded |iquid absorption medium
and (vii) recoveri@g mal efic anhydride fromthe | @ded |iquid absorption

medi um and i id at |east one Cg congoun ted from

but ane-1, 4- dm@e, y-éﬁgyrolactone and tetraﬂa uréhﬁﬁk produced by steps
0 814PR 2004 25 Honpri sing+ (GHyQHpr ewFa=mg a P+ hydr ogenattfh feddbt ock

sel ected from ydride, malefic acid pcHpl eates, and

m xtures of two orlnore thereof; (ix) supplying sdald C ,~ hydrogenation

f eedst ock and hyerben to a hydrogenation zone whi~h contains a charge of a

hydr ogenati on catal yst effective for catal ytic hydrogenation of the C4+
hydr ogenZhieomoheedtteaatki tcayi@h drearctian KéasﬂSomyﬁQ;qﬁakEMicahdtmhich is

nalntalned under cat.alytic h dr natio t|o ecovering
from t heZRFGESTEn At ot % dPes &8 %gigggﬁa % gﬁistrég%g%%%té?ngﬁg sai d
at ligast aenaied ersrt@ili(m.caﬁdnfdsmcéetas edti eut:hatasc@mdarmatemhaﬁgeakeém
anhydride is effected .in st ggﬁlll in the presence of a

" condensaEPBhafBdngm R S i §GPHPSel eEP&d ?ﬁﬂQﬁ?ileﬁh§HF|de

mnoest esﬁtektge'nefdfc t3Hd dneéiaéétfgsd%ea%ef k@ aGibpadl pAdMEes of two
or nore thereo and that material of the crude nal efic anhydride stream of
step (ii P):bnscase@nasuq el CoAr WA r ogehher oaprredddicsdid ats sde@c;sabnn); or is
used to the + e eedst f st

process g oogeldali ﬂﬁﬁ; lﬂ%ir'%%pe%l gg% EQKO%ﬁa%aﬁat(%/A* he crude

mal @0i c Spb;tdﬁfh.d:etitdrﬁsamdﬁ S02PSBPBA) ahd 0266 4@1A.he W+ resulting

dimethyl maleate is then hydrogenated in the vapour phase

using a copper chromite catalyst or a promoted copper

catalyst, such as a manganese promoted catalyst of the type

disclosed in European Patent Publication No. 0656336A, to
25 yield butahe-1,4-diol and, as co-products, y-butyrolactone

and tetrahydrofuran.

In addition the hydrogenation product mixture will
normally contain minor amounts of the corresponding dialkyl
succinate, n-butanol, water, and a cyclic acetal, i.e. 2-

30 (4'-hydroxybutoxy)-tetrahydrofuran of the formula:

O—' O-CH 2CH chch 20H

(o]



hydr ogenati on feedstock of step (viii) or is used to prepare the CO9+
hydrogenation feedstock of step (viii). 3. A process accor d BgARR 2604ai m 1
or clai WwQ,018msBacteri sed in that at |east some of the nmaPETIGBOSAMRAEri de
recovered in step (vii) is used to prepare further C9., hydrogenation
feedstock for use in step (viii). 4. A process according to any one of
clainms 1 to 3, 0 8 APR 200 26 characterised in that the liquid absorption
medi umused in step (v) is selected fro water and an aqueous sol ution so
that the | oaded absorption solution contains malefic acid and that at |east
sone of tie nedddrci sos df pr eSenhathohhe fl added halssomtddunc e dandy bg-used to

prepare further C9+ hydro enatiogp;geds ock for use jn step (viili 5. A

process BEQHUR Ty VeI Bt Reekn YePlo&ddateGat HAWT LSt SBFLTof said
resul ting, i} eld GoRci 4 eénéigééneoa%nt rt%ecfmmrfr@/aée@ét%ﬁe%hmber
prior to"use In step (viii) . A process according to claim4 or claimS5,
characterised in that naleflc aC|d present in the | oaded absorption nedi um

is mxed with crugé galeflc anhydri de of ?ﬂp ki) for use as or to
prepdare the CT P gr tiod feedsfock o §tep (VIII) 7. A process
y one o0

according to laims 1 to 3, chdracterised in that step (v)
conpri ses absatWiG@Raporous nal efic anhy&?ﬁdéxhﬁon1the effluent streamin
an organic solvent. 8. ‘A process according to claim7, characterised in
that the organic solvent is a dialkyl phthal gte 2, a di al kyl

hexahydropht hal ate. 9. A process according tq claim8, wherein the organic
sol ygnt is dinethyl phthalate, dibutyl phthaljatgopli nethyl
hexahydr opht hal ate or di butyl hexahydropht halyate. 10. A process according
to any one of clainms 1 to characterisecg,jn t in step (iii) said

| i quid condensati orCHy ™ C%O + ROH T, )R

O —
CHy-CHp 7 - ROH CHz - CH0H
. +3H2 +H2
15 _Hzo .
+2H, CH, - CHO .
-ROH
CH3CH,CH,CHoOH CHy - CH,OH
20
Y
o -H,0 '
2 -
O(CH,),OH
+Hy o (CHz)4
CH3CH,CH,CH,0H

wherein R is methyl. The methanol released in the course of
the hydrogenation step is condensed and separated from the
30 other condensable components, including butane-1,4-dicl, vy-
butyrolactone, tetrahydrofuran, water and by-products
including p-butanol. For further information regarding
methods of separating the condensable components of the

hydrogenation reactions, reference may be made, for example,



mediumis sprayed into the vaporous reactant effluent streamso as to form
a mixture of crude nmalefic anhydride and said |iquid condendb8 iAPR 2084 um
which is used as, or to prepare, the C4+ 0 ~ APR 2QQ4 27 hydrogenation
feedstock of step (viii). 11. A process according to any one of clains 1 to
10, characterised in that the C-+ hydroglegnation feedstock is a dialkyl

mal eate which is prepared.by reaction of*“nmal efic anhydride wth an al kyl

al cohol to forma nnnoal%z;ﬁnaleate which is then esterjf]j | urt her

| ) fijed with
al kyl al cohel Inee¥rrbien a8 1 threll Wl Jeca BN sa NrSoc 643 cQ?rQﬁ]ngarﬂ% " ai m
11, characgeri in t I 'Iﬁﬂﬂﬁl | hﬁﬂﬂl di al kyl
mal eat e |s§§|/?ré€ﬂ§/1 n%lll’%aﬁaé.@vl%é%%é?éocess adcaz]o;%t ng tOClgEgifn%mil or claim
12, characpesdsethom ¢hatutttes hydimogend in@l ezdtenl yStypdfcast ep (i x) is
sel ected from copper chromte and pronoted copper catalysts, 14, A process
accor di ng RydEpgeHel & <97 ¥E9Q?§cF@€B¥%%ﬁ§§féF{§§H 2n&ﬁW5Fh¥ﬁemé&$age -
hydr ogenat | eﬁig CKe | 8fd O Qe apbnt A 0Y:0CeSFH ARG to
any ong ofd“g?%%ns Jt'c%)o 4&%@61@56‘%1%%%@%% it%etahat tthe sour% of gangbeous
oxygen i s abbouior3z ni xtarteenmie e ohd et yadartoflf5 0gas tol@butpr ocess

Pydr ocar Bott 0 SRR I8 BRGTY (EEIEBoRE £75%K prodbdd af8dr §0ng to
claim 16, sheuacterised {107 hed) f "eepending upon the desired butane-
1,4-diol:y-butyrolactone product ratio.

10 Reference numeral 20 indicates a supply line for
supplying methanol to the butane-1,4-diol plant 17, while
line 21 is the hydrogen supply line for supply of the
hydrogen needed for hydrogenation of dimethyl maleate. A
.purge gas stream is taken_in line 22 while water and other

15 by-products, including_g—butanol and heavy byproducts are
recovered by way of line 23. Reference nuﬁerals 24, 25, and
26 indicate lines for the recovery of butane-l,4-diol, y-
butyrolactone, and tetfahydrofuran, respectively. .

Figure 2 illustrates a plant constructed in accordance

20 with the teachings of the invention.. In Figure 2 like
reference numerals are used to indicate like parts to those
present in the plant of Figure 1.

- In the plant of Figure 2 the process for the production
of maleic anhydride is essentially the same as that of Figure

25 1. However, instead of supplying substantially pure maleic
anhydride in line 16 to the butane-1,4-diol plant 17, this is
instead supplied with crude maleic anhydride condensate from
condensatidn unit 5 by way of line 27. 1In addition it can
also be supplied, as and when necessary, with partially

30 refined or pure maleic anhydride in line 28 from solvent
recovery unit 12. Hence when the demand'fof butane—1, 4-diol,
v-butyrolactone and/or. tetrahydrofuran ;ises beyond the

output determined by the flow rate of maleic

AMENDED SHEET



partial oxidation catalyst conprises vanadi um phoSphor us i dﬂ’R Iy A
process _accordipng to claim17, characterised in that the O%g action
Bt el

ef f1 uentV® is cooled prior to step (iii) ~ 8 APR 2 that a
guard bed of a phosphorus-absorbing nmaterial is placed in the path of the
cool ed vaporous reaction effluent streamprior to step (iii) thereby to
renmove phosphor us-cont ai ni ng naterialslbherefronl 19. A process according
to claim 18, characterised in that the phosphorus-absorbing nmateri al

conpri ses char ge .of spent,vanadi um copt ai ning.partial, oxi dation catal yst.
20. A pr 685%’9% ordi My 1% 2a%rg’y e o gcpé?ng‘aigtlg f@?‘ygﬁd'rdaecta%é?’ged in that
the cat akyhvenrartdcdvery dati©m Zopgn CoaPEL segtadf kxedhkedutenardor, 4a
tubul ar reactor, a fluidised bed reactor, or a_noving bed reactor. 21. A

' process déedr BilEgt o afie gk ofur| Bhasshorsfedl-characterised in that an

al kyl al cohol [ s used 1)% | 1 ; eNsSAlOn S -f@g@g of the
condensati on %5%% to fginve 5%§ﬁ?%9%§1§§?§%?§5g6i and fuﬁ%ﬁlc %id
t her 6on phdhifiatt&,helnr eshddipigi sol whibnsi ancenbened wbsierdentCo+such

M ’) . .
2?2?2%?2%%{&%&2%?%%;%&5ﬁg&%g@éwééfﬁtiég’b%H%a%éic acid, can

. AsN. As. éYté%Ha-t&\ﬁe’-igA‘l?eAlsAed An, TAHYLAE. Abs¥. AlY: btYedm MrCline 11

b a e pagEs
' (zupkf ab¥Umadledal chdd dl < of W ectt ed Uk oallehyPoat]ioa) eidhes] dut ceéating] cal c
T S AT ] T Cf AP ESPEAFEAPEATYAFES) £8) EATSARSERY cal ca
e i o & 70) o] ba eateaul ool can] aall cal ca] cal caUl cal cal
ca] ca] caPedpds] eqichasawel kAT ke E%FJFEaBFc&?‘@aFPéPE%?’% 3%{5]!’42&45555%57

recovered as an overhead product and recycled back in line 9

220~2D 22222+ 222222222222=22222272227<22~22222~-20-2-2227?2>~7
"1 é)ﬂéﬁydratron'unlt'ln'whlcg'gge'aqueous-sthtlon"> ?|

15 to absorption unit 8.

It is alternatively possible to effect condensation of
part of the maleic anhydride present in the hot partial
oxidation pfoduct stream from partial oxidation unit 4 in
the presence of a cooled stream of maleic anhydride or other

20 C,. hydrogenatable material, such as a monoalkyl maleate
(e.g. monomethyl maleate), dialkyl maleate (e.g. dimethyl
maleate), or a mixture of two or mbre thereof. At least a
part of this stream can then be passed to the butane-1,4-
diol plant 17. The remainder can be cooled and used again

25 for condensation. Alternatively the entire stream can be
passed forward to the butane-1,4-diol unit 17 for conversion
of the maleic .anhydride present therein to dimethyl maleate,
some of which is then recycled for condensation of further
maleic anhydride. An advantage of such a procedure is that

30 fouling of surfaces in the condensation stage may be
reduced. '

It is further possible to feed some of the solution

from absorption unit 8, by way of line 29 to the butane-1,4-
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acid). When the crude maleic anhydride is esterified prior
to hydrogenation, the acidic lith boiling impurities will
15 also be esterified, as well as the maleic anhydfide
derivatives. The resulting light boiling esters, such as
methyl acetate or ethyl acetate and methyl adrylate or ethyl
acrylate, can be stripped from the resulting dialkyl maleate
'(e.g. dimeth?l maleate or diethyl maleate) overhead, along |
20 with the water of esterification when using, for example,
the procedure described in European Patent Publication No.
0454719A. Esterification of the maleic anhydride
derivatives will produce a corresponding additional amount
of the corresponding dialle maleate. Heavy boiling
25 impuri;ies'will pass through the esterification reactor
along with the dialkyl maleate and will be fed to the
hydrogenation vaporiser, when vapour phase hydrogenation is
used. The hydrogenation vaporiser can be operated so as to
vaporise the dialkyl maleate only partially and to récycle
30 the unvaporised material back to the vaporiser, thereby
concentrating the héavy impurities in the'unvaporised
material and enabling the heavy impurities to be removed in

a purge stream.
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10 derivatives, such as maleic acid and fumaric acid, are
hydrogenated to form a correéponding additional amount of
butane-1,4-diol, y-butyrolactone, and tetrahydrofuran.

The novel process of the invention has the important
benefit that the capital cost of the plant can be

15 significantly reduced because it is necessary to recover
only about a half (typically about 40% to about 60%) of the
maleic anhydride in line 4. Hence the subsequent solvent
recovery unit 12 and the purification section 14 can be

'correspondinély reduced in size and can be operated with

20 reduced operating costs. _ _

The process of .the invention also results in a higher
efficiency of maleic anhydride usage because less maleic
anhydride is lost as fumaric acid. Instead such fumaric
acid is largely contained in the crude condensate in line 27

25 and is coﬁverted to butane-1,4-diol, y-butyrolactone and/or
tetrahydrofuran in butane-1,4-diol plant 17.

Vanadium-phosphorus-oxide based catalysts are unstable
in that they tend to lose phosphorus over time at reaction
temperatures, this loss of phosphorus having a tendency to

30 accelerate if hot spots should develop in a fixed bed
reactor. Accordingly it may often be expedient to add a
volatile organophosphorus compound to the partial oxidation

catalyst with a view to providing catalyst activity
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1,4-diol unit 17 of the plant of Figure 2, it is preferable
in this case to include a guard bed of a phosphorus-
absorbing material in line 4 to absorb any traces of
phosphorus-containing material that would otherwise have a

10 deleterious effect upon the hydrogenation catalyst of
butane-1,4-diol unit 17. Conveniently such a guard bed can
be a bed of spent vanadium-containing partial oxidation
catalyst. The temperature in such a guard bed should be as
low as possible in order to maximise phosphorus absorption

15 but above the condensation point for maleic anhydride in the
stream of line 4.

The condensation surfaces of condensation unit 5 may
become fouled with deposits of maleic acid and fumaric acid.
It is preferred to wash these with methanol. The resulting

20 methanolic solution containing fumaric acid, maleic acid,
and maleic anhydride, besides monomethyl maleate and
dimethyl maleate formed by esterification, can be supplied
as part of the feed to butane-1,4-diol unit 17. This has
the advantage, compared with the potentially hazardous

25 conventional water washing procedure using water and/ox
sodium hydroxide solution that production of an agueous
solution of maleic acid and fumaric acid or sodium maleate
and sodium fumarate is avoided.

In an alternative form of the process of the invention

30 the C,. hydrogenation feedstock is maleic anhydride or maleic
acid instead of a dialkyl maleate,.such as dimethyl maleate.
In this case butane-1,4-diol plant 17 comprises a

hydrogenation unit containing a hydrogenation catalyst, for
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4,048,196, 4,083,809, 4,096,156, 4,550,185, 4,609,636,

5 4,659,686, 4,777,303, 4,985,572, 5,149,680, 5,473,086,
5,478,952, and 5,698,749. Such catalysts are preferably used
under the appropriate reactlon conditions as disclosed in
those prior art spec1f1catlons. The dlsclosures of all

specifications mentioned above are herein incorporated by

10 reference.
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_QO!FB(low&I()_gokﬁydrlde, water, unconverted hydrocarbon feedstock, and
carbon oxides;
(1ii) condensing a part of the maleic anhydride present in
the vaporous reaction effluent stream in a condensation zone
to form a crude maleic anhydride stream;
(iv) recovering from the condensation step (iii) a
residual vaporous stream containing residual amounts of
maleic anhydride;
(v) absorbing further maleic anhydride from the
residual vaporous stream of step (iv) by absorption in a
liquid absorption medium selected from an organic solvent,
water, and an aqueous solution;
(vi) recovering from the absorption step (v) a loaded
liquid absorption medium; and
(vii) recovering maleic anhydride from the loaded liquid
absorption medium;
and wherein:
said at least one C, compound selected from butane-1,4-diol,

y-butyrolactone, and tetrahydrofuran is produced by steps
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(1x supplying said C;. hydrogenation feedstock and

hydrogen to a hydrogenation zone which contains a charge of

a hydrogenation catalyst effective for catalytic

hydrogenation of the C4. hydrogenation feedstock to yield

said at least one C,; product and which is maintained under

catalytic hydrogenation conditions; and

(x) recovering from the hydrogenation zone a

hydrogenation product stream containing said at least one C,

product;

characterised in that condensation of maleic anhydride is effected

in step (iii) in the presence of a liquid condensation medium
comprising a liquid selected from maleic anhydride, monoesters of
maleic acid, diesters of maleic acid, and mixtures of two or more
thereof, and that material of the crude maleic anhydride stream of
step (iii) is used as the C,; hydrogenation feedstock of step
(viii) or is used to prepare the C,, hydrogenation feedstock of

step (viii).

2. A process according to claim 1, characterised in that all of

the crude maleic anhydride stream of step (iii) is used as the Cg,
hydrogenation feedstock of step (viii) or is used to prepare the

Cy+ hydrogenation feedstock of step (viii).

3. A process according to claim 1 or claim 2, characterised in

that at least some of the maleic anhydride recovered in step (vii)
is used to prepare further C,, hydrogenation feedstock for use in

step (viii).

4, A process according to any one of claims 1 to 3,
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(v) is selected from water and an aqueous solution so that the

loaded absorption solution contains maleic acid and that at least
some of the maleic acid present in the loaded absorption medium is
used to prepare further C,; hydrogenation feedstock for use in

step (viii).

5. A process according to claim 4, characterised in that at

least some of said resulting maleic acid is first concentrated by

removal of excess water prior to use in step (viii).

6. A process according to claim 4 or claim 5, characterised in

that maleic acid present in the loaded absorption medium is mixed
with crude maleic anhydride of step (iii) for use as or to prepare

the C,, hydrogenation feedstock of step (viii).

7. A process according to any one of claims 1 to 3,

characterised in that step (v) comprises absorbing vaporous maleic

anhydride from the effluent stream in an organic solvent.

8. A process according to claim 7, characterised in that the

organic solvent is a dialkyl phthalate or a dialkyl
hexahydrophthalate.

9. A process according to claim 8, wherein the organic solvent
is dimethyl phthalate, dibutyl phthalate, dimethyl
hexahydrophthalate or dibutyl hexahydrophthalate.

10. A process according to any one of claims 1 to 9,

characterised in that in step (iii) said liquid condensation

medium is sprayed into the vaporous reactant effluent stream so as
to form a mixture of crude maleic anhydride and said liquid

condensation medium which is used as, or to prepare, the C4



U& ()-fs10% U& ()-L10% U& ()-10% U& ()- @, 10% U& ()- 10 hdmQE:/ 10 hl" 10%
U& ()-Y10% U& ()-!110% U& ()- 10% U& ()- 10% U& ()- 10% UR'((Y -ApROGEE: / 10
h,.10% U& ()-+10% U& ()-9* 10% U& ()-(10% U& ()-940% U& ()-$- 10%

U& ()-Fo5tdE:/ 10 U 10 U f; T 10%

27

hydrogenation feedstock of step (viii).

11. A process according to any one of claims 1 to 10,

characterised in that the C,, hydrogenation feedstock is a dialkyl

maleate which is prepared by reaction of maleic anhydride with an
alkyl alcohocl to form a monoalkyl maleate which is then esterified

with further alkyl alcohol to form a dialkyl maleate.

12. A process according to claim 11, characterised in that the

alkyl alcohol is methanol and the dialkyl maleate is dimethyl

maleate.

13. A process according to claim 11 or claim 12, characterised

in that the hydrogenation catalyst of step (ix) 1is selected from

copper chromite and promoted copper catalysts.

14. A process according to any one of claims 1 to 9,

characterised in that the Cg hydrogenation feedstock is maleic

anhydride.

15. A process according to any one of claims 1 to 14,

characterised in that the source of gaseous oxygen is air or a

mixture of oxygen and recycle off gas.

16. A process according to any one of claims 1 to 15,

characterised in that the hydrocarbon feedstock is a butane

feedstock.

17. A process according to claim 16, characterised in that the

partial oxidation catalyst comprises vanadium-phosphorus oxide.

18. A process according to claim 17, characterised in that the

vaporous reaction effluent stream is cooled prior to step (iii)
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in the path of the cooled vaporous reaction effluent stream prior
to step (iii) thereby to remove phosphorus-containing materials

therefrom.

19, A process according to claim 18, characterised in that the

phosphorus-absorbing material comprises a charge of spent

vanadium-containing partial oxidation catalyst.

20. A process according to any one of claims 1 to 19,

characterised in that the catalytic partial oxidation zone

comprises a fixed bed reactor, a tubular reactor, a fluidised bed

reactor, or a moving bed reactor.

21. A process according to any one of claims 1 to 20,

characterised in that an alkyl alcohol is used as wash liquor to

wash condensation surfaces of the condensation zone to remove
deposits of maleic acid and fumaric acid thereon and that the
resulting solution is combined with the C,, hydrogenation

feedstock.



