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PROCESS FWB 9bHBs2REPARATI ON OF BUTAMWHHMWHMM ACTONE ARBT/GB99/00881
- TETRAHYDROFURAN Thi s invention rel a oduction o 7bs§,,ar}®21, 4di ol ,
Y-butyrol actone and tetrahydrofuran. Butgge+ 1, 4-diol, togethel w
vari abl e anobunts of Ybutyrol actone and tetrahydrofuran, can be produced by

hydrogenol ysis _of diesters of nmalefic acid, r iy Ap FEFR ARV BROFURR
thereof, orPRO ERYRRIGETSERARAIION OFn%LfTéiNémgﬂ‘hByWeﬁf&%%ngﬁ%r Use of N

but ane- 1, 4-diQ]: J S for t plastics.industr rticularly
" for the pr odt}g{liéo?\”g?e%ﬁcgﬁgf%l?%ﬁgst é?eEﬁFhBFSPBF%ﬁP“i ?Sftalb\s(‘gcag‘%eal'a&éj an
i nt er nediiatle fyorbuther gt acitiohé oandf t¥epahydebdctrane and of the inportant
sol vent, tetrahydrofuran, Malefic aphydride is normally produ%ﬁg by vapour

phase oxi dafi"GrRR " b hy it Otar bOACFBEASHER, VALARDAE BERHEE IR X6d C4

ol efsi NS Rk YIRS At HE: PLRFADEEULENA Rah! bRl pRWdAtd P Lat al yst. In
the partial oxidation of benzene there is typically used a supported

vanadi utrydevastialey et ab ¥ sdipsoavsedinineheMb03cadd Sowwidiloy astigerand
pronoters.. T j te ture is from about. 4 10 a 455C and

t he rea&ifc&#r}%rgé%%%g&s' f%renggbgﬁgr?gsg?j ?’8’5b§tgt “%qgéé'rc, a\ﬂ%’%gerla out 4
tinmes thenies eidcadf apwtahe of , a-8ibs Usedsi B geddstiorkstfayr aHiesi de the
explosive lints., The contact tine_is_about 0.1 s. Wen the feedstock is a
m xed CRIGISEHGE f Tot%; PREFIGUARKEY BRFeRBS PESFMTIEION (Hen the partial
oxijgat i 16ah alySdndBye PEoNARATL U, PeRLOXdg ) SHPRREWEE LR A Ui na.  Typi cal
reaction conditions include use of a tenperature of fromabout 42SC to
about 483Cexmedigtestorethé Produabéon ©L7¢-batyrolapsgme? 81 tf .thhe

vol une r.atiQ of .ai but epne be .about 75:2 in order to stay bel ow
expl osi VEPOTHYY éﬁ&?wgti'\:/%€§glﬁ¥dfgf86§§i'bl e, according to nore nodern
practice, toMilsdgn dhiey@rbaé £ hbghasayl phacgheeyn $5f &grammtpsean be
achi eved, despite the fact) that the feed m xture of air and butenes_ is

wi t hi n OFé-dat Agn goff 4B8gBYAS0PRTPRROSREISEPCL 7 SYED AGULPFIZARRDI B XG5 t 5.

I n jshe S :n--bu ¥ st St el ! | y vanadi um
pe#ﬁoxigg g%gkfﬁg'rgggg}%ﬁgﬁﬁg%t?%ﬁ%h%ngf%%%ﬁ%%eégféab¥gﬁggpature of from
about 3sbh@datiaboutadadlgsand anptbsspeetdblf paidalidan bibdrertzerebout 3 bar
The air:n-butane volune,ratio be about .20:1, .even thaqugh this may be
Wi thi n EREH SR T Th Y s oo bdBCPBR 6P J2PRER FO P TR 1 al

oxi dat | @at=0a6dt RO GEEhVEBDL Cahd t YHESi SN 6tRdedpbymatieasket Thar ough

which a nolten sait is ci-rculated 1n order to control the reacgtion 10
t enper ati@dction temperature is from about 400°C to about 455°C and

20 the reaction pressure is from about 1 bar to about 3 bar,
while about 4 times the theoretical amount of air is used in
order to stay outside the explosive limits. The contact time
is about 0.1 s. When the feedstock is a mixed C, olefin
feedstock, i.e. a mixed butenes feedstock, then the partial

25 oxidation catalyst may be vanadium pentoxide supported on
alumina. Typical reaction conditions include use of a
temperature of from about 4255C to about 485°C and a pressure
of from about 1.70 bar to about 2.05 bar. The volume ratio
of air to butenes may be about 75:1 in order to stay below

30 explosive limits. Alternatively it is possible, according to
more modern practice, to design the plant so that
satisfactory safe operation can be achieved, despite the fact

that the feed mixture of air and butenes is within the
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In each case hot vaporous reaction mxture is recovered fromthe exit end
of the r¥&F

96‘28%i ch conprises nal efic anhydride vapour, R&T&BIYES8Lr,

-carbon oxides, oxygen, nitrogen, and other inert gases, besides organic

inpurities 15 such as formc acid, acetic acid, acrylic 3ci dg am
unconverted hydrocarbon feedstock. One y of recovering mal e’;i C anhydri de
fromsuch a reaction mxture is to cool it to about 150C using a

st eanpro i r .and then | urt her_ to abgput .60C by 20
cooling T g%g%?%ét f\?}\‘g}g?,.i negr aérg t(é%%gor? e%‘sg paarrfe o%gtﬁ%e%\:%?]i:b éfle

anhydri deataYpiealiky tgbauh139% haadhatt pedtesfiddearml e craabydshde
present. The remai nder of the streamis then scrubbed with water. Scrubbing
with watEPRottwPRA aRcaydeodsessfufi 58TBRTES UHRY FLoBe3BPRBedSOfor

exanpl e, 4N Sy A- 263848 c [ Wt d rggiy]pt'

sol uti ont ofamailefi géagi énahsgcﬁr%g?ggnegeﬁsgr at eéﬂ,\'&bgL I st |tlfclf’)|nan%&\1/\n@t?1

xyl ehe, Bar.exafpkeaiseonabuteneenolameheandtemagnde eabonm 2hel andyeni de. A
di sadvant.age of _such_a procedure, howewver, is.that. an 30 upacceptabl e

pr oporti%}ﬂg‘dggt ﬁglﬁr B‘BMcger é’ﬁgg’ﬁg i“hSt A ab’ﬂb%ﬂre éﬁd@%sl n 244 ?'Igﬁh?nsorre of
t he mal ebf cragitloks forekubabbY rirS@NELKS @d thieH W dtei s deorpei bypr oduct

fumaric aci d.reSresents a | oss of valuable malefi c¢ anhydride and_.is WO
991 48852VEEFiLEBIOrBPES] sEryosERed by 3 digckietulth @ gRcevEEn RoRPLREN

process systedlsticeuhbebdnds obel 0Ly Bl ik Msses; hi ch gi ve rise
to process problens. Because of this 1sonmeérisation problema variety of
ot héd anbgdpewstserubbi ng |iquids have been proposed. For exanple, dibutyl

pht hal at e has_been proposed as _scrubbing liquid in GB-A- 727828,
CB- A 763339, ARdSEEPACTERSS1 Fot & AP TA BU B FHH Al THEE W5Rt AFni ng up to 10

wei ght "/&Eébbféklaealg%)hd'th@:? i3 £S egIe Pred Heh Adarr G LddDSn ESmAr3§4§680

teaches use o normal l'y liquid intranolecular carboxylic acid
anhydri d8aledchaabydridden yaeeuEhawe tE@2 vEPQikersdrRemseridesd S¥EERAI C

anhydrid [._abs ti f .mal efi hydr.i de o) . re [,Qn, aLxt ure
exiting 5%5% F |’ag5%xi°§ae%oﬁgr%§§c c%rs%%Tr ;%cersceiscﬁé p%%é%ﬁé%egﬁ%ggggg%é
propssedsheh bbi Sopwiposeid) BRetidAabidhoker ietdylidf eangdht hal ate is
suggested for this duty in JP-A-32-8408 and di butyl naleate in

JP- A- 35- ¥REORVATKEGh hYerecarRernwdsqfS iR -as scrubbi ng sol vent is taught in

US- A3040059, gl @r_agg'd%' %%%%%%iﬂgfm%ﬁécar%:?gdw tBom such a

di phenyl pent achl ori de. Use of an omati c hy carbon 20 sol vent having a
mol ecul areweitdion betuwser 130 tandotd0 ianda Awitt NS HoE Nesthova 34€@nat a

t enper at ure .abqove the dew_paj nt of water .in the vaporous reacti gpno.ai xiure,
for exanBF B o8e, FiEamTb s R qoosnd 11 FreseBosesa6 =500 gt o of
mal @i ¢ aBbydhicde f ERYAIE YAREOUS PfddBltoXdchadenser paeti of 2hem xture
i n di met hyl. benzophenone_ followed by distillation is described_in

US- A- 3850288 P e aBHfaTdne APt |2stto abPBEL P8R 6F Whfch

ol et ¢ ARRyan e YRR R e USR5 ol Fy [ ShERa a6 ot er s

havi ng Cthea Gexidbbdd 38 tgr ugrerand a total of 10 to 14 carbon atons in

react [on’ mi vt P08 AHDIBICT AT U U STRDRPEarDIRACEE S8 d, for

exazsl e @Ry hexptneariontd hal it @axampld\O 991¥88R22PCBLERBI9/ GG
scrubbing results in production of a solution of maleic acid
which is then dehydrated, by distilling with xylene, for
example, so as to remove the water and re-form the anhydride.
A disadvantage of such a procedure, however, is that an

30 unacceptable proportion of the product remains in the vapour

phase. 1In addition, some of the maleic acid is inevitably
isomerised to fumaric acid. The byproduct fumaric acid

represents a loss of valuable maleic anhydride and is



1 7 SEP 2002 is suggested as absorption solvent for malefic anhydride in
ZA- A- 80/WQA7/48852 has al so been proposed to effect direct RongBsm@esion of
‘mal efi ¢ anhydride fromthe reaction mxture exiting the S partial oxidation
reactor. However, this procedure is inefficient because ai UBBR cgyt abl e
proportion of the malefic anhydride remdins in the vapour phase. The

mal efi ¢ anhydri de product recovered follow ng condensation or by scrubbing
or absor BEESACHAG EPsEECCYETF TR ddif IFAF SRS satb§ T edineehydr 5§8d&ti on to

Ind totr ShyaoePur At TSa date AT N h el OO B R 80974047 the

di scl osupeobflemi.ch i s herein incorporated by reference. 15 Alternatively

the recovered_nual efic nhﬁride can then be reacted with a suitable C to
C4 al kanol, sHEARHSENGEN&ENGS FSWHEHTACIAD BAD LR 2 ¥3F+E5¥oRAi REDEF- (CL

to Cqg a'Eﬁhgﬂ%b@@t%crdﬂﬂf%gﬁlﬂﬂgﬁéé3ﬁg%éﬂ dn SBb5sEEq TRY Fe@NERLRRReM NOT
amount of the corresponding di-TCl to C4 alkyl) tfumarate, 20 besides traces
of the cEibuspdnphngadete (Gs thea raldpdsed e esteubpingr Ligmadats. The

o (O B Rhaabia, B saucan Lo b i ecdef | o lydioospol s (o

yield a mxturé of butane-1, of

Y- but yr ophchadetendchetaiaiydy afgiran, 1 depgifitn e upethihec2onhydrogengkysi s
condi tions that gre sel ected, and of the Cl to al kanol which can be

recycl edSHEIEEE8Hc e WSrierd Mit4%Er t T -2184868 ref 23¢2eSPREReSEed and

planf fo 130N 3 di [ Lde are
desgpi begfﬂ?%rl Qgggﬁpalhéfa ilglt?fgd nﬁsllg,gu Sg%tfebzon%};?# {%ﬁéQ%ng§¥gEéThl s | ast
ment i onegudbcasent bdesahiade sha igo|Qypms raddctmyl comb st htuged phorcahity of
esterificatian.trays each having a predeterm ned Liguid_hold and

cont al ni ABPXAE ARG EGE ARSOAT et o FRLRY b rrrt s 907 45883 Bhe

PCTI GB99£@@%81on mifERr20@%kicalm) WHe PR A5 S0 dLPiSKCPaRBEOkESI N

cont ai ni ng pendant _sul phonic acid groups. A liquid phase containing, for

exanpl e, TRi€aLEYRy PhesRFRE ec ARFoRann HrepP sRwnE @het b URBTPOSEOAROAR-
et . . .
est qil '%a?.ﬁggotlﬁa}y ga%nfalfin e@eéegéﬂha%%ﬁ%% ”{%ggg‘é‘sée{ip%?‘%ﬂgsshh%m 0

vapour o I"ower conpo € es T cati on reagents,
t ypi cal | int b®-Et 3R6 8@4 salakeh@ibuitle maifesasd ein fJRaA+ BB-T7860enpRetifbhom t he

top of the.colym reactor in a vapour, . stream_while, ester product i
recover eBoleSHﬁFEewﬁﬁk‘%of”%@sr é'c’f"&b.l% M ¢ Gut S ’Ff“dﬁgtdéﬁnu%g'lo
trays it3ea00uRt eihiRoWsedsiiggd 3o ifodiacd | H-@9dhsi agnand the

esterification reaction is driven furthér towards 1000 ester formation.
Thi s col dapheaydrentapplerids | oltae B @paliatatnic rkrdroraspenati ng under

i quiad p agtl ngj t-i ..t he .ester.-cont ai nj e f he
bot tﬂgm oggige%’%’e%%glq‘%ﬁi%r gdz?c e(;.Jrlr':jbaezlt ﬁ"gel %eat‘?’/\??% #%gt %%?i %@Ot (%Rgdgal kanol
prior tobadlisg eoint tEkeveolliddfingt eadlstpe Muraisasoder thBedpwoduct i on

of adi- (ClLto C4 alkyl) | eate, the columm reactor can he precedid by a
non- cat aP&gr‘t’-PE RN & r il S OFRRVRUDITGF WRR MRE8F e &RKy 8FPERLES

reacted witdridarGhimdt 20 Aldditled il i 4052968386 . 2naddegedatbist to
formthe mono(Cl to C4 al kyl) nal eate.
maleic anhydride from the vaporous partial oxidation reaction

25 mixture in dimethylbenzophenone followed by distillation is
described in US-A-3850758. Polymethylbenzophenones, at least
a portion of which contain:at least 3 methyl groups, can be
used as liquid absorbent for maleic anhydride according to
US-A74071540. Dialkyl phthalate esters having C, to C, alkyl

300 groups and a total of 10 to 14 carbon atoms in both alkyl
groups are proposed for absorption of maleic anhydride from
the reaction mixture in US-A-3891680. An ester of a

cycloaliphatic acid, for example dibutyl hexahydrophthalate,



The hydr ogeswadggsan of di al kyl nal eates to yield butanel, 4- qicﬁ‘llc'g@/ﬁ%ﬁcussed
further in US- A-4584419, US-A-4751334, and WO A-88/ 00937, the di'sclosures
-of all of which are herein 2~ incorporated by reference. In WO A-97/43242 a
process is described in which malefic . anhydride is absoB?f$Fgrmng hi gh

boi ling solvent having a boiling point 4hat is at |east 3 I gher than
that of ' malefic anhydride at atnospheric pressure, for exanple 30

di met hylisphitpjeaited Aerabserpei ehi soaneydr ifde ma lidie raswdii@esphution is
esterified to formthe corresponding di-(Cl to C, alkyl) nmaleate, which is
subsequédt 1y &X/2fed from the sol ution using a hydrogen-containi ng gas

streamto WO %ﬁlﬁﬁ% Opddd/ 5@8%699&8%079_ f%'épth%ig.qgeé't.j eéé’né‘e?f%&’@ic?ﬂs

m xture which 1s then subjected to vapour phase hydrogenation. sirmlar
procedurd imalghicrantedesderffomathenrstepiion odixther: andt hegnehefic

anhydride is stri fromthe solutjon in the high boiling splvent and 5
b bet SR n OSSR Bnat FONSVE g0 Lh T SGr B A0TF 43254 1 1
woul d be ries ir@kif teddPsoVant irapreguablen pobodiitang: lo#, cHkOhaleic

Y-butyrol actone_and tetrahydrofuran, fromnmalefic anhydride by
hydr ogeattivsiriden yriraies| B¢ Fhewsapr@uberb@s@esirabl e to reduce the capital

cost of Cons%wﬁiﬂéﬁgf%”%ﬁ@ﬁ?ﬁ?géfﬁgPaﬂgta&Q%Jv%fé ;égzéég%égnning costs)

t her eby naki ng ane- utyrolactone an furan nore
readi | y cotaidraddteion tomany dsatsbbbagdesi adlsbepird cai id fgishel paodont i on of

15 hutane-1,4,-diol, y-butyrolactone and tetrahydrofuran, frommalefic
anh ricf@rbﬁt%hﬁ-ilén% BPKHY rmse&ﬁ&qw&&g&ﬂ@&%t%%fwrn

particularc) t Wyl chde Geshrobl-8ab0er adiea N LANHA y£OBd c@bnsORRAT UCti ON
of such a plant "and al so to reduce its running costs, "thereby naking

but ane- LetxEhyfirnfunanput §3 oflescshbedndnt SSr-aAmpdrddidlarembre readily
avai | abl td ordin pect. of .the .present. inv o) I, nprove
the pro c'tgl-oon‘-’lé%t%ﬁ%-g%%?fglsggg QEfbl‘f}‘;J/rcgﬁ act g'heér%alh% Jtrg'%]ctr)%gﬂég Jlijran

f rom malpf i e Porerttsd de. 25 It is also an object of the present invention to
sinplify the production of butane-1,4,-diol, Y-butyrolactone and
t et Fahydr of urfskk S5 HEE Y | BRank9aPvesesy meHeiq yydnidy aRrRyFyengPRat e

hydr ogenol yl sy e a ALLELBEL 801 E5!cl S SNICe LReAEaRELBanbIS brOf
construction of such a plant by 3b reduting S|gn|f|cant?y t he nunbers of
di stil | attilamalb) unmsy datdt biee acounespbndiimer Aguiqanent G,eglikyéd. It further

oK SEe I 0BG SORL g Bl e chel BLORHSH! nnabalt
- - amount -of the corresponding di-(C,-to C, alkyl) fumarate,
20 besides traces of the corresponding mono-(C, to C,
alkyl) maleate and/or fumarate. The di-(C, to C, alkyl)
maleate can then be subjected to hydrogenolysis to yield a
mixture of butane-1,4-diol, together with variable amounts of
vY-butyrolactone and tetrahydrofuran, depending upon the
25 hydrogenolysis conditions that are selected, and of the C, to
C; alkanol which can be'recycled to produce further di-(C, to
C, alkyl) maleate.
Processes and plant for the production of dialkyl
maleates from maleic anhydride are described, for example, in
30 US-A-4795824 and in WO-A-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 solid estexification



7 1 7 SEP 2002 tetrahydrofuran nore readily available. According to the
present iKQA88A there is provided a process for the prodB€T/CEAYM8Iat

"l east one C4 conpound sel ected from butane-1, 4-diol, Y-butyrolactone and 5
t et rahydrof uran, which includes the step of hydrogenation TihSERe2g@pour
phase of a C4 dicarboxylic acid derivative in the presence of a

het er ogeneous hydrogenati on catal yst, said C4 dicarboxylic acid derivative
bei ng sel ected from mal efic anhydride and di- (Cl to C4 alkyl) esters of a
Cl to mcféagiyéﬁ'r'bﬁkﬂﬂ &5 8, FHhi TP esEeE ﬂpFPEléé?n(l&g/é’&?tdé&ti ng a
vapor ous st 8mMicoRlcaiNigibur ef ix anbyds| gﬁagépeﬁﬁta%&ﬁlb_,vw}ur , and

carbon oxidés in an absérption zone with a first high boilNing organic

sol vent lexampgea loidamipxydiim aaidteospbeent pflewsudewnhitdle icolamn east 15
about 30C_hi gher tg%% t.hat %j the C4 dica%ROXélig aci d_derivative thereby
Lo for m &7SB1 G0 S e e URHYRY eS| hoE BeTTr 360°RTg R BorBrig 5r G ¢
sol vent ; uplFll owdeRY &ftirGnt IO RDSOF PEhON1EREE Bowasheg @ampohne@dMof
containing a mnor, anmount of said first hirgh_boiling 20 organic solvent;

(c) cont &8€ §§ “ERe SAERTe QP F SRFHUNF of C¥P 2Pt hY FheaCscEabbi gt with a
second hi I i ; ; ' a 1] LN, zat yat ric
pressur eb\%%ie?ﬁ o!rs %%tt%{rg'gg't&3%%rﬁ%‘%e€é¥ g%dt F]gte{noF Htg hgg:p i trOsLt tt%% ﬁa‘ﬁ‘%

boi | i ng oegatics sal wentapathersinean, fwnibla estati pmodlictthe. sf inestovieixgld

boi ling qrgani ¢ solvent in.the second high i 1tng organi c sal vent .and to
Jreld s MR GRmATERE Tif SRGVRr 1 ngtFi FOF MAHIAOEIONS S5HTembe rom

t he 190l Utcir@R,s3Q toferiRMte®s tfodLeyEliPel P b eBr( 2bactebn @eydiitignisesi dual
second hi gh boil |e(r;?t solvent fromstep (d)"to step (c) ; ' (f) purging

washed waside tdes &gt estidi) QA OMVENDEDL SREES drWen9 FA88H2 T8 tRERTEE99/ 00881
't nocesenty Ber iR I Dot E U SRR B o, L BT )
sol uti onaofpcddishiGg diezarduox \Wperaci gy dendeat Lyeuid phask retaduighh boi | i ng
SO|Vent\gJHéf%ions, the ester-containing stream from the bottom of
15 the column reactor being admixed with further C, to C, alkanol
prior to admission to the polishing reactor. When used for
the production of a di-{(C, to C, alkyl) maleate, the column
reactor can be preceded by a non-catalytic monoesterification
reactor in which maleic anhydride is reacted with the C, to C
20 alkanol in the absence of an added catalyst to form the mono-
(C, to C, alkyl) maleate.
The hydrogenation of dialkyl maleates to yield butane-
1,4-diol is discussed further in US-A-4584419, US-A-4751334,

and WO-A-88/00937, the disclosures of all of which are herein

N
(95

incorporated by reference.

In WO-A-97/43242 a process is described in which maleic
anhydride is absorbed in a high boiling solvent having a
boiling point that is at least 30°C higher than that of
maleic anhydride at atmospheric pressure, for example
30 dimethyl phthalate. Then the maleic anhydride in the
resulting solution is esterified to form the corresponding
di-(C, to C, alkyl) maleate, which is subsequently stripped

from the solution using a hydrogen-containing gas stream to



5 gaseous stream contai ni ng hydrogen thereby to strip said C4 dicarboxylic
aci d der WRP¥48852 herefrom and to form a vaporous stream cdgIVGEBINg8Hydr ogen
-and said C4 dicarboxylic acid derivative; (i) contacting rTE%eri al of the
vaporous stream of step (h) 10 in a hydrogenation zone undef $Pdeogenati on
conditions wth a heterogeneous hydr ogegati on catal yst thereby to convert
said C4 dicarboxylic acid derivative toYat | east one C9 conpound sel ected

from but ape:z |, a-di ol, Ybutyrol acto;’e, and, tetrahydrofuran; and 15 (j)

r ecover i Ay EPom VREIRRID G a prichrret SPieareeoRPaVAPAYTsai d at
| east o o Q% : S he OCHSS I t] i's

opt i onar}';ghgﬁﬁsﬁgﬁe ndait(r:kac?'rgbx;%i C am%’I c%frk?%%wgg %ﬁg‘fﬁ%(gﬂség%ect ed to
hydr ogenasteniifa csttar( igt amani Heomit efd carxhhylule i eleici &énbpdr28ebésa di -
(C1 to A4_alkyl | eat fumarat e or mxture of ,di (G to C4 al kyl)

nmal eate,sgﬁégﬁﬁét g%a?ﬁbl/@ef RARH ]’I;hgtl?/ea %liﬁsb%’tf?sé% 8?8¥F85 6835 of the
process ehbthetedver ivbdisr R abldryaicesn bys PaesEat Loyl dat wenaaf a
hydr ocar bon feedstock in the presence of :a partial oxidation 25, catalyst
usi ng noP éééPBaR4oxygen, typically in the formof air. The hydrocarbon

f eedst ock can;he ' ; [ e ] st
preferably n- %Et 5}%3{1%?% u%%%?%ﬁﬁ%%ﬂ%’g%%d?%%m oﬁgg{ééégtg‘gk IS

current | pupaekenr,ad iosi t he-lrtoprmkaoforeosindi teerahydsofuehaapétom
f eedst ock than 30,benzene .or .butenes. Hence in the E;oc ss of the inéenti on

the feedSFOERC USEFNT T FHAY GPHI TP al ef P PRRRYAFTEE LontAFAFNGS
vapepousaskheamel t efedide | ShdOSdp ¥ £ X 8Dt Vo AbULABE-ARE; bHEoEakALKST 1S
preferably vanadi um pentoxide. _ 99/48852 9 PCT/ G B99/00881 1 7 SEP 2002
Typi cal papPipar gadalsm tormedyensits rumringsecsnsl utbeysbyohaking

t enper at f _Lrom about 3¢ 450C. and_a_pressure_of from about 1
bar to a%%g ?1§ %a% dz?ah'ncjoiz;’l réﬁg&}%ﬁ%ﬁgﬁg&?%t?%do?e?T%ﬁrY(gBSgPrig: T.OE?' 0 about
S0: 1, e.geadhayt avadlldbland a partial oxidation catalyst conprising

vanadi um pent oxi de; the contact tinme is typical li/' fromabout 0.0l s ta
about 0.5 s, éfgWobshta¥sa Re desirablexteasimnalbfvt keenpapeegrpsn of

f eedst ock,,i QRVEeNI i e o i Lses tical
10t bes Birreanded By a1 acket Thr Star o re o eEr e apag AR e Ao Lo

i n ordermadedentmilydrixdie eaetilmn denpey atourd. aTkglyapeieasest ream from t he
partial gxi.dation.reactor can then be cpoled by external cqoli.n iLth

bor | er 1 BXHEREEBR 1 T o e ot ® R posu BF y L6l ¥BEbY PR BREr SeRLE: A8
cool i ng wetlickd t@eOldi6h el efod® Gf t CORESF BhEF EohNot heukANEepQhntr amdabout
.60C to about 160C _In step (a) of the process of the invention the

vapor ous@kgPefticc TaHIRR | HeS sTWRRkRY sCples er tbeyebynrakieg RRERNENE i st

hi ghaboi L4k sQ)_ e j 0 out 60C to
abog'? 16 %,Bg'ﬁrgfera Ilf/éjf%‘%rﬁl%o%l?ég%%%%%%oﬁfggggcgggﬁdrétgagh ressure of
from aboatvaillladmlet.o about 3 bar so as to forma solution conprising malefic
anhydride in the first hi(gh boi i ng sol vent, Tge contacti n% can .be carried
out by bubblifd§ e FSPFHRILY r2BnPPIeotghE atB8dYTEFess ERYSAASR Fi%h

boi | ing sebverle tid sredhyelyntde bhtste bt g bakbingysshyorblaat e
sprayed into the vaporous stream Countercurrent contacting devices can
al so be amnfl dpagadedfurae Bseendrhglivapphydsidereamis contacted by a

Contacti ng deviee GueR® aim A heRE PECPhE oy ERbak, 1B R 2Rkl over

provi dedsumtdl itfiyayshe | prodist strpof hputanst 1haghdbioll, i ygbaalywelacudre

typically e at alover.ienperature than the vaporoys sfream sg that cfhe
alkyl) maleate hydrogenolysis route. A further object is to
reduce the capital cost of construction of such a plant by

30 reducing significantly the numbers of distillation columns

and the amount of other equipment required. It further seeks
to reduce the running costs of a butane-1l,4-diol production ‘

plant, thereby making butane-i,4-diol, y-butyrolactone and



WD 99148852 10 PCT/ CB99100881 1 7 SER 20p2+1 m°fhes reesulti'ng sdl W torg of
mal efi ¢ anhydride in the first high Boilirgs SebVent’.t.la.c8ncehssation of
“mal efi ¢ anhydri de may range from about 100 g/1 to about 400 g/1. The first
hi gh boiling solvent has a boiling point at 5 atnospheric pveggug@ that is
at | east about 30C higher, and preferabVy at |east about 60C to a 8ut 70C
hi gher, than that of the CS dicarboxylic acid derivative, i.e. malefic
anhydri deefrédhgdepfugani soori reed) logr availafl.to C, al kyl) nal eate,
fumarate or nixtgre 0z a gi- &CI to G4 alk ]% ng*eate, 10 succi nate
and/ or fumar 2RECPFRLBFepC( §itCi Pref@fdediventioy Bhrebet hé BESY¥LIERE: a he

second high-bei! EBg eakVERbARAT 2P I\I POLOE Ghe AEMSRRSLLL Pressure
t hat isq%t ?east about 3%0 highér, and preferably %t i east éﬁ%ﬁt 50C to

about 70s=héghed, framnbuhaneofl  #halifdl sty Hhgtybolachgnsokudnt. 15 As

| f_sujtable_high boili | vents, f whi ch, the fi .and d
ol Vot o CaFE BEOEBr 85t A, “REre CETUAS TeRT CMERE F bURYTE BRERAFAFE 5
tricresythghespbatephdibuby¥l ame, eal eardoiiyai celge | Wel wihke WaxX, £ BB

aromati c hydrocarbgon sol vent having a npol ecul ar wei ght between 150 and 400
and a 20PEBFERAG Pbi At REEEYEILAGCUS JEERIRBEHOY| PRR2ENEL  afd 16l &:ky!

phthal al g e9tE0RyAK! 80,6 ake1GR AN InOUPS. POdc 8a! PEEL RL1L0CL0 14

carbon atons In yl groups. np sters can be used as
hi gh boi Anhgdsb8eeandi dékude do- CC alloyTh akkgky plit halCates, Csuch as

di hyl .25 thal ate, di,ethyl, phthal ates, di-~1- or -iso-propyl phthalate,
ang?éibu?&Fagﬂ?HXhéFe?capJ( NLCHR BFUFIT )CLBRELE®Se. g. dinethyl esters, of

other ar ‘()H?t | 60AEhEE i ngUBNvaH ALt Zm Sc HRPHL ABhgnRadbear Qﬁlﬂézlcﬁii%e
diesters of cyclic aliphatic diacids, such as dinethyl 1,4-cyclohexane 30
di car boxyl at eVapAdrneWAjETe¥E@PONOf dshcahen ¢uide§sSatndancahsairwitipn f or

examle. fromld.t ;30 gachon ham, KIberogolyettact DAt eap he sed

i ncl ude high i ng et hers§~such rs—of po negbﬁycols
of appropri atboil¥@g98b48852t] htREsPieBOO/ $xB8dutte TWHEPh20&2amDleadtar

el gt such a5 tetuasthyl encol yeol dhmatyl g1 o Syl Sihers Thesfirst
derivative thereky to form a solution of maleic
anhydride in the first high boiling organic solvent;

(b) recovering from the absorption zone a waste gas stream

containing a minor amount of said first high boiling
20 organic solvent;

(c¢) contacting the waste gas stream of step (b) in a
scrubbing zone with a second high boiling organic
solvent having a boiling point at atmospheric pressure
which is at least 30°C higher than that of the first

25 high boiling organic solvent, thereby to form a solution
of the first high boiling organic solvent in the second
high boiling organic solvent and to yield a washed waste
gas;

(d) recovering first high boiling solvent from the solution

30 of step (c) for recycle to step (a);

(e) recycling residual second high boiling solvent from step

(d) to step (c);

(f) purging washed waste gas of step (c);

AMENDED SHEET



al t er " VPé8¥2pe chosen from esters of al kyl di carboxyl PETERII08RS1
containing up to 13 carbon atons, such as dinethyl, diethyl, di-n- or -:
'S.~,-propyl, di-g-, -~-, or i so-butyl esters of suberic appdgpazgbaic
aci d, sebacic acid, undecanedioic acid, dodecanedi oic acid, g‘"nd éﬁb
tridecanedioic acid. It is preferred tBat the al kyl nmoiety in such an ester
10 shall be derived fromthe sanme al kanol as the O to C4 al kanol used in
the esteld)i ceanorricieg Pa}eirf2phEdpigecds spddudesuthion eepstem this way
any transesterjficati j,ons_.t hat y i i t.o
addi ti onal es{ée)r 's.f%rhlggcéﬁg%yheéal Eg%glrrehs%g‘g#%bgrr%{gg%oge\gg attﬁg’edi al kyl
mal eat e (I5) lcshtheébihgnaheaseluatpnestesatised, adithebbixydtichiagidooi | i ng
solvent is preferably also a di ester, .such as dinmethy|] sebacate. The

hyl
first and sectitYRghvBot i hges P'-tﬁégt Bighy beiddngaSt8Rhe? St &t ed from
monos and di -o L&, LosE gl E%i‘&agﬁlg@t? x .fge?xn%l‘gréﬂr}e & & saiqg
e. male ; , and

di carboxylic acids, i.e. | ef1 c aci mari—c acl succinic acid, and
m xt ures t her@ofdidaxdmptesiofasit destetsivacthdeefhomesngr $caddrm »t ur es

t hereof derived from ~- gec%l al cohol .. Iaﬁ%l al cohq_{d rgl.rés yl al cohol
cetyl al cohol V2RTYERPFI S5FEBRoF O RBAGS289P¥ESRTST A1 131 case sone

hydrol ysi s ofdiderbbghibei beng askefraf@yyeqccur in the este~ification zone,
if an esterification step gg) s included in the process of the invention,
resul ti ngth n FPPERRELBE BRLGTARROPIPEBBOVEPOF BS tSHE &3 rels pdrRP nfRl o to

d eyl kyl al ool - nl8r88dLEl98nS 9iRe3UakibanscRb I dlAaid oS OLGHE | N Lhe
esterification zone restlting 1n formation of a nor anmount of a nono- (d
to C, al kyl) wbnb-a(Beoetrog€h8oakk hWiregtaa tdfort hea Gl yad k yt helrelay bozyl i ¢
acid. For exanple, if dilauryl, maleate |s use WD 99/.48852 12

PCT/ GBOO/ 0088907V~ SEB2F 605+ aél‘f??éb?ﬁc%l%o???' gCEIEYRLANG i° Mt HEAT i s

used as the GlngocChahbangh, séhes: 8antAck BIBYAL-f sretiy, hauryl mal eate
can be forned by transesterification. However, the formation of these ninor

byproduct s i sbwbyrdisaseast agdotistrebydrefamars fank Clo to C18 al kanol

Wt el el ' ' . f f -
a1 (G o TeebERR R Eeeh, FRY PRRqeRatuth, (g & 'R e e SRR )
nmono- (C, o tocéheadhkynk) seddentoflelalse Ghealdykbotboamidaxylic acid can
under go transestehi fication on t it passes_10 through

l:E‘%enext occasi on th?t .
the esterifichRi BR®ZBRECES St GFm Hife 1IFSRLIPT ARt (D 1ReCHESPPRY di- (O
to G4 al éﬂh%yl?glaeéﬁ Fdiggszvk{rﬁicani&eﬁngTfE§?§}eb@hla'tn9.sscgﬂ'k?ﬂ%été@)’to

alternative e selected from(Cl to 4 a esters of _
napht hal eydnogesarboxyliinc sgepds,i)swen &e metledc rephydnuidaeorsit can

2-carboxylate, . fraomtri-(ClL.to ,C4 alkyl) esters of aronmati. ricarboxylic
aci gé )s(%%haaglfr(gﬁe'f%y?‘ baé]lr%gceﬁﬂe-"f?]f%t%'i cé‘%%’i@?%t I 8rm1;'(r%8%11‘ i -%f( 81 to C4
al kyl) esterso af, =30p/hhald Xezd d, susdtsihase @) by | funaphtlkal ate. Wien an

ester is used as the first high boiling solvent_ 20 it is preferred that its
al kyl noiety SPeNYRPOTEYNSsIFYCae cfeSBAR] ok Heh® aRECEPRENBE 58%any C1

to G4 al ised sign I j %, S L beakico
reacti ongﬁ?ﬁgggégy 1gcga_ire g(a%%}t*y J{l‘v&éﬂﬁ%se toaéaydwfj%%?gngfigé?%?g. E;\'?'hl%s when
t he al kahpBrosedbos fetdimtackanich tthe dimdencerntfat epast2681demathyion

mal gate, any.ester used as the first high boiling, solve [ referably

Al seoa dFREEAYE olPdRe o S (RDIA s CDBRETRE L  FPSt SRESN Bor |1 hg
sol vent Hsed | Thet ey dric LB M UL BN 568 Peheehal besal wikgd om t he
hydrogen 30 stripping step (h). Hence it may contain already some C4

di car box9Leé iacSErea vaYtvels aqet mnafsrakknyar PaEaBe - di T%!el Us§ &4 al kyl

) maleat g _puklaneed Iyl UAbRO 4 UL SN L ESrBeHBLYY breFetred upon
the grounds of cost since it is a cheaper feedstock than
30 benzene or butenes. Hence in the process of the invention
the feedstock used for production of the maleic anhydride
containing vaporous stream of step (a) is most preferably n- .

butane and the catalyst is preferably vanadium pentoxide.



VIO 99/ 48852,,PeT4,G B99/ 0UBB1 ~ 7 SFP 2002 13 10 1~ 20 O O M/ COH I
O + RoH PRI B2 Cor 0.0 where R 12 8 Cl to C alkyl > B-Hoo bl

- conversion of the 25 nmono- (C. to C4 alkyl) naleate to the, correspondi ng
di- (C1 to C, alkyl) naleate may al so occur. The reactio %&ﬁeeﬂhbd i S:
then it will often be convenient to usg t he correspondi ng butyl ester as
the second high boiling solvent. For exanple, if the first high boiling

sol vent i s .dinethyl_ phthalate..then the second high boiling_sql vent may be
0 - o DUEY RIS B OEE Rt 1 GPPRRG ORBcERat B St RBSFnaBRILER MStovery
of firstofhizgh dwehéiagusdl yENErdhoabdbhe sobttion Sbosteps(ey gaA ke carried

out by stripping with air or other inert noncondensable gas. In this case
the air PBESHYSE PbnEBPARRABT el ga’T sEP cdAPUES 3 PR ubPBCRLEN EPO R

tondensa, | qgg% o) ' r o.effe nsathon,of, S hi gh
boiling%égﬁggﬁt t %?é$$0%?o@a%§ %Esﬁﬁb%ig% ggggﬁeggégé gf&fhgggggbrption
zoné& of 2t:ap Arad .2 Abderial i yrigat bonveayadfsti conmphighngovknagisgl vent from

the solution of ste c) can be c¢arried out by.distillation. Esterification
of the HﬁQQQ§?§ﬁMy§?éd DﬂF?ﬁttEémﬁllfoctﬁlﬁ?iéﬁo rBQnagSuéfPegﬁeﬁiq?step

(9) in apbRtegidigation, zowsur THi$ gay conprise a non-catalytic reactor in
whi ch the mal efic anhydride in the solution in the high boiling ester
under goes reaa¥ohal noxhdéabberned bhearddocarbppsteprshoteid to ¢4

o Kol (T8, OR300 1 FOBESLEor Ly -2l RSt B

10 tubes surrounded by a jacket through which a molten salt is
circulated in order to control the reaction temperature. The
vaporous stream from the partial oxidation reactor can then
be cooled by external cooling with boiler feed water to raise
steam, and possibly also by further external cocling with

15 cooling water to a temperature in the range of from about
60°C to about 160°C.

In step (a) of the process of the invention the vaporous
maleic aﬁhydride stream is preferably contacted with the
first high boiling solvent at a temperature in the range of

20 from about 60°C to about 160°C, preferably from about 80°C to
about 120°C, and at a pressure of from about 1 bar to about 3
bar so as to form a solution comprising maleic anhydride in
the first high boiling solvent. The contacting can be
carried out by bubbling the vaporous stream through a body of

25 the first high boiling solvent. Alternatively the first high
boiling solvent can be sprayed into the vaporous stream.
Countercurrent contacting devices can also be employed
wherein the ascending vaporous stream is contacted by a
descending stream of first high boiling solvent in a gas-

30 liquid contacting device, such as a packed scrubber tower or
a scrubber tower provided with trays. In this step the first
high boiling solvent will typically be at a lower temperature

than the vaporous stream so that the latter is cooled.



152025 0 +H ~C-HCCH \CORO + ROH--tr OH ~-CORCc H \COR O
PCT/ GB99/W08%¥48852 H20 where R i s as defined above. Such a nbBaT/Bogboss)
-reactor can be operated under nonoesterification conditions which typically

conprise use of a tenperature of from about 65C to about 260ﬁ?qm§ ﬁB
pressure of from about 1 bar to about 50 bar. This can be foll owed @ a
catal ytic esterification stage. For exdfple, the catalytic esterification
stage may conprise a plurality of stirred tank reactors such as is
di scl osed i n Us-tthd7988R4tiRPgetodallipn ldivaneste i¢ hanbpdaligei ¢n the

esterifigation stage conprises a colum reactor of.the type.di.sclosed in
VK)Ar90/%%¥§%.h?%htﬂPéggggesPﬁgeﬁgndéizﬂ%ﬂ?%ﬁ%ﬁ%%ég?e?%fB@ i*Gn stage may
conpri seaghpdtidednbhdnkahgacE@omoad R0l 4 £RCE O aBOGEAkRBIONG /QNe or nore

trays which do not contain any esterification catalyst_and which is fed
from the bott Biewf i nskehhghoPodd igchaolaento fops ap kBAbL 1RApEPENTWAC e t he
mal efi ¢ Anhydohde: SOLULLAN, LT ameet qR (A) {&adedzdonpvapdct fuauah thgacol um
reactor. e cafafytic esterification stage conprises a colum reactor
of the typefdrsblypsed lea¥d ALSVLOFLPT, tihabdure BoiWthibghet, mahehi that

anhydride_(or a_solution copprising the corresponding nopo-(Cl to.C, .al kyl)
naleate,oﬁftéesgpéé%ﬁ%F ?e???gcgﬁréﬁa§ﬂ§§é Ps‘hséﬁ%f?hétﬁagﬁgﬁﬁde

boi ling esteccks (8¢ tQ bhectem)esherd fdcatéond rce}yaq&%;tlhe o0l dBE 1 eact or,
while an excess  of "Cl to C4 al kanol vapour I's fed to the bottom of the
react or . fumyrpe/ 28882 MixtRCE CBEIY QUSSIC,~ tD SEPa2By2 )| maleRtel umm react or

the,esterification_tr,ays each_hal d harge of, a.solid,esternification
cat APy st SUEE IR PR p RS TORSE AT L fae t Rabe) ¢ bo pePitEdeRour to enter

the tray frontt bel aWsan@hko cagie! altatd hdn xécbrdohibhqbiod lanty salivént
esterification catalyst in a zone of turbulence on the tray and to keep the
cat al ystN@fir 8i BPELIPH PRIPENSoREMASRIRIC RBRASHEE BBAGer oY HERSSHot "

form ng Qﬁoaeesyeyh&ggeygh har gﬁ»fe!f%r}a%?y%{eié of §E&3Ee‘§o@ét abYsbout
particles, the floor eacﬁ tray is prefierably %e5|gne so as to sl ope
t owar ds 10°Cheigber, othenr bhkenod #thea filmpe mhgkhbextiads stlaeangl e of

repqose ef the_catal yst particle der, the liguid. In,additi each .
estggificatioﬁstﬁﬁ§%ﬁ; Sa ko %ﬁﬁlﬁnﬂﬂébwﬁ?% 188 FPEY SRR SF O MR A
cat al yst tpar £i¢kes anlio sklcewadewi varis thad béayelecthe, N@HedeOWRIn @2e. Such

a downconer neans will 15 usually be provided with a screen to prevent
cat al yst "pRELPERES dpbssivag PYGRAETE v thkeresybughosphate; dibutyl

maleate; a high molecular weight wax; an aromatic hydrocarbon
solvent having a molecular weight between 150 and 400 and a

20 boiling point above 140°C, such as dibenzylbenzene; and
dialkyl phthalate esters having C, to C, alkyl groups and a
total of 10 to 14 carbon atoms in both alkyl groups.
Examples of esters which can be used as high boiling solvent
include di-(C, to C, alkyl) phthalates, such as dimethyl

25 phthalate, diethyl phthalates, di-p- or -iso-propyl
phthalate, and dibutyl phthalate, di-(C, to C, alkyl) esters,
e.g. dimethyl esters, of other aromatic acids, such as
dimethyl 2,3-naphthalene-dicarboxylate, diesters of cyclic
aliphatic diacids, such as dimethyl 1,4-cyclohexane-

30 dicarboxylate, and methyl esters of long chain fatty acids
containing, for example, from 14 to 30 carbon atoms. Other
solvents that can be used include high boiling ethers such a§

dialkyl ethers of polyethylene glycols of appropriate



Typi cal wepRlisggn conditions in the columm reactor include /0658
tenperature and pressure under which the C= to C4 al kanol distils. éuch
“tenperature and pressure 20 conditions will vary in dependF? uagf the Cl
to C4 al kanol selected but will typically include use of a gﬁge ure of
from about 65C to about 13SC and a predsure of fromabout 1 bar to about 3
bar. A typical solid esterification catalyst is the ion exchange resin sold
under t hesXesipaatwehgRt, Astehi gst tetrie thy 1lkatey areb Hadsméthy K prLi m ted
of Lenni g House, 2 Mason's Avenue, Croydon CRO 3NB, Engl and or that
avaiIaméiQEFI#HQF?%ﬁ-exchange resin from Kvaerner Process Technol ogy

Limited of 20pkastbousngndectasaa hoBfloBoM sF sSal g c3Q |0 passing up

the columm fromone esterif~ca.tion tray to the next gher one, the
upf | owi regl trnat Ore By khaokhvapoufroar eseexs tdf idlhyl ediofreekeii€i cation

Thus_the dj-(C,__to (A alkyl te- t ai_nj liquid ' d th
col uim SRS IBIFLR] EBOSROBBEST FoeER P LAt D CEPONTORE
esterifigcaddiom [r@y-H0 bHhe-nextpkepon 068 -¢NCoOWLFs, dbt efsanbugyl er

conditions as it proceeds down the colum. In this way the esterification
react i ore$eerl ngf t suberiat peAdef 2aERéadc- ECLd.0 P LYIFCHRI eate is driven
further ond0cb{dhllel LOVRY daodldihealvdcsiAnd 0 48 Chshctat@atdig kyl)
naleate.lﬁny yproduct ~acrd, such as acetic aci'd or acrylic acrd, fhat is
al so preseid. i nIt hesvppefersest tham thematlxy Jpandiety okndatecbnaneaster,
togef her w any malefic _acid or fumari¢.l1O acid present in the,solution
supﬂ){)i eos}??.){fl‘ltée e@?EFVFFlchPB‘ntE‘Sné,a"\ﬁ Ialilﬁﬂﬁae]r g S ersith 404%51'10&
correspopgh 80; & the £Scakkyhcgsieh grtega agher i A hdeps888sHBY nbBuddhe
vapour phase stream energing fromthe fopnbst esterification tray conprises
Cl to C thikasvépvapdor thad wsywanyr trapeestexifgatienhsearhsPide traces

of m nor_byproducts such _as the.di-(C_ tqo C4 alkyl h sid races
of the d?bgg ?iyt8cfﬁragﬁyp ﬁéwga&&sgh%Qﬁa? %ﬁ%§n$% %étgggyl gg?%late. A
further qeehttpaabhlkbaylonsedays methkedl atidethabayvelkhpt mppengests
esterification tray_to act as a 20 form of washing colum in order to

retdfn dfipenhyd ©Hlarkel) 3Ry ESCET St tihe f1EBET oR1EPafel L THE
resulti NS0 LRALT 1 8t ??@?‘ﬁg‘éﬁt%ggh 2 %o“%Wd%]%?eed}h}f"éé/téf,eesL&H”hQ' dbfeth91C,

al kyl) maleate, exits the colum.” Fromthe bottom of the col um
react or sébaeats.recovered 25 a liauid stream conprising a solution of the

aci d free. It TRECFIERT RRS FEGARCH TOST B SR coo W ERCAANEY] onal 1 to Cb
al kanol andepassedelly Beglsed cRldd Hirth maRd Orag@NE s NCNg to g adfkyaol i d
est%BIflgggggg of one of the C, alkyl dicarboxylic acids, i.e. maleic
acid, fumaric acid, and succinic acid, and mixtures thereof.
Examples of such esters include the esters and mixtures
thereof derived from p-decyl alcohol, lauryl alcohol,
myristyl alcohol, cetyl alcohol, stearyl alcohol, and
25 eicosanol. 1In this case some hydrolysis of the high boiling
ester may occur in the esterification zone, if an
esterification step (g) is included in the process of the
invention, resulting in liberation of a minor proportion of
the corresponding C,, to C,, alkyl alcohol. 1In addition some
30 transesterification may occur in the esterification zone
resulting in formation of a minor amount of a mono-(C, to C,
alkyl) mono-(C,, to C,, alkyl) ester of the C, alkyl

dicarboxylic acid. For example, if dilauryl maleate is used



30 cat al wergompssnati ng under |iquid phase operating condit ipefitaGBoSossE1
conditions typically include use of a tenperature of from about 65C to
"about 135C and a pressure of fromabout 1 bar to about 3 bSr. fptzwi cal
solid esterification catalyst WO 99148852 17 PCT/ G B99/0 EZ8§ 1 SEP 2002
is the ioh exchange resin sold under the designation ' Anmberlyst'" 16 by
Rohm and Haas (U. K ) Limted of Lennig House, 2 Mason's Avenue, Croydon
CR9 3NBafnHari¢h boalinyakkableans DRThatdRRNChangesdesdd dHom, Keaer ner
Process 5 Technology Limted of 20 Eastbourne Terrace, London W2 6

Engl and.Csl Al¥gapl(hithan tthanimoeeamownt 1 9 haybrii daurylgaslseateasan

conpri si %Mc“o i : .the s i.on of € j.carbaoxylic
acid derhlré\?a |veécgi%/T§52ﬁ§/%rgg8§é?irf§# %ilgf)'plplrig gtog}pe Vioesr’prteﬁ%rfaogﬁqg/ﬂclooﬁ{(’juoc% ed

subst anturaddey nainax ypRAcPuessuie sbitgkilsydvagheigddian ddwaudd einypressure
to the ester hydrogenation zqne. The hydrogen stripping step is. simlarly

pr ef ralﬁﬁﬁ%&du%?e@leata%ﬁ’ﬁ]arﬁa}rhl’-T%/a‘iq']e‘f"_%l%%ifﬁ%ﬁs nPetetEnpBp¥ttideto the
15 hydr g@enald on( $f epoOkom! ELELE REREW h Rl LES, aiRy1gxanpl e from
about 5C to about 20C below this tenperature. Then the lterrper ature can be
rai sed maldrtalesi Irdadditioneapsr aomoe 6y tdnCxtakleydbf fomohé€,hod Ci,

hydr ogen-.gont.ai ni .ng_ga ich h the.additional benefit of diluting the
vaporousa%rhe)steeﬁg n?gi ﬁ?ﬁgggt?a@é?#aﬂﬁc?ﬁ PE¥ l&gﬁﬁ%&%&{‘dﬁfgfi‘s at a
t enper atdyf#h shover i £ ScdeNoRobAt ther elegitallataati dreagtamboutpHEsdd gher than
its dew point. Wien the C4 dicarboxylic acid derivative is malefic

anhiQir i GET RN kR 0BERAFILEACIEET FORGy &Rt dGEBUSIRE CRRAKIBFEITF t he
yir ogena 1 ct S et a e e b Ol e P he £ ot ai ya1 &, such as a
Cu/ Zn/ My/ Cr  cBiteal Bt sof antesegpaddésgh bed liimg) sdrgentGhemy ~, pages 177 to
ol cat 0 YT S F HoxRLECEREr S50M Hgur bBchacsbhY L EOROERIS ar an -
sl |y b OC e b e o o T omabout 5

barl o aorarboxy] 8Ye48852m1 8rRET/CaBuo/ 008kl )7 Sepepppyt aromatic

tricarboxyiic acids, such as trimethyl benzene-1,2,4-

tricarboxylate, or from di-(C, to C, alkyl) esters of
isophthaiic acid, such as dimethyl isophthalate.
When an ester is used as the first high boiling solvent
200 it is preferred that its alkyl moiety or moieties shall be
derived from the same alkanol as any C, to C, alkanol used in
step (g). In this way any transesterification reactions that
may occur do not give rise to additional esters. Thus when
the alkanol used is methanol and the dialkyl maleate is
25 dimethyl maleate, any ester used as the first high boiling
solvent is preferably also & dimethyl ester, such as dimethyl
sebacate.
The first high boiling solvent used in step (a)
conveniently comprises material resulting from the hydrogen
30 stripping step (h). Hence it may contain already some C,
dicarboxylic acid derivative, e.g. maleic anhydride or di-(C,
to C, alkyl) maleate.

If the first high boiling solvent is a methyl ester,



100 bar) WP 8Y#88bly from about 10 bar to about 70 bar. |n rdi/eB®asg;t he
hydr ogenation step is advantageously conducted in the vapour phase, using a
“het erogeneous ester hydrogenation catalyst. Typical esterilpyggp ation 5
catal ysts include reduced pronoted copper catalysts, for exarrpl educed
copper chromte catal ysts such as that 1301 d under the desi ghation PG 85/1
by Kvaerner Process_Technol ogy Limted of 20 Eastbourne Terrace, London W2
6LE. Th&hah atlysylphr PEERBs DEr 6PEVEBILEIRa® AlSEaralie | ROBTSAPAMHING t he range
of from o] o] rtlcles e ven| ent
shape, €.Q %e?eegmg gt %tecrglnngmm‘yPl ?% r(ﬁé/%ésjl ngff%lapél/&ag@&b ed of
cat al yStlﬁ hehe efTt ot haghbboalsumgi |soa.ﬂl(é-nttut1% rdsiaxcatmyl whti e Ttre becloper at ed
substantl aII i sot her nal owever,, is IS preferably an a batic
react or. §eendr égﬁ EP:}B&FEC sPeé[@tné'—r May &R &hit égé%té/% 1?1‘?:%‘? & &apital
costs i s rruch 19Wetebhan) t Bat ok ?,:%%Hs Y ibe fead Mn aRckddedy of
gener al | chh easier to char he reactar wth the chosen catalyst. From
t he hydrivigesiathbghzbadliner soi yemécci\remedtr@ mlhy@r@'gemt?e@p pf@dmn

?u?;ﬁeefwl%&fgg éugomg fgetq-(rigﬁ g‘rgofwl}rt;‘n ad‘rT;j%Fbu% ?%:(ng oner(fl ven if the

primary Jqumdkicéaldiei gher estni $:hb.l$t ahgel threlizgly dhagHesense- of these minor
anounts of tetrahydrofuran and Y-butyrolactone is not 25_di sadvant ageous
since t IRARFALDTPBUAIE2Er EEFRPSY t FFHESChEWRIASF I donfRrdensrE1an i s

acony di ol SCOBANT ¢n! BrBBEOLE dlekend f&ho%gieaéacmn |§z desid sl by

y-but yrol act one can be recycled tot rogenation zone to produce

addi t| orta@lbmgneelvé.ndl therlefraddi tdaon htehesdnpﬂrmﬁarm yrsﬁxes mwm trhet ur e

will r 30 contain i n amoynt s qf. t he corr ondi n 1 to C4

al kyl) SBEE ﬁ?%‘m zBﬁ‘Faﬁol %teﬁ’ (é‘grresgﬁftﬁrﬁ&‘%‘rv Ir%ﬁct’( i nat e,

e.g. di nethyt HE@HQQé&Q@.ﬁgB%bQ\ﬁefntt Fe-dal tHe s danet é;@e%‘ﬂ@)a%&n and
e

wat er . WO 991 48852 PCT/ GB99/00881 1 7 SEP 2002 19 For further details
regar di Re vépbtiteghass BydEdgedddiagiast- mal efi ¢ anhydride reference nmay be

made: to a pa ti E

Pet 1rasochem e pﬁ%%?%%%ktat%ﬁ gqlennrsé[ g%fleghce anh@%&a%%ﬁ%ﬁ%/% I’tiprl 1/ May
5 199S alkamgel &4 be Ifeande irhestegadiglg M Sﬁﬁ%ﬁﬁir&iMI k

(Sci ence & Technol og For further details regardl 0 afion of a
(S (1 TR ol Eh 5 hive SOBOrE &n AR Heate TURCRYA, TAgBLET the

VO A-861031 80c WehOSSBLAOTE T AATRTIERD 1&J5tli°e 501 15 d O A 4919765,
US- A- 5254758, US- A-5310954, and WO A-91/01960. Teachi ng regardi ng
subsequemdengcescaeaenlem tlhle tdveu g sepureo e st d ded m@mbystn witk eshehet her

pr oglyiced- by, _hydr nt|o mal flcanhdrldeor of a di C4 al kyl)
P b e, SRR i@i"%sﬁ%ﬁ SREAL %%/Bﬁﬁgg(cig‘?/\éA- 88/ 0937,
US-A—47@B]691)LBaAeéQé5173‘heU$‘e%-dﬁJ&17@.% -US-A5254758 US- A- 5310954, and
WO A-91/01960. In a particularly preferred process the hydrogenation
product mxture is purified by distillation in one or nore stages,
including , distillation ig a "light ends" colum to separate overhead 20
the vol atil e conponents ofjjthe m xture including tetrah)r rof uran, and
n-but anol . The bottons pr#iuct fromthe "light en urm oRan then be
further purified by on in one or nore s ages/to yi eId pure

but ane-1, 4diol. 25 In c1 der %Xg? i,nvention may b& cl early understood
and readily carried |nt ef f C?)’I"an S t he prloductl on of

but ane- 1, 4-di ol , as wetd\as sorre Y-butyrol actone angCtetrahydrofuran, using
“a pref erred process"ﬁ n accerdance with the present”i nvet-ro®Rwi | | now be
descri bed, by way of 30 exl nple only, with reference toHt he acconpanyi ng
drawi ngs, Figures 1 and 2 @f which are each a flow di agrgam of the
‘respective plant. It will be appreciated by those skilled in the art that,

where R is a C, to C, alkyl radical. Some conversion of the
25 mono- (C, to C, alkyl) maleate to the corresponding di-(C, to C,

alkyl) maleate may also occur. The reaction concerned is:-



WO 99/ 48@899R8852CT/ GB99/ 00881 7 7 SEP 2002 since the accoppqitoddodd] aW ngs
are diagranmatic, nmany other itens of equi pnent which are not shown in the
“drawi ngs would be required in an actual plant. Such additional itens of
equi pnment are conventional in nature and include (but ar e InbSEPi 2002 ed t o)
punps, hol ding tanks, valves, pressurel4éensors, tenperature sensors,
pressure controllers, tenperature controllers, |evel sensors, heaters,

cool ers, surge tanks,Ocondensers, colum reboilers,oand the Iike. Any such
additional itens of efui pnent would be installed inglo accordance with
conventional emgi neerchrg-@factice and form ngpart pt—tbe present

i nvention. Referr to Figure 1 of the dramﬁﬁbse/fhe plant is designed to
produce butane-1, 44diol, as I s=¥2g£¥§gjacto e and tetrahydrofuran, by
hydr ogenati on of dinethylmﬁg%ggte. In this plgnt ~-but ané’ supplied in
line 1 at a prq;sﬁré\ j_é§£n11 to 3 bar and at_a“tenperature of 400C to a
partial oxidation plaﬁt which is also supp”?ed mﬁFﬁ—é??~in line 3.
Partial oxidation plamt 2 is of conventional designland i ncl udes a parti al
oxi dation reactor 20 €onprising tubes packed with aOpartial oxidation
catal yst consisting of vanadi um pentoxi de and provided with a jacket

t hrough which nolten salt can be circulated for the purpose of tenperature
control. The partial oxidation reactor is operated at an air:-butane feed
rati0<ﬁ@gg§%nR2§ Aégo oY 2DOL OUS grtial oxi dation product streamis 0
cool ed by éxternal cCool'iTng~agalinst boiler feed water to raise steam and

then agai nst woshiagmedtestidytedueeattsrt eApe W rardB8rdd+ is
recovered fron1g|ant 2 inline_4. This contains 2.9% w w mal efi c anhydri de,
5. 8% w WRRETHEBHE 1SR R W eBRBBAOBFOXRAED EYBICRLA Y HAURRE e dFR1eLT0. 01%

W W acely G i dra Qa0 KLART ALLGL A5 0 {3 JERWaRprECan AT S dalance
essentially conprising nitrogen and ofhér Inert gases. 1t iIs supplied as a
vapor ouoff ebxbstabounttd bae to\VEbOAL4885Ra2]l PCHiEBIHDAES|£dl Vowwk® by

bottom of a columm 5 which_is divided by a bubble ca late 6 ' into, a
bot t om FectH T Y HR S FEPELCRE IR BLFbuer PO ATE B T (FRESLYEIC

provi dee gt dby £ AaDER Ofa¥@SHAPIcbhBYEse. aThA WMANAGRHHf 60tk Std@aFRARSSes
up the | ower section 7 against a downfl ow ng spray of dinmethyl phthal ate

whi ch | FPPPFRdSUEhaaschpedaralesst 4poli-688 TH5HR4 i Rrafexaklypr ay
1O riirefa! s LEON O s BN 0T sl Over LraVs O
in column reactor of the type disclosed in WO-A-90/03127. In
this case the non-catalytic monoesterification stage may
comprise a stirred tank reactor or a column reactor
containing one or more trays which do not contain any
15 esterification catalyst and which is fed from the bottom with
methanol or other C, to C, alkanol vapour, while the maleic
anhydride solution from step (a) is fed downward through the
column reactor.
If the catalytic esterification stage comprises a column
20 reactor of the type disclosed in WO-A-90/03127, then the
solution of maleic anhydride (or a solution comprising the
corresponding mono-(C, to C, alkyl) maleate, if a separate
monoesterification stage is used) in the high boiling ester
is fed to the top esterification tray of the column reactor,
25 while an excess of C, to C, alkanol vapour is fed to the

bottom of the reactor.



10 which it is cooled by neans of water supplied in line 16. The cool ed
l'iquid iswosbMggzed to a higher tray 9 of | ower section 7 byctveapsoogg | | ne
*17. Fromthe bottomof the |ower section 7 of colum 5 there is recovered a
liquid streamin line 18 which conprises a 15 solution of aﬁﬁrezpr?@ozel y 22%
w w mal efic anhydride and 0.04% w w acrylic acid in dinmethyl phthalate. The
off gas fromthe |l ower section 7 of colldm 5 passes up through bubble cap
plate 6 into the top section 8 of colunmm 5. Since this off gas will contain
sonme di net hyl 130 tplt kalaing waR@dor &itd raadeof £ dtapiohutybyphkhahaheltir om
line 19 is sprayed through nozzles 20 into an upper part of top section 8

i n orderat6hazggbofi retsRUl bR ARG THF3LY5E - gaBackopre¥cPPEN38 i s
provi ded,,w a . i 2 sol ut | o] i yle

pht hal at ‘e’mﬁtﬁnéi P%%B‘t%ﬁ Qrgea b [%d;%)aé[lrena%%l | c?“?iﬁét%’!éegg\/\é?gpg?twofk TPop
section Beand esddtawagiffateherted mumtiurd iol' 2Rquidr &éndf sphedl i quid fl owi ng
down .t op secti.qn 8 i.s Wt hdr.a inline 23 and_is. p ed b np.24_t hrough
i ne>25 E8CETREACAERATAMRTET® 16 Wit | 08 ) I%‘ﬂrB‘ﬁfaﬁFSroéugg’Fi 5478y way
of line 244 the ke eh3Qddust isaFetsrdedih Osdspeabebnpar tnobriep
section 8 in line 28. The scrubbed gas exits top section 8 of colum 5

t hrough Aveddelting sangeRPhnthet FRRYRY FounirGeopl Bhe FHAVI RBTIWTh WO
991 48852 [/ 08 7 I 7 akOr a to a
vast o buFREFECHRE Sa1 RIS Pl eTT e SAyHr T e oo aT REERSE pRkal SP%
line 18 bE sapdl itety dd hrdferaily dodigmed eact as 83 ellopketbypeddescri bed
in WO A-90/08127. This conprises a nunper of esterificati oplgtrayéie%of

mourtfed 6RE ZB5Fe Athd BIHEYSIEAG Dt 4PRF NP acharges oPP
esterificabiaR cat AlnsStoaSiofs@sAMer] ¥stinadf £RSI DigLiBPT11hon exchange
resin, and each having a vapour ‘upconmer for upflow ng vapour and a I iquid
downcomerddd temrigadh e tetof It evkrahehasl andovnopmgieme@gns which
esterificatiqn tray t.o.the next, | one._Met hangl vapouk | s plei to
Che- bot t BRGS0l b 1 actar By° v oIt T Rt 55t ehgrer 2By tackesPHEL seB, s
renoved ithalthen@paiy He epdkexidwey éhe. CoOsusn kedewatomdrl meansdd wi€dl um
reactor 31 is _operated at_a_tenperature of from about 110C_to about 125C 15
and & ausieddy oPIIGHehotith daFcrecnnbat PEEKERE FRE2L¥SEdence ' ti ne

intheclllu‘glq ifr L S5 ARALL ggo g,xytheterrperature on the
top tray%va\“nl cg_geasgf;%res atér hcllgher fel.' H%%%ﬁtgp%gg% ‘than that on the
| ower nost trayrydtidal xpachbion d45@iti@fsAisothei oploomt aiedictprabout 250

/1 di t.hyl | te i di t hyl ht hal i it hd f h f
O T iR, (S ¢ & R P 0% R0 S 8 L R LA § a0l om ©

col um 3&gmMu,chilksneperdised 1. a il aidd @ ird 7884 apdesspressure of 885
psia (61.02 bar). Colum 38 has 2~ a nunber of distillation trays above the

poi M0 of GaRE&Is orithevaryet RyfeRANEaReesuPaRi 6Re froteofurm @ Pb as to
d i te | d f |
e N Yt PB RIS Exb b e cheRl s el i

38. The ution eat I'me t hal at | ows down
t hrough facka reociik | 65 X rippalmoutc ol EC I hB& agaesstranofipfirowi agovtr @am of

hydrogen.fromline 34._ The strjpped.dipgethyl phthal ate is .recycled fromthe
bot t om o3k rticbp?q?f@“%o? URRAT 38 yQKB&CGEEFPiéQ 2FT&rd EAF 3PN GRS the

top of the l\yerisecékORadef re8iHModd GhEER ¢hEeWadignation

25 Amberlyst™ 16 by Rohm and Haas (U.K.) Limited of Lennig
House, 2 Mason's Avenue, Croydon CR9 3NB, England or that
available as DPT1l ion exchange resin from Kvaerner Process
Technology Limited of 20 Eastbourne Terrace, London W2 6LE,
England.

30 In passing up the column from one esterification tray to
the next higher one, the upflowing C, to C, alkanol vapour
carries with it water of esterification. Thus the d4i-(C, to

C, alkyl) maleate-containing liquid passing down the column



WD 99/ 48852 23 PCT' / (GB99/00881 1 7 SEP 2001 phthal ate sol vent can be added
by means Y69 Y188 43 while a purge stream of the recycl ed sRFVERY/WB%leam can
‘be taken in 1 ine 4.4 . Fromthe top of stripping colum 1182 ﬁggmmrges
in 5 1line 45 a near saturated vapour m xture stream conpri-si t hyl

mal eate in hydrogen, with a hydrogen:djgethyl naleate nolar ratio of about
320: 1. This vaDOU m xture streamis at a tenperature of from about 180C to
about 1 p S i,s.dilyte it h h hot 10
hydr oge?ll%%r om ?%%&265?1? ggtgg%gr@g?g?éno}}??or%%aﬁ:ﬁff q'i%‘tc %%‘Hél o‘ﬁ €195C to
yield a arapounusrstdederwahll drbgdr ogadidisaishys npd enfeceddardsat i ohof
about 350:1 and is at. | east about 5C abqve its dew poi'rnt. This, vaporous

mi xt ur e GREYBR: ontar BR1F WY nEng7eE5e B LAFALdGEN RGIFE HPANECARLNH| A

i ncl udes: apnadi ababk ceneagh oy cpacked witdy 19 nefduceds coppglibased.cahalyst,
for exanple, a reduced copper chromte catalyst, and operated at an inlet

t enplr atam@ HRrUYSC tawaidsel Opkessnrversfio88sopdite (Bil- 02, Bar )G, ahliyanm exit
tenperatqéf gée190CL The di nethyl maleate 20 feed rate corresponds to a
liquid HoU ?y Space velocity of 0.5 h'l. The plant also includes a
purification aegthpprbunbi ebiihesaehdashydeegenaidioh ®F odoey 1t xddi@, i s
distilled in several stages to yield pure butane-1,4-diol in line 49, Lines
for sepdikfe +ecR¥EPyPERS§RBULYr BPE&cVBRETENG =% naam Jfnem of be appafdal

i ndi cate sp i : e AT ydLo j on pl ant
48 inclu eﬁgéﬁg?ﬁgﬁ%?&g%?éaﬁ?é%?ﬁg% yg%ﬁt%ﬁ%fﬁ?ﬂ%%én%éggaﬁé g&ﬁﬁéggies"
strédm Sdcid/peesahtcf itontker sahub2onasupeliedydedio ¢snerB8ficatiobut anol

f t 53 b d t d kesup di-~30 butyl pht hal by,
for exaniPes: cifet VALEFERaRGEVOFEROH AEL RPF FIAFASRYFIOTHE: fredunce. of a

sui t abl ez By Eresté£r 6hangeseatal ¥st theUeR sas ralyi 35d Um tetra-i so- propoxi de.
Stream 54 wl| contain an% hi gh boi | i ng hydrogenati on product WO 991 48852
24 PCT/ GB99/ 08B881vVapgusEphage2ssrepfpeBedaing Grak aipe et ®AB38Cr esul ti ng

f hyd i i pet byl t LR th
vapour i SPaF 55 OB Pln ke BCRBRLeT FE LY Ch R IErAbE DRBRaR b | i on of
di mef hyl wpbéhalapeurn dt- mabufurthbtrhdhaleden doawef20pamsesrt hr ough heat

exchanger 55 to line 56 and jntqQ.an air stripper _colu 57, A.vaporous
strean1c%ﬁB??éVﬁbdeHEPh9F Eh?théggligor%céﬁgﬁéh)o?EgEEadeﬁlpF e 58 and

i's passegprhlegugh €padensqe, 3 @hiahky19 supPRlded whhogoehena, ves ee, in
line 60. The resulting condensate passes by 10 way of line 61 into
condensadbkdt uars2lathe cAnfenshes prddisdyprladd txry hertBpayf BBYuRA 57 as a

recycle sEe62ALANLGHER thieupBeuRdRt LU URNCR R  « PP BTaBRaLNEOU

20 form of washing column in order to return di-(C, to C, alkyl)
maleate to the esterification trays. The resulting vapour
stream, which is now essentially free from di-(C; to C, alkyl)
maleate, exits the top of the column.

From the bottom of the column reactor there is recovered

25 a ligquid stream comprising a solution of the di-(C, to C,
alkyl) maleate in the high boiling ester. This is
essentially acid free. If desired this liquid can be admixed
with additional C, to C, alkanol and passed through a
polishing reactor containing a bed of solid esterification

30 catalyst operating under liquid phase operating conditions.
Such conditions typically include use of a temperature of

from about 65°C to about 135°C and a pressure of from about 1

bar to about 3 bar. A typical solid esterification catalyst



From t he of distillation colum 57 a streamof di-r~butyl phthalate
S recovﬁ%@ggzl I ne 66 and is passed 15 through heat exc K& 9\6‘:9 80 line
19. Air for stripping is supplied to the stripper colum Pt aﬂ,h&@e 67.
Line 68 conveys the air used for stripping (and hence | aden W't i met hyl
pht hal ate vapour) from condensate drum;62 to the bottom part of |ower
section 7 of colum 5. 20 If desired, a streamof nitrogen or other inert

nonconcensabhe 988 ELonaGXaTRS L IR NI AL ddbecRL gan De voed T

pl ace of "air as str I'ng gas supp nstead of using
di met hyl Aphéhayat¥ asdbgi Rehbuyld 2agzht ttalrat)e iimithed ppanteahiki gure 1)
there can be used ir. place thereof any of thebﬁgirs of saqlvents listed

d
bel ow i nfi¥4BPe %.MaSEPTELPAYE SR (SOWIPh Bl 1INRy SERGEAT3eENE AEgh
boi I i ng §9£Y§EE§&|&r&%hbbﬁo@éﬁa%%r%b@'fe?i%tﬂéﬂﬁ?ﬁfﬁﬁ?!;?kﬁkggle%t hyl

sebacat edi - g- butyl sebacat edi met hyl i"sopht hal ate
i sopht haTacbrnethgy SimatatdeotbtlyEasttdanatremetdntade nobenton~wWBusyE,
Iinoleatgﬁging ol eateL1l- butyl ol eatenet hyl

napht hal -Sarboxylate~-butyl napht hal ene- 2- car boxyl at edi et hyl

napht hal ene- 216- dtegr hbyybdt etie prudeds of the invention, a gas
napht hal ene- 2, 6-di car boxyl at el ~tri net hyl

benzene- $£¥2aMNt FPERFBSIPEatCRCIER Hift Hassed through the solution of
benzene- 1y2, 4-t&4 gﬁ?ﬁy edi gt A¥l ;

cyclohex%ne-lf4-d§%€r ox%?gted??~-%h%yﬁtlve'

cycll@hexane- 1Téedhydrbgeyn astedippdiriy Istep is preferably conducted

cycl ohexang- 1, 2-di car boxyl at edi - n- butyl cyclohexane-1, 2-di catboxylate .o .0
00 oe N Rﬁgsﬁgc’)‘tbaﬁk’oa\ff i agéﬁrﬁe%%lf%él?@#%ég%ﬁ%%’ 'tgla*?_ £68 5002
Figure 2ihlibUsbratesra RlARhe Astddie HOHELADN O Dohane- tnd- dvehrogas el |
as sone y-butyrol actone and tetrahydrofuran, by hydrogenol ysis of malefic

anhydr i dEETERPERES SERRNE St Ifd WaiA InefRyedinraiimeeanduaredussd to indicate
e Por RO LR R A ML e g TS b 1
400Q5t 0 aydepgentitdoal spap ical soXiidatlieorbglanttRight ehpesaause,sdppl i ed
WD A D Fron abalY 4 RY LB YA L2 B ol SLhSam L dre.
r ecover eG*FMB © u i3
Then the temperature can be raised to the desired inlet
temperature by admixture of further hot hydrogen-containing
gas which has the additional benefit of diluting the wvaporous
20 ester-containing stream and thereby ensuring that it is at a
temperature above its dew point, preferably at least about
5°C higher than its dew point.
When the C, dicarboxylic acid derivative is maleic
anhydride, the hydrogenation step is advantageously conducted
25 in the vapour phase, using a heterogeneous hydrogenation
catalyst. Typical hydrogenation catalysts include promoted
copper-based catalysts, such as a Cu/2Zn/Mg/Cr catalyst of the
type described in J. Org. Chem 150, pages 177 to 185.
When the C, dicarboxylic acid derivative is a di-(C, to
30 ¢, alkyl) maleate, fumarate, or mixture thereof, hydrogenation
is conducted at an elevated temperature of, for example, from

about 150°C to about 300°C, more usually from about 180°C to °

about 280°C, and at a pressure of from about 5 bar to about



10 plant WOH4888%e 4. It is fed to the lower section 7 of ®CTGBYIBISSUP
which it passes against a downflow ng spray of dinethyl dodecanedi oate
‘which is supplied at a tenperature of about 68C from | inel Z0SEPThggzoper ati on
of colum 5 and of air stripper colum 57 is essentially the sane as

descri bed 15 above in reference to the b$ ant of Figure 1. Mreover the

liquid supplied by line 19 to the upper region oz top section 8 of colum 5
i s di - n- BOOybagod rafaradute. fBnPaet bsPt Barotocsbemt 50 hate i sin

recovered.a Jiqu.d qa;g' I ne. Leh.conpt) [

appr oxi rrgthé#y c%gelﬁe\rfv/ %ﬁ%#%ﬁ%ﬁy%@%gelgn%a&%%%gg ryﬁ}‘cﬁacctl%di n
di net hyl idodemanegioant ehaldd s usisgpal hedetrogeeaoushesten of a stripping
colum 38 which is operated in a simlar_manner to colum 38 of the plant

of Fi gur SYETQIeDateFereataby ot - 1800PaRaLlaSFress WEreEesst-15¥t a (40 bar).
Col umn 38 has Ak M. e&ﬁééalﬁﬁ%heﬂehrg%ﬁﬁ%%:QQQ%QQQE%}NEdF of

injection of the malefic anhydride Sol ution ine 70°into columm 38 so
as to reducedla meoheredfcopper hghrdudeeanediadatse s sudie agv arliedads®td eam

from col um, 38._.The, sol uti.on_ of f,i c,_anbydride in _di neth

dodecanedSit'e FIoWRS THFR <1757 p%gﬁégég £l %&ﬁ'efélegg%rﬁscte Sasnyﬂt?p?k}rb%or%y

st ream ofLimidreapest f7@Ed 4t 1803Pne Thexrshteppedndiciety ls1dpdecanedi oate is
recycled fromthe bottom of stripping colum 38 by way of lines 41, 42 and
10 to the top e t97F-3 BNk B%’é‘%+6£3$ Breésraid vs Dadieoh ifet1GAG gDt #8852 27

PCT/ {gB99/:0D88], Jra7nag%EGc‘>‘f 1R Qbost' bPRI B ¢Q WPL A8 L here epprges in line
45 a near saturated vapour m xture stream conprising nalefic anhydride in
hydr ogen panititlehythpden: ofil @ng achydnidetnmashape,atd . .ofsphetrmit 400: 1.
Thi s vapour, Jni xture, streamis a tenperature of fromahout 180C to about
200C and BRI e SRS 0T 2P00E1 28 bag?‘ept UiSe- N I%tréd‘e\ﬂattif?‘# ('t her hot

hydrogen dawamydne- Kb AdadcdLnPehabel 8 8hehNABRNGH bl 8adtraba i d20C to
yi el d a vaporous streamw th a hydrogen: mal ei ¢ anhydri de nolar ratio of

about 45®3an RRl reratedasbabent istlybdvetinermedid poitrwevier This Y&por ous

m Xtiy e gg_si%._ r i b 14 nes 47 rog ti A i ch. i ncl udes
an adi abatic re%%r%a%@%#%m@%ﬁ 5%8%%%‘ bg[glged ugéz}'ta*yrs%n ?agéf%ﬂ;l%ronot ed
copper catedgrdy Bndadpenvigdoas abniel dt st empeitlireoaf ilSGMcanloweet

pressure qQf 56 sia (39 bar), and ap exit tenperature |S of 200 The
mal efi c iﬁ?ﬁfﬂrf’r ¥R r%?%]_-ibﬁ‘a%b}h&s TEFEAT G Hourd ﬁ%rb%?'caeﬁ/}él ocity
of 0.1 h'hyeHheaPlaPte@l SRatHe! HHES r@ i 'ufi]actﬂ PhS G Uh | ot et he

crude hydrogenation product mxture is distilled In several stages to yield
pur e but ane- 1,Braeh othé nhydnegeBatipnegoher tdepar ate Araen@ry of

y-bufyr ol .t etrahydrof ut are indicated at 50 and o
resp‘é(%:/ti v@fé.ﬂg‘%}e s%‘%r\%eﬁ%{%&é??m?lﬁ%?uggdg@dﬁéﬁicoozﬂ &4 d‘irfja-‘%%ﬁ/}on to
dodecanediloat®, teed,i alkhaopl, anlsef Hdgie- 2, £adibE, repd asedeby any of the
hairs of solvents listed in _Table 1 above. W O 99148852 28 PCT' /G
599/00881;q;§a@x§r%§@§an and y-butyrolactone. Even if the primary
product of interest is butane-1,4-diol, the presence of these
minor amounts of tetrahydrofuran and y-butyrolactone is not
25 disadvantageous since these compounds are important chemicals
of commerce and it is accordingly economic to recover them in
pure form. If desired, y-butyrclactone can be recycled to
the hydrogenation zone to produce additional butane-1,4-diol.
In addition the hydrogenolysis product mixture will normally
30 contain minor amounts of the corresponding di- (C, to C, alkyl)
succinate, n-butanol, the corresponding dialkyl
alkoxysuccinate, e.g. dimethyl methoxysuccinate if the C, to .

C, alkanol is methanol, and water.



C AIMS: 1. A process for the production of at |east one C, conpound

sel ect ed v osmudesd ane- 1, 4-di ol , Y-butyrol actone and tetrahysEp&ésanggWhi ch
‘includes the step of hydrogenation in the vapour phase of a C4 dicarboxylic
acid derivative in the presence of a heterogeneous hydrogenation catal yst,
said C, dicarboxylic acid derivative being sel ected from nhi7e$ER 2mhydri de
and di- (Cl to C, alkyl) esters of a Cl1190 C4 dicarboxylic acid, which

process conprises: 10 (a) contacting a vaporous stream containing malefic
anhydri de vapdur, fnatrewapetrilandegardongoviagesiyi phaseabysinodens tZee

with a first _high baoi.ling. solvept_having_a boili Qi nt _at at ric
pr essur e%i"@ﬁ%qsc aﬁn}f}é‘g’&é%lb’fﬁ e lviondit 8?1%& l%tehé[ﬁ’&t%h i pr?éegf {Egﬁ?]ﬁﬁ'y'dri de
thereby i@ sktidiardnia solalion pidarl ehdc kenhedri dedga st he HduricHumgle

boiling solvent; (b) recovering fromthe absorption zone a waste g/als stream
cont ai ni Wgre sy whouBrerrssald-Fnegieni §F -bdi8l i Fgiolt/ent ARXGY/ARY
contact| NG Jde Wanld a5, p1LLAMY BT LAKER (R eahide YRS KBNS N a
second hi gh ol 1i"ng sol vent havi ng a boi 't ng point “"at "at nospheri c pressure
whi ch i s TaicHreidst (S zhecgher Tebanolbaty)of the first high boiling sol vent,

thereby to forma solution of the first high 25 boiling solvent in the
second  hi gh b.(ﬁc!z; rﬁsj'”é%‘?/’én‘{le"aﬁat‘cforﬁﬁ'@F&h&m&%“g’o&scffe(ad)dlr eédveri ng
first high ki kingiohuantadd ore tdees6k uhhpnoel msliepcbCstara6eeyabe to
step (a); (e) recycling residual second high boiling solvent fromstep 30

(d) to st¥p-X96/(F319Ur gVATANBENBEIRas U -FatTd7 &f%p US4 945) " o t i ng

mal ef | nhydrd [ ai d LONQf S| , 1 2SSadVaaat aid 4

di ca{ ox%?%ﬁdéeffsv’awgé%‘ 55%”58/4&%55‘ %%H'IQ(C?%}% @@‘%ﬁéﬁ%ﬁlﬁlm EPOS’?DOZ (h)
contacting therenthihgnregasdi dgCguthisearizaty lpgur iaflch tdeori vai itkes iqrude

first hi %g’ boiling solvent with a %aseous stream conf ai nj :lg)f hydr ogen

t her eby tY&HPINEE: e RTAAESEDBMACHE SaciviRafdisl KRGS romand to form

a 5 vapor £am i skAg;hy @,ggf iske G4 fi caf bewyld, camedd)
derivati vg; (?%é contggg?ﬁgﬁ?rgtgérei glrh f t%egjvczfgodrjfous st rgu:alm of staep j(,h) in a
hydr ogenata beazeneannddeohipdr Ggumdt iion Wit 4S BAvsL i t HQr Ared ®of Gifehtous

" pRen3ILof gy ebist BReLelnelacld sanderte sy Chalardnindc el

Ybut yr ol agiopes@ndusehrahbydosiyr amd a0lA-91/01960. In a particularly
preferred process the hydrogenation product mixture is
purified by distillation in one or more stages, including
distillation in a "light ends" column to separate overhead

20 the volatile components of the mixture including
tetrahydrofuran, and n-butancl. The bottoms product from the
"1ight ends" column can then be further purified by
distillation in one or more stages to yield pure butane-1,4-
diol.

25 In order that the invention may be clearly understood
and readily carried into effect two plants for the production
of butane-1,4-diocl, as well as some y-butyrolactone and
tetrahydrofuran, using a preferred process in accordance with
the present invention will now be described, by way of

30 example only, with reference to the accompanying drawings,
Figures 1 and 2 of which are each a flow diagram of the
respective plant.

It will be appreciated by those skilled in the art that,



(]) recowexr99g8erom t he hydrogenation zone a product strepfrgHdIbgsddi Ny said
at |l east one C, conpound. 15 2. A process according to claim1, in which

"t he vaporous stream of step (a) is produced by parti al oxigﬁ}igp of a

hydr ocarbon feedstock in the presence of a partial oxidati 8 éﬁ@%t usi ng
nol ecul ar oxygen. 3. A process accordi#fy to claim2, in which the

hydr ocarbon 20 feedstock is n-butane. 4. A process according to claim3, in
whi ch t dnuar tild axcompanyingt dtyeingsnpresdsagaandiaghoqemaons dettzaem in
whi ch the partial oxidatign condi tions éncgude uset%f %.tenperatqgﬁagf from
about 33GCETD Wbt HBHRIC It ERsaFE B3P 1 7 BRVHELAM: LIS TR RS AT 3 bar,
an air e ndyianedrahi gnodctuon phant . 155dchoaddatti ool iafwhs ebnt act
time of fromabout 0.01 s to about 0.5 s. 5. A process according to any one
of clai RIUWIRTLZE RS wWAPRYIERRiSERY {B)RRBIreapBrodH RIS | (PN HAR i BRt

stream i-S t .t h ELT Lgh L, Li-ng I - erature
n the FaTGE O TO DR ROt ot b an e Lo R R AP s e T Fom
about 1 tearpdsaloet s8nbarssopasssoréoconarsalletison temmErasiune sai d C4

di carboxylic acjd 99| 48852 30 PCT/ GB99/00881 1 7 SEP 2012 derivative
'n the TR HF Dol PG SOFRERATS: Heaters, coolers, Surde tanks,

condensers, column reboilers, and the like. Any such
additional items of equipment would be installed in

10 accordance with conventional engineering practice and form no
part of the present invention.

Referring to Figure 1 of the drawings, the plant is
designed to produce butane-1,4-diol, as well as v-
butyrolactone and tetrahydrofuran, by hydrogenation of

15 dimethyl maleate. In this plant pn-butane is supplied in line
1 at a pressure of from 1 to 3 bar and at a temperature of
400°C to a partial oxidation plant 2 which is also supplied
with air in line 3. Partial oxidation plant 2 is of
conventional design and includes a partial oxidation reactor

20 comprising tubes packed with a partial oxidation catalyst
consisting of vanadium pentoxide and provided with a jacket
through which molten salt can be circulated for the purpose
of temperature control. The partial oxidation reactor is
operated at an air:p-butane feed ratio of 20:1.

25 A hot vaporous partial oxidation product stream is
cooled by external cooling against boiler feed water to raise )
steam and then against cooling water to reduce its
temperature to 138°C. It is recovered from plant 2 in line
4. This contains 2.9% w/w maleic anhydride, 5.8% w/w water,

30 1.3% w/w carbon dioxide, 1.0% w/w carbon monoxide, 0.01% w/w
acetic acid, 0.01% w/w acrylic acid, 15.7% w/w oxygen, and
the balance essentially comprising nitrogen and other inert

gases. It is supplied as a vaporous feed stream to the



. 6. Ap ccording to claim5, in which the contacting step is
carried %‘ptff%?‘ﬁs% countercurrent contacting device wherei nPCREBIZOESHI ng
*vaporous streamis contacted by~a 5 descendi ng stream of fi£8t hi gh boiling
solvent in a gasliquid contacting device. 7. A process acco eﬁEﬁgZWb any one
of claims 1 to 6, in which the first hi'gh boi ling solvent is a nethyl

ester. 8. A process according to clai ml7, in which the nethyl 10 ester is
di ret hyl_phthalate, 9.. A process .according.t | aim 7, .i.-n whi ch .t he t hyl
ester T oI Aot il ST L MlfordeBrars SHEnYY SF HASE ot (3
aci d or el et dmi Sed 1o 14ak® 30c63r beRcabane.. 15 10. A process
accordinggn to claim7, in which the first high boiling solvent is dinethyl

pht hal ene- 2, ~eWeariRsgicr e7 Al . calWrBcessSapsovdiieg 6 td & mumbsh afhi ch
the fi i L1 | t., i i -1.2,4-tr] | at e.
€ ”%Jaéﬂlgigb@fi%ggg.so myv%jéqoésq;gg#@x& Qg%saefasl?sﬁ%zgg m&f}gﬁoxy ate

12. A proces ccording to an €0 arns to 1%, t he
secand Higgebosdchnigorsol vemdinst aa bdbvwh bstviéng $prak prfockEsstdgdording to
claim112, in which the butyl esfer.is di‘n-butyl phthalate. 14. rocess
accor di RPHPRHIEE rﬁ’rilzc?hihsv\fl‘ilEPli’t%‘% Pty CETPEFASTS l?tft)ﬂ%oéétt e@Eﬁ mi xture

of butylseshersn®f1@ +P00sgraghRbiziastyriaci d af daCists Nt niings ifg om 14
to 30 carbon atons. 15. A process according to claim12, in which the
second HigFRID i ¢ sonw et the dioveputyryaaphihaldme L6 dnchrisoxyl ate. 30

16. A pr, 10g, fo.clalml N Leh_t e ' i ling
sol vent §'S %l%r?;géf‘?rkﬁ Jbgentzlgﬂ%'-lgﬂfzg}@%i ]églpgéx;a}l g‘tgg.% %%&%Em#c}[cg?s lé{(;cor di ng
to phy odteic Tt al eBcdoled by méans_o¥OvABE4880PpRGEHARIN/NGHES 6l 7 SEP yp~

~ . 31 ich the hydrogen strippin tep i s conducted at substantially the
inlet pr %u?%ojt%gtfub%%rb@eﬁgg‘i‘ﬁﬁeaoﬁg. a1Bighed; §&Ess hQorfRF to any

one of clamBidnt® Wy medds WEChifibe;Aydrogen stripping step is conducted at
a tenperature in the range of fromthe inlet tenperature to the

hydr ogenat i onFz@nethe hbouem20C bhéohovar bBeketonefpefatagloinm I Hhere

hydr ogenati on zone. ,19.. A prgceﬁs accor di mg tg any .one of clainms 1 to 18,
'n whi G- HETAY o £ Boky P eC R P RCahy [Uative 18 e CAMBHITE 10 20, A
protess ASTOf tbMgot CappBdbRidleeld PhECR/WhRahrdrogenaidtinistan ic. conduct ed
in the vapour phase using a pronoted copper catalyst at a tenperature of
from abdAW 13BXY 1 5C aBBtE B00E BABLYL Bhggé§§ﬁﬁe of fromabout S bar to

about 100 barThe.off gas from the lower section 7 of column 5 passes
up through bubble cap plate 6 into the top section 8 of
column 5. Since this off gas will contain some dimethyl
20 phthalate vapour, a stream of di-n-butyl phthalate from line
19 is sprayed through nozzles 20 into an upper part of top
section 8 in order to scrub dimethyl phthalate out of this
off gas. Top section 8 is provided with a number of washing
trays 21. A solution of dimethyl phthalate in di-n-butyl
25 phthalate collects in the lower part of top section 8 and is
drawn off therefrom in linei22. Part of the liquid flowing
down top section 8 is withdrawn in line 23 and is pumped by
pump 24 through line 25 to a heat exchanger 26 which is
cooled by water supplied by way of line 27. The cooled
30 liquid is returned to a higher part of top section 8 in line
28,
The scrubbed gas exits top section 8 of column 5 through

mist eliminator 29 and is purged from the plant in line 30.



15 21. Awnh 969885 according to any one of clainms 1 to 20, |+13_¥yg§€9tb glge 4
di carboxylic acid derivative conprises a di-(ClL to C4 al ky LP38}s

‘malefic acid, fumaric acid or a nixture thereof 22. A proce§$‘gg£9¢9ing to
claim?21l, in which step (g) 20 conprises the step of reacting maletic
anhydride in the solution of malefic ardydride of step (a) under
esterification conditions in an esterification zone with a Cl1 to C4 al kanol

to formthecgarpespapaiedy dor( €kampl@l alkyd )wddd €at@rnes3. A process
according to claim22, in which_the 25 esterification zone conprises a

non- cat al yt i cTReagesrtipnwaitc Raded crardrydr iadtyi i dbmnethyl hphebalaten in
t he hi gh; bojlj ] : i i neth d t al yst
o oot hasiestr ipdeuaaee i an ' Stoepce. Bl ited got o

with the o C a r espondi al kyl )
mal eat e th&8OtPde depradbes dac®iodiA+® A/ D&IR7 ONEhDE chmbrbsdsta R3mbén which

the catal ytic_esterification stage conprises a colum reactor provided with
a pl 3 al 91 yeSFCELELFRFLOR FORYEr ds TEXTF T Gt RPOVF dsha BRAPGe BACA sol | d

esteri fi@é‘ﬁ&&ﬂnin&@ﬁ%é%éé%@apgylcz’a@%'é’é@ﬁﬂfﬂt%&i%? 89&219%&3' ysty has a

vapour upconer neans to pérnmit vapour to enter e tray frombelow and to
agi t at e aheAmbgriyetlf 16i gesdnacd SHT iawt exnidhaegé oresinal ysd eéach zone
of turbul ence o a o] ep..the catalyst partiegles,in suspension,
and a dgﬁﬁgﬁﬁgrQn%%ﬁgB%h¥8%B%§rmﬂﬁ?{%p ?leﬁn&%Rﬁ£%aﬁ%§y§tlb%?} cles, to

f1 ow dovflodmoesmehatot paymie LHeuiekitd Rw Alewn tHige CObLMN I £86H 0pndei Ng
sup 4)ied beneagh the | owernost esterification tray wwith a streamof C=1to
CS AP kan®ProapourabAd™ 53N GPp&NSe AL fMRY PR¢ r ayMeFRARAL 1¥2BBYYIt i on i n

the hi gh; bordppgieat e €QEPHLSRE & I b1 ef |
anhydri de) a pofis (O to C- alkyl) ﬁnﬁ%@aﬁ@vﬁ%ﬁéﬁ e cﬁwgkcghg?kyl
group is3deriVatetrof escecifticatical kismatemaneld aimi therreapherestreds. A

process accgrding to clain124,g n_whi c Ir%}éloor of 15 each_tr sl opes

t onar ds THECBAe B f&%ﬁﬁpeﬁgg &prézg}gﬁgx th SREEH fﬁ%cﬁﬂﬁl_lo}srepose
of the cepatysédpatt aCkemperdenrieh®d ifptid. afut A DIVEASS A& diygrd o any
one _of clainms 22 to 25, in which the esterification zone conprises an

aut beat a#HEi 820 BILEFHFECAE SFOFoROMerki R heo eabewt ¥ cha¥on EBAI ti ons
| ncl ude Hag;8fnge! EURE! ahUEROL L £ PG 0 80U Eo0 Chody pr essur e of

from about ar to about bar an erern na I c anhydride 1s converted
by reactNonmailipy Chet ce@pexblarel cot Hheastop epaytwibl the someespondi ng

i me 2598536 Cofler BPRUENG20oFhr FRPLIAF Aher I TRt o ary 18

esterificatgonapene whereyn the esterification conditions ' include use of
a tenperature of from about 65C to about 135C 30 and of a_solid .
estéfificati oft saluryen comsAilsiing &Pown 25%¢anedimethyéonadearagipendant

sul ol a4 g8L 1 PR Es A PUASKIR SN2 AV R BB 22 0
reactor 31 in line 37 and pumped to near the top of a
stripping column 38 which is operated at a temperature of
170°C and a pressure of 885 psia (61.02 bar). Column 38 has

25 a number of distillation trays above the point of injection
of the dimethyl maleate solution into column 38 so as to
reduce carryover of dimethyl phthalate in the overhead stream
from column 38. The solution of dimethyl maleate in dimethyl
phthalate flows down through packing 40 in stripping column

30 38 against an upflowing stream of hydrogen from line 34. The
stripped dimethyl phthalate is recycled from the bottom of
stripping column 38 by way of lines 41 and 42 and line 10 to -

the top of the lower section 7 of column 5. Fresh dimethyl



WO 991 48 GB99/00881 1 7 SEP 2102 al kyl) maleate is dinmethyl nal eate.
29. A prggéggggécording to any one of clains 22 to 28, inP&ATGHPNOBESIT | st
“high boiling solvent is an al kyl ester whose al kyl noiety is derived from
the sane al kanol as the Cl to CQ 5 al kanol used in the esfidr SEP 282 on st ep.
30. A process according to any one of giains 22 to 29, in which the Cl to
C4 al kanol is nethanol, the di- (A to C, alkyl) naleate is dinethyl

mal eat e, auh fd | LA | xeng LS .al.go thyl r, 10 31
A pr ocegs acclo%% négé:tﬁ%ergkl?lgg%lﬁgb%fQ%?%lgrr%§2%‘et!a§538, ilﬁn%il{% Ylﬁ:ﬁf@ 3

‘hydr ogeratramn stegam sof orltkictecycbhed heolapatr sphase dm@pea taickicein
pronot ed .copper catalyst at a tenperature of from about 150C to about 240C
and at JﬁF£§§%Te of fromabout 5 bar to about 100 bar. 15 32. A process

according {0 @ ofkee Kol &F MBcAih9i 8, cbMukhi 83 LBEIelmdtgdd rok hi gh
boiling solvent fromthe solution of step (c) includes stripping with air
or 6t herl ¥th-£orRiaitRb| 22%jarated. VAPPRECBES a0 SEIeET ¢IBL bFnNDf cl ai ns

1to 31,54 ' overy of first high_baoil.i ol M romthe

sol uti or?lo&%?}é%wl#% e%tgge ?e%}’(gﬂo%%/ﬁdi st'?#‘ﬁl &t ?lgﬁ.r%%f% Elg‘g%%ﬁ g accordi ng
to any oEledte!mol®r lrdviS30f i absbtch2there Thikecapeied Miomide
hydrogenati on zone a hydrogenation product m xture which contains,

i
addi t i orf¥FFB MRt Hne? 15 AR BREVER sOEnFRER aREMH 4801 ¢t &G gfrwtof]uﬁ%ﬂ: and
Ybut yr ol ¢4 e a 3ore S PFOCEESe ACERE I NGt 9;s§ bgllwt_%léi Wit e e bR hot

hydr ogenati on product m xture is purified b Istillation in one or nore
st alfes, hydtesgmgfxipmtlitat46nat naatempghatemds'of3Eron whoun BRYH die

and 1 BRI 258 S FIRELE Tagrarng Torern a8, & KRR ETIE Dot toms
product wigwhyl htaldéagdtmeDEs" reolonBEi sbbukt Ben :puEnd ek byt 14¥x991 48852
34 PCT/ Ca;?bgog\./lg 058'8(::‘L above its dew point.
This vaporous mixture passes onwards in line 47 to
15 hydrogenation plant 48 which includes an adiabatic reactor
packed with a reduced copper-based catalyst, for example, a
reduced copper chromite catalyst, and operated at an inlet
temperatﬁre of 173°C, an inlet pressure of 885 psia (61.02
bar), and an exit temperature of 190°C. The dimethyl maleate
20 feed rate corresponds to a ligquid hourly space velocity of
0.5 h'*. The plant also includes a purification section in
which the crude hydrogenation product mixture is distilled in
several stages to yield pure butane-1,4-diol in line 439.
Lines for separate recovery of y-butyrolactone and
25 tetrahydrofuran are indicated at 50 and 51 respectively.
Other streams from hydrogenation plant 48 include a methanol
stream 52, an p-butanol stream 53, and a “heavies” stream 54.
Material from stream 52 can be recycled to line 33. n-
butanol from stream 53 can be used to produce make-up di-n-
30 butyl phthalate by, for example, ester interchange with
dimethyl phthalate in the presence of a suitable ester
interchange catalyst, such as titanium tetra-iso-propoxide.

Stream 54 will contain any high beoiling hydrogenation product



~ ~ ~ P 2002 distillation in one or nore stages to yield pure
butane-1,4diol. .A'R AA9.A .. A

“. . AR A ASkoAbagss). A, . AA Al 7. As3. AF. ASF. A e. A?. A9. Ay. As[ 3. AP

. 9. AF. 9yA E ./Z\Lr AL AFNS A % A L AA LA © g | 6%9&881

Y. Al | . AhO-: 122\ hi ABLMB{ vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]1c7a1355] m caj ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cTalU] ca] ca] ca] ca] ca] ca! $9%23VWKkI vw

{vqgl gb] X] ca] ca] ca] ca] ca] ca] c"al] ca] caU]44a] cLa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! z{ xyt uGHI Kbc{vqgl gb] X] ca] ca] ca] ca] ca] ca
] ca] ca] cat ceypapdatta] Cajcaieaida|idald e ateshtalng] €apeahyalregetalkdahcal ca]
cal ca] ca! 12not u rT 1z} xsnhb alcalU] cal c )

a] ]ca] ]ca] ‘Bg]( %’é}’cﬁféé}?ga gg%ﬁ%&i}@a}@%%% CB%'H@&FE%] &8 EEcaPPREa] ca] cal ¢
a] ca] ca] gakeatd, Kh61KkE s, e.g. 1,4-dihydroxymethylbenzene.

}xsni d_Z]]ca] ca] ca] ca] ca] ca] calca] ca] ca] ca] ca]ca]caJca]ca]ca]ca]ca]ca]calca
] ca] ca] ca] ca] Earcapéaz]té@pc@]fcaii@aﬁqhyl phthalate in di-n-butyl

rrrrentqrge C VWL JH#KAEN S $d5eds e %8 | gb

ca] c?;\] caﬁsj ggﬁgfgi}:égﬁeagz%z]%%ﬁaaﬁsg%j c%]%:%]?%g] %%gg %Zch%%%]%%]aq&]c g]%]c g'%%]a]c g?]e
%0000 56" and' ] i ipper column 57. A vaporous stream

s S sl el el o dlgu o
5111 581 9031 BACHLLE Hdaiesdd cadcoboal calkca) 6 el Gakeal cal

ca] ca] caJ caJ ca] ca] cal] ca] ca] ca]ca] ca] caj caJ ca] ca] ca] caJ ca] ca] ca!l 3T4U4x66666
666 77L76@21683898r@x04=1ine 60. The resulting condensate passes by

a0 30y sareurSaro ko o aatecd oaheg) salothed bl ool o
===>====zg2pE2Ead? LEEERRCEEECII I a3 Y] £3] sakealcalc jealtalkeaboghcal caU
] ca] caU] ca] ca] ca] ca] ca] ca] C'a% ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! GGG Kc
KAMWPNa M RRVRRNNTERFT D@ 1n 65.

luénceé of pump 64 and through line

VA ¥\ -\ 0\ 3\ 6\ = id f ! a Lalcalcal c"al c
aU] ca] cay caﬁg}?g‘fgﬁ:&aﬁ?’lﬁga@a %aﬁ%ﬂgg%gg c%jgga c’lﬂg’]cig;% %g.]] ca dgeel ]
M h\\ $] addaaadatlyiibphrdaBEeggdrE aaedo@ti@dpphupkha\ BEf a@nd Jicalpealsed] c$al ca]
lCJ]a(L:J]’é?J} gg}‘%%}%%?%‘%%?a%%@% % gg%] tiFealda] cal ca ppzg2t vvvvv~

~~~, ~" m {val ga\Viga\ Wi icat] £ sadsal £al 68Uk Rl crigHsalcaleal 63 cal ¢
aU] cal] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] caj ca

| 8qcor | z&pj divekE3\] cdUnEa]&fa]conaNg ¥ ] tht cal ¢ updafoausdalicaieta](@Becal] ca

ho} B RlRT AEOEE ViRt ek Bhf AL AL NP ER R ol SREESE ona) cau
] pg] cz;]ch] {iﬁmalsl]Zc]a]oca]mm:fitﬂm]pmﬂ cat)| Eax}/aaU]s]ea:H%imU]'na:]ﬂ:a:oﬁm'ﬁﬁF}S.]gq! 1]#>~%/s
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bar and at a temperature of 400°C to a conventional partial
oxidation plant 2 which is also supplied with air in line 3.
A vaporous partial oxidation product stream is recovered from
10 plant 2 in line 4. It is fed to the lower section 7 of
column 5, up which it passes against a downflowing spray of
dimethyl dodecanedioate which is supplied at a temperature of
about 68°C from line 10. The operation of column 5 and of
air stripper column 57 is essentially the same as described
15 above in reference to the plant of Figure 1. Moreover the
liquid supplied by line 19 to the upper region of top section
8 of column 5 is di-pn-butyl dodecanedioate.
From the bottom of column 5 there is recovered a liguid
stream in line 70 which comprises a solution of approximately
20 15% w/w maleic anhydride and 0.04% w/w acrylic acid in
dimethyl dodecanediocate. This is supplied to near the top of
a stripping column 38 which is operated in a similar manner
to column 38 of the plant of Figure 1 at a temperature of
180°C and a pressure of 580 psia (40 bar). Column 38 has a
25 number of distillation trays 39 above the point of injection
of the maleic anhydride solution from line 70 into column 38
so as to reduce carryover of dimethyl dodecanedioate in cthe
overhead stream from column 38. The solution of maleic
anhydride in dimethyl dodecanedicate flows down stripping
30 column 38 against an upflowing stream of hydrogen from line
39. The stripped dimethyl dodecanedicate is recycled from
the bottom of stripping column 38 by way of lines 41, 42 and

10 to the top of the lower section 7 of column S. From the
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10 This vaporous mixture passes onwards in line 47 to
hydrogenation plant 48 which includes an adiabatic reactor
packed with a copper based catalyst (e.g. a promoted copper
catalyst) and operated at an inlet temperature of 180°C, an
inlet pressurxe of 565 psia (39 bar), and an exit temperature

15 of 200°C. The maleic anhydride feed rate corresponds to a
liquid houfly space velocity of 0.1 h-*. The plant also
includes a purification section in which the crude
hydrogenaﬁion product mixture is distilled in several stages
to yield pure butane-1,4-diol in line 49. Lines for separate

20 recovery of y-butyrolactone and tetrahydrofuran are indicated
at 50 and 51 respectively.

The solvents dimethyl dodecanedicate and di-p-butyl
dodecanedioate used in the plant of Figure 2 can be replaced

by any of the pairs of solvents listed in Table 1 above.
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1098B& () - F' 10%B8ul),- smteMB&apourt SMHS. cd98B8ck1des in an absorption
zone with a first high boiling solvent having a boiling
point at atmospheric pressure which is at least about
30°C higher than that of maleic anhydride thereby to

15 form a solution of maleic anhydride in the first high

boiling solvent;

(b) recovering from the absorption zone a waste gas stream
conﬁaining a minor amount of said first high boiling
solvent;

20 (c) contacting the waste gas stream of step (b) in a
scrubbing zone with a second high boiling solvent having
a boiling point at atmospheric pressure which is at
least 30°C higher than that of the first high boiling
solvent, thereby to form a solution of the first high

25 boiling solvent in the second high boiling solvent and
to yield a washed wastie gas;

(d) recovering first high boiling solvent from the solution
of step (c) for recycle to step (a);

(e) recycling residual second high boiling solvent from step

30 (d) to step (¢);
(f) purging washed waste gas of step (c);
(g) converting maleic anhydride in said solution of step

(a), if necessary, to said C, dicarboxylic derivative;
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C, dicarboxylic acid derivative therefrom and to form a

5 vaporous stream comprising hydrogen and said C,

dicarboxylic acid derivativé;

(i) contacting material of the vaporous stream of step (h)
in a hydrogenation zone under hydrogenation conditions
with a heterogeneous hydrogenation catalyst thereby to

10 convert said C, dicarboxylic acid derivative to at least

one C, compound selected from butane-1,4-diol, y-
butyrolactone and tetrahydrofuran; and

(j} recovering from the hydrogenation zone a product stream
containing said at least one C, compound.

15 2. A process according to claim 1, in which the vaporous
stream of step (a) is produced by partial oxidation of a
hydrocarbon feedstock in the presence of a partial oxidation
catalyst using molecular oxygen.

3. A process according to claim 2, in which the hydrocarbon

20 feedstock is p-butane.

4. A process according to claim 3, in which the partial

oxidation catalyst comprises vanadium pentoxide and in which

the partial oxidation conditions include use of a temperature

of from about 350°C to about 450°C, a pressure of from about 1

25 bar to about 3 bar, an air to n-butane ratio of from about
15:1 to about 50:1 and a contact time of from about 0.01 s to
about 0.5 s.

5. A process according to any one of claims 1 to 4, in

which in step (a) the vaporous maleic anhydride stream is

30 contacted with the first high boiling solvent at a
temperature in the range of from about 60°C to about 160°C and
at a pressure of from about 1 bar to about 3 bar so as to

form a solution comprising said C, dicarboxylic acid
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liquid contacting device.
7. A process according to any one of claims 1 to 6, in
which the first high boiling solvent is a methyl ester.
8. A process according to claim 7, in which the methyl

10 ester is dimethyl phthalate.
9. A process according to claim 7, in which the methyl
ester is a methyl ester or mixture of methyl esters of a long
chain fatty acid or acids containing from 14 to 30 carbon
atoms.

15 10. A process accordinggn to claim 7, in which the first
high boiling solvent is dimethyl phthalene-2,6-dicarboxylate.
11. A process according to claim 7, in which the first high
boiling solvent is trimethyl benzene-1,2,4-tricarboxylate.
12. A process according to any one of claims 7 to 11, in

20 which the second high boiling solvent is a butyl ester.
13. A process according to claim 12, in which the butyl
ester is di-p-butyl phthalate.
14. A process according to claim 12, in which the butyl
ester is a butyl ester or mixture of butyl esters of a long

25 chain fatty acid or acids containing from 14 to 30 carbon
atoms.
15. A process according to claim 12, in which the second
high boiling solvent is di-pn-butyl naphthalene-2,6-
dicarboxylate.

30 16. A process according to claim 12, in which the second
high boiling solvent is tri-p-butyl benzene-1,2,4%-
tricarboxylate.

17. A process according to any one of claims 1 to 16, in
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(10%9&5(Hyér$§ghatlon zone to about 20°C below the inlet temperature
to the hydrogenation zone.
19. A process according to any one of claims 1 to 18, in
which the C, dicarboxylic acid derivative is maleic anhydride.

10 20. A process according to claim 19, in which the
hydrogenation step is conducted in the vapour phase using a
promoted copper catalyst at a temperature of from about 150°C
to about 300°C and at a pressure of from about 5 bar to about
100 bar.

15 21. A process according to any one of claims 1 to 20, in
which the C, dicarboxylic acid derivative comprises a di-(C,
to C, alkyl) ester of maleic acid, fumaric acid or a mixture
thereof.

22. A process according to claim 21, in which step (g)

20 comprises the step of reacting maleic anhydride in the
solution of maleic anhydride of step (a) under esterification
conditions in an esterification zone with a C, to C, alkanol
to form the corresponding di-(C, to C, alkyl) maleate.

23. A process according to claim 22, in which the

25 esterification zone comprises a non-catalytic reactor in
which the maleic anhydride.in the solution in the high
boiling ester undergoes reaction in the absence of added
catalyst with the C, to C, alkanol to form the corresponding
mono- (C, to C, alkyl) maleate.

30 24. A process according to any one of claims 1 to 23, in
which the catalytic esterification stage comprises a column
reactor provided with a plurality of esterification trays

each of which holds a charge of a solid esterification
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next lower one, the column reactor being supplied beneath the
lowermost esterification tray with a stream of C, to C,
alkanol wvapour and to an upper esterification tray with a
10 solution in the high boiling ester comprising a material
selected from maleic anhydride, a mono-(C, to C, alkyl)
maleate wherein the C, to C, alkyl group is derived from the
C, to C, alkanol, and a mixture thereof.
25. A process according to claim 24, in which the floor of
15 each tray slopes towards the zone of turbulence at a slope
which exceeds the angle of repose of the catalyst particles
under the liquid.
26. A pfocess according to any one of claims 22 to 25, in
which the esterification zone comprises an autocatalytic
20 esterification zone wherein the esterification conditions
include use of a temperature of from about 70°C to about
250°C, a pressure of from about 1 bar to about 50 bar and
wherein maleic anhydride is converted by reaction with C, to
C, alkanol at least in part to the corresponding mono-(C, to
25 C, alkyl) maleate.
27. A process according to any one of claims 22 to 26,
wherein the esterification zone includes a catalytic
esterification zone wherein the esterification conditions
include use of a temperature of from about 65°C to about 135°C
30 and of a solid esterification catalyst comprising an ion
exchange resin containing pendant sulphonic acid groups.
28. A process according to any one of claims 22 to 27, in

which the C, to C, alkanol is methanol and the di-(C, to C,
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which the C, to C, alkanol is methanol, the di-(C, to C, alkyl)

maleate is dimethyl maleate, and the first high boiling
solvent is also a methyl ester.

10 31. A process according to any one of claims 22 to 30, in
which the hydrogenation step is conducted in the vapour phase
using a reduced promoted copper catalyst at a temperature of
from about 150°C to about 240°C and at a pressure of from
about 5 bar to about 100 bar.

15 32. A process according to any one of claims 1 to 31, in
which recovery of first high boiling solvent from the
solution of step (c) includes stripping with air or other
non-condensable gas.

33. A process according to any one of claims 1 to 31, in

20 which recovery of first high boiling solvent from the
solution of step (c) is effected by distillation.

34. A process according to any one of claims 1 to 33, in
which there is recovered from the hydrogenation zone a
hydrogenation product mixture which contains, in addition to

25 butane-1,4-diol, alsoc minor amounts of tetrahydrofuran and y-
butyrolactone.

35. A process according to claim 34, in which the
hydrogenation product mixture is purified by distillation in
one or more stages, including distillation in a "light ends"

30 column to separate overhead the volatile components of the
mixture including tetrahydrofuran, and n-butanol.

36. A process according to claim 35, in which the bottoms

product from the "light ends" column is further purified by
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distillation in one or more stages to yield pure butane-1,4-

. diol.



