;e3eH*Ht jv p*6*T* 1 1 4 JUN 200A PROCESS FOR THE CO PRODUCTI ON OF

ALI PHATI C DI QLS AND CYCLI C ETHERS This invention relates to thes yun 2004

co- production ogﬁmmmmmmmMﬁmmEiol and tetrahydrofuran by hydrogenation of a
hydr ogenat abl e i is a nono-(Cl to ¢4 alkyl) ester of a C9

al i phatic dicarboxyl isge@ei d; a di-(Cl to C4 alkyl) ester of a C4 aliphatic
di carboxylic acid, butyrolactone, a m xture thereof or a m xture of one or
both thereof with a m nor anobunt of a correspondi ng nono-(Cl to C9 al kyl)
ester of a C4 aliphatic dicarboxylic acid. 1t is known to produce aliphatic
di ol s by hy Rt (FOR e G IRFOMIG TN QF ALIRAGTIC RHIOLH AN | Qs ,

| act ones, anghyfipd ures thereof with a mnor anmount, typically no nore than
about 2 wt/wo,of a nonoester of the aliphatic dicarboxylic acid. Thus
comrer ci al pl ant s THedve bemntoign trewdteds grodite ga-Ruadsctgfon of butane-
but ane-1, 4-di o}, .t et rahydr of ur,.an, an - byt yr t one by hydrogenation of a
di al kyl ester’ 4ofdlnC% eq‘rf%dcaegcl%hys%% gua%arg%r%t%%coriﬁmeaa‘{)leo%rodff:liagt hyl mal eat e.
Di met hyl suggidiadgerort b lad yd testictl nedecthave alrsandien swggeshedyds
suitable starting materials for hydrogenation to produce hutane-1, 4-diol,

t et r ahydr of BHEARE 2 et PridPRdtdte IS PREYHEr a6 Radiiod Grefar i ng t he
operation Ofaﬁ@cw Rants Jeferency impuihe @&@%’rbfo%;yl@&a%li%’ to

US- A- 4584419, US'A- 4751334, WO A-86/ 03189, WO A- 88700937, US- A- 4767869,

US- A- 494517 HutliS A AHDVE5 , a WS- 825 4758 e ¢ fS-o 58 10984 reamt WDeA- @1 /10d1960.
Al t hough mag_l_y €F| an o.ptrat ors desire 1o XI msreretsheoryéierlldlggn _(Ch to C

but ane- 1, 4- diTBT-SHd ol hi A tHEIH LI of THe FE S idificts :

y- but yr ol actng,and4d ¥ adry o of Ulzan phialt@se dirjaebokg-laodudios are themsel ves

al so val uabl e commodity chemcals. |n sone cases the plant operator wll,
in n~~~~w~ 1 49U 2002 HArRTIHE 2 hReAE ¢ HR Fretk dtydipgenation

tetrahydrof yrany and. W 1 dsdesd ror to gohance dheaeteh of 18 & corprogies,
rat her than to suppress it. One comercially practi'sed nethod for the
producti on aind hel xiiat &y | t et eaf aslthhi zmner weelins, flegeistabky imo suere
hydr ogenati o rocesses, i nvol ves reaction of nmal efi g anhydride with an

al kanol , suéﬂ“§§fﬁﬁpﬁhﬁ%lw rw%ﬁhd%glé W?P?%ﬁ?ﬁ?i?étgﬁ%égg%ﬁg%gﬁ%nding
nonoal kyl ”&i%:ﬁo@fﬁdli@%bi@. COrwes tcdritfe FETWRI Kydnt@l et e Bdeh heuilt
correspondi ng di al kyl mal eate. The reaction between mal efi ¢ anhydri de and

the Cl to CAvslRarofodece orkrimecs ot f Rpbrne nty hoibR C1teor doy & gipyan

mal eat e can be, auto-cat al ysed and progee cordj to .t r tion:. O
HCC\ I (5"?—90%’3t P O(SGH%XM Oé%%ca%ﬁvoq\ %%% 8%\%%2(3'& %asﬁ:sera 51 to
C9 al kyl radi£rdic Thei dpnduck Ast@ikQd @y kyhilemtease dhethyepasibeatéh

further Cl1 to C4 alkanol in the presence of a catalyst to formthe

correspondi ATEEERCE $CERAFRyPY FhfEAYE. SUtel PR FRYE cdhERrbedis: O O H
11-0H H 11 - QRuebsseldh 4 RO Te *stR0 Gi& Hitd S R Hod GOR-QQupbesg R i's
as defined g%)%%s%’% catalytic ees? er%i c%ti on zone ca% coﬁg)%%e a
plurality oftsStprodacs amkt seact pisdias, di sctasedro futit Aadd 9824, but
preferably conprises a colum reactor of the type disclosed in

WD A- 90/ 0812qutyrqlacone N 2004 3 Because the esterification of the

nonoal kyl mal eat e.| n L1 1 DE] £ tiont&ihs EfL G 10ndEEVELRE
reaction to coanFeét)?o%?rglg%i CIB %r y ??ﬁt%e&%#ﬁén I usedﬁéf‘lor esterfflgléati on
is difficultplands yréfheasneeonay ke neader , fsuceéxamp ke harol UStHentes 4 hed,

Contarns a tosca SISREHE o HRThr FalOTLES hot o O AEBRouP T TRl R e i 1
amount s whi chistypisably3 | angeafs omabout US-A1s5 164 W ®, UPS+R-8BDOY54, Oand

w/w% In theEzErocess descri bed in WO A90/ 08127, the anobunt of acidic
material in WhehuPh/®yP6%ml eate is normal |y dependent upon the water

content of the a'K?E@&u%ﬁpﬂé'ﬁ Spig t% éf&%@f’saéiébfeb@&txﬁ%t%iégetﬁé?' um

reactor. Although Inventors an Ir co-workers have nonstrated that
sone het er ogghebdisoeshet ahgdt pdedadl oandatal wshsmase teéayiebdyofotkeant
towards the presence of acidic materials in th er_feedstock,

e dial kyl es
such catal yst3I9® FOTPRBFNEFPy GiRMEF &P IFTRG QHédﬁﬁ€%9W¥4?P§4ﬁ§Qk§ﬁq%§F
hi gh cont ent etra a h e o] F pgenati on
Catal yars aRTateb o b b 05et T b ot Fhe des: Fab o co. prsauet 7
t et r ahydr of uclaemibave. beén fowmadchbyeshehénpeanbrspanatoheviltp-workers to
be sensitive to the presence of acidic materials in the feedstock. Exanples
of such catalysts are described in EPA-0656336. However, the yield of the
undesirabl e byﬂmmwﬂmwmummm tanol, whose presence can conplicate the product
recovery proce somewhat hi gher than is desirabl e when such
catal ysts are usedscofet her byproduct whose presence can be give rise to
problens is the cyclic acetal, 2-(4'-hydroxybutoxy)tetrahydrofuran, of the

N N NN SN IS SN ™o 1
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+-ROH CH2 - CO2R CH2 - CH20H +H2 +2H2 CH2 - CHO -RCH CH2 - CH20H #2H-
CHgCH2CH2CH20H _H20 CH2 - CH2 CH2 - CH20H -H20 CH - CH OH CH2 - N2 20844
~-Q(CH2)alH 2 O -H20 CH3CH2CH2CH20H The cyclic acetal by-product, i.e.
2:(4' hydr oxybut oxy) -t et rahydrofuran, is troubl esone because its boiling
point lies very close to that of butane-1,4-diol and - ROH 1 4 J a N 200
s because it forns an azeotrope therewith., For a nethod for its renoval
froma butane-1, 4-di ol streamreference sﬁoul d be nade to WO A-97/36846. It
i s neverthel ess .desirable to mninse t et_]‘o rratti n of this. byproduct..and
of its potemAHIPHE U SBHE HahTIRNIH K - Vdro%%éraq S e i s
accordi ngl y e diged dorermmai@cesse fpreidie fffiid en-modiaduedidy afhan

but ane- 1, 4-di ol and tetrahydrofuran in which a relatively high proportion
of the proddet SuPawrstsH iterns is constituted by tetrahydrofuran. There is
al so a need to prQvi i ved GESSHd I SOAMEr S opet o
t he undesirabl e bd;}pér g%u@@n%u%%%ﬁ%ﬁcﬁe cyc C{]c@cg{ha%% 150 Xk

2- (4' - hydr oxatautaadal) ket letnialyedred wlaich israniusad sexd. felustpraseint suntent i on
accordingly seeks to provide an efficient process for the production of

but ane- 1, 4. AIY6IE QAT A D PLIRAR T LT By T Dt i ot PU(TL to o

al kyl) esterafydr G di o baxyd1iearesl d. sudh adinidtiand]l seekstRandr ovisle a
process for producing relatively high yields of tetrahydrofuran as a

co- product, Togetfhiarsti the yeriE s orerd Bie, "enra Hey bkt ot then to

but ane- 1, 4-di i ialkyl t f 1 i

succinic aciéd),qj%ép%/fi ona W%% %%&eﬂwétiytﬂgéc%h%ss on m%é:cf?%ﬁkyﬂ ester
of fumaric agdlkatsi ngries rhadkiydn dsdteredreenstack antwhbd dstard ttiad C; to
contains significant anounts of acidic materjals such as {he coryespondi ng
nmonoal kyl %étlé,anpdﬂﬁpatfé’,r“bF%Eﬁrﬁgts?.owgaﬁﬁnﬁ—i@%é@kg‘l t%bﬁfﬁ\/i de an
i nproved progessafOorcde&ospfoductd s Ml gesdedddli dcdling to the
tetrahydrofuran in which the anounts of the undesirabl e byproducts

n- but anol amckadfel@yctic acet 8I, 2- (4' hydr oxybut oxy) -t et rahydr of uran, are
m nim sed. According to the pfjesent invention there is proﬁi ded a process
for the co-production of butalle-1, 4-diol and tetrahydrofurdn b%g

hydr ogenati on of a corr'és.popdp g hydrogenat abl e mat e'F'kql /s'é?l"e—c Bd from
nono-(Cl to Cq al kyl) ~ 3~ J 200 6 esters of dicarbgxylic acids, di-(Cl
to C4 alkyl) esters of C9 #liphafdc diR@Hboxy+®aci ds, |ly- butyrol act one,
and m xtures of two or rry,@ t hef'eof , which conprises: ptqQuviding a plurality
of hydrogenati on zones mnclmbng first, second and thfrd gregrnat i on
zones connected in series, thg hydrogenati on zones each cofitai ning a charge
of a granul ar ester hydrogenaoi on catalyst, the first hydre@genati on zone
containing a bed of a catalyst which is tolerant of the presence of a m nor
anmount of acilitke Rt esial ¢, tthe GGeadhkglhyddagenat i BhezoneoedAti atmi g a bed
of a catal yst_ which gr ovi des. enhanced se|lectjvity to.the ccycl et her,

compar ed 1o HE ERtE JRTEST CFR FFPSES YT OGERETISh Gor®, Gind HRECENEF
hydr ogenat i opZ0pe: SORLRI BENY B2 08Ty Sf €0 CR AhYShe Wb LR EXEBILS Qi+ educed
selectivity to at |east one byproduct including .

2- (4' - hydr oxybut oxadkytlet meyedhtef ur dhe ot wiadnagidashtidl yst of the
second hydrogenation zone; maintaining each of the plurality of

hydr ogenati on zones under tenperature and pressure apnditions effective for
t he hydrogenation of thg hydrogenatable material to [putane-1, 4-diol;
supplying to the #first _oye+ramgenati on zone at a4feed g-emoarature of from
about 100C to abodF\aﬂﬁc and at a feed pressuré\u?/?ron150 psia (344.74
kPa) to 2000 psia (I ﬁ789. 52 kPa) R@H/a:p@_-&uﬁtream conpri siung,dydr ogen and
t he hydr ogenat abl e erial, the hydrogenat abl e terial containing from
Odo to 10% w/ww”of acretar material and bei suppt+ewdrat a rate
corresponding to a quuud hourly space velocity of flfom0.05 hr-1to 5.0
hr-1; recovering fromtoe first hydrogenation zone afirst internedi ate
product stream containin e rog t rj s ;

Ut anc- 1. 4- drBr Syt oty gl 4ot SRt EalYanydrir L ane AlE. Snelheragigacion
byproducts i nchedtag 2epdrhydr expburaxyyytefrahydreflutank reactordiNag~~ 7
suppl vi ng maperialogf theybinsh baken Mgl at 6 BeodlG] , SLERAM Lost hecsesand
hydr ogenati on~zone; fFecovering fromthe sécond hy roéenat on zoné a Second
i nt er medi at erpaotact ot tkantygpapdischgsadr éacedAhdr0§enat abl e materi al ,
diol, y-butyrol actone, tetrahydrofuran, and one or nore byproducts

i ncl udi ng 2-(4' hydr oxybut oxy) -t etrahydrofuran, the selectivity to the

t et rahydrof uran being higher in the second internediate product streamthan
in the first internedi ate product stream supplying material of the second
i nternedi ate product streamto the third hydrogenation zone; and recovering

o N e - o,



The hydrogenation catalyst used in the first hydrogenation zone is sel ected
so as to be tolerant of mnor anount of acidic materials, nore payyugW@r!y
acidic organic materials, such as a nonoester of a dicarboxylic acid, which
may be present in the hydrogenatable nmaterial in amounts in the range of
fromO.005 wt/wo up to 1 wt/wm% Exanples of such acidic organic
materials, which may be present when the hydrogenatable material conprises
a dial kyl mal eate or succinate, include t He correspondi ng nonoal kyl

mal eate, fumarate or succinate. Under normal operating conditions it wll
be preferred to SI5EESE it S5 1RAogea bl dtemtioaiatl masleats ol an
acid cont entyras Qfiactdcia &sef:td oM £t @8N BicH i g Bty i1 wordant of from
0.01 to 0.25 wt/wto. However, it may happen ~ ~ ~ur~ ~~ 9 that, as a
result, for "S&HIY G WP ettt Rporfdtiaons i thie Prcairt ivied! o
for the hydrogenatmis: g erd ali beidg perd Whedn the dewpinid tdigheac) di c
material in the hydrogenatable material may tenporarily rise to 1.0 wt/w %
or hi gher. ISV r?rsef%?q'}a&?]pr odEC A dlify ol Ml R sV etRd Rt yst

of the firsteHydraganati At Zerd ot F esiucad HopPercsHvPITe & ety sgr or a
reduced pronoted copper chromate catalyst. A suitable reduced copper

chromat e cat¥Iifsic ML TR h Tt figrmmpvk ! Rpkerles akba of at
| east about 2 Q.widi O Zel X Stdriduits @i ddut fetol ess/ddwmn$0& of
the pore volune is provided bytfores in the size range | ess_than about 40
nm and a s@dAte r®d LT butt P S RIPTIER I HRth oA T he total
surface areagguov dath Bndgiesot mdhe Simednge of fHomabouil 7 nmto
about 40 nm A copper chromate catal yst of this t%/_pe is, for exa%e, t he
catal yst solPLeaPegs 1“%‘5‘%%]}]5/%@?53/5’{%?)'% PIRRSb S STataffol JRP1§HG 1@ the

(fornmerly Kuagidiail Rrgsass shecduipl agyeddd tad)td tder checdmal g yc Sk e,
Princeton Drive, Thornaby, Stockton-on-Tees, TS17 6PY, England. It is also

preferred t AR catt YRUGE tHe WEETHP T AMY MR o SoRr kHcuIRP B a
reduceddﬁanmestwml eﬁq&@p@mih eQ'_@é’@élyhcfitjeneiuﬁéWd @dﬂ?duc;@m@e&gﬁmsl e f
pronot ed copper catalyst may have, in the unreduced form a total surface
area of at Icg%{ﬁl%%tarl% ?%y@t,l‘éte]p%rteo%‘?%aer‘tdits‘?‘ﬁ]ﬁﬁiw FUFTEHEE Nore
tEan 580 of atd’}_i_ijpj)rn%dﬁ/@d-iﬁmsfiﬁq ptfmidjmd M?H%riﬁéi&cﬁdzﬁ g@é}gehl ess

t han about 40 nm an surface area distribution such . that nore an 50%
of the tof alCXi e H2DTS TRV HEE By Hored rOR ke it iT RO SHEDT TR A
cat Sl yst of dféBiSré&ﬁﬁdgN\l]tﬁ&ht@Xﬁlid@f tﬁeiﬁram{&:ﬁﬂfwréﬂ .ghanoﬁ@édmﬁ iy&r}/\%r t owar ds
producti on tetra rof uran under, typic oper ating .conditiaqns en

i met hyl or R HA SR St &Y RO S b 4 G 1 gEhERT off S Har e85, 1
reduced coppefogdrioimie catithy sdesisSalsd do@sp RO 8 toed ey §isd £ byabavy
Process Technol o Limted, (formerly, Kvaerner Pragcess ~ ~ . JUN 2004 10
Technol ogy LtHi% €™ %féuff%% %Fy%r%b‘é%ﬁ?% azrbql?eah%Jrﬁ FHUE L oF° P
hydr ogenat i agercsiad wsttahtlod Eexdsdnds &f radidiad et ecid Vs tyn tthat | east one
bypr oduct under typi.cal erating conditions when di nethyl or diethyl

ol eate i 5 SRS to FHATGHEnaRt O Corar e 0T R Lt R Eont
activity exm-idxeBly. t bowatat ysthofyidied sef otite hydteagerst i®rbgone. A
suitable catalyst is a reduce nganese pronoted co . cat al yst which
nas. 1 the RENGtRbedt TOTM ot t URTSS o Sy eor R et st 15n2/ g,
a pore size ghicdudctbuteosvestye hptdetdunse, tiemy 500 afiewltiret por gheol timen | Bs
provi ded by pores_.in the size range ]ess than about 40 nm and a surface
area distri bcg‘??%%ak%{}%h%%%ts% ecg%%ir?’%ﬁ%/o%lfgt%ste)e otal surface area is
provi ded by poreshnatlidie lsypeodarigeviodsd romne sdoock Jamnbe ogaboutidd ton A
catal yst suitable for.use in. the. thj dr.ogenat, e in_such a process
o DR/ BoA LA Ty fnran TR S et o ol Ty aar PR I Davy
Process Techrst ogyydroditesh ( fof nelnd yfokmabx ner Process Technol ogy Limted).
This catal yst exhibits a | ower selectivity towards the cyclic acetal,

2- (4' - hydr oxybut oxy) t et r ahydr of t han DRDO2/89B cat al yst, when di net hyl
mal eate or diethyl nmaleate is subj cHsCHigdsiggorat | on under typi cal
commercial operating conditions. ¢n a particularly preferred process the
first hydrogenati on zone contains a charge of a reduced copper chronmate
catal yst, while the second hydrogenation zone contains a charge of a
reduced manganese pronoted copper catal yst which has, in the unreduced
form a total surface area of at |east about 15 nR/g, a pore size

di stribution such that nore than 50% of the pore volunme is provided by
pores in the size range |l ess than about 40 nm and a surface area

di stribution such that nore than 500 of the total surface area is provided

by pores of |less than about 7 nm and the third hydrogenati on zone contai ns
a charge of a reduced manganese pronoted copper catalyst which has, in the

I AN/ A A B .. o, g, . ~ -



1-4 JUN 2~~ 15 specifically mentioned above are under typical op%r at i ng
conditions as set out in Table 1 hereunder. T11RT.F 1 Selectiviti e"sJWro?mir
% Rel ative ActivityCatal yst THFn- but anol Acet al PG85/12 - 50. 50. 49DRD92/ 89A1 -
360. 70. 1515DRD92/ 89B20 - 300.31.0 - 2.012 Notes: 1. "THF" neans
tetrahydrofuran. 2. "Acetal" neans the cyclic acetal,

2- (4' hydr oxybut oxy) -t et rahydrofuran, of the formula: -- O CH2CH2CH2CH20H O
In order that the invention nay be clearly understood and readily carried
into effect,_ a preferred praocess in cordance therewith wll no e

descri bed, Wﬁﬁ%f%@%ﬁ%@%ﬁ;ﬁ%ﬁaﬁv et erfte Q% k%Lhtearéec"c]dn%a%\\{ﬁb]ng

di agrammat i Gviciravd 1gs] roshgied yra Fdegyde Wwhicha fd ow gbtegraimof a pl ant for
the co production of, butane-1,4-diol, tetr drof uran and ybutyrol act one by
hydr ogenat i o LRy e i s MR B TP R D o
experi ment alcapnad atdrmdDrb € addhifdebgariat ion aof dharaateorly, Sehlel, itself.

hydr ogenation of diethyl or, dinethyl_naleate. | i1 _.be understood b
those skilled in né%/‘fhalrffa?mst réo%r%%%%} eo%iagg]r ais cpra‘?"lcﬁ“ﬁ'lsatayd
further itemsy-ofreiibiErEdveucdt dseareffuld wWradwssidatgs, Hodsre pungssir
conpressors, gas recycle conpressors, tenperature sensors ressur .
sensors, pr G T ETT 6f® VAT VRS LBt HHIT Vel v e KWL drma e Il < 1R
controllers, holding tanks, storage tanks nmy Ee required in a comerci al
plant. The préWi-$@sR of such ancillary itefE20F%Rui pment forns no part of
t he 1 4 JUN||2004 16 prisent tnvention and is in accordance with

conventi onal E‘ené aﬁ engi neering practicecHReCeL,RIiNng to Figure 1 of the
drawi ngs, there P18 fllustrated a plant for the production of

but ane- 1, 4-di ol and, as co-products, tetrahydrof+ n and y-butyrol act one by
hydr ogenati on of dinethyl nmaleate in the vapodlr g@se In this plant
dinmethyl nmaleate is supplied froman esterifig¢ation plant 1 of the type
described in WO A90/08127. This conprises a nunb®Otf esterification trays
nmount ed one above the other, each containing charge of a solid
esterification catalyst, s as A lyst cHWL @, Resi n, and each having a
vapour upconer for f‘l_ovﬁqg vapou d a lji Gui d "downconer to permt liquid
to fl ow down the ccil um fro@ one=Estertiication tray to the next |ower one.
Met hanol vapour isC:Hr.éngq ed to theRewttom EH2c 8RN react or while water of
esterification is refoved kn the vapour stream e itiE'g the top of the
colum react aB8H,Typi cgl read{ion conditions i &BRumm react or incl ude

use of a tenpergfure gf fromNgbout 110C to abgut 12 and a pressure of
from about 1 p4rHe@ alout 3 ba il e the regidence tine in_the colum
reactor is usually abagut 3 hour trmally the thwer &HaeCHR the top tray

wi |l be somewhat highgr+2d; g.
(e. g. abeydH,CHE,OH The resul ting
contains no nore than [ahoy 2.0 @,
nononet hyl nal eate, and pzref erably le
0.1 to about 0.35 wt/wt% of acidic mat
of a vaporiser colum |[(not shown) which
170C and a pressure of| 885 psia (61.02 bar). The dinethyl | eate fl ows
down t he vaporiser colwumm agai nst an upflow nd stream of hydrogen fromline
3. A near saturateguagy . mxture st r eam €dapeHsPHg | maleate in
hydrogen, with a h drogen:al\fgat hy-l-—nm-ea-t—elnol ar ratio of 1, JUN 2~~ 17
about 320:1 and at 'a tepperature ofHePom apqut cHgeR to about "195C and at a
pressure of 900 pspg'Z(' kPa) is recovered fromthe top off tRe vaé)ori ser
colum. It is diluted with further hot hydroggn, at a tenper Q(CH 2P
about 180C to about 195C to yield a vaporous fHeamwith a

hydr ogen: di met hyl mal eate nolar ratio of abouf- :1 and is at |east about
5C above its dew point. It flows on in line 6[to hydrogenation unit 7. This
i ncl udes three hydrogenation reactors 8, 9 an¥l 10 connected in series and
each containing a charge of a granul ar ation catal yst. The
vaporous mxture in line 6 flows on in ﬁiﬁ?Hf?&ggHg?Bst hydr ogenati on
reactor 8 which contacpslacchaegel 1Byepr&B85L1 toppek-chtom te catal yst, in

reduced for nd_ i erated, at, a.tepperat ug 3 LNl
pressure ofn%§§r8§¥§u€§iég_Eﬁgf?hgﬁaogﬁr%Qftggeﬁ%gﬁggg%%ééfg%gggfé(EE%S/1
catal yst is lavaiiabl poinbmiDasyvergcesss§ethbnbhagyofi piitadetiofndiby, and
Kvaer ner Process Technol ogy Limted) of The Technol ogy Centre, Princeton
Drive, Thornaby, Stocktonon-Tees, TS17 6PY, England). The di nethyl mal eate
feed rate corresponds to a liquid hourly space velocity of 0.5 h-1. Parti al
conversion of dinmethyl maleate to butane-1,4-diol, tetrahydrofuran and
Y-butyrol actone, as well as small quantities of undesirabl e byproducts,

I o M - - T 1 ~ £ A I ] o T . Y 2 1 1 Y o -

t 125C) th
i met hyl

NROtat oh the | owernost tray

| eat e i rCHj neHLOMypi cal |y

ic organic materials, such as
% e.g. about

to near the top
rated at a tenperature of
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because it forms an azeotrope therewith. For a method for
its removal from a butane-1,4-diol stream reference should
be made to WO-A-97/36846. It is nevertheless desirable to
minimise the formation of this byproduct and of its

potential precursors, particularly 4-hydroxybutyraldehyde.

There is accordingly a need for a process for the
efficient co-production of butane-1,4-diol and
tetrahydrofuran in which a relatively high proportion of the
product in molar terms is constituted by tetrahydrofuran.
There is also a need to provide such an improved process in
which the conversion to the undesirable byproducts n-butanol
and the cyclic acetal, 2-(4'-hydroxybutoxy)-tetrahydrofuran,
is minimised.

The present invention accordingly seeks to provide an
efficient process for the production of butane-1,4-diol and
tetrahydrofuran by hydrogenation of a di-(Cy to C4q alkyl)
ester of a C4 dicarboxylic acid. 1In addition it seeks to
provide a process for producing relatively high yields of
tetrahydrofuran as a co-product, together with y-
butyrolactone, in the production of butane-1,4-diocl by
hydrogenation of a dialkyl ester of maleic acid or succinic
acid, optionally in admixture with the corresponding dialkyl
ester of fumaric acid, using as dialkyl ester feedstock a
feed ester that contains significant amounts of acidic
materials such as the corresponding monoalkyl maleate,
fumarate, or succinate. Yet again it seeks to provide an
improved process for the co-production of butane-1,4-diol
and tetrahydrofuran in which the amounts of the undesirable
byproducts n-butanol and the cyclic acetal, 2-(4'-
hydroxybutoxy) -tetrahydrofuran, are minimised.

According to the present invention there is provided a
process for the co-production of butane-1,4-diol and
tetrahydrofuran by hydrogenation of a corresponding

hydrogenatable material selected from mono-(C; to C4 alkyl)
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esters of dicarboxylic acids, di-(C; to C4 alkyl) esters of
Cs aliphatic dicarboxylic acids, y-butyrolactone, and
mixtures of two or more thereof, which comprises:

providing a plurality of hydrogenation zones including
first, second and third hydrogenation zones connected in
series, the hydrogenation zones each containing a charge of
a granular ester hydrogenation catalyst, the first
hydrogenation zone containing a bed of a catalyst which is
tolerant of the presence of a minor amount of acidic
material, the second hydrogenation zone containing a bed of
a catalyst which provides enhanced selectivity to the cyclic
ether compared to the catalyst of the first hydrogenation
zone, and the third hydrogenation zone containing a bed of a
catalyst which exhibits a reduced selectivity to at least
one byproduct including 2-(4’-hydroxybutoxy)-tetrahydrofuran
compared with the catalyst of the second hydrogenation zone;

maintaining each of the plurality of hydrogenation
zones under temperature and pressure conditions effective
for the hydrogenation of the hydrogenatable material to
butane-1,4-diol;

supplying to the first hydrogenation zone at a feed
temperature of from about 100°C to about 300°C and at a feed
pressure of from 50 psia (344.74 kPa) to 2000 psia (13789.52
kPa) a vaporous stream comprising hydrogen and the
hydrogenatable material, the hydrogenatable material
containing from 0.01% to 10% wt/wt of acidic material and
being supplied at a rate corresponding to a liquid hourly
space velocity of from 0.05 hr™* to 5.0 hr™';

recovering from the first hydrogenation zone a first
intermediate product stream containing unreacted
hydrogenatable material, butane-1,4-diol, y-butyrolactone,
tetrahydrofuran and one or more byproducts including 2-(4'~

hydroxybutoxy) -tetrahydrofuran;
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catal yst bed 121. Conversion of diethyl nmaleate to a m xture of

but ane- 1, 4-diol, y-butyrol actone, and tetrahydrofuran, as well as m nor
anounts of by-products, including the cyclic acetal

2- (4' - hydr oxybut oxy) -t et r ahydr of ur an, occ‘?rred under adi abatic conditions
as the vaporous m xture passed through thé catal yst bed 12I. Adiabaticity

was mai ntai ned by el ectrical heatin es (.not. shqwn apped ar pund
reactor |20 under®tHe XSt r”lﬁtedﬁ‘l%@pg’r% eatf(éﬁﬁtpdé'i § tpr?eri?ﬁﬁfgﬂbq es
(not shown) and by dheaiHalsddsid alybpndthied eagior 120. The overal |
reaction was exothermic with a general increase in catalyst bed tenperature
fromthe inlet efPETvesing yistorhddiel Heqand thy ageaidiONTHO Y df oiFRitd on
product m xt; i 4 el g‘ﬁﬂv\% t O i i 122 and was
passed thr oulgj[]teehrga%&l:a%cigﬁfger 1tg3 |alcnﬁr]:s({ t%nngé%fy&céoﬂo ed the

hydr ogenat i eiydquaamiicit 48 e ukr earich headiedl a yspplyyodhchydeggen- cont ai ni ng
gas fromline 124. Condensation of the bulk of the condensable products in
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m xt ure of irhr?gdf]{g)ég;ses jdcﬁggaésfa{n}ﬂrogen, ar Stg{né or e!rréé;tlh‘glrr:ce}} gﬁ{)pﬁ}%:d inline
126. The gasdtrdhyurdfAh ayoprirse ch inghees upn ity cgerorsiipiplieadnaedidtiene 127
and recycl e hydrogen supplied in line 128. Make-up hydrogen in |line 127
coul d be sup%yq osqﬁeg%“ 1t r?n”éiiir}}?er Jo?StboltrHteo’fm%c\}//&?%elgr%%ﬁ@u‘?E | i nes 129
and 130 via & ,systemof pressure controllers 131 to 136 and a mass flow
controller 137 fromhigh purity hydrogen cylinders (not shown). The heated
hydr ogen- cont ai ni SHPRYES T gra trizka exachdifters a3 g algsiermendiat ¢ imeodudt and
was heated f e j cal | f upply to the

vapori ser veslsjérte%ﬁrilﬁ%/ %ee%%%f(g&%%%gan%%né%?eo’d% Ci;f rom heat exchanger
123 1 4 JUN 200r&topasiseyl frort hrloeigth 1 1dien il demdel @wod @tk faurfiresl i n
cooler 140 to a tenperature near anbient tenperature. Thg |.i qui d/ vapour

n‘ixture.frprﬁ%}%‘? ?L%ad%ls‘“élébc S P HEAZR Y £ 55F K Kildtkout pot 142
where |iqui d, iyl alp 00 R aduCct] Wasy G d @ct@shf Oim £ vantard - sUpRl Yo by
means of valve 143, line 144, and control valve 145 to product |ine 146. A
vapor ous m xtbue yootprateineg  Hyedmedenl rarfc namc emdie hhyed ogtultdrsoli nexdiudéah o e t op
of knockout &o,t 142 in line 197 and was further cooled to a tenperature of
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was supplied w8l Jd Adhdat b $E KO CKOULL PO 1 dpD whed ek Sorlgnsed

met hanol was collected for eventual supply through valve 151 and line |52
to product |tihan 146. tiThef gast arnt ereotibels aur ot el | st sedm ok ndekout pot

150 were supplied via li 53,41 i § i 55 and
thent hr ougt VAT Ve G0 18 gast eait o soner ol rd e fud f e Bpa

t hrough val Vieed $8in | inest 28] d2GdudR4stanshid 1thdo Mapdié sescddd. | n order
to control the concentration of inert gases, such as nitrogen, in the
circul ati ng YH<LH9H e g3 ¥ eam coul d be bled fromthe systemin line
159 under the contygol o r¥BbYEaABP. pRef &F £OE & Abde § £ DK I0S BN $r Sg Y PBSSN

val ve. At start up of the apparatus the charge of catal yst of bed 121 was
pl aced in rezxtarydR0oWnied Wasst heyd peaeRal pn Zone royevel atiec¢af sdyse bed
121 was then_ reduced car.ef ul j, i o) d ' in
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vapori ser 1llHyd&togenat cowfcd2hlydt h clostes ponsli ewgtd by st | o futite hbUrsy space
vel ocity (LHS}}Q of 0.42 h-1. The hydrogencont aj ni n(g @%fw di etgg/l mal eat e
mol ar rati o BYPEPECRABEPDULCRHE xE WP €PF P | Pkl AF BihaSa /97 Thel $EACEDr 120
was mail ntal S r afh £xhit & eoPes By eo Pl a | B0 A B HESSHT €ohe P00 psi a
(62.05 bar). The hydrogenation zone was therefore 1 4 JUN 2~4 24 operated
under condi t¢loremive ckaprbyeht ed the condensation of diethyl nal eate,

but ane-1, 4- di ol , di!‘%i‘éé’é%@fé?f&d Eﬁ'%tt@ﬁ@eé 4 &s hy gpughopL, Lhe, o
reactor 120 was above the d point “at "thé operaling pressure. elrquid
in line 146 was anal ysed periodically by capillary gas chromatography using
a 25 mlong, 0.32 mminternal dianeter fused silica colum coated
internally with a 0.25 :mfilmof DB 1701, a heliumflow rate of 2
m/mnute with a gas feed split ratio of 100:1 and a flanme ionisation
detector. The instrunent was fitted with a chart recorder having a peak
integrator and was calibrated using authentic sanples of the products. The
results are set out below in Table 3. Exanple 2 The general procedure of
Exanple 1 was foll owed but using a catalyst suitable for use in the second
hydr ogenati on zone of the process of the invention. Thus the PG 85/1
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Exanpl e 4 The apparatus of Figure 2 was charged with three superposed beds
of catalyst totalling 300 m of catalyst in all. The catal yst of {thdUN G4
bed was the sane as that used in Exanple 1, i.e. PG 85/1, while the

catal yst of the mddl e bed was the sane as that used in Exanple 2, i.e.
DRD92/ 89B, and the catal yst of the botton?Pst bed was the sane as that used
in Exanple 3, i.e. DRDO2/89A. The volune ratio of the three beds

(top: m ddl e: bottormmost) was 25:37.5:37.5. The ester feedstock was the sane
di et hyl mal eate feedstock as used in Exanple 1. The sane general procedure
was used as in Exanple 1 and the results obtained are |isted below in Table

4. Exanpl e »flhehsam-Gpaal Unhasd ug&@k derlxaing ezcﬂqe/@sl@bppid@bwth
di mret hyl mal eat e cont ai ni.ng about 0.5 vvt/wt%{f of nonet h eat e u5| ng

the same ger&H2PHARRAEBETn Baifte ESHTHFIheT Stst

Tabl e 4 bel gy¢ tranmlestt, He-sadeargenaliotd HResibes tionSathd ) 1Es<aemal e 4
was used 1 4 JtIN 2004 28 with the exception that the volune ratio of the

three catal BRPRRFICOH M MRUIR: ot ommost ) was 25: 20: 55. The sane

catal ysts were used @spp &Mﬁﬁ@%ﬁi@mwweﬁ sk aidnd i srdgat e
was used as feedstock. The reéée are in UdW? in Table 4 bel ow. Exanple 7
¥ s ot/
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4. 1t was supptizd W t TRITRAC TR AT ebd. 2 TH TS 5 e

catal ysts U&ea:ha/ws@,s s ot ivd dJabheybic Theecbsal i obdlai nechvergs@as set

Egt t ?e! (I\)/IW ! nma;r}?bbe at J.east4 partlafPOA'sgpzpor & Non Ea sql.lgpé\lrtfr% Omai':\!g%afo
selected from chromia, zinc oxide, alumina, silica, silica-
alumina, silicon carbide, zirconia, titania, carbon, or a
mixture of two or more thereof, for example, a mixture of
chromia and carbon.

The hydrogenation catalyst used in the first
hydrogenation zone is selected so as to be tolerant of minor
amount of acidic materials, more particularly acidic organic
materials, such as a monoester of a dicarboxylic acid, which
may be present in the hydrogenatable material in amounts in
the range of from 0.005 wt/wt% up to 1 wt/wt%. Examples of
such acidic organic materials, which may be present when the
hydrogenatable material comprises a dialkyl maleate or
succinate, include the corresponding monoalkyl maleate,
fumarate or succinate. Under normal operating conditions
it will be preferred to operate with a hydrogenatable
material that has as low an

acid content as practicable, e.g. with an acidic material

content of from 0.01 to 0.25 wt/wt%. However, it may happen
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that, as a result, for example, of the operating conditions
in the production plant for the hydrogenatable material
being perturbed, the level of the acidic material in the
hydrogenatable material may temporarily rise to 1.0 wt/wt$
or higher.

In a preferred process according to the invention the
catalyst of the first hydrogenation zone is a reduced copper
chromite catalyst or a reduced promoted copper chromite
catalyst. A suitable reduced copper chromite catalyst has,
in the unreduced form, a total surface area of at least
about 20 m?/g, a pore size distribution such that less than
50% of the pore volume is provided by pores in the size
range less than about 40 nm, and a surface area distribution
such that less than 50% of the total surface area is
provided by pores in the size range of from about 7 nm to
about 40 nm. A copper chromite catalyst of this type is,
for example, the catalyst sold as PG85/1 catalyst by Davy
Process Technology Limited (formerly Kvaerner Process
Technology Limited) of The Technology Centre, Princeton
Drive, Thornaby, Stockton-on-Tees, TS17 6PY, England.

It is also preferred that the catalyst of the second
hydrogenation zone should be a reduced manganese promoted
copper catalyst. Such a reduced manganese promoted copper
catalyst may have, in the unreduced form, a total surface
area of at least about 15 n?/g, a pore size distribution such
that more than 50% of the pore volume is provided by pores
in the size range less than about 40 nm, and a surface area
distribution such that more than 50% of the total surface
area 1s provided by pores of less than about 7 nm. A
catalyst of this type, which exhibits a markedly higher
selectivity towards production of tetrahydrofuran under
typical operating conditions when dimethyl or diethyl
maleate is subjected to hydrogenation than PG85/1 reduced
copper chromite catalyst, is sold as DRD92/89B catalyst by

Davy Process Technology Limited (formerly, Kvaerner Process
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Technology Limited).

The third hydrogenation zone contains a bed of a
hydrogenation catalyst which exhibits a reduced selectivity
to at least one byproduct under typical operating conditions
when dimethyl or diethyl maleate is subjected to
hydrogenation compared with the corresponding activity
exhibited by the catalyst of the second hydrogenation zone.
A suitable catalyst is a reduced manganese promoted copper
catalyst which has, in the unreduced form, a total surface
area of at least about 15m?/g, a pore size distribution such
that more than 50% of the pore volume is provided by pores
in the size range less than about 40 nm, and a surface area
distribution such that more than 50% of the total surface
area is provided by pores in the size range of from about 7
nm to about 40 nm. A catalyst suitable for use in the third
hydrogenation zone in such a process is DRD92/89A catalyst
which is also commercially available from Davy Process
Technology Limited (formerly, Kvaerner Process Technology
Limited). This catalyst exhibits a lower selectivity
towards the cyclic acetal, 2-(4'-hydroxybutoxy)-
tetrahydrofuran than DRD92/89B catalyst, when dimethyl
maleate or diethyl maleate is subjected to hydrogenation
under typical commercial operating conditions.

In a particularly preferred process the first
hydrogenation zone contains a charge of a reduced copper
chromite catalyst, while the second hydrogenation zone
contains a charge of a reduced manganese promoted copper
catalyst which has, in the unreduced form, a total surface
area of at least about 15 m?/g, a pore size distribution such
that more than 50% of the pore volume is provided by pores
in the size range less than about 40 nm, and a surface area
distribution such that more than 50% of the total surface
area is provided by pores of less than about 7 nm, and the
third hydrogenation zone contains a charge of a reduced

manganese promoted copper catalyst which has, in the
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hydr ogenat i % ajt Soé t?”d a copper-contai ni ng hydrogenation catalyst. 3. A
process accor di tIal m2, in which the catalyst in at | east one of the
second and t hi rd?}ty&jrmgmﬂatsmfmesraas cafoi)mmrrplc&)mhlcmt”aglm,alvgkstch f 4
uuN 2oa~ 36a 4.+ C :pgg_c ai L glal i ich the
copper - cont a| n| (Egat)laeﬁse é)sr%}d;glt&e ém@raédg)ce G%Sglﬁgﬁj (Ig)i e/ zi nc oxide
hydr ogenat i Gpryatinastion rceﬁjd@e&j wmlrﬂgalﬂeyel FEhst ek toppers mmqﬁm@q in
reduced COp@\%Tbthég@tb?e%@llyde%g; %J@Ww 't &0h CAPREY £
catal ysts. 5. A process accor to claim?2 ch t he catal yst of the
first hydrogenation zone is a palladiumcatal yst, a reduced copper chromate
catal yst or a reduced pronoted copper chromate catal yst. 6. A process
according to any one of claims 1 to 5, in which the catalyst of at |east
one of the second and third hydrogenation zones is a reduced manganese
pronot ed copper



catalyst. 7. A process according to claim®6, in which the second

hydr ogenati on zone contains a bed of a reduced manganese pronot efl4chidp e
catal yst which has, in the unreduced form a total surface area of at |east
about 15 nR/g, a pore size distribution such that nore than 500 of the pore
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surface area distribution such that nore an 50% of the total surface area
is provided by pores of less than about 7 nm 8. A process according to
claimé6 or a|n17 §$|ch th h|rd hydro natlon zone contalns a charge

of a reduce er‘?&nﬁ%ﬁ‘?é%oéj e T RS AR 19fs, ST adfe Alfieduced
form a totalf Sla’ﬂ‘aan&ta’ éns iafg a\tlﬂre:aﬁin @mﬂﬁrp]iﬁdfﬂ/}:g/ Gorarti L Flow

di stribution I hat e Oa of th orev lune is provided by
pores in thé&'S icllf’?éj r angpéq b[rlﬁ'a(n out= 20 Séiﬁffa:fc% &R 1S
di stri buti omesisatrdchats rdarses i 5&0 AHTM Pteeiwtblﬁdtkﬁjﬂfmgﬂaaﬂdrﬁ pr3vged

by pores in't Si r.ange, Qof roc ss according to
any one of ¢l ezmsn% toleé)g %wﬁ%@ rphgertgﬁjd;r?ocratsé‘\ 195 C"f’iorst
hydrogenat i @atzdnestis'. Zhist dJsL-NrZiQQasBGb nstfid i fent I@eﬂafngiﬂuﬂrcg rgcice the
content of acidic materi al |nt flrs |nterrred|at t str amto | ess
t han about O. St 13 O1f0 <—’blcyesss é’cérb%'adﬁ%g”{go Jﬁei/ ains 1 to
9, in which rtﬂtecdgedf m"laetdﬁl:hfbdﬁitﬁf ivad r i s ss el g tpadk Saure mmxemtﬂwlthe

mal eat e, nononet.h f umar.at e, nonet hyl, | eat.e, .nononet succi nat e,

di net hyl @;{? Q/&W f urdr =t e i enf @it aﬁaélse‘ijl Bt yrol act one,
and m xtur eS.rﬂ:frddMI:JQTg e daterleoft shilf A qpranees x Aee aridia ol anmy one of
clains 1 to 9 i n._whi.ch the hydrogenatable material is selected, from

monoet hyl  miledt S horbét iy 1t A 2 bh Gethyic e &0

succi nat e, diadtdwila trealBE esurdistdhydrdaumarzet deaitetfiydr st nadints are

y-but yrol actone and m xtures of two or nore thereof. 12. A process

accordi ng t 041 one of clainms 1 to 11, in which the feed streamto each of
t he hydrogenati orR & dts I»Beuteqrmbrunmg‘r@aﬂcs’r rieai@tdng 192 whitcit tde fi nal
product stre is, re er.e p form .13. ss according to
any one of c@]elar%dalr(fqﬁlﬁsf %%tr}b%fﬁ tﬁ%m&%f&p Uérl:over ed as a

m xt ure of Inmﬂmrﬂommrcaialwsmw a&aﬂcﬂlﬂyelmrtdsadiew?q)msmme{ﬁry'he
stream 14. A éﬁeess accordi oc am],%melﬁ) h&Se;be];eed str mto at
| east one hﬁ:ﬁ At i% eZsochrelp tFedntF er”%‘PsC[ &goerr?atl IIkeone
is a mxtur eilm‘tndmpmﬂoramf ld qmthqusta deaiyer atan edelen il dew p0| nt of
the m xt ure., aA‘t procci,less aceor di any;,Q eloonf lcS alxmsrel tod l4ﬁ Whl ch
t he hydrogen- yc?onct Ny gas: hy d’rogenat albﬁ r?aut er] alt ol & $H 150 n“ﬁ”hé
vapor ous fedah rtlbciau‘tees‘co tthee rfqrr-s»teﬂnad'rg)glelrmmobmmy sif riomadabutnta®: 1 to
about 1000: 1 rg clai

whi ch t he féte %eonf%esfa%ﬁ%% accatccﬁiel ITs n%%yoge I orf!f'{ziogn%e Elsnﬁoﬁ%csnéicf 50C to
250C. 1- Hpayde ZODﬂ%arnmledA mmr@mgqhmwﬁmmum dibmst 1 to

sia (3100 6F KEA) 1o 1000 RATh {6804 Fo Ry oo  AaEnatl on zone 1s Trom 450

. Af, 1. Aue. AHO Ae. WA{he AlalaesAmbtaimed oA the AR AN ace area of

l i AH’ % A A‘t@?e‘ 'ﬂa%:aﬁ}@c 'AéYn(c}"ﬁfom '%héa‘!pcﬁ[e X/ol% %@ﬁfi‘kﬂti’%‘i . A Afe. Aes$:

BB845 BC
88( 8#. #. ?? SN FEABRX AT A0~ ms?mpbszsﬂﬁ-e?wmm-ammmaw| ?~>?7

o R A B T e [

bj | ~
{J\/qﬁgg] X] ca] céj ca] c'aci cat] ca&] ca caU] ca tc/a tcoa]ocra]nézoa ca] [o 37 caﬁ caﬁ ﬁ calcalc

a] ca] ca] ca] ¢¢]/od]va)ldd] aragie] lesarordiere than aboug Uw 5§ 2] gb] X] caD
cabyon cacpbaior el ) crys o) e ol oo el gl gt el eadice
:nAl xsnid_Z] ] ca]ﬁaﬁ (gg]a@%qq;a:]i catalyst in the first hydrogenatlon zone

g} gg} gg} ﬁaA]Daasl %éﬁ.@é&a&ﬁﬁ]&?ﬂﬁfﬂdl@l&ﬁ] cal R 6 calels Al aqlcalcal £al cal e
KKeRr RURYY Y/ iglian alastsclepdd df T flf shrijhashialP AY a] & od]od cal e alasgasd ca] ca
Lm]ﬂc:] @?;}Jﬂ%@]%&%&@]@l&ﬁ]&%@ﬂ&@]f&]& 2] cg] qalicalisal el walsal n=vK
%35gl psy{vql fa[ Vni d_Z] cal] ca] caU] ca] ca] ca] calU] ca] caU] ca] caU] ca] caU] ca] cal] c
aU] ca] ca] ca] ca]ca] c"a] ca] cfa] ca] ca]ca] ca] ca]ca] calca 16|}

| wql fa[ VI fa[ Vni d_Z] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU] ca] ca] cal]

ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] ca] cal] ca] cal] ca: <BF\ ai AJf hnpr zt nhb\ W f a
[ Vni d_Z] ] cal] cal] cal] cal] cal] ca] ca] ca] ca] cal] ca] cal] ca] ca] cal] ca] cal] ca] caU



K- bcD\ RH@ 109 (, &4"10% & () -F

1,110% /& ()-,!10% ()-!10% & ()-ys10% & ()-, &10% & () - 3bl zz[ 9\ RHEIJUN 2004
109%{& ()-&10% & ()- & 109& ()-& 109M& ()-1110%/& ()-''110%"& ()-' -~
A< H 10/11S-110% /& ()-2! S-110%&' ()-2!iS-! 10%&' ()-2S)! 10% & () - SY(

10% & () - @10% & () - OFGa?1 1 3

10/ /1 =Y5@L0% / & () -S! | 109%& ()-+110% /& () +s10% & ()- F%@0% & ()- 10//
10/ / GH UWWBdEL 1 10//!109%& ()-!! 10965& ()-|10%&' ()-1096& () - Y409B& () -

10// 10//' 17l 9E1 0,f10%& ()-!1=109%" --|>01 5+5& () --!>;
109%5+58 () P O?séfo?f?‘% %@1‘( ]tq‘ J&‘“{% oY C}a/\ QC{(% %(ﬁﬁ(k%x&' ()- @
1096&' () - S‘Vehl/%&e(rb&ﬂl\élﬂ@dﬁfmi&)r(étlﬁute\é Jﬂ}f’zﬁrB&th(o)ut YL, 0RO %06 {Houtz Xogl, 1 10

| 0 | 0 | " 0, " 0, ! -
g'g ig(y;:%grfg &uls%é&[lg) fx)onl fab(osutl%{g& (t)o @b%oljt( ol,OA) 5the58'éo al i

rP.11110% / &o(l)uﬂiﬁ dfl 4R 9t 3'n 'tl@dﬂl&ia)lﬁyl@/ﬂl&jdr&;e]r%l&r( )zofe@ 0% &
- || "100 " 100 '
S,% 1032‘)&. () $, 10%%)( VA 0/@8_,[ (lr%}/a/n @Ql%t/l%g()a process acgordlng to
&', et s ﬁﬁ%r&:(@rr s:‘lr(é’/dc&t(a)ly&%i(aﬁ’/ﬁ &He -deddhdlth yd¥dge % )zordd
"10% / & 4¢' ", A2 4l o | & ()-f .
10%& () - ]gioc%ogs Q@%Af go(n} _albcgt ]]1 Aﬁo a%b)o_ug70/o of the total
110% & () - )C‘a@*a*ld,fsyﬁ-mtﬁnﬁté Id fletH el QR (9 - 1@y IV drjog@ia tli & dnez.@

' ' ' R 04 0YR'
18;% ?Nﬁé% &!Slotylg&?g(fél/d I 10%& %lyst of tl'?e thb:Lc%oII Ihyd0 é%e at/llioon/qg%o( 1510/ 10/

10% & () - +- typrcE3}[ohd 'thé M )ot' £ ndnl QAR UY) -10¥ HPEHJut' 708 of the
NIlO@&J&T()tota13catalyst volume of the plurality of hydrogenation
zones.

The hydrogenatable material is selected from mono-(C; to
Cqs alkyl) esters of C4 aliphatic dicarboxylic acids, di-(C;
to C4 alkyl) esters of C4 aliphatic dicarboxylic acids, y-
butyrolactone, and mixtures of two or more thereof. A
particularly preferred hydrogenatable material can be
selected from monomethyl maleate, monomethyl fumarate,
monomethyl succinate, dimethyl maleate, dimethyl fumarate,
dimethyl succinate, y-
butyrolactone, and mixtures of two or more thereof.
Alternatively the hydrogenatable material can be selected
from monoethyl maleate, monoethyl fumarate, monoethyl
succinate, diethyl maleate, diethyl fumarate, diethyl
succinate, fy-butyrolactone, and mixtures of two or more
thereof.

It is further preferred that the feed stream to each of
the hydrogenation zones is a vaporous feed stream and that
the final product stream is recovered in vaporous form.
Alternatively the final product can be recovered as a
mixture of ligquid and vapour at a temperature below the dew
point of the stream. 1In this case the feed stream to at
least one hydrogenation zone downstream from the first
hydrogenation zone can also be a mixture of vapour and

liquid at a temperature below the dew point of the mixture.
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preferably from about 150°C to about 250°C, while the feed

pressure to the first hydrogenation zone is from about 50
psia (about 344.74 kPa) to about 2000 psia (about 13789.52
kPa), for example, from about 450 psia (about 3102.64 kPa)
to about 1000 psia (about 6894.76 kPa). The hydrogenatable
material is also preferably supplied to the first
hydrogenation zone at a rate corresponding to a liquid
hourly space velocity of from about 0.05 to about 5.0 h™t.

If desired, the pressure and/or the temperature and/or
the hydrogen-containing gas:condensable material (s) volume
ratio can be adjusted in any convenient manner between the
first and second hydrogenation zones and/or between the
second and third hydrogenation zones. For example, the
temperature can be adjusted by use of a heat exchanger or
exchangers or by injection of relatively hotter or cooler
hydrogen-containing gas. The latter method will also result
in a corresponding change in the hydrogen-containing
gas:condensable material(s) volume ratio.

The hydrogen-containing gas used in the process of the
invention can be obtained in conventional manner.
Preferably it contains at least about 50 volume % up to
about 99.9 volume % or more, e.g. from about 80 to about 99
volume %, of hydrogen. It may further contain one or more
inert gases, such as nitrogen or methane. Conveniently the
hydrogen-containing gas is produced by pressure swing
absorption.

The activity and selectivities of the three catalysts
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butyrolactone by hydrogenation of dimethyl maleate; and

Figure 2 is a flow diagram of an experimental apparatus
for carrying out, on a laboratory scale, hydrogenation of
diethyl or dimethyl maleate.

It will be understood by those skilled in the art that
the drawings are diagrammatic and that further items of
equipment such as reflux drums, pumps, vacuum pumps,
gas recycle compressors,

compressors, temperature sensors,

pressure sensors, pressure relief valves, control valves,

flow controllers, level controllers, holding tanks, storage

tanks may be required in a commercial plant. The provision

of such ancillary items of equipment forms no part of the
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exit top og)fﬁgicg&umn reactor. Typical reaction
conditions in the column reactor include use of a temperature
of from about 110°C to about 125°C and a pressure of from
about 1 bar to about 3 bar, while the residence time in the
column reactor is usually about 3 hours. Normally the
temperature on the top tray will be somewhat higher (e.g.
about 125°C) than that on the lowermost tray (e.g. about
115°C) .

The resulting dimethyl maleate in line 2 typically
contains no more than about 2.0 wt/wt% of acidic organic
materials, such as monomethyl maleate, and preferably less
than about 0.5 wt/wt %, e.g. about 0.1 to about 0.35 wt/wt$,
of acidic materials. It is pumped to near the top of a
vaporiser column (not shown) which is operated at a
temperature of 170°C and a pressure of 885 psia (61.02 bar).
The dimethyl maleate flows down the vaporiser column against
an upflowing stream of hydrogen from line 3. A near
saturated vapour mixture stream comprising dimethyl maleate

in hydrogen, with a hydrogen:dimethyl maleate molar ratio of
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artial conversion of dimethyl malea e 4- dlol,
tetrahydrofuran and y-butyrolactone, as well as small
gquantities of undesirable byproducts, such as the cyclic
acetal 2-(4'-hydroxybutoxy)-tetrahydrofuran, occurs in
passage through reactor 8. 1In addition, hydrogenation of
unreacted dimethyl maleate to dimethyl succinate occurs. The
resulting first intermediate reaction mixture, which now has
a low content of tetrahydrofuran, passes through lines 13,
14, 15, and 16 into second hydrogenation reactor 9 which
contains a charge 17 of the manganese promoted copper
hydrogenation catalyst DRD92/89B which is also available from
Davy Process Technology Limited (formerly, Kvaerner Process
Technology Limited). If desired, further hydrogen at an

appropriate temperature either to heat the first intermediate
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temperature can, if desired, be added from line 23 to the
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second intermediate reaction product mixture in line 21 in
order to adjust the temperature of the resulting stream prior
to entry to third hydrogenation reactor 10. This third
hydrogenation reactor 10 contains a charge 24 of the
manganese promoted copper hydrogenation catalyst DRD92/89A
which is also available from Davy Process Technology Limited
(formerly, Kvaerner Process Technology Limited). This
catalyst is highly active for the conversion of the remaining
dimethyl succinate but exhibits the surprising result that
the content of the cyclic acetal, i.e. 2-(4'-hydroxybutoxy)-
tetrahydrofuran, in the final product stream in line 25 is
much reduced compared with the content of this compound in
the second intermediate reaction product étream in line 19.
The final reaction product mixture is recovered via
lines 25 and 26 and is passed to a purification section 27 in
which the crude hydrogenation product mixture is distilled in

several stages to yield pure butane-1,4-diol in line 28.
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$& () P4' - 109% $&t%§l maleateﬂahf%é)contalned 0.05 wt/wt% of monoethyl
maleate was fed from reservoir 100 by way of valve 101, line
102 and valve 103 to liquid feed pump 104. Burette 105
provided a buffer supply whilst burette 106 was fitted with a
liquid level controller (not shown) that controlled valve 101
so as to ensure that liquid feed was supplied from reservoir
100 to liquid feed pump 104 at a constant head. The liquid
feed was pumped through non-return valve 107 and isolation
valve 108 into line 109, which could be heated by electrical
heating tape 110, before the heated liquid entered the upper
part of an insulated vaporiser vessel 111 above a bed of 6 mm

x 6 mm glass rings 112. A stainless steel demister pad 113

was fitted at the top end of the vaporiser vessel 111. A
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unvaporlsed liquid feed materlal (e. g "heavies") from the
base of the vaporiser vessel 111. A saturated vaporous
mixture comprising diethyl maleate and hydrogen was recovered
in line 118 from the top of vaporiser vessel 111. The
vaporous mixture was heated by heating tape 119 in order to
raise its temperature above the dew point of the mixture
prior to entering the top end of hydrogenation reactor 120
which contained a bed of 121 of 250 ml of PG85/1 catalyst
which is commercially available from Davy Process Technology
Limited (formerly, Kvaerner Process Technology Limited). The
compositions of this catalyst and of those used in Examples 2

to 7 are set out below in Table 2.
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10% $&{91r1P4s minor amounts of by-products, including the cyclic
acetal 2-(4'-hydroxybutoxy)-tetrahydrofuran, occurred under
adiabatic conditions as the vaporous mixture passed through
the catalyst bed 121. Adiabaticity was maintained by
electrical heating tapes (not shown) wrapped around reactor
120 under the control of appropriately positioned
thermocouples (not shown) and by thermal insulation of the
reactor 120. The overall reaction was exothermic with a
general increase in catalyst bed temperature from the inlet
end of catalyst bed 121 to its exit end. The hydrogenation
product mixture exited the hydrogenation reactor 120 in line
122 and was passed through heat exchanger 123 which
simultaneously cooled the hydrogenation product mixture and
heated a supply of hydrogen-containing gas from line 124.
Condensation of the bulk of the condensable products in line
122 occurred in heat exchanger 123. The gas in line 124
comprised hydrogen-containing gas from line 125 and,
optionally, an inert gas or a mixture of inert gases such as
nitrogen, argon, or methane supplied in line 126. The gas in
line 125 comprised make-up hydrogen supplied in line 127 and
recycle hydrogen supplied in line 128. Make-up hydrogen in
line 127 could be supplied to line 125 in either or both of
two streams in lines 129 and 130 via a system of pressure
controllers 131 to 136 and a mass flow controller 137 from
high purity hydrogen cylinders (not shown).

The heated hydrogen-containing gas from heat exchanger
123 passed on in line 114 and was heated further by
electrical heating tape 138 for supply to the vaporiser
vessel 111.

The cooled hydrogenation product from heat exchanger 123
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collected for eventual supply by means of valve 143, line
144, and control valve 145 to product line 146. A vaporous
mixture comprising hydrogen and uncondensed ethanol exited
the top of knockout pot 142 in line 147 and was further
cooled to a temperature of 10°C in cooler 148. The further
cooled liquid/vapour mixture from cooler 148 was supplied via
line 149 to a second knockout pot 150 wherein condensed
methanol was collected for eventual supply through valve 151
and line 152 to product line 146. The gas and uncondensed
materials from knockout pot 150 were supplied via line 153
through suction pot 154 into line 155 and then through valve
156 to gas recycle compressor 157. Gas was recycled through
valve 158, lines 128, 125, 124 and 114 to vaporiser 111. 1In
order to control the concentration of inert gases, such as
nitrogen, in the circulating gas a purge gas stream could be
bled from the system in line 159 under the control of valve
160.

Reference 161 represents a bypass valve.

At start up of the apparatus the charge of catalyst of
bed 121 was placed in reactor 120 which was then purged with
nitrogen. The catalyst bed 121 was then reduced carefully by
a method similar to that described in EP-A-0301853.

Diethyl maleate was then pumped from reservoir 100 to
the vaporiser 111 at a rate of 126 ml/h corresponding to a
liquid hourly space velocity (LHSV) of 0.42 h™. The hydrogen-
containing gas:diethyl maleate molar ratio in the vaporous
mixture in line 118 was 520:1. The reactor 120 was
maintained at an exit temperature of 180°C and a pressure of

900 psia (62.05 bar). The hydrogenation zone was therefore
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‘temperature throughout the reactor 120 was above the dew

point at the operating pressure.

The liquid in line 146 was analysed periodically by
capillary gas chromatography using a 25 m long, 0.32 mm
internal diameter fused silica column coated internally with
a 0.25 :m film of DB 1701, a helium flow rate of 2 ml/minute
with a gas feed split ratio of 100:1 and a flame ionisation
detector. The instrument was fitted with a chart recorder
having a peak integrator and was calibrated using authentic
samples of the products.

The results are set out below in Table 3.

Example 2

The general procedure of Example 1 was followed but
using a catalyst suitable for use in the second hydrogenation
zone of the process of the invention. Thus the PG 85/1
catalyst of Example 1 was replaced by 250ml of DRD 92/89 B
catalyst available from Kvaerner Process Technology Limited.
The results are included in Table 3 below.

Example 3

The apparatus of Example 1 and the same general
procedure was used except that the catalyst used was a
catalyst suitable for use in the third hydrogenation zone of
the process of the invention, i.e. 250 ml of DRD 92/89 A
catalyst available from Davy Process Technology (formerly,
Kvaerner Process Technology Limited). The results are also
included in Table 3 below.
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Example No. 1 2 3

Inlet temperature °C 169 173 174

Exit temperaturé °c 180 180 181
Pressure psig (kPa absolute) 887 (6217) | 885 (6203) 885 (6203)
H;:ester molar ratio 532 522 450

LHSV h™ 0.50 0.42 0.42
Selectivity mole %

Tetrahydrofuran 6.92 25.65 6.48
n-butanol 0.34 0.18 0.84
Y-butyrolactone 9.30 7.53 9.18
Butane-1, 4-diol 83.45 66.64 83.17
Unknowns 1.26 0.25 0.33
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"Peak acetal"” weight % 0.28 0.40 0.19
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2. The "peak acetal" analysis was conducted by taking a
sample of the crude product, evaporating tetrahydrofuran and
ethanol therefrom, and heating for 2 hours at 160°C under
nitrogen, during the course of which samples were
periodically quantitatively analysed by gas chromatography
for the presence of the cyclic acetal. The highest reading
obtained during this procedure was taken as the peak acetal
value.
Example 4

The apparatus of Figure 2 was charged with three
superposed beds of catalyst totalling 300 ml of catalyst in
all. The catalyst of the top bed was the same as that used
in Example 1, i.e. PG 85/1, while the catalyst of the middle
bed was the same as that used in Example 2, i.e. DRD92/89B,
and the catalyst of the bottommost bed was the same as that
used in Example 3, i.e. DRD92/89A. The volume ratio of the
three beds (top:middle:bottommost) was 25:37.5:37.5. The
ester feedstock was the same diethyl maleate feedstock as
used in Example 1. The same general procedure was used as in
Example 1 and the results obtained are listed below in Table
4,
Example 5

The same apparatus as used in Example 4 was supplied
with dimethyl maleate containing about 0.5 wt/wt% of
monomethyl maleate, using the same general procedure as in
Example 1 with the results as given in Table 4 below.

Example 6

The same general procedure as used in Example 4 was used
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Example 7

The apparatus used in Example 6 was supplied with the
same grade of dimethyl maleate as was used in Example 5. The

results are as set out below in Table 4.
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samples of catalyst in the same proportions as Example 4.

It was supplied with a dimethyl maleate feed. The analysis
of the catalysts used was as set out in Table 5. The

results obtained were as set out below in Table 6.
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Inlet temperature °C 171 163

Exit temperature °C 191 191
Pressure psig (kPa absolute) 885 (6203) 609 (4299)
H,:ester molar ratio 350 246

LHSV h™ 0.34 0.34
Selectivity mole %

Tetrahydrofuran 27.97 20.03
n—-butanol 0.76 0.73
Y-butyrolactone 9.44 19.65
Butane-1, 4-diol 61.83 59.58
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hydrogenatable material selected from mono-(C; to C4 alkyl)
esters of C4 aliphatic dicarboxylic acids, di-(C; to Cs alkyl)
esters of C4 aliphatic dicarboxylic acids, y-butyrolactone, and
mixtures of two or more thereof, which comprises:

providing a plurality of hydrogenation zones including
first, second and third hydrogenation zones connected in
series, the hydrogenation zones each containing a charge of a
granular ester hydrogenation catalyst, the first hydrogenation
zone containing a bed of a catalyst which is tolerant of the
presence of a minor amount of acidic material, the second
hydrogenation zone containing a bed of a catalyst which
provides enhanced selectivity to the cyclic ether compared to
the catalyst of the first hydrogenation zone, and the third
hydrogenation zone containing a bed of a catalyst which
exhibits a reduced selectivity to at least one byproduct
including 2-(4’-hydroxybutoxy) tetrahydroxyfuran compared with
the catalyst of the second hydrogenation zone;

maintaining each of the plurality of hydrogenation zones
under temperature and pressure conditions effective for the
hydrogenation of the hydrogenatable material to butane-1,4-
diol;

supplying to the first hydrogenation zone at a feed
temperature of from 100°C to 300°C and at a feed pressure of
from 50 psia (344.74 kPa) to 2000 psia (13789.52 kPa) a
vaporous stream comprising hydrogen and the hydrogenatable
material, the hydrogenatable material containing from 0.01% to
10% wt/wt of acidic material and being supplied at a rate
corresponding to a liquid hourly space velocity of from 0.05

hr! to 5.0 hr'';
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product stream than in the first intermediate product stream;

supplying material of the second intermediate product
stream to the third hydrogenation zone; and

recovering from the third hydrogenation zone a final
product stream which is substantially free of the
hydrogenatable material and which contains butane-1,4-diol, y-
butyrolactone, tetrahydrofuran and byproducts including 2-(4’-
hydroxybutoxy) -tetrahydrofuran, the selectivity to
tetrahydrofuran being greater in the final product stream than
in the first intermediate product stream and the selectivity
to 2- (4’ -hydroxybutoxy)-tetrahydrofuran being less in the
final product stream than in the second intermediate stream.
2. A process according to claim 1, in which the
hydrogenation catalyst of the first hydrogenation zone is
selected from a noble metal hydrogenation catalyst and a
copper-containing hydrogenation catalyst.
3. A process according to claim 2, in which the catalyst in
at least one of the second and third hydrogenation zones is a

copper-containing catalyst.
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9. A process according to any one of claims 1 to 8, in which

the charge of catalyst in the first hydrogenation zone is
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and vapour at a temperature below the dew point of the stream.
14. A process according to claim 13, in which the feed stream
to at least one hydrogenation zone downstream from the first
hydrogenation zone is a mixture of vapour and liquid at a
temperature below the dew point of the mixture.

15. A process according to any one of claims 1 to 14, in
which the hydrogen-containing gas:hydrogenatable material
molar ratio in the vaporous feed mixture to the first
hydrogenation zone is from about 50:1 to about 1000:1.

16. A process according to any one of claims 1 to 15, in
which the feed temperature to the first hydrogenation zone is

from 150°C to 250°C.
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