; Z[ e3e2/ 80h6T" &4 JUL 2002 Process for the Production of

ganmma- But yr ol act ane The \-. tion relates to a process for

sel ecti ve hydrogenati on mmﬁmmmm“) succi ni ¢ anhydride to 4 JUL 2002
gamma- but yrol act one (GBL) i n«ikdigg* vapour phase using a catal yst conprising a
m xed oxiwleemisismpper and zinc GBL represents an exanpl e of pPaTgrad4000D| une

comodi ty of great mduﬁﬂlmnwunmmmnﬁst because of its increasing demand.
The main use of GBL is te for the synthesis of solvents with
| omwer 10 environnental i npaedoosdan chl orli nated ones, |ike pyrrolidone and N

met hyl pyrrolidone. It is also the raw material for the production of N
vinil pyrrolidone, of herbicides, pharmaceuticals and rubber additives. The

first Woriﬁoeasﬁb{%u@ﬁ?sah%ﬂ%hp@gggﬁ%gsmr&waﬁe due to the start up of

t he Reppe process from acetyl ene mal dehyde to give 1,4 butanediol is
(BDO) and then GBL by dehydrogenation. The drawbacks of this process are
connected_with the fl uc{.uati ng prices of the r | s and) mainly,

nith the. HheTaSSRLVAGION (olRthsioA Brodiss et SelrClvie hidpashalion At HAlRlo! ene

and fonnaj : ' t 0 t Ao :
t echnol og |bg §U§§§rg %ﬁeﬁg rtlmsa te ut g ?geazﬁg‘?]gtr'\%'%%@h& eBrL) gﬁ 'il?)é’a? é‘?\?@t @g%st? U
pr oducs i oa qatalgsiscoraprising ranatixeck okidetdfeoBpppeandrainess constantly i ncreased.

The availability of malefic anhydride on industrial scale led to the
devel opnment of new technol ogi es for producing GBL, tetrahydrofurane (THF)
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derivatives TiKe 2s diesters or succinic a he liquid
phase hydintegresttbemausé ofitsdhcreasingydemdadt o GBL has been enpl oyed in

o e b oo ehl b orms i e Beh A kool B
o socklY SOSIERR) ShodBRAA CHRTRUARY ERoSLINS PyfSicthDarth. il Tor Lhe
methylpyrrolidone. It is also the raw material for the production of N-
vinilpyrrolidone, of herbicides, pharmaceuticals and rubber additives.
The first works on GBL synthesis appeared in the 1940’s, due to the start up of
the Reppe process from acetylene and formaldehyde to give 1,4 butanedio!
15 (BDO) and then GBL by dehydrogenation. The drawbacks of this process are
connected with the fluctuating prices of the raw materials and, mainly, with the
hazard and the environmental impact of the use of both acetylene and
formaldehyde. ' |
During the second half of this century, other technologies have been studied
20 and the number of patents about GBL production processes alternative to the
Reppe process constantly increased.
The availability of maleic anhydride on industrial scale led to the development
of new technologies for producing GBL, tetrahydrofurane (THF) or BDO by
hydrogenation of maleic anhydride or of maleic anhydride derivatives like
25 maleic acid diesters or succinic anhydride.
The liquid phase hydrogenation of maleic anhydride to GBL has been
employed in commercial production, but never reached great industrial

importance.



20 25 30 describe the vapour phase hydrogenati on of diethyl naleate to BDO
WO 861 07358 describes a simlar process for GBL production. Froml,aju(g 2002
t echnol ogi cal and econom cal point of viewthe esters of malefic acrd or
other mal efic acid and/or succinic acid derivatives are |ess desirable raw
mat eri al SWOMEEI¥d with nal efi c anhydride. Many patents desdGHEPPNLY; 1 ect
vapour phase hydrogenation of mal efic anhydride to GBL, but none of the
processes disclosed are conpletely satisfactory. Sone of these patents
claimthe use of copper chromtes as catflysts (e.g. US Patent 3 065 243)
but with unsatisfactory conversion and selectivity. Simlar systens were
claimed in US Patent 3 580 930 or in EP 332 140 (Cu/Zn/Cr/Al), but none of
them are ciamepatents desefibe they yapourtphvase hydréginatior of maletslaahydride or

by-products formation and catal yst ,durabi]ity. Myreover chrom um containing
catal ysts df@stersnbut B@'@'Méo'b&@i Rf@dﬁgtoihgéeébitfﬂ'é'“ﬁéﬂjmei WO 86/a318Anent

mhact of 45 e Yol PR ARG of dBeRATRAUANY, dlie O 911 16137

di scl ose a process ctron from I'C anhydride using a
Cu/ Zn/ Al c¥Y@I86/07858 eiesedbes asifilar (rabess foBGHBL prodydtionenperature is a
draw-back in terns of &I,gé‘]t desi gn and o(gera ion. Different catal ytic
systemsd bEE¥D aiecheeiagicaland calkp vigwdthe mstels @f ialpic aid ®rbeen

dr aw back Bhefiflaieiacl ol adumibata JoifatiRs of: Ikt (LT °

provi de a Ariterdald comparediwith aldleic bhhpddde, process for the production of
GBL by vapour phase h dr?_g)enati on of malefic an%dri de and / or succinic

anhydri de Many pajeots desarpedhartiiechvapeurahaserhydsagenationeoftmaleic ng

cormer ci a1 SMERAIGRE. Bt BoNE bl i bies i SBLREEAb oMt (% T ent i on
provi des asgtisfactesy.f or the vapour phase hydrogenation of malefic and / or
succi nic anhydride to catal yst conprjsing a m xed oxi de of

GBL, oYer &a ]
copper andS9ingcof thege patenrtsclaim thgise ofLoppgh cheomites aggatalysts fa gz as

Zn0 is 10 f 1 | ca?; LIRSk : % Cu0
and 20 - 4%3%09\&\#%502 4%1@“@&?@%2%@%%@??%& 'ﬁogy u%‘ﬁgt#\ﬁ@(b%fé?%'wit nert
conponent ssysterab weretcbined im@SiPdtent3 583980 br in EPs332P140 ¢CufZh/CatAl),yst s
are comrercially avail abl e em% from in the active

. S Chem CGe i
state, thdutdiena el bem are.ees Let@hﬁsa@sﬁaﬁtcgvmeer)moﬁr @Bl irld e pregiuctivity.

metal | j.C -g:ﬂﬁﬂﬁ | nﬁﬁ | s formed in the activation step or
duri ngfst hgﬂﬂg roge“"sflg r!ﬂérilﬁ e&%tégggggﬁg@%at alyst is commonly subjected to
an act i vatMoredves ghnamiun coptaising gatalysts shbuld mofr s thenchdits beeagss af ur e
fromroomgtenperature to 200.- 380 C .preferably fromrogmtenperature to
250"+ 300 the Mpaague subBRment imBrct ST BB ER Bes to s T or i he

hydr ogen- J4Hdg gas in the activation treatnment may be a mxture of

hydrogen and ‘nitrogen. After the activation treatnment the catalyst is ready
for use. Athe WO i9dh16BRidisclose a process ferthe GRL produdtionfrathenale® t o 48 h,

ooy ahyHag Bing b CudB ST lindd 3 AL R St AP, ) oot
the hydr?‘iér?\g% i B A9raRh A ¢ §Hfél§ﬁiﬂe§1§h%tnﬁdod5€raﬁ space velocity
se S. Hydroden

nmust be increa to control exotherm c pea il'ution results in
| onger ti Bifférent Catalptiosystenis; based onadtobie retalt ¢atalystsasugph asdCalRd and

et b oSy Bl bR A s Bl 8B 74 e corv ot bt "
expedi ent lMG%ﬁg%%zﬁg‘g’ﬁéOOMBsgﬁﬁﬁg streamin a mxing section; the

m xture can then nto the reactor packed with the above descri bed
act i vas ed Thet abhjget of thetpredent jnvention i td providesa new aid eavirdrenestally t wo

o1 7o and SHRNSDY proas ik e piad B 3 GEIohE VeRalk PRase Rydroderaian 5§ T ner
support Mtk shydifdeUstfd / or succinic anhydride with essentially quantitative
conversion of the starting material, very high selectivity and using a commercial
chromium-free catalyst.
30




~ ,~UL 2002 WD 99/35139 P, ~."I"'/EP99/ 00003 4 silica, alumna)
silica-alumna conpound (e.g. nmullite), silicon carbide) steatite,a o
titanic. The reaction pressure is preferably between about 1 and iOMbamﬂz
nore preferably between about 1 and 30 bar. The nolar ratio of hydrogen to
t he anhyd 'q%,g sg he feed is between 10:1 and 300:1 and nor epdd/EbRfodbl3Y
bet ween 40: 200: 1. Lower hydrogen to anhydride ratios usually result
in tar formation and short catalyst life) higher ratios tend to penalise
the productivity of the catalyst. The reaction tenperature is preferably
bet ween about 150 and 350 C) and nore preferably between 200 .and 300 C. As
it is well known by those skilled in the art, tenperature and pressure
range int hydr ogenati gn reactjon depend_on.the desiyed product m xture.
| ereasi ng TaPESAITIGVETtON RTDUdes & OBRRS fothedAPRIT Phase By ropaRation | ¢

I ncr easi ng 4 i/ldr Uit Mg‘. ' @Qp ing to
anot her asoﬁ:’ﬁ-éﬁ'%?nm/rde %Fggg:nt mv@%?f’%s?'ﬁggéi%sé%? Vi ggﬁgg%giess fog
t he preductmixedodxidemfeopperand aikcone conprising catal ytlaally

hyd bi | efi hydri d i ni.¢..anh 1 de i t hout | t
e Vapor ol AP O HOPHER ah 5RO ¢ SRUITARE Z4AS 3% dnchin Hot St
catal yst C%Péfér%tbﬂﬂt\;\%e@g{eﬁi(ﬂ&&ébh%fﬁ@ VR0Hos ButRhLAE ;2§e-4?6‘% &pghﬂ?a' 'y

alt inert suppor e cata cally active ox mat er

conpri ses &he catadlysticompokitiongpay furttieraontainBaént compedents, dash bei ng
conposed of 50.to0 00 wt % c er oxide end SOto 50 w % zi nc oxide. The

fol | owi ng éﬁ@ﬁﬁl%ﬁiﬂﬁmﬁ'ﬂ?@ﬁﬁe@m s invention in nore detail. 4 JUL 2U0 WD

0 of a comtursrie et ars Cufititialy shafile 8 o SULCAERE, Bdapiin,g 2' o,
Zn0), wer e iptekadtiverstatd, the datqlgtically attive mixidembtatiah medyeincludedonte S

reactor; the resulting height of the bed s 0.7m_The reactor was provided
W th o ex RS GomREheTs Dike MEsAING CORRATL SIS S8 BcHIORStaP Iy ol

over the r E?‘i%gi ith an axial thernmowell with a novable
therrmcouplagﬁ&gm%%g%se °}Mb control and regulate the tenperature in the
cat al yst b#&te mixedhmxidacatajyst isxesmawrnily atbjécted teigruactivationdieagment t he

foll owi ng procedure: The tenperature of the reactor was adjusted to 150 C
by mans obORRESING aratliaty TRERSING 15 SmarBRye ROl der e
catal yst. 3@p a\z;@bd@,qsreﬁ?abp fhdif rdGihitAipeh NN o 250 Laopee ﬂrtrlg ﬁédéétﬁ?gt he

hydr ogen content was gradually 1 ncreas fromO up to 8 %vo
t enper tt ur of avhydrogssrcontairtidg gasC. During the procedure the bed tenperature

was checkeﬂhb Heans of the axial, thernmcoupl.e. ,The,incr.ease ,o0f tepperature
and hydr og e&' feggn-Gaatalning ggp in the Cté}fag'QF‘tfﬁﬁthBtm&%laf@ Wrest ¢ as hot
spot all aﬁ)ﬁmﬁgéh%r@ﬁm’oyghPAﬁéldtiheﬁéétﬁéﬂéﬁQn‘é%hﬁéqt&ﬁ@ &'&?Iygtriﬁggécgﬂﬁigucom ent

in the gas 'stréamwas gradual |l ncreased up to 100% rs at
250 C i n hyse. Apdivatiohaequires atims uskallysvaspingdromebeut 8 40 48\hs dependingt i on a

m xture of hydr n Lc anhydride was fed to the catal yst bed at
fanbi ent pr%g?ﬁcg&gglﬁgwéﬁg%p condi tions and. performances are sunmari sed
in tabjoe IThd hetivatic bfthardatalysde ekbtheritt MAIcakE thePsacterddey fotal | over the
tests. The 23.3” eld of GBL was constantly over 95 % nolar after the first
48 hours. provide an efficient heat removal the hydrogen-containing gas must be suitably
diluted or the space velocity must be increased to control exothermic peaks.
Hydrogen dilution results in longer time for the exothermic phase of activation.
Large adiabatic reactors usually requires the longest activation times.
25  During operation molten maleic anhydride or succinic anhydride or a mixture
thereof is expediently vaporised in an hot hydrogen stream in a mixing section;
the mixture can then be fed into the reactor packed with the above described

activated catalyst. Optionally the catalyst can be packed between two layers of

an essentially inert support material, possibly with the same size and shape of
30 the catalyst. Suitable examples of essentially inert support materials include



~ JUL 2002 WD 99/35139 8 Table 1 T.0O S. MA feedH2/ M A, TMol ar Yi el ds

(9% hl hrol ar ratioGBL SA 'I~i F Ot hera481414122895, 60, 5

0, 43,51401117522995, 30, 0 0, 64, 11501216S22897, 70, 0 0, 32, 317718%p k7300260, 1
0, 22, 1209823623396, 20, 0 0, 53, 3272121 582S995,10.7 0 14,1GBL =

y- but yr olzgsd935239 SA = succi ni ¢ anhydride; TI C = t etrahydr of WGEIEPINdDGI3S =
mai nl yC - C al cohols and acids. T.0O S. = Tinme on Stream s PCT/ EP99/ 00003
Exanple 2: (pilot reactor) A tubular reactor with an internal dianmeter of 1
inch (2.54 cm was packed with 'i 700 g 4f the sane catal yst described in
exanple 1; the resulting height of the io bed was 3 m The reactor was
provided with an external jacket with a circulation of diathermc oil and
was equip | ; A2 Ly Qj t amc £. The
Cat al vt " aaieay SR, Sed aldmRe T fpouRT s § MR Qb AR OR StBef .
exanpl e landditdhier catal yst activation a m xture of hydrogen and nal efic
anhydride_was fed to the catal yst bed at a pressure of 5 bar. Hydrogenation

condi ti ond h&fgaption prefgHER b preteiabhhbeiwaen abpytahard 100hes, mereonver si on
T o B R b Ao PR °L 0t T, "o vt S0 v ar
4 JULTReUn¥ar pRtic3ofli3firdgehdo Zhd abhipdriddvih theddet 48 bEtWéeimDar afndit i 0TM

300:1 and more preferably between 40:1 and 200:1. Lower hydrogen to

anhydride ratios usually result in tar formation and short catalyst life, higher

ratios tend to penalise the productivity of the catalyst.

The reaction temperature is preferably between about 150 and 350 °C, and

more preferably between 200 and 300 °C.

As it is well known by those skilled in the art, temperature and pressure range

in the hydrogenation reaction depend on the desired product mixture.

Increasing temperature will result in the mix containing more THF, while

increasing pressure will yield substantial amounts of BDO.

2Anording to another aspect of the present inventim, there is provided

a process fot the production of gamma-butyrolactone comprising catalytically
hydrogenating malelc anhyddde and / ot succinic anhydride without salvent in a
vaporous mixture with & hydrogen contalning gas In cantact with a catalyst
comprising a catalytically actlve oxide material and optionally an inert support,
wherein the catalytically active oxide material comprises a mixed oxide of copper
and zine, sald mixed oxides belng composed of §0 to 90 wt¥% copper oxide and 10

to 60 wt% zinc oxide. -

The following examples illustrate this invention in more detail.



GBI, .olar Yields (%9 SA THF O hers281l 813623492, 61, 2

4,02, 215812612623593, 02, 0 3,01, 82721371 0223994, 10,5 ~

3, 22,137215710224596, 50,1 1, 32, 25391709424895, 50,1 2, 31, 7645208%0JUL 2007
~27094, 90, 6 1, 83, 36922196727095, 50, 3 1, 33,076S5S2226126496. 60, 4 1018CBL =

y- but yr ol wetedn8139SA = succiruc anhydride; THF = tetrah drof uPQT/EPG/0B0E =
mainl C -C al cohols and acids. PCC/EP99/00003 T.O.S. = Tine on Stream 4
JUL FOO 8 Ctalms: 1. A process far the production of gamra-butyrvl actone
conprising catalytically hydrogenating rieic anhydride and / or succinic
anhydri de without solvent in a vaporous m xture with a hydrogen contai ni ng
gas in contact with a catalyst 5 conprising a catalyticalty active oxide

material apgaailed1YidboratBry 641k r8HERA L. wherein the catalyticaily active

oxi de mater| aﬁFBCOITpI‘I ses a ‘'m xed oxide of copper end zinc, said m xed
oxi des bei ng conposed of 50 to 9a wt % copper oxide end 10 to 50 w % zi nc

Comoses. 01588 4 §ER R IR sl 548 S0 BB habIE 2 °
process acggedi 99 st A ,We*e‘ifacﬁe&’]ﬁi’r??ﬁ!eﬁﬁwimrﬁﬁ itﬂ&hh?d@m&léf’fﬂngé}tthg

anhydride Tn the vaporous m xture o rogen containing gas an
mal el ¢ s s eatalt thieresottingrheaigbttofithe mdwyas Odémi s bet ween 10 to Z and 3Q4 to

RPN - KRN A CR I N W
onduct eq Sotarfely aIfRer S rédotpt Bndlh dng vt fal AgEEIRgeligigECenat ! on 1o
e. AL. , . AS.dvaliie. th@himsbupiésivhichhwastused to control and regulate the temperature

~yt oj e_YU] cal] ca] ca] ca] ca] ca] cal] ca] c$al] c$a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca]ie #pe sptalYRPPSa) caU ca] c<a] ¢ a w HKSnpdaekng~Z

2] cal e L e R R At bFRET S p the olbwing prgeedurer
a] ca] '(':a] c&he temperature of the reac?tor was adjustec’ik :o 150 °C by means of the
2] cal ca] cAXELIRckPE AT BtiF o e Wt paobpd 2B i bt AL g ca o
Elcs:i]z i? Lf%kéﬂ@ﬁ@/’-@%ﬁﬁﬁ?ﬁ?@?%gg/affggrotjhee‘|1[y£‘§?%?neg?rl‘}8]n(t:‘év]aga] cal]caJca]c
a] caU] ca] gaaduallyciacieasid dtdne 8] up & 8 % voband He tarperptue|vway desf) to?5a
V] Ca% Ca]"&‘:%lu?i% the L;JJ]rt():c":iedure the bed temperature was checked by means of the

axial thermocouple. The increase of temperature and hydrogen content was

controlled in order not to exceed -~

20 - 25 °C as hot spot all along the catalytic bed. After reaching 250 °C the

hydrogen content in the gas stream was gradually increased up to 100%. After

20 5 hours at 250 °C in hydrogen, the activation was stopped.

After catalyst activation a mixture of hydrogen and maleic anhydride was fed to

the catalyst bed at ambient pressure. Hydrogenation conditions and

performances are summarised in table 1.

The maleic anhydride (MA) conversion was complete all over the tests. The

25 vyield of GBL was constantly over 95 % molar after the first 48 hours.
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. GBL =y-butyrolactone; SA = succinic anhydride;
THEF = tetrahydrofuran: Others = mainly C;-C4 alcohols and acids.

T.0.S. = Time on Stream

Example 2: (pilot reactor)
A tubular reactor with an internal diameter of 1 inch (2.54 cm) was packed with

1700 g of the same catalyst described in example 1; the resulting height of the

10 bedwas 3 m.

The reactor was provided with an external jacket with a circulation of dlathermlc
oil and was equipped with an axial thermowell and a multipoint thermocouple.
The catalyst was in-situ activated foliowing the same procedure described in
example 1.

15 After catalyst activation a mixture of hydrogen and maieic anhydride was fed to
the catalyst bed at a pressure of 5 bar. Hydrogenation conditions and
performances are summarised in table 2.

The MA conversion was complete all over the tests. The yield of GBL was
" always over 92 % molar and after the first 300 hours has constantly been over

20 95 % molar.



10! L, m' 109%& () - ON! !
* 10Ff 10%& ()-Z10%& ()- Y3s! 10%m& ()-! @" 10% [ & ()-

109 (

)_

109& () - N

109 () - N

109B&

YOd0%rE ()-3z!!! (" REHSAESE? 10# 10%&' () - F" 3" 10%m& () -
, 10918 () - 310%1& () - 39! 10%& () - $$$90A828384&IYNC 10 10m 10m

10%EE () -

102 10%18AMO) 99/351300%P& () -

10%&' () - 4&?&K&MEUE\ &A&DEYNC 10

Kal09@Z& () - Kal09%&Z& () - 9109@Z& () - 9f 109@& () 109@& () -

d&l &N&&&EE&&OIYNC 5Wé

" Kal09%&Z&' () - Kal09%&Z&' () - Kal09%&Z&' () - Ka10°/<Z& () - Kal09%&& () -

1 10%8 () - s*10%m& () - #

!E3'(' )16%11&' ()% JUL 2002

Z  z!}7?SE7

PCT/EP99/00003

040%Z& () -

j P6C

Kal09Z&' () - Kal09Z&' () - Kal09Z& () - Kal0oZ& ()- Kal0oZ& ()- Kal0%& () - Kal0%Z& (
) - &&&&&&&&h%,gﬁalow& () - Kal0%& () - Kal0%&! () - Kal0%&! () - Kal0%&! () - Kal0%
Z& ()-5W = &AE&&&&GR3. CKal0Y%Z& () - Kal0%z& () - KalO%zZ&: () -

“Kal09&Z& () - BREKEEENTA. CKal0%Z& () - Kal0oZ& () - 5\

' Kal09&&' () - 5V

=" Kalot)/(z& 0/,72 l\ (‘E\I\g
= Kal09%&Z& ‘,l‘(k§1 WM feer |KaHadda: ( )- Kél’O(VZMQI)IFK 092%%) () |&8&&&' ' ' ' i J+CKalow
&'$()- ngllO"C &) - Ka QA& | (Onoladddidi §: (40 - *@mO%Z&A( L[k gg/(-zgam%gs\;()-' n
' ' ' r + ﬁ- (0 = r\a GnlzrlL Tt OPrR—t Ka ' -
= )')1' 5 6" @rS§1 ajowzf’%) K ?cféff&??’iwg?ogo\ 2 0
=" Ka109@& [ ) 138a1poaiR6( ) {@ DIR6Q U] 233" [NBi@TKa2.00473.0) | 3)8
=" Kal09%Z&' | )21l ) {Kal@0Z&' (] 288104&K] (0,52] 13,»'[f 2 $' W eF+CKal0%ZKal0%
Z& ()-KalOt/fzﬁz()-KallsQ"/iéi () 168109846 ) -ded 9 | ) KA19%Z8 ()-w x' """ | bH
CHa109Z8. 'B@JF/Z' g ) fapbas o %.8?}7' (ai09ze () 56
= V\ B GKALO%ZE K100 () - , 2< % ( ’-3Ka10/z& ()-5W
692 219 67 270} 955) 03 | 1,3 | 3,0
765 222 61 26419661 04 | 1.0 ] 18
GBL = y-butyrolactone; SA = succinic anhydride;
THF = tetrahydrofuran; Others = mainly C,-C4 alcohols and acids.

_T.0.S. = Time on Stream
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