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for the Production of gamra-Butyrol act one The present invention
relates to a process for selective hydrogenation of mal ei ¢ anhydri de
(MA) or succinic anhydride (SA) to gamma-butyrolactone 5 (GBL) in the
vapour phase using a catal yst conprising a m xed oxi de of copper and

chrom um Pro fcﬁ'% Wtdﬁlc%n R |n"&gm c%ngune commodi ty of great

i ndustri al er es because of creasi ng demand. The main
use of GBL is as |nterrred| ate for the synthesis of solvents with 10 | ower
environnmental_inpact than chlorinated ones, |ike pyrrolidone and N
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t echnol o#ft eslom@r envisandental @ppact teap ghlerinated an@s (lrkﬁmyrmlldsm@aw N-—
Dy oGt OB o MGl e o O BRSBTS s e
D" OS5 | e rMIReGH et phlmBcoutal an SR ks 110"
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mai iy for t{hee Réggé’ %E’ci)gerés orm acepylller%] ggcli ?orfnalé)ehydn St%agnn(/:g 1\%-)butanediol
15 (BDO) and then GBL by dehydrogenation. The draw-backs 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 MA to GBL has been employed in
commercial production, but never reached great industrial importance.
Many patents describe the vapour phase hydrogenation of maleic anhydride

or its esters, but mainly for the production of 1,4-butanediol; for instance WO



2 86/ 03189 describe the vapour phase hydrogenation of diethyl

nmal eate to wo 9988¥5% WO 86/ 07358 describes a simlar pr@@¢m9§/m336GBL
producti on. From a technol ogi cal and econom cal point of viewthe
esters of maleic acid or 5 other maleicacid and / or succinic acid
derivatives are | ess desirable raw materials conpared with maleic
anhydri de. I\/any patents describe the direct vapour phase hydrogenation -
of maleic gdrlde to GBL, but none of themis conpl

sati sfact or y86/0318 deseribe the\vapowphasedvdrogenating of dietayl fﬁ%'ﬁﬁétochr oni t es

as catal ysts g .9 US 10 Patent 3 065 243) but with unsatisfactory
conver si on aﬁ Selectivity. Simlar systens were clained in US Patent

3 580 930 orw@ 8BRY7358 dekitribby a(s:ﬁ“laf(g@cess for GBRptoddtionnone of themis

conpletely satisfactory in terns of productivity,
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systens, bas on nobl rreta cata ysts as Cu / Pd and Cu / Pt have
been descri bianypatents deScibx te dilect¥ap6urphasechydregendtidrhef maleie

nmetal is the draw back t hese ¢ sts. 2 The 0 ct of the present
i nvention is2 &W%!@\IPQQBLnb@Q%gtEQ 1B1G8 elyotatis ? production of
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mat eri al 10 vePatémt gmwm@)tbutlw:th anshtisforgryoposrsivrcand seleptivity. Similan um
catal yst. 25 The present invention provides a%ocess for the vapour

phase hydr oge¥iemswere claigredinl USPatent 8 588£L38er in Bi? 332d40{Ca /aZfM/GF i de to
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WO 91/16132 discloses a process for the GBL production from maleic
15 anhydride using a Cu/ Zn/ Al catalyst calcined at 400 - 525 °C. Such a high
temperature is a draw-back in terms of plant design and operation.
Other catalytic systems, based on noble metal catalysts as Cu/Pd and Cu/
Pt have been described in e.g. US Patent 4 105 674. The cost of the nobie
metal is the draw back of these catalysts.
20  The object of the present invention is to provide an aiternative process for the
production of GBL by vapour phase hydrogenation of maleic anhydride and /
or succinic anhydride with essentially quantitative conversion of the starting
material, very high selectivity and using a commercial copper-chromium
catalyst.
25
The present invention provides a process for the vapour phase hydrogenation
of maleic anhydride and / or succinic anhydride to GBL over a catalyst
comprising a mixed oxide of copper and chromium.
The catalyst contains 30 -~ 80 wt% Copper and 20 - 70 wt% Chromium.
30 Preferably thé mixed oxide catalyst contains 35 - 55 wt% Copper and 25 - 45
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.3 wt % Chromi um The catal yst may further contain the oxi des of

Bari um and WQP9/38856 Nanganese, the Barium or Manganese cont GT/EPRYUISES,
béing less than 1 wt % The catal yst conposition nmay further
contain inert conponents, such as 5 talgetting aids or inert fillers.
Preferred catal ysts are commercially available e.g. from Sud Chem e,

Ger many. In the active state, the catalytically active oxide materi al

the act i vat 1B Sugmiy s e seiafeaY Rikssentin B 8xobs of ARG abP L o "
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i ncreasing its tenperature fromroomtenperature to 200 - 380 [err]
preferably fwm roomtenperature to 250 - 300 [err]the presence of a

hyd - i ni . 15.The h _cont ai ni e A
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vda

requires a tine ying from8 - 48 h, depending on reactor si ze and

desi gn. Prefferred catalysts are tomngerciatiplayallabls eec dftdmiStidcChémiesase t he
reactor does_not 20 provide an efficient heat renoval the
hydr ogen- con®&MARY; gas nust be suitably diluted or the space velocity

must be incr . r ) Gt . he . i lution
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During operation nolten mal ei c anhydride or succinic anhydride or a mxture
t her eof 10s esyéng thethydrogeaaticted in a hot hydrogen streamin a nixing

secti on; o the.reactor packed with the
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exanpl es of prefenablyadfrom rooar tensparature tor@661-i300s°C imcthecresence of a
hydrogen-containing gas.

15 The hydrogen-containing gas in the activation treatment may be a mixture of
hydrogen and nitrogen. After the activation treatment the catalyst is ready for
use. Activation requires a time varying from 8 - 48 h, depending on reactor
size and design.

The activation of the catalyst is exothermic. In case the reactor does not

20  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 a hot hydrogen stream in a mixing section;
the mixture is then 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

30 of the catalyst. Suitable examples of essentially inert support materials include



4 silica, alumna, silica-alum na conpound (e.g. mullite), silicon

car bi de, st ewDIs¥R8856 and titania. The reacti on pressupetT/EP99/00336
preferably between 1 and 100 bar, nore preferably between 1 and 30
bar. 5 The nolar ratio of hydrogen to anhydride in the feed is between
10: 1 and 300:1 and nore preferably bétween 40:1 and 230: 1. Lower

hydr ogen to anhydride ratios result in tar formation and short
catalyst life, higher ratios . penalise the productivity of the

catal yst. silicahalurina; silier-akiniaa sompeund (g.ge mutiite), \silisenasvidabiteatiteso and
350 [err]nd I?\fi gg@g preferably between 200 and 300 [err] As it is
wel | known bf ﬁ Skilled in the art, tenperature and pressure range

in the hydroggrabthefion prégsufdisisafiEby beti8esl 4 HricefOPbAE WdrePriferals

Increasing tenperature will result in"the mx containing nore THF ile
i ncreasi ng pbetyeer 1vdrd 3¢ bat.d substanti al anmounts of BDO. 15 The

5" O Mg n dieanolar relibef Bvdpgen dapahvids Bihe foed & BeyBen 191 aMdonmer oi a
03, 428,098 158 R b SR At owey nphopd 15 %0
di armet er t ubahhydridecativs; reshlt in & fdrmatonrendistiorbéatalyst lifed higher Batibsm
penalise the productivity of the catalyst.
The reaction temperature is preferably between about 150 and 350 °C, and
10  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.
15

The following examples iliustrate this invention in more detail.



.The reactor_was provided with an external jacket electrically heated to
assure wogs Fn'(:ity all over the reactor |length and vm'tgF 336
thernmowel | with a novabl e t her nocoupl e which was used to control and
regul ate the tenperature in the catélyst bed. 10 The catal yst was
activated in situ according to the follow ng procedure: t he
tenperature of the reactor was adjusted to 150 [err]C by nmeans of the
external jagk@imofe s passed over the catalyst. To
avoi d hot Bots ¢%e act 3§%Fgﬁgggﬁpperforned gradual | y: the hydrogen
content was gradually increased fromO up to 100 % vol. and the
tenperature was risen to 15 25 t he procedure the bed

. Du
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e of r e rder
0t o excedtiozs MYk Br 2 MR BHFCoI3F Wil ware packBR F 8" b BS54 b e
After 5 bourmemalZﬁé}néwrrtmuaﬂréamrow;esmtmgaféugmaéﬂtﬁé bedswvas oRd.
After catal xrst activation a m xture of hydrogen and mal ei ¢ anhydride was

fed 20 to tﬂ@mcwryﬁas peayidad wfbuaaraxtgin@tmket elppiicalie haatedrtoassire i ons
and per f(gr nman ar e_sunmar versi on was

conpl ete al |ts FEPY @"toé@f e !‘%ﬁﬁi‘%‘hoﬁ"@%hé‘ﬁ'oa’%?' thermO\gval Fonstantly
over 95 9% Mgy aﬁé‘tﬁénﬁ&&ubléﬁ:h:cﬂ%&@%éd to>Coritd) 4l regulaté e/ c! €d and f ed

back to the reacto 6
Table 1 tem]SeChtBre Wheaadalyst bed.MA T Mol ar Yi el ds (0/() (h)
(g/h) ( C GBL SA THF

180 2191 @atahlgt zyas(g[oyva ed/jn situ according to t e ollowmg prmgdure 230 86 5
ﬁ 20 0. 2 tné temgg&atu%s%f tye ré%ctgr wgs.{ad]@sﬁgd tg%é@) °C7§y K’\e%ég%f tl(i)e 0 1.8
137 243 eS@erﬁal JacRet; @ rhixtwredf H, / N, wadpassed dver the catdipét. To a?/b% héB. 2
22 0.4 4 spots the activation was performed gradually: the hydrogen content was
gradually increased from 0 up to 100 % vol. and the temperature was risen to
15 250 °C. During the procedure 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 25 - 30 °C as hot spot all along the
catalytic bed. After 5 hours at 250 °C in hydrogen, the activation was stopped.
After catalyst activation a mixture of hydrogen and maleic anhydride was fed
20 to the catalyst bed at ambient pressure. Hydrogenation conditions and
performances are summarised in table 1.
The MA conversion was complete all over the tests. The yield of GBL and of
SA was constantly over 95 % molar after the first 48 hours. SA can be

recycled and fed back to the reactor.



GBL = [err]-butyrol actone; SA = succinic anhydri de; THF =

t et rahydr of uwen9s3gssdrers = mainly C2-C4 al cohols and aci ds:
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Example 2: (pilot reactor):

5 bar.

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

with 2320 g of the same catalyst described in example 1; the resulting height

10 ofthe bed was

3m.

The reactor was provided with an external jacket with a circulation of

diathermic oil and was equipped with an axial thermowell and a movable

thermocouple which was used to control and regulate the temperature in the

15 catalyst bed.

The catalyst was activated in situ according to the following procedure:

the temperature of the reactor was adjusted to 150 °C by means of the

external jacket; a mixture of H, / N, was passed over the catalyst: the

hydrogen content was gradually increased from 0 up to 5 % vol. and the

20 temperature was risen to 250 °C. During the procedure 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
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.5 performances are summarised in table 2. The MA conversion was
conpl ete al WRJ¥388Fthe tests. The yield of GBL has const aMOTERSR@336 n
the range 94 - 96 % nol ar. 10 Table 2 T.0S. M feed H2/ VA
T Mol ar Yi el ds( % (h) (g/h) (polar ratio) ([err]c) GBL | SA
THF O hers 8 163 129 237 92.8 5.6 0.6 1.0
67 174 120 247 94.6 1.0 1.2 3.2 150 165

960 1.4 onydrceg chnteht byt gas strgpm was oradyghy thoreased uglo 400%. 67

2.7 3Ater 5 halds at 250 °C ihq'é/drogerﬂftﬁe allivatiordwls stbpped] - 9 445
210 98 258 96.8 O. 0.7 2.5 592 225 70
266 94.2 1 Adtercatalyst.artivation a migture of hydrogen and maieic anhydrikde wag fad 2. 8
0.8 4.0 776 172 97 7 94.9, 0.7 ,0.9 35

Gl = y- but yER R caRYst BRISta pressiTe of e FGrogeriatiopgenditas and, dr of ur an:
Qhers = gul Befiofipahtedbfbinmatidadfitidie 2. T O S.: Time on Stream

o The MA conversion was complete all over the t€sts. The yielll of G@BL has 1. A

'r'ocess for the producti on of gamma-butyrol actone conmprisin
P const%ntly lfaeen in the rzgnge 94 - 96y% molar. i J

10 Table 2
T.O0.S.| MA feed| H,/MA T Molar Yields (%)
® | _@n | (notarratio) | ,o | 6BL | sa | THF |others
8 163 129 2371928 56 | 0.6 | 1.0
67 174 120 24719461 1.0 | 12 | 3.2
150 165 127 2471958} 211 06 | 1.5
219 184 95 25219601 14 ] 06 ] 2.0
279 198 100 2541950} 16 | 0.7 } 2.7
399 235 101 256 1955) 20} 0.6 | 1.9
445 210 98 2581968 ] 0.0 | 0.7 | 25
592 225 70 266|942] 191 07| 3.2
660 216 77 2721924 28 | 0.8 | 4.0
776 172 97 272194941 0.7 1 09 | 3.5
GBL = y-butyrolactone; SA = succinic anhydride;
THF = tetrahydrofuran; Others = mainly C,-C4 alcohols and acids.

T.0.S.: Time onh Stream



catal ytically hydrogenati ng mal ei c anhydride and / or succinic anhydride in
5 a vapwous3gsset ure with hydrogen contai ni ng gas i n conpgfkpidolsed

cat al yst conprising a catalytically active oxide material and
optionally an inert support, whergi'n the catalytically active oxide
material conprises a m xed oxi de "of copper—and—chromunt—sard m xed
oxi de having a content of copper of 30 to 8 m um of .
20 to 70 wt%_ 10 2. A process according to cl aﬂnmr/ﬂmml mﬁlg d mxed
oxi de has a €laimsit of copper of 35 to 55 wt % ahd Lof "ChFOI’ﬁ um of

to 45 wt % 3. A process according to claim1l or 2, wherein said

m xed oxi de additionally 15 contains the oxide of bari umand / or

manganese, tmeﬁcpmcsé@&f@ﬁthbaﬁrbumnonofgameCb r%!adi@rﬁ@éﬂﬁ)bﬁsh ereby bei ng
|l ess than 1 wt % A process according one of clainms 1 to

wher ei n t he nolcatalytigally hyﬁrogenatlng mgldlccgmydﬂdeanﬂfcmsﬂlscmm amtejdndpdnous
e o AR AR bl G G e AL
A process accorcgh;ﬁlsiri%g gl&\été}ﬁfca?{, elive gglgé T&eﬁf% ﬁbgbsri)é]?er rf\gﬂgenat i on

is conducted at a tenperature o bout err

6. A process asuppditnghereinthe catelytitakty active dxidematerialroemprises a mixed
hydr ogenat i on ) i S con u ted at a pressure of about 1 to 100 bar.
Thi s Sheet Has O¥ideofgqRPeE d chromium, said mixed oxide having a content of

copper of 30 to 80 wt% and of chromium of 20 to 70 wt%.

10
2. A process according to claim 1, wherein said mixed oxide has a content of
copper of 35 to 55 wit% and of chromium of 25 to 45 wt%.

3. A process according to claim 1 or 2, wherein said mixed oxide additionally
15 contains the oxide of barium and / or manganese, the content of barium

and / or manganese thereby being less than 1 wt%.

4. A process according to any one of claims 1 to 3 wherein the molar ratio of

hydrogen to anhydride in the vaporous mixture of the hydrogen containing

20 gas and the maleic anhydride and / or succinic anhydride is between 10 to
1 and 300 to 1.

5. A process according to any one of claims 1 to 4 wherein the hydrogenation
is conducted at a temperature of about 150 °C and 350 °C.
25
6. A process according to any one of claims 1 to 4 wherein the hydrogenation

is conducted at a pressure of about 1 to 100 bar.
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