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Process for the 'Production of gamma-Butyrol actone The present invention
relates to a process for selective hydrogenation of maleic or succinic
anhydri de to WOMa58BUt yrol actone (GBL) in the vapour phase u%f 00003
catal yst conprising a m xed oxi de of copper and zinc GBL represents an -
exanple of a small volune commodity of great industrial interest, because
of its increasing demand. The main use of 'GBL is as internediate for the
synthesis of solvents with lower |10 environnental inpact than chlorinated

ones, like pyrgolidone gnd. N- hylpyrroligdone. It is also the raw
material for théo‘iﬁsg?éﬁﬁ%ﬁrﬁuﬁo'\ﬁfWQWPfﬂfwwﬁﬁtP’@f her bi ci des,
pharmaceutical s and rubber additives. The first works on GBL synthesis

appeared in the 1940's, due to the start up of the Reppe process from
acetyl ene and B¢ RERseBhipMention rglatas to aiprecessferselective hydryenationiof meleicceL by

dehydr ogenat i op, g Jdefhi L ﬁgm G '
fluctuating prla'é%s o#&%ﬂﬁgﬁgév&ng%'gﬂaa&stﬁgn , m‘ﬁ]ﬁ)w{\?ﬁ%&’? ﬂr éas'ga';sﬂ%and
t he envi r onsrenashtalysp aomprising b enivedoxitie bbtdpper ang lzinee and f or mal dehyde.

During the second half of this century, other technol ogi es have been
studi ed 20 and the nunber of patents about GBL production processes

al ternative toGBlLIepEspatsENEGEDIE NS sMal blumecsonnnsdity ditpeatiRddstiil! i ty of
mal ei ¢ anhydrlg'?erggtohndustrl al .scale led to the devel opnent of new

t echnol ogi es f _ﬁﬁ%ﬁ"éﬁif“%%ﬂﬂ?@quane (THF) or BDO by _
25 Tl o1 c. aci oy e PBL S AFNRIRMEIEICr io ey sdiEnie Bt e | 1€
hydr ogenat itdn eavisgamental &'ﬁmma!hchlwirmgm.lﬁb%pyWWaddiNa conmmrer ci al
production, bupeRENSiroli@d s H(sS%Re t Hiakdraftor 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 butanediol
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.
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| mport ance. 2 Many patents describe the vapour phase hydraogenation of
mal ei ¢ anhydride or its esters, but mainly for the production 'of BDO for

i nstance WO 86/ 03189 descri be the vapour phase hydrogenati on of diethyl

mal eate to Wg9os348» 86/ 07358 describes a sim|ar process f@cT@B/gIP3ducti on.
5 Froma technol ogi cal and econom cal point of viewthe esters of naleic
acid or other maleic acid and/or succinic acid derivatives are | ess
desirable raw materials conpared with mé ei ¢ anhydride. Many patents

descri be the direct vapour phase hydrogenati on of mal eic anhydride to GBL,
but none of the processes disclosed are conpletely 10 satisfactory. Sone
of these pat dviany pitentsdeberibethe vapawrpbase bydrogénationaf maleicaphwdsideorg.  US

G ar oot dhootprbab Pt bRUARIE o S5 BiRef O BBLBTAS
(Cu/ Zn/ Cr | Al )deshritie thervapoiir pHasehgdogenatiunasfaliethyl aidiedtees BDY.i n terns of GBL

yi el d, productivit 15 by-products for i and, catal yst durability.
Mor eover chrwm&mﬁF sc%?'m"%?@c%%%tﬁf 'BH(H“’W'P?re choi ce because of

the negatiyve foid @RBARMbgiEATRMEecBhorRIRANTBINBF viWethb @steh€ of Allefd daid 6f 1 TS
compounds. The WD 91/16132 di scl ose a process for the GBL production from

mal ei ¢ 20  areyermajeicasidRpdioraucainicAcicdarivales arallessidegirahle /09 - 525
oper at i on. - ripreERcbERRY falek dhtvide 201" CETCE Dol Gatal yat e sach
as- Cu/ Pd and Many patents describe the direct vapour phase hydrogenation of maleic
- anhydride to GBL, but none of the processes disclosed are completely
10 satisfactory.
| Some of these patents claim the use of copper chromites as catalysts (e.g. US

Patent 3 065 243) but with unsatisfactory conversion and selectiVity. Similar

systems were claimed in US Patent 3 580 930 orin EP 332 140 (Cu/Zn/Cr/Al),

but none of them are completely satisfactory in ferms of GBL yield, productivity,

15 by-products formation and catalyst durability.

Moreover chromium containing catalysts should not be the choice because of
the negative environment impact of chromium, due to the toxicity of its
compounds.

The WO 91/16132 disclose a process for the GBL production from maleic

20 anhydride using a Cu/Zn/Al catalyst calcined at 400 - 526 °C. Such a high
temperature is a draw-back in terms of plant design and operation.

Different catalytic systems, based on noble metal catalysts such as Cu/Pd and
Cu/Pt have been described in e.g. US Patent 4 105 674. The cost of the noble
metal is the draw back of these catalysts.

25 The object of the present invention is to provide a new and environmentally -
friendly 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
chromium-free catalyst.

30



Cu/ Pt have been described in e.g. US Patent 4 105674. The cost of the noble
netal is the drdw back of these catal ysts. 25 The object of the present
invention is to provide a new and environnmentally friendly process for the
product i on of WaBEAEA® vapour phase hydrogenation of naleic anfGHEPR@MAd/ or
succinic anhydride with essentially quantitative conversion of the starting
material, very high selectivity and using a comercial chromumfree

catal yst. 30 3 The present invention pr%vi des a process for the vapour
phase hydrogenation of maleic and/or succinic anhydride to GBL over a a
catal yst conprising a mi xed oxide of copper and zinc. The content of Copper -
as CuO is 50 - D nieseniiovention pepyvides@ procass for e vapaur phaser hufdsegenalion he

m xed oxi de conjsahdiSic8hd7 of Suckinie SHivdHae 16 SBL é\%r%%%tggg ?ogﬁfrﬁrfé gl yst

conposition may further contain I nert conmponen suc i ng aids
or inert fill errsixe@Pozideraf eoppextandyzine are commercially available e.g. from

S[err]d Chem e, Ger : the active.state . the catalytical ctjye
o£<i de] mat eri al %@ﬁ%ﬁlﬁg&%ﬁ%ﬁl 4 H%?@ngcyﬂt{%ﬂ%%@ﬁ@%q ﬁe1lmw¢%'c
copper) fornged Prefériisly #0s nixedioxilesdionains 60/L 8D W% D60 nEr200MY% wizndhe

m xed oxi de catal yst Is comm_n,lx subj ected tg an activation treatnent
conpri si ng gr adUi $afalystcompositigh may fuBhercontain inert eampanshts, sHeeASit ure to

200 - 380 C, prighretmb!aidd 6rqnert gt emperature to 250 - 300 Cin the
presence 15 of a hydrogen-containing gas.
Preferred catalysts are commercially available e.g. from Siid Chemie, Germany.

In the active state, the catalytically active oxide material may include some

10 metallic components (like metallic copper) formed in the activation step or
during the hydrogenation.

The mixed oxide catalyst is commonly subjected to an activation treatment -
comprising gradually increasing its temperature from room temperature to
200 - 380 °C, preferably from room temperature to 250 - 300 °C in the presence

15 of a hydrogen-containing gas. '
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 usually varying from about 8 to 48 h, depending
on reactor size and design.

20 The activation of the catalyst is exothermic. In case the reactor does not
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 uéually requires the longest activation times.

25 During operation malten 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 iwo 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 inciude



The hydrogen-containing gas in the activation treatnent may be a nkxture of
hydrogen and nitrogen. After-the activation treatnent the catal yst is ready
for use. Activation requires a tinme usually varying fromabout 8 to 48 h,
dependi ng ogyg@Asizer Size and design. 20 The activation @CTEPS/E3al yst i s
exothermc. In case the reactor does not provide an efficient heat renoval
t he hydrogen-contai ni ng gas nust be suitably diluted or the space velocity
must be increased to control exothernic 4eaks. Hydrogen dilution results in
| onger tinme for the exotherm c phase of activation. Large adiabatic
reactors usually requires the |ongest activation tines. 25 During

oper at i on nolgilica, alamina; siticdatimicke campoundo(ery. cwdité)y dilicatecarbide, steatitar e

t hereof is expedjently vaporised in an hot hydrogen streamin a m Xing
section; the%d a8 Ccan then be fed into the reactor packed with the above

descri bed actfheakastionairassipsé is praferabbétweth abat Rhys 108 bar, hor@acked bet ween
two | ayers of an essentially inert squort material, possibly with the sane

size and shapfseferabhpbetwren abeut 1,and 3&Rak abl e exanpl es of essentially inert
support el er@ rﬁol'FPth?dQJ?hY%rio %ﬁtd ihsaanh?ééﬁaaﬂ nig%ueﬁeh!i%e@kum10?q'm0und

(e.g. mullite), silicon ca steatl titania. The reaction
pressure is [808ftambmpreprefarably hptweaen40ahand 800:0akowerdydragenfter abl y bet ween

feed i's bot wtvaRse Ating Uiy 1o R s Tamat Erd 3B saehaE i b 0 100! 1°
Lover hydr ogeatisstend iy penaliee ttes productivitpbf thercatalst. i n tar formation and :
shor ! ity Al VSl o rehtion temparatind it Dreferably betwesn shout 150 fsd 3509 4nd/ Y of the
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 illustrate this invention in more detail.



The reaction tenperature is preferably between about 150 and 350 [err]C
and 10 nore preferably between 200 and 300 [err]C. As it is well known by
those skilled in the art, tenperature and pressure range in the

hydr ogenat i onWP&%3¥dn depend on the desired product m xtur ECHVERPRME} ng
tenperature will result in the mx containing nore THF, while increasing
pressure will yield substantial anmounts of5 BDO. 15 The fol |l om ng exanpl es
illustrate this invention in nore detail. 5 Exanple 1: (laboratory scale
reactor) 350 g of g of a conmmercial Cu/Zn catalyst, T4322 from S[err]d

Chem e AG (64 %FC}J‘{%{'J%S?Q‘?SDQZ{%“Z’&S %v{eje%%fq;‘)igcked inalinch (2.54 cm

I nternal di ane resulting height of the bed was
0.7m The reactor was provided with an external jacket electrically heated
to assure isothermcity all over the reactor Iength and with an axi al

ther movel | wi t B9@ 915 G5 RCOMMBRRtIN GufAnecaiplyst Tvi822 fromiStid Chemie AG (@b
regul ate the t@ﬁ@?rﬁ.slwzh@),%eﬁﬁ&?éc?’fata Phfth 5&.94 cﬁg?ntgﬁfﬁﬁh%ﬁetxﬁﬁb ar
the fo roce re. e

activated in situ according to oW ng enperatdre of
t he react or 5 wareastirithedasuling keglit®fithe hediwas 6f7m.he ext ernal jacket; a

m xture of H egl/ J over th atal yst. .To avqQid hot spots
the activation égé\gpcgﬂ{)ars v'g?é%gﬂ%n?m@ﬁﬂwS%CE%B%%FSﬁ%@s%dual ly
i ncreased f r onisdthepmioity &li Yverthe asattomengthrapawith dreaxi@hérinidweliwit?e0 15
[err]C. During the procedure the hed tenperature was checked by neans of

t he axi al therm&@@glt@‘?’mﬁ%”ﬁ"ﬁaﬁl!‘gb‘ﬂaﬁps‘f‘b%"ﬁﬂﬁ@ requlats thedgewetaduneent

Was in the catalyst bed.

10 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. To. avoid hot
spots the activation was performed gradually: the hydrogen content was -
gradually increased from 0 up to 8 % vol and the temperature was risen to 250

15 °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
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 hydrbgen 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 yield of GBL was constantly over 95 % molar after the first 48 hours.



controlled in order not to exceed 20 - 25 [err]C as hot spot all al-ong the
catalytic bed. After reaching 250 [err] C the hydrogen content in the gas
stream was gradually increased up to 100% After 20 5 hours at 250 0OC in
hydrogen, tgpagsisyati on was stopped. After catal yst acti PSH/RPAR0003 xt ur e
of hydrogen and mal ei ¢ anhydride was fed to the catal yst bed at anbient
pressure. Hydrogenation conditions and performances are sunmarised in table
1. The mal ei ¢ anhydride (MA) conversion &as conplete all over the tests.
The 25 vyield of GBL was constantly over 95 % nolar after the first 48

hour s. 6 Table 1 T.O S. MA feed Herr]/ M T Mol ar Yields (% 48
14 141Table328 95,6 0,5 0,4 3,5 140 11 175 229 95,3
0,0 0,6 4,1 150 12 165 228 97,7 0,0 0,3 2,3 177 18
éog 272237 97,6 0,1 0,2 2,1 209 8 236 7 23g 96,2 0,0 0,5
, A [0, 7 : ' =]y- butyrol actone; SA

= succinic a#ﬁi;/'gfsl’ ig]&iﬁz :Ezgﬁi‘r&. M&nl:]:&jﬁ:?s Z iynl y >Cl:[ err]-derr]
al cohol s and |acfthe| 24, o r,oé 2 (pilot reactor) A
tubul ar reactjorqgv th aa interidal djizm;etﬁ,G pf0,3 |i 04h| B3 4 cm) was packed
with 140 11 175 2291953 00 | 0,6 | 41

150 12 165 228197,7] 00 | 0,3 | 23

177 18 109 23719761 0,1 | 0,2 | 21

209 8 236 2331962} 00 05| 33

272 12 158 25919511 071 0.1 | 4.1

GBL =y-butyrolactone; SA = succinic anhydride; |
{THF = 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 bedwas3m.

The reactor was provided with an external jacket with a circulation of diathermic:
oil and was equipped with an axial thermowell and a multipoint thermocouple.

- The catalyst was in-situ activated following the same procedure described in
example 1. '

15  After catalyst activation a mixture of hydrogen and maleic 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.



1700 g of the same catal yst described in exanple 1; the resulting height of
the 10 bed was 3 m The reactor was provided with an external jacket with
a circulation of diathermc oil and was equi pped with an axial thernowell

and a nul ti poVR98ME? nocoupl e. The catal yst was in-situ act i VEPPW? owi ng
the sane procedure described in exanple 1. 15 After catal yst activatior a
m xture of hydrogen and nal ei ¢ anhydri de vsgs fed to the catal yst bed at a

pressure of 5 bar. Hydrogenation conditions and performances are summari sed
in table 2. The MA conversion was conplete all over the tests. The yield of
GBL was al waysgoa&fr 92 % nolar and after the first 300 hours has constantly -
been over 20 9 %8 ar. 7 Table 2 T.O S. MA feed H2/ VA T

(

Mol ar Yields (99 (h) (g/h) (nmolar ratio) ([err])GBL SA THF
Cthers 28 118 13 234 92,6 1.2 4.0 2 2 158 126
126 235 9T,@S.PMAfead D HYMA2A2T MlarYields(%QZ“L 239 94,1 0,5
3,2 2,1 372 @Ol (em) ftdtar ratio) 1240 | &L P s | lrarllomerst 2 539 170
94 248 9OpTh—Or¢% 53' 1,3"" > _"'5‘3_' 270 94,9 0,6
1.8 33692 | 19 U8 7136 |28 |Gk 1D |3401] 32 §, 0 765 222
61 264 96.b 1384 126 ol 1 d26 [235(930[ 20| 307 1,8
' 272 137 102 23919411 05 | 3,2 | 2,1
372 157 102 24519651 0,1 | 13 ] 22
539 170 94 2481955 0,1 | 23 | 1,7
645 208 70 2701949 06 | 1,8 | 33
692 219 67 2701955 03 | 1,3 | 3,0
765 222 61 . 126419661 04 | 10| 1.8
GBL = y-butyrolactone; SA = succinic anhydride;
THF = tetrahydrofuran; Others = mainly C,-C, alcohols and acids.

T.0.S. = Time on Stream



GBL = y-butyrol actone; SA = su00|ﬂucSh d| de; THF = tetrahydrofuran: O her
= minly (err]-Cerr] alcohols an Be laged= Tine on Stream [err]
Mainms: 1. A process for the produ ” - but yr ol act one conpri si ng
catal yti cal {yo dopsisegenati ng nal eic | or sucd’ﬁﬂ‘mﬂmm’drl de

wi t hout solvent in a vaporous nmixture with a hydrogen containing gas 4n
contact with a catalyst 5 conprising a cataytically active oxide
material and optionally an inert support3 wher ei n the cat al ﬁlilcal |y active

oxi de material conprises a mxed oxide of copper a”ﬂmmm' ImmlE
inc

oxi des being conposed of 50 to 90 wt % copper oxide
oxi de. 10 2.cldimsocess according to claim1 wherein *sai d i xed oxi des are
conposed of 60 to 80 wt % copper oxide and 20 to 40 wt % zi nc oxide. 3. A
process according to claim1 or 2 wherein the nolar ratio of hydrogen to

anhydri de in 4 hg predass @thépridutiiondf daiimapdiyesiactone comprising gas and the
mal eic 15 anhydrl de and/ or sucoinjc amﬁ/d” de I s bet wee to 1 and

300 to 1. 4. A gatalytically hydroganating raalgigyanhydride and Lorsuceinica V Bi& t he
hydrogenatJ on '%mkﬁﬁeﬁth%ﬁﬁ%ﬁdﬁfﬁmﬁé 2&5%&&&5&%&%&5&;& 20 5.

A process accor ng to any one cllainms 1 to 4 wherein the hydrogenation
i s conduct ed at camprisingsa catalyticallytastive)oxide material and optionally an inert

support, wherein the catalytically active oxide material comprises a mixed
oxide of copper and zinc, said mixed oxides being composed of 50 to 90
wt% copper oxide and 10 to 50 wt% zinc oxide.
10 _
2. A process according to claim 1 wherein séid mixed oxides are composed of
60 to 80 wt% copper oxide and 20 to 40 wt% zinc oxide.

~ 3. A process according to claim 1 or 2 wherein the molar ratio of hydrogen to
15 anhydride in the vaporous mixture of the hydrogen containing gas and the
maleic anhydride and / or succinic anhydride is between 10 to 1 and 300 to
1.

4. A process according to any one of claims 1 to 3 wherein the hydrogenation
20 is conducted at a temperature of about 150 °C and 350 °C.

5. A process according to any one of claims 1 to 4 wherein the hydrogenation
is conducted at a pressure of about1 to 100 bar.



