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the Production of ganma-Butyrol actone *coooo2* The present igge[m[omuz
‘relates to a process for selective hydrogenation of nal efic anhydride (M)

or succinic BPW(??%Ge (SA) to gamma-butyrotactone (GBL) in PEEERNISIS phase

using a catal yst conprising a m xed oxide of copper and chrom um GBL

represents an exanple of small volunme cogmodity of great industrial

i nterest) because of its increasing demand. The nmain use of GBL is as

intermediate for the synthesis of solvents with io |ower e mmmm I
i rpact than | Prouctiohs X met hy M |t
Is also the ?;\bve%?gé%e for u[chlglﬁpor%rﬁﬂaoﬁﬂgﬁo%gﬁ“ pyrrol i doggegnd of
her bi ci des, pharmaceuticals and rubber additives. The first works on GBL

synt hesi s apﬁ_ear ed since 1940's, due to the start up of the Reppe process
form acet yl el@ediasenfinvariionyalatesdon pocessfos selestiva bydrogenation)ofand t hen

GBL by dehydr ' : i A ed with
t he fl uctuat inﬁéé&%?afﬂ@@@n%%t@ﬁﬁ&f%ﬁv# %%épﬁiﬂrrgga@ém%ﬁﬁ"ﬁﬁ %&W‘E@ hazar d
and the epvi (GBi MM thie \iapnacﬁhaxfe Uding usatalystleohiprisingta/indied axide dor mal dehyde.
During the second half of this century) other technol ogi es have been

studi ed 20 afePPeEaRd BlyeMIYMN. pat ent s about GBL production processes

alternative t Redin r i . l]:abi ity of
mal efic anhygsﬂ?la?‘porn [ ngt?g'te%%a %Ecif; egl?{e){)fbthg mrﬁ@%fc?p%tﬂﬁ M'%?lth%lew

t echnol ogi es irterestmstacse of EBincrépingpderdand.ur ane (THF) or BDO by

hydr ogenation_ of nmalefic anhydride or of nalefic anhydride deriyvatives Like

f
2% malefic adhg mABstse o GRL i as niarmesiate dar the SYntRESIE of spbienis yath
hyd i ‘ : . j it ti , but
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phase hydr ogemethylpgrrolidone!. {fis alsarthy caw deateral forthe praduetiobof Nrai nly for the
production of 1, 4-butanediol; for instance WO ~réc9 JUL 2002 WO 99| 38856'
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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
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Ma‘ny patents describe the direct vapour phase hydrogenation of malefic
anhydride to GBL) but none of themis conpletely sati sfactor1y ﬁﬂ_ﬁE{ggi
‘these patents claimthe use of copper chromtes as catal ysts ?e.g. io
Pat ent 3 065WQA%$88p6it with unsati sfactory conversion and sePEHEPIS 00336
Simlar systens were clained in US Patent 3 580 930 or in EP 332 140 (Cu |
Zn 1 Cr | Al)) but none of themis conplgtely satisfactory in terns of GBL
yi el d, productivity, by-products formation and catal yst durability. WO
91116132 di scloses a process for the GBL production frommalefic ~s
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Q her catal yBDO.systens, based on noble netal catalysts as Cu | Pd and Cu |
Pt have been described in e.g. US Patent 4 105 674. The cost of the noble
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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 the mixed oxide catalyst contains 35 - 55 wt% Copper and 25 - 45



30 of the catal yst. Suitable exanples of essentially inert support

materi al s i ncl ude 1 9 JUL 20D2 WD 99/ 38856"' PCT/ EP991 00336 41 iJULca“Wl
‘alum na, silica-alumna compound (e.g. nmullite), silicon carbide, steatite
and titani a. Wiyn9/3888acti on pressure is preferably between 1 @cu/EPORoobas:
nore preferably between 1 and 30 bar. s The nolar ratio of hydrogen to
anhydride in the feed is between 10:1 ang 300:1 and nore preferably between
40: 1 and 230:1. Lower hydrogen to anhydride ratios result in tar formation
and short catalyst life, higher ratios penalise the productivity of the

catal yst. The reagctian t erature is ef erabl vy, bet ween aut 150, and 350
& A o moteBrami y RB e FuabrlhEr SR thaexeBe Bl ARELH by
those skil | eddriyadnse ahk BdrRiPEF %Hbﬁnéﬁ?ijcd?ﬁé\ﬁﬁﬁél%b?%% leSs tH 1 _

hydr ogenati on reacti on depend on the desired product m xture. Increasing

tenperature Wi¥. result in the mix containing nore THF, while increasing
pressure w | i el ubst ant.ial ampupts of, BDO_ is The fpll ow ng exanpl es
st rate t 6 ERHIHHopra) B containngr Bresen e g assss

PCTI EP991Q03 8&b6ttiky i 6r ikertfill@Ror atory scal e reactor) 462 g of a

commercial Cu / C catalyst, T-4466 from Sud Chemie AG (43 wt% Cu, 32.5 wt %

Cr, <0.2 w %Fseferred chtalysin arevcommencialyavailablele.gnitomSiidb@hemje,s i nt er nal
di aneter tubuyl ar reactor; the resulting height of the bed was 0.7 m The
reactor was pProVA®™d with an external jacket electrically heated to assure

i soterm city |qiie SRl StA@, fRACHtAVt¢AY Activebrideinmdieddl My Mclidasiormel | wi th
a novabl e thernmocoupl e which was used to control and regul ate the

t enper at ur e imetallie coapangats (eed metalliThepren) formed indhe activiatian stepior situ
accordi nglpto t he ftol Lw ng tocedure: the tenperature of the reactor was
adj usted To P&%’Hn% tEﬁ/ QHENFION he ext ernal jacket; a mxture of H2 / NZ was

passed over tiipg amkbaloxife catflystesdbjeeiedI8 @hsactiVatici-frétAtdn® BoN\gﬁsiHQr formed
gradual ly: the hydrogen contéent was gradually increased fromO up to 100 %

vol and the saduailiinereasing its teyapenature frops mom tepoperatyre e 2pP 0388 0Ce t he bed
tenperature checked by nmeans of t i therpocoupl e, The increase of
t enperat ure \z{\?ﬁ e#&ﬁﬁ@rf‘%%@@?ﬁeré@? @mb@%aéi'mmorggge'ﬁﬁot% exceed 25 -
30 C as hot gpefogenlcoMtaifigigs®. catal ytic bed. After 5 hours at 250 Cin

hydrogen, the activation was stopped. After catalyst activation a m xture
of hydrogén dhe hygdreganccentaiping gas indke petivationtieatrhenionay e mbddref anbi ent
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of SA was congbaAthivation@eqifes’a timkaaning Bom $e48ih; depdiding vhseadtdr can be
recycl ed and s];zeedanbdac(i:gsiég. the reactor.
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



~ g | ~~ 2002 WD 99138856 ' 6 Table 1 T.O S. MA feedHz/ MATMol ar Yi el ds

(9% hl hnol ar rati oCGBL SATHF

"Qt hers29111 8023182. 016. 40. 21. 4531217123086. 512. 00. 21. 3951216]5331% ZP% 50.0
1. 81421216223’08’?13&670 32.51821413724389. 68. 00. 12. 320513156 243%P992603550. 44. 2
GBL y-butyrol actone; SA = succinic anhydride; THF = tetrah drofuran~
Ghers = mainl C-C alcohols and acids. 4I.O S.: Tinme on Streams Exanpl e
2: (pilot reactor): PCT/EP99/00336 A tubular reactor with an internal
dianeter of 1 inch (2.54 cm was packed with 2320 g of the sane catal yst

d i bed i A t.. | t ~ b Th
et o oas e Bl i rﬁ?@?’l&%&ﬂpw&ﬁ&gvﬁw&i $itkon fapilgrsigatie T

di at herm c a|g Fdtdnigas equi pped with an axial thernmowel|l and a novable

t her nocoupl e va ch was used to control and regulate the tenperature in the
i s catal yst b reaption presisyes isyuieferahly batvwatni hasd 100 dae,ondierprefesabliie
fol |l ow ng prqcedure: 3 nl'perature of the reactor was adjusted to 150 C
by neans of t gﬁ?éqpéfc}gﬁket a mxture of H2 1 N2 was passed over the

catal yst: 4 herfy/dor@eatic 8NhiitbgeRfo &Hrﬁ@#ﬁb'ﬂﬁé‘@é&%ﬁéﬁé&rﬂ% BRdto S5 %
vol . and the 20 tenperature was rrsento C. During the procedure the

bed t enper at (309: habd oherelpsefergblyrbetvesenf 4Q: Ihemebawﬂ tlowembydiages to The
e o DRt ARl - R e on aP s RAS WihecPafller ot L0
C the 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 illustrate this invention in more detail.



~ g ~nL 2002 WD 991 38856"' PCTI EP99/ 00336 7 hydrogen content in the gas
streamwas gradually increased up to 100% After 5 hours at 12§OJU}_im]2
"hydrogen, the activation was stopped. After catal yst activation a m xture
of hydrogen w@89/388%6efi c anhydride was fed to the catal yst beciI/ER99a0336 essure
of 5 bar. Hydrogenation conditions and performances are sunmarised in table
2. The MA conversion was conplete all over the tests. The yield of GBL has
constantly been in the range 94 - 96 % nolar. ~o Table 2 T.O. S. |i MA feed

| hH2/ MA nol ar rati oT Cvblar Y GBL SAields (%9 THF

Ot her s8163129237 5 _0671.7412024794. 61. 01. 23. 21 501 6512724795. 82. 10. 6
1.5219184952%58%&%5%462%@%§5¥@E@§%66§8§95.01.60.72.739923510128695.52.00.61
. 94452109825896. 80. 00. 72. 55922257026694. 21. 90. 73. 26602167727292. 42. 80. 84. 07

761729727294. 90. 70. 93. 5GBL = gﬂ butyrol actone;, SA = succinic anhydride; THF =
tetrah drof uAég afrenearamercialiGn £Cr catalysbHof46&fiamaBlidi€hentie AGJ43 wit?re on

For the prodGlt PaR ve Knidentios Pe s BniBiess parieg e ih@zagh °°°s
hydr ogenas i npitémbRdiametériBiilaf RoaRtst; thedessilRg hBight 8NiRkdeddfasd 0.7 m.

The reactor was provided with an external jacket electrically heated to assure
isotermicity all over the reactor length and with an axial thermowell with a
movable thermocouple which was used to control and regulate the
temperature 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 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 compliete 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.



S a vaporous m xture with hydrogen containing gas in contact with a

catal yst conprising a catalytically active oxide material an§i gorjUil_Oﬁ%{l'Zl y an
‘inert support, wherein the catalytically active oxide nmaterial conprises a
m xed oxi de WO IMWSPETr and chrom um said m xed oxi de havi ngPEI/EPA908336 Of
copper of 30 to 80 w% and of chromumof 20 to 70 % to 2. A process
according to claim1, wherein said m xedgoxide has a content of copper of
35 to 55 wt % and of chromumof 25 to 45 wt% 3. A process according to
claiml1 or 2, wherein said m xed oxide additionally is contains the oxide
of barium anga]) 055 manganese, the content of bariumand | or manganese

t hereby bein (L.s than 1 wt% 4. A process according to any one of clains

1 to 3 where [ Fat QT Py fge e Itn the vaporous

m xt ure of t@' ?/ rlg%ﬁ&cb EHI ni g ?;g q?ﬁ:MI’ ?‘i@%& X’%l . anhydride and |
or succinic ' Lol b CLpLE li. A" THE 1D A process
according tolany one pf c|ai mgol t32311 MSQ,IOGimA 1eo,mydr1gg=nati on is
conducted at|asgenperaf urg of173]50 830 5.0 p.H:| Aspyocess according to
any one of c|ai 1 tp, 4 hher th 3 onducted at a
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Example 2: (pilot reactor):

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 of the 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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10 Table 2

T.0.S.| MA feed| HMA T Molar Yields (%)

) (2/h) (molar ratio) | (°C) | GBL I SA l THF lOthers
8 163 129 2371928| 56 | 0.6 | 1.0

67 174 120 24719461 1.0 | 1.2 | 3.2
150 165 127 247195841 21 1 0.6 | 1.5
219 184 95 2521960 14 | 06 | 2.0
279 198 100 2541950 16 | 0.7 | 2.7
399 235 101 256 1955 20| 06 ]| 1.9
445 210 98 2581968| 00 | 0.7 1 25
592 225 70 26619421 1911 07 | 3.2
660 216 77 2721924 28 | 0.8 | 4.0
776 172 97 27219491 0.7 1 09 | 3.5

GBL = y-butyrolactone; SA = succinic anhydride;

THEF = tetrahydrofuran; Others = mainly C,-C, alcohols and acids.

T.0.S.: Time on Stream
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