2 . catalyst particles. Neither the catalyst clained in said Canadian
patent specification, nor the copper chromte/ asbestos catalyst prepared
in conparable manner, is able to satisfy all the requirenents of a good
catal yst for the preparation of ganmma- but yr ol act one. DE-OS 24 04 493
describes a process which involves hydro- genation in the presence of .
steam This is said to reduce the carbonization of the catal yst.aéRne3pd

t he di sadvantages of this process is that water is not an inert conpound,
i.e. it takes part in the equilibriun1as a reactant. O her catal ysts

based on copper chrom cr for £xa l.e in PS 4 006 165, it
bei ng necessary for th%%oga alygf %%%ggﬁfg n%é?“é%?é£§$toq%ese

catal ysts can be app+red—%ﬁ~a+uﬁ+ﬁruﬁrexrde—eﬁ—s+kkea——sueh—as—kreseIguhr,
or can al so be préepared by m xing with said substances. Al t hough nuner ous
catal ysts have already been described for the reaction of hydrogen and

mal ei ¢ anhydride to give ganma- butyrol actone, there is still a need for
catalysts with which this reaction can bg gagried out in a better and nore
advant ageous manner.  The object of the invention is therefore to provide
a process for the preparation of gamma-butyrol actone by the hydrogenation
of mal ei ¢ anhpdgktgeptiohlke vapour phase and in the presence of a catalyst,
whi ch process gives hi gh yi el ds, has an outstanding selectivity, can -be

carried out efﬁe invention relates to a process for producing gamma bu-
tyrolactone by catalytic hydrogenation of maleic anhydride
in the vapor phase.

Gamma-butyrolactone is an important chemical, significant
as a starting substance for numerous syntheses. It plays a
role, for example, in producing butyric acid and its de-
rivatives, butaned101 tetrahydrofurane, N-methylpyrroli-
done, polyvinylpyrrolidone, methionine, and the like. Fur-
thermore, gamma-butyrolactone is an important solvent .for
acrylates and polymers with styrene basis, among others. It
can also be used as a solvent in broducing_synthetic fi-

- bers, for example. | '

A number of production processes start from maleic anhy-
dride or derivatives_such as maleic acid, succinic anhy-
dride, or maleic ester, which are subjected to hydrogena-
tion. The hydrogenation is usually conducted in the vapor
phase'and'in the presence of catalysts; The patent litera-
ture describes numerous catalysts for these reactions. For
example,-in patent US 3 065 243, a process is disclosed in
which copper chromite serves as a catalyst. From the de-
scription and the examples in this patent, this conversion
also produces cons1derab1e amounts of succinic anhydride,
which must be recirCulafed.



S -

.under ‘el evated - pressure or under normal or sub-atnospheric pressure, is
zeconom ¢ and flexible, offers advantages particularly as regards the
#wor ki ng-up of the reaction product and the recycling of certain conponents,
‘and can al so be carried out in such a way that the recycling of succinic
anhydride, forned as an internedi ate, is not necessary.

3 This object is achieved by a process fpr the preparation of GW2370
gama- butyrol actone by the catalytic hydrogenati on of naleic anﬁydrigé in
the vapour phase and in the presence of catalysts based on copper chronmite
iin reduced form characterized in that the reaction is carried out u5|ng a
-substantlally honngeneous catal yst derived essentially fromthe 3

t h d d I d
proferabl o rHREE BRS Hea HO AR, e o SraP i8R0 EalYakS e op of
Crlerr](er r:]mpnrmwe) 151e1cb'%mi ﬁ]qcanrv];tyt hmmmpmtm oiffs thel atuddeto t he
catal yst befar %a% I Y o] Y u
advant a- geous eré) merﬁfeaﬁ?%l 0 ?Tf%i%J% %ata'i %?’ FEE&:& !ngerr] S
about 78 : J@AnRY zcatalyata)r@q)axqem difie davaocagbors énb'ocpnémnugﬂSt he

process accight fch i i IdBHRNH b t&bﬂeﬁ»ﬂwger&ﬁ@ aaabelfaaﬂbﬁdo@umén the
presence of an inert gas as diluent, nitro bei ng preferred Apart from

nitrogen, itc3talysty pvaldive by Gekdngh @k CAsBLYSEasés E0€nTaRigdr gon,

.krypton, helium or nlxtures thereof with one another or with nitrogen. It~
oo Al Bog R RS BT, LR cSATRRERN 0%l 8 EE 1
scrlbed which have copper/21nc as a basis. These &an be
processed together with asbestos to form corresponding
catalyst particles. The catalyst claimed in this Canadian
. patent, as well as the copper chromite/asbestos catalyst
produced in similar fashion, do not fulfill all require-
ments imposed on a good catalyst for the production of
gamma-butyrolactone.

In the published application DE 24 04 493, a process is de-
scribed in which hydrogenation is carried out in the pres-
ence of water vapor. This is intended to reduce coking of
the catalyst. One of the disadvantages of this'process is

, that water is not an inert compound, i.e., it is a reaction
component and thus part of the equilibrium.

Other catalysts on copper chromite basis are described in
patent US 4 006 165, for example, whereby this caﬁalyst
must also'contain nickel. These catalysts can either be de-
p081ted on aluminum oxide or silicas such as kleselgur, or
produced by mixing with these substances.

Although numerous catalysts have been described for conver-
sion of hydrogen and maleic anhydride to gamma-butyrolac-
tone, there is still the need for catalysts with which this



reacti'on in conventional manner. The reduction is pre- ferably carried out
In the reactor itself. The reduction can be carried out for exanple by
the follow ng procedure. The catalyst, in the formof a catalyst bed, is
heated to 150[err]Cin the reactor in a streamof nitrogen. Hydrogen is fed
in slowmy at this tenperature until the inlet concentration is up to 8
vol . % The tem perature in the catalyst ped shoul d not increasgqsRy3Hgre
than 25[err]C during this process. After the heat of reaction has

subsi ded, the hydrogen concentration is increased to 80 - 100% by cutting
down the nitrogen stream and the tenperature is raised to 280[err]C The

t enper at ur e donvEgilcH et Y ridd oud tik HA fhPwovEd and more ad-
4 through; this process i's generally referred to as the after- reaction.-

The reducti o S I re carried out in other vays, for exanple as
indicated in colum 2, lines 54 to 66, of US- PS 3 065 243. The
honogeheous

ol | ot ng. maiRe PPSESInET. S ARGRG THERSIPEem of HPoBBPUEdCaal (s, are
‘m xed t oget p@oasissh far auedwiing gagolarbugysiolacsaneohpobrdrogenasiably in
an of maleic anhydride in the vapor phase in the presence of a
catalyst, whereby said process provides high yields, has an
outstanding selectivity, can proceed at overpressure as )
well as at normal. pressure or partial vacuum, is economi-
cal, is flexible, offers ih particular advantages in the
" further processing of the reaction product and in the re-
circulation of certain components, and can be conducted
such that recycling of succinic acid, which arises as an
intermediate product, is not necessary.

This object is met by a process for producing gamma-butyro- -
lactone by catalytic hydrogenation of maleic anhydride in
the vapor phase in the presence of catalysts on the basis
of copper chromite in reduced form, characterized by carry-
ing out the reaction using a substantially uniform catalyst
derived substantially from the 3 components cupric oxide,
chromic oxide, and silicon dioxide. Preferably, a catalyst
on the basis of 68-85% by weight CuO, 15-30% by weight
Crp03, and 0.5-5% SiO5 is used, whereby these quantities
relate to the catalyst before preparatory-reduction. In a
particularly advantageous embodiment, the ratio of CuO to
Cr,03 to SiOg is about 78:20:2.

In a particularly advantageous embodiment of the process

- according to the invention, hydrogenation is conducted in
the presence of an inert gas as a diluent, preferably ni-
trogen. In addition to nitrogen, the known noble gases such
as argon, krypton, helium, or mixtures either among them-



aqueous system Exanples of silicon conpounds which can be used are water
glass or silica sol. In a suitable manner, for exanple by the addition of
.al kali, the copper, chromumand silicon are precipitated together, for
exanple in-the formof the correspondi ng oxi des or hydroxides, to fo
honbgeneous precipitate of uniformstructure. After filtration aﬁ
washi ng, the precipitate is optionally dri#ed and then cal ci ned. Roe
cal cined masses are appropriately conm nuted and optional ly divi dgg
appropriate particle sizes, for exanple by passage through sever f
-Wthin the fragework of ,the i.nventi on, nogeneous_catal yst is uride
as meani ng t (§tVeFe©°% ¥5 oHéﬁFQgFPOEP%h EnUBRE - COf AFYRTSEs T i SAER
horogeneous| §yseubdsedgenhehe ascbﬂpbhE?CBSES f@duéﬁdﬂﬁéﬁbﬁgﬁﬁﬁét'f
"conponents a pi r.froma_solutiaon or

Component s 2kEaBESEhE 3p! 2! BLARELRER,  BAMLEF BhUUA et sl il N
fore incl udeabdu: sshgr zedudtiont dsesavtiefleouhdini thel reaypnertiselim whlch
the individual conponents still exist as discrete particles. The catalysts
according to the inven- tion al so do_not include_conventional copper
chromi te cat Brgsredurtirpi eanshgpepnductad aecarding L dirg fpllowing

i nvention capréte@qveserbe anainpael t@heupaLaiPst, existing HX Laatlayst can
t hen be |ntr£duceg |nned|€ kg I pto he reactor, and used for the reactlon
YSFebP d to

after approp Qe uifi in t e reactor in a nitrogen stream
; 150°C. At this temperature, hydrogen is slowly fed in until
an input concentration of at most 8% by volume is reached.

The temperature of the catalyst bed should hereby rise by

no more than 25°C.

After the reaction heat has dissipatgd, the hydrogen con-
centration is increased to 80-100% by diminishing the ni-
trogen stream, and the temperature is raised to as high as
280°C. The temperature is maintained for 12 hours under Hj
flow} this process is usually called a post-reaction.

Of courée, the reduction can také place in other ways, for
example as given in patent US 3 065 243 in column 2, lines
54 to 66.

'Producﬁion of the uniform catalyst on the basis of the 3
components can occur as follows. Copper and chromium in the
form of dissolved salts are commixed with an appropriate
soluble silicon compound, preferably in an aqueous system.
The silicon compouhd can be water glass or silica sol, for
example. In a suitable manner, such as by alkalizing, cop-
per, chromium, and silicon can be jointly precipitated in
the form of the corresponding oxides or hydroxides, produc-
ing a uniform precipitate with a homogeneous structure. Af-
ter filtering and washing the precipitate, it is dried if



The hydrogenation of maleic anhydride, i.e. the reaction of maleic
anhydride with hydrogen, is carried out in the vapour phase, i.e. at .

el evated tenperatures, for exanple in the range from about 100 to
400[err] C, preferably in the range from about 250 to 280[err]C The
vaporous mnal ei ¢ anhydride can be introduced into the reaction chanber on
Its own by being heated, converted to thg vapour phase and apprgeghgyﬁ
netered in. It is also possible, however;” to carry the requisit ts of
mal ei ¢ anhydri de vapours into the reactor by neans of the hydrogen stream
which is to be netered in. This can of course also be effected by the inert

gas, SUCh A5UddMSflanld dhior Soi3tea. THE ERABLnE!h8s8Ls LS SpaRBYIr] do

to hydrogen i N rean1o PSCAF LI NG rmteri als can var
and can be P3iabediyplcompinuded and EGréﬁé 2S: NEGESSARY §¢@¢§@¥E@ E@nge

being 1 : 5@ra@nl sizk30 for EXAmb2aCHOBtEaNNPRgCERFOEGh oG ELHEr under
normal pressyre or under negative pressure or elevated pressure, for

exanpl e at BFdB¥&Sr 0.1 and 10 bar. Wthin the framework of the invention,
inert gas is under- stood as neanjng a gas which does not take part in the

reaction 25,3, SRANeaRt1LRA L SRR OHHCLABR0 W £he 2l a0aoeSa oL Lhae

change due Pb using as as drTuéen
possi bl e tolhawhl@hfaM@uBabbmppnﬁhaenégomnWhhehrEhst¢@haIYhé psoPertion of

| nert gas, Mlv%h 'a&eo %abhxsmebbhgaaelput stén &L SPsPeneneadé hén ot her
nobl e gases such e um argon, Krypton and .
‘the 3 components are prec1p1tated jointly from a solution
or when the 3 components are jointly melted and allowed to
solidify. This therefore excludes coarse-grained mixtures
of the individual components in which the individual compo-
nents still exist as discrete particles. Conventional cop-
per chromite catalysts on silica carriers also are not in-
cluded among the catalysts according to the invention. Of
course, the catalyst according to the invention can be de-

posited on carriers.

The catalyst can then immediately be entered into the reac-
tor and, after appropriate reduction, used for the reac-

tion.

The hydrogenation of maleic anhydride, i.e., the reaction
of maleic anh&dride with hydrogen, is conducted in the va-
por phase, i.e., at eievated temperatures in the range from
about 100-400°C, for example, preferably the range from
about 250-280°C. '

The maleic anhydride in vapor form can itself be introduced
into the reaction space by heating and converting to the
vapor phase, with appropriate dosing. It is also possible,
however, to transport the required quantities of maleic an-
hydride vapors together with the dosed-hydrogen stream. Of



6 xenon, it also being possible to use mixtures of noble gases or

m xtures of nitrogen and nobl’e gases, can also vary wthin wide limts. It
is self-evident that, as a function of the other chosen reaction
conditions, the dilution reaches its limt when the proportion of diluent
Is so large that too little hydrogen is present and the yield based on
mal ei ¢ anhydride decreases sharply. Thisdimt can be deternin?gmg%7% few
sinpl e experinments which are within the technical capability of the
average person skilled in the art. It is possible to influence the
reaction by varying @ very wde diversity of process paraneters. Thus the
dwel | time cardee, alliay afbin tdliso Gutuie vdenahyy iseirt gasdisilcdr ast nast ering

rates, but ﬁ%? alsojgﬁ efnfcted by | engt hening the reaction path, for
exanpl e by '9%fQXI gﬁﬁe ‘eaction tube appropriately filled with catal yst.

The reaction can be-controlled in such a way that the succinic anhydride

formed as amy i ' r,.. of..th act or
and theref o;&‘g&nﬁlﬁgeﬁﬁgﬁf&%ﬁeﬂ}ggﬁ é’?ﬁﬁg{% ?%ehg?ﬁgggﬁaﬁgh y % e
necessary, OVen d@dstigde rangesaliso the sdneas lodd the staltingapubsiansesci nic

anhydride i and iddn WS H¥r idkdn195" fHonSABRICRoAARYBLS A thheneeadkeY
reaction prqoducts and_.s then either separated off and processed furiher on

d
its own, or 2Pde Hdydid being rrefegdigi-etely surprising that the use of
:the catalyst in the manner according to the invention affords both a high

The reaction can take place at normal pressﬁre as well as
under partial vacuum or overpressure, for example between
0.1 and 10 bar.

Within the scope of the invention, an inert gas is one that
does not participate in the conversion as a reaction part-

ner or reaction product and also is itself not modified by

-a reaction. | '

By using an inert gas as a diluent, it is possible to in-
fluence the reaction favorably. The fraction of inert gas -
preferably including nitrogen but also including one of the
known noble gases such as helium, argon, kryptbn, or Xenon,
p whereby mixtures of the noble gases or mixtures of nitrogen
and noble gases can be used - can also vary over a wide
range. Of course, thé dilution, which depends on the other
selected reaction conditions, becomes limited when the
fraction of diluent is so large that too little hydrogen is
present and the yield with respect to maleic anhydride de-
creases sharply. This limit can be determined by a few sim-
ple tests, which can be performed by an average person
' skilled in the art.

It is possible to influence the reaction by varying many of
the process parameters. For example, the retention time can



selectivity and a high yield. The advantages of the catal yst used accordi ng
to thhe invention are evident. not only when the reaction is carried out with
or without a diluent, but also when.the nolar ratios of the reactants are
changed and when the tenperatures are varied. This catalyst can thus be
used with great advantages in the preparation of ganmma-.but yr ol act one by t he
reduction of maleic anhydride AGW2 70 '
wi th hydrogen under a very w de variety of process conditions.. %

prove the conpletely surprising and superior node of reaction of the

catal yst according to the invention, nine different catalysts based on
copper chronige a{ﬁ&@p%&&mﬁﬂw ¥t dlog 4i¢26rRRR0BELEA! 2atl8 but

invention and the_ renmaining catalysts heing conventional known copper

chromite cat3h§tyY epiending e rﬁaé‘td-ﬁé‘aipﬁéé} b¥OFr BXAPPLEt PHNuEiRM 2
appropri at e J@ngd®reacke thbe)owhildhe igOFAQIed appebphatettwiyBt s used

bef ore reducti_gn. st Table 1 Conposi tion
(befor’e reducqarc}tﬂar?)y : Cat. no. 2 Cu0O* Cr[err]derr]
1 Cu chromte (9.7% BaO ' 2 80% QuO, 20%

Crlerr]O[errlphe reaction can be controlldd such that the succinic anhy-
dride produced as an intermediate step is no longer present
at the end of the reactor and thus. need no longer be recy-
cled. On the other hand, if necessary the reaction can be
controlled such that succinic anhydride is still present in
varyingly large amounts in the emerging reaction products
and is then either processed individually after separation
or is recycled in the reaction.

It was a complete surprise that using the catalyst accord-
ing to the invention results in a high selectivity as well
as a high yield. The advantages of the catalyst used in ac-
cordance with the invention are evident not only when work-
ing with or without diluent but alsoc when the. molar ratios
of the reaction partners are changed or the temperature is
varied. This catalyst therefore offers significant advan-

P tages, under a wide variety of process conditions, for pro-
ducing gamma-butyrolactone by reduction of maleic anhydride
using hydrogen.

To document the completely surprising, superior mode of re-
action of the catalyst according to the invention, nine
different catalysts on the basis of'copper chromite are
produced, whereby catalyst no. 4 corresponds to the inven-
tion and the remaining catalysts are conventional, known
copper chromite catalysts. The catalysts are derived by
precipitating from corresponding solutions. The composi-



78% CuO, 20% Cr[err]O[errj, 2% Sigerr] 4 42% CuQ,

38%-Cr[err](err] 5 33% CuQ, 38% Cr[err]Jerr],
9% BaO 6 76% CuO, 24% Cr[err]Jerr] :

7 72% CuO, 18% Cr[err]Jerr]* - 8 66% CuO, 25%
Crlerr]derr]** 98 * commerci al produx&WES%ﬁ3 T
from Mal | i nckr odt ** commer ci al” product “T-4421 from Sud- Chem e e
reduction was carried out by the follow ng procedure, which S

conventi onal per se: The catal yst bed, "already present in the reacto

provided, isg;heatgd i 1AQLQLLLS thﬁ.?E%ﬁgﬂ?%§e?ﬁtfgﬂfg-1FV9ﬂ898§y'

S
slowy fed Inat this tenperature unti concentration s up
to 8 vol . % the coswdasi tionseaxeuthose préobetoshediigti@mr. be greater than .
25[err]C (reduction step). _ 8 Wen
t he heat of reaction has subsided, the hydrogen concen- tration is
I ncreased to 80 to 100% and the tenpgﬁgiﬁr Is raised to up to 280[err]C
The tenperature is maintained for 12 h with Herr] flow ng through

after-reduction). Prqcedur es:
( : : )Composgtgon (gefore reduction) ‘Cat. No.

2 Cu0 * Crp03 :

Cu chromite (9.7% BaO)

80% CuO, 20% Cry03

78% CuO, 20% Cry03, 2% SiOg
42% CuO, 38% Cry03

33% CuO, 38% Crp03, 9% BaO
76% CuO, 24% Crp03

72% CuO, 18% Cry03*

66% CuO, 25% CrgO3**

W 0 9 0 o W

* Commercial product: E-113 T, Mallinckrodt
** Commercial product: T-4421, SGd-Chemie

The reduction was conducted using the following, per se
conventional process:

The catalyst bed, alfeady present in the reactor to be em-

‘ployed, is heated in a nitrogen stream to 150°C. At this
temperature, hydrogen is slowly fed in until an.input con-
centration of at most 8% by volume is reached. The tempera-
ture increase of the bulk material should not exceed 25°C
(reduction step).

After the reaction heat has dissipated, the hydrogen con-
‘centration is increased to 80 to 100% and the. temperature



Enbodi rent A: The catal yst pellets are comm nuted and the 0.8 to 1.2 mm
fraction is selected. These are placed in a quartz glass tube of internal
dianeter 1 cmand length 30 cm which can be heated with silicone oil.

The experinent is perforned after the reduction step has been carried out.
Hydrogen is netered in via a mass flow regul ator and the nal ei c anhydri de
partial pressure is established via a-soxcalled saturator. Thi agwe3cgne by
passi ng hydrogen and, if appropriate, nitrogen through the saturator
containing liquid maleic anhydride, a known nmal eic anhydride parti al
pressure being established by virtue of the precisely fixed tenperature.

The m xt ur e reidedl tmrwgﬁd‘teatsactam%ms Th ¢ehperatatieois maimtafitveidng of

the reaction.t r,at ri i.ment  C. Enbodi ment B:
Thi s enbodi r1"ten}|‘)ése l'go‘lﬁﬁpfee’% 31%/6%? @’ous %&8%nt A, the only
di fferences being that the reactor (i.e. the gquartz gl ass tube) has an
internal di gyt S cmand the pellets are used in their original size,
i.e. uncommrnﬂexf%%ﬁaneter ca. 3to 3.2 m. The fixing of the reaction
tenperature is described in Enbodinent C. Enbodinment C. = Unconm nuted
pel l ets are papsBinase R: The reactor was made of stainless steel; the
di nensions are an intérnal dianmeter of 3 cmand a length of 1.2 m Heating
is effected by neans '

The catalyst pellets are comminuted, and a fraction of 0.8

to 1.2 mm is selected. This fraction is placed in a quartz
glass tube of 1 cm inside diameter and 30 cm length, heat-
able by silicone oil. After the reduction step, the test is
conducted.

Hydrogen is dosed via a mass flow governor, and the partial
pressure of the maleic anhydride is adjusted via a so-
called saturator. This is accomplished by conducting hydro-
gen, and possibly nitrogen, through the saturator, which
contains liquid maleic anhydride, whereby a known maleic
anhydride partial pressure is established based on the pre-
cisely adjusted temperature. The mixture is fed to the re-
actor through heated lines.. For defining the reaction tem-
perature, see embodiment C.

Embodiment B:-

This embodiment is fully analogous to embodiment A. The
‘difference is merely that the reactor (i.e., the quartz
glass tube) has an inside diameter of 3 cm and the pellets
are inserted in their original size, i.e., not comminuted
(diameter approx. 3 to 3.2 mm). For defining the reaction
temperature, see embodiment C. |



9 of ‘a jacket containing silicone oil, the tenperature of the silicone oi
being equated to the reaction tenperature in the enbodi nent exanpl es.
Hydrogen and nitrogen are netered in via mass flow regul ators; a short

di stance upstream of the reactor, mxing takes place with recycle gas,
which is fed back into the reactor after the liquid products have been
separated off. However, a certain proporitfon of the recycle gasAG¥2370

si mul t aneously withdrawn and renoved fromthe systemin order to prevent an
accunul ati on of gaseous by-products. Liquid mal eic anhydride is fed
directly into _the reactor through heated pipes; the first 20 cmof the
reactor, whiEwbQdiment |Gsd with quartz gl ass wool, act as the vaporization
zone. This is followed by the catal yst. Experinmental- Exanples with

Enbodi nent A; Al T cat.al yst,s -were reduced .as_descri bed above. . A bul k
o o ot oonRoriiTurat srd RS (GRS BT, Ri6 Red oaBEoFeattor an mrden o
reacti on teryferitgh-graide? dfjeedr;] €he direnfliowsr are 8f cfl. 28side ®fismel/ h and

oo L1 o 05 et g s Wpahel B sk

t hereby establishing a nmalei ¢ anhy streamo e product

m xture was Sdidiapne odil.e Wherebycithen temperatuzenof the sédirepeapél

recorded in ikt 2RRAO0Wo the reaction temperature in the embodif
ments. The dosing of hydfogen and nitrogen is performed us-
ing a mass flow governor. Shortly before the reactor, mix-
ing with recycle gas takes place, which is reintroduced to
the reactor after separation of the liquid products. At the
same time, however, a certain fraction of the recycle gas
is diverted from the system to prevent enrichment of side
products in gaseous form. Liquid maleic anhydride is fed
directly to the reaction via heated lines; the first 20 cm
of the reactor serves as a vaporization zone, which is

- filled with quartz glass'wool. The catalyst is located be-

yond this zone.

Test examples with embodiment A:

A.l, .

The catalysts were reduced as explained above. In each
case, 20 ml bulk volume was placed into the reactor and
brought to a reaction temperature of 275°C at a flow of
0.38 mol Ny/h and 2 mol Hz/h. The gas mixture was then fed
via the saturator and a mole stream of maleic anhydride of
0.02 mol/h established. After 2 h reaction time, the prod-
uct mixture was analyzed. The results are given in Table 2,
which follows. - ' |



Tabl e 2 Cat. Yield (in % Yield (in 9% Conversion (in % no.

ganmma- but yr o- succinic mal-ei ¢ anhydri de | act one

anhydri de 1 . 22.1 _ 77.6 100 2 49. 8

49. 6 100 3 64. 9 1 34.2 100 4 98.1
- 100 5 25.0 62 ‘100 6 - 4.7
14.0 19.5 7 90.9 11 6.9 10@Gw23F0i s

shows the special quality of catalyst no. 4, it being of particular
‘significance that even the internediate succinic anhydride is conpletely
converted; otherw se technical problems wth the crystallization of the
succi ni ¢ anhydride, resulting in the Ilfabdle 29 of pipelines etc., can often
be expect ed. A. 2. The two experinments described bel ow were carried out
exclu5|veIy-mrth—catafyst~no——ﬁ—nndeT—tUﬂdTfTﬁﬂs—mhrch—are—rntended—tu

il lustrate tdak.advant &jelas Udnn@)i ne¥ields. (in 1%) domsfertdioncdtial fat were
filled intoyghe reactor. The MA streamwas 0.01 nol/h. The total stream was

1.20 nol /h. le Tabl e bel ow shows the dlfferent conditions and results. The
MA conversign was 100% in both cases. :
Gamma -butyro- Succinic Maleic
lactone : anhydride anhydride
1 22.1 - 77.6 100
2 49.8 49.6- 100
3 64.9 34.2 100
4 98.1 - 100
5 25.0 . 62 100
6 4.7 ~14.0 19.5
7 90.9 6.9 100 -

The special quality of catalyst no. 4 is evident, and it is
especially significant that the intermediate product, suc-
cinic anhydride, is completely conveérted. Otherwise, tech-
nical problems with the crystallization of the succinic an-

p hydride can be expected, resulting in congestion of tubing,
etc.

A.2.

The two tests described in the following were conducted ex-
clusively with catalyst no. 4, under conditions which are
" intended to illustrate the advantage of using an inert gas.



Tabl e -3 N err] (mol/h) Herr] (mol/h) Yield SA T
(99... GBL : ([err] QO 0.00 1.19 97.0

- 275 0.19 1. 00 97.5 - 275 0. 49

0.70 98.7 - 275 0.69 0.50 87.0
11.7 275 - This means that although SA was no | onger fornmed at 275[err]C
in the first three cases, the selectivitysand hence yield of GBhgwagheases

with the proportion of inert gas. |f the proportion of inert gas is too
hi gh (see 4th Exanple), however, the internediate SA is no |onger
conpl etely ‘hydrogenated to GBL, i.e. only a certain proportion of inert gas

i s optimal. 10Empest mené adatxbyet asasVipladed dtiteiheBreadior. Chepmaati ve
Brampl o5 0al g Man @D 1 dorh ! MnE WA ¥ atilda Rye very sim lar
1.20 mol/h. The following table shows the different condi-

tions and results. The MA conversion was 100% in each case.

Table 3

Ny (mol/h) Hp (mol/h) Yield sa T (°C)
(%) : GBL

0.00 1.19 97.0 - 275

0.19 1.00 ~ 97.5 - 275

0.49 0.70 - 98.7 - 275

0.69 0.50 87.0 11.7 275

That is, although at 275°C no SA was formed in the first
three cases, the selectivity and consequently the yield of
GBL increases with higher inert fraction.

If the inert fraction is too high (see 4th example), how-
ever, not all of the intermediate product SA is hydrogen-
ated to GBL, i.e., only a certain inert fraction is opti-
mal.

Test examples with embodiment B:

B.1.

Comparison exémples, cat. no. 3 and no. 4 _

Since the catalysts have a very similar composition - ex-
cept for the Si0Oy fraction -, the following comparative
tests were conducted. In no'case was nitrogen added. The
catalyst amount was 200 g'in_each case, whereby the first
10 cm of the bulk material was diluted with 100 g of quaftz



except for the proportion of Sierr] - the follow ng conparative
experinments were perforned. |In no case was nitrogen added. The anount of
catal yst was always 200 g and the first 10 cmof the bed were diluted with
100 g of quartz gl ass spheres of diameter 1 nm The MA conversion was

al ways 100% The Exanpl es bel ow i ndicate that the hydrogenating activity
of no. 4 is nuch higher than that of no.13, i.e. even a | ow propggbsps of
Sigerr] significantly reduces the formati.on of SA, which is of appreciable

i ndustrial inportance. 12

Tabl e 4 Cat. Herr] VA T Yield "Yield Exanpl e
no. (nnl/hbladbﬂﬂalﬂb ha&hﬁ@rhChm aBame¥er. Sﬁhé@&A cofiPersidn wadSalb-

0. 158 w s 390% 11.0 1B 4 15. 0. 158 270 85.3
0.1 ys 10D%s7 0.105 255 9L > 5.5 3B 4

7.87 0 105 255 92.5 - 4B 3 7.87 0. 105

260  89. 5 . 0.7
6B 3 ge foﬁ&%g%ng e§§§§6es gémgﬁstrat%4lg§t the%%?ﬁro&giisﬁgg

0.21 2?@t1V9$Y6°f no. 4 3s muchghigher thag7that @f1m8g. 3, 7., 85.6
0.6 9Beven the slight SiO5 fraction leads to significantly re-

duced SA formation, something which has considerable tech-
" nical significance.

Table 4

Cat. Hg MA T Yield = Yield Example
No. (mol/h) (mol/h) (°C) GBL (%) SA (%) No.
3 15.8 0.158 270  85.7 11.0 1B
4 15.8 0.158 270  85.3 0.1 2B
3 7.87  0.105 255  91.2 5.5 3B
4 7.87  0.105 255  92.5 2.0 4B
3 7.87  0.105 260  89.5 6.8 5B
4 7.87  0.105 260  90.5 0.7 . 6B
3 15.75  0.21 270  82.8 14.3 7B
4 15.75  0.21 270  91.6 1:3 8B
3

7.87 0.105 275 85.6 - 0.6 9B

Complete SA conversion can result from increasing the reac-
tion temperature for no. 3, but at the expense of a consid-
erable reduction in selectivity (see example 9B).

In comparing example 4B with 9B, for a similar SA yield, a
considerably higher selectivity and yield of GBL can be ob-
tained. o



Al t hough no. 3 can al so achieve conplete SA conversion if the reaction
tenperature is raised, this is at the expense of considerable selectivity
| osses (see Exanple 9B). | f Exanple 4B is conpared with 9B, an

appreci ably higher selectivity and yield of GBL can be achieved with a
simlar SA yield. -Experinmental Exanples wth Enbodi nent C C. 1. The
following pairs of experiments illustratejfjhe effects of the ineggwgeso
adm xture on the GBL yield, which are extrenely favourabl e especially when
t he experinents are carried out under pressure (catalyst no. 4 only):

13 Table 5 VA Tot al T ([err]C
Anmount  Proportion Dwell GBL pressure pressure of cat. of N2
tinme |eI ar bar g (9 (sec) (9
0.1188 % QQ e%?ﬁplg Swth embogimentOt: (7, (559
270 360 2. 69 86

. c.l.

In the following pairs of tests, the extremely favorable
influence of added inert gas on the GBL yield, particularly
in pressure tests, is 1nd1cated (catalyst no. 4 only):

Table 5

MA pres- Total T (°C) Cat. Ny frac- Retention GBL
sure pressure amount tion time vield
(bar) (bar) (g). (%) (sec) (%)
0.1188 6 270 360 0 2.69 41
0.1188 6 270 = 360. 62 ' 2.69 86
0.1131 6 270 625 46 3.14 92
0.1188 6 260 360 0 " 2.74 67
0.1188 6 260 360 30 2.74 83

C.2. Comparative tests under pressure

7 The technical superiority of catalyst no. 4 when working
' under pressure is again shown in the following comparative
tests with commercially available catalysts (nos. 8 and 9).
Most important are the GBL yields, as well as the corre-
sponding select1v1t1es and res1dua1 amounts of the 1nterme-
diate product SA.

@



0.1131 6 270 625 46 3.14 92 0.1188 6

. 260, 360 0 2.74 67 0.1188 6 260 360

30 2.74 83 C. 2. Conparative Experinents under pressure

The technical superiority of catalyst no. 4 when carrying out the reaction
under pressure wll be denonstrated again in the follow ng conparative
experinments with industrially avail abl e £ talysts (no. 8 and noAG%§370The
nost inportant features here are the GBLf@ieIds as well as the
correspondi ng selectivities and the residual anount .of internedi ate SA

Table 6 MA  Total T([err] C) Anmount Proportion Dwnel |l GBL SA
No. Cat. pres- of cat. of Nerr] time yield yield pres-
sure (9) (9 (sec) (W (%9 sure (bar) (bar) -0.116
6 270 630 0 2. @ablgo6 3.1 8 0.116 6 270
630 0 2.69 75 0.2 4 0.116 6 270 630 50
2.69 81 130 B Qollf G0  cag/0 n§30 0 - 69 1.5
4 The experti ment alojc'r esul Q,s shg\?lv thaE t he c%?é:lefllgf a%BcLogﬁi YIS% %[tﬁé'
i nvention diff%rs uRESEEct etlS f ABErt nEF8Cher tdRFal yst XL etyﬁ@:l he
reaction i s RE@SS-ed (B8 wi t h or WlY houf%h dil Usee) ~ (%) (%)

(bar) _

0.116 6 270 630 0 2.69 69 - 3.1 8

0.116 6 270 630 0 2.69 75 0.2 4

0.116 6 270 630 50 - 2,69 81 13.0 8

0.116 6 4

. 270 630 50 2.69 89 1.5

The test results show that thé catalyst according to the

invention unexpéctedly differs from the other catalysts,

when working with and without diluents, at different tem-
peratures, and at normal or overpressﬁre.

It is clear that the reaction can be additionally con-
trolled by selection of reaction conditions such as the ra-
tio of the starting substances, retention time, tempera-
ture, and the like. The most favorable conditions in each
case can be determinéd by some simple preliminary tests,
which lie within the capabilitiés of an average'person
skilled in the art.



14 at different tenperatures,'under pressure or ‘at normal pressure. It
is self-evident that—the reaction can additionally be controlled by
sel ecting the reaction conditions such as the ratio of the starting -

materials, the dvvj M"Iﬂlﬂﬂw erature and the |ike. The conditions
whi ch are nost fa martlcul ar case can be determ ned %/
‘means of a few sinple pr I|ﬁ1ﬁhry experlﬁéhts which are within tH¥

techni cal capability of the average person skilled in the art.

15 _ dains 1. A process for the preparation
of gamma- but yrol act one by t he catal ytic hydrogenation of naleic

anhydride in the Q as bn t ) | ysts based
on copper chrom Frgg g egﬁfegrsg?ﬁ]ln%hg%mﬁ)% gk?‘l?%%ﬂic%%;?a the -
reaction is carrie

conponent s copper oxide, chrom um oxide and silicon d|0X|de. 2. A

process according to Caiml1, characterized in that

Patent Claims:

1. Process fér producing gamma-butyrolactone by catalytic.
hydrogenation of maleic anhydride in the vapor phase
in the presence of catélets on the basis of copper
chromite in reduced form, characterized in that in
carrying out ‘the reaction a substantially unlform
catalyst is used, derived substantlally from the 3
components cupric ox1de,_chrom1c oxide, and silicon
dioxide.

2. Process in accordance with Claim 1} characterized in
that the 3 components are 68-85% by weight CuO, 15-30%
by weight Cr03, and 0.5-5% SiOj, whereby these quan-
-tities apply prior to thé preparatory reduction of the
‘ catalyét. '

3. Process in accordance with Claim 2, chafacterized in
that the ratio CuO to Crp03 to SiO is about 78:20:2.

4. Process in accordance with one or more of the Claims 1
to 3, characterizéd in that the hydrogenation of the
maleic anhydride is conducted in the presence of an
inert_gaS-as a diluent.



the 3 Tonponents are 68 - 85 wt.%of CuQ, 15 - 30 wt. of
Crlerr]Jerr]—anrd-0.5 - 5%of Siderr], these proportlons bei ng
relative to the catalyst"~ET6T§“lt has been prepared by reducti on.

3. A process u"ﬂ im2, characterized in that the ratio
of CuOto Cr[e mﬂ err] is 78 20 2. 4. A process
according to one of ¢ ai"nssl #0 3, CclVaracterized in that thaGWw2370
hydr ogenati on of the maleic anhydride is carried out in the presence
of an inert gas as diluent. 5. A process according to Claimd4,
characterized in that nitrogen is used as the inert gas. 6. A
process accoPdi ngPrecess ép eraprdancecwith Claimphy ocharagkerizedhit t he:

catalyst is prepa'&ﬁﬁtbﬁltrogeﬁeﬂﬁcﬁ!séa 48 the {kést Qgas. 7. A process
according to one of C ainrs , characterized in that maleic

anhydri de and hydrogen are used for the reaction in a nolar ratio of 1
50 to 16. 15Process in accordance with one or more of the Claims 1

to 5, characterized in that the preparatory reduction
of the catalyst takes place in the reactor.

7. Process in accordance with one or more of the -Claims 1
to 6, characterized in that maleic anhydride and hy-
drogen are employed for the reaction in a molar ratio
of from 1:50 to 1:150.



