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Verfahren zur Herstellﬁng.von gamma-Butyrolacton
sowie dessen Verwendung

Beschreibung:

Die Erfindung betrifft ein Verfahren zur Herstellung von gamma-
Butyrplacton durch katalytische Hydrierung von Maleins&urean-
hydrid, Bernsteinsdureanhydrid oder deren Sduren in der Dampf-
phase sowie dessen Verwendung zur Herstellung von Pyrrolidonen
und N-Alkylpyrrolidonen.

Gamma-Butyrolacton ist einé wichtige Chemikalie, die als Aus-
gangsstoff fiir zahlreiche Synthesen von Bedeutung ist. Sie
spielt zum:Beispiel eine Rolle bei der Herstellung von Butter-
sdure und deren Derivaten, 1,4-Butandiol, Tetrahydrofuran,
N-Methylpyrrolidon, Polyvinylpyrrolidon, Methionin und dergieie

- chen. Gamma-Butyrolacton ist ferner ein wichtiges Lésungsmittel

unter anderem fiir Acryléte und Polymere auf Styrolbasis. Es
kann ferner als L&suﬁgsmittel unter anderem bei der Herstellung
von Synthese-Fasern eingesetzt werden.

Eine Reihe von Herstellungsmethoden gehen von Maleinsiureanhy-
drid bzw. Abktmmlingen wie Maleinsdure, Bernsteinsdureanhydrid,

‘Maleins#iureester aus, die einer Hydrierung unterworfen werden.

Die Hydrierung wird meistens in der Dampfphase und in Gegenwart
von Katalysatoren durchgéfﬁhrt. Es werden in der Pa-



Description: The invention relates to a process for manufacturing gama-
but yrol act one by catal ytic hydrogenati on of naleic anhydride, succinic
-anhydride or their acids in the vapor phase and its use for manufacturing
pyrrolidones and N- al kyl pyrrolidones. Gamma- but yrol actone i s an

i nportant chegigf@heagkgni ficant as the basis for a |large nunb @ﬁ%msws
synt heses. For inéf%ﬁce, it plays arole in the nanufgcture g?r utyric acid
and its derivatives, 1,4-butanediol, tetrahydrofurane, N '

met hyl pyrrol i done, pol yvinyl pyrrolidone, nethionine and so forth.
Ganma- but yrol actone is also an inportant solvent anong other things for

acryl ates and styrol -based polyners. It can additionally be enpl oyed anong
other things in the nanufacture of synthetic fibers. '

tentliteratur zahlrelche Katalysatoren fiir diese Reaktionen be-
schrieben. So ist zum Beispiel der US-PS 3 065 243 ein Verfah-
ren zu entnehmen, bei dem Xupferchromit als Katalysator dient.
Wie der Beschreibung und den Beispielen dieser Patentschrift zu
entnehmen ist, entstehen bei dieser ﬁmsetzung noch betrdchtli-

che Mengen an Bernsteinsiureanhydrid, das im Kreislauf gefahren
werden muB. '

. - Es hat nicht an Versuchen gefehlt, Katalysatoren zu entwickeln,
| um die Ausbeute und die Selektivitdt zu verbessern. Auch war es
Ziel der Untersuchungen, die Lebensdauer der Katalysatoren zu
verbessern, da bei vielen Katalysatoren die Standzeiten fiir den
Dauerbetrieb zu kurz sind; es kommt bei Dauerbetrieb némlich_zu
schnell zu einer Desaktivierung des Katalysators.

So werden in der kanadischen Patentschrift Nr. 840 452 weiter-
entwickelte Katalysatoren beschrieben, die auf der Basis von
Xupfer/zink aufgebaut sind. Diese kdnnen zusammen mit Asbest zu
.entsprechenden Katalysatortellchen verarbeitet werden. Sowohl
der in dieser kanadischen Patentschrift beanspruchte Katalysa-
tor als auch der vergleichsweise hergestellte thferchromitas-
. best-Katalysator erfiillen noch nicht alle Wiinsche, die an einen

guten Katalysator f{iir die Herstellung von gamma-Butyrolacton
gestellt werden. '

In der DE-0S 24 04 493 wird ein Verfahren beschrieben, bei dem
in Gegenwart von Wasserdampf hydriert wird. Dadurch soll die
Verkokung des Katalysators reduziert werden. Von Nachteil bei
diesem Verfahren ist unter anderem, daB zusétzlich Wasser ein-
géfﬁhrt wird, das sowieso schon als Nebenprodukt gebildet wird,
was dieses Verfahren aufwendiger macht.

Weitere Katalysatoren auf Basis von Kupferchromit werden zum
Beispiel in der US-PS 4 006 165 beschrieben, wobei dieser
Katalysator noch Nickel enthalten mufi. Diese Katalysatoren



A series of manufacturing processes start from mal ei c anhydride or
derivatives such as nmaleic acid, succinic anhydride or naleate, which are
subj ected to hydrogenation. Hydrogenation is usually conducted in the vapor
phase and . AGN2446

2 in the prewmgm4sde catal ysts. In the patent literature a |mfgerobigsiger of
catal ysts are described for this reaction. For exanple, US-PS 3 065 243
mentions a process in which copper chromt¥® acts as a catal yst. As can be
gat hered from -

kénnen auf Aluminiumoxyd oder Silica wie Kieselgur aufgebracht
werden odexr auch durch Mischung mit denselben hergestellt
werden. '

In der EP-Al-0 638 565 wird ein Verfahren beschrieben, bei dem
gamma-Butyrolacton durch katalytische Hydrierung von Maleinsdu-
reanhydrid in der Dampfphase in Gegenwart von Katalysatoren auf
der Basis von Kupferchromit in reduzierter Form hergestellt

. _ wird. Obwohl mit dem dort eingesetzten einheitlichen, d.h. ho-
mogenen Katalysator auf der Basis der drei Komponenten Kupfer-
oxid, Chromoxid und Siliziumdioxid hohe Selektivitidten und gute
Ausbeuten erreicht werden, hat es sich gezeigt, daB die Dauer-
belastbarkeit des Katalysators noch zu wiinschen iibrig l#At.

In der US-PS 5 347 021 wird ein Verfahren zur Herstellung von
gamma-Butyrolacton beschrieben, bei dem ebenfalls in der Dampf-
phase Wasserstoff und Maleinsdureanhydrid in Gegenwart eines
Katalysators umgesetzt werden. Der Katalysator ist auf der Ba-
sis der Bestandteile Kupferoxid, Zinkoxid, Aluminiumoxid und
Graphit aufgebaut. Obwohl das Verfahren mit verhiltnismifig gu-
ten Selektivitdten und Ausbeuten arbeitet, muB bei dem dort be-

. schriebenen Verfahren nach etwa 100 Std. Laufzeit der Katalysa-
tor reaktiviert werden.

Wenn auch bereits'zahlreiche Katalysatoren filir die Umsetzung
von Wasserstoff und Maleinséureanhydrid etc. zu gamma-Butyro-
lacton beschrieben sind, besteht noch ein Bediirfnis nach Kata-
lysatoren, mit denen sich diese Umsetzung auf noch bessere und
vorteilhaftere Weise durchfithren 1l48t.

Aufgabe der Erfindung ist es deshalb, ein Verfahren zur Her-
stellung von gamma-Butyrolacton durch Hydrierung von Maleinsiu-
reanhydrid, Bernsteinsidureanhydrid oder deren SHuren in der
Dampfphase in Gegenwart eines Katalysators zur Verfiigung zu .
stellen, das mit hohen Ausbeuten arbeitet, das eine hervorra=-



the description and the exanples in this patent specification, |arge
quantities of succinic anhydride are still produced in this conversion

‘whi ch nust be recirculated. = There has been no |ack of attenpts to devel op
catalysts to inprove the yield and the selectivity. Another goal of the
experimentation was to inprove the lifetime of the catal ysts_since their
useful 1ifet iR M&ontinuous operation are too short: the %ﬁlt’ﬁW@?"s‘
deactivates too soon. Thus, the Canadiag pat ent specification 840 452
~descri bes nore advanced catal ysts formed on the basis of copper/zinc. These
can be processed together with asbestos into suitable catalyst particles.
Nei t her the catalyst clainmed .in this Canadi an patent specification nor the
conpar ati vely produced copper chrom te-asbestos catal yst can yet fulfil

al'l - demands made on a good catal yst for the manufacture of :
gama- but yr geadeofelektivitdt besitzt, das sowohl unter erhhtem Druck als

auch bei normalem oder unteratmosphirischem Druck arbeiten
kann, das wirtschaftlich arbeitet, das flexibel ist und das
insbesondere Vorteile bei der Aufarbeitung des Reaktionspro-
dukts und bei der Riickfiihrung bestimmter Kompbnenten in den
Kreislauf bietet und das auch so gefahren werden kann, dafi ein
Rezyklieren von Bernsteinsdureanhydrid, das ggf. als Zwischen-
stufe entsteht, nicht'erfbrderlich wird.

Aufgabe der Erfindung ist es ferner ein Verfahren zur Verfiigung
zu stellen, das i{iber lingere Zeit betrieben werden kann, ohne
dafl es zu einer Desaktivierung des Katalysators kommt.

Diese Aufgabe wird geldst durch ein Verfahren zur Herstellung
von gamma-Butyrolacton durch katalytische Hydrierung von Ma-
leinséureanhydrid, Bernsteinsdureanhydrid oder deren S#uren in
dexr Dampfphase in Gegenwart von Katalysatoren auf der Basis von -
Kupferoxid und Aluminiumoxid in reduzierter Form, dadurch ge- .
kennzeichnet, daB man zur Durchfiihrung der Reaktion einen Ka--
talysator verwendet, der auf der Basis von 50 bis 95 Gew$ Kup-
feroxid, 3 bis 30 Gew% Aluminiumoxid und 0 bis 25 Gew% eines

‘. Binders aufgebaut ist. Vorzugsweise ist der verwendete Kataly-
sator auf Basis von 80 bis 90 % Kupferoxid, 5 bis 15 % Alumini-
umoxid und in dem zu 100 % fehlenden Rest aus einem Binder auf-
gebaut. Als Binder sind insbesondere Graphit und Kieselgel ge-
eignet. Ein besonders vorteilhafter Katalysator fiir das Verfah-
ren ist auf der Basis von 83,5 - 85,5 Gew% Kupferoxid,
9 - 11 Gew® Aluminiumoxid und 4,5 - 6,5 Gew% Graphit aufgebaut.
Es ist vorteilhaft, wenn der Kaﬁalyéator eine einheitliche
Struktur aufweist, d.h. homogen aufgebaut ist. Der Katalysator
kann auch auf einem Tr#ger aufgebracht sein.

'Man kann die Hydrierung auch in Gegenwart eines inerten Gases
als-Vérdﬁnnungsmittel;.Vorzugsweise:Stickstoff, durchfiihren.
Auper Stickstoff kénnen auch die bekannten: Edelgase wie Argonm,



DE-OS 24 04 493 describes a process in which the hydrogenation is perfornmed
inthe presence of water vapor. This'is intended to reduce the coking of
the catal yst. One di sadvantage of this process is the fact that additional
wdf er is introduced, although water is produced as a by- product in any

case, Wwhich nyygo7348i¢ Process nore expensive. PCT/EP96/05486
- AGN2446 3 Oher copper chromte-based
catal ysts are described for 5

Krypton, Helium oder deren Gemische unter sich oder mit Stick-
stoff verwendet werden.

Es versteht sich von selbst, daB der Katalysator auf Basis qer'
3 Komponenten in an sich bekannter Weise vor dem Einsatz in der
Reaktion in iiblicher Weise reduziert wird. Vorzugsweise wird
dieiReduktion im Reaktor selbst durchgefiihrt.

" : Die Reduktion kann zum Beispiel nach folgender Verfahrensweise
' durchgefiihrt werden. Der Katalysator, der als Katalysator-Bett
vorliegt, wird im Reaktor im Stickstoffstrom auf 150 °C aufge-
heizt. Bei dieser Temperatur wird langsam Wasserstoff bis zu
einer Eingangskonzentration von bis zu 8 Vol% eingespeist. Die
Temperatur sollte dabei im Katalysator-Bett nicht stirker als
um 25°C steigen. '

Nach Abklingen der Reaktionswirme wird.die Wasserstoff-Konzen-
tration auf 80 - 100 % durch Zuriicknahme des Stickstoffstromes
gesteigert und die Temperatur bis zu 2B0°C angehoben. Die Tem-
peratur wird 12 Stunden unter H,-Durchfluf eingehalten; diesen

Vorgang nennt man im.allgemeinen Nachreaktion.

Selbstverstindlich kann die Reduktion auch auf andere Weise ge-'
- schehen, zum Beispiel wie in der US-PS 3 065 243 in Spalte 2,
Zeilen 54 bis 66 angegeben.

Einheitlicher Katalysator im Rahmen der Erfindung bedeutet, daB
die Komponenten so innig miteinander verbunden sind, daB der
Katalysator eine einheitliche Struktur aufweist, d.h. im we-
sentlichen homogen ist und keine grBBeren heterogenen unter-
schiedlich aufgebauten Bestandteile aufweist.

Der Katalysator kann dann sogleich in den Reaktor eingebracht

und nach entsprechender Reduktion fiir die Reaktion verwendet
werden. '



exanple in US-PS 4 006 165, where this catalyst also has to contain nickel.
Thése catal ysts can be applied to alum num oxide or silica such as

ki esel gur or be produced by m xing with these substances. EP- A1-0 638 565
descri bes a process in which gamma- butyrol actone is produced by catalytic

hydr ogenati o f I ¢ anhydride in the vapor phase in the - f
catal ysts barskg %ﬁﬂégpper chromte in reduced form AIthoughp{%'|Flg§ﬁxuiﬁ"§4#g
selectivity and a good yield are achievedwith the uniform i.e.
~honobgeneous catal yst based on the three conponents copper oxide, chrom um
oxide and silicon di-oxide, it appeared that the | ong-termcapacity of the
catalyst still leaves a lot to be desired. US-PS 5 347 021 describes a
process for manufacturing gama-butyrol actone in which hydrogen and nal ei c
anhydride are converted in the presence of a catalyst, again in the vapor
phase. The catalyst is forned on the basis of the conponents copper oxide,
‘zinc oxide, pileUnylie@¥hgevaildMaleinsdureanhydrid, d.h. die Reaktion von

Maleinsdureanhydrid mit Wasserstoff wird in der Dampfphase
durchgefithrt, d.h. bei erh&hten Temperaturen zum Beispiel in

einem Bereich von etwa 100 - 400 °C, bevorzugt ist der Bereich
von etwa 260 - 320 °C.

Das dampffSrmige Maleinsdureanhydrid kann fiir sich selbst durch
. Erhitzen und Bberfiihren in die Dampfphase und entsprechendes
Dosieren in den Reaktionsraum gefiihrt werden. Es ist aber auch
méglich, die erforderlichen Mengen an Maleinsdureanhydrid-
Dimpfen mittels des zu dosierenden Wasserstoffstromes in den
Reaktor mitzufilhren. Selbstversténdlich kann dies auch duxch

das gegebenenfalls mitverwendete inerte Gas wie Stickstoff ge-
schehen.

Das molare Verh#ltnis von Maleinsdureanhydrid zu Wasserstoff
kann in dem Strom der Ausgangsprodukte in weiten Bereichen va-
riieren und zum Beispiel zwischen 1 : 20 bis 1 : 250 liegen.
Der Bereich 1 : 40 bis 1 : 100 wird bevorzugt.

" Die Reaktion kann sowohl bei normalem Druck als auch bei Unter-
druck oder erhdhtem Druck durchgefiihrt werden wie zum Beispiel
gwischen 0,1 bis 10 bar.

Inertes Gas bedeutet im Rahmen der Eifindung, daB es bei der
Umsetzung nicht als Reaktionspartner oder Reaktionsprodukt

teilnimmt und sich auch nicht selbst durch eine Reaktion verdn-
dert. ' '

Durch Verwendung eines inerten Gases als Verdiinnungsmittel ist
~es mbglich, die Reaktion in giinstiger Weise zu beeinflussen.
Das Verhiltnis von inettem Gas, zu.dem-vorzugéweise Stickstoff
zu z#hlen ist, das aber auch ein Edelgas oder Kohlendioxid sein
kann, bzw. ein Gemisch dieser Gase zu wasserstoff kann eben-



graphite. Al though this process operates with conparatively good .
selectivity and a good yield, the catalyst has to be reactivated after this
process has been running for about 100 hours. Al though a | arge nunber of
cdtal ysts for converting hydrogen and nal ei ¢ anhydride into

gamma- but yr ol agdbeongusave al ready been described, there is stlbtnthmmﬂsed
“for catalysts with which this conversion can be conducted in a better, nore
advant ageous manner. - _ 7 -
AGN2446 '

falls in weiten Bereichen variieren. Es versteht sich von
selbst, daB die Verdiinnung, abhingig von den gewdhlten sonsti-
gen Reaktionsbedingungen dort ihre Grenze findet, wo der Anteil
des Verdiinnungsmittels so groB ist, daB zu wenig Wasserstoff
vorhanden ist und die Auébeute bezogen auf Maleinsdueanhydrid
stark abnimmt. Diese Grenze kann durch wenige einfache Versu-
che, die zum handwerklichen Kénnen eines Durchschnittsfachman-
nes gehdren, ermittelt werden.

Es ist méglich, die Reaktion durch Variieren der verschieden-
sten Verfahrensparameter zu beeinflussen. So kann die Verweil-
zeit gedndert werden, was durch Einstellen verschiedener Do-
siergeschwindigkeiten ermdglicht werden kann, was -aber auch
durch Verldngerung der Reaktionsstrecke bewerkstelligt werden
kann, zum Beispiel durch Verwendung eines langerén Reaktions-
rohres, das entsprechend mit Katalysator gefﬁllt'ist. Zur be-
schleunigten Abfiihrung der Reaktionswdrme kann der Katalysator
ganz oder'teilweise mit einem im Reaktionsmedium inerten_nate- _
rial mit ausreichend hoher Warmeleitfahigkeit verdiinnt werden,
wozu sich z.B. Stahlkugeln, Steatit usw. eignet.

. Die Reaktiqn 1aRt sich so steuern, daf das als 2Zwischenstufe
entstehende Bernsteinsdureanhydrid am Ende des Reaktors nicht
mehr vorhanden ist und somit nicht mehr im Kreislauf gefahren
werden muB. Andererseits 148t sich bei Bedarf die Reaktion auch
so steuern, daB Bernsteins&ureanhydrid in mehr oder weniger
groBen Mengen noch in den austretenden Reaktionsprodukten vor-
handen ist und dann entweder nach Abtrennung fiir sich selbst
weiterverarbeitet wird oder auch wieder im Kreislauf gefahren
wird.

Das gamma-ButyrolaCtdn und das gebildete Wasser werden in an
sich bekannter Weise getrennt.



4 The object of the invention is thus to nake available a process for the
manuf act ure of ganma- butyrol actone by the hydrogenati on of naleic
anhydri de, succinic anhydride and their acids-in the vapor phase in the
pr:esence of a catal yst which works with high yields, which possesses

excel l ent sel LY.Ly, which can work both under high press er
normal or Dbel éﬁ?%h%gpheric pressure, which is econgnigal, aﬁfgﬁﬂg@g&g
flexi ble and which in particular offers-agvantages in terns of the
iisolation of the reaction product and the return of certain conponents into
the cycle and which can al so be operated in such a nmanner that recycling of
succi ni ¢ anhydri de, which may be produced as an internedi ate stage, is not

necessary. It is a further object of the invention to nake avail able a

process which can be _operated over |ong perjods of tine wthout causing the
catal yst to Efe¥@an yildig liberraschend, dall die erfindungsgemédBe Verwendung

des Katalysators sowohl eine hohe Selektivit#t als auch eine
hohe Ausbeute bewirkt. Die Vorteile des erfindungsgemdf verwen-
deten Katalysators zeigen sich nicht nur beim Arbeiten mit oder
ochne Verdiinnungsmittel, sie zeigen sich auch, wenn man die mo-
laren Verhdltnisse der Reaktionspartner verdndert, und wenn man
die Temperaturen variiert. Somit ist dieser Katalysator bei der
Herstellung von gamma—Butyrolacton durch Reduktion von Malein-
. sdureanhydrid mittels Wasserstoff unter den verschiedensten
Verfahrensbedingungen mit grofien Vorteilen zu verwenden.

Es war ferner v8llig iiberraschend, daB die erfindungsgem&ﬁe
Verwendung des Katalysators ein Verfahren mit sehr langen Kata-
lysatorstandzeiten erlaubt, ohne daBl es zu einer Desaktivierung
kommt. Es ist also nicht erforderlich, den Katalysator nach
verh&lthism&ﬁig kurzen Laufzeiten zu erneuern oder wieder zu
aktivieren, was zu Unterbrechungen fiilhren wiirde und einen er-
heblichen Aufwand bedeuten wiirde.

Von besonderem Vorteil ist, daB das bei dem verfahren gemadl der
Erfindung entstehende gamma-Butyrolacton direkt ohne Abtrennung

' . des gebildeten Wassers zur Herstellung von Pyrrolidon und
N-Alkylpyrrolidonen in der Fliissigphase untér hohem Druck, ins-
esondere zur Hersteliung von.N-Methylpyrrolidon durch Zusatz
von Methylamin'verwendet werden kann.

Hierbei kann das klassische Aminierungsverfahren wie z.B. in
Ullmann’s, Encyclopedia of Industrial Chemistry, 5. iiberarbei-
tete Ausgabe, Band A22, Seite 457 - 459 oder JP 49-0585 be-
schrieben, angewandt werden.

Die Erfindung wird an Hand folgender'Beispielé ndher erlidutert:



ThIS task I's solved by a process for manufacturing gamma- butyrol actone by
t he catal ytic hydrogenation of naleic anhydride, succinic anhydride or
their acids in the vapor phase in the presence of catalysts based on copper
oxi de and al umi num oxide in reduced form characterized in that a catal yst
is used to corgoeinde reaction which is forned on the basi s mfTE605I885%
by wei ght copper oxide, 3 to 30% by wei ght al um num oxi de and 0 to 25% by
wei ght of a binder. Preferably the catalys® used is forned on the basis of
80 to 90% by wei ght copper oxide, 5 to 15% by wei ght al um num oxi de, the
difference to 100 % by wei ght consisting of a binder. Gaphite and silica
gel are particularly suitable as binders. An especially advantageous

catal yst for the process is formed on the basis of 83.5 to 85.5% by wei ght

‘copper oxi de pelgpied 1o by(A“lﬁ'rioQBh'a‘i'l.i.QghQi'nb%lg?om?é"dvﬁas%fs‘%offrecyclen)-

Ein Katalysator mit der Zusammensetzung 77 % Kupferoxid (CuO),
9 % Alumlnzumoxld (Alp03), 5 % Graphit und 9 % fliichtige Be-

standteile, insbesondere Hydratwasser, kauflich erhdltlich bei
der Firma Mallinckrodt Chemical GmbH, D 53761 Hennef/Sieg wird
zundchst von seinen fliichtigen Bestandteilen befreit und redu-
ziert. Die Reduktion des Katalysators erfolgte in folgender

' Weise:

Der Katalysator wird im Stickstoffstrom auf 150°C aufgeheizt.
Bei dieser Temperatur wird langsam Wasserstoff bis 2zu einer
Eingangskonzentration von bis zu 8 Volumenprozent eingespeist.
Der Temperaturanstieg der Schiittung wird dabei auf unter 25°C
gehalten. Nach Abklingen der Reaktionswdrme wird der Wasser-
stoffgehalt von 80 % auf 100%'gesteigert und die Temperatur auf
bis zu 280°C angehoben. Die Temperatur wird 2 Stunden unter
WasserstoffluB beibehalten (Nachreaktion).

Durchfiihrung der Umsetzung

Hierauf wird Maleinsdureanhydrid und Wasserstoff in gewiinschter
Menge gasftrmig zudosiert, d.h. 1 Mol pro Stunde Wasserstoff
und 0,01 Mol pro Stunde Maleinsdureanhydrid. Die Temperatur der
Beheizung wird auf 265°C eingestellt. Dabei wird ein Hot-Spot
von 7°C beobachtet. Die Ausbeute betrug bei 100%igem Umsatz
98%.

Beispiel 2 - (Kontinuierliches Verfahren unter Druck mit Was-
serstoffrecyclen)

In einem Edelstahlrohrreaktor mit einem Innendurchmesser von
30 mm und einer Linge von 1,2 m werden 660 g Katalysator, wie
in Beispiel 1 beschrieben, unzerkleinert eingesetzt. Von den



AGN446 ' 5 6.5%by weight graphite. It is
advant ageous for the catalyst to have a uniformstructure, i.e. to be
~honmobgeneous. The catal yst can also be applied to a carrier. The

hydr ogenati on can al so be conducted in the presence of an inert gas,

preferably niyo994sRse 2Cting as a diluent. Apart fromnit rogeﬁg,g%éggi l'iar
h

nobl e gases such as argon, krypton, heliumor a m xture of t er
or with nitrogen can be used. It is obwvigous that before its use in the
reaction the catalyst on the basis of the three conponents is reduced in a

manner which is well known per se. Preferably the reduction is conducted in
the reactor itself. : _ : :

eben genannten 660 g Katalysator werden 160 g mit 160 g eines
aus Stahlkugeln bestehenden Inertmaterials gemischt, um die
Temperatur im Bereich des Hot Spots zu reduzieren. Diese
Mischung bildet den oberen Teil der Katalysatorschiittung. Die
Warmeabfuhr erfolgt {iber ein Wirmetrigerdl, das den Doppel-
mantel des Reaktorrohres durchstrémt. Der zur Hydrierhng ein-
gesetzte Wasserstoff wird recycelt, nachdem die Produkte kon-
_ densiert wurden (Kohdensation bei 25°C). Die kondensierten Pro-
' dukte werden direkt einer Analyse zugefiihrt. Ca. 10 % der fiir
die eigentliche Umsetzung bendtigten Wasserstoffmenge wird aus-
geschleuBlt, um eine Anreicherung von Nebenprodukten im Kreisgas
zu verringern. Der Druck betrdgt 6 bar absolut.

Bei dem Verfahren wird nach der Reduktion ein Wasserstoffstrom
durch den Reaktor von 1000 nl/h eingestellt, wobei nl Normliter
bedeutet. Es werden 60 g/Stunde Maleinsdureanhydrid zudosiert.
Die frisch zudosierte Wasserstoffmenge betrégt 60 nl/h. Die
ausgeschleufite Gasmenge wird iiber einen Druckregler gesteuert.
Die 2Zudosierung des Maleinsdureanhydrids erfolgt fliissig in ei--
nem dem eigentlichen Reaktor vorgeschalteten Verdampfér. Die
'ausgeschlehﬁte Gasmenge wird iiber einen Druckregler gesteuert.
. Der Druck betrigt 6 bar.

Die Ausbeute blieb bei einer_Temperatur des Warmetragermediums
von 277°C und einer max. im Reaktor gemessenen Temperatur von
304°C iiber einen Zeitraum von 1600 Stunden konstant bei ca.

92 % (siehe Tabelle 1). '



For exanple, the reduction can be conducted in the follow ng way: the

catal yst which is present in the formof a catalyst bed is heated to
150[err]Cin the reactor in a streamof nitrogen. At this tenperature
hydrogen is slowy added up to an input concentration of up to 8% by vol une
wher eby the t swperaBasre in the catal yst bed shoul d not be i neOIEP603a86 NOr e
than 25 C After the dissipation of the reaction heat the hydrogen
concentration is increased to 80 - 100% by lreduci ng the nitrogen stream and
the tenperature is raised to 280[err]C. The tenperature is maintained for
12 hours under a streamof H2. This process is generally ternmed foll ow up

reaction. Natural ly, the reduction can be conducted in other ways, for
exanpl e as described in US-PS 3 065 243 in columm 2, lines 54 to 66.
- Tabelle 1
) I 1 ]
| 2eit (h) | Ausbeute (%) |
- t %
| I I
N 0 | 92,1 |
| 200 | 92,2 g
® | 400 | 92,8 |
' | 600 | 92,6 |
| 800 | 92,9 |
] 1100 i 93,3 |
| 1600 | 92,8 |
J J

1

Beispiel 3 - (Vergleichsbeispiel)

zum Nachweis der véllig iilberraschenden, iiberlegenen Reaktions-
weise des erfindungsgemdfien Katélysators werden sieben ver-
schiedene Katalysatoren auf Basis Kupferchromit vorgestellt,
die iibliche bekannte Kupferchromit-Katalysatoren darstellen,

" ' wdhrend Katalysator 8 dem erfindungsgemdBfen Katalysator ent-
spricht. Die Katalysatoren werden durch Fdllen entsprechender
Lésungen gewonnen. Die Zusammensetzung der eingesetzten Kataly-
satoren ist in Tabelle 2 gegeben, wobei die Zusammensetzung
diejenige vor der Reduktion ist.



AGN446 6 In the scope of the invention a

umi formcatal yst is taken to nean that the conponents are so thoroughly
joined to one another that the catalyst has a uniformstructure, i.e. it is
essential ly honbgeneous and does not display any greater heterogeneous,

di ssi m | arly yd 444544 €d conponent s. The catal yst can theleﬁﬂ#ggﬁgh?tely
I ntroduced into the reactor and after suitable reduction be enploye or

t he reaction. 12 '

Tabelle 2

Zusammensetzung (vor Reduktion) -Kat.=-Nr.

2 Cuo » Cr,0,"
Cu-chromit (9.7 % BaO)
80 % CuO, 20 % Cr,03

.' 78 % Cu0O, 20 % Cr,03, 2 % SiO,
42 % CuO, 38 % Cr,04
33 % CuO, 38 % Cr203, 9 % BaO
76 $ Cul, 24 % Cr203
84,6 % CuD, 9,9 % A1203_ 5,5 % Graphit*+

O 3 W e W N

* Handelsprodukt E-113 T der Firma Mallinckrodt
* Handelsprodukt E-408 der Firma Mallinckrodt

Die Ausfiihrung der Reduktion erfolgte nach folgender an sich
iiblicher Verfahrensweise:

Das Katalysatorbett, das sich bereits in dem vorgesehenenfReakA
tor befindet, wird im. Stickstoffstrom auf 150°C aufgeheizt. Bei
dieser Temperatur ﬁird langsam Wasserstoff bis zu einer Ein-
gangskonzentration von bis zu 8 Vol% eingespeist. Der Tempe-
raturanstieg der Schiittung sollte nicht gr&Ber als 25°C sein
(Reduktionsschritt).

Nach Abklingen der Reaktionswdrme wird die Wasserstoffkonzen-
tration auf 80 bis 100% gesteigert und die Temperatur auf bis
zu 280°C angehoben. Die Temperatur wird 12 h unter H,-Durchfluf

eingehalten (Nachreduktion).



Tﬁe Hydrogenation of maleic anhydride, i.e. the reaction of maleic

anhydride with hydrogen is conducted in the vapor phase, i.e. at higher
tenperatures, e.g. in the range of about 100 - 400[err]C, the preferable
range bei ng about 260 - 320 C. The vaporous mal ei ¢ anhydride can itself

be introduced wobm4sdse reacti on chanber by heating and conversaIposns4e6 t he
vapor phase and suitabl e dosing. However, it is also possible to bring into
the reactor the required anount of mal ei cld8nhydri de vapors by nmeans of the
hydrogen stream whi ch nust be dosed. This can naturally also be effected by
the inert gas such as nitrogen where this is al so enpl oyed. The nol ar
ratio of maleic anhydride to hydrogen can vary over a wi de range in the
stream of the starting products. For instance it may be between 1 : 20 and

1 : 250. Theyprediféatldarcilfirbigén:40 to 1 @ 100.

Die Katalysatorpellets werden zerkleinert und eine Fraktion von
0,8 bis 1,2 mm ausgewdhlt. Diese werden in ein mit Silikondl
beheizbares Quarzglasrohr mit 1 cm Innendurchmesser und 30 cm
Linge gegeben. Nach Durchfiihrung des oben beschriebenen.Reduk—
tionsschrittes erfolgt die Versuchsausfiihrung. Wasserstoff wird
fiber einen Massendurchflufiregler dosiert und der Maleinsdurean-
. hydridpartialdruck iiber einen sogenannten Sittiger eingestellt.
Dies erfolgt dadurch, daB Wasserstoff und ggf. Stickstoff durch
den S&dttiger, in dem sich fliissiges Maleinsdureanhydrid befin-
det, geleitet werden, wobei sich aufgrund der genau fixierten
Temperatur ein bekannter Maleinsaureanhydrid-Partialdruck ein-

stellt. Das Gemisch wird iiber beheizte Leitungen dem Reaktor
zugefiihrt. '

Die Katalysatoren wurden reduziert wie oben beschrieben. Je-
weils 20 ml Schiittvolumen des reduzierten Katalysators wurden
in den Reaktor gefiillt und bei einem Durchfluf von 0,38 mol
Ny/h und 2 mol H,/h auf eine Reaktionstemperatur von 275°C ge-

bracht. Dann wurde das Gasgemisch durch den S#ttiger geleitet

" - und so ein Molenstrom an Maleins&ureanhydrid von 0,02 mol/h
eingestellt. Nach 2 h Reaktionszeit wurde das Produktgemisch
analysiert. Die Efgebnisse sind in der folgenden Tabelle 3 wie-
dergegeben.



The reaction can be conducted both under normal pressure and partial vacuum
or- high pressure such as 0.1 to 10 bar.

AGN446 7 In the scope of the invention inert
gas signifies a substance which does not participate in the conversion as a

reactant or neaehhggs Product and itself does not alter as a Fé?ﬁﬂ@kmgkﬁa
reacti on.
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Tabelle 3

Kat- Ausbeuten (in %) Ausbeuten (in %) Umsatz (in %)
Nr. '

gamma-Butyro- Bernsteinsdure- Maleinsdure

lacton - anhydrid anhydrid

() 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
8

98,2 0 100

Daraus ist die besondere Qualitit der Katalysatoxren Nr. 4 und 8
zu erkennen, wobei von'besonderer Bedeutung ist, daB auch das

'. 2w;schenprodukt Bernsteins#dureanhydrid vollsténdig ﬁmgesetzt
wird, ansonsten sind h8ufig technische Probleme mit der Kri-
stallisation des Bernstexnsﬁureanhydr;ds zZu erwarten, die sich
in Verstopfung von Rohrleitungen usw. auswirkt. Der Nachteil
von Katalysator Nr. 4 gegeniiber dem erfindungsgemiéfen Katalysa-
tor liegt in'seiner kﬁrzerén Danerstandfestigkeit, wie das fol-
gende Beispiel zeigt.



By neans of using an inert gas as a diluent it is possible to influence the
réaction positively. The ratio of inert gas, preferably including nitrogen,
but which can al so be a noble gas or carbon dioxide, or a m xture of these
gases, to hydrogen can equally vary over a wide range. It is obvious that,
dependi ng on Lhselyi@r reaction conditions selected, the dil ydraibobfsess
limted to the anbunt at which the proportion of the diluent is so |arge
that too little hydrogen is present and tA8 yield relative to maleic
anhydride is reduced sharply. This limt can be determ ned by a few sinple
experiments which can be acconplished by one averagely skilled in the art.
It is possible to influence the reaction by varying quite different process
paranmeters. For exanple, the residence tinme can be altered, which can be
effected by seidpis 4 IS QheRh1d98hBBeppEEE) but which can al so be
acconpl i shed by i ncreasing the reaction dis{ance, for exanple by using a

| onger reaction tube suitably filled with catalyst. In order to accelerate
t he di ssi patben wienwsrtegac Vovhelidates erfindungsgemifien Katalysators ge-

geniiber Katalysator 4 liegt in seiner wesentlich hbheren Lang-
zeitstabilitdt. Bereits innerhalb weniger Stunden desaktivierte
Katalysator Nr. 4 (s. Tabelle 4), wdhrend der erfindungsgemidfe
Katalysator iiber 1600 Stunden stabil blieb (s. Tabellen 1
und 4). Die Vorgehensweise, Katalysatormasse, Reaktionsbedin-
. gungen und Verdiinnung sind identisch mit Beispiel 2. Zum
besseren Vergleich wurden die Ergebnisse, die mit dem erfin-
dungsgeméhlen Kataiysator'erzielt wurden, in Tabelle 4 noch ein-
mal mit aufgenommen. |

Tabelle 4

Ausbeute (%]

!

{ L i

I I I

1 [l i

{ 1 . . 1

| Zeit [h] | Katalysator Nr. 8 | Katalysator Nr. 4 |

1 1 ' : 1

| | | o ] 92,1 81,1 i
@ | 20 | 92,5 1 89, 2 |
| 40 1\ 92,7 | 85,4 |

| 100 ] 92,4 | 82, 6 |

| 200 1 92,2 | 73,1 |

| 400 ] 92,8 | 56,4 I

Beispiel 5 - (Herstellung von N;Methylpyrrolidon).

12,8 g des Reaktionsproduktgemisches aus Beispiel 2 (0,11 mol

gamma~-Butyrolacton) werden mit 14 g 40 % wadssriger Monomethyla-
minl8sung (0,19 mol Monomethylamin) gemischt und in einen Hoch-
druckautoklaven gegeben} Das Gemisch wird auf Reaktionstempera-



the catalyst may be diluted in whole or part with a material with
sufficient thermal conductivity and which is inert in the reaction nedi um
For this purpose e.g. steel spheres, steatite etc. are suitable. The
reaction can be controlled in such a way that the succinic anhydride

produced as i rpredi ate stage is no | onger presént at th he
reactor and ta‘ﬂﬁg%u@‘{g ?cﬁﬂ%ﬁ&

nger
AGN\2446 ‘8 16

tur (290°C) gebracht, wobei der Druck auf 77 bar steigt. Nach
einer Reaktionsdauer von zwei Stunden sind mehr als 99 % des
gamma-Butyrolacton umgesetzt. Die Ausbeute an N-Methylpyrroli-
don betr#gt 99,1 % bezogen auf gamma-Butyrolacton und 91,8 %
bezogen auf Maleinsdureanhydrid. Die Durchfiihrung des Experi-
ments entspricht der klassischen Herstellungsmethode wvon NMP
wie zum Beispiel in JP 49-20585 beschrieben, es sind jedoch

_ noch alle Reaktionsprodukte aus der 1. Reaktionsstufe wie z.B.

. | Wasser oder Butanol im Eduktgemisch enthalten.



has 10 be recircul at ed. Ch t he ot her hand, if required, the reaction can be
controlled in such a wa hydride Is still present in the
reaction products out put Imllmwmmnrsmal | er anounts and then either

further processed al one after bei mg separated or recircul at ed. The
gamma- but yr olypgbm@agnd the water formed are separated in a grEERSSSs4shi ch
Is well known per se. It was a conplete surprise to find that the use of

the catal yst according to the invention calises both high selectivity and a
hi gh yield. The advantages of the catal yst enpl oyed according to the

i nvention are not only apparent when working with or without diluents, they
are al so apparent when the nolar ratios of the reactants are altered and
when the tenperature is varied. Thus, in the manufacture of

gamya- but yr ol act oneyRy¢ AREE L3 :@rsrealﬁhsgaoaxd{,mﬁabmfﬁ%ﬁé&mydr ogen,

this catalyst can be used under st varjed process conditions to great
sowle essen Verwendung

Patentanspriiche:

1. Verfahren zur Herstellung von gamma-Butyrolacton durch ka-
talytische Hydrierung von Maleinsiureanhydrid, Bernstein-
sdureanhydrid oder deren Sduren in der Dampfphase in Gegen-
wart von Katalysatoren auf der Basis von Kupferoxid und
Aluminiumoxid in reduzierter Form, dadurch gekennzeichnet,
daf3 man zur Durchfiihrung der Reaktion einen Katalysator
verwendet, der auf der Basis von 50 bis 95 Gew% Kupferoxid,

'. 3 bis 30 Gew% Aluminiumoxid und 0 bis 25 Gew% eines Binders
aufgebaut ist.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB der
' Katalysator auf Basis von 80 bis 90 % Kupferoxid, 5 bis
15 Gew$ Aluminiumoxid und in dem zu 100 Gew$ fehlenden Rest
aus einem Binder aufgebaut ist.

3. Verfahren nach einem der Anspriiche 1 bis 2, dadurch ge-
kennzeichnet, dafl man als Binder Graphit verwendet.

4. Verfahren nach Anspruch 2 oder 3, dadurch gekennzeichnet,
daB der Katalysator auf der Basis von 83,5 bis 85,5 Gew%



advantage. It was equally nost surprising to discover that the use of the

catal yst according to 3!1 ' m l“ows for a process with a very |long
lifetime of the cataly '“"““E "ﬂﬂlﬁ lvation occurring. Thus it is not
necessary to renew or réactivhte"tife catal yst after a short tinme of usage,

whi ch woul d hﬁgg?iéhé nterruptions and woul d mean cohsiderabl;§i¥%¥%§§? A

particul ar advantage is the fact that in the process accordin

i nvention the gamma-butyrol actone forned gan be enpl oyed directly, without
separating off the water

Kupferoxid, 9 - 11 Gew$ Aluminiumoxid und ‘4,5 bis 6,5 Gew$
Graphit aufgebaut ist.

5. Verfahren nach einem der Anspriiche 1 bis 2, dadurch gekenn-
zeichnet, daB man als Binder Kieselgel verwendet.

6. Verfahren nach einem der Anspriiche 1 bis 5, dadurch gekenn-

zeichnet, daf der Katalysator eine einheitliche Struktur
@ _ aufweist. ' ' | '

7. Verfahren nach'einem der Anspriiche 1 bis 6, dadurch gekenn-

zeichnet, daB der Katalysator auf einem Tréger aufgebracht
ist. |

- 8. Verfahren nach einem der Anspriiche i bis 7, dadurch gekenn-
zeichnet, daB man die Hydrierung in Gegenwart von reinem
Wasserstoff durchfiihrt.

9. Verfahren nach einem der Anspriiche 1 bis 8, dadurch gekenn~
zeichnet, daB man die Hydrierung in Gegenwart eines inertes
Gases als Verdiinnungsmittel durchfiihrt. '

10. Verfahren nach Anspruch 9, dadurch gekehnzeichnet, dafl man
als Verdiinnungsmittel Stickstoff verwendet.

11. Verfahren nach einem der Ansprﬁche 1 bis 10, dadurch ge-
kennzeichnet, daB der Druck zwischen 0,1 und 10 bar be-
tragt. '

12. Verfahren nach Anspruch 11, dadurch gekennzeichnet, daf der
Druck 4 - 7 bar betrdgt. '

13. Verfahren nach einem der Anspriiche 1 bis 12, dadurch ge-
‘kennzeichnet, daB das molare Wasserstoff : Maleinsdureanhy-



2

AGM@4 6 9 produced, in the manufacture of
pyrrolidone and N al k“!ﬂ mﬂ’ Mmum the liquid phase under high
pressure, particularly re of N-methyl pyrrolidone by the
addi ti on of methyl am ne. Fbre t Re &l assical anination process as

descri bed forwomsrasase in U | mann' s Encycl opedi a of | ndustri gbr/ehesissde’ V.

" 5th revised edition, volume A22, pages 457 - 459 or in JP 49-20585, can be

enpl oyed. The invention will be describEd in nore detail with the aid of
the foll ow ng exanpl es:

- drid-, Bernsteinsdureanhydrid- oder deren SH#urenverhiltnis
zwischen 20 : 1 und 250 : 1 liegt. '

14. Verfahren nach Anspruch 13, dadurch gekennzeichnet, daB,das
Verhdltnis zwischen 40 : 1 und 100 : 1 liegt.

15. Verfahren nach einem der Anspriiche 1 bis 14, dadurch ge-
kennzeichnet, daB die Hydrierung in einem Temperaturbereich
" von etwa 100 bis 400 °C, bevorzugt in einem Temperaturbe-
' reich von etwa 260 bis 320 °C durchgefilhrt wird.

16. Verfahren nach einem der Anspriiche 1 bis 15, dadurch ge-
kennzeichnet, daB der iiberschiissige Wasserstoff rezirku-

liert wird, nachdem die Reaktionsprodukte auskondensiert
wurden

17. Verfahren nach Anspruch 16, dadurch gekennzeichnet, daB die
Kondensation be1 einer Temperatur zwischen 0°C und 40°C er-
folgt.

18. Verfahren nach einem der Anspriiche 1 bis 17 dadurch ge-

‘. kennzeichnet, daB man den Katalysator durch Reduktion im
Reaktor vorbereltet.

19. Verfahren nach einem der Anspriiche 1 bis 18, dadurch ge¥
kennzeichnet, daf man den eingesetzten Katalysator ganz
oder teilweise mit Inertmaterial verdiinnt.

20. Verwendung des bei einem der Verfahren gemiB einem der An-
spriiche 1 bis 19 anfallenden Reaktionsgemisches ohne Ab-
trennung des gebildeten Wassers und der anderen Nebenpro-
dukte zur Herstellung von 2-Pyrrolidon mit Ammoniak und

N-Alkylpyrrolidonen mit Alkylaminen insbesondere N-Methyl-
pyrrolidon durch Umsetzung von Monomethylamin in der Flﬁs—
sigphase unter Druck.



- Exanple 1 - (atnospheric pressure w thout hydrogen recycling)
A catal yst conposed of i (CuO), 9% al um num oxi de :
- (A120[err]), 5% graphit mﬁ“ﬂ lmurm‘ conponents, especially water of
Hydration, which can be ai ne rosm Mal I i nckrodt- Chem cal GrbH, D 53761
Hennef/ Si eg, t separated fromits volatile conponents,
The reducti 0?10 of H]‘(%a catalyst is effected as follows: The ca{i%??/@t%kc
heated at 150[err]C in a streamof nitroggn. At this tenperature hydrogen
.is slowy fed in up to an input concentration of up to 8% by vol une,
‘whereby the tenperature increase of the packing is maintained at bel ow 25
C. After the reaction heat has dissipated the hydrogen content is increased
from 80%to 100% and the tenperature raised to up to 280[err]C. The
tenperature is maintained for two hours under a stream of hydrogen
(foll owup reaction). _
21. Verwendung des bei einem ‘Verfahren gemdB einem der Anspru-
che 1 bis 19 erhaltenen und reinen gamma-Butyrolacton zur
Herstellung von N-Methylpyrrolidon in an sich bekannter

Weise.



* Conducting the conversion _ _
AGW\2446 _ 10  After this the desired quantity
of mal ei c anhydri de and hydrogen in gaseous formis fed in, i.e. 1 nol per
hour hydrogen and 0.01 nol per hour maleic anhydride. The tenperature of
the heating is set . to 265 C, whereby a hotspot at 7[err]C is noticed. The
yi el d, was 98% wi th a conversion of 100%

" AGW2446

Process for manufacturing gamma-butyrolactone
and its use

Akzo Nobel nv, Arnhem

Description:

The invention relates to a process for manufacturing gamma-
butyrolactone by catalytic hydrogenation of maleic
anhydride, succinic anhydride or their acids in the vapor
phase and its use for manufacturing_pyrrolidones and N-

. alkylpyrrolidones. '

Gamma -butyrolactone is an important chemical significant as
the basis for a large number of syntheses. For instance, it
plays a role in the manufacture of butyric acid and its
derivatives, 1,4-butanediol, tetrahydrofurane, N-
methylpyrrolidone, polyvinylpyrrolidone, methionine and so
forth. Gamma-butyrolactone is also an important solvent
among other things for acrylates and styrol-based polymefs.
It can additionally be employed among other things in the
manufacture of synthetic fibers.

A series of manufacturing processes start from maleic
anhydride or derivatives such as maleic acid, succinic
anhydride or maleate, which are subjected to hydrogenation.
Hydrogenation is usually conducted in the vapor phase and



Exanple 2 - (continuous process under pressure with hydr ogen
recycling) In a stainless steel tube reactor with an inner dianmeter of 30
nmand a length of 1.2 m660 g catal yst as described in Exanple 1 is

i ntroduced wi thout being crushed. 160 g of said 660 g of catalyst are mi xed
with 160 g of an inert material consisting of steel spheres in order to
reduce the tenperature in the range of the hotspot. This mxture forns the
upper part of the catal yst packing. The heat is drawn oAGWRB44feans of a
heat carrier oil which flows through the2double shell of the reactor tube.
The hydrogen enpl-oyed for the hydrogenation is recycled after the products

have peen, coRUERScHrLoRdEnse ho0a fach, B SR0GGESEL, BEORIELS 2T e

i medi ately su 0 ana ST'S drogéen reqU|red for
t he conversl@ngpenu@bersofeﬂ%b@ﬂw$h9o@ﬁ%rd@%CIBU%@efQﬁetbbﬁcéﬁ@¢é}¢@n of

byproducts khrt8gambieyl 85LP 92065 THE3 PhEREIGRs| &8 BrddésabsR! whech
copper chromite acts as a catalyst. As can be gathered from
the description and the examples in this patent
specification, large quantities of succinic anhydride are
still produced in this conversion which must be
recirculated.

There has been no lack of attempts to develop catalysts to
improve the yield and the selectivity. Another goal of the
experimentation was to improve the lifetime of the
catalysts since their useful lifetimes in continuous
operation are too short: the catalyst deactivates too soon.

Thus, the Canadian patent specification 840 452 describes-
more advanced catalysts forméd on the basis of copper/zinc.
These can be processed together with asbestos into suitable
catalyst particles. Neither the catalyst claimed in this
Canadian patent specification nor the comparatively
produced copper chromite-asbestos catalyst can yet fulfill
all demands made on a good catalyst for the manufacture of
gamma -butyrolactone.

DE-0S 24 04 493 describes a process in which the
hydrogenation is performed in the presence of water vapor.
This is intended to reduce the coking of the catalyst. One
disadvantage of this process is the fact that additional
water is introduced, although water is produced as a by-
product in any case, which makes this process more
expensive.



In this process a hydrogen stream of 1000 nl/h through the reactor is set
fol I-om ng reduction, where nl is normliter. 60 g/h maleic anhydride is fed
in. The freshly fed in hydrogen is 60 nl/h. The gas quantity renoved is
controlled via a pressure regulator. The addition of the naleic anhydri-de
Is effected in liquid formin a vaporization

AGN2446 11 chanber upstreamfromthe reactor
itself. The gas quantity renoved is controlled via a prASWd446requl at or.
The 3 .

Other copper chromite-based catalysts are described for
example in US-PS 4 006 165, where this catalyst also has to
contain nickel. These catalysts can be applied to aluminum
oxide or silica such as kieselgur or be produced by mixing
with these substances. L
EP-Al1-0 638 565 describes a process in which gamma-
butyrolactone is produced by catalytic hydrogenation of
maleic anhydride in the vapor phase in the presence of
catalysts based on copper chromite in reduced form.
Although high selectivity and a good yield are achieved
with the uniform, i.e. homogeneous catalyst based on the
three components copper oxide, chromium oxide and silicon
 di-oxide, - it appeared that the long-term capacity of the
catalyst still leaves a lot to be desired. ’

US-PS 5 347 021 describes a process for manufacturing

gamma -butyrolactone in which hYdrogen and maleic anhydride
are converted in the presence of a catalyst, again in the
vapor phase. The catalyst is formed on the basis of the
components copper oxide, zinc oxide, aluminum oxide and
graphite. Although this process operates with comparatively
good selectivity and a good yield, the catalyst has to be
reactivated after this process has been running for about
100 hours.

Although a large number of catalysts for converting
hydrogen and maleic anhydride into gamma-butyrolactone have
already been described, there is still the need for
catalysts with which this conversion can be conducted in a
better, more advantageous manner.



pressure is 6 bar. At a heat carrier tenperature of 277 C and a maxi num
tenperature neasured in the reactor of 304[err]C the yield renai ned
constant at about 92% over a peri'od of 1600 hours (see Table 1).

AGN 446 _ 12 Tabl e 1

) _ - AGW2446
' 4

The object of the invention is thus to make available a
process for the manufacture of gamma-butyrolactone by the
hydrogenation of maleic anhydride, succinic anhydride and
their acids in the vapor phase in the presence of a
catalyst which works with high yields, which possesses
excellent selectivity, which can work both under high
pressure and under normal or below atmospheric pressure,
which is economical, which is flexible and which in
particular offers advantages in terms of the isolation of
the reaction product and the return of certain components
into the cycle and which can also be operated in such a
manner that recycling of succinic anhydride, which may be
produced as an intermediate stage, is not necessary.

It is a,further'object-of the invention to make available a
process which can be operated over long periods of time
without causing the catalyst to deactivate.

This task is solved by a process for manufacturing gamma-
butyrolactone by the catalytic hydrogenation of maleic
anhydride, succinic anhydride or their acids in the vapor
phase in the presence of catalysts based on copper oxide
and aluminum oxide in reduced form, characterized in that a
catalyst is used to conduct the reaction which is formed on
the basis of 50 to 95% by weight copper oxide, 3 to 30% by
weight aluminum oxide and 0 to 25% by weight of a binder.
Preferably the catalyst used is formed on the basis of 80
to 90% by weight copper oxide,. 5 to 15% by weight aluminum
oxide, the difference to 100 % by weight consisting of a
binder. Graphite and silica gel are particularly suitable
as binders. An especially advantageous catalyst for the
process is formed on the basis of 83.5 to 85.5% by weight
copper oxide, 9 to 11% by weight aluminum oxide, and 4.5 to



Time (h) Yield (% 0 92.1" 200

92. 2 400 92.8 600 - 92.6 800
92.9 1100 93.3 1600 : . 92.8 Exanple 3 -
(Conpar ati ve exanpl e) In order to determine the conpletely surprising
superior reaction character of the catalyst of the invention, seven
: AGW2446
5

6.5% by weight graphite. It is advantageous for the
catalyst to have a uniform structure, i.e. to be
homogeneous. The catalyst can also be applied to a carrier.

The hydrogenation can also be conducted in the presence of
an inert gas, preferably nitrogen, acting as a diluent.
Apart from nitrogen, the familiar noble gases such as
argon, krypton, helium or a mixture of these together or
with nitrogen can be used.

It is obvious that before its use in the reaction the
catalyst on the basis of the three components is reduced in
a manner which is well known per se. Preferably the
reduction is conducted in the reactor itself.

For example, the reduction can be conducted in the

: following way: the catalyst which is present in the form of
a catalyst bed is heated to 150°C in the reactor in a
stream of nitrogen. At this temperature hydrogen is slowly
added up to an input concentration of up to 8% by volume
whereby the temperature in the catalyst bed should not be
increased by more than 25°C. '

After the dissipation of the reaction heat the hydrogen
concentration is increased to 80 - 100% by reducing the
nitrogen stream and the temperature is raised to 280°'C. The
temperature is maintained for 12 hours under a stream of
H,. This process is generally termed follow-up reaction.

Naturally, the reduction can be conducted in other ways,
for example as described in US-PS 3 065 243 in column 2,
lines 54 to 66.



different catalysts on the basis of copper chromte are presented
representing w dely known copper chromte catalysts, while catalyst 8 is
the catal yst of the.invention. The catalysts are obtained by the
precipitation of correspondi ng solutions. The conposition of the catal ysts
enployed is shown in Table 2, whereby the conposition is that prior to

reduction. AGN446
13 | : Table 2 é AGW2446

In the scope of the invention a uniform catalyst is taken
to mean that the components are so thoroughly joined to one
another that the catalyst has a uniform structure, i.e. it
is essentially homogeneous and does not display any greater
heterogeneous, dissimilarly structured components.

The catalyst can then be immediately_introduced into the
reactor and after suitable reduction be employed for the
reaction.

The hydrogenation of maleic anhydride, i.e. the reaction of
maleic anhydride with hydrogen is conducted in the vapor
phase, i.e. at higher temperatures, e.g. in the range of
about 100 - 400°C, the preferable range'being'about 260 -
320°C. ' -

_The vaporous maleic anhydride can itself be introduced into
the reaction chamber by heating and converting into the
vapor phase and suitable dosing. However, it is also
possible to bring into the reactor the required amount of
maleic anhydride vapors by means of the hydrogen stream
which must be dosed. This can naturally also be effected by
the inert gas such as nitrogen where this is also employed.

The molar ratio of maleic anhydride to hydrogen can vary
over a wide range in the stream of the starting products.
For instance it may be between 1 : 20 and 1 : 250. The
preferable range is 1: 40 to 1 : 100.

The reaction can be conducted both under normal pressure
and partial vacuum or high pressure such as 0.1 to 10 bar.



Conposition (prior to reduction) : Cat al yst
[\b .

: 2 Cu0 * 23 ' 1
Cu chromte (9.7% BaO ' 2 80% CuO, 20%
Cr2a3” : 3 78% CuQ, 20% Cr203, 2% Si Q2
4 42% CuO, 38% Cr2C3 5 33%
CuO 38% Cr 203, 9% BaO 6 76% CuQ, 24% Cr203
7 84.6% CuQ, 9.9% A1203, 5.5%graphite AGW2446 *
Commerci al product E-113 T from Ml |l i nckrzodt Commerci al product E-408

from Mal | i nckr odt The reduction was effected according to the foll ow ng

conmon proc%%sthe scope of the invention inert gas signifies a

substance which does not participate in the conversion as a
reactant or reaction product and itself does not alter as a
result of a reaction.

By means of using an inert gas as a diluent it is possible
to influence the reaction positively. The ratio of inert
gas, preferably including nitrogen, but which can also be a
noble gas or carbon dioxide, or a mixture of these gases,
to hydrogen can equally vary over a wide range. It is
obvious that, depending on the other reaction conditions
selected, the dilution is limited to the amount at which
the proportion of the diluent is so large that too little
hydrogen is present and the yield relative to maleic
anhydride is reduced sharply. This 1imit can be‘determined
by a few simple experiments which can be accomplished by
one averégely skilled in the.art.

It is possible to influence the reaction by varying quite
different process parameters. For example, the residence
time can be altered, which can be effected by setting
different dosing speeds, but which can also be accomplished
by increasing the reaction distance, for example by using a
longer reaction tube suitably filled with catalyst. In
order to accelerate the dissipation of the reaction heat
the catalyst may be diluted in whole or part with a
material with sufficient thermal conductivity and which is
inert in the reaction medium. For this purpose e.g. steel
spheres, steatite etc. are suitable.

The reaction can be controlled in such a way that the
succinic anhydride produced as an intermediate stage is no
longer present at the end of the reactor and thus no longer



The catal yst bed which is already situated in the reactor provided is
heated to 150[err]Cin a streamof nitrogen. At this tenperature hydrogen
is slowmy added up to an input concentration of up to 8% by volune. The
tenperature increase. of the packing should not be nore than 25[err]C
(reduction step). Wen the reaction heat has dissipated the hydrogen
concentration is increased to 80 - 100% and the tenperature is raised to
280[err] C. The tenperature is maintained for 12 hours ubAgWR446stream of H2
(foll owup reduction). 8 s

has to be recirculated. On the other hand, if required, the
reaction can be controlled in such a way that succinic
anhydride is still present in the reaction products
outputted in larger or smaller amounts and then either
further processed alone after being separated or '
recirculated.

The gamma-butyrolactone and the water formed are separated
in a process which is well known per se.

It was a complete surprise to find that the use of the
catalyst according to the invention causes both high
selectivity and a high yield. The advantages of the
catalyst employed according to the invention are not only
apparent when working with or without diluents, they are
also apparent when the molar ratios of the reactants are
altered and when the temperature is varied. Thus, in the
manufacture of gamma -butyrolactone by reduction of maleic
anhydride by means of hydrogen, this catalyst can be used
under the most varied process conditions to great
advantage. '

It was equally most surprising to discover that the use of
the'catalyst according to the invention allows for a
process with a very long lifetime of the catalyst without
deactivation occurring. Thus it is not necessary to renew
or reactivate the catalyst after a short time of usage,
which would lead to interruptions and would mean
considerable expense.

A particular advantage is the fact that in the process
according to the invention the gamma -butyrolactone formed
can be employed directly, without separating off the water



AGN446 14 Conducting the process: The
catal yst pellets are crushed and a fraction of 0.8 to 1.2 nm sel ect ed.
These_are placed in a quartz glass tube with an inner dianmeter of 1 cm and
a length of 30 cm which can be heated with silicon oil. After the .
reducti on step descri bed above has been conducted the experinent is begun.
Hydrogen is dosed using a nmass flow controller and the partial pressure of
the mal ei c anhydride is set using a so- called saturatoragWwd4sis effected
by | eadi ng hydrogen and possi bly nitroger® t hrough the saturator, in which
liquid mal ei c anhydride is | ocated whereby a known partial pressure of

mal ei ¢ anhydr. |.Sq Set Qélneans f the precisely.fjxed.t rature. The

mixture is ici#o?((ﬁ;.%ecde,d in the tahufacture BF pyrr&ildone and -
alkylpyrrolidones in the ligquid phase under high pressure,
particularly in the manufacture of N-methylpyrrolidone by

the addition of methylamine.

Here, the classical amination process as described for
instance in Ullmann's Encyclopedia of Industrial Chemistry,
5th revised edition, volume A22, pages 457 - 459 or in JP
49-20585, can be employed.

The invention will be described in more detail with the aid
of the following examples:

Example 1 - (atmospheric pressure without hydrogen
' _recycling) -

A catalyst composed of 77% copper oxide (CuO), 9% éluminum
oxide (Al1,0,), 5% graphite and 9% volatile components,
especially water of hydration, which can be obtained from
Mallinckrodt Chemical GmbH, D 53761 Hennef/Sieg, is first
separated from its volatile components and reduced. The
reduction of the catalyst is effected as follows:

The catalyst is heated at 150°C in a stream of nitrogen. At
this temperature hydrogen is slowly fed in up to an input
concentration of up to 8% by volume, whereby the
temperature increase of the packing is maintained at below
25°C. After the reaction heat ‘has dissipated the hydrogen
content is increased from 80% to 100% and the temperature
raised to up to 280°C. The temperature is maintained for
two hours under a stream of hydrogen (follow-up reaction).

Conducting the conversion



the reactor via heated feed |ines. The catal ysts were reduced as

descri bed above. In each case, the reactor was filled with 20 m of the
reduced catal yst and heated to a reaction tenperature of 275 C at a fl ow of
0.38 nmol N2/h and 2 nol H2/h. Then the gas m xture was fed through the
saturator and in this way a mal eic anhydride nol flow of 0.02 nol/h was
set. After a reaction tinme of 2 hours the product m xture was anal yzed. The
results are shown in the following Table 3. AGW2446

AGN446 10

After this the desired quantity of maleic anhydride and
hydrogen in gaseous form is fed in, i.e. 1 mol per hour
hydrogen and 0.01 mol per hour maleic anhydride. The
temperature of the heating is set to 265°C, whereby a
hotspot at 7°C is noticed. The yield was 98% with a
conversion of 100%.

Example 2 - (continuous process under pressure with
hydrogen recycling)

In a stainless steel tube reactor with an inner diameter of
30 mm and a length of 1.2 m 660 g catalyst as described in
Example 1 is introduced without being crushed. 160 g of
said 660 g of catalyst ére mixed'with 160 g of ‘an inert
material consisting of steel spheres in order to reduce the
temperatﬁre'in the range of the hotspot. This mixture forms
the upper part of the catalyst packing. The heat is drawn
off by means of a heat carrier oil which flows through the
double shell. of the reactor tube. The hydrogen employed for
the hydrogenation is recycled after the products have been
condensed (condensation at 25°C). The condensed products
are immediately subjected to analysis. About 10% of the
hydrogen required for the conversion per se is removed in
order to reduce the concentration of byproducts in the
circulating gas. The pressure is 6 bar absolute.

In this process a hydrogen stream of 1000 nl/h through the
reactor is set following reduction, where nl is norm liter.
60 g/h maleic anhydride is fed in. The freshly fed in
hydrogen is 60 nl/h. The gas quantity removed is controlled
via a pressure regulator. The addition of the maleic
anhydride is effected in liquid form in a vaporization
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(%

mal ei ¢

22.1
100 3

4.7
100 8

Conversion (% No. .
| act one
77.6 .
64.9
100 5
14.0
98. 2

'Tablé“3,

Cat . “Yield (9%
. gamma- but yr o- succinic
N anhydri de anhydri de 1
100 2 ' 49. 8 - 49.6
34.2 - 100 4 98.1
25.0 , 62 100 6
19.5 7 90.9 AGW2446 6. 9

0 11 100

chamber upstream fromuthe reactor itself. The gas quantity
removed is controlled via a pressure regulator. The

pressure is 6 bar.

At a heat carrier temperature of 277°C and a maximum
temperature measured in the reactor of 304°C the yield
remained constant at about 92% over a period of 1600 hours

(see Table 1).

Yield



This illustrates the especial quality of catalysts 4 and 8, whereby it is
particularly significant that the internedi ate product succinic anhydride
is al so conpletely converted, otherw se technical problems with the
crystallization of the succinic anhydride are often to be expected, such as
bl ocki ng the tubing etc. The di sadvantage of catal yst 4 conpared to the
catal yst according to the invention lies in its shorter lifetine in
continuous operation, as the follow ng exanpl e shows. ACHZ2446 4 -
(Conpar ati ve exanpl e) The unexpect ed adiRantage of the catal yst according
to the invention over catalyst 4 is its essentially higher |ong-

Table 1

Time (h) Yield (%)
0 ' 92.1
200 92.2
400 92.8
600 92.6
800 92.9
1100 93.3
1600 92.8

Example 3 - (Comparative example)

In order to determine the completely surprising superior
reaction character of the catalyst of the invention, seven
different catalysts on the basis of copper chromite are
presented representing widely known copper chromite
catalysts, while catalyst 8 is the catalyst of the
invention. The catalysts are obtained by the precipitation
of corresponding solutions. The composition of the
catalysts employed is shown in Table 2, whereby the
composition is that prior to reduction.



AGN446 16 termstability. Wthin only a few
hours catal yst 4 deactivated (see Table 4), whereas the catal yst according
to the invention renained stable over a period of 1600 hours (see Table 1
and 4). The procedure, catalyst nmass, reaction conditions and dilution are
identical to those in Exanple 2. To facilitate conparison the results
achieved with the catalyst according to the invention wn again in
Tabl e 4. Ta?%e 4 gﬁ&gﬂ@ﬂg

Table 2

Composition (prior to reduction) Catalyst
NO.

2.Cu0 « Cry03 ¥
Cu chromite (9.7% BaO)

80% CuO, 20% Cry03

78% CuO, 20% Crz03, 2% SiO;
42% CuO, 38% Cry03

33% Cu0O, 38% Cro03, 9% BaO
76% CuO, 24% Cry03

84.6% CuO, 9.9% Al,03, 5.5% graphite

LU T

* Commercial product E-113 T ffom Mallinckrodt
** Commercial product E-408 from Mallinckrodt

The reduction was effected according to the following
common process:

The catalyst bed which is already situated in the reactor
provided is heated to 150°C in a stream of nitrogen. At
this temperature hydrogen is slowly added up to an input
concentration of up to 8% by volume. The temperature
increase of the packing should not be more than 25°C
(reduction step).

When the reaction heat has dissipated the hydrogeﬁ
concentration is increased to 80 - 100% and the temperature
is raised to 280°C. The temperature is maintained for 12
hours under a stream of Hz (follow-up reduction).



Yield [% Ti me [ h] Cat al yst | o Cat al yst
No. - 8 No. 4 0

. . | 92.1 91.1
20 92.5 ~ 89.2 40 92. 7
85. 4 100 . 92. 4 82. 6 200

92.2 . 73.1 400 92. 8 56. 4

Exanmple 5 - (Manufacture of N nethyl pyrrolidone) 12.8 f the reaction
product m xture from Exanple 2 (0.11 nnl-ganna-butyrola s mxed with
14g 40% aqueous 14

Conducting the process:

The catalyst pellets are crushed and a fraction of 0.8 to
1.2 mm selected. These are placed in a quartz glass tube
with an inner diameter of 1 cm and a length of 30 cm, which
can be heated with silicon oil. After the reduction step
described above has been conducted the experiment is begun.
Hydrogen is dosed using a mass flow controller and the
partial pressure of the maleic anhydride is set using a so-
called saturator. This is effected by leading hydrogen and
possibly nitrogen through the saturator, in which liquid
maleic anhydride is located whereby a known partial
pressure of_maieic anhydride is set by means of the
precisely fixed temperature. The mixture is introduced into
the reactor via heated feed lines.

The catalysts were reduced as described above. In each
case, the reactor was filled with 20 ml of the reduced
catalyst and heated to a reaction temperature of 275°C at a
flow of 0.38 mol N,/h and 2 mol H,/h. Then the gas mixture
was fed through the saturator and in this way a maleic
anhydride mol flow of 0.02 mol/h was set. After a reaction
time of 2 hours the product mixture was Analyzed. The
results are shown in the following Table 3.



nononet hyl am ne solution (0.19 nol nononet hyl ami ne) and put into a

hi gh- pressure autoclave. The m xture is heated to reaction tenperature (290
C), the pressure rising to 77 bar. After a reaction time of two hours nore
t han 99% of the gamma-butyrol actone has been converted. The yield of N

AGN2446 _ 17 methyl pyrrolidone is 99.1%rel ative
to ganma-butyro-lactone and 91.8% relative to nmaleic anhédéigg..The
experiment is conducted according to the classical man ng process of
NVP as described for exanple in JP 49-23985, but al
Table 3
Cat. Yield (%) Yield (%) Conversion (%)
No.
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
8 98.2 0 100

This illustrates the especial quality of catalysts 4 and 8,
whereby it is particularly significant that the
intermediate product succinic anhydride is also completely
converted, otherwise technical problems with the
crystallization of the succinic anhydride are often to be
expected, such as blocking the tubing etc. The disadvantage
of catalyst 4 compared to the catalyst according to the
invention lies in its shorter lifetime in continuous
operation, as the following example shows.

Example 4 - (Comparative example)

The unexpected advantage of the catalyst according to the
invention over catalyst 4 is its essentially higher long-



reaction products fromthe first reaction stage such as water or butanol

are still present in the educt m xture. . )
AGN2446 . , 18 Process for manufacturing
gama- but yr ol act one . - : and its use

Akzo Nobel nv, Arnhem

AGW2446
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term stability. Within only a few hours catalyst 4
deactivated (see Table 4), whereas the catalyst according
to the invention remained stable over a period of 1600
hours (see Table 1 and 4). The procedure, catalyst mass,
reaction conditions and dilution are identical to those in
Example 2. To facilitate comparison the results achieved
with the catalyst according to the invention were shown
again in Table 4.

Table 4
Yield [%]
Time [h] . . Catalyst | : Catalyst
' No. 8 ; No. 4

0 | 1 92.1 91.1
20 . . 92,5 : 89.2
40 ' 92.7 ~ 85.4
100 92.4 82.6
200 92.2 73.1
400 92.8 56.4
Example 5 - (Manufacture of N-methylpyrrolidone)

12.8g of the reaction product mixture from Example 2 (0.11
mol gamma-butyrolactone) is mixed with 1l4g 40% aqueous
monomethylamine solution (0.19 mol monomethylamine) and put
into a high-pressure autoclave. The mixture is heated to
reaction temperature (290°C), the pressure rising to 77
bar. After a reaction time of two hours more than 99% of
the gamma-butyrolactone has been converted. The yield of N-
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Claims: 1. Process for manuf act uri ng gamma- but yrol act one by

catal yti c hydrogenati on of mnal ei ¢ anhydride, succinic anhydri de or
their acids in the vapor phase in the presence of catal ysts based on
copper oxi de and - alum num oxide in reduced form characterized in that
a catalyst is used to conduct the reaction which is formed on the
basis of 50 to 95% by wei ght copper oxide, 3 to 30@6b5 wei ght al um num
oxide and 0 to 25% by wei ght of a binder. 2. Pr 48ccording to
Claim 1, characterized in that theldatalyst is fornmed on the basis of
80 to 90% by wei ght copper oxide, 5 to 15% by wei ght al um num

oxide, the githeisPreol PadR%1EYo¥e19N e 20V £H%tima - but Prd! IéEEone
and 91.8% relative to maleic anhydride. The experiment is
conducted according to the classical manufacturing process
of NMP as described for example in JP 49-20585, but all
reaction products from the first reaction stage such as
water or butanol are still present in the educt mixture.
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Process for manufacturing gamma-butyrolactone
and its use

Akzo Nobel nv, Arnhem

Claims:

1. Process for manufacturing gamma-butyrolactone by
catalytic hydrogenation of maleic anhydride, succinic
anhydride or their acids in the vapor phase in the
presence of catalysts based on copper oxide and

- aluminum oxide in reduced form, characterized in that
a gatalyst is used to conduct the reaction which is
formed on the basis of 50 to 95% by weight copper
oxide, 3 to 30% by weight aluminum oxide and 0 to 25%
by weight of a binder. |

2. Process according to Claim 1, characterized in that
the catalyst is formed on the basis of 80 to 90% by
weight copper oxide, 5 to 15% by weight aluminum
oxide, the difference to 100.% by weight consisting of
a binder.

3. Process in accordance with one of Claims 1.and 2,
characterized in that graphite is employed as the
binder.

4. Process in accordance with Claim 2 or 3, characterized
in that the catalyst is formed on the basis of 83.5 to
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85 5% by wei ght copper oxide,

9 to n M“ﬂ m“ | al uni num QXTHjS &'EET‘HES BBEN | 5% by wei ght graphite. .
i“ o one of Cllai ms RERIKCED characterized in that

S|I|ca*geF i & efployed as the proeT- 6—Prb6cess according to one
of Claims 1 to 5, characterized in that the catal yst has a uniform
structure. 7. Process according to one of Clains 1 to 6

characterized in that the catalyst is aqglied to a AgW24486,

10.

11.

12.

85.5% by weight copper oxide, 9 to 11% by weight
aluminum oxide and 4.5 to 6.5% by weight graphite.

Process according to one of Claims 1 and 2,
characterized in that silica'gel is employed as the
binder.

Process according to one of Claims 1 to 5,
characterized in that the catalyst has a uniform
structure.

Process according to one of Claims 1 to 6,
characterized in that the catalyst is applied to a
carrier.

Process according to one of Claims 1 to 7,
characterized in that the hydrogenation is conducted
in the presence of pure hydrogen.

Process according to one of Claims 1 to 8,
characterized in that the hydrogenation is conducted
in the presence of an inert gas acting as a diluent.

Process according to Claim 9, characterized in that
nitrogen is employed as the diluent.

Process according to one of Claims 1 to 10,
characterized in that the pressure is between 0.1 and
10 bar.

Process according to Claim 11, characterized in that
the pressure is 4 to 7 bar.

\\

This Sheet

I



accor di ng to one of O ai ms THIS BHEET HAS terized in that
the hydr oge nducted he pﬂﬁ§{mceaof pur e hydrogen. 9
Proceéj‘w m&‘ﬂ eof Cl ai s 1to gharacterl zed in that the

con

hydr o cted in the presence of an inert gas acting as a
di | uent . 10. Process according to Claim9, characterized in that

nitrogen i s enployed as the diluent. 11. Process acco ig o one of
Cains 1 to 10, characterized in th%t t he pressur yetween 0.1 and
10 bar. 12. Process according to d ai characterized in that t he

pressure is 4 to 7 bar.
13. Process according to one of Claims 1 to 12,

characterized in that the ratio of molar hydrogen to
maleic anhydride, succinic anhydride or their acids is
between 20 : 1 and 250 : 1.

14. Process according to Claim 13, characterized in that
the ratio is between 40 : 1 and 100 : 1.

15. Process according to one of claims 1 to 14,
characterized in that the hydrogenation is performed
in a temperature range of about 100 to 400°C,
preferably 260 to 320°C.

16. Process according to one of Claims 1 to 15,
characterized in_that the excess hydrogen is
recirculated after the reaction products have been
condensed. '

17. Process according to Claim 16, characterized in that
the condensation takes place at a temperature between
0°C and 40°C.

18. Process according to one of Claims 1 to 17,
characterized in that the catalyst is prepared by
reduction in the reactor.

19. Process according to one of Claims 1 to 18,
characterized in that the catalyst employed is diluted
in whole or part with inert material.

20. Use of the reaction mixture resulting from one of the
processes according to one of Claims 1 to 19 without
separation of the water formed and the other by-
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_—

This Sheet Has Been Re Ii

LT



AGN2446 - o S? Hgg cor,di ng to one of
clains 1 to 12, characterized i L }ﬁgﬁﬁ nol ar hydrogen to
ds i

mal ei.c )i anhydrlde K between 20 : 1
and 250Tu “@ ﬂ““ﬂ"fﬁ“lss according to Cla|n113 characterized in that

he ratlo I's betweers 40 : 1 and 100 : 1.

AGW2446
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products, for the manufacture of 2-pyrrolidone with
ammonia and N-alkylpyrrolidones with alkylamines
particularly N-methyipyrrolidone by the conversion of
monomethylamine in the liquid phase under pressure.

21. Use of the pure
process according
manufacture of N-

-butyrolactone obtained by a
of Claims 1 to 19 for the
hxlpyrrolidone in a manner which

This Sheet Has B
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15.-" Process according to one of clains 1 to 14, characterized in that
the hydrogenation is perforned in a tenperature range of about 100 to
400[ err] C, preferably 260 to 320[err]C.. 16. Process according to one
of Claims 1 to 15, - characterized in that the excess hydrogen is
recircul ated after the reaction products have been condensed. 17.
Process according to Claim 16, characterized in that t he condensati on
takes place at a tenperature between Jerr]C and 4é§@22#é; 18.
Process according to one of Cains 1 to 4%, characterized in that the
catal yst is prepared by reduction in the reactor.

Process for manufacturing gamma-butyrolactone

and its use

Akzo Nobel nv, Arnhem

Abstract:

A process for manufacturing gamma-butyrolactone by the
catalytic hydrogenation of maleic anhydride, succinic
anhydride or their acids in the' vapor phase in the presence
of catalysts based on copper oxide and aluminum oxide in

- reduced form is described, which is characterized in that a
catalyst is employed to conduct the reaction which is
formed on the basis of 50 to 95% by weight copper oxide, 3
to 30% by weight aluminum oxide and 0 to 25% by weight of a
binder. Preferably the catalyst is formed on the basis of
83.5 to 85.5% by weight copper oxide, 9 to 11% by weight
aluminum oxide, and 4.5 to 6.5% by weight graphite. The
reaction mixture obtained can be used directly without
separating off the watér, e.g. for manufacturing N-
methylpyrrolidone.
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19. Process according to one of Clainms 1 to 18, charactérized in that
Ithe'catal yst enployed is diluted In whole or part with inert material.
'20. -Use of the reaction mxture resulting fromone of the processes

accordi [ms 1 to 19 wthout separation of the water
o e AN ol
AGN446 ¢ L T g 21 products, for the manufacture of

2-pyrrolidone with _ AGW2446
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Process for manufacturing gamma-butyrolactone
and its use

Akzo Nobel nv, Arnhem

Claims:

1. Process for manufacturing gamma-butyrolactone by
catalytic hydrogenation of maleic anhydride, succinic
anhydride or their acids in the vapor phase in the
presence of catalysts based on copper oxide and
aluminum oxide in reduced form, characterized in that
a catalyst is used to conduct the reaction which is
formed on the basis of 50 to 95% by weight copper
oxide, 3 to 30% by weight aluminum oxide and 0 to 25%
by weight of a binder.

2. Process according to Claim 1, characterized in that
the catalyst is formed on the basis of 80 to 90% by
weight copper oxide, 5 to 15% by weight.aluminum
oxide, the difference to 100.% by weight consisting of
a binder.

3. Process in accordance with one of Claims 1 and 2,
characterized in that graphite is employed as the
binder.

4. Process in accordance with Claim 2 or 3, charadterized
in that the catalyst is formed on the.basis of 83.5 to

REPLACEMENT SHEET

T 1 HOV 1998




énnvnfafand\bLngxlB%;foIidones with al kyl am nes particularly
N- et hyl pyrrol i done~by-the conversion of nononethylanmine in the liquid
=iy

*® C ',' r s ’ I

10.

11.

12.
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85.5% by weight copper oxide, 9 to 11% by weight
aluminum oxide and 4.5 to 6.5% by weight graphite.

Process according to one of Claims 1 and 2,
characterized in that silica gel is employed as the
binder.

Process according to one of Claims 1 to 5,
characterized in that the catalyst has a uniform
structure.

Process according to one of Claims 1 to 6,
characterized in that the catalyst is applied to a
carrier.

Process according to one of Claims 1 to 7,
characterized in that the hydrogenation is conducted
in the presence of pure hydrogen.

Process according to one of Claims 1 to 8,
characterized in that the hydrogenation is conducted
in the presence of an inert gas acting as a diluent.

Process according to Claim 9, characterized in that
nitrogen is employed as the diluent.

Process according to one of Claims 1 to 10,
characterized in that the pressure is between 0.1 and
10 bar.

Process according to Claim 11, characterized in that
the pressure is 4 to 7 bar.
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Process according to one of Claims 1 to 12,
characterized in that the ratio of molar hydrogen to
maleic anhydride, succinic anhydride or their acids is
between 20 : 1 and 250 : 1.

Process according to Claim 13, characterized in that
the ratio is between 40 : 1 and 100 : 1.

Process according to one of claims 1 to 14,
characterized in that the hydrogehation is performed
in a temperature range of about 100 to 400°C,
preferably 260 to 320°C.

Process according to one of Claims 1 to 15,
characterized in that the excess hydrogen is
recirculated after the reaction products have been

condensed.

Process according to Claim 16, characterized in that
the condensation takes place at a temperature between
0°C and 40°C.

Process according to one of Claims 1 to 17,
characterized in that the catalyst is prepared by
reduction in the reactor.

Process according to one of Claims 1 to 18,
characterized in that the catalyst emplcoyed is diluted
in whole or part with inert material.

Use of the reaction mixture resulting from one of the
processes according to one of Claims 1 to 19 without
separation of the water formed and the other by-
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products, for the manufacture of 2-pyrrolidone with
ammonia and N-alkylpyrrolidones with alkylamines
particularly N-methylpyrrolidone by the conversion of
monomethylamine in the liquid phése under pressure.
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| (54) Title: PROCESS FOR THE PREPARATION OF GAMMA-BUTYROLACTONE AND THE USE THEREOF

(54) Bezelchnung: VERFAHREN ZUR HERSTELLUNG VON GAMMA-BUTYROLACTON SOWIE DESSEN VERWENDUNG
(57) Abstract '

The invention relates to a process for the preparation of gamma—butyrolactone by catalytic hydrogenauon of maleic acid anhydride,
succinic acid anhydride or the acids thereof in the vapour phase in the presence of catalysts based on copper oxide and aluminium oxide
after reduction. Said process is characterised in that a catalyst used to carry out the reaction consists of from 50 to 95 % by weight of
copper oxide, 3 to 30 % by weight of aluminium oxide and 0.to 25 % by Wweight of a binder. The catalyst preferably consists of from 83.5
to 85.5 % by weight of copper oxide, 9-11 % by weight of aluminium oxide and 4.5 to 6.5 % by welght of graphite. The reaction mixture
obtained can be used, without the removal of water, dn'ectly for other applications, e.g. for the preparation of N-methylpyrrolidone.

(§7) Zusammenfassung

Es wird ein Verfahren zur Hemellung von gamma-Butyrolacwn durch katalytische Hydrierung von Maleinsiiureanhydrid, Bern-
steinsureanhydrid oder deren S&uren in der Dampfphase in Gegenwart von Katalysatoren auf der Basis von Kupferoxid und Aluminiumoxid -
in reduzietter Form beschrieben, das dadurch gekennzeichnet ist, da8 man zur Durchfthrung der Reaktion einen Katalysator verwendet,
der auf der Basis von 50 bis 95 Gew.-% Kupferoxid, 3 bis 30 Gew.-% Aluminiumoxid und 0 bis 25 Gew.-% eines Binders aufgebaut ist.
Vorzugsweise ist der Katalysator auf der Basis von 83,5 bis 85,5 Gew.-% Kupferoxid, 9 - 11 Gew.-% Aluminiumoxid und 4,5 bis 6,5
Gew.-% Graphit aufgebaut. Das erhaltene Reaktionsgemisch kann direkt ohne Abtrennung von Wasser weiterverwendet werden, z.B. zur
Herstellung von N-Methylpyrrolidon.




