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GAMMA- BUTYROLACTONE The invention relates to a process for the preparation
of'. gamnma- but yrol act o mm“mum tal yti ¢ hydrogenati on of mal efic anhydride
in the vapour phase. "llmmlmm actone is an inportant chefisScMAR\@Mch is
of significance as a stagfjspg material for nunerous syntheses. For exanple,
it plays a part in the preparation of butyric acid and derivatives thereof,
but anedi ol , tetrahydrofuran, N-nethylpyriolidone, polyvinylpyrrolidone,
met hi oni ne and the |ike. Gamra-butyrol actone is also an inportant solvent,
inter aIiaPR@@E%%r§®&tEEOBﬂGIﬂGy@éMMAbaﬁéuRQDAgﬁONE It can furthernore be
used as a % r n.Lh e I Brees
nunber of'ggipgﬁg?Psg&ﬁ rﬁié@egtg%tﬁfﬁPﬁg ?% gﬁ% §¥Q§§§%F§ &r?vatlves
such as ned¥FPR- laet‘-um%aeépﬂﬁcbxnﬁperFaéabvthal bvsigoaenétegnepf wailei.car e
subj ect ed dwhpgdiagenat tha. vapgubyghagenation is usually carried out in the
vapour phase and in the presence of catalysts. Nunerous catalysts for these
reactions are described in the patent literature. Thus, for exanple, US-PS
3 065 243 Gasmhebutyaopaotene is whi tinpopppnt cheadthe whidhedsasft he

cat al yst ep.fro .descriptk npl_es hn sald

pat ent speC|?§ggtP§ﬁég eréC?§%P€19§Dﬁ5F8£E$TSg§g|hpgegnﬁﬁdp §F§ dl so
fornmed in F%FSGXéGEﬂEQnlénﬁlaMSSahasrtolbethecpceedrath@neOﬁabumqgncno | ack
of att enpigclg aaaeheh@at%w EhE?EoE”pBQEhHEdS.? ;;%'c g,féz%%h%%ﬂ vity.

Anot her ai m of g i studies was t nprove t atalysts,’ the
lives of nAnYeERY PV§F§15§PHS t881¥H6PYlPBFr€6hgpﬁﬁougeGﬁépﬁﬁﬂﬁ1aﬁd-e t he
cat al yst |6hdea¢kevat edmtnaoweprdtmctaneombl amauSaﬁpe RntUsdavientdue to

carbonlzatloP # a nadi_an g ent _s flcatl %b oéo 452 descri bes
devel oped tAr&Fy8ré®paf&dasnY 8%§8r?? n@ yfﬁB?e 3§ﬁ BorBEESsed o G@er
with asbesfosthergpve bppuepdi asea~sbvent, ihteax alpja 4R th2 eainil-yst

particles. eNegt,ber o %hgyﬁﬁhghlﬁtﬁﬁb§E?Ed i n said Canadi an patent
c e

speC|f|cat|on nor er romte/ asbestos catal yst prepared in
conpar abl e manner, is able to satisfy all the requirenents of a good

catal yst fArniiBeR! a&ab%baeaefwaamwagygeheet ¢28m Pléi@ic?% érd‘}.%.%le

descri bes a pr.ocess which involves hydrogenation in the presencé of steam
This is saPH ?GrFEGG&EePh§“6§rBSnWQ&FFSnaSthh§u€§ﬂ&%ﬁﬂ?nhxﬁ¥%ﬁeﬂ¥@

di sadvant axg&Seﬁlf: bbiid pEEeeSSwhichhaleWalBf ekt eAOtcahyid¥didera@iReLINd, . €.
it takes p, bn t he egglllbrlun1as 3 reactant. Qther c ta sts bg@fd on
t IRF

copper chr YEFQI§REELoBe & St YPuatdMp PR FiedsoBS Ao PQUr
necessary &aond tihi the paeakepse bd canhayetalcNaheasuweHatéMyaba @Al ysts

can be appLhede! QuaLUTLNA X B 0t ol L crBU B AR ckhesalal, or can

al so be prepared by m Xxin sal subStances AUNEFOUS
cat al ysts RBYEafP&agy 8. d§§cPﬁbéd0ﬁ§r2ﬁﬁed#§§dﬂaﬂ$(ﬁ Hrodresgerimnd

mal ef i ¢ anhMﬁiE:hd%ob%e&' “RraaTrRbyLy akachanenet Bat@ 1St i Ids &6k f or
catal ysts with %ﬁls reagti Qn can be carried_out in a better and nore

advant ageofi€SHarkol tHfe IgSCEdPtdrn: BB FhenEFGRPILES: Hey ddidk Raeitovi de a
process fOSpebefﬁtamabatla@pabcgamu& bmbnhebaon@ﬁd@udﬂEBdﬁﬁydxﬁﬁéﬂdﬁglOf

| ef t d t.h | yst
uni o procBteteLoRnaa) o YARRIE 8GRI 300 EmtarRy 2 o Kadkr T be

carried out either under elevated pressure or under normal or

sub-at MOSPRREEE BESSHUEH rc® 186ANAH GrRlokls¥ Pl Al AdAN AGRS,

particular(y as regar Rg- Up “of Pt he Teacti o Epro
recycling éWP€9WF§Bht@@nw@ﬁéﬁt@nda@GlGEﬁlXP§N be As@thiesd aim ofh theh a way

that the rgemgllb@g wals T GhiprovaNRydr 14¢e b2 ¥BE U YJUL" MBI Al fred S NO
necessary.
y of many catalysts being too short for continuous operation,
i.e. the catalyst is deactivated too rapidly in continuous

operation, usually due to carbonization.

Thus Canadian patent specification no. 840 452 describes
developed catalysts based on copper/zinc. These can be

processed together with asbestos to give appropriate
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| p 3 PdAfd 2003 3 This object is achieved by a process for the preparation
of gantma-butyrol actone by the catal ytic hydrogenation of malefic anhydride
i n.the vapour phase and in the presence of catal ysts based on copper
chromite in reduced form characterized in that the reacti onf 8 MM pigpd out
usi ng a substantially honbgeneous catal yst derived essentially fromthe 3
conponent s copper oxide, chrom um oxide and silicon dioxide. It is
preferable to use a catal yst based on 68 85 w . %of CuQ 15 - 30 Wt . %
of Cr203 amat@lysE paa¥%icflesi 02 Nditdeer prlopordtabhpst etdimegd tin tdeidat al yst

before it é%%ﬂ g ofd qn. P i cul nt ageous
enbodi nent, "t a@fé{% EE(’) 0 t{Ca,‘u tcol%d%g%lc?g' &%%}Zﬁ?ﬁ&#S&%%ffi? “I'n one
parti cul ar [APREANAR Sy HhIRRARTRA ofN t FRMPAGR PR EI nBS tPkheto

i nvention, ddta dpiAraaensid Oredibi Ketidritesl &ﬂtai?oé&ec@wm@ef&é @k i nert gas
as diluent, nitrogen bg%ﬂg r ef rred.t§§gart romnitrogen, it is also
possi bl e t @A LGE UK Q;Eﬁﬁﬁﬁp $PR&- argon, krypton, helium or

m xtures thereof with one another or with nitrogen. It is self-evident that
the catal ys{, | t 3, conmpgnents is I ced. L a nmanner known per se
bef ore bei ﬁng %e?jqi (r)ldl’f h‘{{z e%%?? oﬁo?% %o%%%%?%n‘gﬁlﬁ%n]h@f‘? THe }?% tion is
pref erabl y geuatiien on the tpreesenee oof i steam. TRoiselisicsatd tanrdducarried
out for exampl %Mbéxbfzi@iéﬁv%fég;@éo %&iysdheoﬁétaktyéﬁe ag?awaﬁea of a

catal yst bed, is heated to 15 In the reactor 1n a stream ni trogen.
Hydrogen i ©F% dehis RYQFRSS at o ( HHAL tWAFRY al &1 BOLNAR| 1ReEE | GPEPOWRRceht® at i on
is up to 8 Molt&red heatenperahelr&qul 1heieat abyat régdeaheoul d not increase
by nore than 25C during this process. After the heat of reaction has

subsi ded, the hydrogen concentration is increased to 80 - 100% by cutting
down t he niQtheencatakpst s abalsédeon eopepatucbronitai saed des@B8Obed Ther

tenperature | i n}.ained,fo h S Wt f ] p . 2003 4

t hr ough; grﬁ%ﬁh oceéé'?g E%néréf?yfgéfe?%egeF%gaégp%gggf¥nggggﬁ%%n. The
reducti on’ ceatatysbutgecoatainrnibckelitasnwelher Bhgse tatabyahpl eamsbe

i ndi cated igps0{ 4TS, al LRERIGH $R186. 0Pl sUBPSa3 065n243- Kk IBE-DguRIENGPUS
catal yst based on the 3 conponents can be prepared _in the follow ng manner.
Copper and @t ot $0n P nPYaRAFRH by Mircsag| Yahhsgpid sybetanged-t oget her

wi th an appropriate soluble silicon conpound, preferably in an aqueous
system EXx l.es of silicon conpounds ich can be used are water .gLass or
27T ca sol RPufdudty SunpESRarRaraLTor ehavg| BRsarKebRan, (FBRESPoaI RaF:

t he copper,théroeactionanfl Bydrogen aaedpmatepict ahhgdrddet ber gifrer gamaapl e

in the for sp .09 QX] o] [;O%i.de
honngeneouggéé%%$g?€g§égbfeﬁ%*?o%%1é ?%%térg¥ggf?gg ?FF%?X%?%ghgﬁa washi ng,
t he precipivhiehighbpt reagrigndesrdbandarnéadcabti Anda Phstexl shdeyornasses
are appropr&a@ghyagggﬁgnmgﬁgegnd optionally divided up into appropriate
particle sizes, for exanple by passage through several sieves. Wthin the
framewor k of the invention, honbgeneous catal yst is understood as neani ng

that the 3 Thapepsets bEoghvhiflehbeofatial yhereFodter kvedrakedaogogeneously
bound t oget her

as ks._t case, for.exanmpl e, whe he conpaonent s e
reci b & ot RECGEEEnEPTT B BEEBRECF R oP EWHERNeR BuS Y EBTBOREHEs Pk BPfe! t ed
t oget her anbydedgenatiohi diff paléhcsadbgdride tinetdkeowvapone ptase and in
coar se-grai l he_Lnd],vidual. i i he .
ndi vi dual onpBEenroce, B hofabRelkty BhaERTROASLY L1V, Bk ielae,
accordi ng thaghani aveRtarpAiagseedechovitiel 88 denvwanriigdabutogdsheshronite
catal ysts ofngkli 62e5HRBAr bFesiliteCalalidl rAGERNEING ! Qublle thidbphkreR can
of course be gpplleq to supports. 4 0 3_¥AR 2003 5 The ca%alyst.can t hen
be i ntroduckd ?ﬁﬁﬁavaﬂél?CPﬁPﬁthénﬂeS&F6ﬂ &i%d &@E@rﬁoﬁdWﬁé P8&Et i on after
T Eaet T on of maLof L6 Ayl dea b oty s e e ot e, vapor
phase, i.e.pﬁ?dgFtvﬁpgdxggnﬁSFXFgFBg,Ofo%eé%éﬁﬁl§quqﬂ%QtFan6€dfFGH|about
100 to 400Clpoeber abkyied vthe dangachr amwalyoutha®5® Heo r289@G1 iHye ofapor ous
mal ef i ¢ anh Lde.ca Lntrod i;n e.r ti hanmber on its own by
bei ng heate%géggﬁ&grggggggg?ﬁé 3%%%89 %%aég éﬁ%ﬁéﬁﬁggﬁﬁfatéﬁynﬁgtered in.
It is al so PBSSEBR&Y -however, to carry the requisite anounts of malefic °
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 as nitrogen, if~it is used.




The nolar ratio of malefic anhydridé to hydrogen in the stream of starting
material s can vary within wwde limts and can be for exanple between 1 . 20
amd 1 . 250, the preferred range being 1 . 50 to 1 . 150. Th@argﬂgtg’@n can
be carried out either under normal pressure or under negative pre ﬂ e or
el evated pressure, for exanple at between 9.1 and 10 bar. Wthin the
framework of the invention, inert gas is understood as neani ng a gas which
\cll\zeshnolt talémirmrdbjemtﬂhﬁcraaﬁﬁh éﬁ%a}syaarpﬁ@&asé Porr €net poepRrHEileh apd
ich al so does nqt it change e to eaction. By using an.inert,gas
he a1l vent, SAma oot et Ky Wie Safle LEPEL | RPrrcuetatich foe sl e dn
The proportiarhydriderin gilse wipaowr i shasef andbiy hherpgeaeboeé cfin al so be
one of the 1% S het | rgon o] d 0 3 MAR
2003 6 xeno(r)lé,éﬁﬁla soé%%?én&g: %%gﬁﬁrtghtgg%%éx?ﬁr£§5g¥8§0 ?%%qses or
m xtures of FHAFIFERrbFRA nbb| Ehafasele ¥AACKLSB ar gawriffnowrdesingi &s. |t
i's self-evi dafbst Mt ia BBy ehétd§ehe&Busf chbalotbedeehcanes8aAtifNly from
conditions, the dilution reaches its | i,git en the grogortian of . di | uent
is so |arge tR%t3t SITPPRERES hGAPBEENCKLIBr eSBRPMAHE PXEAS BPG BALLEOBN
mal ef i ¢ anhydioxledeecr Bases phafergbléhte Lisel i canalhgsdebassdned bg a few
si npl e exper} Ss WRkC re,wthi e, technical ¢ iditye.0f ver age
person ski | Iée%m‘l%'f\kll\gka?'tl.s’ I %gml S %gsépbf‘eggo&%ﬁ% uaerﬁcg:&t%e. rse‘a(ﬁél %’ﬁl wi de
di versity oftheseeproparhhenerzelaningchn bbeakasrdystt beforanibehdsne by

tti ) j t i b f t [ _f
setiing ”ebééh”grlégaféd BE rﬁaﬁcéhéﬁy feiIiﬁl fggx%wfat‘éﬁ-*ﬂlct glé‘ig?ogd%hﬁa or

exanpl e by using ge: a progrl ate catal yst. varying a
very the dwegeCHEnEMBPELBEBR: FBRGEAEAPNG Lt RYCr tre&ELPorE} UBO:THE AORY on
can be controbl ed2pn:sg¢ch a way that the succinic anhydride fornmed as an
internediate is no longer present at the end of the reactor and therefore
no | onger has to be recycled. On the other hand, where necessary, the
reacti on canlIal snebpartitndbirég advanthgeousy emreadiment mifc tivehypaoicéss s
still present _.in.l er.o un i :H]"?: r.gi .r e '

products and%fzggfﬁghgeliz?hgpagg%ggéfg df %aenzx prqggslﬁggg‘o?’arltsh%%%%%% $u§m,
or el se recyéhed8hel pregencenpifeasl ynemtpdas @ didiuante wsdrogerhdedmal yst
in the mannep, aeeording hathe fByenicadaaid orids ROt & Ncdh 38t Videy
and a high ngI g The a‘dvgrallt ages of the ggél ylst se ac?ﬁilngeto t he
invention ar Ehevkaewn ReblenopsgRe $uthe afeddtdBh K YREFAT ededdimiioth or

Wht hOUEj a gl V#:\E&'&h{fﬁ@it%&%@%%'&ﬁ %el”r@rﬁitrfe&tllgﬁ_svm‘tt% *‘tﬁt&%@rﬁt ,n: ﬁitarig
changed an e tenperatures are variedq. s _catal yst can us he
Used wi th gr S50 TAGVARERTCE nAY (R GRERIYRG R SIRibiA \AATPRORHE BYF t he
reduction of redueledc ianly thanther kQowmPAer Ze befidde halmpesadder thevery
w de variety_of pr.oce j L el t C | i si ng and
superi or m)der%o rlg’a(@gllcti ?lo%%%f(yetgﬁg'%?‘gtla&fg{n%\a%coPlg}en%t%H&? c%'ﬁleaﬁl %\%%ﬂleon, ni ne
di fferent catfsirpdly lsagadesh aadppdey tdie greactan elgedfar ed, catal yst no. 4
corresponding to the invention and the remaining catal ysts being

conventi onal known copper chronite catal %/sts. The catal ysts are obtained by

preci pi tati oFber GRAdGHLEE iCane koGRS OtHp| fon & Y &dposi tion of
the catal yst $dl$.@ﬂzib§§ §1Q>de%ﬂii@.i orphel addttallyst Coipasid | el e of e

reduction) Cat. no. *Cr2031Cu, chromp t (9. 7%,Ba0) 28 0 % Cu0 ,2 0
00 208 378% GRGHY imdaaer 1o W 1 S detp e fnd sereim

CuO, 38%Cr 203 .00 NiBatddEin% GAydrafdnr 208 Fet? % rCu) 8 20 FhB36%émperature

CuO 25%Cr 203** 9 * GQ ci.al_, pr 3 | Linekrodg, **.

commer ci al prucl)ncfulclt #E%éft?ocrﬁ%ﬁoﬁ%{frﬁé id JIS% & ‘%f"' dlthe tem
perature in the catalyst bed should not increase by more
than 25°C during this process.

After the heat of reaction has subsided, the hydrogen
concentration is increased to 80 - 100% by cutting down the
nitrogen stream, and the temperature is raised to 280°C.
The temperature is maintained for 12 hours with H, flowing



The reduction was carried out by the foll ow ng procedure, which is
converntional per ae: The catal yst bed, already present in the reactor

provi ded, is heated to 150C in a stream of nitrogen. Hydrogen is slowy fed
inat this tenperature until the inlet concentration is up o3 8ARC2003% The
rise in tenperature of the bed should not be greater than 25C (reduction
step). ~ 3 PEAR 2003 8 Wien the heat o4 reaction has subsided, the

hydr ogen concentration is increased to 80 to 100% and the tenperature is
rai sed to thréuglB0thid hErdcsger b ugenesalbiynraEeedefiotol2s ht et HftRr -
flow ng t . r@fter-reducti on). Procedures: Enbodi nent A: The catal yst
pellets are conm nuted and the 0.8 to 1.2 nmfraction is sel ected. These
are placed in a quartz glass tube of internal dianmeter 1 cmand | ength 30
cm whi ch f38 heabeaisdl ddd Nopi LbGene 8Ll calbeegxBati TRNbchsrPRaferMmd.
after the reduction step has, been _carried out. drogen 1s netered in "via
a mass f| ofP¥ RFABRL? 3P ARRECRBPE LB SRAVAR de paPEFaP2pEeséfy eofsUS-
establ i shepgvi apesspazal |l ed saturator. This is done by passing hydrogen
and, if appropriate, nitrogen through the saturator containing |iquid

mal efi ¢ anhydri de, a known nal efic anhydride partial pressure being

est abl i shethéyhonogerneods t tat plestsbhged »oad thenpecatmpoeenthecanxbere i s

fed throu L p i e L TH LxLn f ceact Lan

t enper at ur r%ﬁ%ggc?#bggei ﬁégln%ggpﬁeﬁt% tn&e rEnbg&%héEt gﬁ:a ‘fh?gméﬁ@()dﬁgent
conpl et el ythaafoyBualt disnpbuedeatlns i Rreomixed tpageshesswhbthngnt hat t he
reactor (iaSpréppidtarsd1abpssstihebnhadmpdundl,epralredtadipt € gh 3 cmand
the pellets are used in their orlglnal suig, i.e. uncogglngteg gdla ter
ca. 3 to 32QURRAYS FHEEEMx| nEXBFPLRE PaltildForerREPRURAE WR1GBsEANHER in
Enbodi nentu§edEabedwaesr GlabBcommisiltied pelll.etin ar euitablesaanBer,The
react or ma$ made_of gtgin% ssaétg E; t% di,ne sion% are_an_int rnal.lum

di ameter of°3 Eﬁ?gﬁé afte g?h F 5% éﬁﬁhd’ig SnggPSE'b§ Feans ~'s
r~A~ 2003 8ndf saljiaokeareoptachpigatied cogetdidr,, tfoer exampleat dnetbe t he

S poone okbrRELROCREUALESCLARI LA AR [THYANIRLSY LBe ceghod et
exanpl es. 5rogen and nitrogen are nmetered in Via nmass fl ow regul ators; a
short di st BABeIapSPrE8aRrefiphEateadfomnifiorm$raedars.acatkieth recycl e

gas, whichgisetgdiBackninhvashiRgl, edteOprafdigyi dadte lilsdwpt ibhaduet driaee been
separated off. ngevei, .a ﬁertal n prqQportion of the recycle gas i

si mul t aneo@®fy EREPhERAGANSHd rgﬁﬁv@@LQ%ﬂﬁQIQ?%ﬂﬁﬁ(%ﬁq P GR lﬁﬁeéﬁévent an
g_ccurm: ati eammiﬂgaedoaﬁdbyspﬁ&adu%uﬁr. d;ijvgldiegﬂ ) efnto faamiptdspl_ '2rgatie5 ;edh
irectly into.t reactor rou at pipes; t irst cm,of the
fenctor’ WRFERISIE PRFFB GRENCGONRLE oaRemnse ecued eRY T Ror i zati on
zone. Thissiievesl.| oned by the catal yst. “Experinental Exanples wth

Enbodi mrent A: A l. The catal ysts were reduced as descri bed above. A bul k
volume of 20 m of each one was filled into the reactor and brought to a
reaction tUkpBiat the Srapeserk of &hg cwrventeql, (is®aaneoNs ¢aded Y5l

HZ/'h. The gasulgelrdteolaast BRBnR#S hdth s tdpoHdHa! Front RBTHRY

wes anal yzBHCaFRERLHoFe A LR Hiefe 01 OSSR oD essi 178

Tabl e 2 beliewthe @ase;~4or 2&@@ple, when the components are precipi-
tated together from a solution or when the 3 components are
melted together and left to solidify. This does not there-
fore include coarse-grained mixtures of the individual
components in which the individual components still exist as
discrete particles. The catalysts according to the inven-
tion also do not include conventional copper chromite
catalysts on silica supports. The catalyst according to the
invention can of course be applied to supports.



10-Table 2 Cat. no.Yield (in %QYield (in % Conversion (in

% ganma- but yr o- succi ni cnmal efi ¢ anhydri del act oneanhydri del22. 1

~77.6100249. 849. 6100364. 934. 2100498. 1-1 0052S. 06210064. 714. 019. S’ 790. 96. 9100
This shows the special quality of catalyst no. 4, it being o@ PRAR] @5
significance that even the intermediate succinic anhydride is conpletely
converted; otherw se technical problens wth the crystallization of the
succinic anhydride, resulting in the blocking of pipelines etc., can often
be Iexpect led*her’atamwtt Ve re Xjiesn mtmﬁmd det&dirhﬁcm/ﬁ]wene Dt o itge%out

excl usi ve catal yst_no con i .0NS i C intended to
illustrate tI‘ﬂe"tta:ttrzé)d:varﬁc{ag‘%—‘;‘c“eo({| fljosﬁ n%l? nery &gaésﬁ al%ef#m%ﬁp]fc?é]?t% %I yst were
filled intoedhstigactor. The MA streamwas 0.01 nol/h. The total stream was
1.20 nol /h. The Tabl e bel ow shows the different conditions and results. The

MA conversion was. 100% i n bot h_ cases. ~ 3.P~AR ~ 11 Table 3 N2 (nol/h)
H2 (ol / h) TcehySsogenayionmE (wgleigmanhydride, Ays. 1the gpeaction of

2750. 490. 7@8.eA<c %M&QﬁéQtholﬁyéré’&&mThi§ é@ﬂ\ﬁea hait ai & hewghy W8S No
| onger forngg at 275C in t%f é t hree cases e selectjvit a]P hence
yield of GBGSrdases It ?Y%F% ob%W??fﬁF?ﬁe$ne QT X3P e thé b*Sporti on
of 1 nert gasnge tfmomiabodtserodt o Exaopte) préferalely ihethat eangdi fitemSA i s

no | onger ¢ et drogenated to GBL, i.e. only a certain proportion of
i nert gas |gﬂgl fgq Q%X%%QIQEnta| Exanpl es wi th Enbodi nent B: H. 1.

Conparative Exanples cat. no. 3 and no. 4 As the catal ysts actually have

very siml %‘h&%éﬁé’%aféf@%nﬁ?&ri&é PLRPRE T Pr8Auck82intbhensol | ow ng
conparative experinents were performed. In np case was nitrogen added. The

amount of RGN vRRABPGRIM 28BS g OﬁﬂdehEe%PQSFei€e€n16?“Yﬁ§t5@dt9ere

diluted w tt{héL(lﬁhzgo@f guaééZagdiaappﬁabeieeew deageedr in. mitThe dso
conver si on was %k 100% The Exang%eﬁhbe om/Lndgcate th

Lt .
oot ogenat NP It ! THOBPVEE. Ca TaTRYCRDR, ERaPLPRLE pgkAEE REmaleic;
. even aI%nmhydmmdelmapoﬁrslDﬁtelghefreaQbe bydneanst b€ toenmhydoageh SA,
whi ch i f dust t 1 bl 4
Cat v SRR GHERLR S ROUS b o bHRRL) BCC, This ol 58 aEARBe8RI80 ©
315. 80. 15823@8%fﬁqqt948h15t89 iBSZQOSQSBOSEQBSaS8H®t1952559ﬂf25t53547 870 1

0525592. 52.,04837. 870. 10526089. 56. 85B47. 870. 10526090. 50. 76B31S. 750. 21 27082. 8
14.37B415. 750. 2127091. 61. 38B37. 870. 10527585. 60. 69B

The molar ratio of maleic anhydride to hydrogen in the
stream of starting materials can vary within wide limits and
can be for example between 1 : 20 and 1 : 250, the preferred
range being 1 : 50 to 1 : 150.

The reaction can be carried out either under normal pressure
or under negative pressure or elevated pressure, for example
at between 0.1 and 10 bar.

Within the framework of the invention, inert gas is under-
stood as meaning a gas which does not take part in the
reaction as a reactant or reaction product and which also

does not itself change due to a reaction.

By using an inert gas as diluent, it is possible to have a
favourable influence on the reaction. The proportion of
inert gas, which is preferably nitrogen but can also be one*

of the other noble gases such as helium, argon, krypton and
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The reaction can be controlled in such a way that the
succinic anhydride formed as an intermediate is no longer
present at the end of the reactor and therefore no longer
has to be recycled. On the other hand, where necessary, the
reaction can also be controlled in such a way that succinic
anhydride is still present in larger or smaller amounts in
the emerging reaction products and is then either separated
off and processed further on its own, or else recycled.

It was completely surprising that the use of the catalyst in
the manner according to the invention affords both a high
selectivity and a high yield. The advantages of the
catalyst used according to the invention are evident not
only when the reaction is carried out with or without a
diluent, but also when the molar ratios of the reactants are
changed and when the temperatures are varied. This catalyst
can thus be used with great advantages in the preparation of
gamma-butyrolactone by the reduction of maleic anhydride
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* commercial product E-113 T from Mallinckrodt
** commercial product T-4421 from Std-Chemie

The reduction was carried out by the following procedure, which
is conventional per se:

The catalyst bed, already present in the reactor provided, is
heated to 150°C in a stream of nitrogen. Hydrogen is slowly
fed in at this temperature until the inlet concentration is up
to 8 vol.%. The rise in temperature of the bed should not be
greater than 25°C (reduction step).
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with H, flowing through (after-reduction).

Procedures:

Embodiment A:

The catalyst pellets are comminuted and the 0.8 to 1.2 mm
fraction is selected. These are placed in a quartz glass tube
of internal diameter 1 cm and length 30 cm, which can be heated
with silicone oil. The experiment is performed after the
reduction step has been carried out. Hydrogen is metered in
via a mass flow regulator and the maleic anhydride partial
pressure is established via a so-called saturator. This is
done by passing hydrogen and, if appropriate, nitrogen through
the saturator containing liquid maleic anhydride, a known
maleic anhydride partial pressure being established by virtue
of the precisely fixed temperature. The mixture is fed through
heated pipes into the reactor. The fixing of the reaction
temperature is described in Embodiment C.

Embodiment B:

This embodiment is completely analogous to Embodiment A, the
only differences being that the reactor (i.e. the quartz glass
tube) has an internal diameter of 3 cm and the pellets are used
in their original size, i.e. uncomminuted (diameter ca. 3 to

3.2 mm). The fixing of the reaction temperature is described
in Embodiment C.

Embodiment C:

Uncomminuted pellets are used (see B). The reactor was made
of stainless steel; the dimensions are an internal diameter
of 3 cm and a length of 1.2 m. Heating is effected by means
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the saturator, thereby establishing a maleic anhydride stream

of 0.02 mol/h. The product mixture was analyzed after a
reaction time of 2 h. The results are recorded in Table 2
below.
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Cat. Yield (in %) Yield (in %) Conversion (in %)

no.
gamma-butyro- succinic maleic anhydridé'
lactone 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 80.9 6.9 100

This shows the special quality of catalyst no. 4, it being of
particular significance that even the intermediate succinic
anhydride is completely converted; otherwise technical problems
with the crystallization of the succinic anhydride, resulting

in the blocking of pipelines etc., can often be expected.

A.2.

The two experiments described below were carried out
exclusively with catalyst no. 4 under conditions which are
intended to illustrate the advantage of using inert gas.

10 ml of the catalyst were filled into the reactor. The MA
stream was 0.01 mol/h. The total stream was 1.20 mol/h. The
Table below shows the different conditions and results. The
MA conversion was 100% in both cases.
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Table 3
N, (mol/h) H, (mol/h) Yield SA T
(%) : GBL (eC)
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 longer formed at 275°C in
the first three cases, the selectivity and hence yield of GBL
increases with the proportion of inert gas.

If the proportion of inert gas is too high (see 4th Example),
however, the intermediate SA is no 1longer completely

hydrogenated to GBL, i.e. only a certain proportion of inert
gas is optimal.

Experimental Examples with Embodiment B:

B.1l.

Comparative Examples cat. no. 3 and no. 4

As the catalysts actually have very similar compositions -
except for the proportion of S8iO, - the following comparative
experiments were performed. In no case was nitrogen added.
The amount of catalyst was always 200 g and the first 10 cm of
the bed were diluted with 100 g of quartz glass spheres of
diameter 1 mm. The MA conversion was always 100%.

The Examples below indicate that the hydrogenating activity
of no. 4 is much higher than that of no. 3, i.e. even a low
proportion of SiO, significantly reduces the formation of SA,
which is of appreciable industrial importance.



V" 10%@ @& () - " 10%@ @& () - FFFFFFFI - M@" 10%@ @& () - 5WBX V."" 10%@ @& () -
" 10%@ @:@(,)@& '(')10%@ @ ()- '(')100/@ @: ()- FFFFFFF_?M@" 10%@ @ 10%@ @ () -

" 10%@-@ ()- "10%@ @ ()- "10%@ @ ()- "10%@ @ ()- "10%@ @ 8:;

FFFFFFFNN. M@ 10%@ @& () - "10%@ @ ()- "10%@ @ ()- "10%@ @& {)3 MAR 218
"10%@ @ ()- 5WBX V." FFFFFFFMBM®B" 10%@ @ ()- "10%@ @ ()- "10%@ @& ()-

S5WBX V. "*"10%@ @' () - 12
Table 4
Cat. H, 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 .3 8B
3 7.87 0.108% 275 85.6 .6 9B

Although no. 3 can also achieve complete SA conversion if the
reaction temperature is raised, this is at the expense of
considerable selectivity losses (see Example 9B).

If Example 4B is compared with 9B, an appreciably higher

selectivity and yield of GBL can be achieved with a similar
SA yield.

Experimental Examples with Embodiment C:

C.l.

The following pairs of experiments illustrate the effects of
the inert gas admixture on the GBL yield, which are extremely
favourable especially when the experiments are carried out
under pressure (catalyst no. 4 only):
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MA Total T (°C) Amount Proportion Dwell GBL
pressure pressure of cat. of N, time yield
(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 Experiments under pressure

The technical superiority of catalyst no. 4 when carrying out
the reaction under pressure will be demonstrated again in the
following comparative experiments with industrially available
catalysts (no. 8 and no. 9). The most important features here
are the GBL yields as well as the corresponding selectivities
and the residual amount of intermediate SA.

Table 6
MA Total T(°C) Amount Proportion Dwell GBL SA No.
Cat. pres- of cat. of N, time vyield yield
pres- sure (9) (%) (sec) (%) (%)
sure (bar)
(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
0.11s6 6 270 630 50 2.69 89 1.5 4

The experimental results show that the catalyst according to
the invention differs unexpectedly from the other catalysts,

whether the reaction is carried out with or without a diluent,
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vapour phase and in the presence of catalysts based on
copper chromite in reduced form, characterized in that
the reaction is carried out using a catalyst containing
the three components copper oxide, chromium oxide and
silicon dioxide.

2. A process according to Claim 1, characterized in that
the 3 components are 68 - 85 wt.%¥ of CuO, 15 - 30 wt.%
of Cr,0, and 0.5 - 5% of SiO,, these proportions being
relative to the catalyst before it has been prepared by
reduction.

3. A process according to Claim 2, characterized in that
the ratio of CuO to Cr,0, to SiO, is 78 : 20 : 2.

4. A process according to one of Claims 1 to 3,
characterized in that the hydrogenation of the maleic
anhydride is carried out in the presence of an inert
gas as diluent.

5. A process according to Claim 4, characterized in that
nitrogen is used as the inert gas.

6. A process according to one of Claims 1 to 5,
characterized in that the catalyst is prepared by
reduction in the reactor.

7. A process according to one of Claims 1 to 6,
characterized in that maleic anhydride and hydrogen are

used for the reaction in a molar ratio of 1 : 50 to
1 : 150.



