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WO 2006/037957 PCT/GB2005/003741 PROCESS FOR THE
WORUWRIBTGATION OF 1,4-BUTANEDIOL The present inventismrelgtiesin: 741

the production of 1,4-butanediol. More particularly it relates to a process

for the production of 1,4-butanediol in which the presence of the

by-products 2-(4- hydroxybutoxy)-tetrahydroftuan and its precursors are

reduced such that purification of the 5 1,4-butanediol by conventional

distillation processesmaybe satied-qul Whilst sevsralsypthetic routes

to 1,4-butanediol are known, one process for the production of

1,4-butanediol uses maleic anhydride as a starting material. This is

esterified with an alkanol, usually a C, to C4 alkanol such as methanol or
TIRtbrRe: tavieleiing sesrespopeing:dialkyl | aleatR MICRASERRRIcularly it relates

subjected to_hydrogenolysis to yield 1,4-butanediol and the alkanol 10
foGRTERCHIAST 5 REEJRRIPTS bRodthienrdiehdr bl i arestesemidbe Sxagadvgts 2-(4-
hyRiaRy ERidhe -Rretyation o dialkW maleatss e malticanhydride #eiion of the

described In, for example, US4795824 and W090/08127 which are
LinRaAp6rRbiIP ReraY SR SFHE P BIgSFSRAIST ek haleates to yield

1,4-butanediol is discussed further in, for example US4584419,

US4751334 and W089/00937 the disclosures of which are incorporated
Whist srarstce s UeHE Rt SeriIpardiol Bie nany analBkesss fnigsproduction of

1,ﬂ%ﬁ@mmliwaé@@;ﬁawﬁmrm@é@%@%ﬁﬁﬁ%ﬁa@ﬁﬁ IDeRIQEMEHRR 9 aticanol,

amounts of the valuable co-products,

utyrolactone and
sy s fanr HED &9 FaRE B0 aHESH By dingidialiy]
SRR QAUEHQR with s&bfeaem%@}@am?g% 9&%@\1?41@%&%;%@ the alkanol

other by-product that is formed Is the cyclic aceta

wigisly RytrBxyBeteias te tPapsRsco fivaist 2b Fiplsatene Foreaenes and plant for the
pridnieHeC BR GHIRGH AR oM WishiRo Ae.be-krund Dy-amnLieqry r@ngyample.

while there have been various suggestions, it_is now believed that this

Ubyidticess YoRHEEDy feskichsrisenozisddraaionnm dhe hydrogenolysis of

aifgroxvietrahydiefian aichds:g Rotantiakintarmediate {3,the.Seauencessaso,
of the h drog‘()—:'\[nol sis WO 2006/037957 PCT/GB2005/003741
1US4751334 and WOB8B/00937 the disclosures of which are incorporated by reference.

The hydrogenolysis of the dialkyl maleate, such as dimethy! maleate or diethyl maleate, may
also lead to the production of amounts of the valuable co-products, y-butyrolactone and
tetrahydrofuran. Since there is a ready market for these by-products, their co~production with

1,4-butanediol may not be disadvantageous.

One other by-product that is formed is the cyclic acetal 2-(4-hydroxybutoxy)-tetrahydrofuran

which has the formula:

()-—‘ 0-CH,CH4CH,CH,0H

o

Without wishing to be bound by any theory, and while there have been various suggestions, it
is now believed that this by-product is formed by reaction of the 1.4-butanediol with 2-

hydroxytetrahydrofuran which is a potential intermediate in the sequence of the hydrogenolysis



2 reactions and/or it may be formed by the dehydrogenation of the
1.4-butanediol to hydroxybutyroaldehyde and cyclisation thereof to the
Wrﬂ&ﬂg(’é?g@%?2-hydroxytetrahydrofuran. The mechanisms forfomvatiorraf> 741

all these products and co-products have not been fully elucidated.

However, their production is consisteny with the following reaction

scheme: HC-CO2R H2C-CO2R | + H2 -~.. HC-CO2R H2C-CO2R + 2H2
reatRd ariDRQHICHE' héfae€ QLRIZ | {0HidGehatitdCoEHZOH 2 tanedial to

ROH + 3H2 -HzQ +2H2 (CH2)30H + 2H2 Hz -CHO C4 +2H -2H | O-OH 2
hygroxypyiya8eckidosny e5<li2v9p thesolipAiypesaiablahydrpratpipon fuan,

Thiel &lecahidfas G620 tion of all these products and co-products have not been fully

elucidated. However, their production is consistent with the following reaction scheme:

HC__COzR HQC"““COQR
aHy  e———
HC"_‘CDER H2C—"‘COQR
+ 2Hs
- ROH
8}
Hzc_c/< *+ ROH . HG—COR
0 ==
H,GC” HzC—CH,0H
Hs - ROH
+ 3H,
CH,0
CHa(CH,)-0H HG—CHO W
—~— —0OH
+ 2H, H,C—CH,0OH e
-0
V SH0
+ + HaC-CH,0H
20 HzC*CHzOH

O
Ho C?__ e H,O H;C—CH,0H N\~ H
Hz
+ Hg

-~ Ha0 O

Y

GH2GHaCH,CH,OH

The presence of the 2-(4-hydroxybutoxy)-tetrahydrofuran is particularly disadvantageous since

its boiling point lies very close to that of 1.4-butavediol and thus separation of this by-product
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H H20 HZC-CHZOH H C-C~0 H HZC-CH20H z z0 H2 + H2

0-0((-H2)40H H20 0 CH3CH2CH2CH20H 5 The presence of the
QARG BRI butoxy)-tetrahydrofuran is particularly disadvantZ§&&ems28paasT41
its boiling point lies very close to that of 1,4-butanediol and thus

separation of this by-product WO 2006/037957 PCT/GB2005/003741 3
from the desired product is difficult via'conventional distillation since an

|IIb It| therefore difficult,.if. not |m ossible, t

ﬁoﬁ?’(ﬁ&%gé) ée\%{ﬁ’rg Utsnhe “’Pod‘ﬁé‘t‘i’ft i %s%lgﬁlrl%? e Cﬁomat%e&%ie will be
forﬂﬁﬂtaltamizelo@omtﬁaﬂfmdiqhﬁmd mpdshnjolﬂ)eoryﬂthnge adlyﬁslsttaoede}t)mc&hity which
. contain om 015% bout 0% by wei the 2-(4
5 AR SRR o R AL LR Bigako PoseL i eV Eony i
ro%e(@fﬂ@%ﬂ?ﬂﬁﬁ?@ﬁﬁﬁﬂﬂw I@)ﬂlgl%rbr?tﬁy:@t& tprﬂdim@dzb%d)yi oreetignt of tihe 2-(4-

iol and oxidation may occ er.the conditi tw i nis
by eSO ORTE LT e G A SO LB ey SONR) e be
prdRE IPErasgith be @e@dnkad Mﬂdﬂwﬁrm%buwﬁy)&ﬁgﬁﬂmaﬁdﬁﬂﬁns at which

present in the final product. Whe stillation is used fQr. the sepayation,
dlségﬁﬁlﬁte% g%t@ﬁg%@ﬁﬁ?%ﬁwafeaﬁa@ﬁ dt&trﬂaﬂrafrr%e mrrs%%éewlf in an

mrﬁ%géé' irgdnd %&@Wﬁﬁﬁﬂ@ﬁyﬁuﬂﬁdﬁﬂ%%tﬂmfumn present in the final product.
-(4-hydroxybutoxy)-tetrahydrofuran in 1 4 butanediol  is disadvantage

mﬁéeswgéatlegear dPTO¥R PRI ISR PAPTR oW ST B P iCaEhy IPdisiiation
colMAHOWS: PIRNesaishave been made to address the problem associated

with the formation of 2- (4-hydroxybutoxy)-tetrahydrofuran. These

proposals either concentrate on systems which

The presence of even minor traces of 2-(4-hydroxybutoxy)-tetrahydrofuran in 1,4-butanediol

is disadvantageous because it is a colowr forming material in downstream applications.

Various proposals have been made to address the problem associated with the formation of 2-
(4-hydroxybutoxy)-tetrahyydrofuran. These proposals either concenirate on systems which
enable the 2-(4-hydroxybutoxy)-tetrahydrofuran to be separated from the 1,4-butanedtoi or they
relate to production processes for 14-butanediol in which for the amount of 2-(4-

hydroxybutoxy)-tetrahydrofuran formed is limited.

US6387224 describes a process for separating by distiliation a mixture of 1,4-butanediol and
at least one 4-hydroxybutyraldehyde, its cyclic hemiacetal and its cyclic full acetals and at least
one further alcohol. In the process, the distiliation is carried out in the presence of an alkaline
compound such as ammonia, an amine, an alkali metal compound or an alkaline earth metal
compound. Whilst this process goes some way to addressing the problems of the prior art, it
would be expensive to operate on a commercial scale due to the impact that the alkaline

compounds would have on the materials required for the construction of the plant.

TP2003-026622 describes a method of purifying crude 1,4-butanediol which has been produced
from butadiene. The crude product is hydrolysed, distilled to recover the fraction which

contains 1.4-diacetoxybutene, the recovered fraction is then hydrogenated over a supported
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15 enable the 2-(4-hydroxybutoxy)-tetrahydrofuran to be separated from
the 1 4-butanediol or they relate to production processes for

QV %?%3 Igj I in which for the amount of 2-(4-
hydroxy oxy)-tetrahydrofuran formed is limited. US6387224 431988043741
process for separating by distillation a mixture of 1,4-butanediol and at

least one 4-hydroxybutyraldehyde, its gyclic hemiacetal and its cyclic full
acetals and at least 20 one further alcohol. In the process, the distillation

ndficaniied %mtﬂz@m&e%%9&@&@'5@!@%%&9&@ %n@gs MR enated

an amine, an alkali metal compound or an alkaline earth metal

pl@dmbﬁljh@} Mvthivdrstds protpssessdeshigfeopsiyneladtiessingitheos the number of
pBEORlS 39.% SRk L euld Qﬁﬁ@&%@&%lg t}gsqperate ona

commercial scale due to the impact that the aI aline compounds would
have on the materials required for the constructlon of the plant. 25

151’](5:> 8%%9 %%% Cr 1%%5% ”rls) %%wawrﬂlch plgjr %n(go(irUdeur]f ddnb%%qe gcrystaihsatmn

whic een uced rom uta iene. The crud
Jnhydmlysedoldlﬁhdld@wmmvmpthﬂéﬁwhcnw hadiich tbemtaihstion of additional 2-(4-

I ]dmx QC,[%I Hfgl § %{1{} e recovered fraction is then hydrogenated over a
SigHorted 8 §6/837857 PCT/GB2005/003741 4 noble metal catalyst

to reduce the presence of the unwanted compounds. The hydrogenated

en hydrolysed. This.process has h| h.co t|m lica view . .
B T TS ey aining
a atalyshol? 0886364 dedarilybsiaxyiacessyiirofiniah thehidhutapedieldgclic acetal

urifie elt crystallisation 5 in order to av0| the distillation ste N
cos'l)xvxﬁIocthng]1 aé%é/i tps 8}%‘0@5 &gg aeuc?on s 8%1? 4an essenﬂdﬂy pure ?4-bt1taned101
snhm:méxg/mnmy}thﬂdmdﬂogﬁumﬂ M/&QI@&&@Bas&smdesmmsoat@me@&mme the

le\ﬁe 9})# )ﬁ c):l/%} olgLa%c))xg)t% taahn ?LI feed g%@t@?mdﬁ%x‘é‘%@?é%&é{p%&es are

oxy oturan I this process
re1mmp(hynﬂramdmmzpmmnlﬁsms aﬂmhntbr«%bgsadﬂ’gm&t&r&@aﬁages, it can only

ess ntially pure 4- but iol 10 m, the stream |s then
Do ogerAlae ainthe i %ase overgzl Hickat SR eFé‘&ﬁéée?ﬁgelg@Hmmn

prqcfezs(af&a_hyﬂm@tuﬁatbbc;i)stetmhydrcﬁdamaﬂdﬁh&mmter and the final heavy
impurities are

Whilst these processes go some way to addressing the problems associated with the presence

of Z-(4-hydroxybutoxy)-tetrahydrofuran and its precursors in a product stream of 1,4-butanediol

from maleic anhydride théy still suffer from certain disadvantages and drawbacks. It is

therefore desirable to provide a process which will enable the probiéms associated with the

presence of 2-(4-hydroxybutoxy)-tetrahydrofuran and its precursors to be obviated in an

efficient and cost-effective means.

It has now been found that the aforementioned problems can be solved by passing the crude
liquid hydrogenation product stream from the vapour phase hydrogenation of dialiy] maleates,
without further purification, over a heterogeneous copper based catalyst under appropriate

temperatures and pressures in the liquid phase.

Thus according to the present invention there is provided a process for the purification of a

crude liquid feed stream comprising 1,4-butanediol and a minor amount of 2-(4-
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removed by conventional distillation. Whilst this process offers certain

advantages, it can only be performed on a 1,4-butanediol stream which
Wﬂégoﬁ/@é%gbtained after an extensive distillation process ard L GRi005/003741

suitable for use on a crude reaction stream. 15 Whilst these processes go

some way to addressing the problems gssociated with the presence of

2-(4-hydroxybutoxy)-tetrahydrofuran and its precursors in a product
nyeireamablydbutanadial-HFomdanalsie anhydridedbeysullsutier fam.q omprises

certain disadvantages and drawbacks. It is therefore desirable to provm%e
PagsHe das ST SHireHaBrs e oo befresa do ciatae withamropresdimteradencous
Izc@ﬂ@fmwwﬁ%ﬁﬂxgéqwﬁmg& I3 @%%@%{ﬁ;ﬁ%?&dﬂ?\ﬂateg 'ooverin

an 20 efficient and cost-effective means. It has now been foun that ﬂ1e &
2 SEIEREMGABY probitiidasasivle wslingd bylpassing et cride-(Heuidroxybutoxy)-
ehyereasnaionRradustsireanyrom die.yapour phase hydrogenation of

dialkyl maleates, without further purification, over a heterogeneous

copper based catalyst under appropriate temperatures and pressures in

liqui ' ' tion there. | .
e e L I

the siprsitgreddcedtahediotan @2 ridriodamounogh et @206 RTESFrecursors
. -tetrahydrpfiuan and/or precursors
e e o AR IR o8B e
wippddedetnidihielrogerhinpattBed ivermofrerovier by isteroganeeudidiguite may then
tQler; 0 [ ' jquli ase at hyd nation condition :
e e e B R Mo stmgube 14
bugsfrediplhsay bryuitbrg)bi5 detrahyonofaisinl iam the essdettiquid féete high purity

recﬁ{{%ﬁ% %epbqgggs ﬁ]@%g{ﬁ%ﬁaﬁg of the 2-(4-hydroxybutoxy)-tetrah

ydrofirran and its precursors in the stream are reduced. The amount of
2-(4-hydroxybutoxy)-tetrahydrofuran and its precursors will typically be

THedysad-by ahputH0.t0,70%. as determi a developed Peal%Ac tal :
N o i o e épuﬁ%%ﬁggﬁq F%an e hyd Bdiiagenation
proguctisvicsondranayithampour hydrogenation of dialky! maleates which has not been

subjected to prior purification.

The liguid phase hydrogenation may be carried out at any suitable conditions. However
moderate pressures and low temperatures will generally be preferred. For example, the liquid
feed stream may be subjected to a hydrogen pressure in the range of frém about 5 barg to about
150 barg, more preferably from about 35 barg to about 100 barg. The temperature of the
reaction zone will generally be in the range of from about 20°C to about 150°C, more
preferably from about 50°C to about 130°C. The liquid hourly space velocity is generaily in

the range of from about 0.1 to about 10, more preferably from about 0.2 to about 5.

The hydrogen may be present in the crude feed in the form of dissolved hydrogen in the liquid
stream and/or additional hydrogen may be added. Where additional hydrogen is added it will
generally be provided to the reaction zone at a flow rate of about I to about 50 normal litres per

hour, more preferably about 5 and about 30 normal litres per hour, per 0.05 litres of crude feed.
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- 10 be subjected to purification to provide 1,4-butanediol of high purity.
Generally the 1,4- butanediol can be purified by conventional distillation

wptoaesses:to provide the high purity required for polymer gradecszo0s/003741
1,4-butanediol. The "crude” liquid feed of the present invention will
preferably be a liquid hydrogenation product stream from the vapour
hydrogenation of dialkyl maleates which has not been 15 subjected to

prior purification. The liquid phase hydrogenation may be carried out at
Tt il Bpipgknrovdeiaad fatHow evdrisngdbrr Pressummkandiditions removal of the

aideyperaures Wil aenerally be.prefeired. For example, the liquid feed

stream may be subjected to a hydrogen pressure in the range of from
about 5 barg to about 150 barg, more preferably from about 35 barg to

QUEP0 T 0 reaction zone will generally be .
Ania§r71bthe range o f?o%%%%g%i %gag{)g%ﬁe%ﬁg%%so%ﬁ aféra YoM A typical
caigbsttB0C e abeenrt30drontits licpiidyourghs padaavelositybis denerdrin Process

e ( t bout 10, more preferably fr out 0.2 to |
Ty T b R P e e
catdigsislvedudydionyen i thiediquithestrearr angfer sidditionaliydiogen may

be added. Where additional hydrogen is added it will 25 generally be

provided to the reaction zone at a flow rate of about 1 to about 50 normal

Thiitreizhyet hewr bmusedprefie raplyraiteut Bandudibist BOmesnaldiines gRE. Suitable
mho %gier 895? litres ofsgrudg fe%imwo 2006/037957
P Igt?T/r B200 1005 FAL gﬁnwﬁ’f%e acknowledged that it is surprising that at
these modest conditions removal of the aldehyde and other precursors is
THERE fective. Any suitable go r based. liquid tqlerant heterogeneous
EAl R Ty e A R STRAT Al AR B SO & Eatalyst
such as that available from Davy Process 5 Technology, 20 Eastbourne
T ce. London under the designation PG 85/1. Other suitgble catalysts
Thd PFACE 00N, YRd Q‘B Y :
1?nc%ude copperagiun@nﬁgfnc%n psel?gzéﬁg or copper difca a%&?%é‘f&%@‘?ﬁ%m’ for
exagaéy S My 6 Uk BRI 8 RoraBIRT2 Finp Suitadle promedemay heEp1237833,
EPYPRRkSUEMY9152 filed 16th December 2003, WO03/006446, GRO325530.4 filed 31t
October 2003, WOO01/27058, WO01/44148, EP922022, EP912488, WO099/48852,
WO99/25675, WO89/25678, WO88/00937, US4584419, 1US4751334 and WO97/43234 which

are each incorporated herein by reference.

According to a further aspect of the present invention there is prévided a process for the
production of at least one C, compound selected from 1,4-butanediol, tetrahydrofuran and y-
butyrolactone comprising:

(a) contacting a solution of a di-(C-C, alkyl) maleate with hydrogen in a
hydrogenation zone under ester hydrogenation conditions in the presence of a
heterogeneous ester hydrogenation catalyst to convert the di~(C,-C, alkyl)
maleate to the at least one C, compound and a minor amount of 2-(4~
hydroxybutoxy)-tetrahydrofuran;

(b) recovering from the hydrogenation zone a product stream containing the at least
one C, compound and a minor amount of 2-(4-hydroxybutoxy)-tetrahydrofuran

as a crude feed stream: and
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promoters include manganese and barium. 10 The hydrogen may be
stripped from the purified stream by conventional means. The feed stream
WAYBEFTMIY any suitable source and may be a product strearg fromzdeross741
example, WO 97/43242, EP1428812, GB0325523.2 filed 31st October

2003, EP1237833, EP1220822; GB0329152 filed 16th December 2003,
WO03/006446, GB0325530.4 filed 31st October 2003, WO01/27058,

W001/44148, EP922022, EP912488, W099/48852, 15 \W099/25675, .
WO£§§$2567’§{*t bé@?b’é@ﬁlﬁ,gﬁﬁﬁgéﬂ fet ?5&%4@5‘?\3’&%@W4@E§&lflﬁ°mﬂ

which are gasbeiRcaperatadiieest by ieisteneev-haearding to a further
aspect of the present invention there is provided a process for the
production of at least one C4 compound selected from 1,4-butanediol,

Thietrabydrofwrariand.yi bty olaciepatcamprising: 204aheatasingderence to the

solution of a di-(C1-C4 alkyl) maleate with hydrogen in a hydrogenation
acCEgRBANTHE @¥@PHdrogenation conditions in the presence of a

heterogeneous ester hydrogenation catalyst to convert the di-(CI-C4 alkyl)

maleate to the at least one C4 compound and a minor amount of 2-(4-

Tharyrasy B Ae A Bt ERO 3B (5] FeE SuRliig RBA I H B G eRatidrpst one

c, 2806 A ReAURt sliramssoniaining theat least aneTed £RAPAUAL RARAI of tights
minor amount of 2-§4-hy roxybutoxy)-tetrahydrofitran as a crude feed

frogerdlent Arith OBOIg 7 FIOBPIOHGOE 749°F taf ol figpheating at
1epeficatian.subigstingdbeciideferd sireametodhe purification, Arecassafl round

the first aspect of the present invention. The present invention will now be

botglestriifsl, BYnieRser exdepleciofnbRifeTSHERSS oMb UaEehmpiamRigel nitrogen at
au@é%m@r%%ésm@. Mok, ARAMAtAL A 4-hydrRxhni eyt AR acetal and
n

and its precursors in at least one o ' ,
therefore reports the maximum acetal content possible in the product 1,4-butandiol stream if
the crude hydrogenation product was subjected to purification by a standard distillation system.

The residue is then analysed by gas chromatography.

Example 1

A crude product stream from a production of 1,4-butanediol carried out in accerdance with
WO 97/43242 was treated according to the process of the present invention at a reaction
temperature of 60°C and a pressure of 600 psig, a gas rate of 100nlph and a LHSV of [hr' over
the catalyst PG85/1. The peak acetal content of the crude feed as meaéured by the Peak Acetal
Test was 0.429wt% and that of the product was found to be 0.234wit%, indicating a 50%

removal,

Example 2

The reaction of Example 1 was repeated at a temperature of 70°C. The peak acetal content of
the crude feed as measured by the Peale Acetal Test was 0.429wt% and that of the product was
found to be 0.212wt%.

Example 3

The reaction of Example 1 was repeated at gas rate of 25nlph. The peak acetal content of the
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C4 compound is measured using the Peak Acetal Test. This Test involves
withasenmossal of lights from the 1,4-butanediol crude hydrogeration prsdast41

at 120C and then further heating at 160C for three hours. The heating

which is carried out using an isomantle heater, round bottom flask,

condenser and collection pot is carried®ut under a blanket of nitrogen at

10 atmospheric pressure. Th%%rocedure allows for the reaction of the

crofedEnd GromrattiescRYabs fgekharstare rprs A tEkmhhatetdhe product was

fouRARte Rt possikiedn the product 1,4-butandiol stream if the crude
hydrogenation product was subjected to purification by a standard
distillation system. The residue is then analysed by gas chromatography.

Exin{pidR'e ¢, 43 A crude product stream from a production of 1,4-butanediol
carried out in accordance with W097/43242 was treated according to the

A Prelcesd of ahepprebEnikvieitibr B8 Ye artfortivispbrafisr & be 60e pisgedure. The
oasRHESSVLE O @9%%%%%%4@@9@&9&@% AR AL AlRrQRE mgdset o 50

_catalyst PG35/1. The peak acetal content of the crude feed as measure
psipyTthe Bsdlomcutalestadishrisguptnasd ahieia e Yrodttaorais ragmfure the

follt&a}?ﬁ §§e‘ﬁ[°\{%’\%qi991t}ﬁ‘19eﬁc§9% 20 removal. Example 2 The reaction of
Exa

ple 1 was repeated at a temperature of 70C. The peak acetal
contdst1df crecertdddesanwerreastfed bithedreniciAtempTasrgaes brought up

0.429wt9g-rnd thaf pfihe productwas, feuad 1o he Miglawtden 2o Exame® c and

3 The reaction of Example 1 was repeated at gas rate of 25nlph. The peak .
acetdleccbhténebithe ket 2006703798 7ePaT ACIBI00E/00BY #1wascruslaed that the

feed, a5 iMeASHE AL ER ?W{%J&?Q ‘flﬁ%%ﬁ %?ﬂ%‘%?p%@fﬂiéﬂ% REB& ary and

product was found to be 0.252wt%. Examples 4to
the conditions were held unfil the exotherm reduced; the temperature was then increased

by 10°C until it reached 160°C; when at 160°C the H, in the exit gas only differed
slightly from the inlet composition; after being held for 1 hour the inlet gas H,
composition was increased to 0.2% over 1 hour and held for 2 hours; the H, in the inlet
was then increased to 0.3% for | hour and held for 2 hours; the H, in the inlet was then
inicreased 1o 0.4% for 1 hour and held for 2 hours; the H, in the inlet was then increased
to 0.5% and held until the H, at the inlet equalled the H, at the exit; the 0.5% H, in the
inlet was then maintained and the temperatoure increased to 170°C over 1 hour and it
was ensured that the exotherm did not exceed 10°C and héld until H, at the iniet
equalied the H, at the exit; the temperature was then maintained at 170°C; the H,
content at the inlet was then slowly increased to 1% over a minimum time of 1 hour and
mainiained until H, at the inlet equalled the H, at the exit; the exotherm was then
muonitored to keep it below 10°C, by reducing H, concentration if needed, then the H;
concentration was increased up to 5% at 1% per hour; the H, at the inlet waé increased
slowly to 10% and maintained until H, at the inlet equalled the H, at the exit; the
exotherm was monitored to keep it below 10°C; the H, at the inlet was increased to
1 00% while making sure the exotherm did not exceed 10°C; the operating pressure was

then increased and left under H, for 4 hours before the liquid feed was turned on.



A 50ml bed of copper chromite catalyst PG85/1 was activated by the

W@I%g&/g}@ﬁﬁgoce(mre. The 5 gas rate was set to give the r.eq%iéq%%%
velocity in‘the reactor and the pressure was set to 50 psig.

?‘F/OGSMI

e gas flow

was established using N, and while the reactor was at room temperature
the following procedure was commenéed: the H2 concentration was
increased to 0.1 % and the inlet

A coifisy AERAIAIRHPENAE ARSI

che S R PR TR iy ceofrss

preBnthri0hedd dlawagkapkial Qeldtiodupng the-followingistepsdt wasn Table 1.

ensured that the exotherm did not exceed 10C by reducing the H2 inlet
composition if necessary and the conditions were held until the exotherm
reduced; the temperature was then-ngiegsed by 10C until it reached

160C; when at 160C the H2 in the exi

t gas only diffe

red_slightly from the

H2 in the
hours; th

the H2 at

the inlet equ

pdnleticomppsitianeter peinghetd for
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e H, in the inlef was then ing
for 2 hours: the H2 in the inlet was the
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IphqunthBailet
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Example 12
A further example demonstrated the present invention on a miniplant scale. A 250ml bed of
15  copper chromite catalyst PG85/1 was activated by the method described above. The reaction
‘conditions are set out in Table 2.
Table 2
Example | Feed LHSV | Temp °C Pressure barg | H, {low Product
et NLPH Acetal
Precuusor
jevel wi%
12 0.125 120 41.4 25 0.19
20 The crude hydrogenation product had a Peak Acetal of 0.46wt% following treatment this

resultedin a level of 19%. The material from this miniplant was distitled via the conventional



WO 2006/037957 PCT/GB2005/003741 9 A crude hydrogenation product
containing 0.48wt% of 2-(4-hydroxybutoxy)-tetrahydrofuran precursors
WRsRasseg over the heated reaction zone under the conditi%ﬁ%ﬁ%msml

Table 1. Table 1 Example Feed LHSV Temp C Pressure barg H, flow

Product hr NLPH Acetal Precursor Iel\ﬁal wt% 54 0.512541.4100.13 5

1.012541.4100.13 61.512541.4100.13 71.010041.4100.14 8
distII&0 $EctdAR.12 10:9:32 125 287180 16:010H- 01125 hdiR00 420, 7. (4.

[t1.0,100 41.4 1Q 0.13 Example 12 A further example demonstrated the
hy%‘Pé?@ﬂ?"uw&'ﬁ%?%éfﬂl‘af}ﬁﬁﬁp| HiSsesirstpsehthabadhish Tspppelymer grade 1.4-
bmgﬁlégmi@@a;aly@ﬁ%g%nlygﬁ%@@ﬂyated by the method described, above.

The reaction conditions are set out in Table 2. Table 2 Example Feed

LHSV Temp C Pressure barg H2 flow Product hr-' NLPH Acetal

Precursor level wt%
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12 0.125 120 41.4 25 0.19 20 The crude hydrogenation product had a

Peak Acetal of 0.46wt% following treatment this resulted in a level of

19%. The material from this miniplant was distilled via the conventional

WO 2006/037957 PCTIGB2005/003741 10 distillation processes to ~ MCSLLP

provide 1,4-butanediol product that corthined 0.8% 2- -(4-
droxybutoxy)-tetrahydrofiran. This demonstrated that a high purity

% r grade 1,4- butanediol can be achieved in high yield. MCSLLP 11

Claims 1. A process for the production of at least one C4 compound

selecte fronesh 4ebtitanedioliditaly dokushanrd g usyiolamanslected from
comprising: 5 (a (ht)F onta t|n a solutjon of a di-(C1-C4 alkyl) maleate with

haPsRASHY WEcﬁibddﬁB\éWé%l% RP&6gRIRIRIA% onditions

(@)the I@Eﬁﬁéﬁﬂﬁ@é%dﬁ@ﬁ@fﬂ@ﬁa@q@@ﬂ@%ﬁ&&d}%@@@ﬁémﬁy&é@en ina
convert the, di- Cl C }é}/{%smale e to the at least pne C4 com

%H%QWPQ 80ft Ry BARRH AR FORGHBRS AN '1% Rfﬁse“ce ofa
mewmﬁm&&e%agﬁmmmlmm@mwem m@mngaﬂhﬁl)
at le ound nd a mlnor nt of.
SR dinanis RS 5sC BTLER SEERAAIR] ERHAGRE prior
Wﬁoﬂmyﬁﬂmmg}#&rahmd&ﬂdmtream in the presence of hydrogen to

reaction zane over. ar{1 eneous cop er catalg r}f ??Pé h
Blace ok R D A R L e S b gining the
dt debatamedo) bampgmhb\aed ananca‘inount of
ZHrRoRRHSIEEAlaD £ ARIRCRL ARG [pgaim 1

t enpressure in’s e

(c) W|thout prior purification passing the crude feed stream in the presence of
hydrogen to a reaction zone over a heterogeneous copper catalyst in the liquid
phase at hydrogenation conditions and recovering a purified stream of

1,4-butanediol having a lower amount of 2-(4-hydroxybutoxy)-tetrahydrofuran.

2. A process according to Claim 1 wherein the hydrogen pressure in step (¢)

is in the range of from about 5 barg to about 150 barg.

3. A process according to Claim 2 wherein the hydrogen pressure in step (c)

is in the range from about 35 barg o about 100 barg.

4, A process according to any one of Claims 1 to 3 wherein a temperature of

the reaction zone in step (c} is in the range of from about 20°C to about 150°C.

5. A process according to any one of Claims 1 to 3 wherein a temperature of

the reaction zone in step (c) is in the range of from about 50°C to about 130°C.

6. A process according to any one of Claims 1 to 5 wherein a liquid hourly
space velocity in step (c) is in the range of from about 0.1 to about 10.
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is in the range of from about 5 barg to about 150 barg. 20 3. A process
according to Claim 2 wherein the hydrogen pressure in step (c) is in the

range from about 35 barg to about 100 barg. 4. A process according to

any one of Claims 1 to 3 wherein a temperature of 25 the reaction zonginst L P
step (c) is in the range of from about 20& to about 150C. 5. A process
according to any one of Claims 1 to 3 wherein a temperature of the

feactioh PERfERS AEHAEING P tRBY Sh§eobGaImaddat S abescibauiaidourly
HhBeABIRGREMATERTHNG D 3 RIRETFIRERS dolsub Vb eseipb 8 iciid

hourly space velocity in step (c) is in the range of from about 0.1 to about
10. 12 MCSLLP 7. A process according to any one of Claims 1to 5

gvherein pripdissastbrdRRAES AJOSHY BF BENHE ISt theraras iof §f@ﬁ1_$c)
%asli:ﬁ%ut 0.2 to about 5, 8. A process according to any one of Claims 1 to
NORATYREOEN B AfHifGnal hydrogen is added. 9. A process

according to Claim 8 wherein the hydrogen is added at a flow rate of
%bout to about 50 normal gg%i per OLér. 10 1\3\% Aﬁ‘t rocess according to
laim & RHETERT RIS EN r24dde AP LR WS ARCEP AR IR 8 at a flow
@it af 3B ootrmad liespe0haumallliteprosess@ccording to any one of
Claims 1 to 10 wherein the copper catalyst is a copper chromite catalyst,

a copper alumina catalyst, a copper zinc 15 catalyst or a copper silica
tatalysh gidcAgy acessdicgdudlgita Snytmreinfthdaliydrdgerilis wheerimtheflow

catalysis is .carried qut in the presence of a promoter. 20 13. A process
rgil%oarﬁﬁ?}go fg él%ﬂéj _a?acwﬁé efﬁofﬁéaﬂ)r}’%ﬁ%t%?EQ%nganese or barium.
11. A process according to any one of Claims 1 to 10 wherein the copper

catalyst is a copper chromite catalyst, a copper alumina catalyst, a copper zinc

catalyst or a copper silica catalyst.

12. A process according to any one of Claims 1 to 11 wherein the catalysis is

carried out in the presence of a promoter.

13. A process according to Claim 12 wherein the promoter is manganese or
barium.



