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PROCESS FOR THE PURI FICATION OF 1 , 4 -BUTANED OL
The present invention relates to the production of

wa 2doclmatanedi ol . More particularly it rel ates POTAEB2005/003741
process for the production of 1,4-butanediol in which
the presence of the by-products 2-(4-
hydr oxybut oxy) -t etrahydrofuran and its precursors are
reduced such that purification of the 1, 4-butanedio
by conventional distillation processes nmay be earned
out . Wi |sbcesy @oR| THEY PUHIET CETIOY UPESL t40-BYTZNERIPANedi ol
are known, one process for the production of
1, 4- but anedi ol uses nal ei c anhydride as a starting
material. This is esterified wth an al kanol, usually

’ﬁlegil'esteﬁt ool 381 s FHEB pARIuBESGNI04-bRHan&dibR "Mbpe ﬂaﬁlcularly it relates

d the correspondi ng d| alkyl maleate which is th
to ulpreessefdr the pmﬂcdmmgmfdl 4¢bitanadol yi whith lhe4prbs¢nem@°dh©by-p1 oducts 2-(4-
and t he al kano L C be recycl ed éo ro%g e . )
BydrppBrtogy aiekghy uéaa&aéﬂ it eSS 2567 Heg e Byt pyification of the

d
B SAELA O, LAl ] Tl AR Shod SRR it | 0
W90/ 08127 whi ch are incorporated by reference. The

W%Qrogenoly3|s of dlalk%g mal eates to yield )
#stiseiveat syntbetiq 1ouigs tchid-buignedioliarekngwil, opg prasgssrfpl e production of

%584%1} qs%s?églgl%%gﬁ\éc? fg,g ag\%grt %@%erﬁa?_h THIS%§ Setidas 1(t)h an alkanol,

J!;Ylgl‘l}og@Qb)@" Aol bl 44 rﬁéthh’ﬂol@'eﬁﬁh@h tS el 8 correspondmg dialkyl
di meét hyl nmal eate or diethyl naleate, nay also lead t

mhﬂeatp rvddcﬂm is thrn ofibjecteditn Bydspganelysisaoudslilel fbbuq@n@ﬂucarsl the alkanol
and tetr Slnc%rtherei

‘%@&E lﬁggéﬁ% T[Oh}érg u%y&# glé.ﬂcg? maleate. ~ Processes an p?ant for the
15&8319&1%@“% @it JW‘ flicdted fpdiﬁ N OhnHFRYIAS Ure RRscribed md for example,

I sadvant ageous. One ot her by-produact that is forne

US4’195824: yod WO 288 17 which are incorporated by reference. The hydrogenolysis of
4- hydr oxybut g et rahydr of uran which hag the
a}l %}r@leate)é%o uy1eléy)4 Lutanecl1 3/1 18 1s%ussedvpu1|rther n, ?or example US4584419,

US4751334 and WO88/00937 the disclosures of which are incorporated by reference.

The hydrogenolysis of the dialkyl maleate, such as dimethyl 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:

O- 0-CH20H20H20H20H

(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



W thout wishing to be bound by any theory, and while
t here have been various suggestions, it is now
wWhelcey®d7 t hat this by-product is fornmed by reRCT/GBRO0SH003741
the 1, 4-butanediol wi th 2- hydroxytetrahydrofuran
which is a potential internediate in the sequence of
t he hydrogenol ysi sreactions and/or it may be fornmed by
t he dehydrogenati on of the 1,4-butanediol to
readtipds axyloutiy roay dehydmedntly ajie! debgdiopénatibgr &0%hd @ 4L BRanediol to
nore stabl e 2- hydroxytetrahydrofuran. The nechani sns
hydroaybytpiopidehysle avf cxrlisatipe Sreef évithe neore fiable@-ydsokgaetsahy drofuran.

have not en ful.l | uci dat ed.. Howeyer, thejr
The BRI 1oF Loratiiol o s i Spaee® P Phinrorlschae ngh been fully
eluckRRIME oW RCHGHCHE AN T 8o RS2 N (RE fd1Id&ing reaction scheme:
2- (4- hydr oxybut oxy) -tetrahydrofuran is particu ar(i y
di sadvant ageous since its boiling point lies very
close to that of 1,4-butanediol and thus separation of
this by-productfromthe desired product is difficult
Vi a Q@ﬂggzrgi onal distillatilg-simee an azeotrope w ||
be fofjmed. lH,i s—therefpee dilfficult, if not
i npos&ibb&k to produce a 1, 2%but%URedi ol product which
Is essentially free fromthe dyclic acetal and
1, 4- but anedi ol produced by the hyds ogenol ysis route
typically contains from about 0. k3P by wei ght to about
0.20% by wei ght of the 2-(4-
hydr oxybut oxy) -t et rahydr of uran. Further, since
2-(4- méxﬂa%/but oxy)Raret r ahygrpfgs,an may be produced by
OXi i oh~of +he-dioland oxijdation nmay occur under
t he la;o&eld:’(i ons at whi ch di sthd+@tPdn i s conventionally
carried 'but, the diffiilation process itself may
y regult in an increase|in the anmount of
t oxy) -t et rahydr ofjuran present in the
distillatijon is used for the
ex systens, sudh as, di ujided wal l
CHs(CHi)§?H | Iati on col ungs may be ?gzcui r?&? ¥‘hg pegsmace of\ H
even m|negH,t racesHo - ROH H,C—CH,0H ©

2- (4- hydr oxybut oxy) - t'y{ r ahydr offuran jn 1, 4- but anedi %I
I s di sddvant ageous becayse it ijs a ¢ol our form ng
materi gl in downstream apRl i catji 4
+H,
v v -H0

roduct .
ion, co

. _ + HyC-CH,0H
HzC'-“ElZ\ HQC_CHQOH 0 OH 2 2
0o =& .
He—C" -H,0 HaC—CH,0H ™\ ~Hz0 FC-CH0H
Hp
+ H2
_O(CH2)4OH
- H,0 O
CH3CH2CHoCH,0H

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

its boiling point lies very close to that of 1.4-butanediol and thus separation of this by-product
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Various proposals have been nmade to address the
probl em associated with the formati on of 2-
W@ 200698M96K ybut oxy) -t et rahydr of uran. These pr opPGHGB2005/003741
ei ther concentrate on systens which enable the
2- (4- hydi Oxybut oxy) -tetrahydrofuran to be separated
fromthe 1, 4-butanedi ol or tshey relate to production
processes for 1,4-butanediol in which for the anount '
- a8ifE Yviz iliaford Ahe@sh hfotrope will be
flomIotllii?n%te “gélr. %é%%g%%ﬁﬁ %gts%? itcglté‘ée%g&g%l ggsglglgﬂfrgr separ at i ng
formby. Wissthédefoaé tidficidt, iff ndt inpossibld, tel producane tiddiutanediohproduct which
| east one 4-hydroxybutyral dehyde, it

i .
is espratipdy: &eea frogh eicyghccw al and [ Arbulaned g?oiglﬁafl:cgl?y ’fhgéyér.firogenolysm
routq-o @%&Jgﬂﬂc@ﬁtﬁi %ltﬁ%% gl%chué by 5%18% Wepgg‘l?‘?osabotup EZ@%SIBG)} lg%%?}% 8@%16 2-(4-

presence an al kal i n

hydr&%%tcﬁ??-m@fma&n Farth&esin@ D-al-ksahdxyatoxl )-eoahpdiothran may be

ani al kaline 'earth netal conpound. Whilst this process i
prodgoeeisbys oxigativny off e atielr anslstvidationenar egsiue pdestihe wendifipesy at which

cisifeighds oo REeTBEL: haelART R e b TG Besultin an

incr Ne1 AR L Sy Sty @AATraE pfebént in the final product.
m‘“éégg%g“t ngﬁggp %% f hgﬁglga%t. S B L Pl 1 e final produc

Wheiedikgithtiof isused foy ithregseparaitien, tomploxi systenat sokch ahdivhleAagll distillation
been produced from butadi ene. The crude product is
columyg Py ypsaeuigist i | | ed to recover the fraction which
contains 1, 4-di acetoxybutene, the recovered fraction
i s then hydrogenated over a supportednobl e netal

The pREGHY S el hiRdtiGecek b 271 dgeraebutbxy)Retrahydesftved in 1,4-butanediol
conpounds. The hydrogenat ed product is_ then ..

is dibpdetrthgeous becprsesit praorcdawy fhming merab gt AGWHSIERE APRIRAtPRS-
vi ew of the nunber of process steps required and the
use of the noble nmetal catal yst. EP0885864 describes a

VariBhOG85Ssalshabéeh nidae td adtrday tian@eblem dssociised Witk thefprmation of 2-
melt crystallisation in order to avoid the

(4-helilmkibutaxy)aetravéinanc Thesy propagkly eithien soptestiaietqrosystsms which
enabzilfgI %Ie El(2—%?/51‘0%&&1éxy§¥g{a%§&%lf{}rgﬁ( t%)b_e tsee;}aga%g@/ fg()rrr? ;ﬁjer @ﬂbu‘canediol 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 distillation 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 distillation 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 dug to the impact that the alkaline

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

JP2003-026622 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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W07/ 36846 al so describes a process for the
purification of a 1,4-butanediol feed containing a
worReeer3mspbunt of the PCT/GB2005/003741
2- (4- hydr oxybut oxy) -tetrahydrofuran. In this process,
the cyclic acetal conmpound and its precursors are
renmoved by adding water to ap essentially pure
1, 4-but anedi ol stream the streamis then hydrogenated
in t elf] i r -
noble e A R e B R S oah Lt ogented
produb@s Weh @y didhded. NEhik ipRakssieahigh aptiniflicesorarie vieenufitbe number of
by conventional distillation. Whilst this process
proce$s wers rewritediand tipvsa rhgeobleymeighcaysy- be performed on
a 1, 4- but anedi ol stream whi ch has been obtained after
an extensive distillation process and is not suitable
EPORES 36U IR s PiBea FoLELS if RBRhItRN1 SivuemelioRipusitied Be BRIt crystallisation
processes go sone way to addreSS|ng t he probl ens .
in o8dks a6 aediddhaviltstillative gherewbivbenayf lead to the production of additional 2-(4-

2- (4- hydi Oxybut oxy) -tetrahydrofuran and its precursors
hydsoxybutgkndgEahyseg of 1, 4-butanediol from maleic

anhydride they still suffer fromcertain di sadvant ages

and drawbacks. It is therefore desirable to provide a
WODY/06&5Salyhdestyibek b pr&eadioe thehemrificaidnesfn bébothediedierd tintaining

t he presence of 2-(4-hydroxybutox¥)-tetr hydrof uran .
a miandathewnt pf e dr(§dwerabBexprttrady eiiran.gn @*Sfﬂr%“reé% fheygglic acetal

cost-eff.ective nmeans, : ] .
cong LR R L ARSI RE0 a QUOHh) Bt R btancdi
strefrh UHE sthdagitis the e e Rgemadd 18 fhaiquitishiass by amifleboaitiiet to reduce the

vapour phase hydrogenation of dial kyl nual eates,

levehbf Brhydraxythueaxy ptetiahydsefirasnanddbe water prst the Hgeldeayssimpurities are
copper based t St er .appropriate tenpe S.

remgﬁqﬂf rc&ggg}t@géiadﬁ%{llﬁtéoq.i ?s& ﬂﬁﬁﬁrgg@%s ﬁ%rg c%rgaé o%dé{a%tég‘%eson can only

be pteEtSané et 4JbMBELb1QReAh Sheehi s BER\UbeRtdalipr ACREmsie distillation
the purification of a crude liquid feed stream

pro€@spid sinogsulialiletfot eseedi aolrudadadionistreamanount  of

2- (4- hydr oxybut oxyVt et r ahydr of uran and/ or precursors
t hereof wherein the process conprises

Whilst these processes go some way to addressing the problems associated with the presence
of 2-(4-hydroxybutoxy)-tetrahydrofuran and its precursors ina product stream of 1,4-butanediol
from maleic anhydride they still suffer from certain disadvantages and drawbacks. It is
therefore desirable to provide a process which will enable the problems associated with the
presence of 2-(4-hydroxybutoxy)-tetrahydrofuran and its precursors to be obviated in an

efficient and cost-effective means.

Tt 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 dialkyl 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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passing the crude feed in the presence of hydrogen in

a reaction zone over a heterogeneous |iquid tolerant
w@oppes79sat al yst in the |iquid phase at hydr ogeCHGBRVS/003741

conditions and recovering a purified stream of

1, 4- but anedi ol having a | ower anount of

2~(4- hydr oxybut oxy) - tetrahydrsof uran than the crude

liquid feed stream By this means the presence of the

hy2rd4rbhyoctly preplabiy dsfirat ahd/ahyebcafsofsameBf Whtefeup HIRC Broe@4sScomprises
in the stream are reduced. The anount of
passipg the s {Eed i idie) pr@@mtah@hbr@@gﬂnan aamactionzope everrshetsrogeneous

Wit 0 0 to.70% as
hqag{ ‘o1 sy ol Bt BB bne Al by GPecrBue endbbonsand recovering
gliAkd edreh@l OW. 1, 49p8taReibl hefnst4 ’ _
yollrogenaetl on réaction 1zonle ngy qﬁ%ﬂ‘ ggmélﬁ J%gc é4dh¥%mxybutoxw"
tetprlydfafomnitioan the cpdeVigdiel féeddstiwatnanedi ol of hi gh purity.
Generally the 1,4- butanediol can be purified by
conventional distillation processes to provide the

i LI f ut an
B Pl B e PR AL Bl e S recusors n
theuteher abltodubel. Thd hreoird oh 9-¢4-BgsBRIHRIXY) E—ﬁ@ﬂhﬁdroﬁﬁa[neﬁﬂ‘ its precursors
fromthe vapour hydrogenation of di al mal eat es
w%wlme rﬁé‘ﬂceéé?éfrﬁlb@ukfjoé@ 78% asoierﬂmmedmyra deivelapedPeak Acetal Test

A TN R T
be %ﬂlgje]cfé\d’ foSHRETatio &S PYMV'lde OgnREAklg] QF hih lﬁfti gierfé%lly the 1 4-

exanple, the liquid feed stream may be sub
butapddiogean pe pydfiedeby porvientionmh distibétidr poraksud pbotias thetldgh purity

abouyt. 15 bar bly from about 35 barg to
ra%WFB#br ?mgﬁé$PEWﬁ%PLture of the reaction zone

wi | generally be in the range of from about 200C to

about 150C, nore preferably from about 50C to about

Thg 3'00C¢” Tigeid feqdiod thropresont panibony @ilbpicfaratbly bgeneqad lhydrogenation
pl‘OdQlCt stream from the vapour hydrogenation of dialkyl maleates which has not been

subjected to prior purification.

The liquid 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 generally 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 1 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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the range of fromabout 0.1 to about 10, nore

preferably fromabout 0.2 to about 5. The hydrogen nay
wheoopne®ent in the crude feed in the form of dPGEGB®A/003741

hydrogen in the liquid stream and/ or additional

hydrogen may be added. \Were additional hydrogen is

added it will generally be prgvided to the reaction

zone at a flow rate of about 1to about 50 nor nal
Tt Wil B SacRBs 30

o e A UL ROELSRE R of HRHL Rt doiftths Bhoval of me
aldebgde hnd ofhet plseurack mosel effbgeide.t hat it is surprising

that at these nodest conditions renoval of the

al dehyde and ot her precursors is so effective. Any

An?gét‘ilﬁalg ﬁ%{c}p %Esela"fcgﬁid kh%ld 1tdhett orlo %}aegflilg 5]3(%'['0 gjg e 61[1sed A typical
catabpperilic be aiicbppet adhadiiiBé catabfyt atch Ratihay 0 :
Davy Process Tg%hnol ogy, C201:}Jéast %our ne T%@rﬂg?geﬁ(fi%ngbw Process

Teghdpgy.Hd la@ébcglm Tareced.gson undicrhhﬂr desigriatibh BG 85/1. Other suitable
catagr ¥ 13 Cnc ude copper alum na, copper.zinc or
Py RS AGaing Boheeg o o shesee Shigh hised eaigvpe

used W|th a pronoter. Any suitable pronoter may be

used. Suitable pronoters include manganese and barium
The lvetatmst moryelre nweyl ‘ich s tprompaed Anpruitdide promidibedap be @860, Suitable

by conventi onal neans. The feed stream may be from any
proé%‘?tf’gb‘l“ ude HERgASSHAMERA . a prooduct stream from for

exanpl e, WD 97/43242, EP1428812, (GB0325523.2 filed

31st COctober 2003, EP1237833, EP1220822, GB0329152
Thé hiyédgdbiayDeceaifed f00Ghe pEN3A H06A1By < SROBRGRBRedns.

filed 31st Cctober 2003, W0O01/27058, WO01/44148,

EP922022, EP912488, WD09/48852, V@Q/ 25675

937, 584419 1334
T SR948 mall R R s etlR B B e bR sream from, for
exerne;ﬁerme)7/4@qagrgpr@88m aGBosAsRes 2aHpe 8 stQhcth 2003 EP1237833,
resent invention there'is provided a process for the
EP1220822, GB0329152 filed 16th December 2003, WO03/006446, GB0325530.4 filed 31st
October 2003, WOO01/27058, WO01/44148, EP922022, EP912488, W099/48852,

W099/25675, W099/25678, WO88/00937, US4584419, US4751334 and WO97/43234 which

are each 1ncorporated herein by reference.

According to a further aspect of the present invention there is prc;vided a process for the
production of at least one C, compound selected from 1,4-butanediol, tetrahydrofuran and vy-
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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production of at |east one C4 conpound selected from
1, 4-but anedi ol , tetrahydrofuran and g - butyrol actone
w@owpi3®sng: (a) contacting a solution of a di PEGBL0L/003741

al kyl) maleate with hydrogen in a hydrogenati on zone

under ester hydrogenation conditions in the presence

of a heterogeneous ester hydrpogenation catalyst to

convert the di-(C -C 4 alkyl) maleate to the at | east

on?c)C4 GRHRAN ;ﬂ)ﬁo@?ﬂ'iﬁ’caﬁbﬁ Qfibjadtigithe efude féed-stream to the purification

hydrioxybut oxy) -tetrahydrofuran; (b) recovering from

t he hydrpogenabf ta fzgmepet pf ibd petseritipeentiotont ai ni ng t he

at | east one C4 conpound and a m nor anount of

2- (4- hydr oxybut oxy) -tetrahydrofuran as a crude feed

stream )ity LW edPWYy 4Bt | bivaE e to the
The S @ el AR e SRy T P AR bl gene

accotifinkieSdxappect of the present invention. The present
invention will now be described, by way of exanpl e,

with reference to the acconpanyi ng exanpl es. The m nor

; f 2-(4-hyd b - i e
e STBAT Bl SR D L ALAL e b & 1coc

C cUﬁ‘lhggn& RendBe@kd As8et e PEEIS A cetdiTet. THES Tedd MobIeS theltémoval of lights
‘*“renoval of lights Tromthe 1, 4-butanediol crude

frorylelr dgemasnediv] protiutdregenatdoomoduet atH2A°€ apd legn further heating at
heati ng at 160 for three hours. The. heat.in ich,

16076 Tenieahodnr e Hghin "da sarisail (el P btieat, i round

bottfj}naﬁgsk C@pﬁaﬁéﬁ 511?%911&91'0&1%'@ RalRl dud ndkr h ¥Rt of nitrogen at
under a bl anket of nitrogen at atnospheric pressure.

atm Jdieft presive. eTiad provalufaailowdortbacitom affthe precursors of the acetal and
precursors of the acetal and the.% f.o t.s

re repor he .. .
therafore mpwtg@@q BEXIEY R éﬁ;ﬁta ﬁ@g@pb}pcgsq qlﬁge Btpﬁm C11,4—¥>utand1ol stream if
the éméé Px}lf'lcir%géjr{ag!)n B}ordﬁa%z{sfsubj ected 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 accordance 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 apd a LHSV of 1hr! over
the catalyst PG85/1. The peak acetal content of the crude feed as measured by the Peak Acetal
Test was 0.429wt% and that of the product was found to be 0.234wt%, 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 Peak Acetal Test was 0.429wt% and that of the product was
found to be 0.212wt%.

Exaxaple 3

The reaction of Example 1 was repeated at gas rate of 25nlph. The peak acetal content of the
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the crude hydrogenation product was subjected to
purification by a standard distillation system The
WO e®ibdsmsT s t hen anal ysed by gas chromat ogr aphpCT/GB2005/003741
Exanple 1 A crude product streamfrom a production of
1, 4- but anedi ol carried out in accordance with WD
97/ 43242 was treated according to the process of the
present invention at a reaction tenperature of 600C
crud@ el Rrassufal Bf theFRapHNcdial Te@aFas' 4 ®val, érmﬁbm tB0@roduct was
a LHSV of | hr lover the catalyst PG5/1 . The peak
fourgktet b¢ 0208wEnt of the crude feed as measured by the
Peak Acetal Test was 0.429wt % and that of the product
was found to be 0.234wm % indicating a 50%  renoval .
R46041The reaction of Exanple 1 was repeated at a
nperature of 700C. The peak acetal content of the
A S(thﬁed tEagppaschneaeicaalyiPGldel Wasdctinaed by thE €sitovias procedure. The
0. 429wt % and that of the product was found to be 0.21
gas 1j¢ oyaspehippgize heppeuiredgas WEII‘?CBY Inpthg pesictor anduehs nr@srg@r@tw set to 50

P onten
psief R P BN RR s iR DR A Bea S GR Y i pm feguperature the
foll&mﬁ%,gmb%/ecﬁﬁéﬁahabmﬁfen&élﬁ product was found to be

0.252wt % Exanples 4 to 11 A 50m bed of copper
chritbritlecopaendrajion VRS3BI¢asAd 0 @d% angltthelirthgt tethperature was brought up

ok AR R SRy W BB B el oBhSebPg00mC ana
vasLeel, b meﬁ%m& at T8\ €v9 b qms Y@RvER %Fé #h&ak H??u[)&j that the

while the reactor was at roomtenperature
exotherm did not exceed 10°C by reducing the H, inlet composition if necessary and

Exa

the conditions were held until 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 1 hour and held for 2 hours; the H, in the inlet was then
increased to 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 temperature increased to 170°C over 1 hour and it
was ensured that the exotherm did not exceed 10°C and held until H, at the inlet
equalled 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
maintained until H, at the inlet equalled the H, at the exit; the exotherm was then
monitored 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 was; 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.



foll owi ng procedure was conmenced: the H2
concentration was increased to 0.1% and the inlet
wWa egop@sAsur e was brought up t o 1200C over 3 hea¥/6€B2108003741
H2 was nonitored at the inlet and outl et above 100C
and the H2 inlet was kept at 0.1% during the
follow ng steps it was ensur that the exothermdid

et A0 B, L euch A U8 HE o2 B SOTPRRLL) ki crofran
exot herm.r e 1.

e GRAREATHERRUSE el PR Mg e OB RgRaRSgH T
the exit gas only differed slightly fromthe inlet

conposi tion; after being held for 1 hour the inlet gas

H2 conposition was increasek®l®10. 296 over 1 hour and
held for-2 howrs—the-—H2 +nR ho i al was—then
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Exhipleeas gded nmm% flempliibur pReshet bargod H flosur s; hIt Product

H2 in fhe inlet was then incyeased to O.?\]Wﬁé{_gr 1 oML ol
and hell&%or 2 holrs; the H2[in the inlé¢ t hen Aceta
increagsed to 0.5%and held uptil the H2|at the inliepecursor

equal | ¢d the H2 af the exit;]|the 0.5%H2 in the inj et
was theén maintainéd and the {enperature|increased (tlevel wt%

1 " o OOl P T Ao )
1700C-dver—1-hourtant—t+t—wastensured—that—the—exotherm

di d nof oexceed 100@2&and hel d| 4h#i| H2 atf 10he inlet]0.13
eftated—theH2—at—theexit;Tthe tenperqrure was
mai nt aildedl at 170025t he H2 toHhttent at fHE inl et V\Aa%“’
tieTT STrowW Yy 1 NCT ez to 1% byer a mni time of

1hour add mai nt ai ﬁé§ unt i | ng‘ the i nlér;i equal | edo‘13
the H2|at,the exit;,  the exot1 was th moni t oredy 4 @
keep itai &1 ow 100(LIO y_reduc %([1 H? caoncd 2& ation ifo'tl
needed,| jthen the H3sgoncentr b an was i ngpeased upl §92
5%at 1% per houryl the H2 atitheinletWas—inrereased

sl ow y [tjop 10% and |maknt ai ned|poyi | H2 atf 1Ohe inl et| 0.16
-—equallad-the—H2—at—the—exitthe
10 1.0 125 414 20 0.12
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11 1.0 100 414 10 0.13

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, flow Product
hrt NLPH Acetal
Precursor
level wi%
12 0.125 120 414 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



exot herm was nonitored to keep it bel ow 100C, the H2
at the inlet was increased to 100% whil e maki ng sure
wo b@sexsher m di d not exceed 100C, the oper ati PQI/GB2005/003741
pressure was then increased and |left under H2 for 4
hours before the liquid feedigas turned on. A crude
hydr ogenati on product containing 0.48wt % of
distiflafidr 3&%@&@ Ufo0XoiHET I A RbIY aProRLEC YR OLSntkik8S 0.8% 2-(4-
passed over the heated reaction zone under the :
hydronylditexorstiskydrofitran. n Thistkdeenchstratad ltlent b lghpptiey dddyer grade 1.4-
further exanpl e denpnstrated the present invention on
blltaléec[’r?lrﬁa’alté?rﬂcggf‘é'ﬁflé‘? H%%h%@ﬁi bed of copper chronite
catal yst PG5/ 1 was activated by the nmethod descri bed
above. The reaction conditions are set out in Table 2.
Tabl e 2 The crude hydrogenati on product had a Peak
Acetal of 0.46Wm % following treatnent this resulted in
a level of 19% The material fromthis mniplant was
distilled via the conventionaldistillation processes
to provide 1, 4-butanedi ol product that contained 0.8%
2- (4- hydi Oxybut oxy) -t etrahydi Of oran. This
denonstrated that a high purity pol yner grade 1, 4-
but anedi ol can be achieved in high yield.Cains 1. A
process for the purification of a crude liquid feed
stream conpri sing 1, 4-butanedi ol and a m nor anount of
2- (4- hydr oxybut oxy) - t et r ahydr of uran and/ or precursors
t hereof wherein the process conprises passing the
crude feed in the presence of hydrogen in a reaction
zone over a heterogeneous liquid tolerant copper
catalyst in the liquid phase at hydrogenati on
conditions and recovering a purified stream of
1, 4- but anedi ol having a | ower anount of
2- (4- hydr oxybut oxy) -t et rahydrof uran than the crude
liquid feed



stream 2. A process according to Caim1 wherein the
hydr ogen pressure is in the range of fromabout 5 barg

W0 200al01957 150 barg. 3. A process accordi ng to EIHGB2®S5/003741

wherein the hydrogen pressure is in the range of from
about 35 barg to about 100 barg. 4. A process
according to any one of Claiibk 1 to 3 wherein a
tenperature of the reaction zone is in the range of

Claifwsom about 20C to about 1500C. 5. A process according

o

to any one of Clainms 1 to 3 wherein a tenperature of
the reaction zone is in the range of from about 50C to

%b ”é;i;gc]é%g gréth%guﬁ‘ﬁggt%%eq%‘sa c%cgaolacg%@ eﬁ%tr@ﬂ?f cFR riﬁfl% )1/,4i-l%utanediol

erern a liqui rl'y space vet ocl

| N3t DEMIRGGEN Qint bF 2111 3Bty Butdxyh) Qetddd@biofikn arld/oprecursors thereof
process according to any one of Clains 1lto 5 wherein a

| | ghedicHdwerirgcespewaprisss passing the ciude féed in Hreguesshcd oidiyidrogen in a
about ,0.2 to about 5. 8. A Prage%s]]s agcordin t%.ag}/ lauid bl
onEPAGROTCEANR VI " RRERET T i ' F B FOHWH?%ﬂé H §re hquid phase
ad : Walak ' [ : ;
g D o Ryl having
t oadbeat anduno ofifdh(4Hidres bpexyhturhydrofurdn thaodbs srude liquid feed
according to Claim8 wherein the hydrogen is added at

a PIrgA-rate of about 5 and about 3 0 normal litres per

hour. 11. A process according to any one of Clains 1

to 10 wherein the liquid tolerant copper catalyst is a

COPP&ibeeRBIREdtMgaa CMiNST wharedOhp & dRdlgerbaswe@isdh s range of from
copper zinc catalyst or a copper silica catalyst.
about 5 barg to about 150 barg.

A process according to Claim 2 wherein the hydrogen pressure is in the range of from

about 35 barg to about 100 barg.

- A process according to any one of Claims 1 to 3 wherein a temperature of the reaction

zone is in the range of from about 20°C to about 150°C.

A process according to any one of Claims 1 to 3 wherein a temperature of the reaction

zone is in1 the range of from about 50°C to about 130°C.

A process according to any one of Claims 1 to 5 wherein a liquid hourly space velocity

is in the range of from about 0.1 to about 10.

A process according to any one of Claims 1 to 5 wherein a liquid hourly space velocity

is in the range of from about 0.2 to about 5.
A process according to any one of Claims 1 to 7 wherein additional hydrogen is added.

A process according to Claim 8 wherein the additional hydrogen is added at a flow rate



12. A process according to any one of Clains 1to
llwherein the catalyst is carried out in the presence

w@booa/oproonot er. 13. A process accordi ng to C aper/GB2005/003741

10.

11.

13.

14.

wherein the pronoter is manganese or barium 14. A
process for the production of at |east one C4 conpound
sel ected from 1, 4- but anedi ol 12t et rahydrof uran and g
-but yrol actone conprising: (a) contacting a solution
of ofabbut ( @ -aBbunbkybymatditeaper aurh hydrogen in a hydro
genation zone under ester hydrogenation conditions in
t he presence of a heterogeneous ester hydrogenation

fﬁtAa}éll)é %ss Lo e[@flﬁi'ﬁ? g el (;n tl‘glhﬁ%%pls Q@deﬁ%@ g g%)gz rate of about

oun anoun

2- (S%nd%&it@@’hblﬂnﬁéi)h)trebpbfmmofuran (b) recovering
fromthe hydrogenati on zone a product stream

cont ai ni ng the at | east one C 4 conpound and a m nor

o CHBop R FEELIL O oLt SERE NS By NPt e R plsgant copper
su thﬁﬁf%ﬂ i94 C%ﬁ&lcdh%ﬁlté @ﬁﬂyﬁ 5 E5¥Pet AufnllR JAULESR; Sasco%)elaﬂﬂc catalyst

one f dains
or a copper silica catalyst.

A process according to any one of Claims 1 to 11 wherein the catalyst is carried out in

the presence of a promoter.
A process according to Claim 12 wherein the promoter is manganese or barium.

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

(c) without prior purification subjecting the crude feed stream to the process of any |

one of Claims 1 to 13.



