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1+ ° ~ PROCESS FOR PUR! Y| NGRERLKEED, SHEETSNEDI §6

H ELD OF THE | NVENTI ON I .nvent | on jelates tma procéé@o’ﬁg)r
puri fying crude 1, 4- but anedi é%ﬁ%’r" Pﬂagg 5 @Ra%% flerred to
sinply as crude 1,4-BG. Mre parlf i et RagemnT.....

i nprovenent in the purification p %w‘ﬁﬁfr" -s@spggé xhydrogenat i ng
crude 1, 4-BG Mwmma@ é‘ ol falgaNIT.0)

1, 4-But anedi ol is a conpound whi cfs—trseftui—as—t-he startli ng nmat eri al
in synthesizing pol ypRo®ESSSFORS PURIFYING CRUDE" @, acmmmnmahydr of uran,
etc. A known process for produci ng 1, - but anedi ol

aci d and oxygen in

conprises, for exanple, reacting.b t .g TS
the presence of a pall adi um cateafy u gi ve di acet oxybut ene,

t hen hydrogenati ng |.ace.t 0 Ut en | he 7 lse of

catal yst or a nick ‘S}%l rev‘sﬂa‘ﬁ?er e%f g}ﬁoe |sacfe?ar 3@% J?&% and

t hen hydrol yzi h edi ol
(JP- A-52- i 1 f‘b%‘f?%% 2‘512nBsz(‘%fmuaﬂ:*g/]&zéf'h e’{fg%’gﬁ%’lb A-éeztfl‘i%%%]

(publ i shed 7$Q¥ 77), 5 é%@&ﬂa bl 4 8
1995); the gny - A u’se e'reilﬁollﬁee S an unlc(a amintz?eéh%ﬁﬂhs ed
Japanese p%ﬁo%ﬂ@%ﬂ Q‘_‘hé -purification p%&s']s Lo st i 48!S

obtained is contam nated wt vari ous rrpurl ti es such as

2-(4' - hydr q?agagg@yaﬁ_ﬁ{g E&Mé) 1, 4-Bg,f uran, 2-(4'-oxobutoxy)tetrahydrofuran
and 1, 4-di - tetra- .

B N

1,4-Butanediol is a compound which is useful as the
starting material in synthesizing polyester resins, y-
butyrolactone,'tetrahydrofuran, etc.

A knqwn process for producing 1,4-butanediol
comprises, for example, reacting butadiene, acetic acid and
oxygen in the presence of a pailadium catélyst to thereby
give diacetoxybutene, then hydrogenating diacetoxybutene with
the use of a palladium catalyst or a nickel catalyst to
‘thereby give diacetoxybutane, and then hydrolyzing the
diacetoxyhﬁtane thereby giving 1,4-butanediol (JP-A-52-7909
(published on January 21, 1977), JP-A-52-133912 (published on
November-9, 1977), JP-A-7-82191 (published on March 28,
19195); the term "JP-A" as 'us"'ed herein means an "unexamined |
published Japanese patent'application"). |

The 1,4-butanediol thus obtained is.contaminated with
various impurities such as 2-(4’-~hydroxybutoxy)tetrahydro-
furan, 2- (4'-oxobutoxy)tetrahydrofuran and 1,4-di-(2’-~tetra-

hydrofuroxy)butane wh:.ch cannot be eliminated by
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hydr of‘ur oxy) but ane whi ch cannot be el'i ni nated by

2. distillation. It has been found that 1, 4-butanedio

contamnated wth these inpurities is unsuitable as the starting materi al
for producing resins, fibers, etc., since it causes the coloration of
products or insufficient reactivity in the production process. Therefore,
various proposals have been nade to elimnate these inpurities.

For exanple, JP-A-61-197534 (published on Septenber 1, 1986) has proposed
a process faorstarideddi. crude 1,4- butanedi ol which conprises

hydr ogenati ng crude 1, 4-butanediol containing at |east one of

2- (4' - hydr oxybut oxypt ¢asaibedirn-found ahat?-1(,4 -bmtanediol) teantamicatfed an and
1,4-di-(2'- tetrahydrofuroxy)butane in the presence of a hydrogenating

cat al yst. ot ethesehdmmiritiies dfs ninsudtibdgeas ithe atarting matexidlbous|y
reduced during prolonged continuous operation of this process due to the
heavy i npurfiad grddudimg resjinshoifiibersoiehc coingredt ravres thee
1,4-butanediol, thus making it difficult to stably produce 1, 4-butanedi ol
of accept sslenatdan ofrprafducismen Hinsufifiqiant yeagtivity iy the
(published on June 21, 1994) discloses a process wherein high-boiling
conpounds RFEUWNGHHOn RFAKLSH st iThenafare o Vardqnf PropIiALH AR RARMI ned

fromthe |OM€{ side stream af the distillation colum is hydrogenated.

Hovever, t Mademit Rddminats Fhass AMpUFi5iesp. A 6-

' For example, JP-A-61-197534 (published on September
1, 1986) has proposed a process .for purifying crude 1,4-
butanediol which comprises hydrogenating crude 1,4-butanediol
containing at least one of 2-(4’-hydroxybutoxy)tetrahydro-
furan, 2-(4’-oxobutoxy)tetrahydrofuran and 1,4-di-(2’'-
tetrahydrofuroxy)butane in the presence of a hydrogenating
catalyst. However, the activity of the hydrogenating
catalyst is seriously reduced during prolonged continuous
operation of this procesé due to fhe heavy impurities having
high boiling point contained in the crude 1,4-butanediol,
thus making it difficult to stably produce 1,4-butanediol of
acceptable purity. To overcome this difficulty, JP-A-6-
172235 (published on June 21, 1994) discloses a process
wherein high-boiling compounds are separated by distillation
and crude 1,4-butanediol obtained from the lower side stream
of the distillation column is hydrogenated.

However, the improved process describéd in JP-A-6-
172235 is not completely satisfactory, since the 1,4-butane-

diol produced by the procesé still contains about 0.2 % by

-2 -
This Sheet Has Been -RTlaced

AR




172235 is not conpletely satisfactory, since the 1,4-butane- diol produced
by the process still contains about 0.2 % by

3 weight of 2-(4'-hydroxybutoxy)tetrahydrofuran (hereinafter sonetines
referred to sinply as BGIF), which is the ngjor conponent of the

I mpurities. Particularly during prolonged continuous operation of the
process, there arises a problem that the content of BGIF exceeds 0.2 % by
wei ght and is accumulated in the 1, 4-butanediol product, thus nmaking it

| Mpossi bl e i gHO BIE @ ¢ £+ M BB t iy Nl rdhiYfdddfuran (hereinafter
SUMVARY COF THI:g)‘II NVENTl_g\I An obljr)gict oéfm{ he present invention is to
provi de a gunetingsl irefqfmntto Winply d4shBGIR)) avhich tir tHw\usajor

menti oned i nproved process described in JP-A-6-172235 is solved and highly
pure 1, 4- bwiompotierit ofhitie dmpurritsials 2 Parbiodiapity aturtiogsr mfo lREkedind
99.80 % by weight or nore of 1,4-butanediol, can be obtai ned.

SUMVARY OF chsE iinweisTopieration of Tthe praasas, mhanerarises & @urabldmt t he
crude 1,4- butanediol to be distilled according to the process of JP-A-

6- 172235 cdhadi they gantento qfe BGRF W&-i%& &t arsight andnise

hydr ogenati on step in the process. Wen this hydrogenated 1, 4-butanedi ol
i s suppl i e@Gowmnlatedyiin the i .Aroutangdiok %‘é"é’s’éné’é“ﬁ makifng &t causes

BGTF to befaggggibfgw¥g:%fg$W§fQﬁqiﬂuééhééy%fﬁé¥iﬂﬂéﬁiéﬁ}f¥¥}”nh thus
SUMMARY QF THE INVENTION

An object of the present invention is to provide a
purification process whereby the problem in the above-
mentioned improved process described in JP-A—6;172235 is
solved and highly pure 1,4-butanediol, which contains 0.2 %
by weight or less of BGTF and 99.80 % by weight or more of
1,4-butanediol, can be obtained.

§HMMABI_QE_I§§_1H!EHEIQH

The present inventors have found that the crude 1,4-
butanediol to be distilled according to the process of JP-A-
6-172235 contains a fine powder of hydrogenating catalyst
from the hydrogenation step iﬁ the process. ' When this
hydrogenated 1,4-butanediol is supplied into the distillation
column, the presence of'catalyst causes BGTF to be formed
from 1,4-butanediol in the distillation column, thus
resulting in unacceptable levels of BGTF in the distilled
product.

Accordingly, the present invention provides a process
for purifying crude 1,4-butanediol'obtained by hydrolyzing

_
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resU]ting in unacceptable levels of BGIF-in the distilled product.
Accordingly, the present invention provides a process for purifying crude
1, 4- but anedi ol obtai ned by hydrol yzing

4 di acet oxybut ane which conprises the following purification steps (1) to
(3): (1) hydrogenating the crude 1, 4-butanediol in the -presence
of a hydrogenating catal yst; (2) renmoving a fine powder of the
hydrogenating catal yst fromthe hydrogenation m xture; and

distilling gt ¥Q&ﬂ?ﬂ£%H @ﬂﬁ?rf been
renmoved, |n 3 C#EStH atron 031 um c?{)e%qt\gmlcé}lblttﬁ%gﬁ{gdﬁ hi glh purity

fromthe S%Q%gﬁgkseynﬁg (e distillation col um. - BRIEF
DESCRI PTI ON THE DRAMVN Fig. 1is a flowchart show ng the

purification steps (19f nydecRenating fheNcrade 1,4-butankidiol? ilnS thef | ow
chart show ng the steps of prior art process for pr oduci ng

di acet oxybpir@sence of a HybilogehnaRingRidaballys®¥; THE PREFERRED EMBCDI MENTS
A preferred enbodi nent of the present i-nvention will now be described in

detail below 1. HKi2Jrxleyeivingf aDfinet poydeiraod the hydrogenertisg
1, 4-but anedi ol enpl oyed as the starting material in the process of the
present i neakalysti £rome the hydrogenation mixture; and

(3) distilling the hydrogenation mixture, from which
the fine powder has been removed, in a distillation column to
obtain 1,4-butanediol of high purity from the side stream of
the distillation column.

DE N D

Fig. 1 is a flow chart showing the purification steps
of the present invention.

Fig. 2 is a flow chart showing the steps of prior art
process for prqdﬁcing diacetoxybutane.

ILE I F ERRE MBODIMEN

A preferred embodiment of the present invention will
now be described in detail below.
1. Hydrolysis of Diacetoxybutane

The crude 1,4-butanediol employed as the starting
material in the process of the present invention is the
reaction product obtained from the hydrolysis of diacetoxy-
butane. Preferably, diacetoxybutane is obtained by
hydrogenating diacetoxybutene, and diacetoxybutene is
obtaihed by reacting butadiene, acetic acid and oxygen in the

presence of a palladium catalyst (JP-B-55-45051 (published on
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reaction product obtained fromthe hydrotysis of diacetoxy- butane.
Preferably, diacetoxybutane is obtained by hydrogenating diacetoxybutene,
and di acet oxybutene is obtained by reacting butadi ene, acetic acid and
oxygen in the presence of a palladiumcatal yst (JP-B-55-45051 (published
on Novenber 15, 1980), JP-B-55-16489 (published on May 2,
1980), JP-B-55-17016 (published on May 8, 1980); the term"JP-B" as used
herei n neans an "exam ned Japanese patent publication").

Therefore, NRenbeiC i ugmne JeL s LFad Y 4ghb DI SHed AU WHPW) 113750 ,

1, 4-di acet oxybut ane as the rmajor conponent, and preferably i'ncludes

i soneric mpplp-g%-qf70h64-( pul 3G WLl e 8) 11D dh Yy dilRe ety DU as

1, 3-di acet oxy- butane, etc. and optionally containing nonohydroxyacet oxy-
but ane, et gsed tieaedingreans g Mediriined) Juphnesd fpamnto puliiicesions) J t
may al so be preferred in some cases to use a m xture of

1, 4- di acet oxybut an@hekrefore)oltheér dipsetosybutianee toaie hy@rmltyezeedi ol which
is obtained by performng the hydrolysis to a certain extent and then
renovi ng watrerfesnadlya compr iseisd 1If,dedidce hoscydnit@aneriaa (he major In the
hydrol ysis reaction of diacetoxybutane, it is preferred to use a cation
exchange r eomponenthe angt prefenaplysdmcdydes Hispmerke mixturasookils4ni th
little formation of . by-products such as tetrahydrofuran (hereinafter
referred tgiagpﬁﬂxyhg§agﬂpﬂ1th 3,4-diacetoxybutane, 1,3-diacetoxy-

butane, etc. and optionally containing monohydroxyacetoxy-
butane, etc.,‘depending on the production and purification
processes. It may also be preferred in some cases to use a
mixture of 1,4-diacetoxybutane, 1,4-monohydroxyacetoxybutane
and 1,4-butanediol which is obtained by performing the
hydrolysis to a certain extent and then removing water and
acetic acid frdm the reaction mixture.

In the hydrolysis reaction of diacetoxybutane, it is

+ preferred to use a cation exchange resin as the catalyst to
achieve a high rate of hydrolysis with little formation of
by-products such as tetrahydrofuran (hereinafter referred to
‘simply as THF).

More preferably, a strongly acidic cation exchange
resin of the sulfonic acid type, made of a styrene/divinyl-
benzene copolymer as the base, is used. The cation exchange
resin may preferably be either a gel resin or a porous resin.

Particularly preferred examples of such strongly
acidic cation exchange resin of the sulfonic acid type

include gel type resins sold under the trade marks SK1B,

——
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More preferably, a strongly acidic cation exchange resin of the sulfonic
acid type, nmade of a styrene/divinyl- benzene copol yner as the base, is
used. The cation exchange resin nmay preferably be either a gel resin or a
por ous resin. Particularly preferred exanpl es of such strongly

aci dic cation exchange resin of the sulfonic acid type include gel type
resins sold under the trade marks SKI1B, SK104, SK106, SX110 and
SK112 and porous type resins sold wunder the trade narks PK208, PK216,

PK228, RCPLeGh4 R@khb@* s@dlcm@%h‘l@m&rra@tf@%d% fegpd tidiinghisddaem cal

Cor por ati on). he hydrol ysis of diacetoxybutane is preferably
performed hmdexd enaert&taweenfa&me PX209,0PR2IG F¥228) Horais 0H|,1RAPAIMOHC,
nore preferably from about 40 to about 90 [err]C. The reaction

pressure i Rnd ROPAASH YHahuFactvied Gy Mitdeubdshi Chesticadrticul arly
restricted. However, the reaction is preferably carried out under a
pressure remmpq;&ummnabout atnospheric pressure to about 10 kg/cnferr]-G
(0.1 to 1.08 MPa). Wth respect to the ratio of diacetoxybutane to
wat er, water, whi cfheehydsrolysiisaofadiagetioxybwtane ds prefemablyol vent, is
preferably enployed in at least a stoichionetric anpunt. Nbre preferably,
water is upedformed immrttemerameamezqfofm@uebmw A9 tonghout

preferably from about 4 tg about 50 nol, per d|a08504¥butane
Al t hough t A Ony@r oR9Ee spreﬁe#%Yo#remaeePBRyﬁﬁt 5ﬂeab°ut

The reaction pressure in the hydrolysis of diacetoxy-
butane is not particularly restricted. However, the reaction
is preferably carried out under a pressure ranging from about
atmospheric pressure to about 10 kg/cm?G (0.1 to 1.08 MPa).

With respect to the ratio of diacetoxybutane to
water, water, which serves both as a starting material and
the solvent, is preferably employed in at least a
etoichiometrie amount. More preferably, water is used in an
amount of from about 2 to about 100 mol, most preferably from
about 4 to about 50 mol, per mol of diacetoxybutane.

Although the hydrolysis reaction of diacetoxybutane
may be performed in various manners, it is preferred to use a
system wherein diacetoxybutane and water are passed through a
fixed bed packed with an acidic cation exchange resin.

2. Crude 1,4-Butanediol _

Preferably, low-boiling compounds and high-boiling
compounds are removed from the hydrolysis product obtained'by
the above process to thereby give crude 1,4-BG. These

compounds can be distilled off by known methods, for example,
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may be perfornmed in various manners, it rs preferred to use a system
wher ei n di acet oxybut ane and water are passed through a fixed bed packed
with an acidic cation exchange resin. 2. Crude 1, 4-Butanedi ol

Preferably, |ow boiling conpounds and hi gh-boiling conpounds are renoved
fromthe hydrolysis product obtained by ..the above process to thereby give
crude 1,4-BG These conpounds can be distilled off by known nethods, for
exanpl e, 7 those described in

JP- A-6- 17223%0se describ&@ffﬁrJP@hlshfﬁm23§. it is preferred that the
hydr ol ysi s product obtained by hydrol yzi ng di acet oxybutane in a hydrolysis

reactor (1), is sumdferrind cd Figstl1distiis ptéféepredothad tRe and

| ow-boiling fractions (4) conprising water and acetic acid are

subst ant i al hydxelyd £ ghyodiict i dbtained by rhydtbdkyzbhgndiacetoxpbutandéein
bottom settlings (5) are supplied into a second distillation colum (3).
The wat er amchyteslysisixedeonri 61) ) | sl sippliedn ihto aopfivstcdiabiblé2) are
preferably further distilled and purified to thereby obtain water and
acetic aci dlatfion gelwarent2 pand \low-beibing ofractionse(4) aconpyiaingri al s
in the hydrolysis of diacetoxybutane and the, acetoxyl ati on_of butadiene,
respect i velWater and acetic faGid arersubskaphiablysoppletely disthbled

operated at a tpeoretical | at e nunber, of froq%about 2 to_ .
off from the column top, while the bottom settlings (5) are

supplied into a second distillation column (3).

The water and acetic acid (4) distilled off from the
top of column (2) are preferably further distilled and
purified to thereby obtain water and acetic.acid of
sufficient purity to be émployed as the starting materials in
the hydrolysis of diacetoxybutane and the acetoxylation of
butadiene, respectiﬁely.

The first distillation column (2) is preferably
operated at a theoretical plate number of from about 2 to
about 10, under a column top pressure of from about 50 to
about 200 mmHg (6.6 to 26.7 kPa), at a column bottom
temperature of from about 100 to about 200 °C (more
preferably from about 120 to about 180 °C) and a reflux ratio
of from about 0.01 to about 1 (more preferably from about 0.1
to about 0.5).

From the bottom settlings (5) supplied into the
second distillation column (3), a fraction containing
diacetoxybutane and mainly 1,2- or 1,3-isomers of hydroxy-

acetoxybutane is distilled off from the column top (7), a
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about ‘10, under a columm top pressure of:fromabout 50 to about 200 nmHg
(6.6 to 26.7 kPa), at a columm bottom tenperature of from about 100 to
about 200 [err]C (nore preferably fromabout 120 to about 180 [err]C) and
a reflux ratio of fromabout 0.01 to about 1 (nore preferably from about .
0.1 to about 0.5). Fromthe bottomsettlings (5) supplied into the
second distillation colum (3), a fraction containing diacetoxybutane and
mainly 1,2- or 1,3-isoners of hydroxy- acetoxybutane is distilled off from

t he col umm ( the 1,4- fh d&?actlon
primarily g%%?alnlng rf;X ﬁgﬁ&#ﬁ?‘“ﬁ hygroxy-nmg%gfgkfkut

distilled &gmuttaﬁeua@eaﬁﬂmw FF (bm ¥hd uppelCisiae %tt&@amnt(@ the

hydronS|s reac crude 1,4-BG is renoved as a vapor phase

fromthe |QWBVL%'Q%c1§bh§%EbGBhnto the hyd Wg@ﬁﬁe&e%bdbrsKﬂgaﬁmmﬁlelS
preferably | ocated above the inlet through ch the liquid (5) is

suppl i ed f gedeha , 4EBGS i sdirghiovied! ash ac vlapor phasenifirom tthe lower side
stream (8) is preferably |ocated below the inlet. The bottom
settlings etrealm {(89.second distillation colum (3), which contain a |arge
anount of high-boiling conpounds, may preferably be purged fromthe
reaction system Rheenppeivelide B&reemniéﬂtusngseéerab&yuAppytednahpneng
1,4- butanediol as the nmajor conponent, may preferably be supplied into a
fourth di sthel dnlet &biromgh m)whmba/éaaiulé {5i)| ist supplied from the

first distillation column (2), while the lower side stream
(8) is preferably located below the inlet.

The bottom settlings (9) of the second distillation
column (3), which contain a large amount of high-~boiling
compounds, may preferably be purged from the reaction system.
Alternatively, bottom séttlings (9), usually containing 1,4-
butanediol as the major component, may preferably be supplied
into a fourth distillation column (10). The vapor distillate
(11) from column (10) is then preferably circulated into the
second distillation columh (3) to thereby improve the yield
of 1,4-butanediol.

The second distillation column (3) is preferably
operated -at a theoretical plate number of from about 50 to
about 150, under a column top pressure of from about 50 to
about 200 mmHg (6.6 to 26.7 kPa), at a column bottom
temperature of from about 150 to about 220 °C and a reflﬁx
ratio of from about 0.1 to about 10. From distillation
column (3), the crude 1,4-BG fraction (8) is supplied into

hydrogenation reactors (12, 12°).
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(11) fromcolum (10) is then preferably-circulated into the second
distillation colum (3) to thereby inprove the yield of 1, 4-butanediol.
The second distillation colum (3) is preferably operated at a theoreti cal
pl ate nunber of from about 50 to about 150, under a columm top pressure of
fromabout 50 to about 200 nmHg (6.6 to.26.7 kPa), at a columm bottom
tenperature of fromabout 150 to about 220 [err]C and a ref lux ratio of
fromabout 0.1 to about 10. Fromdistillation colum (3), the crude 1, 4-BG

fraction (&, | ppiPR}irmf #rdfmdindr ogenation reactors (12, 12').
9. 3. Purifying Treatnent The crude 1,4-BG (8) obtained from

distiltation col umpHad)eid ar ,ahlaG (@) Bbtained fhswtdSstiDlabo 98 % of

1, 4- but anedi ol together with 7 to 3 %'of i mpurities such as

4- hydr oxy- ledinenaf 3 prskdfedbliy nastitd indi faomrabown09 7 atol abaitl 9 e sof

respectively of 1, 4- butanedlol 2-(4' - hydroxy- butoxy)tetrahydrofuran

(BGTF), 2-(% 4-<buﬂnrtend;q1 eicrgetltgujmifth@ ¥BOI MY efidimpurities such as

1,4-di- (2" -tetrahydrofuroxy)butane (BGDTF) which are adducts of

di hydr of ur drhydroxy-<hdutanal and il drdutanediabrwhich saxg mero- and

above-nenti oned al dehydes) and 1, 4-but anedi ol - and qagh boi | i ng conpounds.
hireaned Urieped

These i npurdiialdehydes: gigsnactd el of 41:tﬁrt XXV Ty
separated from1, 4- butanedlol by distil- |ation (tetrahydrofuran, butanol
and ditet rm hydaofunans ( (BETF 1))' A~ (e R XY HeRM 3 on wher ei n

t he crude #1 ﬁtaned ﬁ |s h rogfn é? ﬁﬁﬁ%ﬂﬂ%ﬁ%ﬁfﬁﬁ thﬁ?‘h dr ogenati ng
?ﬁb:L??gn 3? de of st f- yégllkﬂ;%togehgflon
Pr ef erredde‘@fﬁ&g c?ﬁ @’ﬁ%ﬁ}g?fr@ %é}gé t % Such as Pd
Pt, Ru I

not necggsary dr?attélh 2‘%%;1 %%‘Q% use t eé’[}a%;ﬁé%éﬁ% 1I"\boneo cﬁu:jz
1,4-BG be p 3%0 iyl w@qerum%tabﬁd} 1uta%vn iigh-2bi g 1&&595&%@

saturated hydr rogenation of crude
preferably phese impurities are converted into 1,4-butanediol or

compounds easily separated from 1,4-butanediol by distil-
lation (tetrahydrofuran, butanol and ditetramethylene glycol)
by step (1) of the present invention wherein the crude 1,4~
butanediol is hydrogenated.

As the hydrogenating catalyst in the hydrolysis of
crude 1,4-butanediol according to the invention, use can be
made of catalysts commdnly employed in hydrogenation.
Preferred examples of these catalysts include precious metals
such as Pd, Pt, Ru and Rh, with Pd and Ru being particularly
preferred. |

It is not necessary that hydrogen (13, 13’) used in
the hydroganation of crude 1,4-BG be pﬁre. The hydrogen may
be diluted with an inert gasland a saturated hydrocarbon.

The hydfogenation of crude 1,4-BG is preferably
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10 performed under a hydrogen pressure of fromabout 5 to about 20
kg/cnferr] and at a reaction tenperature of fromabout 40 to about 250
[err]C, nore preferably fromabout 80 to about 180 [err]C. It may
be preferred that the hydrogenation step (1) of the process of the
invention is performed by a nultistage system as shown in Fig. 1, in

whi ch the hydrogenation of crude 1,4-BGis performed in first and second

hydrogenation reactors 12 and 12' connected in series. In step
(2) of the gurrAstediudder i dgircyen igiessurl Qe NBifom aliswl B ttd ldhout
obtained fromreactors 12 and 12' is subjected to gas/liquid separation

with the usp dgiem’gand atuadreapgionotefipbrature of fromeabogti d0phase
(16) obtained fromgas/liquid separator (15) is then treated to renove the
finely powdbart 350irggemdicenprefezhbliy. from about! 8B0otdeabbatr a80vECt he
fine powder of the hydrogenating catalyst fromthe hydrogenati on product,
the |iquid phase (Iit6may he grefarrned ithadr e hyshoigengiuianusted il or
filter (17) packed with a filtering nmedium etc. It is preferred
that the fidf ethenprutisanofs thehdmwentiion ds perfioxmed by mterkdisdtagand i s
heat resistant to tenperatures exceeding the hydrogenation tenperature.
The filtemsystem,; agprafawmbin Rid.edtedn Wiahehg g’mﬂmﬁsﬁ% ofor ous
pl ates nmade of sintered metals, porous plates made of .
crude 1,4-BG is performed in first and second hydrogenation
reactors 12 and 12" connected in series.

In step (2) of the process of the invention, the
hydrogenation product (14) obtained from reactors 12 and 12°
is subjected to gas/liquid separation with the use of a
gas/liquid separator (15).

The liquid phase (16) obtained from gas/ligquid
separator (15) is then treated to remove the finely powdered
hydrogenating catalyst.

In order to remove the fine powder of the
hydrogenating catalyst from the hydrogenation product, the
liquid phase (16) is preferably filtered through a porous
plate or filter (17) packed with a filtering medium, etc.

It is preferred that the filtering medium is
-chemically resistant to 1,4-butanediol and is heat resistant
to temperatures exceeding the hydrogenation temperature. The
filter (17) is preferably selected from the group comprising
porous plates made of sintered metals, porous plates made of

carbon or graphite, filters made from alundum, silica,

ceramics, etc., or filters packed with glass wool or

-1 0 -
This Sheet Has Been Reilaced

AT




car bori or graphite, filters nade fromalundum silica, ceranmics, etc., or

filters packed with glass wool or REPLACENMENT SHEET
asbhestos. It is particularly preferred that the filter conprise a glass
wool filter or a porous sintered netal plate. The pore size of
the filter is preferably about 10 [err]m. or less, nore preferably from
about 1 to about 5 [err]m In step (3) of the process of the

i nvention, the hydrogenation (or hydrogenated) m xture (18), from which

the fine puiRistds.! hathid uaRaldulhrtst Pneteriand Rapit ra@vedider fil ter
(17), is supplied into a third distillation-colum (19) and 1, 4-

but anedi ol cPimpiiFe RUIGLIass Wwodl dildkr roamd poroule sinteared (mEYal her eof .
The third distillation colum (19) is operated at a theoretical plate
number of fplaveabout 10 to about 100, under a colum top pressure of from
about 10 to about 100 mmHg, at a columm top tenperature of from about 100
to about 200 [err] Theampsdre sdizieuwfr aheo fifl termsalpmefeirablyo ademtt 100 pm
The 1, 4-but anedi ol product is preferably distilled out fromthe | ower side
stream ( 20pmfleass r soties prdfanabply dstommabond) 1 Wia |abaww-bdi®4 ng conpounds
(22) such as water, tetrahydrofuran and butanol are distilled off fromthe
top of colum (191N Fkemi(F- B&i they pxoesssn@E (the inveniiany fhem the

bot t om of %(yd%my(s]i%) 'milxril.:ui%ma( l%a)s'e%riém %ctﬂe tq{eeffeirnree%owder of the
hydrogenating catalyst has been removed by filter (17), is
supplied into a third distillation column (19) and 1,4-
butanediol of high purity is obtained from the side stream
(20) thereof.

The third distillation column (19) is operated at a
theoretical plate number of from about 10 to about 100, under
a column top pressure of from about 10 to about 100 mmHg, at
a column top temperature of from about 100 to about 200 °C
and a reflux ratio of from about 0.1 to about 10.

The 1,4-butanediol product is preferably distilled
out from the lower side stream (20) of third distillation
column (19), while low-boiling compounds (22) such as water,
tetrahydrofuran and butanol are distilled off from the top of
column (19). The high-boiling compounds (21) are drawn from
the bottom of column (19). In some cases it may be preferred
that the distillation is performed using a plurality of third
distillation columns.

‘When oxygen enters third distillation column (19)

during the above-mentioned distillation process, 2-hydroxy-

- 11 -
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that the distillation is perforned using a plurality of third distillation
col umms. When oxygen enters third distillation colum (19) during
t he above-nentioned distillation process, 2-hydroxy-

12 tetrahydrofuran, 4-hydroxybutylal dehyde, etc. are forned as

by-products and are difficult to separate from 1, 4-butanediol by
distillation. Thus, the entry of oxygen into colum (19) should preferably
be m nim zed by regulating the oxygen pressure at the top of third

distillati %boutt&@igo(f%%)a& 0 4-AyabxiPuti1 Aol et Bl ¥ i@l wel 1 OM

about O to g exanples further

Il 1ustrat eb?r d"u%fis aneeaire afifeieultetdnsepa¥aitel Fhom) 194ebutandial! -
However, i€ i's to be understood that the present invention is not

restricted dtifseuqutmbm nt &hdesmthbeénthgr oifN oxlygenh@ntbokloduimng (19)
exanples, all "parts"” and "% are by weight. Unl ess ot herw se

not ed, thesh@huﬁspgeﬁemab&yoheamﬁnlnmabﬁtbyategaﬂatdhgamhedohyggas
chronatography carried out 5 days after the initiation of the process,
i .e., duri prestsaxey atogbeatiopnodf thiwdpddssddlation column (19) to
REFERENCE EXAMPLE Into an acetoxyl ation reactor (101) were
suppl i ed 1abousally mmHgr opubedpwaemozeoprefgrably &romcabputad onabemtnas
contan1nated with 0.8 % of -1, 4- hydroxyacetoxybutane and 0.6 %

5 mmHg.

The following examples further illustrate preferred
aspects of the present invention in greater detail. However,
it is to be understood that the present inventiqn is not
resﬁricted to the embodiments described therein. In the
following examples, all “parts" and "$" are by weight.

Unléess otherwise noted, the values given below are
analytical data obtained by gas chromatography carried out 5
days after the initiation of the process, i.e., during steady
operation of the process.

REFERENCE EXAMPLE

Into an acetoxylation reactor (101) were supplied 170
part/hr of butadiene, 3,000 part/hr of acetic acid which was
contaminated with 0.8 % of 1,4-hydroxyacetoxybutane and 0.6 %
of 1,2-hydroxyaéetoxybutane, and 530 part/hr of oxygen as
shown in Fig. 2. In the presence of a catalyst comprising 3
% of palladium and 0.6 % of tellurium supported on active
carbon, the mixture was reacted under 9 MPa at 100 °C and

degassed by gas-liquid separator (102) to thereby give a

reaction product containing 12.5 % of 1,4-diacetoxybutene.
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of " 1, 2- hydr oxyacet oxybut ane, and 530°part/hr of oxygen as shown in Fig. 2.
In the presence of a catalyst conprising 3 %of palladiumand 0.6 % of
telluriumsupported on active carbon, the m xture was reacted under 9 MPa
at 100 [err]C and degassed by gas-liquid separator (102) to thereby give a
reaction product containing 12.5 % of 1, 4-di acet oxybut ene.

13

This reaction product was supplied into a first distillation

colum (103) at a rate of 3,100 part/hr. Water and portion of the acetic

acid were distill edhabf reaemibheprodugtnwasp sappd ied! dntb aSEimpartt / hr,
while the bottom settlings containing 74.8 % of 1, 4-di acet oxybut ene were

dr awn

of f distdllatdonl colampar(lOB). at a rate Gfe 3A1000 Paset/thiri.ngHaftkeam t he

first columm were supplied into a second distillation colum (104)

(practi cal andl poztionbedf: the) ageticr acd dowese0 distilledandf fdifaom the
therein under the columm top pressure of 2.7 kPa at a reflux ratio of 0.5.
Thus, a soFglusn £opt atnngars. 9£o250 paxt/hai,awduidey Fhechotke® distill ed

off fromthe colum to

~at a rate of 550 part/hr.

. p. at a The
di acet oxyb&e&kd inggc EPBkaLREBgAftaBndd Ofad » tsGiFcRtexYRUS R VRS SF 20N

react or (10%) packed wi t
and hydr og®

h_a aIIadignlcatalyst and a ruthenium cat al yst
&t P&n2 watepefs 5BReB2ERABE -2 hydrogen gas stream and a reaction

eaction m xturc cONEaPRFRGR BebeosBee: EAoH; kbEL ShgRl ghathn wéke °

supplied into a second distillation column (104) (practical
plate number: 20) at a rate of 580 part/hr and distilled
therein under the column top pressure of 2.7 kPa at a reflux
ratio of 0.5. Thus, a solution containing 75.5 % of 1,4-
diacetoxybutene was distilled off from the column top at a
rate of 550 part/hr.

The diacetoxybutene fraction thus obtained was
supplied into a hydrogenation reactor (105) packed with a
palladium catalyst and a ruthenium catalyst and hydrogenation
was performed under a hydrogen gas stream and a reaction

pressure of 5 MPa and a temperature of 70 °C to thereby give

. a reaction mixture containing 75.6 % of 1,4-diacetoxybutane.

This reaction mixture was subjected to gas/liquid
separation and then supplied into a third distillation column
(106) (practicai plate number: 20) at a rate of 550 part/hr.
The mixture was then distilled therein under a column top
pressure of 2.0 kPa at a reflux ratio of 0.25. Thus a
solution containing 75.9 % of 1,4-diacetoxybutane as shown in

Table 1 was distilled off from the column top at a rate of

I
e
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Thts reaction m xture was subjected t-o gas/liquid separation and then
supplied into a third distillation colum (106) (practical plate nunber:
20) at a rate of 550 part/hr. The m xture was then distilled therein under
a colum top pressure of 2.0 kPa at a reflux ratio of 0.25. Thus a
solution containing 75.9 % of 1, 4-di acetaoxybutane as shown in Table 1 was
distilled off fromthe colum top at a rate of

14 520 part/hr. EXAMPLE 1 The

1, 4-di acet fNEpent ai ning sol ution obtained above, having the
conpositiogﬁﬁﬁgan |G the first colum of Table 1, was supplied into a

hydrol ysis reactor (1) packed wth %9%%£ﬂ2i4? cation exchange resin SKI B
(manuf actured by M tsubishi Chem cal rporation) at a rate of 520 part/hr
together with 250 pad /1)4-QfiatedoHpmiaRiicontainigy ol iikin Gt ithed
Hydrol ysis was then carried out at a tenperature of 50 [err]C The second
colum of THduwe,l kEvimy tdiee compositiom sHovwrhahhe| fixtsst pralbumrt dfhus

obt ai ned, excluding water. TABLE 1
Initial Tabde et was supplied into a hydrolysis reactoxfik)rpacked
. hydrol yzed Component product (%

1, 4- di acet sithute 1 of a cation exgthamge resin SKXB ((manufactured by
1, 4- hydr oxyacet oxybut ane 5.2 32.5
Mitsubishi Chemical Corporation) at a rate of 520 part/hr
together with 250 part/hr of a 28 % aqueous solution of
acetic acid. Hydrolysis was then carried out at a
temperature of 50 °C. The second column of Table 1 shows the

composition of the hydrolysis product thus obtained,

excluding water.

IABLE 1
Initial Content in
content hydrolyzed
Component (%) product (%)

1,4-diacetoxybutane 75.9 8.0
1;4-hydroxyacetoxybutane 5.2 | 32.5
1,4-butanediol 0.5 27.8
1,2-diacetoxybutane 8.3 0.7
1,2-hydroxyacetoxybutane 4.3 1.8
1,2-butanediol | 0.2 4.7
acetic acid 2.2 20.4
others 3.4 4.1

This hydrolysis product mixture in a hydrolysis
reactor (1) was supplied into the first distillation column
-
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1, 4-
8.3
1, 2- but ane
2.2

This hydro
into the f
distilled
and had an
ri ng made
500 mm bel
was oper at
t enper at ur
wat er, ac
distilled
distillati

but anedi ol 0.5 - 27.8 1, 2-di acet oxybut ane

0.7 1, 2-hydroxyacet oxybut ane 4.3 1.8
di ol 0.2 4.7 acetic acid

20.4 others - 3.4 4.1
| ysis product mxture in a hydrolysis reactor (1) was supplied
irst distillation colum (2) as shown in Fig. 1 and
therein. The first distillation colum (2) was nmade of SUS 316
(2N Ys SHAE A Pig 200 4R dideirnédhapsinackere Wifse Raschig
of 'SUS 316 at a height of -3000 mm A liquid inlet was provided
W StEL AR ddMumcie ) aysd -madde of 1808 I Ftand dhadar oLy (2)
ed under a colum top ‘pressure of 70 nmHg, a colum bottom
licimeltfdy [¢f 400 mawd arhisy | el umn iwa®pdsled Fbeh t dcRasthig t op,
etic acid and a small anmount of other |owboiling conpounds were
ofingpmadédoH@UD B etdt iadeighte ofipj00@dmi ntd 1iguidciomiet
on colum (3). The second distillation colum (3) was

made of SUWas3@Proaridigdhd th nmrkelay the dopfofl Othenpadkhi bayex umiThes

packed wit
(6) was pr
i nl et was

h a McMahon Packing at a height of 5000 nm A side stream outlet
diinsdd diguu latianwahun of2 biwas operated ajrdenml ¢olumurp
Fi)rr:oevsis%er.ge 100f0070mang’ a column bottom temperature of 160 °C
and a reflux ratio of 0.5. From the column top, water,
acetic acid and a small amount of other low-boiling compounds
were distilled off and £he bottom settlings were supplied
into the second distillation column (3).

The second distillation column (3) was made of SUS
304 and had an inner diameter of 100 mm. This column was
packed with a McMahon Packing at a height of 5000 mm. A side
stream outlet (6) was provided 1000 mm below the top of the
pack layer and a liquid inlet was provided 1000 mm
therebelow. Further, a vapor outlet (8) was provided 1000 mm
below the liquid inlet. The bottom settlings from first
distillation column (2) were distilled in second distillation
column (3) under a column top pressure of 300 mmHg, a reflux
ratio of 80 and a column bottom temperature of 210 °C.

From the column top, a fraction cémprising 9.5 % of
l,2-diacetoxybutane, 25.2 % of 1,2-hydroxyacetoxybutane and
65.3 % of 1,2-butanediol was distilled off. From the side

stream, another fraction comprising 0.4 % of 1,2-diacetoxy-

butane, 0.9 % of 1,2-hydroxyacetoxybutane, 2.4 % of 1,2-
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t her ebel ow. Further, a vapor outlet (8) was provided 1000 mm bel ow the
liquid inlet. The bottomsettlings fromfirst distillation colum (2) were
distilled in second distillation colum (3) under a columm top pressure of
300 mHg, a reflux ratio of 80 and a colum bottom tenperature of 210
[err] C. From the colum top, a fraction conprising 9.5 % of

1, 2-di acet oxybut ane, 25.2 % of 1, 2-hydroxyacet oxybutane and 65.3 % of

1, 2-butanedi ol was distilled off. Fromthe side stream another fraction

conpri sing &t%%ﬁol% 21§.i@0#td¥<§,41m§fa%&o:&b%é’éﬁ, 64.1 % of 1,4-

1, 2- hydr oxyacet oxybutane, 2.4 %

16 but anedipluosadhiiubdiell AReLOD T 1L HLEG % thien out.

hydr oxyacet oxybut'ane and 11.4 % of 1,4-BG was taken out. This fraction was

recircul at eghias Fratifordiwddarddididilitedaisrd Part BH tHee sturiment i oned
hydrol ysis reactor (1). Further, crude 1, 4-butanediol was taken

out as a vweEmsridiasdntl) thernbdve-wentiondd diydrolysis reButor (1).
above- nenti oned crude 1, 4-butanediol, which contained 2.05 % of BGIF and
0.1 %of inpuritiefurthen mrudeDIF 4-balithegdidlomwas takgn lowt iasg a
compounds, and had a carbonyl value of 6.2 ng. KOH g and a purity of 97.5
% was suppast phase r{ft)e fifor &he prapgthoutdeti-her with 0.5 part/hr  of

hydrogen into two hydrogenation reactors (12, 12') connected in series.
Hydr ogenati on reac a?:pge-gprytmgeéi caxde Jod-hwtanediedy, dhdedk er and

1300 mMm i n hei ght and acked with a catalyst conprising 0.5 %_.of, .rutheni um
N enthined 2.05 & of BGTF and 0.1 & of impurities including

BDTF, BGDTF and other high-boiling compounds, and had a
carbonyl value of 6.2 mg-KOH/g and a purity of 97.5 %, was
supplied at a rate of 1874 part/hr together with 0.5 part/hr
of hydrogen into two hydrogenation reactors (12, 12')
connected in series. Hydrogenation reactors (12, 12') were
each 500 mm in inner diameter and 1300 mm in height and
packed with a catalyst comprisinglo.s % of ruthenium
supported on active carbon in the first hydrogenation reactor
(12) and another catalyst comprising 1.0 % of palladium
supported on active carbon in the second hydrogenation
reactor (12’'). The hydrogenation'was conducted under a
pressure of 9.5 kg/cm?> and a temperature of 100 °C.

The hydrogenation reaction product mixture was then
supplied into a gas/liquid separator (15) where excess
hydrogen was separated from the reaction mixture. Next, the
reaction mixture was filtered throuéh a glass wool filter
(17) of 5 um pore size to thereby remove the fine powder of

the catalyst. Then the reaction mixture was distilled in
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supported on active carbon in the first hydrogenation reactor (12) and
anot her catal yst conprising 1.0 % of palladium supported on active carbon
in the second hydrogenation reactor (12'). The hydrogenati on was conducted
under a pressure of 9.5 kg/cnR and a tenperature of 100 [err]C

The hydrogenation reaction product m xture was then supplied into a
gas/liquid separator (15 where excess hydrogen was separated fromthe-
reaction m xture. Next, the reaction mxture was filtered through a gl ass

wool filterthizd)doétDligEtidf 61emai €9J0 thereby renove the fine powder
of the catalyst. Then the reaction mxture was distilled in

17 third distillatThe thivdnd{id®illation coldme {bP)dwasshadéabtovasbonm
(19) was nmde of carbon steel and had an inner dianmeter of 100 nm This
col um was speekeandi hadaantibhen @Phakebegraofalfli gt oTh2600okumnTwas | i ne
(20) for drawing the side stream was exclusively nmade of SUS 304.

A side strecpacked |eith28)MoMahon oRackingodt nn height 0fc200p mm.t hBheack

| ayer and a liquid inlet él8)uwas provided 700 nm t herebel ow. Distillation
was then pekirg ntd0) ufererdraebngnthe opide cs8tteamovasoexairgivelrorada e6p
oxygen pressure of O mHg, a reflux ratio of 90 and a col utm bottom
tenperatureSQﬁ %Q%‘[err]c. After continuously operating the process for

100 hours and 1’OOQAqgﬂ&?’séggéé”été&géﬂfi%fﬂwas provided 300 mm below

the top of the pack layer and a liquid inlet (18) was
provided 700 mm therebelow. Distillation was then performed
under a column top pressure 6f 200 mmHg, a column top oxygen
pressure of 0 mmHg, a reflux ratio of 90 and a column bottom
temﬁerature of 215.°C. After continuously operating the
process for 100 hours and 1,000 hours, the 1,4-butanediol
taken out from the side stream of third distillation column
(19) contained 0.11 % and 0.12 % of BGTF, respectively. The
purity of the obtained 1,4-butanediol was 99.8 % in each
case. |
COMPARATIVE EXAMPLE 1

The procedure of Example 1 was repeated but

filtration through a filter was omitted. After continuously

operating the process for 100 hours and 1,000 hours, the 1,4

butanediol taken out from the side stream of.the third
distillation column contained 0.21 % and 0.25 % of BGTF,
respectively. The purity of the obtained 1,4-butanediol was

99.7 % in each case.
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taken out fromthe side streamof third distillation colum (19) contai ned
0.11 % and 0.12 % of BGIF, respectively. The purity of the obtained

1, 4-butanediol was 99.8 %in each case. - COVPARATI VE
EXAVPLE 1 . The procedure of Exanple 1 was repeated but filtration
through a filter was omtted. After conti.nuously operating the process for
100 hours and 1,000 hours, the 1,4- butanediol taken out fromthe side
streamof the third distillation colum contained 0.21 % and 0. 25 % of
BGTF, respectively. The purity of thepobi@iged 1,4- but anedi ol was 99.7 %

I n each case. _ 18

TABLE 2 PUPthxt:i/tjﬂfof- B 4- :

but anedi ol after 100 hrh :éﬁégioE:OO A i hr

0.11 wt. % 0.12 wt. Conp. Ex. 1 99. 7 wt. @6 0.21 wt. %

0.25 wt. %Ex. 1 99.8 wt. APPLI CATO QN BAVPLE 0.12 wilo ¥3.7
parts of BGIF-containing 1, 4-butanedi ol obtained after continuously

oper ati ng tCumm:s diessl of BES8A evt.l ¥ or 1, @R1lhodrs,¥ and thb ZBwt.pdrts of
BGTF-containing 1,4- butanediol obtained after continuously operating the
process of Cbnparatlve Exanple 1 for 100 hours, in conbination with 132.4

parts of dinethyl phthalate, was added 37 Epn1(ir|éerns

To 73.7 parts of BGTF-containing 1,4-butanediol
obtained after continudusly operating the process of Example
1 for 1,000 hours, and to 73.7 parts of BGTF-containing 1,4-
butanediol obtained after continuously operating the process
of Comparative Example 1 for 100 hours, in combination with
132.4 parts of dimethyl phthalate, was added 37 ppm (in terms
of metallic titanium) of tetrabutyl titanate to prepare two
mixtures. Each mixture was subjected to esterification at
150 to 215 °C for 3 hours. 15 minutes before the completion
of the esterificatioh, 600 ppm of a hindered phenol anti-
oxidant (Irganox 1010™ manufactured by Ciba-Geigy) was added
to the reaction mixture. Successively, 69 ppm (in terms of.
metallic titanium).of tetrabutyl titanate was added thereto
and polyéondensation was performed while slowly reducing the
pressure from atmospheric pressure to 3 Torr over 85 mingtés
and, at tlhe same time, elevating the temperature from 215 to
245 °C. Subsequently, the polycondensation was continued at
245 °C and 3 Torr. When a predetermined stirring torque was

attained, the reaction was stopped and the PBT polymer was

R 1)



of 'metallic titanium of tetrabutyl titanate to prepare two m xtures. Each
m xture was subjected to esterification at 150 to 215 [err]C for 3 hours.
15 mnutes before the conpletion of the esterification, 600 ppm of ‘a

hi ndered phenol anti- oxidant (lrganox 1010[err] manufactured by

Ci ba-Geigy) was added to the reaction m.xture. Successively, 69 ppm (in
terms of netallic titaniun) of tetrabutyl titanate was added thereto and
pol ycondensati on was perforned while slowy reducing the pressure from

at nospheri G AN YUte. t TablEOT sifiarizdl NHe po By Biat ih Stiike tareE,
el evating the tenperature from215 to 245 [err] Subsequently, the

pol ycondensid AmtifihsieN vietdidly atdb dodiouxC ot i Tobtainddpalymer.
predeterm ned stirring torque was attained, the reaction was stopped and

t he PBT pol yner was TABLE 3 19 taken out.
Tabl e 3 sunmarizes the polynerization tinme and the intrinsic viscosity and
col our of Crdginm aifndd 4pol Pediymerization Intrinsic TABLE 3 Oigin
of 1,4- Poljowbanediioln Mmtmmgmw Galour

Vi scosity (dlég? Col our Ex. 1 0. 946
white ComBX. 3: 09:54 0. 9&3946 yel Myliteh

Wil e the |nvent|on has been described in detail and with reference to

specific eS8 -nE%-s ki hereof, 308 11 be appar&t?4d one skil I¥REhavish
art that various changes and nDdlflcatlons can be made therein w thout

departing fromthe

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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sprr]t'and scope thereof. : : 20 WHAT IS
GLAI MED | S: 1. A process for purifying crude 1, 4-butanedi ol

obt ai ned by hydrol yzi ng di acet oxybutane to produee—3%-4-—_but anedi ol havi ng
hi gh purity, said process conpri sing: ( hydr ogenati ng the crude
1, 4-butanediol in the presence of a hydr.ogenatiM’ﬂlﬂmmmml’ , (2)
renoving-a fine powder of the hydrogenating cat LT i

hydr ogenati on m xture; and (3) distilling the mxtufe,*from which

the fine paxEerrdaaemd rmmoved, in a distillation colum and thereby
obt ai ni ng the 1, 4-butanedi ol having high purity froma side stream of

distillati.on columi. A process? fohpurififimpidrderinosdutamedioled in
claim1l, wherein said hydrogenation step (1) is perforned in the presence
of a pal | addbtraixssdhiys thyadwb ey zirid ehiacetoatybutsane to produce Iht-
purification process as clainmed in claim1l1, wherein said fine powlder of

t he hydr ogénstanmedicsl Hamsiing highe pumidy tdaichenooess comprisingn the step .
(2). 4. The purification process as clained in claim3, wherein
said filter has a fdr)e htdnogematting the [caudenlodhagsinediol in the The
purification process as clainmed in claiml1, wherein said crude

1, 4- but aned®xssensce of {thydrpaanatdaur SatAkYRE Wi t h

2 (4 hydr oxybut oxy) f et aledrof & U A0SR o¥ Shehydetgedatingy from 2
| catalyst from the hydrogenation mixture; and

(3) distilling_the mixture, from which the fine
powder has been removed, in a distillation column and thereby
obtaining the 1,4-butanediol having high purity from a side
stream of distillation column.

2. The purification process as claimed in claim 1,
wheréin said hydrogenation step (1) is performed in the
presence of a palladium catalyst and a ruthenium catalyst.

3. The purification process as claimed in claim 1,
wherein said fine powder of the hydrogenating catalyst is
removed with the use of a filter in the step (2).

4. The purification process as claimed in claim 3,
wherein said filter has a pore size of about 10 um or less.

5. The éurification process as claimed in claim 1,
wherein said crude 1,4-butanediol is 1,4-butanediol
contaminated with 2-(4'-hydroxybutoxy)tetrahydrofuran and
separated by distillation from a reaction product obtaihed by

hydrolyzing diacetoxybutane.
4
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hydroly2|ng di acet oxybut ane. 21

6: The purification process as clalned I n cla separati on
by distillation is perforned by separating mat acid fromsaid
hydrol ysis product by a | ow boiling di Sti”atlm,!avﬂ B]ﬁgtﬁ ! n taking
out the crude 1,4-butanediol as a vapor .phase i de flow of
a high-boiling distillation colum. - 7. The purlflcatlon process as
claimed in claim5, wherein the purified 1,4-butanediol is contam nated by

about 0.1 % by Vei@htm hfisse Qlatidd! prodl Ol N T a0YST i § ur an.

8. The purification process as clained |n claim1l, wherein the oxygen

pressure atwhdwe 0! $Hid teeparat ith BerisDilist fRiwuis Wferfotned bpver .

separating water and acetic acid from said hydrolysis product

by a low-boiling distillation column and then taking out the
crude 1,4-butanediol as a vabor phase from the lower side
flow of a high-boiling distillation column.

7. The purification process as claimed in claim 5,
wherein the purified 1,4-butanediol is contaminated by about
0.1 % by weight or less of 2-(4'-hydroxybutoxy)tetrahydro-~
furan.

8. The purification process as claimed in claim 1,
wherein the oxygen pressure at the column top in the step (3)
is about 10 mmHg or lower.

\
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