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METHODS FOR PREPARI NG 1, 3 BUTYLENE GLYCOL FI ELD OF THE

DI SCLOSURE Thi s disclosure relates to processes for
w@empass4ngy 1, 3 butyl ene gl ycol. BACKGROUND | NFERIVEI10aM00047

1, 3-butylene glycol is a widely used industria

organi c conmpound. It is viscous, colorless,

transparent, and | ow odor, and is capabl e of producing

cher cal | PHBHEROR pUEPAIANG haBhYiinoe pis
a useful conpound as vent or coatli ngs, s artlng

materials for various synthetlc resins and
rfac t Lgh-boi |l i ng- poi nt sol vent and
FIEm{ﬁ’t@ge&%@oﬂbgf&?& enents, ani mal food suppl enments,
a NuEatAsduré RatdOBFRER 8 TRGtEfarial laJ"Bht?l@ne glycol

internediate for preparation of various oth
conpounds. There are vari ous processes recognlzed for

' gl ycol comercially. U S
BAW%%??@%@@&S% a process for producing 1,3
butyy3 -Bﬁt@legb gcyabl isavighlyaiséd muhsinﬂhﬁtgﬁuwdﬁ datd i9Risedus,

acet al dol droxybutanal or aldol) int presence
COI%IPSSatY%ﬁP'éSFthaéé qw éé‘?fa pydsis capebla off preducing %mmﬂywtable derivatives.

1o PRHE S 4R U e SORVERTHLL B0 sy g o

varibysS3ath2#0 rdimsand serfqmtzmtsa sa&nghabmpnmiumlt srgvént Andantyfrezne food

[ ycol in st rocesses in an al dol
SuPl%B%E‘étﬁsa&rP@%B‘Fs gete%qp %@e%ﬂ PH COWOF‘S\% @,mﬂ)g,n
inte SRGPAP A5 gréiRatRin JrariShAAKG R mpBuiRiL a' n paral dol which

I's in turn'hydrogenated to produce 1,3 butylene
gl yidete arCyam@rstproseases irgragnized for pmducmslel‘ab\utybdq ghkycal 3

compittff Uk $5Rp £705Y FidlohareRReie ProcufBE L3 Bllylene giycol

tho %Qicfh&ll?l%%e hp@SEerafbNef Sdetdldd r(%?&ﬁ)ﬁ?blftﬂ[al Bf éldbﬂ() idithe presence
3 ene glycol nake use of acetal dehyde as

, 3 but
of agsnpy uwéelfcmalw odoetpldgl is semment mpéuwdébraeg&th@@é@l cpndensation of

twomoﬁecﬁ:l'ie%dolf%étglﬂe gols 3 butyl ene glycol. Acetal dehyde is
ound, wuseful in the production of

ot &6, Paemen)3ds, 004 eihd 5\,58}9,2760 disclasd hocaas Gdri produingdr,B detylene
n- but anol , 2-ethyl h nol , pe acetic acid,
glyc,gém tggleﬂqgrgrf)qﬂsses p pg@%a de Oélpgrpsan%lh acetaldehyde to aldoxane,

folldwdd B} RebR BFlﬁng BPthe%ﬁﬁ)&Qﬁedt% I?%ga?ns Bﬁﬁld@?@/ﬂlcﬁ é)ﬁlnl{ﬁﬁphydro genated to

conventlon y nethods such as't dration
prodacetl \3 rtgens gllymi oxi dati on of ethylene, but such

met hods hav limtatiops |cuI t .

o O FRtA o Faer Pee { B e e e af Eetshibstpigiency of
less i, f or the preparation of this conpound. As

disclosed in U S. Patent 4,525,481, many processes

haves ¢xsapliticd by dyeaboygﬁdepgﬁ@d q‘hﬁglosures most commercial processes for

producing 1,3 butylene glycol make use of acetaldehyde as a compound for producing
intermediate products used in the production of 1,3 butylene glycol. Acetaldehyde is a well
known compound, useful in the production of other compounds such as acetic acid, acetic
anhydride, n-butanol, 2-ethylhexanol, peracetic acid, pentaerythritol, pyridines, chloral, and
trimethylolpropane. Acetaldehyde has been produced conventionally by methods such as the
hydration of acetylene or the oxidation of ethylene, but such methods have their limitations,
particularly as to cost and it would be desirable to find a more economic method for the

preparation of this compound.
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met hanol and other C-1 derived chem cals such as
for mal dehyde and nethyl acetate with carbon nonoxi de
waeashysdoogen in the presence of catal yst systBOBUSI0S/000047
produce a wi de variety of conmpounds. U.S. Patent
4,151, 208 teaches that acetal dehyde nmay be sel ectively
produced by contacting nethanol, hydrogen and carbon
U patdnt 4)5b3.4 ' oy i
nlg“?%%’ane B oMb ot gg oty &%ggeg?ig%é Gl i RAHBE for reacting
methmmi andiethgmie- 1sientvbd slmmf:alo sucimsis Iformdld@uydle ad ﬂriﬁthat getate with
carbzg %&plogélg a%ﬂ hg@‘%ﬁ%&% th% péé%ﬁcsg cgﬁ]agtis%gégg églﬁro Hce a w?de variety
of cHapsedsar Catalysis, Vol. 17 (1982), 339-347,
CX anonetallics, Vol. 2, No. 12 (1983), 1881, and
P elaterbdt 1298 geashas tbatzace@ldehzdenaw [ d:l@:twslx' Bediced by
e
con%gi%@%tg%%@ﬁ%@éreﬁ ARG TRk i D ATl o fgromatic
porphixti 4 apriodine promaderpal | adl um catalyst with i od| de
pronpter is disclosed U S Patent. 4,302,61 1 for
ac &therrnyales fgracrialdelyde oynthepis fiognmethanolend /Ry jare seen in U.S.
P A TH52 4,255 317,85 @N /.
ate? 225 g S‘%g?l osé H%'e conver é?%gﬁﬂgggégrg’rrg?@ﬁgl and4%48 4L, 7.
Molaoﬂmaﬂlaiellyyrd,ewﬂyl"i 082y 839347 Hoganometaldics, l]\tdlehrNtmlz (1983), 1881,

and B en a0 o T 05, S, b SRS s s

catagrspgrdfeﬁlsavm HBo¥85drRbYs Qbak ¥ndbPHMtdnfurs BSHp&shd W8S iodine
nol ecul ar wei ght al cohol s, al dehydes, hydrocarbons

promeieboxyl i ¢ acids, and esters. For exarrpl e, acetic acid

| A 6"}%@% @/“’d‘deacet. £555 RS Terd %%geqenifégioz 611 for

acetblu&%yc@rwnmbm gbm thy pdactidn sfraethyi &atatd)ariﬁl dom.acetic
acid concentrations in _acetal dehyde for industrial use

r atge- Fatens 4881077 ang 4805384 dr@clo%th% sewErsigef fopgaldehyde into

acet@@@%ﬂ wtﬁhﬁfﬁﬁﬁéﬁﬁ%@% s}ggsuscl osBlFf:r EFr el ates

t o Ap paees seadvantagerof pAcbmgneicid prodepdes fer wkipbdehyddprodghion is that
ess stegs |nc%E i ng, an al dol, .conde

the dgg %ﬂedle\ﬁlf,la ariety o éH%h ashslyr mo qéc’c%ﬁar welg}]:t alcohols,
aldeﬁx ORI caklsoxlﬂfﬁé a@@? AnH @ﬁéﬁe@B?QiaYnéqé %@&Ycez[c?djls a common
t yield efficiencies for preparing I ene
impglitydn Iacetddelbeie avainble foaliddystrinkproseseds, byhmilirtgzbroductlon of 1,3
b ond zf\t i on of acetal dehyde having a carboxylic acid
RO/ Yﬁ | ess than .04 wt. % based upon the wei ght
of Ttylp&aa tcaicd@cmédsr ackhe a@l dohcea AR IR hécRA1dEANE $or industrial use

pl ace in the presence of an al kali agent, acting as a
ranggfram y0St wt. &b tog.1 wt. %, based upon the total weight of the acetaldehyde product.

BRIEF DESCRIPTION OF THE DISCCLOSURE

This disclosure relates to processes for preparing 1,3 butylene glycol through process
steps including an aldol condensation of acetaldehyde and/or hydrogenation of 3-
hydroxybutanal. It has been unexpectedly discovered that yield efficiencies for preparing 1,3
butylene glycol can be dramatically increased by aldol condensation of acetaldehyde having a
carboxylic acid content of less than .04 wt. % based upon the weight of the acetaldehyde. The
aldol condensation takes place in the presence of an alkali agent, acting as a catalyst, ata

concentration of about 2 to about 10 ppm to produce a 3-hydroxybutanal (acetaldol)
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concentration of about 2 to about 10 ppmto produce a
3- hydroxybut anal (acetal dol)internedi ate product that
w0 sookpeRsayenat ed i n the presence of a Raney Ni BREIUS2005/000047
catalyst to yield 1,3 butylene glycol at efficiency
yi el ds of greater than about 75% Oher traditionally
nor e expensi ve catal yst systens such as pal |l adi um
il B OBl ORBLYTIE (R PR chle UEPRaRly i Rotalyst o yield
1,3 bytsleaerglycohateffndiaiclywields offmeattraban aliont 3¥%6r é)jhetrl‘tathttdmally more

esen of carbox lic ids in.the a et | dehyde
XD AL SYHRPS TR S D BSHI. RlAtingR e fthentopR dnay gljobe used

althbuptt ééBH@mﬁRﬁE}aﬁiak@lt aftighly ZPusk ifest @itﬁﬁﬁﬂ s?@teﬁlfs commercially.
by- products. "The i nprovenent in yiel ficiency iIs

bellt kasdxgen diseeverdd thatrtbmteh@cmoti carbextlicawidsfin thel acetaldehyde

TS RO LB PEL E F pRBHSRP e o fomatin o
by-pg26&EIR]. PTHeGM pedv ehddint B@‘Mﬂml&ic@hs Bellevedtosief\@MRbinGhe minimization
di agram of an enbodj nent of the processes described

of Sﬂéf%mﬁtlorl:m cozrqsgorﬁhrkalbthecfpmqﬁ@nﬁ bywreductsdp dwgrasodusion yields.

correspondi ng acet al dehyde aci d concentrations for
conmer ci al production of 1,3 butylene glycol over a
BRIEBDESCRIPTION OBETHEIHRAWBIESSURE Typi cal commerci al

pr ion yields. for but ene coI rocesse

D eL T sebrmpse g thncatr e e sl g e ferein.
pr IG5 ?ssa HIet ofHhe p'fud &ﬁcknaepwwéo@féepaidn@%eﬁdehymmd
yield efficiencieS. The inproved processes increase

congenghtorsfibi eiremeiced ptgdumum ofi 123 hytylehe ghyicollensr adii3 dhy period.
by- products previously accepted as inevitable in the
production of 1,3 butylene glycol. Mre particularly,

DETRISED PHCISOSEREE! ates to net hods for preparing 1,3
buhgmene gl ycol through process steps including an

icaberhansigial grodyetioreelds dunlydibutylere glyicalprocesses are less than

75"/% ?];Iﬂg ?%@;OE&}? r&%te% %Sgﬁ)??&&olpqg&%g é&r @'g]gag?lg 1,3 butylene glycol at high

yield Bffftlieme% atThe phnprdued pro&’élﬁesﬁnhyﬁkreqxgm Hffaiimicws $>ytrhhﬁhmzmg the
hydrogenated to form 1,3 butyl ene %@%f 8
prodélﬁtéem pf yrprognets prvioysltaceenied ¢ agyikablein Ahs R uthn of 1,3 butylene

gbdapetaldehyde avai |l abl e for industrial use range from
.05 wt. %to 0.1 wt. % based upon the total weight of
t héViare giagti clbsinly d thipdied otire relatted‘tasndl:hmls funmxpmntgelﬁ yutylene glycol

thro e B SERS Ty el s BBy e The Aol
cona&eﬁﬁﬁﬁﬁ&h@ﬁbeﬁmd 2@& ﬁilo@ﬁ&ié@eh)'mybﬁtaﬁl Ga@étbl@%yéﬂ aﬂd@lﬁ hflan

content of less t 04 Wm. % based upon the wei

mtemiectutte prsluctl H@rﬁybhéirowb@.tanml 1@ itlasn ltYésogangeclh terind, 3 butylene glycol.
ouryPRALtsr JafO B Abte R ESRAn Mo R Mherf e haiate for

indubtriak uSOhgd fioms 0D peratd on \WD%@‘ bhsed dpbﬂ the total weight of the
acetaldehyde product. It has been unexpectedly discovered that yield efficiencies for
production of 1,3 butylene glycol may be increased by aldol condensation of acetaldehyde
having a carboxylic acid content of less than .04 wt. % based upon the weight of the
acetaldehyde.

FIG. 1 provides a schematic diagram of an exemplary process for preparation of 1,3

butylene glycol as described herein. Referring to FIG. 1, a continuous operation mode for the

production of 1,3 butylene glycol in accordance with an embodiment of this disclosure is
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production of 1,3 butylene glycol in accordance with

an enbodi ment of this disclosure isillustrated. An
wa@bashesashdensati on of acet al dehyde takes pl acECT/IISB05/000047

reactor 10 in the presence of a | ow concentration of

an al kali agent such as sodi um hydroxi de, potassium

hydr oxi de, sodi um bi carbonate, or m xtures thereof,
- n
illu Ee'dag%rﬁﬁfl@ec%ﬂ%@sgﬁ@ a{k!et?fdga en?l&égﬁ)lé%]phﬁlg'f%%?qb%]ﬂ{e presence
of astwmxbm@n&mnmi (yf ani alkalit dgentismieh asf satiire hyhgxplenpgassiinohydroxide,

10 to nmi nt e desired concentrati

sodip Cl%ﬂ%%n% Oam%tfaﬁleﬁ‘get h@tlﬁsaééggta@ﬁbm iesthe 3-hydroxybutanal.
The Q@&afdwﬁg A0 914&11 aEE&ﬂ a?&f’éﬁ%ixﬁﬁ%@@us‘l wﬁﬂ dRd,sk R ﬁiégé?lng pumps into

inlet 12 and the alkali agent is added though inlet
reactof 10|t nmmaler’rb@dhsnredl poncphfeatamenaﬂttdewyldaechmcaIth@pnocess
ent tered i ctor 1
emePF RS Traopte. P oBBih RGN0 Cultye BT ARt S agen
is adHea t htlﬁleﬁbptlh one @mibBaiment) th&ecb@deh@ad il ATRA agehhfe metered
acet al de and alkali agent are metered into t%

into rﬂ@ea@@%ipr h atzp tempeiatiye fia ut Fork odeut 3§ Gandxa prsssyre from about
400 BRE O RS TR AP Rk AR o gy

metakd aito tiegemitoral(eat m:’térapadturmfmmtdbeutrﬂ)aﬂ torabafx S0P Caand a pressure

fron%?@ﬁéﬁ@ Kb S i ot S e, 0 il St B fmboaigerahe aaqtaldehyde and alkali

ageritARCIHERRdTh HE EeabtoP 6 81 4 ¥onfeRRurk BOntAtRR 86°9€ &S atfut 35° C and a
wat er, crotonal dehyde, and paral dehyde. In one

preselmb dmntr&bml.t 400 kPa weaboio¥)0rkBat (ihe réactipe auxiure typicsthpalba includes
i ntai ned ture from20 to about 30 and
tracgy of Rk, PRI, e BRI, L' oot 520 ke in
angf BRE caBbARicHE He reddtidn MEREEE BIveRbtt 1 Shotlacs rﬂalﬁﬁmed ata
mai ntai ned at a tenperature from 25 to about

tempgratysuirem 200t abovtii0°206 alpressire fpehousded kPwmto abnuts,?tlaq kPa. In
another er{11§0d1% &16 r}ge{Hlbn %ﬁ%iu;ees%%#lfd% %ﬁ%ﬂ{eg agg geu é%&@ from 25° to

enperature rrom

abou’r'ﬂ%° and4 prSsiie fibmaaboat3Na kBGd akbia 308 kRhol stallzﬁlokﬂ%a embBdiment,
one. enbodi nment , ”@he al kaI| a8ent IS present

the reagtionr e shuild pomamipned 3t ajpmperaiusn Bom 21.507%5?) APt 26§ and a
presgl?}ng{on{ Stk BT KA L4686t 3 1gkmnot her enbodi ment, the

agent 1s present at concentrations from about 3
pprfn boe elnbodimenty e abifalit dgent is pedsemted cencontrationt foe atomt 2 ppm to

still e di nrent, the .al kal resent at .. .
abod A PLDE S TSR THRUES AnBRien crBefmeat s i agsat i present
at cdRbAkatiofd GobPabot xwﬁﬁo abhR SG;Jéﬂbe B0 RAANS Ao Mixture. In still
reaction is allo to procee le stirring the

embodimenttthe alkali hgenrc esazrt:ssnt at|conesmiraertsdimabeut 3tppem to about 5 ppm of
the & gagr %gg ac?t gl dehyde residence tine in reactor 10 is
QA EFRY B¥les to about 180 ninutes. In another

endiatd tondehsatiav eéaeien &ctlofled wy@eeddeslin&em&ng th@®ohtnts of the
about 90 mnutes to about 150 ninutes, In sti
reacfiodmene enbRimeRnthe avpiagasestaldehyde ssiisnectime H@repefpr 10 is about 60

mln@%§ {c%b(lé)glg Yﬁj(?mh{hté'se b1 El%thér%nllb%dﬁg&“ Lthd Qvéﬁék%c@ﬁl&eﬂyde residence

time is about 90 mmutes to about 150 minutes. In still another embodiment, the average
residence time for acetaldehyde in reactor 10 is about 96 minutes to about 131 minutes.

As the aldol condensation reaction proceeds in reactor 10, a crude product stream 16 is
continuously withdrawn from reactor 10. The crude product stream 16 contains unreacted

acetaldehyde, trimers of acetaldehyde, alkali agent, and 3-hydroxybutanal.
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As the al dol condensation reaction proceeds in reactor
10, a crude product stream 16 is continuously
wowrdhdesaosn from reactor 10. The crude product BCT/E82003E0047
cont ai ns unreacted acet al dehyde, triners of
acet al dehyde, al kali agent, and 3-hydroxybutanal . The
crude product stream 16 is treated with an acid such
J%%ma% dﬂ&a&t LR ARGl | 6Bl ofi t}ﬁar@elclf@é ch gwnc%mhxaéacuvate the
routed to stripper |st|I ation c 8 having a
alkah@gexptmatall)an amhputediio strippempdistiliation Colunini m'hasm@ed@p portion and a

stri n eci al . nr eact,ed acet al deh | S )
bottprmsbrier 15k RS Shistenite SRR Pl b gy deds removed in
the $RENEGHSD fhon E@PHEONS aHA rbdYcRUAH réeflr 2D dRbNELadetBidchdde Fll 12. In
one enbodi ment, the top portion of stripper 18 is

one paibadiziens dhexiop portimpdskiinper] bis mgiplained ot Tremperdsergtof 8bout 50° C to
abmgn%r’] a%d%r ?s%ﬁ{eefaér{x ?g&}ﬁ?ﬁb‘ﬁcﬁ @o a%ﬁ?&'g@lflgabﬁn%iltﬂﬁgg&ﬁ P%Ol{‘tlon of

strippef meﬁﬂhtarred Qf a Wtatﬂrkb@ab@ltabm td 2t 40P @and a pressure from
pressure fromabout 275 kPa to about 285 kPa. In

abmaﬁ&é kér teAbLekba. tnpmothshemBedimgnt. gie tep pPtbisa of sigipper 18 is
man%@n%%@ %ﬂqfﬁau‘ri’reto? P& 31 UE G0 Ao BPUD E%%‘ldtg Jﬁ%b%tcﬂ%% 271bout 266 kPa

ressure from about 266
to albdRe 26N HP4 sl theﬂabtimnpp@momf stﬁppst 8 p‘,pmainth&e'dsn a temperature of about

I ntain atur ut 118C t o .about
ns{G o Tl Fuilieit ibbatisht e naresien seSkmbir bris
mal%fn'eﬂ’ BEX tehfhetatur@Rif BbAt B@dcaé a@m& 8ReCaind aSr&suRERIHh abdut 266 kPa

C to about 51.2C and a pressure from about 266 kPa to

to alxhod67 RB ade zbnttomip@rtm afstninper 18 srmantagred japp tampesgaties of about

18R 483083 cAph BIRRERY Mol lnf 208 kRe RS AR s,

acet&ﬁéhyd@h&ﬁf&it@hﬂl&ﬁ%d& pafed te rehé @ 10BMdES/dp il tHeis@€hper 18 prior
to remove crotonal de in the stripper 18 prior to

to rq0§@19(§q> theyrgac{®ie reactor. An isol ated 3-hydroxybut anal
P Eb1aitlrs e%@ &%&h&nﬁ%ﬁ&&q stfré q% Fﬁe%%géscgﬂ&ﬂq}% b&tbm portion of

of St 1 pper rout to a
strippydt geh@uiedno aédut phase h)&h@gematuﬂﬂrediﬁttﬂmﬁeactor 24. The 3-

hydy ox utanal stream 22 drogen stre 26, . and an
Iy BT R 27 HRERORR OGS COSBIA SoHE L Diskel atalst
solufiBh Sir&fhn 38 T thARRAUR MtdnBSR1Y BRFleBtor. GBeEatalysts such as

catal ysts such as palladium” plati num and ruthéeni um

palladiymbplatiswe, zalldtrhthagllunt heagbe usedaltheugh these catadysistdre fradikipnally

r . The aqgueou ney ni ckel cat al yst o
morg BXGeR g P AR R PERSS SRR SLetihp Gy Gl fiphmapout 0.1 we. %
to aMbut 290vaaYAarSyst.Nin eeneivaaAénTBHout $620dibi eI drogen (volume

nmet ers of hydg@gen (vol une at standard tenperature and
oI

at standasd tpnepest aresswp ef 31 o apthencgtmespherm per hous afefed to the
reac%o‘%&%h %0 O gllh%d&én% He @@?gggﬂﬁﬁﬂf HAERSr 2448 ?naéntalned at a temperature of

ena 'on reactor mal nt'ai ned
50° C&maBdSl&tZ@O%C ahd 2Qrdssire faoatiou? 001 kPatochbaufB0O9kPae I fmother
about 101 kPa to about 8Q00 kPa. .In another - o
embogispriitriBp hydrogenation F3gion AF FoRaipiained i a sempesatpes from aherg 90° C to

9 LSRR ARSI P o pd] Bt
emk@ﬂldlént,ahehymogenation reactor 24 is maintained at a temperature from about 100° C to
about 101° C and a pressure from about 4000 kPa to about 4300 kPa. The average residence
time for the components in reactor 24 is from about one minute to about five hours.

A crude reaction product stream 30 containing 1,3 butylene glycol is removed from

hydrogenation reactor 24 and routed to distillation column 32 having a top portion and a
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enbodi nent, the hydrogenation reactor 24 is maintained

at a tenperature fromabout 100 C to about 101C and a
w@e@smer4as f r om about 4000 kPa to about 4300 kPeCT/Usm05/000047

average residence tinme for the conponents in reactor

24 is fromabout one mnute to about five hours. A

crude reaction product stream 30 containing 1,3

t -] . | .

bor ' KERCHKGR, bR hETHEA s L SRONA BHSA L o SRERCIS which
mayperdisposedaoitbratsed aoprogass fiuebn At 193 betytene glyicghprodund stream s removed

as ethyle nd butanol in. a top stream 34 which y )
as bejory isgr%%egg- ORy erRQiM et %Fa%gwla of t.heﬁllﬁlwg,uwcﬁeﬁ 82 is

mai@th¥e@ht PleRHafdurdlof 8640t i86° € STRYAR 186> @ ahd 2 Presiur€8BhSfout 50 kPa
In one enbodi nent, the top portion of the distillation

to alpmit U ith kB2 andsthadotiemipestibnaaf the distasioatcohenrod?2 winaintaBed @t a

teméeg%tﬁ%)eo#%&% Ztglg()g %o{%ﬁg&tggﬁ‘?g %Pér&%ﬁsgl?{g Lﬁorr%s %oeoﬁ?"i‘of RPa to about 200

kPa dirsirdthertehdadiztdnt e &9 postidipdfMh@finighing toRnineITE hadimbRed at a
of about 120 C to about 160C and a pressure from about

tempegatuperRf 4bguial5 i to2houtdsy” Crand asesiaie feamp abnui@RkPa t;about 110 kPa
and YRR RO 0oPhr 40 Tp14 Pl 224y P b 1

C topibestsi2e (X r om about 90 kPa to about 110 kPa and the

bottom portion of the finishing columm 32 is
PR SEPR S GISTRHBL A tﬁce%ﬁ%{ﬁl&am i hiseccs Bt o remove
addiii_ég'cg_l%ht ERIWEer, 3hd 8RBIsIA sirsank 20T B irished 1YRGEHYIRhe glycol product
distilTation-finishing colum 38 to renove addltl%ga
stredm ¢Btis @ketsfromdinshingaerdurah @8 las streans 42.ebnong¢@mbadimenit sfiveshing

colapinpr O SRt A SRt Fomiidt S AP ALEE: R pressure from

abodt S0 mhb Agowalouapa38 is maintai ned at a tenperature
from about 82C to about 116C and a pressure from about

50 Tibg improyeé procees daribetheer¢impray\hecispd Breonsiasous commercial
. . ! . a
eneESEELRER, ABALEY TR RS ARG ATROR LTRSS SITRERIRN 3 tyen

glycobpreodustfpenholrgesliter 3brehttictr mixkurer Miredver thest pradsses may be used
%égcol product per, hour per liter of reaction m xture.
to aqpgvedhese reacHan Etey g CoBURIOURFRACHRN SxstsansiB lafan v elymerpacsion

mixﬁl?%cﬁficgﬂm{e%iglsrei\&ot‘%pmi nuous reaction systens in |arge

vol ume reaction mxtures of commercial reactors. It is
undieis sihderstobth éregromes desdabat hdvad nivgrbei carmeglyin Ipeoce sy othedhan the

Ln process pther .than the conti u roces escri bed
conoB iRGees Breres i eeection i FIEo i SRERRe g pbices thay be
carri®BYuPR seiidnitiarstepitby firsSiadiMd nydloRPsutiial b d&tribed herein and

produci ng 3-hydroxybutanal as described herein and

thentteduoingidiadineptylaee glysolmging|tend-hyidspapbutepal sgyproduced, in a separate
3- hy but anal sq produced,, in.a separat rQCEess. . .
procit A4 By B et BBt BBl BB BBl R giise

prodicasit bLhe 3hydeabatiniill £Hd/dp tigdl8 bustenefglfdag It is also understood that the
3- hydroybut anal and/or the 1,3 butyl ene %chol. It is
procgpses dessribeds hereia mayghe pragticed by preparation of 1,3 butylene glycol by

hydrogenation of 3-hydroybutanal having the compositional characteristics of a product
produced by aldol condensation of acetaldehyde having a carboxylic acid concentration of less

than .04 wt. %.

Exemplary Data
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processes described herein may be practiced by

preparation of 1,3 butylene glycol by hydrogenation of
w@20vpdesaydbut anal havi ng the conpositi onal PCT/US2005/000047

characteristics of a product produced by al do

condensation of acetal dehyde having a carboxylic acid

concentration of less than .04 wt. % Exenplar y DataA

co I [ .

CORGfBkis 13 DU 5l PAUEL 3 I8 B o escrien
withweferapenaF&a.  was apepated ot agieriod of hmerﬂdnﬂobdtthmebm €h3) days. The

113) .days rocess_.conditjons re held c t ant
proct 5 CAHGIER PeFa L PTG P LTagRIoH. o sdvgioghd-ghiydne elyeol
pro&eﬁéfvsﬁicfeﬂcf§fencpfo@ B&dh dalyQlutin @is P@h“da i Ploted bh e %ﬂa{ﬂ% of FIG. 2.
period is otted on thé graph o 2. Also
Alsqmlotthcbog thgmaph of HIG; 2 3s the avérageacad eqneentedtipn of the acetaldehyde feed
t tcoqgg atkg%aof t he acetal dehyde feed to the reactor
o the gy As seen from exanining the data

I epAsaszenm fraﬁh dxraniﬁhﬁg thé, datdepRséreindiIGe 2 ther@lig #Uiédt @Brrelation
bet ween .t he acid concentration_ in the acetal dehyde

betvyegn ghosarid eonserifatiog;in theyacgirldehyder feed ang the sfficigney @érheyfeactor

t
Spe&ﬁ@aligp Ellogvﬁxgth@%hgl gﬁ%&ﬁ?ﬁé@?gxgég%l o)gﬁ‘lgi O%Je% Mlg ﬁ?lgﬁ%éld of the
reactcs. s¥elelmdnlahy 1‘p1‘s gekercthatproddction ieﬁ'meneses of gg:la’eatlmn 76Bt’aWere achieved

throgh € st of &ebTdEh RO Vls Sopppnt PEEEWT%p o g s aso seen

that  8eBut§1BAd oI %3_'70& e@ﬁ&yﬁ@rﬁelgé yegkatef tﬁlhl? 8@%“\%&{ hRdidsd foth very low acid
great er t % were attained wth very | ow aci d

conmtretewnsnatthmstaldq:hychefead; eDaltwe Hyyiehigheflici@reytyildslarg seen in

conf ST 108 P BRI B SRrTABE hatih o o

anofiQIRGs 82k plints) tlﬁ%x@ﬁﬁﬂﬁ%rﬂdﬁwﬁiéﬁ B udetrtdis., Hb®ever, it is believed that the
expl anation of which is uncertain. However, it is

acidiseneenjrationsyagastite rady kpve baeeiecarateo ns thesatve &¥snay
hay, t
LB PGB POk SR AP bl BB eence i
thmﬂaﬂmﬁn@rated by reference in their entireties.

Al t hough the present jnvention and i dvant ages . have

bedilhaugh Fheuvéasepwna%rmmang e Sdytaess heveihedk ecope i deteil it
sho @'BE %&er&'ﬂ@(ﬂ 888 varnhR Shardaes, 'sﬁB’s‘iltutﬁﬁg ﬁnldta%ﬁhbﬂg]@mﬂ'@ﬂé de

out departing fromthe spirit and scope of

w1thoh'edepax7tmgtfrmn thesspatetfand ecopsyof ttheeinferitionwas dgfined by the followmg claims.

clainms. CLAIMS What is clainmed: 1. A process for the

preparation of 1,3-butylene glycol conprising: (a)

al dol condensati on of acetal dehyde conprising a

carboxylic acid concentration |ess than or equal to

about .04 wt. %in the presence of an alkali agent to

obtain a reaction m xture conprising 3-hydroxy

but anal ; and



(b) hydrogenating at |east a portion of the 3-hydroxy
but anal prepared in step (a) to obtain 1, 3-butyl ene
w@bkoos0b8402. The process of Caim 1l wherein theP@r/OSEBeS000047
is continuous. 3. The process of Claim2 wherein the
al dol condensation of the acetal dehyde takes pl ace at
a tenperature of about 20 C to about 30C. 4. The
process of Claim1l wherei nchgqm kali agent is present
at a concentration of about ppmto about 10 ppm
based upon the wei ght of the acetal dehyde. 5. The
Wh%r.ogless of Claim 1l wherein the carboxylic acid
dhe8iMedti on of less than or equal to about .04 wt. %

i s 1t he QAQWEﬁ)%E‘s_Isrf@E 1he Prepharatios bt ‘13,3aﬁit;flen %ly_a'&l%o%ﬁ‘éiﬁéﬁ of
Caimb5 erein the 1,3 butylene glycol "is produced at
(@) an absfol cendgnsafioniof pertalflehyde spmprising A catboxylic7®idsortentTdtion less
thangogfééﬁ%l‘;tg %Oruog r‘r@{ %4@ ‘I{‘r’{‘o{g% %lgegﬁrtéﬁ%gotf i%%% éﬁ(lél}l aggfgiqit),l &Bt%in a reaction mixture
compyicihg Rid@lroyuagasi;wiad hydr oxi de, sodi um bi car bonat e,
and m xtures thereof. 8. The praocess of Ca

; . im5, .
(b) whéydiogenating @ lagshanardomed the 3dyeepry batanahprgpargdh in step (a) to obtain
1 3@&%@& g}é}ggpe is less than or equal to about .02 w. %
9. e=pr

ocess of Claim7 wherein the alkali agent is
pr @ent Take procesheCliamatl ivderad thelppodesSisgpnitwwuabout 5

ppm bas upon the wei ght of the et al dehyde.. 10. T

B Gcoas 1BF ERGEr i £ a1 e oL e aRION o6 Ve ehyde
takeE‘gPM:Qéﬂ HRnYeL2&8bf aboR 2600¢8MuaBH0N. of about 3 ppmto

about 4 ppm 11. The process of Claim 10 wherein the

1, 3. but ylilherpeoagbyefdTlain 1 prhechin thealkadirngeftis piesendyat g cesiagntration of

f, qreater n ahbout, 80%, 12.. T roc of, Claim8
sboifpits ¥ dout S PRARH LR e St b PGPt e
acat al damggeodess 6EGIGink I avhedin &RUAIbokOli@kad tondeAtrion Sless than
13. The process of Caim2 wherein 1,3 butylene glycol

or equal i ehawe &4 Ve % tattke emcentratienef acetis apid er of crude 1,3
bm'UtXG%/ L?g.q"hglp\{&c%'ss & (ﬂgﬂff 5 V@l%feiﬁ1 e, P ﬁﬁtyieh& Efyc8f is 'i)?(ﬂﬁl‘éécpﬁ an
efficiency yield of greater than about 75 %.

7. The process of Claim 4 wherein the alkali agent is selected from the group
consisting of sodium hydroxide, potassium hydroxide, sodium bicarbonate, and mixtures
thereof.

8. The process of Claim 5 wherein the carboxylic acid concentration of the
acetaldehyde is less than or equal to about .02 wt. %. |

9. The process of Claim 7 wherein the alkali agent is present at a concentration of
about 3 ppm to about 5 ppm based upon the weight of the acetaldehyde.

10.  The process of Claim 9 wherein the alkali agent is sodium hydroxide present at
a concentration of about 3 ppm to about 4 ppm.

11. The process of Claim 10 wherein the 1,3 butylene glycol is produce at an
efficiency yield of greater than about 80%.

12.  The process of Claim 8 wherein the carboxylic acid concentration of the
acetaldehyde is less than or equal to about .01 wt. %.

13. The process of Claim 2 wherein 1,3 butylene glycol is produced at rate of at

least .35 liter of crude 1,3 butylene glycol product per hour per liter of reaction mixture.



