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FI ELD OF THE DI SCLOSURE This disclosure relates to processes for preparing
1,3 butylene glycol. 5 BACKGROUND | NFORMATI ON 1, 3-butyl ene col is a
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surfactants, a hi gh- WETHGDSHOR PRIRARING 13 BIRT YEEME/GLYEMd suppl enent s,
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processes rHEOMOFIHE®ISQL@BIERBg 1, 3 butyl ene glycol comrercially. U S.
Patent 6, 376, 725 di scl oses rocess f roduc ene glycol 15
though a |iqui d PEI9EeT G&Eé‘}?@ﬁesﬁeﬁ%{d&%l% gg@“ﬂWrMLut anal or al dol)
in the presence of a Raney nickel catalyst. Acetaldol is commonly produced
t hrough the al dol condensation of _two nol ecul es of acetal dehyde. U. S
Patents 5, PACKGRAHYDINFQARMATION ¢| ose process for producing 1,3 butyl ene
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conpound, Llﬁt@ﬁh’édldt@fdr?%pﬁfaﬂdhlﬁf ve@musﬁ&h&toﬁﬁﬂbom@pounds such as acetic acid,
acetic anhydride, utanol, 2-ethyl hexanol, peracetic acid,

pent aer yt hri t ol ,Theserareiyasioys Prosessesaecogaied for pradueing Il 3| bwtdeneraiycohcet al dehyde
has b | f
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two molecules of acetaldehyde.
U.S. Patents 5,345,004 and 5,583,270 disclose process for producing 1,3 butylene
glycol in three step processes including an aldol condensation of acetaldehyde to aldoxane,
20 followed by decomposition of the aldoxane to obtain paraldol which is in turn hydrogenated to
produce 1,3 butylene glycol.
Conventional industrial processes produce 1,3 butylene glycol at a yield efficiency of
less than 75%.
As exemplified by the above-identified disclosures, most commercial processes for
25  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
30 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.



1 WD 2005/ 068408 PCT/ US2005/ 000047 As disclosed in U S. Patent 4,525,481,
many processes have been disclosed for reacting nethanol and other CG1
derived chem cals such as fornal dehyde and nethyl acetate with carbon
monoxi de andVQyMFBEEE i n the presence of catal yst systen8CTASHOFINEE a wi de
variety of conpounds. 5 U S Patent 4,151, 208 teaches that acetal dehyde may
be selectively produced by contacting nethanol, hydrogen and carbon
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but yl enie glagetaldelnyala sixshebisofine ileatdofion ntmethgledetbte aall @6)/Heondensat i on of
acet al dehyde ha\ﬂ.g.gPa?ents 4,291,179 and 4,267,384 disclose the conversion of formaldehyde into
acetaldehyde by the use of rhodium and ruthenium catalysts.
A general disadvantage of all commercial processes for acetaldehyde production is that
they produce a wide variety of by-products such as higher molecular weight alcohols,
20  aldehydes, hydrocarbons, carboxylic acids, and esters. For example, acetic acid is a common
impurity in acetaldehyde available for industrial processes, including production of 1,3
butylene glycol.
Typical specifications for acetic acid concentrations in acetaldehyde for industrial use
range from .05 wt. % to 0.1 wt. %, based upon the total weight of the acetaldehyde product.
25
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
30  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, at a

concentration of about 2 to about 10 ppm to produce a 3-hydroxybutanal (acetaldol)
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20  glycol.

More particularly, this disclosure relates to methods for prepari'ng 1,3 butylene glycol
through process steps including an aldol condensation of acetaldehyde. The aldol
condensation of the acetaldehyde produces 3-hydroxybutanl (acetaldol or aldol) as an
intermediate product. The 3-hydroxybutanol is then hydrogenated to form 1,3 butylene glycol.

25 Typical specifications for acetic acid concentrations in acetaldehyde available for
industrial use range from .05 wt. % to 0.1 wt. %, based upon 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

30 acetaldehyde.

FIG. | 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



30 acetal dehyde. FIG 1 provides a schematic di agram of an exenpl ary process
for preparation of 1,3 butylene glycol as described herein. Referring to
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the the reaction mixture should be maintained at a temperature from 25.7° to about 25.8° and a
20  pressure from about 307 kPa to about 310 kPa.

In one embodiment, the alkali agent is present at concentrations from about 2 ppm to
about 10 ppm of the total reaction mixture. In another embodiment, the alkali agent is present
at concentrations from about 3 ppm to about 5 ppm of the total reaction mixture. In still
embodiment, the alkali agent is present at concentrations from about 3 ppm to about 5 ppm of

25  the total reaction mixture.

The aldol condensation reaction is allowed to proceed while stirring the contents of the
reactor. In one embodiment, the average acetaldehyde residence time in reactor 10 is about 60
minutes to about 180 minutes. In another embodiment, the average acétaldehyde residence
time is about 90 minutes to about 150 minutes. In still another embodiment, the average

30 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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reactor. In one enbodi ment, the average acetal dehyde residence tine in
reactor 10 is about 60 mnutes to about 180 m nutes. |n another enbodi nent,
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acet al dehyde in reactor 10 is about 96 mnutes to about 131 mnutes. As the
al dol condensati on reaction proceeds in reactor 10, a crude product stream
16 is continuously withdrawn fromreactor 10. The crude product stream 16
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of strippermiifitained aBd !éh%bﬁﬁﬁie 8t abdut BTER6 abdlkt 81 0f CAR@H hresdut8fibmtBodPYkpd 18. 2
C and a pressure from about 280 kPa to about 281 kPa. The 15 acet al dehyde
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prior to rggygl d i I | ~pr oduct
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stream 22, a h(%fdlrﬁgggﬂg stream 26, and an aqueous Raney ni ckel catal yst 20

sol ution stP& &4%¥ered sinultaneously into reactor 24. O her

catal ysts such asnisplaleti 3chydroxyphtaal productatiehni 22 ReehovadTeym te beaed pattidafgh
these catalysts are traditiopally re expensive. The aqueous Raney ni ckel
catal yst st¥@RRst hhgndioHEdiha heifhPltss Y drogonaten redyction Teagion 24 20hed- 04
catal yst. IfyRRSLAIRINUIRDS2, a3RAoEePfrfan P8l sdRilaghcous RaHiOGEPackiy@l ue
20  solution stream 28 are metered simultaneously into reactor 24. Other catalysts such as
palladium, platinum, and ruthenium may be used although these catalysts are traditionally
more expensive. The aqueous Raney nickel catalyst stream may contain from about 0.1 wt. %
to about 20 wt. % catalyst. In one embodiment, about 962 cubic meters of hydrogen (volume
at standard temperature and pressure of 23° C and one atmosphere) per hour are fed to the
25  reactor 24. In one embodiment, the hydrogenation reactor 24 is maintained at a temperature of
50° C to about 200° C and a pressure from about 101 kPa to about 8000 kPa. In another
embodiment, the hydrogenation reactor 24 is maintained at a temperatﬁre from about 90° C to
about 110° C and a pressure from about 3000 kPa to about 5000 kPa. In still another
embodiment, the hydrogenation reactor 24 is maintained at a temperature from about 100° C to
30 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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to achieve these reaction rates in continuous reaction systems in large volume reaction

20  mixtures of commercial reactors.

It is understood the process described herein may be carried in process other than the
continuous process described in connection with FIG. 1. For example, the process may be
carried out in sequential steps by first producing 3-hydroxybutanal as described herein and
then producing the 1,3 butylene glycol using the 3-hydroxybutanal so produced, in a separate

25  process. Additionally, the processes described here in may be practiced by batch-wise
production of the 3-hydroybutanal and/or the 1,3 butylene glycol. It is also understood that the
processes described herein may be practiced 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

30  than .04 wt. %.
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What is clainmed: 1. A process for the preparation of 1,3-butylene glycol
conprising: (a) aldol condensation of acetal dehyde conprising a carboxylic
acid concentration |ess than or equal to .04 wt. %in the presence of an

al kal i agentV@&'08Bt4¥ a reaction mxture conprising 3- W?E{REWS/B‘{?P‘HnaI :and
(b) hydrogenating at |east a portion of the 3-hydroxy butanal prepared in
step (a) to obtain 1,3-butylene glycol. 2. The process of Claim1l wherein
the process is continuous. 3. The process of Claim2 wherein the al dol
condensation of the acetal dehyde takeSLMNIMfe at a tenperature of 20 Cto 30
C. 4. The process of Caim1l wherein the alkali agent is present at a
concentration of 2 ppmto 10 ppm based upon the wei ght of the acetal dehyde.
5. The proc‘h’h&imélai@le&ii m 1 wherein the carboxylic acid concentration of |ess
than or equal to . thhe concegﬁ| n of1 ac etic.acid. 6. The
process of O ai 415 rgfeﬁs%‘ﬁ PTEPAHONIO ’éabd'l’&é‘ﬁng? BYBRISEE at an
efficiency o el didof catidemdaion bhastaitehyde cémprsifg @e&smc@tld%memrétldmgsrsel n the
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acet al deh d@nﬁgl%gg\gﬁﬁogk%gﬁaggqﬁg to .02 wt. % 9. The process of Caim?7
wher ei n the(b)al kiyirogepating pislegst a pertion of the 3dudmutibrtanalprepated ig stop (a) t@oBaippm
based upon ltpﬁ t\gﬁhgggc&f t he acet al dehyde. 10. The process of Cdaim?9
wherei n t he al k ent is sodium hydroxi de present at a concentration of
3 ppmto 4 ppm 211. ’I[hepmcesseﬁ@lam 1GWizdrein 112 prdresssis nortineods. 3 but yl ene gl ycol

is produce at an effjcienc d of reate han 80% The process of
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butyl ene gl ycol is produced at rate of at least .35 liter of crude 1,3

but yl ene gl ycol 4pr od(&e pprsessies Glaimdy whargin theskaliggentiinpresankat greencegtration of

2 ppm to 10 ppm based upon the weight of the acetaldehyde.
5. The process of Claim 1 wherein the carboxylic acid concentration of less than
or equal to .04 wt. % is the concentration of acetic acid.
6. The process of Claim 5 wherein the 1,3 butylene glycol is produced at an
efficiency yield of greater than 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 .02 wt. %. .

9. The process of Claim 7 wherein the alkali agent is present at a concentration of

3 ppmto 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 3 ppm to 4 ppm,

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

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



