METHOD OF PRODUCI NG HI GH PURI TY HYDROXYPI VALALDEHYDE AND/ OR DI MER THEREOF
BACKGROUND OF THE INVENTION 1. Field of the Invention [0001] The present
invention relates to a nethod of producing hydroxypival al dehyde and/or a

di eter thereof by subjecting isobutyl aldehyde to reaction with

formal dehyde. More specifically, the present invention relates to a nethod
of efficiently and sinply producing high-purity hydroxypival al dehyde and/ or
the di ner thereof by separating the hydroxypival al dehyde and/ or the dinmer

thereof fromyaraBACbE0 BR&Bbé&N@”H?Mnapﬁﬁrﬁ Y DR IV AUOEDE .
Description of the Prior Art [O In general hydr oxypi val al dehyde

( 3- hydr oxy- 2, 2- di net hyl propgﬁﬂ a% ferred to as HPA) is

synt hesi zed by an al dol condensé?lon reac |on |sobutyl al dehyde with
formal dehyde in the presence of a basic catalyst. The al dol condensati on
reaction can proceed either in acidic conditions or basic conditions.
However, HPA has a carbon ro and a dr ox roup in a single nolecule
t hereof, so the condensatlg%Cé% QﬁﬁQMQE.T INXE&;;E Ms occurs under acidic
conditions. Thus, the al dol condensation reaction is generally carried out
under baki cFiehdliof orize aknvanftiaoned above 1 (Japanese Patent Application
Lai d- Open No. 07-215904 and Japanese Patent Application Laid-Open No.

2000- 263p®) Q1]

The present invention relates to a method of producing
hydroxypivalaldehyde and/or a dimer thereof by subjecting isobutyl
aldehyde to reaction with formaldehyde. More specifically, the
present invention relates to a method of efficiently and simply
producinghigh—purityhydrokypivalaldehydeand/orthedimerthereof
by separating the hydroxypivalaldehyde and/or the dimer thereof
from a reaction solution by a crystallization process.

2. Description of the Prior Art
[0002]

In general, hydroxypivalaldehyde (3-hydroxy-2,2-dimethyl
propanal, hereinafter referred to as HPA) is synthesized by an aldol
condensation reaction of isobutyl aldehyde with formaldehyde in
the presence of a basic catalyst. The aldol condensation reaction
canproceedeitherinacidicconditionsorbasicconditions. However,
HPA has a carbonyl group and a hydroxyl group in a single molecule
thereof, so the condensation of dimers into tetramers occurs under
acidic conditions. Thus, the aldol condensation reaction is

generally carried out under basic conditions as mentioned above



After the reaction is conpleted, |ow boiling point conponents, such as
unreacted i sobutyl aldehyde and formal dehyde, are distilled off to thereby
obt ai n an HPA-cont ai ni ng aqueous sol ution. HPA has been often used as a
synthetic internmediate of an organic conpound such as neopentylglycol or
spiroglycol, and such the liquid resulting fromthe reaction is often used
i n subsequent steps without being purified (Japanese Patent Application
Lai d- Open No. 01-299239 and Japanese Patent Application Laid-Cpen No.

2005- 295G pank@@08at éat fAgp HRMA tiidieLaidsopanaNpy 10i7bRi1G®0MekAd | Dnstigs et ween
a nononmer and a dinmer as represented by the chemcal fornmula (1) (Journal

of the Ghem¢alh,gagicakYonPekkidnopeAntact bong-263548p! - 3, page 18 9-1092,
1978). HPA obtained as a crystal by crystallization and purification is a
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Japanese Patent Application Lai d-Open No. 51-68514 and Japanese
off to thereby obtain an HPA—contalnlng aqueous solution. HPA has

been often used as a synthetic intermediate of an organic compound
such as neopentylglycol or spiroglycol, and such the liquid resulting
from the reaction is often used in subsequent steps without being
purified (Japanese Patent Application Laid-Open No. 01-299239 and
Japanese Patent Application Laid-Open No. 2005-29563).

[0003]

As for HPA, there is an equilibrium relationship between a
monomerandadime:asrepresentedbythechemicalformula(1)(Journal
of the Chemical Society, Perkin Transactions II, vol. 3, page 189-192,
1378). HPAobtainedasacrystalbycrystallizationandpurification
is a dimer. Japanese Patent Application Laid-Open No. 01-299239

and the like disclose that the dimer is as reactive as the monomer.

[0004]
CHa CHs 0—CH,
He | A° | /7 \’_GCH,
2 C—C—CH =—=—= H,C—C—CH cZ_ (1)
HO/ , HO/ | \ . CHs
CHs CHy OCH
OH
[0005]

Inaddition, methodsofobtaininghigh-purityHPAaredisclosed



Pat ent Publication No. 06-29206, in which the HPA-containi ng aqueous
solution is diluted with the addition of water and then purified by
crystallization, followed by solid-liquid separation to thereby obtain the
hi gh-purity HPA. In other words, Japanese Patent Application Laid-open No.
51- 68514 di scloses that the crystallization process is carried out such
that water is added to a reaction solution for aldol condensation to keep
the total content of the HPA and/or the dinmer thereof within the range of

23 to 306 pdmsse phtentdAppliddtnigpr sabdiphenltehgde 686l dndMaplageseact i on
sol ution. However, when crystallization was carried out at such high

concent @QEEHESPW@ltlQ{attlla c?aébLQﬂz@@' EB'MchV‘@% apALedn QYR £ akPebs200C,

it produces a slurry pro uct Wi t an extrenely high viscosity or one
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separation of the slurry, so the HPA and/or the dinmer thereof can
recoverébtbyne%bﬁabﬁgthuF%EY|%B%utyI al dehyde and circulating an organlc
phase in the step of lowboiling distillation, while isobutyl aldehyde
di ssol ved in @n aqheDUBOpﬂaseJaﬁanasﬁ)R&ﬂﬂﬁﬂﬂﬂﬂplﬂgpuﬁoytMaﬁQrD@ﬁn Nowever ,
because of a | arge anbunt of isobutyl aldehyde distilled in a distillation
col um, st 6BS1enei geld sl that3tik sagsaalageatson gfiEls is carried out
suchthatwaterisaddedtoareactionsolutionforaldoléondensation
to keep the total content of the HPA and/or the dimer thereof within
the range of 23 to 30% by mass after distilling isobutyl aldehyde
off from the reaction solution. However, when crystallization was
carried out at such high concentrations after the reacltion.solution
was cooled down to 15 to 20°C, it produces a slurry product with
an extremely high viscosity or one without fluidity. Therefore,
there arises a disadvantage that it is very difficult to be handled
industrially. Further, Japanese Patept Application Laid-Open No.
51-68514 discloses that a large amount of the HPA and/or the dimer
thereof remain/remains in a liquid obtained by the solid-liquid
separation of the slurry, so the HPA and/or the dimer thereof can
be recovered by extracting with isobutyl aldehyde and circulating
an organic phase in the step of low-boiling distillation, while
isobutyl aldehyde dissolved in an aqueous phase is also recovered

by distillation. However, because of a large amount of isobutyl

aldehyde distilled in a distillation column, it is energetically



Furt her, Japanese Patent Publication No. 06-29206 di scloses that part of
filtrate and wash solutions obtained in the steps of solid-liquid
separation and washing is circulated into an aldol condensation reactor and
the distillation colum, while the remaining part is subjected to a

deam nation processing to utilize it as addition water and rinse water in
the crystallization process. in this case, however, formc acid, which is a
by-product fromthe aldol condensation, is accumul ated by circul ation,

causi ng dd sadeantageous.a pH I evel of the solution to be subjected to the
crystallization. Therefore, there is a disadvantage in that the HPA and/or
the di mapglplggreof are/is not easily crystallized. Further, even in the

met hod of Japanese Patent Publication No. 06-29206, because a |arge anount
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di sadvant ages i'n ation step T1s high
energetically disadv ageous, and the steps are co i.cated since
r egener é"?’ia&ngﬁf:!ttﬂ f&t%&% WA8Y; ﬁ_ofl‘éfeg‘m? r?bgca&é% &t %gﬁ ?)#%Q:%s%q ng is
necessary. SUWARY OF THE | NVENTI ON (0007] , An object of the present
i nvent i GPliigldavddy sePReabiopl aRe WasBiRTbiE GhovelatRfl R e fAldd when
an HPA-contai ning aqueous 4 solution is diluted by addition of water and
puri f i ecomgensafdioal | Feacton, aadd the pddvitdélatienhmplommsf f whidat Ifheand
sinply producing high-purity HPA and/or a diner thereof in an industrially
advant agemad nimgnpart is subjected to a deamination processing to utilize
it as addition water and rinse water in the crystallization process.
In this case, however, formic acid, which is a by-product from the
aldol condensation, is accumulated by circulation, causing a
decrease in a pH level of the solution to be subjected to the
crystallization. Therefore, there is a disadvantage in that the
HPAand/or thedimer thereofare/isnot easilycrystallized. Further,
even in the method of Japanese Patent Publication No. 06-29206,
because a large amount of the liquid is circulated in the step of
distillation, there are disadvantages in that the distillation step
is highly loaded, it is energetically disadvantageous, and the steps

are complicated since regeneration of the ion exchange resin used

in a deamination processing is necessary.

SUMMARY OF THE INVENTION

[0007]
An object of the present invention is to solve the problems

described above, which are caused when an HPA-containing aqueous



The present inventors have intensively studied to solve the above problens
and attained the present invention by finally finding out a fact that

hi gh-purity HPA and/or the diner thereof in high yield with facilitation of
i ndustrial -handling can be obtained via crystallization by adjusting a pH
val ue of an aqueous solution, which contains the HPA and/or the diner

t hereof obtained by distilling |ow boiling point conponents froma reaction
m xture of isobutyl aldehyde and fornal dehyde, and keeping the

concent 58l 0floh S)i Hf diNertedPAognddddi titn diofer wabereadndingudiefieancept rati on
of the formal dehyde w thin an appropriate range. [0008] 1 In other words,

the pr eéﬁggtany%at%n Prand qsspﬁof@d@@dm@{ho@roqda@fmalahgn%mﬂd Ts‘implx
hydr oxypi val al dehyde and/or a dinmer thereof as described below 1 met hod

conbr 1 st e or bad e R ROREENAE SRS ST R C TR A e o

basi c catalég dlstlllln off the |ow boiling point conmponent including
unr eact 84VERBBIEYS AAHRTGHe to obtain an aqueous sol ution; adding a diluent
to the aqueous sol ution; coollng t he agueous sqQlution tq crystalllze at

| east one 5 BRe RS/ SRYSPERFA 'EI%YE/dé‘%ﬁ’(f%vﬁéydﬁﬁ’éiﬂlFﬂe‘P%o?Olvanhe
subjecting the aqueous solution to a solid-liquid separation, followed by
washi ngabpve pnebdegennd sstadneddid presenteinvenbbeaiby Binakby£indhndof the
hi gh- purity hydroxypival al dehyde and the dinmer thereof, wherein the aqueous
sol ut i ooucoatact nthat HiegstpurrieyoHPBRhand/or the dimer ‘thereof in high

yield with facilitation of industrial-handling can be obtained via
crystallization by adjusting a pH value of an agueous solution,
which contains the HPAand/or thedimer thereof obtainedbydistilling
low boiling point components from a reaction mixture of isobutyl
aldehyde and formaldehyde, and keeping the concentration(s) of the
HPAand/or thedimer thereof and the concentration of the formaldehyde
within an appropriate range.

[0008]

In other words, the present invention provides a method of
producing high-purity hydroxypivalaldehyde and/or a dimer thereof
as described below.

1. A method of producing high-purity hydroxypivalaldehyde
and/or dimer thereof, comprising: reacting isobutyl aldehyde with
formaldehyde in a presence of a basic catalyst; distilling off the
low boiling point component including unreacted isobutyl aldehyde
to obtain an aqueous solution; adding a diluent to the aqueous

solution; cooling the aqueous solution to crystallize at least one



hydr oxypi val al dehyde and the di mer thereof obtained by distilling off the
| ow boiling point conponent is diluted by adding the diluent and a basic
conpound, so that the concentration of at |east one of the

hydr oxypi val al dehyde and the di mer thereof becones 5 to 23% by mass, the
concentration of formal dehyde becones 0. 2 to 2. 5% by nass, and the pH
val ue becones 5.0 or nore, then the solution is <crystallized at a
tenperature of 20 to 450C, consequently the crystal of at |east one of the

hydr oxy pieveh &lieuie Aan 1 etiyiRr ahdefedidines 6HEEE6E Ethrid sulbg ez@ling- | i qui d
separati on and washed. 2. A nmethod of producing high-purity

hydr oxyph¥abald8ikdeo1aRd6ar 8 HPs e 906uaac et lan] N2oahBYRY Lom

1, in
which at | east one o e separation liquid fromsoli i qui d separation
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roxyprva and’ or ereotr accordingt

above item 2, in which the eparatiqon Liquid fromthe solid-liquid

separ at PBR %% thephigRaPyrity d&é‘”‘t}'ﬁ’é"éil?géﬁbygﬁ(?‘?ﬁ# tﬁ'ﬁr‘g“f‘?ﬁ@%riofﬂx met hod
of producing high-purity hydroxypival al dehyde and/or diner thereof

accor di Hgereianytheneagieonme abdusirnementaining jat whpahta anesefl theurry
obtained by the crystallization has a viscosity of 500 nPa-s or |ess.

[ 0009] hydtrbeypivdlieldenhydetsdrot tbe dimeprdwemiofi nbeained, byhaiditiddingf a

hi gh-vi scosity slurry and carrying out any conplicated operation such as

r egener afifothedf oRrbd N riRXpBaNE &dmgfine i €s Rt viedese akdyingSthd ke 1hiegh- purity

HPA and/or the dimer thereof can be obtained

and a basic compound, so that the concentration of at least one
of the hydroxypivalaldehyde and the dimer thereof becomes 5 to 23%
by mass, the concentration of formaldehyde becomes 0.2 to 2.5% by
mass, and the pH value becomes 5.0 or more, then the solution is
crystallizadatatemperatureof20t045;c,consequentlythetrystal
of at least one of the hydroxypivalaldehyde and the dimer thereof
is subjected to the solid-liquid separation and washed.

2. A method of producing high-purity hydroxypivalaldehyde
and/or dimer thereof according to the above item 1, in which at
least one of the separation liquid from solid-liquid separation
and a wash solution is used as the diluent.

3. A method of producing high-purity hydroxypivalaldehyde
and/or dimer thereof according to the above item 2, in which the
separation liquid from the solid-liquid separation is repeatedly
used as the diluent two or.more times.

4. A method of producing high-purity hydroxypivalaldehyde

and/or dimer thereof according to any one of the above items 1 to



in high yield in an energetically advantageous manner. In addition,
favorably, it can be industrially used as a synthetic internediate of

or gani ¢ conpounds such as neopentyl glycol, 2,2-dinethyl-1, 3-propanedi ol
hydr oxypi val i ¢ aci d nonoester, hydroxypivalic acid, and spiroglycol.
Further, in the production nethod of the present invention, a repetitive
use of the separation liquid fromthe solid-liquid separation inproves the
yield of the HPA and/or the diner thereof while reducing the burden of

wast ewat3gr ihr @RfigRna, cepstdl cslmbey obbatined hgviahe agepsisal hi zatien dfas

i ndustrial use. DETAILED DESCRI PTI ON OF THE | NVENTI ON [0010] The present

i nventi @n vigl-dsatyt @famoionpiravensrt 1e8st he process of crystallization from
an aqueous sol ution containing HPA and/or a diner thereof (hereinafter,
referred "crude HPA aqueous solution") obtained by distilling off |ow
boi l'i ng p0|nt conponents 7 fron1a l'iquid produced by a reaction of isobutyl
al debyde with nmal de p i r PA aqueous
solution to B& g&%ﬁ’d’e@y on Fnée\t/tvlil'%éit éfl g?é %r%:s?g lltlgg ﬁo%addi%’e&

obt ai ned b carr put an aIdoI condensatlon of isqhutyl aldehyde wth

f or nal d@% igh-v éCgF LERFLUIEY aDdCAT TYINg qul 8pY Somp eFRSIIGIY of f

| ow boi ling point conponents, such as unreacted isobutyl aldehyde and

f or mal d asf reAEASEREEPE Pf RRICED BFRETS A6F1RoARRNRRE iNRFETAMA dehyde

used in the production of the crude HPA aqueous
so the high-purity HPA and/or the dimer thereof can be obtained

inhighyieldin anenergetically advantageous manner. Inaddition,
favorably, it can be industrially used as a synthetic intermediate
of organic compounds such as neopentyl glycol,
2,2-dimethyl-1, 3-propanediol hydroxypivalic acid monoester,
hydroxypivalic acid, and spiroglycol.

Further, in the production method of the present invention,
a repetitive use of the separation liquid from the solid-liquid
separation improves the yield of the HPA and/or the dimer thereof
while reducing the burden of wastewater treatment, so it can be

further advantageous in terms of industrial use.

DETAILED DESCRIPTION OF THE INVENTION

[0010]

The present invention relates to an improvement in the process
of crystallization from an aqueous solution containing HPA and/or
a dimer thereof (hereinafter, referred as "crude HPA aqueous

solution") obtained by distilling off low boiling point components



solution may be formal dehyde or an aqueous formal dehyde sol ution

(formalin). However, the aldol condensation reaction of isobutyl aldehyde
wi th formal dehyde, to which the basic catalyst is added, tends to be

i nfluenced extensively by the water concentration of a reaction system
When the concentration of isobutyl al dehyde or fornaldehyde is |ow, the
reaction rate becones slow and a certain vyield cannot be attained.
Therefore, the formal dehyde concentration of formalin is preferred to be as

i gh asePGRSLDL i dNE LANCERL B 31 LAERELLNOES 1BEBLEYT Cd1kEnlaKCwath

f or mal dehyde coﬂcent atron of 7A)6y mass or nore and contal h no net hanol

or the Ieag% %gﬁynt of nmet hanol as possible. For the isobutyl aldehyde used
in the B?Bﬂ qde ®f the crude HPA aqueous sol ution, any of those
commercially available in the nmarket maybe used. Anong those, preferable is
one cont ai ni Mg HBUPFESeRtdeRYEREAAT 1 IGTEeEPR | 3qUEPUS S IPNe tRhi | e
the purity of 8 an organic material is 99% or nore. [0011] In the present

i nvent i be, prdwidadicls sondermateniak &aat consballizableyican dehphéamned

f ormal dehyde may be of either a batch-wise type or a continuous type and
may be pyeteraplyg caut i @d aldolincerdenrsatigin pfedsobatgl pldebydezedth
conditions and under airtight conditions or in a streamof nitrogen gas. In

the casgophalfénydat it Seeb¥e ofNEHLsiE cARaDPEL| GHlPEhéR Sl kitelllOAgt 0 t he
procedures of supplying the isobutyl aldehyde, the formal dehyde (formalin)

. and £Be16atd Msihg Ad4 ADESmEBEEnt BOWRKR 2s WML dAPHE Y 8) 18h%ERy de
and formaldehyde, from a liquid produced by the aldol condensation.
Formaldehyde used in the production of the crude HPA aqueous
solution may be formaldehyde or an aqueous formaldehyde solution
(formal‘in) . However, the aldol condensation reaction of isobutyl
aldehyde with formaldehyde, to which the basic catalyst is added,
tends to be influenced extensively by the water concentration of
a reaction system. When the concentration of isobutyl aldehyde or
formaldehyde is low, the reaction rate becomes slow and a certain
yield cannot be attained. Therefore, the formaldehyde
concentration of formalin is preferred to be as high as possible.
The raw material formalin is preferred to have a formaldehyde
concentration of 37% by mass or more and contain no methanol or
the least amount of methanol as possible.
For the isobutyl aldehyde used in the production of the crude
HPA aqueous solution, any of those commercially available in the
market maybe used. Amongthose,preferableisonecontainingh-butyl

aldehyde and the like as little as possible while the purity of



or formal dehyde (formalin) is previously brought into contact wwth a basic
catal yst, the al dol condensation reaction or the Cannizzaro reaction of

i sobutyl al dehyde or formal dehyde by itself may occur and the yield of HPA
and/or a dinmer thereof nmay decrease. Thus, the nethod of supplying a basic
catalyst into a mxture of isobutyl aldehyde and fornmal dehyde (formalin) is
preferable. Further, in the case of the continuous type, there is no
particular restriction to the procedures of supplying the isobutyl

al dehydgn bbganiermatédetwrei £ foggedt Moreand the catal yst, but it is
preferable to be carried out in a nultistage process of about 2 to 4 stages
to inpr?yglgpe efficiency of the reaction. The nol ar equival ent of isobutyl
al dehyde fed " with respect to formal dehyde is typically in the range of 0. 8

to 1.6, prefgrahlyy 0ede L0 dndor NehDS A5 BhaLhe.PALG IS dye. the

reaction is efogeneous for severa € romthe in 1onof the

reaction. . Subsequently, the reactjign tyrns to be_ho eneoys ile
produciﬁﬁObFFMid%Hﬁgﬁ’ Hﬁﬁgrf?ﬁ@?tggby%ﬁdﬁp’%Srﬂgjeﬁag?%@rE?tggéwﬁéﬁction
tenperature is typically 40 to 98C preferabl¥ 80 to 95*C. Under nornma

pr essur BYPEhRT re AOMtRUSUSpE YBRi @44 iyt PEhBEEIepabby aakriedysuth undeghe r ef
| ux tenperature of isobutyl al dehyde. Subsequently, as HPA and/or a diner
t her eof narmal s pyessnatedx cpnsaaptiped ofcondithany| @rdehynider ehetightti on
tenperature gradually rises, and is finally controlled at 800C or above in
gener al codBgtienst bonincansheeamnplfenedrohen ghe.t enpethé uceseésckepheat

about 80 to 950C for about 0. 05 to 2 hours. In the case of the continuous
type, tBgtch-wisetype, thereisnoparticular restrictiontothe procedures
of supplying the isobutyl aldehyde, the formaldehyde (formalin),
and the catalyst. In this case, however, when isobutyl aldehyde
or formaldehyde (formalin) is previously brought into contact with
a basic catalyst, the aldol condensation reaction or the Cannizzaro
reaction of isobutyl aldehyde or formaldehyde by itself may occur
and the yield of HPA and/or a. dimer thereof may decrease. Thus,
the method of supplying a basic catalyst intoc a mixture of isobutyl
aldehyde and formaldehyde (formalin) is preferable. Further, in
the case of the continuous type, there is no particular restriction
to the procedures of supplying the isobutyl aldehyde, the
formaldehyde (formalin), and the catalyst, but it is preferable
to be carried out in a multistage process of about 2 to 4 stages
to improve the efficiency of the reaction.
The molar equivalent of isobutyl aldehyde fed with respect

to formaldehyde is typically in the range of 0.8 to 1.6, preferably

0.9 to 1.4. In the case of the batch-wise type, the reaction is



reacti on proceeds in a honbgenous system In general the reaction
tenperature is 50 to 98*C, preferably 70 to 950C, and the retention tine
may be about 0.1 to 5 hours, preferably 0.3 to 3 hours. The reaction
tenperatures can be controlled by heating/cooling with a jacket, coil, or
the like attached to a reactor, cooling by circulation of a reaction
solution in an external heat exchanger, and renoving heat by reflux of |ow
boi l i ng point conponents. (00121 Exanpl es of the basic catal yst used in the

al dol CcREEERSHEh&Bs EBREehvtallfl diftes d PEGHERE Gnl3 8% iSHIF B%e $eEEYibn .
hydr oxi de, potassium hydroxide, sodium carbonate, and potassium carbonate,

and, or G2p) gecbasery Sus f_@%{;e{aw A0 HEHOQ%]’E%&Q%%EPQ°H“9368 to the

terti ary ne | era USG ecause t ease

10 Cannj ar o, eactian 0 and/ o mer t.hereof wth

For mal o4e% g oh et £PEaR20r iRt e i reiery e Fsscgéf)?ong,
and the reactlon becones sl ow when the_ basicity is too weak. npl es of
the ter EPRPGTaRiFR lisnEvpdcatiyni i aRi Re PraGe3aRivaffnke 93°Gpr 859F5m ne,
tzii sopropyl am ne, tributylamne, triisobutylamne, N-methyl piperidine,

N- et hy| nprpel ipliersureN mdtehyleantiohostaps hrkefily amrakwit K@, tR AEf Byl
pyrrolidine, and N-ethyl pyrrolidine. Anong those, trlnethylanlne

triet hyWabtines thante Bl ik xemperatereof iavobutydfalrddilyeddiecgubeegaehtdf, t hemi s
available wth [ow cost, and triethylamne is nore preferable. A preferable

addi ti 09s agPNNan@f ok he Qiﬁb% %ﬁé@é&%taBEY1§a§¥nQEQEQQ|mGoﬁBuhﬁﬁloﬁlaﬂ
thereof, but typically is set at 0. 001 to 0. 5, preferably 0. 01
isobutyl aldehyde), the reaction temperature gradually rises, and
is finally controlled at 80°C or above in general. The reaction
can be completed when the temperature is kept at about 80 to 95°C
for about 0.05 to 2 hours. In the case of the continuous type, the
reaction proceeds in a homogenous system. 1In general the reaction
temperature is 50 to 98°C, preferably 70 to 95°C, and the retention
time may be about 0.1 to 5 hours, preferably 0.3 to 3 hours. The
reaction temperatures can be controlled by heating/cooling with
a jacket, coil, or the like attached to a reactor, cooling by
circulation of a reaction solution in an external heat exchanger,
and removing heat by reflux of low boiling point components.
[0012]
Examples of the basic catalyst used in the aldol condensation
reaction include inorganicbases such as sodiumhydroxide, potassium
hydroxide, sodium carbonate, and potassium carbonate, and organic

bases such as tertiary amine and pyridine. Among those, tertiary

amine is preferably used because the yield may decrease due to the

10



to 0.2, in nolar equivalent with respect to isobutyl aldehyde. [00131 After
such the al dol condensation reaction, |ow boiling point conponents such as
unreacted isobutyl al dehyde, formal dehyde, or nethanol which is contained
in formalin as inpurity, can be distilled off, thereby obtaining an agueous
sol ution containing HPA and/or a diner thereof and water (crude HPA aqueous
solution) . Arise in tenperature causes the HPA and/or the diner thereof
to denature quickly, so distillation of |ow boiling point conponents is

pref er abh¥n¢ akar8dresét 86n headiHze ERRI/AlrUB 81 RE r abiPaEe P it IBAURG e atitder
reduced pressures of about 25 to 95 kPa, which do not affect the recovery

of unr e%&ﬁtgéieiégpagy' wﬁiﬁn_?hyé&psr éo*?x%dﬂr'é%tl?i%héﬁfthé hea g Sy 18 itQ)

process nay batch-wi se type or a confinuous type. For accelerating

th i of | ar’ o . r
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sol ution conaainin t he HPA and/or .th i mer thereotnégrude HPA aqueous

d
col ut | ORFAMBLRIARERE bF Fhl 2 FEATARRAACIHAGI 1 Mg YR AMLOEY it D YOATLE

diluent include (a) dilution water, (b) a separation liquid produced by the
sol i d- | tgdpgopyép@iaey on, and FE}igoRE@PYaRMRS.0on obt ai riddWEYiasHIngy
crystals of the HPA and/or the diner thereof with water, or an appropriate
conbi natirdahsbhetgdémithe t dt-metbyhceptipatridnnef t NeelRilang/ipertildénedi nmer

t hereof in the aqueous solution after the dilution is adjusted to 5 to 23%
by nmassN-ikthy 1 cldine an} &6h ¢l mo@phd 1t ae? et HYASSyr rBYiadhelStaindg t o

such a range, the HPA and/or the diner thereof can

N-ethyl pyrrolidine. Among those, trimethylamine, triethylamine,
andamixture thereof are preferable because each of themisavailable
with low cost, and triethylamine is more preferable. A preferable
addition amount of the basic catalyst may vary depending on the
kind thereof, but typically is set at 0.001 to 0.5, preferably 0.01
to 0.2, in molar equivalent with réspect to isobutyl aldehyde.
[0013]

After such the aldol condensation reaction, low boiling point
components such as unreacted isobutyl aldehyde, formaldehyde, or
methanol which is contained in formalin as impurity, canbedistilled
off, thereby obtaining an aqueous solution containing HPA and/or
a dimer thereof and water (crude HPA aqueous solution). A rise in
temperature causes the HPA and/or the dimer thereof to denature
quickly, so distillation of low boiling point components is
preferably carried out at head temperatures of about 40 to 80°C

under reduced pressures of about 25 to 95 kPa, which do not affect

the recovery of unreacted isobutyl aldehyde or the like. Further,
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be industrially produced in a stable manner wi th high production

efficiency. It is industrially preferable to adjust the total concentration
of the HPA and/or the dinmer thereof in the solution after the dilution to
5% by mass or nore because the HPA and/or the dinmer thereof are/is not
precipitated at all, or even when the HPA and/or the diner thereof are/is
precipitated, a significant decrease in anmount of production with respect
to the capacity of a crystallization vessel does not occur. Further, the

liquid ¢hr @bseinesk{iswprbhessahdibkidiiadbatsepariald eppant & konAsucaed ution
(c) contain a large amount of the 12 HPA and/or the diner thereof , so it

i's pref %gg@l e <9r lé%%eﬁ.@‘%a%@ﬂﬁr@{é pé}no&aﬂafqd;ﬁ@gluhé peinelddinddriis
separat i or the wash solution obtained when the high-purity HPA and/or a

dimer & hsreal 80514 T RROTE diisiand ok dlUL phevBuaLc D, e5pral on

l'iquid used i gui d separati on may y ‘use

di l uent twQ nore tinmes. The nore repeatedly the separation liquidis
used, tﬂgoﬂﬂghe recovery rate of HPA and/or a diner thereof and the | ower
burden of wastewater treatnent are nmintained. Further, the separation

liquid used i Aheheesol kNG RGUEQUSSEPRI BT FORERT 1 BangsEr PARDAL PB Nt er
repeatedly, so the anmount of a basic conpound to be used as described bel ow
can be déderedhexedft HerudedéPPofaguesuswsiodntiioadt msntdidartede wilths theduced.
Therefore, the repetitive use of the separation liquid is industrially
advant ageldition0Pialdiluent. Examples of the diluent include (a) dilution
water, (b) a separation liquid produced by the solid-liquid
separation, and (c) a wash solution obtained by washing crystals
of the HPA and/oxr the dimer thereof with water, or an appropriate
combination thereof. The total concentration of the HPA and/or the
dimer thereof in the aqueous solution after the dilution is adjusted
to 5 to 23% by mass. It is preferably adjusted to 15 to 22% by mass.
By adjusting to such a range, the HPA and/or the dimer thereof can
be industrially produced in a stable manner with high production
efficiency. It is industrially preferable to adjust the total
concentration of the HPA and/or the dimer thereof in the solution
after the dilution to 5% by mass or more because the HPA and/or
the dimer thereof are/is not precipitated at all, or even when the
HPA and/or the dimer thereof are/is precipitated, a significant
decrease in amount of production with respect to the capacity of
a crystallization vessel does not occur.

Further, the liquid (b) obtained from the solid-liquid

separation and the wash solution (c) contain a large amount of the
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In the present invention, a basic conmpound is added to a crude HPA aqueous
solution added with a diluent to adjust the pH value of the crude HPA
aqueous sol ution. The basic conpound is not particularly limted, but is
preferably the sane basic catalyst as one used in an al dol condensation
reaction, nore preferably, any of organic am nes which can be used as a
basic catal yst, and nost preferably, tertiary amne. The pH value is
adjusted to S. 0 or nore, preferably 6.0 or nore. It is industrially

advant agpausd /oF Bl 4Shet RBeREo¥RISERi t Ospre@e@bblBr® Wes @HEPaGation
crystallization 13 rate of HPA and/or a diner thereof can be prevented from

being 50k Go0h! yn! oHEr g3 4s) Anord | Dotk AR NGhe BRI ol AU d
produced By a so Id-PIQUId Separatron or "a wash solution i s use as a.

di luent, it.begones possible to redu he age amunt .of _t basj.c
conpounSbFﬁlﬁﬁgagE%H gﬁﬁc l?%ép%ﬁ&F%qg 5 & =i é&frqo pRE7 18
separation liquid or the wash solution. [00161 Further, in the present

i nvent i BrePeRedcsREEARR aPf ORI bt ieRy rwatefehyde in a crude HPA aqueous
solution is adjusted to 0.2 to 2.5% by mass by the addition of a diluent.
The for mal dehVde separag iohak bawied bsedcirothe rmelgid-liguildesepgysatl on mayi on of
HPA and/or a dinmer thereof, and an extensive increase in the anount of

f or mal debyp ety ased aseatisiuentdteo easeo rentimgst alTheadbrerepaideddly t he
HPA and/or the dimer thereof. Thus, the concentration of fornal dehyde is

adj ust edhkGdpat 413 ot BYehyd TBSSsed €hemakng rlrecotdr ¥ by JBBBA ahld /o
i ndustrially advantageous to adjust the
a dimer thereof and the lower burden of wastewater treatment are
maintained. Further, the separationliquidusedinthe solid-liquid
separation may be used as dilution water repeatedly, so the amount
of a basic compound to be used as described below can be reduced
and theburdenofwastewater treatment canbe thué reduced. Therefore,
the repetitive use of the separation liquid is industrially
advantageous.
[0015]
In the present invention, a basic compound is added to a crude
HPA aqueous solution added with a diluent to adjust the pH value
of the crude HPA aqueous solution. The basic compound is not
particularly limited, but is preferably the same basic catalyst
as one used in an aldol condensation reaction, more preferably,
any of organic amines which can be used as a basic catalyst, and
most preferably, tertiary amine. The pH value is adjusted to 5.0

or more, preferably 6.0 or more. It is industrially advantageous

to adjust the pH value to 5.0 or more because the crystallization
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concentration of formal dehyde to 2. 5% by mass or | ess because there is no
drastic decrease in both the crystallization amount and the «crystallization
rate of the HPA and/or the dinmer even when the pH is adjusted to 5.0 or
nore. When a separation liquid, which is obtained in a solid-liquid
separation using a crude HPA aqueous solution having a high fornmal dehyde
concentration, is repeatedly wused instead of dilution water, the unreacted
formal dehyde is kept at a concentration of not nore than 2.5% by mass. 14
If the e e ntr at | [ r ap.0 Y ;
particu%gﬁg?égogggn?ggzggi% ?&gggr;gfgﬁp?zg%ﬁoﬁeoFr%g%hgﬁg?g?omagg%ﬁgr

t hereof occugs. er, _as a thod_of lLowering.the conceptrati.on.af
fornald%ﬁ?ﬂb£fﬁa$€¥§YPHgﬁeé?2¢g§9eﬁ§§§,e?ﬁ§$¥efghegéﬁﬁ?%%ﬁa o?n%ggéging t he
conversion rate of formal dehyde using an excess amunt of sohutyl al dehyde

at the PFRgueRd e & Spiidddmidics SeP8R2FEAR PBR YASh Mo UtdoR 1Folefer, it

i s disadvantageous in terns of industrial operation because the

condensasi andbiuerbbuiy| becomrhprssible ftogaduse ther dspdeaadicngtacdecr ease
inyield of HPA and/or a diner thereof. In addition, as another nethod of

| ower i nghe tdas icoocepdurd itenbe faddednsl nied e hasiessmphand(Ois 2enbyineds,
there is a nethod of increasing the renoval rate of fornal dehyde by raising

the tenpgreher Sepdrat 56 |1 duod oWidie diadh Idd1ng iloaw boi ling poi nt
conponents off after an al dol condensation reaction. In this case, however,

it is aléglgpdustrially di sadvant ageous in that HPA and/or a dinmer thereof
arel/is éenatured to generate hydroxypival ate neopentyl glycol, nonoester,

ther eby Caus'P@r&edﬁcr?gs%h'en r'eesle(?ltOfinvention, the concentration of

formaldehyde in a crude HPA aqueous solution is adjusted to 0.2
to 2.5% by mass by the addition of a diluent. The formaldehyde has
a characteristic of inhibiting the crystallization of HPA and/or
a dimer thereof, and an extensive increase in the amount of
formaldehyde causes an extensive decrease in crystallization rate
of the HPA and/or the dimer thereof. Thus, the concentration of
formaldehyde is adjusted to 0.2 to 2.5% by mass, preferably 0.2
to 2% by mass. It is industrially advantageous to adjust the
concentration of formaldehyde to 2.5% by mass or less because there
is no drastic decrease in both the crystallization amount and the
crystallization rate of the HPA and/or the dimer even when the pH
is adjusted to 5.0 or more. When a separation liquid, which is
obtained in a solid-liquid separation using a crude HPA aqueous
solution having a high formaldehyde concentration, is repeatedly
used instead of dilution water, the unreacted formaldehyde is kept

at a concentration of not more than 2.5% by mass.
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HPA and/or a dinmer thereof. (0017] The tenperature of crystallization is
preferably set in the range of 20 to 450C, nore preferably in the range of
28 to 43*C. Such a tenperature range allows HPA and/or a diner thereof to
be stably crystallized at a high recover rate. It is advantageous in terns
of industrial operation to adjust the tenperature of crystallization to 20-C
or nore so that viscosity of slurry becones high or the slurry loses its
fluidity, and an excess amobunt of a solution required for cooling becones

unnecessary. |1f khe SodmRildettide adMashbgeolson iils 16was tdfan 002B Y méss,
operation to adjust the tenperature of crystallization to 450C or |ess

because Mf’ggaafwcqhaxal%&%em%%@f ifathdec s msdnliiAadbH BraRPAPRRQPEE AL €
anount . 0181 For carrying out the crystallization while retaining the

fluidity, ofy aégfexFrggS' BLELST Rbebaroodu o éégﬁ c)’B%tféwéEPﬁ OPnedl a

slurry Vi sCOS ess, nbre prefer | ess
at the aforenentloned 4 ﬁ eratures. Ther ef g anta eous in
terms of CHHFEIBMIDP ;# é‘B sgp‘?’ijau?% e?espﬁg @n fobiké'@psﬁ h K?Irﬁr v
vi scosity to 500 nPa-s or |ess. A device used for the solid-Iliquid
separ at i drivgthatbofpdnGregisingy thej GereersirR ré“@a%thWédééﬁfiﬁ £8489t hat
can efficiently wash crystals can be preferably used. The crystals of HPA
and/ or aanli excesheamofint hof sephvbylbdaldelydmsaiedtivgtbime of ghhecatdbient
and/or water, resulting in high-purity HPA and/or a dimer thereof. The
organi c condemdattist eaction. Inthiscase, however, it is disadvantageous
" intermsof industrial operationbecause the condensation of isobutyl
aldehyde itself occurs, thereby causing a decrease in yield of HPA
and/or a dimer thereof. 1In addition, as another method of lowering
the concentration of formaldehyde to less than 0.2% by mass, there
is amethod of increasing the removal rate of formaldehyde by raising
the temperature of distillation while distilling low boiling point
components off after an aldol condensation reaction. In this case,
however, it is also industrially disadvantageous in that HPA and/or
a dimer thereof are/is denatured to generate hydroxypivalate
neopentylglycol monoester, thereby causing a decrease in yield of
HPA and/or a dimer thereof.
[0017]
The temperature of crystallization is preferably set in the
range of 20 to 45°C, more preferably in the range of 28 to 43°C.
Such a temperature range allows HPA and/or a dimer thereof to be

stably crystallized at a high recover rate. It is advantageous in

terms of industrial operation to adjust the temperature of
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water may be preferably used at about 0. 2 to 5 parts by mass with respect
to.the crystal of the separated HPA and/or the dinmer thereof. For washi ng,
the organic solvent and/or water may be used, but water is preferable. Wen
water is used, a wash solution used for washing the crystals may be

enpl oyed as a diluent for a crude 16 HPA aqueous sol ution as descri bed
above. Wien the organic solvent s used, the kinds of the organic solvent
are not particularly limted, but are preferably al cohols and ketones,

which a : t b f [ ' ¥§§p' e csele

t hose, %gygg%gif§gg¥ﬁgno ?Opggﬁgﬁgfg‘ﬁ% ﬂggéf%ﬁék |%Eq%§%é€%Eﬁ?20|ble W th
wat er re preferable. The m xing ratio between.the organic _sol vent. and
wator | BHABEOPAFEE AT T9URY A4S BIURAREY" TOBIYY SAenel ARLEE g
present invention wil| be described in nore detail with reference tq

exanpl e§o1pbheDerreqHkr ¢y it ofOPS1AGt PRLONET ulUANEFSSSHYed t ot lsudif
exanples. Further, in the followng exanples, the conposition of a crude
HPA aquestsnsbiely@dvens ageaszin tegmisef gadushrbahompradipn tvadios tof
measuring the viscosity of slurry] The viscosity of slurry was determ ned at

a tenpethkWwempeiraturesé fkkiy2akl bbzasiog ta 45 IQ/pe leisstmtdese {Fx ped /Bl
manuf actured by Tokyo Kei ki Seizosho Co., Ltd.). (Method for neasurenent by

gas Ch][QWBEHQEaQMI:eJ:BacQﬁSbéhé@y”?ﬁé)ﬂffi&‘& GraARd WPproprideR anduer.a di mer

t her eo
[0018]

For carrying out the crystallization while retaining the
fluidity of slurry, it is preferable to complete the crystallization
at a slurry viscosity of 500 mPa:s or less, more preferably 300
mPa‘sor less at theaforementioned slurrytemperatures. Therefore,
it is advantageous in terms of operation for the solid-liquid
separation to keep the slurry viscosity to 500 mPa-s or less. A
device used for the solid-liquid separation is not particularly
limited, but a basket-type centrifuge that can efficiently wash
crystals can be preferably used. |

The crystals of HPA and/or a dimer thereof thus separated
are washed with an organic solvent and/or water, resulting in
high-purity HPA and/or a dimer thereof. The organic solvent and/or
water may be preferably used at about 0.2 to 5 parts by mass with
respect to the crystal of the separated HPA and/or the dimer thereof.

For washiﬁg, the organic solvent and/or water may be used,
but»water is preferable. When water is used, a wash solution used

for washing the crystals may be employed as a diluent for a crude
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a sanple was prepared in an acetone solution using a capillary colum
(corresponding to DB-1 of Agilent Technol ogies) . The HPA and/or the diner
thereof are/is evaluated as HPA in total. 17 [ 00201 Reference Exanple | An
al dol condensation reaction was carried out by adding 9. 9 parts by nass of
triethylamne (highest quality, manufactured by Wko Pure Chem cal

I ndustries, Ltd.) as a catalyst to a mxture of 199. 5 parts of isobutyl

al dehyde (first grade, manufactured by Wiko Pure Chemical |ndustries, Ltd.)

and 225 rts by mas f. 40- mass%._ .for in uf act ur . Mt i shi Gas
Cheni caﬁggﬁﬁéﬁgjlfs Iftog.u)%lo\ﬂh??edset%ger lr%eﬁ%’gvﬁlgg‘%gﬁnr gég.gg%%%{%ﬂv?o%oi n|%ng
poi nt conponents such as unreacted isobutyl aldehyde_ang téi%éh,lanine wer e
di stil | &gusess FherrgRof dReqrErss %ﬂ%‘fﬁ?%@r%%é’agéeé‘l Ade¥ “é%@ésur e of

40 kPa, thereby 425 parts by mass of a crude HPA aqueous sol ution was

obt ai nebutfsrey prefgirabdly ahaphel agnchketonpssinhioh aretprla¥ fd vemb& -aqueous
solution, the contents of the respective conponents were 62. 1% by mass of
HPA, 1. bkd%uby 6BESzhefli rnédpdntwdshjingc@dffebts60%Ambngnidesef, metiminddhyde, 1.
30% by mass of triethylamne, 0. 4 1% by mass of formc acid, 0. 95% by

mass of ehKQhBIY%f@#QﬁSl Neome i ol ANk OlvhiBnesst B , m28c % by irtas vadfe rat er ,
and 3.65% by nass of other conponents. [00211 Exanple 1 210 parts by mass

Qf the gruds FEA AGHEOUSTHROILL AR PRL P Mt ween the organic solvent and

water is not particularly limited.

Examples
[0019]

Hereinafter, the present invention will be describe;i in more
detail with reference to examples. However, the invention is not
particularly limited to such examples. Further, in the following
examples, the compositionof a crude HPA aqueous solutionwasanalyzed
using gas chromatography.

[Method of measuring‘the viscosity of slurry]

The viscosity of slurry was determined at a temperature of
crystallization using a B-type viscometer (Type: BM, manufactured
by Tokyo Keiki Seizosho Co}, Ltd.).

[Method for measurement by gas chromatography]

InagaschromatographicanalysisonHPAand/or adimer thereof,
a sample was prepared in an acetone solution using a capillary column
(corresponding to DB-1 of Agilent Technologies). The HPA and/or

the dimer thereof are/is evaluated as HPA in total.
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in Reference Exanple | was added with 623 parts by mass of dilution water
to adjust the concentration of HPA and/or a dinmer thereof 18 to 16.5%
bymass. Further, 0. 5 parts by nass of triethylamne serving as a pH

regul ator was added to the resulting m xture, attaining a pH value of 6.2.
At this time, the concentration of formal dehyde was 0.40% by nmass. This
solution was stirred and cool ed down to 400C, and then crystallized at 39
to 400C. After 90 mnutes, the crystallization was conpleted. At this tineg,
t he vis?8§£éi of slurry was 8 5 nPa - 5. Subsequently, a solid-liquid
separat i s carried out using a centrifugal separator and the resulting
crystal (HPA and a diner thereof) was then washed with 80 parts by mass of
a washReépuensd. Examaleeklult, 780 parts by mass of a separation liquid was
recovered and 75 parts by mass of a wet crystal was then obtained. The wet
crystal was dineddxl 80hGenadeion reactiggmwesrearnyiedendbhy addixiqniOng 58. 2
parts by mass of HPA and/or a dinmer thereof (dried crystal) . The recovery

rate of phbhesHRA mdsl oif the edthRamiher ¢l ghves dida 0 by M@ adtidrgdedgect to
those in the crude HPA aqueous solution. The dried crystal was anal yzed by

gas chropbogh AR nem 8BS afné’ué@:?ﬂéé; e PWd ty QfedifRtHRY andiQtuirde di mer
thereof was 98. 8% (see Table 1) . It should be noted that HPA in the table

a0 o b g b
740 par \E\?aslkg)ﬁur eC)rIuéa ° Sgg{glt.(las?nLtdqyland 225partsbymass of 40-mass$%
formalin (manufactured by Mitsubishi Gas Chemical Company, Ltd.)
while the mixture was stirred. The low boiling point components
such as unreacted isobutyl aldehyde and triethylamine weredistilled
off from the reaction solution at 70 to 80°C under a pressure of
40 kPa, thereby 425 parts by mass of a crude HPA aqueous solution
was obtained. As a result of analyzing the composition of the crude
HPA aqueous solution, the contents of the respective components
were 62.1% by mass of HPA, 1.53% by mass of neopentyl glycol, 1.60%
by mass of formaldehyde, 1.30% by mass of triethylamine, 0.41% by
mass of formicacid, 0.95% bymass of hydroxypivalate neopentylglycol
monoester, 28.5% by mass of water, and 3.65% by mass of other
components.
[0021]
Example 1
210 parts by mass of the crude HPA aqueous solution obtained

in Reference Example 1 was added with 623 parts by mass of dilution

water to adjust the concentration of HPA and/or a dimer thereof
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obtained in the solid-liquid separation of Exanple 1 as diluent 19 were fed
to make a concentration of HPA and/or a dinmer thereof 17. 8% by nass.
Further, 0.2 parts by nass of triethylam ne was added, resulting in a pH
value of 6.2. At this tine, the concentration of fornmaldehyde was 0.58% by
mass. A crystallization process was carried out in a simlar manner as in
Exanple | and then conpleted after 80 mnutes. The viscosity of slurry at
this time was 125 nPa-s. As in the case of Exanple 1, solid-liquid

separ at i1 Ys4biyth i . CEAEEhEYIR, SSRDA A Pha s YR ik t Y IhrinG SEr ¥
carried out, the?eby obtainin9957. 5 part% by mass of a dry crystal %HPA

and/ or i Y S : at | iguid. The
recover ;a/a sdrégt%g{ o’#%%ogagnrd%% aa%ge%ﬁ:rot ﬁg%eg? §§%9E‘ﬂémghgﬁ‘??%ha%9€?%%%‘l PA
aqueous _sol utjon 3...2%by mass. . Then, HPA and/ or i ner er eof

wer e/ wad P n‘é?%/‘i%d’\%gi' 29 gt {%‘ﬁ%{’oﬁﬂf‘%’g?gﬁh‘ﬁén%@%’:?@s‘m f’% gof)‘ﬂ?}%%}% €the
HPA and/or the dinmer thereof was 98.8% (see Table 1). [00231 Exanples 3 to
19 An adiffolfs 451 Y 3 séont BRdF P HEA hdYad s&igeer apAefesiedadownbti ned
as in the case of Exanple 2, using 110 parts by mass of the crude HPA
aqueous H0IGt iaowdl tbeai nedstal Reted ertc @%EanpleCl1 #Hfden RO méputasi obhéi qui d
obtained in the solid-liquid separation of Exanple 2, thereby carrying out
t he samecmwystsladlil dazaitaroma sicbhp e t il vatueh of t fme, thaldequaitthyof sherry
separation liquid obtained in the solid-liquid separation was used, and

simlarlyas 88 REREHUS suH¥eldfuledt 199N AJ1118G 156A1 8Nk 94 r e HriTRia st BEF £ Vas
obt ai ned, foll owed
out using a centrifugal separator and the resulting crystal (HPA
and a dimer thereof) was then washed with 80 parts by mass of a
wash solution. As a result, 780 parts by mass of a separation liquid
was recovered and 75 parts by mass of a wet crystal was then obtained.
The wet crystal was dried at 30°C under a nitrogen stream, thereby
obtaining 58.2 parts by mass of HPA and/or a dimer thereof (dried
crystal). The recovery rate of the HPA and/or the dimer thereof
was 44.1% by mass with respect to those in the crude HPA aqueous
solution. The dried crystal was analyzed by gas chromatography,
and as a result, the purity of the HPA and/or the dimer thereof
was 98.8% (see Table 1). It should be noted that HPA in the table
represents “HPA and/or a dimer thereof”.
[0022]
Example 2
Bothll0partsbymassof the crude HPA aqueous solutionobtained

in Reference Example 1 and 740 parts by mass of the separation liquid

obtained in the solid-liquid separation of Example 1 as diluent
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20 by an adjustnent of the pH value thereof to G2 to 6.3. The sane
crystallization operation was repeated 17 tines. Table |I shows the pH the
concentration of HPA and/or a diner thereof, the concentration of

formal dehyde, a tinme period of crystallization, the viscosity of slurry,
and the recovery rate and purity of HPA and/or a dinmer thereof in a new
addi tional crude HPA aqueous solution, at each tine of the operations. 21
>1 41 .rq 14 > mmmmnnma) ma) mmmmmci ma) m>1 wEn d WHN

O M r= ﬁ‘_’eég %d %Gl\ﬁn%}(é/valc:&nlrgnté&tion of HPA anc%o'P gncglrr[ er Jcﬂi%é\lf\ﬁ]_'(nd@ C~H

.30 u %~

M

ass. Further, 0.2 parts by mass of triethylamine was added,
resulting in a pH value of 6.2. At this time, the concentration
of formaldehyde was 0.58% by mass. A crystallization process was
carried out in a similar manner as in Example 1 and then completed
after 80 minutes. Theviscosityof slurryat thistimewas125mPa-s.
As in the case of Example 1, solid-liquid separation by using a
centrifugal separator, washing, anddrying were carried out, thereby
obtaining 57.5 parts by mass 6f a dry crystal (HPA and/or a dimer
thereof) and 783 partsbymass of the separationliquid. The recovery
rate of HPA and/or a dimer thereof in the additional crude HPA aqueous
solutionwas 83.2%bymass. Then, HPAand/oradimer thereof were/was.
analyzed using gas chromatography. As a result, a purity of the
HPA and/or the dimer thereof was 98.8% (see Table 1).
[0023]
Examples 3 to 19

An aqueous solution containing HPA and/or a dimer thereof was
obtained as in the case of Example 2, using 110 parts by mass of
the crude HPA aqueous solution obtained in Reference Example 1 and
the separation liquid obtained in the solid-liquid separation of
Exalﬁple 2, thereby carrying out the same crystallization with a
pH value of 6.2. Subsequently, the separation liquid obtained in
the solid—liquid separation was used, and similarly, an aqueous

solutioncontaining HPAand/or a dimer thereof wasobtained, followed
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4 CDO0O0O ~N. r-o "mw~Lno 4 HCY) cor-r- mr-l mCOmmmmm
t

mmmm tn 00 >1 .1-1 - W43 L) (isr-1 ag C 00O MmmmmvV wNr- mrn
m OVU MMO) OOMM .rg. .. . CC~F4 U 00C 0O0CDC aono00O0
COH ~4 4] r > co-a mmoowrn-om u 0- mmwGC- C Cal0mmGC C G
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by an adjustment of the pH value thereof to 6.2 to 6.3. The same
crystallization operation was repeated 17 times. Table 1 shows the
PH, the concentrationof HPAand/oradimer thereof, the concentration
of formaldehyde, a time period of crystallization, the viscosity
of slurry, and the recovery rate and purity of HPA and/or a dimer
thereof in a new additional crude HPA aqu.eous solution, at each

time of the operations.
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4 d) ~4 H ww (0-12 In M6n %D r~ MCh mLn Wr- mO0) HVHa) (D2) d O
Q0 0Q d (DO0) d d WG 0 WW a) ~ r-4r-1 ~4~A~4 ~i r-1 r-i r-|
H~ Hr-i r-j cli r-l aaaaaaaaaaaaaa rzrz XXX KxXxXX X
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Conpar ati ve Exanple 2 The concentration of HPA was adjusted to 17. 7% by
mass by feeding 110 parts by nass of the crude HPA aqueous sol ution
obtained in Reference Exanple 1 and 740 parts by mass of the filtrate
recovered in Conparative Exanple 1. Triethylam ne was not added and the pH
value of the mxture was 4.4, and then the crystallization process was
carried out in a simlar manner. After 90 mnutes, the crystallization was
conpl eted. The viscosity of slurry was 98 nPa - s. Subsequently, the

resul tinggpsgduct was subjected to a solid-liquid separation and then
dried, thereby obtaining 36.2 parts by mass 23 of HPA and/or a diner

t hereof ., A« ery f ,HPA and/or a diner thereof was 53. 0% by nass.
As a regﬁppagggéﬁglyégésﬁgi%g gas chromat ography, the purity was 98. 8%

[0027] Conparative anples 3 to 12 The sane_%%ystaljiz tion process as
that of Conpafaff¥=t LoD REQSCSEERT SR IFE ST RBE 1| FEHpRY €%y mass
of the crude HPA aqueous sol ution obtained in Reference Exanple 1 and the
recover é8 Exiamplsgt &, PPt thadnda e igmhylpmingnrast agddiesn agd MRAPFhd/ or
a diner thereof, the concentration of fornmal dehyde, a time period of
cryst al kidjatstmentt kes mastzosi ThegpH stalnreywaandl. § he Afeeav8fymimitees artdhepuri ty
of the HPA and/or the diner thereof in a new additional crude HPA aqueous
sol uti orryatagagchatiiBR wals ddigp il | Thevidéosityof slurrywas100mPa-s..

Subsequently, the reaction product was subjected to a solid-liquid

separation and then dried, thereby obtaining 804 parts by mass of

a filtrate and 40.8 parts by mass of HPA and/or a dimer thereof.

The recovery rate of the HPA and/or the dimer thereof was 31.8%

by mass, and the HPA and/or the dimer thereof was analyzed then

using gas chromatography, resulting in a purity of 98.8% (see Table

2).

[0026]

Comparative Example 2

The concentrationof HPAwas adjustedto1l7.7%bymassby feeding

110 parts by mass of the crude HPAR aqueous solution obtained in

Reference Example 1 and 740 parts by mass of the filtrate recovered

in Comparative Example 1. Triethylamine was not added and the pH

value of the mixture was 4.4, and then the crystallization process

was carried out in a similar manner. After 90 fninutes, the

crystallizationwas completed. Theviscosityofslurrywas98mPa-s.

Subsequently, the resulting product was subjected to a solid-liquid

separation and then dried, thereby obtaining 36.2 parts by mass
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of HPA and/or a dimer thereof. A recovery rate of HPA and/or a dimer
thereof was 53.0% by mass. As a result of analysis using gas
chromatography, the purity was 98.8%.
[0027]
Comparative Examples 3 to 12

The same crystallizationprocessasthat of Comparative Example
2 was repeated 11 times using 110 parts by mass of the crude HPA
aqueous solution obtained in Reference Example 1 and the recovered
filtrate. Table 2 shows the pH, the concentration of HPA and/or
a dimer thereof, the concentration of formaldehyde, a time period
of crystallization, the viscosity of slurry, and the recovery rate
and purity of the HPA and/or the dimer thereof in a new additional

crude HPA aqueous solution, at each time of the operations.
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4 Cbha) w~l wil-1w~ ~4-1pH-i ~I -4 PHWr-I ~4rHj ~4 -1 Cl4 -4
ra CL(al Ma paRlaPrct Rmfa 00x O0ONxOxai x0x0x E~u
DIl ur.: uWUIl ucal) wu 14 25 (00291 In Table 2, when the
crystallization was repeated without adjusting the pH, the pH val ue
gradual |y decreased. In addition, the recovery rate of HPA and/or a diner
thereof and the purity decreased along with the decrease in pH value. In
contrasggpsgpwn in Table 1, the crystallization carried out after the pH
adj ustment according to the present invention allows the purity and

recovery rat t?a%g kfpt nf§§§‘4§§éﬂé§l‘§§ka%? a%th %%E%l&ﬁ%ﬁ%h%n I's

r epeat ed. [00 npara ive stalllzat rocess was

carrled in th npj e xce 1 rts by mass
of watef %HEtéﬂae ¥g%p8§t§?{kﬁ :ﬁéqﬁﬁiyh eEF ﬁﬁe PAlgh $188r ut i on
obtained in Reference Exanple 1 to adjust the concentration of HPA and/or a
di mer t hBeesPceyery. rateppindEd apgdyer 20dimgat E8eresi BRE thet PRELSY of

crystallization, the viscosity of slurry increased to 1, 000 nPa - s
decreased along with the decrease in pH value. In contrast, shown

in Table 1, the crystallization carried out aftex the pH adjustment
according to the present invention allows the purity and recovery
rate to be kept at high levels even when the crystallization is
repeated.
[0030]
Comparative Example 13

A crystallization process was carried out in the same way as
in Example 1, except that 312 parts by mass of water was added to
210 parts by mass of the crude HPA aqueous solution obtained in
Reference Example 1 to adjust the concentration of HPA and/or a
dimer thereof to 25.0% bymass. After 70 minutes fromthe initiation
of crystallization, the viscosity of slurry increased to1l,000mPa-s
or more, thereby resulting in a less of fluidity. Thus, the
crystallization process was not able to proceed anymore.
[0031] |
Comparative Example 14

A crystallization process was carried out in the same way as
in Example 1, except that a crystallization temperature was set

to 50°C. After 180 minutes from the initiation of crystallization,
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or nore, thereby resulting in a loss of fluidity. Thus, the crystallization
process was not able to proceed anynore. [00311 Conparative Exanple 14 A
crystallization process was carried out in the sane way as in Exanple 1,
except that a crystallization tenperature was set to 50*C. After 180
mnutes fromthe initiation of crystallization, 26 no slurry was obtained
and the solution stayed clear. [00321 Reference Exanple 2 An al dol
condensation reaction was carried out by adding 9. 9 parts by nmass of

triethylan g As, ddAlHkIhdd AdMHeUse10t1489stayeaEL&ay MaSS O
i sobutyl al dehyde and 300 parts by mass of 40-mass% formalin while the

m xture tirred. Froma reaction solution thus obtained, |ow boiling
poi nt co&%g% nts such as unreacted isobutyl al dehyde and triethylam ne were
distilled of f atJJO'C un%ﬁr a pressure of 40 kPa, thereby obtaining 480
parts b e £AFMEE 4PA aqueous sol ution. As a result of analyzing the
conposition of the crude HPA aqueous sol ution, the contents of the

respective cd¥pBAEALCARINSALIQYIBACKASE WAS IqRAried guthy agdddagef- 9
neopentyl glycol, 7.50% by mass of fornal dehyde, 0. 95% by nass of
triethylpante by 2a65% by niesh ydfamficienas aciatalys85% by mimdgingf of 199.5
hydr oxypi val ate neopentyl gl ycol nonoester, 28.0% by nmass of water, and
3. 15% bypamms byaiiasd bér i savpoyleatlslehy@833d 300 parts by mass of 40-mass$%
formalin while the mixture was stirred. From a reaction solution
thus obtained, low boiling point components such aslunreacted
isobutyl aldehyde and triethylamine were distilled off at 70°C under
a pressure of 40 kPa, thereby obtaining 480 parts by mass of a crude
HPA aqueous solution. As a result of analyzing the composition of
the crude HPA aqueous solution, the contents of the respective
components were 56.0% by mass of HPA, 1.50% by mass of neopentyl
glycol, 7.50%bymassof formaldehyde, 0.95%bymassoftriethylamine,
2.05% by mass of formic acid, O.éS% by mass of hydroxypivalate
neopentylglycol monoester, 28.0% by mass of water, and 3.15% by
mass of other components.
[0033]
Example 20
210 parts by mass of the crude HPA aqueous solution obtained
in Reference Example 2 was‘added with 503 parts by mass of water
to adjust the concentration of HPA and/or a dimer thereof to 16.5%

by mass. Further, 1.5 parts by mass of triethylamine serving as

a pH regulator was added to the resulting mixture, attaining a pH
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Exanpl e 20 210 parts by nmass of the crude HPA aqueous solution obtained in
Ref erence Exanple 2 was added with 503 parts by mass of water to adjust the
concentration of HPA and/or a diner thereof to 16.5% by mass. Further, 1. 5
parts by nmass of triethylaimne serving as a pH regulator was added to the
resulting mxture, attaining a pH 27 value of 6. 1. At this tine, the
concentration of fornmal dehyde was 2.21% by nmass. This solution was stirred
and cool ed dowmn to 400C, and then crystallized at 39 to 40'C. After 90

m nutes v hhe ofrysial Wezahi On MRS, ¢RRPLSESEht Alt {dH St EBBmaiB8nyhsGRN LY Of
slurry was 140 nPa - s. Subsequently, a solid-liquid separation was carried

OUL 51 59 A 40B) L LY92IrySSPORLOF e Al d IS L BLARLP Bl el chns used

- a
for was I'ng a a resu part’s mass o at e was

recovered and 61 parts .mass of e cake  was then optained. The cake was
dried a@nsb tk@’hnﬂéi‘{sﬁawﬁﬁéeﬁ%tﬁgaﬁ? ?ﬁ Feby A%ttﬁ%i gbn&lﬁ’“’feﬁart %y nass

of HPA and/or a diner thereof. The recovery rate of HPA and/or_ a diner

t her eof omast4d 10%Aly oS compll ¢ trd HPAL tArd bine hehe viscoshEvedts ey / was

t hen anal yzed by gas chromat ography. As a result, the purity thereof was
08. 6% [WRE3Y40 mBanpar asulveedixamipl ¥, 25 dlhael-ddnpent sepaont bén WRA ewarsriad] ust ed
to 18. 0% by mass by feeding 110 parts by mass of the crude HPA aqueous

sol uti oruabtaingd cantRefaganceegawgye 2aanthi/s 4Gmpar8 s par e witdhe
filtrate recovered in Exanple 20. The m xture was added with 1.5 parts by
mass of yas used for washing a cake. As a result, 748 parts by mass of a
filtrate was recovered and 61 parts by mass of the cake was then
obtained. Thecakewasdriedat 30°Cunderanitrogenstream, thereby
obtaining 47 partsbymassof HPAand/oradimer thereof. Therecovery
rate of HPA and/or a dimer thereof was 40.0% by mass, and the HPA
and/or the dimer thereof were/was then analyzedby gas chromatography.
As a result, the purity thereof was 98.6%.
[0034]
Comparative Example 15
The concentrationof HPAwasadjustedto18.0% bymassby feeding
110 parts by mass of the crude HPA aquecus solution obtained in
Reference Example 2 and 740 parts by mass of the filtrate recovered
in Example 20. The mixture was added with 1.5 parts by mass of
triethylamine as a pH regulator to adjust the pH value to 6.1. At
this time, the concentration of formaldehyde was 2.89% by mass.
Subsequently, a crystallization process was carried out in the same

way as in Example 20. The viscosity of slurry was 70 mPa-s.

Subsequently, the resulting product was subjected to a solid-liquid
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triethylamne as a pH regulator to adjust the pH value to 6. 1. At this
time, the concentration of formal dehyde was 2.89% by nass. Subsequently, a
crystallization process was carried out in the sane way as in Exanple 20.
The viscosity of slurry was 70 nPa-s. Subsequently, the resulting product
was subjected to a solid-liquid 28 separation and then dried, thereby
obtaining 25 parts by nmass of HPA and/or a diner thereof. A recovery rate
of HPA and/or a dimer thereof was 40.5% by mass. As a result of analysis

using g.?ég%f%E?gRt%aMn dNe PUkhEY B Sogzagginé0%§%r@f%%%% ranpl e 3

An al do ndensation reaction was carried out 1n”the 'sane y as in

Ref eren Exanpl e 1...Subsequently, .the resulti r i.on ol utiQn was
subjectggAt%Pégéﬁiﬁ F&PF5nt?%r%?%tilﬁ ISF?VFB%/Eé#%ioﬁgﬁE%o?%??%ﬁﬁﬁéﬂgﬁ?%, such
as unreacted isobutyl al dehyde and triethylamne, at 100 to 105" C under
normal pReEeRfevashdle} RubtmASH ng AP pEF T8l lof Of hahet ks HRABGuEaSs

solution. Fromthe analysis of the conposition of the crude HPA agueous
sol uti oahromatogoapky: st mmeitbs¢%%tJQLﬂ%wawponents were 50.1% by nass of
HPA, 6.53% by nmass of neopentyl. glycol, 0.37% by mass of fornal dehyde, 1.
54% by ees3spf triethylamne, 1. 81% by mass of formc acid, 7. 50% by mass
of hydroxypi val at e neopentyl gl ycol nonoester, 28. 5% by nass of water, and
3. 77% bpepBsEnOE BLAMp1&608PONENts. [00361 Conparative Exanple 16
An aldol condensation reaction was carried out in the same

way as in Reference Example 1. Subsequently, the resulting reaction

solution was subjected to distillation to distill off low boiling

point components, such as unreacted isobutyl aldehyde and

triethylamine, at 100 to 105°C under normal pressure, thereby

obtaining 425 parts of the crude HPA aqueous solution. From the

analysis of the composition of the crude HPA aqueous solution, the

contents of the respective components were 50.1% by mass of HPA,

6.53% by mass of neopentyl glycol, 0.37% by mass of formaldehyde,

1.54% by mass of triethylamine, 1.81% by mass of formic acid, 7.50%

by mass of hydroxypivalate neopentylglycol monoester, 28.5% by mass

of water, and 3.77% by mass of other components.

[0036]

Comparative Example 16

210 parts by mass of the crude HPA aqueous solution obtained
in Reference Example 3 was added with 428 parts by mass of water

to adjust the concentration of HPA and/or a dimer thereof to 16.5%

by mass. Further, 1.3 parts by mass of triethylamine was added as
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210 parts by mass of the crude HPA aqueous sol ution obtained in Reference
Exanpl e 3 was added with 428 parts by mass of water to adjust the
concentration of HPA and/or a diner thereof to 16.5% by mass. Further, 1. 3
parts by mass of triethylam ne was added as 29 a pH regulator to the
m xture to adjust the pH value to 6.1. At this time, the concentration of
for mal dehyde was 0. 12% by nass. The resulting solution was stirred while
bei ng cool ed down to 400C. Subsequently, the crystallization was carried
out at 9% or dPPfato At re R0 milxtuir@s tot B8 GE¥StRé | p abd Die vaS @.anpl ated. At
this time, the viscosity of slurry was 58 nPa - s. Subsequently, a
solid-lLQuLd,.:sep i i i entrd fau p or. At
SR R S G e S s S S SRS S i
result, 7 63 rt.s b s of afiltrate s recovered and 45 parts. by mass
of "t he' Barahd v SolRar Al bt ERR A PR LR S A Ao R R B 6 Y ogen
stream _t hereby obtaining 33.3 parts by mass of  HPA and/or_a diner, thereof.
The recdVeP§IreRElyf HEA St L Z@tien WeReFaBF1GdsCRl . 303 tPads. C30 WHAT
IS CLAIMED IS: 1. A nethod of producing high-purity hydroxypival al dehyde
and/ or Hfher Yheivatescdmer coyseplizationvwhsoanpldetddiehPpdetlvig fime,
formal dehyde in a presence of a basic catalyst; distilling off a | ow
boi | i ngtpeivits cosijgnefits liuxclyuda G0 niPa eact Stbissanenyll yal isbydd-faqatbhtai n an
aqueous sol uti on;

separation was carried out using a centrifugal separator. At this

time, 80 parts by mass of water was used for washing a cake. As
a result, 763 parts by mass of a filtrate was recovered and 45 parts
by mass of the cake was then ok.)tained. The cake was dried at 30°C
under a nitrogen stream, thereby obtaining 33.3 parts by mass of
HPA and/or a dimer thereof. The recovery rate of HPA and/or a dimer

thereof was 31.7% by mass.
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adding a diluent to the aqueous solution; cooling the agueous solution to
crystallize at |east one of the hydroxypival al dehyde and the di mer thereof;
and subjecting the agueous solution to a solid-liquid separation, followed -
by washing with an organic solvent and/or water to obtain at |east one of
t he high-purity hydroxypi val al dehyde and the dinmer thereof, wherein the
aqueous solution containing at | east one of the hydroxypival al dehyde and
the diner thereof obtained by distilling the |ow boiling point conponent
of f is wuAvtes tyvamekD npsi he diluent and a basic conpound, so that the
concentration of at |east one of the hydroxypival al dehyde and the di nmer

t hereof becomes £ ﬁ&%@oﬁﬁmiﬁ&%ﬁﬂﬂ%@i&? merg&yia%a%daenggebecorres

0.2 to 2.5% by nass, and the pH val'ue becones 5.0 or ndbre, then t

sol ution_i Cl, | 1 t neragiure of 20 to 450C, consequently the
an%?o:atd%/ﬁé@ tllxgggo ’ tc?oéﬁq%gpdsﬁon%

crystal east one 0 'pi val al dehyde and t he di ner ther eof
is subjected to the solidq-1Ii u%& S ratio nd ‘%?d 31 2. A nethod of
br oduc ng. hi GHEHHFIRG AR PISEEVAENYUER ERAIMICRITYRS Shé; BOFSRRER: d ng
to claim1, wherein at_|east one of a separation liquid fromsolid-Iiquid
separ at ?Hn2 dpRisEc vt l¥dtuti on is used as the diluent. 3. A method of
produci ng hi gh-purity hydroxypival al dehyde and/or di nmer thereof according
to claim?2, whisseihline effamatlewn bbiddnd focdmtt heompdneht i goicdudépar ati on
is repeatedly used as the diluent two or nore tines.
unreacted isobutyl aldehyde to obtain an aqueous solution;
adding a diluent to the aqueous solution;
cooling the aqueous solution to crystallize at least one of
the hydroxypivalaldehyde and the dimer thereof; and
subjecting the aqueous solutiontoa 'solid-liquid separation,
followed by washing with an organic solvent and/or water to obtain
at least one of the high-purity hydroxypivalaldehyde and the dimer
thereof, wherein
the aqueous solution containing at least one of the
hydroxypivalaldehyde and the dimer thereof obtained by distilling
the low boiling point component off is diluted by adding the diluent
and a basic compound, so that the concentration of at least one
of the hydroxypivalaldehyde and the dimer thereof becomes 5 to 23%
by mass, the concentration of formaldehyde becomes 0.2 to 2.5% by
mass, and the pH value becomes 5.0 or more, then the solution is
crystallized at a temperature of 20 to 45°C, consequently the crystal

of at least one of the hydroxypivalaldehyde and the dimer thereof

is subjected to the solid-liquid separation and washed.
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4. A nethod of producing high-purity hydroxypival al dehyde and/or di ner
t hereof according to any one of clains 1 to 3, wherein a crystal slurry
obtained by the crystallization has a viscosity of 500 nPa-s or |ess. 32

2. A method of producing high-purity hydroxypivalaldehyde
and/or dimer thereof according to claim 1, wherein at least one
of a separation liquid from solid-liquid separation and a wash

solution is used as the diluent.

3. A method of producing high-purity hydroxypivalaldehyde
and/or dimer thereof according to claim 2, wherein the separation
liquid from the solid-liquid separation is repeatedly used as the

diluent two or more times.

4. A method of producing high-purity hydroxypivalaldehyde
and/or dimer thereof according to any one of claims 1 to 3, wherein
a crystal slurry obtained by the crystallization has a viscosity

of 500 mPa*s or less.
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