DESCRIPTION Title of Invention: METHOD FOR CONCENTRATING AQUEOUS
53-HYDROXY-2,2-DIMETHYLPROPANAL SOLUTION Technical Field [0001] The present invention
relates to a method for concentrating an aqueous solution of 10 3-hydroxy-2,2-dimethyl propanal
(hereinafter referred to merely as "hydroxypivalaldehyde" or "HPA™) and/or a dimer thereof in an
efficient manner by distillation of the aqueous solution. Background Art 15[0002] In general, HPA
is synthesized by subjecting isobutylaldehyde ?ﬂg far Ltie de to an aldol condensation reaction in
the presence of a basic catalyst. The aldol ﬁg:é%@a iI eaction may proceed either under acidic
conditions ormitielef agiataamditions. However, since HPA contains a carbonyl group and a hydroxy!l

20 group in one molecule there&iEl ystal ﬁs@g %H[SF%T o@ QJ\ to a tetramer thereof
under the acidic conditions. PT ?Sﬁéxﬁ;: I s@i&i |I\él I r@éhs Eﬂ?sée gion under basic
conditioBs for the purpose a3-&1viDiQXYe2RDIMMETHYILETRIERANAL SOIRATIONthe tetramer. After
completion of the reaction, the resulting reaction product solution is 25 subjected to distillation to
remove low-boiling point components such as unreacted isobutylaldehyde and formaldehyde
therefrom, thEsehyiodit®igilng an agueous solution containing HPA (hereinafter referred to merely as an
"agueous crgsi&J HPA solution™). HPA is frequently used as an intermediate product for synthesis of

0

organic com s such as neopentyl glycol and spiro glycol, and as described in PTLs 3 and 4, the
thus 30obtained reactios preskrotion acliotore iaks e asadthosuios enteningl epsagiticoulshsshgion of

10  3-hydroxy-2,2-dimethyl propanal (hereinafter reéelr to merely as
"hydroxypivalaldehyde" or "HPA") and/or a dimer thaef in an efficient manner by

distillation of the aqueous solution.

Background Art
15 [0002]
In general, HPA is synthesized by subjecting isglaidehyde and formaldehyde
to an aldol condensation reaction in the preseheebasic catalyst.
The aldol condensation reaction may proceed ettingler acidic conditions or
under basic conditions. However, since HPA costaircarbonyl group and a hydroxyl
20 group in one molecule thereof, crystals of a dimieHPA are condensed into a tetramer
thereof under the acidic conditions. PTLs 1 amtis2lose an aldol condensation reaction
under basic conditions for the purpose of avoidimg condensation of the dimer of HPA
into the tetramer.
After completion of the reaction, the resultingaggon product solution is
25 subjected to distillation to remove low-boiling pbicomponents such as unreacted
isobutylaldehyde and formaldehyde therefrom, thgrebtaining an aqueous solution
containing HPA (hereinafter referred to merely &s"aqueous crude HPA solution”).
HPA is frequently used as an intermediate prodactsiynthesis of organic compounds
such as neopentyl glycol and spiro glycol, and escdbed in PTLs 3 and 4, the thus
30 obtained reaction production solution may be usedubsequent steps without being
subjected to any purification treatment.
[0003]
Meanwhile, NPL 1 discloses that there is presentequilibrium relationship

between a monomer of HPA and crystals of a dimeH®A as shown in the following
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subjected to any purification treatment. [0003] Meanwhile, NPL 1 discloses that there is present
an equilibrium relationship between a monomer of HPA and crystals of a dimer of HPA as shown in
the following formula (1). Therefore, when HPA is subjected to crystallization purification, the HPA
obtained as crystals are crystals of the dimer of HPA. The crystals of the dimer of HPA exhibit a
reactivity subst&miallmi)denﬁheké@dmtwﬁme HRRGsenloetied gBteibeitisd bumwayditﬂr&terwch
as PTL 3, etc., H/OCH 2CH3 CH 3CH3 1g 0 2 CCCHH2C - C- O/IHCH -13 OH 04]
Also, there i9ft B 88“8&8%% 5 ﬂﬁv?ﬁ%ﬁtﬂi% (&?b%\?eémﬂg%é{'ﬁg PR lﬁlo ?s%fm?éooﬁ?ﬂg ing
water theret@xéitsittihereaotijesten bseiysializdtatiqeiritomtid tho wioaontag oKy B Adsefisda PTLs
5to 7). Afiltrate otftalned by subj ectlnlg_laL 3, etc.
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[0004]

Also, there is disclosed a method in which thevabaqueous crude HPA solution
is diluted by adding water thereto, and then subgkdo crystallization purification to
obtain high-purity HPA (refer to PTLs 5 to 7). Atrate obtained by subjecting a

10 crystallization slurry to solid-liquid separatiomch by washing a filter cake contains
uncrystallized HPA and/or a dimer of HPA. Such ilirate may be reused as an
intermediate product of organic compounds such espentyl glycol which can be
produced without need of using high-purity HPAptaty be discarded.

The filtrate also contains a large amount of watdrherefore, in the case where

15 the filtrate is reused as an intermediate prodidcthe organic compounds, it may be
sometimes required to previously remove water fthenfiltrate in view of deterioration in
reaction efficiency, etc. Also, even when thadile is discarded, in view of a large load
imposed on facilities for waste water treatmeritss preferred that the filtrate is separated
into HPA and water before being discarded.

20 However, owing to such a fact that water and HR&ehan azeotropic relation
therebetween, there is a problem that it is diffitmremove only water from the filtrate by
a distillation separation method to concentrate HP&n efficient manner.

[0005]

On the other hand, as the distillation separatemhnique, PTL 8 discloses a

25 method of separating water from an aqueous hydiealp acid solution by distillation
using toluene or a mixture of toluene and 1-butaetd., as an azeotropic agent. PTL 9
discloses a method of producing spiro glycol whdebjecting HPA to azeotropic
dehydration under reflux of toluene. However, PT8sand 9 do not describe at all
distillation separation between water and HPA andiodimer thereof. HPA has a

30 chemical structure partially similar to those ofdhgxypivalic acid and spiro glycol but

contains different functional groups from thosehgfiroxypivalic acid and spiro glycol.
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10 crystallization slurry to solid-liquid separation and by washing a filter cake contains uncrystallized
HPA and/or a dimer of HPA. Such a filtrate may be reused as an intermediate product of organic
compounds such as neopentyl glycol which can be produced without need of using high-purity HPA, or
may be discarded. The filtrate also contains a large amount of water. Therefore, in the case where 15

the filtrate is Thesefdas aIPNteaRditistenirpebiss G & ongdnsepinpRunidalid auy Sedspissigigsol.
required to previously remaye water from the filtrate in view of deterioration in reaction efficiency, etc.
RS s e b el

Also, even V\)Heﬂe[ﬂ% tr 1N fi&esr he W@Wrofsaﬁgpféﬁ‘% &%%%o&% fRiHen #BY o er
treatments, ity efersed dhapibentjraticlie sepmtgic pigeBinh @ fiatatthesersabaiing taterdeshn

20H , owing t h a fact that wat d HPA h tropi tion therebet 1h
< 2 probiem (AR HE GRS CSrkDk LAY SRS TURS HECI B elGe T SAGRPAYER Moo

to conceéntrateybidbAisn soleidinientrmeomssq [, Qhe hezettegiando asehasdistiltatitresdisaitktion

hnique, PTL 8 discl ) h f ' from. hyd ivali id
Solution by TS TR e 6 M RHHELCS e BRI SHELAE d AOEOpRE Fhent

PTL 9 disclosekiionathbd aicateducinepjrarglystimuhilazebjeaiogt Hibt Aatoarsiotmpie des whiation

under reflux of toluene. Fhowever P.'|'Ls 8 antd 9 do not oléescri at all ﬂéstillation se ara?tton betheen
water and HEY SB/5r e el A SRITEYY 38 AL DR AT AR LRI IS B
hydroxypivalandcttienafoseiit glyeehbulifficntaitts pfdientfutimpgionadgeotppicoaydmsmofa specific
hydroxX ivalic acid and B iro glycpl. Therefore, HPA has different properties from those of
hydroxygivalﬂ:qgg%ugnsé)spfpon%é&ﬁmh general, in the case where water is separated from an aqueous
solution by distillatiofPUisirDadiscdests pec mgenddha avieictioaicragenhtsmpabletahefticamthoseuarsiting
water from the aqueous solutjon may.vary.dependin n properties of substances dissqlved in the
5 aqueous SSRGI 1 CaliS b 4SRRI ENE o LR S THaRtiS ol
must be carehdihanaodied read teel doted ml uavaof & dylstemdeintbatagtie o usetaledin ntothaytad dedd/denus,

an optimum azaaiiagia agent o3 serialn aguspus solyian syatam i aetnsessear.an aoEm
azeotropic agent for ano o agueous Solution %ys&em, and thererore s very di Uit T predict an
optimufrbazeaotrepicied)esoliort\Aedgebifiel Bezwemo/edldtom shstmdd readiob J0atisciosetutioneliyod in
which a mixed solution taining a ueous [ roxide solution, isobutylaldeh n
agueous fOI‘f%%.?(? éhoj%g é%qd@%t}loﬁh dqn_ﬁt)eq%eaneorl i%cﬁé;ic e%gtgosc%# (ctan a{T“ o?&%@n@ﬁ%ﬁ%e%%ﬁg%
between isolaastdidphy ddistithfiomaldéhyaedarmhafter divepleliotootitresaton copaeiwatidengaetion,

hanol ' h ' ' luti
by aveotropi dRILOS Fi D R AE A8 TR R I8 BRI RS R e
distillatiop. Iric_adbifimeawdmeismlebcammwmbe seantiondEtbat & mpkin@;am&tiy@eyanﬂtfmmmwde
as deSEBbe%rbB%ar“EQamgmve%ﬁﬂgy‘&‘g\&vméH‘Peeé‘ﬁéﬂ%f%&%ﬁ’aﬁ%&(}&ﬂﬁg%ﬂsaﬂ%%%é%.the same

reactor, so that a wo Ing € reacto
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Summary of Invention
Technical Problem
[0008]
An object of the present invention is to providenathod for concentrating an
10 aqueous solution containing HPA and/or a dimeretbiein an efficient manner.

Solution to Problem
[0009]
As a result of extensive and intensive researonesoncentrating method of an
15 aqueous solution containing HPA and/or a dimer dberfor solving the above
conventional problems, the present invention has laecomplished.
[0010]
That is, the present invention relates to a metloocconcentrating an aqueous
solution containing HPA and/or a dimer thereof afred in the following aspects (1) to
20 (8).
(2) A method for concentrating an aqueous solutioaontaining at least
3-hydroxy-2,2-dimethyl propanal and/or a dimer #éwdy including
subjecting a mixed solution of an aqueous solutmontaining at least
3-hydroxy-2,2-dimethyl propanal and/or a dimer #uérand an azeotropic agent to
25 azeotropic distillation in a distillation column tbstil off water and the azeotropic agent
from the mixed solution, wherein the mixed solutien prepared by adding, as the
azeotropic agent, at least one selected from thepgconsisting of 1-butanol, 2-butanal,
2-methyl-1-propanol, 1-pentanol and 1-hexanol eoafueous solution.
(2) The method as described in the above aspectv{iBrein the azeotropic agent is
30 atleast one selected from the group consistiriglmitanol and 2-methyl-1-propanol.
3) The method as described in the above aspectofl)(2), wherein the
3-hydroxy-2,2-dimethyl propanal and/or the dimeerdof are produced by an aldol
condensation reaction between formaldehyde andiigiaiiddehyde.

4) The method as described in any one of the albspects (1) to (3), wherein the
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An object of the present invention is to provide a method for concentrating an 10 aqueous solution
containing HPA and/or a dimer thereof in an efficient manner. Solution to Problem [0009] As a
result of extensive and intensive researches on concentrating method of an 15aqueous solution
containing HPA and/or a dimer thereof for solving the above conventional problems, the present

invention hasdeenuaceopishedni@@iioh at Ietat Bhinrangdkatinyepiopdaktemiser naettingetor
concentratin%an a?ueous solution containin% HPA. and/olr a dim?r theﬁgof as defined in the fol.lowir}g

aspects (1) th'SER8). S AMERSY T CRILHAL A AL H5EE oGt PRy g iRy B Gaaststing o
3-hydroxy-2 thelifvkdyhgrepaoaicand/or a dimer thereof, including subjecting a mixed solution of

e A A ey R i g =
azeotrogic agéfnioliebotiegmivatt saibijsonaviteriziol tiing ivedesdhisionuty faildparetd byam dnge adtitre
PR NI i R L e T e
above aspedofialdbérein misméaﬂéﬁ&dbastmpmedﬁmm taeadystyp consisting of
wherein the 3-nycroti 2% WG BIEBEA e 0 BT alBPEC R oaL o by i
condensatioamgabiosubgoteentiemesdithytpradd cs ch stitididelpptratidn Taednethod as described in
e e B S S0 .8 e
selected frorortetaliipatory nsistingubjeloérfgllthweing faltamt girctdto solid-liquid separation, and then
dissolving purified 3-hydroxy-2,2-dimethyl propanaecovered by the solid-liquid
separation into water.
5) The method as described in any one of the albspects (1) to (4), wherein the
15 azeotropic distillation is carried out at a colubwitom temperature of from 82 to 120°C.
(6) The method as described in any one of the alaspects (1) to (5), further
including
obtaining a distillate from a top of the distilat column; and
feeding, after the distillate is separated int@ f@hases of an azeotropic agent
20 phase and a water phase, a whole or part of thetrapec agent phase back into the
distillation column.
(7) The method as described in any one of the abspects (1) to (6), wherein the
distillation column is a multistage distillationlamn.
(8) The method as described in any one of the alaspects (1) to (7), further
25 including
adjusting a pH value of the aqueous solution ¢oimg at least the
3-hydroxy-2,2-dimethyl propanal and/or a dimer &wdrto within a range of from 3.5 to
10.5.

30 Advantageous Effects of Invention
[0011]
According to the present invention, when an angitr agent capable of
undergoing azeotropy with water and incapable alfengoing azeotropy with HPA and/or
a dimer thereof is added to an aqueous solutiotacong HPA and/or a dimer thereof and
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(a) an aqueous 3-hydroxy-2,2-dimethyl propanal solution obtained by distilling 5 off low-boiling point
components including unreacted isobutylaldehyde from a reaction product solution produced by an
aldol condensation reaction between an aqueous formaldehyde solution and isobutylaldehyde in the
presence of a basic catalyst; (b) a filtrate recovered by subjecting the aqueous solution (a) to

crystallizatiothen@sb@iagbjestied Heluasnltant gubfieteto solidzdiginiddistiradon;ians Hosgible agueous
solution obtained hy subjecting th eous solution (a) to crystallization, then subjecting. the resultant
orodlct to sTIHA SARmED ARG I EB e DRIt S g 2
recovered by e entiatiquishsenaatiiititn veiterPASandiermeititsbasoflescribed itomnyiquid of the
above aspects.(1) to (4), whereip the 15azeotropic distjllation is,carried out at a colymn bottom .
temperature ST HB SN Eoc N TRer L O B RELERE G 9 R ABAE Tpdtietato
(5), furtier inelw@indehigeungsaatistiletmédiate popdfdhef disggitatipo nadisnsocares neoptesyingyadier
the distillate is separated. into two [r)%hases of an azeotropic agent 20 phase and a water phase, a whole

or part of the h28a1} H%r et O PRUS S B istillation column. (7) The method as described in

any one of the above aspects (1) to (6), wherein the distillation column is a multistage distillation
column. (8) The method i]ﬁéd%scrlbed in any one of the above aspects (1) to (7), further 25including

adjusting a p VAl RS ral ggﬂ@%@iﬁtion containing at least the 3-hydroxy-2,2-dimethyl propanal

and/or a dim@od2feof to within a range of from 3.5 to 10.5. 30 Advantageous Effects of Invention
[0011] 10 The method for concentrating an aqueous solutioriaining at least HPA and/or
a dimer thereof according to the present inveniti@fudes subjecting a mixed solution of
an aqueous solution containing at least HPA araltimer thereof and an azeotropic agent
to azeotropic distillation in a distillation colunto distil off water and the azeotropic agent
from the mixed solution, wherein the mixed solutien prepared by adding, as the
15 azeotropic agent, at least one selected from tbepgconsisting of 1-butanol, 2-butanol,
2-methyl-1-propanol, 1-pentanol and 1-hexanol eodfueous solution.
In the concentrating method of the present ineentihe aqueous solution used as
a starting solution is not particularly limited Bsg as it contains HPA and/or a dimer
thereof. Also, the content of HPA and/or a dinmteereof in the aqueous solution is not
20 particularly limited. However, the method of theegent invention can be suitably used
for concentrating an aqueous solution containing Eifd/or a dimer thereof in an amount
of from about 1 to about 30% by mass.
[0013]
In the present invention, the method of synthagiHiPA contained in the aqueous
25 solution as the starting solution is not particiyldimited, but, in general, HPA may be
produced by an aldol condensation reaction betvis#utylaldehyde and formaldehyde
or an aqueous formaldehyde solution (formalinhm presence of a basic catalyst.
Examples of the basic catalyst include inorgamisds such as sodium hydroxide,
potassium hydroxide, sodium carbonate and potassarbonate, and organic bases such
30 as tertiary amines and pyridine. When the basicftyhe basic catalyst is excessively
high, a Cannizzaro reaction of HPA and/or a dinmeré¢of with unreacted formaldehyde
tends to occur in parallel with the aimed aldol @emsation reaction, thereby causing
deterioration in yield of HPA and/or a dimer thdreoOn the other hand, when the

basicity of the basic catalyst is excessively ldve reaction tends to proceed too slowly.
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According to the present invention, when an azeotropic agent capable of undergoing azeotropy with
water and incapable of undergoing azeotropy with HPA and/or a dimer thereof is added to an aqueous
solution containing HPA and/or a dimer thereof and the resulting mixed solution is subjected to
azeotropic distillation, it is possible to minimize a content of HPA and/or a dimer thereof in the resulting

Iolisti!late andnmhﬂﬁ' these qﬂeﬁ@oﬁh mtfobmm@h lgh@cd%tﬁg@ Qfa*éml wwt?@lm ﬁgesearf@mammm |
iquid in an efficient manner. Therefore, t tained bottom liquid can be reused as the raw materia
5 or can be 4568 as SRR RAAERoBhCTE: (RGN EOMSEMATE QLo HUABUon SR SeBITEn
industrially agiyaoiageclusenaniseprbegenpiie) oftunbedimeritoRAgiBEhermbiog fpiperidine,

concentrating, an, aqueous solution containing at least HPA and/or a dimer thereqf accordi o the
SO 1 5 o s . R e S
and/or sedimirietedf @ydolidinzeatio iG-ewehtdpr aiiiiiepicAlinhiiaiese ineatidistillatioresolfrom tthdistil
off water and the azeotrppic agent.from the mixed solution, wherein the mixed solution.is prepared by
g ao IMCTEGDE B BRI Al L B oSBT A e BT AR PR
2-butanol, 2-anethybré-prefemet ispeptapziming 1-Hexarmlitaitteanusole Jodgiocatalydndtided to
concentratin&amethoc%l of the Present inventio L the 8aﬁueous s&%grt;%ﬁ us ai\ﬁl]startln solution is not
particularly iied AR X R EONANL T ARSI iR (& BB R, (he EonIERIBF PR G /or
a dimer thereskuh He thgubasic schttigstisthet a20quent:iofi | aikytitipet et ddawis viearth € .0@thtad 05thend
present invention can be suitably used fqr concengrating an agyeous, solution contajning HPA and/or a
Cimer (harod RIEAonDt Hed D 2o b 09a 0N reled AR e HLbel RS A, tha
method of systiesizaigetiydecontained in the aqueous 25 solution as the starting solution is not

particularly limited, bjbo eral I};H?)étma beﬂproduced bé/ ggua%ldol conde ion Eﬁactlorabetween

in ge ,
isobutylaldehyde an ermn(';fa‘? ré yd% or aﬁ'gqgeoues %C}lrjneﬁaehyoe R ormaliqullslln%é’jl prgrs]gﬁce of

a basic catalystreof iExateplasoof paeticaticlgatmhstdncluedsr ino@enibypadistiRidnasfsa@disoiution

hydroxide, pot%sdsdum %{ﬁmdd odlugpecar onate and I;‘lJ(i)(t)assq%m_ ar onatema%ncdoor anic bases,such

30 as tertian? Emlnceesda p)?rl m%j RhERhe '83358&‘3‘/2%9 the basic ca%;'/gg iBLReESN e%r/] ri'g%,SgCh

Canniztaro @Esactioreattdl Aisolulitylal dingd ehenedf it aldetacded filoemalaie hgdadends coudec Ui RA
prall i AR RIS SRR R BURILIED,
the reaction temdgits proveechies stwhdydimer of HPA.
[0014]
The thus obtained aqueous crude HPA solution isedhiwith a diluent and
20 subjected to crystallization. As the diluent, themay be used water, a filtrate produced
upon the solid-liquid separation, a wash liquidanitd by washing crystals produced by
crystallization of the reaction product solutiortiwwater, or a mixed solution prepared by
appropriately combining these liquids. The crystation may be carried out using seed
crystals. The filtrate produced upon the solidkihseparation after the crystallization
25 usually contains a monomer and a dimer of HPA.

The filtrate contains at least from 1 to 30% bysmaf HPA and/or a dimer thereof
and from 70 to 99% by mass of water, and prefer&tagn 5 to 15% by mass of HPA
and/or a dimer thereof and from 85 to 95% by mdssater. The filtrate may further
contain reaction raw materials and reaction by-pet&lin some cases.

30 [0015]

In the case where the aqueous solution contaiHiRg4 and/or a dimer thereof
which is obtained as a filtrate upon the solid-kibseparation is subjected to distillation to
remove water therefrom, since HPA forms an azew@rapxture with water, it is not

possible to obtain HPA having a concentration mdéman that of the azeotropic
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From these viewpoints, among the above basic catalysts, tertiary amines are preferably used. Specific
examples of the tertiary amines include trimethylamine, triethylamine, tripropylamine,
triisopropylamine, tributylamine, triisobutylamine, N-methyl piperidine, N-ethyl piperidine, N-ethyl
piperidine, N-methyl morpholine, N-ethyl morpholine, 5 N-methyl pyrrolidine and N-ethyl pyrrolidine.
Among thesedefpasitmnibysaiioniiheryievsaniniot paaskavedidilityat, lanaosts ppieved sotution

trimethylamine and triethylamine, and more preferyed is triethylamine. The syitable amount of the
asic catalySE SOREH 4 HAPoR Ao e R VL RRAR G RRIRREALR JmdAton
triethylaminettie usesbas e tasipasitalystf thiPanedniveiidicathWarkioethdd echierfroam bE0ktodkbeand
10 preferably from 0.01 tq 0.2 on.the basis of molar ivalent with respect to isobutyl hyde.
The metnoa 9B iR theta LR RIS o AR LS JORS A 7 chaTRER o o Hm
particula@ly |whiiet. rateexan plepbsitdistilatioaot@nsbbiting puclnpeshbyttheareldenevede isatitained
reaction to remaove lgw-bopiling point components, such s ynreacted isobutylaldehyde and
formaldehyd33[r"f‘el?glfligr[ﬁ',%HJ %8%9%3&0@1@}3\ oﬁ]ﬁﬁaﬁgﬁwﬂmg HPA can be obtained. The
aqueous cruf®HFA solution usually contains a monomer and a dimer of HPA. [0014] The thus
obtained aqueous crygde HPA solution is mixed with a diluent and. 20 subjected to crystallization. As
the diluent,there ma) 5o CRBGRULAT ATELLCH: i 05 DI e SRR OEs SORRTEY = i
obtained by washwcgtoryistalsl pathae azh byt rasiaili oéte il oliirest tadfte p ool idsti go dtisepartitiomter, or
a mixed solution prepared by.appropriately. combining these liquids. The crystallization may. be carried
out using seed crystals. Itra dd upon the solid-liqui ration after the Crystallization
0 oo R R AR T B L R ol T BB 88
25 usually castansa tngneoheican andirpartafutily. limiteBhleridfrateic ootaainsatHPAshfrdior atdiBaSn by
mass of HPA and/qr a dimer thereof and from 70 tp 99% by mass of water, and preferably fro to
1556 by mact BHERA abBror o Gimar et (e e SEDL o aLhenf it PRI ey

further contaile hgdcttverawanedarticiand ot actiondnupoducts udsorkid@basas. 20(00dghydrdtivibe

case where the agu 8H(s)nsoIL%ti%nncontainin HPA and/or dim8r Tthgesr(%f Whiﬂhias\ obtaiﬂed all—T a filtrate

upon the So“CQQﬁ&uP rseparaﬁon IS 3881%% ed tS %Ili% l|ﬁ£]1tioonb 8'remov wat'grgtherefrofrew’,sglrieg FA%orms

an azeb¥opicrystaliatidh watgicatisnaottpossitde toAdxtandigg Axasnpigsa ab tive ragiisous el thian
that of the azeotropic ¢ ition by an ordingry distillation pr ure,.However, when the us
solution o o s e B e T BB BB R A R B2 e
azeotropic cosgbgititive ohetiRschatitheterasdmoikeedio thiaohateio tawing @gpueevsdsbhrmasofapt@
distillation cglumn. At this time, efficiently concentrated HPA, from 5 which water and impurities such
as Iow-boilir?gl )oint components are removed, is obtained as a bottom liquid from a bottom of the
distillation column. (a) an aqueous 3-hydroxy-2,2-dimethyl propanaltsah obtained by distilling

20 off low-boiling point components including unreattesobutylaldehyde from a reaction
product solution produced by an aldol condensatieaction between an aqueous
formaldehyde solution and isobutylaldehyde in trespnce of a basic catalyst;

(b) a filtrate recovered by subjecting the aquesalsition (a) to crystallization,
and then subjecting the resultant product to dadigid separation; and

25 (c) an aqueous solution obtained by subjecting dheeous solution (a) to
crystallization, then subjecting the resultant pridto solid-liquid separation, and then
dissolving purified 3-hydroxy-2,2-dimethyl propanaecovered by the solid-liquid
separation into water.

Meanwhile, the distillation step of obtaining @gueous solution (a) is carried out

30 for the purpose of separating HPA from low-boilipgint components having a boiling
point lower than that of HPA. The low-boiling pbicomponents distilled off may
include unreacted formaldehyde, methanol if methaesocontained in the aqueous
aldehyde solution as the raw material, and a besilyst used in the aldol concentration

reaction, in addition to the unreacted isobutylhiade. The column bottom temperature
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[0016] The concentrating method of the present invention can be especially suitably applied to
dehydrative concentration of a filtrate obtained after solid-liquid separation in 10 the HPA purification
crystallization, but as described previously, the agueous solution used as a starting solution is not
particularly limited as long as it contains HPA and/or a dimer thereof. Therefore, the method of the

present inveieongdiytallatoreis pplisdritbieyuniativetoonoe raindian @ preayue dusthadestiRAsligtion
and dehydrative concentration of an agueous solution obtained by dissolving HPA resulting from 15
crystallizatioRrﬁiﬁfﬂpiﬁgFPmtgn \Ml?e}.%cté%?dingly, examples of the agueous solution containing at least

3-hydroxy-2,2-dimetiHgrabavel anaéous doletitnergal winich) nnaaybe eseidpnthesarethlomhef dhen
present invention include the foIIO\{ving aqueOUSjé)lutio S (ia toé@)t: (g& an a ueﬁL{%
3-hydroxy-2, 22BN S A SHGi8h SbeLin By Uistilth o PRGBS h BEnASBIRIME
including unrssiateshis Uty | adYl etyyle drased iiedetdorpradigthsolviinotredligeaddy an aldol
condensatiorgorgefﬁion between an aqueous formaldehyde solution and isobutylaldehyde in the

presence of c catalyst; (b) a filtrate recovered by subjecting the aqueous solution (a) to
crystallization, and tHanthebjetngitheree sultanjepradiacirto sblitidicrathdepasadion; Besk2b6ecampon

aqueous solution obtaine ubjecting the aqueous solution.(a) to crystallization, then. subjecting, the
rosutant pro B A LB AN 116 SR N MBS B S A SO A uiDp PP
propanal recesiesredbththeqodidussalszparatiprbatapyeaipriditiasietilesfive distilasotrepép adent is
obtaining the aguequs solution is carried out 30 for the purpose of separating HPA from loy-bojling
point chpon IR HGH b e D et ST s R e R P oM GRLHRE
distilled off nigyy timeluelactiore etevemnibé ezedé;apietzayeoitifangibanotsscoitanest im the agueous
aldehyde solg(gilﬂr[ll as the raw material, and a basic catalyst used in the aldol concentration reaction, in

addition to the unreacted isobutylaldehyde. The column bottom temperature
[0018]

An acidic compound and a basic compound useddjmisang the pH value of the
15 aqueous solution are not particularly limited. Bypdes of the acidic compound include
inorganic acids and organic acids such as hydrofluacid, hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phbaspic acid, boric acid, p-toluenesulfonic
acid, methanesulfonic acid, formic acid and acatid. Among these acidic compounds,
preferred are organic acids such as formic acigrogiluced upon the aldol condensation
20 reaction.

Examples of the basic compound include (1) orgammes such as pyridine and
triethylamine; (2) hydroxides of alkali metals olkali earth metals such as sodium
hydroxide and calcium hydroxide; (3) carbonatesal&®li metals or alkali earth metals
such as sodium carbonate, sodium hydrogen carbandtealcium carbonate; (4) hydrides

25 such as sodium hydride; (5) alkyl metal alkyl commpds such as trityl sodium; (6)
alkoxides such as sodium methoxide; and (7) amsiet as sodium amide. Among
these basic compounds, preferred are organic amsex$ as the basic catalyst upon the
aldol condensation reaction, and especially preferare tertiary amines such as
triethylamine. The pH value of the aqueous sotui® adjusted to within the range of

30 from 3.5to 10.5 and preferably from 4.0 to 8.0.

[0019]

As the azeotropic agent in the present inventidabutanol, 2-butanol,

2-methyl-1-propanol, 1-pentanol and 1-hexanol aedualone or in a mixture of two or

more thereof. When these compounds are mixed th#haqueous solution containing
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in the distillation is preferably from 40 to 100C, and the pressure in the distillation is preferable from
0.1 to 150 kPa. The above aqueous solutions (a) to (c) may be respectively used alone or in
combination of any two or more thereof. In addition, one or more of the agueous 5solutions (a) to (c)
may be used in the form of a mixture with other liquids. [0017] In the case where a large amount

of the catalysiRaicinarma hakimmosedeupoh predustsiblef tdMiattaasos tpibe anipesitiosotitiapAised as
the starting solution, the pH value of the aqueous solufion may be appropriately adjusted before an
aveotiopic ASBETS 10TREE G THAEHTHS G PP A IO PRI T B B R e ety
produced byithis reessibiebrivestiici¢he\azentoyeiovagent fame abriponestsalatitainedhile thepprossing
solution. [0018] An acidic(g ound and a basic compound used for adjusting the pH value of the 15

agueous sol TSR YRV ABY icularly limited. Examples of the acidic compound include inorganic acids

and organic acids suebrésehy theflaionencismpydimdh intgeacidoly dbkiityassid aadlfthér efoick iigic
acid, phosphoric a?i(?éll boric acid ff-to uenesulfonic aci methar:fsulfo ic aciEI, formic.acid apd acetic
a 'T)%:pr

acid. Among4h&se! allaREcSHPHIHYS Spte el ARy ANRIEO e dLell U By IE R fed
upon the aldspeoifidafigatisre2fisaictafnthe azexampiesiatithe lasidistilizte wistantdddtdd) argsmiof

[ h idi d triethylamine;. (2) hydroxi f alkali metgl lkali earth metal h
e Socium nyah CH B LA SN SAL C5 EA oo AR PARER i GF AT AW ek S
as sodium carbreatessediphabgdrogkreretobmnédie ant oatopicon agehds aten (4h dyiddd @acRSiatees
sodiurrh ydri e'g(‘%z.alk{él%inetal allayl com oHnds such as trityl sodium; (6) allcoxides such as sodium

methoxide; arﬁtI o AELS85 ta hde: Among these basic compounds, preferred are

organic amines usedfasdhg asicatadaty st op@o tinel s dptefendeh sartor fiegizienhctimgl -4 spexpalhyl,

preferred are tertiary amines such as triethylamine. The pH value of the agueous solution js adjusted
o within e TR0 BT oMb 3 R0t al desToe ity s R0 S CRen “ak s B e
agent in the phearmdndestiilane lidganity, 2dpdeatel 2imethyicatwyopdriuy dfqrentdnel asd bhekeasel

are used along gp I 3 MKUIG O 0, S8 MG AN eF e VBT NEBGS MR AR SR P iR N
gueous solutiorn containing
15 of efficiently removing water, among the above comnpds, especially preferred are
1-butanol and 2-methyl-1-propanol.

In the case where the azeotropic distillation asried out using an aliphatic
alcohol having 3 or less carbon atoms, a ratio atewin the azeotropic composition of the
alcohol and water tends to be reduced, so thatge lamount of the azeotropic agent is

20 required to distil off water from the aqueous siolut which results in industrially
disadvantageous process. In addition, aliphatictedls having 3 or less carbon atoms or
some of aliphatic alcohols having 4 or more carbatoms (for example,
2-methyl-2-propanol) have a high solubility in wate Therefore, since the bottom liquid
or distillate is hardly separated into the two @sast is not possible to recover and reuse

25 the azeotropic agent, which also results in indaibir disadvantageous process.
Aliphatic alcohols having 7 or more carbon atomseha less capability of efficiently
removing water. Therefore, in the case where theeaus solution containing HPA and a
dimer thereof is subjected to distillation usingadiphatic alcohol having 7 or more carbon
atoms, a large amount of HPA tends to be includethé distillate, which also results in

30 industrially disadvantageous process.

[0020]

The distillation method used for subjecting thexedi solution of the aqueous

solution containing HPA and/or a dimer thereof dhd azeotropic agent to azeotropic

distillation in a distillation column to distil offvater and the azeotropic agent from the
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HPA and/or a dimer thereof, it is possible to break an azeotropic composition of HPA and water. These
compounds are capable of forming an azeotropic mixture with water, so that it is possible to efficiently
remove water from the aqueous solution while suppressing evaporation of HPA. 5Further, the above
compounds have a low solubility in water, and therefore the use of these compounds is also

advantageousiednsiatiofdusiaialbaayitheints bitererapeaaiicalivisscusesidiidhe aneqirepisudistibation,

the distillate obtained from. a top af the distillation column is. readily separated into two phases of an

aveotropic alEBEISUTANG s A TS ok R LR TAD e o P B R Bk

into the 10distidintios asdurienl aodt reised thagein. normaMmpresthecabatercosteeddprpssiprwed atee

1-butanol, 2-met 1-propanol, 1-pentanol and 1-hexanol. These compounds have a low solubility in
i f: AV IREL 3

water, so thel'th B%Qir?é’éPHi‘é}iﬂé?é) s'Balify BEpREate R YSITRGTSRaRES PAUFEIBRY B! Le
compouBds in@tganjaodistibdtion totumndustnabiteatioiotse dvbentbiec didtdravien golomhS okeffiyently
removing water, among the aboye compounds, especially preferred are 1-butgnol and

ety OBl B0 WA AL HEN RS 2 OB AR AP 4 2oy DU Oy AR
alcohol having@, @ agxadioa atyns, balkdst afayatewenttzaaadittepitraynapustioyntthaplenda and
water tends to be reduced, so that a |arge amount of the azeotropic agent is_20 requjred to distil off
water rom 1 PR O LYoo M o NS AR ALa AP, AaBee AR OREL N T
aliphatic alcahelpdeking Bed lesthegrhokeat @visions amyg whEsipkiatic @lgohivlg hgpangadiangnsuercagon
atoms (for example, 2-methyl-2-propanol) have a hi ubility, in water. Therefore, since,the bottom
i of DistlTRen S 1ok Lo e el S e e R R R R e rl e
the azeotropandgeterlodiciaditie r&noidroy ipdaking 1% didathraipede s piogeba dhphaticpz cking s
having 7 or more carhon atoms haye a less capability of efficiently removing_water. Therefore, in the
case where T R IB LS AR R oana b Dy bR BsRled itk
an aliphatic albidtotiavavg matenelseacarfaahistoo paatiantgrisitedunt of HPA tends to be included in the
distillate, whi o results in 30industrially disadvantageous process. [0020] The distillation

method used 10r subjecting the mixed solution of the aqueous solution containing HPA and/or a dimer
thereofl&nd the azeoliopicagent tf dreaizepicapistibatent in ehdistilladitiooobd e taglistiustiSektkorand
the azeotropic agent fro e_mixed solution ither, a batch meth r_a continuous method.
The prossors QAT BT 5 ot etedh SAICHR. Hbperiedent Mol S Ahip oy
purification ndayelmiceadiea \aaneitheotimaka capabl| pyeskelésly ranteningduatet pressucap@hiity of
distillation cq sed in the pr invention is als icularly limi : [ti
distillation co%%%@ﬁi@?aé@ggiig@ %/\%%%mtzﬁod%stﬁlg)t%% @%&%ﬁ% éﬂ@é%%l %fﬁglr?y yﬁg ré')%%é\?tray
such as a bubbieecapzeayeeseihe teaytant oif thetaze et ngliddgsh e INateal \sildionys ekedasivedy, a

venturiJgy, S‘rmerré%v%%ﬁb&&%? E@%ﬁé‘da%‘e%?@ﬁiﬁ’ %Méﬁﬂ?%f‘ t%ﬁ&&'%t%%c?;ﬂ?eqiﬁg ﬁH:%t&F"”@H
may also be a packed column. As the packing used in the packed column, any type of packing, €.g.,
ring type padkia@tharhhasdl inRhsctias eing)eresirngcants riptib rient amicRegenbd) sheldiexggeplutiang
such as bar intex ' ' i in n
e e PSSR SOV 01 TN AT iR I e
which the ralattareribigiaredehisatbtafteticinarigdinerediation, ebhitends to result in industrially
disadvantageous procedure. The suitable contetfteofizeotropic agent in the mixed
25 solution may vary depending upon the kind of azgmtr agent used and may be
appropriately determined in view of the aforememid points, and in general is preferably
not less than 5% by mass and not more than 50%dsg,nand more preferably not less
than 10% by mass and not more than 45% by mass.r example, when
2-methyl-1-propanol is used as the azeotropic agleatcontent of the azeotropic agent in
30 the above mixture is preferably more than 6.18%nlgs and not more than 50% by mass.
[0022]
The column bottom temperature for subjecting tiveeoh solution of the aqueous
solution containing HPA and/or a dimer thereof dhd azeotropic agent to azeotropic

distillation in a distillation column to distil offvater and the azeotropic agent from the
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[0021] 15The content of the azeotropic agent in the mixed solution of the aqueous solution containing
HPA and/or a dimer thereof and the azeotropic agent may be appropriately determined in view of both
of a capability of efficiently removing water and a capability of recovering the azeotropic agent from a
bottom liquid in an industrially efficient manner. In the case where the content of the azeotropic agent
in the mixed m@keﬁbsd@ﬁm%%’uﬂbbl?&smaﬂlléamowahotmmﬂréudheraﬁﬁn}m@iméabmieﬁII@ilﬁéa to
become insufficient, On the other hand, in the case on f the azeo ent in the
v solutionl s GLERE B0 g TP TR e R T Sih GO G 206 A 0B
from a bottopréfprisbtpteinedsfier e concentration, which tends to result in industrially
disadvantageous pr dur The wtakb tEontent of the azeotro hhe mixed 25 solutloP may
vary depending upor B SR TR oMb STRTCRIBRei) HEtbamHLE e
of the af@rentle@t'mwbmlrﬁelmmhmg@nﬂmlasmerfgm&blagmttlmbme%ﬂwnmsamwmnIatmn than
50% by mass nd more efe gﬁ gt less than 10% é% mas t more tha {1 5% bygg . For
example, Wh% We%?}Y é% 5 a@%r ttr'(';'p% e CUHERt B Strd %
agent in 30 tbelwbmwbonoﬁutenﬂopratembblpr@fr@rdbw\ﬁm%dI@ImmeHj&mmMmpwesfmocﬁwmyof
mass. [0022 column bo ttom temperatu r subj mixed solution of the agueo
solution con R FAERCUTTH G QR 07 e S0 A PR LT . e BUEH .
distillation cql2inga hydistiypif/alatercahddbperrgbyigpinl agemddxins theymiaetlieblution is suitably
control o[ézﬁ%i e mixed solution may not become solidified. The column bottom temperature is
yin

prefera nge of from 82 to 120C and more preferably from 85 to 110C. When the column
bottom temperature is lower thaft&2C, the mixed s@&itton of 5 the aqueous solution and the azeotropic

agent present at the bottom oft e distillz#dn colum may be solidified, which may result in obstacle to
the concentration Also, theceghHn om te awe-igcpreferably 120C or lower in order to
suppress production ofaﬁesterl ication uct co ound\&etween HPA molecules represented by

the formula (2) (a hy xyplvallccagld neo entyl gI Jmono r) as a by-product. 10[0023] CH3CH3
(2) [0024]

[0024]
The azeotropic agent contained in the distillabdamed from a top of the
15 distillation column upon the azeotropic distillatiomay be separated from the distillate and
reused. From the industrial viewpoints, it is ategeous to repeatedly use the
azeotropic agent by the reuse.
More specifically, the concentrating method of firesent invention preferably
further includes obtaining a distillate from a topthe distillation column; and feeding,
20 after the distillate is separated into two phadeanoazeotropic agent phase and a water
phase, a whole or part of the azeotropic agentepbask into the distillation column.
Meanwhile, the distillate may be hardly separatdd the two phases owing to a certain
kind of azeotropic agent used. In such a casedigtédlate may be cooled to achieve
separation thereof into the two phases.
25
Examples
[0025]
The present invention will be described in mor&aitidelow by referring to the
following examples. It should be noted, howevhattthe following examples are only
30 illustrative and not intended to limit the inventidghereto. Composition analysis was

performed by gas chromatography. HPA and a dilmemebdf were not distinguished from
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The azeotropic agent contained in the distillate obtained from a top of the 15 distillation column upon
the azeotropic distillation may be separated from the distillate and reused. From the industrial
viewpoints, it is advantageous to repeatedly use the azeotropic agent by the reuse. More
specifically, the concentrating method of the present invention preferably further includes obtaining a
distillate froneactoptidhdrdigidagias cokontateghfsdingd 2 eftnsig @stlliadeesd sepasatedrintuiteo
phases of an,azeotropic agent phase and a water phase, a whole or part of the azeotropic agent
phase back ﬁ’ﬁ%rﬂ? “distillation column. Meanwhile, the distillate may be hardly separated into the two
phases owingCionaiterigiofkBub a lazantiepjcaphght used. In such a case, the distillate may be cooled to
achieve separation t&ereof into the two phases. 25 Examples [00235[ . Tﬁﬁ esent jnvention will be
described in more A& B0l BS FBRATHIFD & RTBRIAERBRERELCR BRBTI SR Gudde RATEORS, tha
the folloing examples are only 30illustrativessionet suiemided to limit the invention thereto.
Composition analysis, was performed by gas ¢ phy. HPA and a dimer thereof were not
distinguished from RRBHEPin the gas chroga%ggégm fﬁ%ﬂ%@&fp@%&%&%ﬂg&g% to a
mixture thereof. [Conditions of Gas Chromataguaphy] Sample to be measured: A sample was
prepared in he o1 Gbfah 4268 mass Sacei5a SIS PRARGIE FASRYCalae o
Analyzing Conditions:  Injection temperature: 200°

10 Detector temperature: 250°C
Column Temperature: Held at 60°C for 7 minRaised to 250°C at a rate of
6°C/min— Held at 250°C for 20 min
Detector: Flame ionization detector (FID)

[Concentration of HPA in Distillate]

15 The concentration of HPA in the distillate wascoddted by subtracting an
amount of the azeotropic agent contained in thidldie from an amount of the distillate.
[Concentration of HPA in Bottom Liquid]

The concentration of HPA in the bottom liquid ob& after the azeotropic
distillation was calculated by subtracting an antoainthe azeotropic agent contained in

20 the bottom liquid from an amount of the bottom ldju
[0026]
<Reference Example 1> (Preparation of AQueous H&¥At©BN)

While 200 parts by mass of isobutylaldehyde (Xsdg reagent; available from
Wako Pure Chemical Industries, Ltd.) and 225 phytsnass of 40% by mass formalin

25 (available from Mitsubishi Gas Chemical Co., Inagre stirred, 9.9 parts by mass of
triethylamine (guaranteed reagent; available fromk®/Pure Chemical Industries, Ltd.)
was added thereto as a catalyst to conduct an etsmlensation reaction. The resulting
reaction solution was subjected to distillatioraaemperature of from 70 to 80°C under a
pressure of 40 kPa to distil off low-boiling poiomponents such as unreacted

30 isobutylaldehyde and triethylamine, thereby obtain425 part by mass of an agueous
crude HPA solution. As a result of analyzing a position of the resulting aqueous
crude HPA solution, it was confirmed that the agqisee@rude HPA solution had the
following composition: HPA: 62.1% by mass; neopéngtycol: 1.53% by mass;
formaldehyde: 1.60% by mass; triethylamine: 1.309onlass; formic acid: 0.41% by
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Corp.) Column used:"DB-1" (available from Agilent Technologies Corp.) Analyzing Conditions:Injection
temperature: 200C 10Detector temperature: 250C Column Temperature:Held at 60C for 7 minRaised
to 250C at a rate of 6C/min Held at 250C for 20 min Detector:Flame ionization detector (FID)
[Concentration of HPA in Distillate] 15The concentration of HPA in the distillate was calculated by

subtracting anassonnt axiheaxeo tioil hagpehegngijoeH imoieedieibvie Hio m st amawnt aBtBeo by
distillate. [Concentrati%n f HPA in Bottom glgill(?] The concentration of HPA in the bottom liquid
& -CHERYLY

obtained aftél' 78 aF¥ ¢ GRS Ra "ﬁ?subtracting an amount of the azeotropic

agent contaif@@pir] 20 the bottom liquid from an amount of the bottom liquid. [0026] <Reference
Example 1> (Preparation of Aqueaus HPA Solution While 200 parts by mass of isobutylaldehyde
(1st grade rea@gl%fec{]\féeﬁrﬁiérﬂch% #Va@% '@%@ﬁi%ﬁﬂﬁﬁgﬂ? ! @Pd%saﬂ)@ parts by mass of
40% by Bnass formali cPzstaliaiaide fressdViisidiginiGes Whemsak®Eg niacs vetieestitedo 9sSgpadis by
mass of triet mine (qguaranteed reagent; available from Wa re Chemical Industrjes, Ltd.) was
o theretd 2 S S T AR RN R A ALEE o PR Al P QB
was subjectesbhatidistidaticairang tePperatiioe of tioner @Her86C atnaeeatratsaucd A40PkRaytondiss| off
low-boiling pgint.components sych,as unreacted 30 isobutylaldehyde triethylamine, thereb
obtaiming 450 IE RPASS hrh Aip e S G B REL s e e A P s TRb on
of the resultiogysigliezai®n orate HEYAERIDa, of irasnc 3ofitondQ Waid heryyakieaianudadfe Arinhtioin

e kR R e e T
subjected to solid-liquid separation using a cérgal separator. At this time, the
obtained cake was washed with 100 parts by massatdr. As a result, 857.5 parts by
mass of a filtrate were recovered, and 91.9 partass of the filter cake were obtained.
The thus obtained cake was dried at 30°C under@gen gas flow, thereby obtaining 71.3

15 parts by mass of crystals of HPA and/or a dimeretbie The recovery rate of HPA and/or
a dimer thereof was 44.1%. As a result of anatyzire crystals of HPA and/or a dimer
thereof by gas chromatography, it was confirmed the crystals of HPA and/or a dimer
thereof had a purity of 99.0%. In addition, assuft of analyzing a composition of the
filtrate obtained by the solid-liquid separationwas confirmed that the filtrate had the

20 following composition: HPA: 10.9% by mass; neopéngtycol: 0.25% by mass;
formaldehyde: 0.36% by mass; triethylamine: 0.30¢onass; formic acid: 0.12% by
mass; hydroxypivalic acid neopentyl glycol monoesbed9% by mass; water: 86.8% by
mass; and other components: 0.78% by mass. FuthlieepH value of the filtrate was
4.8.

25 [0028]
<Example 1>
(In the case of using 2-methyl-1-propanol as amtaapic agent)

As a distillation apparatus, a 500 mL flask coneécwith a condenser and a
Dean-Stark trap was used. The 500 mL flask wasyeldawith a mixed solution prepared

30 by mixing 240 parts by mass of the filtrate recedein Reference Example 2 and 160
parts by mass of guaranteed 2-methyl-1-propanoiladla from Wako Pure Chemical
Industries, Ltd., as an azeotropic agent. Next, ¢blumn bottom temperature of the
distillation column (flask) was adjusted to withime range of from 90 to 106°C, and the

mixed solution was subjected to azeotropic distdlaunder normal pressures while being
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mass; hydroxypivalic acid neopentyl glycol monoester: 0.95% by mass; water: 28.5% by mass; and
other components: 3.61% by mass. [0027] <Reference Example 2> (Crystallization of Aqueous Crude
HPA Solution) 5A crystallization vessel was charged with 260 parts by mass of the aqueous crude
HPA solution obtained in Reference Example 1 and 590 parts by mass of water to prepare a solution

containing H&#Aradd/onaxthioler dreoeof acbfamm:mrbt&bpm @fg@wﬂ%rhy m@8$ewmtagbaiﬁgllattierenla§1e
resulting solutipn was led to 40C and then jected to ization erature of fr

(0 40C. e ) s A1Th I EMAGRRAAS0 LI Ihov B SER B0 R el X a5 B
of the resuItlﬁ@raterrwaﬁaummediéallsfdl@bﬂiqumr&em@rﬁt@nimswfgwmemrtﬂu@ahawapmx;e%tm
time, the obtaine a h 100 arts b water As res It 857 5 ts b mass
of  fitate WAR B RSO A 61 6 B S A UAE BROTLAMBRER Wit N e RRATE o neq
cake was drigid =300 amiehavmtnogmbwgs flow thereby obtaining 71.3 15 parts by mass of crystals
of HPA and/@?% mer thereof. The recovery rate of HPA and/or a dimer thereof was 44.1%. As a

result of ana the crystals of HPA and/or a dimer thereof by gas chromatography, it was
confirmed theEstengnyestedstofdPA and/or a dimer thereof had a purity of 99.0%. In addition, as a result

of analyzing A ¢ mposmo of the fi tai id-liquid se ara on,. it was confirmed that
the fitrate PSRBT ot B A0 2 BTRLES T AGBHt I AT D56 by mass:
formaldehyde: 0.36%7 by swsg pretadainsnes ﬁ)nSE9(ampmassmasrnepmm:ﬂiﬂaﬁﬁo/ﬁmgngsaranteed
hydroxypivaljc acid neopent noester O 4 fV by ater 6.8% mass; an other
compo%gntsiob j7%@’/0 pa K asé{%ﬁ)rtﬁérﬁ th%)%‘ﬂ frfﬂ@ § 4? e%f&g ?Lé% 1>an
the case of megamﬁﬁathpthylﬂrqpapahat anTheaMunma@adm)Jmmﬂnllatlon apparatus, a 500 mL
flask connec ?eﬁ th a condenser and a Dean-Stark trap was used. The 500 mL flask was charged
with a mixed's on prepared 30 by mixing 240 parts by mass of the filtrate recovered in Reference

Example 2 anGd6ppatisdi: neasples Juar8nteed 2-methyl- 1-propanol available from Wako Pure
Chemical

(In the case of using 1-heptanol, 2-ethyl hexana-gylene as an azeotropic agent)
15 The same procedure as in Example 1 was repeatsgptefor using guaranteed
1-heptanol, 2-ethyl hexanol or o-xylene availabienf Wako Pure Chemical Industries,

Ltd., in place of 2-methyl-1-propanol. The resalts shown in Table 1.
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Industries, Ltd., as an azeotropic agent. Next, the column bottom temperature of the distillation column
(flask) was adjusted to within the range of from 90 to 106C, and the mixed solution was subjected to
azeotropic distillation under normal pressures while being stirred. A whole amount of an azeotropic
agent phase in the resulting distillate was refluxed, and only a water phase therein was sampled. As a
result, 34.0%dnsmass of the filtrate charged were distilled off. The concentration of HPA in the water
phase in the distillate thus obtained and the concentration of HPA in a bottom liquid obtained after the

Sdistillation are shown in Tablg 1. J[0029 <§xrm“plesm2 to 4> (In the case of using 1-butanal,
1-pentanol or 1-hexanol as an gzebthopic agenty Thelsame procedure as in Example 1 was repeated
except for using guarant@ed 1o Butare|, Eperganotr| 1-hexanol available from Wako Pure Chemical
Industries, Ltd., in p ace.:g'f 2-mgf Ig]@roga 1o§ Thcgre sults are shown in Table 1. [0030]
<Comparative Examplesl to B2|(H the case ofdising 1-heptanol, 2-ethyl hexanol or o-xylene as an
azeotropic agent) 15 ThezsameEp®cedarems| inExample 1 was repeated except for using guaranteed
1-heptanol, 2-ethyl hexa’@ol on & Xy|@1Esavgilablg frorg Wako Pure Chemical Industries, Ltd., in place of
2-methyl- 1-propanol. Thg resufis 2rg shoven n Fablesl
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[0031] As shown in Table 1, it was confirmed that when 2-methyl- 1-propanol, 1-butanol,
1-pentanol or 1-hexanol was used as an azeotropic agent, it was possible to reduce a concentration of
HPA in the water phase of the distillate and as a result, considerably reduce a disadvantageous
discharge of the useful HPA as a distillate. 5[0032] <Comparative Example 4> (In the case of using

2-methyl-2-propanol As ghoazedtrqaisi@dentvas odafirtist iakowappazaiyis] phsithmil, fieslucomiected
with a condepser was gsed. The 500 mL flask was charged with a mixed solutiogiﬁg ared aﬁ mixing

240 parts by (BRI, fQHelfm?WPécW@ré&ﬁgF?é"fe?@né‘éeé))zgmﬁ&aitawaﬁ@(? bEPnﬁﬁ Gt 2
guaranteed 2anetintkaiproparnabPAvailahte frare VY€ we Gbaleeahind vstriesebidt, Nexisiderabked

solution was subjected to gzeotropic distillation undgr norm Sur hile being stirred. The
column bord SR gbAe  HE MG B WL SOMBARC OIS0 to 1256 by mass o the
chargedsfiltrga®aejs distilled off, the column bottom 15 temperature began to rise and therefore the
distillation pro&edure was t(i__xe%ninat[ed. A whole amount of the distillate was recovered because it was

not separatefi NORIFEHE S RP ié>time, it was confirmed that the concentration of HPA in the
distillate wag 0. B08chygerefassifilp 2dh2thyEXqmmiertol g uiistagi digétafion using 2-methyl-2-propanol

column being fled vt R ASATE MG 0 Ao 2 b elEs SretHENDes SPRURGH AT g
connected aTad¢opabardofiaitk eakeahstmdk with andhixednsiaingwapened|askmiaing 240 parts by
10 mass of the filtrate recovered in Reference ExarB@ad 160 parts by mass of guaranteed
2-methyl-2-propanol available from Wako Pure Cheahitndustries, Ltd. Next, the
mixed solution was subjected to azeotropic disidlaunder normal pressures while being
stirred. The column bottom temperature of theilisbn column was 90°C. After
from 10 to 12% by mass of the charged filtrate wésilled off, the column bottom
15 temperature began to rise and therefore the distii procedure was terminated. A
whole amount of the distillate was recovered begdiiwas not separated into two phases.
At this time, it was confirmed that the concentratof HPA in the distillate was 0.50% by
mass.
[0033]
20 <Example 5>
(Multistage distillation using 2-methyl-2-proparas an azeotropic agent)

As a distillation apparatus, used was a 3 L flesknected with a packed column
being filled with Raschig rings and having a th¢ioed plate number of 8 which was
further connected at a top thereof with a DeankStaip and a condenser. The flask was

25 charged with a mixed solution prepared by mixing! G&arts by mass of the filtrate
recovered in Reference Example 2 and 484 parts bgssmof guaranteed
2-methyl-1-propanol available from Wako Pure Chehimdustries, Ltd. Next, the
mixed solution was subjected to azeotropic disidlaunder normal pressures while being
stirred. The column bottom temperature of theiltiion column was 91°C. At this

30 time, the distillate was separated into two phaséswhole amount of an azeotropic agent
phase containing a large amount of 2-methyl-1-pnopan the resulting distillate was
refluxed, and only a water phase therein was saimpl&éhe water phase of the distillate,
when 34.3% by mass on the basis of the chargedtélivas recovered, had the following

composition: HPA: 0.01% by mass; water: 99.9% bygsnand other components: 0.09%
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25 charged with a mixed solution prepared by mixing 694 parts by mass of the filtrate recovered in
Reference Example 2 and 484 parts by mass of guaranteed 2-methyl- 1-propanol available from Wako
Pure Chemical Industries, Ltd. Next, the mixed solution was subjected to azeotropic distillation under
normal pressures while being stirred. The column bottom temperature of the distillation column was
91C. At this [30riiexs. tha HisidtateanaaiepakkRANn o haséhAaiviveleafienotiet disahaaiczoivagic
agent phase containing a large amount of 2-methyl- 1-propanol in the resulting distillate was refluxed,
and only a w%l?oeg &1%31{‘?.%§ein was sampled. The water phase of the distillate, when 34.3% by mass
on the basis [00t4] charged filtrate was recovered, had the following composition: HPA: 0.01% by
mass; Watergg;?QQ% %Xémas% and other components: 0.09% by mass. The concentration of HPA in a
bottom liquid JIRBLPAHEr ﬁ@@@ﬁll flon was 16.6% by mass. [0034] <Comparative Example 5>
5(Multisgage (MNisiitistiye uhingiatioazesitigpio ageot)opic Ageat)listillation apparatus, used was a 3 L flask
connected with the same packed. column as used in Exampl hich was further connected at a top
thereof with a refldia) G oL N SERELST RS S Ak BT AT BIHERS o
the filtrate recognedas el ienErdrxpla 3 evhiohlywdseittiiee tiradeavassyithectest toitthstilatioxirid
under normal pressures at a reflux ratio.gf 1 while being stifred., T lumn bottom te ragure of the
cistilation coRE AL TR O FASEIatIL RS B RO S B B s i Ml
off, had the fiatmwigyg: dom Rsiticam dePRx dndifléo Dyonipss;Nexte i@l dvay sdsectett wtlwistillation
comp%rfgnts: % eoro/%gf mass. 'Sl'herconcentrre @r)]( of ig%tjrha blg) tom IiﬂHid btafjHedCa en%h & itstmation
was 13.9% btil ass. % Qfﬁ %’x%%nﬁfe%> ? Bnfifadon o up o imnit 6F conterit 8f 2280t op|8 agent
in bottom liquednpledattilatafitizg distilatp A< aluishlaasriappdiatudistiatb \waben3BB . Bdskbganassted
with the same packed 2 lumn as ysed in E le.5 which was further connect top_thereof
Wit a reod oo e S B e T AR R B e e
mixing 857 padiehyo?ass bf theafitty ated etose caonpdRefee ric6@Bkantple PrendoBise miaatiobyoiidSAof
2-methyl- 1-propanal (qyarante (? reagent; a aild%bl rom W re Chemical Industries, Ltd.). Next,
the mixed solu |o$10v%8?s%gb Lf@cf)e% bngge%?f%pl%e |é?ﬁg??é%sn%%?dgﬁbﬁomn?gﬁpressures at a reflux ratio
of 1 wHile bei@@38irred. The column bottom temperature of the distillation column was 91C. At this
time, a Wholgé\)rpaoan oé;he distillate was recovered although it was separated into two phases. After
452 parts by mass he distillate was distilled off, the column bottom temperature began to rise and
the concentréfionfohtaRdninthe destiliatt afscobegyarofoadeetiiathentinmeh thiocohgetratidisaifagon
2-methyl- 1-%@9%?@ the bottom liquid was 6.18% by mass. Therefore, it was conformed that when
2-methyl- 1-p panoﬁJ as used as an azeotropic agent, it was preferred to maintain a concentration of
the azeotropic agentAs thdistidati zolapparafuhe uspobo@s soBitioflechnedteagwithAlendfome damked
thereotgnd tgﬁﬂﬁﬁogsoggcea%%ﬁrﬁ $RYe hIRR"R 4030 P LoRuPa S dp AFAFEL? WHA'R iB%ing
amount of HPA Included in the

device and a condenser. The flask was chargedanitixed solution prepared by mixing

857 parts by mass of the filtrate recovered in Refee Example 2 and 359 parts by mass
of 2-methyl-1-propanol (guaranteed reagent: avkilavom Wako Pure Chemical
Industries, Ltd.). Next, the mixed solution wabjsated to azeotropic distillation under
25 normal pressures at a reflux ratio of 1 while bestgred. The column bottom
temperature of the distillation column was 91°C.t tAis time, a whole amount of the
distillate was recovered although it was separateal two phases. After 452 parts by
mass of the distillate was distilled off, the colubmttom temperature began to rise and the
concentration of HPA in the distillate also begamise. At this time, the concentration of
30 2-methyl-1-propanol in the bottom liquid was 6.18%% mass. Therefore, it was
conformed that when 2-methyl-1-propanol was usedamsazeotropic agent, it was
preferred to maintain a concentration of the angtragent in the mixed solution of the
agueous solution containing HPA and/or a dimerebieand the azeotropic agent at a level

of more than 6.18% by mass in order to minimizeaamount of HPA included in the
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distillate. Industrial Applicability [0036] SHPA is an intermediate product for synthesis of organic
compounds such as neopentyl glycol, a 2,2-dimethy1-1,3-propanediol hydroxypivalic acid monoester,
hydroxypivalic acid, spiro glycol and dioxane glycol. When an aqueous solution containing HPA and/or
a dimer thereof is subjected to dehydrative distillation in the presence of an azeotropic agent in an
efficient mandietilfgieording to the method of the 10 present invention, the obtained bottom liquid can
be advantageously reused as a raw material for an intermediate product of the above organic
compounds. Therefore, the present invention has a large industrial significance. CLAIMS 1. A method
for concentratiogsanahapgdigalsifitytion containing at least 3-hydroxy-2,2-dimethyl propanal and/or a
dimer thereo prising 5subjecting a mixed solution of an aqueous solution containing at least
3-hydroxy-2,2-dimethyl propanal and/or a dimer thereof and an azeotropic agent to azeotropic
distillatin in a distilladPA delumniteeriatioidievairicand toe syt egmitrcomibeumdsedsciuton,
wherein the mixed so tio reparged.b in the azeo ent t least gne selected from
tne group ORI 1o B BRI o ey SO0 it TERGREs the
aqueous solutdroxgpiMadionediad epu@rdglrgctm céich tjoxbereigepartniropo aggotsust seistione
selected from th roup SIS'[I of 1- utan o and 2-methyl- 1- é 153.The method ac rding
to claim 1 or S B B D Gl o M AR D ALY an g DI b Balied by
an aldol congessatios téaanoazhelvmno togerdlde hydl e fivikistimdydsicaioyag. to the method of the

10 present invention, the obtained bottom liquid can dalvantageously reused as a raw
material for an intermediate product of the abowganic compounds. Therefore, the

present invention has a large industrial signife@an
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4. The method according to any one of claims 1 to 3, wherein the aqueous solution 20 containing at
least 3-hydroxy-2,2-dimethyl propanal and/or a dimer thereof is an aqueous solution containing at least
one selected from the group consisting of the following (a) to (c): (a) an aqueous
3-hydroxy-2,2-dimethyl propanal solution obtained by distilling off low-boiling point components
including unreacted isobutylaldehyde from a react@na®groduct solution produced by an aldol
condensation reaction between an agueous formaldehyde solution and isobutylaldehyde in the
presence of a basic catalyst; (b) a filtrate recovered by subjecting the aqueous solution (a) to
crystallization, and then smdiestingdhe cesideantaiioglucino sajivkbyisid separesivaiiing at (dpast

aqueous solytion obtaine ctin hea ouss lutio to_30.crystallization, then subjecting
ot BTV s e A A B T AR S SRS s 2.2- ot
propanaﬂ;recovered byxbh@:ﬁn@d hqwnimwaﬁmlondntooﬂam adheonsthasiacootdinghtp any masof
claims 1to 4 e|n tE%dcﬁ dlstlllatj)on is,carried out at qu n bottomﬁg(ygerature of from

82 to 120C. % Mt g"{%’'%f’i‘m@fj1 A Y Pain dNE ¢ tﬂ@ cBHAHSY i ©
distillate fronazetstpopi¢hdististitiatoim coldistilzaion Feledimgtisfie ofheveetillatel itheepacatedpiti@abent

phases of an azeotropic agent se and a wate hase, a,whqle.or part of th zeo plc agen
Bhase back IR0 BTN, I RHE Thallod M Ch R PR FBRLCSs g 6 Ao i
the distillatioazemitropicl Gigenmeattistageanstiletertemfiom. tBepheoreshiod adcbislingriol aRbatenof,

claims }Oto [ furthh Cf) mt%rb%{ﬂgl 1-pentanol and 1-hexanol soafueous solution.

2. The method according to claim 1, wherein theotppic agent is at least one

selected from the group consisting of 1-butanol 2mdethyl-1-propanol.

15 3. The method according to claim 1 or 2, whereia 8thydroxy-2,2-dimethyl
propanal and/or the dimer thereof are producednbgl@ol condensation reaction between

formaldehyde and isobutylaldehyde.

4, The method according to any one of claims 3,taherein the aqueous solution
20 containing at least 3-hydroxy-2,2-dimethyl propaaati/or a dimer thereof is an aqueous
solution containing at least one selected fromgitwip consisting of the following (a) to
(c):
(&) an aqueous 3-hydroxy-2,2-dimethyl propanaltsmh obtained by distilling
off low-boiling point components including unreattesobutylaldehyde from a reaction
25 product solution produced by an aldol condensatieaction between an aqueous
formaldehyde solution and isobutylaldehyde in trespnce of a basic catalyst;
(b) a filtrate recovered by subjecting the aquesaisition (a) to crystallization,
and then subjecting the resultant product to dadigid separation; and
(c) an aqueous solution obtained by subjecting dheeous solution (a) to
30 crystallization, then subjecting the resultant prctdto solid-liquid separation, and then
dissolving purified 3-hydroxy-2,2-dimethyl propanaecovered by the solid-liquid

separation into water.

5. The method according to any one of claims 14towvherein the azeotropic
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adjusting a pH value of the aqueous solution containing at least 3-hydroxy-2,2-dimethyl propanal
and/or a dimer thereof to within a range of from 3.5 to 1510.5.

10

15

distillation is carried out at a column bottom tesrgdure of from 82 to 120°C.

6. The method according to any one of claims 8, toirther comprising

obtaining a distillate from a top of the distil@at column; and

feeding, after the distillate is separated int@ fphases of an azeotropic agent
phase and a water phase, a whole or part of thetrapec agent phase back into the

distillation column.

7. The method according to any one of claims 1, totrein the distillation column

is a multistage distillation column.

8. The method according to any one of claims 1, forther comprising

adjusting a pH value of the aqueous solution domg at least
3-hydroxy-2,2-dimethyl propanal and/or a dimer gwdrto within a range of from 3.5 to
10.5.
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