---- - -- - -----" PROCESS OF PRODUCI NG DI OXANE GLYCOL BACKGROUND OF THE
I NVENTION 1. Field of the Invention 5 The present invention relates to a
process of producing 2-(5-ethyl-5-

hydr oxynet hyl - 1, 3- di oxane- 2-yl ) -2-net hyl propane-1-el (hereinafter referred
to as "dioxane glycolsnPi~m ' I hS~ I he foll ow ng
formula I: H3/ Q 2/ &E%M@@ﬁgw(f@m&%ﬁ@; OH 2.
Description of the Prior Art 10 DOG is produced, for exanple, by a process
i ncluding the acetalization of hydroxypival al dehyde (hereinafter referred
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2. Description of the Prior Art
10 DOG is produced, for example, by a process including the acetalization of

hydroxypivalaldehyde (hereinafter referred to as “HPA”) represented by the

following formula II:

CH3 H

/
H,C——C—=C (ID
s\

HO CHj 0O

with trimethylolpropane (hereinafter referred to as “TMP”) represented by the

15 following formula III:
HO—ng /CHQ“CH3
C (11D
HO—CH, CH,—OH
in the presence of an acid catalyst; the neutralization of the resultant reaction
product liquid; and the filtration, washing and drying of the deposited DOG
crystals (JP 62-59104B).
20 The acetalization under acidic condition is generally an equilibrium

reaction, and DOG produced undergoes decomposition. Therefore, a solvent

having a low solvent power to DOG such as water is generally used to deposit



tomard t he product side. Even when the solvent power to DOGis |ow, DOG
di'ssolves in the solvent to some extent if a raw material such as TMP is
di ssolved in the solvent, thereby failing to prevent the deconposition of
DOG. To reduce 5 the amount of DOG dissolved in the nother Iiquor, the
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is lowered and the use of a |large anopunt of solvent requires great costs
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met hod as disclosed in JP 62- 59104B, the anpunt of waste water such as

filtratesiratlth yesbht)ghepdtyefailingeoyesvein thedocenpberiabotDOR. t Toesdihe
anount of DOG produced. In addition, the yield is as lowas 70 to 85 nmol %

and a scongiddamaling ofiidGtdiedolvédin tod ndathei Huogwheeicetdldlatioanehn Bact i on
internmediates remain in the reaction 15 nother |iquor after recovering the
cryst al s. pdifermédmnae lowhe tdnparntueehoxthd solobnesambghisedvunraolargataatoumtad i n
consideration of the treatnment of waste water and waste products and the
ener gy co}[swmwei‘,ct&nes@@[eqsmdmamjilmus&rihﬂg\disarhtmﬁdgawsjibecimseethé n JP
62-59104B can_be purified into a high purity DOG recrystallization from
an or gani acegalivefion bepomep wkovef thefﬁeglﬂes”atlmugtliﬁwgm@/anﬂ stge\l?@ntdgﬂe]@mge
because the nunber of steps for the production of DOGis significantly
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non-reacted raw materials and reaction intermediates remain in the reaction
15 mother liquor after recovering the crystals. Therefore, the known method
involves high environmental load in consideration of the treatment of waste
water and waste products and the energy consumption.

DOG produced by a known method as disclosed in JP 62-59104B can be
purified into a high purity DOG by recrystallization from an organic solvent.

20 However, this is industrially disadvantageous because the number of steps for
the production of DOG is significantly increased.

To reduce the amount of waste water and improve the yield, the filtrate
can be reused in the next run of reaction. However, in a production method
including a step of neutralizing the reaction product liquid with alkali after the

25 reaction, a large amount of the acid catalyst is needed in the next run of reaction
and the slats formed by the neutralization accumulate in the mother liquor
during repeated reuse.

DOG crystals can be obtained by filtration directly after the reaction
without neutralization with alkali, and the subsequent washing with water and

30 drying. However, DOG produced by a known method decomposes upon heating



for the productlon of polymer materials, etc., to deteriorate the properties
of' the product being produced. In addition, the particle size of DOG
produced by a known nethod as disclosed in JP 62-59104B is extrenely snall
to make the handling thereof 5 difficult. DOG has the follow ng two

i soners: 4;aRe (:5QUBfioRRd pelﬁnélsﬁﬁ%malsoew %Qﬁeﬁﬁgite tHep FopRirkieHér &hd2C
113C OCH2 Ol HCOCH2" H3CH O trans i'sofrer cis isomner
DOG or itp rdﬂﬁfdt\b@m%mweﬂg a high content of the trans isomer (hereinafter
referred to as "hi trans-isonmer purity” or nerely "high purity”) is
preferably 10 Iﬁ@ddﬁ&‘oﬂ, hie pattigR! €eé of DIOG progucdd bh Ipicaeehdihad ddowever,
DOG produced by a known nethod contains a considerable anmount of the cis

i somer. Kézelvsdddnddhe2-50¢04Biiegxtienidle spigillte iake e RXllng therglfet el y
silent about the trans-isonmer purity of DOG As a result of extensive

studi és bgaffithk. i nventors, it has been found that DOG produced by known

nmet hods has a low 15 trans-isoner purity, although mainly conposed of the
trans isonmer. FRO@&kasphe folltwing thestonmist tnagspedmer afndBOSsscanemial | y
disclosed in the working exanples of JP 62-59104B is 121.5 C. However, a
purified DOG haV| ng a trans- | sonePHpurity of 99% or rmreOwhlch S obta| ned
by the recrysta I| n frdfCacet one of DOG havi \g@@pt mel ting
poi nt, shows & [ 20 125 C or hj_gher. “‘]'_{le term Tt Fans- i soner
puri ty he proporti ongG/o by the trans
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DOG or its derivative having a high content of the trans isomer (hereinafter
referred to as “high trans-isomer purity” or merely “high purity”) is preferably

10  used as the raw material for industrial production. However, DOG produced by
a known method contains a considerable amount of the cis isomer.

Known documents relating to the production of DOG are completely
silent about the trans-isomer purity of DOG. As a result of extensive studies by
the inventors, 1t has been found that DOG produced by known methods has a low

15  trans-isomer purity, although mainly composed of the trans isomer. For
example, the highest melting point of DOGs actually disclosed in the working
examples of JP 62-59104B 1s 121.5 °C. However, a purified DOG having a trans-
isomer purity of 99% or more, which is obtained by the recrystallization from
acetone of DOG having such highest melting point, shows a melting point of

20 125 °C or higher. The term “trans-isomer purity” referred to herein is the

proportion (% by weight) of the trans isomer to the total weight of DOG.

SUMMARY OF THE INVENTION
An object of the present invention is to solve the problems associated with

25  the conventional techniques and to provide an industrially advantageous process



25 the conventional techniques and to provide an industrially advantageous
process 3 of producing a high purity DOG havi ng an adequately | arge crystal
particle size. Another object is to provide a process of produci ng DOG
which is capable of inproving the heat stability of DOG and reducing the
amount  of ofvaeddciveg arhighudityeBAIG hatimxd e adbyeateds bagelurysiag pattiekt sits. have
found that DOG 5 having an increased particle size can be produced by a
process i Anothaholijbet isrtegaoivinle 4 papesabfipecdudieg PH)Gfwhrhcisicapablsssfem and
the amounts of raw materials in the reaction systemare controlled. It has
been al soithprmdngtht Hele stdlahty sf B iamyl xed ubEE tenalne udit af twazaé Watenpr oved
by separating DOG crystals produced by the above process and then washing
t he separat ed DOSacrepsdtadfsextensive resedrabi thesoivenitans. have fuasdogdert DQLX her
found that not only the anmount of waste water can be reduced, but also the
yi el d of boansanheereasediparidcly smegtmn b@w@@fu@@@)ﬁamrb@esprmdﬁbw the r eusi ng
a limted anmount of the nother _|iquor  obtained in the above ?rocess in the

next and %mé@@@m%per@ﬁgr%fthwﬁl a%mw&e@w%eaémﬁwéa reWas Ithe
HP TMP P I i
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purity DOG can be produced by reusing a limited amount of the mother liquor
obtained in the above process in the next and subsequent'runs of the DOG
synthesis (also referred to as the reaction of HPA and TMP or acetalization of
15 HPA). It has been still further found that the particle size of DOG can be
increased by performing the DOG synthesis in the presenbe of a specific amount
of seed crystals. The present invention is based on these findings.
Thus, the present invention provides a process of producing a dioxane

glycol represented by the following formula I:

CH;  0—CH, CH,CH,
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/
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which includes a step of allowing hydroxypivalaldehyde represented by the
following formula II:
CH3 H
H,C—~—C—C (In

/1 N\

HO CH, 0

to react with trimethylolpropane represented by the following formula III:



4 HO-CH2/CHZ CH3 /& (I1l) HO-CH2 CHZ OH in water in the presence of an
acid catalyst, the reaction of hydroxypival al dehyde and tri net hyl ol pr opane

. being performed under conditions which neet the follow ng requirenents: 5
(A) a total amount of am nes and/or amine salts in hydroxypival al dehyde is
1. 5% by wal@htCél, | €8k;CHB) the reaction is perforned at from65 to 80 C
(C pHof a reaé{i n systemis kept wwthin a range of fromO0.1 to 4.0
during the reacti@®n; 10 (D) X rep{EBented by the following formula IV. X (%
by weight) = B/ﬁ(x 100 (IV) wherein Ais a total weight of

hydr oxypi BOat &y d6Hat1@Het hyl ol propane, the acid catalyst, and water

whi ch are supplied to the reaction system and Bis a theoretical anount of
t he di oxame vgitecoh the peseureedd@adadid catdl$styydr oxypi val al dehyde and

trimethyl ol propane which are supplied to the reaction system is from3 to
35% by wei ght; &he re®tien ebhydrosypiilaldebwdefandytaimgitpilobirapaeapding s added
to trimethylol propane, water and the acid catal yst which are charged in a
react i on peofoymesenndgieeorgligong which mastthe fedly wrsCra@Uraremts: THE | NVENTI ON
In the_present inventiqn, DOG is produced by the reactioon of TMP and, HPA in
the prsence of ‘@hadefal ameuntef amines andipr pmipespltsndaakiogyprvalrdehyde 25
cat al yst anlgf n opti.ogal ?eed crystals. The reaction is preforned in water
and/ or anldlGAdY EHiS &AF 1eSr eferably in water. Exanples of the organic

colvent |l g banol L hentle A0, PEELODE  GUUTEr o aly sval able TP
crystal [l zationg pH of a reaction system is kept within a range of from 0.1 to 4.0
during the reaction;
10 (D) X represented by the following formula IV:
X (% by weight) = B/A x 100 (Iv)
wherein A is a total weight of hydroxypivalaldehyde, trimethylolpropane, the acid
catalyst, and water which are supplied to the reaction system, and B is a
theoretical amount of the dioxane glycol to be produced from
15  hydroxypivalaldehyde and trimethylolpropane which are supplied to the reaction
system,
is from 3 to 356% by weight; and
(E) a solid or solution of hydroxypivalaldehyde is added to
trimethylolpropane, water and the acid catalyst which are charged in a reaction

20 vessel over 0.5 to 24 h.

DETAILED DESCRIPTION OF THE INVENTION
In the present invention, DOG is produced by the reaction of TMP and
HPA in the presence of an acid catalyst, preferably in the presence of the acid
25  catalyst and an optional seed crystals. The reaction is preformed in water
and/or an organic solvent, preferably in water. Examples of the organic solvent
include methanol, ethanol and acetone. Commercially available TMP may be

used as-purchased or after purification by distillation or crystallization.



5 HPA may be used as-synthesized or may be used after purification by
crystallization fromwater, etc. Since HPA is synthesized by the reaction of
. 1 sobutyl al dehyde and formal dehyde in the presence of an am ne catal yst, the
synt hesi zed HPA contai ns am nes and/or amne salts. The total anmount of the
5 am nes and/ or FEPA fthySBé uSed RstdpNthSsiEBELEAR! He hsdYub¥r WRIrfiatfin hess,
nore preferably 0.5% by weight or less, and still nore preferably 0.1% by
wei ght or crisesHiZaeRehfroncivaséry etf SAac@HPA is exrbedizad bl 36 imucwendifit , t he
anount of the acid catalyst required in the synthesis of DOG increases, and
i n additi obutiialdelsde and domnaldehytly i0thOpeedenick ofamedimand citady gtatheé cl e
size of DOG is reduced because 10 of the salting-out effect. Such probl ens
becone cosphtesidsdcHMerontamy mamésomd/opaiene lsatpgor Thiet tetalsapanat pbthef DOG
crystals is reused. The amine catalyst is preferably triethylamne. If

tri et iyl apimoes anddyaminresalés in lamfem%ﬂhiln%’/o beyr weieln loatte st raend/ or
triethylamoniumformate. The content of formal dehyde in HPA is preferably
2. 2% by wereferably 0.6%sbugighi er lsafandpiill mommprafevadily itk 1% dyoweigdor Sjnce
f or mal dehyde i s reaciti_ve i th TN&’ a | arge amount of remaining formal dehyde
i ncr eases lasideask i u%*fVetﬂ\yZBFQ?du f excepdmigh ot by arqight Hibs/ampunt ef theaafabl y

f 0.3 .5 d. [ f bly f 0.8 1.5, .Wen. bei 2.5

o, i heCQtEst BA s i b s THOE HicErAgr. 20k 4R ARHRoRpe trans”
dinerization of HRA i vent ed, ,and, t;he 20.i,ncrea f.the jyaterial unit
tTEPA( alsome BEtRpRr PRI HE s L il S S A i e dle hetansas
gnd tﬁﬁa(?e H—?ti%‘ of t{?%'g_plttri (%.X][ f gﬁgzg c%vo' ded.. D%; ishhi hl s%I ubl e)
"n a b uPt e Y aRaREECt, | StcR prabals bedbis chilsiderante whett Hhe feathion
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the yield o _ I'n an e ssively Targe anou

conpared w 4 e | ' . o ore.

comar o0 YbrhFle ThBAAN CTr AR AYAL oot HRAITHE, FEPcrh Gling

such as hygehREhE ad@lish tridthllh froRGhsh foPRAIONOTHE caﬁt&tmoﬂhhldagﬂ@l g
an

and organic acids such as benzenesul fonic acid, toluenesulfonic aci
in HPA is preferably 2.2% by weight or less and more preferably 0.1% by weight

15 orless. Since formaldehyde is reactive with TMP, a large amount of remaining
formaldehyde increases the amount of by-products.

The molar ratio, HPA/TMP, is preferably from 0.3 to 2.5 and more
preferably from 0.8 to 1.5. When being 2.5 or less, the side reaction such as
decomposition of excess HPA and dimerization of HPA is prevented, and the

20 increase of the material unit of HPA (amount of HPA required for the production
of a unit amount of DOG) and the reduction of the purity of DOG are avoided.
DOG 1s highly soluble in a solution rich in TMP, and therefore, a substantial
portion of the produced DOG comes to dissolve in the mother liquor to drastically
reduce the yield of DOG, if TMP is used in an excessively large amount as

25  compared with HPA. This problem can be avoided when HPA/TMP is 0.3 or
more.

Examples of the acid catalyst include, but not limited to, mineral acids
such as hydrochloric acid, sulfuric acid, phosphoric acid and nitric acid, and
organic acids such as benzenesulfonic acid, toluenesulfonic acid and

30 methanesulfonic acid, with the organic acids being particularly preferred, and



30 net hanesul fonic acid, with the organic acids being particularly
preferred, and 6 toluenesulfonic acid and nethanesul fonic acid being nore
. preferred. The anobunt of the acid catalyst to be used in the reaction
depends upon its kind, and is selected so as to naintain the pH of the

reacti on &yeé@dBulfbnc heidoen® nefthhabbylfortic @ PbdinOmbrOppdtarigd e THef er abl y
from1l.0 to 2.0. Wthin the above range, the 5 corrosion of apparatus and

decr ease amouhe of €he hicld éatalrsd tphevieedad, thandatiien de@dtds upos itdkidik ayidel d
and trans-isoner purity of DOG are prevented. The reaction tenperature is

pr ef er abl i delanedSotas t8Gn&irsadh vine e H @f Bieatcabtiyn fayetand 8n taoratipe@refdrably
variation of tenperature during the reaction is preferably controlled
within 2 £om¥tlhiod.Orendabove prefegablyt fremr B8dbion. t WithihOthdodsoveatarigec tine so
| ong and DOG having a high trans-isomer purity is produced in high yields
wi t hodt cenrzesign pi aplpenatusuakd decrieasersn tla redctuiity apOmreveaded.card Elon of DOG
and decrease of the crystal particle size which _increases the _liquid
cont ent ofedmstionsystthesield andtupnstisemes paritypidpe@Esarerreyenttd.speci fi cal | y
limted, it is jndustrially practical taq %fgrmthe reaction under
at nospheric 15 pregeagtion fempexatyre tepreferabdndran 6580 Tkpndamioge cat al yst
and water are lied,to the reaction systemso as to.requlate X . .
represent%@fwﬁﬁﬁg@lﬁl 80%?1% éoriﬁ?é’ar}@l ?&eﬁ?p%"é‘it@i’ﬁ 51ur_1%g/t ezepgHoRg) 20
wherein Ais t t ot al [ . of HPA, he aci d cat al yst nd ter
whtch ar ey sl avthten o s bin e aBove rEREOLF bt B3 ne
react,ion product, liguid,at th | t he synthesis of DOG is.conpleted, and
5 19°F iR hgco bRt NEDO (vl AR TR Barmis b Wi’ B GhEH are
supplied : AR LAY 11 R I : r y from3 to
35% by wel g {&gsﬁlgi nmor Eeﬂh%gé? é?gﬁap%rﬁééﬁnhg %El% %ng&ggg}%eo?gﬁpaﬁgwdor responds
to the cofesalLRhWT BOAE dedrbsd el @9stal pAdHEle ditdWH NS ehBS ﬁ@
synst hesi s proceeds t heoret | cdgﬁ ly. en X ?2 333/)0 by vvell ght %r m)ree, t he
product i gRy@iDeHHte R oWt BRYFstalsS| NAtougtlf rdR8ehi R sbdre is not specifically
limited, it 1s industrially practical to perform the reaction under atmospheric
15  pressure.
In the present invention, HPA, TMP, acid catalyst, and water are supplied
to the reaction system so as to regulate X represented by the following formula
Iv:
X (% by weight) = B/A x 100 (Iv)
20  wherein A is the total weight of HPA, TMP, the acid catalyst, and water which are
supplied to the reaction system, 1.e., the total weight of the reaction product
liquid at the time the synthesis of DOG 1s completed, and B is a theoretical
amount of DOG to be produced from HPA and TMP which are supplied to the
reaction system, |
25  within a range of preferably from 3 to 35% by weight and more preferably from
10 to 20% by weight. X corresponds to the concentration of DOG in the reaction
product liquid when the DOG synsthesis proceeds theoretically. When X is 3%
by weight or more, the production amount of DOG per a single run of reaction is

sufficient. When being 35% by weight or less, the crystal concentration in the

30 reaction product solution is moderate for a sufficient stirring of the reaction



sufficient. Wen being 35% by weight or less, the crystal concentration in
the 30 reaction product solution is noderate for a sufficient stirring of
the reaction 7 system to increase the trans-isomer purity and particle
size of DOG The synthesis of DOG nay be perforned in the presence of

optional s@fem,asYst@lase ithe aeitid-isomdrgpirdng aed gaedtlalisd of DiEGseed crystal s
are mainly conposed of DOG and preferably DOG itself. DOG obtained through
solid-l1iquid 5 $apayathesns ofdXMizngay deperfprnaidin theypleeensedf astivhal sedd
crystals. Alternatively, a part of the reaction product liquid (slurry) at
the tinme tiystddeGnsyditihesite the acobnpiadysdd e deedairgstalis etk aminhecespdsed
crystals without further treatnent. In_ case of using the seed crystals,

HPA, TMP, 0Pz candibyeferaklaitBOG Haells e DG optainked thavegls eplpd iledido t he
reaction systemso as_to regulate, in place of X in the formula 10 IV, X

r epr edent ekP A tIoHe Washingi Hylrsratol may be yeadgs fle gead crysgalsa Altgmagiyely,
wherein Ais the total weight of HPA ,TMP, .the acid catalyst, seed crystals,
and vt of PRAT OF the geagiism pruch Lignad F%am)@ﬁ t&%ﬁ%’ﬂhﬁﬁda SHEBEBEAS ! ght

f th ' d I i qui h [ he | S i h
o cebnce! SRR BEEY S b BHAF el DRl SRR MR bR ety o
th tical t . of t b d f PA TIVP ,whi ¢ch
Suppl L ea (e AT ERE sREC gy dnl et Ar RITa Ao B bR ten P RAARE LR TR s eed
t al dded i § i f f ly f 3 to 35% i ght d
more prof Sanip b Er{g08, sy Bhaegie® e IgR Tupliratbty §t Kl
concelrbt raw%r%ﬁé%éﬁlté@ﬁg ltp%l& Eogg,rlﬂgqﬁuced and DOG contained in the

seed crystadl’s) e reaction pro I'quid when the DOG synthesis in the

presence of theys@ee GLy; S P/oceeds theorgghcally. The anount the seed
crystals, if used(,a i%, pr%?@rably fromO.1 toqy(f))% by weight and nore

pref er abl yhbrom & ik dhotohY witkBDHf HPRCA'MP, {Hheadi@lcatalyst, GBEd @kyAaldRhd TP,

the acid catal yst, seed crystals and water. Wthin the above range, the
ef fect of whbs ®hschgrd bepplcd tetlie fdareionnsspatnl 1.y., the B¥al sgghoof fiee addi tion

of the seed crystals is obtained w thout reducing the production anount of
DOG per reaction product liquid at the time the DOG synthesis in the presence of the seed
15 crystals is completed, and B’ is the total weight of a theoretical amount of DOG to
be produced from HPA and TMP which are supplied to the reaction system and
the amount of DOG contained in the seed crystals added,
within a range of preferably from 3 to 35% by weight and more preferably from
10 to 20% by weight. X' corresponds to the concentration of the total DOG (DOG
20 produced and DOG contained in the seed crystals) in the reaction product liquid
when the DOG synthesis in the presence of the seed crystals proceeds
theoretically.
The amount the seed crystals, if used, is preferably from 0.1 to 30% by
weight and more preferably from 2 to 5% by weight based on the total weight of
25  HPA, TMP, the acid catalyst, seed crystals and water. Within the above range,
the effect of increasing the particle size and purity of DOG due to the addition of
the seed crystals is obtained without reducing the production amount of DOG per
a single run of reaction. The seed crystals may be charged all at once in a

reaction vessel at the time of the reaction is initiated, or may be added through

30  the reaction, for example, from the beginning of the reaction to an appropriate



a single run of reaction. The seed crystals may be charged all at once in a
reaction vessel at the tinme of the reaction is initiated, or may be added
through 30 the reaction, for exanple, fromthe beginning of the reaction to
an appropriate 8 stage before the conpletion of the reaction. The DOG

synt hesi ssthge peffrertablegpniydefion WEdhé Pedditord. 0l | owi ng nmethods: (1) Method in
which TMP, acid catalyst, optional seed crystals, and water are all charged
in a reaction VBss@OG@Gnrgnhkedieds prefargble gperformedech thenfoBoatingenéthedsti on 5
tenperature), to which HPA (solid or solution) is continuously added; (2)
Met hod i dinvMethoBRA whizhi TMd, asil eatiabyst, opteonhlcaedicysitals pridowakesedall
crystals, and water are all charged in a reaction vessel and heated to a

pr edet er mbhagded e mpreagtioneesselzond beatednper pragesyrming dieneperpiprg Gwhctonr
solution) is continuousl addegp; and 10 (3), Method in which a part of HPA
(sol i @& ortemmeratere), thWbéE‘r)ilHé:fA pbd oz golwtion) isgentinuenply addetcat al yst

opt i onal rystal s, ter are all .charged in a reacgtion vessel and
heat ed tc@iﬁ&@& tlér"ﬁﬁ}?@tgé\rl@%]ﬂ oneelytra cardiratalskontinng seed CRFFNE. 1 he
rest of HPA (solid or.,solutipn) and the rest of TMP _(solid.or solutjon) are
conti nuo@ﬁ/&*ﬁ%a@ a4 Geree hba daerior Tope Agddiearted 138 prigteriimetion b
HPA, TMP ,or the rest of .HPA and TMP y n the hods, i.s perforned

bt o er abl G mraAtiEpRush feRRaraldFe). T orBeR ARE o BEgieBRs Pt e

addi tion CiO%tqu{Ofu! ng‘éi‘taﬂjld" t he above range, the crystal particle size and
trans-i sofer puri 3grgare IMcreased without spending nuch tinme and causing a

20 vhgl eng) MARHHAR whiches %g@?ﬂ‘iﬁht(k&ri‘d ok RE1tEAD! ) ggrpap@wﬂb (%&f&l&d may be

aged at a tenperature nea he sane as the reac n tenperature

pref er ablgy)§@bn aeid BathlysthopiBASl bl &5 8NY, 4 whtdiCaf® AUl cAAfest id b nore
preferably for 1.5 to 6 3(1 produced” by the reaction depom%s as crystals

in the reqaatiion vesadusid héémuitﬁ,agféaatwmmd%ﬁm&ﬁ@ GeakRogeparat ed by
solid-liquid separation such as 5 filtration and centrifugal separation.

The sol i dehipgttathseprr-@hidntlierasopd HRAe Godid drwlutant And the edsicéf TMRuI d
having a pH of preferably from0.1 to 4.0 and nore
(solid or solution) are continuously added,
15  with the method 1 being preferred.
The addition of HPA, TMP or the rest of HPA and TMP in the above
methods is performed preferably over 0.5 to 24 h and more preferably over 1 to 12
h. If the addition is performed within the above range, the crystal particle size
and trans-isomer purity are increased without spending much time and causing a
20 violent reaction. After the addition, the reaction product liquid may be aged at a
temperature nearly the same as the reaction temperature preferably for 0.5 to 12
h, more preferably for 1 to 8 h, and still more preferably for 1.5 to 6 h.
DOG produced by the reaction deposits as crystals in the reaction product
liquid, from which DOG crystals are separated by solid-liquid separation such as
25 filtration and centrifugal separation. The solid-liguid separation is conducted on
the reaction product liquid having a pH of preferably from 0.1 to 4.0 and more
preferably from 1.0 to 2.0 without neutralizing the reaction product liquid. DOG
crystals produced by the present invention are easy to handle because of their

adequately large particle size and its wet form has a liquid content as low as less

30 than 30% by weight.



preferably from1.0 to 2.0 without neutralizing the reaction product |iquid.
DOG crystals produced by the present invention are easy to handl e because
of their adequately large particle size and its wet formhas a liquid
content as low as less 30 than 30% by weight. 9 The reaction nother |iquor

obtai ned by sep@hairkacidFadth¥slidudr bb&heAdy sf%ﬁﬁﬂiﬁ P0Gt AL Gt the
contains a | arge anount of the acid catalyst, an unreact ed HPA and

TMP. I n theicpioasgiductlgaid emataine angded Aoui®bhdie héiduitalysayDoEs ravsed in
t he next and subsequent runs of reaction in an anount of 5 preferably 98% by
wei ght oruhess:tedrdtPA phdfBVIADI ¥nfthempréfeitan98atiby, the chiictioandotlsdn hdusor e
preferably from70 to 90% by weight. If exceeding 98% by weight, inpurities
are accunuiaathedréusedha thetiest dridysadvseguent rahey! ceactiomi imea @ aD@@ntofyst al s to
reduce the trans-isomer purity. DOG crystals separated fromthe reaction
produét | prpfecehly &850 by aveighy or lgpswawe droferably fsawi €0 s0P8Y an weight, lmard
washing with the basic solution, the nother liguor held in DOG crystals and
the aci d ikl angre prederabdy o (IR0 byeveight o r LisxgpedineO876 byrwpishéd. Al so,
t he base can be. provided t > crystals in an anpunt enough to peutralize
the aci d ¥RPWELGE AR AEY a%ﬂt Hier matherdaganrvaiit thay %nt@enna’%b%ési c
solution is grepareﬁ lf?%lgl solving the base in 15 water and/or an organic
“sol vent sTRAAS hapRusore ASPRERP YEHEt one. The solvent for the basic

| uti [ bl h | . in..th DOG I s.
Exanpl o5 of | nePpR sk A PRI EhRC et Ropdodue] FuHf AT DR,
1 hijgm Nyl Qg 0gaK BN e o ITRIASS AL oA A R UMY dhagerioas ponat e
20 pOt assi um nydr ogencar bonat €, sodi um car Oﬁat e, pOt assl um carnonat e,

sodi um hyﬂﬁ)@lﬁ%ﬁdﬁqu&ohéﬁ]ﬁfﬂjm% hgean(}f'%ié H%%Qg%@%ﬂhepﬁ ﬁ?ﬁ%&gﬁrfage

phosphat e, crrum car bonate, cal ci um hydr oxi arium car bonate” and

or gani ¢ basggstA4Gle doutt At AMIBE RRDAE cghE Fovivted ¥ DG RPFEBN 1 RAses

being preferfed because products having good properties with Iess _
di scol or ajin@indRAoagR to GRURAI £ HY 29866 beldeaBrdXId by tie: HiRgngloncentrati on

of the basic solution is preferably
decomposition of DOG. The basic solution is prepared by dissolving the base in
15 water and/or an organic solvent such as methanol, ethanol and acetone. The
solvent for the basic solution is preferably the same as the solvent used in the
DOG synthesis.
Examples of the base include inorganic bases such as lithium carbonate,
lithium hydrogencarbonate, magnesium carbonate, sodium hydrogencarbonate,
20 potassium hydrogencarbonate, sodium carbonate, potassium carbonate, sodium
hydroxide, potassium hydroxide, sodium phosphate, potassium phosphate,
calcium carbonate, calcium hydroxide and barium carbonate; and organic bases
such as diethylamine and triethylamine, with inorganic bases being preferred
because products having good properties with less discoloration and odor can be
25  produced from DOG. The base concentration of the basic solution is preferably
from 10 ppm to 50% by weight and more preferably from 0.01 to 10% by weight.
The washing is effected by a method in which the mother liqguor in DOG
crystals is allowed to homogeneously mix with the basic solution under stirring,

or a method in which the basic solution uniformly sprayed on the surface of DOG

30 crystals is forced to penetrate into DOG crystals by applying a pressure or
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from 10 ppmto 50% by wei ght and nore preferably from0.01 to 10% by wei ght.
The washing is effected by a nmethod in which the nother |iquor in DOG
crystals is allowed to honbgeneously mx with the basic sol ution under
stirring, or a nmethod in which the basic solution uniformy sprayed on the

surface ofe Ay g%f’fc%é( St@h8 YaSid %Hlﬁﬁgn Qu@@&‘%&%ﬁ}ﬁlgg%oa &Ir%%xﬁh%h%

appl ying a pressure or 10 centrifugal force ic solution is used

pref erabl yhd BaddiABHMN 09448 10 8nestthe MRS thefa{c‘i)dTbétaQ%t fnOthlsdpa#Beed he
nole of the acid catalyst in the separated DOG crystals. The anmount of the

acid cat aDG@ driistalle SEp@aaichtRPEhe raid adialy s indbeskpuigtd DOG exaf@lsds by
adding distilled water to an anount of DOG crystals 5 to make the distilled
wat er anddtteenmimedeforl dxguople by tiddi ipOH stilleslt whgeri totan amdumtedd@CGusysialt ur e;
filtering; and then titrating the filtrate with an alkali. In case of

reusi Mg t hemmakehgre distilled, watee sarbthet mothéhkqami th tet BOG erystalddatemyst al s
can be calculated fromthe yield of DOG the anbunt of separated DOG

cryst al s, homogenheus euxtunss fil teoingicind Genatiyretingdthe. filsfaterwithstn alkali.t hnt he
basi c solution, 10 the basic solution is recovered by filtration or

cent ri f ugedsesefpeeusinghbhe mother haner, the emapwricof e chtalpatsine DEYH grysdals n
such an anount that the pH of the f)covered basi c ﬁol ution is 8 or higher.

|h t is Er ef @R b@@aﬂﬁ&gtqﬂdsomm&eéi af é}Gmﬁgerﬁmgump S%Hffgaﬁ% ROE&%%G%?
t t hat t T
i d 18 ?@Sﬁgfnefa@_ﬁfﬁa@@ﬁ%ﬂmrys Jungreh she oot vasives
tho bibi orabPasi AR FEa 1o Se BRI BB ERR P BI R S fomas Brs 0% | Do
crystals ﬁ?‘%’err taatve%sbeeﬁ1 ]ﬁ%sﬁ?'snﬁfll t hr o§% dg\r@%hl ‘%ﬁ%ﬁéﬁ?tpg'gf) E:he an or gam C

sol vent , e|n i on can

be al so i %g sfc%hpc (?r%lsséﬁp'hl ey DY the washing with the basic

sol uti on. |ng can be made y stirring a mxture of DOG crystals and

1 2, S0 VLl B350 R T AL 525 P ey ehed
bei ng el Lhade 8RE sHBRElMidconteREas thAKSSDOE! érystdl8 before washing. The liquid
15  content 1s generally from 5 to 60% by weight, although varies depending upon the
particle size and shape of crystals. After washing with the basic solution, DOG
crystals may be further washed with water, etc.
DOG crystals which have been obtained through washing with water or
an organic solvent, drying, etc. without being washed with the basic solution can
20  be also improved in the heat stability by the washing with the basic solution.
Such washing can be made by stirring a mixture of DOG crystals and the basic
solution so as to form a uniform slurry.
DOG crystals thus washed with the basic solution may be dried without
further treatment or after being melted and made into lumps, flakes, ete., to
25  obtain final products.
The present invention will be described in more detail. However, it
should be noted that the scope of the present invention is not limited thereto.
The measurements and evaluations were conducted by the following

methods. In the following examples and comparative examples, The term

30 “parts’ is based on weight.
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25 obtain final products. The present invention will be described in nore
detail. However, it should be noted that the scope of the present invention
is not limted thereto. The neasurenents and eval uati ons were conducted by
the followi ng nmethods. In the follow ng exanpl es and conparative exanpl es,

The term (I3QAnAfsikof HBADGSRG cHronkitoBtaphbl(dd) Anal ysis of HPA by gas
chromat ography (GC) An acetone solution of crude HPA was anal yzed using a

capi | I ary col unAn dcptatusdluegui ofalradé HRA Was-dialpiedAgsingnd cdgidlurelcobiran
Inc.). (2) Trans-isomer purity of DOG 5 An acetone solution of DOG was

anal yzed {(mbdgceqaphldrarty “Cd-Ufof Agpent Techredogeallend. t o "DB- 1" of Agil ent
Technol ogies Inc.). The trans-isomer purity was calculated fromthe peak
areas of (NHdrgasistmenpuogyahDQE) Average particle size of DOG Measured by
a dry nethod using a laser diffraction particle size 10 distribution

anal yPer at a dispeetinmsqinsioanid)Gf was rpalyzedaisans epppiidary cduan si ze was
cal cul ated based on Fraunhg diffraction theory. (4@ Wat er content of HPA
Vet HPA ciiyedurisequvalentdsniDiy lnef Renanelecinelogiesdacat 30edrans 190mer under

a stream of .nitrogen, .t asure the decre in i ght. The noisture 15
content  oPUEiAG Wassalailated From Ghy Pgk AECAHRLGG @ HYFORHPEM Bcher et hod
using a &g dr at ed F ri di.ne f;@bﬁm' The water content was determ ned using
the total CLHEC RA %‘H‘? SHEC? and the noisture content. (5) Water

oS o MEhREAAEIS BB BB e L *° ©
1219ty THSBLRLM Bt §A0 614 Bt Itallo ol B 0 MRS RRERY Y

was gﬁ{ _eféi‘zé‘%daéléailé‘alattmbhgé&bn IhuhBBfAeighcdne tigéR§. and the noisture
(4) Water content of HPA
Wet HPA crystals after washing with water were dried at 20 °C for 20 h
under a stream of nitrogen, to measure the decrease in weight. The moisture
15 content of the crystals after drying was measured by Karl Fischer method using a
dehydrated pyridine solvent. The water content was determined using the total
of the weight decrease and the moisture content.
(5) Water content of DOG
Wet DOG crystals after washing with water were dried at 85 °C for 20 h
20 in an atmosphere of nitrogen, to measure the decrease in weight. The moisture
content of the crystals after drying was measured by Karl Fischer method using
dehydrated pyridine solvent. The water content was determined using the total
of the weight decrease and the moisture content.
(6) Heat resistance
25 In a test tube, 5 g of DOG was placed and the inner atmosphere was
replaced by nitrogen. Then, the sample was heated to 140 °C by a block heater.
After 20 h of the heating, the trans-isomer purity was determined by GC.
REFERENCE EXAMPLE 1
(1) Synthesis of HPA
30 To a mixture of 595 parts of isobutylaldehyde (IBD) and 657 parts of 37%
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(6) Heat resistance 25 In a test tube, 5 g of DOG was placed and the inner
at nosphere was replaced by nitrogen. Then, the sanple was heated to 140 C
by a block heater. After 20 h of the heating, the trans-isoner purity was
determ ned by GC. REFERENCE EXAMPLE 1 (1) Synthesis of HPA 30 To a m xture

of 595 pay weddht e, Fsdedutsef (HiBMylamin® STERR s fddedll§oerl? nbixn arei ght
formalin, 33 parts of triethylamne (TEA) was added over 5 min at 40 Cwth

stirring 4me@rwish Stireaid whder 4 sogam off hardgsmerBie t@npérdthee o€ aleé reactidn qui d
reached 65 C at the tinme the addition of TEA was conpleted. The tenperature
was gr aduadiuy reached $&6d Gaatlthe aahethOad ditmit e TBA wasnconipktbdr edbei on was
allowed to continue at 90 C for 5 mn, and then stopped by externally

cool i ng ttenfier&tuithwak@retivally ngcreaspd nedirsasheh 98S Onaditer 8datied THRD and TEA
and net hanol ware renoved by distillation at 60 to 70 C under 53 KkPa, to
obt ai B a 1eagtiphovaprbBawed tespntings addit { fomy nHRA2pdrthar stPm)ed by was  f ound
by GC analysis that the crude HPA contained 62.4% by wei ght of HPA, 10 0.26%
by wei ghteernalty coolimg i/ 608 qhtl st lopoboringarinponents syeh aspongrractsd TEA,

Py r oy pi NP drd Flaced Fdsp Sl Ersn o Brveb bt isuBFtpR Ao | GuComdaeR e
55 ThaRol G aRRAL B AR AP O o RoR e R et T R 9. Jroi ¢
ot 2 BT R T S Tl BT S
cont o o PR oEDSRIS0ER, W Il e A T AU A Pl
71, el e R o ot e s
of 222 pagidroRfpivdTate) ahdEk. BRI By welghedfRlatef8 parts of p-
(2) Purification of HPA
The crude HPA (835 parts) was completely dissolved in 2505 parts of
15 water at 55 °C. The solution was gradually cooled with stirring from 55 °C to
32 °C over 5 h and maintained at 32 °C for one hour. The crystals formed were
collected by solid-liquid separation using an upper discharge-type centrifugal
separator and washed with water, to cbtain HPA having a purity of 96.5% by
weight in a 60% recovery. The water content was 12% by weight, the residual
20 TEAwas 0.01% by weight and the residual formaldehyde was 0.01% by weight.
EXAMPLE 1 DOG Synthesis using purified HPA
To a solution of 222 parts of TMP in 1850 parts of water, 48 parts of p-
toluenesulfonic acid (PTSA) was added. To the resulting solution, an aqueous
solution which had been prepared by dissolving 192 parts of the purified HPA
25  obtained in Reference Example 1 in 90 parts of water at 80 °C was added
dropwise over 4 h. X was 15% by weight and the reaction temperature was
70 °C. After the dropwise addition, the reaction mixture was aged at 70 °C for 3
h. During the reaction, the pH of the reaction system was 1.3. After the aging,
the reaction product liquid was subjected to solid-liquid separation by filtration

30  to obtain 356 parts of wet DOG and 2046 parts of a reaction mother liquor. The
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tol uenesul fonic acid (PTSA) was added. To the resulting solution, an aqueous
sol ution which had been prepared by dissolving 192 parts of the pUI’IfI ed HPA
25 obtained in Reference Exanple 1 in 90 parts of water at 80 C was added
dropwi se over 4 h. X was 15% by wei ght and the reaction tenperature was 70

C. After WwheDdDApwhs & aatditwieh wdtke ahdabtiéd o bt 28\t 89eDAG cfPstald.or 3
h. During the reaction, the pH of the reaction systemwas 1.3. After the

agi ng, tThe yeeldtdfddOGr elthé bhisguifdheahaspd] TR drdsBI alalde. | The dbsemadat i on
by filtration 30 to obtain 356 parts of wet DOG and 2046 parts of a reaction
mot her | i BaME cryfdtals h3d wetraDOGomsr pasihe df 981716 batverighhdndraredveéxmgebt ai n 285
parts of DOG crystals. The yield of DOG on the basis of the charged TMP was
83 nol % patecleisize ofell umoe%hq/gmwthédhare(mnsed Siqwed wagr3a47 partes. 7% by
wei ght and an average _particle size of 17 pm_ The anount of the recovered
i qui ® wal e%tlffﬂé%@ él%wéa@ppweﬁwﬁehmlgﬁ@@drwaFeé"cr@oeY@edvdaehneg eand

wat er recovere e | IC|UId ontent_of th

crystal s $¥¥HBE( -at ‘5‘/ 1&1“11 Fmi* OE%%‘? W&tt%%é 5/&’[‘3‘95‘“%?‘594 afiogd LE 2 (1)
First Recéfl e React%gg 0 The f| rst recycle reaction was perfor med in the
same mann@iragonpya ﬁ’pl)tfyewf@l&ept for dissolving 222 parts of TMP in 1897

parts (90]@@%\/I Qt of the reaction nother |iquor obtained in Exanple 1
and using \giﬁtg of PTSA and 282 parts of the aqueous solution of the

purified HE%IF%%IR%(E}%%%%% e%gtl on, the pH of the reaction systemwas 1.3.

The yield 19 parts) 15 was 93 nol % the trans-isoner

puri tyy was 99. %QX% &{}Ic RS ﬁéﬁg ?gfltt}xg'sﬁpféer%t §ajs71 pm The

I|qU| cont ent rst e fritration was

20% by wegghihpld & 2 :&Eg’c‘fﬁr &Es&l@ﬁl 2@.@93?{8@9 T‘Mmhdlégﬁﬁ%r@ﬁ%vﬁfﬁz'e@?ﬂa”d

wat er recovered the dryi ng except for the reaction notHer ITquor to
be reusedyfi® ﬂe‘é%@ioB%b%erﬂﬂqd&)ob‘iﬁﬁ%rfﬁﬁé’ﬁab@e Reggl LgihgThe peeedPsdPTSAYCl e

reaction was perforned in the same nmanner as in the

and 282 parts of the aqueous solution of the purified HPA, During the reaction,
the pH of the reaction system was 1.3. The yield of the dried DOG (319 parts)

15  was 93 mol %, the trans-isomer purity was 99.3% by weight, and the average
particle size was 17 pm. The liquid content of the wet DOG crystals
immediately after the filtration was 20% by weight. The amount of the
recovered liquid (recovered washings and water recovered during the drying)
except for the reaction mother liquor to be reused was 1480 parts.

20 (2) Second Recycle Reaction

The second recycle reaction was performed in the same manner as in the

first recycle reaction except for using 1854 parts (89% by weight) of the reaction
mother liquor obtained in the first recycle reaction and 43 parts of water.
During the reaction, the pH of the reaction system was 1.2. The yield of the

25  dried DOG was 93 mol %, the trans-isomer purity was 99.3% by weight, and the
average particle size was 17 pm. The liquid content of the wet DOG crystals
immediately after the filtration was 20% by weight.
(3) Third and Subsequent Recycle Reactions

The procedures of the second recycle reaction were repeated to perform

30 the third to tenth recycle reactions, in which the yield of DOG was 93 mol %, the
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first recycle reaction except for using 1854 parts (89% by weight) of the
reaction nother liquor obtained in the first recycle reaction and 43 parts
of water. During the reaction, the pH of the reaction systemwas 1.2. The
yield of the 25 dried DOG was 93 nol % the trans-isonmer purity was 99. 3% by

wei ght, apthrdsPRonR¥81a9) wakbiocds by weighdsadd theavdhe pAtide spRtwas 19f the
wet DOG crystals imrediately after the filtration was 20% by wei ght. (3)

Thi rd andphuksetusnaviiegycl Fhkeanbuonss Terdboaedui@sidolat Naseeaeton ecycl e
reaction were repeated to perform 30 the third to tenth recycle reactions,

i n whi ch therageehdddheEdasngstnaf]l th¥ywethBOG dritstalssmmedirteyuaftey thas

99. 3% by weight, and the average particle size was 17 pm each on average.
The amounfilightivhevas80WUched cighfuonl avexagb480 parts on average, and the
liquid content of the wet DOG crystals imrediately after the filtration was

20% byd we C§MIPARATEY B X ABIRIGYHIARATI VE EXAMPLE 1 After dissol ving 230 parts
of TMP in 1850 parts_of water, 55 parts of. PTSA was added to the resultant
sol ution. The séifteridipsalEneni pareefdME in L9 pavdn of wader dbopawts T wi t h 288
ts of d bt ai ned, i n, Ref Exanple 1 3.5 h.
Ther et t eP S E aacudeddR e eaReRE SOLGIAP. o RSP @B Wah hehied O aCt he
ti , I H t.h ti t 1.5..T t. . t
| Caui o vegndrbRnaied Fupvics wifh G5 padtariob st SRR pBR e in et ig e
t ed-DOG t al h ith 140 i f t hed. ,Th
e YD B SRS TRSEIL AR SEne! pIE R T 8] e
95%% ; ‘ ) . heh t ant
of /184 nehiing B by tidhy ShEHEL BRR FoferrafiVa i P, I HRH, P01 o
ight. T : | d Gl . i i
\rNgi:gver edgg%%ﬁ{ﬁ@hgﬁgaé mﬂ%%g&@ég%@gtp eéﬁg‘gﬁ?‘%lge&t%ﬁ’tgkgﬁ?u ng) \R/gsﬁ%g'g%i%g}ﬁs.
COVPARATI é’gpm i & c??@ta'l@%,fré KWhshed vPRhfIQLrO@%SjaﬂtQ of Wat&RHRd r&ﬁ'iﬁ?}g ’%ﬁe in

Exanpl e 1 except 20 fof changing the reaction tenperature to 85
crystal s yRi@ oftBe€ dpiddaDed: (285 parts) was 80 mol %, the trans-isomer purity was
95% by weight, and the average particle size was 10 pm. The liquid content of -
15 the wet DOG crystals immediately after the filtration was 40% by weight. The
amount of the recovered liquid (reaction mother liquor, recovered washings and
water recovered during the drying) was 3538 parts.
COMPARATIVE EXAMPLE 2
The reaction was performed in the same manner as in Example 1 except
20  for changing the reaction temperature to 85 °C. No crystals were precipitated
and an oily product was produced instead. When the reaction mixture was
cooled to 60 °C under stirring, DOG crystallized. The crystals were separated by
filtration, washed with water, and dried. The trans-isomer purity of the
obtained DOG crystals was 85% by weight.
25 COMPARATIVE EXAMPLE 3
The reaction was performed in the same manner as in Example 1 except
for changing the pH during the reaction to 5.0. The trans-isomer purity of the
obtained DOG crystals was 98% by weight and the yield was 30 mol %.
COMPARATIVE EXAMPLE 4

30 The reaction was performed in the same manner as in Example 1 except
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and an oily product was produced instead. Wien the reaction m xture was
cooled to 60 C under stirring, DOG crystallized. The crystals were separated
by filtration, washed with water, and dried. The trans-isomer purity of the
obt ai ned DOG crystal s was 85% by wei ght. 25 COVWPARATI VE EXAMPLE 3 The

reacti on RASHRIGEIHY ABladtibd PERAMBLHBNNEHRR, THEAR: anl PYSAPt  for
changing the pH during the reaction to 5.0. The trans-isomer purity of the

obt ai ned HGmERANEIAIS andsoB Yoy theed @piwisd ddditerry bEHPANVASTEE tris - Komer _
COMPARATI VE EXAMPLE 4 30 The reaction was performed in the same nanner as in

Exanpl e lpexitepf thd bbfgned DG argsinls eastIzsn byessight awnidhtha! liqwitl ddbfenil VP,
wat er and PTSA sinultaneously and omitting the dropw se addition of HPA.
The transwasd®ét bypueeighy. of the obtai ned DOG crystals was 95% by wei ght and
the liquid content was 45% by wei ght. 5 COVPARATI VE EXAMPLE 5 The reaction
was pér f oCMPARATYIS B as in Exanple 1 except for reducing the
amount of water such that X was increased to 40% by wei ght. The reaction
| i qui d changed The aezetéemivastnaréoraged hethesame snapnecas e Lxammlakleexcept
sufficient stirring difficult, Al though the stirring speed vas i ncr eased,
the 10 r eletedncingihermeunt ohprteesaeh thaldX syas increanedytor )% by weighss
reaction.,_The trans-. i s r purity of the obtained DOG crystals was 85% by
wei ght andPeFeaftien iguid shraid id CHERE P i ‘b"nﬂ‘.e reRARBECERSS i s
usi ng purifi .HPA To .a s tion 25 rts of TMP iin 1920 part f water,
53 parbs deupiant s6Rs BHE " 1lenfuey B8 rrfpeirei tete merdiiel e of o
60% agueous. solution (70,C) . of the k) ed, HPA prepared 1 n. Ref nce .
Beandth TamLogdedR oot s Be shFe ¥R GEM R Y B8R Fenchiot “TRE s s on
t enper at f 1 : ] | & [ M xkure was
CTBe! G O ey DDA SEUATEL S5O A AR TR,
syst em wag, ket wilsl £5% iewa@hrg. the |
EXAMPLE 3 DOG Synthesis using purified HPA
To a solution of 251 parts of TMP in 1920 parts of water, 33 parts of PTSA
15 was added. To the resulting solution, 318 parts of a 60% aqueous solution
(70 °C) of the purified HPA prepared in Reference Example 1 was added dropwise
over 6 h. X was 15% by weight and the reaction temperature was 70 °C. After
the dropwise addition, the reaction mixture was aged at 70 °C for one hour.
During the reaction, the pH of the reaction system was 1.3. After the aging, the
20 reaction product liquid was subjected to solid-liguid separation by filtration to
obtain 446 parts of wet DOG and 2076 parts of a reaction mother liquor. The
wet DOG was washed with 1000 parts of water and dried to obtain 339 parts of
DOG crystals. The yield of DOG on the basis of the charged TMP was 83 mol %.
The obtained DOG crystals had a trans-isomer purity of 98.7% by weight and an
25  average particle size of 17 pm. The amount of the recovered liquid was 3183
parts (reaction mother liquor, recovered washings and water recovered during the
drying). The liquid content of the wet DOG crystals immediately after the
filtration was 24% by weight.
EXAMPLE 4 DOG Synthesis using seed crystals

30 The reaction was performed in the same manner as in Example 3 except
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20 reaction product liquid was subjected to solid-liquid separation by
filtration to obtain 446 parts of wet DOG and 2076 parts of a reaction
~nmother liquor. The wet DOG was washed with 1000 parts of water and dried to
obtain 339 parts of DOG crystals. The yield of DOG on the basis of the

charged TR HeSI8thd 6 %(%rtsﬂge[‘M?’tiii Tl DX 6F Vv’%&@% fnhaf h@a%ih%;h%lbdmﬁé’iﬁl’j%;

purity of 98. 7% by wel ght and an 25 averiage particle size o

anount of 25 harfLHONOEHbldiAed th W& 383 (sPad iy LARACES ArifETSAI 8HA99
recovered washi ngs and water recovered during the drying). The liquid

cont ent opakth@f Wwed0PAGuebMUSs bal Eid NGt &l the dfdreficd FEPA pirdpdratiiarReresenie% by
wei ght . MPLE 4 DOG Synt hesis using seed crystals 30 The reaction was

per f or mredEkanigle 1safthenpisheof dsed DEGAINE adtexadnsive b thesedd ssydtulgdg 236
parts of TMP in 1817 parts of water under heating and using 25 parts of DOG
obt ai fed was BZampl &, 3hé temtk-opsdirghwity 83s99r8% byf weikhd, anddh2%9erpgrt s of a
60% aqueous solution (70 C) of the purified HPA prepared in Reference

Exanpl e lpafthde pizel was5dmed Theavi@rsoptentoiahe DOGverystalshmmsedid telyy st al s)
5 was 82 nol % the trans-isonmer purity was 99.6% by wei ght, and the average
particl e sfteethaflizatipmwang4tdhewesdt ent of the DOG crystals i mrediately
after the_filtration was 24% b}F/_ wei ght. EXAMPLE 5 Recycl e reaction using

seed crysESAMPLE 5 Reqychergpchenpesipgiseer eystalé first recycle reacti on was

perfornmed, in the sa nner as in Exanple 4 except for dissolving 177
parts of Irgt @%ﬁ%gz%n?@O% by wei ght) of the reaction nother I|iquor
under. heating, and using 73

obtaited | EXarpl 4 o0t BT RACS o, NALEr ader, ool g, a0 sl g 7
saeous, SBL o 0SY o5l DB 1L S0eL B B T
e 9 20 AR S Ml AR A e A B, L
30 pm  ThiekdiAY! sh& A8 3 Bhrisht MOG K1 CFystAR) S3. 5 PR Y 6f Py Al figRakhe
parts of a 60% aqueous solution (70 °C) of the purified HPA prepared in Reference
15 Example 1. During the reaction, the pH of the reaction system was 1.3. The
yield of the dried DOG (262 parts exclusive of the seed crystals) was 91 mol %,
the trans-isomer purity was 99.8% by weight, and the average particle size was
30 nm. The liquad content of the wet DOG crystals immediately after the
filtration was 24% by weight. The amount of the recovered liquid (recovered
20 washings and water recovered during the drying) except for the reaction mother
liquor to be reused was 1230 parts.
(2) Second Recycle Reaction
The second recycle reaction was performed in the same manner as in the
first recycle reaction except for dissolving 177 parts of TMP in 1863 parts (89% by
25  weight) of the reaction mother liquor obtained in the first recycle reaction and 87
parts of water under heating. During the reaction, the pH of the reaction
system was 1.3. The yield of the dried DOG was 91 mol %, the trans-isomer
purity was 99.8% by weight, and the average particle size was 30 ym. The
liguid content of the wet DOG crystals immediately after the filtration was 24%

30 by weight.
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filtration was 24% by wei ght. The anmount of the recovered liquid (recovered
20 washi ngs and water recovered during the drying) except for the reaction
not her liquor to be reused was 1230 parts. (2) Second Recycle Reaction The
second recycle reaction was perforned in the sane manner as in the first

recycl e r@dHipdagd @ischoent Respdlyilaiclidhsparts of TMP in 1863 parts (89%
by 25 weight) of the reaction nother |iquor obtained in the first recycle

reacti on and 87Th¢ard@duresaf tie tvded reepdle rgactidn wege rhgedteddabiparforihe pH
of the reaction systemwas 1.3. The yield of the dried DOG was 91 nol % the
trans-i soerthiplite tonthams:cPele@¥nbtionsiighthichntetyheldaofeD g wpardl clot %6ithe was
30 pm The liquid content of the wet DOG crystals immediately after the
filtrati dranass@nes paoitpywaedgiede by weight, Bmidr theamebr8gb pagticlet sike wwas 3
Reactions The procedures of the second recycle reaction were repeated to
per f oBm mnineeadh pd averagat hThe ayeduntradgbeireesyerpd Ligvitd washB230 partsoin DOG was
91 mol % the trans-isoner purity was 99.8% by weight, and the average
particl e ayeragaazndohe ligwd sertendof she mey DOPray st mnerdiptaly edtaidieed
l'iquid was, 1230 part average, and the liquid content of the wet DOG
crystals ﬁ%ﬁ%@%ﬂ@syzsﬁ’gﬁﬁrwt*@toﬂﬂer@g?on was 24% by wei ght on aver age.

Exanpl e Recycl & rgaction using seed crystals A recycle reaction was
per f or me 1‘%@%35 CY F@C%%i’él THOBRES F’r%gcta%o recycl e reaction of Exanple

S B S LSRR B Bl B AR 0,
e 0 e Y g 350 B e G BT P S5
B T N e e e T R
L T R
reaction, mhA@ePHsGh Hfinple 5 except for dissolving 177 parts of TMP in a mixture of
487 parts of the reaction product liquid (containing 73 parts of DOG (seed
15 crystals), and corresponding to 20% by weight of the reaction product liquid and
20% by weight of the reaction mother liquor), 1449 parts (70% by weight) of the
reaction mother liquor, and 87 parts of water. During the reaction, the pH of the
reaction system was 1.3. The yield of the dried DOG was 91 mol %, the trans-
isomer purity was 99.8% by weight, and the average particle size was 30 pm.
20  The liquid content of the wet DOG crystals immediately after the filtration was
24% by weight. The amount of the recovered liquid {(recovered washings and
water recovered during the drying) except for the reactioﬁ mother liquor to be
reused was 1230 parts.
COMPARATIVE EXAMPLE 6
25 The reaction was performed in the same manner és in Example 4 except
for changing the reaction temperature to 55 °C. The trans-isomer purity of DOG
crystals was 99.0% by weight, the yield was 80 mol %, and the average particle
size was 10 pm. The water content of the wet DOG crystals immediately after

the filtration was 40% by weight. The amount of the recovered liguid was 3146

30 parts (reaction mother liquor, recovered washings and water recovered during the
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reaction systemwas 1.3. The yield of the dried DOG was 91 nol % the trans-
i somer purity was 99.8% by weight, and the average particle size was 30 pm
20 The liquid content of the wet DOG crystals imrediately after the
filtration was 24% by wei ght. The anount of the recovered liquid (recovered
washi ngs @hdngWat er recovered during the drying) except for the reaction
not her liquor to be reused was 1230 parts. COVPARATI VE EXAMPLE 6 25 The
reacti on GOMPARMITVERI EXAMB.Isdne nmanner as in Exanple 4 except for
changing the reaction tenperature to 55 C. The trans-isoner purity of DOG
crystals was 99Théabactivai ghats,perfrermideindthwesa 186 mahnés asnd Exhenpde ef expept
particle size was 10 pm The water content of the wet DOG crystals
i mredi at efoy chbnging therdddtionateineperadiares@o8 b {Cwe Ngherystle veare mrecipiitathd
recovered liquid was 3146 30 parts_(reaction_nother |iquor, recovered
washi Bgs amd amaribr prasiioh srasdpiagduicad 1estead 1 s VWhen Hag reactomPRRRIATYE EXAMPLE 7
d

changi ng ST Ba68 briR U aIRE 0D S Ik or ot SFEctAe Wep ecrptad by 5
O O Rea S B S MBS B L, 25, o
obt ai ned s, DR S llel R T G EhlepaRAT VE BAWPLE & 10 The
changi ng CR P RRA I BT "T0S, 0™ the 11 ant- T somer puri ty of the
O SIS, TS E Ell Ae A Ct pS T y
CCarpl e SBAind LAY I 00 el oAl s
The transgitapi® DOG crystals was 98.0% by weight and the yield was 30 mol %.
COMPARATIVE EXAMPLE 9
The reaction was performed in the same manner as in Example 4 except
15  for charging a reaction vessel with all of HPA, TMP, water and PTSA
simultaneously and omitting the dropwise addition of HPA. The trans-isomer
purity of the obtained DOG crystals was 95.0% by weight and the liquid content
was 45% by weight.
COMPARATIVE EXAMPLE 10
20 The reaction was performed in the same manner as in Example 4 except
for reducing the amount of water such that X’ was increased to 40% by weight.
The reaction liquid changed to a creamy state as the reaction proceeded to make
the sufficient stirring difficult. Although the stirring speed was increased, the
reaction liquid could not be stirred sufficiently to the end of reaction. The trans-
25  isomer purity of the obtained DOG crystals was 85.0% by weight and the liquid
content was 45% by weight.
EXAMPLE 7
After adding 100 parts of concentrated hydrochloric acid to a solution of

916 parts of TMP in 3825 parts of water, the resultant solution was heated to

30 60°C. To the solution, the crude HPA prepared in Reference Example 1 was
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purity of the obtained DOG crystals was 95. O%by weli ght and the |IC]UId

content was 45% by wei ght. COVPARATI VE EXAMPLE 10 20 The reaction was
performed in the same manner as in Exanple 4 except for reducing the anount
of water such that X was increased to 40% by weight. The reaction liquid

changed tQqaeg H?é]{)’%w%t@\?e% P wiige Er%ﬁ%&ﬁihé’ﬂﬂ?f‘é&%ntt%n{%ﬁtufé‘ét ge*Ll ci ent

stirring difficul Al t hough the stirring speed was i ncreased, the reaction

| iquid coulfebrifb RRlifibh! 18 r&ittionChneftiuly W 451 RS Rht beaad i OAfteF lBRe trans
25 |sorrer purity of the obtained DOG crystals was 85.0% by wei ght and the

liquid Qixﬁ%:tthé@éaé’@(% BYod@itdhfuid eMIofed tNib eC adibnljedQA A -of

concentrated hydrochloric acid to a solution of 916 parts of TMP in 3825
parts of Waued sepi@ticeshy vachumdilitdtion waseprateDO@ crpétald) whichowéteethen
solution, the crude HPA prepared in Reference Exanple 1 was 19 added
dropwise speayed WithhTikpastisrtfai Hioregyuebas sebaidroof sceliper ctrboaatd. 60h&pH &f t er
the addition, the reaction m xture was aged for 2 h at 60 C. After the

agi ng, t heher eeovered basidsolutiomuiad nasAftenwedhing withCl 2(Hpanlsj dfovatertand

sol i d- uid separation by vacuumfiltration to separate DOG crystals,

Whi ch wer drvingn 8% peajiol U o50Rlsa s Cbfned.s Rynatsnld of SHOG: amtes besidi urm
carbonate. _The pH of. _the recovered basic solution was, 9. After washing with
1520 part ef Bte Q@éﬁ!l@edawp wayidignoh %67 The transnsepoer pryly avas Add%BbByai ned.

The yield of DOG.o , he charged TMP was 85 nmol % The

trans-i soﬁ@ﬂglﬁuﬁhy‘?ég&/bgyﬁ%ls tatﬁé % 3&?@%8@@0%% wei ght after the
heat 10 EXAMPLE 8 The procedures of Exarrpl e 7 were repeated
excepida ﬁm%gm crystals with 75000 parts of a 10 ppm aqueous

sol ution of sodi-ym carb lElate X {N the [eqo eg{ed si.c SOl ut]j@
500 Tho i e d_ SHEsERERNR S Bt Plrekd el SR ELEHIRR Was g DGR Tho
{rans- | SORRIct P ieh P00 artoP 135t aquebis ¥ Eor? Bt 854 WRea ter the

heat resis ance te
The pH of the recovered basic solution was 8.0. The yield of DOG on the basis of

the charged TMP was 84 mol %. The trans-isomer purity was 99.3% by weight,
15 while 99.2% by weight after the heat resistance test.
EXAMPLE 9
The procedures of Example 7 were repeated except for washing DOG
crystals with 16 parts of a 48% aqueous solution of scdium hydroxide. The pH of
the recovered basic solution was 12. The yield of DOG on the basis of the
20 charged TMP was 85 mol %. The trans-isomer purity was 99.3% by weight,
while 99.1% by weight after the heat resistance test.
EXAMPLE 10
The procedures of Example 7 were repeated except for omitting the
washing with the 1% aqueous solution of sodium carbonate, to obtain 1267 parts
25 of DOG crystals. The pH of the recovered filtrate (mother liquor) was 2.5. The
yield of DOG on the basis of the charged TMP was 85 mol %. The trans-isomer
purity was 99.3% by weight, while 47.8% by weight after the heat resistance test.
A part of DOG crystals was stirred in distilled water such that the mother
liquor in DOG crystals and the distilled water were mixed uniformly and then

30 filtered. The amount of acid 1n the filtrate was determined by the titration with
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EXAMPLE 9 The procedures of Exanple 7 were repeated except for washing DOG
crystals with 16 parts of a 48% aqueous sol uti on of sodi um hydroxi de. The pH
of the recovered basic solution was 12. The yield of DOG on the basis of
the 20 charged TMP was 85 nol % The trans-isonmer purity was 99. 3% by

wei ght, whidlealR9. FioRytheeiegllt, ohé amduie ofeaid EDICE apgRalewhs cRlNNe”. 10
The procedures of Exanple 7 were repeated except for omtting the washing
with the 1% aquA@{®0snil shre@nnetkesioflaskregaippedatieh o ativbr aind 4 26fluparts 25
of DOG crystals. The pH of the recovered filtrate (nmother liquor) was 2.5.
The yi el deaxfded@Er orad dlmrigad iveith 100mrthaf B T takss 1898 peirt9of Whater, and
trans-isomer purity was 99.3% by weight, while 47.8% by weight after the
heat resi8panteof sxtium hydeogenshrbos teripetraspondingdpiaboad lihtianes by pede wat er
such that the nother |iquor in DOG crystaLs and the distilled water were

ni xed 2uni ¢lothe ymanatohshe agd in PO ewystalse ahbemixbireawpd stisredhat 701°Grigre

ek RN NI Sl N
Il RN RN TR e
Coore=POoathat iRl KOTES-Btef oy o0 ARG ChubiF B 4"

e L LS R SR o0 020 coLu o v B Ater

98% weRsthn rans-i sonmer purity was 99.3% by wei ght, while 99. 0% by
wei gﬁjt)0 afFer Eg‘mﬁé%t resi stance test. 10 EXAMPLE 11 In the sane manner as

in Exanple 10, %&Eélﬁfe%gnﬁ@f s?%th@éa@.ﬁge W, D’(@@%‘r%@@%ﬁé%ﬁ?ﬁ&%“%k

equi pped with a stirrer and a reflux condenser was “charged \ 0 parts
of DOG crygt@-nsl fHide HelRedA:E ég{ iMFeBwith Aatitter A ®a rBABxTohdeRfevad0 C

for 2 h and then vacuumfiltere e pH of the recovered
charged with 400 parts of DOG crystals and 1600 parts of water. The mixture
was stirred at 70 °C for 2 h and then vacuum-filtered. The pH of the recovered
15 basic solution was 5.8. After washing with water and drying, DOG crystals were
obtained in a recovery of 98% by weight. The trans-isomer purity was 99.3% by
weight, while 62.6% by weight after the heat resistance test.
The water-washed DOG crystals were further waéhed with the basic
solution in the same manner as in Example 10. The trans-isomer purity after
20 the heat resistance test was 99.1% by weight.
EXAMPLE 12
In the same manner as in Example 10, DOG crystals were obtained. A
2000-ml three-necked flask equipped with a stirrer and a reflux condenser was
charged with 160 parts of DOG crystals and 1600 parts of toluene. The mixture
25  was heated to 90 °C for complete dissolution. The solution was slowly cooled to
40 °C over 6 h and then vacuum-filtered. After washing with toluene and drying,
DOG crystals were obtained in a recovery of 90% by weight. The trans-isomer
purity was 100% by weight, while 66.3% by weight after the heat resistance test.

The toluene-washed DOG crystals were further washed with the basic

30 solution in the same manner as in Example 10. The trans-isomer purity after

21



15 basic solution was 5.8. After washing with water and drying, DOG crystals
were obtained in a recovery of 98% by weight. The trans-isomer purity was
99. 3% by weight, while 62.6% by weight after the heat resistance test. The
wat er - washed DOG crystals were further washed with the basic solution in
the same {RNRELt ASidtAnbX 8RIwad 09 2V By twalpkt.i soner purity after 20 the heat
resi stance test was 99. 1% by wei ght. EXA LE 12 In the sane nanner as in
Exanpl e 10, DOGCTHe Mgl pairngrieOchblaiaimest b the §obcashs of ihe prosnakaavbheisk is

equi pped with a stirrer and a reflux condenser was charged with 160 parts
of DOG crysdfal asamdintéffedmte sr aforioherefoe. theheodixtion ef pblywasribexdtedial® 90 C
for conplete dissolution. The solution was slowy cooled to 40 C over 6 h
and t hen swduaspbli(methiicrpfaterpapsiibogatd, polyester peland thaye mplye thes
crystals were obtained in a recovery of 90% by wei ght. The trans-isomer

puri typ wagolyobemdepasy ghsin, ahiwadl 6% Boawynakeryi fomtheproductinonef plafost ance
test. The toluene-washed DOG crystals were further washed with the basic 30
sol ution ¢yrabheresineadhesive, photpirurgblepmnd, plastirzer; remin-stalbizer phubriopnis t er
21 the heat resistance test was 99.2% by weight. The high purity DOG

obt ai ned ) BHBtR6cess of the present invention is useful as an

i nternmedi ate or nononer for the production of polynmeric materials such as
pol y(net h)acryl ate, polycarbonate, polyester, polyurethane, polyether 5

pol yol and epoxy resin, as well as, a raw material for the production of
phot o- curabl e resin, adhesive, photo-curable ink, plasticizer, resin
stabilizer, lubricant oil, paint, etc. 22 WHAT IS CLAIMED I S: 1. A process
of producing a di oxane glycol represented by the followwng formula l: H3 /O
\ 2/CHZ CH3 H2C-C \ / \ (1)
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HO CH3 O-CH2 CH2 OH 5 which conprises a step of allow ng

hydr oxypi val al dehyde represented by the following formula Il: CH3 H
H2C-C-C (I1) HOCH3 0 to react with trinethyl ol propane represented by the
following formula Ill: HOCH2/CH2 CH3 /CQ (I1l) HOCH2 CH2 OH 10 in water

in the pragenXrISClaalMEiIgat al yst, the reaction of hydroxypival al dehyde
and trinet hyl ol propane being performed under conditions which neet the
fol | owi ng requi enpsocebfpf pradicihg anbiordnoflyeni rgaesntedrbyathafollvalihg i n
hydr oxypi val al dehyde is 1.5% by weight or less; 15 (B) the reaction is
per f or med fatmfbitaol 65 to 80 C, (C) pH of a reaction systemis kept within a
range of fromO0.1 to 4.0 during the reaction; (D) X represented by the

foll owi ng formul aCHé. (ﬂe ﬁﬁ%@‘l = B/A x 100 (1V) 20 wherein Ais a
2

total weight of hydroxypiva 3trinethyl ol propane, water and the

acid cataly whi h_a(j suppiWed to the reactiQn system and Bis a
t heoreti cal X§%F’F‘Dun of e di Qene gl ycol to be&“produced from 23

hydr oxypi 9 | dehyde and tr et ol pane which are supplied to the

reaction V@ stem Gl fr mBCglg éﬁ%b i—]:z/ei ght; and (E) a solid or solution of

hydr oxypi val al dehyde is added to 5 trimethylol propane, water and the acid

catal Yg t mvﬂ'u% c%?fprcl:she%rgggpl(ﬁ'aqlorvs?f%lcgt}!ljp roxgrll?f%r%?allldgﬁgée gél?retsgnge% l?y the
following formula II:

CH3 H

/
H,C—C—C (ID

HO CH,

to react with trimethylolpropane represented by the following formula II1:
HO—CH, CH,CHj
\C/ (11D)
HO—CH,; CH,—0H
10 in water in the presence of an acid catalyst,
the reaction of hydroxypivalaldehyde and trimethylolpropane being
performed under conditions which meet the following requirements:
(A) a total amount of amines and/or amine salts in hydroxypivalaldehyde
18 1.5% by weight or less;
15 (B) the reaction is performed at from 65 to 80 °C;
(C) pH of a reaction system is kept within a range of from 0.1 to 4.0
during the reaction;
(D) X represented by the following formula IV:
X (% by weight) = B/A x 100 avy
20 wherein A is a total weight of hydroxypivalaldehyde, trimethylolpropane, water

and the acid catalyst which are supplied to the reaction system, and Bis a

theoretical amount of the dioxane glycol to be produced from
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2. The process according to claim11, wherein the amne is triethylamne and
the amine salt is triethylamoniumformate. 3. The process according to
claim1, further conprising a step of 10 separating a reaction product
liquid after the reaction into crystals of the dioxane glycol and a

reaction mRdhetypivalidchdde A tﬁh‘i&ﬁ?ﬁ)lﬁﬁgﬁ_&ﬁl WHichOae igplibd whiietidactiog
separation of the reaction product liquid is perforned in a pH range of
fromO.1 tpsténd). 5. The process according to claim 3, wherein 98% by wei ght
or less of the 15 reaction nother liquor is reused in subsequent reactions
for the pioflom Ban 3% biyewveighoxamnd gl ycol . 6. The process according to claim
3, wherein the crystals of the dioxane glycol are washed with a basic
solution. 7. ThéEpacobdraotation ofhydratypivaléldekydieds mdided tbasi ¢ sol ution is
a 20 solution of an inorganic base in water and/or an organic solvent. 8.
The pridcetsmatbytdpmpane, statemand thikerced patalysrebivhr znte drarged ihe teastioni n

the basic solution is from10 ppmto 50% by weight. 9. The process accordi ng
to clai m Yesss@ver Q-2 He2d &acti on of trimet hyl ol propane and

hydr oxypi val al dehy is preforned. in the presence. of 25 seed crystals.in
addi tion to theZaci %&&0&9%@0%31&@ @ocgalimil@ngi%%wer ARG AS F@%ﬁly gmine

[ t that X ted. by the fol.l ow f la V. X (%b i ght
LA X 200 )i Ak G SRR TGRS hydr oxypi val al debyde, o
tri nmet hyl ol propgne,,t he acid catal yst, water d the seed crystal.s which
arle sup)pl)l i eg tg%t hghﬂe%ﬁcﬁ%%a%"@ré %nqla%é,glﬁﬂgrgom?hspng\@i%ap Oéfs a |
th i cal t of the di . gl- to b 4 d f .
oc o o Sep RS et Fransa At sBler B et aPhoCHS Lo cimene
reaction %}/ éo?%ﬁ@r{adz‘eﬁ)i{:hgﬁ%t}?érl Scontained in the seed crystals, is from

Wweight. :

3 to 35% e process according to claim9, wherein the seed

crystal's are 5 addgg j0cad ARYMNOlo AAAN0 whehirBA% M BtSAtoMAAsed on a

total anount of
reaction product liquid is performed in a pH range of from 0.1 to 4.0.

5. The process according to claim 3, wherein 98% by weight or less of the
15 reaction mother liquor i1s reused in subsequent reactions for the production of the
dioxane glycol.
6. The process according to claim 3, wherein the 'crystals of the dioxane
glycol are washed with a basic solution.
7. The process according to claim 6, wherein the basic solution is a
20  solution of an inorganic base in water and/or an organic sblvent.
8. The process according to claim 7, wherein a concentration of the base
in the basic solution is from 10 ppm to 50% by weight.
9. The process according to claim 1, wherein the .reaction of
trimethylolpropane and hydroxypivalaldehyde is preformed in the presence of
25  seed crystals in addition to the acid catalyst under conditions which further meet
a requirement that X represented by the following formuia V:
X' (% by weight) = B/A’ x 100 V)
wherein A’ is a total weight of hydroxypivalaldehyde, trimethylolpropane, the
acid catalyst, water and the seed crystals which are supplied to the reaction

30  system, and B’ is a total weight of a theoretical amount of the dioxane glycol to be
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hydr oxypi val al dehyde, tri nethyl ol propane, the acid catal yst, the seed
crystals and water. 11. The process according to claim9, wherein a
reaction product liquid is separated into crystals of the di oxane glycol
and a reaction nother liquor, and 10 98% by wei ght or | ess of the reaction

mot her 17 guQfuded ﬁ@h&sﬁﬁdﬂoﬁyﬁﬂi%ﬁmgﬁ?&% !’aﬁﬁ%hﬁ%@ ilabrgaﬁ@mﬂeﬁ%&@euﬁgg@e

di oxane glycol. 12. The process according to m 9,” wherein a par

reaction gy gfuetactRR Widtom M GRv&GeRt 8f DOIG kEnBAREd ¢h ¥AL 3bsd biysaRlamunt  of
fromO0.1 to 30% by weight based on a total anpbunt of hydroxypi val al dehyde,

trimet hyl pl PoeP3RE 3500 By Ieight.d catal yst, the seed crystals and water is
added to the reaction system 13. The process according to claim9, wherein
the seed crystal8. aThe proyedsalcgoafinghe cthiaxanehgrsiaadhedect Reyétalsuta 1. 25
5 added in an amount of from 0.1 to 30% by weight based on a total amount of
hydroxypivalaldehyde, trimethylolpropane, the acid catalyst, the seed crystals
and water. |

11. The process according to claim 9, wherein a reaction product liquid

1s separated into crystals of the dioxane glycol and a reaction mother liquor, and
10 98% by weight or less of the reaction mother liquor is reuéed in subsequent
reactions for the production of the dioxane glycol.

12. The process according to claim 9, wherein a part of reaction product
solution which contains the seed crystals in an amount oflfrom 0.1 to 30% by
weight based on a total amount of hydroxypivalaldehyde, trimethylolpropane, the

15 acid catalyst, the seed crystals and water is added to the reaction system.

13. The process according to claim 9, wherein the seed crystals are

crystals of the dioxane glycol of the formuia 1.
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