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Speci fication PROCESS FOR PRODUCTI ON OF FLAKE- LI KE DRI ED

2- ( 5- ETHYL- 5- HYDROXYMETHYL- 1, 3- DI OXAN- 2- YL) - 2- METHYLPROPAN - 1-OL
TECHNI CAL FI ELD [0001] The present invention relates to a process
for producing flake-like dried

2- (5-et hyl - 5- hydr oxynet hyl - 1, 3- di.axan-2-yl.)-2- met hyl propan -1-01
BACKGROUND ART [ 0002] Speitigatibn

2- (5- Et hyl - 5- hydr oxynet hyl -1 . 3-di oxan- 2-yl)-2-ne | p n-1-
(hereina%BQFEﬁgferréHH%o asPREEﬁF?Ip@ repf%éentéﬁﬁGEQ'#ﬁggfolIﬁéﬂﬁa
formul a: [0003% H3 /O CH2/CH2-CH3 H2C-CGCH C HO CH3 0-CHZ CHZ COH
[0004] aRd (PsEHIS Py dDROXAMETHRI L Hand TR RAbeti B ) s THIETHF P RRAMNg
two primary hydroxyl groups, a neo structure and a 1, 3-dioxane ring
structurel-Q% a nmethod for produci ng such DOG for exanple, a nethod
i n whi ch hydroxypi val al dehyde and a trinethyl ol propane aqueous

sol uti onTE&CENIUgBlecT&AX 0 an 1

[0001]

The present invention relates to a process for producing
flake-like dried
2-(5-ethyl-5-hydroxymethyl-1, 3-dioxan-2-yl)-2-methylpropan
-1-o01.

BACKGROUND ART
[0002]
2- (5-Ethyl-5-hydroxymethyl-1, 3-dioxan-2-yl)~-2-methyl

propan-l-ol (hereinafter referred to as “DOG”) is represented

by the following formula:

[0003]
CHs  0—CH, CH,~CH;
HZC——(IZ—-Cﬁ \C/
HO/ cI;H , \O—-CI/-lz\CHz—OH
[0004]

and is a polyhydric alcohol having a special structure having
two primary hydroxyl groups, a neo structure and a 1, 3-dioxane
ring structure. As a method for producing such DOG, for
example, a method in which hydroxypivalaldehyde and a

trimethylolpropane aqueous solution are subjected to an
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acetalization reaction in the presence of an acid catal yst such as
hydrochloric acid, etc.; after conpletion of the reaction, the
reaction mxture is neutralized wth a sodium carbonate aqueous
solution or the like; and deposited DOGis obtained by filtration

and bse nt.l. r.ied. i i scl.o ee. Pat en C nt, 1)..
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PROBLEMS TO BE SOLVED BY THE | N\/El\!Tl N [00061 I n sub%e ti ng :

vat er - coRSaPHIRGCHERT LR 2C LAk & FormP IEEEaFrABRLBY 1P Q SRTEEELPBY ng

to the production nmethod described in Patent Docunent 1 directly to
vacuum ditfiengeast igsuaixdryiend snogks ratlig egoBight ar sadypgchebanata
powder having an average particle size of not nore than 20 pm

[ measur edgmeous HBILOS iKES oty (rhepdritkiec| ensli depdisittedbDOGonsankkgiaed
(manuf actured by Synpatec GrbH)] and was difficult in handling as it
was. Theby Eblordedohoahd akt ssamterpmvwlerdedDOS dicsal sk ed) (ste@ Ratenal
fl ake production nethod, the present inventors heat-nelted the
powder ed pBame@wayer, its heat conductivity was poor because of
powder, and excessive heating was necessary. |In particular, in case
of carrying outgblagproduction on an industrial scale (for exanple,
1, 000 tons or nore per year of dried DOG , deterioration in the

purity and quabbiy,Qf R A%t 12 Jp-B-62-059104
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0006]

In subjecting water-containing DOG in a cake form
obtained by filtration according to the production method
described in Patent Document 1 directly to vacuum-drying as
usual drying means, the DOG after drying became a powder having
an average particle size of not more than 20 um [measured by
a HELOS KFS type particle size distribution analyzer
(manufactured by Sympatec GmbH) ] and was difficult in handling
as it was. Then, in order to flake such powdered DOG according
to a usual flake production method, the present inventors
heat-melted the powdered DOG. However, its heat conductivity
was poor because of powder, and excessive heating was necessary.
In particular, in case of carrying out the production on an
industrial scale (for example, 1,000 tons or more per year of

dried DOG), deterioration in the purity and quality of DOG due
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to such excessive heating was noticeable, resulting in a significant
probl em MEANS FOR SOLVI NG THE PROBLEMS [0007] In order to solve the
foregoi ng problens, the present inventors nade extensive and

intensive investigations. As a result, it has been found that in a
drying step of P0G i . 1 1 gui ter . by first
goi ng thﬁtggg%u% cé%fq'lgtrslﬁgﬁsr}?ree flrloé 3‘?%\% 2‘#@3%%?‘@%% sr%%llcts I?"%dll\f}vi £h

a specifi,ed.condition d subsequently goi ng through a
vacuun}dFﬁQﬂjéiQQFﬁanP ilation-drying step while holding a
nolten state, flake-like dried DOG can be produced while keeping the
purity aNEARFalHOR SHLBAE THadHPEBIS acconpl i shment of the present

invention. [0008] That is, the present invention provides the
following. (1)[0A0¥dt hod for producing flake-like dried DOG

conpri sing maki ng DOG containing from 10 to 50 % by nass of a liquid
(herei nafter sarebirdes dobrsedivat ¢theasor'ehioqunigd probtlamsi, ngheapresent
material DOG') go through a continuous nelt-drying step as set forth
bel ow i nipventdrs abtai axbobshaei agd ntémwide ciantesti it isem 028 wo
5 % by mass (hereinafter abbreviated as "continuously nelt-dried

DOG'); nmakdgud th,het he@nhé Sy Fbsing it 16rd ad yPRg H0ed Bradghcantaining
vacuumdrying step or a ventilation-drying step while holding a
molten statg;;3id such as water, etc., by first going through a
continuous melt-drying step which is satisfied with a
specified condition and subsequently going through a
vacuum-drying step or a ventilation-drying step while holding
a molten state, flake-like dried DOG can be produced while
keeping the purity and quality of DOG, leading to
accomplishment of the present invention.
[0008]
That is, the present invention provides the following.
(1) A method for producing flake-like dried DOG
comprising making DOG containing from 10 to 50 % by mass of
a liquid (hereinafter sometimes abbreviated as
“liguid-containing raw material DOG”) go through a continuous
melt-drying step as set forth below in (i), to obtain DOG having
a liquid content of from 0.8 to 5 % by mass (hereinafter
abbreviated as “continuously melt-dried DOG”); making the

continuously melt-dried DOG go through a vacuum-drying step

or a ventilation-drying step while holding a molten state
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thereof, to obtain DOG whose liquid content is reduced to not nore
than 0.5 % by mass (hereinafter referred to sinply as "dried DOG");
and flaking the obtained dried DOGin a flake production step: (i)
Conti nuous nelt-drying step: a continuous nelt-drying step of heat

ol 0119, RS At do8gtal il A e ITBLEL]LA POBRD 11 LA0GE: ¥o ot

tamaaUJeQ%mmls a melting pornt o
l'i qui d- t ai ni terial d, ili int of th
1 qui o, BPER QR dinp O(SRIGHeT (PGFE LTBBEST hEF Ep RaPHeFor BFBPT¥42Fo

as "nelt tenperature range"), to renove the |ljquid and feeding_the
resi due WG o8 NOR' It GG @ kina besaREaings dEded RAGuSPy aof 1ake
intermttently feeding a non-nolten |iquid-containing raw materi al
DOG i nt o priegluatgiarers ismypui d- cont ai ni ng raw material DOG such that the
tenperature of the whole liquid-containing raw material DOG does not
fall outside the)nmel Coheipeoasur englengl;yirer ebyepr egud at cogttiheous
liquid content of DOG to be continuously or intermttently fed into

a next step ttardithd Gteody Hess méltinyachent doyvi8gcshepindng raw
vacuumdrying step in which a relation between a tenperature X (O

and a pressénq ay boBain(alse)dadge oAt bStéRfevhtirbhen{oh liOWHAGher of
expression 1 0(-3708.v(x + 230) + 9.11) < Y < 0.0025exp(0.0574x) +

10, whebehD1 ¥Xih§ o Pt 125 the a:ﬁgilié?goﬂ\:gﬂiﬁ}@n{“é\bEﬁa{t%!:‘lfgﬂi ihep:

a ventilation-drying step of not on ventilating a gas at from1l
to 160C 505091§ng4point of the liquid, or higher and not higher than

160°C (hereinafter referred to as “melt temperature range”),
to remove the liquid and feeding the residue into a next step
and at the same time, continuously or intermittently feeding
a non-molten liquid-containing raw material DOG into the
molten liquid-containing raw material DOG such that the
temperature of the whole liquid-containing raw material DOG
does not fall outside the melt temperature range, thereby
regulating the liquid content of DOG to be continuously or
intermittently fed into a next step to 0.8 to 5 % by mass;
(ii) Vacuum-drying step: a vacuum-drying step in which
a relation between a temperature X (°C) and a pressure Y [kPa
(abs)] is satisfied with the following expression:
10(—3708.7/()( + 230) + 9.11) <Y < O.Oozsexp(0.0574X) + 10
;wherein X is from 125 to 160; and
(iii) Ventilation-drying step: a ventilation-drying

step of not only ventilating a gas at from 10 to 160°C for 0.5



hours or nore but regulating the total ventilation amount of the gas
relative to the continuously nelt-dried DOG charged in the
ventilation-drying step to 10 tines or nore (volunme ratio) and
carrying out the foregoing in the nelt tenperature range. (2) The

met hod T @f, prodychp fﬂ:&%%é@&% @%P% tard o%b%%um 68
wherein t é’l 5 gwig ?S wat er § § NVEI\I'InI é\l 0009]
According,to the present inventian | ak e i
Content " tber g&&cé§l€%la’8t o FBe A carkofily”h E?dr%% DPbdgfé. PPago
not nore than 0.3 % hy nass an be produced érom
li qui d- cémt & V¢ %ﬂt%‘n Fehot? H tEJr‘P%?a?Fn’aothéVB&PPFy
and quality. Such flake-Ilike DOG has high quality and is also
advant ag&@td ) naRen@? FRGINBRUEF ShESERFPTPORICH THE: BRAW REPREETDFe
Fig. 1 is a relational graph between a tenperature X and a pressure
Y of a vaeage.drying step in Exanples 1 and 3 to 7 and Conparative
Exanples 3, 5 and 6. BEST MODES FOR CARRYI NG QUT THE | NVENTI ON
[0011] 2-(5- Et Hyl)- BhéywrtthodrEblryp r dd3e ih g xfdre eyl D ke dmeeldyDOG as set
propan-|-ol containing from10 to 50 % by nmass of a liquid, nanely
t he |i quifdreédnadioviend o aw )nateidad irD@bd Sliiid Sis water.

EFFECT OF THE INVENTION

[0009]

According to the present invention, a flake of DOG whose
liquid content is reduced to not more than 0.5 % by mass, and
if desired, not more than 0.3 $ by mass can be produced from
the liquid-containing raw material DOG without deteriorating
the purity and quality. Such flake-like DOG has high quality
and is also advantageous in handling.

BRIEF DESCRIPTION OF THE DRAWING

[0010]

Fig. 1 is a relational graph between a temperature X and
a pressure Y of a vacuum-drying step in Examples 1 and 3 to
7 and Comparative Examples 3, 5 and 6.

BEST MODES FOR CARRYING OUT THE INVENTION
[0011]
2- (5-Ethyl-5-hydroxymethyl-1, 3-dioxan-2~yl)-2-methyl

propan-1l-ol containing from 10 to 50 % by mass of a liquid,

namely the Iliquid-containing raw material DOG 1is not



particularly limted regarding a production nmethod thereof and can
be produced by a known nethod such as the nethod described in Patent
Docunent 1, etc. For exanple, a reaction m xture contai ning

hydr oxypi val aI dehyde (herei nafter referred to as "HPA" obt ai ned by

)

al | owi ng |s nd a f r mal i n aqueous ut.i agt
M th eacR et LhE bt CoRmas i aInEaT e L CAPErpSr Siriras a2
amne, etc. and if desired, a soI vent. or HPA obt ai ned t hrough

i sol at i ofafy b PFRAveadthwA kiqvirethod sushapsdthesmathad described
HPA- cont ai ning reaction m xture or HPA after the isolation is

al | oned tio Pedembtwildrunieritel,hydtot propane (hereinafter referred to as
"TMP") at from 35 to 60C in the presence of an acid catal yst such as
hydrochl ori ¢ aGiod, etexampice, f desiredachisnl vemixthieee, ktbnteining
preferable fromthe viewpoint of purity of DOG that a use ratio of

HPA and ThMArick yidaid 1at1etb raid HPAhEVR iRia¥ te@5 tefdrréd(nbd aras r atipay)
Subsequently, the obtained reaction mxture is neutralized, if

desired; opnd iPEd s?pé)ﬁéﬁﬂnwécr&ﬂﬁa%tud% d8 XhH'£ flornSanay ﬁh@@oQ¥
f||trat|on centrifugation or the I ke gproper |y washed with a

washi ng %glllatel% b %g;yweéhaégemsthgp%e%ga%g&éé 8P A0o4ga an%)

by mass o nor eover containin om 18 t
mass of a_li { he thus Q0 caont ai.ns

ol vent QEGAIN o RBRT BRCPRORILBY et T (i SFoAN hn oy RLURT tan

gpgsgﬂgpgegepg&gggl%%ﬁ%%ugﬂmsma@'ig% ?%mafth%r Lhecsepanation, %gc
prepared. Such an HPA-containing reaction mixture or HPA
after the isolation is allowed to react with
trimethylolpropane (hereinafter referred to as “TMP”) at from
35 to 60°C in the presence of an acid catalyst such as
hydrochloric acid, etc. and if desired, a solvent. Here, it
is preferable from the viewpoint of purity of DOG that a use
ratio of HPA and TMP is regulated at HPA/TMP=1.05to 1.1 (molar
ratio). Subsequently, the obtained reaction mixture 1is
neutralized, if desired; and DOG deposited in the reaction
mixture is separated by filtration, centrifugation or the like
and properly washed with a washing solution, thereby obtaining
DOG containing from 10 to 50 ¢ by mass of a liquid, and moreover,
containing from 18 to 35 % by mass of a liquid. For example,
the thus obtained DOG contains the solvent used in each reaction

or water in the reaction system, and the washing solution used

for washing DOG after the separation, etc. These are referred



to as "liquid" on the whole in this specification. Specific exanples
of such a liquid include water; alcohols such as nethanol, ethanol,

propanol , i sopropanol, 1-butano|, 2- but anol , isobutanol, 1-pentanol,
2-pentanol, 3-pentanol, etc.; ethers such as diethyl ether,

d||sopro yl _et Rer. |bu I t QQP% r i 0o P
etc. kelt%c())néag’ sgc uqd 1éa)%:lle %%e‘bﬁél?hﬁ:‘ sd sﬁglgfr}eca]?%ﬁgnt§ %(r?\:éflc
3- pentanone L SOprop ketone h |sobut one

and the S5aERl %ﬂl %hﬁgﬁ né&@H&g &ﬂ§ %%rha% %o?PFﬁgas

poi nt of not higher than 160C. O these, in case of prodUC|n t he

i qui d- cEt&ianaly r agthanedial BXXP#OLhe FGRFSRANIet hod "PURaReLor
conponent of the liquid is frequently water. [0012] |In the present

i nvent i o-but@rndlgui dsdontanol ngl Teentame kr i arpeOahelf i Bspenhidaote
go through a continuous nelt-drying step as set forth belowin (i) ;
by keepi mFd.heettbets swrtpasadieehyhrghert, héiteopropglisdthersl dibdnktgd
DOGis transferred into a next vacuumdrying step or

venti | at ieahedr,y i tegr ridleypd il earipi D 44+ A digae JOELEN; Skatenebhenenf as
the transferred DOGis nade to go through either one of these steps,

thereby oliedigdd)g Aeit@g 1D RRYI NE:Bond quizd pesaiirRie ,0f 3ngkniBRBNEHAN
0.5 % by nass; and the obtained dried DOGis flaked in a flake

product | gt 134 DY IRQOE! B enihakesbiker WdietheX B c( b antdene

isbpe K
cont i nuous It-dreln step as referred to % feln
like, and these compounds are compounds having a boiling point

of not higher than 160°C. Of these, in case of producing the
liquid-containing raw material DOG by the foregoing method,
a major component of the liquid is frequently water.

[0012]

In the present invention, the liquid-containing raw
material DOG 1is first made to go through a continuous
melt-drying step as set forth below in (i); by keeping the melt
temperature range, the continuously melt-dried DOG 1is
transferred into a next vacuum-drying step or
ventilation-drying step while maintaining a molten state
thereof; the transferred DOG is made to go through either one
of these steps, thereby obtaining dried DOG having a liquid
content of not more than 0.5 % by mass; and the obtained dried
DOG is flaked in a flake production step, thereby producing
flake-like dried DOG.

(i) The continuous melt-drying step as referred to herein



is a continuous nelt-drying step of <A> heat-nelting the

| i quid-containing raw material DOG in the foregoing nelt tenperature
range, to renove the liquid and feeding the residue into a next step
and <B> at the same tinme, continuously or intermttently feeding a

non- nol t | i qui Laigni

l'i qui d- cggﬁa%nﬁﬁgtgg% %atggg' %¥%¥£§i kgﬁhat f%e te%%grggE?gﬂgftpﬁe
whol e |1 qui d-.containin raw_mat eri al fa out side_t
foregoing él éﬁ?ﬁe ?ﬂn&@t%ﬁﬁ§ﬁ£§&gcﬁn 3351 ?ﬁ%g?h%glFﬁﬁ%
content of DOG to be continuously or intermttently fed into a next
step to GegneFauwpshyardss.tq Gemsye the diayadand f@ﬁélé@n@%@&édue
nmelt-drying step as set forth above in (i) is described. Re <A>. The
| i qui d- camtta @ mextave bek eand| <BO&tsthhesamaetind, i gonkhénughge YoPra
tenperature which is higher of a nelting point of the

| i qui d- cdmitasnmiing: eretil yraf eedahg DAG reord-med teoi | 1 hgupdtadbnbdibheg raw

| i quid, or higher and not higher than 160C (nelt tenperature range),

t her eby mededind Doe liinde dheCcantlerhn 0fi qUP3—con®ad ntitigd rdwbyanessal
and the resulting DOG is fed into a next step. Though the nelting

poi nt  of poee sulchqehd t CORE at EmpPer & eu-88d £1drdl Wie®eV i hasddepardindng
upon the kind of the liquid or the Iiquid content, and even when

ST (s bRk v con el g i Ui aRoerotgfpomyIAbicto
temperature range, thereby <C> regulating the liquid content
of DOG to be continuously or intermittently fed into a next
step to 0.8 to 5 % by mass.

[0013]

First of all, the continuous melt-drying step as set
forth above in (i) is described.

Re <A>: The liquid-containing raw material DOG 1is
heat-melted in the range of a temperature which is higher of
a melting point of the liquid-containing raw material DOG and
a boiling point of the liquid, or higher and not higher than
160°C (melt temperature range), thereby reducing the liquid
content of DOG to 0.8 to 5 % by mass, and the resulting DOG
is fed into a next step. Though the melting point of the
liquid-containing raw material DOG varies depending upon the
kind of the liquid or the liquid content, and even when such

is taken into consideration, it is in the range of from 100

to 125°C. In order to always keep DOG in a molten state in



this drying step, it is necessary to regulate the tenperature at

| owest at the nelting point of the liquid-containing raw nmateri al
DOG or higher. Also, the liquid contained in the [|iquid-containing
raw nmat eri al DOG cannot be efficiently renoved unless the

tenperatuyre is_the nelting. paint of the iLquid or higher. On th

ot her ha%&{ls\/\ﬁ@flpﬁes{:gﬁpejrgﬁfrBecgi?gggéfsl:? ,ugae%% esitfefngﬁrgf:%ls&
or the lIike _occurs, whereby _ the yield or %urity is liable tq be

det eri or &tedOWMAFdn athdhe igddiauPeind Rt thegheAutAaror6aEn g Fav
possible to attain a purity of dried DOG finally obtained in the
present imakestiiadn DA @5 i Pyeras Ao morke bhdui@ecgnhpingdoindihed
DOG can be kept high. Arate of feeding into the next step is the
sanme as digudtdeahtfadeding aawomatertien | DQGI dacowottailve ngffawiently
material DOG into the nolten |liquid-containing raw material DOG as

set for tremealc@unl e&3>. t HOOlipe Ret e 1 A tiog-m®l t €Ng point of the
| i qui d-containing raw material DOG is continuously or intermttently

fed intotikgimldremidHdwi dgprid e F aWai@f evheh BRE sEfBethatirkhe
tenperature of the ol e liquid-containing raw materi al DOG does not

R L T

starti ng ti I'S concern -contal nl ng

{Tgt ?Llea:‘ 556‘83 i ng.tdi%;:\,/\/ipglnm&rl fg{saﬁﬁ%ﬁoeiteusto e et el iR A4NGEd ARER' BhAY
temperature is not higher than 160°C, it is possible to attain
a purity of dried DOG finally obtained in the present invention
of 95 % by mass or more, and the quality of dried DOG can be
kept high.

A rate of feeding into the next step is the same as a
rate of feeding a non-molten liquid-containing raw material
DOG into the molten liquid-containing raw material DOG as set
forth below in <B>.

[0014]

Re <B>: A non-molten liquid-containing raw material DOG
is continuously or intermittently fed into the molten
liquid-containing raw material DOG such that the temperature
of the whole liquid-containing raw material DOG does not fall
outside the foregoing melt temperature range. So far as the
starting time of melt-drying is concerned, the

liquid-containing raw material DOG melted within an apparatus

is first produced according to the foregoing <A>, and a



non-nol ten |iquid-containing raw material DOG which is the raw
material is continuously or intermttently fed into the apparatus.
So far as the nelt-drying is continued, since the nolten

| i quid-containing raw naterial DOG is already present in the
apparatus, the non-oolten |iquid-containing raw eri.al may be
Tor ol y. c ORIy ToRUE Ar GPREpaBPly: Fade Herig  HOC BHa e Bechd fra
this way, since heat efficiently conducts into the Ii%uid-containing

raw mat efiadiesad, &%cSLNOURIE I hgOFs e rddearsaty: TR i S sérsl e
to attain a purity of dried DOG finally obtained in the present

i nvent i orpPpRIeS Ws.by Seasar ;s ther melandryhaggualdant gtuelti ¢d noeGtban
be kept high. As a nethod for nmake the tenperature of the whol e

| i qui d- cowtlaiem ddquavw-cendpiiali ngOBawonatakliadud®6 dss EHerealdyr pgesegt
nmelt tenperature range, it is preferable that a rate of feeding the
non-nol t am | kHei dagparatisng e masremael tdX0G] iafd da doaite iefi Heeedarg
the nolten |iquid-containing raw material DOGinto a next step are

regul at egha t1a:8bB060M4 § ¢id &n@&quogsﬁg{ﬂ%b@ﬁsw@r afh i irdn y fed
W

| i qui d-containing raw materi al in the apparatus at fromO0.5

to 6 hours;2ne f romthe  &iewoint of efficiently and stably
carrying out the ntinuous nelt-drying, the retention tine is nore

f bl f .0 4 h i | N h
pparatus i s t aben 8t depending Gaon Sthd Croy Far aRap e Licb Ene

I|qU|d-cqq%%h@_@%£E§ang% raw material DOG, excessive heating is not

necessary; it is possible to attain a purity of dried DOG
finally obtained in the present invention of 95 % by mass or
more; and the quality of dried DOG can be kept high.

As a method for make the temperature of the whole
liquid-containing raw material DOG not fall outside the
foregoing melt temperature range, it is preferable that a rate
of feeding the non-molten liquid-containing raw material DOG
and a rate of feeding themolten liquid-containing rawmaterial
DOG into a next step are regulated, thereby controlling a
retention time of the molten liquid-containing raw material
DOG within the apparatus at from 0.5 to 6 hours; and from the
viewpoint of efficiently and stably carrying out the
continuous melt-drying, the retention time is more preferably
from 1 to 4 hours.

The continuously molten DOG in the apparatus is taken

out depending upon the feed rate of the liquid-containing raw

10



material DOG and transferred into a next step, thereby continuously
carrying out the nelt-drying step. [0015] Re <C>: By carrying out
the foregoing <A> and <B>, the |iquid content of DOG to be
continuously or intermttently fed into a next step (hereinafter
referred to as "continuously nelt-dried DOG') is regulated at from
0. 8 to BadkesyiatasBOGpEDd | §rt§§§(§e§§eﬁl r B Pratter REXEorS§4Rer HBEESPY
of various chemcals, such as a raw material of acrylate conpounds,
etc.; an@omwﬁnﬁouaiymtaﬁnuiHQ1Quﬁﬂthﬂ1m&kﬂi@%&imm,smm@n the liquid
content is fromO0.8 to 5 %by nmass, a side-reaction or deconposition
of DOG occurs,[0@nd]it is the actual situation that DOG is usually
an of f-spec as a product. However, since the foregoing <B> is

carried out, iReOkdsr Bg EgedyDRp bt Whehtdheyd iyli<hs sind edugedhto
| ess than 0.8 % by nmass into a next step, the retention tinme nust be

prol onged i ql¥ScohPEndr ¥ @@G?T:B'}:S"é %BQXmQ%QL%'ITg‘/SOMVr&Per%ﬁﬂ'J@{tl)I fbd
not practlcal to carry out the production on an industrial scale.

ange of Premo 5o - 8, et 80 af o Fhe ;%%Q?E?D’é‘%ﬁ Aoy

d he el t-d i myhed,
and.oxanBias ERGFBLPOAdT b S Bhed fp ok §wﬂ6’%ava”5' 5 hTabey b

function, a heat exchange an .extruder.. . The contlnuou§
mel t - dryllﬁ use ﬁsl a r@é?g‘iaéﬁrif or 1ntermed1ate of various chemicals,

such as a raw material of acrylate compounds, etc.; and it is
known that in such an application, when the liquid content is
from 0.8 to 5 § by mass, a side-reaction or decomposition of
DOG occurs, and it is the actual situation that DOG is usually
an off-spec as a product. However, since the foregoing <B>
is carried out, in order to feed DOG in which the liquid is
reduced to less than 0.8 % by mass into a next step, the
retention time must be prolonged. Thus, the drying efficiency
becomes worse so that it is not practical to carry out the
production on an industrial scale. Then, in this step, the
liquid content of DOG is held within the range of from 0.8 to
5 % by mass.

[0016]

The apparatus which is used in the continuous melt~drying
step is not particularly limited, and examples thereof include
a stirring tank having a heating function, a heat exchanger

and an extruder. The continuous melt-drying step is carried
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out under atnospheric pressure. In case of a stirring tank having a
heating function, stirring neans of a DOG nelt may be a stirring

bl ade rotating around an axis, an apparatus which rotates itself or
an apparatus a main body of which vibrates. Exanples of the stirring
bl ade i ncluyde a sem circyl ar, bl ade, a paddl e bl ade, a turbine

on anchoPt SRS RISRts ¢ BRRSuShe. HeaCrRg f)%n@t sbd Fd AP
by steam electric power, heati ng medium etc. 0017% After the

f or egoi ndradomd rude tiglg —fdlrﬂﬁtrig)rbt &t 1131 n %k msjedd iofg a ROCoFeaitna@y
continuously nelt-dried DOG to, as a next step, the vacuumdrying
step as et afgdrittr iabpbé ade J(Cbtatimy atrioeingean idxHts ,oandipparpg tiephash
set forth above in (iii), DOGin which the liquid content is reduced
to not moroedtan 1t8ed Hobyamegmaraidis fa deshrieddy rof witirch vhama@es .%
by mass can be obtained. In transferring fromthe continuous

mel t - dr yim@mpitedp otfothbespext iagapladé irsclumord arinilcq ramilrirabn adbe
continuously nelt-dried DOGin a nolten state while keeping it

Wi thin thepaall o BTREE AL MG e bllaaé)rqﬁraﬁehsmime they ld ddbdon

content of the | 1 qui d-contai ning raw mat eri al DOG at not nore than
0.5 % by, 178%S O‘E'hfé Héawﬁ V%EHH%‘i%yheglﬁl SBt U?stgginngetl@@e&!%
the continuous nelt-dr astep alarg |ze uum

apparatus i s _nece sar |nge out the step on an |ndustr| al
scal e (f &PYEAMS! & lnébé“et%ﬁé“ ore per year of dried DOG) , 12

[0017]

After the foregoing continuous melt-drying step, by
subjecting the obtained continuously melt-dried DOG to, as a
next step, the vacuum-drying step as set forth above in (ii)
or the ventilation-drying step as set forth above in (iii),
DOG in which the liquid content is reduced to not more than
0.5 % by mass, and if desired, not more than 0.3 % by mass can
be obtained. 1In transferring from the continuous melt-drying
step to the next step, it 1s important to maintain the
continuously melt-dried DOG in a molten state while keeping
it within the melt temperature range.

In order to control the liquid content of the
liquid-containing raw material DOG at not more than 0.5 % by
mass only by the vacuum-drying step without going through the
continuous melt-drying step, a large-sized vacuum-drying
apparatus is necessary in carrying out the step on an industrial

scale (for example, 1,000 tons or more per year of dried DOG),

12



and furthernore, the drying efficiency is poor. Therefore, suchis
not a suitable nmethod in view of cost and is not practical. Also, in
order to renove a large anount of the liquid to a degree of not nore
than 0.5 % by mass only by the wventilation-drying step, a nassive

amount  of ;3 gﬁ%réﬁeﬂ{?&?%éa@(e dgggngugpfiéi@ﬂ&yp@%é&@b ffkefore,

However, according to ft pr es nvention, 1n producing

DOG whi ch_ i required to_have. high,guality, .it h bee cessf ul
to stabl ysu%f otiticBOfhét o%%lhﬁlb]d?ilgat% at” 1I'ow"cos sC(\ﬁ'Eh%ﬁ &rsopnpoltng
the quality over a long period of tinme b% utilizing a conbi natg on

of the cdMaIFubtR! nelAleRyiHy SFEPr WPhTEREVGalud@rdty iy Wte Pt dire
ventilation-drying step. [0018] In the vacuumdrying step, fromthe
vi ewpoi ntlisfuit ita @gdegirgieng forot Heo e rithaiudust ¥ éﬁl pagei @l ydry Ghe
is necessary that the vacuumdrying tenperature X (C) and the
pressur e werjkiPat{eabsdtyine s¢a®p,sé ved sdivichambent ol fl @wasgl exygcessiany:,
10(-3708.7/ (X + 230) + 9.11) < Y < 0.0025exp(0.0574x) + 10 ,wherein
X is fromr®5suach 166. nSb pamcaicalch teo.vatowewdryi agcoaadnig do ddre
be mai ntai ned, the vacuumdrying step may be carried out in any of a

bat chwi sereduiet Qhvantdeft,i NLVUP rvaiREhg AF S8keal ke hadd owh i €nudisng
the pressure is not particularly limted, but the pressure reduction

may be 3&41*@1\/1% RY RavaEUYR QHHPiQir an BXSWE L sulhe sARRAr 8 Wt aMliych
is used in the vacuumdryi ng step 3
produce thoroughly dried DOG at low costs without dropping the
quality over a long period of time by utilizing a combination
of the continuous melt-drying step with the vacuum-drying step
or ventilation-drying step.

[0018]

In the vacuum-drying step, from the viewpoint of driving
drying of the continuously melt-dried DOG, it is necessary that
the vacuum-drying temperature X (°C) and the pressure Y [kPa
(abs)] are satisfied with the following expression:

10(—3708.7/(X + 230) + 9.11) <Y < 0.0025exp(0'0574x) + 10

wWherein X 1is from 125 to 160. So far as such a
vacuum-drying condition can be maintained, the vacuum-drying
step may be carried out in any of a batchwise manner or a
continuous manner. Also, a method for reducing the pressure
is not particularly limited, but the pressure reduction may
be achieved by a vacuum pump or an executor.

The apparatus which is used in the vacuum-drying step

13



is not particularly limted, and exanples thereof include a stirring
tank having a vacuum function and a heating function, a distillation
appar atus, a heat exchanger and a drying machine. [0019] 1In the

ventilation-drying step, fromthe viewpoint of driving drying of the

cont i nuoysl S [ [P Y n S t hat at 1
Y3 Xo@b%r@1§%§gﬁ %ﬁnﬁ't%d, &eha §§5)ﬁpl_@|§etﬁxe9@_§f En%'iﬁab 9

to 160C is ventilate ours or nore whi eeping the

[ l. | t-dried 0.1 ) it ]
or of or o8l S TG bF KL VAL 1ok Plrf v b onut Tt FefRbhgR

on Tor ‘one hour nore.
the ventilatjon tinme, is not limted a t% its upper limt, a tine
within 12 HATSIII3T10R geRBRERLUSH 121 BREL AXTHUIGRR pBdb@ dIYVing
ventilated, a gas which is inert against the liquid and DOG is
pr ef er abP@chafng . exanpl es thereof include air, nitrogen, helium
argon and carbon dioxide. O these, it is preferred to use nitrogen.
The total ventilPQfledn anmount of the gas relative to the continuously
nelt-dried DOG as fed is 10 tines or nore, preferably from50 to 500
ti mes, and norénptekervebkylbtaontd®yinhg 3@epti fesmi bheeviewpbiat of
volume ratio. The volune of the <continuously nmelt-dried DOG which is
fed int odiri€ingenidyiatg oof dithien:citeimesars be selcubiaied byali vihgia
mass by a specific gravity. Also, so far as such a

ventilat han.deyi-ngry gongi a‘ysoatCilBoﬁel R i lateq for 0.5

ventilatlon-gryl_g step be carried out in eilther atchw se
manner of 3,608t RYPHSWH41e keeping the continuously melt-dried DOG

at from 125 to 160°C, and it is more preferred to perform the
ventilation for one hour or more. Though the ventilation time
is not limited as to its upper limit, a time within 12 hours
is in general sufficient. As the gas to be ventilated, a gas
which is inert against the liquid and DOG is preferable, and
examples thereof include air, nitrogen, helium, argon and
carbon dioxide. Of these, it is preferred to use nitrogen.
The total ventilation amount of the gas relative to the
continuously melt-dried DOG as fed is 10 times or more,
preferably from 50 to 500 times, and more preferably from 100
to 300 times in terms of a volume ratio. The volume of the
continuously melt-dried DOG which 1is fed 1into the
ventilation-drying step can be calculated by diving a mass by
a specific gravity. Also, so far as such a ventilation-drying
cond_ition can be maintained, the ventilation-drying step may

be carried out in either of a batchwise manner or a continuous
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manner. So far as the liquid is thoroughly renoved by regulating the
tenperature of the gas after the ventilation at not higher than its
dew point, the thus obtained gas may be circul ated and used. The
apparatus which is used in the ventilation-drying step is not

particularly Limt a a at ys J i at)i ng
functionqg%%n%i‘ven .|§gfgﬁ¥%pg§FaﬁG§ﬁgﬁﬁoig]‘ﬁgﬁgﬂgﬁﬁgyg%gggﬁgg lh?
dried DOG i s |ded jn a flake form by a flaker_chiefly faor_ the.
U pose. CFeTeMiEHSnte | FORARER PGS OFerie 995 (bR ha 1o o T 11k
it isinmportant to hold the dried DOGin a nolten state. The fl aker
i s not patftinQt drigheri®hardl butdemyPohint f orhexdnpt Cbemned %22 mMa
flaker, a belt flaker, a table flaker, etc. Fromthe viewoints of

i nst al | atbercihreal apeddandi vaedapabi¢ iapparat whertabih i1y, used i the
preferred to use a drum flaker. [0021] Though a feed node of the
dri ed DOGrémt Dl4dtheofitdkgingsstaptipandt dmrigulanyedimbtedpricethy
node or a dip feed node, each of which does not require special

equi pmentbe | anprepeivdbtes dSguipddie wieMpel nheat ipgodugidtaion and a
capability of the flake, in general, the tenperature of a cooling

medi um ofydie; 14 aker ggpapggﬁgr,abl y from5 to 60C, and nore
preferably from 10 to 50C. Though the cooling nmediumto be used is

not parti cul arlplodidrjst ed, water is general. Also, the flaking my be
properly hastened 1

The thus obtained dried DOG is molded in a flake form
by a flaker chiefly for the purpose of convenience in handling.
Here, in feeding into a flaker, it is important to hold the
dried DOG in a molten state. The flaker is not particularly
limited but may be, for example, any of a drum flaker, a belt
flaker, a table flaker, etc. From the viewpoints of
installation area, production capability and operability, it
is preferred to use a drum flaker.

[0021]

Though a feed mode of the dried DOG into the flaker is
not particularly limited, a top feed mode or a dip feed mode,
each of which does not require special equipment, is preferable.
From the viewpoint of production capability of the flake, in
general, the temperature of a cooling medium of the flaker is
preferably from 5 to 60°C, and more preferably from 10 to 50°C.
Though the cooling medium to be used is not particularly limited,

water is general. Also, the flaking may be properly hastened
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using cool air. In formng a flake, a rotation rate of the drum or
belt or the like is not particularly limted, but a rate at which
the fl ake can be produced nay be properly chosen. For exanple, it is
preferably from0.5 to 20 mmn, and nore preferably from1l to 10

m m n. Thouygh the size of _th flake-1i not stri.c
limited, YSATGr £2°0f aiffe %Br%SE@lBSrﬁlgﬁakg pPngEE%FanFBFFOOSSEké
10 cn2, and nore preferably fromO. to 4 ¢cn2. Also, .its thickness
i's prefedablmyorf Pehtoox tées Lke éﬁdnﬁBrEaEFéﬁéﬂ-aEIly fiBiteds bytaa
mm The size of the flake-like dried DOG falling within the

f or egoi ngateaagehiislptbkef bbke dsechagy athedd aky he prapdint yoahesenzed
so that the generation of a fine powder is scarce, and furthernore,
its sol ulbolri eyatpleat isf Astpryfenhiet gbfrdmed df ited 2D0B/whinGghandsmore
easily usable is available. EXAMPLES [0022] The present invention

i's her euP&@rfe@@mry begom N 1MOf® det ahtmith f h mBbegBncend ostihe Ex@nphes
and the but it should not be construed that the present

'nVent'Oﬁlb%eLUEm%eer%GebééolsTﬁ@tQ¥Ef£d%1§ 106 e, Rl GlHeal 8¢ 8fe
fol |l ows. [0023} [Purity of DOG The purity (% by nass) of DOGin the

o5 50 tes i aoeuan AL sk

concent r%trie(%gra%ﬁy from0.1 to 4 cm?’. Also, its thickness is preferably
from 0.2 to 5 mm, and more preferably from 0.3 to 3 mm. The
size of the flake-like dried DOG falling within the foregoing
range is preferable because the flake is hardly pulverized so
that the generationof a fine powder is scarce, and furthermore,
its solubility is satisfactory, whereby the dried DOG which
is easily usable is available.
EXAMPLES

[0022]

The present invention is hereunder described in more
detail with reference to the Examples and the like, but it
should not be construed that the present invention is limited
thereto. The purity of DOG was calculated as follows.

[0023]

[Purity of DOG]
The purity (% by mass) of DOG in the dried DOG was

calculated according to a calculation expression: “[100 -

{water content (% by mass) of dried DOG}] x {DOG concentration
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( % by mass) in residual conponents fromwhich water in the dried
DOG has been elim nated}/100". The neasurenent of the water content
inthe dried DOG was carried out using a Karl Fischer's noisture
titrator (MKA-610 Mddel, manufactured by Kyoto Electronics

Manuf act urd B9 £0s.s) Lrflyde; Aha0 i £PDERNNTAL 00 L0 DY cnBBS)ed N

t he residua corrpo ent s FTom whi ter in the produ been

el i m nat s _determn ng the dried DOG in acetone in
a concenf[?%ef/ﬁb?'n e?e%% }%lé ﬁﬁaizgggnm yzing the soI uti on under the
fol |l owi ng gas chr omat ogr aphi ¢, anal yS| s condition.

chr omat ogr aphi cl 1 dMS3T 4 BT t ¢ bnfRragirk ek d‘son"{%’ﬁﬁdb t(l’fﬁarﬂﬁ%ﬁ,q H&
by Shimadzu Corporation) Used colum: DB-1 (nanufactured by Agi | ent
Technol ogias) capraPgsiodtconsitgon: Hatfjlectispherhpematatore2dgtrator
Det ection tenperature: 270C Colum tenperature: Tenperature rise from
140C to 180 af10a Mudebf 1Gtanwfacdtiespi npwt EOTJ or ElEatinantiess
-4 Tenperature rise to 270C at a rate of 200 mn -* Continuation at
270C f or Marm fukt esr Ded etd of (Ltdy.dr.ogan sbl, ankei DOG zabhoen ted ecowr (X HyD)
[ 0024] <Referential Exanple 1> Isobutyl al dehyde and fornmal dehyde

were all vkt enrgastestahib leasipsidiet s iFRohlvenh ftewgRee iof the product
triethylam ne, thereby 17
had been eliminated was determined by dissolving the dried DOG
in acetone in a concentration of 45 mg/1.5 mL and analyzing
the solution under the following gas chromatographic analysis
condition.
[Gas chromatographic analysis condition]

Apparatus: GC-1700 (manufactured by Shimadzu Corporation)
Used column: DB-1 (manufactured by Agilent Technologies)
Analysis condition: Injection temperature: 220°C
Detection temperature: 270°C

Column temperature: Temperature rise from 140°C to 180°C at
a rate of 1°C/min — Keeping at 180°C for 10 minutes —
Temperature rise to 270°C at a rate of 20°C/min — Continuation
at 270°C for 5 minutes
Detector: Hydrogen flame ionization detector (FID)

[0024]
<Referential Example 1>

Isobutyl aldehyde and formaldehyde were allowed to react

with each other in the presence of triethylamine, thereby
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obtaining a m xture consisting of 64.32 % by nass (corresponding to
0. 5896 nol es) of HPA, 1.10 % by mass of isobutyl aldehyde, 4.08 % by
mass of nethanol, 2.57 % by mass of triethylamne, 26.53 % by nass
of water and 1.40 % by mass of an unknown material (hereinafter

ref err ed 3N INPA ani REKELTE. TOPSISEANgs WL mekd- ¥4 a® TMPYaqlésss
solution [72.5 parts by mass (corresponding to 0.540 noles) of TM
and 110 pardrredponmbigsg ofowat EBP6amd18s0 edr tHPAy hak® df bgsmesisy of
mass hydrochloric acid were m xed, to which was then added 93.5

parts by sossdf alliehyd, Maxner @ By rehds widrethanolyad . pres uiy magser
4 hours, and after the addition, stirring of the m xture was

conti nued f @rjaR 1RAdintiirRNab 63 sROYI Sy Lo ehArRSNEnaboulo G by hawss
after the start of the reaction, a part of the formed DOG was

crystallized,_a r i i e ;heGans. | ur statke.
As the réjgfgt?%n%glrﬂgggq@dg@&%}g?gps;((gltléé:%l)lgl(;%arre ?re%gtg%?e,scoané af %%%‘ 7
hours, the m xtyre becane a slurry state to an extent that the

stirri ngmé‘f":f'u(ﬁeer?cy was | owered. After conpletion of the reaction, a

10 % by mass sodium carbonate aqueous sol ution was added thereb¥
per f or ni ng neutl®f-i2BRF bR PYRESE ehé PIF sauaeas éaiPFbﬁnrﬁz&uﬁ‘ garts
reached 7.2. After the neutralization, the mxture was filtered,

t her eby $p&eSS FoIEERENHBKE Ordle Mgde)hed MFaiamed 11P3parts
parts by mass of liquid (water) -containing raw material DOG (water
content: by23n@spyofrmssiter]8 and 5.0 parts by mass of 35 % by mass

hydrochloric acid were mixed, to which was then added 93.5 parts
by mass of the HPA mixture at 55°C under a normal pressure over
4 hours, and after the addition, stirring of the mixture was
continued for an additional 3 hours. After elapsing about 0.5
hours after the start of the reaction, a part of the formed
DOG was crystallized, and the reaction mixture became a cloudy
slurry state. As the reaction proceeded, this state became
remarkable, and after 7 hours, themixture became a slurry state
to an extent that the stirring efficiency was lowered. After
completion of the reaction, a 10 % by mass sodium carbonate
aqueous solution was added, thereby performing neutralization
until the pH of the reaction mixture reached 7.2. After the
neutralization, the mixture was filtered, thereby separating
DOG as a cake. There was thus obtained 113.1 parts by mass
of liquid (water)-containing raw material DOG (water content:

23 % by mass).
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[0025] <Exanple 1> Continuous nmelt-drying step: In a stirring tank
having an internal volunme of 1 L, 600 g of the |iquid-containing raw
material DOG (water content: 23 % by nmass) as obtained in

Ref erential Exanple 1 was charged and heated under a nornal pressure
until it was nﬁkﬁgﬁﬂ On that occasion, a tenperature at the point of
time when the "1 d-containing raw materi al DOG was conpletely
nelted (nelting point of the |iqujd-containing raw material DOG was
105C. Furtfémidce, 1 1 Heertteipiut fiel ordkned$t$¥$Png tank was heat ed
to 140C and kept at that tenperature. The |iquid-containing raw

mat eri al DOG wd® fest bndiegritaniubaying aelinthinal yiedame aé ¥ &/l 6@0ng
condition. [Melt-drying condition] Feeding and di schargi ng conditions
of |iqui d-r odntaieniliguiawvcomiiadniialg DAG: maderaad &06r fwBbeg abntent:
intervals of 10 mnutes 36 tinmes and to discharge every 50 g at

i nterval 230% BP masyt a8 oBbaihsesi SRiefkirdg tietlakkanphenberas 20Q8rgpMm
Fl ui di zati on nmeans: Sem circul ar blade rotating around an axis

Tenper at yhet htH4ARePieTy & Nl dHRSUHE untine i t6 WaUhRIARE® On
result of continuously nelt-drying the |iquid-containing raw
material Qe Wadelsitdie fOreaidhtd:® at the point of time when the
liquid-containing raw material DOG was completely melted
(melting point of the liquid-containing raw material DOG) was
105°C. Furthermore, the temperature of the stirring tank was
heated to 140°C and kept at that temperature. The
liquid-containing raw material DOG was fed and continuously
melt-dried under the following condition.
[Melt-drying condition]
Feeding and discharging conditions of liquid-containing raw
material DOG: To feed every 50 g at intervals of 10 minutes
36 times and to discharge every 50 g at intervals of 10 minutes
36 times
Stirring rotation number: 200 rpm
Fluidization means: Semicircular blade rotating around an axis
Temperature: 140°C
Pressure: Normal pressure
Time: 6 hours
As a result of continuously melt-drying the

liquid~-containing raw material DOG under the foregoing
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condition, 1, 800 g in total of the continuously nmelt-dried DOG
having a water content of 2 % by mass (purity: 97 % nmass) was
obt ai ned. [0026] Subsequently, 1,800 g of the foregoing continuously
melt-dried DOG was charged into a stirring tank having an internal

vol ume of 3 45 il € 1heldd ggiﬁ o%talaokecg%e[:éﬁ‘d&ﬁu8ﬁs %%&gﬂ&'ried DOG

subj ect edt0 vacuum drying under the f OW ng condrtions.
[ Vacuum dryi.ng condi tion Stirrin tation nunber: .2 pMm
1 i i 2 8t e B2 LR PRt aP Ebf Ay, BERE! NHORr bl ant BA%s) was
Tenperature: 140C Pressure: 8 kPa Tinme: 2 hours In the foll ow ng
rel ati oné%btééﬁ‘reé%si on between the tenperature X (C) and the pressure
Y [kPa (abs)]: 10(-3700.7/(X + 230) + 9.11) < Y < 0.0025exp(0.0574x)
+ 10 the left-di®24ls calculated to be 0.016, and the right-side is
calculated to be 28, resulting in (0.016 <Y < 28). Thus, the
f oregoi ng rel atSubrsdquxpriessi bn8P8 gatdifsftitesl. fdcegodngg conttimaously
foregoing operation, 1,765 g of dried DOG having a water content of
0.3 % by mess-ddXX& oGt was 98hYHrgeEsIintwas obt ot bty f&hkkeavbhdi ag)
20

internal volume of 3 L while holding it at a temperature of

140°C and subjected to vacuum-drying under the following
conditions.
[Vacuum-drying condition]
Stirring rotation number: 200 rpm
Fluidization means: Semicircular blade rotating around an axis
Temperature: 140°C
Pressure: 8 kPa
Time: 2 hours
In the following relational expression between the temperature
X (°C) and the pressure Y [kPa (abs)]:
10(—3708.7/(X + 230) + 9.11) <Y < 0.0025exp(0.0574X) + 10
the left-side is calculated to be 0.016, and the right-side
is calculated to be 28, resulting in (0.016 < Y < 28). Thus,
the foregoing relational expression is satisfied.
According to the foregoing operation, 1,765 g of dried
DOG having a water content of 0.3 ¢ by mass (DOG purity: 99 %
mass) was obtained.

[Flake molding]
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Furthernore, the dried DOGin a nolten state as obtained in the
foregoi ng nethod was cooled with water at 20C and introduced into a
drum fl aker having a peripheral speed of the drumof 4 mimnin a
dip feed manner, thereby producing 100 kg/hnm2 of fl ake-shaped DOG

havi ng an area of the surface portion of fromO0.5 to 3 cn? and .a

thi ckness of f rioHBhermere . the dfdedA0G ip@amalden-state as o tained

| i qui d-containing raw material DOG was continuously nelt-dried under
t he sane ioondhé¢i foragoingExamblod Wand-osldseqieht Wy tsubjadct2fCt @nd
ventilation-drying under the follow ng condition.

[ Venti | atireathweerd) ioaredatdoum £1Stkienrr hayingtatpearipheradr sp268 sprohe
Fl ui di zati on nmeans: Sem circul ar blade rotating around an axis

Tenper at Wraim AOQ Rir/esisurie; NAigalf eide asnhe r, Venlcdety @rogasing 100
Ni trogen (20C) Ventilation rate of gas: 0.03 nm3/h (in a standard

> (hy = GE  Col b ot SR noags s ettt 2 (e Dot 5 e FadeTS 5
(kg) /105 K9/ dn dEPeGd i¢. grayid yc)mz_ag.dogoiﬁl@%n%%s of from 0.5 to
1 mm.
[0027]
<Example 2>
The liquid-containing raw material DOG was continuously
melt-dried under the same condition as in Example 1 and
subsequently subjected to ventilation-drying under the
following condition.
[Ventilation-drying condition]
Stirring rotation number: 200 rpm
Fluidizationmeans: Semicircular blade rotating around an axis
Temperature: 140°C
Pressure: Normal pressure
Ventilation gas: Nitrogen (20°C)
Ventilation rate of gas: 0.03 m’/h (in a standard state)
Time: 2 hours
Total ventilation amount of gas: 0.03 (m’/h) x 2 (h) = 0.06
3

m

Volume of continuously melt-dried DOG to be fed: 0.5 (kg)/105

(kg/L) (specific gravity) 0.00048 m*
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L4

Vol une ratio ((total ventilation anmount of gas)/(vol une of

| i qui d-containing DOG to be fed): 125 tines According to the
foregoi ng operation, dried DOG having a water content of 0.3 % by
mass (DOG purity: 99 % mass) could be obtained. [Flake noldi ng]

Further e, the d en.state as obt |ne

f or egoi ng %‘flﬁ%drﬁéé éEEGBa Vﬁg%éﬁ@rtlﬁ&v aﬁ'é)ugt u¢ OJDI‘]‘m

and |ntroduced into a drum fl aker havin eri pheral speed of the
drum of 4lkgw &~ FenbadnpngeBEGHhANEBE, fegl’]eré§§ EiB&Sci ng 80 kg/ hnof
fl ake- shaped DOG having an area of the surface portion of fromO0.5
to 3 cn2 and a Addekaing toftie doregeing eperamiopo0ds)ed G ip el e
An experinment was carried out in the same manner as in Exanple 1,
except thatwdter tomiendt ofel aB® tlyempses$DO@ puritthe: 92aéunas sy yaagld
step were 155C and 15 kPa, respectively. As a result, 1,764 g of

dri ed DOGdaytgimesdat er content of 0.3 % by mass (DOG purity: 99 %
mass) coul d be obtained; and 65 kg/ hn2 of flake-shaped DOG havi ng an
area of tf@l§kgf@@§dp9(?]l on of fromO0.5 to 3 cn2 and a thickness of
fromO0.7 to 1.5 mmcould be produced. [0029] <Exanple 4> 22

Furthermore, the dried DOG in a molten state as obtained
in the foregoing method was cooled with water having a
temperature of 40°C and introduced into a drum flaker having
a peripheral speed of the drum of 4 m/min in a dip feed manner,
thereby producing 80 kg/h-m? of flake-shaped DOG having an area
of the surface portion of from 0.5 to 3 cm’ and a thickness
of from 0.6 to 1.2 mm.

[0028]
<Example 3>

An experiment was carried out in the same manner as in
Example 1, except that the temperature and the pressure in the
vacuum-drying step were 155°C and 15 kPa, respectively. As
a result, 1,764 g of dried DOG having a water content of 0.3 %
by mass (DOG purity: 99 $ mass) could be obtained; and 65 kg/h-m®
of flake-shaped DOG having an area of the surface portion of
from 0.5 to 3 cm® and a thickness of from 0.7 to 1.5 mm could
be produced.

[0029]

<Example 4>
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An experinment was carried out in the same manner as in Exanple 1,
except that the tenperature and the pressure in the vacuumdrying
step were 150C and 10 kPa, respectively. As a result, 1, 750 g of
dried DOG having a water content of 0.2 % by mass (DOG purity: 99 %

mass) coul d be taj . 0] . f. tlake-s %% i

an area of the %ﬁr&égegpinb%??i%ag&a&%%gg% Edc} gﬁgn’g%gﬁgma t ?(a:%ghqug
of fromQ,5to mm coul d_be_pr.oduced. 030] __<Exanpl e 5> An,
experi ne X%%%l%éWrﬁéﬁeBGttbﬂtt gﬁﬁBeﬁggHéﬁ %%dﬁﬁugg%§ﬁ6P§erPlthe
except that the tenperature and the pressure in the vacuumdrying
step wer evaABanaehdy 109 kPhepreepect POEl yandisl 0 gkkasufespact 76ely- ofAs
dried DOG having a water content of 0.3 % by mass (DOG purity: 99 %

mass) coud dasaildbt di.N&P, gamll dnied PYGhhaVHhaf & dlatethgvad DO hali Ag
an area of the surface portion of fromO0.5 to 3 cnR and a thickness

of from by nass 0{Foampupityg: b8Sphonased. cofl8lpbe <Btaiplesl ;65andh 100
experinment was carried out in the sane manner as in Exanple 1,

except thad/nhe® tenper akasnapddat POCPIRSSWE il 4h8a YaCHHE it Mbte
step were 135C and 3 kPa, respectively. As a result, 1,745 g of

dried DOpdwyvidl &f Wetsh Gontent3 admD addla bhitBee(POF FHdnt 0. DI
mass) coul d be obtained; and 120 23
1 mm could be produced.
[0030]
<Example 5>
An experiment was carried out in the same manner as in
Example 1, except that the temperature and the pressure in the
vacuum-drying step were 145°C and 10 kPa, respectively. As
a result, 1,760 g of dried DOG having a water content of 0.3 %
by mass (DOG purity: 99 % mass) could be obtained; and 110
kg/h-m? of flake-shaped DOG having an area of the surface
portion of from 0.5 to 3 cm® and a thickness of from 0.4 to
0.7 mm could be produced.
[0031]
<Example 6>
An experiment was carried out in the same manner as in
Example 1, except that the temperature and the pressure in the
vacuum~-drying step were 135°C and 3 kPa, respectively. As a
result, 1,745 g of dried DOG having a water content of 0.2 %

by mass (DOG purity: 99 % mass) could be obtained; and 120
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kg/ hm2 of fl ake-shaped DOG having an area of the surface portion of
from0.5 to 3 cn2 and a thickness of fromO0.3 to 0.6 nmcould be
produced. [0032] <Exanple 7> An experinent was carried out in the
same nmanner as in Exanple 1 except that the tenperature and the
pressure |n the vac umdr re.130C and 3 kP

respect i V& W nAs of %%EI‘FT 9%5]3 Gofayiigd oG HER | ﬂg LhGasyrface
content of 0.3 % by nmss urit 99 % nas coul d be obtai_ned;
and 100 Hsngdrr OHi . %%p 4 DB h&RhG e 5?3@58& Otdfhéfrga} Qe £

portion of from0.5 to 3 cn2 and a thickness of from0.5to 1 mm
coul d be Griodue ezpuldI33|Pre@eredr ati ve Exanpl e 1> An experinent was
carried out in the sane manner as in Exanple 1, except that the
tenmperature andGdi¥ltine in the continuous nelt-drying step were
changed to 180C and 3 hours, respectively and that the vacuumdrying
was not ca@vdmggleout> As a result, though the purity of DOG was 98.5
% by mass, the water content of DOG was 0.8 % by mass. Thus, the

resul ting DOCam%xperdifertPeasasaarfeadyat. iAl Be ddt0siglanner as in
fl ake- shaped DOG coul d be produced, the water content was high so

that the gesilitd 19 DXepRstdt RPe HehpbEYt¥BEUd 24he pressure in the

vacuum-drying step were 130°C and 3 kPa, respectively. As a
‘result, 1,755 g of dried DOG having a water content of 0.3 %
by mass (DOG purity: 99 % mass) could be obtained; and 100
kg/h-m? of flake-shaped DOG having an area of the surface
portion of from 0.5 to 3 cm® and a thickness of from 0.5 to
1 mm could be produced.

[0033]
<Comparative Example 1>

An experiment was carried out in the same manner as in
Example 1, except that the temperature and the time in the
continuous melt-drying step were changed to 180°C and 3 hours,
respectively and that the vacuum-drying was not carried out.
As a result, though the purity of DOG was 98.5 % by mass, the
water content of DOG was 0.8 % by mass. Thus, the resulting
DOG was an off-spec as a product.

Also, though flake-shaped DOG could be produced, the
water content was high so that the resulting DOG was of no

utility value.
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[0034] <Conparative Exanple 2> An experinment was carried out in the
sanme manner as in Exanple 1, except that 2000 g of the

| i qui d-containing raw material DOG (water content: 23 % by nass) as
obtained in Referential Exanple 1 was charged in a stirring tank
havi ng an inte{ volume of 3 L; that the tenperature in the

cont i nuous nelt-@?%?%g step was changed to 200C, and that the
vacuum dryi ng was not carried out. As a result, though dried DOG
havingza%é&@ﬁa%%ﬁ%%ﬁtE6¥m91% 38by nass coul d be produced, the
purity of DOG was 94 % by mass. Thus, the resulting DOG was an
of f-spec as a PFrodkperimesd; wadsoggirrilesk eushapetheCmpBouianper as in
produced, the purity was low so that the resulting DOG was of no
utility \Extample [ DP3&kcefbnphaat P060Eganyil ¢hg> l1Aruepennterniin iwas raw
carried out in the same manner as in Exanple 1, except that the

conti nuouga et 1d NODSE epwr@s rodchitetht : A & reguhiss) haggbbicad npar iitry
of DOG was 99 % by mass, it was difficult to efficiently renove a

| ar ge ange ofn el ErExanlEs of QfSs dHat QK kD hQis g |t drhe haptiely

content reached 2 %as that after the continuous nelting step in

Exanpl e L, [0030haiCOMPALAL T ¥e Bxp! it APnEXRRHIIRUCHRS GAT i

out in the same manner as In
continuous melt-drying step was changed to 200°C; and that the

vacuum-drying was not carried out. As a result, though dried
DOG having a water content of 0.3 % by mass could be produced,
the purity of DOG was 94 % by mass. Thus, the resulting DOG
was an off-spec as a product.
Also, though flake-shaped DOG could be produced, the
purity was low so that the resulting DOGwas of noutility value.
[0035]
<Comparative Example 3>
An experiment was carried out in the same manner as in
Example 1, except that the continuousmelting step was omitted.
As a result, though the purity of DOG was 99 % by mass, it was
difficult to efficiently remove a large amount of water.
Therefore, it took 15 hours until the water content reached
2 % as that after the continuous melting step in Example 1.
[0036]
<Comparative Example 4>

An experiment was carried out in the same manner as in

25



v

Exanpl e 2, except that the continuous nelting step was omtted. As a
result, though the purity of DOG was 99 % by mass, and though the
total ventilation amount of the gas was 0.1 nB, the water content
was 1.0 % by nass. Thus, the resulting DOG was an off-spec as a

product . sQ., t hough fl.ake-shaped coul d b r od d, . ter
ont ent VAT 26 SRR T EREtr Okt PRrgPERbo e b g gt rat Eri iR
[ 0037] <Conparative Exaqg}e 5> An ex erigmnt was carried out in the
same manfst AT axdhAwIh tha@piithhat RS prasssit é by fRes, and
vacuumdrying was 35 kPa. As a result, though the purity of D&G was
98.5 % bythawds thehgohateverbht @hionfammom ey dhe g8pywamdsl Thushe
the resulting DOG was an off-spec as a product. Al so, though

f | ake- shapeteDOGdEmtd wae pr 6duded masse wdhes, cbhe ereswasimg gHOG s@s
that the resulting DOG was of no utility value. [0038] <Conparative

Exanpl e Gn A Bxqiesd nenta wesodaet i ed out in the same nmanner as in
Exanpl e 1, except that the tenperature and the pressure in the

vacuum dryi ng stie Weitoul@d G e 28 &Fad pespestiideb¥. pAsdudedss e,
t hough the purity of DOG was 98. 9 o by nmass, the water content of

DOG was Qyax &P yoriEsst Jebé’shi%ﬂi'esé esybti PHe DG WRE i ngNDBES waBe6 ras o
product. Al so, though fl ake-shaped DOG could 26
utility wvalue.
[0037]
<Comparative Example 5>
An experiment was carried out in the same manner as in
Example 1, except that the pressure of the vacuum-drying was
35 kPa. As a result, though the purity of DOG was 98.5 § by
mass, the water content of DOG was 0.8 % by mass. Thus, the
resulting DOG was an off-spec as a product. Also, though
flake-shaped DOG could be produced, the water content was high
so that the resulting DOG was of no utility wvalue.
[0038]
<Comparative Example 6>
An experiment was carried out in the same manner as in
Example 1, except that the temperature and the pressure in the
vacuum-drying step were 130°C and 28 kPa, respectively. As
a result, though the purity of DOG was 98.9 % by mass, the water
content of DOG was 0.5 % by mass. Thus, the resulting DOG was

an off-spec as a product. Also, though flake-shaped DOG could
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be produced, the water content was high so that the resulting DOG
was of no utility value. [0039] <Conparative Exanple 7> An
experinment was carried out in the sane manner as in Exanple 2,
except that the ventilation rate of gas in the ventilation-drying

step was .0.002 /h a result hough he pur.i f_DOG was, 98. 5
by mae BOEEH Ghe AEoRacoNEERt oty ML SoThia® e SERL e
DOG was an off-spec as a _product. Al so, though fl ake-shaped DOG
coul d be }RoHrR2E L tHe uﬁhféFYcﬁﬂiéﬁt was high so that the resulting
DOG was of no wutility value. [0040] 1In the light of the above,
different fromi&3P] conpounds, according to the |iquid-containing
raw material DOG by conbining the continuous nelting step with the

vacuum drgGompasdepverExampiéa?bon-dryi ng step under the specified
condition as in Exanples 1 to 7, the liquid content could be reduced

to not nore than &feXrBhtiBes At i eQtein Hhe HBmE maameP.as %n
by mass, and in addition thereto, dried DOG with a high purity could

be obtai nathme the ekbepthahdt ithd Svdtderstosd +88¢ okhgadr MinGne

condition which is considered to be sufficient at a glance in usual
ComPound Bt [y RURELLYE ELGTTAES 0 00 nh /b ASPALR 53 dou
the purity of DOG was 98.5 % by mass, the water content was
0.8 % by mass. Thus, the resulting DOG was an off-spec as a
product. Also, though flake-shaped DOG could be produced, the
water content was high so that the resulting DOG was of no
utility wvalue.
[0040]

In the light of the above, different from usual compounds,
according to the liquid-containing raw material DOG, by
combining the continuous melting step with the vacuum-drying
step or ventilation-drying step under the specified condition
as in Examples 1 to 7, the liquid content could be reduced to
not more than 0.5 % by mass, and moreover, not more than 0.3 %
by mass, and in addition thereto, dried DOG with a high purity
could be obtained. On the other hand, it is understood that
the drying condition which is considered to be sufficient at
a glance in usual compounds as in Comparative Examples 1 to
7 is inadequate as a drying method of the liquid-containing

raw material DOG.
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[0041] <Referential Exanple 2> The |iquid-containing raw nmateri al
DOG as obtained in Referential Exanple 1 was subjected to the
vacuumdrying step at 25C, thereby obtaining 600 kg of powered DOG
(water content: 0.2 %by mass) . This DOG was heated in a reactor
equi pped with ﬁ“%ﬁffet and a stirrer and having an internal vol une
of 6 nB. As a'te , When the tenperature of the jacket was 160C,
the whole could not_ be nelted Thus, the tenperature was raised to
170C, t hetRaierRNtidy BRRMPES 2As a result, the purity of the nelted
| i qui d-containing raw nmaterial DOG decreased to 94 % by nass.

| NDUSTRI AL APPLTIGARI iduid - d@yozin e nhv dwh oG abtRiGies iabtdiged in
present invention is a polyhydric al cohol having a special structure
havi ng t wefqréemeiryl Myxhmplyd 1gwas Esibieatea $or tice wracwamd-adr wired istep
acetal and can be used as an internediate or a nononer of polyner
mat eri al s spehc aEhReleWy®h b 861 M &0eSkg BH ﬁ&ﬁé?@@@’o@(wa@é’f YRR :

pol yur et hanes, polyether pol yol s, epoxy resins, etc. and

furtherny & sasy gy ”Bfrﬁrllsabo@fwé%hﬁbﬁﬁléﬁaﬁh% £e8EBSr eqERSEY RS th
phot ocur abl e i nks, plasticizers, resin stabilizers, lubricating

g'r: > Pl % C andBaCh 8t FBer | Lha AdWNPd ] O cRLoMICBY uhkake-§ e

As a result, when the temperature of the jacket was 160°C, the

whole could not be melted. Thus, the temperature was raised
to 170°C, thereby melting the DOG. As a result, the purity
of the melted liquid-containing raw material DOG decreased to
94 % by mass.

INDUSTRIAL APPLICABILITY

[0042]

The dried DOG obtained in the present invention is a
polyhydric alcohol having a special structure having two
primary hydroxyl groups, a neo structure and a cyclic acetal
and can be used as an intermediate or a monomer of polymer
materials such as poly(meth)acrylates, polycarbonates,
polyesters, polyurethanes, polyether polyols, epoxy resins,
etc. and furthermore, as a rawmaterial of photocurable resins,
adhesives, photocurable inks, plasticizers, resin stabilizers,

lubricating oils, paints, etc.
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2- (5- et hyl - 5- hydr oxynet hyl - 1, 3-di oxan-2-yl)-2-net hyl propan -1-o0
(hereinafter referred to as "DOG') represented by the follow ng
formula: H3 /- 2fH2CH3 H2CG-CGCH C HO JH3 O CHz CHZ OH which
conprises nmaki ng DOG containing from10 to 50 % by mass of a liquid
(hereinafter abbreviated as "Iliqui d-iont aining raw material DOG') go
through the fol l owi ng continuous meft24P§ing step (i), to obtain DOG
having a |iquid content of fram0.8 to 5 % by mass (herei nafter .
abbr evi atldd as & confektiodsl y LREIt - RTREERT) : Hﬁi%i%? dried
continuously nelt-dried DOG go through the follow ng vacuumdrying
step (ii)2oStathylotIdwarpxyreethyhtl ob-digxag-3tep) (2TRethripeopan
holding a nolten state thereof, to obtain DOG whose |iquid content

i s reduced-ad nidtereioraf tdar & Bédtarass DoE 81 mafprers emdfest bed the
sinply as "dried DOG'); and flaking the obtained dried DOG in a
flake prieduewiony stefmuldy) Continuous nelt-drying step: a continuous
melt-drying step of heat nelting the liquid-containing raw nateri al
DOG in the range of a tenperatuCélawhi gh Lt heyhigher of a nelting
poi nt of the Iiquid-containing naw eria\ 2 antl a boi | i ng poi nt
of the liquid, or higher @&@_nab_hL r 29than 160C (hereinafter
referred to as "nelt tenpe/atur? ra\ge")v/ﬁg renmove the liquid and

feedi ng the residue intoH® CHs O—CH, CH,-OH

which comprises making DOG containing from 10 to 50 % by mass
of aliquid (hereinafter abbreviated as “liquid-containing raw
material DOG”) go through the following continuous melt-drying
step (i), to obtain DOG having a liquid content of from 0.8
to 5 % by mass (hereinafter abbreviated as “continuously
melt-dried DOG”); making the continuously melt-dried DOG go
through the following vacuum~drying step (ii) or the following
ventilation-drying step (iii) while holding a molten state
thereof, to obtain DOG whose liguid content is reduced to not
more than 0.5 % by mass (hereinafter referred to simply as
“dried DOG”); and flaking the obtained dried DOG in a flake
production step:

(1) Continuous melt-drying step: a continuous
melt-drying step of heat melting the liquid-containing raw
material DOG in the range of a temperature which is the higher
of a melting point of the liquid-containing raw material DOG

and a boiling point of the liquid, or higher and not higher
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next step and at the sane time, continuously or intermttently
feeding the non-nolten liquid-containing raw material DOGinto a
nolten liquid-containing raw material DOG such that the tenperature
of the whole liquid-containing raw material DOG does not fal

outside the nelt tenperatyre range, fhereby. reqgulati the liquid
cont ent &hqml?Bg%e(ESﬁFilﬁé@G?Iry lfﬁ%e??ﬁ r kPt taesnt%}ergd GRS T L{r‘l‘é?t

step to 0.8 tg 5 % by mass; (ii) Vacuumdrying step: a vacuumdrying
step in RRGE" )a 1Q &ﬁW%éﬁ\ﬁeéﬁq&lﬁeﬁB@ré% e %ﬁﬁ Cition u‘?)rléh%hrae
Y [kPa (abs)] is satisfied with the follow ng expression:

101- 3708.gxtx step3and ate the same (I0E256RPLONDSTEEXY or 1o tergHdritaint Ly
is from125 to 160; and (iii) Ventilation-drying step: a

venti | at ifredimg hhe rsirepnal t erotl iguliy-venttialiatnggr aw gas eati aflr BOG 16 too
160C for 0.5 hours or nore but regulating the total ventilation

amount ofa mdetgaslighati-¢entaihiagceriv maesd s Imeboc dsued POt the
charged in the ventilation drying step to 10 tinmes or nore (vol une

ratio) andngRIYaiule At dHe WJHY1egQiikh iid ddie 48l itnd erERe mttdrd a1l doge.
[2] The method for producing flake-l1ke dried DOG according to claim

1, whereifyddhedd aphdii surRtigk 3 melt temperature range, thereby
regulating the liquid content of DOG to be continuously or
intermittently fed into a next step to 0.8 to 5 % by mass;

(1ii) Vacuum-drying step: a vacuum-drying step in which
a relation between a temperature X (°C) and a pressure Y [kPa
(abs)] is satisfied with the following expression:

iO(_3708'7/(X + 230) + 9.11) <Y < 0.0025exp‘°'°5“X) + 10

;wWwherein X is from 125 to 160; and

(1ii) Ventilation-drying step: a ventilation-drying
step of not only ventilating a gas at from 10 to 160°C for 0.5
hours or more but regulating the total ventilation amount of
the gas relative to the continuously melt-dried DOG charged
in the ventilation drying step to 10 times or more (volume
ratio) and carrying out the foregoing in the melt temperature
range.
[2] The method for producing flake-like dried DOG according

to claim 1, wherein the liquid is water.

30





