-1- DESCRI PTI ON METHOD FOR PRODUCTI ON OF DI ALKYLAM NOALKYL ( METH) ACRYLATE
QUATERNARY SALT 5 TECHNI CAL FI ELD The present invention relates to a nethod
of producing a dialkylamnoal kyl (nmeth)acrylate quaternary salt.
BACKGROUND ART 10 Di al kyl am noal kyl (neth)acrylate quaternary salts
(hereinafter referred to as "DAM') are r materials, etc., for cationic
pol yners, and are used for various PRE raw naterials for the
production of polyner coagul ants, paper “strength-reinforcing agents,
antistati c ageMETHOBOFOR RRODUCTOORIGE DIFS.KANAMIKEALKKe. (MBAN) AGRYUATEr al | y
produced in the form of an aqueous )| ULion DAM During production,
using water as a solvent, raw nat%Q@@*@&Aﬁg §X£Tdialkylaninoalkyl
(neth)acrylate (hereinafter referred to as "Da") and a quaterni zi ng agent
(e.qg., neth 20 chlorlde etc.), are supplied in the presence of the

sol ventS, a FhPe is reacted while removing the heat of the
reaction. DAM s pr@ﬁ&%ﬁe@ﬁtaﬁ%ﬁbl&ﬁ 0O s t¥hh Chle 1M B BEbRI S ndf €
charged in one reactor, and products are renoved after the reaction (for
exanpl e, Pat@irlindauiseedkyl afretd)) AcxYLBYe adRBteBIRLINGSLE - process in which
raw materials are supplied to a reactor while the reaction mixture is
continuously extracted from the reactor (Patent Docunent 3). Moreover, the
present i NBARCKGRGUNIDWRT t hat by supplying a quaternizing agent to the
reactar, by an ejecto fo I 0 v S e t he
reacti-on m xture doeéi %?y ma.é%té?%é¥ql%gg gﬁ%ﬁéﬁggy %ggg%t supply
pi pe; the (mnﬁtmarﬂtzamgeagenédl*so saa‘ f"lDAMéhtdi:yelmw ocireedals, tdtec.,ebat i on

m xture; the solublllyégof t he, quat erni,zi.n $%& in the reaction mxture,
i s i mproved® LAY RPN EFrv??ﬁ'%%%éﬁfg S0P ef Toro S PA RS S35 Dd@inent 4) .
- 2- Pat entpdestiay fbr dapapesuddienasitnpdl fiadendoddullaneas i wapdyo.
strength-reinforcing agents, antistatic agents, soil conditioners,
15 and the like.

DAM is generally produced in the form of an aqueous

solution .of DAM. During production, using water as a solvent, raw
materials, i.e., dialkylaminoalkyl (meth)acrylate (hereinafter
referred to as "Da") and a gquaternizing agent (e.g., methyl

20 chloride, etc.), are supplied in the presence of the solvent, and
the mixture is reacted while removing the heat of the reaction.
DAM is produced by a batch process in which raw materials are
charged in one reactor, and products are removed after the
reaction (for example, Patent Documents 1 and 2); or by a

25 continuous process in which raw materials are supplied to a
reactor while the reaction mixture is continuously extracted from
the reactor (Patent Document 3).

Moreover, the present inventors found that by supplying

a quaternizing agent to the reactor by an ejector, the following

30 advantages are achieved: the reaction mixture does not flow
backward into the quaternizing agent supply pipe; the
quaternizing agent is sufficiently introduced in the reaction
mixture; the solubility of the quaternizing agent in the reaction
mixture is improved; and the reactivity becomes superior (Patent

35 Document 4).



1992- 217649 Patent Docunent 2: Japanese Unexam ned Patent Publication No.
1996- 268985 5 Patent Docunent 3: Japanese Unexam ned Patent Publication No.
2003- 342244 Patent Docunent 4: Japanese Unexam ned Pat ent Publication No.
2004- 155669 10 DI SCLOSURE OF THE | NVENTI ON Probl ens to be Sol ved by the

I nvention Methyl chloride is generally uded as a guat erni zi ng agent, which

is one of the abqve-nentiponed raw erials for DA t.hyl .chloride forns
o expl osi A s DHCRPEHE. i JREPORAE: MaEtaned BaERht RHYSCREAGE B+ ot hy)
chl oride: {dboL1g648.4 VIVYY upon mxing with air. Therefore, when using
met hyl chloride as a quaternizing agent, the control_of the gas

conposi ti ARrGeRt ReCHASLt phaskERgoeEr o faifed Facent Fdbldaatdrel §P4 nport ant
for the safgyg-3pdogtabl e production of DAM 20 An overly | ow oxygen
concentration in the gas phase portion causes polynerization of DAMin the
react ob, FEajdnti hgcuoany 3 owapaacseyUmppaninedovetent | b hsalibncin.ori de
concentrzﬂ%qagi%hggﬁ4quaternization reaction, pronoting hydrolysis reaction.
As a result,” the hydrolyzed by-product, (nmeth)acrylic acid 25 (hereinafter
referred tRatast' BAthmentcs edpaneaadindreanpmedu Phtentl RubldicabAbhi ¥o.r educed.
However , gﬂﬁfq_gg%g been no reported exanples to date of close exam nation
of the ga én& I ?on in the gas phase portion of the reactor. 30
Therefore, the present invention ainms to provide a nethod of producing

hi gh-purity DAMwi th high productivity while rmaintaining safety, by

contr pli$§§9¥958§§ QBH%S%HFW@NTFHNthe gas phase portion of the reactor

within a pegetesmtaete rsdBRd 89 Meansnditidpl ving the Problem -3- The
i nventors conduct ed extensive research to solve the above-descri bed

probl ems, and found MatdylhFkopids i DRRFEARIDEISAHPAS § FYIRIEFLAWIt h hi gh
productividaengs {RLERWSs &RAGIE PRe! Sbove-mentioned raw materials for DAM.

Methyl chloride forms an explosive gas mixture (a detonating gas;

15 explosive range of methyl chloride: 10.7 to 17.4 V/V%) upon
mixing with air. Therefore, when using methyl chloride as a
quaternizing agent, the control of the gas composition in the gas
phase portion of the reactor is extremely important for the safe
and stable production of DAM.

20 An overly low oxygen concentration in the gas phase
portion causes polymerization of DAM in the reactor, producing
only low-quality DAM. An overly low methyl chloride concentration
slows quaternization reaction, promoting hydrolysis reaction. As
a result, the hydrolyzed by-product, (meth)acrylic acid

25 (hereinafter referred to as "AA"), increases, and the product
value of DAM is reduced.

However, there have been no reported examples to date
of close examination of the gas composition in the gas phase
portion of the reactor.

30 Therefore, the present invention aims to provide a
method of producing high-purity DAM with high productivity while
maintaining safety, by controlling the gas composition in the gas

phase portion of the reactor within a predetermined range.

35 Means for Solving the Problem



carried out while controlling the concentration of oxygen 5 (hereinafter
referred to as [02]), the concentration of nmethyl chloride (hereinafter
referred to as [MC]), and the ratio of oxygen concentration to nethyl
chloride concentration ([02]/[M]]) in the gas phase portion of the reactor
within a predetermined range. As a result of further research based on

these findings, 10 t@ﬁep{%mofsn&s%u%&aatgﬁgav ceonmlihed. solve the
od o

Specifically, the present I nvention provides a net pr oduci ng
di al kyl am aba#ekﬂ;des(qmﬂde)ﬂaprgbbar@,q@a@erfnany St éxlghaaud?e’smwmféd:abekb@w

Iltem1. A ne dof uci Ia noal k th ac

quaternary %%éiytﬁfo %ylng19 5%1%%% f¥ 5%@? %cry Ton lSi:hyl

chl ori de, aaftiriwed erutt mrhaléea@mnfqlwmgr ehsa aomwﬁinamﬂonSOﬁaabxym out while
control ling the, ncentrati on of oxyge [ ) to 3 to 12 val. t.he
concentX at ‘?Fejdfa]%l?rr yEIERFET it a5 V\P%f?) 6&2’!2 SPBCEREVAT LY © 3 Wel ratio
of 20 oXygem et NiHeeli a8t or rm;ﬂéyﬂreahk:@ra@le[Mmr)qeahaath@nra(t[lQQ]o/f[ M) to
0.05to 0.5, in a gas phase portion of said reactor. Item2. A nethod

accor di ng PBYIRRRONCARERELPN &£ AEEHanchioridy Goagenttanke® el [Qaht BN ng

the ratio of GYaRR PARGENLEALIAD oft %hbh§e§é't£6§fw1%iﬁea EPEGSUAhb@N and
nitrogen concentration 25 [ 02] ([02] + in the gas phase portion

of the reatarge+ ohRg. 85resplp of fptc*éhes asemqho aa@@ocPréwgaaeofrmémgﬁ,or 2,
wher eijn hﬁq R ?anBﬁE%xf%slsV LeRar QSQ?AL‘.ﬁh@rPebdd' al kyl ami noal kyl
ylat

(et h) acr guaternary salt aqueous soO efore a dial kyl anm noal kyl
30 (neth)acryl ate, n8péydficlldyi dehe gprcbseatteinyepnt sop priatidest enmethod

recnos 2ocok S 8ok T b fan el o THSLD L5 U Bhge bl o o
(met h) acr yaaitdessondent balown ([Da]), and nethyl chloride concentration
(V) 1 h05e o208 kOO, 35, 0erel I8 Ao L3I0, Bty a0
whereils tdeatemmpenaisule oy slgplydagt boalmxymnoalnmunmmmchoatylaﬂe,t )
80C during HS?Ctléyloride, and water to a reactor,
wherein a reaction is carried out while controlling the
concentration of oxygen ([02]) to 3 to 12 vol{%, the concentration
of methyl chloride ([MC]) to 22 to 80 vol.%, and the ratio of
20 oxygen concentration to methyl chloride concentration ([0:]/[MC])
to 0.05 to 0.5, in a gas phase portion of said reactor.
Item 2. A method according to Item 1, wherein a reaction is
carried out while controlling the ratio of oxygen concentration
to the sum of oxygen concentration and nitrogen concentration
25 ([02]1/([02]+[N2])) in the gas phase portion of the reactor to 0.05
to 0.2.
Item 3. A method according to Item 1 or 2, wherein the reactor is
previously charged with a dialkylaminoalkyl (meth)acrylate
quaternary salt aqueous solution before a dialkylaminoalkyl
30 (meth)acrylate, methyl chloride, and water are supplied.
Item 4. A method according to Item 1, 2, or 3, wherein the sum of
dialkylaminoalkyl (meth)acrylate quaternary salt concentration
([DAM]), dialkylaminoalkyl (meth)acrylate concentration ([Da]),
A and methyl chloride concentration ([MC]) in the reaction mixture

35 is maintained at 75 to 84 wt.$% during reaction.



Item 6. A method according to any one of Itenms 1 to 5, wherein 5 the
reactor is a sealed reactor, and wherein the internal pressure of said
reactor is maintained at 0.10 to 1 MPaG during reaction. Item7. A nethod
according to any one of Itens 1 to 6, further conprising continuously
suppl ying a di al kyl am noal kyl 10 (neth) éér‘yl ate, nmethyl chloride, and water
to the reactor, ile . continuously extractin eactiaon mxture from said
react or . qegh%mAmﬁjé}tlﬂcgoa%%ocrtgﬁ&gynzjot%mén(ipeo%ga 5?’6?1?e L9 F0 2SRy ei n

t he di al kydram ekytutaesh)aer Heateibs whsfRidy iamnaoetdited GeBh)@Cr Yyl ate.
15 Item 9. A nethod according to any one of Itenms 1 to 8, wherein the

met hyl chl®Cdeuring ussdtd@nusi ng an ejector. Item 10. A nethod according

to Item 9, rddy theh REFREA AMBrai®%t £8ChPHLR PR TtehstNad eackhareid xture
fromthe reactor; 20 cooling said reaction mxture by passing through a

heat BxcHamg&eacand sapplseHGdk aedctodbl aand ahetedh HKtiterngdget her with
thyl chlarj t i 1S1 NG €] 11.
metnyl C qq:rés%%’re 8fS§%Pc|i rfeaa‘?ctt%rrt gg'f@jgl’?%lﬁ??ta@zg-i@% 51 MpAGTRA

according ‘to any one o tens conpri sing: suppliying
t he react imraadixnure continuously extracted fromthe reactor to one or

nore seal t anks; and then radual | y_adjusting-th ssyreof ..t he
reaction ﬁldgﬁ"hpé ?\’nm%gﬁ‘@taa%q?%tdgngt lﬁ%s%rf%r?nc? Sge%]is:ﬁlrg%l.of e%bléll"iff‘c g%ﬁe(ﬁ t he

| nvent i on dwgariding tontireiqusAsesuppbyand iz0mialkghapimod hkyDAM can  be
produced wj th_high productiyvity il e maintainin afety, by contralling
e 058 colmsaL e ontr Fer e’ ShiGEIaPs (ish vBroEnEs. i redbist, witiien
pr edet er mdeg ihabael duskiithdtaaet hOReachrorVilic®ver, fidh SsdiRt hedcbecones
superior for DANIRroduction by controlling the tenperature, pressure, etc.,

in the rdd@be-afdMeROTARGORCLRGI BR H1Y DAW &AdLIEES nl tife Tr e HBEFOM
the dialkylaminoalkyl (meth)acrylate is dimethylaminoethyl

(meth)acrylate.
15 Item 9. A method according to any one of Items 1 to 8, wherein
the methyl chloride is supplied using an ejector.
Item 10. A method according to Item 9, further comprising:
extracting a part of the reaction mixture from the
reactor;
20 cooling said reaction mixture by passing through a heat
exchanger; and
supplying said cooled reaction mixture, together with
methyl chloride, to said reactor using an ejector.
Item 11. A method according to any one of Items 1 to 10, further
25 comprising:
supplying the reaction mixture continuously extracted
from the reactor to one or more sealed tanks; and then
gradually adjusting the pressure of the reaction
mixture in said tank to atmospheric pressure.
30
Effect of the Invention
According to the present invention, high-purity DAM can
be produced with high productivity while maintaining safety, by
controlling the gas composition in the gas phase portion of the

35 reactor within a predetermined range during reaction.



m xture within a predeterm ned range. 5 Therefore, the production nethod of
the present invention is also quite advantageously suitable for industrial
scal e DAM production. Brief Description of the Drawings 10 Fig. 1
schematically illustrates an exanpl e of ?) reactor. Fig. 2 schematically
illustrates an exanple of a reactor equi"pped with an ejector. Fig. 3

schematically i1l ustyates.an exaophe: ols del3Leaglion ApRatabys comprising
. and a RS ng? nk~C.

a reaction tank A, an agelnd tan a scription
of Synbol sprddudtdiicer byupphyrel pieng 20e2telipesatppley pirpesdre Madtdayl, tinltdra de
supply pipe 4: Reactjon-mxture extractio ort 4': Reaction-m xture
Cranster PRSACCE SR CHE HP ST e 36 60 PR P &P COF dhSARG Fhnp 8

Ej ector 9:mSuaironipaih d0prddsdeaimihraeriegd. exchanger 30 11: Nozzle part
12: Reaction-m xture transfer pipe BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

Enbodi Rents of the pFeREOhenyERLi BEPME GBsEPFBed h thesPaesart bel ow. The
present | NG QR %sn9§s$'ﬁﬁ£ﬁgjdd%ahagéébﬁétyfﬁﬁ%%@bﬂgnﬁér afistapbe

suitably nodified as long aS the gist o the invention is unchanged. Note
that the te¢ahg mMPhpzedyEhienin the specification neans acryl ate or

met hacryl ate. The production nethod of the present inventionis 5
described in detail below wth reference to Figs. 1 to 3. The present

i nvent i on Bsief Mesicadpbioprodudien PrBrihdy

10 Fig. 1 schematically illustrates an example of a
reactor.
Fig. 2 schematically illustrates an example of a
reactor equipped with an ejector.
Fig. 3 schematically illustrates an example of a
15 reaction apparatus comprising a reaction tank A, an ageing tank»B,

and a finishing tank C.

Description of Symbols
1l: Water supply pipe
20

N

: Da supply pipe
: Methyl chloride supply pipe

: Reaction-mixture extraction port

: Reaction-mixture transfer pipe
: Agitating blade

25 : Reactor

: Circulating pump

: Ejector

O 00 N o O &= = W

: Suction part
10: Jacket-type heat exchanger
30 11: Nozzle part

12: Reaction-mixture transfer pipe

BEST MODE FOR CARRYING OUT THE INVENTION
Embodiments of the present invention are described in

35 detail below. The present invention is not limited to these



supplying Da, nethyl chloride, and water to a reactor, wherein a reaction
is carried out while adjusting the concentration of oxygen (hereinafter
referred to as [02]) to 3 to 12 vol.% the 10 concentration. of nethyl
chloride (hereinafter referred to as [I\/C%) to 22 to 80 vol.% and the ratio
of oxygen concentration to methyl chlorvde concentration (hereinafter
referred to as, [02]/[M]) to 0.05 to 0.5, in.the gas phase portjon of the
reactor. SRELELBENES, (S P6r SHikP 1 h Madd Lhpesamt Loty &t itgﬁ PSheE

limted i Rp3i 2@veARISHT A urRRENSEEUCYLR BBat 0N A AWMERL PAE A SteCan be
reacted to produce DAM As the reactor, those whose inner surface is coated

and/ or |i vde whehifiaasiomabos( pFrrybate vy mekbagrelafief erable, so 20 that
el ution of netal corﬁl%n?)%gég\ 10N %ethggt k“f?ﬁe Qﬁl\és%g’ge%geﬁgéﬁ i;@n can be

avoi ded and a hi gh-puri aqueous solutron ™ can be obtained.” Mreover,
seal abb e desprebsdriuzaidtmidppelavusish ferpnetetabfiygaisddtas3a reactor.
Exanpl es of such a regactor include. autoclaves, .etc. 25 Fi.g.. 1 an
exanpl e of a reactor s REPESTH Jtrhveentﬁ'lpgséﬁtai %t&qchﬁpﬁgg?lena%ﬁ%wgy
Corrplri ses saipPaystgpby, pighyl2rhlaridet einduppky Pope febctoa, nehéydinchl ori de
supply pipe (3), an agitatjng blade (5), and a reaction-mxture extraction
port 14} FeRbTeavers GRE b ebr WL o I 1B F P RRAT T B -ty pe
heat 30 exsBandehetdMartddr addetien td &fs QeLteredlizsper spbidi 19, ehenet hyl
chloride in"the reaction m xture, rretitgl chloride is preferably supplied
by anl@j ecoseenFrgtion tomethnleRbhpridoi(herrenaterr &fGFFEdtRi th an

ej ector (&c1Thecehectorsd $odl. 89 4RE HHELdQ08 r 30 FrARhE_h O at A $BOWN
in Fig. 2, the reaction mxture is -7- extracted fromthe reactor by a

ci rcul at i mgtpyapch¥origrl adnesntsappdn edharseinafibey| kefruned( £2)asf t he

ej ector (8, . e e in.t ej,ect | S JLedu

driving fgrbéla)-ﬂg@r?e% gdeﬁe{r?%% '?Tste't %I/)l tEgﬁl g?%o‘%{"’}éses?l?ggﬁ;‘ggo? ?‘g}% ggg%%ﬁbn
part 5 (9Rekrtorthe reaction m xture. Cenerally, the reaction-mxture

extragiion port (4) 4rs YRUDESH [dbd 18 PRLSMLOIN N2 ERRELS 15 A
limited in size, material, and structure as long as raw materials
can be reacted to produce DAM.

As the reactor, those whose inner surface is coated
and/or lined with glass, Teflon®, or the like are preferable, so

20 that elution of metal components into the obtained DAM aqueous
solution can be avoided and a high-purity DAM aqueous solution
can be obtained. Moreover, sealable or pressurizable apparatuses
are preferably used as a reactor. Examples of such a reactor
include autoclaves, etc.

25 Fig. 1 shows an example of a reactor usable in the
present invention. The reactor comprises a Da supply pipe (2), a
water supply pipe (1), a methyl chloride supply pipe (3), an
agitating blade (5), and a reaction-mixture extraction port (4).
Moreover, the reactor is usually equipped with a jacket-type heat

30 exchanger (10).

In addition, for better dispersibility of methyl
chloride in the reaction mixture, methyl chloride is preferably
supplied by an ejector. Fig. 2 shows an example of a reactor
equipped with an ejector (8). The ejector is also referred to as

35 an aspirator. As shown in Fig. 2, the reaction mixture is



the ejector is nounted in the upper portion of the reactor. The reactor
may have one or nore ejectors, and the optimal nunber of ejectors can be
determ ned depending on the size of the reactor 10 and the size of the
reaction. Further, a heat exchanger (not.shown) for cooling the extracted
reaction m xture nmay be provided in a T ow path for supplying the reaction

m xture extracted b e_.circul ating. punp ; a r to the
ej ector (§)X.tr§l(f§ﬁda¥ﬁé1§tu% Ige%cc%tg%gg %ar?;ll re#?agﬁéﬁﬁ Wemv%hﬁegé romthe
reactor, ajppliiedpevasdunezcontpantc i(hll hef ridectedectergt@at | Yhennplhef i ed.
Moreover, in addition to the above reactor, adf'ni Fin t ank and_ agei ng
tank for tHEXHEG tRetPRITHP iRt OF ucﬁ%‘é/ e blyog Qe .lvzlélgsgﬁﬁ?ey of Raw

Mat eri al s Jdhdrae cBANEPE paheima Bilbeddefid pplesantromve tuceiongart
di al kyl am noal kyl grret h)acrylate, nmethyl chloride, .and water are used as
raw nmaber i @)s inSgeshei ECaKEIRI B4 X6PrDa” GFELTRL LY NEthyISAMABRTAYATU S

(meth)acr B%ﬁr%’ctgbﬁt FML@W noethybouhfBY N RGHE ¥otiromdbpr Ry IEcree) rld
(meth)acryl ate, dinethylamnopropyl (nmeth) acrylate, etc. Anong them
di net hyl arihsostiiegtor ( ketmountad dneths werdkmesltd onMet nifhe dfestrgde T8

f I ammabl e, u neakl I f e 081N €~ GaS, 411 n
m Xi ng W t%eggtrog EP%S -expl%%? voté: fnggaegig&l%.%'f ;é%hl%ﬁ o/ V% aﬁgﬂgﬁrelbggi ling

point is ejtb€s Asntbe Gdvvmimedt depentding em Gbedsine tdfe theesepgtor

i nvent jon, t urest ssi bl e : free fromnetals, etc., is 35

pr ef eﬁgbl f'ljgg:&% S Efc&eexarr?ﬁ%gégﬁhcl ude distilled water, ion -8-

exchange wat er, etc.FdrtHdre prRsaenteiahssmeironnotasthowraw et ecdhing she

supplied .in a_caonstant, amunt to the reactaor.. Reactiopn nma duct ed
an Reagt L o Jpp-8, 240

ei ther by SKHRCHRIFEREEEOD MR PAY S BrocEss it &G AM
product i vidupplkRagquaki t¥aefidpAMi xande easteraftadedyt tha cixomtliadli ng gpump
conti nuous(vﬁr%%%snstihg géaeégérab(lﬁ. tgp%ﬁieféjceacl:tlgé’ (i8r)].a Such a heat
15 exchanger can efficiently remove heat from the reactor, and
temperature control in the reactor is greatly simplified.
Moreover, in addition to the above reactor, a finishing
tank and ageing tank for treating the reaction mixture may be
provided.

20 Supply of Raw Materials

In the DAM-producing method of the present invention, a
dialkylaminoalkyl (meth)acrylate, methyl chloride, and water are
used as raw materials.

Specific examples of Da include dimethylaminoethyl

25 (meth)acrylate, diethylaminoethyl (meth)acrylate,
dipropylaminoethyl (meth)acrylate, dimethylaminopropyl
(meth)acrylate, etc. Among them, dimethylaminoethyl
(meth)acrylate is preferable.

Methyl chloride is flammable, but burns weakly. It

30 forms an explosive gas mixture upon mixing with air. The
explosive range is 10.7 to 17.4 V/V%, and the boiling point is
-24.1°C.

As the above-mentioned water used in the present
invention, the purest possible water free from metals, etc., is

35 preferably used. Specific examples include distilled water, ion



continuous process, Da, nethyl chloride, and water are continuously
supplied to the reactor while the reaction m xture 1is continuously
extracted fromthe reactor. 10 Methyl chloride can be supplied to the
reactor in various ways. For exanple, nethyl chloride can be introduced,
in gaseous form directly into the gas—Bhase portion of the reactor or
into the reaction mxture in the reactor; or supplied in liquefied form
Met hyl  chl SFFR9SWHERSEupptFed using an ejector, 15 is supplied into the

reactor through the _ﬁyoéﬂé)@;re@éht(ﬁav&{tﬂ&me cBERCER rﬁa&)er(lﬁngls@upp@@eand
wat er can be supplied in accordance wth a standard nmanner. Da, hyl

chl ori de, Hhe@ \H&Péﬂiaﬁﬁyalb@u%%ﬁm ithe Fﬁ@@t@lh-e Rﬁé@‘éﬁ’l@)ﬁn&m i@?uﬁ@n@lictled t he
upper SpaC&@I megg&mr@mﬁgy 8l B &Rt ihR g Blss As resg AO%g above,
e y I s

met hyl chlorl en suppl an ejector, erabl y sup into
the reéact i mmﬁuucgiviFw ttter quad itydef mm,a\mmddedeposf tmm:taanAC

crystals dl{;'"t:l%ejft hg chxt_)Bluyo of D%)F&‘éws" f%lglgrae efrtao(ibSt ré"lpfetclﬁ 8Fai\ly, in a

i nt roduci ng mt he
Da- i nt rodummgrmope p25cdam,at%d mﬂthm} tipperi depaeadavayer tdye reacti on

m xt ure. Th resent inventi erabl e | Qys DAM aqueous, sol ution
T et LERoBY Ve S R Eher Fepdea Bnidg. Pag Peg ot regharen: |

crystal | i nigs RAMtiisuehsay r@;@tré@t@dt @rbhethd Wazegeepi ¢ nature, DAMin a
crystal formattaches to the_inner 30 wall of _the reactor, and thus heat
renoval becomes di f HREAYL ChAgBIES 7Rl IBE SYPREECHA (thite $BFEOY oim of

crystals, A i@n0eBysfreecerdinblON RAMIS cht8HSHE Gdh P hYPEaL&RL | 9f Of
DAM In order to solve this problem some nethods use water as a Sol vent .

In this caSeMeWEeER; dheedid o ntRethavgarambrisgl Borsioy drioltheetsad®r

o1 of o1 2l Uees 2 AN SaUEaTs e o ada TPRseP T on T ShbaRed o O"

ef fi ci ent Ijigueddedefoimh- pethyy Edride, thbepr%lsmﬂtledwemngom ejwtor,

chovep o0t g D00, SRS, 30U LESR 190 SOLVED) R (Rl

reacti on afjedterr 48) mifsyl #)s plDaaw&:dsaatSpecan‘ulmaldqpphadon& axstdradncé or
with a standard manner.

Da, methyl chloride, and water may be supplied into thé
reaction mixture or to the upper space of the reaction mixture in

20 the reactor. As described above, methyl chloride, when supplied
by an ejector, is preferably supplied into the reaction mixture.
Further, in order to avoid deposition of DAC crystals during the
supply of Da, which causes obstruction of the introducing pipe,
Da is preferably supplied from the tip of a Da-introducing pipe

25 located in the upper space above the reaction mixture.

The present invention preferably employs a DAM aqueous
solution as a reaction solvent. When raw materials are reacted
without solvent, crystalline DAM is obtained. Due to the
hygroscopic nature, DAM in a crystal form attaches to the inner

30 wall of the reactor, and thus heat removal becomes difficult.
Additionally, since DAM takes the form of crystals, an oxygen-
free condition occurs, causing the polymerization of DAM. 1In
order to solve this problem, some methods use water as a solvent.

In this case, however, the Da of the raw materials is hydrolyzed,

35 leading to decreased product purity. In contrast, the present



exanpl e, the DAM aqueous solution is previously charged in the reactor
before each raw material is supplied; in another nethod, the DAM aqueous
solution is supplied to the reactor 10 sinultaneously with or during the
supply of the raw materials. The fornmer_nethod is preferable because
supplying each raw material after pr evi dusl y chargi ng a DAM agueous

solution as a _.reaction sqlvent in_t react or Ce. pr such as
t he crystjé}W?rttd’toPoﬁrS?e Yand Fof g%wn%ql’beoq fnl%rglﬂlzlé %gnasot% %%Iﬁ‘/?g%ﬁld 15 the
hydr ol ysi ssdlfvdrite tbaws fid saritdly BaodRad leoghi-giurddyi DAmhe previ ousl y- char ged
DAM aqueous solution i%gener ally, the sane %gge of DAM as t hat tai ned by

reaction. The concentt dtioR*6FSThel M EGieoh8s sTWG TREAA"BLE Pkl ect ed

froma w depfange soatabh Yirddte ieanssnvémt ) ahdokatherdAaAR raquecdss be
solution is"50 to 84 wt.% preferably 75 to 84 w.% and nore preferably

78 to 83 vRumplied tRetBAMGRTMICiAgaRE HERPLRS RENGr 83 eHi® iIHRAEHEPDIT  Da,
methy! chlgid de, fadevaler Y RacsURRldaYba1iDe 1eaniPhethonl e the

foll owi ng reaction conditi re sati'sfied inside the 25 reactor.
Mbr eover , estampge, hshanbtagusiousi spdybhornts @opyépuedyitdiaiaed Anpdeand

wat er vary_w t t L N; ortion
can be. oxtrtos BHEBFE it g FBLLL DS Mpeddsal M MndiRPRBRREC ¢
requi red. dhe adwi bigospus nsdndgen asdsapplieh toe theppéaetbiby bl ow ng

nitrogen and air into. 30, and, wat er 02] _i-n the S i on of
The robcr aimEltansRbSay BT o5 ps b8 bt GNPl sy BB 20, “and
more pref@miaiormrt febhod|idpdelElabse cioatausd edppdy 229 tand30 raal . %
preferably 35 to_ 65 vol.% and rIDre referably 40 to 55 vqlc.% 35 Nbreover,
[02] / [ MC] aFHHE 1g RS L Bh RS HSHS SN CBRTHAI - FAY EFRERPS | LB PofT &t t o
0.05 to 0. %ad¥iehekahi¥n®. Y the @edbtor agsh paiduceupashyens efuwhabbytie 10 to
0.2. This range ensures safe reaction_w thout form ng a. detonatin ans, as

vel | as t H&EW £abRopfohiRML pad £91EARARG BPLYBCSRT Rt b ffc OV t
Moreoyer, dfe inyaRbeleiabbe tHe GARt natekigl @i o of

DAM contained in the previously-charged DAM aqueous
solution is generally the same type of DAM as that obtained by
reaction. The concentration of the DAM aqueous solution can be
selected from a wide range. Usually, the concentration of the DAM

20 aqueous solution is 50 to 84 wt.%, preferably 75 to 84 wt.%, and
more preferably 78 to 83 wt.%.

In the DAM-producing method of the present invention,
Da, methyl chloride, and water may be supplied to the reactor so
that the following reaction conditions are satisfied inside the

25 reactor. Moreover, since the amounts of nitrogen and oxygen
contained in Da and water vary with temperature, a small amount
of gas in the gas phase portion can be extracted, as required; or,
nitrogen and air can be supplied, as required. In addition,
nitrogen and air can be supplied by blowing nitrogen and air into
30 Da and water.

[0,] in the gas phase portion of the reactor is
controlled to 3 to 12 vol.%, preferably 4 to 10 vol.%, and more
preferably 5 to 9 vol.%. [MC] is controlled to 22 to 80 vol.%,
preferably 35 to 65 vol.%, and more preferably 40 to 55 vol.%.

35 Moreover, [0,]/[MC] in the gas phase portion of the



oxygen concentration to the sum of oxygen concentration and nitrogen

concentration (1021/(1021 + [N2])) in the gas phase portion of the reactor

to 0.05 to 0.2, further 0.07 to 0.18, and 10 particularly 0.09 to 0. 15.

Thi s range ensures highly safe and. stable production. The concentrations

of these gases can be obtained by extrdding the gas in the gas phase

portion of the reactor, and neasuring by gas chrorratograpr%é 15 Moreover,
O

using a se@EFFedst 6PNEECRIeRS Or 05t B 0 pred¥gferahky db Ahéor Bat-or

during reaglq %ﬂtgcansm,aﬂeyfeﬁmgt gliedt Rl 6.1 to 1 MPaG preferably 0.1
to 0.8 MPaG and nore preferably 0.1 to 0.6 MPaG This can increase the

amount of met hyl cHltoid dendies snbuksb isafehgerehien orithioxtufermdy a .
FUrher 01 e Sl Bea SUBPJL ! LAMLIRLEL ALS ANGel REc UKL Obut GAGHT on,

Da, water, chlioride are pref supplie e 'sum of
t he DAM cdmicggntratiiohi¢{®AM ), the Da concentration ([Da]), and the nethyl

chloride concentratipn [ MC in the reactjon mxture i.s. 75 to 84 .% nore
preferably 77 to 25%&?4&%%% éﬁdl%éFFﬁgﬁFhiﬁyg%ﬁéFgFﬁﬂl§ ?Qr?%“ﬁﬁﬁam.o.
This is xy@n byntent toei@lpR easi oin f (dxggbndeohysisraafiochaaand DAM

Mor eover, when MC is supplied usin n ejector, an,overly high
concent r atéFOPREr 88%%%3{)3??&:1\?3“3(569%[& i thelNehtt HBrEhA ¥agr Bhass educi ng

f1 onabi | i tas:@fi chhe£r eRst FttBr< el 6. o8inR) 2D, f Famhde 0.3 RYND. 1dhusg the
capacity of the ejector may decline. In order to arrange conditions in the
react 6P dimarrdculasntyi @0 thiOn1bne TGy sapgagensutns hagblyfsaippngdi ng each

raw nate@ﬁyblgagrgguétggﬁply det erm ned depending on the size of the
reactor, the production volume per unit tine, etc. 35 For exanple, Da is

preferably supplied e gongestodt@ns1vf theF® gressichoubs ebithimsdeby
o 1 er 201 B B B0 AP oIS Boe RIS GRS R ShallI SRR LT
1 to 30 messUrhogrby agabs mremptefeaptity 2 to 15 mass% hour, with 5
it et Wy the mass D@tcreébrggr e&%ﬁﬁg‘i%t %”eéggéeréé‘céo*}e 52300 e BT Ghe! S
preferably supplied te
pressure inside the reactor during reaction is preferably
maintained at 0.1 to 1 MPaG, preferably 0.1 to 0.8 MPaG, and more
preferably 0.1 to 0.6 MPaG. This can increase the amount of
methyl chloride dissolved in the reaction mixture.

20 Furthermore, after the supply of raw materials and the
start of reaction, Da, water, and methyl chloride are preferably
supplied so that the sum of the DAM concentration ([DAM]), the Da
concentration ([Da]), and the methyl chloride concentration [MC]
in the reaction mixture is 75 to 84 wt.%, more preferably 77 to

25 84 wt.%, and particularly preferably 79 to 84 wt.%. This is
primarily for the suppression of the hydrolysis of Da and DAM.
Moreover, when MC is supplied using an ejector, an overly high
concentration increases the viscosity of the reaction mixture,
reducing flowability of the reaction mixture supplied from the

30 pump. Thus, the capacity of the ejector may decline.

In order to arrange conditions in the reactor during
reaction within the above range, the rate of supplying each raw
material may be suitably determined depending on the size of the

reactor, the production volume per unit time, etc.

35 For example, Da is preferably supplied at a rate of 3



mass% hour, and nore preferably 2 to 15 mass% hour, wth respect to the

mass of the reaction mxture in the reactor. It is preferable in the

present invention to keep the 10 inside of the reactor at a constant

tenperature in a step to continuously_zﬂoply each raw material to the
e

reactor and in a reaction step. The r Jon tenperature is preferably 30

to 80C, and e _pref,erably 40 to 70C SGrihe Ve, »1 N _the .present
i nventi ontlc?/\/rr?eql nf'%'sfégg llp’onarf(g mggreldgg?%#ab@%a%bg?cﬁsS‘?%Scse% slrl,outr-he&rtglacti on
m xture i srespdotacbedhehnasgloft hber easttoon mixtrure exttleetdeatport after

the reaction. Wen reaction.is, conducted b continuous. process, _the
reaction mxture is &k Ya}ctcg‘cljopr ‘?nJt%é’@%&f%Biyvﬁm%hﬁ?pﬁFs?n’@ateegéh raw

material duf i3 raResyRaEE) Qthd Theer paEféRibIN 2t Hbe16ahaskd: MRusybsaguent |y
supplied to a finishing tank or an ageing tank. Wen enploying a
cont i nBousFgRAEs$0 the Pt ff thexrractidh BEtUKE RaERS diFakitREure nay be

sui tably determ ned yacsondi gge\‘f@réﬂey aﬁ%ﬁ@gegfa§@pgajt%dofaw fEterials. The
reaction mxture is preferably extracted at a rate of 5 to 130 nmass% hour,
25 and nomass¥henzbl §nd nerePreassebhvut  tanldhmaespéeeult,o wikh pesectof the

reaction HXtden bt Be LEAGOL IARL SURD 60RML! Q0Seo f eactions progr ess

wth a su € raw materi al proﬁortlon, ensuring the production of

hi gh-purity DAM wi t hithiigh ppefdualbleiiny theFpnesénnginfaemcis0 to kdap phesent
inventjon,, it.is preferable that the reaction mxture extracted fromthe
Fenct 8P beitisty PRAERE B Sroreceniral (PSKEREES ket SXrE Ehat the
pressure ajoriti@uoneagt sawpIy Xadcheran mdteefiall s hhet asdctrer subséguent |y

adjusted to atnospheric pressure, Here, the termfinishing tank rr?élps a 35
tank used 48FGteRByELRRBE hyiRec REBFHH FHTCEREVF R atT i RIFHFERPOY 3Byt $5C/

reduci ng they H{O%SEngQfagng Joeaet 1o M xture to atnospheric pressure, and
further aerating the reaction mxture as required. The reaction m xture
“g}"ﬁ“ng t ank

extracted fromthe rEadesFIARGY RPHGedty (Rt PESIFY iiHVERELP N
(for exanieictied Fhdcoduct¥d Byt beBhEEh igkdR@esf i Bhehieurtidpkmaktefe Bei Ng
treated in an ageing tank, described |ater. ,
extracted through the reaction-mixture extraction port after the
reaction. When reaction is conducted by a continuous process, the
reaction mixture is extracted from the reactor while supplying
each raw material during the reaction. The reaction mixture can
20 be subsequently supplied to a finishing tank or an ageing tank.
When employing a continuous process, the réte of
extraction of the reaction mixture may be suitably determined
according to the amount of supplied raw materials. The reaction
mixture is preferably extracted at a rate of 5 to 130 mass%/hour,
25 and more preferably 9 to 65 mass%$/hour, with respect to the mass
of the reaction mixture in the reactor. Under such conditions,
reactions progress with a suitable raw material proportion,

ensuring the production of high-purity DAM with high productivity.

Finishing Tank

30 In the present invention, it is preferable that the
reaction mixture extracted from the reactor be supplied to one or
more sealed finishing tanks, and that the pressure of the
reaction mixture in the finishing tank be subsequently adjusted
to atmospheric pressure. Here, the term finishing tank means a

35 tank used to remove methyl chloride from the reaction mixture by



Unreacted net hyl chloride dissolved in the reaction mxture in the reactor
is hydrolyzed to hydrogen chloride, which is unfavorable for the quality
of final products. Therefore, it 10 is necessary to renove unreacted nethyl
chloride. However, if the pressure of the reaction mxture is imediately
returned to atnospheric pressure, nmetmil2—chloride is vaporized at a
stretch, and sinultaneously oxygen dissolved in the reaction m Xxture is

al so vaporiefe¢ingstherpreggure lod tRacTeIRL A iKELERL &P AEASPReIES oxygen

condi ti O”ﬁ]xte@%‘%@y Sﬁ&.shﬁgcéfe*}e a%?%}fﬁlﬁcgié?é ir%%c‘@ﬁ.oP%Mfkﬂrré he g@&&tﬂe@?
m xture. e préessure inside the finishing tank s not 1imted.
Pr ef er abl yThet heaptéss unkxtiwreanextmeceed hfwront tae reatcher megc ter direnirly

pref er abl y__at pherjc ptressur.e to 0,7 aG, _and further, 20 preferably
at mspheritge&r{%?sﬂlpeJFﬁ%h- b ey ?%Fi 5)n°rof%xﬁﬂf/??h ?%eeebxlrgéagﬁi’oﬂ?m xture
can bespr efreyagleldy ipr enentiad shinghtanpr €8sy ®eihgngecadde iabaveageinty oned

probl em can he resol yed hy using a finishing tank to gradually reduce the
pressure &@WedéiFFh]E?%gLat%'reacti on mxture. The reaction m xture may be

supplied either contygréausky MEthyit eiHlicktgat dysdsivde ihi ahe et ank;
however, continuous supply is preferred for the stable production of DAM

In the pra¥erureni@nthdeart@as 18oRvarod ¥igdatol BYI¥OHTY gér okafe e HiEwn
into the rfgmaﬂfggogéﬁié”fbﬁ'%%%Sﬁﬁéi§gytéftﬂfﬁal39r$&ﬂﬁégv NgntAkorelNie is
preferabl e because oxygen is supplied to the reaction mxture in the

fi ni shDng itsamlecesspreventreamoye porgasted atgtbylorthbavidendioveeeiot éd the
conponent f react, rti net. L be. renoved.
The type Z}I%sstggf%eagfg%%gir}seanc% Of’li I?#{(g&d} %slrﬁegﬁ}égggggg* %}&u‘i@%&gg% is
cont ai ned.atiosGereial pyesine, i setbed. chlkd:i dehésnuaperizEd fitneshtrafahanks
may be at I%ast. Q

Y D e SR Pen il SRU0ED QUARSE heRKE AL skl 1 (e
one or neleo papbeiaddy RwoOaoresmits, thedreaceiqr efietabkyehbere 2ilob-nore.
The SHES (TeLer) Bbag 0t st sk ite oL Lhe, Lhal Shloge Lol Ao ohl Y
the reaction mixture.
The pressure inside the finishing tank is not limited.
Preferably, the pressure is not more than that in the reactor,
» more preferably atmospheric pressure to 0.7 MPaG, and further
20 preferably atmospheric pressure. The polymerization of DAM in the
reaction mixture can be preferably prevented in this pressure
range.
The above-mentioned problem can be resolved by using a
finishing tank to gradually reduce the pressure of the extracted
25 reaction mixture. The reaction mixture may be supplied either
continuously or intermittently to the finishing tank; however,
continuous supply is preferred for the stable production of DAM.
In the present invention, a gas containing at least
oxygen can be blown into the reaction mixture transferred to the
30 finishing tank. This is preferable because oxygen is supplied to
the reaction mixture in the finishing tank to prevent the
polymerization of DAM, and unreacted components after reaction,
particularly methyl chloride, can be removed. The type of such a

gas is not limited as long as at least oxygen is contained.

35 Generally, air is used.



vol une of DAM the purposes, etc. Specifically, those exenplified as the
above-nenti oned reactor can be used. As described above, in order to
suppress the hydrolysis 10 of Da in the reactor, it is preferable to
produce DAM at a high concentration. Hoygver, to reduce viscosity for easy
handling and to prevent crystallization"in winter, final products
preferably contain t Qs MRS Y W hi s.,C J

preferably added to§tgﬁe f1nishi néﬁ?gﬁ toﬂa jktl?s%né?’hgé?btn\(lz%tr?ﬁta??%nbut

sui tabl e a5l&pgef imaibepr odutanks Ay pgeTankble irhdeymeseht rémorangi on, it
s preferaple,thal, {18 oo eaatd QL mX! UE ee contdnuoush k. ext ragled) {f o he
reactor is Uf T het suppl'i e 0 OnE of “nore seale ageing tanks: “Thé term
20 agei ng dankoreansrefetrabkyuswes dm morer, easd mduwe rpe@ferahly atlerdeoor

produci ng DAM (to,age) nore than.that .in the reacti Lxture extracted
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exanple, - 25 maintaining the pressure in the ageing_tank bel ow the pressure
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bel ow the fenpes afydvR-mRnthené@adRltorTBEnUSE WedtN ageing tank is _
preferabl e because even when reaction does not sufficiently progress in
the reactor due 30 £8 desguibed ebAURt i PhLrdsecto sHRPFeSfthhenhyarplysis
suf f i gient [ aggel | t] es} u cted
raw (r%é)t erélbgl]géiq%{;q):?%d5(%%9%%?19%%q%v%?%%ﬁé%?ﬁ%u?ﬁ%?ﬁgér%%I\gt?éor? B xture
may be suppbheshtaiation.cdimvavesusity beducs erimicoséby| §or ccasyhdaadéing andnk,
cont i nuous i ar t.he e p i -14-
The. pressufe DRt sEuSEaT Lfat i S0 aThERE S AR ERHSH S p iRy
pressure iconteiragdl ng BAnkasst gehd@Ad.| yInd cdbEs thaa, vaseprisspuefenablivhe
reactor. Wen using.an_ageing tank, the ressure in the ageing tank can be
R usted tEMRBOSDILE E LB pREnd TRk TR B ichsraf st anry S idSiter o
pressuse tood.BindiPaBodastsiore preferably atnospheric pressure to 0.6

VP Th
aG e.Ageing Tank

In the present invention, it is preferable that the
reaction mixture continuously extracted from the reactor is
further supplied to one or more sealed ageing tanks. The term

20 ageing tank means a tank used to increase the reaction rate for
producing DAM (to age) more than that in the reaction mixture
extracted from the reactor. The reactor, ageing tank, and
finishing tank are usually connected in this order.

Specifically, a reaction can be aged by, for example,

25 maintaining the pressure in the ageing tank below the pressure in
the reactor, and also reducing the temperature in the ageing tank
below the temperature in the reactor.

The use of an ageing tank is preferable because even
when reaction does not sufficiently progress in the reactor due

30 to reaction conditions, etc., the reaction can sufficiently
progress in the ageing tank. In addition, residual unreacted raw
materials in products can be avoided. Although the reaction
mixture may be supplied either continuously or intermittently to
the ageing tank, continuous supply is preferred for the stable

35 production of DAM.



tenperature in the ageing tank may be generally below the tenperature in
the reactor, and is preferably 30 to 60C. The pressure in the ageing tank
is preferably maintained constant. 10 Further, the tenperature in the

ageing tank is also preferably nmaintained constant. It is preferable that
the reaction mxture, after being supplli%d to the ageing tank for ageing,

is further supplied to the finishi tank, In thi case preferable
to gradually 15 redd@gaﬁﬁ@SEPEES%Wié%FWeFﬁEuF%aﬁq Eﬁgﬁﬁ% P@Hkarﬁnao

fini shing j{@ied. Thitge G sBLeNED: EHe a@éllﬁqefhﬁ]@tié)@e%fer% lrbvvéiethaw

oxygen conditioned reaction m xture, which occurs because t met hyl
chioride dme GTPGERTE| s8R dSastoRe Mbgst uéhngnam Lﬁg@lalgetamapd?hezed at a

stretch. \aé!r}grgt%g%agg.etﬂg 43&1&&%}@ ush e 2 rgt@anpépm&dsghg&@ésure only

aeration ition of ter ormed in th I ni shing tank
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pressure to 5 MPaG in the second agei ng tank. Moreover, the size,

mat er L8l Féﬂﬁh@ﬂfvu‘éhﬁr’%elﬁﬂe%rﬁgépn %aﬁﬂ@m@affaﬁs £330 pre&reried

accordlngnggn&ggngambgﬁg@gﬂ@us used, the production volunme of DAM the
purposes, etc. Specifically, those exenplified as the reactor_ can be used.

.35 The residence ti et (st Recheszbld thadcthenreasdinreigrtnee, 13Lterabeing
extract 1 0 b158ACLL Ol AdI (tgﬁﬁsfmgégéﬁlﬁl 56N (HES Abpl DYENL on can
ou epe |ng on reacti

be determ to cover var ranges condi ti ons,
t he nunberthef ffinasbhhagtardnksInothimyaiasg,t ahkss puafeyehdée torgifadughsy

LoueL L, et Vi APl RTINS PLARESS R0 Sl PO e
nor e, tank. This can prevent the polymerization of DAM in the low-
oxygen conditioned reaction mixture, which occurs because the
methyl chloride and oxygen dissolved in the reaction mixture are
vaporized at a stretch. When the ageing_tank is adjusted to
20 atmospheric pressure, only aeration and tﬂe addition of water may
be performed in the finishing tank.

The number of ageing tanks in the present invention may
be at least one; a larger number of tanks is preferable, however,
in terms of productivity improvement. The number of ageing tanks

25 is generally one or more, preferably two or more, and more
preferably three or more. When two or more ageing tanks are
connected, it is preferable to gradually reduce the pressure.
Specifically, when two ageing tanks are connected, the pressure
is preferably 0.05 to 0.8 MPaG in the first ageing tank, and

30 atmospheric pressure to O.S.MPaG in the second ageing tank.
Moreover, the size, material, and structure of the ageing tank
may be suitably selected according to the raw materials used, the
production volume of DAM, the purposes, etc. Specifically, those
exemplified as the reactor can be used.

35 The residence time ([the mass of reaction mixture]/[the



and nore preferably 5 hours or nore. For a three-tank continuous process
using an ageing tank and a finishing tank, the residence tinme is generally
1 hour or nore, preferably 1.5 hours or nore, 10 nore preferably 2 hours or
nore, and further nore preferably 2 to hours. For the residence tine in
this range, the anmount of residual acrytic acid derived fromthe

above- nent | oned mat er i aI s prefe de T pt of
resi dual a%‘?’fyef eé%clr ¢ le(rjrllvoed eraoclgr% ? heﬁl?%%/vgrneat@algg gg}lﬁ gA M ob a| ned in
the 15 pr %ﬁéﬁenm\&eﬁemmomxaxs&&i Id,etérﬁﬁ)ﬁeqbpm ca:rovle&ssarpowfi eraagley, 1, 200

ppm or | ess, rmre ref er abl pm.or appl es .The resent

i nventi on ql%p QF%C%%%O%% tﬂle &re% ’ggmt%’ F‘r% Not e
that the t@fra"e"ﬁngmaaﬁs N&s$ WtherExannk €idndlsi tgual Igacidron aw@ai’aahﬂms
corrprlsmgareactlontankA an ageing tank B, andaflnlshln tank C, as

shown Bn FPQRtiBUCHS REPRGES A3 de TABABRING H&TEI n &P RePPPEE CRY° as
"DAC") of o= 'Jﬂ%e kbaay noel hydyac I&I ﬁB%e“%rﬁé%@%@?d4 BSh®REN R mbhe,

reaction t geing tank B, and fi ni shi n% tank™C, a 10 nB tank r'eact or
conpri si ngamh mqneerpreigralelbﬁ hanrsuPsr MPER ke FOry P et et~ tawkh §AREMUONSt

shown), I, J Sa r 81%
DAC aqueo[}giI | on %ﬁ}gi t\g?lr]f tﬁg rea%gisg%% aﬁ hﬁ, %}%%ﬁ%ﬁer\?{\aes

seal ed andthmt:eﬂ gtetmeﬁéﬂ:ly Bdbseqwenmbyse,vmré@mhlm Lng howerDAT AgLROUS
solutl n with the to of t he reactlo I

( her eitfaf tBP* %lﬁﬁeg\%%g%)gg %s YR PSS uppt %2@&@8&@2’% fé}e%:alggg 2351:0( 3)
to the seal®chdeact i Por tiark r@@)xdehaeatﬁnmtummhnarral(l@@, dfheammotift o ect or
(11). MC was continuou ed a r at of 410 ka/ hour and i n order
to mai ntaifft é‘§§é’iég|?ﬁﬁ8é§ drg’égfli F RV A mgfqlc VP3G, only the

amount of rh@é:ﬁraim@ PYef&£asty ecras sedpplined ambulhest ﬁésrieluhylainyﬂdet hyl
acryl ate (hereinafter referred to as DA!;l was con |nuou$ pplied at a
rate ' of 1294d JeFiNEGr TreB IR FRLERESRIRLRKITA G ORta PR yflrb (2). At

the sa@e thfBsent invention is usually 1,500 ppm or less, preferably 1,200

ppm or less, and more preferably 1,000 ppm or less.

Examples
The present invention is described in detail below with
20 reference to examples.  Note that the term "%" means "mass%".
Example 1
Using a reaction apparatus comprising a reaction tank A,
an ageing tank B, and a finishing tank C, as shown in Fig. 3, a
methyl chloride adduct (hereinafter referred to as "DAC") of
25 dimethylaminoethyl acrylate was produced.

As each of the reaction tank A, ageing tank B, and
finishing tank C, a 10 m® tank reactor comprising an inner
agitator, an outer jacket-type heat exchanger (not shown), and a
glass-lined inner wall was used.

30. After 8,000 kg of 81% DAC aqueous solution was charged
in the reaction tank A, the tank was sealed and heated to 50°C.

Subsequently, while stirring the DAC aqueous solution
with the agitator of the reaction tank A, methyl chloride
(hereinafter abbreviated as "MC") was supplied from a supply pipe

35 (3) to the sealed reaction tank (6) via a suction part (9) of an



pure water was continuously supplied at a rate of 300 kg/ hour to the
reaction tank A via a supply pipe (1). 10 Sinultaneously with the start of
supply of each raw material, the reaction m xture was conti nuously
extracted from the reaction tank A to the ageing tank B through a transfer
pipe (4'), and the pressure was reduced@o 0.12 MPaG Further, the
reaction m xture extra ted fromthe ageing tank 15 Bto

cont | nuousl
the fini stﬁjrﬁj:ttoanm% )t hiGugRsa CP LHERS Ly pEPPERSY 3t & KRS oF el the

pressure igytReurd,i Bhahi D9 dane @omﬁélﬁﬁﬁiﬂf%H@egr@EsuﬁérEH§¥H@’%Eepressure
while air was blown into the reaction mixture in the finishi ng tank Cto

renmove suﬁ@afqtt}@@stwk Hi a3k d A8 MPRGt henkweddysi eRoHNKkt @F &IC [oenstmed o
obtain a 5; g&?ﬁ ion of 79% pure water was continuously
supplied at 95 Eg ﬁour e finishing tank C. At this tine, the total
concenbrati on of DAGheDA, damdthmmmqelt@yﬂ.eacryma a(rhier;almaﬁt@ft w®B¥eraed t he

concentratj o @ d e _gas phase porti on eactl on
tank A Weree %% E’Aw&%%% %r%élgggc? Rf%l d t%ie vg R of1 toﬁg F%/

concentr at‘chIth\AEIreac’ai@mlltairﬂdAf rvam & heumdiar @a@ear(rmmt AtanHet s@me tameps of

t he concentrat| on in the gas portion were analyz y S

chr omat ogPAFy "AAET 2R r’g‘ ié’ DAPRIGFELGE &oFate o?tfe%@tél 582]8‘“’5”( &y 30
and conti rtm@u&leﬁcgi@ﬂu'@@d(at vaar at gu%glyl Bpe l(glj hour. The content of
acrylic acid (hereinafter abbreviate "AA") in the_final product DAC

aqueot8 sol ution \A/ass%‘t’é‘é%f“@@us%\%d’ltthh@h@oﬁ’ﬁ%ti At PPRE ff rRActhE8duct was

visual l'y qhserved, Eﬁ@lfea]cu%ttomxta@e resuldonit i AhsuY. ?*t@ax%&teaefr%
concentration were 35 anal yzed b i quid chromatogra -17- Exanples 2

and 3 DACth&s r@éﬁttmotﬁsrﬂy Aprt@dtg @dagwrtqtéagéfnﬁ tarlami@gh andrapabehoine in

Exanpl e 1,(48%Ce ugp ]g/tgge i h eaction
tank A wer(;l 395% Eg%rﬁg%xsgl%l e Péd %jab h%%gtw( Exglgmt'l'?eIt 3)%héand t he
anount s ofrqaateomamextmptase@ont@nmwlm m&thaq’ged afkonC blver eg6iky/tdaolr

(Exan?ge %9t%”@hé3§inf§KfH§“£aS§Xé”Pﬂfb&@h a transfer pipe (12). At this

time, the pressure in the finishing tank C was maintained at
atmospheric pressure, while air was blown into the reaction
mixture in the finishing tank C to remove superfluous MC
dissolved in the reaction mixture. In order to obtain a product
20 concentration of 79%, pure water was continuously supplied at 95.
kg/hour to the finishing tank C.
At this time, the total concentration of DAC, DA, and
MC in the reaction tank A was 81.0%, and the concentrations of MC
and oxygen in the gas phase portion of the reaction tank A were
25 46.1% and 6.5%, respectively. The values of the total
concentration were calculated from the charged amount, and the
values of the concentration in the gas phase portion were
analyzed by gas chromatography.
As a result, a 79% DAC aqueous solution could be stably
30 and continuously produced at a rate of 1,875 kg/hour.
The content of acrylic acid (hereinafter abbreviated as
"AA") in the final product DAC aqueous solution was measured, and
the condition of the final product was visually observed. Table 1
shows the results. The values of the AA concentration were

35 analyzed by liquid chromatography.



Table 1 shows the total concentration of DAC and DA in the reaction tank,
and each concentration of MC and oxygen in the 10 gas phase portion of the
reaction tank. The final product DAC aqueous sol ution was evaluated in the
same manner as in Exanple 1. Table 1 sh the results. Exanples 4 and 5
DﬁC was produced in the sanme manner and ahount as in 15 Exanple 1, except
that the unt.s of sypplied to the reaction tank A were 435 kg/ hour

( Exanpl e ,Xa".‘f';‘efﬂ@ Kyglﬁhgur (Exanmpl e 5). Table 1 shows the total )
concentration of DAANAvARAcontihheuskagrogincednkn el ssaehmenneer@ndat i on

of MC and oxygen in.th hase portjon of the reaction tank. 20 The
final prodyt sad&egfi?géf)ef i (?r’fc\%ﬁg Jék}%ﬂf ee(?n\oﬁn%?h%g SARE WBRRer as in
Exanpl e 1.sd@bliedl tshens tdectiesilcask AB¥ar®!35%6 kgibouas (Rtagpleed) iand he
same manner and anmount _as in Exanple 1, except that the anpunt oLi%%e

vat er Suppt$@d¥/Boure (Esgmplacti-ofnfahRe ATRE 00Tk BPRBUIE 2 ¢ PR unt

of pure wat&reripakiiedihg the fd Neshi D0k AMLC Waemb95 Kp/dpurssTabl e 1
shows the total concentration of DAC and”" DA in the reaction tank, and each
concent r atkofh®fr MExamBlexyhgen in the gas phase portion of the reaction
tank. 30 The fi nal [ ; P@%@gjﬁgﬁs@? "éth?nE‘@étfd{@'dfabﬁ@ LN4 dahensane

manner as in Exanple 1. e results. -18 ai aai OOMIO N
|0 M O m |the€)re@ctiom tankyiand @a@h NodcénOGktcidn of: MO @@ oxyges i the 04

Cor 18 r 1gal\g C%J'halgeopgrgiorg%)é I%hlén r%)acgi%tgar{li. coCCi ZzOMZ+ O0Z+ O

The final product DAC aqueous solution was evaluated in

the same manner as in Example 1. Table 1 shows the results.

Examples 4 and 5

DAC was produced in the same manner and amount as in
15 Example 1, except that the amounts of MC supplied to the reaction
tank A were 435 kg/hour (Example 4) and 390 kg/hour (Example 5).

Table 1 shows the total concentration of DAC and DA in
the reaction tank, and each concentration of MC and oxygen in the
gas phase portion of the reaction tank.

20 The final product DAC aqueous solution was evaluated in
the same manner as in Example 1. Table 1 shows the results.
- Example 6

DAC was produced in the same manner and amount as in

Example 1, except that the amount of pure water supplied to the
25 reaction tank A was 200 kg/hour, and the amount of pure water
supplied to the finishing tank C was 195 kg/hour.

Table 1 shows the total concentration of DAC and DA in
the reaction tank, and each concentration of MC and oxygen in the
gas phase portion of the reaction tank.

30 The final product DAC aqgueous solution was evaluated in

the same manner as in Example 1. Table 1 shows the results.
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s-1 0 wr-r 4 >1 ONOO.~U VNHGCGA 0Oa 5-1CCOU-1(1)5r1(1) O
040¢(1 4-) U (-~ 043 a HWU U304 flc~ 4 -19- In the Exanples,
DAC coul d be produced stably, and the final products had | ower AA
concentrations as well as excellent pr__ﬁtdgu_ct quality. In Exanples 1 to 5,
t he amount of supplied water was withinm-a nore preferable range, and no

| oad was i nposed on t.he cir i : i\e I 1 3
DAC was produced in frhet%sear?r:%(aﬁnéﬁﬁ%%’r r%}cﬁ%%&ﬂ?@gﬂoﬁfde g%?gp’l?a%gxg}g%t

t hat the afmialt protustupphidd dMerwdhecdbCentkgittions &€ompllr s excEXbantl e 1),
500 kg/ hour (Conparative Example 10 2)., .and 3 kg/ hoyr (.Caonparatjve
Exanpl e 3)Propisite Wadhbis tIﬁg‘Ef‘ﬁT% e%&n&?ngl’ agg%ng'qu%Ae(faﬁgB%LlﬁdnwaF%%
reaction tank,widhdneachosonseifidrabil enrahgd/C s noxyged wak tifposgdsorphase
portion of the reaction tank. The final product DAC aqueous sol ution was
eval uabPed the cigcletsageP¥mer as in Exanple 1. Table 2 shows the

results. -20. 0 3)kveakxafdk® M QH3z r' ro 1,31 CD 00 0 ~A

DAC was produced in the same manner and amount as in

Example 1, except that the amounts of supplied MC were 460
kg/hour (Comparative Example 1), 500 kg/hour (Comparative Example
10 2), and 370 kg/hour (Comparative Example 3).

Table 2 shows the total concentration of DAC and DA in
the reaction tank, and each concentration of MC and oxygen in the
gas phase portion of the reaction tank.

The final product DAC aqueous solution was evaluated in

15 the same manner as in Example 1. Table 2 shows the results.
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G 0r-1 00 W4) 7j toH-I-) -H-r-1 T3 0U a) Uu) a) -Hcd GU 4J a-)
I~U-0-0 a) 5-1 NSI d-) ad UFF1 p NNOO0O4 OO Qw(l) UawHo a)
XQ - ~rC ww 4-J ~4(do r HU)_UZil_l +J - -Ha)'0- fdxrort
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S 000 rzmU3 G o8B Bamfl COMAELYE FATILE lapd e val ues

of [02] and [02]/] € gas phase portion were slig |’ ess than the
| ower |im {O4f/ [MA¢ pneslentgasnpbaseoportldrhowgk thightehctliems thanddeded

wi t hout any probl.ens, the final product S sti and cont ai ned pol yner.
Thus. t he M BT EAPE SR oA T BERMRTA (6 ERAREEE 2 the
val ues of poAeainti Wi®RbhE MRy iprddiemgastphagiagloplrbaacyerss stdrkfiaant |y
|l ess than the J|ower Limt of the present_ invention, and the val ue of [M]

sl i ght Py eSQERIQEY ROLYPBEr TP bR (IROPILsRELI RV SRS dmadeguate.

Pol ymeri zation of DAf, Qespar@dikB E%ﬁ@;@t,orthelﬂam@af@t[bﬁp dneanpl e 3,
t he val ue of [l\/ﬁ%: in the gas hase portion was |ess than the lower limt
of the prekdt [MChvént Flh 928 Phes§hPeHele dCrEoAlprbEkeddd YWl eRs fthagny

probl ens, the lower limit of the present invention, and the value of [MC]
slightly exceeded the upper limit of the present invention.
- 10 Polymerization of DAC occurred in the reactor.

In Comparative Example 3, the value of [MC] in the gas
phase portion was less than the lower limit of the present
invention. Although the reaction proceeded without any problems,
an overly low methyl chloride concentration slowed the

15 quaternization reaction, thereby promoting hydrolysis. As a
result, the final product had a high AA concentration. Thus, the
product quality was inadéquate.

Industrial Applicability

20 According to the DAM-producing method of the present
invention, high-purity DAM can be safely produced with high
productivity. Therefore, the method is suitable for the

industrial scale production of DAM.



an overly low nmethyl chloride concentration slowed the 15 quaternization
reaction, thereby pronoting hydrol ysi 5:236-‘5 a result, the final product had
a high AA concentration. Thus, the product quality was inadequate.

I ndustrial Applicability 20 According to the DAM produci ng nethod of the
present C}#&htion, high-purity DAM can be safely produced with high
productivity. Therefore, the nethod is suitable for the industrial scale

production of DAM -22- Clains 1. A nethod of producing a_ dial kyl am noal kyl
(methyacryl ate quaterhaistiegd ©hprofisipeng at oty g dmTddikyl = 5
(met h) acqylat g cietdpd ghkerhdey 880t Wy esuldl i neeacierl keh ehda Beyract i on

is carried out while controlli ngéth concentration of oxg?en ([02]) to 3
&

e
to 15 volmeghrarrldteantieatydnchopride hydne Mahstdd o BVMEERCEBT 22 to 80

vol .% and the rat{Q.pfi,) 5 PN MONEEREE2EEQNChO Wil |catrenildag the
concentration ([02]/[MJ 10 to 0.05 to O. in a gas phaseHg)ortion of, said

S,
react or ByncexEraieiat@a ogagern ({Rd )gd® FhaSe lgoVPiofr oFNE HePHIERHGE 16

suppl yi nge nidogeniangd/idle ifch it 8ot be 6264 Gfol &, Andethedrageereing to
claim1l1, wherein a reaction is 15 carried out while controlli ngu he ratio
of oxygepxreer errneantGirtios tRemebRYbf ChlGHIE CHGERMTTAEESR Ahd: i ¥dden

conceptrabi ongd 2] 4.4, [ Q2] ot ghN2hbhasei Pothifoast Rhase rRaktbenpef the
reactor to 0.05 to 0.2. 20 g A nmet hod according to.claiml or 2, wherein
the reaexbra¢ting evignssliy &her gag ARese P B R Ui HGaFRFFEOtn8F h) acryl at e

quat erna L1 n QaaM30kWH/8R hetorgcd il atdadwyd.noal kyl
(et h) ac%ﬁ)g?%{n%et hyl “chl gri ée, and water are supplied. 25 4. A nethod

according to claiml1, 2, or 3, wherein the sum of dial kylam noal kyl

(methyacrylate quaber RagyriSéh tac&RRasY at B ifl PAMAerdial X yeabtnoal kyl

(HEtngaCLZLgiga out while controlling the ratio of oxygen concentration
to the sum of oxygen concentration and nitrogen concentration
[0,1/([0,]+[N,])) in the gas phase portion of the reactor to 0.05

to 0.2.

20 3. A method according to claim 1 or 2, wherein the
reactor is previously charged with a dialkylaminoalkyl
(meth)acrylate quaternary salt aqueous solution before a
dialkylaminoalkyl (meth)acrylate, methyl chloride, and water are
supplied.

25

4. A method according to claim 1, 2, or 3, wherein the
sum of dialkylaminoalkyl (meth)acrylate quaternary salt
concentration ([DAM]), dialkylaminoalkyl (meth)acrylate
concentration ([Dal), and methyl chloride concentration ([MC]) in

30 the reaction mixture is maintained at 75 to 84 wt.% during

reaction.

5. A method according to any one of claims 1 to 4,
wherein the temperature of the reaction mixture is maintained at

35 30 to 80°C during reaction.

6. A method according to any one of claims 1 to 5,



concentration ([Da]), and nethyl chloride concentration ([MJ]) in 30 the
reaction mxture is maintained at 75 t0,,84 W.%during reaction. 5. A

nmet hod according to any one of clains I'to 4, wherein the tenperature of
the reaction mxture is maintained at 35 30 to 80C during reaction. 6. A
met hod according to any one of clains 1 to 5, -23- wherein the reactor is a

seal ed rgactor, @fd fMaeksiNikhg LoiEEdAteadiASSHRE Rhebdid flRACIIerri]
mai ntained at 0.10 to 1 MPaG during reaction. 5 7. A nmethod according to

any one pfeggurarefl seddereartprhés makprdidiady atofttAubast yMERPHAYH Y a

di al kyl am n I&yl (nmeth)acrylate, nethyl chloride, and water to the
reactor,” Whi ‘continuously extracting a reaction mxture fromsaid
reactsor. 10 8 A met hod according to any one of clains 1 to 7, wherein the

di al kyl am noal kyl ate | t hyl am nog, meth)acryl ate. 15
9. A method accord ngjp‘tr%)a%ﬁ%4 §TEG l@?a?ﬁsa%yt% g, v%léarléq ntlt )ﬁg %néth I
chlori dethﬁtﬁé@ﬂldn@ﬁﬂé&h@@ cBAtehectsTy sibplAitet hodiatroldinfigod kel ai m 9,
further conprisin extracting a part of the reaction m xture fromthe 20

react or ; (Redh)aryElate r 8gEhYonCHRF it BPrdaedety tenFb6gheacheat v
eXChangeﬁ? @ﬂgxoﬁ}!ﬂg) ﬂﬂga%ﬁaﬁ CQOLegl- £ BAC I QI JPX IR, shOgeragEtyd T h

nmet hyl sal d reac or using an ejector. 25 11. A nethod
accotidi ng to any one of claims 1 to 10, further conprising: supplying the

reaction mxture c otthIé/ extr %ctn dtof‘ggg{)ﬁ e feactar 1q Qne, or nore

seal ed tanks; and % grac?luacﬁr *adj ust in e pressure of the reaction
m xture wneﬁélild ttraenlﬁltaclkgzﬂamsabankpl pmstsmraa:rylate is

dimethylaminoethyl (meth)acrylate.

15 9. A method according to any one of claims 1 to 8,

wherein the methyl chloride is supplied using an ejector.

10. A method according to claim 9, further comprising:
extracting a part of the reaction mixture from the
20 reactor;
cooling said reaction mixture by passing through a heat
exchanger; and
supplying said cooled reaction mixture, together with

methyl chloride, to said reactor using an ejector.

25
11. A method according to any one of claims 1 to 10,
further comprising:
supplying the reaction mixture continuously extracted
from the reactor to one or more sealed tanks; and then
30 gradually adjusting the pressure of the reaction

mixture in said tank to atmospheric pressure.



