-1-- DESCRI PTI ON METHOD AND APPARATUS FOR PRODUCTI ON OF DI ALKYLAM NOALKYL
(METH) ACRYLATE QUATERNARY SALT 5 TECHNI CAL FI ELD The present invention
relates to a nethod and apparatus for producing a dial kyl am noal kyl
(meth)acrylate quaternary salt wth hi ghDP[oducti vity under stable
production conditions. 10 BACKGROUND ART Dral kyl am noal kyl (neth)acryl ate
quaternary salts (hereinafter referr%gSEgI I(SI\PAM') are raw materials,
etc., for cationic polymers, and are usé Or 'vari ous purposes as raw
materi al s for theEpree il GPRARAPOE yieR RREAHATaoNsOr pRpErKYIBMINCATKY L

strength-rei nforcing agents, I i Ll itioners, and the
like. DAMis generally produé@g&hiﬁﬁéﬁﬁﬁﬁ%ﬁEgﬁggﬁM sol ution of DAM
During production, using water as a solvent, raw materials are supplied in

t he pr esgnc%ﬁgggw&?ﬁ@t, and the 20 mi xture is reacted while renoving

t he heat™ of ventionally, DAMis produced by a batch process

(for exanple, Patent thecyrenbst LirdRthtdbn HOVEVES .t SUCheanABL BOE Hoaratus
produci ng DAM bgga bat ch process has sonme drawbacks. Specifically, since

the product f8A PECIWELHEF SHRedYi Anbe YedctBRLh) aor gl afee cadeynedy maiity
feed raw magethahsgRnpLRaERAVEpr 0duct | AN HALOEESSucAh t&r{jo%@%ﬁspr oduct s

after the reaction is conpleted. In addition, a long period of tinme is
required to stabilize production conditions. Thus, productivity is

probl emad i cppMireOVes adhe batch process nmakes it 30 difficult to stabilize
production conditions such as the concentration of raw materials in a
reaction mxture, thdéilsddtyleninedvecyrledoeiibhacantktderlaticenads aztesult, the

quality of i ts.tend % . _Furthernmore, inp water or
wat er - cont téllq%enlgpér%aéc}f %oe%r eggié@eﬁ? %é;s'ﬁjg&rr@,) %‘[é%yfaa"t‘r eq se,m\ﬁ%gh ?gﬁm ed 35
in the reactéomomixtrlemeeasi byd gy alagzie dotrovpr bolue emagiogkisc as 2raaci d.

When p0|ynEﬁ§té¥§§ﬂ§“%%rb¥hgok¥o éégfgd(g} %Elgﬁg%pé£§%5§§%ts, paper
15 strength-reinforcing agents, antistatic agents, soil conditioners,
and the like,

DAM is generally produced in the form of an aguecus
solution of DAM. During production, using water as a solvent, raw
materials are supplied in the presence of the solvent, and the

20 mixture is reacted while removing the heat of reaction.
Conventionally, DAM is produced by a batch process (for example,
Patent Documents 1 and 2).
However, such a method of producing DAM by a batch
process has some drawbacks. Specifically, since the production is
25 performed in one reactor, it is necessary to newly feed raw
materials on each DAM production process, and to remove products
after the reaction is completed. In addition, a long period of
time is required to stabilize production conditions. Thus,
productivity is problematic. Moreover, the batch process makes it
30 difficult to stabilize production conditions such as the
concentration of raw materials in a reaction mixture, the heat of
the reaction, and the like. As a resulit, the quality of the
obtained products tends to vary. Furthermore, in water or water-
containing reaction solvent systems, acrylate is, when remained

35 in the reaction mixture, easily hydrolyzed to produce acrylic



whi ch contain acrylic acids as inpurities, are used as floccul ants,
performance of sone flocculants is degraded. To solve these problens, the
present inventors reported 5 a nethod of producing high-purity DAMwi th
hi gh productivity and few quality differences between products by
continuously supplying a dial kyl am noal kylz"( met h) acryl ate, a quaterni zing
agent, and : t reactor _ch ed wi.th _a.DAM aquepus solution ,as a
reaction so}%}e:l%{} @/ﬁlé&ll e§ %&%‘%%8@% Ve tbrya&qlﬁ’@efﬁgaFje%tcifgP%Opﬁ??&%rsé
fromthe readtiah CRatent Socrinentaciys Jﬁiﬁngﬁt&tim(édsi,sa@éﬁ@éé@rﬁs' however,
when a |l owhailin uaterni zing agent is supplied as the_ quaternizing
agent in thgﬁgfc(‘frl’ﬁ'\agfg'sa @%%f,oﬁ“ﬁg‘%uﬁﬁ §OPF e@s‘iﬁcéllé‘flttshés RIS Zi ng agent
shoul d be above the presssire icRebBepf@std, the bsebbys NRLESSALY rdfoAi@d

i ncrease pressur% for the supply. of a quaterni zi n% agent. Further, the
reacti on” nmi % GEERe8n8t | Fedy i G\we 8 LB cRwWat e i Heb via Ths Dpgh Yo tRFE LY Had
quat er ni i Ngeagenk i 81 090 NG drh@ sPLBEwe oML L s WhERA: {4 il

quat erni zi ng agent was directly .supfl ied "to the reactor, since’the agent
was i nsuf fi EPERLVYNE 3 péiadylishinoat kel r eeritilesrmilrtar e3 qurdEHinZiyI was
reduced. Congkderi RgqtHL-APQKe, EQQc@éfﬁ&HErde@V%@%Br$ 5&&”5&&@%@% s%@htion
suppl ying a quaterni zing agent by an ejector, the follow ng" advantages are
achi eved: thRe& Bezatffbhomn salmestdoekihotedrtdwudbadkwaxdraaitiog ke reaction

quaternjzi ng; I i.pe; e aterni zing.agent is sufficiently
di sper gie% [ %1?%29%(3?%@{?0%@0#%%%2; (1% e ?oIDﬁCl FP? %? t he quat erni zi ng
agent in the reactiorfhim xethedi 5s i spredvedt ;andwéher r edch v pwhecines

superior (Pat Docunment _4) . Patent. Docu t 1: Japanese Unexam n
Par ont _Publ LEAPPERTRETD Hrrhds. SHFArS Ao eBUaH R 5 gRReseh The
Unexam ned Patentdf Publd<atidhenshioply 1996:26898% Patentafnaiireny 3gediapanese

Unexam ned Pate Publ.i cation No. 2003-342244 35 Patent Docunent 4:
Japanese Unaﬁ%’lﬁﬁie}%e PRI t%ﬁb??%%?lil% o Ehe3reo6BAt 1586695 Enle necessary

15 to increase pressure for the supply of a quaternizing agent.
Further, the reaction mixture sometimes flowed backward into a
supply pipe for the quaternizing agent, clogging the pipe.
Moreover, when a liquid quaternizing agent was directly supplied
to the reactor, since the agent was insufficiently dispersed in

20 the reaction mixture, reactivity was reduced.

. Considering the above, the present inventors found that
by supplying a quaternizing agent by an ejector, the following
advantages are achieved: the reaction mixture does not flow
backward into the quaternizing agent supply pipe; the

25 quaternizing agent is sufficiently dispersed in the reaction
mixture; the solubility of the quaternizing agent in the reaction
mixture is improved; and the reactivity becomes superior (Patent
Document 4).

Patent Document 1: Japanese Unexamined Patent Publication HNo.

30 1992~-217649
Patent Document Z: Japanese Unexamined Patent Publication No.
1956-268985
Patent Document 3: Japanese Unexamined Patent Publication HNo.
2003-342244

35 Patent Document 4: Japanese Unexamined Patent Publication No.



DI SCLOSURE OF THE | NVENTI ON Probl ens to be Solved by the Invention 5 The
nmet hod of continuously supplying a quaterni zing agent by an ejector, as
described in Patent Docunent 4, is an excellent nethod for produci ng DAM
However, due to the heat generation that gcconpanies a quaternization
reaction, the nethod has a problemin that the tenperature control in the
reactor 10 megshagder with increased reactivity. CGenerally, a reaction
tank is cooled by a jacket-type heat exchanger of the reaction tank. It is
difficult, however, to match the cooling capacity (the anount of heat

removal ) “jEﬁshaﬁsBﬁ toyahgfgwgggﬁgéﬁre, the tenperature in the reactor

ri ses. An excessive Tenper 15 in the reactor causes problens such
as the pol yreribzatnsono beapiliven b geaelatadibAM and the hydrol ysis of

ester. Tgus, stabl e %;oduc%hog ééﬁg%ggé%radg DAMis difficult. For this
reason, “a nethod t hat 'SelFagdt QUEOHL PHIPEHChe FRAEEERIHES been
desired. 20afherebisarneidgiomr abl @asd tdati ivpenatheparowie af iheat
renoval is small, a Iarger reactor or a plurality of reactors is necessary

to i ncr ease SFRELPPBHUBE VOFURBOSR LG it -of HAtRNAE, &MSobPebie otedthe

present inveBhkeBtibs ﬁ}%ﬁora%bﬁlgaﬁti@@til e RE OGHEL NG U GR-RUT EhY AAMoM th
high 25 throughput, even with the use of a conpact reactor, by efficiently
cool i ng t hehpgagt PHPPH%tlir 6hed Eont tatogdrcureenpeiaeuria: ither €886t t he

react oryp AngLhgh9bj f,ithey i I [ vid ;
appar at us suitab?%b%%ﬁk?ﬁglkﬁe%ﬁggsiggiﬁ%%%gq%%?950$§%%§ggﬁg’ﬁ?o gﬁﬁ?ﬂe
i nventors céadictedcextshdivve Iaskalchyieo heeltv exthengabofe ties ceabeicbn

probl ens, a ou haty: B gh-pur it c r.odu Lt h_ hi
Dt oduct vi £ 36T o1 dag L EF PO, Holeelt PR R A EER I  ley
extracted f{bneaareact @t deelngendren ¥leadttihomhe- Aeaamtloeol etiet-bf ongh tdeheat

exchanger .  ThaN 16 0a0l Sr aglon MM U, | & SURRLECHof Se 18 A 028 Ler

15 in the reactor causes problems such as the polymerization
reaction of generated DAM and the hydrolysis of ester. Thus,
stable production of high-grade DAM is difficuit. For this reason,
a method that secures temperature control in the reactor has been
desired.

20 There is another problem in that when the amcunt of
heat remcval is small, a larger reactor or a plurality of
reactors is necessary to increase the production volume.

In light of abocve, an object of the present invention
is to provide a method of producing high-purity DAM with high

25 throughput, even with the use of a compact reactor, by
efficiently cocling the reaction mixture to control the
temperature increase in the reactor. Another object of the
present invention is to provide an apparatus suiltable for the
method.

30
Means for Solving the Problem

The inventcers conducted extensive research to solve the
above-described problems, and found that high~purity DAM can be
produced with high productivity as feollows. First, a part of the

35 reaction mixture is extracted from a reactor during the reaction,



agent, by an ejector. Consequently, the heat in the reactor can be
effectively renoved. As a result of further research based on 5 these
findings, the present invention has been acconplished. Specifically, the
present invention provides a nethod and apparatus for producing

di al kyl am noal kyl (neth) acrylate quaternary salts, as described bel ow

ltem 1. A ng EOQOBEeBrBQHﬁ%ﬂgaahQEQ'%Xéﬁﬂhgﬂ?!kf e Fﬁﬂﬁ)%ﬁrX%algéa&gon
quaternary salt by continuously supplying a dial kyl‘am noa ﬁy
(met h) acr yl atletuaequat seprnziasg tagehe, remct gt épgtohar readt ar quankicteing

cont i nuousl racti a reaction mxture.fromthe react wherein a part
of the reactgﬁgﬁ%m% uér&g eé&(etcscggt'eoé]?qsoel%uepﬁéy reg??:? e3tg l@ogf‘gdr%@dbogsgfiﬂg
t hrough a heat e€fehahgery anmdvedS thre aceekealtrefnctiaman xbHeerts sisppl bed

to the reactor together w.th a quaterni zi ng agent through an_ejector. Item
2. A rretsiiodtcgce,%r G- tt%‘rfﬁ Ergﬁﬁ@f et™h OP%Q@FOI?@GF% agcﬁpg\ﬂléjﬁg?ér char ged

with a dial kyl am noal kpkcf setd)aer nat @reguat efamt i9al hbrafdiessisa sekbdon
before a dial kyl am noal kyl 20 (neth)acrylate, a quaternizing agent, and
water are cBRti Abowedirs st?ﬁpPF@E]‘?CJrfﬁ%rﬁlﬁl]%(lﬁ@f—ﬁ@@ll}éb]co(r“éﬁ%lgaﬁéﬂ%ﬁéf‘m 1 or

2, wherein gheteeasty ol ol XEUr gebsSrimitaingd at a tenperature of 30 to
80C during reaction. 25 Item4. A nethod according to any one of Itens 1

to 3, wherefhe?the & @il P§ aredatidl resdéedkylanenepidndr dmethyaagdmte s a
guat er niczi n Vi bajl i i r. | owan

pr essu:1 eOZi nglilgggﬁ\aeﬂ?eéggt% or%yi gbllrirgl[}%tlcgignl d San %.9%68% C%%é%gﬁ?%g’gl
reaction. 30n¢tm&yiAateet hoduatevrdiing tosany ané witdn d¢wsalreactgr,wherein

the dialkyl gl noaldd, daethl.agtylate; o Alethyl.amooet iyl e It actudat e,
and the quaternizing agent ts nmethyl chloride. tem 6. et hod accor di ng
to any one of I|tens lwher&in faurdshér cfconprisiaig csuppkying ¢hieraczct £oom

XL e Conbh DUl SXL B5LEd, 35, TLTLDe LSRRI, oAU Te, SEE O,
t he tadk tochatomsighereacptessut:eture is supplied to the reactor together
with a quaternizing agent through an ejector.
Item 2. A method according to Item 1, wherein the reactor is
previcusly charged with a dialkylaminocalkyl (meth)acrylate
quaternary salt aqueous solution before a dialkylaminoalkyl

20 (meth)acrylate, a quaternizing agent, and water are continuously
supplied.

Item 3. A method according to Item 1 or 2, wherein the reaction
mixture is maintained at a temperature of 30 to 80°C during
reaction,

25 Item 4. A method according to any one of Items 1 to 3, wherein
the reactor is a sealed reactor, the guaternizing agent is a
quaternizing agent having a boiling point of 25°C or lower, and
the pressure inside the reactor is maintained at 0.10 to 1 MPaG
during reaction,

30  Item 5. A method according to any one of Items 1 to 4, wherein
the dialkylaminoalkyl (meth)acrylate is dimethylamincethyl
(meth)acrylate, and the guaternizing agent is methyl chloride.
Item 6. A method according to any one of Items 1 to 5, further
comprising supplying the reaction mixture continuously extracted

35 from the reactor to one or more sealed tanks, and gradually



I[tem 7. An apparatus for producing a dial kylam noal kyl (neth)acryl ate
quaternary salt, conprising: 5 a reactor (6) equipped with a

di al kyl am noal kyl (neth)acrylate supply port (10), a water supply port
(11), an ejector (1) for supplying a quaternizing agent, a reaction

m xture extraction port (13), a circul atiﬁg"purrp (7) for extracting a part

of the react u tigr 10. s.required; a flow
path for supép ;%Srr%% héﬁ?e%é%%ﬁ%m xthgg rea lél:)@t @&&gbﬁ?n W‘leL egé’f%ru( 6) by
the circul atatn@sphapl(:n)r@mtx’ree ej ector (1) and a heat exchanger (8)

di sposed in_the Io pat h 15 cooling the ex ated reaction m xture.
Effgct of tt‘%epnven%yp H*?F@%RNFBFOHE% %S&ag%yi Mt i nvention

al | ows ef fi girenh) heapla;teémg@tefrheﬂyasamct@fmprllglagrtI cul ar, when 20 a

quat erni zing agent is supplied P%l usi ng an ej ector react|V|ty i s enhanced,
i ncreasifhg the heat va d&3°Even!$h aikrgdcyseh %é%ﬂta kvdrBNEP2 i 8Y ¥ eadi | y

carried out.mAeBOEELNOAYe SRPNETr BHYUE € (LONt IOkatkd thS T£actr Regonss
extrenely sinple, g hlegh pur?tg DAM %Ga))n gaprodulclt}g% S\f\llagﬁ’] hi %?

product i vi t?JQQSOBrI(%)f s eriPplyshg of St mrawingsaseet, B St‘@ﬁ’@l”fmprlcal ly
|11 ustrat es ant 8F-8CLOF radtiGn %o%‘éh‘?ﬁ?)“%?' %chhglc!%ﬁgra‘gﬁ%eat eq‘s‘%gor of the

present invention conprising an ej ector an exte exchanger .
Descri pti onedFr8yrbet s2 PRItEPECtbe Qeamzozi gipéanre, 354 a SUdtrirangpakade- 6-
4. Reacfd on gy xLUr £, 2;;,Q4at erni zing agent 6: Reaction tank 7: Grculating
punp

a flow path for supplying the reaction mixture
extracted from the reacter (6) by the circulating pump (7) to the
ejector (1}; and '

a heat exchanger (8) disposed in the flow path, for

15 cooling the extracted reaction mixture.

Effect of the Invention
The DAM-producing method of the present invention
allows efficient heat removal from a reactcr. In particular, when
20 a quaternizing agent is supplied by using an ejector, reactivity
is enhanced, increasing the heat value. Even in such a case, heat
removal is readily carried ocut. Accordingly, temperature control
in the reactor beccmes extremely simple, and high-purity DAM can
be produced with high productivity.
25
Brief Description of the Drawings
Fig. 1 schematically illustrates an ejector.
Fig. 2 schematically illustrates a reactor of the
present invention comprising an ejector and an external heat

30  exchanger.

Description of Symbols
1l: Ejector
2: Nozzle part

35 3: Suction part



5 8: Heat exchanger 9: Agitator 10: Da supply pipe 11: Water supply pipe
12: Quaternizing agent supply pipe 10 13: Reaction-m xture extraction port
14: Jacket-type heat exchanger BEST MODE FOR CARRYI NG OUT THE | NVENTI ON
Enbodi ments of the present invention are ngCI‘I bed in 15 detail below. The
present invention is not limted to these “enbodi ments, and can be suitably
nodi fied as j.ong_as;Lh ehﬁké& of the invention is unchanged Note that the
tern1(neth)acry ate rnt specification neans acrylate or nethacryl ate.

20 1. Raw I\/@te@ualtsrnlsemcjj regeme DAM pr oduci ng net hod of the present

i nvention, %I n@al kyl (nmeth)acrylate, a quaternizing agent, and
water are use rials. Specific exanples of dialkylam noal kyl
(neth)acryléteClZEuihEIm@rpﬂﬁ@er referred to as "Da") include

di met hylim Eoeg_X |: %ﬁt %ctcr yl ate, diethyl am noethyl (neth)acrylate,

di pr opyl oe ﬁ% rylate, dinethylam nopropyl (neth)acrylate,

etc. Various: cggp@yﬂg§ can be used as a quaternizing agent, 30 insofar as
t hey can quaternlze the amino group of Da. Either 1liquid or gaseous

quat er ni zi ngYagBat VR K& abl e. However, fromthe standpoint of easy
renoval of uwnkepgted %lg,r?%bng agent fromthe reaction nixture after
the reaction, easy su o an ejector, and excellent dispersibility in
the reacti oh? SSQ%@&@EH¥¥1H@u§€@ﬁh|Qmﬁﬁjdagemﬁs in the formof a gas or with a
w0t Lbooepalnlolharel oo Lt alehy e, Lo as "l ow-bol i ng-pol i

quat erni zi n% agent {]J) are pre era'T fical y, a quaternizing agent
havi ng a boift ndepitintt vk BE@to@X¢Mnger preferably 20C or |ower, and nore
preferably 10C or |ower, at 5 atnospheric pressure, can be used.

BEST MODE FOR CARRYING OUT THE INVENTION
Embodiments of the present invention are described in
15 detail below. The present invention is not limited to these
embodiments, and can be suitably modified as long as the gist of
the invention is unchanged.
Note that the term (meth)acrylate in the specification
means acrylate or methacrylate.

20 1. Raw Materials Used

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

Specific examples of dialkylaminocalkyl (meth)acrylate

25 (hereinafter referred to as "Da") include dimethylaminoethyl
(meth)acrylate, diethylamincethyl (meth)acrylate,
dipropylaminoethyl {(meth)acrylate, dimethylaminopropyl
(meth}acrylate, etc.

Various compounds can be used as a guaternizing agent,

30 insofar as they can quaternize the amino group of Da. Either
liguid or gaseous quaternizing agents are available. However,
frqm the standpoint of easy removal of unreacted quaternizing
agent from the reaction mixture after the reactiocn, easy supply
to an ejector, and excellent dispersibility in the reaction

35 mixture, quaternizing agents in the form of a gas or with a low



Speci fic exanpl es of such a quaternizing agent include nethyl chloride,
ethyl chloride, and other al kyl halides, as well as benzyl chloride and
ot her aryl al kyl halides, etc. Anong them al kyl halides are preferable,
al kyl halides having an al kyl group 10 containing 1 to 5 carbon atons are
nore preferable, and nmethyl chloride is ﬁafticularly preferable. The

quat erni zi n t e to_a.rea various, forms., For
exanpl e, thg)gggggrﬁggPﬁg ad%%r@%gﬁr Eefiﬁﬁﬁ%qéﬁaﬁ Xﬂ% ?%ﬁ%ﬁQﬂrRQlag ,
liquid, or gastkirguizdngi xgentes")larAspiheepdiome- nepédOneth gt es used in the

present invention, the purest possible water free fron1yetals etc., is
pref erabl y &@é&ergbééﬂgl%g%&%ﬁﬁWé§glﬁc?%ﬁ%”ﬁ?§¥¥¥¢e§fm%¥é¥Ofléﬁweéxchange

water, et oiorBraduglion of DAM2Z0 Hhe RLeseRLeLaYen HeRcl 8 & dIRbhog: of

prodUC|n DAM conpri si ng contlnuously suppfying Da,” a quaternizing agent,
and water EOTRSPBEELBrRIGHIYE c6ADI AROUREY extracting a reaction nixture

fromthe reactor. whergicnigipattafidhor eachi ongilatie nextyact edchiom

the reactor is cool ed by passin hrough heat 25 exchang and
cool ed reacPREAYH Kiieeids SHHYL| @Hl@élcﬁﬁhe anceatbor abigel ferliviesh therell

quat er ni zi ng agent , uskig, AL 8at %mr e}ﬁalﬁ%ﬁ ksgg& ed eagtd, O%Ha;%gﬁ Y,

refers to a solution cont ai ni ng r‘eacti’on

mat eri al s i Alkké hadtdes armE @reieshbhs aﬂia%ahpﬂede$}anmagpamaamkyicgroup
carryi 3 I-0 hod of the re ent |nvent|on The
appara?ﬁ% cgﬁgg%éégﬁ%:fg%gﬁoggﬁégg fovi ded mpﬁe erﬁﬁﬁe EQX%

wat er suppl ghporicd 119 paartiepéetdy Bdgfdmbleuppl yi ng a quatern|2|ng agent

a reaction m xture extraction ort 13 circul ati 7
extracting a part of #h% %%%%? ﬁ%??ﬁr% an Ry SyPg ﬂgﬁg ﬂg %5%35%P§)1%s
required; avérbwupafdrrfar F8r aupplly, nghthguaeaetiAamgmaybit ecaxtyact ed from
the reactor (6).Db Ih circulatin unp to the ejector (1); and a heat
exchanger féﬁg%ﬁéﬁxﬂﬁa hen ToRB ?%céi%%ﬁ gﬂéﬂ AeoBF | FRP THEVe Lt FAgEEE -
reacti s mxture. Thesapparaidie FRwcl UALASK: CONMIHcse 13 thai shinhit ank and
5 an ageing, t ank.
invention, the purest possible water free from metals, etc., is
preferably used. Specific examples include distilled water, ion
exchange water, etc,.

2. Production of DAM

20 The present inventicn is a method of producing DAM,
comprising continuously supplying Da, a quaternizing agent, and
water to a reactor, while continucusly extracting a reaction
mixture from the reactor, wherein a part of the reaction mixture
extracted from the reactor is cooled by passing through a heat

25 exchanger; and the cooled reaction mixture is supplied to the
reactor together with the quaternizing agent using an ejector,
Here, the term "reaction mixture" refers to a solution containing
DAM generated by the reaction of raw materials in the reactor,

Fig. 2 shows an example of an apparatus for carrying

30 out the DAM-producing method of the present invention. The
apparatus comprises a reactor (6) provided with a Da supply port
(10}, a water supply port {1l1), an ejector (1) for supplying a
gquaternizing agent, a reaction mixture extraction port (13), a
circulating pump (7) for extracting a part of the reactiocn

35 mixture, and a stirring blade (9) as required; a flow path for



The net hod and apparatus of the present invention are described in detai
below with reference to Figs. 1 and 2. Reactor The reactor used in the
present invention is not 10 limted 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 line _mﬁth gl ass, Teflon(r), or the
li ke are pr g Qﬁ% | _u ta onent s i nto the btalned
DAM aqueous%%ggﬂ'ﬁﬁglgﬁec% 1€“av%%ggggéﬁgqé dngﬁ??té ?ﬂﬁﬁzm} eous

sol ution camebeiobtdenedy Mhen (g I0m+tMElejgpumr i) quat@rairzatg eagenigdrs

used as a q erni_zin t al abl e or ess riza arat uses are
preferably Kgéddég g% g¥i %§8prggh £ (ﬁ?o lnﬁegﬁ?oﬁx 4%9 L reaction
aut ocl aves, rekeurbbr everapparaastidy equitppedc2fo 4 A fiagkating ypakheat
exchanger is preferable for easy tenperature control (Fig. 2). In the
present nvéRt FERIPhe*teéactor is provided with an ejector for use in

suppl yi ng the quate"n|Tlienﬁ1e@§6<ﬁ|tand:'eﬂbpa.lcatﬁgolé@ ehd YRieahrexamphe ff aan
ejector. In Fig i ndi cates 25 an ejector, (2) indicates a nozzle

part, and (§?5Fﬁé|]i>%%t%% dEtaddc PRV pakih rﬁf@r@p@@t 6P FTxoml soameférred to as
an aspiratogezcfAs-shown in Fig. 1, aliquid 4 is supplied to the nozzle
part (2) at nigh speed, thereby redUC|ng the pressure inside the ejector.
By the resulting drlvﬁﬁ@ tereeer aldqdqiindthgapresnigdsviengard 89 mitxt ure (5)

can be syupphigd:£50m the sucti-an; 9ftar{c§>seﬁ?l %uﬁr@e%%ei&gé U rmemgféeaﬁ

may have one or nore ejectors, an pti el | éctors can

det er m ned dépehﬂlr@ﬁqﬁﬁdlﬁ@ pSDQQC©f&@he reactor and the S|ze of the
reaction. In the present % nLeaction m Xt u is, 3 xtracted
fromthe reactor by tﬁg Eb%c% a1¥ﬁﬁ Ose(7§os?uquﬁﬁ1 %fggﬁp%ﬁic Fg t he

nozzl e parta(xa)of)flirhﬁ e;le;elt ofl.asBy Tehielcds@ Vbﬁgthé oI Cie: gerebabedraeres, sa
quat erni ZI n

quat o 1 21 16, B0SD1| 3, PP e | LGNS, Suek LoD parl, (3. 1 Lhe Leact  on
bot t omics thelﬁticaao_’na)'r ,bealadoﬁhedem&ctaomllg& paunt AN decuppeslpoirdn on of
the can be obtained. When a low-boiling-point guaternizing agent is
used as a gquaternizing agent, sealable or pressurizable
apparatuses ére preferably used as a reactor. Examples of such a
reactor include autoclaves, etc. Moreover, a reactor eguipped
20  with a jacket-type heat exchanger is preferable for easy
temperature control (Fig. 2).
In the present invention, the reactor is provided with
an ejector for use in supplying the guaternizing agent. Fig. 1
shows a typical example of an ejector. In Fig. 1, (1) indicates
25 an ejector, (2) indicates a nozzle part, and {3) indicates a
suction part. The ejector is also referred to as an aspirator.
As shown in Fig. 1, a liquid 4 is supplied to the nozzlie part (2)
at high speed, thereby reducing the pressure inside the ejector.
By the resulting driving force, a liquid, gas, or gas-liquid
30 mixture (5) can be supplied from the suction part (3) into the
ejector. The reactor may have one or more ejectors, and the
optimal number of ejectors can be determined depending on the
size of the reactor and the size of the reaction.

In the present invention, a reaction mixture (4) is

35 extracted from the reactor by the circulating pump (7) and then



reactor. The suction part (3) of the ejector may be installed outside the
reactor. Fig. 2 shows an exanple in which the tip (reaction-mxture

di scharge part) of an introducing pipe of the ejector is placed in the
reaction mxture. The tip may al so be 10 p|aced above the surface of the
reaction mixture. In a preferable enbodinent, the tip of the introducing
pi pe of the gj ' | i_n react m_xture, rticul arl t he
tip of the Sﬁiﬁﬁigggckﬁgt}% gg(?%éeppé gré\%fy fplq:glllézegjieﬁ ah al% E %l%ngdl ate
posi ti on betiweer gheeb@teabmefxfe theqne’ae::tmirzzargd aghetsusf agsolofed Ifﬁeom e

reaction m In_the, pres nvention, m.,xing of the and liquid
inthe reac;%llrétl‘lgnsa‘?#]cf nt' 5'“% BEP YUt s %8 ar?eé‘jeéggi% Al one;
however, fouraretoraninguhd adesacaichSketwuriki reunasd 1 k@qe &idtl‘tbmn@f klrades
may be ed to ther vvltt]?an €J ector, as requirred. 20 Supply of Raw

Material2 | AoEh Oﬁre%%%t TSRCEBA, L2 dEHIHER iRt BREarPRET R%ﬁtlpﬁu@&squﬁ

suppl i ed i nraaeenst amheaF0LAL of Opéﬂf‘ce (38260t ne T Scr HamaSUBR! €8st dNeq
i ncrease in the anmount of reaction heat conpared to bafch-type reactions.

25 The quat 8PRFHTRGERREMAGOsugpld-ed EOOVReaR cietTBILe hr BhgRN t e a8t i on
part of the (ebg6tobn-hRcand w%@ﬁag@@ ;baa.»t supphhed,i B, 6L %gdg;égs eégé?aea

st andard manner The raw materials ~can e supplied in an
exanpl e, M@ﬁeﬁt@6W§)d?lqu@§]- ipothe Jéﬁmté{qm mlﬁguagenﬂ’hestmseldaﬁasalta@ebe

quat er nizi ng; 886At s d Ko @ungé 'Eh‘ée'}%'a%n,oxhhzﬁlé Dboi Lin &Pro'f%able

quaterni zi ng agent is suppl e reactor 't rou an e] ec
whi | e keepi aigoodiesipr edddr ¢ipnof h?eher gadgtroducongt pipe c[htar@dewat:i%rasrse

conti nuousléglgy%)(ﬁlirgdc eFl‘f:retaQ%_rLOnV}@leﬂta Io 5’9{},5&% Ql n%ggu ter ng agent

is 35 used e qua erni zZing agen e present t ﬁg a
-10- seal edineaedwring Ipappr essplr@f@nmjlqe pﬂ.laeedeantm adlmrdsmg mhermas,cemtel on

or of or ably BT Ck 0.5 WSRE ThE BOYGEUIT, THel Fgeror dHBUAT CoF “QRATer £PRg
agent d&n beeaitsisol \maditluﬁ‘ret he reactl on 5 nixture.

In the present invention, mixing of the gas and liquid
in the reactor is sufficiently carried out by using an ejector
alone; however, four-retreating blades, a disk turbine, and like
stirring blades may be used together with an ejector, as required.

20  Supply of Raw Materials

In the present invention, each raw material is
continucusly supplied in a constant amount to the reactor. This
can suppress the increase in the amcunt of reaction heat,
compared to batch-type reactions.

25 The guaternizing agent is supplied to the reactor
through the suction part cf the ejector. Da and water can be
supplied in accordance with a standard manner. The raw materials
can be supplied in any order. For example, when a low-boiling-
point quaternizing agent is used as the gquaternizing agent in the

30 present invention, the low-boiling-point quaternizing agent is
supplied to the reactor through an ejector. Then, while keeping
the pressure in the reactor constant, Da and water are
centinuously supplied.

Further, when a low-boiling-point quaternizing agent is

35 used as the quaternizing agent of the present invention, using a



In the present invention, it is preferable that a DAM aqueous solution is
previously charged in the reactor as a reaction solvent, and then Da, a
‘quat erni zi ng agent, and water are continuously supplied to the reactor.
When raw materials are 10 reacted w t hout _sol vent, crystalline DAMis
obtained. Due to the hygroscopic nature,~1 AM in a crystal formattaches to

the i nner L. .qf a r eat .removal, becones difficult.
Addi ti onal | \é,%aéleﬁcgé%%ﬁf’ageh% Pﬁ%gg%%%%\gl%yg al E?a%%o%xgﬁugrelﬁg FL%e

condi ti on ocearsiocwausimagirttee ngdl yoedi zatd dn MPEGDAMefards yoroder tba).sol ve
this proble one_net hods u er a sol vent ILn this case, however,
the Do of ¢ TE=F o MK A S ERONY of yode Tibirfy £8 docreuced Drodger
purity. In epptmnasdé: dqure:quresent agaventdronepreberabdy Useghea rBAM: ajueous

solution as_a reaction solvent to efficiently produce high-purity DAM 20
The type’ of "BANM'tOntai ned in the above DAM aqueous solution is not

limted. Usually, thezrpamBetypesfc DAVeASibhe ioblained-PAM L s-used. plike
concentration of the DAM aqueous solution is also unlimted and can be

sel ected frBRYBOW deYHHGE, 1SaBT PEHUTOU Chasaar] §0 e eswcent fatdon of the
DAM aqueous r2ac8td OR;drt , 58nki0r 8dh Wiz %0q %ﬁgf:@fﬁpéﬁ’ngigte%t§4?)ﬁ‘@a-x’é&&ﬁ@nd

more preferably 78 to 83 w.% Mreover, the concentration o
aqueous sol BFf ofCbEIaYEd Yopusnppty ity thewrsacket al ¥hkor reeanationalpsare

adj ust e¢y Wi 1-0i B 406, a0QVE LARYEN | ncé;getagmsnbm Ve AN clN® pue to the

above-menti oned DAM 30 aqueous sol utii“‘on (reaction solvent) and each raw
mat eri al cahy®eosenppl inedutre, t BaM rivact orryistaanyoon dertaasiclsong ase timger

reaction of e terials s. Specificall in_one t haod, the
DAM aqueougaisglouﬁ iq:\g{r?ni%g%glrté\%i o%lgsﬁ@%%g‘%ap geg F%m?%gei rh}/eééfé)tm(()erS g%?ﬁ%&%ach raw
mat eri al i shddintionedusl,y ssuppl D& ; tdkesanathéores had;y stthé sDANh 35z agumeous

solution is.supplied. to the reactor sinultaneously wth -11- ducing the
suppl y of t%%eefa%nrﬁ‘ttétgpapg?uﬁ’e T 16 téﬁpB?yW%r%OPaﬁfn%%ri ' may be
sui tabllp det@nmtredcdependingpotblidie poapenttiesiOfuRaGAtbaws sBd esdiakntl he

size of the_reactor, the production volu er unit tine, etc.
R B Fathe or 4s

5 Fc_,)Lr
exanpl e, Da't s pPriefEranl YOUGHEpTi dd'atd3a® aw nptegipds is hydrolyzed,

leading to decreased product purity. In contrast, the present
invention preferably uses a DAM aguecus solution as a reaction
solvent to efficiently produce high-purity DAM.

20 The type of DAM contained in the above DAM aguecus
solution is not limited. Usually, the same type of DAM as the
obtained DAM is used. The concentration of the DBM agueous
solution is also unlimited and can be selected from a wide range,
as required. Usually, the concentration of the DAM aqueous

25 solution is 50 to 84 wt.%, preferably 75 to 84 wt.%, and more
preferably 78 to 83 wt.%. Moreover, the concentration of a DAM
agqueous solution cbtained by supplying raw materials for reaction
is adjusted within the above range.

In the present invention, the above~mentioned DAM

30 aqueous solution {reaction solvent) and each raw material can be
supplied to the reactor in any order as long as the reaction of
the raw materials proceeds. Specifically, in one method, the DAM
agueous solution is previously charged in the reactor before each
raw material is continucusly supplied; in another method, the DAM

35 aqueous solution is supplied to the reactor simultanecusly with



mass% hour, and nore preferably 5.0 to 35 nass% hour, with respect to the
mass of the reaction mxture in the reactor. A quaternizing agent is
preferably supplied at a rate of 1.0 to 30 nass% hour, and nore preferably
2.0 to 15 mass% hour, 10 with respect to the mass of the reaction m xture
in the reactor. V\ater is preferably supplléd at arate of 1.0 to 30

mass% hour, and.more prefar r%ﬂyyo% PnLo. Yhaur, with respect to the
mass of the reactlon m Xt u i'n the reactor he rate of supplying each raw

material within this Ti® rahgeof SSmeéfyam@bleegzhbemau@e:amadt mamsbeprs@gt@}ssy
ith itay f t I bl th
\(l)v:‘ hi Shsubur:%{tgrﬁgﬁ%ﬂggocg#% 1%1 pro\évuﬂglﬁél% sf’f‘ﬁg 8?0%%%‘| g"%’ i 88 rn| | ng

agent to Dasusepoéfemabltqacajdmstheqprcbmkcandnnvbmeméep@ﬁmmt mméure:c 20

Mor eover uat erni zi n wat er, u deit into
the reacti oann xfc‘] le ]fao Jlgﬁgg gﬁfé?gﬁlbfé@p &PQB%E ?e%*i‘?é}f SP] &t E?’e in the
reactor. ASmdesermeﬂ abﬁyenor%l p@@feﬁmﬂusatoercal amga@@@mours, gupplied to

the reaction m xture through an ect or referably supplied into
the reacti oh®3BEHF xtUre:e ﬁ@%ﬁheﬁnﬁf%% r%%%@&emlﬁgua%w dEpdSREFBR of DAC

crystals during the snpqhatgfn%ng\f\@@@htC@slS@e@%tHl@C%h@ﬁlQédtattea rate
i ntroducing pi Da is preferably supplied fromthe'tip o
i nt r oduci ng©pi g OI%%a%%d“ﬁsrﬁﬁt/ﬁé’uﬁppélﬁds%% RHsee SR ?eﬁc’@@olﬁﬁ mﬁSﬁ%dlﬁ@urfso

Ext er naly Heat rExehanger \When eashs raw qat epi @L:Lb lﬁﬁmw%suesy@%tb%d to

the reactor and a quaternizing agent is suppl y an ejector
anount of reaction heﬁﬁtﬁérl%r@ﬁefﬁrﬁbweﬁmplxﬁd el @agétasofh% 0 rteadivity

of \Lhe duatgsalgathon Leactien bAts. 40/ beg ch™ i e dh Rresent. Lpventi on,

however, the renova reacti i rmedi atély carried
out, since ¥egget dgfo ttﬂi)@ mea@toﬁnthafnmtamteonsmtmbhm by the exae‘cqmal heat

cxchanger, and, 13 SupBLL o At oLEey ST SDR LeReter. Liough, an

When ugiSng Barogd yLsam@iemablequbm@mrbhcalpask@tegm heah exshanrger,
proportion of raw materials. This enables the production of high-
purity DAM with high productivity. The proportion of guaternizing
agent to Da is preferably almost equimolar in the reaction
mixture.

20 Moreover, Da, a qguaternizing agent, and water may be
supplied either into the reaction mixture or to the upper space
of the reaction mixture in the reactor. As described above, since
the quaternizing agent is supplied to the reaction mixture
through an ejector, it is preferably supplied into the reaction

25 mixture. Furthermore, 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 located in the upper space above the reaction

nmixture,

30 External Heat Exchanger

When each raw material is continuously supplied to the
reactor and a quaternizing agent is supplied by an ejector, the
amount ¢f reaction heat per unit time tends to increase as the
reactivity of the quaternization reaction tends to rise. In the

35 present invention, however, the removal of reaction heat is



tenperature control is difficult. Particularly, |arger production volunes
requi re consi derabl e amobunts of heat renoval, and thus a |arger reactor or
a plurality of reactors nmust be used. The present invention conprises a
flow path for 10 supplying the reaction mlécure extracted fromthe reactor
(6) by the circulating punp (7) to the ejgctor (1), and a heat exchanger

(8) di Spose%ﬁt@:eﬁ@%gf Lome %%l\x{ 9%1‘998& ,;[Agé%g;%ét raéégﬁ GLion, . Xt ur e

The fl ow path may provi one or exchangers
A part of tdxteaet llancmktcurbe’ By extemabdae‘atomthengeneacatrm Jszsapplled
circulati ng rrB xchan a langer s

d
made of stain es%rg #Qgrg Tani hlﬁ]er?j%gt%? tquig Ag % Tbc?]%“f e&]a%%( CTEor

exanpl e, a m@lnﬁ:n:oilubé Hwtreae:xdbangempemta.tz% typEaheass exchangen , using
spi ral -t%pe heat _exch anger are avail able. The cool ed reaction

m xture passSel ytﬁrﬁ‘ﬁ%‘ﬁ eeqlﬁégpe Y%E%@@Q@tsﬁwﬁl%ﬁﬁ FANEr[63z1 e part

of the e eClt@mpeMtlh;ee dirgropr essyf efi sur@i nbakned:1akthen, 1898y ds#odungion
force is enerated at the nozzle part for aspirating fhe guat erni zi ng

agent (Fi g VOYUNER YRSl MGarorglfar el arimitst of ehett oremAvetlur enfisthus a
conti nuousl Yy aeg6tefeahCidrcl @l@gaﬂ‘tf_lf@ AR ceXLerfde Qﬁ@hse@xchanger ina

short tine in the present invention his ensures extrenely high cooling
efficiency even when The BRIt oMvsOtieacePmpr insdt 4 ﬁé%aﬁ@‘sh Pecordingly,

it is passiblgp wlwecheo&%%eaomxﬁ%d@ eB&rlé*é%th]&;‘ L i %eg {%P (deagtor

at a const ant enperature in a step to confinuous eac raw
materi al tothe h(éllf@slﬁfdmga@dfmn 4 readticorjstepr The tm@r aeateektharkes

case is pr r e f 10C. 3 traction
of Reacti on?ﬁfx(t?ﬂr@/ S%clb?; %I ﬁgtgh%f%?eés%ﬂ %;?\%eﬁ ?g#{g gtglc eXtra é IaaICJCJLon
suppl i ed whirfeteive r&aet Foow matthureyi beertoacdet wfutchrmhheoream cm: ndhe
timng of e%égcé Jé%reaction mxture is not limted. The reaction

m xture may ra(pt Sei t her sinmultaneously with the 5 start of the raw

mat eri a5 supply, or saneatt nef ahketekbeist afixtafre is extracted from the
reactor by a circulating pump, and then supplied to a heat
exchanger. Heat exchangers made of stainless steel, titanium, or
glass lining are preferable. For example, a multi-tube heat
exchanger, plate-type heat exchanger, spiral-type heat exchanger,
20 etc. are available.

The cooled reaction mixture passed through the heat
exchanger is supplied to the nozzle part of the ejector, while
high pressure is maintained. Then, high driving force is
generated at the nozzle part for aspirating the gquaternizing

25 agent (Fig. 2).

In this way, a large amount of reaction mixture is
continuously cooled and circulated through an external heat
exchanger in a short time in the present invention. This ensures
extremely high cooling efficiency even when the amount of

30 reaction heat increases. Accordingly, it is possible in the
present invention to keep the inside of the reactor at a constant
temperature in a step to continuously supply each raw material to
the reactor and in a reaction step. The temperature in this case
is preferably 30 to 80°C, and more preferably 40 to 70°C.

35 Extraction of Reaction Mixture




raw material supply. Moreover, the reaction m xture can be extracted
continuously, or may be extracted intermttently, as required. A part of
the extracted reaction mxture is supplied to the nozzle part (2) of the
ejector (1) through the circulating 10 pu% The rate of extraction of the
reaction mxture may be suitably determ ned according to the purposes. The

reaction mxture is Qﬁ?ﬁﬁ{agk¥s§§ rﬁ%k%gigkéggéﬁ%ur mnt%r}gl 29 sgplﬁ

nmass% hour, and nore prefera respe
the mass of WHaer a6t Fomcimxt umeitnzmet he edactaded tﬂmdmrthswnémqi:@mdl tlhens,

reacti ons pry raw_nat erj.al ort| i the
product i on ogg‘hﬁghogu %%%ﬁﬁb& AP gh- Bt SdercHvi f“g gnﬁ]% 20 In
t he present rieacenbthomixitre sngyr @beeabkaecﬁétatelﬁ:hér sexa@ltmmsmyuw&th the
conti nuo gjlsI%t%xtcragt d fromthe reactor plied to one or nore seal ed

finishing tan hat?t R epral s toﬁeSP@ﬁcHIB‘?l #h 58 uteSi ftae of

finishing tabak hetesubbegueiitl.y Belfdisiced toeatbaRsSPNG! G PLEESHES. pdlere, the
term 25 finishi ng t%nk nmeans a_tank connected to the reactor and/or an
agei ng t ank S*HEECFFHEPTEIRICUSSY e hoh Fahishiergrearkd | TR/ tentLEmARe

unreacted ceeponeads of pkhe goaies nizi-ngrageflacels mikRurEhesr£35hken o
m xture after reaction, particularly, when u5| ng a | ow boiling-point

quat er ni zi n§"&gRAEZ LR RaRE deat eFnf2e Ry sxgent (130t hheuginridec cédculating

| ow boidd ngpp@bnt quaternizing agent, by reducing the pressure of the
reaction mxture to atnospheric pressure, and further aerating the

reacti on mixture as ré&§8i Fee FHorcxaxamplien Q\f]é:rherre:telapltlohlm)xxuefa sﬂausleed as

alow boilLagedol NlaAualebabz L0 A « UBREAELA IR hYin EhL L1 de, i S 3

dissolved in the reaction mxture 1n r eac feac t hyl
chl ori de i nmikeureaict |m1$fmrﬁbﬂlyeextsrémt®mlayzedrabe hyfirogeno GBDOI‘I de V\:hl ch

Ianggfsg\r/;r?ﬁéf%gnﬁloeJ%ﬁﬁglégb %gn@f%y &%%Iyg i'g © ?—%v@%gs; 57 %glet h‘érb}? essure of

t he reddti orespodturte ithei mapdi af ethe Ereraeltmbnezdntmzaé rmsmhér rezPtE&ssSultder

et hyl Chloé&éﬁi 5%df%l%%%%egegétions progress with a suitable raw material
proportion, ensuring the production of high-purity DAM with high
productivity.

Finishing Tank

20 In the present invention, it is preferable that the
reaction mixture continuocusly 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

25  finishing tank means a tank connected to the reactor and/or an
ageing tank, described later. Such a finishing tank is used to
remove unreacted components of the quaternizing agent, etc., in
the reaction mixture after reaction, particularly, when using a
low-boiling-point quaternizing agent as the quaternizing agent,

30 the unreacted low-boiling-point quaternizing agent, by reducing
the pressure of the reaction mixture to atmospheric pressure, and
further aerating the reaction mixture as required.

for example, when methyl chloride is used as a low-
boiling-point quaternizing agent, unreacted methyl chloride is

35 dissolved in the reaction mixture in the reactor. Unreacted



a stretch, and sinmultaneously oxygen dissolved in the reaction mxture is
al so vaporized. As a result, the reaction m xture enters a |ow oxygen
condi tion, thereby causing the polynerization of DAMin the reaction
m xture. 10 This problem can be resol ved 2%/ using a finishing tank to
gradual |y reduce the pressure of the extr: %ed reaction mixture. The

reaction m )fﬁé{'h‘?yln_@)ﬁﬁggiéé'pﬂlx ed %iegggﬁoﬁ%gq&f%uﬁlsyh §£oi n ec# mt %ﬁcﬁgc!g’e to
the finishing tank; however, continuous supply is$ prg ef Ted T or e abl e
product i on cfilpaNtie]5withen nisvberfasbribhe sfimgHeankslimy df findleastcartes.

but a larg of .tanks are preferable in ter fr Vi .

unr eact ed cgfrr}r]pe%lr%g?? é’a; e?grneeé:cetsfsgﬁy é%rﬁl%cmeaﬂnﬁ?a%ﬁgﬁ Iﬁ%ﬁ% g?gorlde'

| ow boi | i ngHpeentrquaf etiné zimg sagent £ ashd hegitdioar il zt Nge agettredt g1y
unreact ed quaternizi agent. The nunber of finishing tanks 20 is generally
one or n’gr e,reélugpgéaggya RS LHGr BFe%Wﬂr%F@thﬁieFE?‘%ﬁ{fa iy &8PEFLIARSt &°
The size, materiratchangh$tdugiiluaacefis1§ Nefdan shkBg: t8ak: @re s wbkablon

sel ect ed accordi ng to raw nmaterials used, the production volune of DAM

the purposefl¥etEs Tgnakiq iCEFY 2ethode exeRpriti dd s PRE1aBIELHERL | oned
reactor 25e@anrbes Us@koFRRPLBASYF fort NSirde cbije -Ei 01 Sshing tank ks AQt on

limted. Preferably, the pressure is not nore“than that In"the reactor,
nore pref er 861 {2t HosHMericadPiessttetyxe-0. 7 MPaG and further preferably

at nosphgyi ¢ pressure. rihe pelyfesizal '!b%“z:QéoP@é\éiﬂg}z 09,30, eACLL NN XL Wr €
S nge. In tﬁe p ntg

can be preferably prevented Iin this pressure ra . rese

i nvention, ACgasa@enth miavycat theastesoxypged thn betbigwnl imbotibe reaction
m xture trapsiensed b the. figishing Lank, This,is preferaple becayse),

oxygen is supplied to e reaction mX ein i ni shing
prevent thecr lbateuobytrieritdgt tontidé DANMshdndg tankactedswconpapent suafs er

roaction,  BARRLOUAUL e bl 10,2 L walobl Lags o i, dyher 21 g agent
agent, 1l¢éan be renpvedTh&heutiype odf fsuthhingasarils mely bel b1 Iettasnkpnguas
at | east Oxggfgkéé%\%Pn %&n%g'tgﬁigﬁégé %ke%ggable in terms of removing
unreacted components after reaction, particularly, when using a
low-boiling-point quaternizing agent as the quaternizing agent,
the unreacted guaternizing agent. The number of finishing tanks
20 is generally one or more, preferably two or more, and more
preferably three or more. The size, material, and structure of
the finishing tank are suitably selected according to raw
materials used, the production volume of DAM, the purposes, etc.
Specifically, those exemplified as the above-mentioned reactor
25 can be used.
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
preferably atmospheric pressure. The polymerization of DAM in the
30 reaction mixture can be preferably prevented in this pressure
range.
In the present invention, a gas containing at least
oxygen can be biown into the reaction mixture transferred to the
finishing tank. This is preferable because oxygen is supplied to

35 the reaction mixture in the finishing tank to prevent the



is used. As described above, in order to suppress the hydrolysis of Da in
the reactor, it is preferable to produce DAM at a high concentration.
However, to reduce viscosity for easy handling and 10 to prevent
crystallization in winter, final products ggeferably contain 60 to 80
mass% of DAM In this case, water is prefetably added to the finishing

tank to adi ushiheiGancent SatiaN. Subl abke.cfor Jddiah REQIUELS. [Agetng, Tank

15 In the presént invention, IS pr era reacti on mxtur e
cont i nuous| yagtticadeedyf romt hJ@meaet bowﬂsoﬂhmg—@enntsugtpdateedutmnqnegmt nmor e

seal ed agei k ng,tank nmeans a.tank connected to the
react or andgghgﬁgflH?ggfééf%4§1ﬁggégbhth% HYSTHG CanR TS F0 i cr ease
t he 20 reactquerttenratelzh@rag&rﬂﬂumangb@AMarﬁctxeecageTheDtt@et ke stiBat ai gad He not
reaction m>it re.gxtra acted fraom eact or. .-The reactor ein tank and

fi ni shing tank ar8 Gsual™y Fofe F@ﬁ | FEYFTs o gepta 1fpg8?3¥ air

reaction cansbesaged by, for exanple, maintaining the pressure |n the
agei ng tank bel ow t he pressure in 25 the reactor, as well as reducing the
tenperature in the agéPnGeFankPHeldRe Ene Nefbethtit SURIERE FRACIBIOLYRES

use of an agei pg tanknd srgiceberable; b 218Nt o WL I &2 Hrh08 £ d96$; JIPt
sufficiently progress in the reactor due to reaction conditions, etc., the

reaction caRP8GFRTEFEMN Y @@W%Wﬁbré§sIﬁﬁuﬂﬁeva@@Wﬁgatéﬁk epay Aefidlisg, and
resi dualo unesagkeded@wy ymkaniabeibn i otk can.b ﬂo&lu%eﬁg ALEDAYGR, the

reaction mixture nmay bé suppiied either continuous intefmttent y to
t he agei ng fapkaiedit itrud¥smsappl §f i ¥ 0pr efer tiets fQﬁset,heaSBabife pyfedablyon

of DAM 35 g@&e@r§§ﬁﬂﬁ§1ﬂ9ﬁsﬁ§ﬂ€eiéﬁk” 'aﬁghg@ @le%ghqéﬁt ﬁaggb%ﬁﬁgie

limted. The pressure in ing tan genér al
pressure i nfehef emicttoroduien usi ng an agei ng tank, the pressure in the

agei ng tankycan beradjusted to atnmospheric pressure. The pressure is
preferably aﬁﬂﬁégthfC pressure to 0.8 5 MPaG and nore preferably

atnospheric pressure In thé MRa&@ntThevention, it is preferable that the
reaction mixture continuously extracted from the reactor is
further supplied to cone or more sealed ageing tanks. The term
ageing tank means a tank connected to the reactor and the
finishing tank. Such an ageing tank is used to increase the

20  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,
maintaining the pressure in the ageing tank below the pressure in

25 the reactor, as well as 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
to reaction conditions, etc., the reaction can sufficiently

30 pregress in the ageing tank. In addition, residual unreacted raw
materials in products can be avoided. Although the reaction
mixture may be supplied either centinuously or intermittently to
the ageing tank, continuous supply is preferred for the stable
production of DAM.

35 The pressure and temperature in the ageing tank are not



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 nmaintained constant. Further, the tenperature in the ageing
tank is also preferably 10 maintained cqulsé_ant. In the present invention,
it is preferable that the reaction m xture, after being supplied to the

agei ng tank ifigfi rea9€i fith disfyrbhe |8t e; {1 shinRg.t !
addition to lt ﬁeeeffect OE%‘ tsﬁe ageLlrlngﬁ%)gr?:(e?gllgh?%}l%r%%/i%ée%qaﬁgye?%%ﬁ t(’i)‘; "t he
15 fi ni shi ngheapkesFhae is,théhegpotymer ihani oriof DAMJairchéankeaths on

m xture is d, t onponents,.after, . reaction, .
particul arl ,r%\\%/%g%gu%?ﬁg}q% e\e/%f%%oi%gf]%gg r(])irl?ﬁ ad&ﬁlg%gpnwi% UGANESs the
quat er ni zi ngragentre.t theupreastied 1ovwrdieirkbng- pohadploiaice priezEnge agent
can be renmoyed.. 20 I.n this case, it is preferable to gradually reduce the
pressur e% i\r(lﬂ%f"l Fe 7adctors 2 éaiseﬁﬁ‘btlgnﬂ?m‘g?&eﬁlﬁ Eﬁ?ﬁ@ug%nt?@ aoﬂﬁ %’]Pagan%he
prevent thetpobgretuzatiorief JDAVKGN&iE d-0M-@X Y E8BraCONdidlianeder eaction

m xture, which occurs because the quaternizing agent dissolved in the
reacti on ni xEHPBTRSUTApot | 4Ed r28ChPTa 3G discPredngaki mit died@sty &x§gen

di ssol ved i prtbeureact itk a?e&hlgr €ahp 2 %ﬁe‘f%@gbﬂ%eﬂaiﬂ-%r@oe%%ﬂggaﬂm each
tank in this case may be adjusted to a suitable Tevel for the reactor,

agei ng t ank FUTRRET £ | i HigRparankee Wiet ishe@cggepnarhnks i sl sedjpastesahly

at nosphey i Cpt 88SULEY UM -geration and the addition of water may 30 be
performed in the finishing tank. The nunber of ageing tanks in the present

invention may be at Heasbeopessent dngenthombert dfs trasiKsriblerigiar abke,
however, i - uct.i-yjit v ] e r. of i t anks
Bek &F 181 of; Rf AU gg%zbkﬁéy%mggmd 1heUhal o 1208 A

is generally one or nore, prefera nore, an preferably
three or noagelvhenia vordheroseppleichdd dnks fankshilly twornecIeddditios to

Prot T SO s PR o nedecert e prseeucs, SHRCh{Lo] Legthen b ool o

first agei nfitpatkinandinkat nispherd,c theessuymeetiozd.onVBd@Gorn ihe:tsecond

agei ng tankreg%é%%&?QMnghr%hgsSé%g@en é&%rggh’ugggagéééugégﬁ%nggtghgfter
reaction, particularly, when using a low-boiling-point
quaternizing agent as the quaternizing agent, thé unreacted low-
boiling-point quaternizing agent, can be removed.

20 In this case, it is preferable to gradually reduce the
pressures in the reactor, ageing tank, and finishing tank. This
can prevent the polymerization of DAM in the low-oxygen
conditioned reaction mixture, which occurs because the
quaternizing agent dissolved in the reaction mixture is vaporized

25 at a stretch, and simultanecusly oxygen dissolved in the reaction
mixture is also vaporized. The pressure in each tank in this case
may be adjusted to a suitable level for the reactor, ageing tank,
and finishing tank. When the ageing tank is adjusted to
atmospheric pressure, only aeration and the addition of water may

30 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

is generally one or more, preferably twc or more, and more

35 preferably three or more. When two or more ageing tanks are



ageing tank may be suitably selected according to the raw materials used,
t he production volunme of DAM the purposes, etc. Specifically, those
‘exenplified as the reactor can be used. The residence tinme ([the nass of
reaction mxture]/[the 10 rate of extraction of reaction mxture
(mass/hour)]) in the present invention c. { be deternined to cover various

ranges, dea%a%eeegn ﬁ gg’%ﬁ?ﬁﬁié'@{&]atﬁ%ﬂgn’?g&uﬁé 54 ﬁﬁc@sggéanks

or ageing tanks t1ons cont’i nuous
process usi ﬁ@eélfma’sh%ngﬂ’teanltmt hee abpvmmies iedencendsctddye the geasneald y 4

hours or nor Y, our re,.. a refera 5, hours
or nore. Forg pfg%%%k?%]ko ﬁooéntt:angoas%apgn ey gllﬁgga%g%d@ %&”‘?&nﬁ Gnd a
fini shing tankpspheriesidentee tbne b simEneamnalkhy icbowd yeimer eanpref erably
1.5 hours or nore, % Brefer ly .2 hours or fore, and further re
preferably 2 to 20 15 R6GrEST For g ird ZPesiaefite®ti mdd ﬁtFHFEW%ng‘% fhe
anount of megsidyata@cmdy esasudtdely ved dsem khecabnve-derhizongd raw

materials is ;E)ref eg%qu% decreased. The anmount of residual acrylic acid
derived froRfthE? %r iCAEs PEAITAM Bb VA HEE PR PR e sBAPOPASemSCon i s

usual ly 1, 59@@@Pﬂic§l£lly3,5%ho@éeéﬁéﬁfpiﬂfﬂedZQQ 28oPPELOF o) €88, HLANHsERY €
preferably 1,000 ppmor |ess. Exanples The present invention is described

in detail below with TP&fEpekaac téxampl tze Mt atharacheon enmitue] Akt

" mass %o 30-EXaNDE sl AdRiNgracFeALt Al AS atz ' : hye chlroride
adduct (herlél nafter ref erreél1 ?o as II%AC R ?m%%?arﬁ%ﬁoet hy]|Ll wécr yl ate

was producedredenta iregextiion rankbg @et%:ml@tﬁﬁt@awvelea@trgpucon@m@f@,ng 35

2200 R Otépand R R RALBGKALcANTNRG] . B AASL (s 1808 By s

gl ass-lined 1nner wall was use e reaction orrprl ses
an ej ector Qll)ag@mmIttalnrlqsubenﬁe@theeo(dmadguo(l& asuphey, exderadwdreatk

cxchanger (ofet alloiogh LLR0SIeL 0etd oLk, (Ui, JeRLotignalergias (A
exchangér , W\aneerlsatgezl@:@admgl édhantsh orbmblﬂe wase téraillatied hyuas pummotaet
shown). and more preferably 5 hours or more. For a three-tank continuous
process using an ageing tank and a finishing tank, the residence
time is generally 1 hour or more, preferably 1.5 hours or more,
more preferably 2 hours or more, and further more preferably 2 to
20 15 hours. For the residence time in this range, the amount of
residual acrylic acid derived from the above-mentioned raw
materials is preferably decreased. The amount of residual acrylic
acid derived from the raw materials in DAM obtained in the

present invention is usually 1,500 ppm or less, preferably 1,200

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

Examples

The present invention is described in detail below with
reference to examples. Note that the term "$" means "mass%".

30 Example 1

Using a reactor as shown in Fig. 2, a methyl chloride
adduct (hereinafter referred to as "DAC") of dimethylaminoethyl
acrylate was produced.

As a reaction tank (6), a 10 m® tank reactor comprising

35 an agitator (9) inside, a jacket-type heat exchanger (14), and a



After 8,000 kg of 79% DAC aqueous solution was charged in the reaction
tank (6), the tank was seal ed and warnmed to 50C. Subsequently, while
stirring the DAC aqueous solution 10 with the agitator (9) of the reaction
tank (6), the circulating punp (7) was qclté_vated to start circulation by
supplying the DAC aqueous solution to a nozzle part of the ejector (1)

t hr ough thegﬂ@%%tﬁlhﬁgelﬂﬁéér&ﬁﬁh%ﬂgeﬁséﬁ) T%%tp¥£c€ﬂ%€2a%% Q@ﬁ §%5 Rafter

abbreviated as "MC') was supplied froma supply pip seal ed
reaction tafieMpPeise¢Paca sirticwn (parta(B)lof-tife epett exchariersd st ha$ ul‘nze

pressure [ nside e AESctan LAk (8).15 0178, WEaG, JVC des contlou

supplied at a rate o I'n or o nmain sure
i nsi de t he heactt toansaak izﬁaa awm) 6. 2891\2Pa{5;alo’rmlryciheamuﬁtlretla@@psmped

by reaction S | ied. di_ met hyl am noet hyl acryl ate (hereipafter
referre tdv)@s ?J%h%%%&?igéﬁw iRty SSGPpReRH: ataten étteg{%f C espleg otk to
the reacti ohrﬁaekwéﬁ)ci/rcaﬂaamdpbyyapp@@((.lrQ>)t shbwhhe same tine, water was

i | [ i d 263 _kg/ h to the 25 t tank (6
ey o S eed b B M 20 s PO A sptHb aar vaa A7 oane
nul ti-tube E!ﬁathé’xﬁé‘@é&%n (Bhk ;{@9' % MahekWas51 L8 WAt %rﬁ@dt patsdohe

reaction tenperature vvas 50C. he obt ai ned DAC aqueous sol ution, of which
the DAC concentr at i on°Ra§T880% ¥rashddRt PRHBELTY PAEt BEUEP & 0I5 pen

(13). 3@ Th@l@l@“ﬁlﬁé‘”&%ﬁﬂa\’c&xt @@C&Edtr%cie%%‘%%%%!stéﬁk“% ON YMasS c1§HQPAﬂ1€r‘% to
an agei ng tank (not and aged at a reduced pressure of 0.1

After agei ng@™®he’k et |5t§7r*$lhﬁa>*éﬁﬁr1e0 vt l@rltfﬁeﬁash@blb}e@mlaflﬁi;nﬂsﬁm%@
tank (not showddys andh fden %eésx%lehe D%‘icll Ut Eﬂet%@éﬂ&sQﬁ§rB@r8ﬁ%%‘lﬁre .

Then, water was 35 added to adj ust concentration to'7
result, a 799 DaCHfuesEd ssrhanegsr cOll-d Betlyrhbihilcandec dheieirousiey

N g i R DRt
t hat DAS N(Be%ﬁﬂﬁWMﬂaﬂthN@r@ashpp6)edfaw.aucahenoﬁaBHG of the ejector
(1) so that the pressure inside the reaction tank (6) is (.28
MPaG. MC was continuously supplied at a rate of 274 kg/hour, and
in order to maintain the pressure inside the reaction tank (6) at
0.28 MPaG, only the amount of MC consumed by reaction was

20  supplied.

Then, dimethylamincethyl acrylate (hereinafter referred
to as "DA") was continuously supplied at a rate of 730 kg/hour to
the reaction tank (6) via a supply pipe (10). At the same time,
water was continuocusly supplied at a rate of 263 kg/hour to the

25 reaction tank (6) via a supply pipe (11). Using the jacket-type
heat exchanger (14) and multi-tube heat exchanger (8), coocling
water was circulated so that the reaction temperature was 50°C.
The obtained DAC agueous soluticn, of which the DAC concentration
was 80%, was continuously extracted from a pipe (13).

30 The continuously-extracted DAC aqueocus solution was
supplied to an ageing tank (not shown), and aged at a reduced
pressure of 0.1 MPaG. After ageing, the reaction mixture was
further supplied to a finishing tank (not shown), and the
pressure was adjusted to atmospheric pressure. Then, water was

35 added to adjust the DAC concentration to 79%.



kg/-hour, 329 kg/hour, and 316 kg/hour, respectively. The result showed that
al t hough the capacity of the cooling water-circulating punp was full, a
79% DAC aqueous 10 solution could be stably and continuously produced at a
reaction tenperature of 51C and at a ratgof 1,500 kg/hour. Conparative
Exanmpl e 1 DAC was produced in the same manner as in Exanple 1 except that

a reactor having no Ix t e X
g MU i LdBg) heal exchanrggr ¥ass useds B i%ggiﬁg?ﬁ%ﬁr,

water were supplied at a rate of 526 kg/hour,” 197 kg/hour, an
r espect i vel @ndag@nbhnyothy jrackieicedt §pes hestctexchargperd db)e wets S08edntioat

circul ate cqoldpg water §§]§%Q£B the reaction tenperature was 50C. The
conti nuous production bﬁ a b DAC aqueous solution 20 was started at a

rate of 900EkgMRé@rsZ In the niddle of the production, however, the

reacti on: t enperature e d.the t et .. tenperature, and.reached 54C. As
t he reag%ion tenperatﬁ%% %ggnP%%ﬁgﬁg{%nchﬁbgB§%6VFﬁﬁﬂhﬁ§ thstffient, and
thus the tempepattnzt visls Wi;onhokkadt ererBhenebored dhes apgratifonisvas 25

hal t ed. Conpar.ative le 2 Sinc rature increase occurred in the
reaction gﬁg{ﬁ?%r1n vaeaﬁgaﬁ¥§jgp,oPﬁe EBRT Mub{is Ypr oduct i on of

DAC was carried out wrhb k@m@ltpﬁﬁﬁﬁﬁﬁkMEEYaléﬁbd@M3@N%Scﬂﬁggyﬁﬁdxé@héhe
sanme manner as. in Conparative Exanple 1 except that_ DA, , and water were
suppl i ed at C8°THE? "HFE BG4 Y ROURY AW KGEhULL, and! Wu DA PRBAPYS

respectiovel ¥oldheod esdilild was sthl y alddhough ihhsusapasidn.fy thes £ooliing
water-circul ating punp was full, a 79% DAC aqueous 35 sol ution could be

stably and EoRPeTRicies wipbdduced @t a rebetddnl -FO kudhperat ure of 51C and
at a rate o@oéggggg%npq&amgggeyer, this stable and continuous production
was only possi alf the production capacity of the Exanpl es.
Tabl e 1 shows the resbhtsva? rupsivEednph esharmhnes "Gompar ati Ve Feappkes. - 21-
except that a reactor having no multi-tube heat exchanger was
15 used; DA, MC, and water were supplied at a rate of 526 kg/hour,
197 kg/hour, and 190 kg/hour, respectively; and only the jacket-
type heat exchanger {14) was used to circulate cooling water so
that the reaction temperature was 50°C.
The continuous production of a 79% DAC agueous solution
20 was started at a rate of 900 kg/hour. In the middle of the
production, however, the reaction temperature exceeded the target
temperature, and reached 54°C. As the reaction temperature
continued to climb, cooling was insufficient, and thus the
temperature was uncontrollable. Therefore, the operation was
25 halted.

Comparative Example 2

Since a temperature increase occurred in the reaction
mixture in Comparative Example 1, the continucus production of
DAC was carried out with lower productivity.

30 DAC was produced in the same manner as in Comparative
Example 1 except that DA, MC, and water were supplied at a rate
of 394 kg/hour, 148 kg/hour, and 142 kg/hour, respectively.

The result was that although the capacity of the
cooling water-circulating pump was full, a 79% DAC agueous

35 solution could be stably and continucusly produced at a reaction
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half the production capacity of the Examples.

Tabie 1 shows the results of the Examples and

5 Comparative Examples.
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U ro)Cro>>ww CGOk+t0 00 0O00OOU o0, 0 JJJ-) uNI!J La+) S1 U
~'0iJCJJo0ocCO0OC a GO roOroroHO .- NOWxC(ro0Oro0O0 H
UX u x -22- The method of the present invention using an external heat
exchanger resulted in sufficient reaction heat renmoval and high

productivity. On the other hand, the resul4%" of Conparative Exanples 5 1
are as fol First, in

and 2, using only a jagket- exchan
Conpar ati ve Exanpl e 1%ﬁ1 %ﬁgﬁg qﬁﬂﬁﬁﬁs %anﬂz?nEﬁ?n\Hﬂlﬁﬁean@%iﬁﬁnai
aqueous sol Utsiadn ek2BAn et me)sum@ni theskraipl @f, reaethyh €O vWwWasand

[ i d to the sane reactor as the Exanples. However, the

conti nuously ,suppli
renoval of ¥§§§t§ HERtVias 10 insufficient, making tenperature contro

difficult. Even if then Fﬁh@dbl@ﬁé@m:ﬁﬁga(ﬂﬂeyrb§ulf‘§r@@%%ﬁtpjé¥af:9{}éefﬂ%ﬂmb@@§t
usi ng an_ external heat exchanger, tenperature control is inpossible,
resul ting in &0Fi Sk, USHCSHIAT At | FEXEX AR IEats CAFERRGE I 13 Ca 2SpEBHRAS - on

vol une of 6%5,ka/ hiy @@fﬁgwa%tl%eggﬁﬂ%wuw@&ﬁ%%g§ sréléu%rn ohh&lon

producti on vol unme was about hal f t of 'the a lar react or,
or two reacVeryrei sf ntessaiepusosedeui@ t HDO §aﬁbrbrb@vtﬂﬂﬁhEV@mnhﬁhas t he

Exanpl es. Nextpf ogusd Ngson atsh@oﬁ%néusolf b%gmsggg%heeg?s deaég&z as

216, 706 kcal /' hr~of heat renoval were
wher eas thetéﬁnﬂn@mpﬁe$eaﬁOW@WﬁWaHﬁﬁnsganel|qubﬂﬂaﬁamiheaExaa@Ies 1 and 2

\AE’)?ZWSPLIXO 10§n§99ffc@9ergc6,’ @n%%i%%ajcéﬂﬁérg@drceh c\g%%rofbgy flhcatl_!ft th ttrer?flft tt"ge
production capacity is increased by force without using an

external heat exchanger, temperature control is impossible,
resulting in a risk. In Comparative Example 2, starting with a
production volume of 675 kg/hr, temperature control was possible.
15 Since the production volume was about half that of the Examples,
a larger reactor, or two reactors, is necessary to secure the
same production volume as the Examples.
Next, focusing on the amount of heat removal, 226,128
and 216,706 kcal/hr of heat removal were possible in Examples 1
20 and 2, whereas the amount of heat removal possible in Comparative
Examples 1 and 2 was only 103,500 and 96,600 kcal/hr, which was
about half that of the Examples.

Industrial Applicability

25 According to the DAM-producing method of the present
invention, the temperature rise in the reactor can be controlled
by efficiently cooling the reaction mixture, and hence high-

purity DAM can be produced with high productivity.



| ndustrial Applicability 25 According to the DAM produci ng nmet hod of the
present invention, the tenperature rise in the reactor can be controlled
by efficiently cooling the reaction m xture, and hence high- purity DAM can
be produced with high productivity. -23- _(%Sa_l ms 1. A nmethod of producing a
di al kyl am noal kyl (meth)acryl ate quaternary salt, conprising continuously
supplying %Gi&idisal kyl am noal kyl (nmeth)acrylate, a quaternizing agent, and
water to a reactor, while continuously extracting a reaction mxture from
the reactor, wherein a part of the reaction mxture extracted from the

reactor is cooled by passi g%tp)g&o %@O&&%@Lkgeécgﬁer T3 ?%atl%glthe cool ed

reaction mxture is suppli to the ‘reactor “toge W quat erni zi ng

agent througiein) eregliote Quatarmetriodaltc oraiorg stogetantn oudigr eupothieng

reactor gis Jprgvi ; r.ged wi i.al kyl am noal kyl (neth)acrylate 15
5 . .

quat er nary Salk \éégg%%ls&gs%}%& C)(}r?{lettc)g]l %r:%y]gaotn ‘i ﬁu@&??‘?r‘ihﬁﬁ% n(a%t’ s

di al kyl am nealtkyl t¢net hadroH, atieila goeteriuzilygeagent:ignd wakerion 3. A

nmet hod accordi ngFto cl ai wherein the reaction mxture is

1 or
mai nt ai ned AT AT enperat ute r&ﬁ%ﬁfto 80C 20 during reaction. 4. A method

according to any one ohegkahns datto oF thehesgiws dhenik@aekobxt SadrSeaked
reactor, th uat er ni zi %C% n is a quaternizing agent having a boiling

t
poi nt of 25E"Gr TFoWert efpBY PPasBlilce thrsHER # Nedle SHYHRTES L et ai ned

at 0.10:00 thel\/E@@i@wrﬁe@g:trimphmﬂuré;isAsrﬁgabl‘ﬂ@éda@@%r@é %at&o_%nxog&%e%f
claims 1 to 4, wherein the dial kyl am noal Kyl (neth)acrylate is 3

di met hyl am HoBRhiRe (FHAUDRAR}NEt @Jehd-hIseciuat ePPe2E MG agent is  met hyl
chloride. 6. A nmethod according to any one of clains 1 to 5, further
conprising supplying the reaction m xture continuously 35 extracted from
the reactor to one or 2rofe'@duteacankéngare cl@m 1, wherein the reactor

is previously charged with a dialkylamincalkyl (meth)acrylate
15 guaternary salt agueous solution before continuously supplying a

dialkylaminoalkyl (meth)acrylate, a guaternizing agent, and water.

3. A method accerding to claim 1 or 2, wherein the

reaction mixture is maintained at a temperature of 30 to 8{°C

20  during reaction.

4. A method according to any one of claims 1 to 3,
wherein the reactor is a sealed reactor, the quaternizing agent
is a quaternizing agent having a boilling point of 25°C or lower,

25 and the pressure inside the reactor is maintained at 0.10 to 1

MPaG during reaction.

5. A method according to any one of claims 1 to 4,
wherein the dialkylamincalkyl (meth)acrylate is
30 dimethylamincethyl (meth)acrylate, and the quaternizing agent is
methyl chloride.

6. A method according to any one of claims 1 to 5,
further comprising supplying the reaction mixture continuously

35 extracted from the reactor to one or more sealed tanks, and



gradual |y adjusting the pressure of the reaction mxture in the tank to
atnospheric pressure. 7. An apparatus for producing a dial kyl am noal kyl 5
(meth)acrylate quaternary salt, conprising: a reactor (6) equipped with a
di al kyl am noal kyl (meth)acryl ate supply_ggﬁ; (10), a water supply port
(11), an ejector (1) for supplying a quaternizing agent, a reaction

m xture extrAGki@n1PoLy idding anel bebkatid e PumR (2) {gaan 10extract 14 a
part of the reaction mXxture,” and a stirring bl ade %9 as required; a flow
path for suppiyi i§ EREOFRMGtiCORTAEREUEe extracted fromthe reactor (6) by
the circulating punp (7) to the ejector (1); and 15 a heat exchanger (8)
di sposed in the flow path, for <cooling the extracted reaction m xture.

7. Rn apparatus for producing a dialkylaminoalkyl

5 (meth}acrylate quaternary salt, comprising:

a reactor (€) equipped with a dialkylaminoalkyl
(meth)acrylate supply port (10), a water supply port (11), an
ejector (1) for supplying a guaternizing agent, a reaction
mixture extraction port (13}, a circulating pump (7) for

10 extracting a part of the reaction mixture, and a stirring blade
{9) as required;

a flow path for supplying the reaction mixture
extracted from the reactor (6) by the circulating pump (7) to the
ejector {1); and

15 a heat exchanger (8) disposed in the flow path, for

cooling the extracted reaction mixture.



