-' - 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 high _productivity under stable
production conditions. 10 BACKGROUND ART 'Di al kyl am noal kyl (neth)acryl ate
quaternary salts (hereinafter refergeshd@masy' DAM') are raw materi al s,

etc., for <cationic polynmers, and are used for various purposes as raw
material s for tMETHSTLANOt ABRARAT b Fke PRODEGEARNCE, DIAPKY LAMINOALKYL

strength-rei nforcing agents i I i nditioners, and the
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like. DAMis generally produce us solution of DAM
During production, using water as a solvent, raw materials are supplied in

t he presen f ent, and the 20 m xture is reacted while renoving
t he hegf O%EF§§§@Q§&§%! nventionally, DAMis produced by a batch process
(for exanple, Patentrhbogteesits ihvendid) . rdloneeito suastiodreindodppdratus
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after the reaction is conpleted. In addition, a long period of tinme is

required to stabilize production conditions. Thus, productivity is

- probl eyt i gpoMBE@QUS AR he batch process makes it 30 difficult to stabilize
production conditions such as the concentration of raw materials in a
reaction mixture, thiah&nlaninoaliyly daethbacrylate lmaktekearnsaltsesult, the
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15 strength-reinforcing agents, antistatic agents, soil conditioners,
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 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 result, 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 nmethod of producing high-purity DAMw th
hi gh productivity and few quality differences between products by
continuously supplying a dialkylam nanI@y‘I (nmeth)acrylate, a quaternizing

agent, and water to a reactor charged with_a DAM agueous utio as a
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superior (Patent Docunment 4). Patent Document 1: Japanese Unexam ned
Pat ent PubTYRERITGFLIRG. 2980F 150 A PPEeed Fatldit WEEGRRAEIDY apgpindéddhe
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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 No.

30 1992-217649
Patent Document 2: Japanese Unexamined Patent Publication No.
1996-268985
Patent Document 3: Japanese Unexamined Patent Publication No.
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
met hod of continuously supplying a quaternizing 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; acconpani es a quaternization
reaction the met hod has a problemin that the tenperature control in the
react or P @Qg§§eﬁgrder with increased reactivity. Generally, a reaction
tank is coo d a J acket-type heat exchanger of the reaction tank. It is
difficult, homever to natch the cooling capacity (the anount of heat

removal ) wg;% ﬂ(@ﬁ]ﬁ?% ?Nvéﬁlef(ﬁ\f ore, the tenperature in the reactor

rises. SS|ve tenpera ure rise 15 in the reactor causes problens such
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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 difficult. For this reason,
a method that secures temperature control in the reactor has been
desired.

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

In light of above, an object of the bresent 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 cooling the reaction mixture to control the
temperature increase in the reactor. Another object of the
present invention is to provide an apparatus suitable for the
method.

30
Means for Solving the Problem

The inventors conducted extensive research to solve the
above-described problems, and found that high-purity DAM can be
produced with high productivity as follows. 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 nmethod and apparatus for producing

di al kyl am noal kyl (neth)acryl ate quater#ary salts, as described bel ow.

tem 1. A i hodoly Reodushng il Abkubani poaieyl, (R hLAGLY Bl e 40
guat ernary sal y confrndously supplyrng a dialkyl an noal Kyl
(et h) acr yhiatteyrea iguabpphied np adentreaahdr pat@yettherawl eacid ayuatewhiting
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through a WheadsRxafiarger reddied.15at he caalied ofeagt sy Mesled-ehi Basedpphi ed
to the reactor together with a quaterni zing agent through an ejector. Item

2. A mBt hod'SR& Fidichg9eo HremresspfelBVANEHN Peen| aCCHRIiSHedt v char ged

with a dial kyl am noadkd; it h),act i R scidat BLORE Yors Hlova Gl O Snetpbit | on
before a dial kyl am noal kyl 20 nqth)agrélate“ a quaternizing agent, and
wat er- ar e &whtanpggashy fenppedwingt dipBkylmmigoRddyacéoedimsrvdateem 1 or

2, Wwherei Mﬁfﬂ%ﬁ,ggggsm%m‘&f@iib@ piaihed at a tenmperature of 30 to

80C during” react met hod according to any one of Itens 1
to 3, wherHiem 1t.h@ mebtbodrof prodecahgda rdiaihylantiheoatknl efmeth)agrilga is a

guat et Ri zi n hayi bai.l.in int_of, 25C or .l ower., and %
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reaction. @fetheanrylaleed hptht@radedhdgadentgnyndneadér | t@ns reakctod, wherein
t he di al kyl.am noal kyl (meth)acryl ate is dinethylamnoethyl (meth)acrylate,
bnd the GRS HGBRY | SRk Foch SPTGLon FERECe KEre: Tt ReChhB: ng
to any one of |tens whdreid, af gatbhesf tGRTRERsEDEN SHBRIWeNgxt BEct&REkban

m xture continuously extracted 35 fromthe reactor to one _or nore seal ed

y
tanks, andYr #6G&PY 18-CRfATSENGRERENPrEvnTe 8f heRe RACHISH B ure in
the tapk tihe dlgMeRheEhst LTS WtBre 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
previously charged with a dialkylaminoalkyl (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 TItem 4. A method according to'any one of Items 1 to 3, wherein
the reactor is a sealed reactor, the quaternizing 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 dimethylaminoethyl
(meth)acrylate, and the quaternizing 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 (meth)acrylate supply port (10), a water supply port
(11), an ejector (1) for supplying a quat er ni zing agent, a reaction

m xture extraction port (13), a circulating punp (7) for extracting a part

of the reagti i r.e ANy @3k as £8duidfdica flow
path for 2%% l?%’lrr? 'Etlf}:]ee ngggf%h%nfl >J<Cth&r geglé%q?%ct eg ?romt%e reerllct ocr) (6) by
t he circul atmogplpunie EZestorehe ejector (1); and a heat exchanger (8)

di sposed i ath, for

t he fl ow 15 caoli.n he. . tion m xture.
Ef fect of f%%mﬁwe’?ﬁ i ﬁ)afﬁguf)Amrprp53§8Fﬁ88n%tﬁ%agﬁéfflgﬁéggﬁiﬁ ent invention
al | ows ef f (e Etadigdlateegosaéridawmsaltgactmpridinguarti cul ar, when 20 a
guat erni zi ng agent is supplied by usin n .ejectaqr eact.ivi i s enhanced,
increasing the heat @a??fggt%/e‘#?i ﬁq‘éﬁBﬁe‘g a ﬁéﬁ’r@faé%\?& ﬁ’i readily
carried oUmeAeraiwiiRgly subSIPPHMUN(@0GONET Rhted suppayr poaet of1lngcanes
extrenmely sinple, and high-purity DAM can be produced w th high
product i vi 3ecer BrlileffopeSEPPEI1th SoAUARET B 2l h GIFity. 2178t i cal | y
|11 ustrat eg; an, &l @84 Qactibl- pdrschienat heak byuidd st Hakgs (@) reactor of the
present invention conprising an ejector and an external heat 30 exchanger.
Descri pti oexofagyimisblas patt €f ehorreactionznextpare, age 8: sSleginshbpade - 6-
4. Real%ti 0(19)m'3<§ Lgeeqlﬁ;reggat erni zing agent 6: Reaction tank 7: Crcul ating
punp
a flow path for supplying the reaction mixture
extracted from the reactor (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 reactor. 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 out. Accordingly, temperature control
in the reactor becomes extremely simple, and high-purity DAM can
be produéed 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
1: 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 QUT THE | NVENTION
Enbodi ments of the present invention are _described in 15 detail below The
present invention is not limted to t heS& embodi ments, and can be suitabl y
nodi fied ag, | t i of the invention is unchanged. Note that the
tern1(netﬁ?égg%%gﬁéniﬂ%§ﬁ%§%pecification nmeans acrylate or nethacryl ate.
20 1. Raw3ht@eratalraibénd ddgerthe DAM produci ng nmet hod of the present
invention,_ a _ dialkylam npoal kyl (neth)acrylate, a quaternizing agent, and
wat er aréhuégﬁé§§°%aaﬁﬂgterials; Speci fic exanpl es of dial kyl am noal kyl
(neth) acrylatg rc2bathagepmgiter referred to as "Da") include

di et hyl am noet hyl nmet h) acryl at e, di et hyl am noet hyl (neth)acryl ate,

di pr opy! arft ‘n&&dry PXcheRe§acryl ate, di net hyl ani nopropyl (meth)acryl ate,

etc. Variaus pcappedrds can be used as a quaternizing agent, 30 insofar as
t hey can quaternize the amno group of Da. Either |iquid or gaseous

quat er ni zil¥y dgesuppdyertvai | abl e. However, fromthe standpoint of easy
removal of;4un e nizing agent fromthe reaction mxture after

t he reactﬁgﬁ,&§g§§ gﬁ%%?%%§ S;an ej ector, and excellent dispersibility in

t he reactilén Bbatexhizing caordr supphy pigents in the formof a gas or with a

| ow i bai _i§ ﬁgi.gt_ hetreienaf er %erre to as "l ow boiling-point
quat erfi zi'ng %8 SN TR B fE-ABFE O Y i cal Iy, a quaternizing agent
havi ng a Rai:l iTagkpertypefheiCeachhoyer, 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 quaternizing agent, and water
are used as raw materials.

Specific examples of dialkylaminoalkyl (meth)acrylate

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

Various compounds can be used as a quaternizing agent,

30 insofar as they can quaternize the amino group of Da. Either
liquid or gaseous quaternizing agents are available. However,
from the standpoint of easy removal of unreacted quaternizing
agént from the reaction mixture after the reaction, 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 arylal kyl halides, etc. Among them alkyl halides are preferable,

al kyl halides having an al kyl group 10 cont aining 1 to 5 carbon atons are
nore preferable, and nethyl chloride is particularly preferable. The
guat er ni zi\ng. uppl 4 fad MyLya ?1% _ For
exanpl e, tﬁ(gl%%lg{]g)roﬁ‘lﬁgi geggentft%gnE%gérgﬁ(gp [?)ea i%o%éhféb orrggoqgtgas,
liquid, orqgsssdricqing apzbus'e) e psefhealhbovesSpeaifbreld ywater used in the

present invention, the purest possible water free f netals, etc., is
pr ef er abl yIHRSE1EIEG figgnE s G Ei?HJﬂ%g RIHY |0§d5§,g§ &, ‘aLlogﬁr’ exchange
wat er, et Cprere RHGUODPO O AN, 28nd Mo i gsefbraPYentd°enok Slewdret bod of
produci_ ng DAM _conpri si n%m(gonti nu usI\é §Upp| ying Da, a quaternizing agent,
and wat er2¥PSPHEFASt BFESWTFe @htenlHBESty extracting a reaction nixture

fromthe reactor, whes&dirid RxbhpOésthe S1RACH glatexiliitg eythaciedubeom
the reactor is cooled by passing through a heat 25 exchanger; and the

cool ed redeetluil mblogiae; seEphiGhe@rige: hand reddwto P Ly ebakiossit AS 1!t
quat er ni zi %; hBY; | 181 ky 181, F 8861 | BRoAY XhdhG"
refers to %Qso u ilo%%gg%%g‘ignﬁl]&gt%%ﬁﬂ aggerat%d by the reacti on of raw

mat eri al s alkwhéalddesorre Ppreierabiens adhybxarpldesohaghng pParadtyd §epup
carryi.ng 30 .0ut .t he.D r ' h I I NYeNti-@Ryy The
appar {aus %%nntgar%}nslgl étL ?gggtggﬂfdé?%gr%%i gg%lq\{}\ﬁ{%argtf)%%gg%a ypoildte H)(,10), a
wat er suppthlqorde (iklparance]actyomprefprabiesuppl ying a quaternizi ng agent,
a reaction mxture traction _port (13 circ i .
extracting a part of %eq‘}aécfgpiléﬁngf%%% E}:raél, bgnghg&s{]% I&I%g% %%%%ge" (9 as
required; waficow Fathsf orFoBexamppeyi tige teteradtiog agetturcaneker act ed from
the reactor . by . the circulating punmp,(7).to the ejector (.1); and a heat
exchanger S F%Q%ﬁ%&&ség‘ei %oFﬂeg# Iao%aﬁa[rﬁ}&‘?%?’ cooroﬁaﬁﬁjl%ﬁ'él%iélrgé%ltr%d

. reactiqgn mxture. The @RPabvesmenyidned hertegouped sen atd mireBeny t ank and
5 an ageing tank.

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 invention is a method of producing DAV,
comprising continuously supplying Da, a quaternizing agent, and
water to a reactor, while continuously 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 (11), an ejector (1) for supplying a
quaternizing agent, a reaction mixture extraction port (13), a
circulating pump (7) for extracting a part of the reaction

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 detail
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 Ilﬁed vvith gl ass, Teflon(r), or the

li ke are u%‘?gf?ﬁ%]g théoreég@% nelm"igglt g O%fﬁ %nggn%%sﬁ:ﬁrgt?&&b(@@u%@ ai ned

DAM aqueo ution can be avoi purrt
sol ution idan dm:ouhtaﬁnngdpre(rV)atboméoéjedtg}rpqllmt St £ MYaz Bfclageydr | S

used as a guaterni zi ng, ag seal ab] e pressuri zabl e apparatuses are
pr ef er abl y&ﬂ éﬁsggsﬁ réﬁc’f fll%?’aﬁﬁltgs g@r 189 Fgﬁc‘?%trr geaction

aut ocl avesyiahifre . MTIRO\@ipara t:8agh @I feMHRP eemBPi ¥4 th A rjiasksy - ke ahgat
exchanger is pref erable or easy tenperature control (Fig. 2 In the

presenP i feRISERI tRBKreactor is provided with an ejector for use in
suppl ying the quaterwnezm&heaeaﬁd i;%;ﬁbral:ussg@‘@h@ ﬁ%é@ ol 1£¥8Pl & Qkean

egjector. In Fig. 1, (1) indicates an ej ector i cates a nozzle
part, and C(e?)cnlﬂ@édcane@e’@allsmﬁthO@'anéhtrefH@I@eetpoFlgs al sedréferred to as
an aspirat shown in Fig. 1, aliquid 4 is supplied to the nozzle
part (2) jl£agita—gllr:rq§sh speed, thereby redum ng the pressure inside the ejector.
By the resulting driBhengekotoe, uaedlmltdhe passemt Jg'azenttuqnl tls 3ot xture (5)

can be.suppli.ed fromthe sutlon (3 tothe ector The reator
may ade. onauSRadRetLPEe i R e SUpidhie RS G G ParY

det er m nectaependeagted tderoiuze DAME he reactor and the size of the
reaction. In the pr sen%g nvention, a reaction, m xture xtract ed

i s
“fromthe reactor by F@ﬁ?‘é‘??ﬂd:}}ﬂ?ﬁpw ?feM?%éﬁrféces%@p?qaéﬁgto t he

nozzl e pardnd/dk Qinéaewﬂ}?(étl%rss ByeElen®Ir iowl Rle 10KLeQeRRERERNEr &0 A
quaterni zing agent is sup ed fromthe " suction part (3) into the reaction

m xture. G&&r &lryion of é‘ﬁtﬁloﬁ‘pﬁpﬁ{l%ﬁ‘és éﬂ@a@@?oﬁbﬁﬁe PPNpAAERYS n t he
bot t oy of d1@t3oheast We ARAdeBEafleStONgH-HUIRYPL B | pddiRisURBERtRAY t1 on of

the can be obtained. When a low-boiling-point quaternizing agent is
used as a quaternizing agent, sealable or pressurizable
apparatuses ére preferably used as a reactor. Examples of such a
reactor include autoclaves, etc. Moreover, a reactor equipped
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 quaternizing 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 nozzle 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,pl aced above the surface of the
reaction mxture. In a preferable enbodinent, the tip of the introducing

pi pe of thg &l ok $hePhissd ip@lrtth?ﬂe(? '

£t é?gétcei?- thbcdlfsinyg, the
tip of the “i'ntroducing pipe 1s preferably p}%gce in antiam)st intllzej}rénedi ate

posi tion bEtmesmyanesabett beref & mateavisingiaerite isustpeiasdt firpe ths
reaction mxture. In,t prese i ntion, Jg.xj.ng t s and liquid
in the reattorqs p&fftf Rg? en %/n%laer ?¥§8£%‘3’? I%ly@%{gi%ﬁgoéer?e%%ég?brg al one;
however, festictietm-adikicnge bésdesstiandpaktt Us anmtedndn| thke battdonr bigchs ades

may be used together with an ejector, as required. 20 Suppl.y of w

Mat eri &l s ¥R 'praé’geﬁ%‘ei?ﬂﬁe‘f#qroﬁ,s @%ﬂt?i\%rh&?‘«?r FQPefspcg) 865%5 y
supplied ifemctcNSt ané B part he3y escitdie. eTBESor ARy BepphEsS1lidie
increase in the amount of reaction heat, conpared_to, ba&\gp{;tége reactions.

25 The quaR@rsida 1§<ageRELes. sHRB i €PIY'S Ahexaretetdt “EthPolgh e
suction pajte Qb ihentikeatordi Jha20e pater sAmPantsdaRbify dipeaceorance

with a standard nmanner. The raw materials can be supplied in any order.
For exanpleijeatisn i P3acedi 10 ridie perptiquateriita ngthg)diP mMavusddP &€ t he
quat ey gi zi ng agent, . t thBVEBLdOfbn thgclipw: bakl bngrorigb)
guat eFLQi zilgr}%a agen%ttboilvs% Egﬁp%%%f%tsg&t ﬁ}elgrgg%:(%%rrbnt rough an ejec gr.. The?\,
whi | e keepemigpdinfemtpr ébsutEp iof tthe dpdroduciongtimet of Deherrl agdoar 1air e
continuously supplied. E £ I ik oi t eenj,z{ ng agent
o 35 uscrra e Gl BFR oo el BTk AP e BB SEHE 18 2
-10- seal etht®saiicdng plhpe ptegaferiebiydeladsd rieacnorldost nghitdmediatet i on

pr ef or bl YOI BE5 RRAC IABLLPRLAr TG TSRS Bt S G0G: EE S ng
agent 16an hesdliissoieduirs. the reaction 5 mixture.
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
continuously supplied in a constant amount to the reactor. This
can suppress the increase in the amount of reaction heat,
compared to batch-type reactions.

25 The quaternizing agent is supplied to the reactor
through the suction part of 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 gquaternizing agent is used as the quaternizing 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
continuously 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
guat erni zi ng agent, and water are continuously supplied to the reactor.
When raw materials are 10 reacted w t hout. solvent, crystalline DAMis

obt ai ned. Due to the hygroscopic nature ,O'DAM in a crystal formattaches to

t he i nner 1, of _t react ar nd _t . he removal becones.difficult.
Addi ¢ onaiSrieg 2eabBi( SO Hraedlfle! SRS ! SIRURL, REGATER b 1L
condi ti on ree@trisn dtaushihgtdiredaeltyoeli zati opaef, PAdFetablkb arndes .8 sol ve

this problem_ sone nethods use tﬁr as s6ol vent. _In this case, however,
oiLyE%?]Q'

the Da of MHAGr ARAnHPES | RISL§ @y MPRGi nd % & dESPLhsedl Jpratict

purity. | npgRmir 8%t qubberPi BsRNagehBVest v Jlabetall ¥n Usrs reabAMraqueous
solution as a reaction solvent to efficiently produce high-purity DAM 20
The type @L¥5AWEeontai ned in the above DAM aqueous solution is not

limted. Usually, the sae typenof;RAM@sthe: obtaided DAM Ls.useday The

concentration of the DAM aqueous solution'is also unlimted and can be
sel ect ed fauwecaswsdéutiemyels rrevieyaly echangsdgalinythe heeagiiegenasrati on of the

DAM aqueo %b | ygi S E/§4 9% __nr. ‘. i 0 % and
nore pr etlizeraa%ll?%gg%g&é‘% vﬁ%%mttﬂ rg%@ear/,q%%frg%%%lé%t% ?r%tdn%gifj \A%a AM
aqueous s@mat icontdhtausieyd dnprdippl o nghe aveavtber. | Aterf aawr racériais ase
adjusted within the above range. Intg I €S L nvention, thl‘éu '
bove entiGNA A AR A0 A UIHE CeoF Y7 bt LV Baeh ot <OF VEREY anth6n P
mat eri al caRyridecopipphatrd,0 DaNeineactDystidl EBYymOsthedctass [tonghasinre
reaction of _ the raw materials proceeﬂg. Specifically, in gne, nmethod, the
DAM  aqued@s-ls SFuFMBnT 2ttty PBGs FYUR i e d STRY feedinas B2HBRLE oach raw
materi al !Aﬁd@@ﬂbhaﬂgy',S'yirfdéomAMedékéél_ﬁ@tﬁ&fn Bet Begstdihg BAVbRHgarUeous
solution is supplied to the reactor sinultaneously with -11- or during the
suppl y of fHfe FaRdikieR iQF@IrSThEaPaiRI ot MEPIYTPREZ RN AWt elPal may be
S!J'ta?§y SHeleer Bbned fenand REBlehNesREORRIhLES Qe GARILLT 3Y ARLEIYERL, the
size of the reactor, the production volune per unit tinme, etc. 5 For
exanpl e, D& ithipr epeeatioweyigapl the Ba @f rtdree rav Babexiglpy is hydrolyzed,
leading to decreased product purity. In contrast, the present
invention preferably uses a DAM aqueous solution as a reaction
solvent to efficiently produce high-purity DAM.

20 The type of DAM contained in the above DAM agueous
solution is not limited. Usually, the same type of DAM as the
obtained DAM is used. The concentration of the DAM aqueous
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
aqueous solution obtained 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
aqueous solution is previously charged in the reactor before each

raw material is continuously supplied; in another method, the DAM

35 aqueous solution is supplied to the reactor simultaneously with



mass% hour, and nore preferably 5.0 to 35 nass% hour, wth 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 nmass% hour, and nore preferably
2.0 to 15 mass% hour, 10 with respect tiq the mass of the reaction mxture
in the reactor. V\ater is preferably supp |ed at arate of 1.0 to 30

mass% hour,. apd-10Rr enBr shS APl 2nd bow lpatBiSs¥&hour, with respect to the
mass of the reaction mixture in the reactor. The rate of suppl yi ng each raw
material within thisThd Satengé Slsp@h@fré? Sk, riédeaksr ipdalby op PE68P
with a suitable 0 i 0 tlon
of hi gh- pciﬁ lﬁ%ﬁl 88{3%}@&992 pro g? E%B%{J‘é %ﬁl-g%préggfg?%vgﬁnagt% %agiat S?H%I Zi ng
agent to Ihzesqﬂefner abhgt@:t niste pqaduotmn ivpliuine peactnigh timext ef®. 20

(o) ' d b |4 ed
e r oget i T ARALE. op=t b He GBI S DALEL 61 L8 FERRL o 0 SPulb | n the

reactor. Wdu&?daﬁbw&e YreFerabhg BIL(}atﬂ-H 135z magsafemir,i stishpplied to
the reaction m xture _through an_ejector, J refergl'tl)ly supplied into
the react i%FEEStiter Ghe. MERF (Heh6r 6eaFﬁl‘?ﬁd‘éer €avBi fon of DAC

crystals during the g ﬂé&&z@ﬁ? Ao iGA @;s.eegxsly Lszipplaeafatmrate
introducing pipe, Dais preferably supplie fromthe tip

i ntroduci ref ph gk docst é’ésﬁﬁ/ltl%érrur%\éif moF§c BrafRva he - Pe&gt flérf“a?ﬁ’%fla}”é' 30
Externgl Keat, F RRECEQ WD 1£ARN o hEREERdalor fuigeakE nueUsle reuaRli.ed 1O

the reactor an quaterni zing agent is supplied by an ejector, the
amount of reaction Héattemdrs preferabdy tumpdied ahcr cde &5 Lhe to S8ct i vi ty

of Lhe quajery ARLlon h8aELLON.A005010 51690 18 kiiSsBmpesgakn nvent on.

however Tovar reacti‘on h 212-" éxtrenely inmediately carri ed
out, sinceresgeott tof thhemasaoifl dne macul@ilmmleednbyh@nrwt@ﬂfnal heat

o e o e b R GAEL AL kLB, gl snchifongy on
When gsi ngrdnginliy pre€ackble cdiddaped wehbt bojsagkegregpevhgata exdhaner
- proportion of raw materials. This enables the production of high-
purity DAM with high productivity. The proportion of quaternizing
agent to Da is preferably almost equimolar in the reaction
mixture.

20 ; Moreover, Da, a quaternizing 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
mixture.

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 of 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 nust be used. The present invention conprises a
flow path for 10 supplying the reaction pjxture extracted fromthe reactor
(6) by the circulating punmp (7) to the‘ﬂ%'ect or (1), and a heat exchanger

di f I h
The 11 ow pol iR b BRI FReRY 1 r e OB Y bree Roat eHaRbE o 15

A part of mivetuwacid mo&b&twean exexirhatt kead raamhiahger| eaed ofs Rynpplied
circul ati n%?cﬁurrp, @ g then supplied to a heat = exchanger. Heat exchangers

made of st &d lPF?a QmReaGEorgFArugh rﬁnnﬁjﬁFEof)r effBREBI¥F S For

exanmpl e, acoai#dl dbehbeabacexsharagerabhisd erd YRE Bealc£XCRABHCsing
spiral -type heat exchanger, 20 etc. are avail able. The cool ed reactl on

m xtur & pad¥kd & HeGGERTL g Hrad wakBhangeeke-toasphpetll e¥changerezzl e part
of the ej egdfeor \é‘i‘é‘}r]eecoﬁtggl pr %ﬁ'f'fﬁchfs(t Maipat-a G, -1 Q]e'l’argle?&)%du\@tﬁgn

force i s generat at the nozzl e part aspirating t'hé qdaterni zing 25
agent (Fi gvolymes reghisewaynsialdraiode amoumts aff heatt removalxt wne klus a

conti nuousié/rgceiqﬁ led and §H%$&ﬁ#§§#%§fg@eﬂ& t%{ngtl?ger%t%? exchanger in a

short tinme i presen I's ensures *hi gh cooling
ef ficiency even V\herﬂ'kudnepmrsennt inte3fiareacinpehséead fluer @ashsfoAccordi ngly,
it is.possibl r esent |nv ntion toqlieeg t he jnside of th react or

at a ¢ nst%ﬁpﬁyiiglﬁggﬁﬁt g?%cﬁjr?nang"f‘ B oS ¥ur GLPY p‘Tef“%é’Eh 2%

mat eri al tghe tdiecueacting @it i (7)atbedbéi Ofedddn.(1Theah@paiaattuechanddy s
case is preferably 30 ,to 80C,_ and m)re preferably 40 to 70C. 35 Extraction

of Reacti off'M sed130 §he dlowyoPathnt fomRaRlioa, thacortartes: apagliians

suppl i ed whidtirdehe T}@Cﬁlloeqnpatxtmw B gpoiviashesifl Qnd B‘a’: £§8§CsPmorEhe
timng of extracting the reaction mxture is not limted. The reaction

m xture naiPate SXEOAREEEY- ei t her simul taneously with the 5 start of the raw
materiggl supply, or St KPR RIINSShaLEuPE 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 quaternizing

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 pygp. The rate of extraction of the
reaction mxture may be suitably determ ned according to the purposes. The
reaction mxture istRrefenallsknexihschetbt cdchaky thater@alloid3ipplied
mass% hour, and nore preferably 9.0 to 65 nmass% hour, with 15 respect to
the mass o¥hike theadiseehianpiftaine ishexkeacten fnodéhe serFUonding ons,
reactions ] it :pRt.er 10 t{on Swidg t he
product i On{’%r?ﬁ%f;cﬁf_ \p@lﬁt?tast%{i%% ﬁceﬁ‘?\gﬁgﬁpﬁ%ﬁgﬁ \F/iist ggﬁF%%&thﬁlguflﬂgnk 20 In
t he presenteaaion mixture sy prefettabictethat thére simpdsanepusik itk the
conti nyously_ extr ed_from . I-e be _s | i t seal ed
Fini shing TEMs, Sand Rat TheS BT EaTEPLyerof et sdteo o005 e, TR P R
fini shing tankndterisilbsegpent | Woadpust pdtie rabotdphemixtyreessarbe Here, the
term 25 finishi ank  neans tank conpected tq the reactor d/ or_an

agei ng tan?’,‘t’bae%qgﬁ‘% t?é’(ﬁltllﬁ’tl@r‘?’ﬁéucqf T3, RE A lflgeﬁlgje%t?%rlyr’ efbve

unr eact ed SEGRONRNL SAObat e Htdke bRt Z& B yRRict iBhCmixture tifse supplildddro

m xture after reaction, particularly, when using a megboijin - poi nt

quat er ni zi HWe dyFRLaPrke (GUatleriiezicdgehgent L) uhfeatct ating

| ow bQqigl i nlgm&p_i nt quaternizing agent, by reducing the pressure of the
reaction nixture to atnospheric pressure, and_ further aerating the
reaction mxture as Feguidtel ofFerterarmMe olbe KERAYION: Migtlge T&Y fSed as
a | ow boi Ling:pai : izl t I is 35
i ss0l ved T T O A e T ot ed et hy!

chl ori de imixthere dacpirefienail yrextiradiedr ot yz eehteo diy §r 8ged 13hl ori de, whi ch
s unfavorgble holt N QUAbE Yo lledilal B OUIS!EY nabIBYREQL Syt | S
necessary 10 renove ‘'unreacted methyl ¢chl orrde. However, if the pressure of
t he rdaact i naspactt urce the maveddtidley reacetion metkttureatimpsphhereactmmes dinder

methyl - chi gride 1s,.¥apgui zed, at

ions 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 continuously 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 sinultaneously oxygen dissolved in the reaction mxture is
al so vaporized. As a result, the reaction m xture enters a |ow oxygen
condition, thereby causing the polynerization of DAMin the reaction
m xture. 10 This problem can be resolved by using a finishing tank to
gradual |y reduce the pressure of the exttdtted reaction mixture. The
reaction njixt.ur y _he supplied either continuousl or intermttently to
the fini shlln?l%mf an'%sl%rolv(\ieevég, H&%nﬁ%&&ﬁ? PSEPPY 1% h&dé?i}’ & qcfoopyflﬁ%g?{abl e
product i onclelof¥ié, Ihibhe iBuaheivafatilienitshi fige tanks tiayrbeiddl kReatcene,

' referable in terns of renovin

but a Iarrg}gr nunber .of .tanks are g.
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The size. feiefddln, anh Sthuttaenhy bRgoLl UAllAGbank Al Alkag Y
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- nore pref esBdAM atmrdpheract prresswtereo- 0. 7 MPaG and further preferably
at nospheri c pressure,. .The lLymerization of DAMin the 30 reactjon m xture
can bglapr eferably prqé%%t%‘g’%lﬁmt ﬁ?%%?é?f&l € %ﬁg‘és.lrfgnat Ifrénb?]%%%ttanﬁ

i nvention,t@ @esiednairedide athd @asksudd yGLe AR B abt @M rdddtachhe reaction
m xture transferred to the finishing tank, This is preferable because
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reaction, particularly, when using a | ow boiling-point gquaternizing agent
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a larger number of tanks are preferable in terms of removing
unreacted components after reaction, particularly, when using a
low-boiling-point quaternizing agent as the quaternizing agent,
the unreacted quaternizing 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 blown 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 productss preferably contain 60 to 80
mass% of DAM In this case, water is preferably added to the finishing

tank to adj é}metr}l%a@_gaﬁe@f rm Oeneuuheeéetec{ QomipoRaht BT HEGt SeabgRd)g Tank
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reactlon m ture may be supplied either cont i nuous or intermttently to
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limted. € pressure in gei'ng tan s generally lower than the
pressure ifoit heinadaptroductien using an ageing tank, the pressure in the

ageing ta can djusted to atnospheric pressure. The pressure is

pr ef er abl %‘%ﬁ%&%@% c pressure to 0.8 5 MPaG, and nore preferably

at nospleri c pressureli ale GrivPaft Thesntion, it is preferable that the
reaction mixture continuously extracted from the reactor is
further supplied to one 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 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
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 maintained constant. Further, the tenperature in the ageing
tank is also preferably 10 maintained _Cﬁ€§tant. In the present invention,
it is preferable that the reaction mxture, after being supplied to the

i t ‘ i i .he u j tk iLnishi-ng.tank..,l.n
291 t Lot iped PEhB0prd dod ] i Ens B e B8 LR apPRE R e
15 fi ni shi tige trardesulkatini shet heaqmiy.meWhaatisingotnDAGk1ny thaek, r eRet i on

m xture is_prevented, ,and_unreacted co nents after reaction,,

pa)r(t :qul :arKI> ?S%//bf‘ure% lunsitgls 38?89\53 bt ﬁ&g};g? n‘i‘éj R ?Fﬁq‘@sélﬁﬁtc as the

quat er ni zipgesgerd., The presacieds! prefdeidliynatpebphe AAHJRsaB0AQREL
can be rempved. 20 In this it is preferable to gradually reduce the

ase, _

pressures YFPEhENe TOLEr Praberdyt Y STROSRAGE G MuansNget 5Ak0 - TRIERG. c Jke

prevent t heerid damRIrieZ ahi eﬁeoégéaﬁrl\g itAnkhgal ave @@f&%@lwoﬁé‘i&f @%%d reaction
ve

m xture, which occurs because the quaternizing agent disso in the
reacti on nfemrerativgevapotheete8cat, andt istmtefenathlyi 30l tangsas| yhexygen

di ssol ved J cti,an j i rJ r in each
Cank i n At S8 thBlagklA] Wi 3a2bo0raa ity FETnrd Mol R aE o
agei ng tankyrthew fthei thiperatude ivhéhet dgeiagritagkt ankalso qijefetreldly 0

at nospheri ¢ . §%rie eration and the addition of water may 30 be
perforaged I?anl tﬁ% mFSﬁlg%n ank. The nunber of ageing tanks in the present

invention may be atInedst paesena imveerionynber iofptafdeable phef emabl e,
however, in terns_of productiVvi Jdnprovenent. The nunber of ageing tanks
i's generali§*%Srk nofnlf?ﬁﬁ’é,e’ g S5rP9t W@rler‘r{)rt& tgﬁdagr%Jrrég ﬁn%r g‘?’”er ably
‘three or myeindphes Fuetlér Mipplded 88 kS rdlsBind7tagRNNest 8dditiboni €o
preferable to adual |y reduce the pressure. Specificall when two agei ng
tanks are %ﬁ&g@é‘f&, Of hERP rags&iide tapk, it oM 0gsothe ETtVPAGHS t he

firstiggeifithilsdikg aaHk. atBEPRS! | EnPRATHES: L8t Pord MPREM Ant fige SECONd

ageing t anrlgac?:ilc\)/?lr r%gz\»/cg&fe t{]se p%:le%rg’ntrergf earu'lldaldnr%ggtzgir ggx%;cgneen?:fs ta?’?er
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 simultaneously 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 two 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 volune of DAM the purposes, etc. Specifically, those
exenplified as the reactor can be used. The residence tine ([the mass of
reaction mxture] /[the 10 rate of extrpgtion of reaction mxture

(mass/ hour)]) in the present invention can be determ ned to cover various
ranges, d@&ﬁf;@{é@patr €81 OGNl LhORSaa 18 y1HeREEe Of hd IdlicsRiuRg. t anks
or agei ng tanks, and other conditions. ually,” for a two-tank continuous
process ustprrififdadilyhi ngen afQ adedngbbeeks exiclewpactsedi e prgevicial |y 4
Do S O TR G drSEBNIThY0f o MO Bl TRTfhe ANLCTOLEI R SLANADGKS hau! S
or nore. For “a three-tank CTontinuous process ‘using an agei ng tank and a
fi ni shi ng damksphdre cr psedsumce td i MBa@gehertdld yetohduageingriraak. pr ef er abl y
1.5 hoyrs or nore, hg”gre refgbabl% 2 ho rs.o‘rEL rmﬁré, and furthﬁrtrg)re
preferdbly 2 to 20 TEHRRIEE, EOF PheSr dETFEAEE" t PR THUFESr hg¥™® the
amount of adeisifuankassyl be agitholegr seddctedmddredahgvee N ireed raw
materials is preferably decreased. The anpunt of residual acrylic acid

derived f iR HESalSREL b P RFQIMTBARP oBP B P5 P e TRy &Snvertion i s

usual 'y 1, 500000y, e8Res®' SiBiARKYed, 290125 RRPLBE E88 e aREINDIe
preferably "1, 000 ppm or |ess. Exanples The present invention is described
in detail bel ow wi t iThe gfasiespect bl aniihes marst ef tFeactine mérkrely [feans

" mass9t,. I [ r Qbn 381 S drid sEl/ou? nethpyl chloride
adductf(b( oo Y ekabEL o] Je LAk RACHRO R G sy am HETE ™ ooyl at e
was produgeesent dnveatitnncaradle @efernined i tCAverr ¥atiows cengeksi ng 35
an agitatao i nsi de j et - at r 614y . = 1:8<

ol ace- | naipr e ralgt BRI HEHEE R SARES o i MRS
an ej ect orof Bgeimgmibhks} wdoed hedterexohdingerng.8) Uasathe foxt er hab-taedt

exchanger (overall heat transf.er coefficient X e f.er ea (A
D O7S kTP SR AOG LF TSR Frg BhabiEe (AT SoEnabont o hatheat
exchanger ,t W&d €ls afen20&1Tp0d atbwdst br horag pwsferiabdyl at Bdhdayrsa opumgerd not
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 "mass3%".

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 coﬁprising

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 tivated to start circulation by

supplying the DAC aqueous solution to ozzle part of the ejector (1)

through the o fl ikbenbealo exqhangeca( Bl VeLixl  ghl arhdae( hersinar ter

abbrevi at e was s froma sup seal ed
reaction temmpfiGesviea ajsacdt ofl)part m(BYiefuddderjteekohandel) (80 tbathd he

ressure inside the reaction tank (6) 1s 0.28_ MPa MC . cont i nuousl
guppl iued :'ﬁx‘{‘f e%ﬁgz?ﬁéW%r(P(’&zﬁaifi}he%ﬁ dﬂﬁanlsgeﬁa??ﬁ 'JT‘FlﬁIPf-EI &%eg%u?/e
i nside thendpactipRrbankréd) (At = 6,3882Meal3 /1anty, they ameyitueht My gRRpUNMEd

by reaction was 20 supplied. Then, dinethylam noethyl acr xl ate (hereinafter
referréd (0 .asInDag mEdicdhbenbeds| srdgmgeredvaten atakd 6fcod@dkgitour to

the reactiyon anss( B) r¥h Bafed YRPLY phinBe (Ad0)shdh)t he same tine, water was
continuously supplied at a raté of "263 kg/ hour to the 25 reaction tank (6)

via a supply pipe (Afterd,A§0t ke ¢acks DAFpaqueeas sndsltangevag 1dargad

mul ti-tube, heat exchanger ., L&oolin ter was.ci.rculated so, that,.the
reaction tlerh'gcg‘reatr&?g%ﬁgg %%@ ( hethﬁg S?I\é%dqaﬁAéeg&ﬁgomé swcﬂ]fﬁefioﬁ?h%q C\7\/ni ch
t he DAC concentr at i cubssemed%y, welsi o mtiimwdng| yhexXtACaeedohis osolutpope
(13). .30 The.continuous]y-exira DAC aqueous solution was_ s lied to
an ag?jng "f]gcﬁk%flﬁo?%ﬁaé\%ﬁ , &aen %taggﬁ ﬁ?a(gﬁroé'ﬁ%@é% <§§ es é:lgfcugg PaG
After ageigugnp t(7¢ weacatoivated toesvast dirddierisupplietbdlgiagh the IHOg
tank (not shown), aTd t he 1{)ressure was adjﬁ&st d to at m)s&r}er- C rest%g?re.
Then, wat & S §81HEHRY 1D ZadrFétet Rt D, cEABFEPT ont)t FPFEYL HE As a

result, amfR%iPAGbadHES Sextdaige@n (6PUI tichayst all oriadd (GerbiAADLS] Y
produced at a reaction tenperature of_ 50C and at a rate of 1,250 kg/ hour.

Exanpl e 2 3P3gCiadsdpradiied i¥ist REPBEHRA ditied SYPPHY BIR%IE2] te t
that DA, Meaiald reateionersisury! ved atsdt e pakt8(9 of the ejector

(1) so that the pressure inside the reaction tank (6) is 0.28
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, dimethylaminoethyl 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 continuously supplied at a raté 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), cooling
water was circulated so that the reaction temperature was 50°C.
The obtained DAC aqueous solution, of which the DAC concentration
was 80%, was continuously extracted from a pipe (13).

30 The continuously-extracted DAC aqueous 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 ratge of 1,500 kg/hour. Conparative
Exanmpl e 1 DAC was produced in the same nanner as in Exanple 1 except that

a reactor having no jullisduhe hgatoexghrangrecwsssok wredoubd bMstaph
wat er were supplied at a rate of 526 kg/ hour, 197 kg/hour, and 190 kg/ hour,

respecti vednyd ot iombysipepjabieatd aty peréecttiax deapgeat@ad)ohddtsad ab

circulate cool.in t S %}ﬂ% the reaction tenperature was 50C. The
cont i nuous® p?aotaeu%t%hgép gg% o DAC aqueous solution 20 was started at a

rate of 90Kkdmgleolr. In the mddl e of the production, however, the

—eee

eactign Cemeral e prcenisd Uik e SIRETIES <210 ESaeg 200

the redction tenpera Was I NS Icient, and
thus the ¢emmer atnate DRASMONCAR Melteablvere Thessfiexe att heraiperet 836 was 25

hal ted. Conparative Exanple 2 S”?g; }(e erature ingr.e e occurred in the
reacti on ¥IAQHE i34 CKEPRPEE i AR &%p g/ 0UE hFSEEREFMUDLS" product i on of
DAC was carried out #hd h-d-Quer spbRdctiat tanthdlgPAchyasagaicadyced tihe t he
sanme manner as in Conparative Exanple 1 except that DA, MC and water were

suppl i ed ato@ling eater-gHACEFHEW PUTRSYRY/ Fdti, aaﬁ&_%lﬁéc IRAHRANS
respeghi vely i ekl p Bl At BeHEMEhes 16ARRG L A at he reaeldhy

wat er-circul'ating punp was tull,” a 79% DAC aqueous 35 solution could be
stabl y andtensdriatuoesby piidenedast aaratmctfi dn5000kgikomrar at ure of 51C and

ot SR B Ve (s sLat e and oo uous, prodiet on
Tabl e 1 shows the reBat tvasofprokecEdaimpl B mathe BaGoapaatinExExaiplles. - 21-
except that a reactor having no multi-tube heat exchanger was
15 wused; 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 aqueous 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 aqueous

35 solution could be stably and continuously produced at a reaction
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half the producticn capacity of the Examples.
Table 1 shows the results of the Examples and

5 Comparative Examples.
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U)QQU) H3FC" UE-+ x ha) WHx 4 U4 roxrl na) ro 44 4-4 ~
r- -O-- ON N>0->0. 4343 Nrf '"~434) 4 UU-Qa) p Ororo
U(a(15(lj -1)) ro04 (0O coUx 0 XUO -22- The nethod of the present
i nvention using an external heat exchanger resulted in sufficient reaction
heat rempval and high productivity. On4%e ot her hand, the results of

Conparative Exanples_ 5 1 and 2, using onl acket t heat exchanger,
are as follows. First®H %@@nﬁgrﬁ?? Ilél ?‘Entjd‘?IPI %qggag §?‘r‘iﬂrlnéﬁ

product i omeatol diih BePAke SAUEQYS rS BLEEE 81eA©0Q 84 BR) ndhan-dues 2Exaip! es,
met hyl chloride was continuously supplied to the sane reactor as the
Exanpl es. Hegewzoduckévityoval of reaction heat was 10 insufficient, making
temperature control ¢ i WrherHeRa) eddIGe Rl PAUGH ORLARRELL Yrddioles
increased by force wthout using an ~external heat exchanger, tenp rature
controb isliansbssi biséng erbyla ijagket-aype sheal @X@Hpaeat i e @sadfplleoveq*
starting whi ro S YR 645 r e con

possi bl e. V\“é‘ll]ggtgl ﬁg‘e%. E%r?%d‘aéctl on%vgl %fna&‘\'/g\llalts?L 4B ﬁf{rngtro flc Jhon

Exanpl es, valumer gdr DAeaaqlmeouSJrsotl\mlbaawm skgAh& neheﬁsﬁua/ Hxampées)y e t he
sanme pr oduct 92 %I une .as t he nBI es. Next 1 gmgﬁ%on t he anmpunt of
heat rempJ&iCiYoEN{o81dg WA O REEHY hyuR lﬁga VHITS0ELEChUs @Sl e in
Exanpl es ]theZ(Ex@ﬂ@lés whesmedsrt hehamuitvaal ofieabadEimy deapoggsbl e in
Corrpar ative Exarrpl es 1 and, 2 was only 103,500 and 96,600 kcal /hr, which was
about 1Ral finRhiisierfe @&%&ﬁg(ggmpera ure control difficult. Even if the

production capacity is increased by force without using an

\/
r—
._.

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.



I ndustrial Applicability 25 According to the DAM produci ng nethod of the
present invention, the tenperature rise in the reactor can be controlled
by efficiently cooling the reaction mygure, and hence high- purity DAM can
be produced with high productivity. -23- Claims 1. A nethod of producing a
di al kyl am noal kyl ~ (nmeth)acrylate quaternary salt, conprising continuously
suppl yi n% aLpgj al kyl am noal kyl (neth)acrylate, a quat erni zing agent, and 5

water to a reactor, while co uousl y.extracti a r.eac m Xture from
the reactor, wherefn 2 O%Pﬁﬁéoégé&wo‘?\ %?ﬂ%’r]ea%ra gtygd from the
reactor kxﬁe@@ﬁ&&@l@&tepq&aitagnahyostght,arbceaptxersnalg keat i nexesiby garprindvigded
out si de the reactor, the ¢ [eac on 10 m X ure is sugg?led to, a nozzl e

part of &n Je"j‘Je}E%](?Fnl\ﬁl‘Pialléylln éﬁetlb BEEYTE9's At §|rﬁéam%n &8 ed

reacts ony it WE d Seasitppl, i @Hile thetimantdly tagebbetinwi & hréder iumt er ni zi ng
agent through the ejector. 15 2. A nethod according to claim1, wherein
the reactb¥tuss fd?cé‘\/ltc?@sWaEﬁaFged with a dial kyl am noal kyl (rret h) acryl at e

quaternary salt aqueersisal Wdran o&etaéereaatimmmmmwmgea from

di al kyl am noal kyl (neth)acryl ate, rnizin ent er 20 3. A
met hod akR®rERdg o & &M% Pyzpaﬁ\ﬁg‘? ﬁ‘ %Qa%f‘FSﬁnﬁ?d?%

mai nt ai nggdednget MAMiAW euekide tie 81£Kéctdjxr| Rgher eaeueanreéctﬁomet hod
according to any one of claims 1 to 3, 25 wherein the reac seal ed

to
r eact®br , MiREURRIG R ITPAHG§%ag8NE 1PEZEE RAfterth ATGISGERE Wé{'/{en Jaga}lr)m ling
poi nt _of p28&s@Fe |1C§/\@d'a,1nt@ﬂﬂetiheaﬁﬁe§}$élI’@odlﬂﬁd deache oheptkotrée smral nt ai ned
at 0.10 to 1 MPaG during reaction CCOI’dI n any one of
Cl ai s 15VEP T4 vt ridien FEAE CAF aF RYP BHTRE Ry R BEPYPRRE 14°T
di met hyl ani-5egh e (@RIJEL2Gr Yyl ate, and the quaternizing agent is nethyl
chloride. 35 6. A method according to any one of clainms 1 to 5,

15 2. A method according to claim 1, wherein the reactor
is previously charged with a dialkylaminoalkyl (meth)acrylate
quaternary salt aqueous solution before continuously supplying a

dialkylaminocalkyl (meth)acrylate, a quaternizing agent, and water.

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

during reaction.

4. A method according to any one of claims 1 to 3,
25 wherein the reactor is a sealed reactor, the quaternizing 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 5. A method according to any one of claims 1 to 4,
wherein the dialkylaminoalkyl (meth)acrylate is
dimethylaminoethyl (meth)acrylate, and the quaternizing agent is

methyl chloride.

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

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



further conprising supplying the reaction m xture continuously extracted
fromthe reactor to one or nore seal ed tanks, and -24- gradually adjusting
the pressure of the reaction mxture in the tank to atnospheric pressure.
7. An apparatus for producing a dial kyl amnoal kyl 5 (nmeth)acryl ate
quaternary salt, conprising: a reactor ?%% equi pped with a

di al kyl am @PQJhKé/‘lly (a@%hﬁl%é Vired & redRnhk¥ 88T {hd MhctioMah it PRhYIRON T
(11), an @gjector (1) for supplying a quaternizing agent, a reaction

m xt ure extariEtiomPospheldy presgureul ating punp (7) for 10 extracting a
part of the reaction mxture, and a stirring blade (9) as required; a flow
path for supplying the reaction m xture extracted fromthe reactor (6) by

the circulating punp?(An tappeltetuej Bet qrrqdlicingnd dbakkyieatineatkgnger (8)
di spos%d i ?mettt}]e) a}‘clr(g,\ya@%t gua{eol[naryo(%lall@g éggprefstlr %ct ed reaction m xture.

a reactor (6) equipped with a dialkylaminoalkyl
(meth)acrylate supply port (10), a water supply port (11), an
ejector (1) for supplying a quaternizing 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.



