-1-. DESCRI PTI ON METHOD FOR PRODUCTI ON OF DI ALKYLAM NQALKYL ( METH) ACRYLATE
QUATERNARY SALT 5 TECHNI CAL FI ELD The present invention relates to a nethod
‘of producing a dialkylamnoal kyl (meth)acrylate quaternary salt.
BACKGROUND ART 10 Di al kyl am noal kyl (meth)acrylate quaternary salts
(hereinafter referred to as "DAM') are raw.+tmterials, etc., for cationic
pol yners, and are used for various purposes as raw naterials for the
production of polyner coagul ants, pap@gsc%¥?¥%@ﬁh rei nforcing agents,

antistatic agenigrysp) Foﬁo%ﬁdc@ﬂ%ﬁsm é?%@%gwk&” i Hp cgz“}'@.@f@' ly

produced in the formof an aqueous olution o ction,
using water as a solvent, raw nateRUATERNAR® . SALdI al kyl am noal kyl
(meth)acrylate (hereinafter referred to as "Da") and a quaternizing agent
(e.g., nethyl 20 chloride, etc.), are supplied in the presence of the

sol vent ,5 an@ECHNECAL Xf1BI&® i s reacted while renoving the heat of the

reaction. DAMIis produc hatch roce in which m/nat rials are
charged in one reacto&H aﬂﬁe%%%ﬂdfﬁ " 8nr5ﬁ§V§ES§FT§rmFﬁ% ié??gﬁcf?%r
exanpl e, PahesiaDegla®nicslkyvandmail:) a(lfr}tl)&t@ 2Datontd NuGLS tpr ocess i n which

raw materials are supplied to a reactor while the reaction mxture is
continuously extracted from the reactor (Patent Docunent 3). Moreover, the

present inveatecsodauneit hat by supplying a quaternizing agent to the
reactor. by an ejector, the followi_ng. 30 advantages are achi eved: the

reacti off mixture doesbhéikY1%N&q9%§%Mér&m?%$kﬁqqﬁiﬁﬁﬁaﬂéﬁﬁ?ﬁmﬁﬁféﬁﬁﬁ? suppl y

pi pe; the ﬂH@%é&ﬁHfﬁé@gr%@%@kea5t§LH§'“Bﬁﬁnt|Xrén££&xﬁg%é% iR st her&eagki-on
m xture; the solubility of the quaternizing agent in the reaction  mxture

i s i nprovedea kNt healdaervi @y o mEScs Gper VoF L PatieRPOsss BBchfient 4) .

1 sgngtlggzgr@é?é@?ﬂ s Forl RRBNESELNEXAMBed Pat.ent - Al 1-62L1, OB, Nor
strength-reinforcing agents, antistatic agents, soil conditicners,

15  and the like.

DAM is generally produced in the form of an agueous
solution of DAM., During production, using water as a solvent, raw
materialis, i1.e., dialkylaminocalkyl (meth)acrylate (hereinafter
referred to as "Da") and a guaternizing agent (e.g., methyl

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

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

Moreover, the present inventors found that by supplying

a guaternizing agent to the reactor by an ejector, the following
30 advantages are achieved: the reaction mixture does not fiow
backward into the guaternizing agent supply pipe; the
guaternizing agent is sufficiently introduced in the reaction
mixture; the solubility of the quaternizing agent in the reaction
mixture is improved; and the reactivity becomes superior (Patent

35 Document 4).



Pat.ent Docunent 2: Japanese Unexam ned Patent Publication No. 1996-268985
5 Patent Docunent 3: Japanese Unexam ned Patent Publication No.
2003- 342244 Patent Docunment 4: Japanese Unexam ned Patent Publication No.
2004- 155669 10 DI SCLOSURE OF THE | NVENTI ON Probl ens to be Sol ved by the
I nvention Methyl chloride is generally used-as a quaternizing agent, which
is one of the above-nentioned raw materials for DAM Methyl chloride forns
an expl osi vEAFEENPIEERY Y a ‘dPBRBEPAGIRRGIINES BRpES| RHPrigage o8t Noret hyl
chloride: 1Qg6ot013444 V/IVXY upon mxing with air. Therefore, when using
met hyl chloride as a quaternizing agent, the control of the gas
conposi t i on PRfepReDgaguerphase Jppene¢en Qﬁe&am;nﬁéaE@tﬁntsfub&nagﬁepy ¥avpor t ant
for the safq99@n§6ﬁ§@@Ie production of DAM 20 An overly | ow oxygen
concentration in the gas phase portion causes polynerization of DAMin the
react or ,> pr 8dtiehhgboomsant Gw aphnese DAM=afin nedePhyedpvuiBtilpitiohl ¥r.i de
concentrat|9603s§9y§ ¥uaternization reaction, pronoting hydrolysis
reaction. a resu? t he hydrol yzed by-product, (neth)acrylic acid 25
(here|naftePateﬁérm@mhmantag:"Aéﬁame$euﬂnﬁxamineanﬁatémtrﬂumﬂr@htiualmn of DAM
i s reduced. 2§$EE¥§§ here have been no reported exanples to date of close
exam nati on %%s conposition in the gas phase portion of the
reactor. 30 Therefore, the present invention ains to provide a nethod of

pr oduci [it DANImnth hi gh productivity while rmaintaining safety,
by conﬁ?gl ﬁﬁcﬁ [Hﬁg 3#50§NY$% tﬁ the gas phase portion of the reactor

within a predetesig ned JeaggevedoMeans HRendebyi Ng the Probl em -3- The
i nventors conduct ed extensive research to sol ve the above-descri bed

probl ems, and found tHatiht ghlpiicey 1DARerafR by US&Pehy HrodRic8d WiER hi gh
producti vi t ygast f alliws 1 sReagt PNt ies abQWeLh@gtP&geMalvﬁn%Q@Eﬁghé' A DRR.

concentratlon of’ oxygen 5 (hereinafter referred to as [0
concent r at i dptlfl mdtloylide Torms an explosive gas mixture (a detonating gas;

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

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

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

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

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

phase porticon of the reactor within a predetermined range.

35 Means for Solving the Problem



chloride (hereinafter referred to as [M]), and the ratio of oxygen
concentration to nethyl chloride concentration ([Q2]/[MJ]) in the gas
‘phase portion of the reactor within a predeterm ned range. As a result of
further research based on these findings, 10 the present invention has been
acconplished. Specifically, the present in@ention provi des a nethod of

pr oduci ng dlalkylanlnoalkyl (meth)acryl ate quaternary salts, as described
bel ow. Item 1. A met hod'fFEBHUE? ieP s URtark Gk apm foed kr;ﬂse@ﬁfébh*;@cm‘f@t éhe 15

quaternary sldvebyesUPPhYd NGB 1diadl kyhank neal kpk-( RRLR)Ack Ijﬂn%m chethy

chloride, and water to a reactor, wherein a reactlon Is carried out mhlle
control | i ng SEAELYCHREBES At iGH bR IbXpERMIqiOZ]y B6 S0tbow®. vBRaghiqhes

concentrati Qn9bgNBLAY,H N Qkhggﬁy#kﬁ%)tﬁénf%%cggtgQ%Yg% I8 %ﬁ%%?fhe ratio

of 20 oxygen concentration to net | ori concen ion /[[M]) to
0.05 to 9.5, (hemeangephesie et Lonasf [Gdid tbacct@rcedttt:@ml@n AF et thod

aocording {ahbemul. ereln B, eaelion i, cearted o Wil ¢ cont gl ing

the rati o of oxygen once ration on and

ni trogen con&ggbnatommeﬁﬁrdqmﬁﬂtb[ﬁ@ﬁhﬁ%ﬁiﬂbrﬁdethen@Entnﬂtxba RO0El/ANCOF
t he reactor ,to to ltem1

wherein the' regg?o?a? sp%% \?051;5%?9 %%Aﬁ'kgeecfe\ﬁcttﬁggo?rj%é}rgﬁ a%eﬂ&aﬁﬁ%“ec?’

(et h) acr yI abagequaliernaeyusal ¢ afjleows sekutian hefer enatdibat kylmthgeal kyl
30 (et rﬁlate met hyl chloride, and water are supplied. Item4. A
met hod ccoft PngtEeet elrﬂ"fntéono?a% DL PECRTPRESREM of  di al kyl ani noal kyl

(meth)acrylate quater@é&lﬁ@ééu&n%@t patbef: {dJMibn gi-al kydan neahkyl
(meth)acryl ate concentratio and nmethyl chloride concentration

([MC]) in tRe PEERIGOH ﬁlﬁtlﬁﬂfiami%%oﬁdsk%l Heahhaaratatss quateanary osaits ng

reaction. -4z diempcApmthod according to any one of Items 1 to 4,
wherein the teqferature of the reaction mxture is naintained at 30 to
80C during FE&Rtorf MatERdsof APhed o ace st all gl aninasi kore (Pthi epsylBteo 5,

whereing 5 Lherd 8ACLOT 1S By f&act of Siﬁgga%%ﬁg%agig gﬁekﬂ géfvﬁate,

pressure of sald reactor is a ned at
methyl chloride, and water to a reactor,

wherein a reaction is carried out while controlling the
concentration of oxygen ([0:]) to 3 to 12 vol.%, the concentration
of methyl chloride ([MC]) to 22 to 80 vol.%, and the ratic of
20 oxygen concentration to methyl chloride concentration ([Cz]/[MC])
to 0.00 to 0.5, in a gas phase portion of said reactor.
Item 2. A method according to Item 1, wherein a reaction is
carried cut while controlling the ratio of oxygen concentration
to the sum of oxygen concentration and nitrogen concentration
25 ({02]/([021+[Nz]))) in the gas phase portion of the reactor to 0.05
to 0.2.
Item 3. A method according to Item 1 or 2, wherein the reactor is
previously charged with a dialkylamincalkyl (meth)acrylate
guaternary salt aqueous solution before a dialkylaminoalkyl
30 (meth)acrylate, methyl chloride, and water are supplied.
Item 4. A method according to Item 1, 2, or 3, wherein the sum of
dialkylaminoalkyl (meth})acrylate guaternary salt concentration
& ({DAM] ), dialkylaminoalkyl {meth)acrylate concentration ({Da}},
and methyl chloride concentraticon {({MC]) in the reaction mixture

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



reaction. Item?7. A nethod according to any one of Itens 1 to 6, further
conprising continuously supplying a dial kylam noal kyl 10 (nmeth)acryl ate,
‘met hyl chloride, and water to the reactor, while continuously extracting a
reaction mxture fromsaid reactor. Item8. A nmethod according to any one
of Itens 1 to 7, wherein the dial kyl am noatkyl (nmeth)acrylate is
dlnethylanlnoeth | _(meth) acrylate. 15 Item 9. A nethod according to any
one of |temg® fmté 8l HREReT RCARELRBt By 2GS @é 5eBaIphl e d ushREEEh

ej ector. |tQ%leemﬁeBEE@ﬂg<ﬁ§Q9kdk@9c££bﬂtﬁ¥§€%mefEétﬁgingéﬂp£i%Engﬂtn
extracting a part of the reaction mxture fromthe reactor; 20 cooling

sai d reacti G8°%iciuire bypagasenng through a heat exchanger; and supplying
sal d cool ed 7kegckl o fidl Gockaehlelo Mbh o BBV GhL Of 185 1 Sl dy
met hod Ttens 1

reactor using an ejector. ltem 1 accordi'ng to any “éne o
to 10, furthee resceenprd si mgalsdppeyting t ked gaereon thetiurteraant i nuously

extracted ne or nhor seal.ed, t ;. and then, .
gradually a Ju§F§%§ %ﬁgﬁ%gggggfg gf %h 5%P|8naﬁlggﬁ?§xiﬁ‘§%P§ ?gﬁﬁgto
at nospheri crpressure. 30 Effect of the Invention According to the present
i nvention, ur roduced with_high productivity while
mai nt ai ni ngelégﬁ‘ne?y Aﬂ&t%r?%ma%f)ﬁghﬁgtm% Y4's OBSnBBsPtg‘?rB% 5% Re §HEHSTase
portion of thﬁprﬁélm@amﬁﬁhnthhnp supsedeteantnediy aagerdduni,ng reaction.
-5- Mor.eover t hod beco S su erior for DAM production by

cont rol¥ ng @ﬁ%hi% Sur BTy bseiut et c 2N Hatde t?é%ﬁiéﬁaéﬁﬂrtﬁ@lle

concentrat i @@n@imﬂﬁl\élqn@x@aabelh@ea @A OR it b ©F Mirk hjan qa reReggat. er m ned
range. 5 Therefore, the production nethod of the present invention is also

qui te advanf&gRotisi® H&E@&bﬁ@@ﬁ@hn%dﬂ%mmpnes@él EgmMlpitediet Voarkein
the dialkylaminocalkyl {(meth)acrylate is dimethylaminoethyl

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

35 reactor within a predetermined range during reaction.



Bri-ef Description of the Drawings 10 Fig. 1 schematically illustrates an
exanple of a reactor. Fig. 2 schematically illustrates an exanple of a
‘reactor equipped with an ejector. Fig. 3 schematically illustrates an
exanple of a 15 reaction apparatus conprising a reaction tank A an ageing
tank B, and a finishing tank C. Descripti®on of Synbols 1: Water supply
pi pe 20 2: Da supply _pipe 3: Methyl chloride supply pipe

Reacti on-m xture extr3@F@8ﬁe50r§h1§1metﬁ@éc??%ﬁm?ﬁ>§qﬂﬁ¥%PFaﬁ§Fe@m%|pe 5:

Agitating bb@@@ugélﬁn}Eﬁaﬁkﬁ&c11lﬁbr€&@fﬁéﬂﬁ%r@%ﬂ?e,8@r£§§&&¥re%c Sugt iteR
part 10: Jacket-type heat exchanger 30 11: Nozzle part 12:
React i on- ni ¥PaFect rarsfiere pigpecn sqtm@ﬂ:@éfﬂmﬂmwewem@ap&ww ON

Enbodi ment s9f+the Prasenty b&%aggéfﬁhfgdafgi ribed in 35 detail below The
present invention is not Iimted to these -6- enbodi nents, and can be

sui tabl Yo nodi fi ed as FoRgedsrehely sroghictidme men:\mn:t ionthe oneseniged. Not e
that the teym,(aeLh)acs ylake i, the, sReciticati on; mmans Acr ylabe ory

nethacrylate pr oduction € prese i nvention

descri bed i acdét abAM hetamlmaoniith. ref erence to Figs. 1 to 3. The present
invention is a nmethod of producing DAM by supplying Da, nmethyl chloride,
and water to a reactor, wherein a reaction is carried out while adjusting
t he concent Batébroafcrigtygenofhernei mafuierysreferred to as [02]) to 3 to 12

vol . % .the 10 concent%atlo of nethy Ehlo ide (hereinafter referred to as
(M) t% 22 to 80 vol F4F and® ¢ HEF ARG 61 1 E6nEBNEFATP B o2
reactor.
Fig. 2 schematically illustrates an example of a
reactor equipped with an ejector.
Fig. 3 schematically illustrates an example of a
15 reaction apparatus comprising a reaction tank A, an ageing tank B,

and a finishing tank C.

Description of Symbols
1: Water supply pipe
20 Da supply pipe
: Methyl chloride supply pipe

: Reaction-mixture extraction port

: Reaction-mixture transfer pipe
: Agitating blade

25 ! Reactor
Circulating pump

: Ejector

O o ) & -t S VS T AN

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

12: Reaction-mixture transfer pipe

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

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



methyl chloride concentration (hereinafter referred to as [02]/[M]) to
0.05 to 0.5, in the gas phase portion of the reactor. Reactor 15 The
reactor used in the present inventionis not Ilimted in size, material,
and structure as long as raw materials can be reacted to produce DAM As
the reactor, those whose inner surface is evated and/or |lined with glass,
Teflon(r), or . the like are preferable, so 20 that elution of netal

conponent s IFAPSELRE"bbt sk FePARFagtebilel § dIcGtifoRdcan bnaisi 488 gt &F

hi gh- purity tBAMi ageeousn s WiiceRngean hetebtahnethe NRIGOVRELH 83} Akke Of
pressuri zabl e apparatuses are preferably used as a reactor. Exanpl es of
such a reactbf SpaetierEiRofratesacey2tQBIFRgthacErbike an exanpl e of a

reactof usable in the rar gagntcd MPH:By The: [EALIN OTRILEES,R 38 Supply
pipe (2), a_ water supply pipe (1), a nethyl chloride supply pipe (3), an
agitatiny brFggerisyd Hhdistaidabelon-with uredearncactd onigortl ¢4) 3. Moreover,
the reactor is usuall qui i J.acket -t r..(,10).
In addition, for bett)éfpgdpggggﬁ \éﬂl itnéljgg %gt%yr%(&%ghglegﬁfi aggﬁiﬁéﬁﬁq};ﬂga}% ion
m xture, nmeshyplehhordae reshyleteiablde, supplvbedr byo am wjeedtbar, . whegpin2a

shows an ex . react.qr ui d wi.th . an ejector (8). The ejector is
al so ref errggg{:gl%g % Caaﬁ:%g%gi Pg o‘i‘!}E a\sg%l\%lf]% #’—‘l?%cof éaité%tél%n
m xture i s e¥ygext tlamteithafftem théersattar aby [@, 10 reul3atbny2 pusp. «,7xhand

t hen plied to a nozzl a 1 of, the ejector (8) ._Then, the

pr essuﬁctabo i n“PRETe sttty iog ggé%%édcjﬂjaﬁﬁdﬁy (pﬁléeﬂ??ffr% Ge5rEE e dgERettat ed
here, methyl[Mch] ofd d2 its s0ppbied, faemideswationopastyder( PonkBhoOrdfion to
reaction m xtgﬂe %Tr%er, |1y, the reaction-m xture extraction port (4) is
mount ed in Tf Bbt ot °t FeNFRAkt o Crand S EhRa ] FetiS S SRotRt 38 in the
upper portipn,10f(Mche eeagt®s .+The s, r eacCtRE JBY Hfiave eBet0bn NBF e1R eeLOFSy.
and the optinmal nunber of ejectors can be determ ned dependi ng on the size

of the reackafctan and the size of the reaction. Further, a heat exchanger
(not shawn) for coolifgethg @t Lackedn r 830t QM Xt UL En FPYy b RIQVi ded in

a flow path for
limited in size, material, and structure as long as raw materials
can pe reacted to produce DAM.

As the reactor, those whose inner surface 1s coated
and/or lined with glass, Teflon®, or the like are preferable, so

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

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

30 exchanger (10).

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

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



supplying the reaction m xture extracted by the circulating punp (7) from
the reactor (6) to the ejector (8) . Such a heat 15 exchanger can

effici ently renove heat fromthe reactor, and tenperature control in the
reactor is greatly sinplified. Moreover, |n addition to the above reactor,
a finishing tank and ageing tank for treafl”ng the reaction m xture may be
provi ded. 20 _Su 0 Materials |In the DAM pr.oducin thod of the
present |nver¥t%rp§t¥g ffja V\{g‘? aﬁﬁ%%ﬁrkw ?ﬁ%@@gﬁpatamﬁe{rﬁ |an6th|t%er; de,
and wat er al’fﬂtppﬂliéd as aavbmeerpaarlts 1Bpest fire exaspbes (®f. DankAc! ugde

di et hyl am noet hyl 25 (neth)acryl ate, diethyl am noet hyI rret h) acryl at e,

di propyl ani r?&??ﬁ%%h%t QGIAGCE, 18i RetHRAhmERSp PPy e ‘%Wétlﬁl)gaépwaate
etc. Among tfeemradiaehdyd amdaiogthyhlof el {t)sat‘st%:b%@dl S ef e&;%@l%n pthy

chloride is flammable, but burns weakly. forms an expl osi ve gas
m xture Tporf % MR Wit FreRFLIothelxBRet osercrahbe i8Sl O eRCE HON T VETY,

and the bo'%&@QaE@i@ﬁ ﬁé&t . 16 méﬁn%@f:ﬁpQ%% ES@E?H“&Pt%ﬁ;%%aﬂﬁgg Eﬂxfhe

present invention, the purest possible water free fromnmetals etc

35 prefer ablt?eugeeict@pebﬁ flicirgganph eshé neipsde pdictoh | @fl thet eacion. e%bhange
water, etc. . .Lo.the sent. iye eac r plr%% a
constant am)unst3 to Iﬁt}g reaect o\ré Bﬁergé; ?o%en%acngéngéﬁd%c% Ad&lznl%?her yr a)r%

bat ch proces3eotoas coat ibmiclssepmoves siegemctiegnenoth® HAM priodhet rgidhbor the
~qual i ty f d ease f.reacti control, a continuous process is

pref era Qégle%%? ica Oio the re%%ﬁtlrnuous process, Da, nethyl chloride,
and wat er are cont i nﬂ‘omshyrsua)pteaa:d etx@hhh@ezr eao:ttorsmiwrnl efbhecdEacti one

m xture is _continuously extracted fromthe reactor th | ori de can
be suppl i ed® t‘:g F RS éaé’%e&rlonnm?f M od¥iadys PrREr A %?%I%WH?FQ Yori de
can be mtrsdpmph.ng theja®@els oh OBt e @&kt 88 0of Nnhgas rphasei peidugn of
the reactor intg.the reacti n m xture i.n the reactor or supplied In

l'i quefi ed fé)?)mflf\%‘t S dreotPde (o heh SFpFIFEECEs i Hy anve] et tiepat

15 exchanger can efficiently remove heat from the reactor, and
temperature control in the reactor is greatly simplified.
Moreover, in addition to the above reactor, a finishing
tank and ageing tank for treating the reaction mixture may be
provided.

20 Supply of Raw Materials

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

Specific examples of Da include dimethylaminocethyl

25 (meth)acrylate, diethylaminoethyl (meth)acrylate,
dipropylaminoethyl (meth)acrylate, dimethylaminocpropyl
(meth)acrylate, etc. Among them, dimethylamincethyl
(meth)acrylate is preferable,

Methyl chloride is flammable, but burns weakly. It

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

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

35 preferably used. Specific examples include distilled water, ion



15 is supplied into the reactor through the suction part (9) of the
ejector (8) (Fig. 2) Da and water can be supplied in accordance wth a
standard manner. Da, nethyl chloride, and water may be supplied into the
reaction mxture or to the upper space of the reaction mxture in 20 the
reactor. As described above, nethyl chl orir8&, when supplied by an ejector,
IS preferabk%«§g§%%i%§ into the reaction mxture. Further, in order to

avoi d deposition e%fy%?%ls during the supply of Da, which causes

obstruction of the inthodie pgepepe, inddmtisnpr ekeh abdy rsupplibed: £rampotihes

tip of a Danintroduckn Q%Ee 25 located in the_upper space above the
“OrR agFe MG APehtf ohe Pt etier aBPy et Ry BEDEMAHiFE6us

reacti on mi Xturfe!

sol ution as e theachiyon sataenirocdhenctay dmteaiaks arecisact ed cuiidhout
solvent, crystalline DAMis obtained. Due to the hygroscopic nature, DAM

in a crystalPXoPrPattathesy 1 Fhengurhnty 30 RAdl| 25F eReereldiectignd t hus
heat renovalccheeanesa dbddd Ghldas pAddiLs onaldereshnge, DAM ?%‘iéai  fiarm ]9f

crystals, an oxygen- free condition occurs, causing the polynerization o
DAM |n or ePtEBUSeT Vier eSS plhebl Bathsbmb ivetinedsandevaeearas a sol vent.

In this Cas%on@@ﬂggﬁélytgﬁi e@ftghghéay%égga%r%ﬁkﬁ | s, hydrolivzed, . 38,
| eadi ng to decreased product purity. ITn contrast, Fhe present -9-"1Tnhvention
preferably aSescoat DM Eguecrd reotati brorashe reactbon sol vent to

efficiefgply produce hi rj DAM 1In the_present .inyention,. the
above-&g%tioned DAM ggggggsé%%'5‘#%53Frégc§?%§? %#J%h%%eaﬁﬁa%ﬁ%ﬁJPaw
mat eri al camabgou$ syl | Edrt exddye o, eaethyli chwyidy den Bs Longdsethein

reaction of r mat erj.al s, proceeds. Specifjcally, in on t hod, for
exanpl e, thggggﬁfggﬁggﬂsC%%Fﬁ??%nl?go6¥5bﬁgﬁspbaéﬁdﬁﬁgﬁiﬁhC&hgger€§§F6F
bef ore eachoramtmtigrd alesics isdppliedie iim anet hescr®thagh subheiBAMaqueous
solution is,supplie o the reactor 10, si mul taneously with or during the
suppl y of tﬂméq‘ﬁ%ﬁfgt%ﬁ% sl‘.’feﬁﬁsﬁe Farrere nettgy I Prerlerabie Heigskor,
suppl yiitg eaehsipyl idmtierioaknafl teicieviroushy ehar giddch BAM-agypeous the

solution as_a reactjon solvent in the reactor can reduce problenms such as
the crystaf¥FZHts off)of FBAM and 51 BHR Hat Pl SATe M, SPBALef DAMCREEANSER t he

hydrolysis with he dramdmenkahePa.

Da, methyl chloride, and water may be supplied into the

reaction mixture or to the upper space of the reaction mixture in
20  the reactor. As described above, methyl chloride, when supplied

by an ejector, is preferably supplied into the reaction mixture.

Further, in order to avoid deposition of DAC crystals during the

supply of Da, which causes obstruction of the introducing pipe,

Da is preferably supplied from the tip of a Da-introducing pipe
25 located in the upper space above the reaction mixture.

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

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

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



DAM cont ai ned in the previously-charged DAM aqueous solution is generally
the sanme type of DAM as that obtained by reaction. The concentration of
the DAM aqueous sol ution can be selected froma w de range. Usually, the
concentration of the DAM 20 aqueous solution is 50 to 84 wt.% preferably
75 to 84 wt.., and nore preferably 78 to 83 wt.% In the DAM produci ng

met hod of the resent ig erntion, Daé @ﬁ‘h%% chl orige .and water may be
suppl i ed to ThE realt BF 55 “t'Rat*5Fie 2 ol ofi 4y Use SRLPbHOR oHitlid IFGAS 57"
satisfied insildenthec26ffaciray Mebaoverhigi-teeithepanpunts of nitrogen
and oxygen contained _in ga and water vary with tenperature, a snmall anount
of gas in the gas phasé' poft PERc®an Yo ktirhct Bie aevesggntéaned DAY

ni trogen andqgiebugaBobet sibplread ;88 8UMAE0 ankneaedi £4:9Mat dH: 4R 088N rand
air can be supplied by blowi ng nitrogen and air into 30 Da and water. [02]
in the gas pHEBEIHOr P oM DIrSERECr et BRY i FFdez0RETr dPRedE e 18 eatign|ofy

preferably 41t0,40 M9t r : 0 ; L. ¢ ] ¢
controlled to 25 to éé)%e v%ﬁl%&g)rggrég?gfa% %Eggh%(%ﬁ(i% v% Té&;e Ia{%ELgn%'r ej!O§
preferably #62tpl85 Vit .[AM 35ukbreoveryt O] MEEvioushe gusrgshase Porti on
of the -10- M. rel 05 t. f erahl . Q7 . 35,
and parti culrgrglégggr%éf%%g%écg !]fggt%ng%a%Tﬁ’%sngﬁégéé’nslur} %éf% écnge g l?n%’atglcot%ﬂon
V[\)A;A}\Ahoyt forSﬁhﬁgDéM et ot isng;ugli\a/ﬁn as swgdliasl tbetl};cw ozchl;altzitio(rn of hi glh- plﬁri ty
W t : t]vLLy. reover, .lt 1S prefer e to contr t he
ratio olfrb oiggggt%%%g%n r gtlit%nofodltnﬁjen% i eofsugygﬁe%gc%hecerr?twr 5‘??‘851%%
ni trogen coffibenfomtéomet2] A6[ PRELardNDY becnst heugssyiphasechpeeti on of

t he reactormtg 0%%& 0.2, further %.07 to 0.18, and 10 particularly 0.09
to 0.15. Thi's"Fan Sl §’§eﬁf-8‘ﬁ?§ys FHNE 2sPAD FFHGRUSOLEAIOFNe 2
concentrat i pascofort hesecgases tlhd bhex@lf-ai-aadr-byuceXdFartlcmg st gasren the

gas phase portion .of the reactor, and _measuring by gas chromatography. 15
Mor eover , ugrﬁﬁt%%té&nre c P %@J@é&@ﬂ&g,p@%@@%@&w&oﬁnﬁ%%

react orLsduring Hwaedliven si srpeet efablnaterial Da.

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

20  agueous solution is 50 to 84 wt.3%, preferably 75 to 84 wt.$%, and
more preferably 78 to 83 wt.$%.

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

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

{0z2] in the gas phase portion of the reactor is
controlled to 3 to 12 vol.%, preferably 4 to 10 vol.%, and more
preferably 5 to 9 veol.%. [MC] is controlled to 22 to 80 vol.%,
preferably 35 to 65 vol.%, and more preferably 40 to 55 vol.%.

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



maintained at 0.1 to 1 MPaG preferably 0.1 to 0.8 MPaG and nore
preferably 0.1 to 0.6 MPaG This can increase the anount of nethyl
chloride dissolved in the reaction m xture. 20 Furthernore, after the
supply of raw materials and the start of reaction, Da, water, and nethyl
chloride are preferably supplied so thatiPhe sum of the DAM concentrati on
([DAM ), the Da, concentrati.qn ([Da]) nd the nethyl chlaride

concentrati 6FoLREf *F nc?%tercijgﬁgt iL8nbn(i,);’<?ftPré)| s ?Eeg%f%ﬁlm@%d’ frr 83/
preferably &act pa2bi8dlanlWporamdrpal§icul@nly opreferably 79 to 84 w. %
This is primarily for_the sug{gressi on of the hydrolysis of Da and DAM
Moreover, when MCis il FRASDSTHY AR EpERt BFECRIPOVEI R FRrming &
concentrati @acbRgt easegad hesvieeesht yrrf dheureachion Hr_ﬂchﬁ—-lﬁuef’ityr 8GR
flowability of the reaction m xture supplied fromthe 0 punp. "Thus, the
capaci t y° of "iHE Bfed¥driidy -decline. In order to arrange conditions in the
reactor during reactigpW,Lpi N he ab t rate pl yi=ng each
raw material may be sul teablly' determ@ngﬁgﬁé%gﬂgzlong&gﬁr?%etg%z%%f% %Ee

react or, thexpgeductiembiveitase pertlmisut iofepxpyen SHhdemtrexanpl end Da is
preferably st I I ; < 13- 70 % .houyr, an
preferably EE?%J;%%@%&S%O%%E?}%M ?hoﬁr;éééécﬁ t[ggf)ﬁ)e J“nr}‘n;&s eo%a?hgg%%act i on

m xture i n phetreactriheMeehygtochtorl.de ite pr2f efabihersippl’i ed atis eatle of

1 to % hour, -an re prefera 2 to 15 mass% hour, wt 5

r especfi%t g&}?%léélrfg&shsdro Y gﬁggr ggc{)i %% mﬂ%ﬁrﬁaqgne t%«?ufgﬁcpbgmmaeﬁ]e pad
preferably supple egrcatucairate of 1 to 30 mass% hour, and nore preferably 2
to 15 mass% hour, with respect to.the ss of the reaction xture in the
reactor. It is pref erg}B?ec rh”ﬂ?é%ﬁ@%n? iﬁ?ﬁesrﬁigéﬁetsoc%ekbet talmgilﬁ%i de
of the reacéotradtimoCahst gt {enfied afay ehhBedoSt€iv! @f ¢@at i-aueust )y asdppl y
each raw material, to the reactor and in a reaction step. The reaction

t enper at ur €'§35 Hr i PAbPF S 3ENF FHBRIT3PANd nore preferably 40 to 70C. As

described above, in tmerddwsent shiAyent soMmedeR 13 gaCh i Ak disconduct ed by
a batch process, the reaction mxture is extracted through the
reacti on- m BETFBIEX LG EPoRN P oFRa HiATe AU RBY Foeltivn LonseripeaetYon i s

conduct ed By £, 1GOMNHRUS , ProSespdd)epreferably 0.1 to 0.8 MPaG, and more

preferably 0.1 to 0.6 MPaG. This can increase the amount of

methyl chloride dissclved in the reaction mixture.

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

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

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

In order to arrange ccnditions in the reactor during
reaction within the above range, the rate of supplying each raw
material may be suitably determined depending on the size of the
reactor, the production volume per unit time, etc.

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



reaction mxture is extracted fromthe reactor while supplying each raw
material during the reaction. The reaction m xture can 20 be subsequently
supplied to a finishing tank or an ageing tank. Wen enploying a
continuous process, the rate of extraction of the reaction m xture may be
suitably deternmined according to the anoddt of supplied raw materials. The
reaction mxture is preferably extracted at a rate 5 to 130 mass% hour,
25 and nore Pr E}PePﬁBFg/%"% @@%nﬁ%%ﬁﬁfe,rﬁaﬁ]tyh 5 Egpgétm"’ls(?%t Ili’é’uﬁas‘élt{bf t he

reaction m xiegpeckntdhehds eacisobs thderesuchbreendih-@nsn tHLaeki-0Rs, progress
with a suitable raw material proportion, ensuring the production of

hi gh-purity DAM with RiSGRYpr 3GF . Prefarabl neurmikegoat na t FetepPésent

invention, kb Bs paeienanle thatnbhe preasthon mixtue n@gé%%bgg fram the
reactor be supplied to one or nore sealed finishing tanks, an fhat the
pressur e of FERBSCE el t Flth Mfiset af ethe ¥Irciiion shkhyre abk e sebséguent |y

adj usted to at mDSpheig,¢presSW & éjgﬁpghs%ﬁgﬂgfﬁ r%tf ini.shingestank mpans a 35

tank used to renove nethyl chlori reaction mxture by -12-
reduci ng t hBappeéheirie ¢ind nerpepreforamivtiute L6 mtswsfilver, cwiphessypee: and

further aerafipg.t ban_ i xture as.required. The.reaction m xture
extracted from t%erp%%%g{&g%%%ﬁ%&é{l 't ec%ty%%t rlga?ré% i Ogf‘fi ni shing tank
(for exanple, see Figlt3)s mreferabéat éd thetpweddmi dhivagtiank-afideep bedng
treated 4 n i t ank escr,jbed | ater nreacted nmet hyl chloride

di ssol \c/igd i ?\H?%%gr%%ctt}}eoﬁea%g% e T PN PEateBr T L Hydr ol éz@ﬁe? o-hydr ogen
chloride, whochinusaisinf avepabl eadlorradvhencguat bl ytoftid nalacpeedysssin a
Therefore, it 10 is necessary to renove unreacted nethyl chloride. However,

if the preSSUrerdt SH& 1 eHd iSRRI RPUF 8WPRT 3 iksdilat BF§Leetekned tte 80°C,

at nospher i capf essti @radieb-Byl v chd ard deei:s vaporized at a stretch, and
si mul t aneously oxygen_di ssolved in the reaction mxture is also vaporized.
As a result, the reacffo e?ﬁ%@iﬁﬁea@ﬁ’t’%r st PwPES SERY gV oniditi el t her eby

causi ngst herqeboines iizatbanusfedAN i bathe BEaSEdON HXtULE: i THE PERSSUL 8
inside the finishing tank is not Timted. Preferably, the pressure i s not
more t han t?ﬁﬁr§q$EFﬁ§k¥@§8?0?be reaction-mixture extracticn port after the
reaction. When reaction is conducted by a continuous process, the
reaction mixture is extracted from the reactor while supplying
each raw material during the reaction. The reaction mixture can
20  be subsequently supplied to a finishing tank or an ageing tank.
When employing a continucus process, the rate of
extraction of the reaction mixture may be suitably determined
according to the amount of supplied raw materials. The reaction
mixture is preferably extracted at a rate of 5 to 130 mass$/hour,
25 and mecre preferably 9 to 65 mass%/hour, with respect to the mass
of the reaction mixture in the reactor. Under such conditions,
reactions progress with a suitable raw material proportion,
ensuring the production of high-purity DAM with high productivity.

Finishing Tank

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

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



nore preferably atnospheric pressure to 0.7 MPaG and further 20 preferably
at nospheric pressure. The polynerization of DANin the reaction mxture
can be preferably prevented in this pressure range. The above-nentioned
probl em can be resolved by using a finishing tank to gradually reduce the
pressure of the extracted 25 reaction niXtdire. The reaction nmixture may be
suppl i ed either (:ontjC uously or intermttently to the finishing. tank;
however, contifabds g%p%}f %%epng g#‘?eﬁe?%l%‘h@l?f&ﬁ?et%rw NER-Of DAM

I n the presenkssovent hed, fiartgas 66REALM: Nthalrc:eashn OXYya8aN-Lar keqhl @
into the reaction mxture transferred to the 30 finishing tank. ,‘Cllhis i's
preferabl e BECaGSRCbXYYEM-FIEEUFPIFaate® t1Me theadererehilals FATEHe-Y

finishing tamkateqapievend #iheshRabYIBkE zatd,0nafPAM sand-unr egct gd
conmponents after reaction, particularly methyl chloride, can be renoved.
The type® of t§GeRed 1galshs Lindshing taek aasf‘qetxnéeéggatr%f@i iox pgeadt ey
contai ned. 33nEengLatt etk used. -13- The nunber of finishing tanks
may be at | east one, but a larger nunber of tanks are preferable in terns
of renoving nethyl cRHhoepdesd TeEhdnisdooids g shilivgdt ankshe sremrieral |y
one or norg,..prefe re.preferabl r r 10r e.
The si ze, ngl%é?lllg ,Lgn es#%%%%?%%%%&%ﬁsﬁ?ngy T e%rcéﬁogggfgab@f%
sel ect ed acterdifgvemhisedoranhangenlals oft enpt oduediachs . vohewref ok, DAM

t he purppses ..opeci.ficall t hose .ex lLifie as, 1 he above-nenti gned
react orngan%eE%(g%%s.g% t&e%@??ﬁ%du%rbeoavcée glggbﬁérg?]oorsl@%pr e@%w?‘ﬁeer’ TE! O
hydrol ysi s pi#@sefirdef rthchecaeatsormsstttures ipr ehesad 10 reroduee DAM at a
hi gh concen%ration.. However, to reduce viscaqsity for easy handling and to
provent coryRUA TR IIGRIERSHE R PN &l GFotactS RFEESE! §¢ CoRt 60 o
80 mass% of afAM irkul tdheueageoxydrerdissdareberabtye added chomtheufd nisshi ng
tank to adjust the caoncentration suitable 15 for final products. Ageing
Tank I n t he? pPRsEROGIRFENt i%oh @ iHesid tpr BRer B Ialt i KReL e r e 0R APt ur e

conti nueus| ¥xexdrt adred theam therdi8actlsing thirthemsuphlised Lo ofe :or nore
seal ed ageing tanks. The term
the reaction mixture.
The pressure inside the finishing tank is not limited.
Preferably, the pressure is nct more than that in the reactor,
more preferably atmospheric pressure to 0.7 MPaG, and further
20 preferably atmospheric pressure. The polymerization of DAM in the
reaction mixture can be preferably prevented in this pressure
range.
The above-mentioned problem can be resolved by using a
finishing tank to gradually reduce the pressure of the extracted
25 reaction mixture. The reaction mixture may be supplied either
continuously or intermittently to the finishing tank; however,
continuous supply is preferred for the stable production of DAM.
In the present invention, a gas containing at least
oxXygen can be blown into the reaction mixture transferred to the
30 finishing tank. This is preferable because oxygen is supplied to
the reaction mixture in the finishing tank to prevent the
polymerization of DAM, and unreacted components after reaction,
particularly methyl chloride, can be removed. The type of such a

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

35 Generally, air is used.



20 ageing tank neans a tank used to increase the reaction rate for

produci ng DAM (to age) nore than that in the reaction m xture extracted
fromthe reactor. The reactor, ageing tank, and finishing tank are usually
connected in this order. Specifically, a reaction can be aged by, for
exanpl e, 25 maintaini ng the pressure in the agei ng tank bel ow t he pr essure

in the reactor, and reducin rat re in,the agei ng tank

bel ow t he terrperature i tnﬁmg%a%g #mlﬁ%‘é s&?B Seﬂlia%&é? Ay CHARS| ¥ Put
preferabl e bedam@eremembeﬂ\maﬁ’l taeaet o8 soete el esuhf tehentdy Rregress in
t he reactor on conditions, etc,, the reaction can

eact
suf ficientl )rfle%s‘é’ér Egiofh The 'RGT WY MK, THRIERHY i GRKS i GGRFTHheqBEed

raw materi alzsmofepr peéied Sar0an the avohnsed, MNd hewghpt - FHAGE itdReendXt Ur e
may be supplied either continuously or i nt ermttentﬁ3 to the ageing tank,

conti nuotis §GFFly e pridfer FRBCFHRI4 B paBRetuss ¢f mtfulahsbmmwk 3ye

The pressur%u@@gbiﬁnﬁéiéﬁﬂgéaéc@o&ﬁ?n@gﬁﬁr&béﬁﬁ&5w3ﬁ§t£¥ﬁalé'“ﬂh%d rdfl&cion
pressure in the agelng is generally lower than the pressufe in the

reactor. W&R1lusengla éihfﬁgptléﬁﬂseﬁhe@tcpr eSsereliarlilye abepagetemikifaecbe
adj usted to,at pRSphesy o n'{_é ey fe?gﬂ?rb@a%s?)grﬁ §, preferably atmospheric

pressure to 0.8 MPaG m)re prefe m)sp eric pressure to 0.6
MPaG. The terrperaturéa&‘ﬂ desheﬂagialamvmnknnayddme gerergrkysbehewitdrelysis

t enper ature _i-n.th t.or d fe 30 to 60 T [es in
t he aggiloung tgn gljg pre er%a tégfral ?ltg?ﬁj t-LSnFO H5o° ur %Z\‘rm Q‘Fhesn
t enper at ureconceﬂn’eragiejmg Haundve s, ajcsmerineéeVEéﬁqutrmlfmcaeaeg mmtﬁnagtandlt

is preferablce that th egctf.% xture after bein
%?ﬁ

agel ng tank fort SEE NG }OU b ECEe TLhe f@%ﬁd@%tﬁgpfsﬁ%raﬁﬁ this

case, it i swneéﬂnz adl ed @ogmadsal by s enjthClﬁ]iﬂ’I%a@l’eeS&Elt@S ia ;ﬁzhﬁer:@la]:jz or,
agei ng tank n i.shi ank. This ca revent the polynerizat]

DAV 3 the FORES oy R donarb et e POADREXTHF coRIATa bLel: S Hetatse
t he netshyl rehl pm@lle adiuexygen di ssol ved | n the reaction m xture are

vaporized at a, stretch. Wen the ageing tank is adjusted to 20 atnospheric
pressure, o%ﬂi&%iﬂﬁﬂ%)n and the addition of water may

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

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

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

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

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

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

35 production of DAM.



be perfornmed in the finishing tank. The nunber of ageing tanks in the
present invention may be at |east one; a |larger nunber of tanks is
preferable, however, in terns of productivity inprovenent. The nunber of
ageing tanks 25 is generally one or nore, preferably two or nore, and nore
preferably three or nore. Wien two or nDFéqégeing tanks are connected, it

is preferable to gradually reduce the pressure. .Specifically, en_two .
agei ng tanks are connggﬁeﬁfeF & priessurerers %?%fgfgﬁﬁyaﬁééggtgﬁg?§rﬁﬁ§a‘in
the first ademigetiankheande38unt nspher kgephgssatile i @nbrNPapG idwdrhehan
second agei ank. Nbreo%§% the size, materjal, and structure of the

t )
agei ng tank%%ﬁayrﬁasg{ﬁt%ﬂﬂ sEPRET LT alBERATHY S Gt RESFRA Fater iEPs used,

the productireBsuet une ofe %Minghea@urms% a8 Gst Spesd fderlshneri Bose
exemplified as the reactor can be used. 35 The residence tine ([the nass of
reactior® m REGFEFFEt ha NE1BrePSlike dfS S¥efaetPbn FMaspacrienPhet e to 0.8

(mass/ hour) lipzEN AR@ md¥LseBlErANENtION SR PE JBleLmNed, 100 cCAYEE. V@hsous
ranges, depending on reaction conditions, the nunber of finishing tanks

or agei ng t 2ARBSTAHI DtiketheopdrtndnsnUsgsl by, g¢wrral iwbetlanktBecont i nuous
process usi i.ni ng n ahqve .resi den i IS er y 4
Egmﬁej:é 1541 J.Ply t&t\'gSJk_ﬁaé@gr, ba%derlg, Er%ﬁ%faeol); IF 6@%?.y @

i
hours or nore,” preferab “hours ‘'or” no rmor‘e prefera ours
or nore. FoPrasshreelt dle egatnaudusk igr predsralsl ngraimtageiedgctaskarand a

finishi t e Si | ITe. | eneral |y 1 hour _gr [ referably
[ 0 ang sk the RG] SRRy TR e PR
preferably Ratmtaichawnstafdor the residence tine in this range, the anount

of resiual acylic g6l S dsNedLLOM LS OIS ITIL! QUEd v el olale
t he raw nmat eupel Sed rtcDANeobyal mededrk tthe ifeprgseid furresti etppsienstal |y
1,500 PP oL} o5 BISEeLSBlY 1,200, pRmor [oSs, ond Toie. RieleLatly, 4, 000
with 206 refesencaHopexanples. ilNaie: thabttbhe dQiMg Kantwansd” MssHing
xample 1 LEIN0 2220t 0 ARRRALHE SO 09 580" 20hAR" 1 AT ow-

oxygen conditioned reaction mixture, which occurs because the

methyl chloride and oxygen dissolved in the reaction mixture are

vapecrized at a stretch. When the ageing tank is adijusted to

20  atmospheric pressure, only aeration and the addition of water may

be performed in the finishing tank.

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

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

30 atmospheric pressure to 0.5 MPaG in the second ageing tank,
Moreover, the size, material, and structure of the ageing tank
may be suitably selected according to the raw materials used, the
production volume of DAM, the purposes, etc. Specifically, those

exemplified as the reactor can be used.

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



an ageing tank B, and a finishing tank C, as shown in Fig. 3, a nethyl

chl ori de adduct (hereinafter referred to as "DAC') of 25 dinethyl am noet hyl
‘acryl ate was produced. As each of the reaction tank A, ageing tank B, and
finishing tank C, a 10 nB8 tank reactor conprising an inner agitator, an
outer jacket-type heat exchanger (not sth\ﬂ;nC’)‘, and a glass-lined inner wall
was used. 30, After 8, 000 kg of 81% DAC agueous sol ution charged in
the reactioff tan %A,SXFE%CE% Uad CeEaT Y %@a’i@as?()h%‘b%% éﬁbggauently,
whil e stirripngsthe DAGe@gURDUSnSBUbEDErmM idY tthe caget atoFi @fs tlaageeaction
tank A, nethyl chloride (hereinafter abbreviated as "MZ') was supplied
froma suppl%pﬁpgéngﬁn (BTGP hEeCREAT € Teddti BHTPERKOY lf\?is@l&gsg?t]‘ison
part (9) of canagdbnget@etHr ahlilbthe McHRS GO NURHS M SURBLI 8dr@d-tankat e
of 410 kg/hour, and, in order to maintain the pressure inside the

reacti on t aRRTALEHOWS 2B-MIBEE USANY & hElakdumg 6RnKC donaine BeSieetd i on
was suppliedima Thependimthyl ?thPQ%P%or%C,r%'r%‘f@rélg%'?ed.@fhto%&sr gh&fded to
as "DA") was continuously Supplied at a rate of 1,040 kg/ hour to the
reacti on tafRdAMQTe Bralifsy)ypPplogR) . oAMcige sEmie & ithwee-pank TRtidénUARS

cont i nuousl i.ed: I f ouL _t o, - cti.an Vi a
a supply pi %éé%g% q%lrg rfa&l tagtﬁggng%&\%’m%g{ '?ﬂhgﬁzslgglrl%ﬁ%?ca;nﬁﬁplttygofggac ré?aw
mat eri al , théneedstdorendiiityulehnas comdrruopskyerxiblact.d Houam ot heore,
reacti t ei-ng tank B t hrough ,a.transfer pipe 4 nd the
pr essugerb \A/aafsagjrfé\d%%%%at%éoe}% Zg%}éﬁ “Fuither ,%nfjhgur %rctnilogrp? %r%% %%%? =
cont i nuousl| ySextunact edotr tine t1es iageicag ttaakid 5B £ aakhhe, f the sdagntt aik C

t hrough a transfer. pi pe.(12) . At this ime, th ressure in the finishing
Lank & was FerReSHh ARS obeid dher 1Y e TS R LRESSbF Shn | neo
the reacti onat@r x4y € d prefferfbhy dddigdsank @HoO anempyeosupesfdumuscMaic

di ssolved in the re,act%)%n m xture. In order to obtain a product 20

concent r at | DA DGR D raMwWaR e r LA SRR S0t | YAS ipiEie@at noBhe kg/ hour

to theifsi ni shéisgnd amkcbribh 1Hissdd M it Beot phrl o€ ancent ratirenavfy DAGooDA,
and MCin the reaction tank A was 81.0% and the concentrations of MC
ppm or less, and more preferably 1,000 ppm oxr less.

Examples
The present invention is described in detail below with
20 reference to examples. Note that the term "%" means "mass3%".
Example 1
Using a reaction apparatus comprising a reaction tank A,
an ageing tank B, and a finishing tank C, as shown in Fig. 3, a
methyl chloride adduct t(hereinafter referred toc as "DAC") of
25 dimethylamincethyl acrylate was produced.

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

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

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

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



and oxygen in the gas phase portion of the reaction tank A were 25 46. 1%
and 6.5% respectively. The values of the total concentration were

‘cal cul ated fromthe charged amount, and the values of the concentration in
t he gas phase portion were analyzed by gas chromatography. As a result, a
79% DAC aqueous sol ution coul d be stably-1%0 and continuously produced at a

rate of 1,875 kg/ho The cont ent of acrgl ic acid (hereinafter _abbreviated
as "AA") iﬁj?ﬁgoﬂ Kiijr} ’pr@@u%f‘s DA e E Y sBreR+ 17T eds eneasared, 4%8nd  the

condi tion ofkg/heut| natd priodusticwasc viesualdiy, ehsepyveds,dabl gl shows the
results. The values of the AA concentration were 35 anal yzed by |iquid

chr omat ogr apR§Ct a7 - taadpeés 0228 n¥PaC DAG wagheormpwio Ul YiGprenaesf P t he

sane nmanner aRd: i GAOWMY AgiRcExanpl e 1, except that the ampunts of pure
water supplied to the reaction tank A were 395 kg/ hour (Exanple 2) and 5
260 kg/ hour (Exanpl e 3henandindfddmpunpstbyl prewy vdreer heupphitekr trefehesd
finishing tapk ' g/ : I .and_13 # a ).
Table 1 shows ?]%eu\ft?}{\)?a%a%oﬁggg%?gﬁ%fr?osf%p&éggnﬁgD% rléricg!t%glfgggt?%/ﬁ%flgnk,

and each cohecebine atgagntioh: MEnand vy gersuopliyhpipd0(QYas phasikee pomtd onmef t he

o manner DAES | R S amie ST TABT B 1 aHRa THet e TRl el AT akg &
DAC was protueededatidre teakeAmabnes anglgnpiups as)in 15 Exanple 1, except
(Exanpl'® 4) and 390 KGHRGLT™ (EXag) £185 SHAGH: ShoRKPPRE Toren Lo
concent r at i aat@f 1 DAC tard rBAct Don e hgrC ke NcdankiuAnd e a&h reensgemreat i on

of MC and o gen in.the g s_phase portion of the reaction tank. 20 The
final pr odu@%/ DS Hgqro b8 goﬁ*u?? I ggeePdl bate P ithrawe sardendtiePT88 in

Exanple 1. Tabl e sheshowspbbestesulds redixaipte & DAGMMRS Produeed tRethe
sanme manner and anount as in Exanple 1, except that the anount of pure
wat er suppl?%&FQ%?QIméXture was continuously extracted from the ageing tank
15 B to the finishing tank C through a transfer pipe (12). At this
time, the pressure in the finishing tank C was maintained at
atmospheric pressure, while air was blown into the reaction
mixture in the finishing tank C to remove superfluous MC
dissolved in the reaction mixture. In order to obtain a product
20 concentration of 79%, pure water was continucusly supplied at 95
kg/hour to the finishing tank C.
At this time, the total concentration of DAC, DA, and
MC in the reaction tank A was 81.0%, and the concentrations of MC
and oxygen in the gas phase portion of the reaction tank A were
25 46.1% and 6.5%, respectively. The values of the total
concentration were calculated from the charged amount, and the
values of the concentration in the gas phase portion were
analyzed by gas chromatography.
As a result, a 72% DAC agueous solution could be stably
30 and continuously produced at a rate of 1,875 kg/hour.
The content of acrylic acid (hereinafter abbreviated as
"AA") in the final product DAC agueous solution was measured, and
the condition of the final product was visually observed. Table 1
shows the results. The values of the AA concentration were

35 analyzed by liquid chromatography.



25 reaction tank A was 200 kg/ hour, and the anmobunt of pure water supplied
to the finishing tank C was 195 kg/ hour. Table 1 shows the total
‘concentration of DAC and DA in the reaction tank, and each concentration
of MC and oxygen in the gas phase portion of the reaction tank. 30 The
final product DAC aqueous sol ution was evalitated in the same manner as in

Exanpl e 1. blellsows t?eresults -18~ 0oaavOOMNLO ry r-1 vO
O LO OOrri rOOURaO C. OHS0o000 U22ZzZ 000
Ocr 0O0-i MMOrri *EiACOwléls @Jﬂitlndd&@yopQO%%M in @HQ Zam@ lgamZeIO an 00O
P. OLUMOIn 0O O, M O O.-7 OM 41QLOMamIn OC ZzZ 20

2 0 NHH B RS i1 WWH%@Nl 0SEEES NIt W anoRts @f @urel weﬁ@?ﬁ (HM
0to Zz Nsﬁppﬂyégntg tHe @2 @18n0tafdk O vere 395 kg/hour (Example 2) and

5 260 kg/hour (Example 3}, and the amounts of pure water supplied
to the finishing tank C were 0O kg/hour (Example 2) and 135
kg/hour (Example 3).

Table 1 shows the total concentration of DAC and DA in
the reaction tank, and each concentration of MC and oxygen in the
10  gas phase portion of the reacticon tank.
The final product DAC aqueous solution was evaluated in
the same manner as in Example 1. Table 1 shows the results.

Examples 4 and 5

DAC was produced in the same manner and amount as in

15 Example 1, except that the amounts of MC supplied to the reaction
tank A were 435 kg/hour (Example 4) and 390 kg/hour (Example 5).

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

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

DAC was produced in the same manner and amount as in
Example 1, except that the amount of pure water supplied to the

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

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

30 The final product DAC agquecus solution was evaluated in

the same manner as in Example 1. Table 1 shows the results,
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~Xx (Cro 04, ro>Qo0o NH-HNO PUO4-~NOQOC O.C ,~~, c~ U3
QO, -19- In the Exanples, DAC could be produced stably, and the final
‘products had | ower AA concentrations as well as excellent product quality.
In Exanples 1 to 5, the anmount of supplied water was within a nore
preferabl e range, and no | oad was inposedlidr 5 the circul ating punp.
Conparative Exanples 1 to 3 DAC was produced in the same nmanner and anpunt

as in Exanple 1, except HRabXeHelsiodiCs corleupplprfuaecwetabdso ankgthsur
(Cbnparat'V%lﬁé@”ﬁk@d&&tS@QQi@Q&@?UAA(&Qﬂﬂﬁﬁﬁ;t{%ngxéggkﬁjigSZExc@ﬁQﬂ§70
kg/ hour (Conparative Exanple 3). Table 2 shows the total concentration of
DAC and DA PﬁOdtlﬁé geattivn Tankzamndsedcliocbncem raatduot of MIpphikdoxggen
in the gas a t An T I

adueous sol iron iag cvaluat Saorar HE TR Aanaer "t 1% BTAGSFS T
Tabl e 2 Bhowbet héreesatisy MEB.E Eo0 oo bro 0OMOOori 0O MONO.C-

£C1)3d Or:\ﬂiﬂoég%érgcgf&)yan%ielel 1%OZ:%N oo OU CO"~rl 4-' 0ful0O0

DAC was produced in the same manner and amount as in
Example 1, except that the amounts of supplied MC were 460
kg/hour (Comparative Example 1), 500 kg/hour (Comparative Example

10 2}, and 370 kg/hour (Comparative Example 3).

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

The final product DAC agueous solution was evaluated in

15 the same manner as in Example 1. Table 2 shows the results.
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~4 xromroHO 43 aCO0OU NE.HNNWt a 0WA U OroComoUC
aoa roarnUH-21- In Conparative Exanple 1, the values of [02] and
[02]/[M] in the gas phase portion were slightly less than the lower |imt
of the present invention. Al though the reaction proceeded w thout any
probl ens, the final product was strcky and 5 cont ai ned polyner Thus, the

duct i t t t Ex . the val f
[02] and" [02]) (M3 i ot RE 6L GHER ¢ BBRFoR wePe Gl Bifet PEakbrl s t han

the lower lifm.t/afct hLen present piwentditicangdet s viaJHe Ofi cEMA nagldnght | y
exceeded the upper limt _of the present invention. 10 PoI%nerrzatron of DAC

occurred initHE T éaBtbrot Ithechrsarati VoV Ekams-e B thavehy #haer8RciMT in t he

gas phase pebkbbeR:Mas; iR LRINLO81 doweredd &%ae Ehe %%mstlbwea@ﬂ on.
Al though_ the reaction proceeded mnthout "any probl n% an overly | ow net hyl

chl ori de® coREBREIAEF opP SiTesked Elrresrlsifm@rfeﬂnprzawairrtmear@sr enademateby
pronoting hydrolysis. +As~-a. L& é% gngl Produgt . ?agfa ai ggnéA
? uct gua ﬁdﬂ

concentration. Thus, the y was T nadequate stri
ApplrcabrI|t9220@%ﬁcemdthg @@Stﬁhﬁﬂ@AWbpt@ducwempr&ﬂdmmflchnthe baesehan

i nvention, h t a er Rr.ogdue r.oduc ity
Therefore, thg %Q?%% r@ﬁgkﬁingépf e?ﬁ] Vegg Sgrré? sca eaégodugthkﬁ of
DAM -22- Chaigstly ¢kamtcrodtbé pposeticiing taodi ah&ybardaraalikylention.

(ot h) 2t o1 e SVt FEAhody Poe, St e or toarsemntar,

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

15 guaternization reaction, thereby promoting hydrolysis. As a
result, the final preduct had a high AA concentration. Thus, the

product quality was inadequate.

Industrial Applicability

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

industrial scale production of DAM.



wherein a reaction is carried out while controlling the concentration of
oxygen ([02]) to 3 to 12 vol.% the concentration of nethyl chloride
([MJ]) to 22 to 80 vol.% and the ratio of oxygen concentration to nethyl
chl oride concentration ([02]/[M]]) 10 to 0.05 to 0.5, in a gas phase
portion of said reactor. 2. A method accordding to claim1, wherein a
reaction isCl carried out while controlling the ratio of oxygen
concentrati om> {6 the sum of oxygen concentration and nitrogen
concentration 15 ([02]/([02]+[N2])) in the gas phase portion of the reactor
to 0.05 to 0.2. 3. A _nethod accordln to claiml or 2, wherein the

reactor is previously ‘char §&ih 9§t?ﬁz?ﬁﬂ@%ckygaﬁ1?&ﬁﬂh@ﬂamzﬁoéﬁﬁYh)acrylate

quat er nary Sakthagueoustsolultdiconabel 958 &y @I@Ipwm@ Qo@iaI(]MJylamlnoalk 1

(meth)acrylate, nethyl chloride, and water are” Supplied A et ho
accordi ny t SFEER) AFIVIPte oreEnykhenephidae anzswatiar of o di anel@ﬁt@m, noal kyl
(met h)acryl ate quater I trat I 1 Kk
(meth)acrylate conceﬂ?%gsﬁﬁné %ﬁ g b89ﬁ£+&y§g<3rlg%gcé%%gﬁ%ﬁg??o%%e

([M]) in f:ﬁ@c,e@béﬁmn mfxtoewgens( bred Nt apnédtcatl?mrqlo %84 the. %Idm‘ﬁtmgtion
reaction. t or, t ng~of ¢l ains ein
@FI?P m%ﬂ%% ﬂf’]ﬁ?;( 190 aéby t% %O vof artcil‘ t%% tr%téae .

t he tenperature the reactio ture s maintai hed during
reaction. SSXBgemIm@ﬂ¢&ntnab&ondtngnéthymnahineldé cbﬁmenxﬁhtu@nS, [023{MC]) )}

wher ei he.reac Me sealed [ea e internal pressure
of saiglieagé 3 ég naﬁ%?ﬁlned a?°o. 9. ﬁé pfr%ﬁgﬁaaﬁ FE&Etron. 5 7. A
nmet hod accordlng to any one of clains 1 to 6, further conprising
continuously supplying a_ di amn I t bate nmet h

chloride, and water t t%emggﬁ%{cho é t%d%ﬁﬁﬁﬁg CEXtT Aty téon is
reaction m xiurbed rom saiider eaﬁtmllﬁr@; &heArBei BOSE aGERIEi RGntenartione of

claine 1 to 7 wherein the dial kyl am noal kyl nmet h)acrylate is
d|nethylanlE%é?ﬁ?ﬁ“?hé&hfé@gﬁPaf%ggentratlonyané nltgogen¥concentratlon

15 {[02]/([02]+[N2])) in the gas phase portion of the reactor to 0.05
to 0.2.

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

4. A method according to claim 1, 2, or 3, wherein the
25 sum of dialkylaminoalkyl (meth)acrylate guaternary salt
concentration ([DAM}), dialkylaminocalkyl (meth)acrylate
concentration {[Da]), and methyl chloride concentration {([MC]) in
the reaction mixture is maintained at 75 to 84 wt.$% during
reaction.
30
5. A methoed according to any one of claims 1 to 4,
wherein the temperature of the reaction mixture is maintained at

30 to 80°C during reaction.

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



9. ‘A nethod according to any one of clains 1 to 8, 15 wherein the nethyl
chloride is supplied using an ejector. 10. A nethod according to claim?9,
further conprising: extracting a part of the reaction mxture fromthe
reactor; 20 cooling said reaction mxture by passing through a heat
exchanger; and supplying said cool ed reactdon m xture, together with

met hyl chloride, .to,said reactor using.an ejector. 25 11. A nethod

accor di ng t &' KAy 5?’8f TERG e P taosfg%egfﬁ‘%i‘%r'céﬁﬁr FREFGT s T g dhe
reacti on mxitgueenbifndous! yetrackeda: At SMddetr eachorot 0 Mg ehrimy e
seal ed tanks; and then gradually adjusting the pressure of the reaction 30
mxture in SEFHERK to at mospheric pressure.

5 7. A method according to any one of claims 1 to &,
further comprising continuously supplying a dialkylaminoalkyl
(meth)acrylate, methyl chloride, and water to the reactor, while

continuously extracting a reaction mixture from said reactor.

10 8. A method according to any one of claims 1 to 7,
wherein the dialkylaminoalkyl (meth)acrylate is

dimethylaminoethyl (meth)acrylate.

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

15 wherein the methyl chloride is supplied using an ejector.

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

methyl chloride, to said reactor using an ejector.

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

30 mixture in said tank to atmospheric pressure.



