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-1- PROCESS FOR THE MANUFACTURE OF AQUEOUS SOLUTI ONS OF UNSATU

-QUATERNARY AMVONI UM SALTS

TED
The present invention relat 0% o the

manuf act ure of an aqueous solution of the unsaturated quaternary anmoni um
salt corresponding to the followng formula (1): [err]
reaction, in the presence of water, of N, N-dinethyl- am noet hyl

met hacryl ate with CHerr]-d as quatern12| ng agent.

The aqueous

by

solutions of this salt (1) are used to prepare pol yrrers |ntended to act as

fl occul ants

pressure res
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accordance with this known process, a 50-80% (w w) aqueous solution of a

(et h)acry-
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. ; : et. How ever, the current
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by reaction, in the presence of water, of N,N-dimethyl-
aminoethyl methacrylate with CH~-Cl as quaternizing
agent.

The aqueous solutions of this salt (I) are used
to prepare polymefs intended to act as flocculants in
water treatment.

The above process can currently only be carried
out at atmospheric pressure because the synthesis under
pressure results in a thermally unstable product. How-
ever, the current process at atmospheric pressure has the
digadvantage of using a larger excess of CH,~-Cl than if
the synthesis had been carried out under pressure, the
direct consequence of which is a greater gaseous
discharge of CH,-Cl.

Moreover, a process for the preparation of the
salt (I) under pressure is known £rom Japanese Patent
Application J 5 76-103 185. In accordance with this known

process, a 50-80% (w/w) aqueous solution of a (meth)acry-
late of formula:

CH, rY
CH,=C-C-0-Y-N
a2
o R

in which:

- Y represents a lower alkylene or lower hydroxy-
alkylene group; and
- R! and R’ each independently represent a lower alkyl

In



[err] I n which: - Y represents a | ower al kylene or | ower hydroxy-

cal kyl ene group; and - Rlerr] and R err] each independently represent a

| ower al kyl - 2- group is brought into
contact with an alkyl or alkaryl halide in order to quaternize the above
nmet hacrylate. The only exanple illustrating this quaternization is carried

out with addition of nethyl chloride-uRder a maxi num pressure of 4.5 bar,
at a tenperature of 25-30C. Besides the disadvantage, indicated above,
relating to the @&*Parge of the excess methyl chloride, this process
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under pressusignifiicanteshydrolysis of the starting compound for
example of N,N-dimethylaminoethyl methacrylate ¢to
methacrylic acid, this side reaction being promoted by
the mode of introduction of the N,N-dimethylaminoethyl
methacrylate and of the water, which are added already
mixed and at the beginning of the reaction. This presence
of methacrylic acid in the £inal aqueous solution
obtained damages the analytical quality of the latter and
can, in certain applications, have a harmful effect on
its value for use in polymerization.

The aim of the present invention is to overcome
the abovementioned disadvantages.

The Applicant Company has now discovered, sur-
prisingly, that the process under pressure could result
in & thermally stable product, provided that it is
carried out in the presence of a specific compound.

The subject of the present invention is thus
first a process for the manufacture of ‘an agueous
solution of the unsaturated quaternary ammonium salt of
the formula (I) as defined above by reaction, in the
pregsence of water, of N,N-dimethylaminoethyl methacrylate
with CH,-Cl as quaternizing agent, the said process being
carried out under pressure, characterized in that it is
carried out in the presence of the pentasodium salt of
diethylenetriaminepentaacetic acid.

The pentasodium salt of diethylenetriaminepenta-
acetic acid is generally introduced in the proportion of
1 to 100 ppm, preferably of § to 30 ppm, with respect to
the agqueous solution of salt (I).

The BsBaid pentasodium salt is pretorcntially
introduced at the beginning of the reaction.



in a thermally stable product, provided that it is carried out in the
‘presence of a specific conpound. The subject of the present

i hvention is thus first a process for the nmanufacture of an agueous
solution of the unsaturated quaternary ammoniumsalt of the forrmula (1) as
defined above by reaction, in the presence of water, of

N, N- di met hyl ami noet hyl methacryl ate wi 8h=CH err]-d as quaterni zi ng agent,

t he said process bei carried out der ssure, ch cterized, in that it
is carried out in tﬁg’%pr"@é'gn?é' ’Pa‘g“’ﬁeﬁ?ggoahﬁf’g%g{g\’ added ‘in
di et hyl enet rtlear fepentfacet | aqueduls solution Thecpeaeadddiien seinlpf

di et hyl enet et acet | aqueik e cpo sielp
or opor 1 on F L Ty, SALE) EGrRr Fand ¢ éf“?‘%%%%“%a?ﬁﬂr%%%e? to the

aqueous sol #91sh wder,|the ppme Versenex il sie prawideddinnthel form

preferentialdg drta) thatle 1N 209 EBY e Igh ©f adbdous adliution.
-3- The sai entasodi,um salt i ener al I% added i E the formof an
aqueous sol ution becd&Rfse TPRFLRai AFFOX abt® ithe hARVEBFAPRTHEE, the

sai d pent asogenpmadlyt , caoticed) nolet #Menaarep‘n‘essanexofto,z it 9 dvaded in the
formof an JANAEdIL e 40%d% e andlUgOUS (38Ut e of 35 dB°

reacti on accordin I nvention'is generally Carr under a
pressure of %% dm@articadarspfy46fte $8°6-bar, and at a tenperature of

35 to 65[err] C,h in maid | gehatioh Hbdsrdiler kbC. the irz_verx]fr:'l%nr eggfion f
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to 1.1, preflr¥idimetthylaginoethydsnethacrylate) whddht igrgensraldysofone
stabilizing foEdt1r.1, preferably of 1.01 to 1.05.

In addition, at least one stabilizing agent,
chosen in particular from 3,5-di-tert-butyl-4-hydroxy-
toluene, hydroquinone methyl ether, hydroquinone,
catechol, tert-butylcatechol and their mixtures, -is
advantageously used in combination with the N,N-dimethyl-
aminoethyl methacrylate from the beginning of the reac-
tion, in the proportion of 50 to 2000 ppm, preferably of
100 to 1000 ppm, with respect to the agqueous solution of
salt (I). _

A particularly preferred implementation of the
process according to the invention is as follows:

(a) 5 to 15% by weight of the amount of CH,-Cl necessary
for the reaction are continuocusly introduced, at a
temperature of 40-55°C, into a closed reactor which
contains the N,N-dimethylaminoethyl methacrylate and
the pentasodium salt of diethylenetriaminepenta-
acetic acid and which has been pressurized with air
from 1 to 3 bar;

(b) water and the remainder of the CH,-Cl are then
continuously added, at a temperature of 45-55°C,
until the desired concentration of salt (I) in the
water is obtained, it being possible for the pres-
sure at the end of the reaction to reach 6-9 bar;
then .o

(o) the reactor is depressurized and, after returning to
atmospheric pressure, the residual CH,-C1 ig



chosen in particular from3,5-di-tert-butyl -4-hydroxy- toluene,

- hydr oqui none net hyl et her, hydr oqui none, catechol, tert-butyl catechol
and their m xtures, is advantageously used in conbination with the

N, N- di met hyl - am noet hyl nethacrylate fromthe beginning of the reac- tion,

in the proportion of 50 to 2000 ppm preferably of 100 to 1000 ppm wth
respect to the aqueous solution of sal4 (1). A particularly

preferred inplenmentatign of the process acgording the invention is as
follows: (a) 5 tB‘”ﬂ.‘S%’gy a%Fg??f 1%&@'%39&'&? EEFETF ¥ necessary

for the reaction ar®heosblutbansyhave rconcettrattions in pantgdandian e of
40-55[err] C reactQr i 0 '
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di et hyl enet riTandnepates- acetic acid and which has been pressurized
with air from #nkoealiples (MRiNRI QL1 RNEoLl e, (iR iy Qlay hexE
CHerr]-d are then cont i,nuousl dded, .at .a te‘@fratuaréﬁof 45- 55C,
until the désfeaatinpentipke &t &° & F‘“)° ippttar undexghand jthe) oineq,
it being podaiventibar Tne these- examples) ethé pércemthgds tdlowreacate on to
reach 6-9 bay; e o c | 8o PERY ULy %rf{@i ter
returning t?ercmtgg%%g%r?vgi&%?eéggr é‘?{e tﬁ% reﬁ%u%’f’gg err?z-?JCI S

- 4- r efived beler usedipl e by stripping with air. The sol utions
have concentrs gizmma:i N parti g¢hathPlanDis ety nfltha2@ylat@5% by wei ght of

by ey of i 17 clasEash MRS 75% o aqupRa, o BLEREFTATALPRY AR RELT nvent | on.
I n these exanpl es, the percemeghpiamhoniumrehloride solution
- HQME: hydroquinone methyl ether
- Versenex 80: pentasodium galt of diethylenetriamine-
pentaacetic acid.
EXAMPLE 1l: Preparation of Madquat MC 75

0.0083 g of Versenex 80 (40% agueous solution' of
active materials) and 471 g of DAMEMA, stabilized with
800 ppm of HQME, are charged to a 1 1 glass reactor,
especially designed to take the pressure (operating
pressure of 1.2 x 10° Pa (12 bar), test preassure of
6 x 10° Pa (60 bar)), equipped with a specific gas/liquid
stirrer, a cooling coil, a temperature procbe and a
manometer, as well as a safety valve. The reactor is
closed and then pressurized with 1 bar of air.

159 g of CH,-Cl and 207.5 g of water are used in
order to carry out the quaternization reaction of the
DAMEMA, the operating conditions being: [CH,C1l]/[DAMEMA]
= 1.05 and mean value of the ratio of H,0/CH,Cl injection
flow rate {(in-g/h) = 0.7.

The mixture is brought to 47°C and the introduc-
tion of liquid CH,~Cl is begun at a f£low rate of 40 g/h.
When 10% of all the methyl chloride has been introduced
(i.e. 16 g), the addition of the water is begun at a flow
rate of 28 g/h, while continuing to introduce the
remaining methyl chloride.

The total time for introduction of the CH,-Cl is
4 hours and that of the water 7 hours. At the end of the
reaction, when the addition of water is finished, the




per cent agés by wei ght and the foll ow ng abbreviati ons have been used: -

- DAMVEMA: di met hyl am noet hyl nmethacrylate - Madquat MC 75: 75%
aqueous et hacryl oyl oxyethyltri - met hyl anmoni um chl ori de
sol ution - HQVE: hydr oqui none nethyl ether - Versenex 80:

pent asodi um salt of diethylenetriam ne- pent aacetic acid.
EXAMPLE 1: Preparation of Madquat I\/C‘ 0. 0083 g of Versenex 80
(40% aqueous_sol ution of act ve a of, DANEMA, stabilized
with 800 ppRFBFEVFRECescheg ?& %‘ {]as‘gh eg?ﬁ or J& khex |\

desi gned t ogtadeallhy Wi(nﬂewhllagimmimgahnlazrxfm.em] Pa (12
) ars! 2B s i 8 redfeid] GaoyefeBatAY k| BAgdoWdh 4 speci fic

gas/liquid stirrer cool i r;& e an manonet er, as
wel | as a sdtdme al houmhe éastsﬁt%mlmsma&ﬁaw%ﬁiﬁrwrmd with 1

ba(r]I oftalr the residda? QKQfCIG'{ﬁrﬁﬂeﬁrﬁlﬁre@@I?th q{oDA Mgers&ri p-used Itn
order to carry ou quat.erni zajion reacti 0 e operating
condi ti ons Bé‘ﬁﬁg lf%:l—it’e‘i ﬁa Aﬁbg%h §n8 %ﬁﬂ%ﬁ?&é g% the ratio
of H err]Q @decthhfl obbp.tntdon flowrate (| n g/h) =0.7. - The

m xture i s brought 4 Eb%ﬁ! 0R..0 err]-d

i s begun at a flgow qrrgt e;%?‘igl% ﬁq: o% g'PilF'H’ ﬁn %%Jt)#]%g Cng"EI de] has
been i nt r od§e8@ippdein (Fahhe hgélaﬂdl?hﬁrﬁ%ﬁbitlﬁé‘—ﬁ/\/&leélt rengbsem I/ a flow
rate of 28 Qmbherwhhys £RNGHNHANbdth ial rndmeshameaeaaaale@é@tm

hours and ¢ 41188 MieR, kPer tesk bredugk, RS CRkRBILER: ' IF SRATHAR chen” ne
addi ti on of byamemsugipgntbactime [lzefore polymerization. - 5-
EXAMPLE 2 _
Example 1 was repeated. The results are also
reported in Table 1.
EXAMPLE 3 {(Comparative)
Example 1 was repeated but without Versenex 80.
The results are also reported in Table 1.

Table 1

Example Amount of Versenex 80 Stability
with respect to the
final product

{ppm) {(hours)
1 10 162
2 _ 10 168

3
(comparative) without 2




pressure reaches 6 x 10[err] Pa (6 bar). The reactor is then gradually
:depressurized while introducing an air flow, so as to have a residual
gas/entering gas ratio of 1 (tirre : 1 hour). After_returning to atm)spheric
pressure, the residual CHerr]- is then renoved whil e hot by strip

with air (time : 30 minutes). 818 g of Madquat Jmmﬂuimwm'm ned

The results in terns of stability on sl‘or‘age are 1 bel ow.
The stability test consists in inmersin in an oil” bath"at 92’[er*r]C

seal ed test tubes 80%filled with th%%&@ product. The stability is

assessed by neasuring the tinme before pol yrreri zation. EXAMPLE 2

Exanple 1 repea e ul rt Ta EXAMPLE 3
( Conpar atlil/w? tper%éég f%% V\t/él:gl repea e CEQPQ ?gouPnVe?égnex 80. The
results are %ﬂ’lﬁﬁmpopfewhm msaéu!r_ated quaternary ammonium saltgple 1

Exanpl e AOPrEEpda iy ¥ heSollowiSgabbtiiYa (I): with
respect to the final product
(ppm (hogrs) 1 cHy 10
162 2 | 10 e/ €68 3
(conparative) H,C=¢CROHCH, ~CHo=N - CH4 2 C1 (1)
CLAI VB i \

o] CH4

by reaction, under pressure and in the presence of water,
of N,N-diﬁethylaminoethyl methacrylate with CH,-Cl as
quaternizing agent,

characterized in that it is carried out in the presence
of the pentasodium salt of diethylenetriaminepentaacetic
acid.

2. Process according to Claim 1, characterized- in
that the pentasodium salt of diethylenetriaminepenta-
acetic acid is introduced in the proportion of 5 to
30 ppm with respect to the aqueous solution of salt (I).
3. Process according to one of Claims 1 and 2,
characterized in that the pentasodium salt of diethylene-
triaminepentaacetic acid is introduced at the beginning
of the reaction.

4, Process according to one of Claims 1 to 3,
characterized in that the pentasodium salt of diethylene-
triaminepentaacetic acid is introduced in the form of an
aqueous golution.

5. Procesg according to one of Claimg 1 to 4,
characterized in that the reaction is carried out under
a pressure of 2 to 9 bar, in particular of 3 to 6 bar.
6. Procegss according to one of Claims 1 to 5,
characterized in that the reaction is carried out at a
temperature of 35 to 65°C, in particular of 40 to S55°C.
7. Process according to ome of Claims 1 to 6,
characterized in that the reaction is carried out with a
molar ratio of CH;-Cl to N,N-dimethylaminoethyl
methacrylate of 1 to 1.1, preferably of 1.0l to 1.0S5.

8. Proceps according to one of Claimgs 1 to 7,



1. Process for the manufacture of an aqueous solution of the
‘unsat urated quat ernary ammoni um salt corresponding to the follow ng formul a
(r): I by reaction, under pressure and in the presence
of water, “ﬂ,l ulﬂmm m noet hyl methacrylate with CHerr]-d as
quatern|2| rg &geht ,® chlharacterized in that it is carried out in the presence
of the pentasodium salt of diethyl enefrrani nepentaacetic acid. 2.

Process according to Claim1l, characterized in that :H?e pent asodi um salt of
di et hyl enetobiagactesdaed. iaxthat aakq Leask, nt%u%%@’# ng AR ¢ion of 5
to 30 ppm wWHdsenhesiec ai.-eiahraﬁqueeus R E-di-varetbasyl-4 L hydfoxy- Process

accordi ng to .one of ns_1, and 2 cte I n nt asodi um
salt of di e"'t% B Te- Y Wé ?ﬂeaac'entglllgygm t{'lgéa”idnt r%ggggguﬁ‘”?%e begi nni ng
of the reao:tamhoa.. certpbncytsanecb@blmgdttthedmméﬁ:tgmswsislumw

characteri zgd lgfo Pentgsedi umeggl t Qif ndkﬁh@éh Eininoeth 1
trlamnepentaacetlc acid is |ntrgpgsg|nt Lor g *Jeos sol uti on.
5. Pr ocatbagrydaken Frop fhe bes ing of: tha rEﬁfiF PRert3eH®n that the

r ea(ét ibon I Spﬁ@rdﬁtgﬁnouafummr to pneeeupmpf p&e&@rﬂbb@r ,of nipartesul ar of d3
to ar roc C 0 [ cterize
I n that thg1 By ar I’él) e$@g?é %R i3 np%%t%%&%#%?’ Q%%?err] C in
parti cul ar 61}-40 to 55[err]C 7. Process according to one of Cains 1

to 6, charagteri ze@zadg,etslgat abBerd LRt it bheCf i edadhh WM thoa gplar ratio
of CHerr]-O to el}ig@rre%h%l am noet hyl nmethacrylate of 1 to 1.1,
preferabl y g}}a@%qi& Process according to one of Clains 1 to
7, {(a) 5 to 15% by weight of the amount of CH,-Cl necessary

for the reaction are continuously introduced, at a
temperature of 40-55°C, into a closed reactor which
contains the N,N-dimethylaminoethyl methacrylate and
the pentasodium salt of diethylenetriaminepenta-
acetic acid and which has been pressurized with air
from 1 to 3 bar;

(b) water and the remainder of the CH,~Cl are then
continuously added, at a temperature of 45-55°C,
until the desired concentration of salt (I} in the
water is obtained, it being possible for the pres-
sure at the end of the reaction to reach 6-9 bar;
then

(¢) the reactor is depressurized and, after returning to
atmospheric pressure, the residual CH,-Cl is
removed, for example by stripping with air.

10. Aqueous solutions cobtained by the process as

defined in one of Claims 1 to 9.



-7- characterized in that at |east one stabilizing agent, chosen in
particular from 3,5-di-tert-butyl-4-hydroxy- toluene, hydroquinone nethyl
et her, hydr oqui none, catechol, tert-butylcatechol and their m xtures, is
used in conbi nati on W th t he N, N- di met hyl ami noet hyl net hacryl ate
fromthe beginning of the reaction, in the proportion of 50 to 2000 ppm
preferably of 100 to 1000 ppm wth respect to the aqueous solution of salt

(ry. 9. Process according to one of-8clains 1 to 8, characterized in
that: (a) 5 to 15% by wei ght of the amobunt of CH err]-C necessary for
the reaction are continuously introdBRSSRACE: a tenperature of
40-55[err]C, into a closed reactor wiiGha. contains the

N, N—dlnethyI§- | 13 lat.e and } pent as .It'of

di et hyl enet r s ==t o Lt ; rized
wWith air BAAH ED QUATERNARY AMMONTUM SATI

CHerr]-d are then contlnuouslx_QQQed at a tenperature of 45-55C,
until the desired concentration of salt (1) in the wat er i s obtained,
it being possible foPFPRgss cfor th°SLF!P¥§‘Q#R?QHKPﬁﬁ ahe 3QURAUSBON t O
reach 6-9 bamsplutiont heh thﬁ) ddmatatied e £5p Uainkediand s er

returning to Eggi t r.esi CHerr]-d is
renoved, for gfgﬁﬁg HQ ?p% gf§§#§§%ﬂq'é;ﬁ9 (ggerus sol utions
obtalned by the procefggas defi ned |N3Qpe of Claims 1 to 9.

©
Hzc-c-f-o-cnz-caz-u - CH, a (1)

\
o CH;

by reaction, under pressure and in the presence of water,
of N,N-dimethylaminoethyl methacrylate with CH,-C1,
characterized in that it is carried out in the presence

of the pentasodium salt of diethylenetriaminepentaacetic
acid.



