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Method of Manufacturing Dispersions of Water-soluble -

Vinyl Polymers and Stabiliser for carrving out the Method

The invention relates to a method of manufacturing
dispersions of water-soluble cationic vinyl polymers,
using block copolymers which are formed from a cationic
vinyl polymer and ethylene oxide, as dispersion
stabilisers. The invention further relates to the
dispersion stabilisers for carrying out the method. 1In
this respect, dispersions with long-term stability are
formed at consistently low viscosities of the reaction
mixture, and a reaction speed consfant up to high yields.
The polymer dispersions can be brought into solution by
simple dilution with water and then used as process aids

for separating processes.

Water-soluble cationic vinyl polymers are widely used in
industry as process aids for carrying out separation
processes by means for example of flocqulation,
coagulation, retention and dehydration. Among other
things, they come into use in water preparation and waste
water cleaning, in the paper, coal and metal ore |
industries, in obtaining petroleum and in the foodstuffs
industry. Used mostly in small quantities they have in

part gained an importance in determining technology.
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Manufacture of thesé polymers is effected by radical
homo- or copolymerisation in the homogensous or
heterogeneous phase (C.L. McCormick, J. Bock and D.N.

Schulz: Water-Soluble Polymers, in: Encyclopa=adia

&)
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Polymer Science and Technology, Wiley, New York, 1
Vo. 17, Page 730 and following). Ths homogansous
solution polymerisation in water has the disadvantags
thaf even at polymer contents below 10% by mass, highly-
viscous systems are present, which do not permit furthsar
increase in the content of active ingredient. The Iow
polymer proportion in the final product leads to Door
space/time yields in synthesis and to increased ccsts in
transport to the user. Inverse immersion polymerisation
in organic solvents as a carrier phase gives
substantially higher contents of solid matter. This
however has the disadvantage that using the solvents
requires special protective measures, and in application
of the products all of the solvents pass into the
environment (J. Dautzenberg, W. Jaeger, J. K&tz, B.
Phillipp, Ch. Seidel, D. Stscherbina: Polyelectrolytes,
Carl Hanser Verlag, Munich 1994, Page 13 and following).
Inverse suspension polymerisation in_hydrophobic
combustible solvents as a carrier phase finally leads,
after isolation and drying of the polymers, to
pulverulent products. The multi-stage process is however

cost~intensive and requires much energy (H. Spoor,
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‘Angewandte Makromoleculare Chemie 123/124 (1984) Page 1

and following).

Therefore there was proposed as an alternativs the
manufacture of dispersions of water-soluble pclymers
without organic solvents as carrier phase. The document
ZP 183 466 describes the polymerisation of watsr-solubls

monomers in aqueous solutions of inorganic salts in ths

th

presence of polyoles with molecular weights of up to 60C
g/mol and/or polyelectrolytes obtained by
homopolymerisation of ionic vinyl monomers or their
static copolymerisation, as dispersion stabilisers. Ths
Canadian Patent 2 096 472 (DEP 42 16 167.3 1992/05/18)
describes the polymerisation of a combination of water-
soluble and hydrophobic monomers, if necessary in
combination with an amphiphatic monomer, in the presencs
of a polyalkylene ether or of a polyelectrolyte which is
incompatible with the dispérSed polymer and has moleculzxr
weights of <5 * 10° g/mol. The latter serves as a
dispersion stabiliser. Preferably,
poly(diallyldimethylammoniumchloride) is used. The
resultant dispersion-forming polymetr has molar masses of

at least 10° g/mol.

The disadvantage of the method according to EP 183 466
resides in the fact that the viscosity of the resulting

dispersions is still comparatively high. A particular
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disadvantage howevér is that during the courss of
polymerisation viscosity maxima are exceeded, which
correspond to the viscosity of solution polymerisations,

and thus render the process technology difficult. The

80% by mass with respect to the monomer used, zars brought
into use. Here also tﬁe viscesity of the polymerising
system can be greater than the viscosity of the =z2nd
product. A disadvantage in both named methods is that

the resultant dispersions coagulate after relatively

short times and therefore the storage capacit

s
=
n

restricted.

It is therefore the object of the invention to producs,
by an industrially simple synthesis method, dispersions
of long-duration stability of water-soluble cationic
vinyl polymers, a low viscosity of the polymerising
system being maintained during the entire reaction. In
terms of method, the object is achieved by the

characterising features of claim 1, and with reference to

[¢)}

the stabiliser by the characterising_ﬁeatures of claim

The sub-claims show advantageous further developments.

Thus the procedure according to the invention is such
that water-soluble hydrophobically modified vinyl

monomers are radically homopolymerised in aqueous saline



solutions or are copolymerised with suitable comonomers,
block copolymers from a cationic vinyl monomer and

ethylene oxide being used as dispersion stabilisers.
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Block copolymers from a cationic vinyl monomer an
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ethylene oxide are used as dispersion stabiliss
cationic block of the dispersion stabiliser is Zfoxrmed

from monomers of the general formula I,
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in which R; is hydrogen or a methyl residue, R, and R; are
an alkyl residue with 1 to 6 carbon atoms, Rs; is alkyl
residue with 1 to 6 carbon atoms or é.benzyl residue, D
is the grouping NH or 0, and E is an alkylene residue or
hydroxyalkyl residue with 2 to 6 carbon atoms, and X is a
halogenide acetate or methosulphate. Further, the

cationic block of the block copolymer can be formed from
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the monomers diallyldimethylammoniumchloride,
vinylpyridiniumhalogenide, N-vinylimidazole or N-

vinylimidazolium halogenide. The cationic block has

31

molar mass between 1,000 and 300,000 g/mol. The molar
mass of the polyethylene oxide block lies betwzen 200 zani
20,000 g/mol. Synthesis of the block copolymer can bs
effected according to the details in “Macromolacular
Design, Concept and Practice” Published Munmava XK.
Mishra, Polymer Frontiers International, Inc. Hopswelil,
USA, Pages 265 and following and 313 and following, via
the following stages: 1: Synthesis of a macroinitiator by
conversion of polyethylene glycol with |
azobisisobutyronitrile. 2: Polymerisation of the
cationic monomer aftgr the start of the chain by the

macroinitiator.

Both cationic and non-ionic monomers ‘can be used as
water-soluble, hydrophobically modified vinyl monomers.
Cationic hydrophobic vinyl monomers preferably have thse

general formula II:
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wherein R, is hydrogen or a methyl residue, R, and R: ars
an alkyl residue with 1 to 6 carbon atoms, R; is an alkyvi
residue with 1 to 6 carbon atoms or a benzyl residue, A
is the grouping NH or 0, and B is an alkylene residus ox

hydroxyalkylene residue with 2 to 6 carbon atoms. X

represents a halogenide, aéetate or methasulphate.

Non-ionic hydrophobic vinyl monomers preferably have a

generally formula III
CHZ = C(R]_) - CO - A - Rz IIT
wherein R, is hydrogen or a methyl residue, A is the

grouping NH or 0, and R; is an alkyl residue with 2 to 10

carbon atoms.



10

15

20

25

Both cationic and non-ionic water-soluble vinyl monomers
can be used as comonomers. Cationic water-soluble
comonomers preferably likewise nave the general formula

II, yet then R: is hydrogen or a methyl residus, R;, R;:

R

and R; are a methyl or ethyl residue, A is the grouping N

cr 0, and B is an alkylene residue or hydroxyalkylene
residue with 2 to 4 carbon atoms. X represenis a
halogenide or methosulphate. Further preferrsd cationic
comonomers are diallyldimethylammoniumchloride,
vinylpyridiniumhalogenide, N-vinylimidazole and N-
vinylinidazolium halogenide. Non-ion water-soluble

comonomers preferably have the general formula IV.
CHz = C(Ri) - CO - N (R-_._, Rz) IV

R: is hydrogen or a methyl residue, R, and R; are
hydrogen, an alkyl residue or a hydroxyalkyl residue with
1 to 4 carbon atoms. N-Methyl-N-vinylacetamide can be

used as a non-ionic water-soluble co-monomer.

Homopolymerisations can be carried out with the water-
soluble, hydrophobically modified catibnic vinyl monomers
of the general formula II. Copolymerisations with the
named cationic and/or non-ionic water-soluble vinyl_
monomers can for example be carried out with the

hydrophobically cationic vinyl monomers of the general

X4
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formula II and als¢o with the non-ionic hydrophobic vinyl

monomers of the general formula III.

The polymerisations are carried out in agueous salins
solutions. Inorganic salts such as sodium chloride,
sodium sulphate, ammonium chloride, ammonium sulphate,
ammonium carbonate, sodium dihydrogenphosphats, disodium
hydrogenphosphate and low—moiecular polymeric smmonium
salts with molar masses < 80,000 g/mol, e.qg.
poly(dimethyldiallylammoniumchloride), or their mixtures
can be used as salts. The salts are used in quantities
greater than 10% by mass with respect to the overall mass

of the reaction batch.

In order to produce the dispersions, for example a
hydrophobic monomer of the general formula II or a
mixture of these monomers, or a mixture of 1 to 50% by
mass or hydrophobic monomers of the general formula II, O
to 25% by mass of hydrophobic monomers of the general
formula ITII and 99 to 50% by mass of cationic and/or non-
ionogenic comonomers (e.g. structures II and IV,
diallyldimethylammoniumchloride, N-Methyl-N-
vinylacetamide, the total of the IMOnomers and comonomers
being 100% by mass, are dissolved in an aqueous saline
solution. The aqueous saline solution contains either
inorganic salts or low-molecular polymeric ammonium Salts

in quantities between 10% by mass with respect to the
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overall mass of the reaction batch, up td the saturation
threshold. The proportion of all monomers comss to 10 %o
75% by mass, with respect to the overall mass of the

reaction batch. Then between 1 and 10% by mass, wi

h

ct

1h
t
b}
D

respect to the overall mass of the monomers ussd, o!
dispersion stabiliser is added. Polymerisation is
carried out in the temperature range from 30 to 90°C,
preferably in a range from 40 to 60°C, in inert gas. Iz
is started with conventional radical initiators, Zfor
example 2, 2’—azobis(2—amidinpropane)hydréchloride. Ths
monomers can be presented at the beginning of the

reaction or can be metered in during the course of th

{V

reaction. The initiator can be fully or partly added st
the beginning of the reaction; in the latter case the
residual quantity is metered in during the course oif ths
reaction. The quantity of initiator used comes to 107° o
2% by mass, with respect to the overall reaction batch.
The final yield of monomers is > 98% by mass, the
polymerisation time lies between 30 minutes and 9 hours.
The molar mass of the polymers is > 10° g/mol. The

viscosities of the dispersions are < 10 mPas.

The resultant polymerisation can be converted into

polymer solutions ready for use by dilution with water.
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A new method of manufacturing dispersions of water-
soluble cationic vinyl polymers oifers the following

advantages in comparison to known methods:

1. Polymerisation extends to high yields at a constant

speed.

o

Dispersions of low viscosity are formed. The
viscosity of the final dispersion lies only slight
above the viscosity of the outset mixturs of
monomers, salt, stabiliser and water. No incresass

in viscosity occurs in the interim.

3. The final dispersion is stable over a long period.
Any sediments forming can be re-dispersed by simple

shaking even after several months’ storage.

The method is explained in more detail by the following
examples. The examples however do not represent any

restrictions.
Example 1 -

A thermostatable double jacket reactor with regulated
internal temperature, with stirrer, reflux condenser,
temperature cooler and gas inlet device is filled with

water with 238.2 g of a 75% aqueous solution of
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methylacryloyl—oxyethyl-dimethylbenzylammoniumchloride,
159 g sodium chloride, 9 g stabiliser (block copolymer
with a block of polyethylene oxide of the molar mass
2,000 g/mol and a block of poly(methacryloyl-cxyethvl-
trimethylammoniumchloride of the molar mass 14,000 g/mol)
and 731 g water. The apparatus is then flushzad with
nitrogen for 1 hour with continuous stirring, and the
temperature is thereafter regulated to 50°C. Thersafter a
solution of 2.44 g ¢ 2.2’ azois(2-amidinopropane)
hydrochloride is added to 10 ml water. The batch is kept
at 50°C under constant stirring. The viscosity remains
constant over the entire duration of the reaction. After
60 minutes the reaction is finished, the final yield is
99%. The dispersion has a viscosity of 6.5mPas. The

molar mass of the polymer comes to 2 * 10° g/mol.

Example 2

With thé same procedure as in Example 1, 130.4 g of
methylacryloyl-oxyethyl-dimethylbenzylammoniumchloride,
76 g aérylamide, 159 g sodium chloride, 2 g of the
stabiliser from Example 1 and 794 g'of water are used.
After 60 minutes the reaction is finished. The final
yield is 98%, the viscosity of the resultant dispersion

is 9 mPas.
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Example 3

With the same procedure as in Example 1, 130.4 g

methylacryloyl-oxyethyl-dimethylbenzylammoniumchloridse,

240 g acrylamide, 159g sodium chloride, 9 g of the

stabiliser from Example 1 and 630 g of water are used

(2

After 70 minutes the reaction is finished. Thz fina

'_l

yvield is 98%.
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1. Method of manufacturing dispersions of water-soluble

cationic vinyl polymers by radical homopolymerisation cf
water-soluble cationic hydrophobically modifisd vinyl
monomers Or by radical copolymerisatidn of thsse vinyl
monomers oOf water-soluble non-ionic, hydrophobic vinyl
monomers with water-soluble cationic and/or water-solubls
neutral vinyl monomers in aqueous saline solutions, using
a water-soluble initiator and in the presence of a
stabiliser,

characterised in that

a block copolymer from a cationic vinyl monomer and

ethylene oxide is used as a stabiliser.

2. Method according to claim 1,
characterised in that the Cationic block of the block

copclymer is formed from monomers of the general formula

I:

* [ L | H *
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wherein R:; is hydrogen or a methyl residue, R; and R; are
an alkyl residue with 1 to 6 carbon atoms, R; is an alkyl
residue with 1 to 6 carbon atoms or a benzyl residue, D

is the grouping NH or 0, and E is an alkylene residue or
hydroxylalkylene residue with 2 to 6 carbon atoms, and X

is a halogenide, acetate or methosulphate.

3. Method according to claim 1,

characterised in that the cationic block of the block
copolymer is formed from the monomers
diallyldimethylammoniumchloride,
vinylpyridiniumhalogenide, N-vinylimidazole or N-

vinylimidazolium halogenide.

4. Method according to at least one of claims 1 to 3,

* [4 L ] S *
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characterised in that the stabiliser is used in
quantities of 1 to 10% by mass with respect to the mass

cf the monomers used.

5 5. Method according to at least one of claims 1 to 4,
characterised in that polymerisation is carried out in a

temperature range ifrom 30 to 90°C.

6. Stabiliser ificr carrying out the method according to
10 at least one of claims 1 to 5,
characterised in that the stabiliser is a block copolymer

from a cationic vinyl monomer and ethylene oxide.

7. Stabiliser according to claim 6,
15 characterised in that the cationic block of the block
copolymer is formed from monomers of the general formula

I:

Sheet Has Been Re’ilaced

CHy=CH T
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8. Stabiliser according to claim 6,

characterised in that the cationic block of the block
copolymars is formed from the monomers
diallyldimethylammoniumchloride, wvinylpyridinium
halogenide, N-vinylimidazole, N-vinylimidazolium

halogenide.

9. Stabiliser according to at least one of claims 5 to
8,

characterised in that the cationic block of the block
copolymer has a molar mass between 1,000 and 300,000

g/mol.

10. Stabiliser according to at least one of claims 6 to
9,

characterised in that the polyethylene oxide block.of the
block copolymer has a molaf mass between 200 and 20,000

g/mol.

s Sheet Has Been Replaced
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