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ABSTRACT: New water-soluble polymers of polyelectrolyte nature have been
obtained on the basis of acrylic acid, propylene oxide. epichlorohydrin and various
amines as well as their derivatives with the aid of reactions of polymerization,
copolymerization,  oxypropylation, chloroxypropylation,  neutralization — and
quaternization. With respect to the charge of polymer chain, synthesized polymers may
have different narure, i.e. they may be aniono-active, cationo-active or aniono-cationo
active. Composition and structure of the obtained polyelectrolytes have been identified
by various complex physico-cheimical methods.

KEY WORDS: Polimerization, water-soluble polymers, polyelectrolyte, aniono-
catione active polymers.

AMINLER, AKRILIK ASID VE
EPOKSIKOMPONENTLERINDEN CIKARAK YENI, SUDA
COZUNEBILEN POLIELEKTROLIT
(KO)POLIMERLERININ SENTEZLENMESI VE
ARASTIRILMASI

OZET:Akrilik asit, propilen, epiklorohidrin ve cegitli aminlerde oldugu gibi onlarin
tirevlerinden yola  cikarak, polimerizasyon,  kopolimerizasyon, oksipropilasyon,
kloroksipropilasyon, némralizasyon ve katerizasyon reaksiyoniari ile suda ¢oziinebilen
yeni polielekirolit yapida polimerier elde edilmigtir. Polimer zincirinin yikiine gore
Jarklt yapiara sahip, 6rnegin anyon-aktif; kalyon aktif ya da anyon-katyon aktif
polimerler sentezlenmistiv. Elde edilen polielekirolitlerin yapi ve bilesenleri degisik
Sfiziko-kimyasal yontemlerle belirlenmigtir.

ANAHTAR KELIMELER: Polimerizasyon,  suda  ¢ozimen  polimerler,
polielekiolit, , anyon- katyon aktif polimerler.
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I. INTRODUCTION

Water-soluble polymers containing functional groups with different charges obtained
from acrylic monomers are nbt numerous. So. synthesis of new water-soluble acrylic
copolymers containing non-ionogene and positively charged fragments attract mterest
because these groups should give macromolecules an additional stability m strongly
mineralized waters. For insertion of cationo-active units into the main polymer cham it is
very important to choose comonomers having corresponding structure, properties and
capability to be invelved in polymerization process of acrylic acid (AA) and 1ts
derivaties. Quaternary salts of 4-vinyl pyridine (4-VP) with dimethylsulphate (DMS) and
methyl iodide (MI) and in some cases 4-VP itself meet these requirerﬁents.

Synthesis and specifications of polymerization of the quaternary salts of 4-VP with DMS$
and MI are described in detail in literature [1-4]. It is shown that the quaternary salts of
4-VP with DMS 1-methyl-4-vinyl pyridinium methyl sulphate (1-M-4-VPMS) and with
MI 1-methyl-4-vinyl pyridinium iodide (1-M-4-VPI) are stable in dimethylsulphoxide
(i.c. absence of polymerization) in the air.

Synthesis of water-soluble acrylic copolymers having non-ionogene oxypropyl fragments
and units of 4-VP seems practically expedient by way of radical copolymerizaion. This is
stipulated by propensity of the indicated quaternary salts of 4-VP (especially 1-M-4-
VPMS) to radical polymerization.

II. RESULTS AND DISCUSSION .

The copolymer of 1-M-4-VPMS with AA was synthesized both in ethanol and water:

mCH = (IZH +nCH,= (':H eee> (- CH T?H-)fﬁ--(-cu rCHL,

@ COOH @ COOH
VS0, A CHS0; (1)
CH;3 CHy

In ethanol azo-diisobutyronitrile (ADIBN) was used as initiator. The amount of ADIBN
was 1% of the total mass of comonomers by weight. Concentrations of comonomers
were 0.4 moll. The temperature was kept at 70 ©C for 8 hours. As the reaction
proceeded, the larger part of the product precipitated in the form of white sediment (acid
sumber was 70.4 mgKOH/g) and the remaining part was removed from the soiution by
evaporation of liquid phase. Despite to the presence of different acidic units in the chain,

both fractions of copolymer were dissolved well in fresh water.
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In aqueous medium ammonium persulphate (APS) was used as initiator, The amount of
APS was 1% of the sum of the comonomers by weight. Concentrations of comonomers
were 0.49 mol/l, the time of reaction was 11 hours at 50 °C. In contrast to the ethanol
medium, the solution was homogeneous. The acid number of the final copolymer was
235.1 mg KOH/g. ' '

The synthesized copolymer of 1-M-4-VPMS an(i'AA was undergone oxypropylation in
water at 20°C. Molar ratio of AA and proby]ene oxide (PO) was 1:2.06. The
concentration of AA units at oxypropylation step was .equal to 0.06 mol/l and that of PO
0.12 mol/l. After 20 hours of the reaction conversion of PO was registered at the level
59.8 %, acid number of the final product of modification was 174.9 mg KOH/g. The

scheme of modification represented as follows:

-(*CH 3-CH-}s-(-CH32-CH-); -CH-CH3--->~(-CH >»CH-):--(-CH » CH-)gp=--(-CH 3 -CH-};.
(CH_?H)"{LH;TH)H-:-mpCHzCHCHs > H:—? J--( i,,ol" CH, Y-m

3
COOH I} cooH
@ } 4 @ . “ O(CHHO)pH
t CH;3S0; ! CH 3805 (2)
CH; CH,

Such a chemical modification becomes successful only in the case of use of copolymer in
aqueous solution. In the case of ethanolic solution the copolymer of 1-M-4-VPMS with
AA does not undergo oxypropylation, though the triple molar excess of PO was taken
with regard to AA units. Non-addition of PO to copolymer in ethanol solution is a
consequence of hydrogen bonding, between alcohol and PO molecules and secondly,
between alcohol molecules and carboxylic groups of the copolymer, respectively [5-7]:
From practical point of view it seems more expedient to obtain the oxypropylated
copolymer of 1-M-4-VPMS with AA "m statu nascendi”, i.e. to conduct radical
copolymerization of the indicated comonomers in aqueous media in the presence of PO,
At the mitial concentrations of 1-M-4-VPMS, AA and PO of 0.49 mol/l, APS of 1% of
the total mass of comonomers within 12.5 hours at 50 ©C, a complete conversion of PO
was reached. Acid number of the copolymer was measured as 175.7 mg KOH/g,

The reaction scheme may be represented in the following form:
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LCH =CHenCH =C 5
2 +nCH 2 |H+mp(‘H7 -CH-CH3- >(CH;(IH;1[(‘H,C},1dm ...... -CH2CHe-),
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Composition and structure of the obtained copolymer were identified by HNMR
spectroscopy (spectrometer "Tesla BS-487 C", Chekhoslovakia). The analysis of specira
recorded in D7 O showed that oxypropylation reaction of carboxylic group in polymatix
leads to an appearance of resonance signals due to -CHj3 (doublet at 1.33-1.5 ppm)
and -CH»- protons (doublet at 1.55-1.65 ppm), -CH- proton (multiplet at 3.48-3.83
ppm) and OH-proton (singlet at 4.0 ppm). Entry of 1-M-4-VPMS to the polymer chain
‘s 2 reason of resonance signals of the counterion CH3S074 (singlet at 3.0-3.1 ppm), the
positively charged group -N*-CHj3 (singlet at 4.42-4.63 ppm). Resonance signlals of
pyridiniring in the copolymer was appeared in the range of 7.95-8.93 ppm.

The synthesized copolymer has a particular solubility. It dissolves well in hard strata
waters but forms an opaque solution in fresh and sea waters. The copolymer synthesized
on the basis of AA, PO and 1-M-4-VPMS may also be obtained by another way with
reverse consequence of the steps. First, the copolymer containing units of free organic
base (4-VP). AA and PO (time of the reaction is 10 hours) were obtained by
copolymerization of 4-VP with AA in the presence of PO (the concentration of all three
reagents is 0.9 mol/l) under an influence of APS (1% of the total mass of 4-VP and AA)
at 50°C in aqueous media. Conversion of PO is 24.1%, acid number of the product was
94 7 mg KOH/g. Then free units of 4-VP of copolymer were alkylated according to
Menshutkin reaction scheme in water at 20 0C with agitation :

-(-CHy CH- (- (‘HrCH-}n (-(‘Hz-(‘l-l)d ----- - CH 3 SO geemmmes >
! CH i

Q st
® O(CHLCHOY,
- -i-CHZ-(‘H-)---(-(H CH-) 2-CH)a
P o G, K
o4 (o

[
( 0+| OCHL H())pn
’E 380,

Ci,

Viscosity of the system increased as the reaction proceeded. An increase i polymatrix
mass caused all the free units of 4-VP to be converted to units of quaternary salts.
Studics for obtaining the copolymers based on AA, 1-M-4-VPI and PO, by the method

of radical copolmerization had also been carried out. The presence of iodide-ion capable



of oxidizing complicates application of APS in aqueous copolymerization. So. under an
attempt to copolymerize the indicated salt with AA (concentrations of comonomers are
correspondingly 0.37 and 0.39 mol/l) in water under the action of APS (1% of the total
mass of cothonomers) a red-brown colour appeared and the dark residue-iodine (it gives
a dark-blue =colour with starch) precipitated both in absence and presence of PO.
Therefore, 1odide-anion of 1-M-4-VPI was oxidized in the presence of APS with iodine
formation . Due to the indicated circumstance it is expedient to use ADIBN as initiator.
This way, it is possible to involve 1-M-4-VPI into copolymerization with AA both in
--ethanol (concentration of comonomers is 0.11 mol/) and aqueous media (concentration

of comonomeis'is 0.47 mol/l) at 70 °C:

nCHs= CH 4 nCH)= CHioon> (- CHyCH-(-CHCH,
1

L P,

€ G (5)
(9) OH (8] ~ OH
Q[' : ' Q]'

| . |
CH; CH;

In both cases ADIBN at the amount of 1% of the total mass of the comonomers was
ntroduced to the system in'a small volume of acetone. In aqueous media the yield of the
copolymers was quantitative. Acid number of the copolymer, measured, was 169.8
mgKOH/g.

Oxypropylation reaction of the copolymer may be carried out in aqueous solution. Use
of ethanol solution of the copolymer for oxypropylation does not lead to the goal. The
- same situation is also observed in the case of the copolymer of 1-M-4-VPMS with AA as
a result of inhibiting effect of alcohol. Oxypropylation of the copolymer in aqueous
solution was éonductéd “in statue nascendi". This way permits, as m the case of the
analogous copolymer of 1-M-4-VPMS to bring about addition of PO to acrvlic units.
though extent of conversion of PO is slightly lower. Apparently. even small amounts of
acetone influences the efficiency of oxypropylation.

Oxypropylated copolymer of 1-M-4-VPI with AA may alsoc be obtained through
synthesis bemg successful in the case of 1-M-4-VPMS and including copolymerization of
4-VP with AA in the presence of PO and subsequent alkylation of the obtained

copolymer according to Menshutkin reaction scheme:
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Cationo active polymers are also obtained on the basis of chloroxypropyl ester of
AA(COPEAA). This ester is synthesized at a molar ratio of AA: epichlorohydrin
(ECH)=1:1 using pyridinc as a catalyst (3% mol from AA). An inhibitor (hydroquinone,
sulphur) is introduced into the system to prevent possible polymerization of AA and
ester. Temperature is 60-80 OC, while duration of the reaction is 20-24 hours. The

scheme of the reaction may be described m the following form:

CH2=CH + CHs-CH-CH,C1 ----->CH,=CH
] \0/ | O CH,Cl

- C~, |
% OH OCH2CHOH (7)

COPEAA was isolated from the reaction mixture by vacuum distillation (35-44 °C/

10-13 mm Hg) with a yield of 80-85 %. Its structure and composition were elucidated
by H-NMR-and IR-spectroscopies, elemental analysis, cryoscopy. determination of

hydroxyl (613.2 mgKOH/g) and acid numbers.

Homopolymers of COPECAA are known to be insoluble in water. In order to obtain

water-soluble polymers, COPEAA was converted into salt by means of various amines:

CH;=CH AN-Xomees > CI2=CH £
e Tmm E‘D €l‘-H3~N X
o T
~OCHLHOH OCH,CH OH @

where X is a fragment of amine.

Ammonia water, methyl amine, diethyl amine, triethylamine, tributylamine, piperidine,
monoethanolamine, diethanolamine, triethanolamine, ethylenediamine were used as
amines. The molar ratio of COPEAA: amine was 1:1. The reaction was conducted at 20-
25 OC for days (20 and more). In all cases heat was evolved in the course of reaction.
The formed salt in most cases remained in solution. Only in the cases of triethanolamme
and ammonia water after 20 days and triethylamine after 30 days, salt crystals

precipitated.
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The obtained salts (in the form of aqueous solutions) were polymerized at 55 °C in the
presence of APS (1% of salt mass). The time of polymerization was 46-50 hours. In the
case of salts, based on triethylamine and tributylamine, a partial sedimentation of
polymer from the solution was observed. In other cases solutions were homogeneous.

Yields of polymers as well as of monomer salts are given in Table 1.

Table 1. Yields of monomer salts based on COPEAA and amines as well as of their

polymers
Monomer salt | Yield of monomer salt, % ‘ Yield of polymer, %
| ‘
COPEAA+ piperidine | 75.9 ;‘ 64.8
COPEAA + wiethylamine | 239 239
COPEAA + triethanolamine | 100 80.3
COPEAA + ethylenediamine | 100 91.9
COPEAA + diethanolamine 943 | 100
COPEAA + mouoethanolami*\e 76.1 ' 65.8
COPEAA + ammonia water 100 i 99.5
COPEAA + methylamine ; 50.4 61.8
COPEAA + tributylamine | 1 6.5 453
COPEAA + diethylamineg | ? 30.1 34.2

Some new water-soluble copolymers containing relatively strongly ionizing salt groups in
addition to non-ionegene chloroxypropyl groups and weakly ionizing carboxylic groups,
were synthesized on the basis of AA, ECH and various amines. To carry out
copolymerization and chloroxypropylation, initially the salts of AA with different amines
were obtained (concentration of AA 0.19 mol/l). AA was neutralized by amines to the
extent of 25, 50 and 75 % (8-10 hours, room temperature). Piperidine, pyridine and
triethanolamine were used as amines. Then, copolymerization of AA with acrylate salt
was conducted in aqueous media at 60 °C with' following chloroxypropylation of free
carboxylic gmﬁps. The initiating agent of copolymerization was APS (2.5 % of the total
mass of comonomers). Time of the reaction was 10-12 hours. The reaction scheme may

be represented by the following form:
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where X 1s amme fragment.

Final degrees of conversions of ECH are given m Table 2.

Table 2. Final conversions of ECH

Final conversions ECH %
Amine 25 % neutralization 50 % neutralization 75 % neutralization
Piperidine 46.4 88.8 0.0
Pyridine 0.0 0.0 0.0
Triethanolamine 8.90 ‘ 00 100

As may be seen from the table, addition of ECH to the carboxyl group of polymatrix has
an extreme character depending on the degree of neutralization of monomeric acid by
piperidine. The largest conversion of ECH (888 %) was observed at 50 %
neutralization. At 25 % neutralization the conversion of ECH was equal to 46.4 %. At 75
% neutralization by piperidine ECH does not add to carboxyl group. The maximum
conversion of ECH took place at 75 % neutralization of the acid by triethanolamine.
When pyridine was used as a neutralizing agent. addition of ECH to carboxyl group did
not occur. It was appearently related to the formation of very unstable complexes of
pyridine with AA units. A copolymer containing ethylenediamine fragment was also
obtained. Neutralization of AA by ethylenediamine was carried out at 25 % degree at
room temperature for 8 hours. The copolymer of AA with acrylate salt was synthesized
in water at 60 °C. Concentration of AA was 0.11 mol/l and of acrylate salt 0.05 mol/l
APS (25 % of the total mass of comonomers) served as initiator. Subsequent
chloroxypropylation of the copolymer (molar ratio AA:ECH = 1:0.5) was unsuccessful.
It may be related to formation of complexes of polymatrix free carboxyl groups with
ammo groups of ethylenediamine which hinders diffusion of ECH molecules to carboxyl
groups.

H-NMR-spectra of choroxypropylated polyacrylic acid (COPPAA) neutralized by

piperidine at the degrees of conversions of 25 and 50 % and by triethanolamine of 75 %
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have been recorded. Resonance signals of protons from CHj- and CH- groups of ECH
residue and protons of N-CH;, NH and OH-groups from the fragment of the
corresponding salt are observed in the spectra. Chemical shift of protons are shown m
Table 3. COPPAA partially neutralized by amines may also be obtained by another way.
Consequence of steps was changed for this purpose. Fistly, using equimolar ratio of AA
and ECH (0.29 mol/l) in aqueous media at 60 OC, the corresponding copolymer,
COPPAA was obtained. The process was initiated by APS (2 % of the mass of AAj.
The conversion of ECH was 30-40 %. Then, the "ready" copolymer was neutralized by
triethanolamine or piperidine at room temperature. Neutralization by amines has been

carried out at 25, 50 and 75 % mol of COPPAA

Table 3. Chemical shifts of protons in neutralized COPPAA

Chwmical shifts of protons, ppm

COPPAA neutralized COPPAA ncutralized  COPPAA neutralized

Protons by piperidine by 50 % by piperidine by 25 % by triethanolamme by 75 % i

CH» 1.75-3.0 1753.0° 1.75-3.0
CH 35-3.8 3.65-3.9 4.0-4.2
N-CH; 4.0-4.2 4.0-4.2 45-4.75
NH 4.45-4.7 445-4.7 5.9-6.0
ol . . 5.3-55

The scheme of the synthesis is given below:

nCHz=CH - ARECH. > (. CH-CHL) g -CH -CH o NN s
|0 +APS (L,,O CHy |0
C . *
~ OH ~ 0(CH2 CHO) p i OH (10)

-(-CH2-CH-jz---(CH3-CH- jpyy---==-~ ~CH1-CHz)s
2 (l‘qu ’éfp}m % LA (l.'f})}n m-g
SONX COCHICHORH ™~ OH
H

where X 1s amine fragment.

Final degrees of conversions of amines are given in Table 4.
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Table 4. Final conversions of amines

] Final conversion of amines |

Amine 25 % neutralization 50 % neutralization 75 % neutralization |
| < —
. Pipendine 25.9 25.2 100 g
Triethanolamine 471 100 92 i.
| |

It is seen that with an increase of the amount of amine, its conversion, in general, riscs.
Such dependency may be explained by coordination of amines both with carboxyl and
choroxypropyl fragments. Neutralization of COPPAA by ethylenediamine and
monoethanolamine at 50 % degree was carried out. Very high levels of conversions of
amines (respectively, 100 and 93.6 %) were reached.
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