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A study of the emulsion copolymerization of acrylonitrile and butyl acrylate
under batch conditions in the presence of p-benzoquinone is presented.
Statistical copolymers are synthesized by the emulsion polymerization conduc-
ted to both low and high conversion using the anionic emulsifier.

It has been found that the copolymer formed at low conversion is enriched
with acrylonitrile structural units both in the presence and in the absence of
p-benzoquinone. Addition of a small amount of a radical scavenger significant-
ly decreases the rate of polymerization and slightly decreases the size of
polymer particles in the range of low surfactant concentration.

It is assumed that the initiation of the emulsion copolymerization is
a two-step process. It starts in the aqueous phase by the primary radicals
derived from the water-soluble initiator which add water-soluble monomer.
These reactions lead to the formation of water-soluble or insoluble macroradi-
cals which cause at low conversion the drift in copolymer composition. The
second step occurs in micelles by radicals absorbed on the surface of micelles. It
is expected that the polymer particles generated by homogeneous nucleation
contribute to both the polymerization rate and copolymer composition.

IIpencTaBneHo U3y4EeHHE IMYILCHOHHOM COMOIMMEPH3alMH aKPHWIOHHUTDH-
na ¥ 6yTUIaKpwiaTa B IEPUOMYECKOM PEXHME B IIPHCYTCTBHH IT-6€H30XHHO-
Ha. CTaTHCTUYECKHE COMOJIUMEPHI CHHTE3UPYIOTCS MOCPENCTBOM 3MYJILCHOH-
HOW MONHMMEpU3alUy, Befyled KaK K HH3KHM, TaK H K BBICOKMM CTENCHSIM
KOHBEPCHH C HCIIOJIHb30BAHHEM aHHOHHBIX 3MYJbraTOpOB.

OGHapyXeHO, YTO comoiuMep, 06pa3ylolMics TPH HU3KOH CTENEHH KOH-
BepcuM o0orallleH CTPYKTYPHBIMHM €JHHMIIaMM aKPWJIOHHTPHIA KaK B [IPHCYT-
CTBHH, TaK M B OTCYTCTBUHM II-0eH30XxMHOHa. [Jo6aBKa HEGOBIIOTO KOJIMYECTBA
BEILIECTBA, CNYXAIIEro B Ka4YeCTBE JOBYIIKH PafUKaloB, 3HAYHTENLHO MOHHU-
XaeT CKOPOCTH MOJIMMEPHU3ALMH M BEIET K HEKOTOPOMY YMEHBILIIEHHIO BETHYH-
HbI MOJIMMEPHBIX YaCTHI] MDY HU3KOH KOHLEHTPALMH IOBEPXHOCTHO-aKTHBHO-
ro BeLIEeCTBa.

IIpennonaraeTcs, 4YTO MHUIMUPOBAHME 3MYILCHOHHOM COMONMMEPH3aLHH
SIBNSAETCA BYXCTAaAMHHBIM npoueccoM. OH HauMHaeTcs B BOGHOM (pa3e nepBuy-
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HBIMH pajiMKaliaMH, TPOUCXOSLINMHU U3 BOJOPACTBOPMMOTO MHHMIMATOPA, KO-
TOPBIE 3aTE€M IPHCOEUHAIOTCS K BOJOPaCTBOPUMOMY MOHOMEDY. DTH peakiuK
NIPUBOJIAT K 06Pa30BaHMIO BOJOPACTBOPMMBIX WM HEPACTBOPHMBIX MaKpOpa-
IHKAJIOB, KOTOPbIE BLI3BIBAIOT NPH HM3KOH CTENEHH KOHBEPCHH M3MEHEHHE
B cocTaBe comonuMepa. BTopasi cragust mpoTekaeT B MHUEJIAX C yYaCTHEM
panMKanos, aGcoOpGHPOBAHHBIX Ha MOBEPXHOCTH MuUewt. OXHIaeTcs, 4TO
YacTHLBI TOJIMMepa, 06Pa30BaBLUIMeCH B PE3YJIbTATE TOMOTEHHON HYKJIEaLUH,
OKa3bIBalOT BIMAHME KaK Ha CKOPOCTb MOJMMEDHM3alMH, TaK M HAa COCTaB
comnonumepa.

The introduction of nitrile groups into polymer chains improves chemical and
thermal resistance of polymer. On the other hand, the introduction of nitrile groups
into latex has negative effect on its colloidal stability. Copolymer latexes with the
low acrylonitrile content are more stable than those with the high acrylonitrile
content.

All features of the emulsion copolymerization seem to be closely related to the
monomer distribution along the polymer chain, to molecular interaction within the
latex particles, and to solubility of monomers in water and in their polymers.

Although a good deal of work has been done on the industrial use of the
emulsion copolymerization process, only little work is done concerning the
emulsion polymerization mechanism, especially at the beginning of polymerization.
Experience shows that this stage called also the “stage 1” is very important due to
formation of reaction loci. It is also known that the stage 1 is highly variable and
dependent on the type of ingredients and reaction conditions and this is probably
the reason why only little attention has been devoted to this study.

From these points of view we studied the free-radical emulsion copolymerization
of acrylonitrile and butyl acrylate with the emphasis on the initial stage of
polymerization process [1, 2]. As it has been reported [1], at the beginning of
polymerization the copolymer enriched with acrylonitrile was generated. In the
presence of a water-soluble radical trapper, the dependence of the copolymer
composition on conversion showed nearly monotonic character even at low
conversion [2]. Both facts favour the formation of macroradicals in the aqueous
phase and their participation in the initiation within the monomer-swollen micelles
or in nucleation of polymer particles by their separation from the aqueous phase
above the critical value of the degree of polymerization.

The classical Mayo—Lewis model of copolymerization seems to be inadequate in
high conversion region [3]. A relatively small amount of work has been devoted to
high conversion emulsion copolymerization, in particular to systems with various
water solubility of comonomers. It was reported that a monomer dissolved in water
did not contribute to copolymer composition. Correction for dissolved monomer in
water led to good agreement with the results obtained in mass and solution
copolymerization [4]. To verify this observation the emulsion copolymerization of
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monomers (butyl acrylate and acrylonitrile) with various water solubility is
investigated.

This paper, the third of the series, deals also with the effect of a radical scavenger
on the polymerization kinetics.

The strong retardation effect of p-benzoquinone on the solution polymerization
of methyl methacrylate has been described in paper [5]. On the other hand, when
styrene was polymerized only inhibition effect was indicated [6]. The mechanism of
the free-radical emulsion copolymerization of acrylonitrile and butyl acrylate in the
presence of a radical scavenger (p-benzoquinone) was studied by conventional
gravimetric and gas chromatography methods.

Theoretical

p-Benzoquinone has been reported to be good scavenger for alkyl and aryl
radicals [7, 8]. The result of these reactions was the formation of mono-, di-, and
trialkylquinones and a small amount of hydroquinone. The mechanism of reactions
of p-benzoquinone with radicals is as follows: The initial step is an addition of
a radical to p-benzoquinone giving the semiquinone radicals in any of their
mesomeric, tautomeric, and acid-base forms. Then follows the reaction of radical
with the second molecule of p-benzoquinone (BQ)

R'+BQ — RBQ(+H; (A)
RBQ—"+BQ — RBQ+BQ~ (B)

The kinetics of the semiquinone formation are of the first order with the half-lives
being inversely proportional to p-benzoquinone concentration. In the absence of
suitable radical scavengers the semiquinone disappears by a second-order dispro-
portional to yield in p-benzoquinone and hydroquinone

2BQ~'(+2H}) — BQ+BQH, (©)

This process gives, however, rise to hydroquinone which is soluble in water and its
consumption takes place by reactions with initiator fragments. The mechanism of
these reactions is summarized in the following reaction scheme [9]

BQH,+OH — BQH,OH (D)
BQH,OH — BQH' +H,0 (E)

BQH — BQ +H* (F)
2BQH" — BQ+BQH, (G)

The reaction of hydroquinone and initiator fragments can lead to the stable
products as has been reported in [2].

Chem. Papers 40 (1) 45—60 (1986) 47



1. CAPEK, J. BARTON

Experimental
Materials

Acrylonitrile (AN) and butyl acrylate (BA) monomers (certified grade, Chemical Works,
Sokolov) were washed with 5 % aqueous sodium hydroxide solution to remove the inhibitor
and with water to remove base, and dried over anhydrous calcium chloride (certified grade,
Fluka A.G.). Monomers were distilled (BA under vacuum) under dry nitrogen, and the
middle fractions ca. 70 % of the initial amount collected were stored in a refrigerator until
used.

The surfactant used was reagent grade Dowfax 2A1 (sodium dodecylbenzenedisulfate,
Dow Chemicals, Ltd.) in the form of 45 % aqueous solution.

Ammonium peroxodisulfate and p-benzoquinone, both anal. grade (supplied by Lache-
ma, Brno), were used without further purification.

Acetone, toluene, 1,4-dioxan, n-octane, and methanol used for kinetic measurements
were distilled before use. Twice-distilled water was used as the polymerization medium and
for conductivity measurements.

Polymerization procedure

Emulsion copolymerizations of AN and BA were carried out at 70 °C. In all runs the
recipe containing 140 g of water, 96.6 g of monomers, 0.027 g of p-benzoquinone, and
0.7725 g of ammonium peroxodisulfate was used. Concentrations of Dowfax 2A1 (DW)
were used as given in legends to Figs. 1—4.

The conventional batch reactor was used to follow the kinetics of copolymerization
process. The reaction ingredients were charged into glass bottle reactor under nitrogen in the
order: 1. aqueous solution of surfactant and 2. monomer solution of p-benzoquinone. The
mixture was then stirred for about 30 min at constant agitation rate at 70 °C. After this
preemulsification period the aqueous solution of ammonium peroxosulfate was charged in.
All polymerization runs were conducted in a nitrogen atmosphere. Other details of
polymerization technique used have been given elsewhere [1, 10].

Results and discussion
Polymerization rate study

The variations of the conversion with time of the emulsion copolymerization of
acrylonitrile and butyl acrylate initiated by the water-soluble initiator (ammonium
peroxodisulfate) in the presence of a small amount of p-benzoquinone are
illustrated in Fig. 1. The conversion curves are sigmoid, i.e. the rate of polymeriza-
tion is very low for a relatively long time and then gradually increases with the
reaction time. It is interesting that only small induction periods, if any, are
observed. The low rate of polymerization in the initial stage of polymerization is
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Fig. 1. Variation of the monomer conversion in the emulsion copolymerization of acrylonitrile and butyl
acrylate with the reaction time and the concentration of surfactant.
Recipe: 140 g of water, 19g of AN, 76.6g of BA, [BQ]=2.27x10"*mol cm™ oil phase,
[(NH.),S,05] =2.28 x 10~° mol cm ™ water, temperature 70 °C. [DW] - 10°/(mol cm~ water): 1. 7.32,
2.2.87,3.1.18,4. 0.63.

due to (i) the nature of the emulsion polymerization and (ii) the inhibition action of
a radical scavenger.

During the initial interval the generation of polymer particles takes place in the
reaction system. The generation of polymer particles occurs either in the mono-
mer-swollen micelles by the entry of the primary [11, 12] and oligomer [13]
radicals and/or by the homogeneous nucleation [14—16]. The generation of
polymer particles in the emulsion polymerization of water-insoluble monomer
proceeds by micellar mechanism. On the other hand, the generation of polymer
particles in the emulsion copolymerization of acrylonitrile and water-insoluble
vinyl monomer may proceed by both mechanisms. These aspects are discussed
later.

Kinetic data summarized in Tables 1—3 show that p-benzoquinone (BQ)
remarkably decreases also the rate of polymerization during the stage 2. The
decrease is more pronounced in the range of high surfactant concentration and at
higher content of butyl acrylate in the reaction system.

Acceleration of the polymerization rate is attributed to the growth of the number
of polymer particles. As soon as the number of polymer particles has been fixed the
polymerization rate is nearly constant (stage 2).

Kinetic data show that the interval 2 of emulsion polymerization of AN and BA
is situated in the range of conversion from 30 to 65 %, which seems to be not long
enough. This behaviour seems to be function of : (i) accumulation of radicals within
polymer particles, (ii) the change in the monomer concentration within polymer
particles, and (iii) free-radical desorption. In the case of water-soluble oligomer
radicals, the growing radicals of AN can transfer themselves out of the particles.
Due to this fact, even if the number of polymer particles is kept constant, the rate of
polymerization may decrease.
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Table 1

Copolymerization kinetic data
Rate of polymerization in interval II of emulsion polymerization

[DW] - 10° R, 10°
mol cm™ water mol/((dm? of water) s)
a, 1 b, 1 a, 2 b, 2
7.32 353 26.3 22 4.1
2.87 17.0 234 1.9 3.6
1.18 13.3 18.1 1.5 3.2
0.63 8.7 10.9 1.4 2.5

a) The initial monomer feed composition [AN]/[BA] =0.6 (mole ratio), b) the initial monomer feed
composition [AN]/[BA] =2.4 (mole ratio).
1. Without BQ [1], 2. [BQ]=2.27 X 107® mol ¢m~2 oil phase.

Table 2

The fractional rate of copolymerization (at maxima of curves presented in Fig. 2)

[DW] - 10° (dx/de)/(1 = x)umax - 102
mol cm™ water min~!
a, 1 b, 1 a, 2 b, 2
7.32 ’ 50.7 63.0 5.1 11.6
2.87 27.5 43.0 35 9.8
1.18 25.0 33.0 2.8 6.6
0.63 17.5 26.0 2.5 4.6

The same footnote as in Table 1.

Table 3

Copolymerization kinetic data
Total monomer conversion (a) at maxima of curves presented in Fig. 2

[DW] - 10° Cmanl Yo
mol cm™ water a, 1 b, 1 a, 2 b, 2
7.32 50.0 79.0 60.0 77.0
2.87 45.0 80.0 58.0 79.0
1.18 45.0 65.0 70.0 71.0
0.63 50.0 75.0 80.0 72.0

The same footnote as in Table 1.
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Conversion vs. time curves (Fig. 1) were graphically differentiated to yield the
fractional rate of polymerization shown in Fig. 2 and summarized in Tables 2 and 3,
respectively. The dependence of the fractional rate on conversion is described by
the curve with a maximum corresponding to a certain conversion. The position of
maxima in the system with the monomer mole ratio [AN]/[BA] = 0.6 is shifted by
the addition of a radical scavenger from 50 % conversion (without an inhibitor) to
the conversion range of 60—80 %. In the system with higher concentration of
acrylonitrile ([AN]/[BA]=2.4) only a small shift of the maximum by addition of
p-benzoquinone is observed.

. 10%min""

dx /dt

Fig. 2. Variation of the fractional rate of

copolymerization (dx/dt)/(1—x) of acrylo-

nitrile and butyl acrylate with the concentra-
tion of surfactant and conversion.

[DW] - 10%/(mol cm > water): 1. 7.32, oL L 1 1 1 & 1 I I |
2.2.87, 3. 1.18, 4. 0.63. Other conditions 0 - 100
as given in the legend to Fig. 1. x/%

At some point the surfactant micelles disappear due to the depletion of the
surfactant required to stabilize the polymer particles formed, marking the end of
stage 1 and the beginning of stage 2. This point as shows the shape of curves in Fig.
2 is located in the conversion range of about 10 %.

At some point monomer droplets disappear marking the end of stage 2 and the
beginning of stage 3. Using the high concentration of surfactant, high agitation rate,
and the long preemulsification period, formation of emulsions with smaller droplet
diameter takes place. This type of emulsions with an average droplet diameter of
about 400 nm can significantly contribute to the overall polymerization rate. This
may be the case of system with the highest surfactant concentration.

The shift of the fractional rate maximum caused by the addition of a radical
scavenger indicates that not only disappearance of the oil droplets but also radical
concentration and/or the reactivity of radicals can influence the polymerization
behaviour in stages 2 and 3. In the presence of an oil-soluble radical scavenger the
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polymerization rate within monomer droplets may be reduced and thus the shift
and lower value of the maximum rate are observed. Besides, the shift of the
maximum to the higher conversions compared with the system without inhibitor
may be effected also by the retardation ability of both intermediates (semiquino-
nes) and reaction products of BQ. It is reasonable to suppose that due to the low
concentration of BQ dissolved in water and the high concentration of the
water-soluble initiator, semiquinones should be deactivated through the reaction
with primary radicals. In the monomer-swollen polymer particles, where a larger
part of BQ and a lower part of radicals are located, deactivation of semiquinones
should proceed through disproportionation. The intermediates formed during the
polymerization can either terminate an active chain or desorb from the polymer
particle. The change of the colour of polymerization reaction mixture as the
reaction advances points to the possible formation of some reaction intermediates
or reaction products of p-benzoquinone.

The retardation effect of BQ is more pronounced in the systems with the high
content of butyl acrylate in the feed. Butyl acrylate (as donor) in both monomer
and polymer forms due to the donor-acceptor interaction with BQ [17] favours the
assumption of localization of BQ within polymer particles. Thus, the higher
concentration of BQ around reaction loci within polymer particle should lead to
a decrease in the polymerization rate.

Copolymer composition studies

Variations of the cumulative copolymer composition, Fay, with conversion and
the surfactant concentration in the presence of p-benzoquinone are presented in
Fig. 3. The unexpected high values of the cumulative copolymer composition are
observed in the range of low conversion. The similar behaviour has been observed
in the system without inhibitor (Table 4).

60 T
3 50 3 1 =
< 2
o 44 -
\g Fig. 3. Variation of the cumulative average

> mole fraction of acrylonitrile in the copoly-
It 30 - ] mer, Fan, with the concentration of surfac-
tant and conversion.
20 1 [DW] - 10%/(mol cm™ water): 1. 7.32,
0 50 100 2.2.87, 3. 1.18, 4. 0.63. Other conditions

x/% as given in the legend to Fig. 1.
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Table 4

Coopolymer composition data

[DW] - 10° a Fan/mole % AN

mol cm™? water % a, 1 a, 2 b, 1 b, 2
7.32 7 47 48 77 82
7.32 15 43 45 73 77
7.32 20 40 43 72 75
7.32 50 38 40 70 71
7.32 80 37 39 68 70
2.87 7 45 46 75 80
2.87 15 42 43 73 77
2.87 20 40 40 a2 73
2.87 50 37 39 69 71
2.87 80 36 39 68 70

The same footnote as in Table 1.

The instantaneous copolymer composition predicted from the single integrated
copolymer composition equation [18] and literature reactivity ratios (ran=
1.082, rsa=0.816; [19]) calculated at the initial monomer feed compositions
[AN]/[BA]=0.6 and 2.4 is 42 mole % and 73 mole % of acrylonitrile structural
units, respectively. The presence of water-insoluble butyl acrylate reduces AN mo-
nomer concentration in the aqueous phase or vice versa [1]. In the acrylonitri-
le—butyl acrylate system, correction for AN dissolved in water leads to the va-
lues of the instantaneous copolymer composition 37 mole % and 70 mole %
for the systems with the mole ratio [AN]/[BA]=0.6 and 2.4, respectively.

The copolymer composition curves show that as reaction advances, the content
of acrylonitrile in copolymer abruptly decreases until the plateau is reached (about
20 % conversion). The values of copolymer composition in the range of medium
and high conversions lie between those calculated without and with correction for
acrylonitrile dissolved in water. It is clear that acrylonitrile dissolved in water
cannot participate in propagation reactions within the polymer particles. The
higher content of acrylonitrile in copolymer in comparison with that found by
calculation shows that there are some reactions which contribute to the copolymer
composition (even at high conversion). This indicates that the homopolymerization
of acrylonitrile in the aqueous phase takes place, which increases somewhat the
content of acrylonitrile in copolymer. It is assumed that the acrylonitrile oligomer
radicals either enter polymer radicals or precipitate themselves from the aqueous
phase and in both cases contribute to the higher acrylonitrile content in copolymer.
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In favour of this assumption tell the results of turbidimetric titration of polymer
solutions and of extraction of the reaction product. These results indicate that the
polymer formed at low and medium conversions contains only AN/BA copolymer.

Macromer studies

The complex character of the emulsion copolymerization of acrylonitrile and
butyl acrylate follows from the high water solubility of AN. It is expected that the
nucleation of new particles proceeds not only by the entry of free radicals from the
aqueous phase to the monomer-swollen micelles but also by the homonucleation of
separated propagating radicals from the aqueous phase. The separation of polymer
radicals takes place above the critical value of the number-average degree of
polymerization, P, .

The course of polymerization in water is determined by the chemical structure
and by the hydrophobity of monomers and macroradicals. From the kinetic point of
view the copolymerization in water is governed by the kinetics of a solution
polymerization up to the stage at which the polymer separates from water.

The number-average degree of polymerization of AN—BA macromers (m)
which separate from the aqueous phase can be estimated using the following
equation [20, 21]

_ (ran|AN]?+2 [AN] [BA] + rsa[BAJ) (1)
R?*(ranK3[AN] + 29K, K;ranrsa AN] [BA] + rgs K[BAJ?)**

Pn.m

where [AN] and [BA] are the amount-of-substance concentrations of- monomers
dissolved in the aqueous phase, K is the ratio of the rate constants for termination
and propagation (k{*/k,), R; is the rate of initiation, @ is the ratio of the rate
constants for cross- and selftermination (K. ../ k27 - k?3), and 1 and 2 denote AN
and BA, respectively.

For the initiation by thermal decomposition of persulfate the estimated value of
R; can be obtained from the following equation

Ri=2fk,[1] 2)

where f is the initiator efficiency, k4 is the first-order decomposition rate con-
stant, and [I] is the initial amount-of-substance concentration of initiator. If we
estimate k, at 70 °C to be 7.0 X 10~° s~ [20, 21] and f is estimated to be 0.7 for
the present system [22, 23], using the initiator concentration [(NH,),S,0s] =
2.48x 102 mol dm™ of the aqueous phase, the calculated rate of initiation is
2.37x 107 mol/((dm® of water) s). The estimated values of R;, ks, and f are
physically reasonable, even if they are treated as parameters of an ‘““ideal’”” solution
polymerization.

~ In the emulsion polymerization, the magnitude of k, is a function of the initiator
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concentration, pH, temperature, and level and nature of other ingredients of the
reaction system [24]. According to Vanderhoff [25], f is a decreasing function of
the initiator concentration. It is reasonable to expect some decrease in the value of f
in the presence of monomer, i.e. initiator waste reactions should be intensified by
monomer soluble in water.

The degree of polymerization of macromers calculated according to eqn (1)
using the following values: K}=k/k2=196.6 [26]; K3=4.44 [27]; ran=1.082
and rga=0.816 [19]; [AN],=5.46X 10"' mol dm™ of the aqueous phase,
[BA],=6.24 X 102 mol dm™ of the aqueous phase (for the system with monomer
mole ratio [AN]/[BA] =0.6), and @ =1 is 24. Taking @ = 10 the estimated value of
P,..=23, respectively.

In the system with the mole ratio [AN]/[BA]=2.4, 1 dm?® of water contains
7.218 X 107! mol of acrylonitrile and 7.8 X 10~ mol of butyl acrylate. The estima-
ted degree of polymerization taking @ =1, or ¢ =10 is for this system 34 or 33,
respectively.

The values of P,, of macromers together with solubility parameters of the
monomers and their polymers are summarized in Table 5. It is supposed that the
degree of polymerization at which the macromers are separated from the aqueous
phase depends upon many factors: (i) water solubility of monomers and polymer
formed, (ii) solubility of polymers in their monomers, (iii) the structure and the
copolymer composition of macroradicals, etc.

In the dispersion polymerization of styrene (monomer insoluble in water) the
oligomers had a degree of polymerization of about 7. Using methyl methacrylate
(monomer partly soluble in water) the separation of propagating radicals from the
aqueous phase occurred above the value of P, ,~ 65. The addition of water-soluble
monomer like glycidyl methacrylate (15 mass %) to styrene causes the increase of
the degree of polymerization from 7 up to 40.

Using the integrated copolymer composition equation [18], the copolymerization
reactivity ratio of AN and BA comonomer system [19], and monomer concentra-
tion in the aqueous phase, the instantaneous values of the mole fraction Fan ., of
acrylonitrile monomeric units in the copolymer referring to the macromer (which is
formed until its precipitation) were calculated. For the system [AN]/[BA] = 0.6 the
value of Fanm Was calculated to be 0.94. The system with higher acrylonitrile
content ([AN]/[BA]=2.4) produces macromers with the copolymer composition
of about Fann,~0.99.

From the kinetic point of view, the initial stage of formation of macromeric
radicals is governed by the kinetics of a solution polymerization. At this stage, the
length of macromer chains is regulated by the primary radical and monomer
concentrations, and by the solubility of polymers in water and in their monomers.

Solubility parameter values  show that the increase of AN fraction in both the
monomer feed and the copolymer should produce macromers with longer chains.
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The number-average degree of polymerization of macromers, P, ., and the solubility parameter values of vinyl monomers (0.) and polymers (a,)

Table 5

Water solubility on o
Monomer P
mass % (cal/cm?)** (cal/cm?)**

Acrylonitrile 7:2F 10.5 125 —
Vinyl acetate 258 ¢ 9.0 9.4 544
Methyl methacrylate 1.5¢ 8.8 9.1 65°¢
Vinyl chloride 1.05¢ 7.8 9.7 54/
Butyl acrylate 0.1° 8.8 8.8 —
Styrene 3.6x107* 9.3 9.1 8¢
Glycidyl methacrylate
(15 mass %)—styrene (85 mass %) — — — 40"
Acrylonitrile (20 mass %)—
—butyl acrylate (80 mass %) 5.9° — — 24°
Acrylonitrile (50 mass %)—
—butyl acrylate (50 mass %) 2.9% — — 34°

a) Ref. [28], b) this paper, c) Ref. [29], d) Ref. [30], e) Ref. [31], f) Ref

.[32], g) Ref. [33, 34], h) Ref. [35].
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Polyacrylonitrile and poly(butyl acrylate) differ, however, for their solubilities in
acrylonitrile and butyl acrylate. AN and BA monomers dissolve or swell PBA. But,
on the contrary, they do not dissolve or swell PAN. From this point of view, the
increase of the content of AN structural units in copolymer may cause the decrease
of the value of P,,.

In the presence of the surfactant the kinetics of macromer formation are
supposed to be more complex. The surface-active compounds increase the solubili-
ty of monomers and polymers in the aqueous phase and thus increase the value of
P.... The way of the change of soluble oligomer radicals through water-insoluble
macromeric radicals to active polymer particles is a continuous complex process
depending on several factors.

Latex particle studies

Variations of the average particle size, the interface tension and conductivity of
the final polymer latexes with the surfactant concentration and the monomer feed
composition are presented in Fig. 4 and in Tables 6 and 7.

The average size of polymer particles prepared in the presence of p-benzoquino-
ne using the low surfactant concentration is found to be smaller than the size of
particles prepared without the radical scavenger. Under the high surfactant
concentration conditions the size of polymer particles seems to be uneffected by
BQ. It is seen that the size of latex particles is dependent on the value of the
monomer feed composition. The particle size decreases with the increase of butyl
acrylate monomer content in the feed. As expected, the size of particles decreases
with the concentration of the surfactant.

D/nm

150

100

Fig. 4. Variation of the mean particle diameter, 50
D, with the concentration of surfactant and
conversion.

[DW] - 10%/(mol cm™~2 water): 1. 7.32, 2. 2.87, 0 5 4'0 1
3. 1.18, 4. 0.63. Other conditions as given in 80
the legend to Fig. 1. x/%
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Table 6

Kinetic parameters of the final polymer latexes at the initial
" monomer mole ratio [AN]/[BA] =0.6

[DW] - 10° D! y? Cond. *
mol cm™ water nm mNm™! mS cm™
a b a b a b
7.32 120 120 44 44 7.1 7.1
2.87 150 150 55 53 55 6.3
1.18 195 180 59 56 5.1 53
0.63 220 200 61 58 5.0 5.1

1. The average particle diameter, 2. the interface tension, 3. conductivity.
a) Without p-benzoquinone, b) [BQ]=2.27 X 10~° mol cm™ oil phase.

Table 7

Kinetic parameters of the final polymer latexes at the initial monomer mole ratio [AN]/[BA] =2.4

[DW] - 10° D! y? Cond. ?
mol cm™~ water nm mNm™ mS cm™
a b a b a b
7.32 190 190 35 35 8.0 8.0
2.87 230 . 220 50 50 6.3 6.3
1.18 240 240 56 58 5.5 52
0.63 295 280 60 62 5.2 5.0

The same footnote as in Table 6.

The measurements of the conductivity and the interface tension indicate the
presence of the active species probably formed through the reaction of BQ with the
radicals. These new species can contribute to the overall conductivity of the system
by taking part in association with polymer, monomer, and surfactant molecules.
This new association results in releasing the anionic surfactant to water [36]. The
released emulsifier increases the conductivity of the system. The changes in
conductivity values are small and they are observed only at low surfactant
concentrations. The high concentration of surfactant overlaps the effect of BQ.

Kinetic data show that polymer latexes with higher content of acrylonitrile in
copolymer exhibit higher values of conductivity and lower values of the interfacial
tension. This indicates that a change in adsorption of surfactant on the polymer
within polymer particles should occur. The process of adsorption is fairly complica-
ted; it depends on many factors, e.g. the nature of the absorbent, the monomer
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sequence in polymer, the molecular mass of the polymer, temperature, the effect of
solvent, etc.

Among these factors, the solvolytic character of the monomer influences the
adsorption of surfactant on the polymer in the following ways : One is the energetic
factor, i.e. since a solvent molecule must replace surfactant molecules and vice
versa, the difference in energy of interaction between absorbent and solvent, and
adsorbent and polymer molecule, will be important in determining the extent of
adsorption. Another factor is the interaction of polymer—monomer, mono-
mer—monomer, polymer—surfactant, and monomer—surfactant, which leads to
the expectation that adsorption of surfactant on the polymer surface is the best
from the poor solvent.

Apart from energetic reasons, the tighter coiling of the polymer within the latex
particle in the poorer solvent would decrease the interaction activity of polymer
surface.

According to this concept, it is expected that if polymer molecules favour the
adsorption then also the swelling ability of latex particles increases. The particles
with the thick adsorption layer of surfactant on the polymer surface should show
a strong protection against flocculation. This case is most probably the emulsion
polymerization of butyl acrylate [10] where stable particles were formed and in
which the shape of curves of the particle size vs. conversion indicated no sign of
coalescence.

On the other hand, the shape of the curves of the particle size vs. conversion
illustrated in Fig. 4 indicates that the increase of the particle size through the whole
range of conversion is most probably caused by coalescence of polymer particles
themselves. As it has already been discussed, the high water solubility of acrylo-
nitrile gives rise to generation of new particles by homonucleation of oligomer
radicals which can be adsorbed by larger size particles and so the increase in the
average particle size can be observed even at monomer-starved conditions.
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