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This paper reports a kinetic investigation into the emulsion (co)polymerization of decyl
meth- and decyl acrylate with methyl acrylate for the first time. The obtained results are
used to prepare copolymers based on the products of the emulsion (co)polymerization. It
is determined that decyl methacrylate does not homopolymerize with the formation of
emulsions regardless of the nature of an emulsifier, its solubility and initiator structure.
Moreover, they reduce the rate of copolymerization with methyl acrylate. The deceleration
of the copolymerization in the presence of long-chain monomers is related to the a low
activity of decyl (meth)acrylate as compared with methyl acrylate. The colloid-chemical
and physicochemical properties of the synthesized dispersions are investigated. The position
of the maximum of the dependences of viscosity and surface tension on the polymer
composition coincides with the smallest particle sizes of the dispersion; hence, the alterations
in the viscosity and surface tension of the dispersion are associated with the variations in
particle sizes, which results in the changes in the interface surface area. The molecular
weight distribution of emulsion copolymers is studied by a turbidimetric titration technique.
The absorption of water, the strength and specific elongation of the (co)polymer films are
determined by tension testing. Diffusion coefficients are calculated according to the first
section of the water absorption curve; the obtained values show the deceleration of the
rate of the water absorption by the copolymer film as compared with the polymethylacrylate films. The tensile strength of the poly(methyl acrylate-co-decyl acrylate) films is
less than that of the poly(methyl acrylate-co-decyl methacrylate) ones, which corresponds
with the well-known facts concerning the influence of a methyl substituent in an
-position on the polymer properties. The addition of hydrophobic co-monomers, decyl
meth- and decyl acrylate, to the structure of macromolecules with methyl acrylate strongly
affects the properties of the dispersion and derived films, which is connected with the
significant structural transformations of macromolecules in the dispersions and films.
Keywords: kinetic investigation, emulsion (co)polymerization, decyl (meth)acrylate, methyl
acrylate, colloid-chemical and physicochemical properties.
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Introduction
Comb polymers (CPs) belong to a particular
type of polymers in which macromolecules contain
long side branching situated relatively frequent along
the main chain. CPs refer to the homologous series
of higher poly(-alkene)s, poly(1-alkylethylene)s,
poly(acrylate)s and poly(alkyl methacrylate)s with
rather long aliphatic fragments in the side chain,
poly(vinyl alkyl ester)s, complex polyesters, poly(acyl
styrene)s, poly(acrylic acid) derivatives of amino
acids, comb-shaped polypeptides, etc. [1–3].
Branching of hydrocarbon chains usually varies

within 5 to 20 repeating units occurring between
branch points, but the side chains in such polymers
may be very different and include carbocyclic,
heterocyclic, amide, alkyl-aromatic and other
fragments, however, the hydrocarbons are the most
frequent ones. It is important that the lengths of
these side chains significantly exceed their crosssection [3]. Only under these conditions, specific
complex of CPs can appear.
A special feature of these polymers is the
presence of two types of fragments participating in
the main chain formation, whereas branching occurs
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with another of those fragments. These side branches
and the main chain are directly linked by carbon–
carbon, ester, amide, etc. bonds. The existence of
the main chain, in which the side fragments are
pendant, flexible and inclined towards the
intermo lecular inte ractions wit h ot her
macromolecular main chains, allows discovering such
qualities of these polymers that are due to the specific
constitution of the main chain.
One of the methods of the preparation of CPs
is a copolymerization of long-chain (meth)acrylates
affected by the different functionality of a monomer.
This permits influencing both the nature of intrinsic
and intermolecular interactions of CPs and the
properties of the finished products.
The preparation of CPs mainly relates to the
synthesis of poly(methyl acrylate) improvers for
petrochemical products [4–6]. These polymers are
characterized by a relatively low molecular weight,
low content of monomer modifiers and ability to
conformational alterations within petrochemical
products within the temperature range of –40 to
+1000C.
Unsaturated acids are frequently used as
emulsion polymer modifiers, thus allow them to affect
the hydrophilic -hydrophobic balance of
macromolecules [7]. The modification of emulsion
polymers by unsaturated long-chain alcohol esters,
able to influence the hydrophilic-hydrophobic
balance, has not been investigated yet.
We used decyl (meth)acrylates to study a
macromolecule hydrophobization, change their
polymer particle packing and influence the state and
size of hydrated shells formed by water molecules
around polymer particles.
Material and methods
Methyl acrylate (MA) (Merck) was used which
was previously separated from an inhibitor by
distillation; the yield was not less than 99.0%. Decyl
acrylate (DA) and decyl methacrylate (DMA) were
synthesized by esterification from 1-decanol and
acrylic or methacrylic acid, respectively [8].
Ammonium persulphate (APS) (Aldrich) was not
less than 98.0% pure. Sulphonic neonol AF 9-10
(SAF 9-10) was produced by Barva (Ukraine).
Benzene (Aldrich) and acetone (Aldrich) were not
less than 99.0% pure.
The poly(MA-co-DA)s and poly(MA-coDMA)s based on the MA, DA or DMA, in their
various ratios, were synthesized by emulsion
(co)polymerization. The general structure of the
prepared poly(MA-co-D(M)A) is shown as follows
Schema.
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(co)polymerization of MA with D(M)A were
accomplished by a gravimetric method at 700C under
argon atmosphere in a glass round-bottom flask
equippe d with a reflux condense r, stirrer,
thermometer, dropping funnel and inlet to inflate
the flask with argon. SAF 9-10 was used as an
emulsifier (4.0 wt.% of the MA weight), while the
monomers and aqueous phase were in proportion of
1:4. APS was used an initiator. The initiator
concentration was adjusted in such a way as to obtain
the kinetic curve of the MA emulsion polymerization
approximately close to 100% conversion. The
specimens of the colloidal solution were sampled
and transferred into glass weighing bottles; the water
and monomers were removed at 30–400C in vacuo.
The formed film was additionally kept at 600C for
10–12 hours. The conversion was calculated by the
residuum weight.
The dispersions of poly(MA-co-D(M)A) with
the D(M)A content in the monomer mixture up to
25 wt.% were prepared by the addition of the
monomers to the fore-emulsion aqueous phase at
70±10C for 1.0–1.5 hours and further held at this
temperature for 2 hours. APS was used as an initiator
(0.3 wt.% of the MA weight). SAF 9-10 was an
emulsifier (6 wt.% of the MA weight). The dispersion
yield was equal to 98–99%, which ensured a
correspondence between the integral copolymer and
monomer mixture content.
The particle sizes of the dispersion were
measured by the absorbance versus incident light
wavele ngth dep ende nce using a KF-77
photocolorimeter. The surface tension of the polymer
dispersion with different D(M)A content was
determined by the du Nouy method. The viscosity
of the dispersion was measured by means of a VPG-2
capillary viscometer (the instrument constant was
equal to 1.0910–2). A turbidimetric titration was
performed using a KFK-2MP photocolorimeter at a
wavelength of 340 nm. Acetone was a solvent for
the synthesized emulsion copolymers and water was
a precipitant as well.
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a
b
Fig. 1. Kinetic curves of the (co)polymerization for the different D(M)A concentrations in the monomer mixture (wt.%):
(a) poly(MA-co-DA) and (b) poly(MA-co-DMA)

initiating particles into the PMP.
Based on the results of kinetic investigations
for the emulsion copolymerization of the long-chain
(meth)acrylates and well-known quantitative
correlations between the aqueous phase components
and monomers [10,11], poly(MA-co-D(M)A)
dispersion s we re synthesized. Their main
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25.0
5.0
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20.0
25.0

poly(MA)
39.5 133 38.1 7.11
7.25
poly(МА-co-DA) dispersion
39.5 121 38.4 7.98
8.14
39.3 123 39.1 10.4
10.6
39.1 119 40.6 14.3
14.6
39.8 120 40.3 13.7
14.0
38.8 121 40.2 13.4
13.7
poly(МА-co-DMA) dispersion
38.6 119 40.3 8.28
8.45
39.9 120 41.2 13.6
13.9
39.9 117 41.8 19.5
19.9
38.9 119 41.1 15.3
15.6
39.0 116 40.8 13.7
14.0

Viscous flow enthalpy of
activation, kJ/mol

Dynamic viscosity,
mPas, at 250С

Kinematic viscosity,
mm2/s, at 250С

Surface tension, mN/m

Particle size, nm

Residuum, wt. %

Table 1
The characteristics of the dispersions
(the emulsifier content was 6 wt.% with respect
to the total monomer weight)

Monomer modifier
content in the starting
monomer mixture, wt. %

The rectangular strips (1080 mm) with a
thickness of 0.20–0.25 mm were used for the
physical-mechanical investigations of the dispersion
films. The obtained film samples were tested by a
TIRA test 2200 tensile machine. Every sample was
tested in triplicate.
IR spectra of (co)polymers were recorded using
a Specord IR-80M spectrometer within the region
of 4000 to 400 cm–1 (a film, KBr).
Results and discussion
The
kinetic
curves
of
the
MA
homopolymerization demonstrate three following
typical sections: a stationary flow of the process at a
constant rate (I), an abrupt slowdown of the reaction
rate (II) and an almost full completion of the reaction
(III) (Fig. 1).
The process of the copolymerization of the
monomer modified with MA involves similar first
two sections; however, the reaction does not end in
the third section and proceeds slowly until a constant
value of conversion. DA influences significantly upon
the kinetics of the emulsion copolymerization when
compared to DMA [9]. The deceleration of the
copolymerization in the presence of the long-chain
monomers is observed. This may be associated both
with a low activit y of D(M)A during t he
copolymerization as compared with MA and with a
decrease in the share of the reaction that occurs
according to the homogeneous nucleating mechanism
resulted from a MA redistribution in the polymermonomer particle (PMP) in the presence of the
monomer modifiers. The D(M)A emulsion
homopolymerization does not occur under similar
conditions which is connected with both a low activity
of the monomer modifiers during the polymerization
and absence of oligomer radicals formed in the
aqueous phase; this causes the penetration of
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characteristics can be seen in Table 1.
The residua of all synthesized dispersions are
close to each other. However, the viscosity varies
non-monotonously which indicates influencing the
copolymer composition upon the type of the
interaction between the particles and the aqueous
phase (Table 1). An increase in the long-chain unit
content slackens off the structure formed by ester
groups, loosens the particles, which favors increasing
hydrate shells around the ester groups, and increases
the viscosity up to D(M)A content of 15 wt.%. At
the higher content of the long-chain monomers,
which form the main structure of the macromolecule,
a packing happens because of the dispersion
interaction between long alcohol substituents that
decreases hydrate shells around the ester groups.
However, the complex structure of the relationship
between the viscosity and copolymer composition is
due to significant conformational alterations in
macromolecules, which influence the hydrodynamic

sizes of the particles of the dispersion.
Different relationship between the surface
tension and copolymer composition is a consequence
of two-factor impact: a decrease in the particle sizes
which increases the emulsifier absorption due to
enlarging an interphase boundary area, and an actual
alteration in the absorption ability of an interphase
boundary.
The molecular weight distribution (MWD) of
the emulsion copolymers was studied by the
turbidimetric titration of copolymer solutions in the
system containing acetone (as a solvent) and water
(as a precipitant). The slope of the integral and
differential curves of turbidimetric titration is
determined by different interactions between
macromolecules and a solvent, which, in turn,
depend upon a (co)polymer composition (Figs. 2
and 3).
This indicates different solubility and,
consequently, different rate of the (co)polymer

ab
Fig. 2. Data on turbidimetric titration of poly(MA-co-DA) solutions by water at a different DA concentration in the monomer
mixture (wt.%): (a) integral curves and (b) differential curves

a
b
Fig. 3. Data on turbidimetric titration of poly(MA-co-DMA) solutions by water at different DMA concentrations in the monomer
mixture (wt.%): (a) integral curves and (b) differential curves
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precipitation. The bends in the curves are due to the
appearance of the fraction with another composition.
The differential curves of turbidimetric titration
show a clearly defined bimodality resulted from the
presence of two fractions with different molecular
weights. In the poly(MA) dispersion , this
phenomenon is related to the presence of the fraction
of those synthesized in poly(MA) (the main
maximum) and in the aqueous phase (the series of
the small maxima). In the differential curves of
turbidimetric titration of the copolymers, the
displacement of the maxima leads to an increase in
the quantity of the precipitant. As a rule, this is due
to a decre ase in the m olecular weight of
(co)polymers. The poly-modality (positive tailing the
differential titration for poly(MA-co-DA) (Fig. 2,b))
is associated with the formation of the copolymer
fraction via the homogeneous nucleation mechanism
in the aqueous phase. The MWD of the main fraction
broadens with an increase in the DA content (Fig. 2).
According to the turbidimetric titration data, a
similar effect on the MWD is observed in poly(MAco-DMA) (Fig. 3). However, the content of the main
fraction in these copolymers has a wider MWD than
that in poly(MA-co-DA).
The use of the (meth)acrylate dispersion to glue
and form film materials is directly is related to the
shaping of a film [12]. Therefore, the properties of
dispersion films should investigated on the light of
their practical application. We investigated water
absorption, mechanical strength and specific
elongation at rupture to analyze the effects of D(M)A
on the properties of the films that are obtained by
copolymerization with MA.
Water absorption varies disproportionately with
an increase in the D(M)A content (Fig. 4). The
curves describing the relative water absorption of
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the (co)polymer films show the sections of a rapid
absorption, slow absorption, equilibrium and
desorption of water-soluble components (Fig. 4). The
diffusion coefficients were calculated based on the
first section; these data showed a decrease in the
rate of water absorption by the copolymer films as
compared with the poly(MA) one (Table 2). The
water absorption of the poly(MA-co-DMA) films is
less than that of the poly(MA-co-DA) ones, which
is caused by the influence of a methyl substituent in
an -position on the polymer structure. Despite
significant hydrophobic activity of the monomer
modifier, the water absorption of the films
disproportionately depends upon their content. This
indicates the effects of various factors on this process.
In the investigated time interval (reaching equilibrium
or close to this state), the desorption of water-soluble
components from the poly(MA-co-D(M)A) films is
still in progress (Fig. 4).
The statistical estimate of the data on the tensile
strength test and specific elongation during rupture
was performed by using the Student distribution with
a degree of reliability of 0.95. The relative deviation
of the tensile strength and specific elongation of the
films were in the range of 4 to 25%, though an
increase in the content of monomer modifier
facilitated a decrease in the relative error. The tensile
strength of the poly(MA) and poly(MA-co-D(M)A)
films decreases with increasing the amount of the
long-chain monomers (Fig. 5,a), which indicates
their plasticizing action. It should be noted that the
tensile strength of the poly(MA-co-DA) films is less
than that of the poly(MA-co-DMA) ones (Fig. 5,a);
these results exactly coincide with the well-known
facts concerning the influence of a methyl substituent
in an -position on the properties of polymers [13].
Despite well-known regularities concerning the

a
b
Fig. 4. Relative water absorption of the (co)polymer films versus duration at a different D(M)A concentration in the monomer
mixture (wt.%): (a) poly(MA-co-DA) film and (b) poly(MA-co-DMA) film
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ab
Fig. 5. Physical-mechanical properties of poly(MA-co-DA) and poly(MA-co-DMA) films at different D(M)A concentration in
the monomer mixture: (a) tensile strength and (b) specific elongation

Table 2
The diffusion coefficients of water into the film

Monomer modifier
content in the film,
wt.%

Duration,
hours

Diffusion coefficients
of water into the film,
m2/s

the presence of a methylene group. The long
hydrocarbon fragment of decyl (meth)acrylate is
indicated by absorptions at 2928 and 2856 cm–1;
absorption at 1376 cm–1 reveals the presence of a
methyl group.

poly(MA)
6
9.5910–11
poly(MA-co-DA) dispersion film
5.0
9.8310–11
10.0
7.3210–11
15.0
6
1.2710–10
20.0
4.5310–11
25.0
4.0010–11
poly(MA-co-DMA) dispersion film
5.0
8.6410–10
10.0
3.4410–11
15.0
24
5.8010–11
20.0
2.9710–11
25.0
3.2310–11

–

changes of the film specific elongation when adding
a modifier [14], an increase in the monomer modifier
content leads to an increase in the film specific
elongation (Fig. 5,b).
To conf irm the composition of t he
(co)polymers, IR spectroscopy of the corresponding
films was used (Fig. 6). Absorptions, which are
attributed to ester and methylene groups, are present
in the dispersion (co)polymer films. A very strong
absorption at 1736 cm–1 is assigned to C=O stretch.
Valency vibrations (C–O) of esters, in fact, consists
of two different components, which interact mutually:
(C–C(=O)–O) and (O–C–C). The mentioned
absorptions are observed at 1337 and 1168 cm–1.
The absorptions at 2952, 2648 and 1442 cm–1 suggest

Fig. 6. IR spectra of the (co)polymer films

Conclusions
The emulsion homopolymerization of methyl
acrylate and copolymerization of methyl acrylate with
decyl acrylate and decyl methacrylate was studied.
According to our findings, a significant deceleration
of the copolymerization rate is caused by structural
transformations in a micelle and by prevention of
initiating particles from their deep penetrating into
the PMP, which contains long-chain monomers.
The
structural
tran sformations
of
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macromolecules in the copolymer dispersion of
methyl acrylate with decyl acrylate and decyl
methacrylate are due to the change of the particle
size and absorption capacities of their surface. This,
in turn, influences non-monotonous dependences
of the viscosity and surface tension of the dispersions
as well as the physical-mechanical properties of the
dispersion fil ms on the conten t of decyl
(meth)acrylate.
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ÅÌÓËÜÑ²ÉÍ² (ÊÎ)ÏÎË²ÌÅÐÈ ÌÅÒÈËÀÊÐÈËÀÒÓ Ç
ÄÅÖÈË(ÌÅÒ)ÀÊÐÈËÀÒÀÌÈ: ÑÈÍÒÅÇ ² ÂËÀÑÒÈÂÎÑÒ²
Ò.Ï. Êîâàëåíêî, Â.Î. Ñåðäþê, Â.Á. Âîñòðåñ, Ã.Ô. Ìàò³êî
Ó ðîáîò³ âïåðøå çä³éñíåíî ê³íåòè÷í³ äîñë³äæåííÿ åìóëüñ³éíî¿ (êî)ïîë³ìåðèçàö³¿ äåöèëìåò- òà äåöèëàêðèëàòó ç ìåòèëàêðèëàòîì òà îäåðæàíî êîïîë³ìåðè íà ¿õ îñíîâ³. Âñòàíîâëåíî, ùî äåöèë(ìåò)àêðèëàòè íå ãîìîïîë³ìåðèçóþòüñÿ â åìóëüñ³¿
íåçàëåæíî â³ä ïðèðîäè åìóëüãàòîðà, ðîç÷èííîñò³, áóäîâè ³í³ö³àòîðà òà çìåíøóþòü øâèäê³ñòü êîïîë³ìåðèçàö³¿ ç ìåòèëàêðèëàòîì. Ñïîâ³ëüíåííÿ êîïîë³ìåðèçàö³¿ â ïðèñóòíîñò³ äîâãîëàíöþãîâèõ ìîíîìåð³â ïîâ’ÿçàíå ç á³ëüø íèçüêîþ àêòèâí³ñòþ
äåöèë(ìåò)àêðèëàòó â êîïîë³ìåðèçàö³¿ ó ïîð³âíÿíí³ ç ìåòèëàêðèëàòîì. Äîñë³äæåíî êîëî¿äíî-õ³ì³÷í³ òà ô³çèêî-õ³ì³÷í³ âëàñòèâîñò³ ñèíòåçîâàíèõ äèñïåðñ³é. Âñòàíîâëåíî, ùî ïîëîæåííÿ
ìàêñèìóìó ó çàëåæíîñò³ â’ÿçêîñò³ òà ïîâåðõíåâîãî íàòÿãó â³ä
ñêëàäó êîïîë³ìåðà ñï³âïàäàº ç íàéìåíøèìè ðîçì³ðàìè ÷àñòèíîê äèñïåðñ³é ³, â³äïîâ³äíî, ÷àñòêîâà çì³íà â’ÿçêîñò³ òà ïîâåðõíåâîãî íàòÿãó äèñïåðñ³é çóìîâëåíà çì³íîþ ðîçì³ð³â ÷àñòèíîê
³, â³äïîâ³äíî, çì³íîþ ïëîù³ ì³æôàçíî¿ ïîâåðõí³. Âèâ÷åíî ìîëåêóëÿðíî-ìàñîâèé ðîçïîä³ë åìóëüñ³éíèõ êîïîë³ìåð³â ìåòîäîì
òóðá³äèìåòðè÷íîãî òèòðóâàííÿ. Äîñë³äæåíî âîäîïîãëèíàííÿ,
ì³öí³ñòü òà â³äíîñíå âèäîâæåííÿ ï³ä ÷àñ ðîçðèâó (êî)ïîë³ìåðíèõ ïë³âîê. Ðîçðàõîâàíî êîåô³ö³ºíòè äèôóç³¿ çà äàíèìè ïåðøî¿
ä³ëÿíêè êðèâèõ âîäîïîãëèíàííÿ, ÿê³ ñâ³ä÷àòü ïðî çìåíøåííÿ
øâèäêîñò³ ïîãëèíàííÿ âîäè ïë³âêàìè êîïîë³ìåð³â ïîð³âíÿíî ç
ïë³âêàìè ïîë³ìåòèëàêðèëàòó. Ïîêàçàíî, ùî ì³öí³ñòü ïë³âîê
íà ðîçðèâ êîïîë³ìåð³â ìåòèëàêðèëàò-äåöèëàêðèëàò ìåíøà çà
ì³öí³ñòü ïë³âîê êîïîë³ìåð³â ìåòèëàêðèëàò-äåöèëìåòàêðèëàò,
ùî çá³ãàºòüñÿ ç çàãàëüíîâ³äîìèìè ôàêòàìè âïëèâó ìåòèëüíîãî
çàì³ñíèêà â -ïîëîæåíí³ íà âëàñòèâîñò³ ïîë³ìåð³â. Ïîêàçàíî,
ùî âíåñåííÿ ã³äðîôîáíèõ êîìîíîìåð³â – äåöèëìåò- ³ äåöèëàêðèëàòó â ñòðóêòóðó ìàêðîìîëåêóë ç ìåòèëàêðèëàòîì ñóòòºâî âïëèâàº íà âëàñòèâîñò³ äèñïåðñ³é òà ïë³âîê îäåðæàíèõ ç
íèõ, ùî ïîâ’ÿçàíî ç³ çíà÷íèìè ñòðóêòóðíèìè ïåðåòâîðåííÿìè
ìàêðîìîëåêóë ó äèñïåðñ³ÿõ ³ ïë³âêàõ.
Êëþ÷îâ³ ñëîâà: ê³íåòè÷í³ äîñë³äæåííÿ, åìóëüñ³éíà
(êî)ïîë³ìåðèçàö³ÿ, äåöèë(ìåò)àêðèëàò, ìåòèëàêðèëàò,
êîëî¿äíî-õ³ì³÷í³ òà ô³çèêî-ìåõàí³÷í³ âëàñòèâîñò³.
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This paper reports a kinetic investigation into the emulsion
(co)polymerization of decyl meth- and decyl acrylate with methyl
acrylate for the first time. The obtained results are used to prepare
copolymers based on the products of the emulsion (co)polymerization.
It is determined that decyl methacrylate does not homopolymerize
with the formation of emulsions regardless of the nature of an
emulsifier, its solubility and initiator structure. Moreover, they reduce
the rate of copolymerization with methyl acrylate. The deceleration
of the copolymerization in the presence of long-chain monomers is
related to the a low activity of decyl (meth)acrylate as compared
with methyl acrylate. The colloid-chemical and physicochemical
properties of the synthesized dispersions are investigated. The position
of the maximum of the dependences of viscosity and surface tension
on the polymer composition coincides with the smallest particle sizes
of the dispersion; hence, the alterations in the viscosity and surface
tension of the dispersion are associated with the variations in particle
sizes, which results in the changes in the interface surface area. The
molecular weight distribution of emulsion copolymers is studied by a
turbidimetric titration technique. The absorption of water, the strength
and specific elongation of the (co)polymer films are determined by
tension testing. Diffusion coefficients are calculated according to the
first section of the water absorption curve; the obtained values show
the deceleration of the rate of the water absorption by the copolymer
film as compared with the polymethyl-acrylate films. The tensile
strength of the poly(methyl acrylate-co-decyl acrylate) films is less
than that of the poly(methyl acrylate-co-decyl methacrylate) ones,
which corresponds with the well-known facts concerning the influence
of a methyl substituent in an -position on the polymer properties.
The addition of hydrophobic co-monomers, decyl meth- and decyl
acrylate, to the structure of macromolecules with methyl acrylate
strongly affects the properties of the dispersion and derived films,
which is connected with the significant structural transformations of
macromolecules in the dispersions and films.
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