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Abstract—The novel poly (VAC-VeoVa-HFMA-BZMA) latex was successfully prepared via semicontinuous
seeded emulsion polymerization which vinyl acetate (VAc) and vinyl ester of neodecanoic acid (VeoVal0)
were main monomer, hexafluorobutyl methacrylate (HFMA) and benzyl methacrylate (BZMA) were used
as functional monomer. Dodecyl benzene sulfonic acid sodium (SDBS), octylphenol polyoxyethylene ether
(OP-10) and potassium persulfate (KPS) were used to be mixed emulsifier and initiator, respectively. The
structure of the resultant latex is determined by Fourier transform infrared spectroscopy spectrum (FTIR).
The thermal performances of latex film are studied via the thermogravimetric analysis (TGA) and differential
scanning calorimetry (DSC). The average particle size of the latex is characterized by the dynamic light scat-
tering(DLS).Water contact angle (WCA) is used to test the wetting property of the novel poly (VAC-VeoVa-
HFMA-BZMA) latex film. The condition of synthesizing the latex was studied in detail. The optimum con-
dition of preparing the novel latex is that the amount of emulsifier is 8.0% (wt %) and the mass ratio of SDBS
to OP-10is 2 : 1 and the mass ratio of main monomer VAc to VeoValO is 3 : 1. The amount of initiator is 0.8%
and the amounts of HFMA and BZMA are 6.0 and 8.0% (wt %), respectively. Results indicate that the water
resistance of the latex film and thermal stability are improved when the fluorine and BZMA monomers are
added.
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1. INTRODUCTION

The polymer vinyl acetate (PVAc) emulsion has
been widely used in coating and adhesions because of
its low cost, environmental protection, high bonding
strength. However the poor water resistance has
restricted its further application [1—5]. Luckily, Veo-
ValO is one of the most common monomers for pre-
paring VAc-VeoVal0 copolymer latex due to its similar
reactivity ratio in radical polymerization with VAc and
figurative “umbrella effect” [6—8]. VAc-VeoVal0
copolymers also have extensive applications in coat-
ings, adhesives, paints, polymer-modified waterproof
mortars, cement additions, polymer cement powders,
polymer dispersions and so on [9—15]. The cement
specimens with polyvinyl acetate-vinyl carboxyl-
ate(VA/VeoVa) for repairing mortars have high com-
pressive, tensile, flexural and bond strength. In com-
parison with ethylene vinyl acetate (EVA) cement
specimens, VA/VeoVa specimens have lower thermal
expansion. The micrograph showed that VA/VeoVa
specimens could reduce the pore and enhance dura-
bility [16]. Furthermore, VAc-VeoVal0 copolymer has
good advantage of water resistance, alkali resistance

and outstanding weather resistance. Presently, more
and more attention has been paid to the characteriza-
tion and property of VAc-VeoValO copolymer latex.
Mari A J et al [17] successfully prepared the VAc-
VeoVa 10 latex with good scrub resistance and water
repellency. In addition, the production of VAc-Veo-
Val0 Iatex with the continuous processes have been
reported by Amaia Agirre [18].

Recently, the fluoropolymer latex has attracted
much attention of many researchers because the fluo-
rine element makes emulsion polymer achieve excel-
lent water repellency property. Thus, there are some
reports that VAc-VeoVal0O copolymer emulsion was
modified by fluorine monomer. Shi et al. [19] used
chlorotrifluoroethylene (CTFE), VAc, VeoVal0 as
main monomers to prepare the fluorinated latex with
the solid content of 33%. Zhu et al. synthesized a novel
fumaric surfmer, which was applied in the emulsion
polymerization of VAc, butyl acrylate(BA), VeoVa 10
and HFMA [20]. Similarly, the VAc-BA-VEOVA10-
HFMA latex was synthesized by polymerizable surfac-
tants with mixed emulsifier of polyoxyethylene non-
ionic surfactant and quaternary ammonium cationic
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surfactant [21]. Besides, Cheng et al. has reported that
small amount of fluorine in the polymer can bring a
very low surface tension and high water contact angle
[22]. Meanwhile, polymer containing benzene ring
has good hydrophobicity. The thermal stability of the
copolymers was slightly increased with increase in
BZMA content in Kadir Demirelli’s work [23]. How-
ever, at present, VAc-VeoVal0 copolymer latex modi-
fied by HFMA monomer and BZMA monomer is
never reported in the open literature. In this work, the
novel poly (VAC-VeoVa-HFMA-BZMA) latex is pre-
pared via semicontinuous seeded emulsion polymer-
ization. The emphasis is laid on the optimization of
the synthetic conditions and characterization of novel
resultant latex.

2. EXPERIMENTAL
2.1. Materials

Vinyl acetate (VAc), which was chemically pure,
was bought from Shanghai Aladdin Industrial Corpo-
ration (China). Vinyl ester of neodecanoic acid (Veo-
Val0), which was analytically pure, was purchased
from Foshan Jinjia New Material Technology Co. Ltd
(China). Hexafluorobutyl methacrylate (HFMA),
which was industrial grade, was obtained from Harbin
Xeogia Fluorine-silicon Material Co. Ltd (China).
Benzyl methacrylate (BZMA) was bought from
Shanghai Aladdin Biochemical Technology Co Ltd
(China). Octylphenol polyoxyethylene ether (OP-10),
which was industrial grade, was obtained from Shang-
hai Minchen Chemical Co Ltd (China). Sodium
dodecyl benzene sulfonate (SDBS), which was chem-
ically pure, was supplied by Shanghai Yingpeng
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Chemical Reagent Co Ltd (China). Potassium persul-
fate (KPS), which was chemically pure, was obtained
from Shanghai United Company (China). The de-
ionized water was made in our laboratory.

2.2. Preparation of Novel Poly
(VAC-VeoVa- HFMA-BZMA) Latex

There are two stages to prepare novel poly (VAC-
VeoVa-HFMA-BZMA) latex via semicontinuous
seeded emulsion polymerization. One was that 1.60 g
of SDBS and 0.80 g of OP-10 were added into a 250 mL
four -neck flask and the other was the above emulsifier
was dissolved in 40.00 ml of deionized water. The flask
was equipped with a mechanical stirrer, a reflux con-
denser and two dropping funnels for dripping of
monomers and initiator. The four-necked flask was
placed in a water bath and heated to 75.0°C when
mechanical stirrer was adjusted to suitable rotational
speed. Then 3.00 g of KPS aqueous solution and 3.00 g of
mixed monomers, which were composed of VAc, Veo-
Val0, HFMA and BZMA, were dripped slowly into
the flask through two dropping funnels within the
range of 15 to 20 min, respectively. The reaction was
kept for 20 min under the 75.0°C after the initiator and
mixed monomers were dripped completely. The rest of
KPS solution and mixed monomers were charged sep-
arately into the flask within 3 to 4h. Finally, the poly-
mer latex was kept at 80.0°C for 1 h to increase the
conversion of the monomers. The latex was cooled
and filtered after the polymerization was completed.
The typical recipe for preparing novel latex was sum-
marized in Table1.The synthetic pathway of preparing
the novel latex was illustrated in Scheme 1.

(I) (ll) |CH3 Il H2 F2 ll:
mH,0=C—0—C—CH3+ nH,C=C—0—C—C-R; + ¢H,C=C—0—0—-C —C -CH
H H [ i i
R, CH, CF;
VAc VeoVal0 HFMA
(II) H2 Copolymerization CH3 3
+PH,C=C—0—-0—-C @ — — H, H; H, H H, | H, |
| Emulsifiers and Initiator C —C p CcC —C m C —C 5 C —C »
CH; | | D
BZMA (I) (|) $_O T_O
T o0
CH; Rl—(|?—R2 (|:H2 H,C
CHj; (|:F2
F_(]:H
CF;
Scheme 1. Synthetic pathway of novel latex.
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SYNTHESIS AND CHARACTERIZATION

2.3. Characterizations

The structure of polymer was characterized by
Fourier transform infrared spectrum analyzer (FTIR,
Thermo Nicolet infrared AVATAR370, USA) and
FTIR spectra were recorded within a range from 4000
to 400 cm~ . Glass transition temperature (T,) of poly-
mers was tested by the differential scanning calorime-
try (DSC, Q100, USA) at a heating rate of 10°C /min
under nitrogen atmosphere and the temperature scale
is ranged from —60 to 60°C. Average particle size and
the polydispersity indexes (PDI) of the latex were
measured by Zetatrac dynamic light scattering detec-
tor (Microtrac Limited Corporation, USA) at 25°C.
The mechanical stability of the emulsion was exam-
ined by the centrifugal machine with the rotational
speed of 4000 rpm for 30 min. Calcium ion stability
test was verified through adding 2 mL CaCl, aqueous
solutions (0.5 wt %) into 8 mL latex in a test tube and
it was left standing for certain time at room tempera-
ture to weight the gel content. The monomer conver-
sion was calculated by gravimetric analysis. The gel
rate is based on the following equation (I)

LXIOO%, )]

Coagulation(X.%) =
W) +W,;

where W is the quality of solid which is collected from
the four-flask and mechanical stirrer; W, is the
amount of main monomer; Wj is the mass of func-
tional monomer. The decomposition temperature of
the copolymers was assessed by using thermo-gravi-
metric analysis (TGA). The testing condition of copo-
lymers is that the temperature was ranged from 40 to
600°C at a heating rate of 10°C/min with N, protec-
tion.

Water contact angle of the novel copolymer film is
measured by contact angle meter (OCA 20, Germany)
with the pendant drop method at room temperature.
Water absorption percentage is calculated by an equa-
tion (IT)

M%:a_b

x100%, In
where a is the weight of latex film absorbed into de-
ionized water; b is the weight of latex film dried in an
oven at 70.0°C.

3. RESULTS AND DISCUSSION
3.1. FTIR and DSC Analysis of Film of Novel Latex

Figure 1 is FTIR spectrum of the novel latex. The
absorption peak of 3458.7 cm~! is defined to the peak
of —OH. The characteristic absorption peaks that
occurred at 2960.6 and 2928.5 cm™! are attributed to
the stretching vibration of —CH; and —CH,. The
strong peak spectrum band of bending vibration
absorption peak of C=0 at 1735.64 cm~' indicates that
plenty of esters exist in the copolymer. The absorption
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Table 1. Recipe of preparing novel latex
Components | Weight, g Components Weight, g
VAc 19.35 KPS 0.24
VeoVal0 6.45 SDBS 1.60
HFMA 1.80 OP-10 0.80
BZMA 2.40 De-ionized water| 70.00

peak of C=C in range of 1700 and 1500 cm~' is not dis-
covered in FTIR spectrum, which indicates that there
is no residual monomers in the polymer sample. The
bending vibration absorption peak of 1434.1 cm™' is
the characterization of CH;—CO—O— [24]. 1370.6 cm™!
is the bending and stretching vibration of C—C. The
strong bending vibration absorption of 1228.6 ¢m™!
may be the characteristic peaks of —OCH— or —CF,.
The band of 1125.5 cm™! is the bending vibration of C-H
in plane. The band at 1019.8 cm™~! is also observed,
which might be formed due to the C—O—C stretching
vibration in ester group. The characteristic absorption
peaks of C—F appear in the band of 944.3 cm~. In
addition, two C—H bending vibration peaks of mono-
substituted benzene (BZMA unit) were observed at
698.5, 751.5 and 791.1 cm~! [25]. FTIR spectrum of
the novel latex confirms that the novel resultant latex
has been prepared successfully. Tg of the latex film is
quantified by DSC, which is presented in Fig. 2. From
Fig. 2, it is observed that Tg of the polymer is 19.70°C,
which is different from Tg of VeoVal0 homopolymer
(—5-0°C) [26, 27] and VAc homopolymer (39°C) [27,
28]. It is also confirmed that the random copolymer is
successfully prepared.

3.2. Effect of Different Amounts of Emulsifier
on Properties of Novel Latex

Effect of different amounts of emulsifier on properties
of novel latex is presented in Table 2. From Table 2, it can
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Fig. 1. FTIR spectrum of film of novel latex.
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Fig. 2. DSC curve of film of novel latex.

be seen that the particle size is decreased with
increased amount of emulsifier when the amount of
emulsifier is less than 5.0% (wt %). The stability of the
novel latex is improved along with the increased
amount of the emulsifier. This phenomenon may be
interpreted by the principle of emulsion polymeriza-
tion about the micelle mechanism and oligmer mech-
anism [29]. Usually, according to the micelle mecha-
nism of the emulsion polymerization, the particle size
of latex would be decreased with the increased amount
of emulsifier. Namely, there were more micelles with
the increase of the concentration of the emulsifiers.
Thus, the particle size is decreased with the increased
amount of emulsifier when the amount of emulsifier is
less than 5.0% (wt %) [29]. The effect of different
amounts of emulsifier on the monomer conversion
percentage and coagulation percentage is shown in
Fig. 3. In emulsion polymerization, the emulsifier will
be developed into the micelle. The monomer is dis-
persed into the individual droplets. The droplets,
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which enter inside the micelle, will initiate the polym-
erization reaction. When the amount of emulsifier is
few, the monomer and initiator can be not reacted
adequately. The coagulation percentage would be
increased obviously and the storage stability of latex
will become weaken. However, the abundant polym-
erization heat, which will accelerate Brownian move-
ment, leads to a large amount of coagulation when the
amount of emulsifier is excessive. At the beginning,
the more the emulsifier is, the higher the monomer
conversion is, the lower the coagulation is. However,
the amount of emulsifier is more than its critical
micelle concentration (CMC) when the amount of
emulsifier is more than 8.0% (wt %). Thus, the con-
version percentage will be decreased but the coagula-
tion percentage is increased. In view of Ca?* stability,
mechanical stability and particle size, the optimum
amount of emulsifier is 8.0% (wt %) and the mass ratio
of SDBS to OP-10is 1 : 1 in this work.

3.3. Influence of Amount of Initiator on Conversion
Percentage and Coagulation Percentage

The effect of amount of KPS on conversion per-
centage and coagulation percentage is given in Fig. 4.
In Fig. 4, it can be found that the conversion percent-
age is decreased with the increased amount of KPS
when it is less than 0.9% (wt %). However, the mono-
mer conversion percentage is decreased with the
increased amount of KPS when it is ranged from 0.9%
(wt %) to 1.0% (wt %). In addition, it can be observed
that the monomer conversion percentage was contrary
to the coagulation percentage. However, the conver-
sion percentage was maximal when the amount of
KPS is 0.9% (wt %). It may be explained that the ini-
tiator was decomposed into free radical in emulsion
polymerization. The increased free radical will accel-
erate polymerization rate. According to the conversion
percentage, the stability of the latex and coagulation

Table 2. Influence of different amount of emulsifier on properties of latex

Amqupt of Mass ratio of Appearance Mechgl}ical Ca?t Particle size/nm PDI
emulsifier/% |SDBS to OP-10 of latex stability stability
1 0.15:0.15 v ] | 82.23 0.480
2 0.30:0.30 v | | 70.42 0.497
3 0.45:0.45 v O O 59.95 0.501
4 0.60: 0.60 v I | 37.94 0.117
5 0.75:0.75 ° | v 30.61 0.089
6 0.90:0.90 [ ] | v 31.70 0.090
7 1.05:1.05 [ ] v v 32.75 0.109
8 1.20:1.20 [ ] v v 35.81 0.002
9 1.35:1.35 ([ ] v v 40.03 0.016

Notes: ¥ means that the appearance of the latex is milky white; ® symbolizes that the appearance of the latex is translucent with blue

white color; © stands for the not good Mechanical and Ca + stability stability of the latex; ¥ stands for good mechanical and Ca

bility; ®: polydispersity index of particle size.
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Fig. 3. Effect of different amount of emulsifier on conver-
sion percentage and coagulation percentage.

percentage, the amount of KPS is 0.8% (wt %) in this
study.

3.4. Effect of Varied Mass Ratios of Monomer
and Emulsifier on Properties of Latex

Table 3 is the effect of varied mass ratios of mono-
mer on the properties of latex. It can be seen that when
the ratio of VAc to VeoValOis 3 : 1, the monomer con-
version rate is the highest. The storage and mechanical
stability is better. In this work, VAc plays a role of hard
monomer which maintains the rigidity and scrubbing
resistance of the latex film. VeoValO is the soft mono-
mer which brings the latex film suitable softness, elas-
ticity and durability. According to the special chemical
structure of VeoVal0O, the VeoVal0 molecular could
protect more VAc molecular from water repellency.
Thus, the amount of VAc monomer is always more
than that of VeoVal0 monomer. Table 4 is the effect of
different mass ratios of emulsifier on the properties of
latex. It can be found that when the ratio of SDBS to
OP-10 is 2 : 1, the appearance of latex is translucent
with blue color and the storage stability is good. How-
ever, the coagulation percentage is changed slightly. In
conventional emulsion polymerization, it is univer-
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Fig. 4. Influence of amount of initiator on conversion per-
centage and coagulation percentage.

sally believed that anion surfactant is often mixed with
nonionic surfactant, which is beneficial to the stability
of the latex. Furthermore, Table 4 also indicates that
the varied mass ratios of emulsifier have not obvious
effect on the properties of latex.

3.5. TGA of Films of Latex

TGA is utilized to measure the thermal stability of
polymer. TGA curves of the conventional latex and
novel latex is presented in Fig. 5. The initial decom-
posed temperature of VAc-VeoVal0 is 253.09°C.
However, the initial decomposed temperature of novel
latex is 276.09°C. Thus, it can be seen that fluorine
and BZMA monomer are introduced intoVAc-Veo-
ValO copolymer. The heat resistance of the copolymer
is obviously enhanced. The high bond energy of the C-
F is beneficial to improve the heat resistance of the
novel latex.

3.6. Effect of Amount of HFMA and BZMA
on Water Absorption of Film

Influence of amount of HFMA and BZMA on
water absorption of film is given in Fig. 6. Figure 6

Table 3. Effect of varied mass ratios of monomer on properties of latex

Mass ratio Conversion Coagulation Appearance Storage stability Mechf.:lr‘lical
of VAc to VeoValO percentage/% percentage/% of latex stability
60:40 90.28 1.10 L 4 [ ] ¢
70:30 89.74 0.90 L 4 ® v
75:25 93.71 1.10 * o v
80:20 87.03 0.90 * | <
90:10 91.91 1.40 L 2 [ ] ¢

Notes: ¢ means that the appearance of the latex is milky white; B means that the storage stability is not good; ® means that the storage
stability is good; ¢ means that the mechanical stability is not good; ¥ means that the mechanical stability is good.
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Table 4. Effect of varied mass ratios of emulsifier on properties of latex

of Si\)/[];lsss tljtg)P_ 10 p;g:;f;;o,n% Gel percentage, % Appearance of latex Mechanical stability
3:1 90.87 0.70 A ©
2.5:1 88.17 0.90 A v
2:1 92.42 0.60 [ ] v
1.5:1 90.85 0.50 [ v
1:1 92.37 0.60 [ ©
1:1.5 92.66 0.60 [ ] v
1:2 94.50 0.60 [ v
1:2.5 91.92 0.80 [ v
1:3 90.77 0.70 (] v

Notes: A indicates that the latex is milky white; ® means that the appearance of the latex is translucent with blue color; @ stands for the
not good Mechanical stability of the latex; V stands for the good Mechanical stability of the latex.

shows that the water absorption of the latex film is
decreased greatly when VAc-VeoValO copolymer is
modified with fluorine and BZMA monomer. Usu-
ally, the large energy of C—F bonds results in the
reduction of surface energy of the polymer, which
causes the water absorption of the film to be decreased
evidently. Furthermore, the strong surface strength of
BZMA benzene ring makes the water absorption of the
film be decreased further. However, Fig. 6 also indi-
cates that the water absorption of the film has a ten-
dency to be flat when the amount of BZMA is 8.0%. It
is probable that the inner of latex particle has been
filled with the functional monomer and the saturation
has been reached. Thus, the water absorption of the
film is varied slightly when the amount of BZMA is
increased further. In addition, the influence of the
functional monomers on the contact angels (CA) of
novel latex is shown in Fig. 7. It can be found that the
waterproof property of the novel latex film is improved

253.09°C
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N
(e}
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(=)
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Weight loss percentage, %
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1 1 1 1
0 100 200 300 400
Temperature, °C

1
500 600

Fig. 5. TGA curves of the latex film (a: VAc-VeoVa 10
copolymer; b: VAc-VeoVa 10 copolymer modified by
HFMA and BZMA monomer).
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in comparison with the conventional poly (VAc-Veo-
Val0) latex. This phenomenon can be explained by the
fact that CA is strongly associated with wet ability and
it is acknowledged that the size of CA is conformed to
the surface hydrophobic characterization of the film.
At the same time, it is clear that the hydrophobicity of
the novel poly(VAc-VeoVal0O-HFMA-BZMA) latex
film is enhanced from Fig. 8.

4. CONCLUSIONS

The novel poly (VAC-VeoVa-HFMA-BZMA)
latex is synthesized via semicontinuous seeded emul-
sion polymerization, which VAc is used to be the hard
monomer and VeoVal0 is used to be the soft monomer
and HFMA and BZMA are used to the functional
monomers. The optimum conditions of preparing the
novel latex are that the amount of emulsifier is 2.40 g;

140

, %

rate, 7o
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Weight absorption rate
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1 1 1 1
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Amount of HFMA and BZMA monomer, %

Fig. 6. Effect of amount of HFMA and BZMA on water
absorption of film (4: HFMA monomer; B: HFMA
monomer and BZMA monomer).
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Fig. 7. Effect of amount of HFMA and BZMA monomer
on CA of film (a: poly (VAc-VeoVal0) modified by HFMA
and BZMA monomer b: poly (VAc-VeoVal0) modified by
HFMA monomer).

a (86.0°)

b (90.1°) ¢ (98.5°)

Fig. 8. Contact angle of the film (a: film of poly (VAc-Veo-
Val0); b: film of poly(VAc-VeoVal0) modified by HFMA
monomer; c¢: film of poly(VAc-VeoVal0) modified by
HFMA and BZMA monomer).

the mass ratio of SDBS to OP-10is 2 : 1; the mass ratio
of main monomer of VAc to VeoValO is 3 : 1; the
amount of initiator is 0.8% (wt %) The amount of ini-
tiator is 0.8% and the amounts of HFMA and BZMA
are 6.0 and 8.0% (wt %), respectively. The hydropho-
bic stability and heat resistance of polymer is improved
obviously when HFMA and BZMA are incorporated
into the VAc-VeoVal0 copolymer.
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