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Abstract Fluorocarbon surfactants are widely used,
especially in the emulsion polymerization of fluo-
ropolymers, due to their high surface activity, excellent
stability, and excellent compatibility. However, the
long-term environmental pollution of perfluoroalkyl
and polyfluoroalkyl groups in fluorocarbon surfactants
has made them banned. Here, we designed and
prepared an environmentally friendly zwitterionic flu-
orocarbon surfactant (PFSC) through shortening fluo-
rocarbon chains and covalent bonding them with the
zwitterionic groups, and further demonstrated the
effect on the emulsion polymerization of fluoropoly-
mers. The results showed that the surface tension of
the emulsion after adding PFSC reached 12 mN/m at a
concentration above 0.05%, which is significantly
superior to that of perfluorooctanoic acid (PFOA).
The study also examined the reaction kinetics, emul-
sion particle size, and emulsion stability during the

emulsion polymerization reaction. The results demon-
strated that the fluorinated surfactant exhibits excel-
lent emulsification effects and can serve as an
alternative to PFOA. This work presents the synthesis
strategy of a new environmentally friendly zwitterionic
fluorocarbon surfactant for high-efficiency emulsion
polymerization of fluoropolymers.

Keywords Fluorocarbon polymerizable emulsifier,
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Introduction

Fluorine surfactants have many famous advantages,
such as low surface tension, critical micelle concentra-
tion and dielectric constant, and high activity. Perflu-
oroalkyl and polyfluoroalkyl substances (PFAS) are a
group of different surface treatment chemicals with
excellent environmental stability, low friction water
and oil rejection coefficient, biocompatibility, excellent
thermal stability, chemical resistance and low interfa-
cial free energy.1,2 PFAS have been produced and used
for decades and are widely used in production pro-
cesses including electrical and electronic equipment,
firefighting foam, photoimaging, hydraulic fluids, metal
plating, and textiles.3 Fluorocarbon surfactants are
widely used in coating, leather, adhesives, cleaning
agents and fabric finishing fields due to their excellent
properties of three high and two repellents (extremely
high surface activity, excellent stability, excellent
compatibility with other surfactants and hydrophobic
oil repellent). However, since 2015, perfluorooctane
sulfonates (PFOS) and perfluorooctanoic acid (PFOA)
have been banned in many countries due to their long-
term environmental pollution. They have difficulty
degrading in the natural environment and have a high
bioaccumulation, which means they easily accumulate
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in human and animal tissues and cause toxicity.4–6

Therefore, it is urgent to develop new environmentally
friendly fluorocarbon surfactants to replace PFOA and
PFOS surfactants.

In recent years, several alternatives to perfluorooc-
tanoic acid (PFOA) have emerged in the form of
fluorocarbon surfactants. A key approach employed by
major companies like KMC (DuPont) is to shorten the
perfluorocarbon chain.7 However, the disadvantage is
that simply reducing the number of fluorocarbon atoms
reduces the hydrophobic chain segment of the surfac-
tant, resulting in poor surface performance.8 At the
same time, these small molecules containing fluori-
nated fragments will still pollute the environment due
to their excellent stability in the natural environ-
ment.9,10 Another idea is not to reduce the number of
atoms in the hydrophobic chain segment, but to reduce
the number of fluorocarbon atoms in it. This method
replaces the fluorine atoms on some carbon atoms in
C8 with hydrogen atoms, which meets the current
environmental protection requirements. There is also
the introduction of heteroatoms in the fluorocarbon
chain or the replacement of perfluoroalkyl by fluori-
nated polyether segments to reduce its bioaccumula-
tion.7,11 Moreover, designing fluorocarbon surfactants
with reactive functional groups allows for covalent
bonding with the polymeric main chain during the
reaction process. This approach completely circum-
vents the environmental hazards associated with small
molecular fluorocarbon surfactants.7

Surfactants are generally classified into anionic
surfactants, cationic surfactants, zwitterionic surfac-
tants and nonionic surfactants according to their ability
to dissociate in aqueous solution and the type of charge
they carry after dissociation.12,13 Amphoteric surfac-
tant refers to the surfactant which contains both
anionic and cationic hydrophilic groups in the mole-
cule.14 Betaine zwitterionic surfactants have many
advantages,15–17 such as low toxicity, low irritation,
excellent resistance to hard water and high concentra-
tion electrolyte, and are suitable for seawater.18 The
most important thing is that it has good emulsification
and dispersibility, can be compatible with almost all
other types of surfactants, can also be adsorbed on the
surface of charged substances, and has good wettability
and foaming property.19,20 At present, this kind of
surfactant has been widely used in the fields of daily
chemical, fire protection and fabric finishing.21 If the
fluorine-containing chain segment can be introduced
into it, the surfactants can have hydrophobic and
oleophobic properties in addition to the above prop-
erties, and will be a new type of fluorocarbon surfac-
tants with high performance and multiple functions.

This paper aims to investigate the synthesis and
properties of a zwitterionic surfactant, perfluorohexyl
(butyl) sulfonyl carboxy propylamino dimethyl betaine
(PFSC), by utilizing perfluoro-butyl (hexyl) sulfonyl
fluoride containing C4 and C6 as raw materials. The
preparation method employed is straightforward. The
study examines the structure and surface properties of

PFSC and explores its potential application as an
emulsifier in the emulsion polymerization of fluori-
nated acrylate. The research proposes betaine zwitte-
rionic surfactants as promising alternatives to PFOA/
PFOS in fluorinated acrylate emulsion polymerization.
This substitution aims to reduce environmental pollu-
tion while improving polymer properties. PFSC, in
particular, exhibits several advantages such as low
irritation, effective bactericidal and mildew inhibiting
properties, and antistatic properties commonly associ-
ated with zwitterionic surfactants. Consequently, PFSC
holds significant potential in the fields of fluorine-
containing coatings and fabric finishing agents.

Experimental

Materials

Perfluoro-butyl sulfonyl fluoride, N, N-dimethyl-1, 3-
propylenediamine and sodium chloroacetate were
purchased from Aladdin Reagent (Shanghai) Co.,
LTD. Perfluorohexyl sulfonyl fluoride was purchased
from Wuxi Zhongkun Biochemical Technology Co.,
Ltd. Methyl methacrylate (MMA), dodecafluoroheptyl
methacrylate (DFHMA), potassium persulfate, sodium
bisulfite, sodium bicarbonate and sodium dodecyl
sulfate (SDS) were purchased from Sinopod Chemical
Reagent Co., Ltd. Methyl methacrylate (MMA) and
dodecafluoroheptyl methacrylate were refined for use.
Potassium persulfate and sodium bisulfite were purified
by recrystallization with deionized water, and the
operation was repeated three times for reserve use.

The preparation process of the fluorinated emulsi-
fier ammonium perfluorooctanoate was as follows: a
certain amount of perfluorooctanoate was settled in the
round-bottom flask, then ammonia was added uni-
formly and slowly into the round-bottom flask until the
solution in the flask became alkaline. The precursor
solution continued to be stirred for 30 min, and then a
rotary evaporator was used at 70 �C to remove the
liquid in the flask. Ammonium perfluorooctanoate was
obtained under vacuum drying.

Purification of MMA: A certain amount of MMA
monomer was taken in the separation funnel and
washed with a preprepared 5% sodium hydroxide
aqueous solution three times and with deionized water
three times. After removing the inhibitor, the MMA
monomer was dried and dehydrated with CaH2.
Finally, the purified monomer was obtained by vacuum
distillation at a lower temperature of 40 � 50 �C and
sealed at low temperature and in the dark.

Purification of fluorinated monomer: The fluori-
nated monomer DFHMA was removed by the above
MMA method, and then dried with CaH2 to remove
water. After filtration, the fluorinated monomer was
sealed and stored at low temperature for use.
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Experiment methods

Synthesis of the intermediate N-[3-(dimethylamino)
-propyl] perfluoro-butyl (hexyl) sulfonamide

The synthesis route of the intermediate N-[3-(dimethy-
lamino) -propyl] perfluoro-butyl (hexyl) sulfonamide is
shown in Fig. 1a. 0.11 mol of N, n-dimethyl-1, 3-
propylenediamine and equal mole of triethylamine
were placed in a round-bottomed flask filled with
50 mL of ether. Under the condition of ice water bath,
0.1 mol of perfluorinated butyl sulfonyl fluoride ether
solution was slowly added to it, and the drip was
finished after about 60 min. After reaction for about
12 h, the mixture was filtered. The crude solid product

was washed three times with deionized water and then
three times with ether, and the white solid product
intermediate N-[3-(dimethylamino)-propyl] perfluoro-
butyl sulfonamide was obtained after drying. The
synthesis route of N-[3-(dimethylamino)-propyl] per-
fluorohexyl sulfonamide is basically the same as that of
N-[3-(dimethylamino) -propyl] perfluoro-butyl sulfon-
amide.

Synthesis of perfluorohexyl (butyl) sulfonyl carboxy
propylamino dimethyl betaine (PFSC)

The synthesis route of perfluoro-butyl (hexyl) sulfonyl
propylamine dimethyl carboxybetaine is shown in

Fig. 1: Synthesis route of intermediate (a), zwitterionic fluorocarbon surfactants (b) and emulsion polymerization (c)
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Fig. 1b. First, 0.055 mol of intermediate N-[3-
(dimethylamino) -propyl] perfluoro-butyl (hexyl) sul-
fonamide and 0.06 mol of sodium chloroacetate were
dissolved in a mixture of 100 mL ethanol and water
(1:1 volume ratio), and added to a three-mouth flask
with a condensing reflux device. The system was heated
to 60 �C, and the reaction was stopped after 24 h. The
solvent was removed by vacuum distillation, and the
white solid obtained was dissolved in an appropriate
amount of methanol and filtered, and the solvent in the
filtrate was removed by rotary distillation and dissolv-
ing. Then, the obtained solid product was dissolved in
water and filtered to remove the solid impurities, and
the white solid was obtained after the evaporation of
the solvent, which was the final product of the
preparation of perfluoro-butyl (hexyl) sulfonyl propy-
lamine dimethyl betaine.

Application of PFSC in emulsion polymerization
of fluorinated acrylate and study on kinetics of emulsion
polymerization

The route of emulsion polymerization of fluorinated
acrylate using betaine fluorocarbon surfactant as
emulsifier is shown in Fig. 1c. In order to verify the
effect of emulsion polymerization, PFSC was applied
to the emulsion polymerization of fluorinated acrylate
as a fluorinated emulsifier. For monomers that are
difficult to emulsify, such as fluorinated acrylate
monomers, in order to obtain a uniform and
stable emulsion during emulsion polymerization, the
method of preemulsification can be adopted. In this
experiment, two methods of magnetic stirring and
ultrasonic preemulsification were used for preemulsi-
fication alternately. The specific operation methods
were as follows. The monomer, a certain amount of
emulsifier and deionized water were added to the
conical bottle, stirred at high speed on the magnetic
stirrer for 30 min, and then the conical bottle was
placed in the ultrasonic generator for preemulsification
for 30 min, the process was alternately carried out 2 to
3 times, and then the preemulsified substance was
placed in the constant pressure dropping funnel, and
slowly added to the reaction bottle when the emulsion
polymerization was carried out. In the preemulsifica-
tion, the fluorinated monomer and the nonfluorinated
monomer were preemulsified, respectively, and the
amount of emulsifier was rationally allocated. The
formula used in the emulsion polymerization process
was as follows: Dodecafluoroheptyl methacrylate
(DFHMA) accounted for 40% of the monomer (the
mass fraction of the total monomer, the same below),
methyl methacrylate (MMA) accounted for 60%; the
initiator (potassium persulfate combined with sodium
bisulfite 3:l, REDOX initiation system) accounted for
0.6% of the total weight of the monomer, and the
emulsifier was used in the PFSC and PFSC/SDS (1:1)
combination system, and its content accounted for 2%
of the total weight of the monomer. The solid content

of the emulsion was 30%. The emulsion polymeriza-
tion was conducted at 55 �C for 4 h. During the
emulsion polymerization, the products with different
reaction times were taken and dried at a high temper-
ature, on assistant of a small amount of polymerization
inhibitor. The conversion rate at each time point was
calculated according to the formula. At the same time,
the particle size of the emulsion was characterized at
the end of the reaction, and the mass of the flocculant
after complete drying was weighed.

Determination of monomer conversion
in polymerization

The conversion rate was measured by weighing mass
method. To begin, 1 mL emulsion was taken, a small
amount of polymerization inhibitor was added, and
then dried in the oven to constant weight. The
conversion rate was calculated according to equation
(1).

C% ¼
W1�W0
W2�W0 �W3�W4

W5
� 100% ð1Þ

W0 is the weight of the culture dish. W1 and W2 are
the weight of latex before and after drying to the
constant weight, respectively; W3 is the total mass of
all the materials; W4 is the weight of all the materials
except water and monomers in the culture dish; W5 is
the total weight of monomers. The nonvolatile matter
in the feed refers to the amount of components other
than water and monomers in the feed and the inhibitor
added during the drying process.

Characterization

The FTIR spectrum was performed on Nicolet Magna
IR 550 Fourier transform infrared spectrometer, and
samples were tested by KBr tablet method. The
scanning times of the samples were 64 times. The
Gemini 20001 nuclear magnetic resonance spectrome-
ter of Varian, Inc. of the USA was adopted, and the
resonance frequency was 400 MHz. The 19F-NMR and
1H-NMR of perfluoro-butyl (hexyl) sulfonyl propy-
lamine dimethyl carboxybetaine were measured at
room temperature using D2O as solvent. The thermo-
gravimetric analysis of surfactants was carried out with
the thermogravimetric analyzer SDTA851 of Mettler
Toledo Company. The temperature rise range was
25 � 300 �C, the temperature rise rate was 10 �C min,
and the nitrogen atmosphere flow rate was 50 mL/min.
The conductivity of surfactant solution at different PH
values was determined by conductivity PH method. A
small amount of emulsion was diluted to very thin
concentration, and the particle size of different emul-
sions and their particle size distribution were detected
by ZETASIZER 3000HS laser particle size analyzer of
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Malvern Company in the UK. The surface properties
of the sample were characterized by a surface ten-
siometer (model BZY-1). Perfluorobutyl (hexyl) sul-
fonyl propylamine dimethyl carboxybetaine was
dissolved in pure water to prepare water dispersions
of different concentrations, and the solution was
prepared and left overnight to achieve the equilibrium
of the surfactant solution. The surface tension of the
solution was determined by the platinum plate method
at a temperature of 25 �C. The surface tension c data is
the average of 5 measurements. The average error near
the critical micelle concentration is ± 0.2 mN/m, and
the error below the critical micelle concentration
is ± 0.4 mN/m.

Results and discussion

Preparation and structural characterization
of PFSC

The intermediate, zwitterionic fluorocarbon surfac-
tants and emulsion polymerization were synthesized
according to the route synthesis in Fig. 1a. The FTIR
spectrum of PFSC is shown in Fig. 2. The wavenumber
between 1100 and 1330 cm–1 is the stretching vibration
absorption peak of -CF3 and -CF2. The characteristic
absorption peaks of S=O bond at 1200 cm-1, -NH- at
3450 cm-1 and -SN- at 1350 cm-1 confirmed the pres-
ence of sulfonamide groups in the product. The peak at
1600 cm-1 is the characteristic absorption peak of the
carbonyl group, which also proves that the measured
sample does have the expected structure and is a
betaine type fluorocarbon surfactant. Similar to Fig. 2a,
each group of characteristic peaks can also be found in
Fig. 2b, which proves that betaine fluorocarbon sur-

factants with the expected structure have been suc-
cessfully prepared.

The nuclear magnetic characterization of perfluori-
nated butylsulfonyl propylamine dimethyl carboxybe-
taine was performed with D2O as solvent. The 19F-
NMR and 1H-NMR results are shown in Fig. 3. Each
group of peaks in Figs. 3a and 3b has been clearly
assigned, and the integral proportion is the same as
that in the molecular formula. Combined with the
infrared spectrum, it can be determined that the
betaine-type surfactant described in this chapter has
been successfully prepared. Figure 3c and 3d shows the
NMR hydrogen and fluorine spectra of perfluorinated
hexyl sulfonyl propylamine dimethyl carboxybetaine.
The test methods and conditions are exactly the same
as those of perfluorinated butyl sulfonyl propylamine
dimethyl carboxybetaine. The peaks of each group are
also shown in Fig. 3, which proves that betaine-type
fluorinated surfactants with expected structure have
indeed been prepared.

PFSC performance test

Surface tension test

The surface tension of solution after adding two
fluorocarbon surfactants, namely perfluorinated butyl-
sulfonyl propylamine dimethyl carboxybetaine and
perfluorinated hexylsulfonyl propylamine dimethyl
carboxybetaine, was determined at room temperature
using the platinum plate method. The variations of the
surface tension (c) of these two products with respect
to their concentrations (c) are depicted in Fig. 4. The
synthesized betaine fluorocarbon surfactant exhibited
exceptional surface activity. Perfluorinated butylsul-

Fig. 2: FTIR spectra of (a) C4F9SO2NH(CH2)3N
+(CH3)2CH2COO– and (b) C6F13SO2NH(CH2)3N

+(CH3)2CH2COO–
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fonyl propylamine dimethyl carboxybetaine was able
to decrease the surface tension of water to 15 mN/m at
a concentration of only 0.05% (Fig. 4a). Notably, this
surface tension value was lower than that of the
alternative compound, ammonium perfluorooctanoate,
which holds significant implications for environmental
preservation. Perfluorinated hexylsulfonyl propy-
lamine dimethyl carboxybetaine achieved a remark-
ably low surface tension of 12 mN/m at the same
concentration level (Fig. 4b). According to the curves
of c versus c in Figs. 4a and 4b, the CMC values were
determined to be 0.012% and 0.011%, respectively, for
perfluorinated butylsulfonyl propylamine dimethyl
carboxybetaine and perfluorinated hexylsulfonyl
propylamine dimethyl carboxybetaine. In future appli-
cations, the appropriate betaine fluorocarbon surfac-

tant can be chosen as a substitute for PFOA, taking
into account considerations such as usage requirements
and the degree of environmental pollution.

Thermal stability analysis

Figure 5 shows the thermogravimetric curves of per-
fluoro-butyl sulfonyl propylamine dimethyl carboxybe-
taine and perfluorohexyl sulfonyl propylamine
dimethyl carboxybetaine. The thermal decomposition
temperature of the two surfactants is similar, and both
occur at about 130 �C, which can meet the application
of emulsion polymerization below 100 �C.

Fig. 3: (a) 19F-NMR and (b) 1H-NMR of C4F9SO2NH(CH2)3N
+(CH3)2CH2COO-; (c) 19F-NMR and (d) 1H-NMR of

C6F13SO2NH(CH2)3N
+(CH3)2CH2COO-
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Isoelectric point analysis

Due to their unique molecular structure, zwitterionic
surfactants can exist as cations in strong acid environ-
ments, anions in strong base environments, and as
internal salts in neutral aqueous solutions. The pH
range at which they exist as internal salts in solution is
known as the isoelectric point (PI). In this study, we
determined the isoelectric points of zwitterionic sur-
factants by measuring the mobility of anions toward
the anode or cations toward the cathode, and the
results are shown in Fig. 6. The aqueous solutions of
perfluorinated butylsulfonyl propylamine dimethyl
carboxybetaine and perfluorinated hexylsulfonyl
propylamine dimethyl carboxybetaine exhibit high
conductivity when the pH is below 4 or above 8.
However, their conductivity is the lowest within the pH
range of 4 to 8, indicating the presence of the
surfactant in the form of salt. Consequently, their

Fig. 4: Curve of c versus c of (a) C4F9SO2NH(CH2)3N
+(CH3)2CH2COO- and (b) C6F13SO2NH(CH2)3N

+(CH3)2CH2COO-

Fig. 5: TGA curves of (a) C4F9SO2NH(CH2)3N
+(CH3)2CH2COO- and (b) C6F13SO2NH(CH2)3N

+(CH3)2CH2COO-

Fig. 6: Curves of conductivity versus pH of zwitterionic
surfactants
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respective isoelectric points fall within the range of 4 to
8.

Application of PFSC in MMA/DFHMA emulsion
copolymerization

According to the test results of surface tension, the
surface activity of perfluorohexyl sulfonyl propylamine
dimethyl carboxybetaine was slightly stronger than
that of perfluoro-butyl sulfonyl propylamine dimethyl
carboxybetaine at the same concentration. Therefore,
in this paper, perfluorinated hexyl sulfonyl propy-
lamine dimethyl carboxybetaine with better surface
properties was used as fluorine-containing emulsifier to
verify the effect of this kind of fluorine-containing
emulsifier in the emulsion polymerization of fluorine-
containing acrylate.

Effect of PFSC on emulsion polymerization

The purpose of introducing fluorine-containing emul-
sifier in fluorine-containing emulsion polymerization is
to improve the compatibility of fluorine-containing
monomer with water phase, improve the dispersion
effect and improve the stability of emulsion system.
The use of PFSC contributed to the emulsification of
fluoric monomers in aqueous solution through their
similar material structures, reducing the size of mono-
mer droplets and improving the reaction efficiency of
emulsion polymerization. In this paper, the prepared
perfluorinated hexyl sulfonyl propylamine dimethyl
carboxybetaine/sodium dodecyl sulfate complex
(PFSC/SDS) was used as emulsifier to investigate the
effects of emulsifier on the kinetics, efficiency, conver-
sion rate and product stability of emulsion polymer-
ization. The results are listed in Table 1. As can be seen
from Table 1, compared with ammonium perfluorooc-
tanoate, the reaction induction time of the prepared
perfluorooctanoyl propylamine dimethyl carboxybe-
taine was slightly longer, but the monomer conversion
rate was higher, and the gel amount in the final system
was also less. This shows that in the early stage of
emulsion polymerization, the speed of the formation of
latex particles by zwitterionic surfactants is slightly
slow, but this emulsifier is more convenient for

monomer to enter the latex particles, and the latex
particles formed are more stable, and it is not easy to
produce gel in the emulsion. And even if the total
emulsifier is reduced to 1%, the monomer conversion
can still reach 92%, and the gel amount is lower than
the emulsion containing 2% PFOA emulsifier. There-
fore, perfluorohexyl sulfonyl propylamine dimethyl
carboxybetaine has a unique advantage in improving
the efficiency of emulsion polymerization and reducing
the amount of emulsifier, which is also consistent with
the conclusion of the surface tension test.

Based on the polymerization system selected in this
paper, it can be judged that under the same conditions,
the emulsion prepared with the emulsifier ratio of
PFSC/SDS (2.0 wt%) has the best performance, but
when the ratio is 1.0 wt%, the emulsion also shows
good properties. The specific application conditions of
PFSC/SDS and the comparison between PFSC/SDS
and PFOA can be further studied through emulsion
particle size and polymerization kinetics.

After the reaction, a small amount of emulsion was
taken, diluted and dispersed by ultrasound, and the
particle size of latex particles was analyzed with a laser
particle size analyzer, and the particle size distribution
curve was obtained, as shown in Fig. 7. When the
emulsifier dosage is the same, the average particle size
of the emulsion prepared by PFOA/SDS combined
with emulsifier is smaller than that of PFSC/SDS
combined with emulsifier, but both have met the
requirements of practical use. For different contents of
PFSC/SDS emulsifiers, due to the obvious difference in
the content of emulsifiers, the higher the content of
emulsifiers, the more latex particles will be formed, and
the average particle size of the emulsion will be
smaller. However, when the ratio of PFSC/SDS is 1.0
wt%, the emulsion can still exist uniformly and stably.
Therefore, in some applications that meet the applica-
tion requirements, the emulsion will be stable. 1.0 wt%
is still recommended.

Study on kinetics of emulsion polymerization

The reaction kinetics curves of the above-mentioned
three emulsifying systems were measured, respectively,
and the results are shown in Fig. 8. In Fig. 8 a, the
kinetic curves of PFSC/SDS and PFOA/SDS combined

Table 1: Influence of emulsifier on emulsion polymerization

Emulsifier Induction time (min) Conversion (wt%) Gel content (wt%)

PFOA PFSC SDS

1 wt% – 1 wt% 2 88 3.6
– 1 wt% 1 wt% 4 95 1.7
– 0.5 wt% 0.5 wt% 6 92 2.4

*The weight ratio of MMA/DFHMA was 60/40, and the amount of initiator accounted for 0.6% of the total weight of the
monomer
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emulsifiers were compared when the emulsifier dosage
was 2.0 wt% (mass fraction), respectively. During the
induction period of polymerization reaction, a higher
conversion rate can be achieved in a short time, and
the conversion rate of PFSC/SDS composite emulsifier
is relatively higher. Figure 8b also compares the
kinetics curves of PFSC/SDS composite emulsifiers
with different mass fractions. When the emulsifier
content is 1.0 wt%, the emulsion polymerization is
longer, and the conversion rate is slightly reduced
compared with that when the emulsifier content is 2.0
wt%, but it can still reach more than 85%.

In order to investigate the influence of emulsifica-
tion system on polymerization rate more clearly, the
slope dc/dt of the conversion time curve in the constant
rate stage was obtained by linear regression method,

and the reaction rate Rp in the constant rate stage is
calculated by equation (2).

Rp ¼ M0½ �dc=dt ð2Þ

where [M0] is the initial concentration of monomer.
The calculated reaction rate and conversion rate of

the system were plotted, and Fig. 9 is obtained. It is
clear that emulsion polymerization consists of three
stages: growth, constant rate and deceleration. In
Fig. 9a, the kinetic curve trends of the two are similar,
while in Fig. 9b, it can be clearly seen that when the
emulsifier content is 1.0 wt%, the induction period of
emulsion polymerization is significantly longer, and the
rate of the constant rate is slower, which is completely
consistent with the previous analysis results.

Fig. 7: Particle size and distribution of DFHMA/MMA copolymer latex

Fig.8: Relationship between the time and conversion in redox emulsion copolymerization of DFHMA/MMA

1839

J. Coat. Technol. Res., 21 (5) 1831–1842, 2024



Study on the stability of copolymer emulsion

The stability of copolymer emulsion was investigated
from the dilution stability, mechanical stability, high or
low temperature stability and storage stability. Four
different copolymer emulsions were taken, each with a
volume of 10 mL, diluted 10 times, 50 times and 100
times with deionized water. After standing at room
temperature for a week, the emulsions remained
uniform and transparent, which showed that the
dilution stability of the emulsion was good. The
emulsion was placed in a cylinder viscometer, and the
shape of the emulsion was observed after high-speed
rotation for a certain time. If there was no emulsion
breaking or precipitation, it indicated that the mechan-
ical stability of the emulsion was good. The experi-
mental results showed that the emulsion with 2.0 wt%
emulsifier concentration and the emulsion with 1.0
wt% emulsifier concentration had excellent stability.
The emulsion prepared by the experiment was stored
in the refrigerator at 4 �C for more than two weeks,
and no significant changes were found under the
condition of heating at 80 �C. The storage stability of
emulsion could be increased by selecting suitable emul-
sifier and controlling particle size and distribution
effectively during emulsion polymerization.

The polymerized emulsion obtained in this experi-
ment was transparent and bluish in appearance, and no

significant changes were found in long-term storage at
room temperature (storage time was more than
6 months), indicating good storage stability. The sta-
bility of the prepared emulsion is shown in Table 2,
which indicates that the emulsion can be maintained
stably for a long time and meets the use requirements
of fluoropolymer emulsions.

In summary, DFHMA/MMA copolymerization
emulsion prepared by PFSC/SDS combined with
emulsifier has good stability, which largely depends
on the emulsifying effect of the emulsifier.

Conclusions

In this paper, two carboxybetaine fluorocarbon surfac-
tants, perfluorinated butyl sulfonyl propylamine di-
methyl carboxybetaine and perfluorinated hexyl
sulfonyl propylamine dimethyl carboxybetaine, were
designed and synthesized, and their chemical struc-
tures, surface properties and thermal properties were
studied. The results indicated that the perfluorinated
hexyl sulfonyl propylamine dimethyl carboxybetaine
surfactant exhibited excellent alkaline properties. The
surface tension after adding PFSC was lowest, 12 mN/
m, at a concentration above 0.05%. The prepared
surfactant perfluorohexyl sulfonyl propylamine di-
methyl carboxybetaine was applied to the polymeriza-

Fig. 9: Variation of Rp with conversion for different emulsifier

Table 2: Influence of emulsifier on the stability of emulsion

Emulsifier Emulsion appearance Stability

SDS PFOA PFSC

1 wt% – 1 wt% Milky white and bluish ‡ 6 months
1 wt% 1 wt% – Milky white and bluish ‡ 6 months
0.5 wt% – 0.5 wt% Milky white and bluish ‡ 6 months
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tion of fluorinated acrylate emulsion, and the obtained
fluorinated acrylate emulsion was uniform, stable and
had little gel amount. At the same time, the kinetics of
emulsion polymerization was studied. The induction
period of emulsion polymerization was slightly slower
than that of PFOA, but it was only 4 min, which fully
met the requirements of emulsion polymerization.
When the amount of emulsifier was halved, the
emulsion quality did not decrease significantly, which
indicates that this betaine zwitterionic surfactant can
be used as a substitute for PFOA/PFOS in fluorinated
acrylate emulsion polymerization, while reducing envi-
ronmental pollution, and has the potential to improve
polymer properties. The carboxyl betaine zwitterionic
surfactant with fluorine-containing chain segment has
the characteristics of environmental friendliness, high
performance and multifunction, and is expected to be
applied in fluorine-containing fabric finishing agent.
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