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Abstract	

In	the	concentration	process	of	polyvinylidene	fluoride	(PVDF)	dispersible	emulsion,	the	
emulsifier	plays	a	very	important	role	on	the	morphology	and	stability	of	the	emulsion.	
This	 study	 focus	on	 the	 influence	of	emulsifier	on	 the	 stability	of	PVDF	concentrated	
emulsion,	 including	viscosity,	particle	size	distribution,	static	stability	and	centrifugal	
stability.	Five	kinds	of	non‐ionic	emulsifiers	and	four	kinds	of	anionic	emulsifiers	were	
selected.	 The	 results	 showed	 that	 emulsifier	 Poloxam188(P188)	 and	 Sodium	 Lauryl	
Ether	Sulfate(SLS)	had	the	best	centrifugal	and	static	stability.	The	PVDF	concentrated	
emulsion	prepared	with	P188	as	emulsifier	has	a	centrifugal	stability	of	3600	rpm	and	a	
static	 stability	 of	 20	 days.	 The	 PVDF	 concentrated	 emulsion	 prepared	 with	 SLS	 as	
emulsifier	has	a	centrifugal	stability	of	3200	rpm	and	a	static	stability	of	15	days.	The	
two	emulsifiers	were	combined	in	different	proportions,	and	the	results	showed	that	the	
composite	emulsifiers	had	a	certain	 synergic	effect,	which	could	 further	 improve	 the	
stability	of	PVDF	concentrated	emulsion.	When	P188:	SLS=	6:4,	the	emulsion	stability	
was	the	best,	the	centrifugal	stability	was	3700	rpm,	and	the	static	stability	was	26	days.	
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1. Introduction 

Recently, with the development of science and social productivity, the performance of coatings was 
received attention [1,2]. The excellent performance of fluoropolymers has been increasingly exhibited 
in the field of coatings, such as strong corrosion resistance and weather resistance, high stability [3]. 
However, traditional fluorous coatings usually can only dissolved in organic solvents. Traditional 
solvent-based coatings contain abundance of volatile organic compounds (VOCs) during their 
manufacture and use, which caused serious pollution and great damage to the human health [4,5]. 
With the increasing awareness of environmental protection, the use of solvent-based coatings was 
gradually decreasing. To minimize the release of VOCs, the development of environmental friendly 
waterborne coatings has become a top priority[6,7]. Waterborne fluorocarbon coatings have great 
market potential due to their out-standing weatherability antifouling properties and environmental 
friendliness[8,9].  

Because of many advantages, such as good chemical stability, no fading, corrosion resistance and 
more[10,11]. PVDF coating was one of the most widely used fluorine-containing coatings, and it had 
been widely used in energy and chemical industry, electronic information, biomedicine, aerospace, 
and other fields[12-14]. As we all know, PVDF emulsion is an important basic material for 
preparating of waterborne PVDF coatings. However, PVDF concentrated emulsion is a highly 
dispersed thermodynamically unstable system. The static stability and centrifugal stability of PVDF 
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concentrated emulsion are bottleneck due to its influence by gravity sedimentation, coalescence of 
particles, olster ripening and phase inversion[15]. In order to improve the stability of PVDF 
concentrated emulsion, it is necessary to add emulsifier which can reduce the interfacial tension of 
the emulsion. In emulsion polymerization, emulsifier does not directly participate in the chemical 
reaction. But it can make the dispersion of emulsifier in water easier, on the other hand it can reduce 
the surface tension between the PVDF phase and the water phase. Finally affect the polymer 
molecular mass and its distribution, emulsion viscosity, particle size and stability. Therefore, the 
efficient and environmentally friendly emulsifier is the basis for obtaining high stability PVDF 
concentrated emulsion, and is also the prerequisite for developing environmentally friendly 
waterborne PVDF coatings. 

In this study, the 25 wt.% PVDF emulsion was concentrated to 50 wt.% by rotary evaporator with 
different emulsifiers. The stability of PVDF concentrated emulsion was studied, and the blended 
emulsifier for PVDF concentrated emulsion was determined, which provided the emulsifier 
foundation and experimental basis for the subsequent development of PVDF waterborne coatings 
based on PVDF concentrated emulsion. The results showed that blended emulsifier (P188+SLS) had 
the best performance on PVDF concentrated emulsion for its stability. In this paper, the influence of 
emulsifier type on the stability of waterborne PVDF concentrated emulsion was studied 
systematically, and the optimal blended emulsifier was found. 

2. Experimental 

2.1 Materials 

PVDF emulsion(~25 wt.%) was kindly provided by ZhongHaoChenGuang Research Institute of 
Chemical Industry Co., Ltd. Sodium Lauryl Ether Sulfate (SLS) and bis(2-ethylhexyl)sodium 
sulfosuccinate (BS) were obtained from Shanghai Yuyu New Material Technology Co., Ltd, sodium 
oleate (SO) was bought from Linyi LuShen Chemical Co., Ltd. Lauryl alcohol polyoxyethylene ether-
23, lauryl alcohol polyoxyethylene ether-15, lauryl alcohol polyoxyethylene ether-9 (AEO-23, AEO-
15, AEO-9), cetyl alcohol polyoxyethylene ether (O-9), branched secondary alcohol polyoxyethylene 
ether (TMN-10), polyoxyethylene polyoxypropylene ether block copolymer (poloxamer 188, P188) 
and sodium dodecyl sulfate (SDS) were purchased from Jiangsu Haian Petroleum Chemical Factory. 
Deionized water was used throughout the experiment. 

2.2 Preparation of PVDF Concentrated Emulsion 

25 wt.% PVDF emulsion was concentrated to 50 wt.% by a 3000 mL rotary evaporator at 60 oC and 
0.09 MPa (Fig. 1). The typical procedure was as follow: First, a certain amount of 25 wt.% PVDF 
emulsion was weighed in a beaker. Then, 5% of the emulsifier was dissolved in 100 g deionized water 
as the emulsifier solution. Subsequently, the emulsifier solution was then poured into a stirrer at 200 
rpm for 10 min. Finally, the 25 wt% PVDF emulsion with emulsifier was concentrated to 50 wt.% 
concentration, 0.09MPa, and 60℃. The PVDF concentrated emulsion was successfully prepared for 
further characterization. And in the second step, the emulsifiers were SO, SDS, BS, SLS, AEO-23, 
AEO-15, AEO-9, O-9, P188, P188:SLS(5:5), P188: BS(5:5), P188:SLS(1:9), P188:SLS(3:7), 
P188:SLS(4:6), P188:SLS(5:5), P188:SLS(6:4), P188:SLS(7:3), P188:SLS(9:1) respectively. 

 
Fig 1. Rotary evaporator 
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2.3 Characterizations and Measurements 

2.3.1 Stability Test 

Emulsion stability is related to the combination strength of water and oil. High-speed centrifugal 
method is the most commonly used method for rapid evaluation of system stability [16]. The stability 
of PVDF concentrated emulsion obtained by different emulsifiers was analyzed. 15 mL PVDF 
concentrated emulsion was dumped into a 100 mL centrifuge tube for centrifugal stability test. PVDF 
concentrated emulsion was centrifuged for 3 minutes at a certain speed. Measure the corresponding 
centrifuge rotational speed when the emulsion delamination reaches 2 mm for determining centrifugal 
stability.The time (day) for layer thickness of emulsion to reach 2 mm after placing at 25 oC was used 
as the evaluation criterion for the static stability. 

2.3.2 Particle Size Test 

Deionized water was taken into the sample tank placed in an analytical instrument for parameter 
calibration. 1~2 drops of emulsion were dropped into the sample tank. Diluting to the required 
concentration after fully stirring. The particle size and distribution of PVDF latex granules were 
determined by laser particle size analyzer (Anton Paar, Litesizer 500, Austria). 

2.3.3 Viscosity Test 

The viscosity of PVDF concentrated emulsion was measured using the steady-state shear rate 
scanning program of the rheometer by Anton Paar, MCR302, Austria. The diameter of the cone plate 
was 50 mm, the temperature was 25 ℃, and the scanning range of the shear rate was 1~100 s-1. 

3. Results and Discussion 

3.1 Influence of Emulsifier on Stability of PVDF Concentrated Emulsion 

3.1.1 Stability Analysis of Single Emulsifier System 

Anionic emulsifiers, such as SO, SDS, SLS, BS and non-ionic emulsifiers, such as TMN-10, AEO-
23, AEO-15, AEO-9, O-9 and P188, were respectively added to the PVDF emulsion(~25 wt.%) for 
concentrating. The static stability and centrifugal stability were illustrated in Fig. 2 and Fig. 3, 
respectively. As shown in Fig. 2A, anionic emulsifiers SLS and BS have the same centrifugal stability 
of 3200 rpm for 2 mm delamination after 3 min, but SLS has higher static stability than BS (showed 
in Fig. 2B), so SLS has the best emulsifying effect on the stability of PVDF concentrated emulsion. 
The non-ionic emulsifier P188 had the best emulsification effect on PVDF emulsion (Fig. 3). 

 
Fig 2. Effect of anionic emulsifiers on centrifugal stability (A) and static stability (B) of PVDF 

concentrated emulsion 

Comparing the AEO of three different degrees of polymerization(AEO-9, AEO-15, AEO-23), it can 
be found that AEO-9 shows the lowest stability(Fig. 3). With the growth of EO chain, the stability of 
PVDF emulsion first increased (the maximum at AEO-15) and then decreased. This may be caused 
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by increasing of EO length, the hydrogen bond between eoxy chain and water was increased, both 
hydrophilicity and HLB value also increased. All of these causes lead to increased surface activity of 
emulsifier [17]. The dispersion emulsifying performance of emulsifier is not only affected by the 
length of EO chain. The longer EO chain is easy to desorption, but then the shorter EO chain has no 
obvious steric hindrance effect. The emulsifiability is related to the proportion of EO chain in the 
whole molecule[18-20]. AEO-9 has relatively short EO chain, the content of EO chain is the lowest, 
so its stability is the worst. For the three polymerization degree, AEO-15 has the best emulsifying 
effect because it has an appropriate EO length. 

 
Fig 3. Effect of different nonionic emulsifiers on centrifugal stability (A) andstatic stability (B) of 

PVDF concentrated emulsion 

3.1.2 Stability Analysis of Blended Emulsifier System 

Emulsifier is an important factor for the stability of PVDF concentrated emulsion. In the absence of 
emulsifier, PVDF concentrated emulsion will stratify soon. According to the results in 3.1.1, the non-
ionic emulsifier P188 was selected and compounded with anionic emulsifiers SB and SLS in the ratio 
of 5:5, respectively. One of those two anionic emulsifiers(SB and SLS) was selected to be combined 
with P188 with static stability and centrifugal stability as indexes. Then, the influence of the blended 
emulsifier ratio on the PVDF stability was studied by changing the ratio of P188 with the optimal 
anionic emulsifier. 

 

 
Fig 4. Effect of P188 compounding on centrifugal stability (A) and static stability (B) of PVDF 

emulsion 
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The centrifugal stability and static stability of P188+SLS at different ratio are shown in Fig. 4 and 
Fig. 5, respectively. In Fig. 4, it can be seen that P188 + SLS has good centrifugal stability (3600 rpm) 
and static stability (24 day) in this paper, indicating that this composite system has the best 
emulsifiability for PVDF concentrated emulsion. Both centrifugal stability and static stability of 
emulsion were first increases and then decreases with the increase of P188 ratio (Fig. 5). With 
P188:SLS=6:4, the stability reaches the optimum value. 

 
Fig 5. Effect of compounding ratio on centrifugal stability (A) and static stability (B) of PVDF 

emulsion 

3.2 Effects of Different Emulsifiers and Their Ratio on Particle Size of PVDF Concentrated 
Emulsion 

 
Fig 6. Effect of different emulsifier (A) (B) and blended emulsifier ratio (C) on particle size and 

volume distribution of PVDF emulsion 
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PVDF concentrated emulsion is a heterogeneous system. Particle size is an important indicator for 
PVDF concentrated emulsion. Generally speaking, the smaller average particle size anduniform the 
distribution of the emulsion, the betterstability [21,22]. According to Fig. 6A and B, different 
emulsifiers have slightly different effect on the particle size distribution of PVDF concentrated 
emulsion, but the addition of emulsifiers make the particle size distribution of PVDF concentrated 
emulsion smaller and narrower. Anionic emulsifier SLS has the smallest particle size, while non-
ionic emulsifier P188 has the smallest particle size. This may be due to the high HLB value of P188 
and its strong affinity for water phase. In the emulsifying process, P188 rapidly diffuse to the oil-
water interface, surrounding the dimensionally-reconstructed PVDF molecules and forming a 
complete interface film, which has a certain promotion effect on the formation of O/W emulsion. SLS 
contains both, hydrophilic groups of non-ionic surfactants(alkoxy), and hydrophilic group of anionic 
surfactants(sulfates), so it has good emulsification. 

PVDF concentrated emulsion particle sizes preparated by different ratio of P188 and SLS were shown 
in Fig. 6C. As can be seen from Fig. 6C, the particle size is the smallest when the ratio of 
P188:SLS=6:4. So this ratio was selected to prepare PVDF concentrated emulsion, and the particle 
size distribution was the narrowest. Emulsions with smaller particle size usually mean better 
emulsification performance, and PVDF emulsion is more stable[23]. 

3.3 Effects of Different Emulsifiers and Their Compounding Ratio on Viscosity of PVDF 
Concentrated Emulsion 

Viscosity is the internal friction when liquid flows. The flow characteristics of PVDF concentrated 
emulsion has a significant effect on its physical stability. Studies have shown that the apparent 
viscosity have high correlations with the emulsion stability[24].When the viscosity of PVDF 
concentrated emulsion is high, the interaction force of PVDF molecules is weakened due to the high 
resistance. This can decrease mobility of PVDF molecules, reduce the probability of PVDF molecules 
colliding with each other. The results of the influence of different emulsifiers on PVDF concentrated 
emulsion apparent viscosity are shown in Fig. 7. The apparent viscosity of PVDF concentrate 
decreases sharply with the increase of shear rate, and finally remain stable. According to Fig. 7A, the 
apparent viscosity of the PVDF concentrated emulsion with non-ionic emulsifier is larger, and the 
stability of PVDF emulsion is stronger. The reason for this phenomenon may be related to the particle 
size of PVDF emulsion, because in the emulsion, the smaller the particle size of PVDF is, the more 
the particles are closer to each other, which will lead to a certain degree of accumulation, evolve into 
a particle network with a certain spatial structure, and increase the apparent viscosity of the emulsion. 

 
Fig 7. The influence of different emulsifiers on PVDF emulsion apparent viscosity 
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4. Conclusion 

With the continuous development of fluorine chemical industry and fluoropolymer synthesis 
technology, water-based fluoropolymer coatings will gradually occupy a dominant position in the 
coatings market. PVDF concentrated emulsion(50 wt.%) was prepared by post-emulsification method 
with different emulsifiers and low concentration PVDF emulsion(25 wt.%). In this study, 10 different 
emulsifiers were selected for concentrating PVDF emulsion. P188 is more suitable PVDF emulsion 
because it can effectively improve the stability of PVDF concentrated emulsion with 3600 rpm for 
centrifugal stability and 20 day for static stability. PVDF concentrated emulsion has highest stability, 
when the mass ratio of P188 and SLS was 6:4. The centrifugal stability of PVDF concentrated 
emulsion can reach 3700 rpm, the static stability can reach 26 day, the average particle size is 207.5 

nm, and the viscosity is 29 mPa.s. Furthermore, for fatty alcohol polyether emulsifiers, when the 
carbon number is more than 12, the stability of PVDF concentrated emulsion decreases with the 
increase of EO fragment. In the follow-up study, we will analyze the interaction mechanism between 
various emulsifiers and PVDF emulsion granules.  
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