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PVC paste resin is an important poly(vinyl chloride) product which is applied in
artificial leather fabrication, film applicator coatings and medical catheters' 
production. To make products flexible or just avoid adopting the debated 

phthalates as plasticizers, four kinds of room temperature ionic liquids (ILs), [omim]PF6
(1-octyl-3-methylimidazolium hexafluorophosphate), [bupy]PF6 (1-butyl-pyridine 
hexafluorophosphate), [C14mim]Br (1-tetradecyl -3-methylimidazolium bromide) and
[C16mim]Br (1-hexadecyl -3-methylimidazolium bromide) were used as plasticizers for
PVC paste resin, respectively. The mechanical properties, thermal and photo stabilities
of plasticized PVC film samples were investigated by universal testing machine and
TG/DTA methods. The results showed that the glass transition temperature (Tg) of 
20 wt% of a plasticized sample is lower than that of an unplasticized sample. By
increasing plasticizer dosages from 10 wt% to 40 wt%, the tensile strength and elastic
modulus of the polymer decreased gradually though its elongation-at-break increased
distinctly. The high temperature stability experiments showed that the decomposition
temperature and mass loss depend intensively on the composition and structure of the
ionic liquids. However, they were slightly affected by the plasticizer content. Moreover,
the elongation-at-break measured data proved that ionic liquid-plasticized PVC films
display reasonable UV-stability.

INTRODUCTION

Poly(vinyl chloride) is one of the
most widely-used polymeric 
material, due to its good chemical
stability, low cost, easy processing
and cheap equipment [1]. PVC
paste resin is an important product
of poly(vinyl chloride) and it is
applied for artificial leather, film
applicator coating and medical
catheters' production. 

In order to make products 
flexible and to impart desirable
characteristics, a number of 
relatively small molecular weight

compounds are usually used as
plasticizers, with application of
other auxiliary agents. Though, the
current plasticizers are commonly
used in numerous applications,
they often have their shortcomings
which make their use inappropriate
for certain conditions [2]. For
example, phthalate plasticizers
have been banned for medical and
commodity applications by the
European Union [3]. Hence, the
replaceable safer plasticizers are
considered in recent years.
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Room temperature ionic liquids (ILs) which 
usually consist of organic cations and various anions
have attracted increasing interests due to their 
potential applications in various areas. The imidazoli-
um-based ionic liquids (IBILs) are based on alkyl
imidazolium as a cation, paired with a counter-ion,
such as chlorine, bromine, hexafluorophosphate or
other anions. They have been increasingly 
investigated because of their unique physicochemical 
properties, e.g., solvating properties, air and moisture
stabilities, non-volatility, good thermal stabilities, as
well as low melting point. They have been used as
solvents for liquid-liquid extraction [4], organic 
synthesis, electrochemical research [5], polymeriza-
tion reaction, chromatography, and catalysis [6]. 

There are a few articles that have reported the 
performances of some ILs as plasticizers in polymer
materials including PMMA [7], PLLA and suspen-
sion polymerized PVC [8]; except for PVC paste
resin. These works show that ILs offer several 
potential advantages as plasticizers. For example,
their high-temperature stability and low volatility
make them useful for applications with minimum loss
in mechanical properties. Also, the strong affinity of
the cations and anions in ILs makes their loss by 
liquid leaching, solid-solid migration, or evaporation
much less likely occur compared to molecular 
plasticizers [2]. Considering the diverse challenges
associated with different traditional plasticizers, ILs
hold prospects as alternative plasticizers in PVC
industry.

For this purpose, [bmim]PF6 (1-butyl-3-
methylimidazolium hexafluorophosphate) and
[hmim]PF6 (1-hexyl-3-methylimidazolium hexafluo-
rophosphate) were selected as plasticizers for PVC
paste resin in our previous work [9]. The results
showed that their characteristics including mechani-
cal properties, thermal and UV stabilities were
improved considerably at higher content of 
plasticizers. To obtain more experimental results for
further comparison and discussion, we employed four
other kinds of room temperature ILs, i.e., [omim]PF6
(1-octyl-3-methylimidazolium hexafluorophosphate),
[bupy]PF6 (1-butyl-pyridine hexafluorophosphate),
[C14mim]Br (1-tetradecyl-3-methyl-imidazolium
bromide) and [C16mim]Br (1-hexadecyl-3-methyl-
imidazolium bromide) (Scheme I) as plasticizers for

Scheme I. Chemical structures of plasticizing agents.

PVC paste resin. The mechanical properties, thermal
and UV stabilities of plasticized PVC paste resin
samples were investigated in detail. Additionally, one
application as automobile advertisement paster was
tested for comparison of [omim]PF6-plasticized to
conventional DOP-plasticized PVC paste resin 
samples.

EXPERIMENTAL

Materials
The primary materials used included: PVC paste
resin (P440, degree of polymerization 1500, K value
73-75, B's viscosity 5000 MPa.s (50 r/min), Shanghai
Chlor-Alkali Chemical Co. Ltd, China); [omim]PF6,
[C14mim]Br and [C16mim]Br (Hangzhou Chemer
Chemical Co. Ltd., China); [bupy]PF6 (Lanzhou
Institute of Chemical Physics, Chinese Academy of
Sciences, China); HPLC grade tetrahydrofuran (THF,
Fisher Scientific Co. Ltd., USA).
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Equipments
Sapphire DSC and Pyris Diamond TG/DTA (Perkin-
Elmer Co. Ltd., USA), Instron 5567 universal testing
machine (Instron Co., USA), and UV irradiation cham-
ber (BR-UVT, Shanghai BoRui Science Instruments
Co. Ltd., China) were used for characterization.

Preparation of Plasticized PVC Paste Resin
Membranes
All the plasticized PVC paste resin samples were 
prepared by solvent casting. PVC paste resin with
each ionic liquid was mixed separately in THF as a
solvent (1 g PVC/15 mL THF) and each mixture was
placed on a glass plate by direct scratch coating
method [8]. THF was first evaporated at atmospheric
pressure, and the plates were placed in a vacuum
chamber at room temperature for several days until
the weight of the samples remained constant. The
films were peeled and tested. All the samples were
formulated by each ionic liquid using 0, 10, 20, 30,
and 40 wt% of [omim]PF6, [bupy]PF6, [C14mim]Br
and [C16mim]Br. The prepared films had the final
thickness of about 50 μm.

Mechanical Properties
The tensile strength, elastic modulus and elongation-
at-break data of plasticized PVC paste resin 
membranes were obtained by omnipotence test
machine. The samples were cut out as rectangular
shape (approximately 10×150 mm) and the test 
condition was 2.5 mm/min.

High Temperature Stability
Thermal stability was tested by TG/DTA instrument.
About 10 mg film sample was subjected to a 
temperature ramp of 10°C/min starting from room
temperature up to 250°C. The N2 flux was 
20 mL/min. The weight loss (wt%) was calculated
after the entire TGA experiment. DSC curves were 
recorded from DSC instrument according to the 
operation manuals.

UV Stability
Photostability was tested in the far UV region and the
wavelength was set at 254 nm. Samples of 20 wt%
plasticized and unplasticized PVC were exposed to
UV raddiation at 200 wpi for 5 min in an UV

irradiation chamber. For comparison elongation-at-
break was measured by universal testing machine
before and after irradiation. Unless otherwise speci-
fied, all the above experiments were repeated at least
three times, and the average values were recorded.

RESULTS AND DISCUSSION

Glass Transition Temperature
Glass transition temperatures (Tg) of an unplasticized
and/or a 20 wt% plasticized PVC film samples were
obtained by DSC analysis. DSC curves in Figure 1
show that the room temperature ionic liquid 
plasticizer [omim]PF6 was effective in decreasing Tg
of PVC sample. The relatively small plasticizer 
molecule could increase the terminal group ratio and
the free volume. Meanwhile, ILs in PVC paste resin
could promote the molecular motions relatively and
overcome the sliding friction of rough surface caused
by its unevenness and the adhesion forces generated
by van der Waals forces, London forces, hydrogen
bond, crystal or master bond [10]. However, for the
other three ILs, i.e., [bupy]PF6, [C14mim]Br and
[C16mim]Br, Tg of the corresponding plasticized PVC
samples could not be clearly observed. The fact may
be due to their different melting points, which are
6.5°C for [omim]PF6, 75°C for [bupy]PF6, 56°C for
[C14mim]Br and 68°C for [C16mim]Br, respectively.
Hence, it would be better to explain their differences
with the [omim]PF6-plasticizied PVC by the melting
endothermic peaks of DSC curves of the last three
compounds.

Moreover, the transparencies of the four 
plasticized PVC films were roughly evaluated by
visual inspection, and the results also presented 
reasonable compatibility. Relatively, the film 
plasticized by [omim]PF6 had better transparency
than the other three films plasticized by [C14mim]Br,
[C16mim]Br and [bupy]PF6; implying that the 
compatibility of [omim]PF6 plasticizer and PVC paste
resin was the best among the four ILs.

Mechanical Properties
The data of elastic modulus, tensile strength and 
elongation-at-break of PVC membrane samples were
determined which were plasticized by 0, 10, 20, 30
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Figure 1. DSC curves of the five samples.



and 40 wt% of each of ionic liquid plasticizers. 
The results showed that the four plasticizers could
affect the samples' mechanical properties intensively
(Figure 2). With the plasticizer content increasing, the
elastic modulus and tensile strength of samples
decreased and elongation-at-break increased 
gradually. The low molecular weight ionic liquid
could easily diffuse into PVC macromolecular 
system and form flexibility material. Thus, the 
plasticized PVC paste resin displayed rubber's 
characteristic. Besides, the lubrication effect of ionic
liquid could weaken the interface energy between
PVC paste resin and plasticizer and increase the 

material plasticity [11].
Although the trend of the elastic modulus changes

was similar, [bupy]PF6 lowered the elastic modulus
more that of other ILs. It can be presumed that the
cations of ionic liquid must have played an important
role. Comparing the structural characteristics of a
cation from [bupy]PF6 with the others, the molecular
structure of 1-butyl-pyridine cation is the smallest
which leads to much less steric hindrance. For the
other three ILs, the long flexible side chain would be
beneficial to decrease the elastic modulus. Moreover,
the polarity and intermolecular interactions of 
1-butyl-pyridine cation are also relatively low. These
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Figure 2. Effects of plasticizer content and its type on polymer mechanical properties.



aspects would relatively enhance molecular motions
and enlarge the free-volume which finally made the
samples more flexible. In addition, the negative ions
of ionic liquid also affected the elastic modulus.
Comparing the two compounds of [omim]PF6 with
[C14mim]Br, it is found that the smaller anions were
essential in lowering the elastic modulus. 

With plasticizer content increasing, the effects of
ionic liquid plasticizers on tensile strength and 
elongation-at-break could be similarly explained
referring to the above speculation. An interesting 
phenomenon was a relatively rapid change in the rate
of elongation-at-break as plasticizer content varied
from 20 to 30 wt%. However, the influence of each
ionic liquid on tensile strength and elongation-at-
break was slightly different. It means that the molec-
ular structure and property of ILs have complex
effects on intermolecular interaction of plasticizer and
PVC [12]. Although there have been some reports on
ILs as PVC plasticizers, the tested samples were 
prepared by suspension polymerized PVC [8] and 
not PVC as a paste resin. 

Due to different production technology and 
formulation system, the characteristics of PVC paste
resin would have considerable difference. Especially,
PVC paste resin itself usually contains some additives
and emulsifying agents. These components would
also affect the mechanical and thermal properties of
plasticized PVC resin simultaneously. Hence, it
would be difficult to explain clearly the relationship
between the structure and performances on the basis
of the present literature. Fortunately, there are many
anions and cations which could be combined in 
different ionic liquids. The different combinations of
anions and cations provide higher selectivity for
going thorough research works and applications.

High Temperature Stability
The thermal stabilities of the plasticized PVC 
samples were investigated, including the mass loss
ratio and the onset decomposition temperature. Along
with the increase of plasticizer [omim]PF6 content,
the decomposition temperature increases and weight
loss decreases gradually (Figure 3). Based on the
above facts, it was valid to enhance the thermal 
stability of PVC paste resin membrane by adding to
ionic liquid [omim]PF6.

Figure 3. Effects of plasticizer content and its type on 
polymer thermal properties, (a) onset temperature for
decomposition of different ionic liquid plasticizers when 
subjected to a temperature ramp of 10°C/min, (b) percent-
age of weight loss for different plasticizers after ramping to
250°C at 10°C/min.

However, the onset temperatures for decomposition 
of [C14mim]Br and [C16mim]Br plasticized PVC
samples were lower than pure PVC paste resin.
Meanwhile, weight loss percentages of plasticized
PVC samples were higher than the pure PVC paste
resin. Hence, the unstability should be due to ionic
liquid under high temperature condition. Although
most ILs were found to be fairly stable up to and
above 300°, they conformed to the early studies
reported on several imidazolium-based ILs [13]. By 
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Figure 4. Plots of weight loss vs. temperature of (a)
[C14mim]Br and (b) [C16mim]Br plasticized PVC samples
when subjected to a temperature ramp of 10°C /min.

testing high temperature stability curves of
[C14mim]Br and [C16mim]Br, it was found that the
two ILs started to decompose at 200-250° and 
decomposed completely at >300°C (Figure 4).
Hence, the two kinds of plasticized PVC samples
have relatively lower thermo-stabilities.

Based on decomposition temperature data, high
temperature stability of [bupy]PF6 -plasticized PVC
paste resin film was also lower than that of the
unplasticized samples. Consequently, the weight loss 
percentage of [bupy]PF6 -plasticized PVC sample
was lower than that of the unplasticized polymer.

Only [omim]PF6 -plasticized PVC sample showed
good thermal stability compared with the un-
plasticized polymer, which can be due to high 
thermo-stability of [omim]PF6 (bp >340°C).
Therefore, the high temperature stability of the 
investigated samples would mainly depend on the
property of ionic liquid plasticizer.

UV Stability
PVC paste resin materials are prone to aging under
environmental condition, and photo-stability of the
plasticized PVC resin is important for usages of long
period of time. The physical and chemical durability
of the plasticized PVC productions would be affected
by molecular structure, plasticizer content and 
out-door environmental condition. Under most 
end-use conditions, the combination of plasticizer
and PVC paste resin can be maintained for a long
period of time, but phase separation occurs, 
eventually. Under UV light exposure, the 
decomposition of PVC is intensively dependent on
the additives present in PVC. Hence, UV irradiation
was adopted for testing the UV stability of plasticized
PVC paste resin films [8].

Considering the temperature rise of the 
experimental process in UV irradiation chamber,
there was a synergistic effect needed to be verified
with light exposure and temperature rise simultane-
ously. Hence, the weight loss and plasticizer 
exudation were checked after UV irradiation. The
results showed that neither weight loss nor plasticizer
exudation happened, except an increase in 
elongation-at-break value. The experimental results
showed that the elongation-at-break data of unplasti-
cized or plasticized PVC samples clearly changed
after 5 min of light exposure (Table 1). Although the
exposure only lasted for 5 min, the change was still
obvious because of the high intensity of UV radiation 
(200 wpi) and the film low thickness (about 50 μm)
which was in accordance with other report [8].

Before and after exposure to UV radiation, 
elongation-at-break value of the unplasticized PVC
sample displayed an increase of about 4 times, while
the ionic liquid plasticized polymer only changed by
about 10%. The increment of elongation-at-break
value was mainly due to polymer chain cleavage. It
had been observed before when chain scission due to
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UV irradiation was the dominating effect, resulting in
reduced Mn and Mw [14]. Although the cross-linking
on film surface would occur with polymer chain
cleavage, it is only the cross-linking density which
increases with extended UV exposure because of very
thin film, which the thickness of the surface layer was
limited to approximately 4 μm [15]. UV light can
make the polymer chain to generate free radicals and
at the end leading to cleavage. These radicals form
aggregates or cross-connections resulting in increases
in cross-linking density [16]. The plasticizer mole-
cules can hinder the cross-linking of polymer chains
by scavenging free radicals at their open ends.

Additionally, in a recent report [9] we described
the performances of PVC paste resin plasticized by
[bmim]PF6 and [hmim]PF6. After checking the 
thermo- and photo-stabilities of PVC samples 
plasticized by [bmim]PF6, [hmim]PF6 and
[omim]PF6 in these two works, a very interesting fact
could be found that these three ILs have similar
molecular structures, and the characteristic properties
of the corresponding ILs-plasticized PVC samples
were also similar, except for elastic modulus. With the
same content, the continuous drop in elastic modulus
which certainly indicated to structural irregularity was
due to side-chain increases.

Comparison of [omim]PF6 and DOP Plasticized
PVC Paste Resin Samples as Automobile
Advertisement Paster
For comparison of ILs with traditional plasticizers

plasticized PVC paste resin, [omim]PF6 and dioctyl
phthalate (DOP) were selected as plasticizers.
According to the recipe and productive technology
provided by a local automobile parts factory, the 
automobile advertisement paster samples were 
prepared. The main formula composition (weight
fraction) was following: PVC paste resin (P440) 100
parts by weight, mixed resin 20 pbw, [omim]PF6 or
DOP 80 pbw, diluent agent 50 pbw, CaCO3 10 pbw,
nano-TiO2 5 pbw and Ca/Zn stabilizer 3 pbw. The
main technological process was as follows: mixing at
room temperature, scraping on the glass plate, 
plasticizing at high temperature and peeling after
cooling. The elongation-at-break and UV stability of
the obtained samples were tested according to the
above procedure. The results (Table 1) showed that
[omim]PF6-plasticized PVC paste resin-based 
automobile advertisement paster had relatively good
performance than DOP-plasticized sample. Moreover,
the surface characteristics evaluated by visual 
inspection showed that the colour of DOP-plasticized
sample slightly darkened, but no changes was
observed in [omim]PF6-plasticized sample.

CONCLUSION

Four kinds of room temperature ionic liquids (ILs),
[omim]PF6, [bupy]PF6, [C14mim]Br and [C16mim]Br
were each used as plasticizer for PVC paste resin. The
plasticized film samples were prepared by direct
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Plasticized PVC
paste resin

Elongation-at-break
before exposure (%)

Elongation-at-break
after exposure (%)

Ratio after/before
exposure

None
20 wt% [omim]PF6

20 wt% [bupy]PF6

20 wt% [C14mim]Br
20 wt% [C16mim]Br
[omim]PF6 *
DOP *

13.1±1.3
61.7±4.1
68.9±1.2
65.2±2.5
67.2±3.8

212.3±1.6
179.8±0.8

53.2±3.6
67.2±3.0
81.2±2.1
72.2±0.9
78.3±2.4

214.6±2.3
167.4±3.5

4.06±2.8
1.09±0.7
1.18±1.8
1.11±0.4
1.17±0.6
1.01±1.4
0.93±4.4

Table 1. Elongation-at-break data of plasticized polymer before and after 254 nm wavelength UV 
irradiation at 200 wpi for 5 min. 

(*) The sample as automobile advertisement paster was prepared according to the recipe and productive 
technology provided by a local automobile parts factory.



scratch coating method, and their characteristics were
tested. The results showed that the mechanical 
properties were improved obviously with the 
plasticizer content increasing where tensile strength
and elastic modulus decreased, but elongation-at-
break increased distinctly. Onset decomposition tem-
perature and weight loss percentage data proved that
[omim]PF6 plasticized PVC paste resin showed good
thermal stability compared with [C14mim]Br and
[C16mim]Br plasticized PVC samples. Moreover, UV
stabilities of ILs-plasticized PVC samples were also
raised remarkably.

Although this research could not be applied in
plasticizer industry immediately, it was a benefit in
understanding the interactions between ionic liquid
and PVC paste resin and to develop more ILs-
plasticized PVC materials.
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