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PROCESS FOR PREPARING BRANCHED
POLYMER VIA EMULSION
POLYMERIZATION AT ROOM
TEMPERATURE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage Application of Inter-
national Application Number PCT/CN2017/081180, filed
Apr. 20, 2017; which claims priority to Chinese Application
No. 201611263546.1, filed Dec. 30, 2016; Chinese Appli-
cation No. 201611261467.7, filed Dec. 30, 2016; and Chi-
nese Application No. 201611261458.8, filed Dec. 30, 2016;
all of which are incorporated by reference in their entirety.

FIELD OF THE INVENTION

This invention is about a process for preparing branched
polymers via emulsion polymerization at room temperature
belonging to the fields of polymer synthesis and preparation
of functional polymers. The polymerization system is simple
and stable without needing any temperature control and
leads to low energy consumption, less impact on the envi-
ronment, high polymerization rate, high monomer conver-
sion, high molecular weight and narrow molecular weight
distribution of the branched polymers.

BACKGROUND OF THE INVENTION

Compared with linear polymers, branched polymers have
low melt viscosity and solution viscosity, good solubility
and multi-end groups due to the unique three-dimensional
spherical structure. Addition of branched polymers is rec-
ommended for modification of polymers to prepare coatings
with high solid content, and their use as adhesives, polymer
catalysts and for drug delivery. However, there are still
challenges for promoting the application of branched poly-
mers owing to the limitation of the quantities of branched
polymers that can be synthesized with needed branched
structure and behavior. Therefore, it is still necessary and
important to develop and explore the synthesis methods of
branched polymers.

At present, the main processes for preparing the branched
polymers are (a) live/controlled free radical solution polym-
erization using the inimer or divinyl monomer and (b)
conventional free radical polymerization in the presence of
chain transfer monomers. However, the reaction conditions
of live/controlled free radical solution polymerization are
relatively harsh and polymerization of monomers and poly-
mer structures is limited along with other disadvantages
such as the obtaining of relatively low molecular weight
branched polymers, whose molecular weight distribution is
relatively wide. In contrast, the reaction conditions of con-
ventional free radical polymerization using chain transfer
monomer is simple, but the molecular weight of the obtained
branched polymers is relatively low and their molecular
weight distribution is relatively wide. These two main types
of polymerization processes for the preparation of branched
polymers also have two common drawbacks during process-
ing, i.e., high monomer conversion requires longer time for
polymerization, and the reaction process uses a large amount
of organic solvent, which could be hazardous to the envi-
ronment. These deficiencies have restricted the development
of large-scale application of branched polymers to some
extent. Emulsion polymerization uses water as the medium,
which is better for environmental protection and safety. In
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addition, by using the redox initiator system, the polymer-
ization could be done at or below room temperature owing
to the low activation energy needed for the initiation of
reaction. The advantages of the polymerization process
using this redox initiator system are fast polymerization
speed, i.e., short reaction time leading to high polymer
molecular weight and narrow molecular weight distribution
of the polymers. The development of simplified and facile
synthesis methods for the preparation of branched polymers
is an important direction in the study of branched polymers,
which is of great significance not only to the theoretical
study but also for large-scale application of branched poly-
mers.

Content of the Invention

This invention provides a facile method for the prepara-
tion of branched polymers with high molecular weight and
narrow molecular weight distribution via free radical emul-
sion polymerization using the redox initiator system at room
temperature. The in-situ preparation of branched polymers is
accomplished by using the functional monomers with
polymerizable double bonds and reductive groups as reduc-
ing agent and an oxidant without using any additional
branched monomer at room temperature via emulsion
polymerization. The polymerization system invented here is
simple and stable, easy to be operated, uses short reaction
time and leads to high monomer conversion, high molecular
weight for the polymer and narrow molecular weight dis-
tribution. The molecular weight and branching degree of the
polymer could be controlled and adjusted by varying the
polymerization conditions.

A novel method of preparation of branched polymers via
free radical emulsion polymerization at room temperature
using the functional compound with polymerizable double
bond and reductive groups as the reducing agent is revealed.
The redox initiation system is composed of polymerizable
monomer reducing agent, an oxidant, water as medium,
anionic surfactant as emulsifier, sodium bicarbonate as pH
modulator, vinyl monomer as polymerization monomers,
polymerized free radical emulsion to get branched polymer
at room temperature by in situ reaction.

The key novelty of this invention is the use of a com-
mercially available polymerizable monomer reducing agent,
potassium persulfate and ammonium persulfate as oxidants,
which can be used to initiate the styrene, vinyl acetate or
(meth) acrylate polymerization at room temperature under
the conditions of free radical emulsion polymerization with-
out the addition of other branched monomers and without
increasing the reaction temperature. The branched polymers
were successfully obtained at room temperature via in situ
reaction. This process to prepare branched polymers is
simple and practical, and can be achieved at low production
cost.

In the preferred technological process, the vinyl monomer
is styrene, (meth) acrylate compound, or vinyl acetate.

In the preferred technological process, the molar ratio of
the polymerizable reducing agent monomer to the oxidant is
0.5~2:1.

In the preferred technological process, the molar ratio of
the polymerizable reducing agent monomer and the mono-
mer is 1~5:50.

In the preferred technological process, the mass ratio of
water and the monomer is 2~6:1.
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In the preferred technological process, the dosage of the
pH modifier sodium bicarbonate is 3 wt %, ensuring that the
polymerization system is stable and the pH value is 7~8,
which is weakly alkaline.

In the preferred technological process, the polymerization
temperature is room temperature, and the polymerization
time is controlled in the range of 10 minutes to 10 hours.

In the preferred technological process, the polymerization
method is emulsion polymerization, and the polymerization
mechanism is free radical polymerization.

In the preferred technological process, the surfactant is
sodium dodecyl benzene sulfonate or sodium dodecyl sul-
fate.

In the preferred technological process, the polymerizable
monomer reducing agent is a tertiary amine containing
polymerizable double bonds.

In the preferred technological process, the tertiary amine
with polymerizable double bond is preferred with N,N'-
dimethylamino ethyl methacrylate.

In the preferred technological process, the oxidant is
peroxide, preferably potassium persulfate or ammonium
persulfate.

In this invention, a redoX initiation system is formed with
tertiary amine containing polymerizable double bonds as
monomers of the reducing agent and peroxides, which can
initiate styrene, vinyl acetate, or (meth) acrylate to be
polymerized via emulsion polymerization at room tempera-
ture. The branched polymers with high molecular weight
and branching degree were obtained in-situ by this method.
In the emulsion polymerization, only water was used as the
reaction medium, which is safe and benign for the environ-
ment. Thus, the production of branched polymers not only
saves the cost, but also has no effect on the environment.

At the same time, the redox initiator composed of the
polymerizable tertiary amine and peroxide compound, can
initiate the styrene, methyl methacrylate or vinyl acetate and
propagate polymerization without additional branching
agent. The branched polymers were prepared in situ. Owing
to the low activation energy of the initiation system, the
polymerization can proceed at or below room temperature.
In this polymerization process, higher polymerization rate,
shorter reaction time and higher monomer conversion,
higher branching degree, higher molecular weight and nar-
rower molecular weight distribution are obtained, which are
the outstanding characteristics of this newly invented pro-
cessing. Furthermore, the branching degree, the molecular
weight and molecular weight distribution of the polymers
can be adjusted by manipulating the polymerization condi-
tions. The reaction system is simple and stable under the
mild conditions used. It is also easy to be operated and
suitable for large-scale application.

Compared with the present technology, the creativity and
novelty of this invention is described as follows:

Firstly, in this invention, the use of the commercialized
polymerizable monomer reducing agent without further
purification greatly reduces the polymerization cost, the
reaction system is simple and stable, can be operated under
mild reaction conditions without needing any temperature
control, less impact on the environment, low energy con-
sumption and is suitable for large-scale industrialized pro-
duction.

Secondly, in this invention, reaction time is short and
monomer conversion rate is high, the molecular weight of
the branched polymer is high and the distribution of molecu-
lar weight is narrow. The degree of branching, the molecular
weight and molecular weight distribution of the polymers
can be adjusted in a wide range, which is conducive to the
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precise control of the preparation of branched polymer with
high branching degree and high molecular weight for meet-
ing different requirements. It is also significant for the
theoretical study of the synthesis process of the branched
polymers.

DESCRIPTION OF FIGURES

FIG. 1 shows the trend of variation of the branching factor
g' of the branched polystyrene obtained in embodiment 1 vs
molecular weight. (g' is the ratio of intrinsic viscosity of
branched polymer and linear polymer with the identical
molecular weight g'=IV,, ...nei IV iinears the smaller is the g',
the higher is the degree of branching).

FIG. 2 shows the trend of variation of the branching factor
g' of the branched polystyrene obtained in embodiment 4 vs
molecular weight.

FIG. 3 shows the trend of variation of the branching factor
g' of the branched polymethyl methacrylate obtained in
embodiment 11 vs molecular weight.

FIG. 4 shows the trend of variation of the branching factor
g' of the branched polymethyl methacrylate obtained in
embodiment 12 vs molecular weight.

FIG. 5 shows the trend of variation of the branching factor
g' of the branched polyn-butyl methacrylate obtained in
embodiment 16 vs molecular weight.

FIG. 6 shows the trend of variation of the branching factor
g' of the branched polyvinyl acetate obtained in embodiment
18 vs molecular weight.

FIG. 7 shows the trend of variation of the branching factor
g' of the branched polyvinyl acetate obtained in embodiment
21 vs molecular weight.

EMBODIMENTS
Embodiment 1

Add styrene (5.0021 g, 0.0480 mol) and N,N'-dimethyl-
amino ethyl methacrylate (0.3019 g, 0.0019 mol) to the
reaction flask of the solution of sodium dodecyl sulfate
(0.2500 g, 5 wt % styrene), sodium bicarbonate (0.1500 g,
3 wt % styrene), potassium persulfate (0.5191 g, 0.0019
mol) and water (20.0053 g, 400 wt % styrene) while stirring
to homogenize. The flask was then evacuated to remove
oxygen and then reacted at room temperature (~25° C.) for
6 hours. The styrene conversion rate was measured to be
90.34%. The emulsion was demulsified by ethanol and the
obtained precipitate was washed three times with water
followed by drying to obtain polymer. The polymer was
purified by dissolving in tetrahydrofuran and precipitating in
ethanol and this purification process was repeated three
times followed by drying. The changes in molecular weight
of the polymers and its distribution were measured and
analyzed using triple detection size exclusion chromatogra-
phy. The results are as follows: light scattering weight-
average molecular weight M, ,,,;;~1125000 g/mol,
molecular weight distribution of PDI=5.09, Mark-Houwink
index=0.786 and branching factor g'=0.55, which continued
that the polymer has branched structure. FIG. 1 shows the
trend of variation of the branching factor g' of the branched
polystyrene obtained in embodiment 1 vs molecular weight.

Embodiment 2

Add styrene (5.0006 g, 0.0480 mol) and N,N'-dimethyl-
amino ethyl methacrylate (0.1510 g, 0.0010 mol) to the
reaction flask of the solution of sodium dodecyl sulfate
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(0.2500 g, 5 wt % styrene), sodium bicarbonate (0.1500 g,
3 wt % styrene), potassium persulfate (0.2596 g, 0.0010
mol) and water (20.0020 g, 400 wt % styrene) while stirring
to homogenize. The flask was then evacuated to remove
oxygen and then reacted at room temperature (~25° C.) for
6 hours. The styrene conversion rate was measured to be
86.63%. The emulsion was demulsified by ethanol and the
obtained precipitate was washed three times with water
followed by drying to obtain polymer. The polymer was
purified by dissolving in tetrahydrofuran and precipitating in
ethanol and this purification process was repeated three
times followed by drying. The changes in molecular weight
of the polymers and its distribution were measured and
analyzed using triple detection size exclusion chromatogra-
phy. The results are as follows: light scattering weight-
average molecular weight M, ,,,;;~1084000 g/mol,
molecular weight distribution of PDI=6.66, Mark-Houwink
index=0.723 and branching factor g=0.86, which confirmed
that the polymer has branched structure.

Embodiment 3

Add styrene (5.0015 g, 0.0480 mol) and N,N'-dimethyl-
amino ethyl methacrylate (0.3019 g, 0.0019 mol) to the
reaction flask of the solution of sodium dodecyl sulfate
(0.2500 g, 5 wt % styrene), sodium bicarbonate (0.1500 g,
3 wt % styrene), potassium persulfate (0.7787 g, 0.0029
mol) and water (20.0018 g, 400 wt % styrene) while stirring
to homogenize. The flask was then evacuated to remove
oxygen and then reacted at room temperature (~25° C.) for
6 hours. The styrene conversion rate was measured to be
76.88%. The emulsion was demulsified by ethanol and the
obtained precipitate was washed three times with water
followed by drying to obtain polymer. The polymer was
purified by dissolving in tetrahydrofuran and precipitating in
ethanol and this purification process was repeated three
times followed by drying. The changes in molecular weight
of the polymers and its distribution were measured and
analyzed using triple detection size exclusion chromatogra-
phy. The results are as follows: light scattering weight-
average molecular weight M, ,,,;;~461200 g/mol,
molecular weight distribution of PDI=4.36, Mark-Houwink
index=0.715 and branching factor g=0.79, which confirmed
that the polymer has branched structure.

Embodiment 4

Add styrene (5.0007 g, 0.0480 mol) and N,N'-dimethyl-
amino ethyl methacrylate (0.3019 g, 0.0019 mol) to the
reaction flask of the solution of sodium dodecyl sulfate
(0.2500 g, 5 wt % styrene), sodium bicarbonate (0.1500 g,
3 wt % styrene), potassium persulfate (0.5191 g, 0.0019
mol) and water (20.0031 g, 400 wt % styrene) while stirring
to homogenize. The flask was then evacuated to remove
oxygen and then reacted at room temperature (~35° C.) for
6 hours. The styrene conversion rate was measured to be
89.50%. The emulsion was demulsified by ethanol and the
obtained precipitate was washed three times with water
followed by drying to obtain polymer. The polymer was
purified by dissolving in tetrahydrofuran and precipitating in
ethanol and this purification process was repeated three
times followed by drying. The changes in molecular weight
of the polymers and its distribution were measured and
analyzed using triple detection size exclusion chromatogra-
phy. The results are as follows: light scattering weight-
average molecular weight M, ,,,;;~487400 g/mol,
molecular weight distribution of PDI=2.79, Mark-Houwink
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6
index=0.751 and branching factor g'=0.83, which confirmed
that the polymer has branched structure. FIG. 2 shows the
trend of variation of the branching factor g' of the branched
polystyrene obtained in embodiment 4 vs molecular weight.

Embodiment 5

Add styrene (5.0012 g, 0.0480 mol) and N,N'-dimethyl-
amino ethyl methacrylate (0.3019 g, 0.0019 mol) to the
reaction flask of the solution of sodium dodecyl sulfate
(0.2500 g, 5 wt % styrene), sodium bicarbonate (0.1500 g,
3 wt % styrene), potassium persulfate (0.4325 g, 0.0016
mol) and water (20.0005 g, 400 wt % styrene) while stirring
to homogenize. The flask was then evacuated to remove
oxygen and then reacted at room temperature (~25° C.) for
6 hours. The styrene conversion rate was measured to be
94.05%. The emulsion was demulsified by ethanol and the
obtained precipitate was washed three times with water
followed by drying to obtain polymer. The polymer was
purified by dissolving in tetrahydrofuran and precipitating in
ethanol and this purification process was repeated three
times followed by drying. The changes in molecular weight
of the polymers and its distribution were measured and
analyzed using triple detection size exclusion chromatogra-
phy. The results are as follows: light scattering weight-
average molecular weight M, ,,.;;~592600 g/mol,
molecular weight distribution of PDI=4.24, Mark-Houwink
index=0.743 and branching factor g'=0.71, which confirmed
that the polymer has branched structure.

Embodiment 6

Add styrene (5.0030 g, 0.0480 mol) and N,N'-dimethyl-
amino ethyl methacrylate (0.3019 g, 0.0019 mol) to the
reaction flask of the solution of sodium dodecyl sulfate
(0.2500 g, 5 wt % styrene), sodium bicarbonate (0.1500 g,
3 wt % styrene), potassium persulfate (0.5191 g, 0.0016
mol) and water (20.0054 g, 400 wt % styrene) while stirring
to homogenize. The flask was then evacuated to remove
oxygen and then reacted at room temperature (~20° C.) for
6 hours. The styrene conversion rate was measured to be
89.27%. The emulsion was demulsified by ethanol and the
obtained precipitate was washed three times with water
followed by drying to obtain polymer. The polymer was
purified by dissolving in tetrahydrofuran and precipitating in
ethanol and this purification process was repeated three
times followed by drying. The changes in molecular weight
of the polymers and its distribution were measured and
analyzed using triple detection size exclusion chromatogra-
phy. The results are as follows: light scattering weight-
average molecular weight M, ,,,;;~317000 g/mol,
molecular weight distribution of PDI=3.69, Mark-Houwink
index=0.750 and branching factor g'=0.87, which confirmed
that the polymer has branched structure.

Embodiment 7

Add styrene (5.0011 g, 0.0480 mol) and N,N'-dimethyl-
amino ethyl methacrylate (0.3019 g, 0.0019 mol) to the
reaction flask of the solution of sodium dodecylbenzene
sulfonate (0.2500 g, 5 wt % styrene), sodium bicarbonate
(0.1500 g, 3 wt % styrene), ammonium persulfate (0.4332 g,
0.0019 mol) and water (25.0061 g, 500 wt % styrene) while
stirring to homogenize. The flask was then evacuated to
remove oxygen and then reacted at room temperature (~25°
C.) for 8 hours. The styrene conversion rate was measured
to be 89.27%. The emulsion was demulsified by ethanol and
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the obtained precipitate was washed three times with water
followed by drying to obtain polymer. The polymer was
purified by dissolving in tetrahydrofuran and precipitating in
ethanol and this purification process was repeated three
times followed by drying. The changes in molecular weight
of the polymers and its distribution were measured and
analyzed using triple detection size exclusion chromatogra-
phy. The results are as follows: light scattering weight-
average molecular weight M, ,,,; ;404600 g/mol,
molecular weight distribution of PDI=3.75, Mark-Houwink
index=0.751 and branching factor g'=0.88, which confirmed
that the polymer has branched structure.

Embodiment 8

Add styrene (5.0023 g, 0.0480 mol) and N,N'-dimethyl-
amino ethyl methacrylate (0.3019 g, 0.0019 mol) to the
reaction flask of the solution of sodium dodecyl sulfate
(0.2500 g, 5 wt % styrene), sodium bicarbonate (0.1500 g,
3 wt % styrene), potassium persulfate (1.0377 g, 0.0038
mol) and water (10.0012 g, 200 wt % styrene) while stirring
to homogenize. The flask was then evacuated to remove
oxygen and then reacted at room temperature (~25° C.) for
0.5 hours. The styrene conversion rate was measured to be
90.45%. The emulsion was demulsified by ethanol and the
obtained precipitate was washed three times with water
followed by drying to obtain polymer. The polymer was
purified by dissolving in tetrahydrofuran and precipitating in
ethanol and this purification process was repeated three
times followed by drying. The changes in molecular weight
of the polymers and its distribution were measured and
analyzed using triple detection size exclusion chromatogra-
phy. The results are as follows: light scattering weight-
average molecular weight M, ,,,;;~396000 g/mol,
molecular weight distribution of PDI=2.88, Mark-Houwink
index=0.736 and branching factor g=0.77, which confirmed
that the polymer has branched structure.

Embodiment 9

Add styrene (5.0065 g, 0.0480 mol) and N,N'-dimethyl-
amino ethyl methacrylate (0.1578 g, 0.0010 mol) to the
reaction flask of the solution of sodium dodecyl sulfate
(0.2500 g, 5 wt % styrene), sodium bicarbonate (0.1500 g,
3 wt % styrene), potassium persulfate (0.1356 g, 0.0005
mol) and water (20.0013 g, 400 wt % styrene) while stirring
to homogenize. The flask was then evacuated to remove
oxygen and then reacted at room temperature (~35° C.) for
6 hours. The styrene conversion rate was measured to be
89.50%. The emulsion was demulsified by ethanol and the
obtained precipitate was washed three times with water
followed by drying to obtain polymer. The polymer was
purified by dissolving in tetrahydrofuran and precipitating in
ethanol and this purification process was repeated three
times followed by drying. The changes in molecular weight
of the polymers and its distribution were measured and
analyzed using triple detection size exclusion chromatogra-
phy. The results are as follows: light scattering weight-
average molecular weight M, ,,,;;~789300 g/mol,
molecular weight distribution of PDI=3.19, Mark-Houwink
index=0.756 and branching factor g'=0.83, which confirmed
that the polymer has branched structure.

Embodiment 10

Add styrene (5.0022 g, 0.0480 mol) and N,N'-dimethyl-
amino ethyl methacrylate (0.7536 g, 0.0048 mol) to the
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reaction flask of the solution of sodium dodecyl sulfate
(0.2500 g, 5 wt % styrene), sodium bicarbonate (0.1500 g,
3 wt % styrene), potassium persulfate (1.2967 g, 0.0048
mol) and water (20.0033 g, 400 wt % styrene) while stirring
to homogenize. The flask was then evacuated to remove
oxygen and then reacted at room temperature (~15° C.) for
4 hours. The styrene conversion rate was measured to be
89.50%. The emulsion was demulsified by ethanol and the
obtained precipitate was washed three times with water
followed by drying to obtain polymer. The polymer was
purified by dissolving in tetrahydrofuran and precipitating in
ethanol and this purification process was repeated three
times followed by drying. The changes in molecular weight
of the polymers and its distribution were measured and
analyzed using triple detection size exclusion chromatogra-
phy. The results are as follows: light scattering weight-
average molecular weight M, , ., ~187400 g/mol,
molecular weight distribution of PDI=4.79, Mark-Houwink
index=0.756 and branching factor g'=0.85, which is con-
firmed that the polymer has branched structure.

Embodiment 11

Add methyl methacrylate (5.0000 g, 0.0499 mol) and
N,N'-dimethylamino ethyl methacrylate (0.2617 g, 0.0017
mol) to the reaction flask of the solution of sodium dodecyl
sulfate (0.2500 g, 5 wt % methyl methacrylate), sodium
bicarbonate (0.1500 g, 3 wt % methyl methacrylate), potas-
sium persulfate (0.4500 g, 0.0017 mol) and water (20.0000
g, 400 wt % methyl methacrylate) while stirring to homog-
enize. The flask was then evacuated to remove oxygen and
then reacted at room temperature (~35° C.) for 25 mins. The
methyl methacrylate conversion rate was measured to be
94.72%. The emulsion was demulsified by ethanol and the
obtained precipitate was washed three times with water
followed by drying to obtain polymer. The polymer was
purified by dissolving in tetrahydrofuran and precipitating in
ethanol and this purification process was repeated three
times followed by drying. The changes in molecular weight
of the polymers and its distribution were measured and
analyzed using triple detection size exclusion chromatogra-
phy. The results are as follows: light scattering weight-
average molecular weight M, ,,,;;~5343000 g/mol,
molecular weight distribution of PDI=3.65, Mark-Houwink
index=0.601 and branching factor g'=0.50, which confirmed
that the polymer has branched structure. FIG. 3 shows the
trend of variation of the branching factor g' of the branched
polymethyl methacrylate obtained in embodiment 11 vs
molecular weight.

Embodiment 12

Add methyl methacrylate (5.0000 g, 0.0499 mol) and
N,N'-dimethylamino ethyl methacrylate (0.3142 g, 0.0020
mol) to the reaction flask of the solution of sodium dodecyl
sulfate (0.2500 g, 5 wt % methyl methacrylate), sodium
bicarbonate (0.1500 g, 3 wt % methyl methacrylate), potas-
sium persulfate (0.5402 g, 0.0020 mol) and water (20.0000
g, 400 wt % methyl methacrylate) while stirring to homog-
enize. The flask was then evacuated to remove oxygen and
then reacted at room temperature (~35° C.) for 12 mins. The
methyl methacrylate conversion rate was measured to be
87.06%. The emulsion was demulsified by ethanol and the
obtained precipitate was washed three times with water
followed by drying to obtain polymer. The polymer was
purified by dissolving in tetrahydrofuran and precipitating in
ethanol and this purification process was repeated three
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times followed by drying. The changes in molecular weight
of the polymers and its distribution were measured and
analyzed using triple detection size exclusion chromatogra-
phy. The results are as follows: light scattering weight-
average molecular weight M, ., ~16460000 g/mol,
molecular weight distribution of PDI=2.25 and branching
factor g'=0.14, which confirmed that the polymer has
branched structure. FIG. 4 shows the trend of variation of the
branching factor g' of the branched polymethyl methacrylate
obtained in embodiment 12 vs molecular weight.

Embodiment 13

Add methyl methacrylate (5.0000 g, 0.0499 mol) and
N,N'-dimethylamino ethyl methacrylate (0.1884 g, 0.0012
mol) to the reaction flask of the solution of sodium dodecyl
sulfate (0.2500 g, 5 wt % methyl methacrylate), sodium
bicarbonate (0.1500 g, 3 wt % methyl methacrylate), potas-
sium persulfate (0.3241 g, 0.0012 mol) and water (20.0000
g, 400 wt % methyl methacrylate) while stirring to homog-
enize. The flask was then evacuated to remove oxygen and
then reacted at room temperature (~35° C.) for 30 mins. The
methyl methacrylate conversion rate was measured to be
93.52%. The emulsion was demulsified by ethanol and the
obtained precipitate was washed three times with water
followed by drying to obtain polymer. The polymer was
purified by dissolving in tetrahydrofuran and precipitating in
ethanol and this purification process was repeated three
times followed by drying. The changes in molecular weight
of the polymers and its distribution were measured and
analyzed using triple detection size exclusion chromatogra-
phy. The results are as follows: light scattering weight-
average molecular weight M, ,,,;;~1094000 g/mol,
molecular weight distribution of PDI=2.39 and branching
factor g'=0.84, which confirmed that the polymer has
branched structure.

Embodiment 14

Add methyl methacrylate (5.0000 g, 0.0499 mol) and
N,N'-dimethylamino ethyl methacrylate (0.1572 g, 0.0010
mol) to the reaction flask of the solution of sodium dodecyl
sulfate (0.2500 g, 5 wt % methyl methacrylate), sodium
bicarbonate (0.1500 g, 3 wt % methyl methacrylate), ammo-
nium persulfate (0.4564 g, 0.0020 mol) and water (20.0000
g, 400 wt % methyl methacrylate) while stirring to homog-
enize. The flask was then evacuated to remove oxygen and
then reacted at room temperature (~35° C.) for 45 mins. The
methyl methacrylate conversion rate was measured to be
97.28%. The emulsion was demulsified by ethanol and the
obtained precipitate was washed three times with water
followed by drying to obtain polymer. The polymer was
purified by dissolving in tetrahydrofuran and precipitating in
ethanol and this purification process was repeated three
times followed by drying. The changes of molecular weight
and its distribution of the polymers were measured and
analyzed using triple detection size exclusion chromatogra-
phy. The results are as follows: light scattering weight-
average molecular weight M, ,,.;,~1902000 g/mol,
molecular weight distribution of PDI=2.25 and branching
factor g'=0.86, which confirmed that the polymer has
branched structure.

Embodiment 15

Add methyl methacrylate (5.0000 g, 0.0499 mol) and
N,N'-dimethylamino ethyl methacrylate (0.7851 g, 0.0050
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mol) to the reaction flask of the solution of sodium dodecyl
sulfate (0.2500 g, 5 wt % methyl methacrylate), sodium
bicarbonate (0.1500 g, 3 wt % methyl methacrylate), potas-
sium persulfate (0.6750 g, 0.0020 mol) and water (30.0000
g, 600 wt % methyl methacrylate) while stirring to homog-
enize. The flask was then evacuated to remove oxygen and
then reacted at room temperature (~25° C.) for 10 mins. The
methyl methacrylate conversion rate was measured to be
91.53%. The emulsion was demulsified by ethanol and the
obtained precipitate was washed three times with water
followed by drying to obtain polymer. The polymer was
purified by dissolving in tetrahydrofuran and precipitating in
ethanol and this purification process was repeated three
times followed by drying. The changes in molecular weight
of the polymers and its distribution were measured and
analyzed using triple detection size exclusion chromatogra-
phy. The results are as follows: light scattering weight-
average molecular weight M, ,,,;;~860500 g/mol,
molecular weight distribution of PDI=3.43 and branching
factor g'=0.42, which confirmed that the polymer has
branched structure.

Embodiment 16

Add n-butyl methacrylate (5.0000 g, 0.0352 mol) and
N,N'-dimethylamino ethyl methacrylate (0.2617 g, 0.0017
mol) to the reaction flask of the solution of sodium dodecyl
sulfate (0.2500 g, 5 wt % n-butyl methacrylate), sodium
bicarbonate (0.1500 g, 3 wt % n-butyl methacrylate), potas-
sium persulfate (0.3169 g, 0.0012 mol) and water (30.0000
g, 600 wt % n-butyl methacrylate) while stirring to homog-
enize. The flask was then evacuated to remove oxygen and
then reacted at room temperature (~25° C.) for 2 hours. The
n-butyl methacrylate conversion rate was measured to be
99.09%. The emulsion was demulsified by ethanol and the
obtained precipitate was washed three times with water
followed by drying to obtain polymer. The polymer was
purified by dissolving in tetrahydrofuran and precipitating in
ethanol and this purification process was repeated three
times followed by drying. The changes in molecular weight
of the polymers and its distribution were measured and
analyzed using triple detection size exclusion chromatogra-
phy. The results are as follows: light scattering weight-
average molecular weight M, ,,,;;~1343000 g/mol,
molecular weight distribution of PDI=7.77 and branching
factor g'=0.30, which confirmed that the polymer has
branched structure. FIG. 5 shows the trend of variation of the
branching factor g' of the branched polyn-butyl methacrylate
obtained in embodiments 16 vs molecular weight.

Embodiment 17

Add tert-butyl methacrylate (5.0000 g, 0.0352 mol) and
N,N'-dimethylamino ethyl methacrylate (0.2617 g, 0.0017
mol) to the reaction flask of the solution of sodium dodecyl
benzene sulfonate (0.2500 g, 5 wt % tert-butyl methacry-
late), sodium bicarbonate (0.1500 g, 3 wt % tert-butyl
methacrylate), potassium persulfate (0.3170 g, 0.0012 mol)
and water (15.0000 g, 300 wt % tert-butyl methacrylate)
while stirring to homogenize. The flask was then evacuated
to remove oxygen and then reacted at room temperature
(~25° C.) for 1 hours. The tert-butyl methacrylate conver-
sion rate was measured to be 90.09%. The emulsion was
demulsified by ethanol and the obtained precipitate was
washed three times with water followed by drying to obtain
polymer. The polymer was purified by dissolving in tetra-
hydrofuran and precipitating in ethanol and this purification
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process was repeated three times followed by drying. The
changes in molecular weight of the polymers and its distri-
bution were measured and analyzed using triple detection
size exclusion chromatography. The results are as follows:
light scattering weight-average molecular weight
M., ar4r2.5=1262000 g/mol, molecular weight distribution of
PDI=3.65 and branching factor g=0.63, which confirmed
that the polymer has branched structure.

Embodiment 18

Add vinyl acetate (5.0001 g, 0.0580 mol) and N,N'-
dimethylamino ethyl methacrylate (0.3652 g, 0.0023 mol) to
the reaction flask of the solution of sodium dodecyl sulfate
(0.2500 g, 5 wt % vinyl acetate), sodium bicarbonate
(0.1500 g, 3 wt % vinyl acetate), potassium persulfate
(0.6280 g, 0.0023 mol) and water (20.0000 g, 400 wt %
vinyl acetate) while stirring to homogenize. The flask was
then evacuated to remove oxygen and then reacted at room
temperature (~25° C.) for 6 hours. The vinyl acetate con-
version rate was measured to be 90.04%. The emulsion was
demulsified by ethanol and the obtained precipitate was
washed three times with water followed by drying to obtain
polymer. The polymer was purified by dissolving in tetra-
hydrofuran and precipitating in ethanol and this purification
process was repeated three times followed by drying. The
changes in molecular weight of the polymers and its distri-
bution were measured and analyzed using triple detection
size exclusion chromatography. The results are as follows:
light scattering weight-average molecular weight
M,, 24r2.5=1225000 g/mol, molecular weight distribution of
PDI=8.81, Mark-Houwink index=0.571 and branching fac-
tor g'=0.84, which confirmed that the polymer has branched
structure. FIG. 6 shows the trend of variation of the branch-
ing factor g' of the branched polyvinyl acetate obtained in
embodiment 18 vs molecular weight.

Embodiment 19

Add vinyl acetate (5.0006 g, 0.0580 mol) and N,N'-
dimethylamino ethyl methacrylate (0.9118 g, 0.0058 mol) to
the reaction flask of the solution of sodium dodecyl sulfate
(0.2500 g, 5 wt % vinyl acetate), sodium bicarbonate
(0.1500 g, 3 wt % vinyl acetate), potassium persulfate
(1.5661 g, 0.0058 mol) and water (20.0000 g, 400 wt %
vinyl acetate) while stirring to homogenize. The flask was
then evacuated to remove oxygen and then reacted at room
temperature (~35° C.) for 6 hours. The vinyl acetate con-
version rate was measured to be 90.79%. The emulsion was
demulsified by ethanol and the obtained precipitate was
washed three times with water followed by drying to obtain
polymer. The polymer was purified by dissolving in tetra-
hydrofuran and precipitating in ethanol and this purification
process was repeated three times followed by drying. The
changes in molecular weight of the polymers and its distri-
bution were measured and analyzed using triple detection
size exclusion chromatography. The results are as follows:
light scattering weight-average molecular weight
M,, 224725758000 g/mol, molecular weight distribution of
PDI=2.77, Mark-Houwink index=0.796 and branching fac-
tor e=0.76, which confirmed that the polymer has branched
structure.

Embodiment 20

Add vinyl acetate (5.0005 g, 0.0580 mol) and N,N'-
dimethylamino ethyl methacrylate (0.3034 g, 0.0019 mol) to
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the reaction flask of the solution of sodium dodecyl sulfate
(0.2500 g, 5 wt % vinyl acetate), sodium bicarbonate
(0.1500 g, 3 wt % vinyl acetate), potassium persulfate
(0.5137 g, 0.0019 mol) and water (20.0018 g, 400 wt %
vinyl acetate) while stirring to homogenize. The flask was
then evacuated to remove oxygen and then reacted at room
temperature (~35° C.) for 6 hours. The vinyl acetate con-
version rate was measured to be 94.61%. The emulsion was
demulsified by ethanol and the obtained precipitate was
washed three times with water followed by drying to obtain
polymer. The polymer was purified by dissolving in tetra-
hydrofuran and precipitating in ethanol and this purification
process was repeated three times followed by drying. The
changes in molecular weight of the polymers and its distri-
bution were measured and analyzed using triple detection
size exclusion chromatography. The results are as follows:
light scattering weight-average molecular weight
M., ar4r2.5=297500 g/mol, molecular weight distribution of
PDI=3.98, Mark-Houwink index=0.655 and branching fac-
tor g'=0.82, which confirmed that the polymer has branched
structure.

Embodiment 21

Add vinyl acetate (5.0001 g, 0.0580 mol) and N,N'-
dimethylamino ethyl methacrylate (0.2355 g, 0.0015 mol) to
the reaction flask of the solution of sodium dodecyl sulfate
(0.2500 g, 5 wt % vinyl acetate), sodium bicarbonate
(0.1500 g, 3 wt % vinyl acetate), potassium persulfate
(0.4053 g, 0.0015 mol) and water (20.0031 g, 400 wt %
vinyl acetate) while stirring to homogenize. The flask was
then evacuated to remove oxygen and then reacted at room
temperature (~35° C.) for 6 hours. The vinyl acetate con-
version rate was measured to be 98.93%. The emulsion was
demulsified by ethanol and the obtained precipitate was
washed three times with water followed by drying to obtain
polymer. The polymer was purified by dissolving in tetra-
hydrofuran and precipitating in ethanol and this purification
process was repeated three times followed by drying. The
changes in molecular weight of the polymers and its distri-
bution were measured and analyzed using triple detection
size exclusion chromatography. The results are as follows:
light scattering weight-average molecular weight
M., ararz.s—184400 g/mol, molecular weight distribution of
PDI=4.57, Mark-Houwink index=0.671 and branching fac-
tor g'=0.60, which confirmed that the polymer has branched
structure. FIG. 7 shows the trend of variation of the branch-
ing factor g' of the branched polyvinyl acetate obtained in
embodiment 21 vs molecular weight.

Embodiment 22

Add vinyl acetate (5.0002 g, 0.0580 mol) and N,N'-
dimethylamino ethyl methacrylate (0.1884 g, 0.0012 mol) to
the reaction flask of the solution of sodium dodecyl sulfate
(0.2500 g, 5 wt % vinyl acetate), sodium bicarbonate
(0.1500 g, 3 wt % vinyl acetate), potassium persulfate
(0.3243 g, 0.0012 mol) and water (20.0005 g, 400 wt %
vinyl acetate) while stirring to homogenize. The flask was
then evacuated to remove oxygen and then reacted at room
temperature (~35° C.) for 6 hours. The vinyl acetate con-
version rate was measured to be 90.45%. The emulsion was
demulsified by ethanol and the obtained precipitate was
washed three times with water followed by drying to obtain
polymer. The polymer was purified by dissolving in tetra-
hydrofuran and precipitating in ethanol and this purification
process was repeated three times followed by drying. The
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changes in molecular weight of the polymers and its distri-
bution were measured and analyzed using triple detection
size exclusion chromatography. The results are as follows:
light scattering weight-average molecular weight
M., ar4r2.5=145000 g/mol, molecular weight distribution of
PDI=3.14, Mark-Houwink index=0.502 and branching fac-
tor g'=0.37, which confirmed that the polymer has branched
structure.

Embodiment 23

Add vinyl acetate (5.0003 g, 0.0580 mol) and N,N'-
dimethylamino ethyl methacrylate (0.4553 g, 0.0029 mol) to
the reaction flask of the solution of sodium dodecyl sulfate
(0.2500 g, 5 wt % vinyl acetate), sodium bicarbonate
(0.1500 g, 3 wt % vinyl acetate), potassium persulfate
(0.7831 g, 0.0029 mol) and water (20.0054 g, 400 wt %
vinyl acetate) while stirring to homogenize. The flask was
then evacuated to remove oxygen and then reacted at room
temperature (~35° C.) for 6 hours. The vinyl acetate con-
version rate was measured to be 91.25%. The emulsion was
demulsified by ethanol and the obtained precipitate was
washed three times with water followed by drying to obtain
polymer. The polymer was purified by dissolving in tetra-
hydrofuran and precipitating in ethanol and this purification
process was repeated three times followed by drying. The
changes in molecular weight of the polymers and its distri-
bution were measured and analyzed using triple detection
size exclusion chromatography. The results are as follows:
light scattering weight-average molecular weight
M., ar4r2.5466400 g/mol, molecular weight distribution of
PDI=8.72, Mark-Houwink index=0.762 and branching fac-
tor g'=0.88, which confirmed that the polymer has branched
structure.

Embodiment 24

Add vinyl acetate (5.0005 g, 0.0580 mol) and N,N'-
dimethylamino ethyl methacrylate (0.3019 g, 0.0019 mol) to
the reaction flask of the solution of sodium dodecyl benzene
sulfonate (0.2500 g, 5 wt % vinyl acetate), sodium bicar-
bonate (0.1500 g, 3 wt % vinyl acetate), ammonium persul-
fate (0.8235 g. 0.0038 mol) and water (25.0061 g, 500 wt %
vinyl acetate) while stirring to homogenize. The flask was
then evacuated to remove oxygen and then reacted at room
temperature (~25° C.) for 10 hours. The vinyl acetate
conversion rate was measured to be 97.30%. The emulsion
was demulsified by ethanol and the obtained precipitate was
washed three times with water followed by drying to obtain
polymer. The polymer was purified by dissolving in tetra-
hydrofuran and precipitating in ethanol and this purification
process was repeated three times followed by drying. The
changes in molecular weight of the polymers and its distri-
bution were measured and analyzed using triple detection
size exclusion chromatography. The results are as follows:
light scattering weight-average molecular weight
M., ararr.s=346500 g/mol, molecular weight distribution of
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PDI=7.88, Mark-Houwink index=0.685 and branching fac-
tor g'=0.76, which confirmed that the polymer has branched
structure.

Embodiment 25

Add vinyl acetate (5.0003 g, 0.0580 mol) and N,N'-
dimethylamino ethyl methacrylate (0.3019 g, 0.0019 mol) to
the reaction flask of the solution of sodium dodecyl benzene
sulfonate (0.2500 g, 5 wt % vinyl acetate), sodium bicar-
bonate (0.1500 g, 3 wt % vinyl acetate), potassium persul-
fate (0.5188 g, 0.0019 mol) and water (10.0012 g, 200 wt %
vinyl acetate) while stirring to homogenize. The flask was
then evacuated to remove oxygen and then reacted at room
temperature (~25° C.) for 0.5 hours. The vinyl acetate
conversion rate was measured to be 90.45%. The emulsion
was demulsified by ethanol and the obtained precipitate was
washed three times with water followed by drying to obtain
polymer. The polymer was purified by dissolving in tetra-
hydrofuran and precipitating in ethanol and this purification
process was repeated three times followed by drying. The
changes in molecular weight of the polymers and its distri-
bution were measured and analyzed using triple detection
size exclusion chromatography. The results are as follows:
light scattering weight-average molecular weight
M., ararz.5=357000 g/mol, molecular weight distribution of
PDI=6.18, Mark-Houwink index=0.696 and branching fac-
tor g'=0.81, which confirmed that the polymer has branched
structure.

The invention claimed is:

1. A process for preparing branched polymers by an in situ
reaction via free radical emulsion polymerization at room
temperature, comprising combining a polymerizable reduc-
tant monomer containing both a polymerizable double bond
and a reducing group with an oxidant to be used as an
initiator, water as a medium, an anionic surfactant as an
emulsifier, sodium bicarbonate as a pH regulator, and a vinyl
monomer as a monomer, wherein the polymerizable reduc-
tant monomer is a tertiary amine containing polymerizable
double bonds.

2. The process of claim 1, wherein the vinyl monomer is
styrene, vinyl acetate or (meth) acrylate.

3. The process of claim 1, wherein the molar ratio of
polymerizable reductant monomer to oxidant is 0.5~2:1.

4. The process of claim 1, wherein the molar ratio of
polymerizable reductant monomer to monomer is 1~5:50.

5. The process of claim 1, wherein the mass ratio of water
to monomer is 2~6:1.

6. The process of claim 1, wherein the polymerization is
carried out at room temperature and the polymerization
reaction time is controlled in a range of 10 mins~10 hours.

7. The process of claim 1, wherein the anionic surfactant
is sodium dodecyl benzene sulfonate or sodium dodecyl
sulfate.

8. The process of claim 1, wherein the oxidant is peroxide.
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