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To further improve the road performance of waterborne epoxy resin, it was prepared by using the phase inversion method. ,e
tensile properties, bending properties, impact resistance, and storage stability of waterborne epoxy resin were determined. ,e
bonding properties of waterborne epoxy resin were analyzed. At the same time, their properties were compared with those of
waterborne epoxy resin prepared by using the curing agent emulsification method. ,e performance of waterborne epoxy resin
was comprehensively evaluated based on multi-index grey target decision model. ,e results show that the optimum preparation
parameters for the preparation of waterborne epoxy resin by phase inversionmethod are shear time 1.5 h, shear temperature 60°C,
and shear rate 1300–1500 r/min. ,e suitable contents of emulsifier A and B are 18% and 16%, respectively. ,e tensile strength,
elongation at break, bending strength, bending deformation, and impact strength of waterborne epoxy resin prepared by
emulsifier A can reach 34.46MPa, 12.96%, 85.37MPa, 19.42mm, and 15.66 kJ/m2, respectively. It shows improved mechanical
strength, deformation ability, impact resistance, and bonding performance. ,e comprehensive properties of waterborne epoxy
resin prepared by emulsifier A are the best. It is suggested to use phase inversion method to prepare waterborne epoxy resin
for roads.

1. Introduction

Epoxy resin has been widely used in chemical coatings, civil
construction, and other fields for a long time due to its
excellent mechanical properties, thermal stability, and ad-
hesion [1–4]. However, the traditional solvent-based epoxy
resin contains a lot of organic solvents, which can cause
serious environmental pollution and harm human health. It
is becoming increasingly difficult to meet the higher re-
quirements of the society for green environmental protec-
tion.Waterborne epoxy resin means that the epoxy resin can
be dispersed evenly in water in the form of small droplets in a
proper way, thus forming a stable and uniform emulsion
system. It not only has many excellent properties of tradi-
tional solvent-based epoxy resin but also has remarkable
characteristics of low volatile organic compounds (VOC),
convenient construction, and safety.

In recent years, some researches and applications of
waterborne epoxy resin have been carried out in the field of
road engineering [5]. Chen et al. [6–13] used the curing
agent emulsification method to prepare the waterborne
epoxy resin. ,e tensile, bending, and bonding properties of
waterborne epoxy resin were explored, and the waterborne
epoxy resin modified emulsified asphalt was further pre-
pared. Ji et al. [14–16] used waterborne epoxy resin modified
emulsified asphalt as binder for micro surfacing and cold-
mixed repair materials, and the mixture shows improved
high temperature stability and water stability. Li et al. [17]
prepared waterborne epoxy resin modified foamed asphalt
cold recycled mixture, and compared with the ordinary
foamed asphalt cold recycled mixture, its water resistance
performance increased by 10%. Liu et al. [18, 19] studied the
waterproof performance, high temperature, low tempera-
ture, and water immersion interlayer shear strength of
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waterborne epoxy resin modified emulsified asphalt bridge
deck pavement waterproof bonding layer. ,e results
showed that the waterborne epoxy resin improves the co-
hesive force and viscoelastic properties of emulsified asphalt,
and its properties are obviously better than those of SBR
modified emulsified asphalt. Li et al. [20, 21] characterized
the curing behavior of waterborne epoxy resin in emulsified
asphalt by Fourier transform infrared spectroscopy (FT-IR)
and evaluated the rheological properties and anti-fatigue
properties of evaporated residue of modified emulsified
asphalt by dynamic shear rheometer (DSR). It shows that the
bonding performance, mechanical strength, and fatigue life
of emulsified asphalt can be significantly improved by
adding waterborne epoxy resin. ,e above research shows
that waterborne epoxy resin is an excellent emulsified as-
phalt modifier, which can effectively improve the application
effect of emulsified asphalt in the field of road engineering.
But at present, in the field of road engineering, most of the
researchers directly study the application performance of the
commercially available waterborne epoxy resin, or directly
study the road performance of waterborne epoxy resin-
modified emulsified asphalt. ,ere is a lack of systematic
understanding and research on the tensile, bending, and
bonding properties of waterborne epoxy resin.

,e current preparation methods of waterborne epoxy
resin include mechanical method, phase inversion method,
chemical modification method, and curing agent emulsifica-
tion method [22]. ,e size of dispersed phase particles of
waterborne epoxy resin prepared by using the mechanical
method is large and unevenly distributed, which leads to
precipitation and poor stability. Phase inversion method [23]
refers to the modification of epoxy resin from water in oil state
to oil in water state by adding emulsifier through physical
action. Chen et al. [24] used epoxy resin, trimellitic anhydride,
and polyethylene glycol to prepare reactive epoxy resin
emulsifier containing carboxyl and hydroxyl groups, and the
waterborne epoxy resin was prepared by using the phase in-
version method. ,e average particle size of emulsion was
about 312nm. ,e waterborne epoxy resin prepared by using
the phase inversion method has uniform particle size, narrow
particle size distribution, and better stability. Chemical mod-
ification method [22] is through esterification reaction,
etherification reaction, or graft reaction; the hydrophilic groups
such as carboxyl group, hydroxyl group, and amine group are
incorporated into the molecular structure of epoxy resin,
making the modified epoxy resin hydrophilic. However, the
preparation process is complex, the reaction is not controllable,
and the production cost is high. Curing agent emulsification
method [7, 8] refers to thewaterborne epoxy resin curing agent,
which has the properties of both curing agent and emulsifier.
However, at present, the research on the preparation of wa-
terborne epoxy resin is mainly based on the particle size,
stability, and film-forming properties of the emulsion. ,ere
are few studies on the optimization of waterborne epoxy resin
preparation from the perspective of the tensile, bending, and
bonding properties of waterborne epoxy resin. It is necessary to
further develop the preparation optimization and performance
evaluation of waterborne epoxy resin based on its mechanical
strength, flexibility, and bonding properties.

Based on this, to further improve the road performance
of waterborne epoxy resin, it was prepared by using the
phase inversion method. ,e effects of preparation pa-
rameters on the properties of waterborne epoxy resin were
explored. ,e tensile properties, bending properties, impact
resistance, and storage stability of waterborne epoxy resin
were determined. ,e bonding properties of waterborne
epoxy resin were analyzed. ,e performance of waterborne
epoxy resin was comprehensively evaluated based on multi-
index grey target decision model. It provides a reference for
the further application of waterborne epoxy resin in road
engineering.

2. Test Materials and Methods

2.1. Raw Materials. ,e bisphenol A epoxy resin E-51
supported by Nan Ya Plastics Corp (NPC) was used. It is
liquid at room temperature. Waterborne epoxy resin was
prepared by using the phase inversion method. Two kinds of
nonionic active epoxy resin emulsifiers A and B supported
by Shenzhen Kaist New Material Co., Ltd. were selected.
According to previous research [8], modified alicyclic amine
waterborne epoxy resin curing agent supported by Nan Ya
Plastics Corp (NPC) was used. ,e content of curing agent
for waterborne epoxy resin is considered according to the
interaction between active hydrogen on the amine group of
curing agent and an epoxy group phase of epoxy resin [11].
,e main technical indexes of each material are shown in
Table 1.

2.2. Preparation ofWaterborne Epoxy Resin. Phase inversion
method [23] refers to the modification of epoxy resin from
water in oil state to oil in water state by adding emulsifier
through physical action. ,e waterborne epoxy resin was
prepared by using the phase inversion method, and the
performance test specimens of waterborne epoxy resin were
further prepared. ,e specific preparation process is as
follows:

(1) ,e epoxy resin, emulsifier, water, etc., were heated
to the specified temperature, and a certain weight of
epoxy resin and emulsifier were weighed. ,e
emulsifier and epoxy resin were evenly mixed by
using a shear apparatus at the rate of 700–800 r/min
for 15min.

(2) ,e shear apparatus was adjusted to the specified
rate. Water was added through a separating funnel.
After water equivalent to the specified weight was
added, the shear apparatus continued to shear and
disperse for a certain period of time. During the
emulsification process, the temperature and shear
time of the emulsion were strictly controlled.

To optimize the preparation process parameters of
waterborne epoxy resin, the effects of shear time, shear
temperature, shear rate, and emulsifier content on the tensile
properties, bending properties, impact resistance, and
storage stability of waterborne epoxy resin were investigated.
According to the existing research results [22–24], three
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shear times of 1.0 h, 1.5 h, and 2.0 h; three shear tempera-
tures of 55°C, 60°C, and 65°C; three shear rates of 900–1100 r/
min, 1100–1300 r/min, and 1300–1500 r/min; and four
emulsifier contents of 14%, 16%, 18%, and 20% were set to
comprehensively study the effects of preparation process
parameters and emulsifier content on the properties of
waterborne epoxy resin.

2.3. Performance Test of Waterborne Epoxy Resin. Based on
the tensile properties, bending properties, impact resis-
tance, and storage stability of waterborne epoxy resin, the
preparation process of waterborne epoxy resin was opti-
mized, and the bonding properties of waterborne epoxy
resin were evaluated. ,e properties of the waterborne
epoxy resin were compared with those of waterborne epoxy
resin prepared by using the curing agent emulsification
method. Five samples were tested in each group, and the
average value of three valid data was taken as the final test
result. ,e performance test scheme of waterborne epoxy
resin is shown in Figure 1.

2.3.1. Tensile Test. ,e tensile strength and elongation at
break were used to evaluate the mechanical strength and
deformation ability of waterborne epoxy resin. ,e prepared
waterborne epoxy resin emulsion was uniformly poured into
the tetrafluoroethylene dumbbell mold coated with
demoulding agent. ,e specimens were placed in 40°C
constant temperature oven for 4 h, then demoulded and
placed in 25°C constant temperature oven for 7 days. ,en,
the 25°C tensile properties were tested by using the universal
material testing machine, and the tensile rate was 10mm/
min. ,e tensile strength and elongation at break are cal-
culated according to Equations (1) and (2), respectively.

σt �
p

b · h
, (1)

εt �
ΔLb

L0
× 100, (2)

where σt is the tensile strength, MPa; P is the breaking load,
N; b is the specimen width, mm; h is the specimen thickness,
mm; εt is the specimen elongation at breaking, %; L0 is the
measured standard length of the specimen, mm; ∆Lb is the
elongation to the measured standard length of the specimen,
L0, when the specimen breaks, mm.

2.3.2. Bending Test. ,e bending strength and bending
deformation of the waterborne epoxy resin were tested to
evaluate its deformation resistance and toughness. ,e
prepared waterborne epoxy resin emulsion was uniformly
poured into a tetrafluoroethylene strip mold (80mm×

15mm× 4mm). ,e specimens were placed in 40°C con-
stant temperature oven for 4 h, then demoulded and placed
in 25°C constant temperature oven for 7 days.,en, the 25°C
three-point bending test was carried out for each specimen,
and the loading rate was 10mm/min. ,e bending strength
is calculated according to

σb �
3p · l

2b · h
2, (3)

where σb is the bending strength, MPa; P is the failure load,
N; l is the span, mm; b is the specimen width, mm; h is the
specimen thickness, mm.

2.3.3. Impact Test. ,e impact strength was used to evaluate
the impact resistance of waterborne epoxy resin according to
the Test methods for properties of resin casting body (GB/T
2567-2008), China. ,e prepared waterborne epoxy resin
emulsion was uniformly poured into a tetrafluoroethylene
strip mold (80mm× 10mm× 4mm). ,e specimens were
placed in 40°C constant temperature oven for 4 h, then
demoulded and placed in 25°C constant temperature oven
for 7 days. ,en, the 25°C impact test was carried out with a
simple beam impact instrument immediately. ,e impact
strength is calculated according to

σk �
1000A

b × d
, (4)

where σk is the impact strength, kJ/m2; A is the energy
consumed by the specimen, J; b is the width of the test piece,
mm; d is the thickness of the test piece, mm.

2.3.4. Storage Stability Test. Insufficient storage stability of
waterborne epoxy resin will cause segregation and delam-
ination, which will further affect the mechanical properties
of the cured product. ,e newly prepared 50mL waterborne
epoxy resin was added into the 50mL measuring cylinder,
the mouth of the measuring cylinder was sealed, and it was
placed in the 25°C temperature constant temperature curing
box. ,e volume of the supernatant was observed after
15 days and 30 days, and the volume of the supernatant was

Table 1: ,e main technical indexes of each material.

No. Materials Basic performance indices

1 Epoxy resin E-51 Transparent viscous liquid; molecular weight, 350–400; epoxy value, 0.48–0.54 (mol/100 g); organic
chlorine, ≤0.02 (mol/100 g); inorganic chlorine, ≤0.001 (mol/100 g); volatile, ≤2%

2 Emulsifier A Colorless transparent liquid; solid content, 50± 2%; viscosity (25°C), 320–430MPa·s; PH value, 6–7;
specific gravity, 1.03–1.05 g/cm3

3 Emulsifier B Yellowish transparent liquid; solid content, 50± 2%; viscosity (25°C), 250–380MPa·s; PH value, 6–8;
specific gravity, 1.02–1.04 g/cm3

4 Waterborne epoxy resin
curing agent

Nonionic yellowish transparent liquid; solid content, 50± 2%; active hydrogen equivalent (solids),
291; viscosity (25°C), 10 Pa·s; PH value, 11–13; specific gravity, 1.05–1.10 g/cm3
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used as an evaluation index for the storage stability of the
waterborne epoxy resin emulsion.

2.3.5. Bonding Performance Test. Referring to water quality
asphalt waterproof coating for highway (JT/T 535-2015), the
bonding performance of waterborne epoxy resin was eval-
uated by pull-out strength. ,e prepared waterborne epoxy
resin was evenly distributed on the surface of cement
concrete specimens with strength grade above C30
according to the amount of 1.0 kg/m2, and cured for 7 days at
25°C. ,en, the quick drying AB adhesive was used to bond
the puller to the surface of the cured specimen. Next, the
specimens were kept at −10°C, 25°C, and 40°C in constant
temperature ovens for 4 h, respectively, and the pull-out
strength was tested by the pull-out tester with the loading
rate of 10mm/min.

3. Results and Discussion

3.1. Effect of Different Process Parameters on the Performance
ofWaterborne Epoxy Resin. Based on the evaluation indexes
of tensile strength, elongation at break, bending strength,
bending deformation, impact strength, and stability, the
effects of various preparation process parameters on the
properties of waterborne epoxy resin were comprehensively
explored. ,e tensile properties, bending properties, impact
resistance, and storage stability of waterborne epoxy resin
were clarified, so as to further optimize the preparation
process of waterborne epoxy resin.

3.1.1. Shear Time. Taking the preparation of waterborne
epoxy resin with emulsifier A content of 18% as an example,
the shear temperature and shear rate were set at 60°C and
1300–1500 r/min, respectively. ,e tensile properties,
bending properties, impact resistance, and stability of the
waterborne epoxy resin prepared under each shear time
were tested, and the influence of shear time on the properties
of waterborne epoxy resin was determined. ,e test results
are shown in Figure 2.

It can be seen from Figure 2 that with the increase of
shear time, the properties of waterborne epoxy resin
prepared with emulsifier A increase first and then decrease.
When the shear time is 1.5 h, its properties reach a better
level. When the shear time increased from 1.0 h to 1.5 h, the
tensile strength, elongation at break, bending strength,
bending deformation, and impact strength of waterborne
epoxy resin increased by 6.4%, 61.8%, 19.7%, 78.2%, and
17.2%, respectively. ,e analysis shows that with the in-
crease of the shear time, the waterborne epoxy resin will
have enough time to shear and disperse after the water in
oil state is changed to the oil in water, so that the particle
size and stability of the emulsion will become better.
However, as the shear time continues to increase, excessive
shearing leads to the mechanical demulsification of wa-
terborne epoxy resin to a certain extent, the particle size of
emulsion increases, the stability becomes worse, and the
properties of cured products decrease. ,erefore, it is
suggested that the shear time for the preparation of wa-
terborne epoxy resin by using the phase inversion method
is 1.5 h.

3.1.2. Shear Temperature. Taking the preparation of wa-
terborne epoxy resin with emulsifier A content of 18% as an
example, the shear time and shear rate were set at 1.5 h and
1300–1500 r/min, respectively. ,e tensile properties,
bending properties, impact resistance, and stability of the
waterborne epoxy resin prepared under each shear tem-
perature were tested, and the influence of shear temperature
on the properties of waterborne epoxy resin was determined.
,e test results are shown in Figure 3.

As shown in Figure 3, with the increase of shear
temperature, the properties of waterborne epoxy resin
prepared by emulsifier A increase first and then decrease.
When the shear temperature is 60°C, its properties reach a
better level. When the shear temperature increases from
55°C to 60°C, the tensile strength, elongation at break,
bending strength, bending deformation, and impact
strength of waterborne epoxy resin increase by 0.2%,

Preparation of
waterborne epoxy resin

Shear time

Shear rate

Shear temperature

Emulsifier content Impact test

Tensile test Bending test

Stability test Pull-out test

Figure 1: ,e performance test scheme of waterborne epoxy resin.
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63.8%, 14.3%, 59.4%, and 41.1%, respectively. In the
preparation process of waterborne epoxy resin, low shear
temperature is conducive to phase inversion, but the vis-
cosity of the system is higher at low temperature, which is
not conducive to uniform dispersion and poor emulsifi-
cation effect. When the shear temperature is too high, the
viscosity of the system decreases, which helps to emulsify
and disperse evenly. However, under high temperature, the
thermal movement of the emulsion particles is aggravated,
and the droplets easily collide and gather. Finally, the
particle size of the epoxy resin emulsion increases and the
stability decreases. ,erefore, it is suggested that the shear
temperature of waterborne epoxy resin prepared by using
the phase inversion method is 60°C.

3.1.3. Shear Rate. Taking the preparation of waterborne
epoxy resin with emulsifier A content of 18% or emulsifier B
content of 16% as examples, the shear time and shear
temperature were set at 1.5 h and 60°C, respectively. ,e
tensile properties, bending properties, impact resistance, and
stability of the waterborne epoxy resin prepared under each
shear rate were tested, and the influence of shear rate on the
properties of waterborne epoxy resin was determined. ,e
test results are shown in Figures 4 and 5.

It can be seen from Figures 4 and 5 that with the in-
crease of shear rate, the properties of waterborne epoxy
resin prepared with emulsifier A or emulsifier B increase
gradually. When the shear rate is increased from 900–1100
r/min to 1300–1500 r/min, the tensile properties, bending
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Figure 2: Effect of shear time on properties of emulsifier A emulsifying E-51 epoxy resin: (a) Tensile properties; (b) bending properties;
(c) impact properties; (d) stability.
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properties, and impact resistance of waterborne epoxy resin
prepared with emulsifier A increased by 21.6–25.3%,
13.3–33.7%, and 14.7%, respectively, and the tensile
strength, elongation at break, bending strength, bending
deformation, and impact strength were 34.46MPa, 12.96%,
85.37MPa, 19.42mm, and 15.66 kJ/m2, respectively. ,e
storage stability is obviously improved, and the supernatant
after standing for 15 days changed from 10mL to 1mL.,e
results show that with the increase of shear rate, the
emulsification effect of waterborne epoxy resin gradually
becomes better, so as to improve its properties. However,
considering that too fast shear rate will lead to mechanical
demulsification and economy, it is suggested that the shear

rate of waterborne epoxy resin prepared by using the phase
inversion method is 1300–1500 r/min.

In conclusion, the suitable process parameters for the
preparation of waterborne epoxy resin by using the phase
inversion method are shear time 1.5 h, shear temperature
60°C, and shear rate 1300–1500 r/min.

3.2. Effect of Emulsifier Content on the Performance of
Waterborne Epoxy Resin. ,e waterborne epoxy resin was
prepared with the optimized process parameters. ,e tensile
properties, bending properties, impact properties, and
storage stability of waterborne epoxy resin were tested. ,e
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Figure 3: Effect of shear temperature on properties of emulsifier A emulsifying E-51 epoxy resin: (a) Tensile properties; (b) bending
properties; (c) impact properties; (d) stability.
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effect of emulsifier content on the properties of waterborne
epoxy resin was determined. ,e test results are shown in
Figures 6 and 7.

Figure 6 shows that, with the increase of emulsifier A
content, the tensile properties, bending properties, and
impact properties of waterborne epoxy resins generally
increase first and then decrease, and the stability of emulsion
gradually improves. When the content of emulsifier A is
increased to 18%, the elongation at break of the cured
waterborne epoxy resin reaches the maximum value of
12.96%. Meanwhile, the deformation ability and impact
resistance of waterborne epoxy resin reach the maximum,
changing from brittle fracture to nonfracture at 180°
bending. ,e bending strength, bending deformation, and

impact strength are 85.37MPa, 19.42mm, and 15.66 kJ/m2,
respectively. It shows improved deformation ability and
impact resistance. It is suggested that the content of
emulsifier A is 18%.,e analysis shows that on the one hand,
with the increase of emulsifier content, the emulsifying effect
of epoxy resin gradually increases, the particle size of
emulsion gradually decreases, and the properties of water-
borne epoxy resin gradually improve. However, the excess
emulsifier causes the performance of the epoxy resin to
decrease. On the other hand, the emulsifier can toughen the
waterborne epoxy resin to a certain extent. With the increase
of emulsifier content, its deformation ability and impact
resistance increase, but its tensile strength decreases
gradually.
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Figure 4: Effect of shear rate on properties of emulsifier A emulsifying E-51 epoxy resin: (a) Tensile properties; (b) bending properties;
(c) impact properties; (d) stability.
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It can be seen from Figures 6 and 7 that the properties of
waterborne epoxy resin prepared with emulsifier B are
similar to those prepared with emulsifier A. When the
content of emulsifier B is increased to 16%, the elongation at
break of the cured waterborne epoxy resin reaches the
maximum value of 12.11%. Meanwhile, the deformation
ability and impact resistance of waterborne epoxy resin
reach the best, changing from brittle fracture to non-fracture
at 180° bending. ,e bending strength, bending deforma-
tion, and impact strength are 76.87MPa, 17.79mm, and
15.44 kJ/m2, respectively. It is suggested that the content of
emulsifier B is 16%. Compared with the waterborne epoxy
resin prepared by using emulsifier B, the waterborne epoxy

resin prepared by emulsifier A has better mechanical
strength and deformation ability.

3.3. Bonding Properties ofWaterborne Epoxy Resin. ,e pull-
out strength of waterborne epoxy resin prepared by emul-
sifier A or emulsifier B at different temperatures was tested to
evaluate its bonding performance. ,e test results are shown
in Figure 8.

It can be seen from Figure 8 that with the increase of
test temperature, the bonding performance of waterborne
epoxy resin shows a gradually decreasing trend. When the
test temperature increases from −10°C to 25°C and from
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Figure 5: Effect of shear rate on properties of emulsifier B emulsifying E-51 epoxy resin: (a) Tensile properties; (b) bending properties;
(c) impact properties; (d) stability.
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25°C to 40°C, the pull-out strength of waterborne epoxy
resin decreases slightly by about 0.1MPa and 0.2MPa,
respectively. ,e 40°C pull-out strength of waterborne
epoxy resin prepared by these two emulsifiers are
2.02MPa and 1.95MPa, respectively, which still showed
good bonding performance. At different test tempera-
tures, the pull-out strength of waterborne epoxy resin
prepared by emulsifier A was slightly higher than that
prepared by emulsifier B, showing better bonding
performance.

3.4. Comprehensive Evaluation on Properties of Waterborne
Epoxy Resin. To comprehensively evaluate the properties of
waterborne epoxy resin prepared by using the phase in-
version method, a multi-index grey target decision model
was introduced. At the same time, its properties were
compared with those of waterborne epoxy resin prepared by
using the curing agent emulsification method. According to
the multi-index grey target decision model in reference [25],
the sample matrix as shown in Table 2 is constructed, and
each evaluation index is a benefit index.
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Figure 6: Effect of emulsifier A content on properties of E-51 waterborne epoxy resin: (a) Tensile properties; (b) bending properties; (c) impact
properties; (d) stability.
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According to the calculation steps in reference [25], the
sample matrix (Table 2) is standardized, and the off-target of
the grey target decision model is calculated. With the target
of minimizing the off-target distance, the optimal weight
vector of each index is calculated, and the comprehensive
off-target distance of each scheme is finally determined. ,e
results are shown in Table 3.

It can be seen from Tables 2 and 3 that the compre-
hensive off-target distance of scheme 1 is the smallest,
which is 0.01087. It indicates that the waterborne epoxy
resin prepared with emulsifier A has the best

comprehensive properties, such as better mechanical
strength, deformation ability, and bonding performance.
,is result is consistent with the preliminary conclusion
obtained in the test process. It indicates that the multi-
index grey target decision model is suitable for the eval-
uation of the comprehensive properties of waterborne
epoxy resin. In addition, the waterborne epoxy resin
prepared by using the phase inversion method has better
construction advantages. ,erefore, it is suggested to use
the phase inversion method to prepare waterborne epoxy
resin.
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Figure 7: Effect of emulsifier B content on properties of E-51 waterborne epoxy resin: (a) Tensile properties; (b) bending properties; (c) impact
properties; (d) stability.
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4. Conclusion

(1) ,e optimum preparation parameters for the
preparation of waterborne epoxy resin by using the
phase inversion method were shear time 1.5 h, shear
temperature 60°C, and shear rate 1300–1500 r/min.
,e suitable contents of emulsifier A and B are 18%
and 16%, respectively.

(2) ,e tensile strength, elongation at break, bending
strength, bending deformation, and impact strength
of waterborne epoxy resin prepared by emulsifier A
can reach 34.46MPa, 12.96%, 85.37MPa, 19.42mm,
and 15.66 kJ/m2, respectively. It shows improved
mechanical strength, deformation ability, and im-
pact resistance.

(3) With the increase of test temperature, the inter-
laminar bonding properties of waterborne epoxy

resin decreased gradually, but its 40°C bonding
strength was still about 2.0MPa. ,e waterborne
epoxy resin prepared by emulsifier A showed better
bonding performance.

(4) ,e waterborne epoxy resin prepared by emulsifier A
has the best comprehensive properties. ,is result is
consistent with the preliminary conclusion obtained
in the test process. It indicates that the multi-index
grey target decision model is suitable for the eval-
uation of the comprehensive properties of water-
borne epoxy resin.

(5) ,e preparation process parameters of waterborne
epoxy resin were optimized. ,e mechanical prop-
erties, stability, and bonding properties of water-
borne epoxy resin were comprehensively evaluated.
It is necessary to further study the performance and
application of waterborne epoxy resin modified
emulsified asphalt.

Data Availability

Some or all data, models, or code generated or used during
the study are available from the corresponding author upon
request.
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Figure 8: ,e bonding performance of waterborne epoxy resin.

Table 2: ,e performance test results of waterborne epoxy resin.

Scheme Emulsifier type Tensile
strength (MPa)

Elongation at
break (%)

Bending
strength (MPa)

Bending
deformation

(mm)

Impact strength
(kJ/m2)

,e 25°C bonding
strength (MPa)

1 A 34.46± 0.36 12.96± 0.15 85.37± 0.45 19.42± 0.18 15.66± 0.21 2.24± 0.11
2 B 32.72± 0.32 12.11± 0.14 76.87± 0.42 17.79± 0.18 15.44± 0.22 2.17± 0.09

3 Curing agent
emulsification 27.84± 0.29 12.76± 0.14 82.50± 0.46 22.99± 0.21 14.63± 0.19 2.15± 0.10

Table 3: ,e comprehensive off-target distance of different wa-
terborne epoxy resin preparation schemes.

Scheme Emulsifier type ,e off-target distance
1 A 0.01087
2 B 0.03333
3 Curing agent emulsification 0.03139
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