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Preparation and evaluation of water-based sealants for repairing 
cracks in sports building road surfaces

Przygotowanie i ocena uszczelniaczy na bazie wody 
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A novel water-based asphalt sealant was prepd. by mixing neoprene 
rubber latex and styrene-butadiene latex as well as styrene-butadi-

CaCO3

detd. by std. methods as evaluation indicators. The study was carried 
-

ware. The high qual. sealant was produced when the mixt. contained 
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Dependently on engineering materials used, vehicle load 
and climate, the road pavement can produce cracks. Once 
cracks appear on the road surface, they not only affect the 
road appearance, but also can reflect down and damage 
the road structure as well as accelerate the outside water 
infiltration. It results in more serious road damage, affects 
the comfort and safety of driving and shortens the service 
life of the road.

There are many crack repair materials and modified 
asphalt sealant under study. For example, Xia et al.1) studied 
the effect of composition of a high-temperature composite-
modified asphalt sealant on its performance, and determined 
the optimal asphalt sealant composition. Jianfeng2) studied 
the quality and technical performance (penetration degree, 
softening point, elongation) of a sealant made of SBS rubber 
powder, plasticizer and mineral powder using the contents 
as variables to carry out orthogonal experimental design. 
He prepared 3 kinds of the sealant. Du Sujun3) took the 
formulation design of a low-temperature sealant used for 
repairing asphalt pavement cracks as the goal, studied the 
effect of the main raw materials used for preparing the 
sealant (SBS, light calcium carbonate, and soybean oil) 
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on various properties of sealant, and developed a sealant 
product. Soliman and Shalaby4) developed a kind of high 
polymer sealant, which had good fluidity and cohesive-
ness. Yildirim et al.5) selected 7 different crack sealants to 
study the performance of rubber asphalt and other sealants 
under 5 different climatic conditions. The use of modified 
asphalt sealants is connected with some difficulties: (i) they 

environment-polluting asphalt smoke; (ii) they need time, 
labor and money for heating, slotting, expanding, filling the 
materials i.e. at least a hot melt kettle, a slotting machine, 
a filling machine, as well as 1 car and 3 workers; (iii) the 
slotting and widening can result in extension of cracks or 
the looseness of the surrounding pavement, which may leave 
hidden dangers of secondary damage6).

Compared with modified asphalt sealant, water-based 
sealant has many advantages: (i) water-based materials, 
green environmental protection; (ii) no need for heating 
materials, slotting and seam expansion, saving equipment 
and labor input, can be manual and mechanical construc-
tion, simple and fast, can be fast open traffic; (ii) good 
permeability necessary for reinforcing the surrounding 
concrete7).

Experimental

Materials 
For the preparation of asphalt sealants, neoprene rubber 

latex (technical product of Shanghai) and styrene-butadiene 
latex (technical product of Nanjing) as film-forming sub-
stance A, cationic emulsified asphalt modified with SBS 
(technical product of Shenyang) as film-forming substance 
B, polyether-modified silicone defoamer (technical product 
of Taiyuan) as defoaming agent C, light calcium carbonate 
(Shijiazhuang Sanxing Calcium Industry Co., Ltd) as filler 
D, and poly(vinyl alcohol) (product of Anhui Wanwei High 
tech Materials Co., Ltd) as stabilizer E were used in the study.

Methods
Laboratory experimental setting was presented on Fig 

1. Firstly, the film-forming substance A (the ratio of fixed 
neoprene latex and styrene butadiene latex 6:1) was mixed 
with the defoaming agent C, mechanically stirred for 3 min 
(speed of 500 rpm), then the filler D was evenly added in 
3 portions (the mass ratio 4:4:2) and stirred at the speed 
of 500 rpm, 600 rpm and 700 rpm for 3 min after each 
addition. Then, film forming substance B was added and 
the mixture was stirred at 1200 rpm for 3 min. Finally, the 
stabilizer E was added, and the 4 blades of the spiral stir-
ring paddle of the mixer were placed in the upper part of 
the mixture for 8 min, and then placed in the lower part of 
the mixture for 8 min. The water-based sealant was ready 
for use when the mixture was without any lumps and floc-
culations. Compositions of prepared asphalt sealants were 
collected in Table 1.
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The relationship between response variables and vary-
ing proportions of each experimental factor was deter-
mined by using experimental design method. As response 
variables, bond strength, low-temperature flexibility, 
storage stability and workability were determined by 

The heat resistance was not used as an evaluation index 
in the analysis of results. At the same time, the viscosity 
was only determine according to China standard No. GB 
45320-2025 and recorded as a characteristic index of the 
sample, but not as the evaluation index of the composition 
design. The experimental design test parameters (Design 
Expert software, D-optional method, 25 experiments) were 
shown in Table 2. 

Results and discussion 
The results of the study were shown in Table 2.
The results of regression analysis were presented as the 

following equations (1)–(4) of bond strength, low-temper-
ature flexibility, stability and workability:
Bond strength = 3.13A + 4.81B + 7.59C + 4.71D + 18.49E 
– 32.40AB – 75.79CD + 99.62CE – 71.07DE               (1)

Low-temperature flexibility = 100.84A + 59.13B + 49.32C 
– 15.41D – 27.06E                          (2)

Storage stability = 219.90A + 61.20B + 4462.34639793C + 
63.54D – 474.434E – 408.55AB – 5899.73AC – 390.99AD + 
251.44AE – 4338.34BC – 78.26BD + 531.97BE – 5019.03CD 
– 2663.24 CE + 540.92DE                                                    (3)

Workability = 4.18 – 116.32B – 17.25C – 13.14D + 38.15E 
+ 190.91AB + 228.22BD                                                (4)

The A, C, D and E factors had obvious influence on the 
bond strength (Fig. 2). Among them, the contents of A and 
E were positively correlated with bond strength, while the 
contents C and D were negatively correlated with bond 
strength, while the curve of B intersected gently, indicat-
ing that the content of B had only small influence on bond 
strength. 
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Table 1. Composition of asphalt sealants, % by mass (A + B + C + D + E = 100)

Component

Minimum 
content/ 

Maximum 
content/ 

Film-forming substance A/

Film-forming substance B/ 25

Antifoaming agent C/ 1 4

Filler D 25

Stabilizer E 15

Fig. 1. Experimental setting under laboratory conditions and a sample of the 
water-based sealant produced
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Effect of all factors on low-temperature flexibility was 
linear (Fig. 3). The slopes of B and C lines were low (small 
influence), while slopes of A, D and E lines were high (high 
influence).

The A, B and D curves of storage stability on Fig. 4 
had parabolic course with upward openings, indicating 
that the stability decreased with an increase of the A, B 
and D contents to a minimum and then increased. On the 
contrary, the opening of E curve was downward, indicat-
ing that within a certain range, the storage stability firstly 
increased with an increase in the E content, and after 
passing the inflection point, it decreased with an increase 
of the E content. The C content had a significant effect on 
the stability, which declined sharply with the increase of 
the C content.

The increase in A, D and E contents resulted in a sig-
nificant increase of workability (Fig. 5). The effect of the 
C content on the workability was also significant but with 

Table 2. Experimental design scheme and test results

Test number/

Contents, % by mass
Viscosity/ Bond strength/ 

Low-tempera-
/ Storage 

stability/ Workability/

1 1

2 14 1

12 2

4 14 4

5 1

6 15 4

2 1

1

15 4

14 2

11 1

12

14 2

14 12 1

15 4

16 2

1

12 2

11 1

5 11 1

21 5 11

22

24 1

25 12 2
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the increase of the C content, the stability declined sharply. 
The B content curve showed a downward opened parabola 
nature, indicating that within a certain range, the work-
ability increased with the increase of B content, and after 
passing the inflection point, it decreased with the increase 
of B content.
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According to the regression equations 1-4, the optimal 
function of software experiment was designed to optimize 
the formula. Found in the test process is higher than 30%, 
the effect of D content on workability was generally poor, 
therefore, D content limit was set at 30%, stability index 
lower limit set at 10, workability index lower limit set 
at 3. The intermediate reference values of each factor 
were: A 29.9%, B 19.9%, C 3.0%, D 34.9% and E 12.4%. 
The highest expectations in the first group were chosen 
(A 35%, B 19%, C 1%, D 30%, E 15%). The measured 
values were close to the predicted values, indicating that 
the fitting equation of the test described well the rela-
tionship between factors and indicators. The results were 
shown in Table 3.

Conclusions 

In the study, D-optimal mixture design method was 
adopted, with 2 film forming substances, defoaming agent, 
filler and stabilizer as the main raw materials, and bond 
strength, low-temperature flexibility, stability and work-
ability as evaluation indexes, to optimize the composition 
of a water-based sealant. The results of the verification 
test were consistent with the predicted values, indicating 
that the model obtained by the test was reliable, and the 
compositions of water-based sealants can be quickly and 
effectively obtained and optimized after short test time.
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Index Measured value/ Predicted value/ 

Bond strength/

Low temperature 

Storage stability/
15

Workability/ 4 4


