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Abstract: In order to reduce the cohesive force between
pavement and ice, the approach of pavement surface coating
with hydrophobic admixtures is investigated. The deicing
effect of this approach is examined by the contact angle test
and the shear test. The durability of the approach is examined
by the accelerated abrasion test, and the skid resistance of the
pavement with surface coating is examined by the British
pendulum test and the surface texture depth test. In the contact
angle test, the contact angle between hydrophobic admixture
and water is 100. 2°. In the shear test, the maximum shear
stress is 0. 06 MPa for the specimen coated with hydrophobic
admixture, which is much lower than that of the specimen
without hydrophobic admixture coating, 3.5 MPa. Furth-
ermore, the ice and asphalt surface are completely separated
for the coated specimen while not for the uncoated specimen.
Based on the accelerated abrasion test, the residual hydro-
phobic admixture in the veins of the pavement after abrasion
still has a deicing effect. From the skid resistance tests, the
British pendulum number (BPN) and the texture depth (TD) of
the specimen coated with hydrophobic admixtures are larger than
those of the standard requirements. The overall experi-mental
observation indicates that the approach can effectively reduce
close contact between asphalt pavement and ice; therefore, it
can be a promising solution to road icing problems in winter.
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surface

ith the second largest road network in the world,
China is very vulnerable to snow and icy rain in
winter which happens to be the high season for road traf-
fic. The snow and ice on the road significantly impact the
normal operation of vehicles, which causes heavy disrup-
tion to the national economy and people’s daily life. Over
the last several decades, a significant amount of research
have been conducted to explore convenient and efficient
snow melting and deicing techniques to solve this prob-
lem. These techniques can be broadly divided into exter-
nal and internal approaches.
External approaches include deicing by technologies
such as scattering an ice-melting agent, surface coating
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and cleaning manually or by machinery, etc''’. Scattering
an ice-melting agent is an approach to reduce the melting
point of ice; therefore, the ice can melt at a lower tem-
perature. Chlorine salt is the main ice-melting agent due
to its low cost. Although this approach has a high deicing
efficiency, chlorine salt can also significantly corrode
roads and bridges as well as pollute the soil and water in
the long term'™. The manual or machinery cleaning ap-
proach is commonly used for deicing; however, it has
drawbacks such as a low cleanse rate and a high cost.
More innovative deicing approaches such as microwave
heating deicing have not been popularized because of their
low deicing efficiency and immaturity .

An internal approach to deicing has functional pave-
ments using different technologies, such as deicing by
heating up the pavement, adding salinization material and
granulated crumb rubber into the asphalt mixture'” . Ice
melting by heating mainly uses the heat produced by geo-
therm, gas, electric and solar energy. This method has a
high rate of ice melting; nevertheless using this technolo-
gy is energy intensive, costly and difficult to con-
struct"”"" . Similar to the scattering ice-melting agent ap-
proach, ice melting by adding a salinization material into
the asphalt mixture is to reduce freezing point of the ice
on the pavement. The difficulty of this approach is to
guarantee the pavement’s performance, such as high tem-
perature stability, low-temperature crack resistance and
water damage resistance!'”"”". The success of the last ap-
proach hinges on the uneven deformation characteristics
of rubble particles. With the aid of the rubber particles’
larger deformation compared to the asphalt mixture, ice
can be easily broken under the vehicle load. This ap-
proach can reduce road noise and improve the pavement’s
performance including high temperature stability, low-
temperature crack resistance and antiskid performance;
nevertheless the deicing effect is not ideal and the smooth-
ness of pavement will deteriorate over time!'™ .

As can be seen from the above literature reviews, ex-
tensive research has been conducted to solve deicing prob-
lems, yet various problems still need to be resolved.
Therefore, this paper attempts to improve the efficiency
of deicing technology via surface coating approach, resul-
ting in safe and durable pavements.

1 Experimental Program

1.1 Materials

Two kinds of hydrophobic admixtures were used in this



Research on asphalt concrete pavement deicing technology

337

study, which include SILQUESTR YC-1005G-NT and
SILRES® BS290. They are all liquid materials. YC-
1005G-NT is a hydrophobic admixture based on organo-
silicon. It has a good hydrophobic ability, high penetra-
bility and high adhesiveness. BS290 is a solventless sili-
cone concentrate based on a mixture of silane and silox-
ane. The physical properties of hydrophobic admixtures
are shown in Tab. 1.

Tab.1 Physical properties of hydrophobic admixtures

Hydrophobic Dosage of  Density( <25 C)/
. Appearance . _3
admixture type silane/ % (g-cm™)
YC-1005G-NT  Yellow liquid 100 0.91
BS290 Colorless turbid ~ About 100 1.05

1.2 Contact angle test

The contact angle test was used to illustrate the contact
relationships of hydrophobic admixtures/water and hydro-
phobic admixtures/asphalt. First, hydrophobic admix-
tures and asphalt were coated on the glass boards, respec-
tively. Then, distilled water was dripped onto the glass
boards coated with hydrophobic admixtures and hydro-
phobic admixtures were dripped onto the glass boards
coated with asphalt. The contact angles were measured by
the admeasuring apparatus-CA-XP150.

1.3 Shear test

In order to study the change of cohesive force between
the ice and pavement, which is coated and uncoated with
hydrophobic admixtures, the shear test was conducted.
To greatly simplify the research task, the surface of the
Marshall specimen was adopted to represent the surface of
the pavement in the experiment. The diameter and length
of the Marshall specimen were 100 and 64 mm, respec-
tively. The asphalt content was 5% in the mixture. First,
hydrophobic admixtures were coated onto the top surface
of Marshall specimens. There were three different dosa-
ges for each hydrophobic admixture, i.e. , 0.3, 0.5 and
0.7 kg/m’, respectively. Secondly, the coated speci-
mens were cured at room temperature for 10 h so that the
hydrophobic admixtures could be absorbed completely by
the Marshall specimen surface. The top surface of the
Marshall specimen was lapped with a blown-sponge to
form a reservoir to retain water, as shown in Fig.1(a).
Afterwards, water was poured into the reservoir, which
was then put into a refrigerator to form ice on the surface.
At the same time, control specimens without coating were
made following the same procedure for comparison.

After water on the surface of the specimens was frozen,
the shear test was conducted with the universal testing ma-
chine (UTM), as shown in Fig. 1(b). The test was con-
ducted under a displacement control of 5 mm/min. In the
test, the load and displacement data were continuously re-
corded; and the fracture surfaces of specimens were carefully

Fig.1 Shear test. (a) Specimen; (b) Shear mold

examined after the test. In order to prevent the ice melting,
the temperature in the UTM chamber was set at —10 C for
one hour before the test. Due to the difficulty in mounting
external LVDTs on the specimen, displacement data from
the internal LVDT was used for this investigation.

1.4 Accelerated abrasion test

In order to study the durability of hydrophobic admix-
tures, which were coated on the top surface of pavement,
an accelerated abrasion test was devised. First, the SMA-
13 specimens were prepared with a size of 280 mm x 140
mm X 50 mm, as shown in Fig.2. Secondly, hydropho-
bic admixtures were coated onto the top surface of speci-
mens three times with an interval of 15 min. The total
dosage of the hydrophobic admixture for a specimen was
0.7 kg/m’. Finally, the coated specimens were cured at
a temperature of 15 C for 20 h so that the hydrophobic
admixtures could solidify completely.

Fig.2 The specimen of accelerated abrasion test

The accelerated abrasion test was conducted on an in-
strument modified from a rutting tester with friction pro-
vided by the additional loading frame, as shown in Fig. 3.
In order to imitate the interaction between the wheel and
the road for two different scenarios, i.e. braking and driv-
ing wheel action, the friction stress levels were set to be 0.
11 and 0.33 MPa, respectively, which were calculated by

T =0,5n0 + ko, (1)

where ¢, =0.7 MPa is the pressure between the wheel
and the pavement; k is the coefficient of rolling friction,
under the condition of driving wheel action, k =0. 13 to
0.22, and under the condition of braking wheel action, k
=0.5 t0 0. 6; and @ is the pavement profile grade (in
this study § =3% ). After abrasion, the top surface of the
specimen was lapped with a blown-sponge to retain water
(see Fig.4), which was then frozen in the refrigerator.
Afterwards, the ice on the specimen was compressed 10
times by a rut board molding pendulum to simulate the
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action of wheel loads on an icy road, as shown in Fig. 5.
The compressive action on the ice-covered specimen was
greatly amplified since the pressure of the rut board mold-
ing pendulum was 1.11 MPa, which is much larger than
the normal pressure exerted by vehicle types. The frac-
ture/damage forms of the ice on the specimens were
checked carefully after compressing. Finally, a shear test
was also conducted to reveal the deicing effect of residual
hydrophobic admixtures after the accelerated abrasion
test. The specimens for shear test were drilled from the
specimens for the accelerated abrasion test once the test
was finished. The diameter and length of shear test speci-
men were 100 and 50 mm, respectively.

Fig.3 Accelerated abrasion instrument

Fig.4 Specimen lapped with blown-sponge

Fig.5
molding pendulum

Ice on surface of specimen compressed by rut board

1.5 Skid resistance test

In order to investigate the impact of hydrophobic ad-
mixtures on pavement skid resistance, BPN and TD of
specimens were measured. First, the SMA-13 specimens
were prepared with the size of 300 mm x 300 mm x 50
mm. Secondly, hydrophobic admixtures were coated onto
the top surface of specimens with a dosage of 0.7 kg/m’.
Then, BPN and TD were measured after the hydrophobic
admixtures solidified completely. At the same time, con-
trol specimens without coating were tested for comparison.

2 Results and Discussion
2.1 Contact angle test

The bigger the contact angle, the better the hydropho-

bic properties of the surface of the specimen. Generally,
when the contact angle is greater than 90°, the surface of
the specimen has a hydrophobic property. In addition, if
the contact angle is larger than 150°, the surface has su-
per-lyophobic properties.

The contact angle between the hydrophobic admixture
YC-1005G-NT and water is shown in Fig. 6 (a). The
contact angle between YC-1005G-NT and water is 100.
2°; while the contact angle between BS290 and water is
85.3°. It can be seen that the hydrophobic property of
YC-1005G-NT is better than that of BS290. When hydro-
phobic admixtures are dripped on the surface of asphalt,
the contact angles between asphalt and YC-1005G-NT/
BS290 are 10. 8° and 15. 4°, respectively, as shown in
Fig.6(b). The small contact angles between hydrophobic
admixtures and asphalt suggest that the hydrophobic ad-
mixtures could bond with asphalt efficiently. Overall, hy-
drophobic admixtures have good hydrophilic properties,
in particular YC-1005G-NT. Hydrophobic admixtures
have small surface tension with asphalt, so they can per-
meate into asphalt concrete pavements and greatly extend
its service life as a deicing material.

(a)

Fig. 6 Contact angles of different interfaces. (a) YC-1005G-NT
and water; (b) YC-1005G-NT and asphalt

2.2 Shear test

The test results corresponding to different dosage of hy-
drophobic admixtures are shown in Figs. 7 to 9. It has
been observed that hydrophobic admixtures are very effec-
tive in reducing the bond between the specimen surface
and ice. Deicing effect of hydrophobic admixtures increa-
ses ( shear strength decreases) when dosage increases.
When the dosage increases to 0.7 kg/m’, the shear stress
is 0.06 MPa for YC-1005G-NT. In all the shear samples
coated with hydrophobic admixtures, ice has been com-
pletely sheared off along the interface, leaving the surface
of specimen clear and intact, which is not the case for the
specimens without surface coating. It can be clearly seen
from Fig.7(a) that the surface of the specimen is largely
bonded with the ice after the shear test.

Compared with YC-1005G-NT, the shear test results of
samples coated with BS290 suggest that the deicing effect
of BS290 is less effective. As shown in Fig.9, when the
dosage is 0.3 kg/m’, the deicing effect is similar to that
of YC-1005G-NT. However, when the dosage increases
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Fig. 7  Interface exposed after shear test for coating YC-
1005G-NT at different dosages. (a) 0 kg/m*; (b) 0.3 kg/m?;
(¢) 0.5 kg/m*;(d) 0.7 kg/m?

(a) (b)

(c) (d)

Fig.8 Interface exposed after shear test for coating BS290 at
different dosages. (a) 0 kg/m*; (b) 0.3 kg/m?; (c) 0.5 kg/m?;
(d) 0.7 kg/m?
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Fig.9 Relationship of shear force with dosage for coating hy-
drophobic admixtures

to 0.5 and 0.7 kg/m’, the ice is not sheared off along the
interface and there is some ice remaining on the surface of
the Marshall specimen, as shown in Figs.8(c) and (d).
The shear strength is minimal when the dosage is 0.3
kg/m’. The main reason for the seemingly unlikely in-
crease in the shear load at higher dosage is that it becomes
more difficult for the agent to be absorbed by the specimen
with increasing dosage. Some hydrophobic admixture still
remained in its liquid state on the surface of specimen

when adding water on the top surface. Therefore, part of
the hydrophobic admixture is diluted in water and has no
effect on reducing the cohesive force. When dosages are
0.5 and 0.7 kg/m’, the shear planes are ice interiors,
which suggests that their corresponding shear forces ( see
Fig.9) reflect more or less the shearing strength of ice.

A brief sum up is made in this part. The shear stress
corresponding to the dosage of 0.7 kg/m’ is almost mini-
mal for all coating admixtures, as shown in Fig.9.
Among them, the shear stresses of the specimens coated
with hydrophobic admixtures are much smaller compared
with those of uncoated specimens. The shear planes of
specimens coated with YC-1005G-NT are clear and intact
according to Figs.7(b), (c) and (d). The test results
indicate that YC-1005G-NT is better than BS290, and the
optimal dosage of YC-1005G-NT is 0.7 kg/m’.

2.3 Accelerated abrasion test

The results of the accelerated abrasion test are shown in
Figs. 10 to 12. The surface situations of specimens after
the accelerated abrasion test with friction 0.11 MPa are
shown in Fig. 10. It can be clearly seen that there is a hy-
drophobic admixture membrane on the surface of each
specimen. The membrane has been gradually abraded
with the increase of the grinding times. However, the re-
sidual membrane is found in the veins of the specimen
surface. Also, the residual hydrophobic admixture mem-
brane has no change when the grinding times increase
from 12 600 to 20 160. The abrasion occurs between the
wheel and aggregate when the grinding times are more
than 12 600, and the residual membrane can deice persist-
ently. Observing the surface situations of the specimens
after the accelerated abrasion test with the friction of
0.33 MPa, it is found that there is only a little residual

(¢)

Fig. 10  Surface situation of specimen at different grinding
times (o =0.7 MPa, £ =0.11 MPa). (a) N=0; (b) N=5040;
(c) N=12600; (d) N=20 160
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membrane retained in the veins of the specimen surface
when the grinding times are over 5 040. Actually, the
friction used in this test is much greater than that in the
actual situation.

It can be seen from Fig. 11 (a) that ice on specimens
without hydrophobic admixture almost suffers no damage
after being laminated by the rut board molding instru-
ment. By contrast, ice on specimens coated with the hy-
drophobic admixture is damaged completely, as shown in
Fig. 11 (b). The hydrophobic admixture membrane de-
creases with the increase of the grinding times so that less
ice is destroyed, as shown in Fig. 12. The same trend is
observed when the friction is added to 0. 33 MPa.

(b)

Fig.11 Ice laminated by rut board molding instrument. (a)
Without coating; (b) With coating

(¢)
Ice laminated by rut board molding instrument for dif-
ferent grinding times (£ =0.11 MPa). (a) N=5040; (b) N=
10 080;(c) N =20 160

Fig. 12

The shear test results corresponding to different grinding
times are shown in Fig. 13 and Fig. 14. It is observed that
ice has been completely sheared off along the interface,
leaving the surface of specimen clear and intact when the
grinding times are below 10 080. But when the grinding
times are added to 20 160, the ice cannot shear off com-
pletely along the interface, and damage occurs internally
in the ice, as shown in Fig. 13(c¢). There is some residu-
al ice on the interface after the shear test. From Fig. 14,
it can be clearly seen that shear stress increases with the
increase of the grinding times. The shear stress for the
case of YC-1005G-NT is smaller than that of BS290.

()
Interface exposed after shear test at different grinding
times (£ =0.11 MPa). (a) N=5040; (b) N=10800; (c) N=
20 160

Fig. 13

0.61

——YC-1005G-NT
—=— BS290

Shear stress/MPa
o © ©o © o
Joul, N W e n

0 5040 10 080 20 160

Grinding times

Fig.14 Relationship between shear stress and grinding times
(£=0.11 MPa)

It indicates that when the hydrophobic admixture decrea-
ses, the deicing effect is reduced gradually. When the
friction is 0. 33 MPa, the deicing effect decreases rapid-
ly.

Based on the above discussions, conclusions can be
drawn that hydrophobic admixtures are effective at reduc-
ing the cohesive force between the pavement and ice, par-
ticularly for YC-1005G-NT. The residual hydrophobic
admixture in the veins of pavement also still has the abili-
ty to deice after 20 160 times accelerated abrasion.

2.4 SKkid resistance test

The impacts of hydrophobic admixtures on the skid re-
sistance of pavements are shown in Fig. 15 and Fig. 16.
The BPN and TD of highway pavements should be larger
than 42 and 0. 55 according to that of the standard, re-
spectively. From Fig. 15, it can be seen that when coated
with hydrophobic admixtures, BPN decreases slightly
compared to that of the specimen uncoated with hydro-
phobic admixtures, but it is still over 42. TDs of speci-
mens with coating YC-1005G-NT and BS290 reduce from
1.00 to 0. 83 and 0. 74, respectively, which are greater
than the required value of 0.55. So the deicing technolo-
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gy, coating hydrophobic admixture, can guarantee the re-
quired of skid resistance of pavement.

801
76

751 72
701 —

865'

Z 60t

m
55t
50t
45f

d Without coating YC-1005G-NT BS290

Fig.15 Variation of BPN of different hydrophobic admixtures

1.201

0.74

0
Without coating  YC-1005G-NT BS290

Fig.16 Variation of TD of different hydrophobic admixtures

3 Conclusions

Experimental results show that surface coating with hy-
drophobic admixture approach can greatly reduce the co-
hesive force between the pavement and ice. This method
can also guarantee the required skid resistance. The accel-
erated abrasion test results indicate a certain durability of
this deicing technology. Although further research on du-
rability should be done, it certainly provides an alterna-
tive solution for the deicing problem faced by many coun-
tries. The following conclusions can be drawn:

1) The contact angles of hydrophobic admixtures/wa-
ter and hydrophobic admixtures/asphalt are about 100°
and 10°, respectively. It indicates that hydrophobic ad-
mixtures have good hydrophobic properties and they can
soak on the surface of asphalt, so they can bond with as-
phalt very well.

2) Hydrophobic admixtures, in particular YC-1005G-
NT, show a high potential for reducing the cohesive force
between the pavement and ice. The cohesive stress can be
reduced from 0.44 to 0. 06 MPa when the dosage of the
hydrophobic admixture is 0.7 kg/m’.

3) Because the residual hydrophobic admixtures in the
veins of the pavement after the accelerated abrasion test
still have the ability to reduce the cohesive force between
the pavement and ice, the hydrophobic admixture coating
approach has certain durability.

4) BPN and TD of specimens coated with hydrophobic

admixture are all larger than the demand values of the
standard. The deicing technology, coating hydrophobic
admixture, can guarantee the required skid resistance of
the pavement.
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