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Abstract; Phase change materials (PCMs) has been widely used in industry, construction and other fields due to its

unique energy storage performance, and has a good application prospect in road engineering. This paper summarized the

application research development of phase change materials in temperature-adjusting asphalt pavements based on domestic

and international references. The basic concepts of eutectic PCMs and form-stable PCMs were introduced, the temperature-

adjusting mechanism of pavements surface temperature model based on PCMs was analyzed, the methods of asphalt mix-

tures mixing with PCMs were expounded emphatically, and some existing problems in this research fields were discussed.

Then the performance requirements and standards of PCMs suitable for asphalt pavements field were proposed, also the

future research direction and the prospective were pointed out.

Key words : phase change materials; form-stable composite PCMs; phase change temperature; temperature-adjusting

asphalt pavements; pavement performance
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Fig. 2 Phase diagram of binary eutectic system
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Table 1

Preparation technology and property of form-stable composite PCMs for temperature-adjusting asphalt mixtures

Preparation technology

Phase change

of composite PCMs PCMs Carrier matrix temperature/ Enthalpy/J -g™! Thermal performance
The maximum temperature difference of
Palmitic acid Diatomite 97.74 the latent heat asphalt mixture and
conventional mixtures was 7.6 °C [
The asphalt mixture with PCM embedded
. has significantly higher heat capacity than
PEG4000 Ceramsite 125.1 .
conventional pavements and can reduce
Vacuum import the temperature by 8 to 10 °C 133!
The temperature of the sample with PCM
Paraffin Expanded graphite 40~50 150 is about 2 °C lower than the control
sample in average )
n-telradfzcane—lype $i0, 107~ 118 Delay the decrease in surface tempera-
paraffin waxes ture[38!
Sol-gel process PEG Silica gels( Si0, ) 43.2-43.7 18.5~120.9 Reduce of the surface temperature by

4 °C compared to the control sample !
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Table 2 The physical and thermal properties of some PCMs with suitable phase change temperature!3’!

Phase change

Starting temperature Terminal temperature

Temperature of the

PEMs temperature/ °C Enthalpy/J ¢! of mass loss/C of mass loss/C fastest mass loss/°C Mass loss/%
PEG4000 60.4 167.6 69.9 246.3 150.3 2.065
PEG10000 60.9 166.3 78.6 298.7 188.8 4.577
PEG20000 60.4 160.1 74.7 191.7 162.8 1.476

Myristic acid 49~51 141.5 215.5 258.8 250.9 80.045
Stearic acid 69.6 201.8 257.4 297.9 290.9 72.347
Palmitic acid 60.9 164.8 245.6 281.7 275.3 73.667
Paraffin (C,, ~Cyq) (4 58~60 189 - - - -
5 om im Change Energy Storage Technology (A1ZE# #5414 figr g+ A )

L [M]. Beijing: Science Press, 2009.

M AMA 5T 8 TE T SRS RE M RHE B 5047 [9]  Rathod M K, Banerjee J. Renewable and Sustainable Energy Reviews
W, (TR SR T ;”’ o e R

. o N asnain . nergy Gonversion a anagement N N
AT BRI 25 ], BT IF 22 A B . A R A 5 . s g’ y
PRSERCAE R B 1 [11] Bugaje I M. International Journal of Energy Research [J], 1997, 21
(1) 57 65 1A 1 A FH A58 B A 1 R A b R A B 4% (9) ; 759-766.
FRECHER HCA B RIS MBEAT EXT O B840, TS [12) Fukai J, Hamada Y, Moromumi Y, et al. International Journal of Heat
F 36 AR BIS ST 2 ou ik R AR A AR A and Mass Transfer [J], 2003, 46 (23) . 4513-4525.
(2) FETFTAEZE R A 156 IR A RHE U6 7 5% [13] Ting K C, Giannakakos P N, Gilbert S G. Solar Energy [J], 1987,
R EE R RESWHE T NAHFEER. 39 (2): 19-85.

(3) LA BB AP FIRS R 5 5k [14] Sharma A, Sharma S D, Buddhi D. Energy Conversion and Manage-
SRR, SR AR bR (40 4R B AR ment [ ], 2002, 43 (14).; 1923-1580.
e R RS B PR TR M [15] Zhang Yinping (3KF°F), Su Yuehong (FRERZL), Ge Xinshi (%
S B T 0 5 B B, 5 WA, Journal of China University of Science & Technology (PER}

2RISR (1], 1995 (4): 474-478.

(4) FETHHAR A R0 5 0 75 I T A I b A [16] Feldman D, Shapio M M. Polymer Engineering & Seience [1].
Ve TR R YRR A FRE— S RIE 1985, 25 (7): 406-411.

S%7#t  References [17] Kenisarin M M, Kenisarina K M. Renewable and Sustainable Energy
Reviews [J7, 2012, 16 (4) : 1999-2040.
[1]  Stathopoulou M, Synnefa A, Cartalis C, et al. International Journal [18] Zhang Y P, Lin K P, Yang R, et al. Energy and Buildings []],

of Sustainable Energy [J], 2009, 28 (1-3); 59-76. 2006, 38 (10) ; 1262-1269.

[2]  Gopalakrishnan K, Steyn W, Harvey J. Climate Change, Energy, [19] Karaman S, Karaipekli A, Sani A, et al. Solar Energy Materials and

Sustainability and Pavements [M]. New York: Springer, 2014. Solar Cells [J], 2011, 95 (7). 1647-1653.

[3]  Santamouris M. Renewable and Sustainable Energy Reviews []], [20] Karaipekh A, Sani A, Kaygusuz K. Energy Sources [J], 2009, 31

2013, 26 224-240. (10) ; 814-823.

[4] Tran N, Powell B, Marks H, et al. Journal of the Transportation Re- [21] San A, Karaipekli A. Solar Energy Materials and Solar Cells []],

search Board [J], 2009 (2098) : 124-130. 2009, 93 (5): 571-576.

[5]  Santamouris M. Energy and Buildings [J], 2015, 91; 43-56. [22] San A, Alkan C, Karaipekli A. Applied Energy [J], 2010, 87 (5):
[6] LiH, HarveyJ T, Holland T J, et al. Environmental Research Letters 1529-1534.
[J7, 2013, 8 (1): 015023. [23] Qian T, Li J, Min X, et al. Energy Conversion & Management [J],
[7]  Pomerantz M, Akbari H, Chen A, et al. Paving Materials for Heat Is- 2015, 98; 34-45.
land Mitigation [ R]. Berkeley, CA: Lawrence Berkeley National [24] Solaimanian M, Kennedy T W. Transportation Research Record
Lab, 1997. [J], 1993.
[8]  Zhang Renyuan (3K {7 JC). Phase Change Materials and Phase [25] Diefenderfer B, Al-Qadi 1. Journal of Transportation Engineering



472

H [ A e ik

36 %

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[J], 2006, 132 (2): 162-167.

Qin Y. Renewable and Sustainable Energy Reviews [J], 2015, 52:
445-459.

Gui J, Phelan P E, Kaloush K E, et al. Journal of Materials in Civil
Engineering [J], 2007, 19 (8): 683-690.

Karlessi T, Santamouris M, Apostolakis K, et al. Solar Energy [J],
2009, 83 (4): 538-551.

Chen M, Xu G, Wu S, et al. High-Temperature Hazards and Preven-
tion Measurements for Asphalt Pavement [C] //. I Series of Pro-
ceedings of International Conference on Mechanic Automation and
Control Engineering (MACE). Wuhan: IEEE, 2010; 1341-1344.
Cao Changbin (& 3it) , Luo Yangming (% FHI), Zhu Hongzhou
(AHEWH) | et al. New Chemical Materials (AL THEIFRL) [T17,
2013, (04): 137-139.

Hu Shuguang (HI15%) , Ding Qingjun ( THRZE), Li Qian (2%
7). China, CN101333094 [ P]. 2008-12-31.

Hu Shuguang (BAPEEE) , Li Qian (2 ¥), Huang Shaolong (%
), et al. Highway (2 #%) [J], 2009, 07; 291-295.

Bian X, Tan Y Q, Lv J F, et al. Advanced Engineering Forum [J],
2012, 5; 322-327.

Wan Lu (J7 B&). Dissertation for Master (Hi-+83C). Wuhan:

[35]

[36]

[37]

[38]

[39]

[41]

Wuhan University of Technology, 2012.

Bian Xin (31 #%). Dissertation for Master (fi+3£3C). Harbin:
Harbin Institute of Technology, 2013.

Tan Yigiu (1Z%K), Bian Xin (i  #), Shan Liyan (7N
#), et al. Journal of Building Materials (FESUMBFFEIR) [J],
2013, 16 (2): 354-359.

Chen M Z, Hong J, Wu S P, et al. Advanced Materials Research
[J], 2011, 219-220. 1375-1378.

Cocu X, Nicaise D, Rachidi S. The Use of Phase Change Materials to
Delay Pavement Freezing [C] //. PIARC. Proceedings of XIII Inter-
national Winter Road Congress. Quebec, Canada: 2010; 1-13.
Li Jingruo (ZEF 45 ). Dissertation for Master (Fi4:i£3C) [D].
Chongqing: Chongging Jiaotong University, 2013.

Sharifi N P, Sakulich A. Application of Phase Change Materials in
Structures and Pavements [ C] //. Proceedings of the 2nd Interna-
tional Workshop on Design in Civil and Environmental Engineering.
Worcester Massachusetts, USA: DCEE, 2013; 28-29.

Zalba B, Marin ] M, Cabeza L F, et al. Applied Thermal Engineering
[J], 2003, 23 (3): 251-283.

(5 2 W)



