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Preparation and thermal properties of polyethylene/paraffin wax composite phase change materials
XU Zhong', LI Hong', WU Enhui"*, LI Jun'*,HOU Jing"*
(1. College of Vanadium and Titanium, Panzhihua University , Panzhihua 617000, China;
2. Sichuan Engineering Laboratory for Solar Energy Utilization Technology Integrated, Panzhihua University , Panzhihua 617000, China)

Abstract : Three kinds of polyethylene (PE) with different densities including high density polyethylene (PE-HD), low density
polyethylene (PE-LD) and linear low density polyethylene (PE-LLD) were used as packaging materials, and industrial paraffin wax
(PW) was used as the main phase change material, then different composite phase change materials were prepared by melt blending
and compaction forming. The thermal conductivity tester and infrared thermal imager were used to test and analyze the leakage,
thermal conductivity, heat storage-release rate and surface temperature distribution of the materials. The results show that the mass
fraction of three kinds of PE added in PW should not be too low, as this can lead to substantial leakage of PW, the leakage rates of
the materials decrease exponentially with the increase of the mass fraction of PE. When the mass fraction of PE is 45%, the leakage
rates of PE-HD/PW, PE-LD/PW and PE-LLD/PW are 0.37%,2.05% and 0.32% respectively when heated at 60 °C for 1 h, and the
leakage rates are 1.70%,4.87% and 0.50% respectively when heated at 65 °C for 1 h. The packaging effect of PE-LLD on PW is the
best. The thermal conductivities of the materials increase with the increase of the mass fraction of PE. When the mass fraction of PE
is 45%, the thermal conductivities of PE-HD/PW, PE-LD/PW and PE-LLD/PW are 31.94%, 10.00% and 18.71% higher than that
of pure PW, respectively. The increase of thermal conductivity of the material with PE-HD is the largest. The heat storage and

release rates of the materials are 2.03—2.59 °C/min and 1.46—4.76 °C/min, respectively. The heat release rate decreases with the
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increase of forming thickness, and the heat release rate is the fastest when PE-HD is added. The surface temperature difference of the
material decreases exponentially with the increase of heating time, and becomes more and more uniform. The experimental results

and the fitting calculation formula can provide theoretical and data reference for the engineering application or other experimental

research of different PE/PW composite phase change materials.
Keywords : high density polyethylene ;

change material ; leakage rate ; thermal conductivity
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Tab.1 Proportioning table of composite phase change materials

4, . PEHDPW PE-LLD/PW PE-LD/PW

[ 0

" Wll’E—HD/g rnl’W/g rnl’E—LLD/g }'nPW/g }'nPE—LD/g mPW/g
5 074 1425 076 1427 077 1424

10 1.53 13.50 1.51 13.50 1.49 13.50
15 2.25 12.75 2.25 12.75 2.25 12.75
20 3.01 12.00 3.00 12.01 3.00 12.03
25 3.75 11.25 3.75 11.25 3.75 11.25
30 4.50 10.50 4.50 10.50 4.50 10.50
35 5.26 9.75 5.25 9.75 5.25 9.75
40 6.02 8.99 6.03 9.01 6.10 9.02
45 6.74 8.25 6.75 8.25 6.75 8.25
50 7.51 7.50 7.50 7.50 7.50 7.50
55 8.26 6.74 8.25 6.75 8.27 6.73

Notes: w is mass fraction of PE; m is mass of different materials
added.
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Tab.2 Leakage rate fitting equation

Serial Fitting equation Correl.ation .
number coefficient R

1 Lo umypwes «=16.691 3¢771#479+1.503 7 0.908 35

2 Lo w0 c=4-175 0721590415 2 0.781 63

3 Lo s ppws =32:267 167920943 444 5 0.963 71

4 Lo tomwgo «=—0:252 4178043711 2 0.801 39

5 Lo 1 iopwesoc=30-197 411228910 249 3 0.961 85

6 L =11.555 1e"183%9-0 674 3 0.885 54

PE-LLD/PW-60°C__

Note:x is mass fraction of PE.
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Tab.3 Thermal conductivity fitting equation

Serial Fitting equation Correlgtion
number coefficient R’
1 Xor mym=0-301 1140.002 27w 0.93120
2 Aop 1y =0.302 75+0.000 98 0.848 18
3 A =0.285 96+0.001 45w 0.703 89

PE—LLD/PW

Note: w is mass fraction of PE.
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RO PW iR Rk, J& T - A 2 & HGH
TR, M T B35 35 °C, PE-HD/PW-1 g,
PE-HD/PW-2 g #il PE-HD/PW-3 g it JH i [a] 43 1] Ky
5,10, 15 min 2647, JEBEROR , CHGBRZE 18 | DX JEE B
K PW I Jo 5 K, [ - VTR 5 25 4R 2 e (] Ao,
K, QAR IZARZE A B T H F oA B T 2%
A R . In# 12 min, A A2 EE PE-HD/PW
(4 T, 35 2 i e e B 43 1) 0 57.3,58.7,56.6 °C L2 g
Y PE-HD/PW i £ % /=5 , PE-LD/PW 1 PE-LLD/PW
() 78 - R v i B A AL R B PE-HD/PW 1Y ik
A—3,

THAEE 12 min & RER (V) , HEAE] 35 °C
FICHRGE (V) 25 R WK 4. NF4F ), PE-HD/
PW 1 v, 1 V, 43 %] 7 2.20~2.38 °C/min Fl 1.77~
4.76 °C/min 3 [l W ; PE-LD/PW [ V, 1£ 2.25~
2.59 °C/min 75 [l N , V, 7E 1.46~3.22 °C/min {1 Bl P
PE-LLD/PW ] V, 7 2.03~2.37 °C/min 5l N , V, 1F
1.80~3.82 °C/min 35 [ P ; B {A K & , ¥ Jin PE-HD
Jo MR TR F e B TS N PE-LD Ji5 , il AR
Rt &K AN PE-HD J& ARG Rk
AR TP, TR 1,2 g A BITHR R, 3 ¢
1) B TR Fie 18 3 A R Sk PW ) R, A ke %
1. 5ICHER17IXF b, 2 g UM ARL & R T 1 ¢
ARG R TR

*F4 PE/PWHE-HHEE
Tab. 4 Heat storage-release rate of PE/PW

Serial number Samples V/(°C *min ") v,(°c- min ")
1 PE-HD/PW-1 g 2.28 4.76
2 PE-HD/PW-2 g 2.38 3.67
3 PE-HD/PW-3 g 2.20 1.77
4 PE-LD/PW-1 g 2.33 3.22
5 PE-LD/PW-2 g 2.59 2.35
6 PE-LD/PW-3 g 2.25 1.46
7 PE-LLD/PW-1 g 2.33 3.82
8 PE-LLD/PW-2 g 2.37 2.56
9 PE-LLD/PW-3 g 2.03 1.80

2.4 MAREBESHTIH RS

3 KT PE/PW (1) B IE B2 B X A4 e 5 1T 3 188 53 A
YIarE s, S5 R 8 ik . MK 8a 7 i , Bifift
)38 1, A1 RF 2T ATZE /N, PE-HD/PW [ # 5 G2
AT RN Wr 1] PR AL 3 , ZMER PW SEmi ik , AR W] Y
Y, 24 PW SE A IS, L SAR AL AR

R R E S A ARG 5] . JREE R 3.5~<4.5 mm
(RIS H 2 g PE/PW BB ), 2 1 A9 3 B2 43 A Fe 1)
5], JE A 4.5~5.5 mm B (B R H 3 ¢ PE/PW BB
B, AT BE A A 4 o) M e 2% . T M AT 8b FTE] 8¢
& 1}, PE-LD/PW H1 PE-LLD/PW ) [ 15 )& 734 4%
fb AR PE-HD/PW {145 —5,

——PE-HD/PW-1 g

14+ ——PE-HD/PW-2 g
—o—PE-HD/PW-3 g

AT/°C

L L L L L L L 1
0 5 10 15 20 25 30 35 40 45 50
#/min
(a) PE-HD/PW

; ——PE-LD/PW-1 g
16 —>—PE-LD/PW-2 g
——PE-LD/PW-3 g

AT/°C

0 5 10 15 20 25 30 35 40 45 50
t/min
(b) PE-LD/PW

——PE-LLD/PW-1 g
—>—PE-LLD/PW-2 g
——PE-LLD/PW-3 g

10 15 20 25 30 35 40 45 50
t/min
(¢) PE-LLD/PW

E8  A[RIWHE] () N PE/PW Y2 i BE /3 A 440 1
Fig. 8 Surface temperature distribution uniformity of PE/PW at differ-

ent time (7)

XTI 5 AT ) R HATIA A5 L3R 5. M
#2 5% i, PE-HD/PW , PE-LD/PW #l PE-LLD/PW f{]
PG AH I R R e/ IME S 514 0.846 98,0.721 32 1
0.901 63, AT 5 [A] Z [MAAAEFR BOs/ N O &R %
FAHAR AR T35 b BRI, AT LR 26 5 R
UG T AU
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Tab.5 Surface temperature distribution uniformity fitting equation

Serial Fitting equation Correl'ation i
number coefficient R

1 AT opwar =4-410 2471955945 888 67 0.846 98

2 AT iy ~6-878 911 44.067 57 0.921 37

3 AT s =12:361 567707 2)+6.647 58 0.969 66

4 AT =4.994 97677451 9016.906 32 0.721 32

5 AT oy =10.145 860777 9943.874 76 0.902 44

6 AT, s = 11671 4e7072947.245 23 0.962 00

7 ATy =86 404,500 24719576 0.901 63

8 ATy i =57:957 317192045414 24 0.980 94

9 AT, s ~41.850 4567727 %9+7.987 42 0.978 87

Note: ¢ is time.
3 it

(OWWFFE T 3 FPAS[R] %5 B 2R & 445 (PE-HD, PE-LD
Al PE-LLD) 78 il 4 X PW itk R 5 52 0, & B
R PE U 0 35 i 22 B8 B8/ . 60 °CTR A,
PE-HD, PE-LD # PE-LLD 4 J5t & 43 508 43 91 i T
35%, 45% Fl1 35%; 65 °C T fdi F , W v 43 1 & F
45%,50% F135% ; A H PE-LLD A4 i 2R 5 A% , 21
PE-LLD X} PW 5 850 e -

(2)JE PE/PW &5 AHAE AR F T 22 PE 7%
B i 5L ERHE A Y s PE-HD/PW [ R 25
U= i8toa = (1 VA NS RS B SR O 20 S
SRR LS TSR e K 5l ki /)N s PE JT 5%
jj 45% I} , PE-HD/PW, PE-LD/PW #I1 PE-LLD/PW

(5 R4 51 L 4l PW R T 31.94%, 10.00% Fi1
18.71%; ¥ 11 PE-HD Ji5 #4453 Z 4 FH 55 K, s il PE-

LD &7 /)N
(3)PE/PW BUIE SRy 3.5~<4.5 mm I} 5 $husi
el ﬁﬁz,m o 25 i JEL 35 3G T U/ 1N , PE/PW (1 35 44

IR #4343 5 O 2.03~2.59 °C/min I 1.46~
4.76 °C/min, ¥ fill PE-HD 2 Ji5 30 H G S fae e, V5
PE-LD (%51 ; PE/PW 1Y 3% If I3 22 Bt I FA s 1] 384 o
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