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Study on Performance of Moistened Irradiation Crosslinking
Low-smoke Halogen-free and Flame-retardant Cable

SUN Guanghua', LI Xiufeng', SONG lJijiang', DONG Yunzi', ZHANG Peng’
(1. College of Electric and Electronic Engineering, Shandong University of Technology, Zibo 255000,
China; 2. School of Electrical and Electronic Engineering, Zibo Vocational Institute, Zibo 255000, China)

Abstract: In order to study the performance changes of irradiation crosslinking low-smoke halogen-free flame-
retardant insulation layer and sheath layer for photovoltaic cables before and after getting moistened, the insulation
layer and sheath layer of photovoltaic cable with various water-immersion time were conducted mechanical
properties, thermal extensibility, dynamic thermomechanical analysis (DMA), Fourier transform infrared
spectroscopy (FTIR), and volume resistivity tests. The results show that the long-term water-immersion causes
hydrolysis of molecular chains in the material, and the entanglement of molecular chains weakens, which lead to
decrease of tensile properties of samples. After water-immersion, the initial storage modulus of the insulation layer
and sheath layer samples decreases, the adhesion force between filler particles and matrix resin decreases, and the
mechanical loss peak of the insulation layer presents double peaks characteristic. With the increase of moistening
degree, the EVA in the polyolefin matrix swells, and the free volume increases. Some flame retardant fillers are
separate from the binding of matrix and become impurity ions, making the carrier concentration and mobility
increase, which leads to continuous decrease of volume resistivity.

Key words: photovoltaic cable; halogen-free flame-retardant; moistening; insulation layer; sheath layer
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Fig.1 Schematic diagram of

cable cut along longitudinal direction
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Tab.1 Mechanical properties of samples
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Tab.2 Thermal elongation of samples

K A /% RHGRE/MPa  SIEE/MPa
J-0 134.6+13.3 12.5£2.1 394
J-15d 132.4+14.5 11.9+2.2 39+7
J-30d 127.6£17.2 11.7£1.5 37+8
H-0 151.0£16.8 13.0£1.5 438
H-15d 139.5+13.5 12.0£1.2 406
H-30d 126.3£17.5 11.6+2.0 3449

e G R % IR %
J-0 25.0+0 0
J-15d 27.5%0 0
J-30d 30.0+0 0
H-0 30.0+0 0
H-15d 30.0+5.0 0
H-30d 40.0+7.5 0

A e A< AT DA T 2 B A R S IR fE R ALL
I oy 1A R R AR DL N R ARAT O, — R L
N SR I AR AGRRA L AR SR RO, HEAEN T
AR fiE S .



BEFRL 2022,55(8)

P12 2 OB T 1, 5 Rk AR L L B KR
44 25052 A 22 FR AR BE 10 S T 60 238 B FR F)
FRRE K. 02 DR A A ek 7 7 R0
LI S0 LR S5 K009, 76 2 WL T K 2 2
DR 5 5 6 (R0 RE 45 9 (ELR 2 LRI 52 I 7
ARG TRAR L5 1 , 7 LR {0 KR k. 7E %
e 5725 574 0 25 5 0 R K S T 3
0, 3 1 4 2 R 2 2 SR 7E 0K K
R I . R L EE R R O S R U
5 e S8 R e 45 B A A T B 4 2 R S
R S 15K 1 R R R A7
23 BEANEE

S R [ 95 7K ] 1 4042 J2 0 7 25 U2 R 47
A2 P AR IR L L -100~90°C , 7 F)
FER DMA L7 18 01 8 2 7% , BRE B s 2
AR 017 3 7% »tand % I H U 013 RE 2 A ) 9
LS AR L T,

BRI E/(x10°MPa)
Lo = N WA L

o+
(=]

-50 0 50 100
g/ C
(a) it BE A B
03012730,
——J-30d

0.25{ 7" H-0, "
0.20+

—<+—H-30d

g 0.151
0.101
0.051
0
-100  -50

0 50 100
R/ C
(b)BFEA T tand
2 XA DMA EliE
Fig.2 DMA spectra of samples
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Tab.3 The dynamic thermodynamics data of samples
ey BIARERERTRY T RUfEREBUR SO TUEME BUkelE
ke N
/MPa /MPa HEEC TR
J-0 6 859 2283 4.83 0.814
J-15d 6254 2097 3.40 0.723
J-30d 5338 1468 3.10 0.680
H-0 4788 1579 -5.42 1.710
H-15d 4502 1790 -5.63 1.541
H-30d 3946 989 -6.65 1.231
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Fig.3 FTIR spectra of samples

AR R TE 5 kL& BLEVA I 207 N FE Ak,
NINEE B (MDHD VA E LS (ATHD 55 FH A I 1)
EHEFEME S ME . EVATERRIE &M T & kK
filg, i th 212, LR 5 FHEAEE R Mg(OH), 5 Al(OH),
KA N, 43 3 A % Mg(0,CCH,),-4H,0™ fl Al
(0,CCH,),-3H,0, W= (1)~ (3 FR.

‘(’CHz‘CHz‘)m_(CHz_?H')Z + "Hzoi’
(0]
E=o
CH,
—(—CHZ—CHz-);(CHZ—(ITH-); + nCH;COOHT (1)
OH
2CH,COOH + Mg (OH), +
2H,0 — Mg(0,CCH,), - 4H,0
3CH,COOH + Al(OH), — Al(0,CCH,), - 3H,0(3)
FH P 3 AT, 2 2% )2 R 2 2 ARRE 1 R AAF 06 o7

)]

BIEAMIE, 7E 1 740 e AL AFAE C-O~C B XF FRAif
G 4R 5h R KO 1% 06 A2 BEVA FR S 3 1) R A0 R A U
1240 cm™ F1 1 465 cm™ &b A P AN 58 RS 5 23 51 M
C-O % Y {8 48 5 3 g A C-H 4 10 25 i IR 3 ¢, 78
2860 cm F1 2 914 cm™ &b 47 7E 8¢ 4R i 1Y —CH, f
—CH,~ /AN X FR A 4 1% 20 W W Ui, 3 26 35 08 O 1 B O
e FL AR )RR AR 0

1 & 3(a) 7T %0, 5 J-0 W FE AH L, J-30d KR 7R
1240 cm™ AT 1 740 em™ 4b (1) C—O B8 45 41z 5Jy 06 A1 i
5 (R-COO-R) FFAE W W U 9 55 , 75 1 420 em™ 4L 1)
F2 I £ (R-COO-) X FRAH 47 i 21 Vg 38 5t , 2% B X i
RAE T BE S K M, BRI A B 1 2E B 76 3 500 em!
e A Ak 2 (—OHD A 4 41 2 Ve 5 B2 38 K, 3 B ik
FEWNAEIEL G K. BKEPFEZ KA LA
AR U 52 30t AR () ) A, B 3(b) T s

M 3(b) A] %0, 5 LR K BT H-0 A, H-15d
FTH-30d UFFE7E 965 em AL AL-O 25 i 41z 21 U 5t
J5E H BAS TR R B sk 55 , 76 1 550 em &bt BRARES (1)
W Wi, AT g AL(O,CCHL),-3H,0 45 i W Wi 0
Ui B PR IR AI(OH), 2 5 T 5 4R R B s H-15d
RAELE 1590 em' Ak HHL 1A 98 f AR o FR 2 % &6 e
AEHR BNV , 78 H-30d 18R HH 12 06 (1) 5 5 38 i, 3R I
£ 2R FE R Mg(OH), 5 2R K T b, £ T
Mg(O,CCH,),"4H,0. H TR/KE M, 7 EZE T
REL IS A5 FH e 26 2% J2 1R w1 s R B8 50/, W WA 0ég
(1) 558 P AR A A B o
2.5 {FFHEBMEE

43 5 WA AS [F]382: 7K B Ta) B 06 £k e 4 4 2% )2
2 E R AR A B B, Bl iR 4 B . B
RATHN, B R KET AR, 482% 2 9 2 2
FER AR HL B AR S AT BRI, FZEA LT R —
J7 TH 5 % 3R AR IR K 2 R AR R 1) Mg(O,CCHL), -

x4 AHRFRERER

Tab.4 The volume resistivity of samples

A pJ(Q-cm)
J-0 (1.68+0.06)x10"
J-15d (1.30+0.02)x10"
J-30d (9.41+0.19)x10™
H-0 (5.26+0.22)x10™
H-15d (3.12+0.17)x10™
H-30d (2.47+0.92)x10™
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