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Abstract : Lightweight flexible photovoltaic modules have broad application prospects on industrial and commercial rooftops
with limited load-bearing capacity. Nevertheless, the polyethylene terephthalate (PET) material employed in their backsheets suffers
from issues like inadequate rigid support and vulnerability to hydrothermal decomposition. These problems undermine the modules'
resistance to deformation and electrical performance. To probe into the viability of continuous glass fiber reinforced polypropylene
(CGF/PP) organic sheets as the backsheet support layer material for lightweight flexible photovoltaic modules. By investigating
their hydrothermal aging reliability, valuable references were provided for the fabrication and performance optimization of flexible
photovoltaic modules.Methods with 48-hour pressure cooker test (PCT), 1 000-hour hydrothermal aging test at 85 °C and 85% rela-
tive humidity (DH85) were utilized to carry out hydrothermal aging tests on CGF/PP organic sheets without fluorocarbon coatings.
These CGF/PP organic sheets were fabricated from CGF/PP unidirectional prepreg tapes in [0/90/0] lay-up. The PCT test results
indicate that the CGF/PP organic sheets exhibit favorable retention of mechanical properties during hydrothermal aging. Hydrother-
mal damage predominantly occurs at the CGF/PP interface. The content and type of antioxidants exert a remarkable influence on its
mechanical strength and yellowing phenomenon. Antioxidants with high-temperature resistance and hydrolysis resistance demon-

strate superior efficacy in suppressing yellowing. The DH85 test reveals that the CGF/PP organic sheets possess good stability in
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water vapor transmission rate. Under hydrothermal conditions, antioxidants safeguard the PP matrix and impede crack propagation,

maintaining the water vapor transmission rate below 2.5 g/(m? -d). Samples incorporating hydrolysis-resistant and extraction-

resistant antioxidants present the optimal performance. When the CGF/PP organic sheets are compounded with fluorinated films/

fluorocarbons to form photovoltaic backsheet, their reliability can be further enhanced, signifying their potential as backsheet materi-

als for lightweight flexible photovoltaic modules.
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Fig. 1 Preparation process of CGF/PP organic sheet
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Tab.1 Comparison of physical properties of support layer materials

Item PET sheet of regular PV module PET sheet of flexible PV modules CGF/PP organic sheet
. MD 180 180 430
Tensile strength/MPa
TD 150 150 220
MD:400
Flexural strength/MPa 70 TD.240
MD:23 000
Flexural modulus/MPa 2200 TD: 11 200
Sheet thickness/pm 250~260 >500 450~550
Shrinkage rate/% 1.0~2.0 0.1~0.2

Notes: MD is machine direction; TD is transverse direction; the data in the table are typical reference values; the properties of CGF/PP organic sheet

is average value of tests on market samples.
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®2 CGFPPHEHEMAKET
Tab.2 Experimental formula of CGF/PP organic sheet

phr
Formula No.  Antioxidant DSTP  Antioxidant 1IXA HALS 2XA
1 0.20 0.10
2* 0.10
3* 0.20 0.10
FEE

PEREMA A P i o 2% G5 R IR 3,
PCT 24 h Ji7 CGF/PP A HL v b4 £ F i v A i B2 1
AR SR B Ab R B T BCR R B A 8. PCT
48 h 7 CGF/PP A AL M A it (R s s 2 R A Dk
2, BEARE PCT 24 h#5°F-. B BL AT AT, hffiom 2 5
VRN (0 22 A5 AL FEAR & A= 76 PCT 24 h, 3 i B BR 47T
SRR | U7 — o I OCHRE

%3 PCT 24 h 7148 h IR IR EFNE T
Tab.3 Tensile strength and yellowing after 24 h and 48 h of PCT

Formula No.

Item PCT time/h PET sheet
1" 2f 3"
Tensil " 0 483 473 456 186
ensile strengt 24 450 373 403 135
MPa
48 438 372 400 118
Tensile strength 24 93.1 789 884 72.6
retention rate/% 48 90.5 787 875 63.4
24 3.8 6.4 0.13
Ab
48 3.58 648 023

Notes: Ab is used to measure the degree of change of a color in

yellow-blue chromaticity dimension.
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Fig.2 Appearance changes of black CGF/PP organic sheet within PCT
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Tab.4 Water vapor transmission rate of CGF/PP organic sheet
after DH85 1 000 h

Water vapor transmission rate/ o
Increase rate/%

Formula No. lg"(m-d)]
oh DH85 DHS5
1000 h 1000 h
0" 1.0 11.2 1020
1 1.5 1.8 20
2" 1.3 2.0 53.8
3" 1.2 1.3 8.3
PET sheet 0.2 1.4 600

Note:0” sample is basic formulation without antioxidants.
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