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Study on Crystalline Structure and Properties of Polypropylene Resin for Capacitor Film
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Abstract: The performance of biaxially oriented polypropylene film for capacitor applications is closely
related to the crystalline structure of the resin. Six types of polypropylene resins specifically designed for
film capacitors, sourced from both domestic and international manufacturers, are selected. Sheet samples are
prepared by hot compression molding. The crystal form, degree of crystallinity, crystalline and amorphous
layer thicknesses, melting temperature , and crystallization temperature are characterized by wide-angle
X-ray diffraction (WAXD), small-angle X -ray scattering (SAXS) and differential scanning calorimetry
(DSC). In addition, the tensile properties of the samples are measured. The results show that four imported
resins exhibit [ -phase crystals. HPT has the highest ( -phase content up to 25.7%, along with the highest
crystallinity and the largest lamellar thickness. HC330BF possesses the highest crystallization temperature
and relatively high crystallinity. HPT and HC 330BF show rather high crystallization ability and can be
applied in capacitor film production. While, SF263 shows significantly lower crystallinity, tensile strength
and break elongation than other types, which is not recommended for the production of capacitor film.
Neither FCO3 nor FCO3R resins contain f -phase crystals. FCO3 shows higher crystallinity and smaller
amorphous region than FCO3R, which is attributed to the low isotacticity. Moreover, the molecular weight and
molecular weight distribution of FC03 and FCO3R also influence crystallinity and crystal size. The domestic
FCO3 and FCO3R resins exhibit higher tensile strength and elongation at break than the imported ones.
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Table 1 Crystallinity (y.,.c,) and the percentages of o
and  crystals of polypropylene sheets of different grades

JE- K, 1% Ky 1% Xewnxn 1%
SF263 94.7 5.3 62.0
FCO3 100 0 81.8
FCO3R 100 0 75.1
HC 330BF 92.4 7.6 87.1
HPT 743 25.7 88.8
F144H 95.6 4.4 83.0
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Fig.3 2D-SAXS patterns of polypropylene sheets of
different grades
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Table 2 Thicknesses of lameller d., amorphous layer
thickness d. and the long period d.. of polypropylene sheets

JiS d,/mm d./nm d../nm
SF263 6.67 10.91 17.58
FCO03 6.68 7.98 14.66
FCO3R 6.40 10.60 17.00
HC 330BF 6.68 8.06 14.74
HPT 7.30 11.23 18.53
F144H 6.11 9.89 16.00
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Fig. 5 First melting curves of polypropylene sheets of
different grades
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Fig. 6 Cooling curves and second heating curves of different polypropylene grades
R3 TEESERBERNBR (T, o T,.B) MEERE (X0 AEIESHIBEEE 10 °C/min BERER THHERIBE ()
B (T, MEERE (x..)
Table 3 Melting points (7', «, T,,3) and degree of crystallinity (X.nsc) of polypropylene sheets of different grades; as well

m,2,

cooling rate of 10°C/min

i Tl C T/ C Xesc 1% T./C T,21C X 1%

SF263 168.5 150.5 52.8 112.1 165.6 50.7
FCO3 165.2 — 65.5 119.0 166.2 70.4
FCO3R 165.2 — 64.8 119.9 165.5 63.6

HC 330BF 166.1 150.7 63.6 123.7 167.5 64.2
HPT 167.5 152.1 66.2 113.6 166.8 62.8
F144H 167.5 150.2 64.9 115.7 167.4 63.6
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b 1 4 RIS 43 o 3 3 A LT 4 e o5 BT RFIRS R R L SR AT AR
. ig. 7 Tensile strength and elongation at break of

AR, Forp HPT A (o BE AR 2L M KR i, & polypropylene sheets with different grades
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