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Research status of dielectric film materials for metallized film capacitors
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Abstract: In recent years, with the rapid development of new energy vehicles and flexible direct current transmission
projects, and other fields, there was an increasing demand for the metallized film capacitors with high volume ratio and high
temperature resistance. Especially under extreme conditions such as high temperature and high electric field, higher
requirements were put forward for the electrical performance of dielectric films in capacitors. In this paper, the current
research status and development trend of dielectric film materials for metallized film capacitors in recent years were
summarized. Firstly, the key factors affecting the energy storage performance of dielectric films were introduced and the
failure reasons of metallized film capacitors under operating conditions were analyzed. Secondly, the modification methods
of energy storage performance for dielectric films designed on the basis of four aspects, such as molecular chain structure,
aggregation state structure, doping of functional fillers, and surface modification were summarized. Finally, the strategies to
improve the energy storage performance of dielectric films of metallized film capacitors were summarized and prospected.
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Fig.1 Electric field-electric displacement curves of dielectric
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Fig.2 Schematic diagram of the typical

conductivity mechanisms
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Fig.3 Modification based on molecular structure design
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Fig.4 Dielectric energy storage performances of the modified polymer films by modulating molecular chains structure
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Table 1 Energy storage performance of polymers based on molecular structure modification

MR 2% A

LA A R 7/C &(1 kHz) tand(1 kHz)  E/(MV/m) U/(I/em®) %  ZFHLER
fIHz E/(MV/m)

BO-(PP-g-MMA)-5% 125 ~2.3 ~0.005 764 10 ~750 4.5 90 [43]
MMA-VK 1:0.05 ~25 ~3.5 0.038 750 — 750 15.7 ~88 [44]
MMA-VK 1:0.05 100 ~4 ~0.25 — — 500 6.6 87 [44]

PEI(BPADA-MDA) =i 3.65 0.304 674 10 — 2.4 93 [46]
=i ~33 ~0.05 >700 10 700 11.91 >80 [47]
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Fig.5 Dielectric energy storage performaces of polymer based on aggregation structure regulation
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Table 2  Energy storage performance of polymers based on aggregated structure regulation

p=i

] W S R .
LA A 7/C ¢(1kHz)  tand(l1 kHz) E,/(MV/m) U/(lem®y  n/%  ZHICR
fHz  E/(MV/m)

LCBPP/0.05%NA-21 25 ~2.33 ~0.000 3 599.4 — — 3.69 — [52]

PP/0.03% 1 HL4E5 Fh i 1t 77 — — — 584.8 — — — — [53]

PP/PP-g-MAH/org-MMT =R 3.35 ~0.001 520 1000 500 5.20 93.5 [54]

PP(30kGy HL T H 48 ) iR 3.98 ~0.001 430 1 000 ~400 3.63 >95 [55]

‘ 25 ~3.1 ~0.010 624 10 625 9.40 82.7 [56]

CPVC(140°CiE k)
100 ~3.4 ~0.016 474 — — — — [56]
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Fig.6 Dielectric energy storage performanes of polymer films modification by functional filler doping
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Table 3 Energy storage performance of polymers modified by functional filler doping

- . ) AR AT \ !
ML/ Bk R 7/°C (1 kHz) tand(1 kHz)  E,/(MV/m) U/Qlem®y  n/%  BHE LR
fHz E/(MV/m)

PA531-20 25 2.7 0.014 4 626.8 10 600 4.40 83 [60]
PP/COC-80:20 25 ~2.44 ~0.000 4 454.6 — — =2.24 — [61]
PP/COC-80:20 105 — — 358.9 — — 1.38 — [61]
PP/50AA/0.6Zr 120 =2.75 =0.003 =390 10 =450 2.28 90 [63]

PP/PP-g-MAH/BNNSs-1% ‘% =2.26 =0.000 5 437.5 100 500 4.11 >95 [64]
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Fig.7 Dielectric energy storages performances of polymer based on surface structure modification
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Table 4 Energy storage performance of polymers based on surface structure modification

AR %A

LA TA 7/°C (1 kHz) tand(1 kHz)  E,/(MV/m) UJ(J/em®) /%  B%E 3k
fHz  E/(MV/m)
PP/PF 30 ~2.38 ~0.000 2 658.5 — ~4.25 — [68]
30 ~2.20 ~0.001 0 832 — 750 10.1 90 [69]
BOPP/PF

120 ~2.10 ~0.000 8 695 — 600 5.52 90 [69]
BOPP/40%PVA/BT bl 420 ~0.009 0 ~480 — 400 29 83 [70]
20 ~2.40 ~0.001 0 ~590 — 200 ~0.47 >97 [71]

AO/BOPP/AO-270
125 ~2.18 ~0.001 0 501.9 — 200 0.45 97.9 [71]
BOPP/F, =R ~2.33 ~0.001 6 636.2 10 630 527 ~84 [72]
peak/0.3%m-ABA-BN HiR ~4.80 ~0.005 0 731 10 700 11.7 87 [73]
peak/0.4%m-ABA-BN 150 ~4.20 ~0.016 0 691 10 600 10.1 90 [73]
PVDF/1%PMMA S ~6.60 ~0.02 767.05 100 ~760 19.08 >60 [74]
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