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Development and Application Of Biaxial Oriented Poly 4-methyl-1-pentene(BOPMP)

Film for Capacitor
CHU Songchao, PAN Yuxian, HUANG Yunkai, PAN Yanyao, SHI Zhaofeng,
WANG Wei, TANG Bin, FENG Ling
(Anhui Tongfeng Electrionics Co., Ltd., Anhui Tongling 244000, China)
Abstract: Poly 4-methyl-1-pentene ( PMP) is a new thermoplastics with isotatic structure. The PMP is
crystalline resin with melting point between 220 C and 240 °C and good heat resistance, can be used at
high temperature and has excellent electrical insulation and dielectric performance. Compared with
polypropylene resin, the melting point is higher 60 °C,dielectric constant and dielectric loss are similar. With
the development of electronic industry in China, the usage amount of PMP has incresed significantly in
recent years. At present, the PMP is only produced by Mitsui Chemical Corporation of Japan, of which the
application is limited in China due to its limted production and high price. Therefore, the method of
biaxial stretching is tried to produce poly methyl pentene (BOPMP) film, process it into metallized film to
produce capacitor. Finally, the performance of the capacitor is correspondingly tested and evaluated. The
breakdown voltage strength of BOPMP film produced with diffrent types has large difference and the loss
angle tanget value and dielectric constant of BOPMP film capacitor are close to those of BOPP film
capacitor at different frequencies, but its performance under high temperature needs verification further.
The important research direction is how to improve the breakdown voltage and heat resistance of BOPMP
film, develop PMP parcile material suitable for biaxial streching and produce high quality BOPMP
capacitor film.
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B 4-HF-1-300% (poly4-methyl-1-pentene, PMP)
o — PP ELAT SR () T A M R H T
BB HA A=tk At A ™, i A4 R
TPX. T A R B, BRE T PMP ZEER
(A R M AR BT g b L LT e M) AL
AR RSO T N POk T, e H 4R
PR, BEETRE R TR &, PMP 12 R
T et P ol G B A £ S5 19 P TG 1 b ke RS L b
Bh HEAREAA RIEIG K, EA IR RN
(E2E M RE HLBR I BE |t e i DA R e 2 R
PMP ELA R 2 45 i RIS AR 25 4, 45 R
40%~60% , H.45 it X FN TG T8 X % LT AH , PMP
AR B, IrEE R 1.463, BT A 90%,
PMP B3GR T PS Al PC>, FEHIRYEAT R
PMP % & 5/ (0.83 g/fem’ 247 ) ,PMP (1) J1 24 VERE S
BIR PP BOMBEDY . HEATR S 2, s B
SRRFA SR, PMP (98 52028 235~240°C, BAT
Pt KA L , PMP () 3L vT LAGA 2] 150 °C LA
I, HAEMIREE T rT MR R AR e, B % 180°C T
ATHSR T DR FE— 2 B RN AR TE | LA $4ep BH A8 F
PP, PMP HA A H B EORIA L ARE , L R4
GNERSE , PMP 20 A B IE A, FEAR Y TR S
R RN, HA B BRSO , 2028 2.12, 7 i
FEAIEY] 0.000 15, H T HL - HL A BAT AR 340>,
PMP [HEE S T B i T, nT UG T I
RUMT, W DA I G i B B R AT R sl
P, VA ORBEL S5 5 AT T, Johnson,
M.B 25 AFIHAERL PMP AT H GBSl fdm]

T

A PERFLIEAE ", Min Z 28 ST T BT PMP
BRI, KB RO 5, AT IK 612 MV/m,
[F] S 38 2 B0 HE S 4 1 001 % A L R RS M (s
160°C) , BRER BE#L T 7 Jem®, 2 H i e Aok 3L
Ivi] BB 1) SR PR R PR X, LA EAN [z fif
FE PMP 45 F 4 1 )2 45 0 A r 4 i %) 2
Gupta, S.55 X PMP 1E 2 15 14t B8 A 5T L 25 4% i
15T VA o V5 W De 5 OB B R A, B B 4 v T
450% , i ZE 350 449 T 514 V/um, 5 BOPP AL, ]
PIFESE SR R TAE™, Zhang, N.2$0F5E T PMP )
A LRI TEVERE , I 5 BOPP 15 5 U 58 %5 3l s iR
HL AR TP A RE T T T LA, PMP (4 AL IR
It BOPP {5 60 CZAT , [FIBHAT PRRFRAR A A B FE AN
L5 BOPP HH Y4 11 it 12 2 8 A1 70 0L A50%, A B AR
BOPP 7 =i K s R A 345 5 T A o

1 iR5E
1.1 SEE#REEREE

AT H R AR H A = R it
B MRk TPX61-2, TPX162-D , A i4eish BH i 1 ik
i B B R 2SR T TPX61-2, ik I6 A 77 4k K
FH OGN TR £ 1) P A e Pl T4
1.2 HEENH &

L[] A R0 T IR AL s e e 5 T2
FeAR I AR, 7= i B ] FEY, PMP AR T
b AR B R ] P A A WLARGE o AR U 22 R
F BOPP 5 BOPET R[] $if {1 A= = £ 11t 45 BOPMP
MR A7 . BOPMP 7= T AWK WA 1,
BOPMP i JlE A =i A P DL R 2, 4 S A I 25 e i
rndal il R LI 3.
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Fig.1 BOPMP production flow chart
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Fig. 2 Pictures of BOPMP film production
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Fig. 3 Pictures of metallizd capacitor sample

1.3 XA IEF=

4 VI B R R AR Y PMP SRR, R TS 2R
BRI FE 2 AN A IR A R D TR P B I 4y
YIAE P2 T A TN T, . TPX61-2, HLKS 4 30 mmx
1.5 mm, 2845 )5 BH . 2-3 /01, 48015 TPX 162-D , BiA%
40 mmx 1.5 mm, Z£ 8% J7 B : 2-50 /T, FF4R I
g R AL A T2 TR AN G5 Wi 4 IR
FN ] R I FER S i 8 2 i B 25 A A i, B — 1
FLZS A RE i I LS S AR 2.5 s

2 ZERWERSE

2.1 HERERMEEIEIR

¥ B8 GB/T 13542.2 F1 GB/T 13542.3 %I BOPMP
A AR S PR AR, WL 1 gk 2. T
U, R R . S5 H A ] BOPP Hdg, hir
i R | PR R | R A R P AR R R
Y 2 5 I B P (EAIR, T RE 5 A BHIC 07 A %,
TPX162-D A 7™ i B & A T Hh e e 2 D0 A B
ML o Jobh, PR % RS B S5 38 bR R/ NS5
TTZ2A%.

&1 BOPMPEENK R (TPX61-2)
Table 1 Test data of BOPMP film (TPX61-2)

P el DR bR 2

TR 22.55 2.87
52 23.15 5.20

e I
HiEEmE 791 —
N . . MD 2 [ 29.68 2.37
P A3 B/ (N/mm®) DM 9170 14.05
MDZE 22300 7.95
Pl B1) <. 3% o,
Wr e 2R % TD R ] 4870 6.44
I i MD#E  533.00  53.28
AR (NIm®) el 24000 85.49
MD 2 1] 227 0.14
Fh * 3R p
MUCRR200I% e 0.82 0.08
‘ AKSTIE 019 0.02
Kk i
HBEIE Ra/pm CR 2 Hi 0.22 0.07
B s 0.70 0.04
P AR s 0.65 0.04
Eb 32170 22.94
AN N
S HLERAE (DC)/(V/um) EUME 27265 25277
IR A e A - 2.15 o
PR/ (O m) - >100
BFEAIED) — 00002  —
2SS /% — 5.96 —

%2 BOPMP HEIRNK ##E (TPX162-D)
Table 2 Test data of BOPMP film (TPX162-D)

. 1122-1035 1122-1118 1122-1520
I H G5
162-D 162-D 162-D
JERE /um R 18.14 15.74 17.59
N MD 2 [ 80.16 99.10 95.04
PR A /(N/mm?)
TD 1] 115.81 119.68 101.18
MD 2 i) 99.18 79.22 83.51
B4R /%
TD H [17] 63.30 66.84 69.76
N MD %] 1101.82 1141.68 1022.63
SR /(N/mm?)
TD fi 1] 1162.70 1174.27 974.67
MD 2 [i1] 433 4.70 5.40
PSR (120°C) /9
(120°C) % TD K 1] 1.17 1.03 0.60
AKAJIT 0.16 0.16 0.18
HFIBEEE Ra/pum
T CR & HiH 0.18 0.15 0.17
1% — 28.63 31.70 37.70
A ALEREE (DC)/(V/wm) — 459.98 559.31 451.07

.43.
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22 EBEREREMMEHSH BOPP i i 2 11 B kLl E1 7 B A 45 5 26,
BOPMP 3 5 6 TR AT FH H B 5 20 M DL 1K 4, BOPMP 2R IR KA B (I, e R 45 F R HEAS B

HR M HOULES 4 5 BOPP MR M OAs /I I & o EROK 1000 5, AR A I W i 40 25 80tk

AN TR, BOPP 8 15 2 17 L 78 00 45 449 UL 181 5. SR ARSI, AR TH 2 I 0 SRR

BTH-100015

Hi
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Fig. 4 SEM of BOPMP film( TPX61-2)
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Fig.5 Typical SEM of BOPP film surface

23 BEEASIMHERESHEAEVIERLR
FEASFIRASHR T BOPMP s A B 252t
A LA SFE A IEVIEAS LS BOPP W HL A

AR PE 260 — 30, BOPP Fl BOPMP HE 2588 1 i Hse
3% 3, BOPMP i BAG KA i #E e, H:
A HL e R AR BOPP R R —

%3 BOPPFIBOPMP &K mIbE:
Table 3 Comparison of BOPP and BOPMP capacitor samples

= 100 Hz 1 kHz 10 kHz 20 kHz 100 kHz
Aa/pk o B AnpF BiFE Ak BFE AEF BIFE FEF BiFE

BOPP H i U 5 1974 00001 1973  0.0001 1.977  0.000 1 1.987  0.0001 2.564 0.0398
BOPP Hjfi U 5 1985  0.0001 1984  0.0001 1988  0.0001 2000 0.0001 2.633 0.0399
BOPP L 1988  0.0001 1987  0.0001 1989  0.0002  1.996 0.0004 2427 0.0451
BOPP L 1985  0.0001 1984  0.000 1 198  0.0002  1.991 0.0004 2347 0.0446
BOPMP-D15 2557 00001 2556  0.000 1 2561 00003 2577 00004 3.631 0.0617
BOPMP-DI16 2566 0.0001  2.565 0 2571 0.0002 2589  0.0004 3.862 0.0630

BRI 4 Hf B 4R Ak, U BRI AR AL
2.4 BEAEBRRTEEIL S

Xt TPX162-D, #LA% 4 40 mmx1.5 mm, 7E 8%
J7BH - 2-50 /0T, SRS I A L 28 a8 64T T B
H A S i R iR . BOPMP R AR BT
H A, AN RIS B B2 2 R LR i A e
FEmthiiZ ., BRI iR RE B RN ES Ly
DLk, (H AR 150 °C MY 2R 98 E 5 120 C JEAKE
T R T —E AR . AR TPX162-D
7 A I UL ] 6,

TPX162-DHi 25 43154 i AR [ B R AL dA 1 37 Ao 37

370
2320 C

3200 Ak 5 38120 °C

270 %820 C = 5150 C
£
= 220t

Ry el = R
10 AR /* ;
8120 C 4555150 C

120 !

6 ARERET TPX162-D B2 28 & il
Fig. 6 Test of TPX162-D capacitor sample at different
temperatures

25 BERXMERMAENRXESH
SR P PR P 0 3 20 A 4 T 4t e, 2 e 1 it e

AR RS H R i i A MDA, 70°C AT,
238 1000 h A5G , Bt 12 kb G4y
R T A R RRCETE . AP R
AWK M 5HE T Z2H 6, M AaS
FHAEPREZ  HE AR/, 120°C
ST HT 400 h, LA R LGRS/ (U B 5
B R . BRI A7 0 B, (2 B L 25
TE 120 C A TR T —E M A NRRE M,
70 °C. 120 °C B} BOPMP HL 2% 25 3k it 1 A P 36 DL
7 4-5 KK 7-8,
TPX162-DH ZE#FA i AME-70 *C-3 000 V, 172V/um

=
ey
1=
®
@
Sels
-25 I I I ! 1 1
0 200 400 600 800 1000 1200
t/h
7 70 °C B BOPMP(TPX162-D) R & 25
it At 06
Fig. 7 Endurance test of BOPMP( TPX162-D) capacitor
sample at 70 C
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Table 4 Endurance test of BOPMP( TPX162-D) capacitor samples at 70 °C
- (ACIC) /%
-1 1-2 1-3 1-4 2-1 2-2 2-3 2-4 3-1 3-2 3-3 3-4
0 0 0 0 0 0 0 0 0 0 0 0 0
48 0 -1.56  -0.18 -0.12  -0.65 -6.14 =221 -16.13 -0.24  -0.25 -0.30 -1.7
96 0.06 -1.62  -0.18 -0.12  -0.65 -642 232 -1659 -0.24  -0.25 -0.36 -1.7
120 0.06 -1.62  -0.18 -0.12  -0.71 -6.53 -2.38 -1740 -0.24  -0.25 -0.30 -1.7
144 0 -1.68 -0.18 -0.12 -0.71 -6.64 =249  -1798 -0.30 -0.25 -0.36 -1.76
216 0 -1.68 -0.18 -0.12 -0.71 -6.75 -249 -18.67 -0.24 -0.25 -0.30 -1.76
312 0.06 -1.74  -0.18 -0.12  -0.71 -6.81 -2.55 -19.13 -024 -0.19 -030 -1.76
384 0 -1.74  -0.18 -0.12  -0.77 -6.92 -2.66 -19.71 -030 -0.25 -0.30 -1.76
480 0 -1.80 -0.24  -0.18 -0.83 -7.03 -272 -1994 -030 -0.25 -0.36  -1.82
552 0 -1.80  -0.18 -0.18 -0.83 -7.03 -2.72  -20.12 -0.30 -0.25 -036  -1.82
648 0 -1.85 -0.18 -0.18 -0.83 -7.08 -2.72 2046 -0.30 -0.25 -0.36  -1.82
720 0 -1.85 -0.24  -0.18 -0.83 -7.08 277 2064 -0.12 -0.25 -0.36  -1.88
888 0 -1.85 -0.18 -0.18 -0.83 -7.14 -2.77 -21.16 -0.36 -0.25 -0.36 -1.88
984 0 -1.85 -0.18 -0.18 -0.83 -7.14 =277 -21.21 -0.30 -0.25 -0.36 -1.88
1008 0 -1.85 -0.18 -0.18 -0.77 -7.14 =277 -2127 -036  -0.25 -0.36  -1.88
%5 120 °C B BOPMP L& 25iK Mt A ik ie
Table 5 Endurance test of BOPMP capacitor sample at 120 °C
it e/ (ACIC) /%
1-11 1-12 1-13 1-14 2-11 2-12 2-13 2-14 3-11 3-12 3-13 3-14
0 0 0 0 0 0 0 0 0 0 0 0 0
48 0 -0.19 -032 -049 -0.06 -0.18 -0.3 -049  -0.07 -0.26  -0.38 -0.65
96 -0.20 -0.26  -045 -049 -0.12 -024 -036 -049 -0.13 -0.32  -045 -0.65
120 -026  -0.39 -0.52  -0.55 -0.24 -030 -036 -049 -026 -032 -045 -0.65
144 -0.20 -0.39 -0.52 -0.67 -0.12 -0.24 -0.36 -0.61 -0.07 -0.32 -0.51 -0.78
216 -0.33 -0.58 -0.71 -0.86 -1.03 -0.48 -0.71 -0.79 -0.20 -0.97 -0.76 -0.97
312 -0.40 -0.78 -1.16 -1.65 -1.94 -1.03 -1.78 -1.16 -0.26 -1.88 -1.40 -1.29
384 -0.66  -0.91 -1.29 -1.84  -1.35 -1.94 -386 -122 -059 259 -1.72 -1.36
480 -0.79 -136 -232 -392 -3.17 -679 -11.76 -1.52 -0.66 447 -3.12 -142
552 -0.66 -1.62  -2.77 -6.61 -4.23 -7.58 -1426 -220 -0.53 -544 414  -1.87
648 -0.79 -2.07 -348 -12.74 -735 -11.64 -18.00 -549 -0.66 -6.93 -7.83 -2.65
720 -1.12 -3.04 -535 -1629 -11.58 -16.36 -21.69 -6.4 -0.85 -9.97 -1025 -2.84
816 -132 -3.69 -6.71 -19.53 -15.11 -20.06 -37.67 —6.95 -0.92 -11.59 -11.53 -3.17
388 -1.85 -472 =955 2535 -2140 -26.00 -4629 -799 -099 -1430 -14.08 -3.62
TPX162-DH 24K Fh i ATE-120 C-2 000 V, 115V/um
10r 3-11 1-11 112 3 %i’g
PMP #8LEAT L 57 197 F AL A P ,,E
&AL PP 60°C UL 38 I H AP RE L PP

200

400

600

t/h

800

1000

Ufo SRRTE RG-S J5URHE 7= BOPMP %H‘“,/\

o 2F i B 2 A 3K, AN [RBRT 19 BOPMP %H!%EE

FEAFE A IEVIE S i Y 'ﬁ BOPP JHfI5 it 2%
AR H AR T AR REA TF

B8 120 °C it BOPMP(TPX162-D) BB & 881 Mt A iRk IE

Fig. 8 Endurance test of BOPMP( TPX162-D) capacitor
sample at 120 °C
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