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Abstract

In order to study the dielectric properties and insulation properties of BN/TiO: filled epoxy resin
composite materials, BN/TiO; epoxy resin composite materials with different filling amounts and
mixing ratios were prepared and tested separately. In the following experiments, the dielectric loss
factor, the dielectric constant, the volume resistivity, the surface resistivity, the partial discharge in-
itiation electric field strength and breakdown strength for dielectrics were examined or measured.
The effect of hyperbranched CHBP treatment on the dielectric properties and insulation properties
of composites was studied. The study found that the dielectric loss factor of BN:TiO; (3:7) after CHBP
treatment reached the minimum value of 0.076% at 1wt% mass fraction, and the dielectric constant
of BN reached the minimum value of 1.11 at 5wt% mass fraction after CHBP Hyperbranched Po-
lyester; BN mass fraction was 1wt% when the initial electric field intensity of partial discharge
reaches the maximum value of 22.435 kV/mm; when the mass fraction of BN:TiO; (1:1) is 7wt%, the
breakdown strength for dielectrics reached the peak value of 88.405 kV/mm after CHBP Hyper-
branched Polyester. The results indicate that, the introduction of TiO; reduces the mass loss factor
but increases the dielectric constant, increases the volume resistivity and surface resistivity, reduces
the initial electric field intensity of partial discharge but increases the breakdown voltage. CHBP
Hyperbranched Polyester can make up for the shortcomings of the introduction of TiO-.
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1. 5|8

EIR AT B OR & HAE = AN 0] 4 2 3R R Y5 A8 A TR I PR P K T, e B A 1 R v o i v D % 4
TR HTE AR B T RMR[1] [2]. (HEE R AL BT BT RGN AT FREtt, nl&EM A ™ E 5
(3] (4]0 FREMAEEP)H AR T e, BN @ FL R R 32 B F e 4 B ST [6] [7]. AHFR S IR R
GFAEE WAL S FE R, 5SS W90 R B IR i R A8 g K Aok 2 s LM R

5K ST 45 AR A il VR 46 1 R SR IR/ — A/ 52 1B L (EP/SIO/MMT) UK B A Mk, gk
WL A RS TR SRR BAMEBERER]: ¥R 25 R I8 5145 1 2L/ A 2%
(BN/GS)E A8, JFidd SR I 77 il & 7 W IR (EP) R A BH 18T T 3 R AR € P RE[9]s
P NBGK TiO, ML/ VM DURS BE 7 SO B S s b, & Tio, & BMRAE &M
BHERE . A Hohife ., pha P, SR B8Pt m, IR TPE10]. PR 3B 729 K Gk 55 7= 2k
FIRILG . BRI RS MR SR S5 A OB, S2ma e i R . S04k CHBP Y[R KHS50 557 b
RGN T 0 A AN H SR [ 1]

AR BN M TiO, fE AT 7, it 2 b CHBP HilA KHS50 {574 BN, BN 5 TiO, /&
HRA, BB IHIHA RN R . FERISREEN 1%, 3% 5% 7% 10%[H] 8 FhIREM R(EP) L. H
HREH R BNTIO 73 38 1:1. 3:7. 7:30 XAl & FAAEREAT T A HFE. /i 4. AR, &
PHERE. i HIE. R ECRRE RN, BRI TR T IR A I A A S R S Ak P R AR A R
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2.1. REFIESE

2.1.2. BTGk BN/TIO, B &

FEFRARG: BTSSR, fhal); CRALBR(E IR, fheal); Y-ER M = O A
Fe(KH550, R0, oral); bR A AL Jls CHBP (C102, 754, 1hapdal), $IEEL 12 mol,
4y T 2600 g/mol, FRMH < 15 mg/g; HEMARE-51, RILET, Tolki).

£ BN/TIiO, By R AN TG/K ZBE 78 40 Wke, HUBRARHE 20 min, 5 73 HUEHE 20 min. FREL BN/TIO, #
REE 10%[1) KH550 JIA KH550 g —FH280K, A KH550 it & 3.5 5K OEE. KPR
BA, HUBEEEE 40 min, B0 EUCTE 40 min, HETWREES . KB BEI(KHS50) 403 5 (1) BN/TIO, By K 5
FIBIES, BA S HU S FREC BN/TIO, ¥y R E & 0.005 £i5/¥] CHBP #}&; FRHU CHBP ¥y KE & 0.05
35 AT R TR 46 FH 5 5 4 0t FR BRI NS B35 STV T R » ZEINBCIRAS N M THE 38, B 40 min;
SRIG AT VUVIMAN CHBP ¥y oK . HiHEse )i, METIRB NS B4 h, Heth . fil a1 aIare b 2% 1.

Table 1. Experimental samples

=1 AR

'S PGS
A BN + KH550
B BN + KH550 + 5%.CHBP
C BN/TiO, (7:3) + KH550
D BN/TiO;, (7:3) + KH550 + 5%.CHBP
E BN/TiO, (1:1) + KH550
F BN/TiO, (1:1) + KH550 + 5%CHBP
G BN/TiO, (3:7) + KH550
H BN/TiO; (3:7) + KH550 + 5%CHBP

2.1.3. BN/TiO, R &I W S HHI %

T AR I ST AR AT TD-909A, N JEAE PN 100°C N, FREUGE S AL AL EE J5 () BN/TIO, #) A (&
BONHEM R 1/3/5/7/10%), FEEFRIF DY EORET) 40 g5 R RS TS, HURMINE 7 5 HE: 40
min, ZRJEIMAFFER AE(0164) 50 g, HH)5(DH410) 10 g, {EREFIBMP-30) 1 mL; MU & 34+ 20
min, PEFETEEEE A 20 mine JREINAGERE HEH R 2 ERBEREABL A Y, 78 100°CLH
£ 1h, 110CE4k 1 h, 140°CHE4k 1 h, 150°CHE4k 1 h Al WEEER 50 mm, EEHRN 0.2 mm AIEE 30
mm, JE& 1 mm AFIPH,

2.2. WA REIIR 5%

2.2.1. frEASEIR

KH GWS-4 4 B A BRI, MHART7E B A% 50 mm B 0.2 mm 4304 (1 1F 596 TG 2 K
N 30 mm Y IE 7S B B b, SEES HL RN 600 KV, A 50 Hz, AAFE E 42 30 mm, SR 1 mm,
SEIGIR P 28°C, IR 40%RH.

2.2.2. EBBEERM)N
HLER ] HT2671F BBk, HiE XA GDM-8055 JiH#, #EMR A% . MRl B

DOI: 10.12677/jee.2020.83013 111 ZER I


https://doi.org/10.12677/jee.2020.83013

PURC

50 mm JEJEN 0.2 mm iR 1 1E RPN ER G AN 30 mm () IE 7T S B By e bz, H R R 4R 3P Ha FE A
2000 Q. MR HE R 2500 V, MIRIAEEEAE 30 mm, B | mm, SZIG RS IRE 25°C, B 85%RH.

2.2.3. FHR

AR AR . JFD-2000A J& 3B, Rl R B 0.1 pC, Hii% 50 Hzo sS40 HIR
YDQ-10/100 24 100 kV/100 mA )/ 5 LI FRYR (B8 28 ) o ) 8 T80 MHAS PRI K ) JF-2006 2 1E
Wkib g g4, RHERIE 10 V, S 50 Hz, KIEHE 50 pCo MK BRI, MARE RO =25 mm.
R SR ER 7.4~8.3 pC, LI R A FAFE HAE 50 mm, JEJEHN 0.2 mm.

AR G BB LM R MRS B AR s s, MIRHETF AR, B 0.5kV N 1 By, R
SERTIEA 10 s, BFFIER RS DR 2 NMAFE, BRI 3 Yk, R SGB-100C 38 BHift 7 He
FIME I, MR 1.0%, M7ESEAS RIS E KT 10 pC B, idsk Iz,

2.2.4. HERR

ASCHARFECEAE HTIY-80A ZaZ it /i o BE M A R s fAs ey, SIREG IS NN 254738 s 28 41 |
AT 2% . SR A YDQ-10/100 fi fE s o WA F A I ARCAR R, FBROR 3 AR ¢ = 25 mm. SE50 R A )i
FEEAZ S0 mm, EEEAN 0.2 mm. R EFHRAE B E .

AR GBI EE RN T R, Mi% 50 Hz, MEHEEFFSE, 805 kV A LN, BHH
ERERECA 5s, KA SGB-100C X H 7 EAsll & HE.

3. IWERSITL
3.1. frEafE

3.1.1. TEEEH

| NEE SR B B, 25T CHBP ARBRHI 49 K8 R IR AR IR, oA i A s — 1
F KH550 {3 BEFIE /N . AN AE 520 B Twt%BN:TiO, (1:1) LA K i & 20 $ 7wt%, BN:TiO, (3:7)fI1E 4L 18
FH B — (BRI A B A 2R S AR A R BFE /N o

S /INEIAY TR FE IR 9K AR L1 CHBP Hp[F] KHSS0 2P BN R 405 Swi%lf, /4L
SR 1115 BRI E ] KHS50 B— AP TiO, BT 5 3wt , M 30N 7.13, WM ZE 6.42 f%.

FRBLGERY, TR E IS A, 5 S A A EE P 4R oK R S B — {4 B KHSS0 AH L RT LB &
BAI A FL

—a— BN

AL e BN

N

HFE R U %
(@)
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Figure 1. The dielectric constant of epoxy composites
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3.1.2. fFRIREE

2 NMEE MR FARFERE, CHBP WrF KHS50 B4 BN:TiO, (7:3)Fi & 740 1wt%l,
A BARFER B /N, N 0.076%; 1 KH550 S0t BN, iS50 Swt%l), A FIRFEREE R, 7 0.987%,
P A ZE 12.98 fif o TiO, LA A BN S8R0 I AT IR U0 IR (1 77 NS5 2%, 4 e ISR A 1 40 785
B H THEARSGEAGIER TR, B3, HEMEEAN TSR, KAEBRIAAEEHK
RLF I BEAE /N« BN/TiOo/EP FHHAL S5 MERAR H A vl fE A HILZE & . J#id CHBP PR KH550 4b3

1.2

—=— BN

—e #3KBN

1.0

I FARFEE U %

o
IS

0.2

HFEBUR > U %
@

—a— BN:TiO, 7:3
—e S AKBN:TIO, 7:3

NRBFEEE%

2 4 6 8 10
AR %
(b)
12
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Figure 2. The dielectric loss factor of epoxy composites

E 2. FEE SV RIRFER K

ff] TiOy« BN AER TR, KIS EM AR 2 T8 R R &, A UL S Tk
BEAALRNIIE -

3.2. EHEZE

3.2.1. FREHEE

W 3 BEEGCRR T IETEE B 1wt% ETHE] 10wt%, s ETF SRR, {EF CHBP ALEE )
RS i 2 P A B — KHS 50 2% 1 HELFHL2E K5 T 7E BN:TiO, (3:7) 5 & 70 HUN 10wt%T, P FH Z A K
fd ] B BIEFIINT, BN:TIO, (1:1D)FE % 3wtelt IR M A PHZEA 1111 x 10" Q, 1 fpH R
BN:TiO, (1:1) > BN: TiO, (7:3) > BN > BN:TiO, (3:7). CHBP Pp[F] KH550 S0 BN Jii &40 50 3wt ,
FTH PR K 16.67 x 10" Q.

SERFH], SR AR P E W AR MR T L RE AR, B T R R R AR BRI B, 3 X
— LG R R AT B R AR A8 B X R SR FABEI AR AL, A T A B A A e S g A, AT

B T E AR B SR
20
—=— BN
—e— HCAKBN
15 -
=
ke
©
T 10F
=
w
= st
®
O 1 1 1 1
2 4 6 8 10
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Figure 3. The surface resistivity of epoxy composites

E 3. FEEEMRREHEER

3.2.2. (RFREFEZE
WP 4 BEEDKRLTIE TS _ETHARR s P R 2 TR B, {8 CHBP AbFE (K3 S8 R 2 b A FH B
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— KH550 FO/RF L BEER . {6 BN:TIO, (1: D) 50N Twt% i CHBP A FURASH &, 574 2.08 x 10"
Q-m, T H4E BN iR 0$0N 1wt%, 1 CHBP WA KH550 (IR &, RS 6.09 x 10"
Qm FHE 1.18 x 10" Q-m, $2HE IR A 93.76% . Tt KAH N Twt%I (1) BN:TiO, (3:7), Hfg KA 2.62 x 10"
Q-m, AR FEZE{E BN:TiO, (3:7) > BN > BN:TiO, (1:1) > BN:TiO, (7:3).

30 :ifﬁg—J
—e B BN '
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W7 55U %
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30
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E
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Figure 4. Thevolume resistivity of epoxy composites

Bl 4. FEESMHNERBERR

HHT CHBP AbH 5 g0 K MkL 5 PR A0 JIE 1 ST A R T B RERERE, 2 DAFIHIEIR T riEsh, i 2k
(IFEAR 7 B S R, 8758 B CHBP Hh[E KH550 2t f) BN/TiO,/EP 4G 5 i (A A Hi FH 22

3.3. RERM AR ISR

5 CHBP Ab# BN Jii 55041 10wt%f, HRE SRR g 17.94 kV/mm, HARZ CHBP &
R AR A A F R BE R T 58.34%. HARTAEE T, CHBP AFREK T G245 . CHBP A3
BN:TiO, (7:3) i & 4340 3wt%, [hARZ CHBP AL J& 5 i A 4 F 3 i B e v 1 8.165 kV/mm, KRE&
CHBP 4b#E BN:TiO, (7:3)J5 573 50 1 wt% ] J5 S 55 FE AR 46 Fe 3% 58 B 22.435 kV/mm . BN:TiO, (1:1) 567+ )5 B,
TEFR R0 Twioltt, CHBP KB Ji5 J) 350 i i L 46 FE 3% 58 B TR B & 16.495 kV/mm. BN:TiO, (3:7)%: %5
Tty TR H 10Wt%I, R0 A FL 5 AR R CHBP AR 5 T 96.55%. Bl 44K b1 & 77
Hsgn, SIS RS CHBP A M 2 S MR A RN O EE ETH . 48 CHBP 0314
KRLFR =K B H AR, Gl EP fG R i e T AR, Wit s T 2 A M B R iR s
7L

25

—=— BN

o HS{EBN

20 -

-
(&)

E/(KV/mm)
3
T

0 1 A 1 ) 1 . 1 \
2 4 6 8 10

FFR TR 5%
(@)
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Figure 5. The partial discharge initial strength of epoxy composites
5. MEEEMRNBRRERERTEE

34. XRTFFHIFERE

K 6 NIESE AAPRN T 5 B, CHBP 4P BN J5 [ 1 o 5 B3% 9% . CHBP 40 BN:TiO, (7:3)
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R 3Wt%l,  EbAZ: CHBP ACHHR S 1 52.580 kV/mm, A4Z: CHBP 4b¥ BN:TiO, (7:3)F &% 1wt%
i %375 84.375kV /mm. CHBP 4bHE 5 BN:TiO, (1:1) 5 &40 7wt , 7 2 375k 2 IEH 88.405 kV/mm.
BN:TiO; (3:7) CHBP 4B 54 1 i 3758 A 810E 46.80% ., FHHIX vl 4 MBS X . JE X AIERX[12],
BTEE, SLEE. SR VORI SRR S XA B I A & I ROX — IR AR AT RE S BN
YRR FN TIOL KNI CHBP M SCAGACER J5 8 A DX 1 THIAR AN AR 22 7, AT S B IH IX (1) S oK REZANR] o
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Figure 6. The breakdown strength of epoxy composites

Bl 6. FEEAMBMEFRIAEE

4. g

AL E-51 B EP AR MEREAR, BT RERE R KH-550 (Y-Z A3 = 28 R bt) 5 i RIL S AL
B RS EFI(CHBP) SR AR A B BN Rl TiO, 99K KL -, JEBF 7L 1 SLIE 78 5 G AR A vV R A 4 e 1
B, fHHWF EELR:

1) CHBP #}[A] KH550 SStPE BRI S IR 4R AR A0 F 4. G i CHBP IRl KHS50 4b BE Aot 2
e 2 PR 64.68%, A1 HLH HUR %2 FRAK 51.64%. CHBP HrE KH550 AbFE &7k TR M K sE, K%
RIS %% 311 AN T i A0 A R30S (A A

2) CHBP 3 [F] KHS550 SeP R340 A 1A AR i BH 26 FI SR THI HL B 2R 32 /=5 . CHBP AR Ji5 44 AR rit BH %6 i % 48
& 93.76%. CHBP 4bF Ji5 % [T o PH 20 Bl KAE 16.67 x 10" Q, 1IE 67%. 1T CHBP 4bFE 5 4 K ik
SR 10 S AR BT R RERG R, SHIERIR T RS2, A R FEAR T S ri, R s AR s B R,
T KR A8 BLIXUR . IRFABFRAR L, A% 1 A B R 2 a) fifer 5 g o A, 3R L P 24

3) CHBP A KH550 e Ja i i o i F 3 5 FE R s e AN KA o =0 FB0 B R 46 Hh 37 i B A KAl
22.435 kV/mm; % CHBP A3 AZ T 77 9 618 46.80%. %4 CHBP AbBEAC i 77 1) i IEH 88.405
kV/mm. % CHBP b FIG0KR 5= KE H A, @iy EP Mk ade s 7 FmsmeE, M
fn 1A PRI R R B A6 3 5

4) TiO, SN BN — HTHIFEK T FARAEREL, 7 — AR S 7 A A, $em T ARFR s B f R TH
HBLR, BFRBBGREG IR T 5 B iE, CHBP ALFEA] LIRS TiO, N J& Gk A . i pix — 3
G R AT B BN 9K RE 1A TiO, 99K K1 CHBP M AbA G B & X AR E A %57, NS
X 1) SR RELAN A
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