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4= 5 BB G EE (M, = 902): Tk 2%, Solvay S.
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PR A s R R B R BRI = R AR At all, B
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1.2 #BE & X

% IPDI = % 1K (6.6017 g, 0.0099 mol) F1 1,1,2,2-
DY & 4 i -1- 28 Fi.(45.9478 g, 0.0099 mol) A Bt A #L
PR HE 28 IR B2 T BURCT E NYR BEE  DY H Be i
RN IE B R RN R 0T 00.2%
THERZTEY, REWAE S CH I NHT R
Rio L3 hJE, AN S 2R B = 5 R 1K (19.8051
g, 0.0891 mol), ¥ N 4= % 5 BF — JC I (90.2 g, 0.1
mol), 4k 2 1 [ B . R B B —NCO % &k 2| 21
WHEHGHS ZIETRENE) . &5, ANEERAG
B 3 45 7 A R & g (B-FPU) ¥ W, K 90 A B-
FPU1 (IPDI = 5 1A 7 5 50 BR I ok & 1) 10% (& /R 43
0o ko A 1,1,2,2- 0 A4 - 1- 22 F i IPDI
= RARAE = FBR R W L, #1155 B-FPUIL 2k 4]
Lt » #H A, IPDI = 58 4 75 55 30 ER I8 o 19 BE R 2 00
8 20% £ 30% [ B-FPU2 5 B-FPU3 .

# PPG(40 g, 0.1 mol) Al IPDI(52.4802 g, 0.2360
mol) I\ A MU FE 28 B B Th L B0 RS
(eI EE eSS NG s s L v | IR B
AR 02% —HHER T EY, BIR&EWIE

80 CHitFF#EAT ) N . 3 h J& £ % il BDO(12.4802 g,
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WAE GRS ZIE T RENE) o« G, W RS 2
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W3 B SCRE Y S U R S R R
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TR AR b, =il T EHAT 24 h FRNE
AT H#aH 60 CT %6 h, & Ja N B HAE 60 CT
Boh METTREPSEH. RAWHBEEN
(0.3+0.1) mm.
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¥ B-FPUI1, B-FPU2 } B-FPU3 #£ — W 2k 5 H i)y
(1 VB A A VR HP TR A R AL B A5 B v B HE 30 min
BEIE S ENI5%HER . KA RSOk E
BELEANET %, RAETREARERAL, 314
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B, Hoh A TR AL — B K—iRE—
BB W R R i . 2
ERAN AT 2 WIRE SR, 5 0 % B R
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e 41 4 S 1% 4% ( (FT-IR) , Spectrum one %!, 3%
PerkinElmer 2> 7] ) 43 #T & Jig (1) 45 74 , % 25038 [ A
450~4000 cm™, ) HER N 4 em, FIGIRECN 32 K
K M e E 2 B AL ((TGA), TGA7 B , % [
PerkinElmer A 7 ) i3t 17 % & W) #4811 70 #r» 78 %
AR, FHRTE Z N 10 C/min, W G0E B G FLA
I % 800 C 5 K FH 42 fish £ M KA (CAST3 &Y, [ i
BEEEREARAFDOMEREME LB TKZ
() () 422 fih fy  oR H 6 3 74 % 75 g i 58 ML CAGS-
JRY A By HE A WD Wl R A o B R b 2R A
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mm TR, SR 5 78 FE oG A B 4 i B3 A R
I 5 B BT S, AR SR 5 v 8 1 B AR O D =
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MK 5 IR, B 25 B KAE S S /IME G B3 1E .
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4 250 C, 4.5 N A1 2 min; 5% 0 #4480 T 15 48
(101-1AB BY, K i 4 W7 e AU 25 6 BR 2 1D #h 47 3
£ 2 (1) Farr oy I AK, JE AR IR BE 200 °C \ Frt i [A] 30
min, 28 J5 15 B JBOK B2 00 82 348 JE % T F 2445 L, 4
BRALZE MK 5 AR o
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Fig.1 ¥ B-FPU 1) 4 4h % & .t & 7] H1, B-
FPU (1) IR & £ 3347 cm', 1697 cm™', 1536 cm',
1204 cm™, 1138 cm™ fi1 1090 cm™ 4b Hy L 7 Wy i i,
Horf, 3347 cm Al 1697 em' 2 4 5 R g &5 #4 b
1] —NH Fl —C = O i 4 J 3 W e b, R BA 7= v &
AR IE PR IE ] . 1536 om™ &b Jy & Jik PR g Ik 4]
H—NH 25 i 4R 2 WU U s 1204 em' 4b 9 —C—O0—
PR 4R B UL U4 5 1090 em! Ak DAy Tk B C—O—C
95 PR B U 5 1138 em' Ab HU B T 8N B 2 ) C—F
1A 45 4R B R g, T B C—F B 5 AN B R &
B 7+ 85 b i B B W 2260~2280 em 4k 1)
—NCO FAE Yl , B —NCO B8 2 R P o X —

RYVRHEVER B i D)4 A T B-FPU .

Tab.1 Ay AN [F] 32 5% 284 2 980 58 G W B o 19 4H 0 43
TRE. BHTEABMIRRE RS, RN+
I8 AT Y 8E R AE 6 43 7 5 & R IG, B-FPUT,
B-FPU2 K B-FPU3 ¥ AH X} 43 - Jit & 43 %l 1X 29 2000,
1600 & 1500, Pt b, A XS 43 7 2 i 11 58 & e G
U, {5 /& B-FPU R 5175 5 VU & Ml b3 R 30
TR BOBE I, o RO R T A RS . 4
HAANE T LR W, BT A 5 SR B Y RO 58
e, AT IR R T 1,1,2,2- DU A 4 - 1- 28 I K i
P IEFUHA 121 1) be Ao 3 o e SRR I = SR A4, & 4 =
BARE 2834 1,1,2,2- D0 & 4 - 1- 25 8 I N,
AT B4 oK 5 1 IPDI = 58 A 7 44 2 h 78 24 A0 B
FER 25 B R N .
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Fig.1 IR spectra of (a)PU, (b)B-FPU1, (¢)B-FPU2 and (d)B-FPU3

Tab.1 Molecular weight of PU and B-FPU

x/ mol% M,x10°
PU 0 41
B-FPUI 10 2
B-FPU2 20 1.6
B-FPU3 30 1.5

x: molar fraction of capped trimers; M,:number average molecular
weight
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Fig.2 A B-FPU (1) #4 2% 5 il 28 , H A1 46 5 i i
HIF Tab.2. M T PU K1 200.7 C, B-FPU K] 46 4
fil R B A Bt e, X W T A HERE, C—
F 5 1Y) 58 e 80K, W 2 BT 7 L () R & 5 5 AL U B-
FPU MW U6 7 fR IR FE 35 K T PU. BEE = RS =
(38 0, B 46 43 IR B ORI A . xR T
TESCRE R S MR AT o il 2 b, M gE B
B H R I 26 A1 2R 2 oy iR, B A SCBE 2 S R A R 1Y
4k b o5 R BR 5L A1 & BB Wi I 2, e 0 iR 1
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Fig.2 TGA curves of (a)PU, (b)B-FPU1, (¢)B-FPU2 and (d)B-FPU3
Tab.2 Initial decomposition temperature of PU/B-FPU

(fOO

x/ mol% 1./ C

PU 0 200.7
B-FPU1 10 256.9
B-FPU2 20 220.7
B-FPU3 30 216.6

x: molar fraction of capped trimers; 7,: glass transition temperature
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Tab.3 %1 i} 7 PU Ml B-FPU 1 $i7 fef 5% & J% W7 4
K&, Hdr, PU M 47 A 38 £ 4 8.32 MPa, B-FPUI,
B-FPU2 Ml B-FPU3 [] $i {# 51 & 73 7] 4 3.75 MPa,
9.61 MPa #l130.50 MPa. B-FPUI # Lt T PU B8 A
F% . X J2 BT B-FPU 1 R ¥ 0/ 4+ 97 85 7 i 47
8, BT LUAE X 4> F B & e I, T B B-FPUL
IPDI = SR 1) & 2K, 22 B s b, A g 2 1 R
FrlEfk. BE&EIPDI = RESEMIG N, RE5Wh
M) 22 6 s 3G, ) 5 1 g 3B W 1S OK 31 B-FPU3 1)
30.50 MPa. [d] i}, B-FPU K Wr 24 {1 K 3 b i %
IPDI = 5 44 ¥ 2 & 39 0 1 32 7 38 K . B-FPU AN Y

R T KA Sz o B2, A IE R I TR
T A 2 . X2 i T RE A IPDI = SR A& & 2 1)
B, R o i = SRR S G, B AR I A R I AL
SR S AL 2 #8A FT i v T3 1 A R A K B iz A i
JEE AT R AR

Tab. 3 Mechanical properties of PU and B-FPU

x / mol% o/ MPa 5/ %
PU 0 8.32+0.68 325428
B-FPU1 10 3.75+0.32 392+36
B-FPU2 20 9.61+0.54 875+58
B-FPU3 30 30.50+2.38 952+54

o tensile strength; & elongation at break
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Fig.3 ¥ PU #1 B-FPU 5 7K ¥ £ ful f3 l iX &1 . PU
JBE 5 25 B /K 2 TA) () 42 i £ O 74.4°, 32 B 0@ 1) 53R
FBR IR E KR E . 5l N B2k F]J5 , B-FPUL [
Fefil 24 90.1°, W R R I T BK R, X2
BT 90 2 19 91N, & aUBE B m) 36 1 3T F8 DA I 5R
E YA AN R R S, R A R . R, B-
FPU IR th R 47 Bk P fe . BE & S im = SRk &
B4k 42 48K, B-FPU3 1 £ fih £ % ¥ 3 K 3
96.1°. T A B-FPU I £ i /1 24 K - 90°, WX 7 1 5§
AR R R (1 B K R
25 ZHERERRERRE&NEFRE

U1 Tab.4 7, 5 188 5 206 PU B B 48 10 5 o
J& A 4719.8 V, B-FPU1, B-FPU2 Al B-FPU3 % 11, £; )
o L2 ) D 7513.4 V, 7146.6 V A1 7033.8 V, S B
IS MR AR B LN g7 ke KT 5E R A
g o X J2 TSR & R A BRI I 8 C—F 3 &
BEMK, C—FHEMBRATC—CH, R4S
B Re iR AR A e Rm b &, 2T

Fig. 3 Water contact angles of (a)PU, (b)B-FPUI, (¢) B-FPU2 and (d)B-FPU3
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TRE SR RYERE T B =R 5
TR R A ), AT W 45 R AN AU A K I T 4 T
) £E 70 P33 W 5 £ F A 45 B-FPU ) o % HL
KM 14 5, 78 T O R A R R L 4 . £ B-FPU
v, B 5 ) m IPDI = SRR 2 & i 8G o 7 o s B
ik H T FEAH [ B [ 4k 2 #F T, B-FPU 1 52 Bk i
/b B B-FPU 1 % JIE [ A0 B 4, B DA %8 P s de K s B
BB R 2, B-FPU3 I 3 B [ A0 A0 X 80 22, o 57
B A T . Hi2, XS MR AR AL NS
FHREMHEEHEMSHEARECLE R H TR
S PR ee . MR YE E Z A v GB/T 6109.1-2008,
SCHE T 5 9RO I L UM RE X A2 155 )
IERCRTP £ AN NSRRI
Tab. 4 Breakdown voltages of PU and B-FPU

x/ mol% Breakdown voltage/ V
PU 0 4719.8
B-FPU1 10 7513.4
B-FPU2 20 7146.6
B-FPU3 30 7033.8

Tab. 5 Mechanical properties of PU and B-FPU

F/N  Pinhole Surface of the paint ~ Pinhole after

film after winding coiling
PU 3.52 0 + 0
B-FPU1 4.66 0 + 0
B-FPU2 4.85 0 + 0
B-FPU3 4.88 0 + 0

F.: one-way scratching force of enameled wire; + means the coating
does not crack
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1 Tab.5 fif 7% , PU, B-FPU1, B-FPU2 1 B-FPU3
B E ) 2 3R 3.52 N, 4.66 N, 4.85 N fll
4.88 N il 15 (1 BT 45 ¥ A 2 1) 5 ) 1) #5803 K F
29N, XRWITAERBLMNRESWLE 2 mB A
RUF 0Bt 3E 71 R4 B X 45 #E GB/ T 6109.10-
2008, i /& 155 B E 125 IR A PR B & 2K, 3]

B AR SR R B R A R A3 BT R UG, TR
B EIEA WL 5L 2 A . 75 KE
FLIR I8 A1 45 58 J5 #h K BF AL 38 o, BT A & B 42 10 4T
LB 0. XMEEBEAFLRMIFES A
HAREFMME D, BELEETBEAH AL A=
FEAE R B SR IR . b Ah, R R I 2 0 1 R AR 4, B
fEAE A 7 9 58 J5 48 25 1 2 A 2 AR 2R L P AR A
FL AT 3 B0 B I G
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HH Tab.6 H] 1, /N % % ¥ PU % {0 28 75 220 C,
4.5 N 2 AF N, 2 min N 5 %F s il 45 (9 B-FPU & &
ZR1E 220 C, 4.5 N 4T, 2 min A& H B4 5 28 B0
%o BAE RN PU ML 200 'C T, #4730 min
) A b 7, T8O TBOR B 52, R R I AR T R
L% s ¥ Fr i 49 1) B-FPU ¥ 26 75 200 'C ', #EAT
60 min [ R ofi , 38 RO B WL 8%, R I AR T AN 2
PP RIS . WY E Z AR #EGB /T 6109.1—2008
J GB /T 6109.10—2008 , It £3 & £ £ ¥4 3 /& 155 2%
HIEGREATRRQLEMER. N RS R 5,
HRAMECLN AR Z. A PUKNHEE
i 26, PU I 4] 46 43 fig i B2 2 200.7 °C, R I 72 AH B2
(I 2% N R T 46 o0, BT LAIR Z T 2L . 1T B-
FPUL [ H) 46 43 fiff i FEE 350 v, T ELAS 5] 3 38 36 2 2 I
(1) /& , B-FPU & 5 73 fiff 1) & SCHE 10 2 S 00 B, 0
KT o i A2 TR 25 KA R0 2 580 25 T T 1l ) & B R I
TR AL T A

Tab. 6 Thermal performance of PU and B-FPU

Softening breakdown Thermal shock
PU
B-FPU1 + +
B-FPU2 + +
B-FPU3 + +

+ means the coating does not crack; - indicates cracked coating
1.8 AR RIMERELNERY
BT ¥ & w5 N RA T8 5, C—F &

Tab. 7 Solderability of PU and B-FPU

x/ mol% Solder surface
PU 0 Smooth surface, no pinholes and paint film residues
B-FPU1 10 Smooth surface, no pinholes and paint film residues
B-FPU2 20 Smooth surface, no pinholes and paint film residues
B-FPU3 30 Smooth surface, no pinholes and paint film residues
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B 7 7 45 1) P R IR I ) T O 2
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FER 2, BRI TR, PR D, R T
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REED R AR E OB,

3 i
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T R A R B R R, I I R R B R LR
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i -1- 25 B 3 o IPDI = AR 7E S UL B v 1 & =
90, W16 53 iR BE AR I BEAIK 3 216.6 C L (HI R T
AEEMEE RN, A 1,1,22- A2 m-1-%
fist df iy IPDI = S 7E S5 IR B 1 & B 0 38 o, 2%
A W0 1) iz A 5 B 32T 1 K 4 30.50 MPa, i 244 KR
35 7 36 K & 952% , 2 fil M 1 K 2 96.1°, MR T3
W REEEAE KRR S . RN RA %
£ 2k o 77 FLR A BE T B R R R R L AR TR
Pem, ik B T 75134 V, W8 R A B E 0L
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Preparation of Fluorinated Polyurethane Based Enameled Wire Coatings
with High Breakdown Voltage and Their Properties

Zhongtai Feng', Xiaoguang Jiao’, Chengjie Li', Guiming Huang', Qun Wang ',
Qingze Jiao*, Caihong Feng®, Yun Zhao’
(1. Zhuhai Ronsen super Micro-Wire Co., Ltd, Zhuhai 519040, China; 2. School of Chemistry and Chemical
Engineering, Beijing Institute of Technology, Beijing 100081, China;3. School of Chemical Engineering and
Materials Science, Beijing Institute of Technology, Zhuhai 519085, China)

ABSTRACT: One isocyanate group of isophorone diisocyanate trimer was capped with 1,1,2,2-tetrahydro perfluoro-1-
decanol. Fluorinated polyurethane containing branched chains (B- FPU) was synthesized by the reaction of different
contents of capped trimer, isophorone diisocyanate and perfluoropolyether diol. A solution of B-FPU in xylene and
cresol was then prepared and coated on copper wires using high-speed enameled machine to obtain enameled wires. The
structures, thermal stability, mechanical properties, and hydrophobic properties of B-FPU were characterized by infrared
spectroscopy, thermogravimetric analyzer, universal testing machine and contact angle tester. The breakdown voltage,
mechanical properties, thermal properties, and direct solderability of enameled wires were measured by voltage tester,
unidirectional scratch tester, softening breakdown tester and solder tester. The effects of capped trimer content on the
structure and properties of B-FPU and the corresponding enameled wires were investigated. The results show that the
tensile strength and elongation at break of B-FPU with 30% of capped trimer are 30.50 MPa and 952%, respectively. Its
initial decomposition temperature and contact angle are increased to 216.6 C and 96.1°, respectively, which are much
higher than those of ordinary polyurethane. The breakdown voltage of the corresponding enameled wire is as high as
7033.8 V. The enameled wire prepared using B-FPU with 10% of capped trimer shows the largest breakdown voltage of
7513.4 V, which is 1.6 times of 4719.8 V for ordinary polyurethane enameled wire. At the same time, the mechanical
properties, thermal properties, and direct solderability meet the requirements of polyurethane enameled wire.

Keywords: fluorinated polyurethane containing branched chains; breakdown voltage; enameled wires



