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Abstract: In this paper, a series of preparation and modification researches of polyphenylene oxide resin in the
field of super high-frequency and low dielectric were reviewed, including the preparation of low molecular weight
polyphenylene oxide, chemical structure modification, composite with other resins, organic/inorganic hybrid. Then
the existing problems of low dielectric polyphenylene oxide resin were summarized, and its future development
trend was prospected.
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Tab.1 Dielectric, thermal, and flame retardant properties of cured AL-PPO

FE HALF  TAICF R %0%  Allyl-DOPO i & 4> $1/% 7/C k(1GHz) A1GHz) RHIA S5 21
AT-T1 1.0 0 162 237 0.004 2 UL94 V-1
AT-T2 TPP 1.5 0 165 2.56 0.004 1 UL94 V-1
AT-T3 2.0 0 167 2.57 0.004 3 UL94 V-1
AT-P1 1.0 0 178 2.36 0.004 0 UL94 V-1
AT-P2 PO 15 0 184 2.43 0.003 9 UL94 V-1
AT-P3 2.0 0 198 2.55 0.004 0 UL94 V-1

AT-P-T1 1.0 125 134 3.23 0.055 4 UL94 V-0
AT-P-T2 TPP 1.5 125 145 3.42 0.057 2 UL94 V-0
AT-P-T3 2.0 12.5 148 3.61 0.058 4 UL94 V-0
AT-P-P1 1.0 12.5 149 2.82 0.052 8 UL94 V-0
AT-P-P2 PO 1.5 12.5 155 3.12 0.054 2 UL94 V-0
AT-P-P3 2.0 12.5 158 3.34 0.0559 UL94 V-0
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Fig.5 Chemical reaction and FTIR spectra of redistributed PPO/epoxy resin before and after curing
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Fig.6 Cure reaction of anethole functionalized PPO

PPO i $2 5 5 T K 26 Bs A0 BBk AL S5 o, 2 3
B M B AR ]2, CHEN C H 52256 b Ak 1
2 ik B8 vy AR 231 1 B 2R Tk (SA90) E 47 Ui 348 4k 4
PE, 15 2] 4 Fh B A R 4 90 M 1 2tk PPO IR, Bt
SA90 Ak 2= S5 16 DA S [ AL st 1 7 P s o e, 3,
5-XC 20 B FE T ) 2R H 2 1 48 iy 1) PPO i HE AR
T H Al 2 PPO B RE L 3L T, 9 258°C , CTE 4 60%
10°C™", 1 GHz R B A 1K £(2.52) FIE £(0.007) . iX



14 Il

FHAG < T 16 B e EE A5 IS FH BRI A P SRR TR I DT 7 3k Jg

@Rt 2022,55(5)

O AT O
5l

Ny newy vt s | o ~ows wer e N
" New = N | ~ows na "
T
U NCHU NCHU NCHU NCHU N U B ..
— PPO-3 PPO-4

‘Q PPOL: R=-CH; PPO2: R- "\

pepipichictad

PPO4: R =

ﬁ PPO3: R=-CH;

()L 22451

1 NCHU NCHU NCHU NCHU NCWU

(b) [ 45

El7 Bt SAHILF LR E IR A
Fig.7 Chemical structures and thermosetting films of modified SA90

2 H T BN T AT A B 1 B e XU, 78 DR RF AL R (A
Ji HELPE B I [R] B R % 4 = FL AR RE . T HL B 3,5-
UL B 7% R kD 2K R I 3 i 1) PPO 5 3 S0
Ha/\f—‘é): Al 3k — 25 $E & PPO IR B 1, F HLXT

S FLVE RE VA BH S I A TR S

CHEN C H %23 %t SA90 #k47 et , 76 4
P % bR T R IR NGRS 2R 2- R R
FH I S LY A 22 5% I 0 i) e I il 2% 17 28 TV AT
F A R TR B BE AL PPO (I I 8 TR ) 5 T 43 il
K F T AR B SR R (] A 7 vk ) 4 HE 2 O R

Qo-PhPirprHbfch

oo Dbl chich

B AeA PPO AT PER i o 25 3R B, [ 4k 4% i 28 2
8w IR, T, 218~225°C , ifi H A P g
5,1 GHz 648 T kME N 2.9 45, AEIKE 0.004 0
~0.004 3. J5 DA 7E T 2% I B e 4 i 2 — Fh s PR e
WG FEF R B A T o/ oy T, 32 T PPO 1
I T ELUE R BRI A SR R T PPO
ACHRBERNT,o (R BF, 2R BRI IR T 12 — PR A
WG, 5 PPO [ 45 & RE 0% OR 15 9 & 0 7 A W8
PEfE

_Q_ s k=29
L@ —  £~0.0040

Lmﬂ‘ﬂ

Q@Nﬁ

f~0 0040

(b)F- B
Es EMBFEHEREHIEEE R PPO

Fig.8 Telechelic and main-chain type PPO containing benzoxazine

S A PPO H T BURF (9 S Ak 1 454, 4y -
B Jogi gl , 45 db PERG » AT B A B B VA
5 RN R R B T ) A M DA B R R vy R R
) 5 10 2 U 25 A AR, LUO L25RILL 4,4'-
R I D TR o R W A AR ot A R
BRI i— PR ) AB, A4, B 4-32 0k -4 47— =
I, SR )5 UL AB, SO B A BT B4R S — 20
EA URCE S S AL PPOCFHPPO) , 41 B 9(a) T 7 o
24 FHPPO ) M, #3id 6 800 g/mol I}, L HY B 4 (1
HAERE, 7,8 164°C , T N 559°C o B TR AR
JCE A PPO £, DA KHE SCA S50 i [ A 1) B el AR
FRBSY 7 R ) 23 71, A8 45 1 48 [ A6 FHPPO & & 1%

JI§ 7€ 1 MHz i} B A A 0 B B kB (2.77) 1 FAE
(0.014 2) DL R ARW IS % . I H 24 FHPPO i & 43 #
9 20% ], 52 A A T WO A 22 0.4% Can ] 9(b)
Fi7n) , iE B FHPPO [ e % A PR 2 & W IR 1
IR R
1.3 PPOMIZTTEAWEE

P30 . =0 2 &M IRk R 42 PPO e Mt 5
() 7%, L PPO 5 BRI | SR BE A AR
O SR B IV e Pl E*%‘aié%%ﬁké%i%%d@%‘ﬂ
25 (IPNDZ5 1 5 AW I, 7T 4G R4 =1 PPO IR i 5 771
PRI #b:

MW IR 2 B LI CCL B i , 35 7 &5



gigtrRt  2022,55(5) P FHAE T IR R O A R AR r SR R TR IR PO AT S 15

F, K‘ 0.56
W, NMP W, N
Oronr-OLOr—ma~ )y Oonag—  yOropn 30
O r<sc () § ) 0.40 \‘\(
F AB, Fy .

(a) A i S SRR E 1) 5 1

e\\°
¥
b
ES
FHPPO 10 20
FHPPOJR & 53 %/%
(b)FHPPO KWL i

9 AIIHBIUREBEE AR B ARIFE RIS E L FHPPO R %
Fig.9 Reaction formula of FHPPO and moisture absorption rates of epoxy cured FHPPO

AL R R SR A R A VN w2 N - 3 I 7 N 7 sy i
FUAE R S A 28 B B AT T il = 4 TR UK 465 4 1)
= BP0, CHEN C H 2P DL Mk Ak i B3 79 4
T2 R i 5 o 1) 28 JIC YIS 43 7 & PPO(SA9000) 5 36
AW I (DGEBA FIIHP7200) #EAT JL 58, #F 4- — HI &
et A A AU T B R R AEAE T, 45 1
Tl A i e SR i ) M 2 e, R R B B s
#MEfE  SA9000/DGEBA HI SA9000/HP7200 i T, {8
439 2A 220°C A1 218°C , CTE {43 il 4 67x10°°C Al
66x10°°C"', 1l SA90/DGEBA Hl SA90/HP7200 ] T,
1843 5 4 210°C #1207°C , CTEAE 7 %) 9 81x10°°C™!
A 77x10°°C". 15t B SA9000 A4 & W i (1) 3t 5 Bt
Jig B A B ) T, SEAR B CTE, Jif R 7E T H 25k P A
% Tl 1 0B e %l Ik ) P 2 RO SR A, AT A AR
BRI AC B2 B . FF H., 1 GHz i SA9000/HP7200
LW B B A B BE (k=2.81, &
0.003 1), fit T [F1 & 21~ SA90/HP7200 H: 5 # g
[ A H P RE (k=3.13, £=0.007 9) , H: J& [H £ T SA90/
IR G o A7 E AR PR 0 A P

CHEN W %5224 TAIC 1E 4 PPO 5 R S W JiE 2
[ f 384 25 771, K A TAIC B mT DA 3R S8 AR VR 7, S
A LLAE R PPO M A2 BRI o 25 SRR, 34 S B I/
PPO/TAIC (Jii & Eb  80:20: 10) B A M G 7E 1 MHz
T A HL P B (h=2.72,=0.006) , Tt T A N (K 34
AR HE/PPOF & EE N 802200 B AW G 7E 1 MHZ |
() A HL P B (k=2.82, £=0.007 8) , 1M H.yf o7 5 JiF i
VA DA R T O vE E A T4

TR B8 A4 AR A2 — o 1 8 IR AR A HE CCL 24k
e S 7 T AR AR BT, FEE R R R AR
(~OCN) A5 8] 4, [ W 4 A il iy FEE 0 B L 2 ) A6 FHL
K = R IR W 45 £ F 0339, GAO R 244 4% 7 —
R 5T PPO Al 2,2"- W (4-F 2 2R ) 7 WA Joe
(BADCy) I = 1 e 3L ZE 4 iE (PPO-n/BADCy) . 4

B £ W], PPO 1k T BADCy ¥ [H 1k [ 5 , PPO/
BADCy H 5 4 A5 1 o o 56 P KR $2 v, WOV SR B
i UbAh, JLEEMINE I T, 254~283°C , T,y 382~
396°C , fE 1 MHz I} , k A 3.25~3.40, 4 0.004 0~
0.005 5.

L Sk Tk . Jie A g B A A S (R B PR e, 2 R
HIE CCL Mg . XN EAEECIDL 4,4'-N,N'- — JK H
Jt XY B B W i (BCD 5 PPO JE % IPN 5 14 , T 15
(52 G 4% T EL AR B A PR i 3 7)1 AR AR 5 1T EL
BCLi&$2 5 T PPO (M Rl 2 P o 530 F X ok
I 3 Jiie— =1 (BTO B fig 6f PPO BEAT 21, BT A4 fi /2
FH X Sk BBk IV e b i R0 S0 TR T R T O o b 2 SR 3R
YIRS RS R A . SRR, RN
JIE 1A 0 2 1 e RN 8 P R 15 2 32 TF i HAR RRAK &
AU f. S0 N 100 Hz~ 1 MHz 5 H A, PPO Jii &
I3 HUN 50% 1L R s B AR k1B (2.98) , fF1H
ik F- 0.008, [F] i i B A7 B4 19 #41E fe , T, 15 2
252°C.

Wy R EOLL Ry A B R I A% g R A E 5
PPO N JE Kl & = E WA R. MR E
LN 1i1 LB, £ 1 GHz R, =0 EM AR kA
3.51,/790.005. FHLLFEEREE R IE 5 PPO, = oL %R
W 0 1B A BT B A, 3 22 Ji K]t S T X g 26
P < N T 1 R s STV 59~ A 9 = 7 N
SR, IX P G5 R RRAE R v T BAEAN I ER R
PO R AR VN N o € S PS N o =N S (A (= AP
PPO 4 T &5 f i To s Al PR S ], th7E — e FE B AF
UL RMAE R A B A, BREERNE,
=GR K AE A Frig k.

1.4 EH/BNEHEESHR

PPO 1) 7 WL R} i1 32 22 A - 2038 PPO 11 75
SPERE R BB A B VR F . IR LAE
FRIN, PPO 5 POSS 442K SiO, % ¥ i 1 TEHL/A HL
b Z A MR B4l PPO B/ MM RE 1S Bt — 2



16 Il

FHAG < T 16 B e EE A5 IS FH BRI A P SRR TR I DT 7 3k Jg

@Rt 2022,55(5)

FE T, B T SR FA Tk B )2 REH+,

POSS H 5 55k 1 78 IR 25 440 A1 KL U 10 i b
5 H AR A HLECE 7R A R R A BR8] % M e iz i
T H—H L BT R POSS/ 4 1 284k
AP, KRR A FLOR AR 1 28 R 45 0 e K IR
WREAEME B B AR, WG L E . (L5
SN H A4 B RE 11K POSS WHE 4 T & 1) PPO ATl
AW AR 0 IR AT ST B AR B A KL
71 MHz I ,POSS 49K & & W IR I A (HAK 22 3.45, 1
fEAK 22 0.009 8, )R fE/EM I KL, 1H POSS 1)
IINBEAR T PPO/IR AN R 52 & W i 11 kA, 1042
T2 AW g #GE e MR T, X2 R POSS 5k
iR S A =25 Rk (W R vl Rl NI (T = N
POSS 45 ¥ o K & ) -Si—O-Si— & Al -Si-O-C- i 7
R T BB T BB 1 S0, TR 2 L 4 B AR 1
i #A AT B3 = o

YK Si0, B A kLA /s | b 3R T AR K L R T A AL
SR Z AR A oy O R AL A TR RN
ML E AP RIUSAS 2] T 2. EEFEEY
P PPO o P XUy A 2 F R B (BCED A v B 1AM A
PSR e A I A B IS P 4K SiO, HEAT R A il %
H 952K Si0,/PPO/BCE EH/A WL E S . 45
R, 49K Si0, BE 42 = T PPO/BCE & & W i (1) ]
PEFNGR T, S AR B S B 0.008 R £ 31 0.003
(50 MHz) , iX /& #1 T 94 2K Si0, B A 4k % K 1 18
(0.002~0.002 5) .

T B PR RE 3K 2 Si0, 250 BR 5 PPO 1A
fil A VR 1 43 0K S10,/PPO B & 2 b k). 45 3k
B, 76 10 MHz I, 5 & 22 U R kA BEIK 22 2,59, f
H PR 22 0.003 , 1% /& K N Si0, 25 0 BR % AR L FLBR
R, BR IR S A AR 5] NBCR AR 73 50
S NIA R kMBS AE . (HET Sio, 2= 0Bk
FI 5] NBEIR T PPO [ &L A 4548, 13 2 A IR 1 b
REA T PEIG

ZHANG W 2554 T 50l E WL R 5 A ML 4
B) LT &5 & 755, BAFEAIE AL SIS A 1A
R, DLRE o 48 1B 77 (KH-560) 25 M 8K ALO, 7E A
PPO IHE 78 71, I LA B ALOL/PPO ML/ HL A4 1L
526 M D BE AR R A% CCL. 24 Bk ik
ALO, IR TR 73 89 50% I, CCL () 25 & P g A %
5, 25 i 5% (306 MPa) A1 3 2 55 & (0.903 N/mm)
IR R 8 KPS WK AR 2 0.364% , W38 45 %
5 GHz It} () fB K & 0.004 67, T kM5 A BT e, 1
#3.85. JLHJE CCLM#F 2 (0.291 9 W/(m-K)) &
e, LT 24 PPO 3444 CCL IR 1% .

DING S Z816% FH 3 S Bl R v il 4% 7 — Fopn 284

FERR B R R BE (MSMT) Fig & /PPO B & A4 KL, 45 1
R, b8 MSMT P B AARAR 70 BN 0 59 I £ 50% , &
AW ORFE £ M 0.004 1 5 2 FEAK 3] 0.002 010
GHz) , Ji K £ T~ MSMT ] £ 1 5 0.000 1, i ik T
PPO. HEMBEEMZ, B T MSMT 1 k{H A
10.50 , 1 15 52 & B i 140 k(B AS T sk et A B i v o

2 FHERE)E

PPO ## JIE 7E 68 ra1 A A H 4003803 AT 1) o5 1
7, EEH MR EGE N TR AR A R
PAK A HLPE RS, Xt b a4 b S50 g vk i B T B R
PRk s S AT SR AT L IR 2 fos . R 2 vl 4,
I 3 ) B AN A 2 o v 3R] {8 PPO AR IR 1R 3 4 1 R
FRERTE . EAFF O AFAE — L ), BRI
UM T A 3 T HL v S B8 7E CRIE S RE (T, >
240°C) M4 B M BE (k<3 ,/<0.008) 1 [7] I 3 A2 8 o5
AT A5 g AOGS B A A R LA A R M R 1 BER . H
Rl Wi 5 ] A AR A HE P Gl B kR ) 753 T
P TV SR 0 2 1 0 TS 25 A M RE A S 10 8 1 AT
PPO i FE T3 SR T AR R APk AR . oo, 0F 50 il A7
TE (0 1) AL 5 - OBE# 5G A5 1% 45 SEHLAE 8 i
R IBAT , KR IE N AT & B H) & 42 (30~300
GHz) , Tl >4 1l 28 K30 43 B 90 4 Hh 7 A G A 1 A7 2
(1 MHz~1 GHz) , i J& T i S0E 5 1) 318 A0 S F
T T2, 0% 7 6 A (>3 GHz) 2644 K PPO K 3
5P R T 40 25 5 0 5 A FELE RE TR A PR G R
T B PE R s @i s 3K A H PPO A I ¥ 7%
IV ERGIP S ERYI B Sa

3 4ERiE

2021 AT, vk AR 22 Tl “ DU 7k JE 4
A0 B i) R I BT 2 F T 2 o 1 R 1 A
2, PR R4k ) 75%, K A B B A
WA H 25 A YRR AR S (0 m W i O & a 7E S
. PPOMIE/E A A H R TSR, & 2N
FF I8 TR R & &9 . X5 PPO M
g P 768 T ARG A B B P FRAS R0 N F T T b B
PR, BR T e ) 7 B ) ) R 2 A, R SR I ET
CAFT & B 7 AR FE : OFE A PE(E PPO 4 & M
3Lt L, R BRI B 5 T # & FE 2 TR
PPO & B AA , FEAR AR P~ AS s @i T 7+ 45 M &
TS 7k, 0 % B PR I R
1) 751 14 B PPO B Jlig s @R 2 =1 4 BE PPO 7E i {5 4t
BRI . 4% b W 25 A R RE A S (0 s AR A
L PPO 4 I A2 ik 75 JF Ji& (O F 78 A, IX REfE N R [E
R Ve AT A5 B A BRI A 1 S B b A A P AR B,



s RrRl 2022,55(5)

=

T 161 i

e A

B35 R AR A

SRORIEB i (T U 17

*2 HEESUERERNAOREBRE MR AL

Tab.2 Comparison of modification methods of PPO for super high-frequency communication applications

BTk i £ At
TR R 5 T 1L 1 T
MORSERE  BEROREIT LT BB K TEM# PR
KRS
1640 T4 —
Provi e s
A T O Y K047 P 4 B
R PR TEEB R
FRCE 4 TR 0 PPO, I L1 PRI SHILTEAS
-\ GE R A
LA I TR FEAL
st BT R TR R PPO ST BB S HUZRR T4
. AL AL 1L« 2K 35 1L
BT gy ORGP GBI b R FE K 5 97 4
AL
KB RS S 6 R R 5 26 7 A
AL At RS R AT 2 T
%74 o RAR T A A R stk AR
%76 A L S0 AR 5o R B
51 A POSS. 4 K Si0,. >
TN BLA A AR 0 BK oy on s 122 e st AT

Si0, ik ALO, i kL T

N%ﬂﬁﬁfﬁﬁ%ﬁ‘hvﬁ%lﬁa%ﬁ
HHEREZ X

B CHR:

(1]

(2]

(3]

(4]

(5]

[6]

(7]

(8]

[9]

NALWA H S. Handbook of low and high dielectric constant mate-
rials and their applications[M]. Boston:Academic Press,1999:213.
Van AERT H A M, Van GENDEREN M H P, Van STEENPAAL
G J M L, et al. Modified poly(2,6-dimethyl-1,4-phenylene ether)s
prepared by redistribution[J]. Macromolecules, 1997,30(20):6056-
6066.

GE M N, ZHANG J F, ZHAO C L, et al. Effect of hexagonal bo-
ron nitride on the thermal and dielectric properties of polyphenyl-
ene ether resin for high-frequency copper clad laminates[J]. Mate-
rials and Design,2019,182:108028-108037.

KOBAYASHI S, HIGASHIMURA H. Oxidative polymerization
of phenols revisited[J]. Progress in Polymer Science,2003,28(6):
1015-1048.

HAY A S. Poly(phenylene oxides)s and poly(arylene ether)s de-
rived from 2, 6-diarylphenols[J]. Progress in Polymer Science,
1999,24(1):45-80.

T B g I, VL AR S0 T B SRR S SRR IR R IR R T AT
[9]. 45244 %1,2019,52(9):8-12.

LEE T J, FANG Y D, YUAN W G, et al. Synthesis, structures and
thermal properties of new class epoxide-terminated telechelic poly
(2, 6-dimethyl-1, 4-phenylene oxide)s[J]. Polymer, 2007, 48(3):
734-742.

WANG H, SHEN T B, WENG Z. Oxidative coupling copolymer-
ization for synthesis of poly(phenylene oxide) containing allyl
groups in water[J]. RSC Advances,2014,4(35):18317-18322.
YANG M C, HIGASHIHARA T, SU H W, et al. Crosslinked co-

polymer with low dielectric constant and dissipation factor based

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

on poly(2,6-dimethylphenol-co-2, 6-diphenylphenol) and a cross-
linker[J]. Journal of Polymer Science Part A:Polymer Chemistry,
2016,54(19):3218-3223.

KRIJGSMAN J, FEIJEN J, GAYMANS R J. Synthesis and char-
acterization of telechelic poly(2,6-dimethyl-1,4-phenylene ether)
for copolymerisation[J]. Polymer,2003,44(23):7055-7065.
SAITO K, MASUYAMA T, OYAIZU K, et al. Depolymeriza-
tion of poly(2,6-dimethyl-1,4-phenylene oxide) under oxidative
conditions[J]. Chemistry-A European Journal,2003,9(17): 4240-
4246.

VER] A 25, A R 7 R R IRE IO ) 2 5 R AE (). T
AL 1,2019,46(20):1-2,22.

M5 A 4K TF PR IR A L SRR 1 15 2 T SR A L[], 48
ZERRE2003,36(5):46-49,54.

HWANG H J, HSU S W, WANG C S. Low dielectric thermoset
from redistributed poly(phenylene oxide)[J]. Journal of Macro-
molecular Science: Part A - Pure and Applied Chemistry,2008,
45(12):1047-1054.

HWANG H J, HSU S W, CHUNG C L, et al. Low dielectric ep-
oxy resins from dicyclopentadiene-containing poly(phenylene
oxide) novolac cured with dicyclopentadiene containing epoxy
[J]. Reactive and Functional Polymers,2008,68(8):1185-1193.
LIN CY, HUANG C H, HU C C, et al. Self-crosslinkable nitrox-
ide-functionalized poly(2, 6-dimethyl-1, 4-phenylene oxide)
through atom transfer radical coupling reaction[J]. Polymer,
2018,135:154-161.

LIN C H, TSAL Y J, SHIH Y S, et al. Catalyst-free synthesis of
phosphinated poly(2,6-dimethyl-1,4-phenylene oxide) with high-
T, and low-dielectric characteristic[J]. Polymer Degradation and
Stability,2014,99:105-110.

HUANG C C, YANG M S, LIANG M. Synthesis of new thermo-
setting poly(2, 6-dimethyl-1,4-phenylene oxide)s containing ep-



18 P FHAE T IR A0 AF R I v SR SRR IR P AT ST gaigtrRt  2022,55(5)
oxide pendant groups[J]. Journal of Polymer Science Part A: [32] CHEN W, YANG H, ZOU H, et al. Compatibilized the thermo-
Polymer Chemistry,2010,44(20):5875-5886. setting blend of epoxy and redistributed low molecular weight

[19] WANGY, TAO Y, ZHOU J, et al. Biobased anethole-functional- poly(phenylene oxide) with triallylisocyanurate[J]. Journal of
ized poly(phenylene oxides): New low dielectric materials with Applied Polymer Science,2016,133(20):43293-43298.
high T . and good dimensional stability[J]. ACS Sustainable [33] WU S J. Cure reaction and phase separation behavior of cyanate
Chemistry & Engineering,2018,6(7):9277-9282. ester-cured epoxy/polyphenylene oxide blends[J]. Journal of Ap-

[20] TADA'Y, MORIYA N, KANAZAWA M, et al. Preparation and plied Polymer Science,2006,102(2):1139-1145.
properties of novel oligo(phenylene oxide)-branched cyclophos- [34] WU S J, MI F L. Cure kinetics of a cyanate ester blended with
phazenes[J]. Polymer Chemistry,2012,3(10):2815-2824. poly(phenylene oxide) [J]. Polymer International, 2006, 55(11):

[21] SUCT, LIN K'Y, LEE T J, et al. Preparation, characterization 1296-1303.
and curing properties of epoxy-terminated poly(alkyl-phenylene [35] WENG L, ZHANG Y, ZHANG X, et al. Synthesis and proper-
oxide)s[J]. European Polymer Journal,2010,46(7):1488-1497. ties of cyanate mixed resin systems modified by polyphenylene

[22] CHEN C H, HENG J K, JANG T, et al. Structure-property re- oxide for production of high-frequency copper clad laminates[J].
lationship of vinyl-terminated oligo(2,6-dimethyl-1,4-phenylene Journal of Materials Science: Materials in Electronics,2018,29
ether)s (OPEs): Seeking an OPE with better properties[J]. Euro- (4):2831-2840.
pean Polymer Journal,2019,117:94-104. [36] YUAN L, HUANG S, HU Y, et al. Poly(phenylene oxide) modi-

[23] CHEN C H, LEE K W, LIN C H, et al. Low-dissipation thermo- fied cyanate resin for self - healing[J]. Polymers for Advanced
sets derived from oligo(2,6-dimethyl phenylene oxide)-contain- Technologies,2014,25(7):752-759.
ing benzoxazines[J]. Polymers,2018,10(4):411-425. [37] GAO R, GU A, LIANG G, et al. Properties and origins of high-

[24] INI, LEE H, KIM SY. Synthesis of hyperbranched poly(phenyl- performance poly(phenylene oxide)/cyanate ester resins for
ene oxide) by ullmann polycondensation and subsequent utiliza- high-frequency copper-clad laminates[J]. Journal of Applied
tion as unimolecular micelle[J]. Macromolecular Chemistry and Polymer Science,2011,121(3):1675-1684.
Physics,2003,204(13):1660-1664. [38] XURIFA, FIRAL 4,4'-N,N'-— 2% H e U5 HE I 30 Jie ) 45 i 5 2%

[25] ZHANG J, WANG H, LI X. Novel hyperbranched poly(phenyl- AE[] A T AE 7 5K ,2009,16(4):16-19.
ene oxide)s with phenolic terminal groups: Synthesis, character- [39] K . i P BE 2R 2R B/ AL 1A AR R R I F 72 [D]. 95 M I35 K
ization, and modification[J]. Polymer,2006,47(5):1511-1518. 2£,2011.

[26] LUO L, QIU T, MENG Y, et al. A novel fluoro-terminated hy- [40] A7 R, g UE 2 1R 1E 45 . — b i A0 s 3o P 78 A ) % B L
perbranched poly(phenylene oxide) (FHPPO): Synthesis, charac- T REWF T[], BRI HL 645 JE.,2017,25(11):44-48.
terization, and application in low-k epoxy materials[J]. RSC Ad- [41] ZHANG W C, CAMINOGIOVANNI, YANG R J. Polymer/poly-
vances,2013,3(34):14509-14520. hedral oligomeric silsesquioxane (POSS) nanocomposites: An

[27] HUANG P, GU A, LIANG G, et al. Synthesis of epoxy-function- overview of fire retardance[J]. Progress in Polymer Science,
alized hyperbranched poly(phenylene oxide) and its modifica- 2017,67:77-125.
tion of cyanate ester resin[J]. Journal of Applied Polymer Sci- [42] A58, K, 20,5 AR B m I P E IR/ 2R 2K 5E/POSS
ence,2012,123(4):2351-2359. YK EEMEHRFLI]. DhRe A RE2013,44(9):1320-1323.

(28] KA . e 7 A B SR AR Ik /A I A 5T 400 £ ) 6 2 e [43] EAHMEH B, FHEE, 55 . 99K Si0, % SR 1k v 5 /U B2 1 5
REBF 78 [D]. M /R V52 WA JRVE B 1K 2%,2018. AR BE 1 R MR (], 1 FRRG 711,2011,20(3):12-15.

[29] WENG L, ZHANG Y, ZHANG X, et al. Synthesis and proper- [44] FBEIH . R AL AR A O BR L A O BR /TR 2R TR S A R I A
ties of cured epoxy mixed resin systems modified by polyphen- S5 MERE[D]. MR R HE TR 2%,2011.
ylene oxide for production of high-frequency copper clad lami- [45] ZHANG W, LU C, GE M, et al. Surface modified and gradation-
nates[J]. Polymer Composites,2018,39(4):2334-2345. mixed Al,O,as an effective filler for the polyphenylene oxide

[30] MO J, XIA L, PAN P, et al. Reactive blend of epoxy-novolac res- (PPO) insulative layer in copper clad laminates[J]. Journal of
in and epoxide-terminated low -molecular-weight poly(phenyl- Materials Science: Materials in Electronics,2020,31(23):21602-
ene oxide)[J]. Journal of Applied Polymer Science,2013,127(6): 21616.

4879-4888. [46] DING S, PENG H, REN H, et al. Investigation on preparation

[31] CHEN CH, TSAIY L, JENG R J, et al. Identification of the re- and properties of novel polyphenylene oxide based composites

action mechanism between phenyl methacrylate and epoxy and
its application in preparing low-dielectric epoxy thermosets with
flexibility[J]. Polymer,2018,140:225-232.

by injection molding[J]. Ceramics International, 2020, 46(18):
29067-29072.



