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Modification and research of DOPO-based oligomer flame retardant for
bisphenol A epoxy resin

LI Xinyu'?, ZHOU You’, TANG Anbin'?
(1. Chengdu Institute of Organic Chemistry, Chinese Academy of Sciences, Chengdu 610213, China;

2. University of Chinese Academy of Sciences, Beijing 100190, China;
3. Sichuan EM Technology Co., Ltd., Mianyang 621000, China)

Abstract: Bisphenol A epoxy resin is widely used in the field of copper clad laminates. However, its flame retardancy and
dielectric properties cannot meet the high-speed development of copper clad laminates. To simultaneously improve the flame
retardancy and dielectric properties of epoxy resin, a reactive oligomeric flame retardant (PDDV) based on 10- (2, 5-
dihydroxyphenyl) -10-hydro-9-oxa-10-phosphaphenanthrene-10-oxide (DOPO-HQ), 1, 4-dichlorobenzene (DCX), and 4-
vinylbenzyl chloride (VBC) was synthesized, and its chemical structure was determined by Fourier transform infrared
spectroscopy (FTIR) and nuclear magnetic resonance (NMR) characterization. EP/PDDV composites were prepared by
physical blending, and their thermal, flame retardancy, and dielectric properties were tested. The results show that when the
mass fraction of PDDV is 30%, the char yield of EP/PDDV composites increases to 38.74%, the glass transition temperature
(T, rises to 138.9°C, the limiting oxygen index (LOI) increases to 55%, UL-94 reaches V-0 grade, the dielectric constant
(D)) 1s 2.69, and the dielectric loss factor (D;) is 0.007 91. The comprehensive performance of the composites is the best.

Key words: epoxy resin; oligomeric flame retardant; low dielectric loss; thermal performance; copper clad laminates
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1.1 EEEHR

Wy A RS R i (D128) < 3% o g [ 1k 5
(DFE618), Tk g, VY )1 Z- 44 B} 43 4 I 4 A PR A
F]310-(2,5- “FRFIEIEIL)-10-F-9- A L4104+ 3E
~10-E L% (DOPO-HQ) , 43 #1 4l , 7T [ 17 388 =F Rl 5
HIRAA 1,45 Z&FDCXO, T4, 5 5%
FE ML EAG PR A T 3 4- LI R & (VBO), 4 4,
L AR SR R MR BR A 7] S AN (NaOHD T il
(MEK) 5 N , 23 AT 440, AR T A B A4 27 A PR 2
Al s N,N-— H 3 R % (DMF) , 43 dr i, il 4 14k
ARG PRA 7 s BEIE AT 4 AT, B4, T 8 9
HL AR A, T 5
12 PDDVHIEHRL

RS A E T, ¥ 48.6 2(0.15 mol) DOPO-HQ
43 LT 300 mL DMF Hr, K Hohn N IE £ A AL
B VA B IR 25 B Y 500 mL VY 2R e
1E79°C F 454 30 min BIFWH L AT . AREH 16
£(0.4 moDNaOH I NV A W i F: 1 h B
B MM BEE R R A 17.5 g(0.1 moD

DCX, 4k 4 FE 8 ho Z Ja MR RPN 1525 ¢
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Fig.1 Synthesis of PDDV
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Ji2 W) 2% < 4% — %€ LL 91K PDDV i in 2] D128
7€ 80°C K #it HE 30 min, B & KA N BAK AR Ty
AH S B ) Ao N — 8 4k & T B [ 46 77 DFE618,
15 60°C T ek 1 22 VA W0 AN A B S VA TR
rron N — 5 B VA 7 MEK B B R S &N 65% 1
i . EP/PDDV & &ML 7 WK 1.

%1 EP/PDDVEAHRIKME
Table 1 Formulation of EP/PDDV composites

RS DI128/g  DFE618/g PDDV
g BESE%
EP-0 50 61.25 0 0
EP-20 50 61.25 12.5 20
EP-25 50 61.25 16.65 25
EP-30 50 61.25 21.45 30
EP-35 50 61.25 26.90 35
EP-40 50 61.25 33.35 40

e[k A % B B AT AR BT BRI
W, ¥ 50 B RG S ON 140°C B8 T [E 46 1 h,
3 A %

J2 AR B ) 4 < F 20 5K [l 4k v &S, BRI
T35 78 55 — J2 4§, SR J5 15 PR A0 0B A R 22 o 4 12
PKIFBMNE BN . BE @A SRR
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(160°C/30 min+210°C/90 min) , M1 JE H {F 4 — & &
2R, A 75 EP/PDDV JZ AR -
1.4 MR 5RAE

ZL4M %1% (FTIR) « 3K H 35 [H Perkin Elmer 2 #]
A 72 1) Spectrum Two B4 e B A8 46 21 4 e 135 4% 33
A7, A8 A KBr & Fri2:, I 408 400~4 000 cm™'

B BIE 1% (GPO) « K H AN 8 4 | 4R 77
) HLC-8420GPC Y 4 i A% 13 A7 I 3K, PU & Wk R
(THF) A, 3i# 4 1.0 mL/min.

WM 3EAR (NMR) « % F 8 [F Bruker 2 7 42 7= 1)
FX201502 B AZ i 3L 4R i i A 47 I, — FH 2R AR
(DMSO) i 5], MR A % 4 600 MHz.

ZER AR R (DSC) : K F 8 [E Netzsch /A A 4=
7= ¥ DSC200F3 A 22 7 43 4 & AT A, 20
SCHEL, TR IE 2 10°C /min, B IR B 5 R ~
250°C .

P 73 T (TGAD < 2K F 45 [E Netzsch 2 w4 77
) TG209F3 Tarsus 8 #4 5% 5 43 A1 ACHEAT I, 280
SCEL, TE R E & N 10°C/min, MR E N = IR~
600°C .

% R %A 4 £ (LOD : R F % [ Stanton Redcroft
A AR A1) 31D-38 B A 48 £l e X, iR 4 GB/T
2406.2—2009 ZFEAT M, #4529 80 mmx6 mmx
3 mmo.

TE B A Joe (UL-94) < SR A B2 1L B iz i K43 288 4%
FH R A A E PR 5402-A1 B 3 B IR B, R 5
ASTM D 3801 # 47 Wik , # i R ~F 9 130 mmx13
mmXx3 mmo.

A H PR RE 2 SR A 35 [ Keysight & &) 4B 72 1
P9373A Y[ 2% 43 B A A3k 22 QWED A &) 4 77 1)
SPDR ¥ ., # ¥ GB/T 9534—1988 #E 47 I3k, , M1
A% A 10 GHz.

2 FR5R
2.1 PDDVHMILEHFRIESHRF RS
2.1.1  ZLAMr T

KL A3 (FTIR) X% PDDV 1 DOPO-HQ )
CERJHHATRAE, S R 2 s . MR LA H,
DOPO-HQ 1 [ 4FFAE 1% 1 583 cm™ (P-Ph) 1 197 cm’!
(P=0).923 cm™ (P-O-Ph) 7E PDDV f{] FTIR i &
YIS LR . 7E PDDV Y FTIR i+ F 1 665 cm™
AT 152 em! Ak H A8 IR A0, A 93 ) %oF
T C=C Ll J C-O-C 45 14, 3 H DOPO-HQ ' 3 406

cm’ (—OH) Ab i) 54 1§ 7E PDDV i B A v 2% , 38 1
PDDV # &2 A il

PDDV

DOPO-HQ
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2 DOPO-HQ F1PDDV HYLT S St i &
Fig.2 FTIR spectra of DOPO-HQ and PDDV

2,12 FERESY BT

& 3 4 PDDV [ 'H NMR i &, BARZE R 0 T,
a,b:-CH,-0(5.03~5.16) .c:=CH,(5.20~5.41) .d:=
CH, (5.64~5.97) .e: =CH (6.63~7.05) . f~q: C-Ph
(7.07~8.15) . 7> FH A AR T 3 m] iR 45 2 5
JiE B F A 2B AL RS s R R AT A8 i — 2D e T
PDDV 4k 4514

| ab
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e sl ) il
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2L RE

&3 PDDV HJ'H NMR i[5
Fig.3 'HNMR of PDDV
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MK 2] LLFE , PDDV [ 3 55 ¥ & (M) N 1 441
g/mol, I 7318 (M)A 1 446 g/mol, 2 77 1 2 4L
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%2 PDDVHIGPC
Table 2 GPC of PDDV

Mr\ MW M7
GPC L MM, 5%
/(g/mol) /(g/mol) /(g/mol)
Peakl 1835 1839 1843 1.002 1.002  32.393
Peak2 1417 1423 1428 1.004 1.004  49.670

Peak3 1007 1011 1014 1.003 1.003 9.159
Peak4 575 579 584 1.007 1.007 8.778
Total 1441 1 446 1450 1.003 1.004 100

%2z —", PDDVZE A TGA H1 DTG Hh 2k tn
Kl4fir. ME4RTLLE i, PDDV [ # R FE 7 N
S B 1A BON 142.6~248.5°C , 12 PD-
DV 73 A iy X5 it 4 22 ] A2 B T i P VR 4% 85 1) B
HREHIE, L P FREM K S% KR E (TN
1954°C. #2M Bt N 261.8~339.7C, FEE T
ik 5 1 B2 ff R 43K 4 ¥ & 1) PDDV FJ 5. 1A #4
oy, P24 DOPO JE 85 By, SRR HE . 1] 1 ZEIF AR
B BOR A AE 377.9~583.8°C CHE 3B B , iX — i Be 3R
HY W R, DOPO R4t Bt /E A A B b 28 )y
fift 2K IEIRIE L PO - AT PO, i K S5 B 4 2k 1 R

110

100 _—T,=195.4°C
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Fig4 TGA and DTG curves of PDDV in nitrogen
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Fig.5 TGA and DTG curves of EP/PDDV composites
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et e fin. M 6RTLLE i, 46 EP (1 T A Jy
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(¥ 7,77 2 138.9°C , 24 PDDV (¥ 25 30CH 35%
I5f, #F i EP-35 (1) T, 1814 ) 5 K1H 146.4°C , iX J2 i
T PDDV 43 1 W iy 2 B U E BE L B 1
151 o RAE B BTSN, T K IR A8 TR X 45, AT
PR R AT T, Hoh B I RISV S5 A
WIR I T B ARG T HERIE 30", 24 PDDV [#)5
O HUL B 40% I, B T 0d & PDDV B A RE
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Fig.6 DSC curves of EP/PDDV composites

2.3 EP/PDDV & &+ #HHOBEBA 1 53 #7

% PR 45048 2 (LOD 3 B 1% e Il X (UL-94) %
I BT RN AR BR AP BE . EP/PDDV B &
PR LOT AT UL-94 M 45 3 40k 3 Fos

33 EP/PDDV E&MEIRIFEIR M BE
Table 3 The combustion properties of EP/PDDV composites

RS LoL% Lo

t/s t/s REWE  E%
EP-0 24.5 >30 — A:. NR
EP-20 46.2 16.9 12.7 w5 V-1
EP-25 47.6 13.2 8.1 i V-1
EP-30 55.0 3.5 2.1 o V-0
EP-35 49.3 11.6 42 & V-1
EP-40 48.9 12.5 6.4 & V-1

VE <1, A0 8, 73 B RN A SR 15 2 4K KT TR]

M 3T LA H, B 5 BP-0 75 £ 88 5 10 %%
Ko M PFHKL T PDDV B i & 53 208 30% B, B 5
EP-30 [ LOI Al ik 3] 55.0%, J& T #E A A4 B0, H 38
it UL-94 Wl 1) V-0 55 4%

F i EP-0 7E UL-94 & B 5 e Ik o ) 2098 4%
TeVE E RS TR S EP-30 UI7E 10 s P9 H 48, 15 B4 PD-
DV [ 5IAN$ 5 T EP FIBH#APE RS, X EZ I T3

A5 T : DOPO &5 1) 52 #4443 fif 7= £ 11 PO - 1 PO, -
O L Al B R S BT ASCAH R AR B HO - T H - SR 40 ) A
Jo i A Hh i B XU R AT HR BT R Je s @ PDDV
ANARHE T AW IR R SR T IR WD 4R i AL R 1R
FHP; @ DOPO i [ 71 B e it 78 v 7= 22 1 K& 1A
AMRBE S AR U CO, H,0 7] LRGBS, 3t — B 40
REMM B RE . SR it & 1 PDDV 2 &
HE A M B LONME PR LA J UL-94 55 2 T % , iX
FE Rl Tt & PDDV K4 %, £ EP/PDDV &
GBI R e I 2 (10 5 A o 28 K T BRI 2R
2.4 EP/PDDVEEMRIBNE MRS

I FL B 2 R T 7 R AR 15 5 1 e R R A%
R B EE R R 2 P, DA DAK A I bAE = 40
5 5 A e A2 A eT DUTE 4 A B m R KA IR
R, EP/PDDV E & # EHE 10 GHz 5l % ) D,
MDMFKARTR. WNEKATTLUE W, M T 40 EP,
EP/PDDV & & # KL D, 1 D 3545 BH 5 1 R % , 5F
I 2R M /N K #A, 4 PDDV I & A BN
40% I, Ff & EP-40 1 D, 4 2.41, D24 0.006 94 i
W ] 3 L BERAR AT R AR M 3 AR R AR S H
LTSRN R A B ™. PDDV 4 TR 4
R RV G, AR B o — P A L KL, [A] B PDDV
SR ENG & 82 N | A R T I NG | NG N i
Hh, TE FRAR A REAR P 1 [ I 18 K T B A &R 1 B
A AR 73 i, A 45 5 G AR A L BRI

#&4 EP/PDDV E &R IE&E
Table 4 The dielectric properties of EP/PDDV composite

RS D, (10 GHz) D, (10 GHz)
EP-0 3.82 0.018 07
EP-20 2.95 0.008 61
EP-25 2.81 0.008 08
EP-30 2.69 0.007 91
EP-35 2.53 0.007 39
EP-40 2.41 0.006 94
3 4hip

AL E BT —Fhi % T DOPO-HQ.DCX Al
VBC {2 & BUR A 5 40 A6 FE A 71 (PDD V) , JK 3L
VE R e N R BE AR F EP o A DSC F TGA 4
R LUFE H, PDDV fe A R & RS0 i (1) 7,80 5%
wE , AERRBEINNK , EP-30 () LOT {H nT 32 &=
55.0%, HiE it 1 UL-94 MR V-0 % 2. /TR
MR Z 4 £ 91, PDDV [ I 2L T EP 1) D AN
D, H:H1 EP-40 1] D, 3% 3| iz /IME 2.41, D, 9 0.006 94,
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KA A e . 2R G2l EP MR DL 2 & 20
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