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Flame Retardancy Study on Phosphorus-Containing Epoxy
Resin Synthesized by the Reaction of DOPO and the
Diglycidyl Ether of Bisphenol A

HAQ Jian-wei!, XIONG Yan-bing2 , ZHANG Tao?
(1.National Laboratory of Flame Retardant Materials, Beijing Institute of Technology, Beijing 100081, China;
2.School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: A novel phosphorus-containing epoxy resin was synthesized by the reaction of DOPO (9,
10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide) and the diglycidyl ether of bisphenol A. The
thermostability and flame retardancy after water immersion of phosphorus-containing epoxy resin were
characterized by thermogravimetry analysis, limiting oxygen index test and UL-94 vertical combustion
test. Test results showed that the intrinsically flame-retardant phosphorus-containing epoxy resin had
better thermostability and more persistent flame retardancy, when compared with the phosphate-con-

taining cases.
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REEHERER, HRKEDE, BRBE=ERRS
FRBESENEE. HTIRERPER, TaE
BERBAWER+218Y. HREWH, EREYD
DFHEPSIANLEBTE, AMUEHEANESHA
HERE, o RS AR R B B LR A1

HARETL S HERNOHRT LEERE, 37+
B T —2py B R B SEAESEREE N A I
RESRR IR, JC &0 & B E M IR 80 TF & A1 B 7B
BT #—- R, F R REH T IRER R E L
ESBE A L2 &S B L 4% DOPO
HRM—OH W SR E PR R ER KN R
B EFEMDPEBETIANBIR, HIE T SHAR
FHARF 1L E-P, FI B 3 fb T 8% B fL 71 B 1k E-P,
H& T EB RN EHRIFEMIE EP-P, FIH APP
422 #l%& T S BN MBI IR AR IS EP-AP. 45
Xt E-P MR MR EHWHETTRIEES EP-
AP MR M T, R T EP-P MHAS BT H A
B A, ZHRAESTFRBIRABREEHEH
Bl EM AR L TR R T ES T H B XNE

o CH, o}
ctr-ci-o— )y~ )-o-cur-chieu, + ()
CH,

B, HEE T RIREE.

1 R4S

1.1 EH
WE A RFEALY (ESL), EEWIET;
DOPO, 4+t 4, R\l R LHRAE; A%E
(m-PDA), 2+ #r4l, P E EZ5 8 A Lkl H o
&l ; FH 4R 77l Exoht 422 (APP 422), 8 E Hoechst
/\—J
1.2 PHMKEBIRIH &
1.2.1 SBEARERF R R ARH H &)
BHEENB ANKFELY E51 5FRAE
DOPO F 120 C~160 CF, ALK Sh, A HEE
BABIEVNRFERARKERSHERS TN 1%
2% A FEBRF KLY E-P-1 M E-P-2. ¥ E-P-1
MEP2 2R SRERBEYS, RERS RE
A, F 80 T ~ 150 C &1k, B3 & B4 FIH R IF
&8 EP-P-1 #1 EP-P-2. DOPO &5 E-51 Y R W

b= W3}
p—=Ofo~

IT O

y
x——CHz—c{I }Hz of —CH,~CH—CH— -0
0

1.2.2 FIMEFERIFE IR R H &

W AP422 5IRE ALY E-51 3B, MK R
S A7) A& T o B AR 3R E R BB EP-AP-15 0
EP-AP-20, B iR IN& AP422 BB HR 15%
#120%.
1.3 S¥TRIERIERERR

KRN Z Rk 5w & B A RRLIRIF L
EPMFEYE. B BRUKER Vector 22 B -4
SIS (FTIR) X B 2k 3 45 B9 E-P #% J b 4T 45
WEE. X H GB/T 2406-1993, Bl 3 E Rheometric
Scientific Ltd 2 & FTA Il B30I A 4% FR A 35
¥ LOI; R B ANSI/UL-94-1990 17 ¥, 8 1T 5% 4%
BrXER T CZF-2 B HRBE LG A MR E B R Bt
BE ;R H Du Pont TA 2000 #43 H73 BF 58 $h 4 #8417
B ERERN 5~10 mg, FHREZE K 10 T /min,
RARSAY, WHEH 40 mL/min.

1.4 AT MERAKER

¥R ER TR T ER AR, 25T 20 T
70 CHKBHRHE24h. BRBEL, T8OCT
TREER, HFEZRTHE 20 HKEERBK
A PRETJE B AL, FIBF#EFT LOI & UL-94 EER
PR, HRIEMERENE L.

2 BR5ite

2.1 HFEYUBRNEE

& E-51 FEAL, FEHEH 209.0 g/mol. .
DOPO 5 E-51 RN Bl, A EWHERIFE Y & H
224.7g/mol; H L E R 100% At, HIPFE K &N
242.4g/mol. RFLJG 78 E-P-1 IR E M E N
241.6 g/mol, EFRMEF A 4 B 5H MR, I
ERMRFEEQE Y BE—1 ERFEEAN
HEMEBRE).
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2.2 SWMAABBRAEBIIEM0 S KR

F 1 fE 2 2514 4 T DOPO 1 E-P-1 BB
aHMERE. B 1S, KM BT DOPO % 2 438.20
em " UL EEAERGREY P—H g, 1 481.14 cm ™ 4t
T#7E P—Ph 1%, 1243.76 cm ™ L 4bFE7E P =0 R iti§
%% 1207.82 cm 'H1 905.65 cm ™89 P—O—Ph &
Wik, P 2 $5, KVJE E-P-1 % 2 438.20 cm ™14
P—HAHE TR WO B 223 2%, T 1 460.61 cm ™14
P-Ph Rz 4, 1 241.01 cm ™ 4b P —0 R IE LA K
1185.79 cm™'f1 910.25 cm "' &b B9 P—O—Ph it
W 485 31 2 AT B9 S E, R B DOPO B L 5 R E ALY
BT B RN, EAREADPIANTHIE.
E-P-2 B 5 E-P-1 WEERMHMR.

=CG(ar) PH
' 1603.59

C=C1(£;r: 14 1207.82
P-Ph 905.65
1243.76
| I 1 L. P =O L P-O-Ph 1
4000 3000 2 000 1000 0
o/cm™

B 1 DOPO KL ANk
Fig.1 FTIR spectra of DOPO

P-O-Ph

124101
297546 -CH, p=p
1 1

L i
4000 3000 2000 1 000 0
a/lcm™!

E2 E-P-1WHREILIINEE
Fig.2 FTIR spectra of EP-P-1

2.3 [A¥REAR

F 141 TR EM ISR RPN 4
. TUFEH, SHA FHEMRIFERE EP-P-1 8%
R BB 1%, LOIBRAE 30.1%. 55
i & B FE MR 3R E M B EP-AP-15 M 1Y, EP-P-1 #
MEHEHRBEEBGIRBEEE/RER)W
PAiLF] 34.6, THRTH N 7.9, 7 W24 51 PR 35 At
8 EP-P-1 M BEH B RRAREHTARE
K, BH R R A ERBE.

%1 LOIT UL-94 BEMEAR
Tab.1 LOI and UL-94 Tests

mREE BUAHE  ULM
RERER  w/% wwn mEERN  BEMMR
EP 0 22.6 V-2
EP-P-1 0.9 30.1 34.6 V-1
EP-AP-15 3.7 29.2 7.9 V-1
EP-AP-20 4.7 31.0 6.6 V40

E2AMTBKLRITEHRFERIBHN R E
PR (ML) BB B L R, FTUEY, &1
20 C,70 CBKALHE 24 h /5, AR R BHE — W
REMR K. SHRMEMER EP-AP M |, & F AR
EP-P-1 WA BRKRELHFEL. K+ EPAP20 RE
R R EP-P-1 HEHRELH 52.5%F(70CT). HA
Y5 BB BT E R B R S L, B KA HRT, P
IR BN 0.87% 8y EP-P-1 # LOI {&#1 UL-94
HHRET P RESEN 3.69% i EP-AP-15 fk %&.
BAKAHE G, EP-P-1 8 LOI REEH LN 0.3%,
UL-94 Wik EP-P-1 B R R+ V-1 &; T EP-AP-15
1 EP-AP-20 B9 LOI P& K {H 7 514 2 0.8%
1.2%, UL-94 Wik VO RBEE V1% BR, &
Be A R FH AR PR S A AS R IR I AL & BB IR E At g 84
FELAR % SR SE G, FELARSFI 0 1 BB 47, LR T A
Eil.

¥ 2 RS LOL I UL-94 2 H AR RI,
Tab.2 LOI and UL-94 Test after water immersion

(ML)/% LE UL-94
WREH s KW/ EEME
20C 70°C 20C 70C 20C 70C

EP 3.0x10°¢ 3.0x107¢ 22.4 22.3 V-2 V2
EP-P1  5.0x107® 1.2x107% 29.9 29.8 V.1 V-1
EP-AP-15 1.1x1072 2.2x10"1 28.7 28.4 V1 V-4

EP-AP-20 1.1x10°! 6.3x107! 30.5 29.8 V-0 V-1

2.4 BARBITHHR

R 3 RAARRFER B e T PR A
I B

%= 3BUERHA, TR BF MBRRIFEMAR, &
BABARERFERE, 5IRM AR, B it

W TR, (HRA N T R MBI E R AR K, &

REBRHFEM SRR EEHNERH 10T ~33TC
A, FIMRFEMEARSHREENEES AP
422 TEREE L B hHEB T HREE 5 —NH, B3
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BAER, URTRB T XHKMEEWEEEX. MTF
A FHRFFEMAE EP-P-1, B R iy R E 5
HEFREMER Y MEHEER BRETFIIANT
DOPO #H /5, DOPO FHI R £ F & B KR4 T WAE
B ERERBE OB R EEREAREAH
i, & Z P H A R —O0 =P—O— Xt FiF b
RFF B 8 —O0 —P—O—% i, e
;EE;&?.[MG—S]'

®3 [AMTEBIER TGA MR
Tab.3 TGA data of flame retardant epoxy resin

R o/ 2 prax/
B S /T we/ % (%/T) - T
EP 374 14.1 2.27 391
EP-AP-15 305 38.7 0,91 318
EP-P-1 338 17.1 1.28 383
EP-p-2 314 20.8 0.90 375

Harg ARIRR R RSO 5% H BB E; weh 500 T
ERIRE AR R R A IR B R B K 2o, B KM RE
BT LA

MNFEIBFTUE S, EERS RN, S84
RERTE R IR AR BB W . X B dTH
JBESESIANT C—P&/F, C—P A48k 264 kI/
mol HJFR C—C &8k 331 kJ/mol BR, EZHRE
BTRIBHRMEENN. B, EP-P-1 MIBH &
ABKREXERMKT 1.3%/C, 5AMIBHHRLER
#2.27%/CHLL, BIET 4 43.6%, BLHABTESI
AN, A RERENIHE TR UE.

3 4 i

5% A S B ERF S W AE EP-AP M I, &
DOPO 5 M A FEAY S R SBEA KERF
#MIE EPPEUT=AFTEABEYE: OHRK
HEBIBERE, EP-P-1 BUBSEMN LOI Wik
3134.6, EP-AP-15 LA B & BE LOI XN 7.9; @
R AL GBI B AR B, EP-P-1 KRR
B 5B EP-AP-15, EP-AP-20 £ 3IM>T 18~53
5 LOT (L BB 0.2%; OB BRI W B MK

#,EP-P-1 (YA BARAA B EE EP-AP1S 8T
33C;EMBRMEBEER P TR EA T
R

& 04 ¥
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