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Synthesis of Phosphorus-nitrogen Flame Retardant and
Its Application in Epoxy Resin

YAN Ya-nan, LIANG Bing"
( School of Material Science and Technology, Shenyang University of Chemical Technology, Shenyang 110142,
Liaoning, China)

Abstract: A novel flame retardant additive, phenylphosphonium diaminobisethyltetraphosphonic acid
(PAEPA), was synthesized from phosphoric acid, acetonitrile and phenylphosphonic dichloride (PPDC).
The structure of PAEPA was characterized by FTIR and ESI-MS. PAEPA was blended into epoxy resin to
prepare flame-retardant epoxy resins. The flame-retardant and thermal properties of epoxy resins cured with
triethylene tetramine (TETA) were investigated by TGA, vertical burning test (UL-94), and limiting oxygen
index (LOI). The results revealed that the epoxy thermosets containing 2.6% phosphorus exhibited excellent
flame retardancy and passed the UL 94 V-0 rating, its LOI value was 29.8%. The residual char yield at
800 °C was 17.7%. The morphology characterization of char residue by SEM showed that a denser, richer
sealing residue char could be formed by the presence of PAEPA in EP/TETA system, which improved the
flame-retardant properties of the matrix during combustion.
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Table 1 Formula of PAEPA/E-51 flame retardant epoxy
resin composite materials
FE i
EP-0 EP-1 EP-2 EP-3
E-51/g 100 100 100 100
PAEPA/g 0 9.0 11.2 13.5
TETA/g 12.4 12.4 12.4 12.4
W(P)/% 0 22 2.6 3.1

Horp: w(P)/%=(PAEPA [ /K R B 5T )%29.1%x100; 29.1%%
PAEPA 7 F458H P 4L, %o Tl
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Fig. 1 FTIR spectra of AEDP, PPDC and PAEPA
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Fig. 3 TG curves of epoxy resin composite materials
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Fig. 4 DTG curves of epoxy resin composite materials
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Table 2 Thermal analysis data of different samples

G
EP-0 EP-1 EP-2 EP-3
w(P)/% 0 22 2.6 3.1
Ts0/°C 338.7 314.7 301.0 254.0
T/ °C 371.8 348.9 330.4 317.9
BR B % 2.0 3.3 5.1 6.4

M 3, 32 A, S A MR EP-0 FIRILG 7
fRIRIE Tso N 338.7 °C, MEM NG E G418 EP-1 5|
EP-3 W) If 40 i R B2 4 0 A 314.7 . 301.0 FI
254.0 °C, VLN PAEPA J5, TS Wikt my BEIA
) 3 i il BE AR HCAIG, 72 220~280 °C, P—O—C
TR Y, REAmARIAER, SECREMIE
BA MR R R B M DTG #th&nl A1, EP-0
1) B R 2R i R BEE ( T ) KAETE 371.8 °C, EP-1,
EP-2. EP-3 iy K2k U 3R 2 43 3l A& LR 7R 348.9,
330.4 i1 317.9 °C, HAKRFEMRZE W/, 5
PAEPA fINATE— & T2 B b AT DL JE 5% 34 S0 g #443
fift, FRARBRPEH R,

2 2 Al A, 5 EP-0 #{tk, EP-1, EP-2, EP-3
7E 1000 °CHFEAFEH 2.0%50 B E 2] 3.3%.5.1%

1 6.4%, XUWIFM T PAEPA A — & S AAEH]
2.2.2  PAEPA/E-51 FALXA ZR B Big B &A1 41 49 LR
Ak A ) AR
IR B 5 MR B ME B S 2 P e e &
3R 4 A

# 3 PAEPA/E-51 BHAAPR M NI & BRI B 1E AE
Table 3 Flame retardant performance of flame retardant
epoxy resin composite materials

B fi
EP-0 EP-1 EP-2 EP-3
w(P)/% 0 2.2 2.6 3.1
LO1/% 21.1 26.7 29.8 31.3
UL-94 No rating V-1 V-0 V-0

%4 PAEPA/E-51 BHIRIN MRS & 4R 12 PE fiE
Table 4 Mechanical properties of flame retardant epoxy
resin composite materials

R
EP-0 EP-1 EP-2 EP-3
W(P)/% 0 22 2.6 3.1
$iL 138 & /MPa 4.3 44.4 36.8 35.2
Ph IR B /(kI/m?) 8.0 6.6 53 4.9

M 3 LA, 4iEM s EP-0 B9 LOI
EHAUHN 21.1%, UL-94 MEREA 54, R AR
BEATBHE S BRI . 24 W(P)=2.2%, #1KH# LOI {4
M 21 1%38 5] 26.7%, #kHE T UL-94 V-1 9%, i
BBHRAR Q3G I, RR WS BB R, OB
RO ETEAN . 24 W(P)=3.1%, #R R Ihif it UL-94
P ERBEIRES V-0 K, AFEEGEE] 31.3%, KM
BRI B B A BELR M PO 3 B R Sy BH R R
PAEPA TERARE IR b 40 fife 7 A6 B B R R 22 iR S
BB RE A AL BRSO IR BB R AL, #RBE IS IR I pk
JE ] LA AR A L A ORI T ABTRN R,
I ERAE R AL O, AT = A BELA M

%% 4 AT %, PAEPA/EP-51 54 EP Mk, 7
FYEREMS A TR, 24 w(P)=2.2%N, 58 K
o BE 43 135 2 44.4 MPa Hil 6.6 kI/m?*, J12#VEfE %
Uf . BEABE S E AR, R PAEPA B3Nt iy 3E i,
PUBR M RE I WAL, T RES= ORI N, R &R
(G B BRI, I FLRHBR ) 76 5 I v 9 A3 il A 2%
[, PAEPA HY4; 25 A TN A, > b5 BRS04
NG SRS, a1 PAEPA 238 i 5 97 7 55, ) 4% [ a7
B, SBURRMACHRE AL, SR T R,
2.2.3 PAEPA/E-51 FLYK IR AW A B & H IR b2 5

84 7% R A2 36 w45
FE AR 5 5R e BT 55 DL IR 5
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Fig. 5 Residue char surface of different samples
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