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Synthesis and Characterization of
New Phosphorus-Containing Curing Agent

ZHUO Nian, PENG Yongli', ZHANG Can
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Abstract: To improve the flame retardancy of epoxy resin, we adopted phenylphosphonic dichloride (PPD) and
3-amino-1, 2, 4-triazole (TA) as the raw materials and tetrahydrofuran as the solvent and synthesized a new
phosphorus-containing flame retardant curing agent PPDTA. The structure of the compound was confirmed by
infrared spectroscopy. The effects of reaction time, reaction temperature and ratio of reactants on the yield were
studied using three-factor three-level orthogonal experiment. The results show that the yield of PPDTA is 86.4%
under the conditions of reaction time of 10 h, reaction temperature of 70 C and the mole ratio of TA to PPD of
2.2: 1 in the inert atmosphere. The product was used to cure the epoxy. The flame retardant properties of the
cured epoxy resin were characterized by limiting oxygen index (LOI) test and vertical combustion (UL-94) test.
When the mass fraction of phosphorus in epoxy resin system is 2.5%, the LOI value reaches 32.7% and passes
the V-0 grade. It is proved that the material has the good flame retardancy.
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Fig. 1 Synthesis route of PPDTA
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Tab. 1 Formulae of epoxy resin curing system

Fedl m(EP-51) /g m(TA) /g m(PPDTA) /g w(P) /%

1 100 14 0 0
2 100 0 10 1
3 100 0 16 1.5
4 100 0 23 2
5 100 0 30 2.5

1.4 RIEFE

FT-IR EAE « {25 45 4 6 [ 7E 400~4 000 cm”
Z I,

LOLINt : 246 R & WA A AR & S s
Ut fig S LR Be I A5 o A AR R4, F R PR
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Tab. 2 Factor level table of orthogonal experiment

A B c

r RNIFE] /b RANRIE /°C n(TA):n(PPD)
1 6 60 2.1:1
2 8 70 22:1
3 10 80 23:1

P 26 2 B8 R 2%, JR T IE A8 52 56, 30 s A TR
J N AT BT A P2 4 PPDTA 172 5%, in 36 3 frs o

R3 LEEXIBER
Tab. 3 Results of Ly(3*) orthogonal experiment

LI o ¢ PR [ %
SN E] /b O REE /°C n(TA) :n(DDP)
1 6 60 2.1:1 69.2
2 6 70 2.2:1 78.3
3 6 80 23:1 74.5
4 8 60 22:1 80.3
5 8 70 23:1 72.1
6 8 80 2.1:1 78.6
7 10 60 23:1 70.9
8 10 70 2.1:1 84.5
9 10 80 2.2:1 80.4

TR R E i KA, NI IR T K=
69.2+78.3+74.5=222.0, K»,=80.3+72.1+78.6=231.0,
K=70.9+84.5+80.4=235.8; 5 I/ i B[R & 1 . K=
69.2+80.3+70.9=220.4 , K»,=78.3+72.1+84.5=234.9,
Ky=74.5+78.6+80.4=233.5; 2 W EE /R HL K & b s
Kc=69.2 +78.6 +84.5=232.3, K»=78.3 +80.3 + 80.4=
239.0,K:=74.5+72.1470.9=217.5.,

2 BOFE W 22 0 T B IO I R 22 A Ri=
78.3-73.5=4.8, X i Wi B W 25 {6 R,=78.6-74=
4.6, I EEIR LAl 254H : Re=79.7-72.5=7.2,

e 22 R BRI, 3¢ B L PR 28 6] 52 56 52 )
R o PRt MR R A% DR 2R b X B 9 A 25 1E R, 7T
VBT Ib I 6 v 114 45 PR 28 6 IS 17 52 1) 11 8 ORWLFY AR
P 22 3 25 5 A0S L S [ s I Tk B R A B O
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T MK R ABLCo[ Ry OB B] 10 he, 2 R
70 °C, KW Y EEJR b n(TA) :n(DDP) N 2.2: 1],
Fie IR AL G AR T AR 7 ) 77 % R 86.4% , LS
8 ZH FZ W 77w , NI PPDTA & i S W Y f A T
7R B TE] A 10 hy, B IR EE SR 70 °C L BN
YIEE IR n(TA) :n(PPD) N 2.2: 1,
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Fig. 2 Influence of various factors on yield of PPDTA
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Fig. 3 FT-IR spectrum of PPDTA
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Tab.4 LOI and UL-94 data of epoxy resin curing system

FE i w(P) / % LOIMH / % UL-94 Z54%
1 0.0 22.5 NR
2 1.0 26.1 V-1
3 1.5 27.4 V-1
4 2.0 30.2 V-0
5 2.5 32.7 V-0

HH 26 4 A1 AU TA [ A6 3R R A i, 30 S
JiE 1A 2 b B W Y 5T A 3 B 0% , FE LOT(E X
22.5% ; bifi 5 A Z& vl 4 J5T L 43 B 34 L JE Lol
(B A2 T, 21 BRSO R A 2R B 8 1 o A 0
BGRF) 2.5%0), H LONME A F 32.7% , BHAROR 15
F| V-0,

3 & iE

K H Lo (3°) IF 22 52 5 15 1 PPDTA W 48 &
T 5 HR :n(TA) :n(PPD)=2.2:1, KW B} [H] 10 h,
SN FE 70 °C, 77 FR A e N 86.4% o X A B Y
YiEAT FT-IR FRAF , B T e 2729 PPDTA , it
W1 BT i & I T A B8 2 AT AT Y . K PPDTA H]
T E WG AL, IE 24T LOT 2 UL-94 13k, H: 4%
7RG B AR IR A 2R b i B Y BT 0 Bk B
2.5%M} , LOTE L 32.7% , UL-94 %5 4% ik 5| V-0,
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