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Abstract: A novel phosphaphenanthrene oxide PN-DOPO, based on bridged 9, 10-dihrdro-9-oxa-10-
phosphaphenamhrene-10-oxide (DOPO) and acetophenone was synthesized and the structure of prod-
uct was characterized by FT-IR,' H-NMR,* P-NMR and MS. Glass fiber reinforced high temperature
polyamide (GFPA6T/FR) composites, was prepared by incorporating the product (PN-DOPO) and a-
luminum diethyl-hypophosphite (OP1230) incorporated as flame retardant additives, GFPA6T/FR
samples were characterized and analyzed by vertical burning test (UL-94)., cone calorimeter, TGA,
SEM and dynamic mechanical analysis (DMA) test. The results show that the addition of PN-DOPO
and OP1230 can reduce the combustion level. GFPA6T/PN-DOPO reaches FV-0 level when the a-
mount of PN-DOPO is 17. 5% (mass fraction). HRR and THR of GFPA6T/PN-DOPO decrease more
significantly than those of GFPA6T/OP1230, residual amount of thermal degradation is higher and
char forming is more obvious. The results of DMA show that FR promotes micro cross-linking with
PA6T molecular chain, leading to the increase of the rigidity of matrix. The results show that PN-
DOPO is more significant than OP1230 in improving the flame retardancy and maintaining mechanical
properties of GFPAG6T.

Key words: high temperature nylon 6T ;{lame retardancy; phosphorus-containing flame retardant; me-
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B RAE T & DOPO 2549 (1) i 48 22 e A7 £ ) (PN-
DOPO) , F# HAE Sy BB RA R (FR) L il % BHLIR GF-
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9, 10-— A-9-% Z=-10-# 2% JE-10-% 1k ¥ (DO-
PO) . M4k, =>99. 0%, VLIRS 4 354k T4 BR 2 A 5
LT 43 B 4l B B 2 4R A 2l R A R 2 |
Exolit OP1230 — Z 3R BER 45 . 78 [ Clariant 23 7]
GFPA6T Zytel HTN53G50HSLRHF BKO083, 4% fil 8
¥ 2. 6g/10min, & 0. 918g/cm?® , £ [E Dupont /A ],
1.2 BE#F PN-DOPO B & B

¥ DOPO(432¢g,2. 0mol) . K Z B (120g, 1. Omol)
A 200mIL Z H A B 26 A IR 3L oK A g 4
FAE R R R DR AR T LR A
WOMFAE] 160 C, G298 3 I = & & 8% (0. 32mol) . 1§
T RE T 3] 180 °C o & ZR R FE a T1H 7 L 78 43 /K g il
SRRy AR R EE S 180°C, =4 A METE 25h 18
N R R o A E B R A AR N
BEEAT TR 45 S AL B, R TR P ORISR Kk
W3 U HET L AR B B AR K 3 82, 500, B

N 1. 18g/em®, PN-DOPO f & A% S i i 72 an E 1
B .
I ‘ﬁ
H H,
PN-DOPO

B 1 4 s PN-DOPO (i |2 1% 7 F2 &
Fig. 1 Reaction scheme for the synthesis of PN-DOPO
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Table 1 Formulation of GFPA6T/OP1230 and GFPA6T/PN-DOPO composites (mass fraction/ %)
Material A B C D E F G H 1
GFPA6T 100 90 87.5 85 82.5 90 87.5 85 82.5
OP1230 0 10 12.5 15 17.5 0 0 0 0
PN-DOPO 0 0 0 0 0 10 12.5 15 17.5

AN ETEALRAE . KBr FE K5 2R ] Bruker 400 74 4 4t
PRIE 3% A 2F 17 4% g 4 R (NMR) & 1E, Ji A0 & 15
(CDCly) Ay #5551 5 38 5 8¢ H 43 87 &% F Exactive Plus %4
LI 25 25 78 EST 23 BT ARAE . S5 A TR B 650 C 5%
F SH5300 Y 7K “P-3f H #4 Be 55 50 A #% 45 ifE ASTM
D3801 # 47 2 H #K 5 il i A R 7 2 130mm X
13mm X 3. 2mm; % Al FTT-0007 %4 T £ $4 #c 18
ASTME-1354 #r#fE#E 47, F£ fh RsF 100mm X 100mm
X 6mm , 58 58 B Sl S0kW/m?® 5 BUERR E E 43 BT >R
TA Q50 B # 2k T 43 #r AL (TGA), . 40C FHild &
700C , JHE#EZE K 10C /min, T H 5~7mg, N, 5%
Bl s P A M BB 4% A5 1 GB/T 1040, 1— 2006 2 , L i
B A 50mm/min; 25 P B8 ¥ A5 #E GB/T 9341 —
2000 4k, 25 il 28 2mm/min; S O v R I I
PRy GB/T 1843—2008, HEAHFE i #EAT 5 IR L5 .
BCH Y548 5 W7 11 P 463 32 Quanta FEG 250 74 H§
L S G B (SEMD Wt 4 | il 525 b B 5 2R 47 R R
8k M TA Q800 By Hr A% i 47 3h 25 J1 2% (DMA) il
A 2 TOHz, 33 [ o %5 i ~ 190 C L FHl
R 2°C/min,

2 HRE5SMH

2.1 PN-DOPO HyZEHIFR1E
2.1.1 FT-IR 43#7

R R FT-IR B g K 2 s, B 2
2430cm™ " Ak 1y P—H 5 14 4 45 4 sl o B Ok
VLA B s B, TAE 927 ,765em P Ab B
P—O 4 AF W g 1%, 1206, 1117,1046ecm 2 P =0
AL W W, 1237 em ' Sy 7 ) o P—C Ry I Wi
1483, 1432em ' y—CH,—CH, 8 Z5 iy 4= 3h W Ik
g, 1596em ™' AR 4L CAr—C) [ W IR 04, 2903 ~
3065cm ' y—CH.—CH, By A FK 5 X5 B A 45 4 50
g S R S R AN @ v SRR
DOPO & i &, JF 5 H #5 7™ ¥ PN-DOPO ) 45 ¥4 A
.
2.1.2 KGR (NMR) 43

&l 3 FIl&l 4 435 ' H-NMR,* P-NMR 3% & ' H-
NMR & 3% (& 3) o, K58 Ak i g 0=6. 77~

°)
]2371 296 765

3500 3000 2500 2000 1500 1000 500
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K2 PN-DOPO ffy FT-IR [}
Fig. 2 FT-IR spectrum of PN-DOPO

7.88 i DOPO ZEH 45 ¥y | (Ar—H) i it T, 5 3¢
MR — 2. fb2Ei R 0=3.42~3. 67 MHFEE X
B 36 (—CH) B T, AL 2400 B8 0=2.66~2.91 Ny
Pt B I (—CH ) By i 51§, Ar—H,—CH 5—
CH, %R R 21.6 : 1 2.0, 5 PN-DO-
PO 25 BREAE 21 ¢ 1 ¢ 2 323" P-NMR &% (& 4)
iR 0 KRAYTE 34 ~38 A fAPE 20, X F 22
1 F H AR = W b il I w7 B2 Rk O BT L RS
e R B0 % 6 437.6,37.2,36.9,
36.0(d),35.7(d),35.6,35.5,35.2(d),34. 9, JFK
DOPO [ fb 24 B (0=15. 1) 3 A H B, BB 7= 91 2
T B DOPO, AR 48 SCHk iz 38, DOPO 26 fi5 A= 1)
#* P-NMR [& 38 % 78 0=33~38 A fE7E i, I,
B R 7 My A A AL A% S SOk E — 2. LA H-
NMR F1*' P-NMR % [&] , 7] DLk Ry H #5777 %) PN-DO-
PO C I A K.

S(Ar—H)

{ $
Q00

14131211109 8 76 543 2 1 0
5

Kl 3 PN-DOPO ' H-NMR &
Fig. 3 'H-NMR spectra of PN-DOPO
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2.1.3 YA T 4y AT

B A AT i ke = K AaE 7/ I QRS 7/ i W
LIS 53 A CWLEL 5) . M o] & 21 5T T 06 534m/2
(relative abundance) 5 H#r =4 PN-DOPO ({2,
Cay Hoy O Po) A X J5L - J0t 2 534m/z FHW) &, i T F-
215,168m/z F 2R W A AEHL I R AR 1 . i
FT-IR,' H-NMR,* P-NMR F i B¢ FH 43 7 iF B &
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ij R
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& 5 PN-DOPO 1 MS [
& 5 MS spectra of PN-DOPO

2.2 FR X GFPAG6T BE Bk 14 A8 B9 220
2.2.1  FEERBEME S BT

52T WP K] OP1230 F1 PN-DOPO A [a] s
hnE s x GEPAGT 3 ELUPARE 1 RE 1952 45 2R 91 T 3%
2. BEFI,0P1230 iR & A 15% i, GFPA6GT/
OP1230 & & # B A BB I8 B0AE fof T BRSO . Y
OP1230 fin Ak 2 17. 5% i iR ke 1k 21 1 & 9% b2 il
R FV-1 9%, 1% PN-DOPO Byfm A& R 12. 5%
B R RERE T A 3] FV-1 9%, B % PN-DOPO Jin A& 1
AN W7 URE R e I T) AN DR sk 2D o B R ) ) A
24 PN-DOPO # it R 17. 5 % i, ik ik 3] FV-0 2%,
Zat 2 D10s"ANREA ST FE . Rt T A& 3
A OP1230 Fil PN-DOPO 1] £ % & 7 GFPA6T 1y
RELJRPE o i o LA 00 o A £ A 338 i BEL R A I3 5, O L

MG PN-DOPO Lt OP1230 B REA AL & 5 14
FERHPTS A BE J1 . W] PN-DOPO H. 55 841t 52 19 BHL
WAPERE

%2 GFPA6T/OPI1230 1 GFPAGT/PN-DOPO fj

EHMREHE
Table 2 Vertical burning data of GFPA6T/OP1230 and
GFPA6T/PN-DOPO

timax/ L2max/ 2ttt/ Dripping
Sample Level
s s s (Yes/No)
A 53. 20 22.85 — Y Fail
B =>60 - N Fail
C =60 — — N Fail
D 33. 26 1. 35 — N Fail
E 17. 39 1.72 79. 34 N FV-1
F 35.25 1.57 — N Fail
G 20. 46 1.23 105.91 N FV-1
H 13.05 0. 90 73.21 N FV-1
1 8. 76 0.73 32.83 N FV-0

Note:Zimax 18 the maximum value of the first “10s” the fire extinction
time for a group of samples 5 specimens; Zomax is the maximum value of
the second “10s” the fire extinction time; > (z; +¢2) is a sum of ¢; and

t» for 5 specimens.

2.2.2 HER M

KR B #U T GFPAGT #l GFPA6T/
FR & & MBHE R B B2 b i) $4RE 50 % (HRR) | L
PR (THR) 45 R FIE 6,7, HRR ZPFH# 8
RIS e T B S B0 S A R ZE B KU M R R T
FEKRIERE W — A EZIR bR, WA 6Ca) haf LG
# . BEE OP1230 i A B84 i, GFPA6T/OP1230 &
A B A TR I SR W (p- HRR) 13 2 #8088 i ek
F (a-HRR) & %7 B A%, J6H 2 OP1230 in A & 3k 3
17. 5%, p-HRR F1 a-HRR 35 8| 5. p-HRR h
278kW/m? % fik ] 216kW/m’, a-HRR b H 127. 6
kW /m* BEA5E] 83. 6kW/m*, [F & 6 (b) 5,
PN-DOPO i fin A B . % FE Ik p-HRR I a-HRR, #
ANPRE ok TR Y RORE B R KT GFPAGT ., Jd i X
Fe % B AH RS i 28 F GFPA6T/PN-DOPO 1) p-
HRR # a-HRR # % [ GFPA6T/OP1230 . 4
PN-DOPO fin A ft2h 10 %6 B &2 A 1 Y BB il o R
FEAG 3% . 24 PN-DOPO Jin A 35 5] 17. 5% B, p-
HRR AL % 210kW/m’, a-HRR £ 3| 82. 1kW/m’,
GFPA6T/PN-DOPO f#§ HRR il £ ¥ &5 15 ¥ i % 2% .
X R IR NG % 1 1 % 2 W R b 9 2%

[F i b THR LB 7). OP1230 #l PN-DOPO
A X5 fig 0 2 AR B 1 Sk A 39 o IR T B
2 OP1230 JilA 17. 5%, THR gy 167. IMJ/m’® 4%
#114. 2MJ/m? , #f [f] % & PN-DOPOJif A B, THR
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Fig. 6 HRR curves of GFPA6T and flame retarded GFPA6T composites (a)OP1230; (b) PN-DOPO
200

& (a) & (b)

£ £ 160 |

2 150} 2

E 5120 -

[0 [0

e | T e @

g 100 . g ol )

g B —— GFPA6T g 2 —— GFPAGT

< 50F —— 0OP1230 10% < 40} —— PN-DOPO 10%

o ——-0P1230 12.5% © —-PN-DOPO 12.5%

° —— OP1230 15% ° —=— PN-DOPO 15%

F ook . . —™OP1230175%| F ¢ ——PN-DOPO 17.5%

0 300 600 900 1200 1500 0 200 400 600 800 1000 1200 1400
Time/s Time/s
[’ 7 GFPAG6T FIfH# GFPA6T & &Mk THR E  (a)OP1230; (b) PN-DOPO

Fig. 7 THR curves of GFPA6T and flame retarded GFPA6T composites (a)OP1230; (b) PN-DOPO
M2 90. 3MJ/m?*, ik T4l GFPA6T., HRR 1 THR 100 |2
B 0 A 45 S 2 B L BHLL 7] OP1230 #1 PN-DOPO Hy i 9}

X
AR EREAR GFPAGT g HR 5 2 A 1Rl € 80f
i UL TE SN IR PR R A AE W S5 R A T S R g 01
BRFI K b 3% T PAGT M BLIAPERE . 7] B X HE R R
; . S 50F ——GFPAGT Ry
L A8 A TR S I ) 25 4F T GEPAGT/PN-DOPO #H N oL <~ GFPAST/PN-DOPO A Yooonoao0000
a0b =7

% GFPA6T/OP1230 15 HRR I THR [ % & B 50 GFPABT/OP1230  Rucoc0000

L 3] PN-DOPO Ry BHBAROR B 10 2, 31X 5 2 B #A be
G3 AT 25 SR — B
2.3 FR 3t GFPAGT # 2 E MR # M

i b SCRTENA N 17, 5% FR B BR 1 GE & 4, A i
PEHUS B 17, 5 % GFPAGT/FR 17 #4885 P43 b .
8 i GFPA6T Bk GFPA6T/FR 1) TG ik, %
3 34 GFPA6T 5 GFPA6T/FR () TG iR 25

i &l 8 14 3 7] 41, GFPA6T/FR 54l GFPA6T
)RR AR 2200 O - (D BHEE GFPAGT 1A &R 12 4
O3 R BE (T o) F B2 R A3 i UL BE (T o) BT 5 (2D
GFPAG6T/FR A& F 1) 5% s & 35 1. 3 &5 F 4l GFPAGT,
H. GFPA6T/PN-DOPO ) 5% % & & F GFPA6T/
OP1230,

i BL YR B R £h 25 COP) #11 DOPO 2545 A= 1y BH R 7
AT [] B e L AU R R R . S A RHER R IF . GFPAGT/

0 100 200 300 400 500 600 700
Temperature/C

K 8 GFPA6T,GFPA6T/PN-DOPO #il GFPA6T/OP1230
1 TG £k
Fig. 8 TG curves of GFPA6T, GFPA6T/PN-DOPO and
GFPA6T/OP1230

FR 0] Jo A SOM R0 E AR BRI . eIk e ad A2
i, & A& M oE GFPA6T/PN-DOPO 1 GFPA6T/
OP1230 &40 2 %, PH « (PO « P, &K IR
SRR S N N7/ VAN e e o V| S Tl = = B 1
RAKIENER R BB H . {HIZ 28 By B A/
Gy F TG 2 BB IR AR R Toneed A T BEAKE
Wt % % B, GFPAGT/FR [ 5% % & 2 1 4l GF-
PAG6T A4 Fir 35 . 3X vl 68 /2 78 T e 2k F2 v BELJA 0] 4 iy
SR I AR AR R B LR T SR A T
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HJZ Xt GFPAGT #y B SR KAE A . Horp,
GFPA6T/PN-DOPO 4 5% # ft ¥ T GFPA6T/
OP1230 ., W H R 5 A T3 WY 8 3 55 e 0K 68 A
B TS PN-DOPO B B ORI T OP1230
M 45E—2.

#& 3 GFPAGT,GFPA6T/PN-DOPO #1 GFPA6T/OP1230
HRREESH
Table 3 Thermal stability parameters of GFPA6T,
GFPA6T/PN-DOPO and GFPA6T/OP1230

) Char yield
Sample Tonset/ C* Thax/ CP
at 700 C /%
GFPA6T 392 447 35.8
17.5%0P1230/GFPA6T 366 441 41.9
17. 5% PN-DOPO/GFPA6T 343 422 45,6

Note:a-temperature at 5% mass loss; b*tcmpcraturc at maximum rate

of mass loss

2.4 FR X} GFPA6T /1R
2.4.1 EAESE
GFPAG6T/FR BRI Z i i fift L e 11 e o 0 25 i
PERERYSC RN UL 9. MIEL 9 Wl L. Bl OP1230
PN-DOPO @il 19 35 n » BHLAA PA6T & & BB HiL
i 25"l 5 B2 R 1 vt 56 B8 S BUAS ) R RE A T o,
A R R B T i B9 X LE A B

skl

(a —— GFPABT/OP1230
m 510k -o GFPABT/PN-DOPO
o
=
Ko
5180}
c
o
B 15ql
2150
)
c
8 120
90 L L L L L L L
o 3 6 9 12 15 18
Mass fraction/%
330 (©) —— GFPABT/OP1230
& -~ GFPABT/PN-DOPO
s
< 300}
o
© 2701
%
'® 240}
=X
3
i 210}
180 1 1 1 1 L 1

0 3 6 9 12 15 18
Mass fraction/%

OP1230 &ty 15700, A MR B JE AN s FAa E .
M OP1230 &4 17. 5% if, S i 38 B i1 213, 5MPa
FEAGZE 115. 7TMPa, SO i s Bl 17. 0 kJ/m” F#AIG
# 11. 5kJ/m*, & il 9 B B 322, 9MPa [F L F|
209. 5MPa., 1fij 25 fif 15 2 B 5 OP1230 f 3% Jin i 7 &
B 8. 10GPa F} & # 10. 7GPa. X} b GFPA6T/PN-
DOPO. X4 PN-DOPO ¥ ik 17. 5 % i o 1 288 2 oy
155. 6MPa, tfi i 58 & o4 14. 0kJ/m” . 25y 58 7 AL &=
215. 5MPay, Ty 25 iy A5 52 U S hi 28 10, 3GPa, Ho A H R
FEFE R BB GFPAGT &2 G MFREAY S i | 2 iy o 32 B
PRWR e R i T A A R T EE N B A
A BRI 25 WL 3 2 4 o D) S AR RELAA 790 5 BE A i 1
P FAHASPE | DL RCAE SR v i 43 HIOA A IR 2 B R s
R RIS A P A T A2 52 W) 3 27 34 5 5 5 b RL D) 2R PR RE Y
FEHEET, BB RE R4 1 17. 5% GFPA6T/
FR W2k 5 & # %, GEPA6T/PN-DOPO [ $ fh F1 o o
PEBEE F GFPA6T/OP1230, i GFPA6T/OP1230 [ 25
M i m . I 9 HhiR Rl & L A [A] 5 OP1230
F1 PN-DOPO i} , GFPA6T/PN-DOPO {4 437 it F1 i o 1
AEAL = - UL B PN-DOPO FIJE AR R 12 F0AH 25 1 22 4 F
OP1230, 77 45 il 85 5 GFPA6T/OP1230 %5 &5 . ixX 1] fig 5
OP1230 WIPERC AT A 2 262 A MR v 22 30 5 v 1

iS¢

Impact strength/(kJ-m2)

" —— GFPABT/OP1230
-o GFPA6T/PN-DOPO

10 1 1 1
0 3 6 9 12 15 18

Mass fraction/%

12t

—— GFPAGT/OP1230
-o- GFPAGT/PN-DOPO

Flexural modulus/GPa
)

0 3 6 9 12 15 18
Mass fraction/%
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Fig. 9 Effect of FR content on tensile strength(a),impact strength(b) ,flexural strength(c) and flexural modulus(d)

of GFPA6T/FR composites
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