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Performance of sulfonate phosphazene high-efficiency flame retardant polycarbonate
WANG Xiao"?,REN Jie'?, LIU Pengchong'’, WANG Zhengjie'*, MA Xuemei'*, ZHU Hailin"*, MA Zhongping'*,
SUN Yonggiang'*,HU Zhiyong'*

(1. School of Chemistry and Chemical Engineering, North University of China, Taiyuan 030051, China;
2. Shanxi Key Laboratory of Functional Surfactants, Taiyuan 030001, China)

Abstract : To develop a new type of efficient flame retardant which can both improve the flame retardancy and maintain the
mechanical properties of polycarbonate (PC), a novel sulfonated phosphonitrile flame retardant(HPCTP-SK)) was synthesized via an
electrophilic substitution reaction using hexaphenoxycyclotriphosphazene(HPCTP) and fuming sulfuric acid as raw materials.
HPCTP-SK was subsequently introducted into PC. Compared with pure PC, the addition of HPCTP-SK at 0.10 wt% in PC increases
the limiting oxygen index value from 26.8% to 35.5%, UL 94 flame retardant grade reaches V—0 rating, the peak heat release rate is
reduced by 44.6%, and the carbon monoxide release is reduced by 21.0%. Scanning electron microscope results show that the addi-
tion of HPCTP-SK make the residual carbon structure of PC composites more complete and compact, and plays a good condensed-
phase flame retardant effect. Through thermogravimetric fourier transform infrared to analyse the gas-phase products of PC compos-
ites in the combustion, the results show that after addition of HPCTP-SK, PC composites in the combustion will release PO - radicals,
capture H+ and HO* radicals, and generate inert gas to prevent flame combustion, and play a good gas phase flame retardant effect.
Furthermore, the introduction of HPCTP-SK doesn’t show significant effect on mechanical properties of PC, tensile strength of PC/
HPCTP-SK composites remaine similar, notched impact strength and flexural strength are only decresed by 2.57% and 12.68%,
respectively. The introduction of HPCTP-SK flame retardant promotes the high flame retardancy of PC through the synergistic effect
of the three elements N, P and S, which in turn meets the demand for highly efficient flame retardant PC in related fields.

Keywords : flame retardant ; hexaphenoxycyclotriphosphazene ; polycarbonate ; flame retardancy ; mechanical property
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Tab.1 Thermal degradation data of PC,PC/HPCTP and
PC/HPCTP-SK composites

N, Air

Sample T.. T,/ Cabonresidue 7, ./ T ./ T, ./

onset onset max1 max2

°C °C  rate at 800°C/% °C °C °C
PC 458.0  520.7 14.25 433.0 496.1 596.3
PC/0.10%
HPCTP 479.9 5138 16.57 455.0 508.3 588.0
PC/0.10%
4414 492 21. 440.0 482.1 .
HPCTP-SK 92.5 09 0.0 48 583.8
PC/0.25%
HPCTP-SK 4234 4833 20.71 436.6 473.7 578.8
PC/0.50%
HPCTP-SK 4184 470.2 21.04 4259 461.1 551.0
Notes: T; . is temperature at which test sample loses 5% of its

mass; 7

max

is temperature at which test sample reaches the maximum

rate of weight loss during degradation stage; 7, ,, 7)., is temperature at

max1? *n

which test sample reaches the maximum rate of weight loss during the

first or second degradation stage.

0.02%HPCTP-SK FJ LOI { /7 33.0%, UL 94 % 4% 1]}
J V=24, i B F HPCTP-SK (1) 78 N ik 3 7
F+ & , PC/HPCTP-SK & & 1 B} LOI Bt 15 ¥ 3
Jin, 4 HPCTP-SK. 493 Jin ot 18 7355 0.10% B, PC/
0.10%HPCTP-SK ) LOI {4 35.5%, i E] T UL 94

V-0 %44, 24 HPCTP-SK Y 7 T i 20 B0 R 0.25%
i}, PC/0.25%HPCTP-SK 1) FHAA SR e b, LOL i ik
F| 1 37.0%, UL 94 59 V-0 9 . X &K H,
HPCTP-SK H [ R iR 5 [ 52 34 0fiff i SO, S5 IR 1<
RS i PC IR , ITTTIE L T HL A SC IR S5 44 1)
R AR TR o FAE SR AL 8, e TR Y
HE—2 Tt 8, HPCTP-SK H [ i B 1A 52 3453 fift il
TR, 3K SEAE R ) T AEAE /Y PO - S5 B AR
RIRBer= A 0 H- FIHO- [{ f 3, A il K= 15 MR
A, DT 6 T A AR R R 3 1T L 1k K A R R
Beo VA EMHAZESAE T PC/HPCTP-SK & & #1 K}
HA RAFHIBHIATERE .

%2 PC,PC/HPCTP 1 PC/HPCTP-SK i LOI{EF1 UL 94 )iz 45 3

Tab.2 LOI values and UL 94 test results for PC,PC/HPCTP and
PC/HPCTP-SK

Vertical combustion level test

Sample LOI/% " W ve/s D DrippingBisnitnsl] UL

PC 26.8+1.34 215 363  Yes Yes V-2
P;fé?;f’ 30.541.53 23.6 394  Yes Yes V-2
;IC,(/:OT‘(}),Z_?K 33.041.65 3.5 619  Yes Yes V-2
;IC,(/:OT‘(}),S_?K 3454173 22 407 Yes Yes V-2
;IC,éOT‘;?Z’K 355¢1.78 1.6 8.0 No No V-0
;Ic,éoé,s_(:’K 37.0£1.85 2.2 9.6 No No V-0
}};géofif?K 345+173 2.1 92 No No V-0

Notes:t, is afterflame time; t,+, is after burning time plus after glow

time.
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42731 kW/m’, Bl % HPCTP-SK i) fll A , 0.1%
HPCTP-SK A 7 Il 1] {# PC/HPCTP-SK & & #1 %}
i p-HRR 1A % & 323.38 kW/m?*, 55 4li PC A [ p-
HRR T[T 44.6%.
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Fig. 7 Cone calorimetry test results of PC and PC composites
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m’, [ T 8.9%, COY {H 4 0.49 kg/kg, K T
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Bk TG HAFLAR /D, AT RAAR Ly b 446 i
AR, M PC A B BLIATERE SR &5 o BEE
HPCTP-SK & = i3, PC 5 & bR i 5T i 5 %
B UL B PSR AT TR R, BRI R T AL
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Tab.3 Cone calorimetry data of PC and PC composites

Sample p-HRR/(kW -m %) t-pHRR/s TSR/(m**m?) TTUs COY/(kg-kg™")  FPI/(m*:s-kW ")
PC 583.96 182.00 1328.04 96 0.62 0.16
PC/0.10%HPCTP 427.31 195.00 1597.43 89 0.50 0.21
PC/0.10%HPCTP-SK 323.38 121.00 1209.53 89 0.49 0.28
PC/0.25%HPCTP-SK 371.50 113.00 1392.86 85 0.30 0.23
PC/0.50%HPCTP-SK 378.36 112.00 1587.20 85 0.32 0.22

Notes:p-HRR is peak heat release rate; --pHRR is time to peak heat release rate; TSR is total smoke release; TTI is time to ignition; COY is carbon

monoxide release; FPI is fire performance index.
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Fig. 8 SEM photos of residual carbon of PC and PC composites
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Fig. 9 FTIR spectra of pyrolysis products for PC and PC composites at
440 °C and 500 °C
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Tab.4 Group represented by infrared peak of gas phase product of
PC/HPCTP-SK at 500 °C

Wavenumber/cm ' Group

2974 C—H (Aliphatic)
2283,2297 Co,

2194 CO

1758 C=0
1612,1510 Aromatic ring
1259,1173 P=0,P—0—C

826 C—H (Benzene ring)
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Tab.5 Mechanical properties of PC and PC composites

Notched-

Tensile Eloneation  impact Flexural
Sample strength/ & P strength/
MPa at break/%  strength/ MPa
(kJ+m™?)
PC 60.83+3.04 54.98+2.75 63.35+3.17 78.86+3.94

PC/0.10%HPCTP  52.85+2.64 97.77+4.89 60.74+3.04 71.69+3.58

PC/0.10%HPCTP-
SK

PC/0.25%HPCTP-
SK

PC/0.50%HPCTP-
SK

60.85+3.04 86.71+4.34 61.72+3.09 68.86+3.44

62.57£3.13 81.44+4.07 56.77+2.84 70.67+3.53

60.88+3.04 92.32+4.62 57.42+2.87 68.51+£3.43
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