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Abstract: In order to satisfy the practical needs of high-performance PC composites, a combined system of
sulfonated carbon black (CBSP) and hexaphenoxycyclotriphosphazene (HPCTP) was proposed to increase
the flame retardancy of polycarbonate (PC). The comprehensive performance of the PC/CBSP/HPCTP
composites was characterized using the limiting oxygen index (LOI), UL-94 vertical burning test, cone
calorimetry test, thermogravimetric analysis, and UV-visible spectroscopy. A flame-retardant mechanism
was proposed by analyzing the results of scanning electron microscopy, X-ray photoelectron spectroscopy,
Raman spectroscopy, and thermogravimetric-infrared tests. CBSP and HPCTP exhibited a good synergistic
flame-retardant effect. The addition of 0.5 wt% CBSP and 3.5 wt% HPCTP increases the LOI value from
24.6% for pure PC to 31.5% with a UL-94 V-0 classification. The peak heat release, total heat release, and
total smoke release of PC/0.5CBSP/3.5SHPCTP were lower than those of pure PC by 50.2%, 27.0%, and
26.2%, respectively. The superior fire retardancy can be attributed to the synergistic flame-retardant effect
of CBSP and HPCTP, which promotes the formation of denser and more resilient char layers. Meanwhile,
CBSP/HPCTP reduces the notched impact strength and elongation at break of PC but significantly enhances
its UV-shielding capacity. This work provides a feasible strategy for fabricating fire-retardant PC composites
with superior UV-shielding properties, which is expected to expand their industrial applicability.
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Table 1 Formulation of PC composites

PC mass CBSPmass HPCTP mass

Specimen fraction fraction fraction
(Wt%) (Wt%) (Wt%)

PC 100.0 - -
PC/2HPCTP 98.0 - 2
PC/4HPCTP 96.0 - 4
PC/6HPCTP 94.0 - 6
PC/0.5CBSP 99.5 0.5 -
PC/1CBSP 99.0 1.0 -

PC/0.5CBSP/1.5HPCTP 98.0 0.5 1.5

PC/0.5CBSP/3.5HPCTP 96.0 0.5 3.5

PC/0.5CBSP/5.5HPCTP 94.0 0.5 5.5
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Table 2 The results of LOI and UL-94 tests for flame-retardant PC composites

Specimen LOI (%) L4 " "
Rating Dripping Cotton ignited t (s) th (s)
PC 24.6+0.1 V-2 Yes Yes 15.0+1.0 10.0+1.8
PC/2HPCTP 25.6+0.2 V-2 Yes Yes 11.5 0.5 8.3+1.1
PC/4HPCTP 26.8+0.2 V-2 Yes Yes 10.7+1.3 7.0+0.9
PC/6HPCTP 28.3+0.1 V-1 Yes No 9.4+0.8 7.4+0.7
PC/0.5CBSP 28.1+0.2 V-1 No No 5.8£1.2 7.5+0.8
PC/1CBSP 31.3+0.1 V-0 No No 3.6+0.5 3.5+1.1
PC/0.5CBSP/1.5HPCTP 29.7+0.2 V-1 No No 6.1£1.2 4.5+0.9
PC/0.5CBSP/3.5HPCTP 31.5+0.2 V-0 No No 3.3+0.8 4.5+0.5
PC/0.5CBSP/5.5HPCTP 32.7+0.1 V-0 No No 3.1+0.4 3.7+0.7

¥
t;: flame duration after the first ignition, #,: flame duration after the second ignition
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Figure 1 (a) Heat release rate, (b) total heat release, (c) total
smoke release curves of PC and its composites in cone

calorimeter test
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Table 3 The results of cone calorimeter test for PC and its composites

Specimen TTI(s) THR (MJ/m?) PHRR (kW/m?) TSR (m?’m?  ASEA (m%*kg) COY (kgkg)  FPI

PC 136 83.8 518.8 2585.7 713.7 0.177 0.26
PC/0.5CBSP 120 84.1 313.7 2273.9 618.6 0.093 0.38
PC/0.5CBSP/1.5HPCTP 109 65.4 328.9 1934.0 513.9 0.137 0.33
PC/0.5CBSP/3.5HPCTP 103 612 258.2 1908.5 5129 0.089 0.40
PC/0.5CBSP/5.5HPCTP 102 62.8 236.7 1758.7 5127 0.096 0.43

Notes: TTI, time to ignition; PHRR, peak heat release rate; THR, total heat release; ASEA, average specific extinction area; COY, average CO

yield; FPL, fire performance index
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Figure 2 (a) TG and (b) DTG curves of HPCTP, CBSP, PC

and its composites in air condition
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Table 4 Thermogravimetry data of HPCTP, CBSP, PC and

its composites in air condition

Specimen To05* (°C)  Tonax1 ° (°C)  Tinawo® (°C)

PC 472 531 628

HPCTP 347 424 -
CBSP 327 341 617
PC/0.5CBSP 460 497 607
PC/0.5CBSP/1.5HPCTP 455 503 606
PC/0.5CBSP/3.5HPCTP 451 506 606
PC/0.5CBSP/5.5HPCTP 442 505 611

4 T,.0s, the temperature at 5% weight loss; b Tnax1»> the temperature at
the first maximum weight loss rate; ¢ 7,0, the temperature at the
second maximum weight loss rate
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Figure 3 (a) Digital photos and SEM images, (b—e) XPS Ols and Cls spectra, (f, g) Raman spectra of the residues after cone
calorimeter test for PC and its composites, (h, i) TG-IR spectra of pyrolysis products for PC and its composites
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Figure 4 The flame-retardant mechanism of CBSP/HPCTP combined system

&S5 PCLIIIRMIMIHUINEBE

Table 5 Mechanical properties of PC and its composites

Specimen Elongation at break (%) Tensile strength (MPa) Notched impact strength (kJ/m?)
PC 75.7+1.8 63.2+1.4 50.1+1.3
PC/0.5CBSP 65.3+2.5 64.3+1.3 45.8+1.6
PC/0.5CBSP/1.5HPCTP 61.242.5 63.6+2.7 43.8+1.6
PC/0.5CBSP/3.5HPCTP 59.842.3 63.2+1.3 42.5+0.5
PC/0.5CBSP/5.5HPCTP 58.5+1.8 63.1+2.7 41.9+0.8
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Figure 5 UV-Visible spectra for PC and its composites
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RAH, TR 3h 75 MR e 1ob 72 P iR 3k PC oy 7 ELHE,
HPCTPHAif A= (1 B RR A S i it PC it K O o
T L R T RS AR B A I B R 2 A
58 PC [ FHAAVERE. UL 4k, PC/CBSPHPCTP 2£i4)
BRI R AN RRCR, FEMERE 13 o 2 BA A
T CBSP XA IR AR TAETE Yl i il AR
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