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Abstract: Polycarbonate (PC) is widely used in high-end manufacturing fields, including electrical and elec-

tronic devices, rail transit, and aerospace, owing to its excellent overall properties. However, although PC
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exhibits a certain degree of intrinsic flame retardancy, its combustion is still accompanied by relatively high
heat release and substantial smoke generation, which may increase fire hazards and smoke-related risks,
thereby limiting its application in densely occupied and confined spaces with stringent fire-safety require-
ments. Research on flame-retardant PC with low smoke and low heat release is commonly interpreted in
terms of three major mechanisms: gas-phase flame retardancy, condensed-phase flame retardancy, and gas-
phase/condensed-phase synergistic flame retardancy. Gas-phase flame retardancy mainly suppresses gas-
phase chain combustion reactions by capturing active radicals generated during combustion or diluting combus-
tible gases. Condensed-phase flame retardancy regulates pyrolysis pathways and promotes the formation of a
stable char layer, thereby restricting heat transfer, oxygen diffusion, and the escape of combustible pyrolysis
products. Gas-phase/condensed-phase synergistic flame retardancy emphasizes the matching between gas-
phase flame-retardant behavior and condensed-phase char formation, aiming to regulate self-extinguishing be-
havior, heat release, and smoke generation in a coordinated manner. Taking these three mechanisms as the
main framework, this review summarizes recent advances in flame-retardant PC with low smoke and low heat
release. Particular attention is paid to the regulation of self-extinguishing ability, heat release, smoke genera-
tion, and char-layer evolution by different flame-retardant strategies, as well as their applicability and limita-
tions in representative application scenarios. Finally, the development challenges and future directions of
flame-retardant PC materials are discussed from the perspectives of multi-mechanism synergistic regulation,
retention of comprehensive properties, and sustainable design.

Keywords: polycarbonate; flame-retardant methods; flame-retardant mechanisms; low smoke and low heat release
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Fig.1 Schematic illustration of PC pyrolysis and char-forming pathways
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Fig.2 Schematic illustration of the gas-phase and condensed-phase flame retardant mechanisms for PC

SRBE KA IX Y He COH -« 28 35 0% M k3 kA
SR AT HP T AR e R 08 I o AR A8 s o R
5 kG AE R R 1 o ML E e R AP, X 4
& PCHY AR AE )y FI UL-94 25 % A B4R 2
LG A1 o) AR TSR A 2 B SR AH A e 1 DT R A PR
DR I 5 B 5% 5 A0 R IR 5 )2 485 W 0t — A5 T
G KRR

o B A F S AL B S BHAR R R . LAY
TR ACTBBPA) A1+ 78 — 2K it (DBDPO) R 1%
01 L BHLBA R 3 AR C—DBr i iR ¥ 2 7 Ak
(10 5 YL P ) ol Al AR be B BN P i H- L OH - 4§
SN N DS ISR B 23w rd AR |
TR SRR B A R Y 25 S AR B A B 3 T
A 51 A D7 2,0 3 R AE A T X A
BBk R . 0, Zheng'™ SR FY P 1A 45 5% v
il % 7 w4y TR IR AL PC B ) (B5SOPC) (1A 3a) ,
1E w="5% Cw Ny Jit 5 53 HO T v i PC i pHRR [
% 28. 6% , {0 & 7= HH & (Total Smoke Production,
TSP) -7+ . Ran %% w=28% iy DBDPO fil A
PC 1 (& 3b), M ffi PC #Y pHRR T[4 8.6%, TSR
HIBEIn T 229. 3% . XELE R R E K BHBRK R
] R AR A TR A R AR BB e, AFL 7 A | T
BRI BE S KO IXOR 58 @R Be A 06, th R W%
AR AT A AE 7 K A3 0 B vk AE A A UK . BR
WM R AN, B i AR IR PC £ DL TR AU A
T AT HE 45 0 R AR 3%, Liaw I Chang 44 22 14 55 1/
G A R T A i 3 A O DR O M
IR/l R R E NG I o e A S B ] I R = )
LOIL, 3 5RBH A Blo bk B mT 78 — 2 A2 b 28 M iR
R R SRR IR AT H AR 2 M AS 2 4 ) R, {H

FEASHE T B 140 28 R R AR M0 1 AR S IR IR 2 4 Ty
T A BR o A BELR SRR B 3 O T, B 9 0 IE A
FLIY Y 2R P s R AR PR B R AT A9 G b BE R
710 5% % .

T W BHL R A R DR 25 A AT R M R A R BEL A Ak
BN IO LA PC Y BB M2 — . TR
4 fig ok B, & 9 B #& 57 (Phosphorus-containing
Flame Retardants, PFRs) Bl i & 8% 8 1 3 C
PO« HPO- ), i 1o i FR #8 be §i S b /9 H- 1
OH-« 55 1% £ w1 ZE , DA U0 W7 R e % =X s 0z 0 )
KGR o BRY B R R S 0 R) 85 R = K g CTPP)
Cln & 3c 77 ) B A A X8R A B4 o3 i I B BB 8
Je T PC B 55 H W] 2545 i, DA T PR 3 4 4% <OAH
FELEAVE ] o S 4F K, & B AP BAR R it 2
ANHE R BR T AL 58 A R 3K . E R BT
FF AT — T B A B Ny AR P Y R - 9 2 R BE A R
(DP) I 3d), #2 i 1 “ S FE %7 SR mg , B A 43
il 7 A SRR R AR AR, 5 B R AR
Pp IR) & 45 AR BEAR SORE CIEL 3D o i A4 72 T { BH %
PC 00 B il 5 AR TR B AR 20 %0 DA B CRAREUEE
U3 20, I — 8 8 B % i A% e BELJR 300 e LA 3fe
JBSE (%) vy 25 WY B 55 v BEL AR 264 3 Y i) A 5 JHG AR R XL &
S A AE TR W T PC F PR AL 2= Lo ) R8T
FEER T e 5 AT Re 2 i ih 4 & o

55 v ¥ R S Wl AR R AN ) S SR A i PC
3 o Al A S B BT S A o TR L NI AE —
PRI b oS TS /N 43 7 BELRR 5004 ke i ] Rt K ek A%
PC #fif B 72 . Wang 5538 1 45 il 47 2R 108 7
7% 4E (DOPO) &5 14 19 Wi ¥ — T i ¥ {k ODOPB
( 3e)5] A PC F:4i , DOPO 5 Rl 6 2 4 48 4 ]

1057



% 63 %

W KFFHROBRHFRR)

% 5

e T R AW R M R R e BE T, il AE RLTE
REE S A3 UL-94 V-0 40, % Sk 3 2 4%
B LOLAT UL-94 45 B 48 b , 40 B8 il 85 40 3 4 15
dE—2 A3 . B, & BEBEEE PC Y 1E AL 9T A
Jai BR FACHH ) H R, i E e 8 4 40 7 3R
fiff 32k TR v i) SR R TR B A B IR R IR B Y L A R
ER R SEuidl o £ Z A KOG XA 1R
T Qi ] <A BELBR AL 1 5 > 5 Bl 45 4 TR 2 IR B A
B I E 5 I i AR R U] AT S Ao ) SRR R AR 2
AT 238 PC 0RO T R o

SR TG, SR BEL R AL 8 w1 A MR, Tl
b B H A AR AN R AR R I 55 KA X
S R I, R T PC A KR RE 1 i UL-

(a) ®) Br Br
Br- O O Br o o Br. O. Br
O O O O Br Br Br’ Br
Br Br 50 50 Br Br
B, PC

94 A AR . & kIR R R R
R ZR X AT 3 B I S SR BER R AE | H
IR T TSR B R 1 9 4 RE D AR L L & AT Rk
PR 8K 458 A 58 4 B 2R R B AN L T 4G 00 7 0
R 2 ) B B 2 R TR A 3 R AL R
T AR S ek B b i R T ) UM S B A R A
T B H ). AL IS DL PR AR R
BELIA TR A5 25 UL-94 48 9% oy 3222 H 0y PC il 4, an
HL L AUA 5T G B B 40 3 B BELAR S 4 K N A
S5 5 T ) B0 SE AR S PN R AR A7 B 2 ]
SR ARG B 2 5, AORH BEL AR T A R S o 7 410 7]
KAG R A B 502 i R e 2 T R 1 o 2R A R
e I3 ) ek FH o

DBDPO

TP o Pt
T ot ST OAT

® TPP DP
2 en
% 5 HEAT %,
O o) s@
.2 > Y,
[¢) - .
fire triangle
N
e

fuelliliPP/air

fuel/liPP

<—TPP

phase

%
OXYGEN

combustion
fo) e — zone

0, 0,<—fuel-lean limit

«— fuel-rich limit @

3 Ph,P
o) © opyl'0|ySlS © 3

condensed T° . <. 0_U'I—n 2 ) @fp@ ©0-Rz0 Q

PC-co-ODOPB

Oxygen constimption

Ph,P- + O, —> Ph,P-0-O

+ + 1
Ph,P-0-0* + Ph;P —>Ph,P=0 + Ph,P-O-"!

+ + .
{PhyP-O- + Ph;P —> Ph;P=0 + Ph,P" |
Radical scavenging
PO + H- —> HPO
PO + HO: — HPO,

I
1
1
1
1
1
1
|
|
1

P& Ph,PO
o .
@ PO

T
P—CH; homolysis Ph,P*

(a) % TBBPA (% B L& PC 4589 x5 (b) DBDPO Z5 #9585 (o) TPP 45 #9205 (d) DP B FI 45 #9 2 ; (o) & DOPO L5 PC 25 # =L

(D DPTE PC (1 BEAAHLH

B3 A A AR TR K R AR BR B AR ARG AL 5 28 Al TR AL

Fig. 3 Chemical structures and flame-retardant mechanisms of typical gas-phase flame-retardant polycarbonate systems
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Fig.4 Chemical structures and flame-retardant and smoke-suppression performance of phosphorus-containing polycarbonate

systems acting in the condensed phase
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Fig. 5 Chemical structures and flame-retardant performance of sulfonate-based and other sulfur-containing flame-retardant

systems
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Fig. 6 Flame-retardant polycarbonate copolymer systems and their depolymerization-based recycling

AR 7 W) TR 2 T ) DT 1%%'@@%%%%1_
T S aE A A S A2 BR A (] L g T
%%%ﬂiﬁ%lﬁiﬁwc%XMEHME&?XE*MK\T}Lkg‘?ﬁ?ﬁu
KRR EOR B i 5 . RV BE SR AR B A PL
1l B8 45 Sy 1% A0 I FA R ik PC 1R T4 1t i 2 iy,
T8 3 AR ZR AT A7 A5 R T 15 18 | SR AR B S Iz
] AN 2 A AR R A PR A R R DR e
HEBELR 5 55 5 A ol 0 11 DG TC ) 2 A0 -5 5 A B [
BELAAR 1A 2R, Sy ok — A - 1657 BEL 9K 280 3 1A 34 ik
A ) T T 1)
3.3 SHE-ERE M E A
U -5 SR A I () BELA SR e 9 DG B A T UM

FELARAT S CE R 400 )/ R P O A ) 5 B 2R
FH LA AT Ay ) B4 DR, D[R] i e AR AR B 5t OF BHL A%
YO R R E R MR e LA AR
RELAR 2 2 il A SRR R R TG 1k 0 b 3l A 6 i

IV S/ SRR N BRI N ¢ CRa R LN [ s

JR AR AR L, AT 410 A K A A2 48 5 7 556 2R A
EP,,ﬁ\:Tﬁ_E' RE W T8 B W RS )2

DA BEL ol A0 e 1 40 ) b Rk P A s, O B A T AR
S = o R A -2 SR A B R O E
SR AT A TR 55 M R T 1 T A R AR HG Ak R B
TSR BELAR 5 B U R M B BE T N i 2 R
Z (A ) DT R B
AR E H SRRV AT R AR e i R A
T SR AH B ¢ BB T3 R 2 L KRR AT FTRE G N . Liu
FETE K1) DOPO 2 A AR 1K 3L 3L R W) (P-SBS)
A B K% PC A9 pHRR Fl ok 9¢ 38 K 55 #0038 T B%
29. 4% B MH BT I 41, 0%, U W% 4K Z X PoRE
T A — g P A R R R R AR A B . 2
o) 4, 25 7 DU B R T (PBPP) ™ O R R i 2y
FECTDBA) ] 3 2k S AH 5 B 15 M 4 Rl 4% A
BE IR A BERAHAE FH AR PC R BE SR B, JL pHRR
I3 R 36. 0% 1129, 3% ;/H TDBA 1K & () TSP
A PCHINZ 55% . MILLZ F 2K 4 28 L I 3R
Y (PPPOD' ™ 8 J& 45 SAH BELBA A I A ) B e B —
FEBE R A AL BE )1, i pHRR R[4 34. 2% ,F ¥ 1
W ot M AL (Average Specific Extinction Area,
1063



% 63 %

W KFFHROBRHFRR)

HN-

-
I
5

O—O—SOma
N

@ R R H N=(
\ 1 = —N
LTI S S S e
noo N4 N4
N{zN SO;Na HN—@—NH2
R
R:R
2 HNTP HPCTP CPNS A,
(b) RO (©) Gy G (d)
R N=K _— OH,CH;CH,0+-§i-0F—8i-CH.COH,CH,0 g o Ny
O'P(\_,,f OF-R )i CHy  CHy R 0, '.!:\N)\/N
N-R—F N~g” p=N OH
HSPCTP
TCTP (
g)
() s00 () = 700
—=—Pure P ‘ 20 E 600
400 + PC/HSPCTP3| sy =
':E §15 Q\:/ 500! i
= 300 E 2 4000 f
g200 N\ 1o £ 300 0
g /] 3 e Z -"f«m 5 200 f .. ——PCL10% A3
T { \ 5 " —a—Pure PC ) I 4 SIN—PC-13.5% A
1007 st £ joof B
o Moo, | ol 8L SR
100 200 300 400 500 100 200 300 400 500 = 00200300 400300
Time/s Time/s Time/s

COBENG B S5 (D TCTP LM ; (OHSPCTP M ; (A DPAPZ 45# 35 (e )PC/HSPCTP3 #Rs i it £k s (HPC/HSPCTP3
BRI (@ PC/ASBUR L s (WOPC/13. 5% A3 HETE B R 5 5% 7% 18 A .
B 7 BEREE MR 6910 5 45 My R TR MK A7 08 b AR

Fig.7 Chemical structures and flame-retardant and smoke-suppression performance of phosphazene-based flame retardants
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Tab.2 Comparison of flame retardancy of various flame-retardant PC

Flame-retardant mechanism Sample LOI/UL-94 ApHRR/%  "ASmoke release/ %
PC/B,,PC-5!% 27.3%/V-0 (1.5 mm) —28.6 +16.4
Gas-phase flame-retardant -
) PC/8D! 32.8%/V-2 (3.2 mm) —8.6 +229.3
mechanism :
PC/DP2. 0% 31.1%/V-0 (3.2 mm) —20.0 —25.5
PC-3BCuPPH 32.8%/V-0 (3.2 mm) —59.0 —43.0
PC/PPFBS(0.1%)!%) 37.5%/V-0 (3.2 mm) NR NR
PC/0. 1%KTSS™ 38.6%/V-0 (3.2 mm) —8.2 NR
Condensed-phase flame- ~
PC/0.01%KSpH" 34.0%/V-0 (1.6 mm) —16.2 —9.7
retardant mechanism
PC/0. 08 % FRSN'"! 33.7%/V-0 (3.2 mm) —19.8 —5.3
PC/CSPS-0. 514 32.6%/V-0 (3.2 mm) —40.2 —21.0
PC/sSEBS-1. 5% 24.5%/V-1 (3.2 mm) —15.6 —10.7
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Flame-retardant mechanism Sample LOI/UL-94 ApHRR/Y ~ "ASmoke release/ %
PC/sSEBS-Na -1. 514 29.1%/V-0 (3.2 mm) —31.7 —7.4
PC/sSEBS-Zn -1. 5!+ 29.7%/V-0 (3.2 mm) —43.5 —17.2
PC/sSEBS-Ce -1. 5] 33.5%/V-0 (3.2 mm) —52.5 —20.3
PC/ASPC-201* 33.5%/V-0 (1.5 mm) —32.4 +2.9
PC/NSDg 29.5%/V-0 (3.2 mm) —32.6 —15.5
PC/SK, 47 30.4%/V-0 (3.2 mm) —33.5 —15.5
PC/VMQ-M™ 28.7%/V-0 (3.2 mm) —38.2 —13.9
PC/VMQ-HM 27.3%/V-0 (3.2 mm) —12.3 —12.5
PC/PSOMe-3* 29.9%/V-0 (3.2 mm) —62.5 —18.2
PC/cyc-PPSQ-6" 45.2%/V-0 (1.6 mm) —50.0 —25.0
PC/AI-L-PPSQ-6"7 36.6%/V-0 (1.6 mm) —61.2 —5.7
PC/KSP/P4-3"% 33.2%/V-0 (1.6 mm) —36.0 —13.9
PC/KSP/OPS-37 34.5%/V-0 (1.6 mm) —45.4 —40.5
PC/KSP/L-PPSQ-31% 30.2%/V-0 (1.6 mm) —40.4 —20.4
PC-BPDMS;/PITR,, " 34.2%/V-0 (3.2 mm) —45.2 —27.4
PC/PDPBS-5" 30.3%/V-0 (3.2 mm) —11.9 +3.3
PC/PBS-1%" 31.2%/V-0 (3.2 mm) —63.2 —29.4
PC-co-PPN,-b-BDMS, %/ 39.3%/V-0 (0.8 mm) —57.2 —69.7
PC-co-DHP,,-6-BDMS, %) 39.2%/V-0 (0.8 mm) —58.0 —48.3
LCpCHe 44.9%/V-0 (0. 4 mm) —62.7 —77.3
SS-co-PC20!! 34.5%/V-0 (1.6 mm) —57.4 —46.9
5%P-SBS/PC'%! 30.8%/V-0 (3.2 mm) —29.4 +41.0
PC/PBPP3™! 28.9%/V-0 (3.2 mm) —36.0 +9.2
10% TDBA/PC™ 33.7%/V-0 (3.2 mm) —29.3 +55.0
PC/6wt%PPPO"™ 34.1%/V-0 (3.0 mm) —34.2 —9.7
PC/HNTP-37 31.1%/V-1 (3.2 mm) —24.7 NR
PC/HSPCTP3™! 28.4%/V-0 (1.8 mm) —43.9 —42.9
0.5%CPNS/MPC™! 34.7%/V-0 (3.2 mm) —14.7 —28.9
PC/TCTP-111" 34.0%/V-0 (3.2 mm) —24.2 NR
20BN/3HPCP/PC'™! 46.6%/V-0 (3.2 mm) —74.3 —19.7
PC/ABS/B,H,/ATP, ™ 27.1%/V-1 (3.2 mm) —43.1 —5.7
PC/2%HNTP/0. 25%KSS'® 29.0%/V-2 (3.2 mm) +9.6 NR
PC/4H-2A 32.5%/V-0 (3.2 mm) —44.0 +14.5
Gas-phase and condensed- PC-13. 5% A3 29.3%/V-0 (3.2 mm) —47.5 +21.7
phase synergistic flame- 10%MVC-DOPO/PC!®] 33.5%/V-0 (3.2 mm) —29.0 +7.5
retardant mechanism PC/6DOPO-TMTA 31.0%/V-0 (3.2 mm) —39.0 +13.0
5%PMD/PC'® 36.3%/V-0 (3.2 mm) —46.4 +27.3
5%MVCD/PC!E 30.2%/V-0 (3.2 mm) —34.7 —38.5
PC/PASO-1'% 31.0%/V-0 (3.2 mm) —61.5 —25.4
PC/PPSO-1. 3" 29.0%/V-0 (2.0 mm) —44.7 —43.2
PC/DVPOSSs-4 28.9%/V-0 (1.6 mm) —31.0 NR
5%MVC-AIPi/5% TPP/PC'! 28.4%/V-0 (3.2 mm) —39.2 —21.8
PC/5%P(DOPO-VTES)/2%MMT™  29.5%/V-0 (3.0 mm) —15.2 —57.7
PC/CNT/FR™ 29.8%/V-0 (3.2 mm) —52.5 —39.7
PC/DA-AE-21% 27.1%/V-0 (3.2 mm) —54.7 +56.7
PC/PEOS-TG-17 NR —30.2 +228.5
PC-TEP/B2SH13%4SH!" NR —31.3 +24.8
PC/T2M 1 NR —71.0 —91.5
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Flame-retardant mechanism Sample LOI/UL-94 ApHRR/%  "ASmoke release/ %
PC/3%BTPP 36.5%/V-0 (3.0 mm) —45.0 —8.7
PC/PhS-1(5 phr)!1*) 30.2%/V-0 (3.2 mm) —37.2 NR
PC/PhS-2(5 phrt] 32.8%/V-0 (3.2 mm) —54.3 NR
PC/PhS-3(5 phr)t) 30.8%/V-0 (3.2 mm) —40.1 NR
PC/ASNC0. 1% )1 30.1%/V-0 (3.2 mm) —2.6 +4.7
PC/4N-HDP-4"%! 32.0%/V-0 (3.2 mm) NR NR
PC/DPAPZ-6"" 30.2%/V-0 (3.0 mm) —44.8 —60.7
PC-7D-1La%! 40.5%/V-0 (3.2 mm) —42.3 +117.8
PC-7D-18b! 1 33.1%/V-2 (3.2 mm) +5.4 +80.0
PC-7D-1Ce! 1% 39.2%/V-0 (3.2 mm) —13.5 —18.3
PC-1. 5PAPZ@Fe ") 31.6%/V-0 (3.2 mm) —36.3 —30.8
PC-1. 5PAPZ@Co " 29.7%/V-0 (3.2 mm) —33.5 —24.1
PC-1. 5PAPZ@La ") 29.6%/V-0 (3.2 mm) —35.9 —27.7
PC/CeP,-6M1% 28.2%/V-0 (3.2 mm) —45.6 —22.7
PC/DPA-31% 26.1%/V-0 (3.2 mm) —39.9 —11.6
PC/Ce(DPA),-311% 26.9%/V-0 (3.2 mm) —54.9 —24.0
pc/cMM! 25.1%/V-2 (3.2 mm) —31.4 —8.2
PC/BPNSHHY 34.8%/V-0 (3.2 mm) —51.0 +46.7
PC/BP@CM@SAM 28.1%/V-0 (3.2 mm) —44.0 —17.0
PC-Zr-2!12 27.3%/V-1(3.2 mm) —36.2 —17.1
PC-Ce-21112) 25.5%/V-2 (3.2 mm) —35.7 —4.9
PC-Zr-Ce-2112) 26.3%/V-1 (3.2 mm) —40.8 —16.8
PC-Zr@Ce-2112! 27.6%/V-0 (3.2 mm) —45.4 —17.8
PC/5%DFpZ ) 36.8%/V-0 (3.2 mm) NR NR

- "ASmoke release {8 M BEHLA 3545 (145 TSP TSR \pSPR ASEA K D, . SO 84l PC AR Lo ] 5« — U R # 4l PC R I+
FRELAL PCHIIN 3 “NR”F 7R SCHR A S LA SCEAE 5 11 43 AL TR 7] — B 58 N FRAH XS T %) B8 PC Y22 4k o
Note: *ASmoke release denotes the percentage change in smoke-release-related indices (including TSP, TSR, pSPR, ASEA, D., max,

etc. ) relative to neat PC;“ —” indicates a decrease compared with neat PC, and “+ " indicates an increase compared with neat PC; “NR” means

relevant data are not provided in the literature ; percentages represent only the changes relative to the control PC within the same study.

4 RESE5REZE

£ b SOMTBEAR T B 4 i) |y 2 B R B
A M TR PC Y H AR RE J7 A BHAA 25 2%, {3 A k4
A R BEL R AL ok 4 0 LA T e o8 AR IR e i A A
T 5 U5 SR AR BEL AR 3 o A2 HK Ak A R A | B R Ak
a A BL-TCHLZR A A SRR 18] ¢ 2 AR B S Bt O B
Tk S 3™ HC A AT R 2 A 5™ W 3R Y R S BT R A A
TR I % A 5 A - 55 R A i 1] LR D) i 3 <
AR E H R A 5 SRR R K R AR E i R 2
[FI] 14 DCPE , 2 S JOE EL AR 25 3 L AR AR IR 2 A 2
PERERYEL 225 o AT DL, SR SR BHAA PC 1 3T
S AN A5 B A B — BELAPR A AR T i L e 1) ) B
FAPERE AR BRI IR A5 P8 BE 1Y 28 4 P [ 1 4%

TET ] A 5K, 18 PR R BELIA PC 1Y & Ji 5 2 7E IR AR
R AR T BE A | ) o W R AT R 2R 2
1) S5 B SNG40 4P o — O T, AT o B RE O

A G5 A /B /W /B A D) REBE B W A T A5 A
LAt A A B B0 00 B4 iR (R B2 T, 4 R e A
R 2= B BUE T | S AR E ek D A 2R i
SR AN AT RR A S YRR . T — T3, B ORE SR IR T
i FAIL A% =7 > 25 X00308 38 3 07 1 ol T 4R B 1 45
P AR AR R R O BRI T O AR S Al i
R, b BELJR B 5 326 01 22 B 1 fE T90 00 412 43 4 B
Ja SRR FEATY 5 2k — A S I3 A5 R - A A - e
JZ AL - R AT o 22 18] B R A G, AR e B
WA B AT e R 22 H AL E TN A AT SR . TESR (D
2 R 0 ) 75 SR AN 1B 2 0 1 75 57 8, BHAA PC
49 73 5 BE T i IO e JBT T i A mA A JEUORE | R PR BT
T B B T [R5 A R IR A i R T A DR
e BELER AL BTt | 2 5 P BB O 457 70 42 A= i A 400 )
FrEEEMSE & A B THESIBLR PC iy o — AR 25
VYA B 10 1T i) S B K9 e R S L oK
Z AAr A B3t

1069



% 63 %

W KFFHROBRHFRR) % 5H

S E 3Lk

[1]

[6]

[7]

[8]

[9]

[10]

[11]

[13]

1070

Levchik S V, Weil E D. Overview of recent devel-
opments in the flame retardancy of polycarbonates [J].
Polym Int, 2005, 54(7): 981-998.

Leventon I T, Korver K T, Stoliarov S I. A general-
ized model of flame to surface heat feedback for lami-
nar wall flames [J]. Combust Flame, 2017, 179:
338-353.

Johansson K O, Head-Gordon M P, Schrader P E,
et al. Resonance-stabilized hydrocarbon-radical chain
reactions may explain soot inception and growth [J].
Science, 2018, 361(6406): 997-1000.

LiuQ, LiuS, Lv'Y, eral. Atomic-scale insight into
the pyrolysis of polycarbonate by ReaxFF-based reac-
tive molecular dynamics simulation [J]. Fuel, 2021,
287:119484.

Kuroda S-I, Terauchi K, Nogami K, ez a/. Degrada-
tion of aromatic polymers—I. Rates of crosslinking
and chain scission during thermal degradation of sev-
eral soluble aromatic polymers [J]. Eur Polym J,
1989, 25(1): 1-7.

Richter H, Howard J B. Formation of polycyclic aro-
matic hydrocarbons and their growth to soot—A re-
view of chemical reaction pathways [J]. Prog En-
ergy Combust Sci, 2000, 26(4/5/6): 565-608.
Wang H. Formation of nascent soot and other
condensed-phase materials in flames [J]. Proc Com-
bust Inst, 2011, 33(1): 41-67.

Davis A, Golden J H. Stability of polycarbon-
ate [J]. J Macromol Sci Part C, 1969, 3(1): 49-68.
McNeill T C, Rincon A. Thermal degradation of
polycarbonates: Reaction conditions and reaction
mechanisms [J]. Polym Degrad Stab, 1993, 39(1):
13-19.

Wang Y, Zhang J, Jow J, et al. Analysis and model-
ing of ignitability of polymers in the UL-94 vertical
burning test condition [J]. J Fire Sci, 2009, 27:
561-581.

Suzanne M, Delichatsios M, Zhang J. Prediction of
the limiting oxygen index using simple flame extinc-
tion theory and material properties obtained from
bench scale measurements [J]. Fire Saf Sci, 2011,
10: 375-387.

Huggett C. Estimation of rate of heat release by
means of oxygen consumption measurements [J].
Fire Mater, 1980, 4(2): 61-65.

Schartel B, Hull T R. Development of fire-retarded

materials-Interpretation of cone calorimeter data [J].

[14]

[16]

[17]

[20]

[21]

[22]

[23]

[25]

Fire Mater, 2007, 31(5): 327-354.
Papakonstantinou C G, Giancaspro ] W, Balaguru P
N. Fire response and mechanical behavior of polysial-
ate syntactic foams [J]. Compos Part A-Appl S,
2008, 39(1): 75-84.

14 CFR 25.853 Compartment interiors [S/OL].
https: //www.
25.853.
Sonnier R, Dumazert L, Vangrevelynghe M, ez al.

ecfr.  gov/current/title-14/section-

Intrinsic smoke properties and prediction of smoke
production in National Bureau of Standards (NBS)
smoke chamber [J]. Fire, 2023, 6(3): 109.
Levchik S, Weil E. Flame retardants in commercial
use or in advanced development in polycarbonates
and polycarbonate blends [J]. J Fire Sci, 2006,
24(2): 137-151.

Acquasanta F, Berti C, Colonna M, ez a/. Study of
Glow Wire Ignition Temperature (GWIT) and Com-
parative Tracking Index (CTD performances of engi-
neering thermoplastics and correlation with material
properties [J]. Polym Degrad Stab, 2011, 96 (4) :
566-573.

Chen D J, Zhang Y L., He J Y, er al. Making poly-
carbonate flame retardant: Flame retardant selection
and calorimetric analyses [J]. Polym Test, 2023,
117 107876.

Xie D, Lansana A M, Nuermaimaiti X, et al. Mak-
ing polycarbonate flame retardant and transparent:
Current advances and future challenges in flame retar-
dant selection and mechanisms [J]. Polym Degrad
Stab, 2025, 241: 111607.

Han Y, Li X, Sun T, ez al. Design, synthesis, and
performance optimization of polycarbonates with
hexafluoroisopropyl and cyclohexyl structures [J]. J
Polym Sci, 2025, 63(16): 3487-3495.

Han Y, Zhang Y, Long X, et al. Synthesis and
properties of bisphenol-Z polycarbonate via melt
transesterification [J]. J Appl Polym Sci, 2024,
141(2): e54770.

Han Y, Zou S, Sun T, et a/. Structural designs and
synthesis of co-polycarbonates with cyclohexyl and
high
solubility, and superior mechanical properties [J].
Mater Res Bull, 2025, 182: 113144.

Zheng Y, Liu Z, Ge B, et a/. Bromine-containing

fluorene structures: Low-dielectric constant,

copolymer polycarbonate for simultaneous thermal
stability, transparency, and thin-wall flame-retardant
polycarbonate [J]. Polymer, 2024, 311: 127532.

Ran S, Ye R, Cai Y, e al. Synergistic flame retar-



WA 5 BB B B TR B AR AR A B AT R R

% 63 %

[26]

[27]

[28]

[29]

[30]

[31]

[33]

[34]

[35]

[36]

dant mechanism of lanthanum phenylphosphonate
and decabromodiphenyl oxide in polycarbonate [J].
Polym Compos, 2019, 40(3): 986-999.

Liaw D-J, Chang P. Preparation and properties of
flame-retardant polycarbonates and copolycarbonates
from 3,3",5,5’-tetrabromobisphenol AF and bisphe-
nol A [J]. Polymer, 1997, 38(22): 5545-5550.
Deng P, Chen L, Li Y, et al. Selectively self-
recyclable, highly transparent and fire-safe polycar-
bonate plastic enabled by thermally responsive
phosphonium-phosphate [J]. Mater Horiz, 2024, 11
(24): 6516-6524.

Wang C S, Yueh Shieh J. Synthesis and flame retar-
dancy of phosphorus containing polycarbonate [J]. J
Polym Res, 1999, 6(3): 149-154.

Dong Q, Gao C, Ding Y, et al. A polycarbonate/
magnesium oxide nanocomposite with high flame re-
tardancy [J]. J Appl Polym Sci, 2012, 123(2) .
1085-1093.

Vothi H, Nguyen C, Lee K, ez al. Thermal stability
and flame retardancy of novel phloroglucinol based or-
gano phosphorus compound [J]. Polym Degrad
Stab, 2010, 95(6): 1092-1098.

Bright D A, Dashevsky S, Moy P Y, ez a/. Resor-
cinol bis (diphenyl phosphate) , a non-halogen flame-
retardant additive [J]. J Vinyl Addit Technol, 1997,
3(2): 170-174.

Lanzinger D, Salzinger S, Soller B S, ez a/. Poly
(vinylphosphonate) s as macromolecular flame retar-
dants for polycarbonate [J]. Ind Eng Chem Res,
2015, 54(6): 1703-1712.

Yang R, Chen L., Zhang W-Q, ef al. In situ reinforced
and flame-retarded polycarbonate by a novel phosphorus-
containing thermotropic liquid crystalline copolyes-
ter [J]. Polymer, 2011, 52(18): 4150-4157.

YuR H, Wen X, Zhu Y, et a/. Boron-doped copper
phenylphosphate as temperature-response nanosheets
to fabricate high fire-safety polycarbonate nanocom-
posites [J]. Compos Part A-Appl S, 2023, 175:
107812.

Huang X, Ouyang X, Ning F, er a/. Mechanistic
study on flame retardance of polycarbonate with a
small amount of potassium perfluorobutane sulfonate
by TGA-FTIR/XPS [J].
2006, 91(3): 606-613.
Wollin K-M, Batke M, Damm G, ez a/. PFASs -

restriction proposal commentary on ECHA’ s Annex

Polym Degrad Stab,

XV restriction report, proposal for a restriction,
March 2023 [J]. Arch Toxicol, 2023, 97 (12) .

[37]

[39]

[42]

[43]

[44]

[46]

[47]

3305-3312.

Environmental Protection Agency. Toxic substances
control act reporting and recordkeeping requirements for
perfluoroalkyl and polyfluoroalkyl substances [ S/OL].
https://www. federalregister. gov/documents/2023/
10/11/2023-22094/toxic-substances-control-act-report-
ing-and-recordkeeping-requirements-for-perfluoroalkyl-
and.

Nodera A, Kanai T. Thermal decomposition behav-
tor and flame retardancy of polycarbonate containing
organic metal salts: Effect of salt composition [J]. J
Appl Polym Sci, 2004, 94(5): 2131-2139.

Lu X, Yao Q, Cao W, ez al. An extremely efficient
silylated benzensulfonate flame retardant for polycar-
bonate [ J]. Materials, 2020, 13(16): 3550.

Zhang X Y, Zhang D L, Zhang W C, ez a/. Flame
retardant polycarbonate with ultralow loading 1, 3-
benzenedisulfonate [J]. Polym Degrad Stab, 2023,
214: 110389.

Yang H, Yue H, Zhao X, et al. Polycarbonate/sul-
fonamide composites with ultralow contents of
halogen-free flame retardant and desirable compatibil-
ity [J]. Materials, 2020, 13(17): 3656.

ZhuD Y, GuoJl W, Xian J X, ez al. Novel sulfonate-
containing halogen-free flame-retardants: Effect of
ternary and quaternary sulfonates centered on ada-
mantane on the properties of polycarbonate compos-
ites [J]. RSC Adv, 2017, 7(62): 39270-39278.

Liu Z, Ma M, Huang B, er a/. Hydrophobic micro-
crosslinked sulfonated polystyrene flame retardant for
simultaneous fire safety, transparency and high per-
formance of polycarbonate [J]. Polym Degrad Stab,
2024, 226: 110828.

Sai T, Ran S, Huo S, ez al. Sulfonated block iono-
mers enable transparent, fire-resistant, tough yet
strong polycarbonate [J]. Chem Eng J, 2022, 433:
133264.

LiuZ, Zheng Y, Ge B, et al. A novel macromolecu-
lar flame retardant based on sulfonyl diphenol mono-
mer for simultaneous fire safety, transparency and
high performance of thin-walled polycarbonate [J].
Chem Eng J, 2024, 500: 156902.

Chen Z-X, Zhao Z-Y, Lu P, et al. Novel macromo-
lecular flame retardant derived from sulfonated naph-
thalene monomer for simultanecous fire safety and
high performance of polycarbonate [J]. Polym De-
grad Stab, 2023, 214: 110388.

Chen Z-X, Zhao Z-Y, Lu P, et al. Sulfonate-group-

containing polymeric polyamide for simultaneous

1071



% 63 %

W KFFHROBRHFRR) % 5H

[48]

[51]

[52]

[53]

[54]

[55]

1072

transparency and flame retardancy of polycarbonate [J].
ACS Appl Polym Mater, 2023, 5(7): 4889-4900.
Song R, Chang L., Li B. Flame retardancy and ther-
mal properties of carboxyl-containing polysiloxane de-
rivatives in polycarbonate [J]. J Appl Polym Sci,
2014, 131(5): 39814.

Zou Y, Zhang J, Guo X, et al. Enhancement of
notched impact strength and flame retardancy in poly-
carbonate via micro-crosslinked polysiloxane [J].
Compos Part B-Eng, 2025, 296: 112256.

Zhu Y, Yu R, You J,

retardant polycarbonate composites with improved

et al. Excellent flame-
notched impact toughness via introducing imine-
functionalized polysiloxane [J].
Appl S, 2024, 186: 108416.

Wu X, Qin Z, Zhang W, er a/. Halogen-free and
phosphorus-free flame-retarded polycarbonate using
J Mater Sci,

Compos Part A-

cyclic polyphenylsilsesquioxanes [J].
2020, 55(24): 10953-10967.

Wu X, Zhang W, Qin Z, et al. Facile preparation of
ladder aluminosilsesquioxanes with high flame retar-
dancy for polycarbonate [J]. Polym Degrad Stab,
2024, 222: 110694.

Bai T-Y, Xiao X-X, Zheng G-Q, et al. Fire-safe
and mechanically robust polycarbonate composite en-
copolymerization/macromolecular

Polym Degrad Stab, 2024,

abled by novel
blending strategy [J].
230: 111056.

Ye X, Zhan C, Sai T, et al. Flame-retardant and UV -
resistant polycarbonate composites with well-preserved
mechanical properties enabled by silsesquioxane/
sulfonate-functionalized nano carbon black [J]. Compos
Commun, 2025, 56: 102407.

Ye X, Chai J, Wang Y, et al. Engineering S/Si-
containing rigid organic particles for transparent, tough,
flame-retardant polycarbonate composites [J]. Polym
Degrad Stab, 2026, 250: 112200.

Tang Z, LiY, Zhang Y J, et al. Oligomeric silox-
ane containing triphenylphosphonium phosphate as a
novel flame retardant for polycarbonate [J]. Polym
Degrad Stab, 2012, 97(4): 638-644.

Wang X, Zhang W, Qin Z, et a/. Optically transpar-
ent and flame-retarded polycarbonate nanocomposite
based on diphenylphosphine oxide-containing polyhe-
dral oligomeric silsesquioxanes [J]. Compos Part A-
Appl S, 2019, 117: 92-102.

Zhang X, Zhang Y, Qiao L, ez a/. Enhancing the
flame retardancy of polycarbonate through the syner-

gistic effect of 1, 3-Benzenedisulfonate acid dipotas-

[59]

[60]

[62]

[63]

[66]

[67]

[68]

[69]

sium salt and phenyl polysiloxanes [J]. J Appl
Polym Sci, 2024, 141(41): e56071.

LiuZ, MaM, Ge B, etal. Toward flame-retardant,
transparency, and high mechanical property of poly-
carbonate based on low addition of linear polyborosi-
loxane [J]. Chem EngJ, 2023, 474 145799.

Zhang J, LiuJ, Gu W, et al. Preparation of flame-
retardant and toughened polycarbonate via reactive
blending of polyborosiloxane elastomer [J]. Compos
Part A-Appl S, 2024, 187: 108505.

Zhu Y, Yu R, Wang S, er a/. Unexpected core-
shell char from polycarbonate/polyborosiloxane com-
posites and its application in improving flame retar-
dancy [J]. Chem Eng J, 2022, 446 136742.

WeiY X, Deng C, Wei W C, ez al. Hybrid nanorods
composed of titanium, silicon, and organophosphorus
as additives for flame-retardant polycarbonate [J]. ACS
Appl Nano Mater, 2019, 2(8): 4859-4868.

Nodera A, Kanai T. Relationship between thermal
degradation behavior and flame retardancy on
polycarbonate-polydimethylsiloxane  block
mer [J]. J Appl Polym Sci, 2006, 102(2): 1697-1705.

Sai T, Ye X, Wang B, er al. Transparent, intrinsically

copoly-

fire-safe yet impact-resistant poly (carbonates-b-
siloxanes) containing Schiff-base and naphthalene-
sulfonate [ J]. J Mater Sci Technol, 2025, 225: 11-20.
Xiao X X, Bai T Y, Zhang Q, er al. Machine
learning-assisted design and scalable fabrication of
high-performance fire-safe polycarbonate for ad-
vanced applications [J]. Chem Eng J, 2024, 484:
149565.

Xiao X X, Zhang Q, Bai T Y, et al. Ultrahigh heat/
fire-resistant, mechanically robust, and closed-loop
chemical recyclable polycarbonate enabled by facile
bond dissociation energy modulation [J]. Small,
2024, 20(40): 2401429.

Wang Z N, Xiao X X, Gong Y, et al. One-pot
green synthesis of liquid crystal polycarbonate to-
wards mechanical robustness, superior fire safety,
and efficient closed-loop chemical recycling [J].
Chem Eng J, 2025, 515: 163503.

LiY, Chen L, Deng P, et al. Catalytic amounts of
sodium-sulfonate-naphthol enable mechanically ro-
bust, ultra-transparent, super-fire-resistant and easily
recyclable polycarbonate [J]. Mater Horiz, 2025,
12(11): 3752-3761.

Liu A, QiuY, Qian L., et al. Rubber-based phosp-
haphenanthrene grafted polymer and its application to

fabricate flame retardant polycarbonate blend with sat-



WA 5 BB B B TR B AR AR A B AT R R

% 63 %

[70]

[71]

[73]

[74]

[75]

[76]

[77]

[79]

isfied comprehensive mechanical properties [J].
Polymer, 2024, 299: 126969.
Yan C, Xu B, Shan D, er al.

mechanism research of high-efficiency water-resistant

Fabrication and

flame retardant, transparent and mechanically rein-
forced polycarbonate composites [J].
2023, 119: 107937.

Qiu Y, LiuZ, Qian L, er al. Gaseous-phase flame

Polym Test,

retardant behavior of a multi-phosphaphenanthrene
compound in a polycarbonate composite [J]. RSC
Adv, 2017, 7(81): 51290-51297.

Zhao W, Li B, Xu M, ez a/. Synthesis of a phenyl-
ene phenyl phosphine oligomer and its flame retar-
dancy for polycarbonate [J]. J Appl Polym Sci,
2012, 127(4): 2855-2866.

Yang Y, Luo H, Cao X, et al. Preparation and char-
acterization of a water resistance flame retardant and
its enhancement on charring-forming for polycarbon-
ate [J]. J Therm Anal Calorim, 2017, 129 (2) .
809-820.

Yang Y, Kong W, Wang Y, et al. Synthesis of tris
(phenoxy) trifluorocyclotriphosphazenes and study of its
effects on the flammable, thermal, optical, and me-
chanical properties of bisphenol-A polycarbonate [J].
J Therm Anal Calorim, 2015, 122(2). 805-816.
Jiang J, Wang Y, Luo Z, et al. Design and applica-
tion of highly efficient flame retardants for polycar-
bonate combining the advantages of cyclotriphospha-
zene and silicone oil [J]. Polymers, 2019, 11(7) .
1155.

Sun C, Zhang W, Cu Y, ez al

phosphazene-triazine bi-base sulfonate and its applica-

Synthesis of

tions in flame-retardant modified polycarbonate [J].
J Appl Polym Sci, 2022, 139(21): 52224.

Wang X, Ren J, Liu P, ez a/. Study on the perfor-
mance and mechanism of sulfonate phosphazene high-
efficiency flame retardant polycarbonate [J]. J Appl
Polym Sci, 2025, 142(28): e57156.

Zhou F, Xi W, Qian L, et al. Hexaphenoxy cyclotri-
phosphazene/boron nitride high-efficiency charring
system enhancing the flame retardancy and thermal
conductivity of polycarbonate [J]. Polym Degrad
Stab, 2024, 219: 110601.

Gao Z, Zhu Y, Liu X, et al. Copper oxide deco-
rated one-dimensional mineral nanorods: Construc-
tion of strengthened gas-phase and condensed-phase
coupled intumescent flame retardant [J]. Compos
Part A-Appl S, 2024, 185: 108373.

Yang Y, Liu J, Cai X. Antagonistic flame retar-

[81]

[82]

[83]

[84]

[85]

[87]

[88]

[89]

[90]

dancy between hexakis(4-nitrophenoxy) cyclotriphos-
phazene and potassium diphenylsulfone sulfonate in
the PC system [J]. J Therm Anal Calorim, 2016,
126(2): 571-583.

Feng H, Qian L, Lu L. Synergistic effect of poly-
imide charring agent and hexaphenoxycyclotriphosp-
hazene on improving fire safety of polycarbonate:
High graphitization to strengthen the char layer [J].
Polym Adv Technolog, 2020, 32(3): 1135-1149.
Chen Y, Wu X, Qian L.
and protective layer effect of phosphazene-triazine bi-

J Appl

Flame-retardant behavior

group flame retardant on polycarbonate [J].
Polym Sci, 2020, 137(46): 49523.

Qin S, Yang Z, Zhang S, et al. Comparison of
flame-retardancy property and mechanism between a
ester and a phosphoramine flame-
retardants [J]. J Wuhan Univ Technol-Mater Sci
Ed, 2021, 36(1): 148-156.

Cai B, Jiang Q, Xu W, er al

DOPO-based phosphoramide for improving the fire

phosphate

A nitrogen-rich

resistance of polycarbonate with comparable mechani-
cal property [J]. J Appl Polym Sci, 2023, 140(41):
e54513.

Jian R K, Chen L, Hu Z, e al. Flame-retardant
polycarbonate/acrylonitrile-butadiene-styrene based on
red phosphorus encapsulated by polysiloxane: Flame
retardance, thermal stability, and water resistance [ J].
J Appl Polym Sci, 2012, 123(5): 2867-2874.

Xiao Z T, Hu Y, Mohammadi A, et al. A P/Si-
containing flame retardant towards simultaneous im-
provement of the toughness, transparency and fire
safety of polycarbonate [J]. Chem Eng J, 2024,
499: 156499.

Ni P, Fang Y, Qian L, ez a/. Flame-retardant behavior
of a phosphorus/silicon compound on polycarbon-
ate [J]. J Appl Polym Sci, 2018, 135(6): 45815.
Wang Z, QiuY, Liu A, et al. Micro-crosslinking of
phosphaphenanthrene/siloxane molecule initiate ag-
gregation flame retardant and toughening enhance-
ment effects on its polycarbonate composite [J].
Chem Eng J, 2023, 466: 143169.

Jiang Q, Luo Z, Wang B. A phosphorous/nitrogen/
silicon containing diphenylphosphoramide silicon oil
toward effective flame retardancy for polycarbonate
with comparable mechanical properties [J]. J Appl
Polym Sci, 2022, 139(10): 51755.

Qiao Y, Wang Y, Zou M, et al. One-step synthesis
of highly efficient oligo(phenylphosphonic dihydroxy-

propyl silicone oil) flame retardant for polycarbon-

1073



% 63 %

W KFFHROBRHFRR) % 5H

[94]

[95]

[96]

[98]

[99]

[100]

[101]

[102]

1074

ate [J]. Polymers, 2019, 11¢12): 1977.

Wu X, Wang X, Qin Z, et al. Polycarbonate com-
posites with high light transmittance, haze, and
flame retardancy based on a series of incomplete-cage
oligomeric silsesquioxanes [J]. J Mater Sci, 2020,
56(1): 428-441.

He Q, Song L, Hu Y, e al. Synergistic effects of
polyhedral oligomeric silsesquioxane (POSS) and
oligomeric bisphenyl A bis(diphenyl phosphate) (BDP)
on thermal and flame retardant properties of polycar-
bonate [J]. J Mater Sci, 2009, 44(5): 1308-1316.
Shao L., Xu B, Ma W, ez al. Flame retardant appli-
cation of a hypophosphite/cyclotetrasiloxane bigroup
compound on polycarbonate [J]. J Appl Polym Sci,
2020, 137(14): 48699.

HuZ, Chen L, Zhao B, er al. A novel efficient halogen-
free flame retardant system for polycarbonate [J].
Polym Degrad Stab, 2011, 96(3): 320-327.

Song X, Shan X, Huang H, et a/. Simultaneously
improving the fire safety and antistatic property of
polycarbonate via incorporation of P-Si containing flame
retardant and carboxylated carbon nanotubes [J]. J
Appl Polym Sci, 2025, 142(9): e56543.

Zhang J, Liu Z, Qi P, et al. Rapid-curing imidazole-
based highly transparent protective coating for poly-
carbonate films with good hardness and flame retar-
dancy [J]. Prog Org Coat, 2024, 189: 108289.
Feng Z, Cai W, Gao J, et al. Achieving scratch re-
sistance and flame retardancy in transparent polycar-
bonate through P/N/Si synergistic coating [J]. Prog
Org Coat, 2025, 204: 109247.

LiY, Niu H X, Xiao Z T, et al. Sustainably
sourced covalent adaptable networks derived from eu-
genol for flame retardant, transparent and self-
healing coating applications [J]. Prog Org Coat,
2025, 200: 109072.

Zhang W, Feng Z, Chen Z, et al. Phosphorus-nitrogen
synergistic transparent UV -curable coatings to enhance
the flame retardancy of polycarbonate [J]. Polym De-
grad Stab, 2024, 225: 110782.

Wei Y-X, Deng C, Zhao Z-Y, et al. A novel
organic-inorganic hybrid SIO2@DPP for the fire retar-
dance of polycarbonate [J]. Polym Degrad Stab,
2018, 154: 177-185.

Wei Y X, Deng C, Chen H, et al. Novel core-shell
hybrid nanosphere towards the mechanical enhancement
and fire retardance of polycarbonate [J]. ACS Appl
Mater Interfaces, 2018, 10(33): 28036-28050.
Wang Y Z, Yi B, Wu B, ez al. Thermal behaviors of

flame-retardant polycarbonates containing diphenyl

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

sulfonate and poly (sulfonyl phenylene phospho-
nate) [J]. J Appl Polym Sci, 2003, 89(4): 882-889.
Zhao W, Li B, Xu M, et al. Synthesis of a novel
flame retardant containing phosphorus and sulfur and
its application in polycarbonate [J]. Polym Eng Sci,
2012, 52(11): 2327-2335.

Hou S, Zhang Y J, Jiang P. Phosphonium sulfo-
nates as flame retardants for polycarbonate [J].
Polym Degrad Stab, 2016, 130: 165-172.

Wen W, Guo J, Zhao X, et al. Synthesis of an effi-
cient S/N-based flame retardant and its application in
polycarbonate [J]. Polymers, 2018, 10(4): 441.
Wang B, Ye R, Guo Z, et al. Thermal stability and
fire safety of polycarbonate flame retarded by the bro-
minated flame retardant and a non-antimony synergis-
tic agent [J]. J Polym Res, 2023, 30(6): 240.

Gao Q, Zhu M, Wang J, et al. Supramolecular flame
retardants enabled fire-extinguishing polycarbonate with
enhanced thermal stability and reduced smoke re-
lease [J]. Chem Eng J, 2025, 504: 158762.

Sai T, Ran S, Guo Z, et al. Transparent, highly
thermostable and flame retardant polycarbonate enabled
by rod-like phosphorous-containing metal complex ag-
gregates [J]. Chem Eng J, 2021, 409: 128223.

Sai T, SuY, Shen H, ez al. Fabrication and mecha-
nism study of cerium-based P, N-containing complexes
for reducing fire hazards of polycarbonate with superior
thermostability and toughness [J]. ACS Appl Mater
Interfaces, 2021, 13(25): 30061-30075.

Qian Z, Zou B, Xiao Y, et al. Targeted modification
of black phosphorus by MIL-53 (AD inspired by
“Cannikin’s Law” to achieve high thermal stability of
flame retardant polycarbonate at ultra-low additions [J].
Compos Part B-Eng, 2022, 238: 109943.

LiJ, Zou B, Wang X, e a/. Utilizing the oxidation
defects of black phosphorus to reduce and stabilize
copper(I) molybdate to achieve flame retardancy and
smoke suppression in polycarbonate composites [J].
Compos Part A-Appl S, 2024, 185: 108313.

Sai T, Ran S, Guo Z, et al. Deposition growth of
Zr-based MOFs on cerium phenylphosphonate la-
mella towards enhanced thermal stability and fire
safety of polycarbonate [J].
2020, 197: 108064.

Liu C, Yao Q. Design and synthesis of efficient

Compos Part B-Eng,

phosphorus flame retardant for polycarbonate [J].
Ind Eng Chem Res, 2017, 56(31): 8789-8796.

(REHE: TAHID



