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Preparation and properties of fluorine-containing flame retardant transparent polycarbonate
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Abstract : To obtain polycarbonate (PC) materials with good flame retardancy, transparency and thermal aging stability,
polytetrafluoroethylene (PTFE) and octaphenyl silsesquioxane (OPS) were added into PC containing potassium perfluorobutylsulfo-
nate (PPFBS) to prepare fluorine-containing flame-retardant transparent PC composites. The effects of PTFE/PPFBS and OPS/
PPFBS on the flame retardant, physical and mechanical properties of PC were studied, and the dose-effect relationship was explored.
The effect of thermal aging treatment on the flame retardancy of PC composites was also investigated. The results show that the
introduction of PTFE and OPS improve the flame retardancy of PC materials. The PC composites with 0.1 wt% PTFE or OPS can
reach the UL 94 V-0 rating in vertical combustion tests. The limiting oxygen index of PC composites with 0.2 wt% PTFE or OPS
can reach 40.6% and 42.2%, respectively. Compared with the composite with PTFE, the PC composite with OPS shows better trans-
parency. The addition of PTFE or OPS has little effect on the tensile strength of PC composites. The PC composites with 0.2 wt%
PTFE or 0.1 wt% OPS can maintain good toughness. The PC composites with PTFE or OPS after thermal aging treatment can reach
UL 94 V-0 rating in the vertical combustion test. The results of cone calorimetry tests after thermal aging treatment show that OPS
and PPFBS can better play a synergistic flame retardant effect, effectively inhibiting the heat release of PC materials and improving
the char residue yield. Fluorine-containing transparent PC composites with excellent flame retardancy and thermal aging stability
have broad application prospects in high-end manufacturing industry.

Keywords : octaphenyl silsesquioxane ; potassium perfluorobutylsulfonate ; flame retardant ; thermal aging ; polycarbonate
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Tab.1 Formulas of flame retardant PC composites (mass fraction)
%

PC (containing

Samples 0.1% PPFBS) OPS PTFE
PC 100.0
0.1%PTFE/PC 99.9 0.1
0.2%PTFE/PC 99.8 0.2
0.1%0PS/PC 99.9 0.1
0.2%O0PS/PC 99.8 0.2
0.3%0PS/PC 99.7 0.3

1.4 miX5 &IE

LOT i : AR P& ASTM D2863-2000 7£ LOI{Y H
BTN, 3R RS 2R 130.0 mmx6.5 mmx3.2 mm.,

UL 94 = EL B 1L : AR 35 ASTM D3801-2019
TEK /2 BRI g0 A6 Hh A7 I, A RS R
130.0 mmx13.0 mmx3.2 mm,

5 BRI « 76 1 /25 i I e A X iR
1738 P, A ROST 2 100.0 mmx100.0 mmx
3.0 mm, BEARFRI 5 A0, RS SR .

A PEBEIR : A4 GB/T 1040.2-2006 7 HL T
JTREIRIGHL e, B R A 20 mm/min, 3K
FERSER 150.0 mm=10.0 mmx4.0 mm.,

el P RE AL AR S GB/T 35513.2-2017 fE &
ES = WL ru W g W i i W R i P13 L 5 W 2 3
12 TRRE RS 80.0 mmx10.0 mmx4.0 mm.,

HETE 1 LI AR 4 1SO 5660-1-2002 7 4
T g A BEAT IR e it , Z1 0 $ AR S 5 Ry 50
kW/m?, 33 5124 100.0 mm=100.0 mmx3.0 mms
2 GHR5IFE
2.1 [EX¥KPC B A&44H69 LOIA= UL 943X 45 R 547

LOI A1 UL 94 2 BB ILmT LA T PFAk BHEL
PC 5 (%) RTRAPE ., 5 il PTFE 1 OPS B BHAA PC
SR LOLFI UL 94 MER45 L2 2.,

H 2 2 v LIE B, BN BT 5345 0.1% 1Y PPFBS
J&i PC A1 REHEY LOT{E M 38.3%, I H.7E UL 94 iz
AL B V-0 2 . FEBRA LG BT i 40 BUIR T 0.4%
if, %S i PTFE A1 OPS (1) PC & & #1 Rl #1615 %] UL
94 V-0 4% . %} T PTFE/PPFBS {k % , jifi % PTFE %
T i 4, PC &2 A AR LOLE 2 E T, 24
PTFE 14 5t & 730 50 0.2% I} PC 524 41 8H LOTE
iKF| T 40.6%, UL 94 FHAER %5 2y V-0 9 . X T
OPS/PPFBS {4 & , PC & & #4 #1 1y LO1{E B % OPS

R2 EMPCEESMBAILOIFM UL 94 MIKER
Tab.2 Results of flame retardant PC composites in LOI and
UL 94 tests

UL 94 (3.2 mm)

Samples LOI/%  After-flame time . L

= = Rating  Dripping

t/s t,/s

PC 383 1.0 5.6 V-0 No
0.1%PTFE/PC 39.5 0.7 2.9 V-0 No
0.2%PTFE/PC  40.6 0.4 1.1 V-0 No
0.1%0PS/PC 41.7 0.9 42 V-0 No
0.2%O0PS/PC 422 0.6 2.8 V-0 No
0.3%O0PS/PC 40.4 0.7 3.0 V-0 No

Notes: £, is the time when the flame goes out after burning the prod-
uct for 10 s;f2 is the time when the flame goes out after burning the prod-

uct again for 10 s after 7,.
W 2B TR NRRR R S5 0.2%
i) OPS #10.1% ) PPFBS ) PC & & #1 K1 LOT {E
e, i85 42.2%, X L2 LR PTFE 1 OPS Bl
AR LR B PPFBS 1) PC AR B , IF HL
5 PTFEMI L, OPS 5 PPFBS A L & #5541 b Al .
WRERT, NI T PC & A AR AL S A BEIA T BE
2.2 M¥XPC & a-H4teh & Ao

30 317 /25 IR 5T T AN [R) S o )
PTFE F11 OPS X & PPFBS (1Y) PC & & 4 #} 1% BH 14 (1)
AR Y R

#3 BMPCEAMBNBHESEEN LR

Tab. 3 Results of transmittance and haze test of flame retardant

PC composites

Samples Transmittance/% Haze/%
PC 83.2 34.0
0.1%PTFE/PC 67.0 48.9
0.2%PTFE/PC 63.5 59.6
0.1%0PS/PC 74.2 43.0
0.2%0PS/PC 66.8 56.6
0.3%O0PS/PC 64.9 48.8

MR 3 FTLIE B, BH#AR PTFE 1 OPS 5| A%
28 PC & A MR 7 6 B AN R R B b T j, 9 L
bfi % PTFE i, OPS ¥s il & (942 =5 , PC & & A1 KHI i
6 BE MR 5 24 PTFE F1 OPS Ay 5 1 20 5003 3l
0.2% B, BHKA PC &2 & B REIY 32 G FE 439018 63.5%
F166.8% , FIALEAHFEI A IS T, 5 PTFEAH L, %0
OPS 1) PC ML AT LAORFE 4 i ads WA o eAh % T
PTFE/PPFBS 1A % , i % PTFE 78 fill 2 (4 82 /51 , AH
PC & & M BHR 25 B 3% W7 Tt 5 1% T OPS/PPFBS
1K Z R PC & & 4RI 55 B8 B 5 OPS N 1Y
HE ISR KG9 N
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SEIR LG 40 O R B R T AR BT
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0.1% 1Y PTFE 1 OPS #2318 1% PC &2 & B4 BH i 11
et i R B R, S TRD RS2 PC & A ARG B3
wh il 5 BE Bl %5 PTFE U 4 A9 42 s i L 7t B
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Tab.4 Results of mechanical properties test of flame retardant

PC composites

Samples Notched impacﬁ Elongation Tensile
strength/(kJ-m ™) at break/%  strength/MPa
PC 17.2 24.9 63.7
0.1%PTFE/PC 11.6 16.1 66.1
0.2%PTFE/PC 17.5 30.9 65.1
0.1%0PS/PC 13.7 24.4 64.9
0.2%0PS/PC 10.5 345 66.1
0.3%0PS/PC 8.1 34.7 66.4

Do 2 il < 3 2 e it A R ) 1 B AR AR 2
— 0 NFE 4T LIFE S, PTFE G i /0450 h 0.1% i,
FHRE PC 52 G b HR) W7 24 SR TS i PPFBS
[ PC, Ifif OPS Jit #4344k 0.1% B, IR, PC & A4
R My 244 KR 50K i OPS I AH 22 A K, Bl FHL
PRSI A 2 5, AS18 /& PTFE/PPFBS i£ /& OPS/
PPFBS & R , # 1 PC & A 4 BH Wi 2 A K R 1 3%
YR AN B T4 PPEBS (AR}, Fh I 18 B 3

PTFE F1 OPS 5| A I T4 PC MR #IPE , L
H, BRI OPS AT BHET 24K T 5 . 4 OPS 1 Jiit
B 0.2% BT 2 0.3% I, PC & A HRH T 2L
R AR T 0.2%, B4k S B A7 OPS 1
FH X PCAPEHIIPE R4 THROR AR L . 5 4h i
T PTFE A1 OPS (¥ B PC & A A1 A4 7 i 550 75 4
ZEARK H S0 =5 T{LES N PPFBS 19 PC & G 41K
2.4 FHEAXT PC A A PR AR 69 %00

it UL 94 1 B ERGEINAIRGY T #C b Ab BEXT
PC & AR R PERE M g, 5 SR LR 5. AT LLE
SN BT 543 %1 0.1% 179 PPFBS 1 PC & & 1 RHE
PEEAL G REIR B UL 94 V-2 %%, 3 HRBE v A
YT 7= UL I R A AL B 2 P 42 1 A PC B BB
WRVEREM T, 10 PTFE #1OPS 4351 5 PPFBS &
BitJ5 , PC & & M R AL ab BRATS SR T LAk #1) UL
94 V-0 2% , ¥) 4> 3 W] PTEE F1 OPS 1951 A A] LIAT %k
TR AT PC AR RE A A FH

*5 PAMPCEESMEIHENLEFH UL 94NKER

Tab.5 UL 94 test results of flame retardant PC composites after

thermal aging treatment

UL 94 (3.2 mm)

Samples After-flame time . L

= = Rating Dripping

t/s L)/s

PC 1.2 7.0 V-2 Yes
0.1%PTFE/PC 14 1.1 V-0 No
0.2%PTFE/PC 1.0 3.3 V-0 No
0.1%O0PS/PC 2.4 6.6 V-0 No
0.2%O0PS/PC 0.9 5.5 V-0 No
0.3%0OPS/PC 0.5 2.4 V-0 No

J T ik — 35 %t L As I PTEE #11 OPS (1) PC &2 &
AR A A B B RE A 22 55 | a1 4 T8 B4R
X XF 0.1%PTFE/PC, 0.1%OPS/PC F1{Y 7 /il PPFBS
(1) PCIAFEERT T, 45 5R W3 6,

®6 FMMPCESMRAZULBEHERERLNNER

Tab. 6 Cone calorimeter test results of flame retardant PC composites after thermal aging treatment

pk-HRR/ THR/

av-EHC/ av-COY/ av-CO,Y/

Samples TTUs &Wem?)  (MI-m?) TSR/(m*+m ) MI-ke) (ke-ke ) (kerke ) Ry, /%
PC 48 490 103 3030 28.3 0.15 2.57 9.9
0.1%PTFE/PC 49 506 105 3090 29.0 0.15 2.59 10.0
0.1%O0PS/PC 65 415 96 2922 27.9 0.15 2.54 14.7

Notes: TTI is time to ignition; pk-HRR is peak heat release rate; THR is total heat release; TSR is total smoke rate;av-EHC is average effective heat

of combustion; av-COY is average CO yield;av-CO,Y is average CO, yield; R

BHIK PC & A AT E AL AL B B SRR 3
(HRR)FLE SR il (THR) -4 tn 18 1 s . &l 1
A LUE 5, ALk S £ A PPFBS ) PC & &4
RHESRIE 1 140 s PRI ZU B , H HRR i {H (pk-

600 s

is mass retention of samples after combustion.

HRR) ] LA ik 5] 490 kW/m®, 0.1%PTFE/PC i Ff 3]
ik pk-HRR JIr i A B[] F{L 7S PPFBS A9 PC AH LL
JoPA 525 5, H pk-HRR {E A THRAH 5 PC AH Lb & 22
A WG T, RS LA B S PTFE M5 AJF
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Fig. 1 HRR and THR curves of flame retardant PC composites after

thermal aging treatment
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Fig.2 TSR and mass loss curves of flame retardant PC composites

after thermal aging treatment

T ¥k — 4 %} [t PTFE/PPEBS #1 OPS/PPFBS
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55 0.1%PTFE/PC & 5 M RHI o 2 XE L7 35 PC LA
FM A Z T, 0.1%0PS/PC &4 Rk % 2 o
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€3 BHAA PCE SRR i il 5 sk s 40
Fig. 3 Morphology of carbon residue in flame retardant PC composites

after cone calorimetry test
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