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Preparation and properties of trapezoidal silsesquioxane/sepiolite/PC/ABS composites
LIU Hailu, LIU Xiaozhong, XU Juan, LI Xiang
(Hunan Chemical Vocational Technology College,Zhuzhou 412000, China)

Abstract : Halogen-free flame retardant polycarbonate/acrylonitrile-butadiene-styrene plastic (PC/ABS) composites were
prepared by twin-screw melt blending. The effects of trapezoidal silsesquioxane (TSQ) and sepiolite (SEP) on flame retardant prop-
erties, thermogravimetric and mechanical properties of the composites were studied. The results show that, TSQ can improve the
flame retardancy, thermal stability and low temperature toughness of PC/ABS. By adding 1 wt% TSQ to PC/ABS, the flame retar-
dant rating of the composite reaches UL 94 V-0 (3.0 mm) and V-1 (2.0 mm) levels, and the limiting oxygen index (LOI) reaches
29.1%. Compared with PC/ABS, the peak heat release rate (PHRR), total heat release (THR) and total smoke release (TSR) are
reduced by 27.4%,21.0% and 12.4%, respectively, while the ignition time (TTI), fire performance index (FPI) and notched impact
strength at —40 °C are increased by 5.8%,45.5% and 51.8%, respectively, the temperature at maximum weight loss rate (7, ) and
750 °C carbon residue (CRC) are increased by 5.2 °C and 3.0%. With the increase of SEP addition, the initial weight loss tempera-
ture (7,), T,
strength and flame retardancy first increase and then decrease. When the addition amount of SEP is 4 wt%, the flame retardant rating
of the composite reaches UL 94 V-0 (1.5 mm) level, LOI is 34.5%, compared with TSQ/PC/ABS composite without SEP, the
PHRR, THR and TSR are reduced by 17.1%,22.1% and 16.3%, respectively, TTI and FPI are increased by 5.5% and 25.0%, respec-
tively, T, and CRC are increased by 8.5 °C and 6.7%, respectively.
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and rigidity of the composites with 1 wt% TSQ gradually increase, the toughness gradually decreases, and the
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Tab.1 Formulation of flame retardant PC/ABS composite samples

(mass fraction)
%

Sample PC ABS TSQ SEP HRI81 SN3300 168 1010 PETS

¥ 875 8 3 0.3 04 02 06
2* 8.9 8 0.6 3 0.3 04 02 06
3* 86.5 8 1 3 0.3 04 02 06
4" 86.0 8 1.5 3 0.3 04 02 06
5* 855 8 1 1 3 0.3 04 02 06
6" 835 8 1 3 3 0.3 04 02 0.6
7* 825 8 1 4 3 0.3 04 02 06
8" 815 8 1 5 3 0.3 04 02 0.6

1.4 HgemX

it GB/T 2406.2—2009 il %& LOI, i £ R ~F 2y
150.0 mmx12.8 mmx3.0 mm;

i UL 94 T B R Ba 2 MR i A etk e L 1k
FE R SF o 128.0 mmx12.8 mmx3.0 mm, 128.0 mmx
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12.8 mmx2.0 mm F1128.0 mmx12.8 mmx1.5 mm;

fii FH TG 23 A7 b4 B G B0 F A% 00, o i ol %
10 °C/min, & FE L& 8 g, N, 4, TH il i Bl 25~
750 °C;

F21SO 5660-1:2015 HEA THETE I PG, $44R
FH1% K 50 kW/m?, 38 R SF 2 100 mmx 100 mmx
3.0 mm;

i GB/T 1040.1-2018 P& $i7 i PEE , b N
LAY FAHE R R 50 mm/min, BCS ARARE S5 45
(P 2MH 5

i GB/T 9341-2008 IS P RE , £ A R0
80 mmx10 mmx4 mm, 25 il 3% & & 2 mm/min, BL 5
HRAE SR I () - 3404

% GB/T 1843—2008 izt % 1 AR Bk 11 vt
TUEEE T —40 °CFREE T 48 )2 Gk 11 whili s i
FES R SR 80 mmx 10 mmx4 mm, 11715 A A B S
HRAE R IR S A () - Y 1A
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RELA T fig 55 47 (i 0 Jo2 it 3 %8 1.5% 1% TSQ)AH 25 A
Ko X ATHER & A PRV BERT , TSQ A] LUE AL
O ek SEU R R T B P S 2R A I i AR LT A
S AEA BRI, A B B HR BR Sr4E L BEREFE
1R BRBE 7= () T A0 s, 3 BE A1 ol S A4 A Ak B0 43
fif!?, [R] B TSQ 7 iy ik T REAHE AL PC 2 11 i o, AT
i SR B BB PEREEE =7, {H TSQ X ABS 1A i
Ao IR AE FHO, B L% PC/ABS fé BELSA M e 42 5
AFR 25 TSQ WS hin i i ik —E fEI , B3 s hn i,
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R2 BEBAPC/ABS E &AM A LOIFI UL 94 X455
Tab.2 LOI and ULY4 test results of flame retardant PC/ABS composites

Sample thickness/mm

3.0 2.0 1.5
Sample Whether Whether Whether LOI/%
UL 94 rating dripping UL 94 rating dripping UL 94 rating dripping
ignites ignites ignites
¥ - YES YES - YES 23.540.11
2" V=2 (,=8.95,1,=15.7s) YES - YES - YES 27.240.13
3* V=0 (¢,=3.25,1,=5.75) NO V=1 (#=10.2s,,=11.55) NO - YES 29.140.15
4 V=0 (t,=3.25,1,=5.2s) NO V=1 (t=9.5s,t,=11.7 5) NO - YES 29.4+0.15
5* V=0 (#,=3.0s,,=5.1 5) NO V=0 (¢,=4.55,1,=5.25) NO - YES 30.240.15
6" V=0 (t,=2.0s,t,=2.4s) NO V=0 (t=2.25,,=4.55) NO V=1 (t=7.5s,t,=5.45) NO 33.4+0.17
7* V=0 (z,=1.85,1,=2.15) NO V=0 (,=2.05,1,=4.35) NO V=0 (£,=5.25,t,=4.3 5) NO 34.5+0.19
8" V=0 (t=3.0s,t,=4.2s) NO V=0 (t=4.25,t,=4.9s) NO V-2 (=108 5,£,=9.55) YES 31.3+0.16
Notes: "—" means not meeting minimum level of this test; “#,” represents average time of first combustion; “z,” represents average time of second
combustion.
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Fig. 1 Heat release rate curves of flame retardant PC/ABS composites
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Fig.2 Total heat release curves of flame retardant PC/ABS composites
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Tab.3 Cone calorimeter characteristic data of flame retardant
PC/ABS composites

PHRR/ THR/ TSR/(m*+
kW-m?) MJ-m?) m?)

FPI/[(s-

Sample TTI/s m?) kW]

1" 52+0.6 484.6+4.7 79.5+2.4 1643.2£9.8 0.11x0.003
3% 55+0.6  351.8+3.8  62.8+2.2 1438.749.5 0.16+0.005
5% 55+0.5 337.1£3.5  58.6+2.2 1396.2+9.5 0.16+0.006
6" 5708 303.8£3.2 51.8+1.8 1256.4+8.7 0.19+0.007
7 58+0.8 291.5+£3.2 48.9+1.8 1203.8+8.5 0.20+0.007
8 57x0.7 314.6£3.5 557422 1322.5+9.3 0.18+0.006
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Fig. 3 TG curves of flame retardant PC/ABS composites
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Tab. 4 TG characteristic data of flame retardant PC/ABS composites

Maximum
Sample T,/°C T../°C 75.0 c carbono theory
residue (CRC)/% CRC/%

I 402.94+4.5  443.5+5.2 16.5+0.10 -
3* 402.154.6  448.7£5.4 19.5+0.12 -
5* 405.4+4.5  450.1+5.4 21.2+0.12 20.5+0.12
6" 410.144.3  455.545.3 24.1+0.14 22.5+0.14
7t 4149447 4572455 26.2+0.15 23.5+0.15
8" 4154445  457.6+5.5 24.6+0.13 24.5+0.13

Note: Maximum theory CRC is equal to sum of 3" CRC and mass
fraction of SEP added.

2.3 TQS#= SEP %} PC/ABS 77 5 ML A8 49 % v

FHA% PC/ABS & & MR J1 24 ERE WL 5.
FSATLUIE W AT 17, 376 —40 °C R 11 ity o
(38.7 kI-m )4 T 51.8%, Hifth J7 2 Mg A8 (b R
K, X EZE TSQ A HLAE R FHAA I, A HLEE LS
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Tab.5 Mechanical properties data of flame retardant PC/ABS composites

Notched Izod impact —40 °C Notched Izod

Sample Tensile strength/MPa  Flexural strength/MPa  Flexural modules/MPa strength/(kJ-m ) impact strength/(kJ+m?)
1 65.5¢1.8 83.5+2.5 2430.4+18 82.6+3.2 25.5£1.0
3" 64.7+1.8 83.842.3 2 415.7+18 83.7+3.2 38.7+1.5
5" 66.3£2.0 85.4+£2.8 2450.3£17 81.8£3.0 37.2+1.5
6" 69.5+2.2 87.7+3.0 2 520.5+20 78.242.8 35.11.3
7 70.8+2.2 89.2+3.2 2570.4+19 75.4£2.6 31.4+1.2
8" 69.2+2.1 86.5+£2.8 2 598.6+22 70.3+2.4 27.5£1.0

Pl IS A A T AR AL AT A — R Y
PIMER . 78 3*HF A SEP, & & 44 R By Sz A 58 BE
il 5 Bt SEP B 9 e KRk, 25
R BT 1 A, H VIR R —40 °CH 11 o 0 B T T
%, 3% KR 2 SEP 765 G b Rk Hh 43 Bl i, AT LA
ARG T, B A BREEIEK, ) Z IR, 7]
it SEP 2x 411 il PC/ABS 434k 1) % 2™, filf Wi 4 4
1o, (H A A P RS B A, B2 A R S
s B, s O pp s B R R AR 3 I A BT i
518 5% 1) SEP, & 45 A BHE") [ —40 °CHik I i ik
JE(27.5 kI RARARFRE 25.0 kI/m? A |, Ui A &
AR IR B0 B4, T A AR AR T 77 i 4 i

Zi E AR, A TSQ At SEP & it i) BELAR 1A 2 41
2 B < BHAA PC/ABS & A 41k}, HBH B SF AL
itk UL 94 V-0 (1.5 mm), ERHGPEE E 1
S RE | WP AR B 1 R, w3z TR R
FLAHLETHE 572 , FLOXURTEE 38 SIS AR 4
3 it

(1) TSQ A] LA45 &5 PC/ABS Y BHAATE , 4RIk 5
TR RO i, 24 TSQ it /380N 1% I, =541
B BEAA 25 2 1k 3 UL 94 V-1 2%(2.0 mm), LOI K
29.1%.

(2) TSQ X} PC/ABS 4 it ikt 11 i o B iz
SR RE A g e R RS A R e AN R, (AT LK
LR E A MR —40 °Cllt 11 3R B [ TSQ 1]
PIR = AR T, IR iR R R

()b SEP ¥ i i3, B A AR B AR
[[[z5,-0 55) DN FETA GRS T i s NI e WA N
WP 28 T 18 K, PR S BT R AT, 24 SEP 174 i 1 434K
h 4% I, 525 BRI BEER 34 31 UL 94 V-0 94 (1.5
mm),LOI % 34.5%.
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