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Effect of tert-butylated aryl phosphate and carbon microspheres on performance of PC/ABS
LIU Xiaozhong, XU Juan, LI Xiang
(School of Chemical Engineering, Hunan Chemical Vocational Technology College , Zhuzhou 412000, China)

Abstract : To study the effects of tert-butylated aryl phosphate (TBP) and carbon microspheres (CMS) on the performance of
polycarbonate/acrylonitrile-butadiene-styrene plastics (PC/ABS). PC/ABS/TBP/CMS composites were prepared by melting extru-
sion. The flame retardants, thermal properties and physical properties of the composites were analyzed by means of horizontal and
vertical combustion tester, cone calorimeter, thermogravimetric analyzer and universal material tester. The results show that TBP can
improve the flame retardancy of PC/ABS, but reduce the mechanical properties and dimensional stability. When the 12% mass frac-
tion of TBP is added to PC/ABS, the limiting oxygen index (LOI) of PC/ABS/TBP composite is 28.1%, and the flame retardant
reaches V=0 level (3.0 mm), the tensile strength, bending strength, bending modulus and notch impact strength decrease by 19.5%,
16.6%,17.5% and 56.1%, respectively , while horizontal post-mold shrinkage (PMS,)), vertical post-mold shrinkage (PMS,) and melt
flow rate (MFR) increase by 68.9%, 58.1% and 196.1%. With the increase of CMS addition, the flame retardant properties of PC/
ABS/TBP/CMS composites first improve and then deteriorate, the tensile strength, flexural strength and impact strength first
increase and then decrease, and the thermal properties, rigidity and dimensional stability gradually increase. The LOI of PC/ABS/
TBP/5CMS is 33.2%, and the flame retardant reaches V-0 level (2.0 mm). Compared with PC/ABS/TBP, the maximum weight
loss temperature (7', ), tensile strength, flexural strength, flexural modulus and notch impact strength increase by 7.5 °C, 11.7%,
12.2%,14.1% and 26.3%, respectively. While PMS,,PMS, and MF, decrease by 32.0%,26.5% and 19.1%, respectively.

Keywords : polycarbonate/acrylonitrile-butadiene-styrene plastics ; tert-butylated aryl phosphate ; carbon microsphere ;

flame retardant property ; dimensional stability
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H (TG T : TAQS0, £ [H TA LA A 7l 5
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VRIS R . ZRZ 1452, EHT Tl &R
Ge(PENARRAT
1.3 XAER A&

1.3.1 CMS th#| %

W R AR IR R 320 °CHY Hy g g
HEAT T AL B, P HE T AL BR S YRR A IR R N
700 °CHYE X rp kAL 2 b, ¥ 20 i FLAR 1 um Ay
i , 435 CMS™
1.3.2 TR By )

St 1 B LR EE RN TBP BRAE) ,
PRkl & F s iR S LIRS 3 min, 285
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Tab.1 Composition of different sample
%

Sample PC ABS TBP CMS S-2001 Others
PC/ABS 86.5 10 0 0 2 1.5

PC/ABS/TBP 745 10 12 0 2 1.5
PC/ABS/TBP/ICMS 735 10 12 1 2 1.5
PC/ABS/TBP/3CMS 715 10 12 3 2 1.5
PC/ABS/TBP/5CMS  69.5 10 12 5 2 1.5
PC/ABS/TBP/TCMS 67.5 10 12 7 2 1.5

1.4 MX5 k4
M PR 480 F8 i (LOD) I3, « #% GB/T2406—1993 il
€ LOL, £ RS/ 150 mm=12.8 mmx3.0 mm;
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12.8 mmx3.0 mm #1128 mmx12.8 mmx2.0 mm;

TG 4387 Af 1 TG 73 b Rk iy #4K FEIF O, 7
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33.2%, Mt T PC/ABS/TBP 425 1 5.1%,
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Fig. 1 Heat release rate curves of PC/ABS/TBP/CMS composite
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Fig.2 Total heat rate curves of PC/ABS/TBP/CMS composite
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Tab.2 LOI and UL 94 test results of PC/ABS/TBP/CMS composite

Sample 30mm 20mm LOI%
t/s t,/s Melt dripping UL 94 t/s t,/s Melt dripping UL 94

PC/ABS — — Yes — — Yes 23.7
PC/ABS/TBP 4.5 52 No V-0 20.5 — Yes 28.1
PC/ABS/TBP/1CMS 3.5 4.6 No V-0 12.8 15.6 Yes V-2 29.2
PC/ABS/TBP/3CMS 3.6 2.7 No V-0 9.8 15.3 No V-1 30.7
PC/ABS/TBP/5CMS 2.4 2.1 No V-0 3.7 5.5 No V-0 33.2
PC/ABS/TBP/7CMS 3.0 2.7 No V-0 5.7 14.5 No V-1 314

Notes: #, represents the average time of the first combustion; #, represents the average time for the second combustion.
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Tab.3 Cone calorimeter characteristic data of PC/ABS/TBP/CMS

PHRR/ TSR/ THR/ FPl/

Sample  TTUS - im?) (mm?) MIm?) [(sm?)-kW ]

PC/ABS 49 544.6
PC/ABS/
1 .
TBP 5 376.3

PC/ABS/
TBP/ 51 347.6
1CMS

PC/ABS/
TBP/ 52 320.0
3CMS

PC/ABS/
TBP/ 55 293.1 978.6 49.8 0.19
SCMS

PC/ABS/
TBP/ 51 3139
7CMS

PHRR 1 FU{H, FPLER K, A RMIR e Tk S8 SE 81
H I 1 B 2 Fe 3 AT LA Y, TBP AT LA S PC/
ABS BYRRBE R RN AR R B | A RIS R] BTG
KA L 3K F2 KR TBP i A 1A SR A i iR T
BRI A R R B T # ERRTRTRY) , R PC/
ABS KR, 5 1 2 AR BHAA T BE -

£ 3 A[ LA Y, 76 PC/ABS/TBP Hifil A CMS,
Bli%E CMS ARG K, 24 BB FPLAERS RS
JE /I, PHRR, THR F1 TSR 55 8/ 5 48 %, 3 13 B
CMS It A&/, H] LU 250 i PC/ABS/TBP
(YRR TR A= R | B AP TRV, 32 PR 2l CMIS
A3/ INe AT DR G- o0 BAE &2 G M Rk,
T35 THT K, XoT 2R 9t 1 AR 2 B g 1 A R 4 v AR
I 6 0 AR A R BEBR P e 4 = L 1T 21 CMS
SAER A RRE R A B A R LR e AR X
T/, PC/ABS/TBP/SCMS [ TTI Al FPI4H L T PC/
ABS/TBP 43 %13 5 T 7.8% #135.7%, PHRR, THR
F1 TSR 73R 22.1%, 23.9% F126.0% ..
2.2 PC/ABS/TBP/CMS & &-## TG 5 #7

K3 IR 422 S MR TG e FIRRIE £
A LLVE H, #E PC/ABS HILA BT 55341 12% 1 TBP,
PC/ABS/TBP [ i ¢ T IR 3 (T,,) TR, I KRR
Tk B (T,,0) 0 oo T 5% e 6 T i, 3% & R h TBP 5 T
PC/ABS 43 , 777 A 1) 2R Ot o8 2 10 285 FEE ] LA B 5 94
AR ERG Y . 7E PC/ABS/TBP H1 /il A CMS,
BliZs CMS In A SRR3R, A MR T, B AR K,
T, R R e 2 2 i s, X U W] CMIS 7T LU &%
Pt e A s PR M S R Y B AR 0 . D3 A, PC/ABS/
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Fig. 3 TG curves of PC/ABS/TBP/CMS composite
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Tab.4 TG characteristic data of PC/ABS/TBP/CMS composite

700 °C carbon

Sample T,,/°C T../°C residuc/%
PC/ABS 397.1 443.7 17.3
PC/ABS/TBP 362.5 447.1 19.5
PC/ABS/TBP/1CMS 362.8 449.5 21.4
PC/ABS/TBP/3CMS 363.5 452.2 24.4
PC/ABS/TBP/5CMS 363.1 454.6 26.4
PC/ABS/TBP/7CMS 363.8 454.8 27.3

TBP/5CMS (1) T, (454.6 °C)H i T 5% 7% %(26.4%)
#H T PC/ABS/TBP/3CMS #2175 T 2.4 °CH12.0%,
1fii PC/ABS/TBP/7CMS #H [t T PC/ABS/TBP/5CMS
HARE T 0.2 °CH10.9% , b THiE EEAA I, 32K R
CMS AT = 0 80h 7% B, HoAe &2 A Ak 43
PO 25, 78 TR /), X6 SRl gt T2 R 5 B 1 sl 3 1)
PERROR2E , R IAAE T I
2.3 PC/ABS/TBP/CMS H_&-#1#}4h 2214 5k 547

& 4 FE 5 K CMS & & % PC/ABS/TBP/CMS
J1eE R A S W s ey ih 26 18, 3R 5 A E A
BERERY PR s B , AT LR Y A EE T PCY
ABS, PC/ABS/TBP Ry fifi i & 25 ity o B 2 ity 5
PR R RIS o 5 2 5 TR T 19.5%, 16.6%,
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Fig. 4 Effect of CMS content on mechanical properties of PC/ABS/
TBP/CMS composite
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Fig. 5 Effect of CMS content on PMS of PC/ABS/TBP/CMS composite

17.5% H1 56.1%, PMS,,, PMS, Fil MFR 23 %] FF+ T
68.9%,58.1% F1196.1%, iX J& K 7 TBP J& 10 Tk

N TR &, T 2E s B W R R e R
e [ CMS & & i3S K, PC/ABS/TBP/CMS 1
2 i | e G R R T e o i R S KR Uk
/N, PMS,,, PMS, Fil MFR % #fj [ 1% , 1X J2: [K ) CMS
AT LA PC/ABS 73 FHERIFS S0 A ARG R
SPRRE PERTRIE B =, W] CMS 23 BIPE S 5 b L
AT DMEIE I ST, B2 A A REE 77 20 B R M
114 CMS TEE A AR A Rt % PR TR AH
It PC/ABS/TBP, PC/ABS/TBP/5CMS i {1 5 JiF |
5 pHh AP A | R R R 1T e R L T
T 11.7%, 14.1%, 12.2% F1 26.3%, PMS,,, PMS, #l
MFR 43 A8 32.0%, 26.5% F1119.1%.,
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Tab.5 Physical performance data of PC/ABS/TBP/CMS composite

Tensile Flexural elastic Flexural strength/ Notched impact

Sample strength/MPa  modules/MPa MPa : strength/(kJ -pm’z) PMS, /% PMS,/%  MFR/(g*10 min™)
PC/ABS 64.7 2454.7 86.8 85.6 0.74 0.62 7.6
PC/ABS/TBP 52.1 20243 72.4 37.6 1.25 0.98 22.5
PC/ABS/TBP/1CMS 54.2 2078.5 75.4 40.2 1.12 0.92 21.3
PC/ABS/TBP/3CMS 57.5 2166.8 78.3 45.1 0.93 0.80 19.5
PC/ABS/TBP/5CMS 58.2 23104 81.2 47.5 0.85 0.72 18.2
PC/ABS/TBP/7CMS 56.5 2379.7 76.4 43.7 0.79 0.67 17.5

3 Zig 1£1.,2019,48(23):67-68.
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