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Effects of antimony trioxide substitutes on performances and flame-retardant mechanism of
flame-retardant ABS
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WANG Yan, LI Yaobo,ZHENG Shusong
(North Huajin Chemical Industries Group Corporation, Panjin 124000, China)

Abstract : To mitigate the cost pressure of flame-retardant acrylonitrile-butadiene-styrene copolymer (ABS) caused by the
rising price of antimony trioxide (Sb,0,), Seven Sb,0, substitutes were selected to compound with flame retardant systems such as
bromotriazine (BrN) and Sb,0,, which were then melt-blended and extruded with ABS to produce flame-retardant ABS composites.
The effects of different Sb,0, substitutes on the flow properties, mechanical properties, thermal properties, flame-retardant proper-
ties, weather resistance, and other characteristics of flame-retardant ABS were studied, and their possible flame retardant mecha-
nisms were discussed. The results demonstrate that the flame-retardant ABS prepared by using HJ-01 which is a mixture of modi-
fied talcum powder and silicon-based flame retardants to replace part of Sb,0, has relatively excellent comprehensive performance
compared to conventional bromine-antimony flame-retardant ABS, reaching the UL 94 V-0 with the thickness of 1.5 mm, it also
maintains melt flow rate of 38.7 g/10 min, tensile strength of 43.6 MPa, flexural modulus of 2 350 MPa, and notched impact
strength of 24.3 kJ/m?. The flame-retardant ABS with substitutes still maintains excellent weather resistance. After xenon arc aging
and boiling tests, all performance metrics meet the F1 weather resistance standard, fulfilling the requirements for outdoor applica-
tions. Thermogravimetric analysis, cone calorimetry, and char residue analysis indicate that, compared with the traditional bromine-
antimony flame retardant system, the addition of substitutes changed the combustion behavior, generated more gas-phase products,
and achieved flame retardancy through the gas-phase flame retardant mechanism. More importantly, as Sb,O, prices continue to rise,
the use of HJ-01 reduces the production cost of flame-retardant ABS by over 2 400 RMB per ton, effectively alleviating cost pres-
sures in the industry.
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Tab.1 Formulations of flame retardant ABS (mass fraction)

%

Samples  ABS rﬁﬁi};‘f‘zer BN Sb,0, HI-0I ézxio LC5802 CZ-103M2 ST3218 R\;Il'g; SY-605 gﬁ;":gri't EBS Antioxidant
G 73 6 165 3 0 0 0 0 0 0 0 0.2 1 03
2 73 6 165 15 15 0 0 0 0 0 0 0.2 1 03
3* 73 6 165 15 0 15 0 0 0 0 0 0.2 1 0.3
4 73 6 165 15 0 0 15 0 0 0 0 0.2 1 03
5t 73 6 165 15 0 0 0 15 0 0 0 0.2 1 03
6" 73 6 165 1.5 0 0 0 0 1.5 0 0 0.2 1 0.3
7t 73 6 165 15 0 0 0 0 0 15 0 0.2 1 0.3
g 73 6 165 15 0 0 0 0 0 0 15 0.2 1 03

1.4 miX5 & AE

(1) MFR 32, : 5% F MER {47032, , I3 b
#EH GB/T 3682.1-2018,, ik Z5 144 220 °C, 10 kg

Q)Frfd BRI SR AT 7 BB IS ML GB/T
1040.2-2022 FEA7A, PP R 50 mm/min.

3) A i REIN A R 7 RE IS AL GB/
T 9341-2008 A7l , 13U5# B 4 2 mm/min.

(4)72 M Gl 11 ot s B U < R B A ooy
IRIHLIE GB/T 1843—2008 HEA 7 , MR 455 15
J 23 °C, #i2 B 1SO 2818 1994 KL T 75 v il 45 ik
i 205 ARGk

(5) I RE I L « PRI IR B SR VR TE 4k
BRAL IR I 52 {4 GB/T 1634.2—2019 11, 056 4%
PR AT

(6) LOI I : >R H LOI{¥ 4% GB/T 2406.2-2009
TR, FESR S 80 mmx 10 mmx4 mm.,

(7) T A BEI i « SR FH AR B BRI 3% GB/T
2408-2021 A Tl , A5 RT 4302 127 mmx12.7
mmx3.0 mm 1 127 mmx12.7 mmx1.5 mms,

QYK ZIRL: SRR T BB TR 1K
TR(70+2) °CEAF TR T do KB IRIGLE TG Bkt
RTE23 °C,50% M JE AT T I 7 d, ATk
M

ORI Z AL R G 2 A A e GB/
T 16422.2-2022 4TI, 43 51 0 kT =2 Ak Hig A
1000 hJ5 2%,

(10)E78 FE M < 4% GB 88071988 #EAT M3 ,
% A R T 60°,

(1) 8240052 #% GB/T 7921-2008 BEA Tl

(12) TG 787 : ZER A B T I, i o
5 °C/min, JH& X [8] 4 30~800 °C;

(13) CCT M« >R H CCT AL A7, 4% 1SO
5660-1:2021 FEFTIIR, #4258 35 kW/m®, K
Z5RF 4 100 mmx 100 mmx1.5 mm.

(14) SEM RAE B ik i R 8% 42 )=, R SEM
pUEZSENI2
2 H#HR5FR
2.1 ZF Sb,O, %K% FL¥A ABS M 4 449 % )

32 2 AN Sb,O, B AR X BH AL ABS 14 RE 1 52
M), MR 2 AT LAt 1A (P 0 7 6 BEL AR 711
(I BH AR ABS) Y MFR Jy 41.3 /10 min . F7 {158 i Ky
38.2 MPa WM R K 31% 25 8 4 63.1 MPa,
DAL 2 200 MPa Sl T po R B R 19.6 kI/m’,
PUSTE IR E N 86 °C,LOI N 30.5%., {ERESRIEE Ny
3.0 mm A1 1.5 mm B, T4F 5 % UL 94 BHRR SR 901 e
IRBI V=04, Zi6 P05 BT RE A ) 2= kg
AT LA AR SRR S AR S A 0

2°~8Mfif FH A [A) 5 AR 5 4 50% 1 Sb,O;, FEIA
ABS ) MFR , Jj 24 PERE VST IR B AR AN, 459K
FA REFOIIN T3 sl 2 rErefdiikge. mifdiH
AFEAR P 45 O BHIR ABS B B i X %k,
3'~8"FE i (1 LOL{E W] db FAIR , ZERE 25 )2 854 3.0 mm
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Tab.2 Effect of different Sb,O, substitutes on properties of flame retardant ABS

MFR/ Tensile

Flexural

Notched impact

Load

El i Fl 1 L 94 L9
Samples [g-(10 strength/ atot:]r i::(l/?; strenextE;;/IPa modulus/ strength/(kJ * deformation LOI/% ( 3U0 rim) ( 1U5 rim)
min) '] MPa ’ € MPa m?) temperature/°C ’ ’
¥ 413 382 31 63.1 2200 19.6 86 30.5 V-0 V-0
2* 38.7 43.6 32 63.5 2350 243 86 29.4 V-0 V-0
3* 38.8 40.5 17 63.8 2250 17.0 86 28.6 V-1 V-1
4" 38.0 41.7 24 64.5 2430 23.2 86 27.1 V-1 V-2
5" 41.2 41.3 10 63.0 2300 21.1 85 28.2 V-1 V-1
6" 39.1 37.5 29 63.8 2420 17.8 85 27.5 V-1 V-2
7 40.0 383 20 63.5 2330 16.2 87 28.6 V-1 V-1
8" 39.1 40.2 31 62.2 2270 17.1 86 28.4 V-1 V-1

1.5 mmBt, UL 94 FHIASESARIA R V-0 . 27571
“EVEREFIBH AR BB A5 ., P HI-0 1 B AGR
53 Sb,0, 1 2°FHIA ABS BA B 25 A1k g , HEMFR
“4138.7 g/10 min F7 58 B A 43.6 MPa Wi i %
h 32% . 725 i 3% BE 4 63.5 MPa ., Z5 il B il 2 350
MPa., #ifi 8 5 24.3 kKI/m’ IS I 16 5 K 86 °C,
LOI 4 29.4%, FEFEARRE A 3.0 mm A1 1.5 mm i, UL
94 BHURZEZATY AT LAk B V-0 2% . X Ui AR Y HI-
01 1] LA RORA B34 Sb,0,, 7E AR UEBHARM: AE A 7]
B, [ RHAR ABSATREAT RATAY 1241 fE
2.2 A KAATE B ABS AR 6 T

i T BE A ABS B4 8L 12 B FH 58 AR 2R A 0
8, B BE B 5% 12 2 0 ) 1 K 3 it 4ok 2 RE E R
T, SEE B LR OB R A 5 S S FL bR
#E, BIZE 1000 h kT 2405 , BB AR R R AL T
70% FLBHIA % A4S 5 [A] I 22 70 °Cok 7 d I , 1
AE PR FF AR T 50% HLBHBR S 9 Az, B AT 3 2

SEBR R TR o PR AR 4 HI-01 (1% 2°FH
X ABS M RHIEAT T kT & AL Rk 23R, 25 5%
#3. WNE3IATLLE T, MT &4k 1 000 h 5, 2°FH
WX ABS (1) Fi7 {1 55 B 4 37.8 MPa ., Wi 24 ff K Rl
33% . 25 il 50 £ b 61.8 MPa., 25 i #5 & Ky 2 110
MPa ., it [ wh 7 3 5 o4 20.5 kI/m?® 6P 4 39.1% .
8,254 0.57, FEAEA5JEE 4 3.0 mm FT 1.5 mm B,
UL 94 PR ZE a5 8 V-0 . 1£ 70 °C T , K¢
MARLKZE 7 dJE, 2" R ABS 9 57 11 5 5 O 43.2
MPa Wi 241 50k 34% 25 5 % 62.1 MPa 25
i #55H oh 2 250 MPa . it 11 whods 35 B o 25.5 kI/m?,
HCEJE R 44.2% 6250 0.61  TERE SRR R 3.0
mm FI 1.5 mm B}, UL 94 FH %k 25 2% ¥ 7] 35 3] V-0
oo INDL 25 FnT A, fi A HI-01 /9 27 B
ABS £ Z AL MUK E J5 |, A N M BE (R R R Y AE 45
B VI R P A T8 S G F LA o, (5 AT R4 Y
A 1, T LA AL T A ol SR

R=3 B IKERIG 2SR ABS HIHEEE

Tab.3 Performance of 2* flame retardant ABS before and after aging and boiling in water

Tensile Elongation Flexural Flexural =~ Notched impact UL 94 U L94
Samples strength/ o strength/  modulus/ strength/ Gloss/% AE
MPa at break/% MPa MPa (Jm?) (3.0mm) (1.5 mm)

2* 43.6 32 63.5 235 243 43.6 V-0 V-0

2" after aging 37.8 33 61.8 211 20.5 39.1 0.57 V-0 V-0
(Performance retention rate) (86.7%) (103.1%) (97.3%) (89.8%) (84.4%) (89.7%) ’

2* after boiling 43.2 34 62.1 225 25.5 442 0.61 V-0 Vo0
(Performance retention rate) (99.1%) (106.3%) (97.8%) (95.7%) (104.9%) (101.4%) ’

Note:AE is chromatic aberration.
FEKX ABS 84 3% f8AT g 5-H7

N T ST HI-01 5 1RB6 2 B X BHL
#R ABS ARHAES E MR 20, X4l ABS | JRB6 BHAK
ABS (1) F & A7 2 ACH I BHER ABS (2947 TG #11
DTG I, Z5 SR an el 1 frs A O Wk 4. v LA
KB, 2l ABS OB 4 # 53 fifk il Bk 385.4 °C L i
% ABS BEBLIORER , 78 473.8 °C HY IR FRFR MG | fe K

2.3

R i 8 %R h 2.02%/min, 800 °C I 14 5% 7= A Ny
0.99%" . AR5 BEHAR T 1) 17 B ABS $AF%f#1T
R R W AR A, R b PR L B R 315.2 °C L &2
PR AR AU, 55— PR AR X 07 1 e AR
fif W BE R 363.1 °C, Fe KRR A 2 2 4 0.47%/min;
55 A TR R AR O T IO 114 i RS IR fif 1R 3 P 4l ABSS
[ 473.8 °CFEAK g 440.7 °C , F5z IR i 38 % 1y 4l
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Tab.4 TG and DTG data of flame retardant ABS under nitrogen

Fig. 1

[R, /(% min )[R /(% min"))

Samples T, /°C (T °C) (T°C) W/ %0
ABS 385.4 2.02/473.8 0.99
1 315.2 0.47/363.1 1.12/440.7 6.86
2" 314.8 0.39/337.9 1.08/442.8 5.95

Notes: T, is temperature at 5% mass loss; R is maximum thermal

degradation rate; 7, is temperature at maximum degradation rate; Wy, ..

m

is char yield at 800 °C.
2.4 [H¥K ABS 89 MR AT A AT

&l 2a 1Al 2b 73 5 A BH AR ABS F4) RS il i %
(HRR)FILE IR (THR) 2R, 3 5 S BHHA ABS 119

CCTH¥i . /&l 2 A% 5 I, 4l ABS FY s SR ]
(TTI)y 40.6 s, S BRJ5G ABS BABERIZ1, HRR {1 TH
Hahn, e KRR #E(PHRR) A 1 103.75 kW/m®, 4
Pt TR AU THR 4 68.47 MI/m>, AR5 BELASR 5] 1)
1"BHAA ABS B9 TTI 4555 4 28.4 s, HRR £k = & 0 i
[ K , PHRR A1 THR 43 5] FEAIK oM 493.12 kW/m? il
32.84 MI/m’*, #5410 ABS 43 BIBEAIR T 55.3% F152.0%,
X A 27 #G R Y BELASA R 12 A T B Ak
RO A0 TTL 45 5 Bt 3 Ao A BELR S B 0 o1
ABS WHRBE SN, A OB TRE T S REAIG . m ACRAR
YIHI-01 )5 , HI-01 FNREARRA I EAT PR RIBEIAVEH
{8 2°FH AR ABS 119 TTIE— 2545 5 °M 27.7 s, PHRR HI
THR #— 2 [ M 396.49 kW/m?* F132.09 MI/m?, FH.
BEEREE— R .
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Fig. 2 HRR and THR curves of flame retardant ABS
£S5 FEMABSHICCTHE
Tab.5 CCT data of flame retardant ABS

Samples i PHRR{Z THR/,Z PSZPR,/I TSP/m’ av2— SEél/
/s (kWem™?) (MJ-m™) (m°+s ) (m™-kg™)
ABS  40.6 1103.75 68.47 0.1439 1130.23  302.30
I 28.4  493.12 32.84 0.2743 1730.61 431.65
2f 27.7  396.49 32.09 03209 2157.16 458.84

Notes: TTI is ignition time; PHRR is peak heat release rate; THR is
total heat release; PSPR is maximum smoke production rate; TSP is total

smoke production;av-SEA is average specific extinction area.
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Fig.3 SPR and TSP curves of flame retardant ABS
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Fig. 4 Digital photos and SEM photos of char residues after CCT for
ABS, 1* and 2*
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