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HDP/BM compound flame-retardant PC/ABS alloy
LI Xiang, XIE Guirong, HU Cailing
(Hunan Chemical Vocational Technology College,Zhuzhou 412000, China)

Abstract : Using hydroquinone bis(diphenyl phosphate)(HDP) as flame retardant and boehmite(BM) as flame-retardant syner-
gist, polycarbonate/acrylonitrile-butadiene-styrene(PC/ABS)/HDP/BM composites were prepared via melt blending. The flame
retardancy , thermal properties, and mechanical properties of the composites were analyzed using horizontal-vertical burning testers,
cone calorimeters, thermogravimetric analyzers, oxygen index testers, heat deflection temperature testers, and universal material
testing machines. The results indicate that HDP effectively improve the flame retardancy of PC/ABS but negatively impacts its
mechanical properties and heat deflection temperature(HDT). For PC/ABS containing 10%HDP(PC/ABS/10-HDP), the LOI
reaches 27.8%, flame retardant up to UL 94 V-0 grade(3.2 mm), while the tensile strength, flexural strength, flexural modulus,
notched Izod impact strength,and HDT decreased by 20.5%,15.0%,12.2%,41.2%,and 15.9 °C, respectively, compared to pure PC/
ABS. With increasing BM content, the flame retardancy of PC/ABS/10-HDP/BM composites initially is improved and then deterio-
rated, while thermal properties gradually enhanced, and BM improve the mechanical properties of composites. For PC/ABS/10-
HDP with 5% BM (PC/ABS/10-HDP/5-BM), the LOI increase to 32.1%, flame retardant up to UL 94 V-0 grade(1.6 mm).
Compared to PC/ABS/10-HDP, its tensile strength, flexural strength, flexural modulus, HDT, time to ignition, and fire performance
index are increased by 19.3%,13.9%,10.2%,5 °C, 6 s,and 50.0%, respectively, while peak heat release rate, total heat release, and
total smoke release decreased by 21.1%,22.9%,and 35.0%, respectively. HDP exhibits plasticizing effect in PC/ABS, with the melt
mass flow rate of PC/ABS/10-HDP increased by 10.67 g/10 min compared to pure PC/ABS.

Keywords : hydroquinone bis(diphenyl phosphate) ; boehmite ; PC/ABS ; flame retardant property ; mechanical property
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Tab.1 Formulation of different samples
phr
Sample PC ABS HDP BM EMS500 SN3300 Others

PC/ABS 84.2 12 0.3 1.5
PC/ABS/10-HDP 74.2 12 10 2 0.3 1.5
PC/ABS/10-HDP/2-BM 72.2 12 10 2 2 0.3 1.5
PC/ABS/10-HDP/4-BM 70.2 12 10 4 2 0.3 1.5
PC/ABS/10-HDP/5-BM 69.2 12 10 5 2 0.3 1.5
PC/ABS/10-HDP/7-BM 67.2 12 10 7 2 0.3 1.5

3.0 mm;

i GB/T2406—2008 il i LOL, #£ & R 51k 150
mmx12.8 mmx3.0 mm;

i GB/T 1040.1-2018 I iat & A A4 4k g v Ao
6, I 1A RS F7H 3% 5 mm/min;

it GB/T 9341-2008 Wi & & b4 ) 14 25 il 14
fE , LA ST o8 80 mmx= 10 mmx4.0 mm , 25 Jif] 2 %
2 mm/min;

it GB/T 1843-2008 i & A #4 B e 11 ot
VERE , IUERER 5.5 1, B0 AU whilili B 3.5 m/s;

% GB/T 1634.2—2019 i &2 & 4 KL HDT, 1
1474 1.80 MPa;

i GB/T 3682.1-2018 A& & 41 kY MFR, i
k260 °C, ffar A1 2.16 kg.
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B S U WA VA 0K £ MBI (1] W Y ot
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YK, PC/ABS/10-HDP/BM (1) BHAAPE BE &2 30
e EFHE TRERIBIGE, 24 BM U I =53 500 5%
i, PC/ABS/10-HDP/5-BM it LOI{E N 32.1%, B

%2 PC/ABS/HDP/BM & & #1111 LOI 1 UL 94 K £ R
Tab.2 LOI and UL 94 test results of PC/ABS/HDP/BM composites

UL 94
Sample LOI/%
32mm  2.0mm 1.6 mm
PC/ABS — — — 22.5
PC/ABS/10-HDP V-0 — — 27.8
PC/ABS/10-HDP/2-BM V-0 V-1 — 29.1
PC/ABS/10-HDP/4-BM V-0 V-0 V-0 31.5
PC/ABS/10-HDP/5-BM V-0 V-0 V-0 32.1
PC/ABS/10-HDP/7-BM V-0 V-0 V-2 30.6
Note: "—" indicates that the minimum level of this test has not been
reached.
T 2 UL 94 b5 EH 1.6 mm 5L V-0 245K, 2 A
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Fig. 1 Heat release rate curves of PC/ABS/HDP/BM composites
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Fig. 2 Total heat release curves of PC/ABS/HDP/BMcomposites
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Tab.3 Cone calorimeter characteristic data of PC/ABS/HDP/BM

composites
Sample T PHRR,/Z FESR/—z THR{Z IZPI/ -1
kW-m?) (m*m?) (MJ-m?) [(s-m’) kW]
PC/ABS 45 517.0 1953.6 87.7 0.09
PC/ABS/10-
DD 45 3627 14277 629 0.12

Notes: TTI indicates time to ignition; PHRR indicates peak heat
release rate; TSR indicates total smoke release; THR indicates total heat

release; FPI indicates fire performance index.
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(927.9 m*/m?) 73 I F R 21.1%,22.9% F1135.0%.
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% 45 PC/ABS 5 G M BHR TG FRIEEE , &1 3
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444.3 °C,750 °CHE s & 18.5%, 3 LT, X &K
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1) &5 7K 38 2 A A B AR T BOK 280, %A AR i
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AT I B B AR, 5 b R B, 240 7 9 P ) ALO,
FER RN R Y BB 55 2, B8 R T TR VR A A
J2 1) 5 S RN U A T B BRRE D 4R, BT DA T, R
T . $m. 571, 7T, A, PC/ABS/10-HDP/
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Tab.4 TG characteristic data of PC/ABS/HDP/BM composites

Carbon residual

Sample T,/°C T ./°C rate(750 °C)/%
PC/ABS 397.2 441.5 16.3
PC/ABS/10-HDP 375.7 4443 18.5
PC/ABS/10-HDP/2-BM 382.1 448.5 20.4
PC/ABS/10-HDP/4-BM 386.3 451.3 233
PC/ABS/10-HDP/5-BM 391.5 4534 25.1
PC/ABS/10-HDP/7-BM 393.0 457.2 22.3

Notes: T, is initial weight loss temperature; 7, is the maximum

max

weight loss temperature.
BM & &4 EH 750 °CoE ik 2B BM % 13K,/
HIRJG WIS, 3% 5 BMAESE G AR B 0BG
BM F i/, BT R P VR A R ) 2 S
i, B A B R R i R, R WIREAR

% 54 PC/ABS/HDP/BM & 4 %1 #L i HDT Al
MFR %45 . w1 3% 5 0] LLA th, #H X} PC/ABS, PC/
ABS/10-HDP fi HDT (82.5 °C) F & 1 15.9 °C, j% iJ
AEsZ o0 HDP SRR Y, A G4 1 2 Gk
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Fig.3 TG curves of PC/ABS/HDP/BM composites
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FH, T BM Xt PC/ABS 43 F-% 11z sh A I HI/ER , BF
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B AR FR ) MFRIZ WAL, 3% 5 5 4 BFHDT 2
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Tab.5 HDT and MFR data of PC/ABS/HDP/BM composites

Sample HDT/°C MFR/[g* (10 min) ']
PC/ABS 98.4 3.85
PC/ABS/10-HDP 82.5 14.52
PC/ABS/10-HDP/2-BM 84.1 13.75
PC/ABS/10-HDP/4-BM 86.4 12.23
PC/ABS/10-HDP/5-BM 87.5 11.84
PC/ABS/10-HDP/7-BM 89.1 11.08

HDP (1) $57 15 FF (45.7 MPa) . 25 il 3% Ji (74.2 MPa).,
5 AT (2 126 MPa) MR (1 wh o5 ) (44.3 kJ/m’) 73
SR T 20.5%, 15.0%, 12.2% H1 41.2%, X 1] fE &
T HDP SN2, H 5 PC/ABS JEARFHZ A
B, T A BN 1248 TR, tb4h, HDP 1E
AR A2 A PR ERPERD I, W s s | 2 1T
S8 i A B K. PC/ABS/10-HDP/BM & 4 #1
REAR LRSS i 58 B B 5 BM 25 B A3 K, et K
JE B 1R PR AR A ) BM AT LAST O B A b
A B 3 0 ™ TR BMZEE A AR
TSR, N EEACE TR 5350, BMAES Gk
Hixt PC/ABS 43 1 sl A RS8R T, BRI 2
JRE T R MIPERS K™, B ARG BM & = i3k,
PC/ABS/10-HDP/BM & & #4 #} 1) 25 il A% & 248 ¥ |
T, ke F1 e 5 BE 2T R [ . PC/ABS/10-HDP/5-
BM [ $7 55 B (54.5 MPa) 25 {3 [ (84.5 MPa) Al
25 AR (2 342 MPa) A X} PC/ABS/10-HDP 43 1| #
519.3%,13.9% F110.2%.

%6 PC/ABS/HDP/BM £ &1 # 1 RE#IR
Tab. 6 Mechanical properties data of PC/ABS/HDP/BM composites

Sample Tensile strength/MPa  Flexural strength/MPa  Flexural modules/MPa  Notched izod impact strength/(kJ+m?)
PC/ABS 57.5 87.3 2421 75.4
PC/ABS/10-HDP 45.7 74.2 2126 443
PC/ABS/10-HDP/2-BM 47.2 77.5 2189 435
PC/ABS/10-HDP/4-BM 52.1 82.1 2276 41.2
PC/ABS/10-HDP/5-BM 54.5 84.5 2342 40.4
PC/ABS/10-HDP/7-BM 52.7 81.7 2394 37.1

3 Hig

(1) % Jin 10% HDP fiff PC/ABS (%) LOI 42 F+ &
27.8% 38 i UL 94 V-0(3.2 mm)%% . 7 PC/ABS/
10-HDP H A A 5% 1) BM, & & #4181 LOL{E i —
HARTEE 32.1% HiA3 UL 94 V-0(1.6 mm)Z% , HDP
1 BM 1993 [ 4 i 8 PHRR, THR & TSR 43 51l B A%
21.1%,22.9% F135.0%, TTI 5 FPI B &4 5 .

(2) HDP 230 PC/ABS [ T, F#A1%, il sk me
T+22 18.5% , A BRI T HAI e 73 U B AR S 5

i i PC/ABS Wi /K il i . BM B9 A, fifi PC/ABS/
10-HDP/BM & & AR T, 01 T, BE TS I 38 i iz
A Th s R % 52 BM Zr e, {5 & & BM
W) A E S A R LG T 8
i BM A RFR AR T %

(3) HDP [ 14 ¥ {& F fii PC/ABS/10-HDP (¥
HDT BEAR, P A 25 i o B A aife 11 o o B2 43
F% 20.5%, 15.0% 1 41.2%. BM A4 % B iR 235 #4 R il
oy FEEz ), SETHARHRITE B0 5% 1 BM i HDT
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