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Synergistic flame retardant mechanism of nano SiO, and resorcinol

bis(diphenylphosphate) on polycarbonate-ABS blends

GAO Shun, GUO Zhenghong'
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Abstract: The flame retardant polycarbonate (PC)-acrylonitrile-butadiene-styrene (ABS) blends was prepared by
melt blending with resorcinol bis(diphenylphosphate) (RDP) (mainly based on condensed phase flame retardant
mechanism) and nano SiO, as the synergist. The effects of nano SiO, and RDP on the flame retardancy and combus-
tion behavior of PC-ABS blends were investigated by vertical combustion (UL94) and cone calorimetry (Cone). SEM
was used to observe the micro morphology of burning carbon residue, and EDS was used to analyze the change of
element content on the surface of carbon layer, so as to further explore the synergistic flame retardant mechanism
of nano SiO, and RDP in the condensed phase of PC-ABS. The effects of nano SiO, and RDP on the mechanical pro-
perties of PC-ABS blends and the toughening and compatibilizing effects of methyl methacrylate-butadiene-styrene
(MBS) on the blends were studied by tensile and impact tests. The results show that nano SiO, and RDP can form
Si—O—P compound in the condensed phase, which can enhance the combustion carbon layer, thus improving the
flame retardancy of PC-ABS blends; The impact strength and elongation at break of the PC-ABS blends can be in-
creased with the addition of MBS, but the flame retardancy can be decreased.
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F1 Si0,-BEZE_E-W (ZXREBEE)-PERNGFHRPE-T G- X2K (REEE-RERE-T G- X2 HHLEY)
(SiO,-RDP-MBS/(PC-ABS)) FE#A A &AL LL
Table 1 Formulations of SiO,-resorcinol bis(diphenylphosphate)-methyl methacrylate-butadiene-styrene/(polycarbonate-
acrylonitrile-butadiene-styrene)(SiO,-RDP-MBS/(PC-ABS)) flame retardant blends

wt%

Sample PC ABS RDP Si0, PTFE MBS
10RDP/(PC-ABS) 62.7 26.9 10 — 0.4 —
0.5Si0,-10RDP/(PC-ABS) 62.4 26.7 10 0.5 0.4 —
1Si0,-10RDP/(PC-ABS) 62.0 26.6 10 1 0.4 —
28i0,-10RDP/(PC-ABS) 61.3 26.3 10 2 0.4 —
35i0,-10RDP/(PC-ABS) 60.6 26.0 10 3 0.4 —
4Si0,-10RDP/(PC-ABS) 59.9 25.7 10 4 0.4 —
5Si0,-10RDP/(PC-ABS) 58.9 25.2 10 5 0.4 —
6Si0,-10RDP/(PC-ABS) 58.5 25.1 10 6 0.4 —
78i0,-10RDP/(PC-ABS) 57.8 24.8 10 7 0.4 —
1Si0,/(PC-ABS) 69.0 29.6 — 1 0.4 —
1Si0,-10RDP-5MBS/(PC-ABS) 58.5 25.1 10 1 0.4 5
1Si0,-10RDP-10MBS/(PC-ABS) 55.0 23.6 10 1 0.4 10
1Si0,-10RDP-15MBS/(PC-ABS) 51.5 22.1 10 1 0.4 15
1Si0,-10RDP-20MBS/(PC-ABS) 48.0 20.6 10 1 0.4 20
1Si0,-10RDP-25MBS/(PC-ABS) 44.5 19.1 10 1 0.4 25

Note: PTFE—Polytetrafluoroethylene.

% 2 Si0,-RDP-MBS/(PC-ABS) FE#A & £ HIEE ML (UL94) MIRER
Table 2 Vertical combustion (UL94) results of SiO,-RDP-MBS/(PC-ABS) flame retardant blends

Sample t/s by/s ti+ty/s Dripping UL94
10RDP/(PC-ABS) 12.1 20.3 32.4 N V-1
0.5Si0,-10RDP/(PC-ABS) 21.4 24.5 45.9 N V-1
1Si0,-10RDP/(PC-ABS) 3.1 8.9 12.0 N V-0
28i0,-10RDP/(PC-ABS) 113 314 427 N V-1
3Si0,-10RDP/(PC-ABS) 16.8 26.1 42.9 N V-1
4Si0,-10RDP/(PC-ABS) 25.7 38.7 64.4 N V-1
5Si0,-10RDP/(PC-ABS) >30.0 >60.0 >60.0 Y No-rating
6Si0,-10RDP/(PC-ABS) >30.0 >60.0 >60.0 Y No-rating
7Si0,-10RDP/(PC-ABS) >30.0 >60.0 >60.0 Y No-rating
1Si0,/(PC-ABS) >30.0 >60.0 >60.0 N No-rating
1Si0,-10RDP-5MBS/(PC-ABS) 16.2 245 40.7 N V-1
1Si0,-10RDP-10MBS/(PC-ABS) 31.3 50.4 81.7 N V-2
18i0,-10RDP-15MBS/(PC-ABS) >30.0 >60.0 >60.0 Y No-rating
1Si0,-10RDP-20MBS/(PC-ABS) >30.0 >60.0 >60.0 Y No-rating
1Si0,-10RDP-25MBS/(PC-ABS) >30.0 >60.0 >60.0 Y No-rating

Notes: t;—Self-extinguishing time after the first ignition; #,—Self-extinguishing time after the second ignition;Y—Yes; N—No.
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Fig.1 Heatrelease rate, mass loss, total heat release, total smoke release, smoke production rate, volume fraction of

CO and volume fraction of CO, curves of SiO,-RDP/PC-ABS flame retardant blends
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%3 SiO,-RDP/(PC-ABS) A& & MHER ERNIRER
Table 3 Cone data for SiO,-RDP/(PC-ABS) flame retardant blends

Sample 10RDP/(PC-ABS) 1Si0,-10RDP/(PC-ABS) 1Si0,/(PC-ABS)
Lign/s 41.5+0.5 42.0+1.0 38.5+0.5

[ — 155.05.0 167.542.5 70+0.1
PHRR/(kW-m™) 444.8+22.3 379.145.4 566.1+16.8
THR/(MJ-m ) 68.2+0.4 70.4%1.5 92.0+1.3
AHRR/(KW-m™) 135.9+2.1 142.7+0.6 224.3+2.3
AMLR/(g-s™) 0.060+0.001 0.062+0.002 0.082+0.002
AEHC/(MJ-kg™) 19.9+0.1 20.4+0.6 24.5+0.4
ASEA/(m*kg™) 1 048.1+35.8 1068.0+15.1 838.2+45.4
ACOY/(kg-kg™) 0.14620.001 0.1560.002 0.083+0.001
ACO,Y/(kg-kg™) 1.383+0.001 1.382+0.014 1.738+0.041
TSR/(m*m™) 3592.1+102.9 3682.1+85.3 3156.6+182.8
CHR/% 6.86+0.03 6.94+0.53 5.76+0.98
FGI/(kW-m™2s™) 2.87 2.26 8.09
FPI/(m?s-kW™) 0.093 0.110 0.068

Notes: PHRR—Peak heat release rate; THR—Total heat release at 600 s; AHRR—Average heat release rate; AMLR— Average mass loss rate;

AEHC—Average effective heat of combustion; ASEA—Average specific extinction area; ACOY—Average yield of CO; ACO,Y—Average yield

of CO,; TSR—Total smoke release; CHR—Char residue; FGI—Fire spread index; FPI—Fire performance index; fig,—Time to ignition;

tpurr— Time to PHRR.
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Fig.2 Morphologies of char residues of 100RDP/(PC-ABS)((a)-(c)), 1SiO,-10RDP/(PC-ABS)((d)-(f)) and 1SiO,/(PC-ABS)((g)-(i)) flame retardant blends
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Fig.3 SEM images of char residues of 10RDP/(PC-ABS)(a), 1Si0,-10RDP/(PC-ABS)(b) and 1SiO,/(PC-ABS)(c) flame retardant blends
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Table 4 EDS analysis of char residues of 10RDP/(PC-ABS),
1Si0,-10RDP/(PC-ABS) and 1Si0,/(PC-ABS) flame
retardant blends after Cone tests

Element/at%
Sample

C 0 p Si
1Si0,/(PC-ABS) 83.89 16.09 — 0.03
10RDP/(PC-ABS) 79.44  18.02 254 —

1Si0,-10RDP/(PC-ABS) 54.17  36.71 7.24 1.88

YT K Si0, LR AR, /N, KA
M AR, RBEREAR S UL TR A, i iE R 86
BLZET, T HE D 29 2K Si0, % 18 1Y) 35 35 70 5 B A1

125 5 RDP (1943 i 7= ) & A NG A LSS BR ) 5
SiflOTLEMBEILY, MBS F, T
Si—O—P ZCHK M S 45t B B, B4 A0 1 )2 1 3
HEEAMRER B TEZMPILER, W T
P B BHRA TR B, B T RO Y BEEA
AE. BROEIERIZMIE A, 0 AE I T K2 R
SEME, RIVRERE B [ BELA A I 7

] 4 & 1Si0,-10RDP/(PC-ABS) FHIA & 4 ik e sk
AT P ICE M Si TR M. AIAL, P 5 SiotR
WAL E S A AW A, U] RDP 5 94K Sio, £
SAH 0 Bk BELAAE 2 T PRI ST OB AR R T
Si—O—P ZHE MK 4540, 40K Si0, DL 30 X
FEF oA, 8 e 2 1 5 A5 B e A0 g P
2.4 Si0,-RDP-MBS/(PC-ABS) & & /1 1Ak

[ 5 24 SiO,-RDP-MBS/(PC-ABS) BHEA & 45 (9 11
Pk RE ., % 54 Si0,-RDP-MBS/(PC-ABS) FH #% &
o7 QWU I 9N A N TR s
PEREE . A, A Iwt% 44K Sio, J5, AR
= T RDP/(PC-ABS) & 4 M BH AL %, (H X} Jj 2%
PERE A T ANFIE W, A A B 1w di 5 B
8.6 IJ-m /N K 6.0 KJ-m™>, WW/NT 302%, XIE
M F 40K Si0, b T R IR KB, 5340 A
Fheh )12, RSB I HE T ba, e o
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Fig.4 P distribution(a) and Si distribution(b) of char residues of 1SiO,-
10RDP/(PC-ABS) flame retardant blends
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Fig.5 Mechanical properties of SiO,-RDP-MBS/(PC-ABS) flame

retardant blends

Wi 4R GA B B i 4k 234 i MBS, SiO,-RDP-
MBS/(PC-ABS) FH A A 4 1) v i 5 J32 R W 24 il < R
BN, 3% & BT 2 09 MBS 23 NI ARTE AT i
TR = A0, BN EA & e S, [Ri, MBS
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Table 5 Izodimpactstrength, tensil strength. elongation at break and tensile modulus of
Si0,-RDP-MBS/(PC-ABS) flame retardant blends

Sample Izod impact strength/(k]-m™)  Tensile strength/MPa Elongation at break/% Tensile modulus/MPa
10RDP/(PC-ABS) 8.6x2.4 51.4+2.8 19.2+5.1 838.7+146.2
1Si0,-10RDP/(PC-ABS) 6.0+1.1 50.9+3.7 18.6+3.1 893.2+168.4
1Si0,-10RDP-5MBS/(PC-ABS) 8.1+0.6 47.8+2.4 14.9+3.1 372.2+366.1
1Si0,-10RDP-10MBS/(PC-ABS)  13.1+3.5 39.8+2.9 25.1+6.8 504.1+84.6
1Si0,-10RDP-15MBS/(PC-ABS)  15.4+1.5 36.9+2.9 37.9+5.8 406.2+178.5
1Si0,-10RDP-20MBS/(PC-ABS)  26.8+3.5 32.3+3.3 29.1+4.1 414.9£105.9
1Si0,-10RDP-25MBS/(PC-ABS)  23.1+0.9 27.7£2.6 24.5%8.1 468.1+£149.1

K6 PC-ABS((a). (b)). 10RDP/(PC-ABS)((c). (d)). 1Si0,-10RDP/(PC-ABS) ((e). (f)) Fil 15i0,-10RDP-20MBS/(PC-ABS)
((8). (h)) BHKAA At v Wi TR SEM Bl
Fig.6 SEM images of notched impact cross section of PC-ABS ((a),(b)), 10RDP/(PC-ABS) ((c),(d)), 1Si0,-10RDP/(PC-ABS) ((e),(f)) and
1Si0,-10RDP-20MBS/(PC-ABS) ((g),(h)) flame retardant blends

(PC-ABS) il 18i0,-10RDP-20MBS/(PC-ABS) & 4: 1 i 79 AH B o ) HE BB A SR BR A A R, R R
A Wi A 9 SEM % . &l 6(a)~6(d) AT W, 4l PC-  Jiffkih, wERiA A shadsmBE s/, &l 6(e)
ABS 45 “ME-57 WIMS5H, RDP IMMABER T FIE 6(f) 1] W, 1SiO,-10RDP/(PC-ABS) & 4 14
AEWMBESEN, hTHSWIRR AN RS )2, S Bz AR, X 2R 5 PC-ABS B g 5
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