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Preparation and properties of thin-wall flame-retardant polycarbonate materials with

low heat release and smoke

JIANG Hui"?, LIU Jie?, ZHANG Lu"?, LI Sanxi' , TANG Tao®, WANG Song™
(1. School of Environmental and Chemical Engineering, Shenyang University of Technology, Shenyang 110870, China;
2. Key Laboratory of Polymer Physics and Chemistry, Institute of Applied Chemistry, Chinese Academy of Sciences,
Changchun 130022, China)

Abstract: The preparation of halogen-free and fluorine-free thin-wall flame-retardant polycarbonate (PC) with low
smoke and heat release was a challenge in the field. Polyborosiloxane (PBS) flame retardant was prepared by
polycondensation reaction between octamethyl cyclotetrasiloxane and boric acid, and then compounded with
boron-phenolic resin (LPR) to prepare PBS-LPR/PC composites. The results show that when the total amount of
PBS and LPR is 10wt% and the mass ratio is 3 : 1, the best flame-retardant effect is shown in PC, the 1.6 mm thick PC
sample can pass UL-94 V-0 rating. Compared with that of pure PC, the peak heat release rate (pHRR), the peak
smoke production rate (pSPR), the total heat release (THR) and the total smoke production (TSP) of sample
reduces by 76%, 64%, 49% and 65%, respectively. The investigation on flame-retardant mechanism show that LPR
decreases the viscosity of PC composites first and then increases, which confirms the generation of cross-linking
reaction. The notched impact strength of 7.5%PBS-2.5%LPR/PC is 2.3 times that of PC, which makes the material
show high toughness.
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Rk lE (PC) 1EN —FhEH Z 1Y TREYERE,
FHEA ¥R R, fhEFIERL R . &9
B SER, BTN TS . BT #A
SR, PC AR B R HAT — 2 i PEAA M, LA PR 4
8% (LOI) 1l ik 26%, H 3.2 mm ¥ i #) UL-94
LA e 3 P 3k 3] V-2 SE %, S i BE A A B T
PLil 3 V-0 5 %% (HAEIR 2 0 FH 40 b, 36 75 2
1.6 mm - % 5T J5E B2 114 i BE 1 5 1) TG b BEA . AE
LA Y PC JG R B 7 v, Rk 2 BELA 0 e
R, TEART 0.1wt% (19 &t T A {5 #L PC 35
B V-0 9, {H B2 i TR R BEL R 1A R X LA fi
BE PC il ik B V-0 P, IR e 25 B 0 O Bl
PEGF . ROREEY, (XA R F RN
TEHLLGY PC B TP ARDIE I, ERRPE A BLEESS
BELAR R0 EL AT e Pk 4 . T B AR P S S A, )T
FTFHRe IR b A B 2008 . ot MESEET,

HHT, ©fF 3¢ T X EE PC BHA A& R 1
IEo RNFTEP R ORI AR AT (KSS). K
HefE B e (SFR) #12K VU 960 & 45 (PTEE) il & PC o
i BEL K T BE B ORE . BRLLS n KSS Al SFR, AN fig 5K
P RERH R, H S REIRE G M BB I 2= PR
KSS F1 SFR 1 &8 A it 43 1 4 0.5 1 #1 0.4 I, 38
it UL-94V-0 4% (1.6 mm), [f] B Hi 11 v 58 3 535
#] 23kJ/m?, Huang % LI 5.7 /) 2 ik & b (PSI).
2 Uy A FURE R £h (PES). 2 173 M3 I W) i (LPR) i1 0.3
B MR (HB) 1F 8 &2 & BHER A &, W] i UL-
94V-0 4% (0.4mm), U {H i ## % (pHRR) #H & T
PCFFEAK T 42.4%. A 155500 L 0.4 £y 4 50T LA
ik B0 BHL 4R 577 (PPEBS) 5 7 17 v 0 + il 4% 19 &2 4 BiL
BRI &, AT LA R 4 0.8 mm ) PC il i UL-
94 i V-0 4%, pHRR H1 302.9 %1k & 256.0 kW/m?,
5 PC 1A 2 1 W 58 B2 55 90 1 o 2 3 B4 Ak
L TG 5 B A 22 7 b B 1t 357 3R B i A 1Y
RO, AT ERPUE IER, EAR Sl B
PEREAR B2, (H 2% ) 2= P RE 1 O 4 15
FHERG W, AR EE, NN sy ik
1) 7 BE BH K PC ¥ A UL SCHR R GE o AR, AL
FEASBHBR R 32 Bk B 2 ) B, & —F HA N
FH B K Jee i s g BELA 391

AR H Z A5 TAE, SRAAH R
FE 480 ot AR R A L T SR B Rk U BE (PBS), WS
2wt% (1) PBS Bl ] fdi 3.2 mm J5 ¥ () PC i@ 3 UL-94
1) V-0 % 2% , LOI 4% = %] 31.2%, pHRR il {H ™

M (pSPR) 43 5 &A% T 63% H1 46%, [ I J1 24k
LR FEM, PBS [ i A B A Si—H B B Ak
AR 5y 5 PC IR R = W) 38 Bk i o M SR, B
TS i PBS A3 TG 2k 1k B T EEAE 0 V-0 4 . A
B AW G Al T LB R R HE R B At A OB
B R R R SR RO R, H sk K
Rm s T HABREGY, AR Z FBRA R ARl
BN, A S EEKE PBS 5 LPR & il 5 T
PBS-LPR/PC & & #1 %L, #F5% T /N [F PBS Fl LPR kb
% PBS-LPR/PCH & M KL Iy 2# 1k fig . BHAAYEREFN
IFE MR A, BT T LB .

1 LB BRAE
1.1 JE##

Xtk B2 B (PC2805, & {4 Ui o 45 %% 10.0g/
10 min) W T 8 [ F /R 4 2= 2\ 5 00 By i B AR
(LPR it iy AR g ) W) e 38 110 O 5= 8 Y A% i 44
HIRAR \H LR DU RE & e (D4, 98.0%) 14T
s R AR A A s = & i W EE (99.5%)
W T BT Sk 2w (P E D SR TG s ik T
J7; ®EER MU £ WK (TEOS) Al £k R (HCl, 36%~38%)
WA TV Bl Bk 2 A B2 A .

1.2 PBS Hy#l#&

i Zhu FFM ST A T PBS, HK 2
R FrR . FE R B A 14.83 g (50 mmol)
D4, 1.04g (5mmol) TEOS, 1mL HCl, 0.773g
(12.5 mmol) #f iz 1 40 mL — 2 — ¥ — F kA 7
TEOS YE N 73 3ty , e R0l IR 5 3R ik A bt S
REWER S PEFET , 70°C B 4h, ZJ5THR
F120°C 4hLE N 2h, VA5 R UE L O 2R
Br LV, BRAR 7 dn £ 0 PBS, 7738 76%.

1.3 PBS-LPR/PC £ & ¥ 8% &

# PC 1 PBS 7£ 100°C A4 4L 44 (DZF-6050, .
X PR ABRTHAEAE) kT 120, SR)ETE
A A2 A (US-70C, B M 7 iR A BR A F]) o
5 LPR 4Rl ILIR , 7E 240°C . 50 r/min $£iE 2 min,
SR I B 55 3 2 5 #1100 r/min 353 5min, B &M
BHTE 240°C F#E 12min, ZFEF I FAE
8min, 75 F|J5 £ L BT 75 B9 A . PBS-LPR/PC
SEAEMBIHARY) TR 1%,

1.4 WiXE5RE

K H KBr JE F ¥, 7F Invenio-R 21 4 6 1% 1%
(3¢ [# Perkin Elmer 2\ 7)) |- i3 48 B mp 21 40 Sl i
4 75 Bl 400~4 000 co ™!, HFE B 128 K, 4> PE
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Fig.1 Synthesis route of polyborosiloxane (PBS)

%1 PBS-HiEEEBIEE (LPR)/ BHERER (PC) E&#RIMIAER
Table1l Composition of PBS-boron-phenolic resin
(LPR)/polycarbonate (PC) composites

Sample PC/wt% PBS/wt% LPR/wt%
PC 100.0 0.0 0.0
10%LPR/PC 90.0 0.0 10.0
2.5%PBS-7.5%LPR/PC 90.0 2.5 7.5
5%PBS-5%LPR/PC 90.0 5.0 5.0
7.5%PBS-2.5%LPR/PC 90.0 7.5 2.5
10%PBS/PC 90.0 10.0 0.0

Facem™, XoyFEEMHEATINR, RS
¥ (TGA/DTG, TA STD Q600, 2 [® Perkin Elmer
), EARARARAT, HERI SR 700C, F+
2R 10°C/min, XA 5L FEAT AR E PRI .
H JL-CZF-5 57 s #8513 AL (R =L it 43 A 4k T2AR
A7) M RE S ) UL-94 T SRR B S g0, R A v
ASTM D3801"%, #£ i K 5} o4 130 mmx13 mmx
1.6 mm, A& A9 LOI 7F HC-2C % 45 ¥ & 1 (75
AT AR TALES ) B T I, I b v
ASTM D2863-09"", #£ & )5} 4 130 mmx6.5 mmx
3.2mm, i H4HEIE & AL (Icone, HRZETH = A K
WAL ERA PR F)) 76 35 KW/m? 10 48 S #0m & F ik
ik, IR AR fE 1SO 5660-1"%,  AF RS
100 mmx100 mmx3 mm. i i #& ke & 58 I FE 1
SR E AR R SR R SR
+ B %% (SEM, ZEISS sigma300, H A F 5
2x4t) WL PC & & MBHIEIE & AL 5 19 5% 7k 0P
M, LT AERE S 2 T S B 4 . SR FH AL AOM
33 - 5 3% {Y (Py-GC/MS, Agilent 5975/CDS 1500,
5 E L FEAR R A R R X PC & A MR AU
SL00 7 ) AT AT o B I AR AR 2L b AT
S4B 550°C, AR MA R ZJa H HP-5 Ak

M (6 E ZHER BB A BR A A 43 B S 4 91 i
ABTEAL . SR H J1-20 id 12 b i L (K A T
FREANAR B H]) M PC & A A RHK A B0 &
BEGR ) ph s, IR PR fE GB/T 1843—2008™,
FE R SF 2 800 mmx 10 mmx4 mm,

2 #RE5TR
2.1 PBS-LPR/PC E &M RIHRIRTE S

i i TGA/DTG Ml X 5¢ T PC. PBS, LPR }%
PCE & MBI A FE M o B 28 A TR AR & Y
TGA Fl DTG M4k, 5 (47 1 #4008 FE (Toe,) <
I KIS IR TE (Tonay) S AE 700°C 1 (1 5% 7% K 5]
TFE2d, WE 2 iR, PBSHY Tsy N 219C, T
1 407°C, 7E 700°C B ER AN 2.8wt%, K ILTE
B ber PBS AR i AN o 5 55 VE F R AR 9 a1 R
LPR 7£ 700°C 1 5% % #5 A] LIk 2 69.7wt%, HEA
e S Y T g AR PR B BY. LPR A4 PR it i A2 43 i
K. AT . TP 3BT B, 150~200°C X [H] 1) i &
R FE R TR REZE N4 5K, 200~500°C
DX R] Féy Jo 2t 400 2R U2 2R BR A 0 3 22 TR A 4 5
7K, @ 500°C X [A] 1 & 451 2K J2 - LPR (W
Gy FRER B, RN TR R TR

PC 1) Tso Fl Tpax 73 991 24 476°C #1 521°C, M
TGA 1 DTG fh& il LLA H, Jin A BB 7 1) PC B
E— 2R T, 10%LPR/PC 1Y Tse, Fl Ty 53 1]
J 452°C Fl1 517°C, 10%LPR/PC %] ih 73 fift 15 B Fl
e K43 il R ) B I IR BE RS B, AT AT 0N i PC
) A gt FE AR HE LA o AE 700°C 1Y 5% A% R PC I
24.0wt% 12 5 ] 28.3wt%, X 7] it & 1 T LPR 1 &
IR F A B B, 10%PBS/PC 1Y Tsg 1 Tipax
A3 9 A 394°C F1 512°C, )6 B B fi A 10wt%PBS
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K2 PC MHEAMEHER AT TGA (a) Ml DTG (b) HiZ%

Fig.2 TGA (a) and DTG (b) curves of PC and its composites under nitrogen atmosphere

%2 PC# PBS-LPR/PC EEMHERSSATH
PISE IR
Table2 Thermal stability data of PC and PBS-LPR/PC
composites in nitrogen atmosphere

Sample T50/ C  Tpmax/'C Residue/wt%
PC 476 521 24.0
PBS 219 407 2.8
LPR 148 573 69.7
10%LPR/PC 452 517 28.3
2.5%PBS-7.5%LPR/PC 445 515 275
5%PBS-5%LPR/PC 408 516 26.4
7.5%PBS-2.5%LPR/PC 378 512 24.3
10%PBS/PC 394 512 244

Notes: T54—5wt% decomposition temperature in the first; 7., —
Maximum decomposition temperature.

fifi PC 2 & M K 43 ff L B2 42 10 . BB % PBS & &=
MY LA K LPR & & B FEAR, PC E G M EHR Ty
H Tax B 2 BLFEAR Y &, 1L 4h, PBS-LPR/PC
A MEHE 700°C B3R 45 PC 241 W W 2 i,
X EFORIEF LPR Y sTHL. 7T LWL, 5] A LPR
BN PBS/PC B %R .
2.2 PBS-LPR/PC £ & #f #} P 1 BE

RHEGE PC S H A A MBI B PE R, XoF H ik

177 UL-94 T B A B Fn LOT M4, 25 R an# 3 iy
/N o PCHJ UL-94 3 B #K b 55 2% -y V-2, LOLNy
27.2%, FRBEI R AERE A T IE R P, BlUmA
10wt%LPR [ LOI X /b 7t #2 /& %] 28.8%, UL-94 i
FLRRRE SR V-2, JRBE R v A Bl 2 T T 0
%o 0 Eh A 10wt%PBS J5 , & A& k% LOI
P2 3 32.9%, Lt IR 10s (S 8E G, A Be AT
B . &3 PC ¥4, (AR be 5 b i i 75 P42
159K 746 . [A A A PBS 1 LPR 5, PBS-LPR/PC
S5 MOBHE) LOI 8 i 1 544 7S i PBS Fl LPR A9+
i, Hod 7.5%PBS-2.5%LPR/PC #f i 1Y LOI 42 & 3|
T 36.1%. % 4b, PBS I LPR [ [r] b 45 50 T BRBEHT
[&] [5] B 40 ) T ¥ 7% , 1.6 mm ¥ 5%PBS-5%LPR/PC
1 7.5%PBS-2.5%LPR/PC ¥ iy il i T UL-94 [ V-0
EFEYH

i HEIE S AN 5T T PC RH A S MR
WRBEPERE, & 3 S PBS-LPR/PC & 4 4R B OB ik
% (HRR). & #4RE & (THR). 48 B ik i 3
(SPR). Mk 4 & (TSP) i i} [a] 25 fb iy ph £k . 5
PC Hf L., 10%PBS/PC & & 1k} 1 5 & B 8] (TTI)

%3 PC # PBS-LPR/PC £ 5 # #IH9HR IR E 541 (LOI) 0 UL-94 HiiE
Table 3 Limiting oxygen index (LOI) and UL-94 data of PC and PBS-LPR/PC composites

UL-94 (1.6 mm)

Sample LOI/%

h/s by/s Dripping Rating
PC 27.2 19.5+2.2 4.6+1.7 Yes V-2
10%LPR/PC 28.8 18.6+16.5 0.9£0.2 Yes V-2
2.5%PBS-7.5%LPR/PC 35.8 27.2£22.1 24.8+21.0 Yes NR
5%PBS-5%LPR/PC 32.1 6.2+4.2 2.6+1.9 No V-0
7.5%PBS-2.5%LPR/PC 36.1 4.9+2.7 1.7x1.1 No V-0
10%PBS/PC 32.9 3.1+1.1 5.6+5.6 Yes V-2

Notes: t;—Self-extinguishing time after the first ignition;,—Self-extinguishing time after the second ignition.
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7 5% PBs-i SOLPR/PC —%— 7.5%PBS-2.5%LPR/PC,
—*—7. . I
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N‘.” NE
E =
= z
5 0.10 - 10 F
0.05 5L
b = ALV IV . | | |
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Time/s

Time/s

&3 HEIE R3] PC Iz PBS-LPR/PC & &M RHIARHGH R (HRR) (a) . SR (THR) (b) . MHREHGHS (SPR) (c) .
AR (TSP) (d) Mk

Fig.3 Heatrelease rate (HRR)(a), total heat release (THR) (b), smoke production rate (SPR) (c), total smoke production (TSP) (d) curves of PC and

PBS-LPR/PC composites obtained by cone calorimeter

M 138s $EHITE 114, 168 PBS WA PC $2i
B, X455 IE e R —3. [F I PBS-
LPR/PC & & B BHY s BA I (] 4% PC 742 %2 . HRR
1 THR J& 52 W K 9 ™ 8 R J5 1 G S =z — P
M Bl 3(a) FE 3(b) AT LLF Hi, PC Ay U {E L4 %
(pHRR) #l THR 43 %] & 590 kW/m?* il 65.9 MJ/m?,
AR AN 10wt% Y LPR 7] fif pHRR il THR T [ 2
218 kW/m? Fil 49.2 MJ/m?, 43 5% PC F& Mk T 63%.
25%, 10%PBS/PC [) pHRR f1 THR & 212 kW/m®
M1 51.8MJ/m®, 435l AR T 64%. 21%. Tfii 2§ PBS
F1 LPR [A] B S i BH K &R 5 o fE =, o
7.5%PBS-2.5%LPR/PC & & #1 ¥} 1) pHRR f KA Ky
139kW/m?, #PC [#{IXT 76%, THR 4 33.4 MJ/m?,
3 PCFEAL T 49%. i B LPR M1 PBS [R] B+ ¥s it X}
PC &5 MHBHW AL A I S i 0 i 4 o

M 4Rl AL, PC Y U AE 77 40 2R (pSPR) il
TSP 43 5 & 0.22 m?/s il 16.8 m*, 10%LPR/PC & &
4 BH pSPR F& A 2 0.10m%/s , i TSP 14 FF I
FHik#) 18.2m?, J K Al {2 i i LPR §: 3 PC %8
A 3G 22, SRTHORLRS B2 OK, SECTSP RS .
10%PBS/PC & & #4 Kl ) pSPR Fl TSP 43 1] [ A% 5
0.07 m?/s F119.7m?, 4 LPR I PBS [&]fffin A PC H,
7.5%PBS-2.5%LPR/PC & & #1 £ 1) pSPR HH i FE A,
M 0.22m?/s T & 3] 0.08 m*/s (% Ik 2 64%), TSP
M 16.8m? T & F 59m* (% ik 24 65%). i W
7.5%PBS-2.5%LPR/PC & & M BHABE G 1358 T R4
M IZ K 2, AT DA i 2 AL s R WIE L, BEE
LPR Y 7S It A 38, 3 T ¢ )23 oA 38 e 45 ) T
SEREEUE , A RONH TG MR o3 il AR B
W T R
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%4 PC X PBS-LPR/PC £ &# B S # MK IR
Table4 Data of cone calorimeter for PC and PBS-LPR/PC composites

Sample TTI/s pHRR/(kW-m™) THR/(MJ-m™) pSPR/(m*s™') TSP/m®* MARHE/(kW-m™) FPI/(m*s-kW™) CHR/wt%
PC 138 590 65.9 0.22 16.8 172 0.223 19.1
10%LPR/PC 115 218 49.2 0.10 18.2 109 0.528 21.6
2.5%PBS-7.5%LPR/PC 129 153 43.1 0.07 10.7 65 0.843 38.1
5%PBS-5%LPR/PC 107 149 40.7 0.08 8.4 67 0.718 32.8
7.5%PBS-2.5%LPR/PC 135 139 33.4 0.08 59 54 0.969 30.0
10%PBS/PC 114 212 51.8 0.07 9.7 93 0.538 18.4

Notes: TTI—Time to ignition; pHRR—Peak heat release rate; THR—Total heat release at 600 s; pSPR—Peak smoke production rate;
TSP—Total smoke production at 600 s; MARHE—Maximum average heat release rate; FPI—Fire performance index; CHR—Char residue.

I R Hy AR i A8 (MARHE) BEA 2. 2T
M2 W PC R TR BE B A URE Y A A e A S
FHPE®, M arhal L F H, PCH MARHE H
172 kW/m’, 10%LPR/PC & & #1 ¥l i) MARHE F# i
# 109 kW/m?, 10%PBS/PC & & ¥ ¥} 1Y) MARHE [%
Ik 3] 93kW/m?, 4 LPR F1 PBS [A] i fin A PC 1,
7.5%PBS-2.5%LPR/PC & & #1 ¥} ) MARHE [ {If. fi;
FA S, M 172kw/m® T R #| 54 kW/m?, TR T
69%. 1 UL, PBS 5 LPR & (&% PC & & 1 Kl P
T TR R AR PRRIRON , BOREE & T AR
KA PERE
2.3 PBS-LPR/PC £ & %1 3} 9 BE KA #L 1 53 47

[ 4 >& PBS-LPR/PC 4 J¥ it #4032 Ji5 5% o 11 4

\_}i'\‘ “Siie &

T o Y,

Bttt

(a2)

100 um

fity & R A1 SEM %R . T LLE Y, PCIRLE S (5%
peid T, SEOREBS . XERNBERY T
AR AEY, S PCHLEM B, iih
MV 10wt%LPR, AJZFLIAEGRK L, X 15
PAL T AL 3 . A 10wt%PBS J5 & 4 b k%
¢ THT 1) LI S5 4 B s/, UREAEN . BETTE
R E RS TRIZWE, MK T PC R A
& PFIAE B /E 27, T PBS-LPR/PC & 4 b4 BHA
Be S5 T L) e 2 R T B0 e, T AR B 4L
TR 454, Jf BN SEM EH& i n] LU H 7 LPR A4
AMBCEENESEH B TAE LPRIIEK R,
Ut B3 LPR XF ¢ Ak 3k B 04 5% mi 4E B AR K . PBS-
LPR/PC & &M BN T JCHa T BB 4 b

100 pm

K14 PC(a). 10%LPR/PC (b). 2.5%PBS-7.5%LPR/PC (c). 5%PBS-5%LPR/PC (d). 7.5%PBS-2.5%LPR/PC (e). 10%PBS/PC (f) & &M MK Bl 5
BRI RS R R SEM IEHE: (((2)~(D)), ((al)~(f1))) 235 A TSR FIN ik 5 SN WUEAR s ((a2)~(f2)) SEM 1%
Fig.4 Digital photos and SEM images of char residues from PC (a), 10%LPR/PC (b), 2.5%PBS-7.5%LPR/PC (c), 5%PBS-5%LPR/PC (d), 7.5%PBS-
2.5%LPR/PC (e), 10%PBS/PC (f) composites after the cone calorimeter: (((a)-(f)), ((a1)-(f1))) Top and side morphologies; ((a2)-(f2)) SEM image
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Fig.5 EDS spectra (a) and FTIR spectra (b) of the char residue for PC and its composites
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Fig. 6 Complex viscosity curves (a) and local magnification (b) at 360-400°C for PC and its composites by temperature-scanning rheology
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7.5%PBS-2.5%LPR/PC Fll 10%PBS/PC 1 550°C 4=,
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& 7 2 PC B HL 52 4 bR 246 77 W0 1) GC K3
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AR AR A, % 550 T PC M HEZ &
L 24 M 7 WG A5 R FD A X & & . 7.5%PBS-
2.5%LPR/PC [ i 7= 1) B Tl 0 R B AT AR 320
W A SR, OB R TR sk e R,
It PBS-LPR/PC & & 1 B Al DL 7E AR S B T SE 3 fH
BRI B B AT AR ORI AR R T E Y

T LRgEE, #2115 T PBS-LPR/PC & & # K
FIBELIABLE], anl&l 8 rn . Z AT X PBS/PC 1A & 1)
IR, PBS #Aff 25 A i g S e Pk SR ik S be
It 5 PC WM = W) A2k, 18 K TP BLUEBE BER
Y TIEE R o 3K T 28 B 25 R () B e e A M JB RS
PRBEH, e AR B 5 SR R )M HLVC R, e
TE 18U K i e 2 E PBS/PC il A LPRJ5, LPR

1CO, H,0 2-on 3 —Cpon 4 o 5 &
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3 \ ol
g 1 ]HOOII 12 -Z\\qj\
o Si
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g 348 |
B | 12 2 5”7 910
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Fig.7 GC spectrogram of PC and its composites mainly

degraded products

—J7 11 B BEAE AE I 0 o B RS, I3 —
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Table5 Composition of the main degradation products from PC and its composites obtained by GC/MS measurements

Number Structure PC/% 10%LPR/PC/% 7.5%PBS-2.5%LPR/PC/% 10%PBS/PC/%

1 CO,, 0,0 0.7 0.6 1.04 0.5

2 @—OH 5.8 3.1 1.26 2.3

3 OOH 56  13.6 11.6 24.6

4 LQ— OH 2.6 5.2 4.1 6.2

OH

5 @\g 36 0 2.6 0.9

7 \>—©—OH 41 107 1.3 3.7

8 +©—OH 17.9 2.0 0 9.3
Monophenolics 40.3 35.2 21.9 47.5

11 HOOH 561  61.1 72.3 31.9

0
6 0.5 3.2 438 6.3
9 OH 28 03 0.4 0.7
oH
10 0.1 0.2 0.2 0.4
o_ ./
12 3 d) 0 0 0.4 5.2
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Fig.8 Schematic illustration for the flame-retardant mechanism of PBS-LPR/PC composites
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UL-94 V-0 %55, i FR 46 % (LOI) ik 36.1%.
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T 49% 1 65%. i KV ¥R iH K (MARHE) F
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Fig. 10 SEM images of notched impact cross section of PC (a), 10%LPR/PC (b), 2.5%PBS-7.5%LPR/PC (c), 5%PBS-5%LPR/PC (d),
7.5%PBS-2.5%LPR/PC (e), 10%PBS/PC (f)
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