i I i i 2020 4E 1 A

Iy

. 64 o

5 AU M B BEL R MR 5%

BOENEE AV R R K B
(1. BEHBRXFELAAFE IRFR, B 710054; 2. BEAHEKF BB ER KX REL B
TEERE,HE 7100545 3. BN E A LAHMAA RS, &M 516000)

PR Dy ik — 20 52 T REAR B (SRO B4 FELAA A BE L M) T Ak o A8 J0K 500 0 £ oAy (S HEAT 2R T 5 e, LA P Ji5 B SF
S BHLARF L 4t SR RS . T R B (SEMD X RCHE G S SE 3R 1 B S0 AT R AE 3 4 A PR A 2K
(LOD K2 B0 3 L 4B B AL (CCD) A0 %5 B2 (SDT) 55 F B 58 SR & & b k) % PEBE L BELMA P R
Mk BE . DFFT R B I0AH R BT & 1Y SF M Btk SF I, & 2tk SF 9 SR J1 2Pk RE W AR T, Hob, & 21 4 (wo
otk SF/SR E & MR I J1 % A PE R LR & iR i . 520 SR AHLL . B SF/SR £ &M EHY LOT 1IN T 15% . #4
TR T R W AEL AR 86 00, K IO TR B AR T 58 04 - B I 8 BE A 4304

KEEW IR wEGOR s BLMRIERE s MUMEYERE: 1o tkae

A B2 40 AT HLRER BT B3 AR AL A 7= DK L B & B R B 12 26 e iy =l . i 37 b
BT ARZEER I (SR . T SR EA R HOH R AR AR 3R 0 S s ZE A2 R L e L LA
HF AR B T TZ RN Y Y . H SR A FEER A KR C A HL AR B HAT Al R 3 0k S
Srphbe T BRI T HLoAE R AT A B 0 IR L B SR A B Mt AR A5 O E

7E H AT A B SR 5T Hh L 38 RS i 45 R BELR 00 DAGK B BEER H Y, Hop SF R SRR e TR 5
Y HR B A S A SRR E . Fang 265 DUBR IR SR ML BE K A 90 (MHSHD #4250 B i 45 T 6 i
BHAE SR & A A1k, 2 B MHSH 250 W AR R i R TR0 K 28 3 T8 LR iR BE A 0 B J2 . A R4 3 SR
AR BBAPERE . Januszewski 45 (i FH 5 b S [7] 45 F B4 T 2 B IR 6 1) 48 18 S () 2 B¢ 4 2 01 00 % 7
BEHIA SRLIHE T SR BLAMERE S 25 Z MM SE R . VR0 LT SRR 2ok, LA SE W A 8y 351
FEF AT B AR R RS R 45 L A5 A R LA T A TR R L 48 P S . AR FE SR
i SF. & LR RHIR B I 72 A i o L AT BHL Ik KO Ak S s G, FE R S R O 20 S REAR G L
BB R BEREI L2, 4- T G AU R T R AEUbE AR AR RN SE S A B A M R A (AR I R .

SF B SRBHBAPE REAL 5 . F 55050 38 Wy [0 0 5L 1 O A7 A 25 5, MRS PR 22 L Mk DA A0 4™ . IRk, X
SF {6 JFH AR 6500 0 47 2 1 e vk P AR v e 5 JE AR I A 8 1k, — 8 R LB 3% T SR WY S1 24 ke . ARBIESE
TRIE T W et SF AR BEBAAS Insal s in 2 SR 5, SR 1Y BRI 47 78 BE

1 3o

1.1 E#R

FBL 2 M R RERR IR (110 JBe, 5 TNOF ., B BE 10000mPass) |7 4 8 597 61 RHE B S W) 5 ik ok (R
5 an06, A ALE AR 98. 5% B 2. 65g/cm®) . 1000 H 3% 7 HE 22 TR FE LA FRA B 5 20 58 = B 4 L mk
Bt (85 CG-V171, & & 9820 . % B 0. 97g/cm®) . )7 INACHE AL T4 BRA &) 75 B A —#E Al ke (HMDS,
B 0. 774g/em®) A3 AT 4l 1T fE AT MR B AT FR A FD 5 40 A AR ), W 3000ppm, % BE 0. 97g/

10.14028/j. cnki. 1003-3726. 2020. 01. 007

I #5:2019-04-11; 18 E :2019-10-09;

BELWH - BERXARR=EL T ST HE (5177041548) ;

EE B AP A1970-), B i+ B2, BH KL R A, FENFIE R EGIRHIS SEARNIR S50 ;
TEWEER AN P Q9705 5L WU RAT N HE AR S 00, E-mail: dengj518@ xust. edu. cn.



4 T W R < 65 .

Iy

%13

em®) , LT A VAR R BB AT BR 28 A s & Ak, (1855 MHX-1107, & &0 1.55%0) , ) M T R Ik A
PURE JFURLA FRZS 7] 5 2B FEIR O BE , (525 PCO0685) , 2 #ral, | IR 25 A= Rk A BR A #
1.2 UFE5E&EHE

S RAT B A FEAL (XTB-5 AL 4 L1 i 4 4R T AL AR 152 25 A PR 28 W) 5 il R AL (SP-WI-FA-013 A, % fin
B HLEE RS A BRA 7 4 i T B3 (FET QUANTA FEGA450 %), bt 57 J5 ¥ @R A BR 2 W) 5 1 7 4ir
F1R B AL (Z005 B , i A M A 25 A7 BR 2> 7] 5 S0HE 800 /2 A (JF-3 ), B 5t Tl L 77 XA A 5 A 40 2
BERRBE IS AL (JCY-2 B, g 50 i VL T XA AL s 08 2 UL (EL3020 B , B3 gk be e A A IR )
K- AR BRI AL (AGS100A B | B I T 22 M0 I3k 35 45 A7 BR 23 7]
1.3 SF B3

PREUE BB £ M 2 = W A Rk SN W 2 Rk R B B N — E MR R B K A W, E ek
2. 5kg FEROMYF IR 1:1:0. 5 HeB AR /N BF— W 23 = 0oin AT B S REHL, B 2 B A 1/3 Bt & 47 1Y B3
IR B S TE R 130°C VLA FlK 20 F i s FE 120min, B R AR S0 A7 0, B A5 2 T o501k MRS
1.4 [EBX SR MHI&

W Zead R kR SF 5 110 B 3 2% 3 SR LL W3R 1 B ) B T B BB 40, U8 I ot = 50 B0k
0. 005 %0 B 4114 fE AL 77 0. 08 %6 ) 1000mPa=s 2 & Ak 0. 02%0 1Y 20~30mPass & & ikl .0. 0003 %6 I il
F . BOE AORFE T 20 X120 X 2mm® RS E T, 2 J5 4 135°C , K J7 1800Pa 544 T o i 31 & AL i & %
b 15 434 HEA FR s D3 75 R

Fz1 MHECLE
Table 1 Material ratio

A Btk SF B or ¥/ 4 SR i 50/ %
SR 0 100

SR-1 7 93

SR-2 21 79

SR-3 35 65

SR-4 49 51

1.5 fEgEdhK

FH L F 0BT (SEMD IR K4 GB/T 19267. 6, MK TR 30k V,

Fir Ao BE L KA GB/T 528-2009 , MR #E %624 300mm / min , H7 144 B8 1 55 10 RF A W 48 R 3R

Wr 258 B2 I AR 3 GB/T 528-2009 , X 3 %< Jy 300mm / min , Wr 224 5ik 2 1A g WE 2RI

e FR R 2 (LOD AR S GB/T 2406. 2-2009 , LKL SR F A 100mm X 10mm X 2mm ,

A %% BE L (SDT) AR HiE GB/T 8323. 2-2008 , WA fib )R SF 28 75mm X 75mm X 2mm , FUE 5 T 5y
25kWem”,

HEIE i #A (CCTD) ARYE GB/T 16172-2007 , KA i R SF 28 100mm X 100mm X 2mm , #4R 5 2 8%
P 35kWem”,

JKF-HE B BE AR PEFRTE GB/T 2408-2008 i AE R ~F 28 100mm X 13mm X 2mm,

2 #R53®

2.1 BRI/ SF REFIR
@it SEM S VERT)S SF MEm SR, i 1O A&, RcPE SF it st KB M4
B, N (b) AT & W ket SF B 2 1m0 A BT el Ak, i BLAr 8038 20 3R B4 A Br ol s R 80 (B 57 X SF &

10. 14028/j. cnki. 1003-3726. 2020. 01. 007



. 66 - i I i1} i 2020 4£ 1 A

Iy

T JE S50 AT 5 1) oA R ASCR,

(a)

Bl 1 RektE SF) MEtE SFCh) 34 58 &
Figure 1 SEM images of unmodified SF (a) and modified SF (b)
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Figure 2 Tensile strength (a) and elongation at break (b) of SF/SR composites before and after modification
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Table 2 LOI and UL94 test results of fire-retardant silicone rubber
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Figure 4 Fire retardant silicone rubber HRR diagram
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Figure 5 THR diagram of flame retardant SR
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Figure 6 Flame retardant silicone rubber FPI and FGI diagram
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Figure 7 Mass loss graph
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Figure 8 Photograph of fire-retardant silicone rubber cinder
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Figure 9 Flame retardant silicone rubber SPR diagram
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Figure 10 Flame retardant silicone rubber MSD and SDR chart
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Study on Flame Retardant and Smoke Suppression Properties of
Silicone Rubber Containing Modified Silica Powder

DENG Jun'*", YAN Yu'?, KANG Fu-ru'?*, WU Chang-lin’, ZHANG Ci'**
(1. College of Safety Science and Engineering , Xi’an University of Science and Technology . Xi’an 710054, China ;
2. Shaanxi Key Laboratory of Prevention and Control of Coal Fire, Xi’an University of Science and Technology s
Xi’an 710054, China; 3. Huizhou Salirone New Material Co. Ltd s Huizhou 516000, China)

Abstract: In order to further improve the flame retardant performance of silicone rubber (SR), the surface modification
of silicon powder (SF) was carried out with silane coupling agent. The surface morphology of SR composite was
characterized by scanning electron microscope (SEM). The mechanical properties, flame retardant properties and smoke
suppression properties of SR composite were studied by LLOI, horizontal and vertical test, cone calorimeter (CCT), smoke
density test (SDT) and other means. The results showed that the mechanical properties of SR with modified SF were
significantly improved when the same quality SF or modified SF was added. Among them, 21% (wt) modified SF/SR
composite has the best mechanical and flame retardant properties. Compared with pure SR, the LOI of modified SF/SR
composite increased by 15% , pHRR decreased by 86 % , the fire growth index decreased by 58% , and the maximum smoke
density decreased by 43%.

Key words: Silicone rubber; Silica powder; Flame retardant; Smoke suppression; Mechanical properties
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