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Effect of graphene-modified silica filler on the properties of natural rubber

GUO Jingze', TAN Shuangmei', LI Yutong', LIU Zhihua', LI Song',
XIN Zhenxiang', ZHAO Shuai'?, LI Lin'"

(1. School of Polymer Science and Engineering, Qingdao University of Science and Technology, Qingdao 266042, China;
2. Jianxin Zhao's Technology Co., Ltd., Ningbo 315600, China)

Abstract : Silica (mainly comprising nano-SiO, ) is widely used in rubber reinforcement owing to its advantages of easy
preparation and environmental protection. However, owing to its structural characteristics, silica has poorer dispersion and
reinforcement ability than carbon black. The purpose of this paper is to present a proposal to improve the dispersion of
silica in rubber using a silane coupling agent and to study the effect of synergistic reinforcement of modified silica and
graphene on natural rubber. The hybrid filler KS-TGE was obtained through a Michael addition reaction between graphene
modified by dispersant tannic acid and silica ( KS) modified by the silane coupling agent KH570. Subsequently, the
KS-TGE/NR composites were prepared by mixing KS-TGE with natural rubber. Test results showed that the modified silica
improves the dispersion in rubber and the mechanical properties of natural rubber after blending with the hybrid filler
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prepared using graphene and natural rubber. Compared with unmodified nano-SiO,/NR, the tensile strength of the

modified composites increased by 36.3% and the elongation at break increased by 79.5%. In addition, KS-TGE/NR can
maintain excellent elastic and dynamic mechanical properties.
Key words : silica; graphene; natural rubber; silane coupling agent; hybrid filler; mechanical properties
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Fig.1 Synthesis mechanism of KS-TGE/NR composites
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RIRGIE W5 SMR20, fH AR 573k (75 5 ) #5 cA BRAS Rl 4t /1 380 fr 55 7S o0 | (R M) AR BHEE AT IR
A D) $R40E R B S ZQ336, FRARII DS AL TS A5 RS R4 IL ; Bh A0 BUR) TA VSR EE (Zn0) B
HETR GG  N-FRC -2 M R IR (CZ) .2, 2- 3T Ems — Ak (DM) ¥k i Tk 2%

1.2 EA

NR 100 3, 1% 20 £, TGE 4337 1.,0.4 173 BERERR 3 17, SAALEE 5 13, Bl 277 4010NA 3 3 i e 2.8 14,

{2355 DM 0.1 £, {2357 CZ 1.4 fy ABEKF] KH570 23008 0.1.2 .3 173,

#1 SRR
Table 1 Experimental formula AL A
BeJr
I
NR ek KHS70 TGE AR Zn0 B 4010NA  Fifif DM Cz
nano-Si0,/NR 100 20 0 0.0 3.0 5.0 3.0 2.8 0.1 1.4
KS-TGE/NR-0-1 100 20 0 1.0 3.0 5.0 3.0 2.8 0.1 1.4
KS-TGE/NR-1-1 100 20 1 1.0 3.0 5.0 3.0 2.8 0.1 1.4
KS-TGE/NR-2-1 100 20 2 1.0 3.0 5.0 3.0 2.8 0.1 1.4
KS-TGE/NR-3-1 100 20 3 1.0 3.0 5.0 3.0 2.8 0.1 1.4
KS-TGE/NR-0-0.4 100 20 0 0.4 3.0 5.0 3.0 2.8 0.1 1.4
KS-TGE/NR-1-0.4 100 20 1 0.4 3.0 5.0 3.0 2.8 0.1 1.4
KS-TGE/NR-2-0.4 100 20 2 0.4 3.0 5.0 3.0 2.8 0.1 1.4

KS-TGE/NR-3-0.4 100 20 3 0.4 3.0 5.0 3.0 2.8 0.1 1.4
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FEHK Si0, 745 A U,

F KH570 5942k Si0, #: 1 7A m LUl R A, 58 A 7] 19 KHS70 X Sio, By , 555 KH570 544
K Si0, i ol 0:20,1:20,2:20 F1 3:20, A3 A0 & HE IV 2 60 i80FE  JLHIAE 8 4, & 26, R TRl 57 &L i
KH570 43 BIA I EI B A R AR (5 1 mL 8K 10 mL Z8) (4 4 SBdrH 7 Z IR T4 5 000 v/min
JEZIBEFE 30 min, fiH K AKBIY . SRIG B SR AIAK Si0,(20 o) RIS 4 ANBebR | 3 i 5 5 £
3 h( R 60 °C %433 5 000 r/min) . B, Bro KHS70 Btk Ja iIANK Si0, 1 S BERE 3 WK, BEJG A ES DL
Hr LA 8 000 r/min .0 6 min, HUH 5445 B0 H A8 R A B2 BEAE P 78 60 CIR ST T-4848 h, 153k
P Si0, . MR KH570 FE A A, 2354 Hac/fE KS0 KS1 KS2 KS3,
.42 Shieibn BH a5 %

e, PRI 10 ¢ A1 880 R 5 30 mL BB T IR TA (BTt Bk 0.03 g/ml) F [FIAS N B A5 /K3 T 11 e
P FE ARG o SRR B WK A B 30 min , A58 )h TA TifgfbA %46 (TGE) ¥
HAr A 8 4L, Hor 4 44354 1 43 TGE, 75 4h 4 A58 0.4 ) TGE,
1.4.3  Si0, -G BH 2 AL HRH6G 4] &

435K KSO KS1 . KS2 KS3 Sl A AR 401 TGE ¥ b, 2ad 1 h fRIZIHERE (5 000 v/min) J& , FiL
ABOHLFE L, B G TR OB A B2 AR, 45 60 °C F T8 48 h #5381 Ay Zx L B0k, v 44k
KS-TGE, I 424 TGE F1 KH570 ¥ INEC LA ] B 0k R 8 3.
1.5 S&#EHERENIR

(1) AU 37 IR GB/T 6030—2006% 5% 1 91001 SR 7% S4Bl A 2 ¢ SR A3 1%, 26 [ TA [ 7%
ONE AR A D IR TR S mm X 5 mm,

(2) PLARBIRIE E A S W2 K 4 IR E bR GB/T 528—2009" % I [ Zwick 2% F] A2 77 19 J1 REHF
RHRIS LA I MR B hr Ao B ey g Wi 32 R B S =, IAE R4 500 mm/min,

(3) IHUE . 45 ] GB/T 1681—2009" , R i Hh [ 5 15 i R AN AR AN BN ] A2 77 19 GT-7042- RE AUAR
Jig A O LA T I

(4) BT 5ERA ( Akron ) BEHE . 35 8 GB/T 1689—2014"" R Bk 45 BRAA F1AE 7= GT-7012-A FUBA] 5 e i
EERIGALHEA T, AR (mm) = (R AR+ 2R R R ) x3.14( D+2h ) 7 mm, 56 /% 4 (12.7+£0.2) mm,
JERE H9(3.240.2) mm,

(5) BB 1 2E R . (8 FH Q800 74 Zh A ALK 4> T A ( DMA ) XHR R e i 4 T P AR 3k, 03
S ARREIE R 2 mm , R BE Y B -60~ 80 °C, FHELE R Ky 3 °C/min SR 10 Hz,#35] E' E"Fll tan § 5
TR AL
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FEAHR S5 5 A, KS-TGE/NR-3-1 5 K 8 il KH570 f) KS-TGE/NR-0-1 4 L, HAH5RE | 100% 5E il
1 .300% 5E 18 1 .500% 5E 88 S1 53 BT T 31.1% 21.4% 44.7% 26.8% , H: 300% & i )3 J1 B 2 T+
RS R . (HBEE KHS570 78 N6 23 fin , Wr i 2 S 005 B IS T REREEH b ax Se i 4 my J5 R 3
SR MR IS A B0 5 AL S 0 R RAR EL SRR 5 A A RN 1 SR 2 2 A B MES R i TR A
K Si0, (SR B T P RO 0 43 P e AU 5 AR B AR 2 A5 B ek | SRR 04 43 (B 4
pab: L SN =S R A DR A 1Y d i

FORAETRIN 0.4 13 A1 5205 19 KS-TGE/NR & &M Bk 50 3 £ KH570 (%) KS-TGE/NR-3-0.4 5K 70
KH570 11y KS-TGE/NR-0-0.4 #H Lt , L5 EE | 100% & fift i 77, 300% & fifi i J7 , 500% =& fifi 1z A3 43 i $& 1
3.3% 0% \15.9% 5.3% , Wi 24 R [FAE 2 58 EAHE T RS, 24 TGE &K 0.4 By, i T 8546
ARG, Z A RN 10095 (1R 11 300% & M1V 17 .500% &R 1 B TE 0 1 0047 8B4 KS-TGE/NR &
AL (HRLHSR B FLER N 1 4 TGE () KS-TGE/NR & &40 ks, I B 4 KR ¥ 5 F i m 1 4y TGE 1
KS-TGE/NR & A bHRL, 302 A KARBIAT A E AN, 24 KHS570 FH AR X 4 i S A0 43 H0 1 Bl I A
LRI BRSSO AR A AR R B A1 2 | 55 6 Rk TP AR 1 43145 o 48 G
g3 TR S ECRLARR RE B 5 5 UK o SRR T b AR A MR B T R R AR L SRR R TR N
Ly 2500 0.4 43 TGE MG AR, 24 KH570 LA 3 i), W2 SR BEAIG 33002 BRI oy KHS70 Bt
Z 5 , oK Si0, & AR FIBRAEAR I I 43 PR S 25 HMRAUCR T I

# 2 KS-TGE/NR E &M B H R fE
Table 2 Physical properties of KS-TGE/NR composites
ARG BE/ 100% 5% fif 300% 5 fif 500% 5E i W TR

R MPa 1 41/ MPa i 41/ MPa i 41/ MPa /9, /N B 75
KS-TGE/NR-0-1 21.20 1.40 4.70 15.30 585.78 209.20 79.70
KS-TGE/NR-1-1 22.40 1.50 5.70 17.50 570.37 183.50 79.40
KS-TGE/NR-2-1 27.20 1.70 5.60 16.60 630.49 222.70 76.40
KS-TGE/NR-3-1 27.80 1.70 6.80 19.40 590.37 220.00 77.90

KS-TGE/NR-0-0.4 26.80 1.40 4.40 15.00 621.81 220.10 80.30
KS-TGE/NR-1-0.4 28.90 1.40 4.60 14.80 627.97 234.70 80.00
KS-TGE/NR-2-0.4 27.20 1.40 4.90 14.30 665.33 220.10 79.40
KS-TGE/NR-3-0.4 27.70 1.40 5.10 15.80 634.01 223.10 79.40
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1By TGE I 11 2% BB 3 B  fk R SR KHST0 HY Ve« TSI A AL AR 2 A 4R 3
VRIS NGB RSN TR BeME R NR R 1 B 12 KS-TGE/NR B brasiy ol 3t

KH57O Hj%i@%%{j:ﬁﬁ‘%/]\ﬂﬂ 8‘5 }_Lm , Eﬁﬂg% Flg.2 Rebound of KS-TGE/NR composites
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I, E R TR R BZ G K, R ZE Y KHS570 N A id 2, 3 7E40°K Si0, b 3R P
Z b B A U, 30 KHST0 MRS 25 & SR Ak Sio, R ) 7= A R
I 1 BT H R AR R HG K

H:(a) (b) () .(d) VRN T B} TGE M9IREE; (e) ((£) () «(h) RN 0.4 3 TGE Rk,
13 KS-TGE/NR & &A1k 5 B 1 43 B il
Fig.3 The dispersion of silica in KS-TGE/NR composites
3 AR AR R RS R U

Table 3 Aggregate size and dispersion of silica in composite materials

A SRR RS/ S %
KS-TGE/NR-0-1 9.3 95.5
KS-TGE/NR-1-1 8.5 92.0
KS-TGE/NR-2-1 9.4 93.9
KS-TGE/NR-3-1 10.0 90.9

KS-TGE/NR-0-0.4 10.6 95.6
KS-TGE/NR-1-0.4 11.3 96.9
KS-TGE/NR-2-0.4 11.4 92.9
KS-TGE/NR-3-0.4 10.7 93.1

nano-Si0,/NR 13.6 96.9

(EHAHE B BINA TGE M EURIR], KS-TGE/NR & A M4k 75 B 1 SRS IR RS RN A it ROR
FE], XY TGE S KHS70 it i) 11 e B 22 [B] 5 i 20} - ORI BV FE Ak 274, S 805 5 T R
AT R KHS570 B8t 225 53048 K Sio, AR , BRI RCR A B I A9 43 50% A BIr B R, 10 247
JNE TGE B /Bt TGE H Bl 43 HGR TA AR B i /b | PRI i A5 11 e S 118 1 349 3R AR A RS R 43 0 s
KTHI 14y TGE By -S# K,
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&l 4 KS-TGE/NR & & H1EHE DMA ik
Fig.4 DMA curves of KS-TGE/NR composites
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G BHHFE R T2 W R X R BT KH570 MBS Inflifs 52 G AP RHIR S BB BT R, 76 0 C 44T dsm
1 {3TGE [WE &K KS-TGE/NR-0-1 TR HERE S AT TS i 0.4 7y TGE & & 41K, KS-TGE/NR-2-0.4
(IPLIRHE E RE SR, WEEAA 17, S TCRL AR AL, S KH570 LUK TGE BYNINAST KRR BB ¥ 1 R 52
iV

SRR DMA I B A W (R 0T 7 9 2 HEBE R AL AR IR T ¢, AR 4 PTLUR 1, B KH570 6 13
I, G R BB A SR L ¢, AR, FEP RN 1 ) TGE B KS-TGE/NR-2-1 335 Ak 4 78 1L dme IR 5 A
0.4 fiy TGE i KS-TGE/NR-3-0.4 1) 3% 55 AL 6 A B de ik, 256 18 4 53 4 p978 4k %, Ui B i BB s
KH570 J& , 2 7 HAEARE i 43 B A S AR R AR N AR AR I 53+ B 12 S B 19 45 5 , RR B IR A% |
NI EAL AR FE N T2 R (HBEE KH570 P2 Wi 2 | 5 A0 R i v 5L 1 i B0 48 n
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Table 4 Glass transition temperature and loss factor of composites at different temperatures

jrvEa t,/C 0 CHYIH tan & 60 CHJY tan &

nano-Si0,/NR -41.14 0.148 0.029
KS-TGE/NR-0-1 -40.61 0.177 0.032
KS-TGE/NR-1-1 -41.10 0.148 0.033
KS-TGE/NR-2-1 -42.01 0.147 0.035
KS-TGE/NR-3-1 -41.20 0.156 0.040
KS-TGE/NR-0-0.4 -41.76 0.144 0.032
KS-TGE/NR-1-0.4 -42.24 0.142 0.036
KS-TGE/NR-2-0.4 -40.94 0.168 0.038

KS-TGE/NR-3-0.4 -42.36 0.137 —
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TR, R B R IERE R — AN FERR BV ROR S iR N RS R s AR 5 (e) L (d) , AT
GG MRS IR EE 0 TR AL T B AL AR DX, A MR BE B VR T IR 12 3, (B — 3845k B RERE B Sh 3
AT ARk, T 55— 55 Bz ShRe IR 59, RN AN I AR 1k, 3 5 B0 Bz 2l B AR B 22 1] 118 7= A= N g
P AR o BB 38K BIAIA S | R A BE Bz ShRe T35, RER BRI A i 284k, Bt A AR A5
i BT R, XA AR ) — AR AR

Ve By By H-60 C T A bHEHIRL
El'5 KS-TGE/NR &AM ERERERATE £ RS B/ SRR 2k
Fig.5 The storage modulus E’,loss modulus E” and temperature curve of KS-TGE/NR composites
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b, Tt PRI 25— 28 0 55 BARHRE P 1 A8 25 0 122 A AL SRR S5 A5 5 [R] 53¢ THAH B A FH %) e 28 LA A0 5 4 oK
Si0, K AE IR AT 50 . B 5, KHS70 i 2, HoK ff = A2 09 —OH B 55 T JURH 548 I B4R 22 [a] i) 5t 18 AH
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