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Tab.2 Effect of ANFs amounts on physical properties of
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5 H ANFsH &/
0 1 2 3 4
BB /R ABIRE 3 / 15 67 70 71 72 75
100%7E fii i J1/MPa 3.2 3.5 4.0 4.7 5.7
FifPER &/ MPa 21.1 21.5 18.4 19.9 20.0
LB /% 431 453 418 434 437
Wi/ (kN » m™") 39 41 42 44 47
100 °C X 72 hitvz=s 5 AL
HB IR AT R FE AR Ak / BE +7 +6 +7 47 +5
P s B A AL 5/ % —14 =15 —1 =10 —6
PR AR R/ % —39 —42 —38 —45 —48
Wi AR A/ % —18 —15 —9 —3 —6

AR T, B ANFs H] 5 8K I SSBRAE A6 i Ay iz fif
SRS /N, ANFsT % SSBRG A Ji 14 47 7 2L 1 fik
14 J5 5] & ANFs RE % BELE 5 24 1 a9 S i, i 24 01
ANBEH BRI J7 47 R, 5 24 11 28 T ANFsb 22 i
T ELFE RS T e i, OB A0 0 25

20T LUE Y, Z A0 JE SSBRELAL I I HE R A
AN b N VA L Y5 N VA ST B o I R T
/N, X D SSBRAT 4 K AR T AR A SC R
I, SSBR 43~ filf =2 [H] 14 A X I % T 5% , SSBR 3+
HEWG BB TR, BRI AR R AR N, £ A
B, UNINANF s SSBR A & Ak S 1 A 5ik & 1
i n B AR/ T AL RE AT
2.4 ThENFEMHERE

PAFER F (tand) J& FRAE G AL S AE B A 0 A8 T
REE PUFE YW B & | tand i KA (tand,,,,) 7] R AEIH



198 %o Tk

20234F 5704

BHGIEZ A EAEH o tand,, 8K, Bk 1)
e EEAUFE R, B B R TG 2 AR o TR &2, 3
BRI A BEAE R8N, ANFsH i X SSBRE L
J tand Y 5 0] 4 P14 7

1.0

0.8 -

0.6 -

tand

0.4

0.2+

0 1 1 1

-60 40 -20 0 20 40 60 80 100
g/ C
(a) R

0.22

0.20

Vo
§ 0.18

0.16 -

0.14 ‘ L L

R/ C
(b) Jay BT AR P (L HE S 53)
ERE3,

El4 ANFsf =3 SSBRE LB tand B F2ME
Fig. 4 Effect of ANFs amounts on tand of SSBR vulcanizates

B4 (a) 7] DL HY, Bl ANFs B 3 O,
SSBR AL I ) tand ., Ji /1N o 3X J2 K S ANFs 5 4
TESSBRT T4, 5 HAH B 20 %%, Gef% [ (i #% 3))
1 SSBRAF F-HE Ul /b, TR 548 1 = 8] A AH B A ]
T, 7R AR AE R, SSBRAY T 22 [) 1 PN JBE 42 s
JIN BRI 1 RE AR S /N

AL L0 CHY [ tano i) fZ BRPTIZ I HERE, 0 C
I 1 tandii K , B ARG O M P RE Y . IR
4 (b) /] LAF HH, B ANFs 2 i3 K, SSBRER AL
B0 “C B A tand JCUk /N 5 38 K, ANFs 2 40y 1
SSBRAETLALILO “C B A tand e K, 2 B Hoii 31 ¥ 1k
R af -

ANFs ] & X SSBRA Ak ik G' 1Y % W 4n &1 5
iR

5000
4000
< 3000
[
=
-~
© 2000
1000
0 ‘ ‘ ‘ ‘ ‘ .
6040 20 0 20 40 60 80 100
W/ C
WA 3,

El5 ANFsFE3ISSBRELAEG 70
Fig.5 Effect of ANFs amounts on G' of SSBR vulcanizates

ST LA H 2 i B SR, SSBRE AL
W) G P51 Fa s Bl A5 I B 19 T, 7E B B Ak 5% AR
IX I SSBR AL i 1 G T [ 5 Bt 25 L 58 114 4k
25 TF i, SSBRIRAL I I G BE AR A 78, X Bl T
T B2 B AICAT , SSBRAL T B 3545, SSBRER AL KL Y G
K T T A, JEORHR £ B i IR, SSBRER AL JIE
1 G 2 B R KR /DN 5 >4 il JBE 4k 28 T w8 1, SSBR
4y FBEBEBE A M iz 8, SSBRER L I G 4 T
%%[15*18]0

SR AT LU H, A ANFs 5 SSBRETR AL
(1 G" 7E 3 38 25 R LS Y G R, iX R W ANFs v 14
s IFURE 5 AR5 22 (8] A AH AR L BRI SSBR3F-4%
iE 3, 2 SSBRIF AL AR HE

3 #ig

(1) B %5 ANFs H i (9 35 K, SSBRIE # I 11
tio M to, JC WY 18 A8 Ak, FL 38 K F — FUE KRG
/N

(2) Bifi#5 ANFs 5 13 K, SSBRIB ML 19 G
FIAG  FIG" HEH, FURL 0 2% 25 Ky 1 7

(3) B # ANFs I 3 K, SSBRA Ak i (1R
IR AT B 100% 7 {1 1 7 FH #2245 B 3 K, L
fHIBI B 20 9l /N IS B4 K s ANFs 4 4403 19 SSBR
1B I 18 100% 5 i1 I3 3 35 K T 78% 5 S Jill ANFs (1)
SSBRIL b i #2542 Ak S A i fuf ik 5 R0 284 i



53

TRIEERAE . FTLE AR ET A X IR T AR B AP RE 32 IR 199

AR, i AL P REBEAT -

(4) B % ANFs H 4 (9 14 K, SSBRA Ak i f)
tand,,, Ji /1N ; ANFs ] i 403 1) SSBR &L Ak ik 0 °C
I F) tand i A , 2 W BTN 1 PR REJRciE

B3k

(1] XURAr RN, TEAE A A5 LR BRI ¢ B/ 5 ST PR SR i
TR IR T ARG/ M T ARSI e PERERIFFE L. AR T,
2020,67(2) :104-108.

LIU H Q,PAN Y R, WANG C S, et al. Properties of silica and silica/
carbon black reinforced end-modified SSBR/BR blend[J]. China
Rubber Industry,2020,67 (2) : 104-108.

[2] WU J P, ZHANG X M, JIANG K, et al. Water-dispersible
hydrothermal aramid nanofibers reinforced styrene-butadiene rubber
with enhanced mechanical behaviour and solvent resistance[J]. Fibers
and Polymers,2020,21(8) : 1808-1815.

[3] ZHAO Y, LI X, SHEN J N, et al. The potential of Kevlar aramid

[}

nanofibers composite membranes[J]. Journal of Materials Chemistry
A,2020,8(16) : 7548-7568.
[4] SKIE=, B b dh, Ak, 5. D5 20 40 K 2F 4 1 1 95 B 7 T B o ik
JRU. MAHTAR ,2020,34 (5) : 158-166.
ZHANG MY, LUO JJ, YANG B, et al. Research progress of
preparation and application of aramid nanofibers[J]. Materials
Reports,2020,34(5) : 158-166.
SRIXL. FF L LT A T AR S 3 OB RE BRI E (D). 75 &5 - 75
ERHR:,2020.
GUO D S.Study on properties of aramid fiber reinforced NBR

—
W

composites[D].Qingdao: Qingdao University of Science and
Technology,2020.
XUE X D,JIANG K, YIN Q,et al. Tailoring the structure of Kevlar

—
)

nanofiber and its effects on the mechanical property and thermal
stability of carboxylated acrylonitrile butadiene rubber[J]. Journal of
Applied Polymer Science,2019,136 (26) :47698-47708.

JUNG J, SODANO H A. Synergetic effect of aramid nanofiber—

—
=

graphene oxide hybrid filler on the properties of rubber compounds
for tire tread application[J]. Journal of Applied Polymer Science,
2022,139(13) :51856-51868.

JUNG J, SODANO H A. Aramid nanofiber reinforced rubber

=
)

compounds for the application of tire tread with high abrasion
resistance and fuel saving efficiency[J]. ACS Applied Polymer
Materials, 2020,2 (11) :4874-4884.

[9] SUNCZ, WEN S P, MAHW, etal. Improvement of silica
dispersion in solution polymerized styrene—butadiene rubber via
introducing amino functional groups[J]. Industrial & Engineering
Chemistry Research,2018,58:1454-1461.

[10] 3KHk, Tk, XI5, FHRPA2000RR I T4 HH AL T ki Ak it

R BURHIY SRR D] AR, 2017,15(6) < 13-21.

ZHANG L, WANG Y H, LIU Z. Study on filler aggregation of
rubber compound during curing process by RPA2000 rubber
processing analyzer[J]. Rubber Science and Technology, 2017, 15
(6) :13-21.

[11] CHEN Y, YIN Q, ZHANG X M, et al. Rational design of
multifunctional properties for styrene-butadiene rubber reinforced
by modified Kevlar nanofibers[J]. Composites Part B:Engneering,
2019,166:196-203.

[12] YIN B, LI G, WANG D N, et al. Enhanced mechanical properties
of styrene—butadiene rubber with low content of bacterial cellulose
nanowhiskers[J]. Advances in Polymer Technology,2018,37(5) :
1323-1334.

=
)

LIU X, ZHAO S H, ZHANG X Y, et. al. Preparation, structure,

and properties of solution-polymerized styrene—butadiene rubber

with functionalized end—groups and its silica—filled composites[J].

Polymer,2014,55(8) :1964-1976.

[14] BRICHE, 1955, 23LiE, 5. AU RIS TR e v g

R AR Tl , 2019,66 (1) :27-31.
SHAO G P,DING N X,PENG Q Q, et al. Effect of silica modifier on
properties of SSBR[J]. China Rubber Industry,2019,66 (1) :27-31.
[15] ZHANG X M, CHEN Y, YIN Q, et al. Highly improved
compatibility and mechanical properties of carboxylated nitrile
rubber/styrene butadiene rubber by incorporating modified Kevlar
nanofibers[J]. Materials Chemistry and Physics,2019,238:121926.
[16] FHRoR, 39T, v, 45 D7 L AR R LI Bt b BT 40 47 4
Fe ARG S WL B0 T 266 5 P RE D] 52 45 B R 41, 2022, 39
(9) :4327-4336.
ZHAIZ Q, L1Y Z, HUANG W, et al. Aramid nanofiber reinforce
dipping of fibers and its effect on the interfacial adhesive properties
of aramid fiber to rubber[J]. Acta Materiac Compositae Sinica,2022,
39(9) :4327-4336.
(17] TS I 274k /T HAR I S S RV 5747 R 5E (D] 5 B - 5t
MR, 2020.
YIN L P. Study on fatigue behavior of aramid fiber/styrene butadiene
rubber composites[D]. Guiyang : Guizhou University , 2020.

(18] UL, 1 ). 05 Lo LT ARG AR I A2 15 bR R IE 1 2 P i
ARG S AR 224 (AL AR B0 , 2018,46 (5) : 677~
684.

GAO J H,YANG X X. Experimental study on the dependent factors

of mechanical properties of aramid short fiber reinforced rubber

composites at large deformation[J]. Journal of Fuzhou University
(Natural Science Edition) ,2018,46 (5) :677-684.
WofE B #1:2022-10-16



200 %o Tk

2023425704

Effect of Aramid Nanofibers on Properties of SSBR Compound

1 .1 2 1 o] 1
ZHANG Hanzhu ,LIANG Lin ,HAO Fulan”,ZHANG Baogang ,DING Naixiu ,LIU Guangye
(1. Qingdao University of Science and Technology , Qingdao 266042, China;2. The Yellow River Delta Chambroad Institute Co. ,Ltd, Binzhou

256500, China)

Abstract: The solution polymerized styrene butadiene rubber ( SSBR ) compound was prepared by

adding the dispersion of the aramid nanofibers (ANFs) ,and the effect of the ANFs amount on the properties
of the SSBR compounds was studied. The results showed that, with the increase of the ANFs amount, the

t,, and o, of the SSBR compound did not change significantly, the F}, storage modulus and loss modulus

increased, and the Payne effect was enhanced. Meanwhile, the Shore A hardness, tensile stress at 100%

elongation and tear strength of the SSBR vulcanizates increased, the tensile strength decreased first and then

increased, and the maximum value of loss factor (tand) decreased. The SSBR vulcanizate with 4 phr of the
ANFs had the largest tand at 0 “C and the best wet skid resistance.

Key words: ANFs; pre—-dispersion; SSBR; curing characteristic; physical property; dynamic mechanical

property
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