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OSSR, R HE— DR A A B RENS191, SR FH
LA-Z5 W R T —Ja(LPBY T AR 5 (1 it
B M FEMERE . D IE AU E LPB BB
REREIEM], OCEIURL - H20-220 SR, H ATRF AT
R TREEE mRA R T AU AL T,
AR T It rh e e (SILPB) S H A 45 14
SR RE R AT s = T R, RHEAF1,2-4
L5 E 6 SSBR/BR AR BE A FZ i 126-31),
BT, AW RTE PR bR B R
B, #& T —RIIRE1,2-OImES R
PEBRARSE T 45, DB /540 n il TDAE,
¥ H T ok B4 75 SSBR/BR IR T R 1A &
R G175 %% SILPB fOVL 45 A4 XoF Ji Rk 4 6 1) 52
B, NI R EERESR R IR AR AL E IR JE A

1 SEIGERSyY

1.1 FE

T # JKE SSBR 5251H Al 3K T — ¥ 14 ik
BRO000 F e 7 1+ 7 i £ RS e A7 PR A R 3t
IR 5 1&90 V700 FH H&R 4 LN AR T —
A5 B L AR AR AR R A TR A ml S it . ok R
1165MP HHZ /RYEE AR . BEARIR(SA). b e
(ZnO). ifEE(S). M. 1,3- R FHEN(DPG).
N-RUT K I e 2 - [t 2 (TBBS) N-1,3-—-H
BT BN IR B GR T (97 257 6PPD) A FR(1,2-
TE-2,2,4-— FRIRENR) (B7°E 5 RD) HH LU 2R 8 EEr
MRIRH A PR ml 54t ARIBF(-= 8 IR
FE 7 38 DU B Ak 0 (Si-69) F 3-37 ik T Jk = 2 48 Ok
T e (KHS80) H LU AR BH A HE 24 A PR A F] S it .
1.2 H&AEE
1.2.1  FEREOMERAR SR T 4t &

-3 N FE = G BEREE(KHS80) SR R T

TRAE 160 CCHRAT NS, AR LIt AR B
T IR (SILPB)2, [ N 45K I, FRIE L
Vedk 31K, LARBR 2597 25 KHS80, PBfiJ5 50 °CE %S
TR A5 B P29 . A3 21 5 PR e & B AH I T
1,2- 2034 B A] 1) SiLPB 43 BlFRic N SiLPBS.
SiLPB25. SiLPB45. SiLPB60 #1SiLPB80, H:r
A RN 1,2- O 45 W) BT AE SILPB H (5 Lk,
A AR SENME, N AR S 4 T
NG T
1.2.2 IR

RIGR R ZBORG L EH % . wok, B%
VLT Z 80 °C, %114 FE 1 5E 4 70 t/min. #4
PR I AR R TN B AL 2B 1 min, FEIIA
IR, MfRR . S e, TS, BiZgsRD,
235 6PPD. iR Si-69 #1 TDAE i, 4k
SRV 9 min, JRHUCHVRIRAL, BT RORHE 4
150 °C. ¥ — BB e BT 5 SR N L,
7E 150 °C T 4k S8 M5 3 min, B 5 BUH 58] B
TRIEIE . R IEHIAEIE 60 °CJn, K — BOR I
R BNEHENL, FEIMAERRE . {2 DPG A&
TBBS, B3 min fFHERE, B BROEHERE 2K
80 °C. & Jr, RGN L@ Ik, Hid
N C-Ref.

TELRFERL 77 3G 70 FH AR 4T
% H] SiLPB5. SiLPB25. SiLPB45. SiLPB60 #ll
SiLPB80 73 7l # X 10 phr TDAE i, & AT
2 il H LR 5 HilbRid  C-SiLPBS. C-
SiLPB25. C-SiLPB45. C-SiLPB60 % C-SiLPBSO0.
SEBS B AR RORHECE 75 e 1 s
1.3 iSRRI
1.3.1  FEREE AR SR T G O 45/ R A

RS E R A TS ("H-NMR) K H Varian Mercury

Table 1 Formulations of rubber compounds.

Entry ® TDAE SiLPBS SiLPB25 SiLPB45 SiLPB60 SiLPB80
C-Ref 36.5 - - - - _
C-SiLPB5 26.5 10 - - - _
C-SiLPB25 26.5 - 10 - - _
C-SiLPB45 26.5 - - 10 - _
C-SiLPB60 26.5 - - - 10 _
C-SiLPB80 26.5 - - - - 10

2 All samples contained 70 phr SSBR 5251H, 30 phr BR 9000, 80 phr silica, 6.4 phr Si-69, 3.5 phr ZnO, 2 phr stearic acid, 3 phr
microcrystalline wax, 1 phr 6PPD, 1 phr RD, 1.7 phr sulfur, 2 phr TBBS, and 2 phr DPG, where phr stands for parts per hundred

parts of rubber.
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400 MHz BUZRESEARBESGIAT I, DUTRAE
Ui R, FEUIRAR R Tl A A 2
5 i B AR e 21 SR (FTIR) Ot % K H] BRUKER
Vertex-70 BLLAMEIEAGIER, 73 HE% N4 em™, 5
FERBCN 32 0 MRS, FEA R T S P
W, R TR R, ARRE ST S AT
. REMRIEI T B WM,) Sy TR AR
(PDI)K FH Bt 15 12 (03 1 (GPC)TE 40 °C R 32
PLPYE IR (THF) i s A,  Jii# 4 1.0 mL/min,
K R LI ERE AT R ME . GPC RS A&
Waters 515 HPLC 72 4 f 3 #: (HMW 7 THF.
HMW 6E THF x 2, HMW 2 THF) & Waters 2414
INZENT RTINS

JE AT BB AR R 12 (LPB) M 251 5 SiLPB fH0W
S 5 i B A R 'H-NMR 5 FTIR #4797
BT . LPB H 1 4-45 ) MG K2 8 A5 5 R ZAL T o=
5.4~5.6 X3k, 1,2-2 0G5 206 FE T
155 X BN T 0=4.9~5.2 [X 15, ]38t & i 0 1
TR TR LPB H 1,2- 20 3L 45 /) A1 1,4-25 F 11
xR, WARK(D):

21
fr2(%) = =

(211,4) =1,
Hor, fi, RLPBH 1,2-ZMmE45 ML, 14ah
1,4- G5 HRRAE J W RR A T AR, 1,09 1,2- S0 2k
SERYRRAE 5T AR 4 THIAR

SiLPB H i bt 42 4% % i i 'H-NMR AR5 1 5
B3, Hrp = 2 E S S5 4 T —SiOCH, — (1)
RS 5 A 0=3.75~3.85 [X 38 . i b izig
5 LPB FHEFFIEUE AR 4y AR, w3 ot S kk
REfE LPB 70 T8 LR & &

x 100% (1)

(7]KH580 )M KH580
(KH580 (Wt(%))z I 6 I x100%
(ﬁ)MLPBJ" ( Kzsso )MKHSSO
2
)

HoAt,  Tgpsso & KHS80 RFAEUE AR /3 IARME, Lips
J& LPB H 1,4-25 K1 1,2-25 By XU 5 115 5 474
TRUE, Mygusso /& KHS80 (94 7 &, HUH 238,
Mypp & LPBHEG HI0sT58, HUHES4.

LPB A SiLPB Wl 25t it FTIR HEAT € &4
M. BT G0 FHET cis-1,4 85K, 1,2-20% 545
PR trans-1,4 G585 HIFE 738 911 F1967 em i}
I BUARFAE R SO, AR 5 R AR Ve (1) W ' i R 485
HAHNIRICREL, THEA RS BT &

132 REHfHER

K FH 1 [ i 5t DSC 3500 Sirius BY7R 22§13 &=
PASGIATRAE . FREL5~10 mg K iH B T, 78
R MR PRI —THR — PR —THR R Pk
TR, IRV N-100~20 °C, FH/F&E#E R
410 °C/min. HRHE 28 70 RF i 1 3 B8 A 3 A2 R
JE(T), o T, il it 42 ) s L
1.3.3  n L REMR

"1 )8 B FE IR FH 55 16 o] A6 Bl R VR HE A
H] Mooney MV2000, lliX4% GB/T 1232.1—2016
CREAZ I F R BT IR BT AT I e 25 1350
gy: TVREE M EY brifERdEAT, W E N
100 °C, TR A] 1 min, % 7% 58} 7] 4 min,
45BN ML + 4 (100 °C).
1.3.4 B oAt

K F 25 [E Alpha /A 7] RPA-2000 A% B in .43
HTACRPAYIR . (1) ARG 5% 4 T
%60 °C, AiZ 1 Hz, MA2EH 0.28%~42.00%.
(2) FALBMR AT TR BT RPA M 4 I
7160 °C FHifk(teo + 3) min, BEJE7E 60 °C. 1 Hz
ZMF NHHT R, NARTEA 0.28%~42.00%.
1.3.5  fifbretk

i AR5 4 0 4R B Prescott A &) Mini MDR
Lite B FHRALAL, 1% GB/T 16584—1996 (1%
Ji5 FH T T AL SO e AL RS 1) By AR AL
AL, B IR A 160 °C.

KR 160 °C. 20 MPa 2 1F N itk, ik
B 1] At + 3) min.
1.3.6  Fr it

AL &5 12 h )5, ShniEsk I E D) Rk
W% R . i B A 1 BB 44 GB/T 528—2020
TG B AR PR A s A B2 g A8 A e (1
SE ) AT A L DA #5 R FH 45 [E Zwick/Roell
7005 B 7 T BRI ML, 7E=IE N AT, RiAd
% 500 mm/min. W43 I R g SRR 9
J1-RiAR M2 . RRLERE S 2 IR S ASPAT I
1.3.7  HEZAMERENNR

PRV GB/T 3512—2014 (BiAb R sk
IPERG R PSS 2 AR R I8, (&
BREME B A BR 2~ 5] GT-7017-EL & A 56 #6 %F
FEFBAT A Z WAL BBV RS T2
R, 7E100 °CH&AMF R &1 48 h. A H S,
FARPEEH JFE = T 824 h, Bl 5 3% R AR
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TR KA 5
1.3.8 DIN EEFEN

DIN B&FEAR 45 b #E GB/T 9867—2008 (Hiifk
RGO S A3 A A s T 5 A e 0 DN 7 (e 7 3 187 5K
BEFENLIE)Y MR, MROCES o E 678 R
IR GT-7012-D %4 DIN BEFEMAHL, wFEA
B 16 mm. 5 12 mm [ BRI RE FL 7 L E 4%
Ff A ot I 5 e R R L 2R 17 2 5 40 m. K
SR E R R BTG R R, AR
FESE FETH R SRR .
1.3.9  Bha&HNUR T

18 F 22 [H TA A =] AE 7= 184528 Q800 2l 7 /)
223 HT A (DMA)IR B AL i sh 45 F1 % b RE . R
TR VE I N-80~90 °C, FHFEHEE A3 °C/min, 4l
N10 Hz, Hiffi A2 N 0.5%. id Bt IR 45 FE
DR ¥~ (tand) il i 5 A A 1 ittt 2 . A0 e 406 A A
K F 75 [ i 3t A 7] GABOMETER4000 7 5y 7&
JEGEAEGRIEHL,  THHETE] 30 min, YIAGHSEIR
55 °C, Fii)%i/71.0 MPa, M#E5.71 mm, Hi#%
30 Hz, M [A] 25 min.
1.3.10  EH o7 R

K JEM 2100 3% 5 FL 7 2 7 6% (TEM) W 4%
Bk i 1 B o BOR SR . K Ak B i b 7R TR
BN THATEED . B UI R BT L,
7£200 kV I BN AT LSR8
1.3.11  #REHT

KR AT AU (TG AT i R e 1
FREXZ) 10 mg 0 B T4, fERAAS R
AR, &I BN 50 mL/min, £ 5 H IR
10 °C/min ¥ 7 i 380 % T+ 22 800 °C, 1S A
i B AR A T T 2K

1.3.12 IR
K P B AR R AL e VA e & 8 A8

R T . FREL— € L Wy (@) ITRAG AT AL, 45
FER e AR T8 15 mL R BB R, 7
I FEERK . R REEHEER, JFER
BN 15 mL B FROR, 4k 823200 3 K 5 HCH
i, R ARRR B R 2 RIGH, FREFIK
JEFERL R, 2N Wy (), REJE R FE A E T
100 °CCE A AP TR S E, R T 5 R
A Wy (). BRALIIE IR & & (FysoL, % )il id
PAR AT

FVSOLGQ):(I——;£Vd)XIOO96 3)
Vo
Ak B VA K R (SR, %)l i LR A kAT
5
SR(%gz—H3£%£5@fx100% @)

AW FEE FRAE Flory-Rehner AZ(5) LM :
In(1-0.) + 9+ 07 = —2pchs(¢r”3 - 2}”) (5)

HH, pox (mol/m) NAZEREE, o AR AARFS
B, RRAEV-EAEEER S, BUE 0.446,
FH 2R B SRR AR 7,=106.3 cm3/mol, f=4.

2 HR5VR

2.1 WEEMMRERT ZERAE

B3 BB S = r A 1 - Y ST LR
T ZH#(SILPB). A TR LPB, SiLPB{E#%
WA i v 9=3.75~3.85 1 LT I EREAS S0, %t
I = B Akt 5 4] Hh — SIOCH, — [ 37 FY 2% i
T2, R RE b A R 5] N LPB 4y T8k b
(B, @A ik, & SiLPB R i iE
B RN 12 wt% 2, AR FRE S B
FHIE BRI & & . A 70 38 e 48 VR ARG Hh ik
WA R, BTG IR 1,2-25 /5 iRl e
Vs 5 ER, i AR S A 2 SiLPB FE
il 1,2- OIS B N 5% 25%. 45%- 60%
F180%2, WK 2 fi, FTIR 45 F 5 oR AR i
1,2- 205 & m 5 A S Fr 94k, H SiLPB
AR B LPB FE S E 1167, 1105 F11082 cm™! 4k
BT IR iU, X R I JE T = SR R e
W )RR AIE 3 31321, 5t Ji 92 1 (3% (GPC) Ml i 25 S
K, & SILPBFE T E4ET, DLtk 5
TN SHRIEIR MERE R .

DSC 4R IR, Ffi% SiLPB 1 1,2- 2@ 365
I, H A AR TR (T,) H1-87 °CiZ ¥ Tt
£-26 °C (¥ 2(a)), K SILPB 73 ¥4 2 i 14 1%
WAL, HAMIREEROKR, G4 SILPB IiE4
PR PR REH LA

b4k, R 4 E 2 1 (TGA) X TDAE i
SiLPB [ # f2 5 M 247 PR AL . & 2(b) o
TDAE JH 7E BRI X 7] & AR B R s s O,
A JLAE 2 O R b 5 3 R B RR . ML 2T,
SiLPB 2k 2% 5% Joit 5 73 B0 il B ( Ty s0) A B OR OR ER
AR E (Toaes B2(c) B B S5, KB SILPB
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Fig. 1 (a) 'H-NMR spectra of LPBs; (b) 'H-NMR spectra of SiLPBs; (¢) FTIR spectra of LPBs; (d) FTIR spectra of SiLPBs.

Table 2 Microstructures and molecular weight of SiLPB.

Microstructure (mol%)

Sample - - - - M, (g/mol) PDI
1,4-Unit 2 1,2-Unit 2 1,4-Unit ® 1,2-Unit ®

SiLPB5 97 3 89 11 6200 2.56

SiLPB25 79 21 76 24 5400 2.82

SiLPB45 59 41 54 46 4500 2.62

SiLPB60 43 57 37 63 5300 2.71

SiLPBS80 24 76 22 78 6800 3.36

2 Calculation by 'H-NMR; ® Calculation by FTIR.

HAE I AFETERE . EEEENRE, H1,2-4
WA BT 60%0), % SILPB A5 TGA 1
DTG HHEZRZE BN, Tyso, M T ZEACANHIIR ;1T
SiLPB8O [ Ty 0, W T1 51, U1 SILPB8O 1 Ty 50, N
306 °C, 1M1 SILPB60 ] Ty 50, 9260 °C, BB 1,2-
LI BAR T4 5 SILPB [ e Tk .
2.2 RERE AN THERE RIER S B

FREARE B T R S 1] JE 26 FE AT VPR
WK 3T~ KA 1043 SILPB AR R &5 & 54X
TDAE M )&, % SiLPB AT TEREINK T
R R C-Ref, W SILPB7£ 4% BAH 7o 1k & b A
A RIFEEIER, XEZETYT SiLPB A

Ko T2, MmBERERRTTEEE . H5ItFE
i, SILPB FRAS[A 1,2- 20365 s xh ok e b
FERMAAERT A IR, VLEEART A R, SILPB
(I3 98 P 2 B2 JLAR A TR e

FI R BTE R 1 HCRAS G R M R R A
HE . AT TDAE M, SILPB 2 T8 &4
TEE R, TS R BRMMEEREEIEM, HI5S
FORL-SERIEE L, 10 o 1k SR AEAR I Ak
HHOM . ASHIE TSR F AR R I T 23 AT A (RPA) Fi%
T BB (TEM)ST (¢ B 11 4 BOIR &S 3k 47 2%
fiE . B 3(b)F1 3(c)JE 7N 1 1 RE AR 5L (G B B AR AR
T2k . GIE/NRAR N ORFF R S AUE, Bl S AR 3
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Fig. 2 (a) DSC traces of SiLPB with glass transition
temperature identified; (b) TGA curves of TDAE oil and
SiLPB; (c) DTG curves of TDAE oil and SiLPB.

K23 N, X —IRBEFR AN Payne U8, H
FH T PEAS R 3 BORR B . 5 0 BEFE C-Ref AH L,
I & SILPB (VR A RN BRAY e 35 2R 30 H B 55 1)
Payne 2, BRI AN 0.3% .48 %2 43% [ 48 i [l P
G'IF B0 B2 (AG") P 208/, Ui B SiLPB RE %
HI 55 1 RAERL N 48 254, 1 R SR A HhE
AN SiLPB KR Z 0] AG 2 8, 1,2-4
WL BN SERL M B S R AR R O, SRS

100
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85.1 “
@) .6
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Z 60r
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. 40t
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=}
= 90}
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Fig. 3 (a) Mooney viscosities of compounds; (b) Storage
modulus (G')-strain curves of uncured composites; (c) G’-strain

curves of vulcanizates.

ol B ORI T b R A1 5 R SRR

TEM F& 3t — 8 SR 7 IR SRS (K 4).
TR AL C-Ref HA77E B A 1 2 8 TS AR (2L Pl A
W), HELZ R, # SiLPB (R AL o [ Rk S
Wb . S5 EIR RPASS R, $LHISILPBAE N
S SRR T Bh7H m] A5 2 55 0B 2 250, 3R T
IR SR A o 73 B
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Fig. 4 TEM images of filler dispersion in vulcanizates (a) C-Ref, (b) C-SiLPBS, (c) C-SiLPB25, (d) C-SiLPB45, (e) C-SiLPB60,

() C-SiLPBS0.

2.3 mALE AL It

TRIGIREAC R E S BN ZR 3 o, T PP
SILPB Xk MR 0N I 22 A AT A s S K 3 L )
S SR IEFE C-Ref ML, &5 SILPB BRI il
PRl 23 A — B, B i e A0 22 (B (AM) AN IE it
P 8] (200) 2B AL N, 15 SILPB A 1,2- 24 2

BRI R B AAT A B R A A PR L
SiLPB [ R 58 e 18] (1,0) % C-Ref BH 2 4E K £
1 min, A FRFHERINT 2240 X1 fE &K
o4 SiLPB — 5 THT 2 5 [ 7 S 7E 14 ik Ak v 43 il
P, (A SILPB A% S i A i e vt A B T4 i
BRI, W28 F IR B339,

Table 3 Curing characteristics, swelling ratio, sol fraction, and crosslink densities of samples ®.

Sample M; (AN'm) My (dN-m)  AM (AN'm) £, (min) 7y, (min) Sk (%) FysoL (%) pex (mol/m?)

C-Ref 3.75 27.09 23.34 0.92 19.59 190.4 39.1 43.6
C-SiLPB5 3.35 24.28 20.93 2.58 16.36 176.2 36.9 52.2
C-SiLPB25 2.93 25.13 222 2.25 17.83 185.3 38.8 49.5
C-SiLPB45 2.64 25.03 22.39 2.14 19.48 183.6 389 50.8
C-SiLPB60 2.79 24.72 21.93 2.17 18.18 182.3 383 50.2
C-SiLPB80 2.93 25.40 22.47 2.15 19.15 184.1 37.9 50.2

3 M, is the minimum torque, My is the maximum torque, AM is the difference between M; and My, t,, is the time for torque to

increase from the minimal value to 10% of AM, t, is the time for torque to rise from the minimal value to 90% of AM.
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MR AS IR W 28 R AE RS I s A, b T 4
B A S B E . {H & SILPB B AL AR Z [ A2
PR BRI, ULRAEARRT T, 1,2-2 035
B BT A J S BB B (A R T AR A PR L X RT R

W T SILPB U & A (A1) 4.2 wi%, H &
PSR GE & BT, MR REbeERIER S 1%,
M 1,2- &0 255 5 0 73 L T 38 Ak 5 T VW) 4% 5 T A
.
2.4 TRACESHIIE SRR
AR B 7 - AR i 2 i B S(a) B, hi A
PERESEOL A T R4 FERZWIRE T, & SiLPB
(1 R AT 58 E (00) 5 T 241K 6 (65) 55 C-Ref A
Y, P SILPB &4 HS /> TDAE 5 A Hil 55604k
I S5 Re . BT TR & 0 R 2 A0S T
ZUK R (o)A T R, 100% 52 {8 77 A
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BAN A BE TR 37381, 224K J5 f) C-SiLPB60 &5
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Fig. 5 (a) Stress-strain curves of unaged (solid lines) and
aged (dashed lines) compounds containing TDAE oil and
SiLPB; (b) Aging factor (F,) of vulcanizates C-Ref, C-SiLPBS,
C-SiLPB25, C-SiLPB45, C-SiLPB60, and C-SiLPB80, where

KA R B 1 fg 5 ma £/ s 1T £ SILPB60 &
SiLPBSO [ FF 5 KB AR B N2 5%, R I35 &
1,2- £ )fi5E 75 & SiLPB 2> f DIN fiif B 14 GBS A
B . M R BB FR I S . SR A
R Ae LA SRR ST A B 45 2 R R 2 L ) R

Fo(%) = 22280 510090401, 2R R
W AR . ACBRRE L B R
Table 4 Mechanical properties of vulcanizates.
Sample 0y & M09, M09, Toughness  Heat build-up  Tear strength ~ Shore A
(MPa) (%) (MPa) (MPa) (100 J/m?) (°C) (kN/m) hardness
C-Ref 21.3(0.35) 407 (22) 3.9(0.09) 14.2(0.27) 38.28 30.0 43.9 64
C-SiLPB5  20.2(0.65)  392(8) 4.2(0.05) 14.4(0.23) 38.28 30.8 424 64
C-SiLPB25 22.3(0.44) 447 (10) 3.8(0.03) 13.2(0.17) 44.42 30.3 425 64
C-SiLPB45 21.6(0.62) 418 (6) 3.8(0.01) 13.8(0.22) 39.43 28.9 40.8 65
C-SiLPB60 20.7 (0.23)  405(6) 3.7(0.06) 13.9(0.51) 36.62 28.7 39.2 66
C-SiLPB80 20.5(0.61) 404 (9) 3.8(0.07) 13.9(0.12) 36.82 29.2 39.7 66
Aging 48 h @ 100 °C
o, (MPa) & (%) M40, (MPa) Toughness (10° J/m?)
C-Ref 19.5 (0.79) 273 (11) 5.0 (0.16) 23.45
C-SiLPB5 18.2 (0.83) 269 (9) 5.2(0.16) 22.03
C-SiLPB25 19.8 (0.66) 299 (10) 5.0 (0.28) 23.95
C-SiLPB45 20.3 (0.63) 270 (10) 4.5(0.18) 25.87
C-SiLPB60 21.7 (0.34) 306 (14) 4.7 (0.23) 29.00
C-SiLPB80 21.0 (1.48) 306 (14) 4.8 (0.13) 28.68

o: stress at break; ¢: strain at break; M .,: stress at 100% strain; M3g.,: stress at 300% strain.
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Fig. 6 DIN abrasion (volume loss) of compounds containing
TDAE oil and SiLPB.
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Fig. 8 Values of tand at 0, 25, and 60 °C.
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Fig. 9 Rebound results of vulcanizates C-Ref, C-SiLPBS,
C-SiLPB25, C-SiLPB45, C-SiLPB60, and C-SiLPBS80 at
20 and 70 °C.
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Research Article

Effect of the Microstructures of Silane-modified Liquid Polybutadiene
on the Properties of Styrene-Butadiene Rubber

Qian Wang!, Meng-han Xing!, Jing-yi Zhang!, Yu-fei Shang', Ming-xiang Yu!, Ying Tan?,
Chun-yu Zhang', Xue-quan Zhang'*, Yu Sun'”
(!College of Polymer Science and Engineering, Qingdao University of Science and Technology, Qingdao 266000)
(?Shandong Debo New Material Technology Co., Ltd., Dezhou 253300)

Abstract Silane-modified liquid polybutadiene (SiLPB) with different 1,2-vinyl contents were prepared to study
the effect of 1,2-vinyl content on rubber properties. '"H-NMR, FTIR and GPC results confirmed that the samples
SiLPB had similar silane contents and molecular weights. DSC results showed that, as the 1,2-vinyl content in
SiLPB was increased from 5% to 80%, its glass transition temperature was increased from —87 °C to —26 °C.
Replacing 10 phr conventional aromatic oil (TDAE) with SiLPB effectively reduced the Mooney viscosity of the
compounds, prolonged the scorch time and improved silica dispersion, while maintaining the similar curing time

(t99) and physical-mechanical properties to that containing TDAE oil (C-Ref). Vulcanizates containing SiLPB
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with high 1,2-vinyl content (C-SiLPB60 and C-SiLPB80) exhibited better thermal-oxidative aging resistance,
although their abrasion resistance was decreased by approximately 5% compared with C-Ref. In contrast, SILPB
with 1,2-vinyl contents below 45% showed no obvious effect on abrasion resistance. Dynamic mechanical analysis
and rebound tests demonstrated that all SiLPB samples significantly reduced the tand value at 60 °C and increased
the rebound resilience at 70 °C, indicating their potential to reduce rolling resistance. Meanwhile, the tand value
at 0 °C was gradually increased with increasing 1,2-vinyl content in SiLPB, suggesting the potential to improve
wet-skid resistance. These results indicate that regulating the 1,2-vinyl content in SiLPB provides a new strategy
for balancing the performance of tire tread materials.
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Keywords Silane-modified liquid polybutadiene; 1,2-Vinyl content; Processing aid; Silica dispersion; Dynamic
mechanical properties



