a6 % 2
2019 4F

JEEAE TR AR (A ARBR2RR)
Journal of Beijing University of Chemical Technology (Natural Science) 2019

Vol. 46, No.2

SIRMES 2 FLU, BRI, A5 UUREM: FH 5 SR A 8 S HECE SSBR/BR BUBFSE[ 0], Eatfb TR =24 ( FARBHRR)

2019,46(2) :31 - 37.

MIAO Ye, KONG LingHan, HUANG XiDai, et al. Preparation of precipitated silica and its use as a filler with SSBR/BR
[J]. Journal of Beijing University of Chemical Technology ( Natural Science) , 2019,46(2) ;31 - 37.

TR E B BN H &R HIER SSBR/BR W R

g LA REMS EPR Ok &4
(LBt fb TR B o T IR ROR AT 8 50803, IR0 100029)

OE. DOKIEEN UL, SR A IR AR IR , 7EUTIE SN A AN R AL B B Al a8 & B 25 (1 e BRI T4 a4 ik
B, i A ST WS (TEM) | H 2T AR 20 B vk ( BET) F 80 256 ST ( DLS) 25 T B X 1 ¢ B i E 4T 36
HE, 255 BoR - AR DBP WM A 2. 1 mL/g, BET LR H AL 239 m* /g, 3 FLAE A 34. 7 nm; [ 56 40 4R 0RE
HARE R A 10 ~ 19 nm Z AR IERS30 SRR 15 nm , FIFCRFERIE(E 150 nm 2247, 60A HETE K1Y
RERIT, SROLALI5E Zeosil®1165MP X L, il £ (4 11 5% SEH1FE SSBR/BR & 44484 (silica—SSBR/BR) HY IE
WAL ] 100 WA S0 4560, B0 AL 38 R A8 B silica — SSBR/BR. (4 H1i: J3 R4 38 1L 375 T Zeosil® 1165MP — SSBR/BR;;
silica—SSBR/BR Hii i PEREF IS R S FH /1 T A ; silica —SSBR/BR Hl Zeosil®1165MP - SSBR/BR F [ 4 4 Pk 22

Z:j(o

KB FI5E; KB ; Eamb; BRI AP ERE
DOI: 10. 13543/j. bhxbzr. 2019. 02. 005

FESYES: TQ127.2

iR R Ae SRR E R b/ R IDN (N2 N 9 =9 ANt
Py AL IE IR Y BERM R BT 1A A R ARIR
B R R IR E SO BT HGR RS
PRIBSFORL— ¢ AR 7 R 3G e R CREFE R, ELXE LA
T g PR AR Ak AR IR 1 R ARAMEAE < B =
RIGE I 18 PERE VR Sl B g TR JE 4 B 1) 32k 2 -7
SR BAALE , B MR A 7 To s LA A il A A A BT U
Sy FFIFERP R HL e TR I TR kR
J A B 1 BT 2 9 P e AR VR S BE Y DR
il 5 BA 0 SRk B0 0 SR T 0k 2 A A SR
F FETHE AR AR R E SR SR
PEREH A B E R X, HAlHsR A & E2A R
RHIEANCE ) H A PUTE s LA 2% A LA

Wik H 4. 2018-05-02

HETH . EK973” 1% (2015CB654703 ) ; 38 LA K2 Al
L TR2EA 4 (221703)

W—AEE . B ,1993 4E4: Wik

EFERRA

E-mail: zhuhol28@ 126. com

B L2 TR BRI A SRR A A AT 32 B AT
BRUCT SR ITC T V38 5 (P R B R I 5 Tk Rk DT
TE S A A SR BT AR R A K R
5, BB KA 22 UK (R4 B T B 3R 4R 4K | itk Ak
P R85 A AR PR AR I AR B AR 455, SE0RE ) 2%
S5 R, Oy HOME 22, T BURR B9 kb B 2R
55167005 M HL A A B T G R 3 £ S R T A 7
FGRAE £ 1 70 S0, e AT A2 Bk % B2 | A 2% i 1k 1
D G F> i - ala o N 1501 KRN P s i B 6
JIN GG R 3 BB i 1 1 2 S AR T R O
KA N T UE M o BRIl # T 2347 05T, LA
A4S BNWORL /N | TR AR KA F R R Jesionowski
Ul FH K B 5 A A R TR VS TR IR
N, A RN TR PR PR EE S AT, DOVE S 45 R fe
o A e A0 3R 50 S o 38 s iy A R o A T e PR
VSRR 2 55, b 3% 18 A 35 220 m*/g, R SR 7
SSBR & G b Rk 1% 7 fif 5if B2 0 44 224 5 B 415 3
TR AR AR DURE BR A B R R BRORL, W
b T A IR A, T S N R BE R A% T bk 3R T AR
H 72 ~531m°/g B9 % B FE A, Rager 2D
TR BN AN — AR A i Sy TR} 3 e A i S - A R T
PEFN AR B 7 AR T G MR il A5 1 R AR 70 ~



-32- A T2 (A RRER)

2019 4F

140 m*/g 1 e B, SR 2% L 2 T AL AR /N, AT 75 42
5, Hilonga sl 5 —Flopr B G A 7= 15 4%, DL
PR B RN B Ry JEARE , T 48 1Y) F A R 7= i P B FL AR ik
37 nm, LR AN 180 ~292 m*/g, Dang %' 73
A PR RV VTR A Ak T ) AN S AL AN TR BV T, il 4%
TR 200 ~ 350 m*/g [ %2277 i, Zhang
8O0 SR FH I A3 LA I 28 T & 1 — ol o] 4 55 43 B
% SRR 5 i, i TLA H, SO, Al Na, Si0, 7k 52
Wy, B 5% ZREE PR SN R R N 26 i pHL A 4R
X 2 SRR BE Y R ), &5 SR A & R T B 2 T A
126 m*/g SRR RIAR 2 20 nm FHAT R0
(IR PR, BRI, % M Rl T R 2%

AR SCLABRIR e R A K 3 388 R Ok, FE DTVE
N AL T INA — 5 1Y LB, i OB T 5
¥ 35 1) S B O By 1 — 2 1 23 TR BELAVE FH
RrEH H R AR, B H R SR A A
BB Zeosil ®1165MP 43 7 B 7 21 7% B T 2/ Hi - I
T (SSBR/BR) AR | FL A W Fh &2 A5 41 H B
FEPERE BRI RE | B2 J1 PR fE L S A Rk
REAUHEZa A 0S5 LIS 20 25 G M Re L 5 10 1 e 2B
BIE AR,

1 S

1.1 SEIGJERAN R
1.1.1 FE%EA

JKIFE (8. 2% Na, O 1 26. 0% Si0, , 1% 3.3), T.
g%, LT 20 B AE TR 5 LB, o3 al, JL a4k T
7 BRIR , FP AR, Sr M al, 2R FRA H R
T A (SSBR) , Buna VSL 5025-2 HM, % +JIi T
BIL(BR) , CB24, B AL 2= A FRA A5 (1R B Ze-
osil®1165MP , & il W 4 5 2 (5 15 ) A FRA L
1L.1.2 SEBRAE

7 5 WA (TEM) |, JEM 2100, H A H, 1
RS A L BOBRLEE 43 MY, Malvern ZEN3600, 9% [ £
IR AT RN 7] 5 LR A 34T, Quadrasorb SI,
e[ FRAA AR F) A L B (SEM) |, S -4700,
H AR H A7 28 7 5 M 50 % ML, Rheomix 600P, 8 2R K
TERBHE A ] o T Ak, MR - €3, Jb o Fi ik 5
JRAERA BRZS w] 5 #8E im T-43 Hr A%, RPA2000 , 3¢
BT IR IERHE A B 5 ShAS AL 3143, VA3000 , 12
01dB-ZFEF Al T T R IR AL, FET4s Toall
G (PHE)ARAF,

1.2 HRHE
1.2.1 9% 2%

el 1.5 mol/L A FF AR ¥ W A1 2 mol/L FY B
RRV WA RN 25 o Il K BB A — i 1 1Y
FEFRUEBILL 1:4)  FIMA DR O BidEd s
Je BE K BB FR B, BT 80 CHlA s, KAy
BEIR LA 3 mL/min (Y 3 B2 B K B ISR BRI, B
% pH 4 10, JRFFE SR, FRAk2: LU [R] 3 B2 % in
TR ZE pH o 6, T A3 FURBEI I o LAV omg©
V5 =5 309 FL B £ Bt in A 51 (o SR 2R
£ 80 C N Bk 2 h il F K B ¥ /K Ve 3 Ik, 1 E
IR RSV 3 W B ORI F 105 °C I HET
AR AR 1 2 2=
1.2.2 &% 2L 7% SSBR/BR £ &##

S 44 F1 ¢ SR F Zeosil®1165MP 1475 SSBR/BR
MIBCTT anER 1 s, Hrp B B3R R B 100 ¢ OB
KR 432053 i, FF SSBR Al BR 7E 60 °C % AL
HORIR—E B B 5 KOOI ZnO AEBE R | b7 % 7
4010NA 5485, 1RA5)5, 81K 3 min P340 BRI
T E A 5 R o A B 7R 0L - [ y-( = AR A ) TR
PUBR A (Si69) RGN SE ISR 2 ~ 3 min, I
A5 IR EE A 150 °C . L 70 /min IR 5 min, U
ek, RECRHAEG 78 SR HRHL_E UEA IR,
APEHER CZ ARk D FNGRh TR 515 1580 A
e BARSEIE . BRI E AR AL HL T 150 C Bifk, 15
#| SSBR/BR & & #1K},

®1 ZEMERET

Table 1  Composite recipe
JEEL Jo i 53 5K

SSBR 96. 25 (H P ERRIIN 26. 25)

BR 30. 00

Zn0 3.00

T HRIR 1.00

e 70.0

Si69 7.00

{E#E] D 2.00

{5 CZ 1.50

Bj %77 4010NA 1.50

ag 1..00

T ik 1. 40

1.3 Wik 5RIE
168 355 B H 7 B BB X ik SRR S R AT 3R
T 5 F FH ISR EE 43 A 4SO ok SR AT RE AR R A%



52 ] MR DUETE AR R # KOS SSBR/BR 85T -33-

GYAT ST 3 (0 B AR A BT 4SO 1 e R AT L R
T FRURIFLAR 53 BT 5 388 0 JC 7% 1 B Ak ASC I o e e )
AARENE 5 ol AR TN T 43 A 4SO B ek %) 3l 285 Tt A8 P
BEEA TN, Zh AN AR 3L 60 °C 3% 1 Hz,
FHIEH 0. 28% ~ 400% ; & FH H. 7~ J7 BE 12l 46 L I
AR %) 7 27 1 B 5 R 20 28 BOBTLAR 53 A Al A
RIS Rt fe , LI B o hr s = B
A 2 mm x 15 mm x (10 ~15) mm (J& x T x
1) A T R IE | B A R AR R BE 0. 1% , 3005 5
10 Hz, R BEIX ] - 70 °C ~70 °C , FHE# % 3 °C/min;
i FH B 45 98 55 1R B0 L (YS —25 ) %o e RE R 47 30 8 %
45 A= A 3R ] 25 ming, 455K 30 Hz, 3R 76
fE55C,

2 Z#R54%

2.1 BREMRELER
2.1.1 #ABR

i FH TEM X [ B AE S AT TR SR AE , 45 5 1
B 1 (a) Fin, ATLAER 2 4 SRIRR AR BN, 43
B A), BEFLEEI 100 4> [ 5 BBk 1 4T )
iR EAE () iR i R B kLR A A
AT AR 5 BB A0 B Ok AR S IE S0 A, 40 A
FEI# 78, 7E 10 ~ 19 nm Z ], F-3K42 4 15 nm

25
N=100
20
15F
]
=&
101
5_
0 1 1 1 i Il Il Il 1 il Il
9 10 11 12 13 14 15 16 17 18 19 20
WIHE R H AR /m
(b) WItH RS A B

B RIS vl B P ) i IO 1A 23 A 14
Fig.1 TEM images and distribution of the primary

particle size distribution of silica
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Fig.2 Particle size distribution of silica
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Preparation of precipitated silica and its use as a filler with SSBR/BR

MIAO Ye KONG LingHan HUANG XiDai WANG ZhongYing ZHU Hong"

(State Key Laboratory of Chemical Resource Engineering, Faculty of Science,

Beijing University of Chemical Technology, Beijing 100029, China)

Abstract; Silica for use in green tire rubber has been prepared from water glass using sulfuric acid and citric acid
solutions. Ethanol was added before the precipitation and aging stage. The structure and morphology of the silica
sample were characterized by TEM, BET, and DLS. The resulting silica had a DBP oil absorption value of 2. 1ml/g, a
specific surface area of 239 m*/g and average pore size of 34. 7nm. The primary particle diameter had a normal dis-
tribution and ranged from 10 to 19 nm, with an average primary particle diameter of 15 nm. The only primary aggre-
gate size was 150 nm. Compared with commercially available silica Zeosil®1165MP, the optimum curing time ( zy, )
of SSBR/BR filled with the prepared silica( silica—SSBR/BR ) was significantly shorter and the curing rate was fas-
ter. The tensile strength and reinforcing index (RI) of silica—SSBR/BR composites were higher, and the silica -
SSBR/BR composites exhibited better wet skid resistance and lower rolling resistance than Zeosil® 1165MP -SSBR/BR.
The values of the heat build-up of silica—SSBR/BR and Zeosil®1165MP —-SSBR/BR were nearly equal.

Key words: silica; water glass; composites; rubber; dynamic mechanical property
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