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Fig.1 Process flow of carbon black masterbatch preparation
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Fig. 6 Dispersion of carbon black in compounds prepared by
different mixing processes

(a) e TRRIRIE T2

o Lo | 1 I
SU8000 10.0kV'9.3mm X5.00k SE(U) Eiat o eloim

(o) BT A ELHRE T Z

E7 ARBEHEIZHENRERHYSEMR A
Fig.7 SEM photos of compounds prepared by different
mixing processes

A TR R A B, A T 0 1 SRR R T 2 4



AR

TR A5 R 7 WL SRR T 25T 673

P TR R G v e B R 43 805 o A 3L, RIAR BE 1
DR T 2000 & 0 TR B v o J8 AT SR B i, R A%
B, T4 e YR 9 SRR R T2 A TR R
o SRR /N HLIA B i A R4
2.8 h&ENFEMERE

87 T AN [ IR T 25 il & 14 it A Jse 1) 45
FER L (E') IR M4 .

3.5

1.5+

1.0 -

0.5

1
-80 -60 40 20 0 20 40 60 80
/T
EFES,
B8 AREIRGIZHENMURNE -RE 2%
Fig.8 E'-temperature curves of vulcanizates prepared by
different mixing processes

MIESTT U H, SRR E T, &l )7 i ik %
SRR T 2 55 AL R E" i T 58T IA TR
T 5 W BRAL I , BE A TR RE B0 Ty, 4 PiC 7 i 1%
SRR T 2w B BRAL I E' & T 58 Tk R
W T w B . 7 A - TR AR
e 7 R IR SRR T BB A R AL T
A, BRI T 75 133 8l o R SR IBOE
ZiaBRMERREZ, A h D, R
B 5 WA L B T R AR A B A A
B SRS BRI T BE S 5, BEORES OB
P28 2 A A T I, AT Y EY AR, i it — 203k
A 4 50 07 R 0 T SR R T 2 e 1) A MG 1 7
(73 BB

— AN BRALIL60 C 22 AT I RFEA T (tand)
A LSRR S BE 3, FLAEB )N, TR Sl )N,
Z AR RS S OR . 978 T AN Rl R
T2 w6 BRI Y tand -l HE 1 £k

MIEI9RT LA, 4 Be 75 M ik SRR R T 2l
#HIBALIL60 C A AT i tand HUAL 58 TR R 1.2
il 28 BB A O /0, AT LA SR DB HG TR Bl B B
R R A T R R SRR T AR R AL
B2 SEURE 5 SEORL A 19 25 45 R /b, BEURES5 A% 1Y

0.9
08
07}
0.6

o 05F

8 gal
03F
02}

0.1F
0

Il
-80 -60 40 -20 0 20 40 60 80
g/ C
B9 AEBEHEIZHENHRUEKNtano-REHL

Fig.9 tano-temperature curves of vulcanizates prepared by

different mixing processes
W28 4540 22, WAL IR 4 N BRI RS , N5 5 i
I 5 TTEORES OB R 28 25 K 5/ R L 28 45 1
FIFAER RE I B/, PR BRAR IR TR Sl BE T AT

3 #ig
(D) &Rk E LR G T AR IR G T

EHESERE T ZME G, AN, AR T
G T IR MR I By 42 R A7 R, S B T SR B3R R
A H A, AR 1 IR R A TR [ A9 34 SR A A
R

(2) GG TRIRE T2 L, BT R %
SRR T 2 Wb i EURLK 73 R BT I ) i
S 34 S TR AR AT X 7 R/ IR A8 43 HIORE AT AR R Y
FETE, TS 1B PR RE , B A 7 i 56k JEE
PUUVEIEBE R R 42 T, in TR RE A 3l 25 1~ 1k fiE
SRR TN

(3) 3t 3o e EURE AL/ INRE AR 3 B B LA Je
i 2, SR TS SR MRHLIEATIR MR, SEBL T e 5
MRk SRR T L E S

SE
[1] SHIGA S, FURUTA M. Processability of EPR in an internal mixer
(11 ) . Morphological changes of carbon black agglomerates during
mixing[J]. Rubber Chemistry and Technology, 1985,58 (1) : 1-22.

[2] WANG Y Q,LIAO L S,ZHONG J P, et al. The behavior of natural
rubber—epoxidized natural rubber—silica composites based on wet
masterbatch technique[J]. Journal of Applied Polymer Science, 2016,
133(25/26). DOIL: 10. 1002/app. 43571.

[3] WHITE J L, LIU D, BUMM 8 H. Development of dispersion in
rubber—particle compounds in internal and continuous mixers[J].
Journal of Applied Polymer Science,2006,102:3940-3943.

[4] YAN N, BUONOCORE G, LAVORGNA M, et al. The role of

reduced graphene oxide on chemical, mechanical and barrier



674 0 2 20170 4R L T

20234557045

properties of natural rubber composites[J]. Composites Science and
Technology,2014,102:74-81.

[5] LINY,CHENY Z,ZHANG Y,et al. The use of zinc dimethacrylate
functionalized graphene as a reinforcement in rubber composites[J].
Polymers Advanced Technologies,2015,26(5) :423-431.

[6] DONG B, LIU C, ZHANG L Q, et al. Preparation, fracture, and

fatigue of exfoliated grapheme oxide/natural rubber composites[J].

RSC Advances,2015,5(22) :17140-17148.

EAK. ZIIRERELEIE 15 he S AR5 B/ 1 A AN S AR

Jier g R RS E[D]. i : TR 2, 2021.

WANG X F. Synthesis of multifunctional silane coupling agent and

[7

its application in carbon black and silica reinforced isoprene rubber
composites[D]. Xiangtan: Xiangtan University,2021.
KIMY J,HA S W,JEON S M, et al.Fabrication of triacetylcellulose—
SiO, nanocomposites by surface modification of silica nanoparticles[J].
Langmuir: The ACS Journal of Surfaces & Colloids,2010,26 (10) :
7555-7560.
WRBCHL. [ A R SRARIEE / 1 5 SR IR MR B AR R R iy BUIR D). 439
HAR G4 ,2016,42(21) :26-30.
CHEN Y M. Present situation of wet mixing technology for natural
rubber/silica in China[J]. China Rubber/Plastics Technology and
Equipment,2016,42 (21) :26-30.
(101 HFEIMG. 1R B AR Toll b 17 P S R SR L), RS 40 5 %
JHAE6h 2014, 22 (4) :25-30.
TIAN G P. Application research progress of silica in rubber industry [J].
Fine and Specialty Chemicals,2014,22 (4) :25-30.
(111 2438, #1380 AR RN, 45 TR IR MR AEAE AUBORHE R X L F
53] B Tolk,2019,66 (2) : 134-137.
XUAN S P, BIAN H G, SONG F P, et al. Comparative study on

[8

[9

[t}

energy consumption and compound property of dry and wet mixing
process[J]. China Rubber Industry,2019,66 (2) : 134-137.

[12] MARKHART G T. Continuous mixer[P]. USA: USP 04542992A,
1985-09-24.

[13] SITISAIYIDAH S, JOHANNES V H, WILMA D, et al. Upscaling
of a batch de-vulcanization process for ground car tire rubber to a
continuous process in a twin screw extruder[J]. Materials, 2016, 9
(9) : 724-740.

[14] PhFEIAE 200 20, SRR MR T AR S 0T ik
PRV AR BEAR 5545 ,2017,43 (6) : 17-19.

SUN G H, LI H, LI B. Technical advancements and research
progress of new wet mixing rubber materials[J]. China Rubber/
Plastics Technology and Equipment,2017,43 (6) : 17-19.

[15] Hr , ZEAF-, B35 bk. SorEse il 6 T2 5 ¥EREDTE 0. ik
TR ,2011,30(9) :91-93,96.

DAI H, LI H P, HU Q L. Study on preparation processing of
modified carbon black and its properties[J]. Petrochemical Industry
Application,2011,30(9) :91-93,96.

[16] PAYNE A R. The dynamic properties of carbon black-loaded natural
rubber vulcanizates. Part | [J]. Journal of Applied Polymer Science,
2010,6(19) :57-63.

[17] SONG Y H,XU Z J,WANG W J, et al. Payne effect of carbon black
filled natural rubber nanocomposites: Influences of extraction,
crosslinking, and swelling[J]. Journal of Rheology, 2021, 65 (5) :
807-820.

[18] B/, AR, 0155, 4. S IR e Payne N 1) S 40 (F 5T (.
b A AR A AR WS SR iR - P E s
P TA%2%,2012:157-160.

W B #:2023-06-30

Research on Full Formula Wet Continuous Mixing Process

WANG Chuansheng' >, LAI Qingxiang' , HONG Yufei',LI Xiangxu',BIAN Huiguang'”",SUI Yanjun'

(1. Qingdao University of Science and Technology, Qingdao 266061, China; 2.Shandong Key Laboratory of Advanced Polymer Materials
Manufacturing Technology, Qingdao 266061, China;3. National Engineering Research Center for Advanced Tire Equipment and Key Materials,
Qingdao 266061, China)

Abstract:In this work,a full formula (fillers included carbon black and silica) wet continuous mixing
process was researched, which could overcome the difficulty of mixing carbon black and rubber using
the traditional dry mixing process, simplify the processing flow and reduce the dust pollution.The full
formula continuous wet mixing process was divided into four stages,which were the preparation of aqueous
dispersion of reinforcing fillers and additives, the preparation of carbon black masterbatch, the preparation
of silica masterbatch, and the continuous mixing.The results showed that the dispersion of carbon black in
the rubber matrix was improved by the grinding process of the aqueous dispersion of reinforcing fillers and
additives in the early stage and the continuous mixing in the later stage, so that the physical and dynamic
mechanical properties of the vulcanizates were significantly improved than that of the vulcanizates produced
by the traditional dry mixing process.At the same time, the problem of dust flying in the dry mixing process
was avoided, and thus clean and continuous production of the compound was achieved.

Key words: full formula wet continuous mixing process; dry mixing process;carbon black;dispersion;
dynamic mechanical property



