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ABSTRACT: Present silica dispersing agents are based mainly on fatty acid derivatives of Zn,
K and mixture of faity acid and metallic soaps are used to increase activity. The viscosity of
silica filled rubber is lowered by Zn-K soap type silica dispersing agent, thus fluidity of
hydrocarbon chains and processibility is improved. Silica dispersing agent should not exert an
influence on chracteristics of vulcanization. But scorch and curing time is shortened by Zn-K
soap type silica dispersing agent. A newly developed silica dispersing agent, which is a non-
metal type agent, reduced the viscosity and hardness of silica compounding rubber, and the
highly increased degree of dispersion of silica is caused by interaction of silica and rubber.
Also it did not affect the curing characteristics and scorch stability of silica compounding rub-
ber.
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Table 1. Formulation of Silica Filleded NR Com-
pound with Different Type Dispersing Agent

maleic

blank Zn-K SDA new SDA anhydride

SMR-CV 60 100
Zeosil-175
Si-69
PEG-4000
Zn-K SDA - 1 3 5 -
new SDA - - - -
maleic anhydride - - - - -
Zn0
stearic acid
Kumanox-13
wax
DPG
TBBS
sulfur

o
o

e D) DD W T WO BN

[SCIN

ARBZ(7|. nRe] BAY& 2457] 8 ALeF 7]
71 Rheometer-100 (Monsanto, ©} =), Mooney
viscometer-1500, Instron-6012 (A&, crosshead
%% 1500 mm/min, load cell : 100 kgf), Qualime-
ter (Gabo Co., %), DMFC (Demattia flex
cracking tester, Getty Inc.) (50 C, 2Z&% .8
2 3003], 23 34200008 )| Ae]Fte] &
AdE #FEy] sl EPMA-1400 (Electron
Probe Micro Analyzer, Shimadzu, Y&)(s] & :
2004k, Sioll mappingdlg €91 mapping data
€ color imaging A2 )& AMH-Hch

DRAHS M=, A|HE AZsly] 98] Table 1
o] zAdule}t o] SMR-CV60x} RAiHE 30&7
preblending &% 74 silica, Si-69, process
ol ¥ A]¥E Banbury mixerd] Y1 587 &
ghatde}l. PEG-400, stearic acid, 6-PPD, wax,
DPG, NS& 9|9 uigtEd ¥ 387 o wWgs
% Wi3ES dumpdly 14 WigES Axsigon
o] ZFMFEE 24417 o]} FH3] WAF K3
714§ Y3 open milldlA 100 C ©3E &
sy AL AAlsigc

o] #5d 1FE YodEE olfsld HF
ZIRAIZHE J1FEeE 11x1lcm HT EooiA
170 'C, 1087 7Hrdld ¢ B4E viag &+

Felo A253d A45 2001d 79

= B4 344 AEg Azsgr.

249} B4, Monocethanol amines} tir} &7
A& 1:1 HEE x-hexaned] Ho] 54]7F £} re-
fluxste] 12 ¥Hg-g Fg3Yen oy Zuz=
PTSA (p-toluenesulfonic acid)& A}2-3}gc}.
€719 X7l gl 2 d7x Yzd F separa-
tion funneld] £4& &7|1 ZujR A 3] 2
Tt AV dolu=F Wede AN
¥ FEev A3 Yoyl E28 AAslT §7)
& dzs7] 93 NaSOE 593 3 2/t 5
ot FAAF Tk Filtering& 3l Na,SO,& AA%
2 7S FE $3 n-hexane A ASAL}. 7)o
phenolA resing Wil 140 ColA 2417t 59 ute
3 3 w38 F33iHcl WAAEL Figure 1949}
2] FT-IR2 #<glalg o 3448 cm'oA] N-H
streching®], 1736 cm™'ollA] ester®] peako] 29l
HAar of Aol oJ3) monoethanol amine®} t}z}

f71de] & we BAgee ¥+ AN
dnt 3 oF

HEQ 7M. A= amine T£ZE 7]
o2 3ta Jon o7ld 7%5E vekd F Y&
5718 =Yt Figure 29149} o] AlRA
T-EAA Ao AHEF A Ys ARner)
(electron  withdrawing group)?l dicarbonyl
groupdl] 28] Ao §*, Elz RE BAE 993
o aliphatic % aromatic group& =Ust & A
g IR =E AAlslgt). Silicas T2 BEA4)
silanol +%7} HA U3 dem g silanole] &
2 SHE a9 ARG 299 Bl =
" 0" FaAYe] dAUEE Per A
d FEE 0tE 2R vEgre AAURs) e
4 (electron rich)3# Van der Waals 39 2]3)
b b go] doUEE gt AlBaAe A A
FAQd Si-699} #o| silicas} uF7r A H
& Fxdl= Ao] ohet silica v A silicas} -
e 4% Bld AEE f, B4 e 52
3=

7tmaY. £ TR AR HElg 58

FAAMA HEFTE &l 3ln 2t g@¢Al=

2 ot re

or L b

o

505



SRR R TR

58.0-F% JANG.SP
55 TN
:‘/- \l '.ﬂ o [P A
501 f T "y ‘cf: PNYAY
\ - H oy in T
45 "-.J’/\\ ! i Jg 8 c!,“f =
o : 2T 1S9
01 = - ge~
% s | & =g
35 :I e — =T
©
30 4
25+ elS
w D
20 > &
o
17.0 T T T T- L3 ¥ nL T L) T L3
3500 3000 2500  : 18001600140012001000800600
4000.0 2000.0 400.0

Figure 1. FT-IR Spectra of newly developed silica
dispersing agent.
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Figure 2. Compatabilizing mechanism of newly de-
veloped silica dispersing agent.
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Table 2. Rheological Properties of Silica Filled NR Compounds with Different Amount of Various Silica
Dispersing Agents

rheological unit blank EF-44 KSD-01 maleic anhydride

properties PEG 4000 1phr 3phr Sphr lphr 3phr Sphr 1phr 3phr 5phr
rheometer (160 C)-torque (1 bs.in) T, 1190 1130 9.90 840 10.80 10.90 103 112 1300 125
viscosity (ML, , , @100 ) Tnax 4530 4400 4150 39.90 43.40 42.10 416 444 4550 442
scorch time (T5) (unit)  64.1 63.8 60 525 622 607 583 629 656 676

(min) 14 1347 1253 11.73 1387 1467 132 1307 1293 11.07

Table 3. Mechanical Properties of Silica Filled NR Compounds with Different Amount of Various Silica
Dispersing Agents
mechanical . blank EF-44 KSD-01 maleic anhydride

properties unit PEG 4000 Iphr 3phr Sphr 1lphr 3phr 5phr 1lphr 3phr 5 phr

tonsile SUCNEI ) m? 263/246 282/252 251/232 285/241 274/243 277/249 273/246 268/227 213/196 231/~
initial/ Aged-1 day
(aging con. 95 C)
elongation break
tear resistant o jem?  97/87  107/87 111/79 103/87 95/91 110/87 117/86 113/91 102/81 113/84

(Initial/ Age-1)
HB.U (4T) C 152 152 138 142 156 145 144 155 163 166
DMFC(2x10Y (mm) 69/56 68/52 11.4/70 61/51 80/61 60/6.1 45/53 72/59 7.1/53 6.0/5.2
wnomr/gy 0C O3 0108 01 0113 0103 0104 0104 0108 0098 0.107
60C 0049 0049 0047 0057 0051 005 0049 005 005 0051

% 544/472 572/484 523/458 581/483 581/469 579/504 562/489 551/427 491/401 531/-

3, Sphrofl wet AP BPo] veA dv AL net JEF=T Frhske B EE el @ Aol
Zn, KA B4A)71 Alg-ako] 271t wha} micelle ot 2oy 233 JEBET} webAlE A Figure
Ao o3 A5AL A eases Alee $E24 39| vehd 3T} 2o silicar} A2 BAER| 23}
718 58 =7t 72T DRARE AloldA] 3t silicazt 3 #o] dold ok 27}t B7) df
Azt 2 sl A7, Alen RAAN A¥ ol AR Sl wet A= A Ao
e oA A EAol ¥si@tin noAT). 53 Az ot

Zn, KA £4H47} 3 phrollA4l 1, 5 phrol vlsf <13 FLMEKT. ASTM-D813¢] wat 50 ¢, 94
B4l ZaE HAe i ulgAld g0y wsd &+ €3N wEFa o) YAHE TIA=S
UE rotor £%, 25 Fd w2}l U178 EAo| DMFCAl @71 & AMg3sld 33190} 2a45s 2
HA3ge Jepdch wAd KSD-01¢] 2% Hrist 2 3003 2 e & 2% 34 2000084}
o W& B4 W3t dalx %8 AL silica-#AL aRet FAAle] ARAEHLS DR E ﬂ!?‘ﬂ
Al -2 77 Van der Waals gl 2|3t At& zHg-0] VHEAQl 38 o) #Yg HAALEd dge
doju} ALg-8F F7lo we}l Zn-K soap £4H9 @ ol NF-FHAe ABAFHL Ee|5sA é‘z}
2] AshAl = 2g-abx] il silicas] BAMIE 714 o oj&sHA =w, qizle] =] BAA, gdAd o
& & 4 Aok Fg BEvh GrldME silicaE FEE FHE 4}
KSD-019] Z9- 224l 21859 Zvie} gl <) g55on2 ¢izte] =)o 9% JegE s Baky
d7=7t F7 sl oy Zn-K soap B4l E 2313 2 FEAd 4ge devin & & U 549
Badte 3%E Jehllzn 9t} Zn, K soap dH) A7 W BAgde] Yzslvia suzls REFoz
o] A& silica w3 R Fx, HEE YFE silicaz} 38 A$ RE¥oz Budsin Y
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Blank Z-K soap type dispersing agent KSD-01
Figure 3. EPMA photograph of silica filled NR compounds with different silica dispersing agent (center).
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Blank Z-K soap type dispersing agent KSD-01
Figure 4. EPMA photograph of silica filled NR compounds with different silica dispersing agent (edge).
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o] A$E HAE Age etk 60 CAA 9
tan 8= 1, 3 phrolA= KSD-013% MAH7} Zn-K
A BA) vlE] o F& g¢g Jeply 5 phro
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48 1 & Fou tan &7 #E3) e A
e Jepez 2o A 4-& nFu EEdl
A & oty ggd

Silica 2AtTo . nFu]HE Ul silica £4
58 =337 98 Table 194 #4k4] 3 phr& 7]
zog v3e 3 F LEE 11xllem HH E=
oA 170 C, 108zt HF MRz A¥HE
Azt ol A|g& EPMAZ 200u)¢] wl&
2 ZA% % Sid] mappingdt¥ L €13 mapping
data& color imaging 323t} ARelAl s
oz 42 Sigxrs AeAHoln Moz Jehd
42 Sio] U5rt & A& etk Algs 3@ 7t
FE9 Wy gulg Aol BAEE ¥wch AR
o] sampling V& A% 4§ A8 shgd #
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g0 Jge FA FEP F RE] st o
E7olg 937 gt gdg 48 AL
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A} (Figure 3, 4).

2le] mapping ARl RE ule} o] Zn, K
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4 PR3 71¥ soap HElel Al A4
A7} Eol7tAl e AET sied e} oAF FE
Si WExjolzt AR} o] 7]F€ Zn, K soap
glo] BAA7} silica Wl w7bR 179 HE B
TE 2HAA 71E4e PR JlEr BAC
A blank tiH] EoE A $4& FA 2
Asxe} Ax)gict, 7)1&E BakA2] 34 soap Feloln
2 RFHFE WM 1R A&z, ZF-F3AZL
slip @48 doA NFPE FPAHEAT Sigt n
Falolo] B3l o] BF 3o JHHAl T
o0y A g8 F FEA A zo|7} wpm
Bg ) Blanke] A$ 238 71F 4kl v
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ool 739 Zn, K soap o] ¥4H47} blank
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2 AAd Si7l En2 BAse] J&g ¢ £ 9l

R S

t}. o)A A A g FHn A ARAA
71EBAA 8} 2 silica BAEE FVHIHE & F
i} (Figure 5).
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Blank Z-K soap type dispersing agent KSD-01
Figure 5. EPMA photograph of silica filled NR compounds with different silica dispersing agent (cutting surface).
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