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ABSTRACT

An experimental study of the development of carbon black dispersion by an internal mixer
and its characterization is presented. We describe the measurement of carbon black agglome-
rate size and related characteristics using four different experimental techniques :- optical mic-
roscopy, scanning elctrion microscopy, surface roughness, and electrical couductivity. The
results from these different experiments are compared uning the same carbon black for a
series of six different butadiene— styrene copolymers. The results from the different techni-
ques are cross plotted and are critically discussed. It is found that surface but then sharply
deteriorate. At subsequent stages of mixing optical microscopy seemed the most reliable

measure.
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2.3. Transmission optical microscopy
measurement
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Table 1. Elastomers used in this investigation
‘ Butadiene
Designation Styrene microstructure Polymerization Manufacturer Commercial
content(Wct %) vinyl cis—trans  method
SSBR 18/13 18 13 35 52  Anionic Asahi Tufdene
\ solution Kasei
SSBR 25/35 25 35 24 41  Anionic Asahi Solprene
solution Kasei
SSBR 16/71 16 71 12 17  Anionic Nippon NS 110
solution Zeon
SSBR 15/36 15 36 20 44  Anionic Nippon NS 112
solution Zeon )
ESBR 23/19 235 19 12 69  Emulsion Korea Kumho  SBR 1502
solution Petrochemical
OESBR 23/19 235 199 8 74 Emulsion Korea Kamho  SBR 1712
solution Petrochemical
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2.4. Scanning electron microscopy
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3.1. Transmission optical microscopy

A4 £u=l 2]7}4) compoundl| W3t
optical microscope® AHzl & sgled ol F
X3l AFRE Fig 13 2ok o] 5 kAl v
el agglomerate59] Z7|EE N(D)& T3t
Fig. 201 =4 3lgleul, Fig 3ol& ©1 &5 agglome-
rateS9 volume fraction(g)& el i)

& agglomerateEo] 347k we} A 22
agglomerateS 2 A Jrhe Aol 919 19
o x| 7 83] o 4= gl Fig 429} 4bll 49} num-
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Fig. 1. Agglomerate size distribution N determined from optical microscopy.
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Fig. 2. Volume fraction of agglomerate ¢ size distribution as determined from optical microscopy.
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3.3. Surface roughness
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Fig. 3 a. Optical microscopy weight average agglome-
rate size Dw as a function of mixing time.
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Fig. 3 b. Optical microscopy z-—average agglomerate
size Dz as a function of mixing time.
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Fig. 4 a. SEM wieght average agglomerate size Dw as

a function of mixing time.
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Fig. 4 b. SEM z—average agglomerate size Dz as a fu-

nction of mixing time.
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Fig. 5 a. Surface roughness for OESBR 23/19 for va-

rious levels of mixing.
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Fig. 5 b. Surface roughness for the SSBR 15/36 for va-

rious levels of mixing.

Table 2. Surface roughness, o of compounds investigated as a function of mixing time

Compound 45 sec 90 sec 240 sec
SSBR 18/13 422 278 154
SSBR 15/36 302 11.7 79
SSBR 16/71 310 16.8 10.6
SSBR 25/36 312 16.3 6.9
ESBR 23/19 469 246 166
OESBR 23/19 56.7 329 24.1
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nning electron microscopy.
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Fig. 7 b. Slicing of sample for optical microscopy.
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Fig. 8. Comparision of Dw measured by optical micro-
scopy and scanning electron microscopy.
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Fig. 9. Comparision of Dw measured by optical micro-

scopy and standard deviation o of surface rou-

ghness measurement.
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Fig. 10. Comparision of Dw measured by optical micro-
scopy and standard deviation of surface rough-
ness measurements at various mixing times,
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Fig. 11. Comparision of Dw measured by optical micro-
scopy and log 10k electrical conductivity.
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