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Abstract: Cryogenic crushing techniques have been employed for recycling waste rubber articles and for extracting resid-
ual organic additives present in rubber samples. Rubber particulate derived from tire tread abrasion is one of the key com-
ponents of road dust. Therefore, in this work, we prepared rubber particulates using a cryogenic crusher and characterized
their shapes as well as size distributions according to the type of rubber. The rubber particulates exhibited uneven surfaces
with the presence of some small pieces. The order of the particle size distribution was observed to be: NR > BR > SBR.
Subsequently, carbon black was added; this led to a decrease in the particle size and the shape becoming rougher. The
crushed particulates of the carbon black-filled samples comprised agglomerated shapes of small pieces, which were similar
in shape to that of wear debris in tire tread. It was discovered that crosslink density was one of the principal factors that
led to the formation of small crushed particulates. The small particulates obtained by cryogenic crushing can be utilized as

model rubber particulates for researching micro dust.
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Experimental
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Results and Discussion
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Compound No. Ul U2 u3 U4 Fl1 F2 F3 F4
NR 100 - - 40.0 100 - - 40.0
E-SBR - 100 - 20.0 - 100 - 20.0
BR - - 100 40.0 - - 100 40.0
Carbon black (N330) - - - - 50.0 50.0 50.0 50.0
ZnO 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Stearic acid 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
TBBS 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Sulfur 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
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Figure 1. Magnified images (x300) of particulates (=212 um) of the unfilled rubber vulcanizates obtained by cryogenic crushing. (a)
NR sample, (b) SBR sample, (c) BR sample, and (d) NR/SBR/BR sample.
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Figure 2. Variations of the particle sizes of the unfilled rubber
vulcanizates according to the crosslink density.
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Figure 3. Magnified images (x300) of particulates (= 212 pm) of the unfilled rubber vulcanizates obtained by cryogenic crushing. (a)
NR sample, (b) SBR sample, (c) BR sample, and (d) NR/SBR/BR sample.
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Figure 4. Variations of the particle sizes of the carbon black-filled
rubber vulcanizates according to the crosslink density.
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