a Elastomers and Composites
«q,/ Vol. 56, No. 3, pp. 172~178 (September 2021)

Print ISSN 2092-9676/Online ISSN 2288-7725 \?\
DOI: https://doi.org/10.7473/EC.2021.56.3.172 cnec'&—:m

Effect of Blade Materials on Wear Behaviors of Styrene-Butadiene
Rubber and Butadiene Rubber

Gi-Bbeum Lee, Beomsu Shin, Eunjung Han, Dawon Kang, Dae Joon An", and Changwoon Nah'

Department of Bionanotechnology and Bioconversence Engineering, "Department of Polymer-Nano Science and Technology,
Jeonbuk National University, 567 Baekje-daero, Deokjin-gu, Jeonju-si, Jeollabuk-do 54896, Republic of Korea

(Received September 7, 2021, Revised September 14, 2021, Accepted September 17, 2021)

Abstract: The wear behavior of styrene-butadiene rubber (SBR) and butadiene rubber (BR) was investigated using a blade-
type abrader with a steel blade (SB), Ti-coated tungsten carbide blade (TiB), or zirconia blade (ZB). The wear rate of SBR
against SB and TiB decreased with increasing number of revolutions because of the blunting of the blades during wear.
However, the wear rate of SBR against ZB remained nearly constant with little blade blunting. Generally, the wear rate of
BR was largely unaffected by the blade material used for abrasion. The wear rate and frictional coefficient of SBR were
found to be higher than those of BR at similar levels of frictional energy input. A power-law relationship was found between
the wear rate and frictional energy input during abrasion. A well-known Schallamach pattern was observed for SBR, while
a much finer pattern was observed for BR. The blade material affects the wear rate of the rubbers because the macromo-
lecular free radicals and blade tend to undergo mechano-chemical reactions. The inorganic ZB was found to be the most

inert for such a mechanism.
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Experimental

1. =

Styrene-butadiene rubber (SBR) F34-8318to] SOL
6361H (styrene 3+F: 33 wt%, vinyl 3FF: 58 wt%), butadiene
rubber (BR)2 F34]-§3}5F KBR 01 (cis-1,4 3=F: 96 wt%
ol AMESHALL, 7HiA| 2= B THaBA R Ak}
o} (ZnO)x} AH|ol2Ak(Stearic acid), 7EZZAA 2= N-
tert-butyl benzothiazol-2 sulfenamide (NS)E ARE3S}H T
1Ao7 ARBHIA A 2= poly(1,2-dihydro-2,2,4-trimethyl-
quinoline) (RDYE AH&-8HEITH mhE A o] ALEH 359 Z
g2 = steel Z'd(Peace utility, Korea)®} Ti-coated tungsten
carbide ZF'(BTL-3P, NT Cutter, Japan), ZL2] 3 zirconia Z'g
(sdf5, Ruifengli Blade Manufacturing Co. Ltd., China)o]™, Z}
Z+ SB, TiB, ZBZ {3}t
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Table 1. Formulations of SBR and BR Compounds (unit: phr)

Ingredients

Rubber Stearic a
(SBR, BR) 20 acid RD NS S

100 3 1 1 1 2

RD: Antioxidant, °NS: Crosslinking accelerator.

(b)

Ho = 15 mm
H; = 10 mm

ro = 18.5 mm
r,= 6 mm

Figure 1. Dimensions and shape of wear specimen: (a) side view
and (b) over view.
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Figure 2. A schematic diagram of a blade type abrasion test
machine.
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Figure 3. Three types of blades: (a) steel blade (SB), (b) Ti-coated tungsten carbide blade (TiB), and (c) zirconia blade (ZB).



174 Gi-Bbeum Lee et al. / Elastomers and Composites Vol. 56, No. 3, pp. 172-178 (September 2021)

(d) (e) (f)

30° 30° 32°

Figure 4. FE-SEM images (a-c) and sketch (d-f) of cross-section showing the shape and tip angle 8 of three different knives; (a, d)
steel blade (SB), (b, e) Ti-coated tungsten carbide blade (TiB), and (c, f) zirconia blade (ZB).
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Figure 5. Displacement of blade (L) and wear rate (R) vs number of revolution (n) for SBR: steel blade, SB (a, b), Ti-coated tungsten
carbide blade, TiB (c, d), and zirconia blade, ZB (e, f).
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Figure 6. A schematic diagram of measured blade for FE-SEM
(a), and FE-SEM images of SB (b), TiB (c), and ZB (d) before and
after wear testing (6,000 rev) against SBR.
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Figure 7. Displacement of blade (L) and wear rate (R,) vs number of revolution (n) for BR: steel blade, SB (a, b), Ti-coated tungsten

carbide blade, TiB (c, d), and zirconia blade, ZB (e, f).
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Figure 8. FE-SEM images of SB (a), TiB (b), and ZB (c) before
and after wear testing (6,000 rev) against BR.
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Figure 9. Frictional torque of SBR and BR vs load for three
blades SB, TiB, and ZB.
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Figure 10. Frictional coefficient (u) of SBR and BR vs load for
three blades SB, TiB, and ZB.
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Figure 11. Wear rate (R;,) of SBR and BR vs load for three blades
SB, TiB, and ZB.
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Figure 12. Wear rate (Ry) of SBR and BR vs frictional energy
input (Wy) for three blades SB, TiB, and ZB. Values in the
parentheses show a value of slope each of the graphs.

Figure 13. Digital photographs of the worn surface of SBR (SB
(a), TiB (c), and ZB (e)) and BR (SB (b), TiB (d), and ZB (f)).
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