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Fig. 1 Definition of fiber orientation direction
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Tab. 1 Vulcanization properties of the unmodified BF/NR
composite

Mechanical property 3 mm unprocessed BF

ti/min 2.72
t/min 7.31
M./(dN - m) 0.34
Mu/(dN - m) 14.26
Mu-M/(dN - m) 13.92

Fig. 2 Expansion-type head for dam obstruction
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Tab. 2 Vulcanization properties of BF/NR composites treated with potassium oleate solution

Potassium oleate concentration and BF orientation

Mechanical property

A= AL AX B= BL BX
t/min 2.67 278 2.9 2.92 2.93 2.4
f/min 6.82 6.93 7.08 7.05 6.95 7.01

M./(dN-m) 0.98 0.77 0.76 1.21 0.77 0.99
M./(dN -m) 13.47 12.78 13.26 13.88 13.94 13.57
(My—M,)/(dN - m) 12.49 12.01 125 12.67 13.17 12.58
c= cL X D= DL DX

to/min 2.28 2.37 2.32 1.98 2.23 2.12
f/min 6 6.15 6.22 5.6 6.22 6.57
M./(dN-m) 1.24 1.08 1.08 1.2 0.98 111
M./(dN - m) 13.74 13.71 13.48 13.59 13.11 13.2
(My—M,)/(dN - m) 12,5 12.63 12.4 12.39 12.13 12.09

note: A~D: potassium oleate concentration is 3%, 5%, 7% and 10% respectively; =, L, X: axial orientation, radial orientation, mixed orientation of BF
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Tab. 3 Physical and mechanical properties of the unmodified

BF /NR composite
Mechanical property 3 mm unprocessed BF
Shao A hardness/(°) 59
100% Fixed tensile stress/MPa 2.16
300% Fixed tensile stress/MPa 9.43
Tensile strength/MPa 23.96
Tear strength/(kN-m™) 56.41
Elongation at break/% 490.34
DIN wear consumption/cm’ 0.179
Amount of rebound/% 70.8
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Tab. 4 Physical and mechanical properties of BF / NR composites treated with potassium oleate solution

Potassium oleate concentration and BF orientation

Mechanical property

A= AL AX B= BL BX

Shao A hardness/(°) 65 65.5 64.5 64 65 66.5

100% Fixed tensile stress/MPa 2.32 221 2.23 243 2.56 241
300% Fixed tensile stress/MPa 11.09 12.82 10.07 10.42 14.92 11.66
Tensile strength/MPa 25.43 26.96 26.14 25.75 26.57 27.57
Tear strength/(kN-m™) 61.03 60.59 60.72 63.31 60.29 61.17
Elongation at break /% 508.1 413.22 502.25 525.74 447.07 525.27
DIN wear consumption/cm’ 0.165 0.169 0.173 0.159 0.166 0.164

Amount of rebound/% 70.1 69.8 70.3 71.1 69.7 68.9

C= CL CX D= DL DX

Shao A hardness/(°) 67 67.5 66 68.5 68.5 67.5

100% Fixed tensile stress/MPa 2.49 2.42 2.39 2.26 2.34 2.27
300% Fixed tensile stress/MPa 10.63 13.6 10.47 10.56 14.79 10.98
Tensile strength/MPa 27.7 28.34 27.75 27.08 27.3 27.31
Tear strength/(kN-m™) 63.24 61.07 61.59 60.29 59.91 61.21
Elongation at break/% 527.92 448.03 514.47 497.61 416.72 483.27
DIN wear consumption/cm’ 0.157 0.17 0.165 0.169 0.172 0.168

Amount of rebound/% 70.7 69.8 70.1 713 69.8 70.3

note: A~D: potassium oleate concentration is 3%, 5%, 7% and 10% respectively; =, L, X: axial orientation, radial orientation, mixed orientation of BF
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Fig. 3 RPA plots of the BF/NR composites at potassium oleate concentration of (a) 3%, (b) 5%, (¢) 7%, (d) 10% and in

the BF orientation direction
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Fig. 4 DMA plots of BF / NR composites with potassium oleate concentration of (a) 3%, (b) 5%, (¢) 7%, (d) 10% and in
the BF orientation direction
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Fig. 5 SEM images of potassium oleate and BF orientation
(a): 3% potassium oleate BF radial; (b): 5% potassium oleate BF axial; (c): 7% potassium oleate BF mixed direction; (d): 10% potassium
oleate BF radial; (e): 7% potassium oleate treated BF; (f): 10% potassium oleate treated BF
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Effect of Potassium Oleate Concentration and Orientation of Basalt
Fibers on Properties of Natural Rubber/Basalt Fiber Composites

1,23

Jianbin Ren'*’, Bowen Zhou'*’, Weishuai Li'*’, Dewei Zhang"*’, Chuansheng Wang'**
(1. College of Mechanical and Electrical Engineering, Qingdao University of Science and Technology, Qingdao
266061, China; 2. Shandong Key Laboratory of Advanced Manufacturing Technology of Polymer Materials,
Qingdao 266061, China; 3. National Engineering Research Center for Advanced Tire Equipment and Key

Materials, Qingdao 266061, China)

ABSTRACT: Surface modification of basalt fibers was carried out using potassium oleate solution, the effects of
different concentrations of potassium oleate solution on the surface treatment of basalt fibers and the
comprehensive properties of natural rubber (NR)/basalt fiber (BF) composites influenced by basalt fiber
orientation were investigated. The results show that with the increasing oleic acid concentration, the tensile
strength, tear strength, and elongation at break of the composites initially increase and then decrease, reaching the
maximum values at a potassium oleate concentration of 7%. The tensile strength and tear strength are increased by
15.6% and 12.1%, respectively. After being oriented, the BF reduces the Payne effect of the composites. The
composites prepared with radial orientation show a 2.3% increase in tensile strength, a 17.8% decrease in
elongation at break, and an 8.3% increase in wear. Scanning electron microscopy (SEM) analysis reveal that 7%
concentration of potassium oleate can be uniformly coated on the surface of BF, resulting in better dispersion of
the fibers in the rubber.

Keywords: basalt fiber; potassium oleate; composite; fiber orientation; natural rubber



