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Abstract: In this study, a new process was developed to develop the waste rubber material recycling system. Firstly, the
blending of the reclaimed rubber/virgin rubber as a compounding technology was investigated in this study. Secondly, the
removal of odor by using zeolite. Thirdly, the continuous crosslinking process technology was studied the technology can
solve the environmentally harmful substances and economic problems. Based on this technology, we have started to develop
application technologies such as floor mats and rubber sheets for forklifts, and will further study the environmentally con-
scious products in various ways. Our research will contribute to the recycling industry.
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Figure 1. The schematic recycling processes of waste rubber powder.
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Table 1. The Compounding Formulation of Reclaimed Rubber by Different Zeolite Contents.

Unit NS2-1 NS2-2 NS2-3 NS2-4
Rubber Reclaimed tire rubber 100 100 100 100
Acc. NS 0.8 0.8 0.8 0.8
Curing ZnO Phr 2.5 2.5 2.5 2.5
Formula SA 0.3 0.3 0.3 0.3
S 1.2 1.2 1.2 1.2
Anti-odor agent Zeolite 0 3 5 10
Total 104.8 107.8 109.8 114.8
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Figure 2. The odor intensity of prepared rubber by zeolite contents.
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Figure 3. The structure and HNMR result of devulcanizer.
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contents.
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Table 2. The Compounding Formulation and Properties of Re-
vulcanized Rubber without and with Devulcanizer and by Different
Devulcanizer.

N1(no N2(Commercial)  N3(GNU
devulcanizer) (China) developed)
NR powder/g 100 100 1000
EPDM powder/g 0 0 0
Deodorant/g 0 0 0
Commercial(China) 0 0.5 0
use
Compounding recipe
Virgin NR/g 105 105 105
Reclaimed EPDM/g 0 0 0
Reclaimed NR/g 90 90 90
ZnO/g 3.75 3.75 3.75
S/g 1.75 1.75 1.75
SA/g 0.5 0.5 0.5
M/g
TMTD/g
NS/g 1.2 1.2 1.2
N 145 145 145
Curing time/min 8:21 6:53
Tensile strength/MPa 1.12 5.9
Elongation
Strenggth/% 422 925
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Table 3. The Compounding Formulation of Reclaimed and Virgin
Rubber.

Phr
Reclaimed rubber(NR) 50
Rubber .
Virgin NR 50
Wasted rubber powder(NR) 0
NS 0.8
Processing aid ZnO 2.5
Stearic acid 0.3
Sulfer 1.2
Total 104.8
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Figure 5. The results of tensile strength (TS) and modulus at
applied strain (M50, 100, and 200) (a) and elongation at break
(b) of compounded rubber by virgin rubber contents.
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Figure 6. The RCAD results of compounded rubber by contents
of virgin of waste tire powder and virgin rubber.
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Table 4. The Modified Compounding Formulation by RCAD Results.
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Experiment No. N6-1 N62 N63 N64 N65 N66 N6-7  N6-8  N6-9

Rubber Reclaimed tire rubber phr 85 85 85 80 80 30 70 70 70
Virgin NR 15 15 15 20 20 20 30 30 30

Filler NR powder 30 40 50 30 40 50 30 40 50
CB (N550) 75 75 75 10 10 10 15 15 15

Curing Acc. NS 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
ZnoO 25 25 25 2.5 25 25 25 25 25

SA 0.3 0.3 0.3 0.3 03 03 03 03 0.3

S 12 12 1.2 12 1.2 1.2 1.2 1.2 12
Total 1423 1523 1623 1448 1548 1648 1498 1598  169.8
Mechanical TS MPa 6.8 6.6 5.8 6.9 6.2 6.0 7.6 7.0 6.1
Properties EB % 268 267 251 292 283 267 335 311 284
M50 MPa 12 12 12 1.1 1.1 1.1 1.0 1.0 1.1

M100 MPa 2.1 2.1 2.0 1.9 1.9 2.0 1.8 1.8 1.9

M200 MPa 4.9 4.8 45 43 43 43 4.0 4.1 4.1

Mooney MLI+4 100°C 33 34.1 66.2 513 523 59.3 46.8 493 51

Cure ML dM.m 2.97 3.00 3.59 2.48 2.64 3.14 2.43 2.63 2.68
Characteristics  vfpy dM.m 1326 1232 12.88  12.84 1236 12.16  12.64 12 11.02
MH-ML dM.m 1029 932 929 1036  9.72 9.02 1021 937 8.34

tc10 Min 3 2.73 2.85 3.08 3.00 2.92 3.30 3.15 2.77

90 Min 8.15 8.42 8.35 8.45 8.24 8.50 8.57 8.57 8.6
Curing-index min~ 19.42 17.57 18.18 18.62 19.08 17.92 18.98 18.45 17.15
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Figure 7. The results of tensile strength (a) and elongation at break (b) of compounded rubber by contents of waste tire powder and

virgin rubber.

Table 5. The Mechanical Properties of Forklift Truck Flooring Material and Rubber Sheet Prepared in this Work.

Kinds Modulus Tensile strength Elongation
Unit 100% MPa 200% MPa 300% MPa MPa %
fork lift Floor Rubber 15.18 20.31 29.36 4.36 430
sheet 20.00 29.39 40.60 6.91 642
(b) L N )
4) AZ-g 1FAIES 7 MY B3], A&7t R7Ie=

sheet

Figure 8. The images of forklift truck flooring material and rubber
sheet prepared in this work.
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