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Abstract

In this study, degradation studies of a small amount of waste tyre rubbers crumb were carried out using
oxidative cleavage by inorganic and organic chemicals to decompose easily on account of cross linking
and stabilizers. The experiments have been performed three reaction remperatures and time in the range
of 130 - 150 °C and 10 — 30 min. under atmospheric pressure. Experimental studies showed thar the
reaction time, the reaction temperature, acidivaste tyres rubber ratio, can be used to control the break
down. The products selected for analysis in this sty were obtained in the maximum vield conditions.
Solid products were analyzed 10 determine their elemental composition and the chemical composition of
Jiquid products were investigated spectroscopic techniques (GC/MS). Chemical veclaiming process is a
possible method for devuleanizing the vulcanized nenvork through the use of chemical agents that attack
the C-5 or §-S bonds. The new method seems to be applicable to the recycling of waste tyres.
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1. INTRODUCTION

For several years, waste tyres have been considered to be “black pollution™ as they are produced in large
quantities by industrialized nations, however the methods for their disposal are somewhat limited[1]. The
most desirable approach to the recycling of waste rubber is its reclaiming based on devulcanization[2].
Rubber devuicanization is a process in which the scrap rubber or vulcanized waste product is converted using
mechanical, thermal, or chemical energy into the slate in which it can be mixed. processed, and vulcanized
again[3]. Strictly speaking, devulcanization in sulfur-cured rubber can be defined as the process of cleaving,
totally or partially. poly-, di-, and monosulfidic cross links formed during the initial vulcanization.
Devulcanization of peroxide- and resin-cured rubber can be defined as the process of cleaving carbon-carbon
or other stronger cross links. However. in the present concept, devulcanization is defined as a process that
causes the breakup of the chemical network along with the breakup of the macromolecular chains. A number
of methods have been applied in an attempt to solve the problem and to find more effective ways of tire
rubber recycling and waste rubber utilization. In this study, degradation studies of a small amount of waste
tyre rubbers crumb were carried out using oxidative cleavage by inorganic and organic chemicals to
decompose easily on account of cross linking and stabilizers. In this study, degradation studies of a small
amount of waste tyre rubbers crumb were carried out using oxidative cleavage by inorganic and organic
chemicals to decompose easily on account of cross linking and stabilizers. Products were analvzed to
determine their elemental composition and the chemical composition of liquid products were investigated
spectroscopic techniques (GC/MS). The method seems to be applicable to the recycling of waste tyres,

2. MATERIALS AND METHODS
2.1. Materials

Waste tyre rubbers crumb used for the experimental work were supplied by tire repair factory in Turkey.
Waste tyre rubbers crumb samples of maximum 3,51 mm mean diameter and 2,27 cm lenght were selected
and kept at room conditions. About 55 g of material was used for each group of experimental studies.
Elemental analysis of the waste tyre rubbers crumb and solid products was performed on a LECO CHNS 628
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model (LECO Corporation, U.S.A) elemental analyzer. The HHV values were calculated by Beckman's
Formula HHV (MJ/kg) = 0.352C + 0.944H + 0.105(S-0). C, H, S, O represent carbon, hydrogen, sulphur and
oxygen conient of material, respectively, expressed in % by mass on dry basis. Determination of ash.
moisture and volatile matter was performed according to ASTM Standards. The proximate and ultimate
analysis of waste tyre rubbers crumb are shown in Table I.

Tablel. Proximate and ultimate analyses of waste tyre rubbers crumb.

Proximate analysis (as received, wt. %)

Moisture 0
Volatile matter 63,03
Fixed carbon 28,99
Ash 7.98

Ultimate analysis (dry, %)

C 86,89
H 8,34
N s

o 3,65
5 132
HHV® (MJ kg-") 38,20

* Caleulated from weight difference.

" Higher Heating Value.

The flow diagram of the experimental set-up is given in figurel.
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Figurel. The flow diagram of the experimental set-up
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The degradation studies of waste tire rubbers crumb samples were carried out using oxidative cleavage by
inorganic and organic chemicals to decompose easily on account of cross linking and stabilizers. The
experiments were carried out in three series. Firstly, three different quantities (3g, 6g and 9 g) of waste tire
rubbers crumb samples were studied at 1400C reaction temperature and 20 minute reaction time to define the
optimum quantity samples for the best cleaving carbon-carbon or other stronger cross links in this
experimental study. After that, the experiments have been performed three different reaction temperatures and
time in the range of 130 ~ 150 OC and 10 — 30 minute, respectively. Each experiment was carried out three
times.

3. RESULTS AND DISCUSSION

The first group of experiments was performed to establish the optimum quantity of waste tire rubbers crumb
samples for maximum solid product yield and also to determine the best cleaving carbon-carbon or other
stronger cross links in the experimental study. The results of the first group experiments showed that 6 gram
waste samples were used in the experiment gave the maximum product yield (%90) and also the best cleaving
carbon-carbon or other stronger cross links (Table2). When the results are investigated with respect to yield.
it is clear that optimum waste sample amount is 6 g under the experimental conditions used.

Table 2. The results of first group experiments.

Temperature:140 °C Time
:20 minute

EXP.NO WASTE SAMPLE (g) CHAR (g) CHAR YIELD (%)

1 3 23 77

2 6 5.39 90

3 9 7,74 86

The second group of experiments was to determine the effect of the reaction temperature on reaction solid
product (char) yields. Table 3 shows the product yields of waste tyre rubbers crumb in relation to final
reaction temperatures at 1300C, 1400C and 1500C under atmospheric pressure. As a result of the second
group experiments showed that maximum solid product yield obtained as 90% at the reaction temperature of
140, and also 150 0C

Table 3. The results of second group experiments.

Waste sample : 6 g Time :20
minute

EXP.NO TEMPERATURE( "C) CHAR (g) CHAR YIELD (%)

4 130 5,23 87

5 140 5,39 90

6 150 5,40 90

The third group of experiments was to determine the effect of the reaction time on the solid produet (char)
yields. In fact, the maximum solid product yield obtained as 90% at the reaction temperature of 140, and also
150 0C in the second group experiments. However, the reaction temperature was selected as 1400C in third
group experimental studies because of energy saving.

The results of the third group experiments results were given in table 4. Maximum char yield was obtained
as 90% at the 20 minute reaction time. As shown in Table 4, the vields of solid product were affected
significantly by the reaction time.
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Table 4. The results of third group experiments.

Waste sample : 6 g Temperature 1140 0C
EXPNO TIME(min.) SOLID PRODUCT (g) CHAR YIELD (%)

7 10 343 5%

8 20 5,39 90

9 30 351 58

The photograph of waste tyre rubbers crumb samples (a) and the solid product (b) were given in Figure 2 .
The products( solid/liquid) analysed were obtained under the experimental conditions giving the maximum

vield (reaction temperature of 140 <C, reaction time of 20 minute).

Figure2. The photograph of: (a) waste tyre rubbers crumb samples , (b)the solid product

The elemental composition and calorific values of solid product(char) were determined. The proximate and
ultimate analysis of solid products(char) are shown in Table 1. The calorific value of 15,1 MJ kg—1 for the

char is also very close to active carbon.




820

Chemical Degradation of Waste Tyre Rubber
S. Balbay, C. A¢ikgoz

Table5. Proximate and ultimate analyses of char

Proximate analysis (as received, wt.%)
Moisture 4,57
Volatile matter 53,37
Fixed carbon 39,84
Ash 222
Ultimate analysis (dry, %)

C 72,41
H 4355
N 0,57
Oa 18,79
S 3,68
HHVDb (MI kg_1) 15,1

a Calculated from weight difference.

b Higher Heating Value.

The chemical composition of liquid products was investigated spectroscopic techniques {GC/MS). The GC-

MS chromatogram of liquid product is given in Fig.
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Figure7. The GC-MS chromatogram of liguid product

The chemical characterization has shown that the liquid product obtained from devulcanizing reaction can be

used as chemical feedstock.
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4. CONCLUSIONS

In this study, degradation studies of a small amount of waste tire rubbers crumb were carried out in the
reaction vessel under atmospheric conditions. In the degradation experiments, the highest solid yield of 90 %
was obtained with 6 g waste sample at 140 OC reaction temperature and 20 minute reaction time. Chemical
reclaiming process is a possible method for devulcanizing the vulcanized network through the use of
chemical agents that attack the C—S or S-S bonds. The new method seems to be applicable to the recycling of’
waste tires. The findings of laboratory-scale studies are encouraging and warrant larger applications of
recycling of waste tire rubbers crumb for the production of active carbon and some chemical feedstock.
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