
A J CSIAN OURNAL OF HEMISTRYA J CSIAN OURNAL OF HEMISTRY
https://doi.org/10.14233/ajchem.2019.21774

INTRODUCTION

Scrap tires are existed in the form of a long-living waste,
and hardly decomposed under the influence of the environment
factors as light, heat, atmosphere gases, and microorganisms,
inflicting an irreparable damage to the nature. The resulting
of pyrolysis of scrap tires produces carbon black 22 %, oil 30
%, gas 28 %, steel 10 %, and small quantity of inorganic slag
or ash 5 % [1-3]. In USA only, the average annual number of
scrap tires accounts for 233 million, so many researchers have
tried to find a way to solve this environmental problem either
using whole scrap tires as artificial reefs and break-waters, or
installation of sports routes and golf sites as small particles
[4,5] or after simple thermomechanical treatment in shoes soles
[6,7]. Some researches tried to use scrap tire in structural engin-
eering after grinded it and mixed with concrete to have higher
strengths and lower water permeability structure [8-10] and as
one of the complementary methods in tire repairing is rubber
as a modification appliance in bitumen and asphalt covering.
Scientific research shows that asphalt mixtures with rubberized
bitumen binders are characterized by high resistance to permanent
deformations. The uses of crumb tires in road construction
include fill material, in asphalt, road base support and side
slope stabilizers [11-14].

One of such ways is the application of crumb rubber of
scrap tires of different particles in noise-suppression structures.
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This is a sufficiently new method of tire management in many
countries. Such utilization of scrap tires would help in solving
one more ecological problem of special importance to reduce
the increased noise level in the anthropogenic environment,
results showed that the coarsest crumb rubber (6 mm) with wood
cutting boards is most efficient in suppressing low-frequency
sounds (up to 300 Hz), when noise level reduction gets changed
in the range of 53 dB to 71dB [15-17]. Other scientists tried to
devulcanized scrap tires to get reclaimed rubber to use it in
rubber industry and revulcanize [18,19]. Scrap tires are used
as derived fuel (TDF) as a substitute for a fossil fuel, which
offers a higher energy value than coal or wood chips and have
little or no adverse effect on air emissions [20,21]. Trying to
use crumb scrap tires in water treatment of heavy metals and
organic compounds was not so successful due to their small
exchange capacity and little adsorption [22-24]. Chemical
modification is the most recently treatment of scrap tires is in
order to prepare new products by reaction with chemical reagents,
to make scrap tires more hydrophilic by oxidizing or haloge-
nating it [25,26]. The ion exchangers have been prepared by
grafting scrap tires by acrylic acid [27-30], or by acryl amide,
and acryl nitrile using γ-ray as physical irradiation [30]. Also,
they have prepared by reacting scrap tires with sulphuric acid,
resulting in two functional acidic groups -SO3H, -OSO3H [31,
32]. Cationic exchangers were prepared by treating scrap tires
with sulphuric acid and olium [33,34], maleic anhydride [35-37],
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or by grafting with acrylic acid, or polymerizing methacrylate
within scrap tires [38], or by copolymerization of phenol sulfonic
acid and formaldehyde [39,40]. Moreover, anionic ion exch-
angers have been prepared by reaction of brominated scrap
tires with ethylamine, diethylamine, ethylenediamine and ethanol
amine [41-43]. Mixed ion exchangers prepared by treatment
of scrap tires with sulphuric acid were then treated with ammonia
solution or pyridine [31,44].

EXPERIMENTAL

Scrap tires were mechanically grinded to small particles
at a size of 2-3 mm, conc. sulphuric acid, ethylenediamine,
sodium hydroxide, hydrochloric acid, silver nitrate, sodium
nitrate (Merck), closed stainless steel reactor volume 100 mL,
and memmert oven 220 ºC, were used in this research.

Preparation of an amphoteric ion exchanger

Sulphonation of scrap tires: Grinded scrap tires were
reacted with sulphuric acid at 180 ºC, for 12 h and 1:5 mass
ratio of scrap tires to sulphuric acid, respectively. The product
was then hydrolyzed by treatment with hot NaOH solution of
1 N to get Na+-form of cationic ion exchanger containing
sulfonic groups, this sample washed with distilled water to
get a washed solution pH 9-10. In order to prepare the H+ form
of the product, we treated Na+-form by hot 1N HCl solution,
then washed with distilled water to get a washed solution pH
3.5-4 (Scheme-I). The maximum number of sulphuric groups
was 4.20 meq g-1, swelling water of H+-form was 1.50-2.75 g
H2O g-1, and for Na+-form was 7.25-9.50 g H2O g-1.

Scheme-I: H+-form and Na+-form of sulphate and sulphonate groups

Amination of sulphated samples: Amination of H+-form
and Na+-form of samples using ethylenediamine at the same
conditions, period, temperature, and mass ratio were done. As
a result, we observed there is no effect of the acidic groups
form on the number of amine groups bonded to products. There-
fore, Na+-form was chosen (ease to deal with). We have studied
the effect of three factors on the amination reaction, the first
was increasing the temperature within the thermal range of
120 to 170 ºC, the second factor was the period of amination
reaction from 3 to 24 h, and the last one was mass ratio of
amine to Na+-form samples 1:1, 1:2, 1:3 of Na+-form samples
to amine (Scheme-II). An amphoteric ion exchanger (SE ion
exchanger) with amine and acidic groups was produced.

Scheme-II: Amination reaction of Na+-form of sulphate and sulphonate
groups

Properties of products

Water swelling: Water swelling can be calculated using
the following equation:

*
1

2

m m
W gH O g

m
−−= (1)

where: W is water swelling, m* and m are masses of wet and
dried ion exchanger at 105 ºC for 4 h, respectively.

The water swelling of three forms of all products were
studied, the first form was treated with 1 N HCl (SEA), the
second treated with 1 N NaOH (SEB), and the final form treated
with 3 N NaCl (SES).

The salted form of products SES (Na+-form of acidic groups,
and Cl-form of basic groups) were also prepared as follows: a
particular mass of SEB was soaked in water, then gradually
added HCl solution until neutralization (pH ≈ 7) acheived,
then separate the ion exchanger by filtration, followed by
soaking it in NaCl 3 N solution for one day, then finally washed
it with distilled water.

Acidic and basic capacities: A weighed mass of ampho-
teric ion exchanger in 1 N HCl solution was soaked for 24 h
with constant stirring and then washed it with distilled water
until pH  ≈ 3.5 of the ion exchanged achieved, and then dried
at 70 ºC for one day. A weighed amount of dried exchanger
SEA (m g) is placed in glass column and added a 100 mL of
NaNO3 3 N solution for each gram of exchanger, and then
collected the washed solution.

In order to determine acidic capacity, 20 mL of washed
solution was titrated with NaOH solution, using pH-metric
titration. The number of acidic groups was calculated by the
following equation:

1H
A

N ·V
C meq g

m
−= (2)

where CA is acidic capacity in meq g-1, V is the volume of
NaNO3 solution (100 mL), m is the mass of SEA ion exchanger
(g) dried at 70 ºC, NH eq L-1 is the equilibrium concentration
of liberated H+ ions which is calculated using the following
equation:

12
H

1

N·V
N eq L

V
−= (3)

where NH eq L-1 is the equilibrium concentration of liberated
H+ ions, N eq L-1 is the concentration of NaOH solution, V1

mL is the volume of sample, V2 mL is the volume of NaOH
solution needed to equivalent V1.

To determine basic capacity, washed solution(V mL) was
titrated with AgNO3 solution, by Mohr method, and the number
of amino groups was calculated by the following equation:

1Cl
B

N ·V
C meq g

m
−= (4)

where CB is acidic capacity (meq g-1); V is the volume of NaNO3

solution, m is the mass of SEA ion exchanger (g) dried at 70
ºC, NCl  eq L-1 is the equilibrium concentration of liberated
chloride ions which is calculated using the following equation:

1
Cl

N·V
N eq L

V
−′′

=
′ (5)
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where NCl  eq L-1 is the equilibrium concentration of liberated
chloride ions, N eq L-1 is the concentration of AgNO3 solution,
V′ is the volume of sample (mL), V′′ is the volume of AgNO3

solution (mL).
Determination of maximum acidic and basic capacities

of best product: The product with conditions of 18 h period
170 ºC temperature and 1:2 mass ratio, as best amphoteric ion
exchanger SEP was chosen because it contains maximum equal
number of acidic and basic groups in 1 g. The maximum acidic
and basic capacities were determined by studying the change
concentration and volume of sodium nitrate solution at three
different concentrations (1 N, 2 N and 3 N).

Wet thermal stability: The chemical stability of func-
tional groups of SEP against wet heating was studied. We boiled
a mass of best product in form of SEPA (best product treated
with HCl) in 1N of NaOH solution for 4 h, and then washed
with distilled water until nearly pH ≈ 10. The same sample
was then treated with 1 N HCl solution for 4 h at boiling point
of solution, washed until weak acidity of solution is obtained
at pH ≈ 3.5. The resulted sample was dried at 70 ºC for one
day. The acidic and basic capacities were determined each time
as described above by using 3 N NaNO3 solution. This process
was repeated ten times.

Dried thermal stability: The chemical stability of funct-
ional groups of best product in form of SEPA against temp-
erature in thermal range of 60-150 ºC was studied. For this, a
dried mass of SEPA at particular temperature and for specific
period from 4 h until a period of three days was considered.
The acidic and basic capacities were determined each time as
described above by using 3 N NaNO3 solution. This process
was also repeated ten times.

RESULTS AND DISCUSSION

Water swelling of products: The water swelling of all
products (SEA, SEB and SES) are shown in Table-1. It is noticed

that the increase in the mass ratio doesn′t affect the quantity
of water swelling for all products. Also, raising the temperature
and increasing the period of amination reaction has a little
effect on water swelling of products. This is due to the reaction
of scrap tires with sulphuric acid, breaking down most cross-
linking bridge and the polymers chains carrying sulphate and
sulphonate groups which are hydrophilic functional groups.
It is observed that water swelling of form SEB or SES having
more water than SEA, due to Na+-form of acidic groups which
is more dissociated and more soluble in water than H+-form.
In general, basic and Cl-form of amine groups are less water
swelling when compared with acidic groups. Therefore, bonded
amine groups to product has negligible effect on the water
swelling of products.

Acidic and basic capacities of products: The acidic and
basic capacities of all products are given in Table-2, respec-
tively. From Table-2, it is noticed a decrease in acidic capacity
for all the products when increasing the period of amination
reaction at all temperatures and by raising temperature, which
is attributed due to an increase in substitution of acidic groups
by amino groups. An increase of basic capacities caused by
increasing the number of amino groups bonded to exchanger
structure is also observed which is caused by increasing the
duration and the raising temperature of amination reaction
(Table-2). It is also noticed that an increase in the mass ratio
of amine has slightly affect in decreasing acidic groups and
increasing amine groups for all products.

From Table-2, the best product SEP was selected at condi-
tions of 150 ºC, 12 h period and 1:1 mass ratio with 2.00  and
2.10  meq g-1 of acidic and basic capacities, respectively. The
maximum capacities were determined by varying the concen-
tration of NaNO3 solutions.

From Table-3, an increase in acidic and basic capacities
of SEP is observed by increasing the concentration of NaNO3

solution, which resulted an increase of releasing hydrogen and

TABLE-1 
WATER SWELLING CAPACITY OF DIFFERENT AMPHOTERIC ION EXCHANGERS  

Time (h) 
Temp. (°C) Ratio 

3 6 9 12 15 18 21 24 

g H2O g–1 of SEA 
120 (1:1), (1:2), (1:3) 1.80 1.80 1.85 1.85 1.85 1.90 1.95 1.95 
130 (1:1), (1:2), (1:3) 1.80 1.85 1.85 1.90 1.90 1.95 2.10 2.10 
140 (1:1), (1:2), (1:3) 1.85 1.90 1.90 1.95 2.10 2.10 2.15 2.15 
150 (1:1), (1:2), (1:3) 2.05 2.10 2.10 2.20 2.20 2.30 2.30 2.35 
160 (1:1), (1:2), (1:3) 2.15 2.25 2.30 2.35 2.45 2.45 2.50 2.60 
170 (1:1), (1:2), (1:3) 2.25 2.40 2.55 2.65 2.70 2.80 2.90 2.90 

g H2O g–1 of SEB 
120 (1:1), (1:2), (1:3) 7.30 7.30 7.45 7.50 7.55 7.55 7.55 7.65 
130 (1:1), (1:2), (1:3) 7.50 7.55 7.65 7.65 7.75 7.75 7.85 7.85 
140 (1:1), (1:2), (1:3) 7.60 7.75 7.85 7.85 7.95 7.95 8.10 8.10 
150 (1:1), (1:2), (1:3) 7.75 7.85 7.90 7.95 8.10 8.15 8.15 8.35 
160 (1:1), (1:2), (1:3) 7.90 7.90 8.10 8.20 8.25 8.30 8.30 8.45 
170 (1:1), (1:2), (1:3) 8.15 8.20 8.30 8.30 8.35 8.55 8.65 8.65 

g H2O g–1 of SES 
120 (1:1), (1:2), (1:3) 7.35 7.35 7.45 7.55 7.55 7.55 7.60 7.65 
130 (1:1), (1:2), (1:3) 7.50 7.60 7.65 7.75 7.75 7.75 7.85 7.85 
140 (1:1), (1:2), (1:3) 7.65 7.70 7.85 7.85 7.95 7.95 8.10 8.15 
150 (1:1), (1:2), (1:3) 7.85 7.85 7.90 7.95 8.10 8.20 8.25 8.35 
160 (1:1), (1:2), (1:3) 7.95 7.95 8.20 8.20 8.25 8.30 8.35 8.55 
170 (1:1), (1:2), (1:3) 8.20 8.20 8.30 8.35 8.45 8.55 8.65 8.76 
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TABLE-2 
ACIDIC AND BASIC CAPACITIES OF AMPHOTERIC ION EXCHANGERS IN AMINATION CONDITIONS 

Acidic capacity (CA, meq g–1) Basic capacity (CB, meq g–1) 

Time (h) Time (h) 
Temp. 
(°C) 

Ratio 

3 6 9 12 15 18 21 24 3 6 9 12 15 18 21 24 
1:1 4.20 4.00 4.00 4.00 3.90 3.70 3.35 3.15 0.00 0.00 0.10 0.25 0.40 0.65 0.85 1.00 
1:2 4.20 3.85 3.75 3.55 3.25 3.00 2.90 2.80 0.00 0.20 0.35 0.55 0.75 1.00 1.20 1.30 120 
1:3 4.00 3.85 3.55 3.35 3.00 2.90 2.80 2.65 0.00 0.20 0.40 0.55 0.80 1.05 1.30 1.45 
1:1 3.90 3.60 3.30 3.05 2.75 2.50 2.20 2.10 0.35 0.55 0.75 1.00 1.30 1.60 1.85 2.10 
1:2 3.70 3.50 3.30 3.00 2.75 2.45 2.15 1.80 0.60 0.85 1.05 1.30 1.45 1.85 2.10 2.35 130 
1:3 3.60 3.40 3.20 2.85 2.60 2.30 2.00 1.70 0.65 0.95 1.15 1.40 1.60 1.95 2.25 2.75 
1:1 3.55 3.30 3.10 2.70 2.50 2.25 2.10 1.70 0.65 0.95 1.15 1.45 1.70 2.10 2.35 2.90 
1:2 3.30 2.85 2.70 2.50 2.25 2.00 1.75 1.40 0.85 1.15 1.45 1.70 2.10 2.45 2.75 3.05 140 
1:3 3.10 2.70 2.50 2.25 2.00 1.85 1.50 1.20 0.90 1.25 1.55 1.95 2.40 2.75 2.90 3.20 
1:1 3.10 2.75 2.45 2.00 1.65 1.25 1.05 0.65 1.00 1.40 1.80 2.10 2.45 2.75 2.95 3.35 
1:2 2.80 2.45 2.05 1.65 1.30 1.00 0.75 0.40 1.25 1.65 2.05 2.50 2.80 3.05 3.35 3.50 150 
1:3 2.70 2.15 1.55 1.25 0.95 0.65 0.30 0.15 1.35 1.65 2.05 2.65 2.95 3.15 3.45 3.70 
1:1 2.70 2.15 1.70 1.40 1.05 0.75 0.50 0.15 1.00 1.45 1.50 1.90 2.70 2.95 3.15 3.35 
1:2 2.55 2.00 1.70 1.35 1.00 0.55 0.30 0.00 1.35 1.65 2.00 2.40 2.70 3.05 3.35 3.70 160 
1:3 2.45 1.80 1.40 0.85 0.70 0.20 0.00 0.00 1.55 1.75 2.10 2.55 2.75 3.10 3.40 3.80 
1:1 2.10 1.65 1.30 0.85 0.60 0.35 0.15 0.00 1.40 1.75 2.10 2.55 2.75 3.10 3.45 3.80 
1:2 1.65 1.35 1.00 0.75 0.35 0.15 0.00 0.00 1.60 2.35 2.45 2.80 3.15 3.45 3.80 4.00 170 
1:3 1.30 0.95 0.60 0.30 0.15 0.00 0.00 0.00 1.85 2.55 2.70 3.00 3.35 3.75 4.00 4.00 

 
TABLE-3 

ACIDIC AND BASIC CAPACITIES OF AMPHOTERIC ION EXCHANGERS AT  
DIFFERENT VOLUME AND CONCENTRATIONS OF SODIUM NITRATE 

Basic capacity (CB, meq g–1) Acidic capacity (CA, meq g–1) Conc. 
(eq/L) 0.1 L 0.2 L 0.3 L 0.4 L 0.5 L 1.0 L 0.1 L 0.2 L 0.3 L 0.4 L 0.5 L 1.0 L 

1 N 2.10 2.10 2.20 2.30 2.40 2.55 2.00 2.00 2.10 2.20 2.30 2.40 
2 N 2.10 2.20 2.30 2.40 2.55 2.55 2.00 2.10 2.20 2.30 2.40 2.40 
3 N 2.10 2.30 2.40 2.55 2.55 2.55 2.00 2.30 2.40 2.40 2.40 2.40 

 
chloride ions into solution because of the increased number
of bonded sodium and nitrate ions to acidic and amine groups
in the exchanger structure, but this increase in capacities is limited
by the number of acidic and amine groups in the exchanger.
The maximum capacities reached to 2.40 and 2.55 meq g-1 of

acidic and basic capacities, respectively, and the bulk density
was found to be 0.80-0.90 g cm-3 for SEPS.

Thermal stability: SEP exchanger has a good stability
against heating in acidic and basic solutions (Table-4), also
SEP exchanger has good stability against dried heating (Table-5).

TABLE-4 
ACIDIC AND BASIC CAPACITIES OF SEP AGAINST NUMBER OF WET HEATING PROCESSES 

No. 1 2 3 4 5 6 7 8 9 10 

Basic capacity (CB, meq g–1) 

meq/g 2.55 2.50 2.40 2.40 2.30 2.30 2.20 2.20 2.00 2.00 

Acidic capacity (CA, meq g–1) 

meq/g 2.40 2.40 2.40 2.30 2.30 2.20 2.20 2.20 2.20 2.20 

 
TABLE-5 

ACIDIC AND BASIC CAPACITIES OF SEP AGAINST TIME AND TEMPERATURE 

Basic capacity (CB, meq g–1) Acidic capacity (CA, meq g–1) 

Time (h) Time (h) 
Temp. 
(°C) 

4 8 12 16 20 24 48 72 4 8 12 16 20 24 48 72 
60 2.55 2.30 2.20 2.10 2.10 2.10 2.00 2.00 2.40 2.30 2.30 2.20 2.20 2.20 2.10 2.10 
70 2.55 2.20 2.20 2.10 2.00 2.00 1.90 1.90 2.40 2.30 2.30 2.20 2.20 2.10 2.05 2.05 
80 2.55 2.20 2.10 2.00 1.90 1.90 1.90 1.90 2.40 2.30 2.20 2.10 2.10 2.05 2.05 1.80 
90 2.25 2.05 2.05 2.05 2.05 2.05 1.90 1.80 2.40 2.20 2.10 2.05 2.05 1.80 1.80 1.80 

100 2.05 2.05 2.00 2.00 1.90 1.90 1.80 1.70 2.40 2.20 2.05 2.05 2.05 1.80 1.80 1.70 
110 1.90 1.90 1.80 1.70 1.70 1.60 1.50 1.50 2.40 2.10 2.05 1.80 1.80 1.80 1.80 1.70 
120 1.90 1.70 1.60 1.50 1.50 1.40 1.20 1.10 2.15 1.80 1.80 1.70 1.70 1.60 1.40 1.40 
130 1.80 1.60 1.50 1.40 1.20 1.10 1.00 0.90 2.05 1.70 1.70 1.60 1.60 1.40 1.40 1.20 
140 1.80 1.60 1.40 1.20 1.00 0.90 0.80 0.60 1.80 1.70 1.50 1.30 1.20 1.10 1.00 0.80 
150 1.40 1.20 0.90 0.80 0.60 0.50 0.30 0.30 1.70 1.50 1.30 1.10 1.00 0.80 0.70 0.70 
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The reason is attributed due to the number of amino groups
does not change below 80 ºC, whereas acidic capacity was
stable until 110 ºC. The increasing the temperature beyond
110 ºC, the acidic groups were exposed to desulphonation at
temperature, whereas the amino group exposed to deamination
above 80 ºC.

Conclusion

It is concluded that SEP exchanger has good acidic and
basic capacities, as well as good thermal stability below 110
ºC. Thus, amphoteric ion exchanger has good water swelling
and can be used to improve of properties of soil.
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