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In this study, ground tire rubber ( average particle size =  456 μm)  was successfully modified by oxidation reaction 

using an acid mixture of the HNO3/ H3PO4/ NaNO2 system, for which the ratio of nitric acid and phosphoric was 1: 3 and the 

concentration of sodium nitrite was 1.4%w/ v.  Scanning electron microscopy and BET surface area analyses revealed that 

 the modified ground tire rubber (M-GTR)  became more porous and had larger surface area than the raw ground tire rubber 

(R-GTR). For kinetic study, M-GTR agreed with pseudo-second order model. In case of isotherm study, R-GTR was fitted well 

with Langmuir isotherm while M-GTR was suitable with both Langmuir and Freundlich isotherms.  Moreover, the maximum 

ammonia adsorption capacities from the Langmuir isotherm of R-GTR and M-GTR were found to be 12.59 and 44.25 mg/ g, 

respectively. 
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In fish ponds, ammonia is generated from the 

excretion of fish.  The rate of ammonia excretion depends on 

the feeding rate and the protein in the feed. Ammonia is toxic 

to fish and the ecosystem [1, 2] .  With the accumulation in 

ponds, fish cannot extract energy from the feed efficiently, 

and the toxic levels of ammonia in the pond can lead to death. 

The nitrification by bacteria converts ammonia to nitrite 

(NO2
-)  and then to nitrate (NO3

-) , which are less toxic than 

ammonia [3-5]. Yet, in farming system with a lack of aquatic 

plants, the accumulation of nitrogen compounds is faster than 

in a natural environment and causes problems with farming 

productivity.   

Various adsorbents, such as zeolite [ 6- 8] , clays 

[ 9,10] , ion exchange resins [ 11,12] , modified activated 

carbons [ 13- 16]  and other materials [ 17- 18] , have been 

proposed for removal of ammonia since they have low cost 

and could remove ammonia by simple operation. In this work, 

the use of modified waste tire as adsorbent for ammonia is 

reported. Although thermochemical conversion is widely used 

for the utilization of waste tire [19] , waste tire has been used 

as an adsorbent that has been reported for the removal of 

heavy metals, arsenic compounds, organic molecules and oil 

[20-26]. Recently, Rungrodnimitchai and Kotatha reported the 

modification of ground tire rubber ( R- GTR)  with 

ethylenediamine by microwave heating that gave the 

adsorbent for fluoride [27].  

Through treatment of waste tire with oxidation 

agents, such as ozone, m-chloroperbenzoic acid, and periodic 

acid, nitrous oxide can cause the fractionation of the rubber 

and increase the oxygen content of the products [28-31]. From 

the viewpoint of chemical reaction, the oxidation of a double 

bond was reported to create oxygen-containing groups, such 

as carbonyl group (-C=O) and carboxyl group (-COOH)  

[32-34]. These functional groups are expected to be useful for 

the adsorption of cations and ammonia. 

In this work, raw ground tire rubber (R-GTR) was 

modified by the oxidation system of H3PO4/HNO3-NaNO2 



to produce ammonia adsorbents. The characterization of the 

modified ground tire rubber (M-GTR) and the performance 

for ammonia adsorption were discussed.   

2. Experimental

2.1 Raw Ground Tire Rubber (R-GTR)

R-GTR was purchased from Union commercial

development company limited in Samut Prakan province, 

Thailand, nitric acid (65.0%), orthophosphoric (85.0%), 

sodium nitrite (97.0%), sodium hydroxide (98.0%), 

hydrochloric acid (37.0%), phenol crystals RPE (37.0%), 

sodium hypochlorite (5-9%Cl), sodium nitroprusside 

(100.0%), tri-sodium citrate dehydrate (99.0%) and ammonia 

solution (30.0%) were purchased from Carlo Erba. All 

chemicals were reagent grade or analytical grade and used as 

received. 

2.2 Preparation of modified ground tire rubber (M-GTR) 

Approximately 1.0 g of raw material was added to 

50 ml of nitric acid/phosphoric acid in a glass bottle with the 

ratio 1:3 (%v/v). Then, 0.7 g of NaNO2 (1.4%w/v) was added. 

After mixing all of the reactants, reddish fumes 

instantaneously occurred. Afterward, the glass bottle was 

capped and shaken with a speed of 80 rpm in a water bath 

shaker at 30๐C for 96 hours. The obtained samples (M-GTR) 

were washed with distilled water until the filtrate reached  

pH 7. Then, M-GTR was dried at 105๐C for 2 hours. Then,  

M-GTR was immersed in 500 ml of 0.1 M hydrochloric acid

solution for 1 hour, washed with distilled water, and dried at

105๐C for 2 hours before characterization.

2.3 Field emission scanning electron microscopy (FESEM) 

The FESEM model JSM-7800F from JEOL at 5 kV with 

1000x magnification was used to analyze the morphology of 

the obtained samples. 

2.4 BET surface area analysis 

BET analyzer model 3Flex from Micromeritics, USA was 

used to analyze the surface area. The pre-degassing and 

degassing process were performed by heating at 50๐C for 60 

min and 90๐C for 1440 min, respectively. After that the 

obtained samples were analyzed by N2 adsorption technique. 

2.5 Ammonia adsorption 

Approximately 100 mg of the sample were added to 

20 ml of the ammonia solution with a known concentration 

(100, 200, 300, and 400 ppm). The mixture was shaken in a 

water bath shaker at room temperature for equilibrium time 

(360 minutes). Afterward, 10 ml of the supernatant was taken, 

and 0.5 ml of phenol solution, 0.5 ml of sodium nitroprusside 

solution, and 1 ml of oxidizing reagent were added to the 

sample. Then, the mixture solution was left for 1 hour before 

measuring absorbance at 630 nm by using UV-VIS 

spectrophotometer model U-2900 of Hitachi. The percentage 

adsorption and the quantity adsorbed (qe) were determined 

using the equation 1 and 2, respectively. 

0

0

C - Ce%Adsorption = × 100
C

(1) 

and the quantity adsorbed (qe) was determined as follows: 

0C - Ceq  (mg / g) = ×Ve m
(2)

where qe is the adsorption at equilibrium mg g , 

C0 and Ce are the initial and equilibrium concentration of the 

solution mg L , V is the volume of the solution L and 

m is the weight g of the sample  

3.1 Morphology analysis

The morphology of R GTR and M GTR 

analyzed by FESEM are shown in figure 1 FESEM images 

demonstrated that the porosity of R GTR increased after the 

modification



FESEM images with 1000x magnification of 

(a) R-GTR and (b) M-GTR.

3.2 BET surface analysis 

The surface area of R-GTR and M-GTR analyzed 

by BET surface area analysis that is listed in Table 1.  The 

results revealed that the surface area of R-GTR and M-GTR 

were 2. 57 and 10. 37 m2/ g, respectively.  It was found that 

M- GTR was as large as 5 times that of R- GTR, which

supported the results of the FESEM analysis

 The surface area of R-GTR and M-GTR from BET 

surface area analysis. 

Sample Surface area (m2/g) 

R-GTR 2.57 

M-GTR 10.37 

3.3 Ammonia adsorption kinetics 

The time dependence of the ammonia adsorption at 

a concentration of 1000 ppm of M-GTR is shown in figure 2. 

The result showed that adsorption reached to equilibrium in 

360 minutes. 

The dependence of ammonia adsorption amount on 

adsorption times (initial concentration = 1000 ppm).

The kinetic study of ammonia adsorption by using 

M-GTR (the initial concentration of 1000 ppm) was analyzed

the sample by the time interval of every 30 minutes for the

first 240 minutes.  After that, the sample was taken every 60

minutes until the concentration of ammonia reached an

equilibrium.  The kinetic data of ammonia adsorption was

tested with two well- known kinetic models, which are

pseudo-first order and pseudo-second order.

The pseudo- first order model is based on 

assumption that the rate of adsorption is proportional to the 

number of available sites.  The linear form was expressed by 

following the equation 3 [35]. 

1k t
log(q - q ) = log(q ) -e et 2.303

(3) 

Where qe and qt are the adsorption capacity at 

equilibrium and at time (mg/g), respectively. t is contact time 

(min) and k1 is the rate constant of pseudo-first order (min-1). 

The values of k1 and qe can be determined from slope and

intercept of the linear plot between log( qe- qt)  versus t, 

respectively. 

The pseudo- second order model assumes that the 

rate limiting step is controlled by chemical adsorption and the 

rate of adsorption is proportional to the second power of the 

available sites on the adsorbent.  The linear form was 



expressed by following the equation 4 [35]. 

2
2

t 1 t
= +

q qk q eet
(4) 

Where k2 is the rate constant of pseudo-second order 

(g/ mg·min) .  The values of k2 and qe can be calculated from 

intercept and slope of the linear plot between t/ qt versus t, 

respectively. 

The accuracy of adsorption kinetic was determined 

by the correlation coefficient (R2)  and the standard deviation 

(S.D.) as shown in the equation 5 [36]. The smaller value of 

S.D. indicates a more suitable fitted model.

�
� �
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� 	

2
q -qt,exp t,cal

qt,exp
S.D.=

n-1
(5) 

Where n is the number of experimental data points, 

qt,cal (mg/ g)  is the calculated adsorption capacity at time and 

qt,exp (mg/g) is the experimental adsorption capacity at time. 

The linearized adsorption kinetics of pseudo- first 

order and pseudo-second order by using M-GTR are shown in 

figure 3. The kinetic parameters calculated from the linear plot 

are listed in table 2.  

In accordance with the correlation coefficient R2

values, M-GTR was fitted with pseudo- second order model 

better than pseudo- first order model.  Besides, the calculated 

adsorption capacity from pseudo- second order model was 

closer to the experimental adsorption capacity than pseudo-

first order model. Moreover, the standard deviation (S.D.) of 

pseudo- second order model was smaller than pseudo- first 

order model.  From these results, it can be concluded that the 

ammonia adsorption by using M-GTR agreed with pseudo-

second order model.  This model indicated the ammonia 

adsorption was chemical adsorption. 

 The kinetic models for ammonia adsorption of 

M-GTR of a) pseudo-first order and b) pseudo-second order

Table 2 The parameters for ammonia adsorption kinetics of 

M-GTR.

Kinetic models parameters M-GTR

pseudo-first order 

qexp (mg/g) 47.24 

qcal (mg/g) 72.90 

k1 (min-1) 0.0143 

R2 0.9692 

S.D. 0.2053 

pseudo-second 

order 

qexp (mg/g) 47.24 

qcal (mg/g) 58.48 

k2 (g/mg·min) 0.0002 

R2 0.9966 

S.D. 0.0899 



3.4 Ammonia adsorption isotherms 

The dependence of the removal efficiency (%)  on 

ammonia concentration at equilibrium (360 minutes) by using 

R-GTR and M-GTR are shown in figure 4.  The results from

all ammonia concentrations showed that M-GTR had higher

adsorption efficiency than R-GTR. The adsorption efficiency

decreased when ammonia concentration increased.  It was

explained that increase of ammonia concentration increased

the mass transfer rate but the active site on the adsorbent

surface was limited by the amount of adsorbent.

Consequently, the adsorption efficiency did not increase.  At

100 ppm, the maximum adsorption efficiency of R-GTR and

M-GTR was 36.15% and 22.05%, respectively.

The ammonia adsorption data of R- GTR and 

M-GTR were tested with Langmuir and Freundlich isotherms

Langmuir isotherm assumes that the monolayer adsorption for

homogeneous surfaces. The linear form was expressed by the

following equation 6 [37].

L

1 1 1
= +

q q K C qe m e m
(6) 

Where qe is adsorption capacity at equilibrium 

( mg/ g) , Ce is the concentration of solution at equilibrium 

(mg/L) , KL is Langmuir equilibrium constant (L/mg) and qm 

is the maximum adsorption capacity on surface in monolayer 

form of adsorbent (mg/ g) .  The values of qm and KL can be 

calculated from intercept and slope of the linear plot between 

1/qe versus 1/Ce, respectively. 

Freundlich isotherm assumes that the multilayer 

adsorption for heterogeneous surfaces.  The linear form was 

expressed by the following equation 7 [37]. 

F
1

log(q ) = log(K )+ log(C )e en
(7) 

Where qe is the adsorption capacity at equilibrium 

( mg/ g) , Ce is the concentration of solution at equilibrium 

( mg/ L) , KF is Freundlich equilibrium constant ( mg/ g) 

(L/mg)1/n and n is the degree of nonlinearity. The values of KF 

and 1/ n can be determined from intercept and slope of the 

linear plot between log qe versus log Ce, respectively. 

The adsorption efficiency (%) of ammonia at 

equilibrium by using R-GTR and M-GTR.

The linearized adsorption of Langmuir and 

Freundlich isotherms by using R- GTR and M- GTR as 

adsorbents are shown in Figure 5.  The Langmuir and 

Freundlich constants were calculated from the plot, as shown 

in Table 3. 

According to Langmuir isotherm, the maximum 

ammonia adsorption capacities of R GTR and M GTR were 

12 59 and 44 25 mg g, respectively The maximum capacity 

of M GTR was higher than R GTR because its surface 

contains more active sites than R GTR Those active sites 

were the oxygen containing group from the oxidation reaction

such as carbonyl group (-C=O) and carboxyl group (-COOH). 

Previous research reported that the carboxyl content of

M GTR was 1 58 mmol g On the other hand, R GTR had no

carboxyl group 33 From the correlation coefficient R2

values, M GTR fitted well with both Langmuir and

Freundlich isotherms, better than R GTR It could be

explained that the ammonia adsorption by using M GTR was

physical and chemical adsorption The first one related to the

diffusion of ammonia ion into the pores of the adsorbent The

latter one may be occurred from the reaction between carboxyl

group and ammonia ion is shown in Figure 6 The ammonia



ion attacked carboxyl group, where R COOH gave H Lewis 

acid and NH3 accepted H Lewis base and led to the 

formation of ammonium salt Moreover, the maximum 

capacity was higher than the value of Amberjet 1200 Na and 

Dowax 50w x8 [11,12] and zeolites [6 8]

 The linearized ammonia adsorption plot of R GTR 

and M GTR of a Langmuir and b Freundlich isotherms  

 The reaction between carboxyl group and 

ammonia  

The increase of surface area and carboxyl group 

caused the increase of ammonia adsorption capacity It could 

be explained that the increase of surface area allowed physical 

adsorption of ammonia by pores In addition, the increase of 

carboxyl group led to the chemical adsorption Moreover, the 

maximum ammonia adsorption capacity of M GTR was large 

as 3 5 times of that of R GTR, which confirmed that the 

effects of surface area and carboxyl group were important for 

ammonia adsorption  

 The parameters for ammonia adsorption isotherm of 

R GTR and M GTR

isotherm parameters R-GTR M-GTR

Langmuir 

qm (mg/g) 12.59 44.25 

KL (L/mg) 0.0068 0.0031 

R2 0.9877 0.9995 

Freundlich 

KF 

(mg/g)(L/mg)1/n 
0.6346 0.4173 

n 2.21 1.44 

R2 0.9401 0.9922 

M GTR was successfully prepared from R GTR by

using the oxidation reaction in an acid mixture from the 

HNO3 H3PO4 NaNO2 system However, the surface area 

increased after the modification by using oxidation reaction

In addition, the adsorption kinetic of M-GTR agreed with 

pseudo second-order model. Moreover, the adsorption 

isotherm of M GTR was fitted well with both Langmuir and 

Freundlich isotherms, for which the maximum ammonia 

adsorption capacity was 44 25 mg g
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