
Elimination of Lead Ions from Aqueous Environment 
by Waste Tires Rubber

EmAn FAdhIL nAssAR, dhEAA ZAgEER and mAjId s. KhLAF*

Department of Chemistry, College of Science, Al-Nahrain University, Baghdad 64021, Iraq.

Abstract
The investigation goes through paper to taking away of lead ions from 
aqueous medium by waste tire rubber granules(WTRG). The effect 
of various operational parameters like period of time, original metal 
concentration, size of adsorbent particles, adsorbent dose, and PH of 
medium on the adsorption ability of WTRG was evaluated. The kinetic of 
the adsorption process was relatively fast with approximately one hour of 
equilibrium time. A tiny adsorbent particle size (0.04 mm), PH medium (5-6) 
preferential the adsorption process. Data of isotherm studies exposed that 
adsorption of Pb(II) was well expressed by the Langmuir isotherm formula 
(R2=0.993). The study demonstrated the ability of WTRG to remove lead 
from aqueous environment as a cheap and available material. The use of 
WTRG exhibited the safe disposal of solid waste. Hence it's with double 
benefit for environment.
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Introduction
The existence of heavy metals in the aquatic 
environment is one of the main concerns due to its 
toxicity and they tend to bioaccumulation and threat 
to human life. According to the recommendations of 
WHO (World Health Organization), the presence of 
lead in drinking water above the permissible limit 
(0.015 mg/L) may cause adverse health effects. 
Hence it is very important that these heavy metals 
should be detached from discharged wastewater 
before into an aquatic environment.1,2

The expansion in these lethal heavy metals focus 
due to fast modern advancement requires constant 
improvement of the techniques for its expulsion from 
wastewater. The conventional techniques(such as 
solvent extraction , precipitation and ion exchange), 
have various disservices: high costs, low proficiency 
particularly at low concentration of metal as well 
as the generation of toxic protectors that require 
facilitate safe disposal.2
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Among all the methods of removing heavy metals, 
adsorption is an productive technique for water 
treatment according to the rules of EPA and WHO3.
Its more extensive relevance is because of its 
cost adequacy and environment friendly. The cost 
adequacy of adsorption innovation is because of 
the utilization of available adsorbents from Industrial 
solid waste4 and agricultural wastes5. Accordingly, 
specialists have concentrated on discovering Low-
cost materials suitable as an alternative to activated 
carbon because of its high cost, for example, 
bagasse sugar6 starch xanthate7, sawdust of Pinus 
sylvestris8, chitosan9, bentonite10, and disposed of 
vehicle tires11.

Every year, millions tons of waste tire are produced 
the world over, which makes the issue of strong 
waste running significantly more hard to manag. 
Entire tires fill in as reproducing reason for 
illness conveying rodents and mosquitoes. These 
tremendous quantities of waste tires speak to an 
enormous natural issue as well as a shabby hotspot 
for the readiness of adsorbent materials that might 
be helpful for the evacuation of harmful and danger 
contaminations from aqueous environment.12,13

Tire rubber is a blend of different elastomers, for 
example, natural rubber (polyisoprene), styrene-
butadiene rubber in addition to different added 
substances like carbon black, zinc oxide and sulfur. 
Roughly 32% by waste tire's weight of carbon black 
constituents in which the carbon content is high 
(70-75) wt. %. Carbon black is utilized to fortify the 
tire elastic and to improve its resistance abrasion. 
This part is very similar to activated carbon in its 
properties as an adsorbent; the only clear physical 
difference is that the surface area of activated carbon 
is less.14 The potentialities of scrap tire in pollutant 
attenuation in waste streams have been investigated 

and reported by different researchers. Knocke and 
Hemphill15 have reported the use of scrap tire rubber 
on Mercury (II) elimination as of aqueous medium, 
Al-Asheh and Banat16 have reported the use of 
scrap tire rubber for heavy metal subtraction from 
aqueous medium, Jae et al17 studied the sorption 
of organic materials onto tire rubber. Oladoja et 
al.,18 also evaluated the potential of scrap tire as an 
adsorbent for Cu ion and the adsorption process 
variables (sorbent dosage, pH, time, and original 
concentration) that define the process.

The purpose of this report is to investigate the 
potential usage of recycled tire rubber as adsorbent 
in the elimination of lead ions from aqueous medium. 
The influence of various parameters on the viability 
of adsorption have been tested, such as time period, 
preliminary metal concentration, adsorbent amount, 
agitation speed and PH of the aqueous medium.

materials and Protocols
Adsorbent (WTRg)  Preparation
The waste tires rubber granules (WTRG) used 
for this study were collected from General Motors 
Company in Najaf City, Iraq. There was no steel 
content. Ground rubber of size 0.04 to 0.6 mm 
was employed in this work. Then, washing the tire 
granules by distilled water to remove any foreign 
materials, it was subsequently oven dried at 50- 
60°C for 4 h and lay up in airtight containers for 
following apply.19

Adsorbates Preparation 
Lead nitrate salt Pb(NO3)2 was used to prepare the 
stock solution by dissolving the appropriate amount 
in de-ionized water. A series of lead ion solutions was 
prepared (5-80) ppm. The PH of the solution was 
modified using diluted acid (0.1 M HCl) and base 
(0.1 M NaOH) solutions.

Fig. 1: Influence of the ph on the elimination of Pb (II) by crumb rubber at 20 ppm 
preliminary metal ion Amount . dose of adsorbent =0.5g/50 mL.equilibration time=60 min.
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Batch Adsorption Experiments
Conducting of batch experiments were done to gain 
data of lead amount under changeable the initial 
concentration of lead by crumb rubber, PH, agitation 
speed, adsorbent particle size and contact time. A 
certain concentration of lead ions (50 ml) solution 
was adjusted to a certain PH was transferred to 
the Erlenmeyer flasks packed with 0.5 g ground 
crumb rubber and then immersed in a temperature 
controlled water bath shaker. Specious were taken 
at desired time intervals, filter paper (Watman No. 
42) was used to filter the samples. Progress in the 
adsorption process was estimated by measuring the 
concentration of residual lead ions using the atomic 
absorption spectrophotometer. All samples were run 
in duplicate.

 The percent removal of Pb2+from aqueous medium 
was determined using the formula:

Removal% = [(Co - Ce) / Co] x 100  ....(1)

The adsorbed amount of metal is then calculated 
using the following formula:

qe = v(Co - Ce) / w    ....(2)
               
Co and Ce represent the preliminary and equilibrium 
concentration of metal (mg/l) in the aqueous medium. 
V is the volume of the medium (L) and W is the 
mass of dry adsorbent used (g). qe is the quantity of 
adsorbed metal per gram of dry adsorbent (mg/g) .  

Results and discussion
Effect of Initial ph
The pH represents par t of the fundamental 
contributors within the adsorption of heavy metals 
ions in aqueous medium due to its impact at the 
surface charge of adsorbent as well as the speciation 
of the adsorbate. However, pH has an impact on 
the ability of adsorption was studied over a variety 
of pH values from 3.0 to 6.0 so can keep away 
from precipitation of lead hydroxides, that has been 

Fig. 2: Impact of time parameter on of Pb (II) by crumb rubber at 
20 ppm preliminary concentrations  of metal ion. dose of adsorbent =0.5g/50 mL

Fig. 3: The agitation speed impact on the quantity of Pb(II) adsorbed; (circumstances: 
preliminary concentration 20 ppm; dosage of adsorbent 0.5 g; sample volume 

50ml; ph 6; agitation speed: 0 to 160 rpm).
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expected to take place at pH >6.5. At pH 3.0 it was 
observed that the lead ions absorption was low and 
this could be since the competition for the binding 
sites of the WTRG sorbent (negatively charged) 
between Pb(II) ions and H+ or H3o

+ ions found in 
the solution at low pH .The adsorption of Pb(II) will 
increase whilst pH raises from 3.0 to 6.0 to attain 
maximum at pH 5–6 where competition between the 
ions previously mentioned much less. The outcomes 
are shown in fig.1.The subsequent experiments 
were set within the medium of pH 6. The same trend 
was mentioned by Gupta et al20.

Impact of Time Period 
Experiments of adsorption as a function of time 
were conducted and data of time influence on the 
adsorption capacity of WTRG is presented in fig. 
2. It could be clear that there is a rapid adsorption 
of Pb(II) during the first 60 min. Explanations of 
this fast uptake by the presence of many active 
sites were done, but with the passage of time, the 
active sites get saturated resulting in slower metal 
removal. It is clear from fig. 2. the equilibrium was 
obtained approximately at 1 h, that point to the 
special adsorbent own a quicker rate of adsorption 

Fig. 4: Adsorbent dose influence on the lead ions adsorption using WTRg

Fig. 5: Effect of adsorbent dosage on the adsorption of lead ions by WTRg

Fig. 6: Application of Langmuir formula to the experimental result points 
determined for the lead ions adsorption of on WTRg
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and advanced capacity adsorption for recovery of  
Pb(II).21

Agitation speed role
Impact of the agitation speed on lead ions adsorption 
on WTRG was focused using different agitation speed 
from 0 to 160 rpm. Observation of eliminated lead 
ion percentages were increased while increasing the 
agitation speed as shown in  fig. 3. explanations'  
of this data through illustrating the mechanism of 
removing from aqueous medium which  involved four 
stages: The primer stage included migration of lead 
ions from the bulk medium to the adsorbent surface. 
The second step involves the diffusion throughout 
the boundary layer to the adsorbent surface. Third 
stage engaged adsorption at sites. The fourth stage 
engaged the diffusion of the intraparticle into the 
adsorbent interior. Growing the agitation speed could 
cause decreasing the boundary layer resistance of 
lead ions transfer from the bulk medium to the surface 
of adsorbent. However, the adsorbate is compulsory 
moved towards the surface of adsorbent and guides 
to an increase in the adsorbate diffusion into the 
adsorbent surface22,23,24. The optimized agitation 
speed selection was to be 130 rpm to supply fine 
contact among the lead ions in the medium and 
the solid particles, which confirmed effectively the 
transfer of metal ions to the adsorbent sites.

dosage Effect
The effect of WTGR dosage (adsorbent mass) on 
adsorption of lead ions was examined by varying 
the adsorbent mass from 0.1 to 0.5 g/50ml of 
solution. from (fig.4), it has been found that the 
percentages of adsorbed lead ions were enlarged 
as the adsorbent dosage was increased. This can 
be relied on the fact that an increasing in adsorbent 
dosage boosts up numerically the active sites exist 
for adsorption25.The elimination approximately 95% 
was executed when 0.5g was applied.

Adsorbent Particle size Effect on  the Adsorption 
Lead Ions
Particle size of adsorbents influences adsorption of 
lead ions. Smaller particle size provide large surface 
area hence a higher number of surface active sites26. 
The influence of adsorbent particle sizes on lead 
ions adsorption was investigated and the metal ions 
adsorbed with variation in particle sizes for WTRG 
is shown in fig. 5.

Isotherm studies
In order to describe the equilibrium between the 
concentration of lead ions in the solution and that in 
the solid (adsorbent) phase, adsorption isotherms 
were used. Both Langmuir and freundlich isotherm 
formula were employed in this project.

Langmuir isotherm
The general form of the Langmuir formula can be 
given  as follow27:

Ce / qe = (1/kLqmax) + (1/qmax)Ce  ....(3)             

Ce represents the equilibrium concentration (mg/L), 
qe is the quantity of lead ions that sorbed, KL is 
the Langmuir sorption constant (L/mg), qmax is the 
maximum sorption capacity (mg/g). A linear plot 
of Ce/qe against Ce is utilized to provide the values 
of qmax and KL from the slope and the intercept, 
consecutively (fig. 6). These factors, In addition to 
the correlation coefficient (R2), of Langmuir formula 
for the sorption of lead ions by WTRG are written 
in Table 1.

Freundlich Isotherm
The freundlich isotherm is an practical formula 
used to explain the  heterogeneous systems. The 
freundlich formula is written as follow28:

qe = KfCe
1/n    ....(4)                            

Table 1: The Langmuir and Freundlich isotherm 
model constants

 Langmuir   Freundlich
 
R2 kf(mg/g)  1/n R2 KL(L/mg) qmax(mg/g) 
0.971 2.174 0.467 0.993 0.317 8.285
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The formula can be written in linear form as: 

1nqe = 1nKF + 1/n 1n Ce   ....(5)

Where (Kf and n) are represent the freundlich 
constants related to the adsorption capacity and 
adsorption intensity, respectively. The slope and 
intercept the of the linear plot of lnqe versus lnCe 
at particular experimental circumstances give 
the values of Kf and 1/n, consecutively (fig. 7). 
The related factors in addition to the correlation 
coefficient (R2) are shown in Table 1, which point to 
that the experimental findings suited well to Langmuir 
form. This indicates that the adsorption of lead ions 
by WTRG is of a monolayer type. This result is 
consistent with the observation that adsorption of 
metal ions from aqueous medium are usually forms 
a monolayer on the adsorbents surface.

Fig. 7: Application of Freunlich formula to the experimental result points 
determined for the lead ions adsorption on WTRg

Conclusions 
This study examined the elimination of lead ions from 
aqueous environment using waste tire rubber as an 
adsorbent. Adsorption process was quick kinetic (60 
min) and it was influenced by many parameters, 
agitation speed of (130 rpm), tiny adsorbent particle 
size (0.04 mm), PH medium (5-6),and higher 
adsorbent dose supported the adsorption process. 
The studies of isotherm show that the adsorption 
of lead ions was well portrayed by langmuir model. 
The utilization of WTRG exhibited the safe disposal 
of solid waste, Hence it's with double benefit to 
environment.
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