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Abstract

In this work many experiments were done to remove lead metal ions from contaminated
water. Iraqi mineral clay, montmorillonite is used to adsorb lead ions from contaminated
water using continuous adsorption process. The experiments indicated that 1.0 gram of
the montmorillonite clay can adsorb 22.08, 21.04 and 20.16 mg of lead from their solu-
tions of 10 ppm at the flow rates of 0.03, 0.05 and 0.08 L/min respectively at duration
periods were 2, 3.5 and 6.1 hours. Five grams of montmorillonite clay can adsorb 11.04
liters, 10.5 liters, and 10.08 liters of lead contaminated solution at flow rates of 0.03 L/
min, 0.05 L/min, and 0.08 L/min respectively
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1-Introduction

Industrialization in all sectors is at peak throughout the world. Industries use different
types of chemicals as a part of their manufacturing process. The effluents released from
these industries contain chemical pollutants, as lead, zinc, cadmium, chromium, arsenic,
copper, etc. Other sources of water and soil contamination are effluents discharged from
different industries like dying textile, leather, plastic, painting, printing, fertilizer and pes-
ticide, mining and smelting ferrous ores, energy and fuel production and food [1]. Textile
finishing industries are considered the main contributors to environmental pollution by
way of releasing waste water which contains the heavy metals and dyes. Heavy metals are
considered harmful due to their features of high toxicity, persistence, and accumulation
[[2] and [3

For these reasons, it is important to remove heavy metals ions from water and other envi-
ronmental sources. Miretzky et al. [4] used dead large plant leaves to remove heavy metal
ions as cadmium, nickel, copper, zinc and lead from water. The results showed lead has
the most removable efficiency from solutions. Barbooti et al. [S] could obtain the highest
efficiency to remove heavy metals more than 99 % by precipitating magnetic ion by treat-
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ing drained water with bivalent iron sulfate (i1) for two hours in 50 oC and pH=10 with a
.percent of bivalent iron/total metal = 15

They also removed lead and chrome ions from water by efficiency more than 94 %. He
used adsorption onto Iraqi montmorillonite and did experiments design of data analyzing
in order to reach the perfect experimental condition. He assumed that lead adsorption did
.not affected by pH of the solution, and the neutral solution gives a good adsorption
There results indicated that adsorption process is pH dependent with chromium and pH
independent with lead and the best results obtained were 86 % and 100 % removal effi-
ciency for chromium and lead respectively at the conditions of 12.5 g/L of wastewater
.amd pH 7.5 within 30 minutes

Barbooti [6] used this clay mineral also to remove the antibiotic oxytetracycline from
.water

Industries are a major source of many pollutants such as heavy metals like lead, chromi-
um, copper, and nickel. These heavy metals are toxic and non-degradable in nature, so
they released all such pollutants into environment which possess serious risks to human
.[and other organism’s life [3] and [7

Khan et al. [3] used unmodified bentonite as an adsorbent for lead removal from water.
The analytical results at XRD characterization showed that montmorillonite is the main
.clay mineral and can be used to release lead from water efficiently

In less developed countries pollution is particularly worse as a consequence of the high
cost of the treatment technologies and the lack of proper regulations. The residues derived
from industrial activities, which contain heavy metals and other hazardous elements, are
often released directly into the environment without a proper treatment. These residues
.are dispersed through air, soils and surface water

The presence of heavy metals in air, water, soil and plants is becoming an increasing
health and environmental concern because of the wide range of anthropogenic sources of
heavy metals that pollute the environment with growing industrialization and extensive
use of chemicals [8] and [9]. Wastewater effluent streams from many industries display
wide range of heavy metals in varying concentrations [10]. Heavy metals can directly
enter the human body through the food chain, causing serious health danger if present in
.[excess concentration beyond permissible limits [11

Activated carbon as adsorbent is widely used for removal of various pollutants from wa-
ter but it is very expensive so it is necessary to find out an adsorbent of low cost, availa-
ble and have good adsorption capacity [8,12,13] Clay can be used because it offers high
adsorption capacity as well as it is low cost and available [8]. Clay minerals are alumino
sillicates groups with sizes falling in the colloid fraction of soils. Their particle sizes are
smaller than 0.002 mm [14]. Clays are classified into: montmorillonite, smectite, illite,
kaolinite, and chlorite. Montmorillonite, kaolinite, and illite are commonly used adsor-
.[bents because of their greater surface area and structural rigidity [15] and [16

Arsenic removal has been studied with membranes formed from montmorillonite, ka-
olinite, and illite operated through pumping. Fang et al. [17] reported that removal by
.rejection was as high as 90% of arsenic in the feed stream
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Several physical-chemical technologies such as ion exchange, chemical precipitation,
membrane filtration, solvent extraction, and adsorption, have been developed for the
removal of heavy metals from contaminated water prior to discharge into the ecosystem
[12] and [18]. Among the existing technologies, adsorption becomes an attractive alterna-
tive technique in treatment heavy metals wastewater contaminated due to its documented
cost effectiveness. Recently, different adsorbents such as activated carbon, sand, eggshell,
waste tea leaves, wood sawdust, zeolites, olive stones, clay, chitosan, fly ash, coal and
peat moss were used to remove heavy metals from aqueous solution, due to their excellent
properties such as high surface area, ion exchange capability, present of negative surface
charge and their universal abundant in nature. Natural clay minerals are considered as
cost-effective alternative to the widely used expensive activated carbon which are used to
.[remove heavy metal ions from wastewater [12

The effect of the montmorillonite content on adsorptive performance of natural Saudi
Arabian clay was investigated under kinetic and equilibrium batch studies for aqueous
uptake of Cu (II) and Ni (II). The montmorillonite and bentonite used were character-
ized using scanning electron microscopy (SEM), Brunauer-Emmet-Teller (BET), cationic
exchange capacity (CE), energy dispersive X-ray (EDX) and X-ray diffraction (XRD)
.[techniques [19

This work depends on using Iraqi clay mineral of known composition, as montmorillonite
to remove lead from water and make experimental method for work and analyze results to
achieve the best conditions. The montmorillonite clay was analysed in General Company
of Geological Survey and Mining in Iraq

2-Methods

Materials which used in the experiment were lead powder of purity 98 % from Merek
company and Iraqi montmorillonite clay. The clay was obtained from the general compa-
ny of geological survey and mining related to ministry of industry and minerals. Figure
1 shows the X-ray diffraction analysis of the montmorillonite clay metals. The analyzing
.results indicate a high content of montmorillonite with other elements

Counted amounts of montmorillonite mineral clay were put in several cloth bags to guar-
antee wide use of clay and consequently a larger surface area. These bags were put inside
a vertical container. Many small glass pipe pieces were used to increase the volume and
surface area. This container was put inside another container. The contaminated water
passed throw a pipe to the internal container which contains the clay from down direction
to upper direction of the container to fill it and flood to the outer container, where the
pure water will exit. Ten ppm of lead contaminated water was taken from a storage tank
through a pump and flow meter to inter the purifying container. Atomic absorption device
was used to analyze the outlet purified water
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Fiqure 1 X-ray analysis of Iraqi montmorillonite metal of General Company of Geological
.Survey and Mining in Iraq

3-Apparatus description
Schematic representation of the apparatus is shown in figure 2

U= il

Figure 2 A schematic diagram of the apparatus: (1) water tank, (2) pump, (3) flowmeter, (4)
purifying container, (5) mineral clay bags, (6) water tap

Lead solution was prepared by dissolving lead powder by concentrated nitric acid and
.diluting by distilled water to get 20 liters solution of concentration equal to 10 ppm

The contaminated water by lead is placed in plastic water tank of 20 liters capacity. The
opening of the tank is in the bottom and joined with a pump to control the flow velocity
throw a flowmeter connected to the inlet of the purifying container. The adsorption vessel
was put in a vertical position. The contaminated water was pumped form down to top to
insure complete filling of water. The water passed inside the vessel through cloth bags
which filled with clay. These bags were surrounded by many small glass tubes pieces to
fill the container. The flow velocity was controlled to permit the inlet water drop to remain
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about 60 minutes with contact by adsorption materials in the cloth bags, to insure good
.exchange of ions as shown in figure 3
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Figure 3 purifying container

In this experiment, 50 liters of lead solution of 10 ppm concentration and 5 cloth bags
were filled by 1 gram montmorillonite clay for each were used

4-Results

The lead adsorption capacities of the clay were calculated by many experiments. Five
clay bags were put inside the purifying container. Distilled water flowed across the clay
particles to soak and improve the process of adsorption before the start of the experiment.
Many small plastic containers of 50 ml volume were prepared to take samples. The break-
through point which indicates the first sample having lead was determined. Many samples
of exit water (40 ml) were collected, numbered, and then were taken for analyzing by
.atomic adsorption techniques

Figure 4 represents measured lead concentration against outlet water at flow rates of 0.03
L/min, 0.05 L/min and 0.08 L/min. At the flow rate 0.03 L/min the outlet lead concentra-
tion became 10 ppm as the initial concentration in the sample of number 276 (11040 ml).
This means that 1.0 gm of clay can adsorb 2.208 liters of the 10 ppm solution. Five grams
of clay adsorb 11.04 liters of solution which takes time of 368 minutes which equal to
6.1 hours. Initially the lead disappears in the outlet water then gradually it appears in the
samples until the number 276 the exit lead concentration was equal the initial lead con-
centration in the solution which means the pass of 276 *40= 11040 ml of solution which
.purified completely from lead

ml solution * 10 (ug/ml)) / 5 g clay = 22080 pg Pb/g clay =22.08 mg Pb/g clay 11040)
.This result of adsorption capacity of clay gives the same beginning estimation

Lead concentrations for the samples form number 1 to 235 at a flowrate 0.05 L/min are
shown in figure 4. The lead initially disappears and then gradually appears in the sam-
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ples until the number 263 where the exit lead concentration was equal to the initial lead
concentration of 10 ppm in the solution which means the pass of 263 *40 = 10520 ml of
.solution which purified completely from lead

ml solution * 10/5 g clay = 21.040 mg Pb/g clay 10520

This result of adsorption capacity of clay indicates that 2.1 liters of the lead contaminated
solution can be purified by 1 gram of clay at a flow rate of 0.05 L/min and 10.5 liters can
.be purified by 5 gram of clay at the same flow rate

Figure 4 also represents the measured lead concentration at a flow rate 0.08 L/min. Sam-
ples number 252 indicated the initial concentration which was 10 ppm .This number
means that 10080 ml of solution and 20.160 mg of lead were adsorbed by 1 gram of clay.
As aresult 5 grams of clay can adsorb 10.08 liters of the lead contaminated solution with
.duration period of 125 min which equals 2.08 hours
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Figure 4 The calculated lead concentration against volume of outlet water at 0.03 L/min, 0.05 L/
.min and 0.08 L/min

5-Conclusions

It is noticed that 5 grams of montmorillonite clay adsorb 11.04 liters of lead contaminated
.solution at a flow rate of 0.03 L/min

It is concluded that 10.5 liters can be purified by 5 gram of clay at 0.05 L/min flowrate
From the experiment it is seen that 5 grams of clay can adsorb 10.08 liters of the lead
.contaminated solution at 0.08 L/min flowrate

It was noticed that as the flow rate increased the duration time decreased but the efficiency
.of adsorption of contaminated solution was also decreased

For the same parameters of the lead concentration in the contaminated solution and the
same flow rate 0.05 L/min it was noticed that 1.0 gram of montmorillonite clay can ad-
sorb 21.04 mg of lead comparing with kaolinite clay in the same conditions where 1.0
gram kaolinite adsorb 20 mg of lead as reported in the experiment before
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