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Abstract

The present study aims to remove some ions of heavy metals such as Cu, Zn, Ni, and Pb
ions from industrial wastewater of plant manufacturing batteries, electrical industries, and
detergent factories, using Iraqi porcelanite rocks from western desert in Iraq. It was found
that, these siliceous rocks have a high susceptibility to remove the ions of heavy metals from
industrial wastewater with efficiency of removal ions ranged from 90-100%, under controlled
conditions such as flow rate, practical size , temperature , and pH of solution which were 30
ml/hr, 3mm, 30°C, and 2 respectively. The study had indicated appositive relationship
between the removal efficiency of the heavy metals with the increasing weight of the
adsorbent materials within the column. The selectivity sequence can be given as, Pb> Zn>
Cu> Ni. These results show that Iraqi porcelenite rocks hold great potential to remove

cationic heavy metal species from industrial wastewater.
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Introduction

Nowadays, industrial revolution has
accelerated the release of pollutants into
the environment and heavy metals are
among the most important pollutants in
our environment. Many of the heavy
metals, e.g ,Hg , Pb, Ni, As and Sn are
highly toxic to humans and other living
organisms and their presence in surface
above

and underground waters  at

background concentrations is undesirable
() Removal of heavy metals from water
is important to protect public health, as
natural processes can no longer cleanse the
environment of the enormous quantities of
pollutants that are generated daily.
Usually, treatment at source is the only
practical means of controlling toxic metal
pollution ). Wastewater containing toxic
metals may be treated by addition of
anions that cause the precipitation of the
metals as insoluble salts . Other methods
include membrane filtration, activated

carbon  adsorption,  co-precipitation,

adsorption, ion exchange and

extraction®'”. On the other hand the Iraqi

porcelanite rocks represent one of the most
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and great adsorbents , because it is
containing high percentage of silicon
reached to 50% .However , our search
through the literature reveals that limit
works have been done on the adsorption of
metal ions by using Iraqi porcelanite rocks
as adsorbents .In this study was reported
the ability of different kinds of Iraqi
porcelanite rocks as adsorbents for the
removal of

(Ni,Cu™,Zn"* and Pb"?) from water .

Materials and Methods

some metal ions

1) Many geological sample rocks had
supplied from the general company of
geological scanner, Baghdad, and then
brooken into many pieces of rocks with
different particle size by especial
mechanical cracking.

2) Characterization of porcelanite rocks.

a- Characterization by X-ray diffraction
type Shimadzu 6000.

b- Characterization by FT-IR type
Shimadzu with range (400- 4000) cm™'by
using KBr to analysis the sample.

3) Preparation the column ; special column
of glass been selected by length 100 cm

length and 2cm diameter ,with Teflon
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stopcock (Rotaflo)in the bottom to control
flow rate. The column was filled with
small pieces of rock using slurry packing
technique.

4) Preparation of synthetic wastewater ;
special mixture of Pb, Zn, Cu and Ni ions
was prepared from analytical stock
standard at quite concentration of 1000
ppm to each ion . Another solution was
prepared to get concentration of 100 ppm
to each ion by using serial dilution method
with constant pH. After adsorption process
the effluent  solution was taken to
measurement the concentration of metal
ions using atomic absorption
spectrophotometer type Shimadzu AA-
6200 .

5) Column sorption experiment; this
experiment wast done at room temperature
with constant pH. 1M of HCI and NaOH to
provide 100 ml volume of mixture solution
of Pb, Zn, Cu and Ni ions. Another
experiment tested with special
optimization conditions involving (flow
rate of mixture solution, particle size of
porcelinite rocks, weight of adsorbent and
pH of solution). The down draft solution to
determine the concentration of metal ions
that not adsorbed on this column was
by  atomic

determined absorption

spectrometer.
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6) Calculation of the adsorbed cations on
the
the

rocks; to calculate

of adsorbed

porcelanite
concentration ions,
following equation was used;

Qe =v (Co — Co/M
of adsorbed material (mg)
Co =

(mg/l) C. final concentration (mg/l)

where Q. = quantity
v= volume of
initial concentration

M:

solution (ml)

weight of adsorbed material.

7) Practical application of porcelanite
rocks as adsorbed material; many samples
unit

of wastewater collected from

treatment of factories (batteries industry,
electric industries and detergent industries)
before and after treatment. These samples
were put in plastic containers with volume
20 liters. All above steps repeated to
determined concentration of adsorbed ions
on the porceliniate rocks.
Results and Discussion

Characterization of the surface of the
local porcelanite rocks:
The XRD spectrum (Fig. 2) indicates
existence of certain amount of Quarts and
opal ; which are known as irregular
interferents  between  two  phases,
krestoplyte and traidamayte-alpha; and
also some other (kaolin and sambktite
)which can be found together with fine
size silica .
The FT-IR spectra (Fig.1) shows existence

of Si-O groups at 1530 cm™ or Si-OH at
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3500 cm’ , as its percentage, in

porcelanite might reach as much as 66%.
This might have influence on the
adsorption process as a result of binding of

this group with the cations of metals.
Study of the optimum conditions
required for the adsorption process on
the local porcelanite rock :

1) pH Effect.

Study of the effect of pH for the solution
of ions ( Fig 3) together with measurement
of adsorption percentage has been
illustrated that the best value of adsorption
is at pH 2. It has been noticed that the
adsorption process increases with the
increase acidity of the medium; due to the
ease adsorption of the cations on the rock
surface, the acidity has an influence on the
active adsorption sites within the adsorbent

an

matter The (basic) solution has

decreased the adsorption. When the

surface becomes in contact with basic
which

solution, so the Si-O groups,

situated at the end of rock's surface, will be
affected by the alkali solution '?.

2) Effect of flow rate. :

It presents the contact time between
adsorbed material and metal ions, so if the

flow rate ranges (20-50) ml/hr for Pb™,
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Cu™, Ni%, and Zn™ as shown in figure
(4) ,the % adsorption was equal to 98.98.
3) Effect of porcelanite rocks weight.

Figure (5) shows the effect of adsorbent
weight on the ions removal, It was
observed from the range of weight
(16-67gm) of adsorbent has optimized the
surface area to induce the adsorption of
metal ion, and lessened the contact time at
efficiency of 99.93% at constant
conditions.
4) Effect of particle size

From the Table (1), the efficiency of
adsorption is increasing with decreasing of
particle size, so that the surface area of
adsorbent increases because the bore
surface will be occupied by metal ions.
Isothermal studies
The removal of metal ions by porcelanite
rock which was the

reported  as

experimental data were processed in
accordance with the two of the most
widely used adsorption isotherms;
langmuir and Freundlich isotherms.the
data were found to be best fit the

Freundlich isotherm model assuming
chemical adsorption between ions and
porcelanite rock.

The Freundlich isotherm is given by the
following equation.

Qe =V (Co-Ce)/M
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Where Q. = quantity of adsorbent (mg),
V= volume of solution (ml), C,= initial
(mg/l)’ Ce

concentration (mg/1),

concentration =final
M = weight of adsorbent(mg)
Fig,( 6 ) shows a plot of log Q. against log.
C. for Zn (II) sorption on porcelanite rock
as representative example for the
application of freudlich model, The plot
gives a straight line. The slope of
isotherms model as constants were found
to be 0.723, 0.8149, 0.7967, and 0.7387
for the adsorption of Pb, Cu, Zn and Ni on
porcelanite rock, respectively.
lon selectivity
The adsorption selectivity of different ions
(Cu,Pb,Zn and Ni) were studied . Lead ion
gives the best results with 100%
adsorption compared with other ions.
Application of porcelanite rock as
adsorbent.
1) Factory of batteries industries, Table
(2) shows the concentrations of ions
before and after the treatment. The percent
removal of Pb and Cu ions were 100%
while for the Ni and Zn ions were 99.9%
and 98.3% respectively.
2) Factory of electrical industries, Table

(3) shows the concentrations of Pb, Zn, Cu
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and Ni ions .The adsorption percent was
100% for Cu and 95% and 99% for Zn and
Ni respectively.

3) Factory of detergents, Table (4) reveals
the ions concentration after adsorption
.The adsorption for all ions were 100%.

4) Additional measurements for removal
of metal ions using porcelanite rock, Table
(5) shows the measurements of pH, T.S.S.,
T.D.S. and conductivity before and after
the treatment of wastewater. As shown

from table, there are excellent results to

removed metal ions using porcelanite rock
Conclusions

Order of adsorption, Pb (95-100), Zn
(98.3-100), Cu (100%) and Ni (94.100%)
for wastewater of electric factory,
detergent factory, and batteries industrial
factory were carried out in Baghdad —Iraq.
The using of porcelanite rocks showed an
efficiency removal of Pb, Zn, Cu and Ni
ions, which present in aqueous solution of
these materials ions. The removal
percentages of the studied ions were
depended on the following parameters,
flow rate, pH of solution ,partical size and

weight of the adsorbent .
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Characterization of the functional groups of Porcelanite was obtained by Fourier transform infrared

spectrometer (FT-IR) with 400-4000 em? wavenumber. Infrared spectrogram was recorded with Bruker
Optics FTIR Tensor 27

Fig.(1) : FT.IR of porcelanite rocks

Characterization of Iragi natural porcelanite,
XRD
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The XRD pattern was acquired on a Bruker DB Discover with HI-5tar-Detector in Analytical Chemistry

Institute of Johannes Gutenberg university/ Mainz — Germany.

Fig (2): XRD of porcelanite rocks.
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Fig. ( 3) :Effect of pH of solutio on removal% of metal ions.
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Fig.(4) :Effect of flow rate of aqueous solution on the removal%
of metal ions.
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Fig. (5) effect of loadig weight of of porcelanite rocks.
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Fig.(6) : Isothermal profile of removal% of Zn ion using
porcelanite rock.
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Table (1) : Effect of particle size of porcelanit rock

Particle Flow Removal%o Removal%o Removal%
size Rate Removal%o of Zn of Cu of Ni
mm ml/hr of Pb

3mm | 30 | 99.7 | 99.6. ! 99.3 | 99.0
. 5mm | 30 | 98.1 | 98.6 | 98.6 | 98.1
8 mm 30 98.2 97.9 97.1 97.0

Table( 2 ) :Concentrations of metals ions in factory of batteries. industries

metal Con. before Con. after Removal%o
treatment treatment
pg/mi pg/mi
| Pb | 6.7741 | Nil | 100 |
| Zn | 3.3668 | 0.0668 | 98.3 |
| Cu | 0.3304 | <LD | 100 |
| Ni | 3.9596 | 0.24 | 94.9 |

Table( 3) :Concentration of metals ions in factory of electrics industries

Metal Con. Before Con. After Removal%
treatment treatment
pg/mi pug/mi
| Pb H _ H _ L -]
\ Zn I 23.6884 | 1.2041 I 95 |
| Cu | 0.8281 | <L.D | 100 |
| Ni | 1.0134 | 0.001 | 99 |

Table ( 4 ): Concentrations of metal ions in factory of detergents industries

Metal Con. before Con. After Removal%o
treatment treatment
pug/mi pg/mi
| Pb | 2 | <L.D | 100 |
| Zn | 0.9411 | <L.D | 100 |
| Cu | 0.6258 | <L.D | 100 |
| Ni | 0.3895 | <L.D | 100 |
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Table(5) : Measurement of wastewater of factories using porcelanite rocks

Factory T.D.S T.S.S pH Conductivity
ps/cm

| Batteries(a) 103 || 340 || 82 | 654 |
| Batteries(b) | 31 I 2 | 88 | 55 |
| Electric'sa) | 607 || 1648 || 4 || 690 |
| Electric'st) | 76 | 37 | 71 | 19 |
| Detergents(a) | 532 | 180 | 56 | 89 |
| Detergents(b) | 25 25 | 716 | 12 |

a=before treatment. , b=after treatment.
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