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Adsorption of some Heavy Metals on Natural and
Modified Diatomite

Pusit Pookmanee”. Pongthep Jansanthea” and Sukon Phanichphant®

“Department of Chemisty, Faculty of Science. Maejo University, Chiang Mai, 50290,
Thailand
" Department of Chemistiy, Faculty of Science, Chiang Mai University, Chiang Mai,
50200, Thaialnd

Adsorption of some heavy metal 1ons from standard solutions by natural and modified
diatomite was investigated. Natural diatomite was modified by hydrothermal method
with 1M hydrochloric acid at 100 °C for Lh then adjusted to pH 3 and 7. Natural and
modified diatomite were investigated by scanning electron microscopy (SEM) and
Brunauer-Emmett-Teller (BET) surface area. The particle was generally cylindrical in
shape with the average particle size of 10 pm m width and 5 pm in length. The
specific BET surface area and average pore size of the natural. modified diatomite at
pH 3 and 7 were 34.3. 51.2 and 35.7 m*g and 54.3. 32.9 and 34.8 A respectively.
The adsorption of cadmium. lead. copper and zinc 1ons from standard solutions were
determined by atomic absorption spectroscopy (AAS). The percentage adsorption
range of metal ions on modified diatomite at pH 7 was higher than natural and
modified diatomite at pH 3. respectively.

Kevwords: Natural diatomite. modified diatomute, hydrothermal method, SEM. BET.
AAS
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Characterization and Adsorption of Heavy Metals on Natural Diatomite

Pusit Pookmanee'”". Pongthep Tansanthea’, and Sukon Phanichphant®

'Department of Chemistry, Faculty of Science. Maejo Universi

Chiang Mai. 50290, Thailand
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Abstracts: Natural diatomite was characterized by X-ray fluorescence spectroscopy (XRF). scanning electron mictoscopy (SEM),
energy dispersive spectroscopy (EDS) and specific surface area (BET) analysis. The percentage of chemical compositions of silicon
dioxide (SiO;). aluninium oxide (Al,O3). iron oxide (Fe,0,) and the other oxides were found 1o be 71.88. 10.13, 6.83 and 3.65.
respectively. The morphology of diatomite was generally cylindrical in shape with the average particle diameter size of 7.72x20.5
pm. The element composition was indicated by energy dispersive values. The characteristic X-ray radiation showed silicon (Si) =
1.739 keV. oxygen (O) = 0.325 keV, aluminium (Al) = 1.486 keV and iron (Fe) = 6.398 keV. The surface area and average pore size

were 54.26 m’.g"!

and 54.30 A. The adsorption of heavy metal ions were determined by atomic absorption spectroscepy (AAS). The

percentage adscrptions of CA(II). P(IT). Cu(II) and Zn(1D) ions were 88.71 %, 90.34%. §8.23 % and 94.56%. respectively.

Keywords: Adsoiption. Heavy merals. Natural diatomite

L. INTRODUCTION

£ . : 2
Envirowyiental  pollution arises from industrial waste
streams as a consequence of the industrialization process is

one of the major problems that have to be solved or controlled.

Many industiial facilities such as metal plating. mining
aperations. ferfilizer indusuy. tamneries. ftextile industry
discharge beavy metals via their waste effluents. The disposal
of these effluents into nanual water resources causes damage
to the aquatc environment and m humans. Some of these
metals, even m small amounts can cause severe physiological
and health effects. Therefore. heavy metals are permitted to be
discharged only ar very low concentrations in wastewaters to
prevent public sweams and water resowrces from becoming
contanunated [1].

Water is considered an important and scarce commodity in
many comtries around the world. In particular. the
contanunation of swiace and grownd water with heavy meral
1s a concem. Industries such as plating. ceramics, glass,
mining and battery manufacturing are considered the main
source of heavy meral. e.g. lead. cadmiunL chromium and
mercwry. i the local water streams is a major concem to
public health [2]. The presence of heavy metals in aqueous
wastewater has become a problem due to its hannful effects
on human health. It is known that legal standards on
enviromment control are becominz strict and. as a result. the
discharge of heavy metals into aquatic bodies and sources of
potable water is being rigorously controlled [3).

A variery of technologies have been developed and applied
for the ucatment of wastewater. The commonly used
techniques include membrane filtration with the aid of
coagulants, ion exchange, chemical oxidation. precipitation.
activated carbon adsorpnon and constiucted  wetland.
Activated carbon adsorption is one of the most commonly
used methods for the weanment and disposal of metal
contamning wastes. Activated carbon adsorption is considered
to be a particularly competitive and effective process for the
removal of heavy metals at race quantities. However, the use
of activated carbon is not suitable in developiug countries due
o the less economics and ligh costs associated with
production and regeneration of spent carbon and disposal of
regenerate wastes. As a result. over recent vears there has
been growing interest in using low-cost natural minerals for
treating wastewater. The use of altemative low cost materials
as
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potennial adsorbents for the removal of heavy metals has been
highlighted. These cost-effective materials range from
industrial by-products or waste. such as waste rubber tyres, to
agicultural products such as wool. rice straw. coconut husks
and peat moss Other known natwal materials like clay.
zeolite and diatomite have been investigated for their potential
use as adsorbents for heavy metals [4.5].

Diatomite (Si0,.nH;0) 15 a pale-colored and lightweight
sedimentary rock composed principally of silica microfossils
of aquatic unicellular algae. Diatomite consists of a wide
variety of shape and sized diatoms in a structure containing up
10 80-90% void. Diatomite’s high porous stucture, low
density and high surface area results in a number of industrial
applicatious such as filtration media for various inorzanic and
organic chemicals. absarbents. caralyst carrier. filler and so
on. In aqueous solution diatomite patticles are negatively
charged, and possesses strong attractability for positively
charged species [6]. Diatomite exists in large deposits around
the world so it can be applied to various industrial processes.
Diatomite usually contains other sediments such as clay and
fine sand but its deposits sometimes consists of diatom shells
only. In Thailand. the Thai Department of Mineral Resources
has found 5$00.000.000 tons of nanwal raw diatomite mainly in
Lampang Province. Thus. diatomite is naturally available in
large quantities at an extremely low cost [7).

2. EXPERIMENTAL

Diatomite was obtained through the nanwal resources in
China. The chemical composition on natual diatomite was
characterized using N-ray fluorescence spectrometer (Bruker.
Germany). Moreover. the surface area was determined by
specific swface area analyzer (Quantachrome. England). The
morphology.  parmicle  size  disuibution and  element
composition of natural diatomite was measured by scanning
electron microscope (Jeol-JSMS410LY, Japany. laser particle
size analyzer (Malvern, England) and energy dispersive X-ray
spectrometer (Oxford-ISIS300. England). The sample was
washed with deionized water to remove fines and other
adhered mmpurities, (adjusted to pH 7 with dionized water).
dried at 100 °C, desiccated and stored in tightly stoppered
glass bottles [6). Standard CA(ID). PO(ID). Cw(Il) and Zo(II)
(1000 mg.dm™ solutions were prepared by dissolving
3CdSO;.8H;0. Pb(NO;),. Cu(NOs); and Zn(NO,), powders.
respectively. in deionized water. Diluted solutions were
prepared from the stock solutions (1000 mg.dn™). All
chemicals used in this research were of analvtical reagent
grades. The adsorption percentage for narural diatomite was
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determined by adding 1.000 g of natwal diatomite 10 20 dm’ % Distribution

of the standard solutions with concentration of 150 mg.dm™
for Cd(1I). 20 m_;z.(hu" for PU(II), 200 mg.dm"‘ for Cu(ll) and
300 mg.dm™ for Zn{ll) then shaking and standing for 1h at
room temperatwre. The decanted solutions were filtered.
diluted with detonized water. Mertal ions were determined
using atomic absorption spectrometer (PerkinElmer, U.S A ).

3. RESULTS AND DISCUSSION

Chemical composition of uatural diatomite was obtained
by the X-ray fluorescence spectrometer. The analysis shows
that silicone dioxide (S10:) is the main component (71.88%)
and the metal oxides: aluminium oxide (Al,Oy) and iron oxide
(Fe:0;5) are the mamn minor constituents. respectively as

shown in Table 1. 0 20 40 60 80 100
Table 1 Chemical composition of patural diatomite Particle size iun)
& Oxide Composition (%) Fig. 2 Particle size distribution of natural diatomite
T
S105 71.88 SRR 8 o ¢
Fiz. 3 shows the energy dispersive spectta of natural
AlLO: 10.13 diatomite. The characteristic X-ray radiation showed silicon

Fe Oy 6.83 (S1) = 1.739 keV. oxygen (O) = 0.525 ke V. aluminium (Al) =
Other oxide 3.65 1.486 keV and iron (Fe) = 6.398 keV aud according to the
Lot 731 energy dispersive values detailed in Table 2.

LOI = lost on 1gmition

Fiawre 1 shows the morphology of natural diatomite. It i
was generally cylindiical in shape with the average particle 5
|

size of 7.72x20.5 wm and corresponding with the data from
the particle size distribution as shown in Figure 2.

i

Energy keV

v

Fig. 3 EDS spectra of natural diatonnte

L 18ky %5,000 Sin.BPBRDD

The adsorption percentage of Cdill). PW(II). Cu(Il) and

. . s S : Zu(1I) solutions onto natural diatomite were 88.71 %, 90.54%.
Fig. 1 SEM microgrs ) ur ¢ = 4 5

£ EM wicrogimpli ot dratal diatomite 88.23 % and 94.56%. respectively as shown in Table 3 and

: . ; Figure 4.
Table 2 Element composttion of natural diatomite a

= Table 3 The adsorption percentage of standard selutions onto
Element Energy dispersive values (keV) natural diaromite
Si 1.739
(o) 0.525 Metal 1008 Adsorption (%)
Al 1.486 CAIn 88.71
Fe 6.398 PL(IT) 90.54
Cudll) 88.23
Zn(1h) 94.56
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%9 Adsomtion

PIL Cu(ly Zn(Il)

Metal ions

Fig. 4 The adsorption percentage of standard solutiens onto
natural diatomite

The suiface area and average pore size of natural diatonite
were $4.26 m°.g? and 5430 A. respectively. cotrespouding
with the(SEM micrograph as shown in Figure 1. The high
surface area of natural diatomite was the main reasons for
choosing it as a potential adsorbent for heavy metal ions
because of negatively charged of hydioxyl groups (~OH)
present on the surface structure {8]. The batch isothenn
studies were conducted under slightly natural conditions (pH 7)
for two main reasons. Firstly. heavy metals normally start to
precipitate (by forming metal oxides and hydroxides) under
alkaline conditions. In the concentration study. heavy metals
are expected to precipitate at pH = 8. therefore, a slightly
acidic solution ensutes that adsorption on diatomite is
restricted to divalent ions rather than to highly adsorbable
metal hydroxide species. In addition. heavy metals are usually
found 10 a cationic form in wastewater. Secondly. diatomite
powder 1s dlightly uanstable in higher pH couditions. It is
known that silica containing materials precipitate {dissolve)
when exposed to alkaline solution [2]

4. CONCLUSIONS

The main component of natural diatomire is silicon dioxide
(Si0,). The particle 15 the generally cylindiical in shape with
the average particle size of 7.72x20.5 pui. The surface area
and average pore size of narural diatomire were 34.26 m’ g
and 54.30 A. The adsorption percentaze of Zn(Il) standard
solution onto natural diatomite is highest.
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Abstract

Natural diatomite was modified by manganese chloride via the hydrothermal method. The
addorption of Cu(ll) onto natural and modified diatomite has been studied in batch mode using atomic
absorption spectroscopy (AAS). The chemical compositions of both diatomites were determined by X-
ray fluorescence spectroscopy (XRF) and energy dispersive X-ray spectroscopy (EDS). Langmuir
isotherm was employed to describe adsorption equilibrium. The saturation capacity of Cu(ll) was 8.0
and 11.4 mg.g" for natural and modified diatomite. respectively. Modified diatomite has a good
adsorption efficiency than natural diatomite to remove Cu(ll) from aqueous solution.
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Fig. 1 Adsorption isotherm of Cu(ll) onto natural and modified diatomite; (1) natural diatomite and ()
modified diatomite.
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