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ABSTRACT

The study on removal of heavy metal ions from aqueous solution was studied in batch
experiments using Apatite-a natural and abundant mineral in Vietham. The effects of some factors on
adsorption were investigated: initial pH, the contact time, the amount of absorbent and the initial
concentrations. The sorption process fltted to Langmwr adsorption equation model. The adsorption
capacity was found to follow the order: Pb*>Cd*">Cu”*">Zn®* with values of 43.48; 18.3; 7.36; 5.49
mg/g respectively. The research demonstrated that natural Apatite mineral in Vietham can effectively
remove heavy metal ions from solution and it can be effectively applied in industrial wastewater
treatment.

TOM TAT

Nghlen ctru thdm do kha nédng xt ly kim loai ndng trong nuoc thai cbng nghiép béng khoang
Apatit cua Viét Nam duoc thuc hién bang phuong phép hép phu theo mé. Mot sé yéu té anh hudng
toi qua trinh hép phu duoc nghién ctru nhw: pH ban dau, thoi gian tiép xuc, lwong vét liéu st dung va
nbng dé kim loai ban dau. Qua trinh hap phu céac kim loai ndng béi Apatit phi hop véi mé hinh déng
nhiét hap phu Langmu;r Dung lwong hap phu téi da cia céac kim loai dugc xéc dinh gidm theo thir tw
Pb>*>Cd>*>Cu®*>Zn?" véi cac gia tri 1an luot Ia 43.48; 18.3; 7.36; 5.49 mg/g. Két qué nghién ctu budc
dau cho thay, Apatit cta Viét Nam c6 kha nédng xw ly tét mot sé kim loai ndng trong méi trurong nude.
Tir két qua nay co thé 4p dung hiéu qué vao thuc té xi ly kim loai ndng trong nuéc thai cong nghiép.

I. INTRODUCTION mineralogical composition of sample was
analyzed by X-ray diffractometer.
Fluoroapatite-Ca;o(PO,)sF, was identified as a
major component of this mineral. The result is

The removal of heavy metal ions in
aqueous solution has been performed by

chemical  precipitation, ion  exchange, T

coagulation,  membrane  filtration  and given in Table 1.

adsorption. Recently, the adsorption method has Table 1. Composition of Apatite mineral in
gained more attention thanks to its high Vietnam

efficiency, easy handling and cost effectiveness.
The studies are now focusing on new natural
adsorbents with low-cost as well as the local Fluoroapatite 51-53
availability [1]. In this study, the removal of .

four heavy metal ions (Pb**, Cd**, Cu®, Zn*") Chlorite 57
was investigated by using Apatite mineral-an Quartz 13-15
available natural mineral in Vietnam as well as

Constituents Weight percent

a new adsorbent for heavy metal treatment. Mica 13-15
1. MATERIALS AND METHODS Amphibole 35
2.1 Materials Goethite 4-6

The Apatite mineral used in this study 2.2 Bath experiments
was from Laocai Province in Vietnam. It was Stock solutions (1000mg/l) of different
preliminary treated by flotation process and the metal ions (Pb*, Cd®, Cu®, Zn*) were
size range of 160-212um was used. The prepared from nitrate solution and diluted to
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various initial concentration. The mineral
Apatite sample was equilibrates with 100ml of
heavy metal ions solution. The solution pH was
adjusted with different concentration of HNO;
and NaOH. The suspensions were shaken on
orbital shaker at 25°C, 150 rpm with different
initial pH, contact time, amount of adsorbent
and initial concentration. Suspensions were
then filtered through 0.45 pm filter. The metal

concentrations of the filtrates were analyzed by
Atomic Absorption Spectrophotometer (AAS).

I1l. RESULTS AND DISCUSSION
3.1.Effect of initial pH

An initial heavy metal solution
concentration of 10mg/l was used in
conjunction with the Apatite sample of 8g/l.
The mixture was shaken at speed of 150rpm
and temperature of 25°C in 120min. The pH
values were adjusted to 2, 3, 4, 5, 6 and 7 to
avoid metal precipitation as hydroxides at
higher pH values. The results are shown in Fig.
1.
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Fig.1 Effect of initial pH on heavy metal
adsorption on Apatite

As the result, the pH values strongly
affect the efficiency of heavy metal adsorption.
It is observed from the Fig. 1 that the removal
of heavy metal ions increases with the increase
of initial pH value. With the same initial pH
values, the percent removal of lead ion is
highest. This can be attributed by the largest
diameter of lead ion compared to other ions [2].
For Pb**, the maximum of adsorption capacity
was reached at pH=3 to pH=6. With other metal
ions, the maximum adsorption capacity was
reached at the highest value of pH surveyed
range of each metal; Cu®* at pH=6 and Zn*,
Cd*" at pH=7
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3.2 Effect of contact time

The effect of contact time was studied
from 5 t0180 min with initial heavy metal
concentration is 10mg/l and in the optimized
pH condition for each metal ion. The results are
given in Fig. 2.
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Fig.2 Effect of contact time on heavy metal
adsorption on Apatite.

It is observed from Fig. 2 that the
percentage of heavy metal ions removed
increases with the increase of time contact. The
adsorption rate of Pb* is very fast as the
equilibrium was reached after 30 min; it is
noticeable that the time equilibrium of lead is
shorter than other heavy metals. For Cd**, Cu*,
Zn*, the equilibrium was reached after 120
min.

3.3. Effect of adsorbent amount

To study the effect of adsorbent amount
on percent adsorption of heavy metal, 0.25-12
o/l Apatite mineral was equilibrium with 10
mg/l of each heavy metal ions solution. The
results are shown in Fig. 3.
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Fig.3 Effect of time on heavy metal adsorption
on Apatite
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It is observed that, with the increase in
the amount of Apatite mineral, the percent
adsorption of metal ions also increases.
However, it is noticeable again that with the
same amount of adsorbent the percentage
removal of lead is highest. For the subsequent
experiments 4g/l was used for adsorption of
Pb* and 8g/I for Cd**, Cu**and Zn**

3.4 Effect of initial metal ions concentration

The experiments were conducted with
initial concentration of metal ions ranging from
5-100mg/I at the optimum condition in terms of
pH, amount of adsorbent and contact time.
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Fig.4 Effect of initial metal concentration on
heavy metal adsorption on Apatite

As shown in Fig. 4 that, the heavy metal
ions removed decrease with the increase in

initial concentration of metal solution. This is
can be explained that due to the lack of biding
sites on adsorbent surface at higher
concentration of metal ions. Similar observation
was also reported by Sona Saxena, 2006 [3]

3.5 Adsorption isotherms

Both Langmuir and Freundlich isotherm
models were used to interpret and evaluate the
experimental results.

The Langmuir equilibrium equation is
represented as: ge= gmKC¢/(1+KC;)

Where C. is the equilibrium liquid-phase
concentration (mg/l), g. is the equilibrium
amount adsorbed (mg/g), gm is the maximum
amount of adsorbate adsorbed per unit sorbent,
K is the Langmuir constant.

The Freundlich isotherm is expressed by
the following equation: g.= K;C.""

The equation is convenient used in the
linear form by taking the logarithm of both side
as:

Inge= InK +(1/n).InC, where K¢and n are
Freundlich constants. The results and
examination data are shown on Table 2 and
Table 3.

Table 2. Langmuir adsorption isotherm constants for lead, copper, zinc and cadmium.

Metal lons Equation am (Mg/g) K. (1/g) R?
Pb** y=0.073x+0.0231 43.48 0.32 0.9866
cd* y=0.9141x+0.0542 18.40 0.06 0.9661
cu® y=0.7247x+0.1358 7.36 0.19 0.9404
zZn* y=0.2972x+0.1821 5.49 0.62 0.9733

Table 3. Freundlich adsorption isotherm constants for lead, copper, zinc and cadmium

Metal lons Equation K¢ 1/n R?
Pb* q=10,8.C%%*° 10.80 0.6416 0.9203
Cd* q=0,89.Ct"% 0.89 1.1324 0.9329
cu® q=1,17.c0™8 1.17 0.7248 0.9506
zZn* q=1,87.C%%" 1.87 0.615 0.9570
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The examination of data show that both of the
Langmuir and Freundlich isotherm are good
description of the data for all the metal ions
over the concentration of range studied.
However, the values of the correlation
coefficients indicate that the results obtained
with Langmuir isotherm are better than those
obtained with the Freundlich isotherms. From
this results, it can be concluded that the
mechanism of heavy metal ions mentioned
adsorption on Apatite based on the monolayer
sorption onto surface of Apatite.

3.6 Mechanism of removal of metal ions by
Apatite mineral

For Pb%": the XRD patterns of the solid isolated
after reaction between Apatite and Pb at pH 2-3
and pH 6 are presented in Fig. 5. At pH 2-3 the
presence of CI- ion in solution probably caused
the formation of Pyromorphite-Pb.o(PO,)sCl>
which is more thermodynamically stable than
Fluoroapatite Ca;o(POg)eF> [4]. It is suggested
that at pH=2-3 the dissolution of Fluoroapatite
and precipitation of Pyromorphite is primary
mechanism for Pb removal by Apatite. This can
be expressed by equation (1), (2)

Cayo(POL)F, + 6HT — 4D 10Ca? + 6HPO,> +2F (1)
Floapatite
10Pb?" + 6HPO,* + 2C|- —Rredpiation o ppy (PO,)sCl, + 6H"  (2)
Pyromorphite
The similarity result was also obtained in the study of M. Mouflih [5].
Before adsorption
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patterns of the solid after reaction between Apatite and Pb®*. (FAP: Floapatite, CP:
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At pH=4-6, the Apatite surface is thought to
consist of distinct surface groups included
=Ca-OH, =P-OH and =P-O [6], at pH<3
the surface is fully protonated. Therefore it
can be suggested that at pH=4-6, the
mechanism of Pb adsorption is responsible
by the functional groups on the surface
through forming surface complexation. The
process can be described:

IV. CONCLUSIONS

The objective of this study was to evaluate
the adsorption ability of natural Apatite
mineral in Vietnam for removal of heavy
metal ions. The conclusions obtained are:

o Apatite mineral in Vietnam can be
used as a sorbent for removal of heavy
metal in wastewater with high efficiency

_Ca-OH + Pb® > —Ca-OPb™ +H'  (3) o The Langmuir isotherm is suitable

for fitting experimental data. The
=P-0"+Pb* > =P-OPb’ (4) adsorption capacity of each metal ion were
=P-OH + Pb** > =P-OPb* +H*  (5) in the descending order:

For Cd*, cu*, zn?: Similar to the
mechanism of Pb adsorption at pH=4-7 the
common processed can be descried (Me*":
Cd2+, CU2+, Zn2+)

Pb**>Cd*>Cu?*>zn?* with the values of
43.48; 18.3; 7.36; 5.49 mg/g.

From the results obtained, it can be
concluded that the natural Apatite mineral

=Ca-OH + Me®* > =Ca-OMe" +H* (6) in Vietnam is efficient for removal of heavy
—P-O"+Me>* - =P-OMe" ) metal ions in wastewater, especially for the
—P-OH + Me® = =P-OMe* + H* ©) high concentration of Pb (Il) in industrial
wastewater.
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