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Abstract

This study focuses on the investigation of the adsorption behavior of copper, zinc, and nickel on red and
yellow loess by applying batch technique. Contact time, initial concentration of metal ions, and temperature
were observed as the influential parameters in the adsorption process. The results expressed that the equilibri-
um time was attained within four hours; the adsorption capacity was temperature-dependent and endothermic.
The removal efficiency at lower concentration was superior to the higher one, whereas the adsorption capac-
ity was enhanced at higher concentrations. Freundlich and Langmuir models can be found satisfactory to pre-
dict the adsorption isotherm. The maximum adsorption capacities of red and yellow loess at 30°C of Cu, Zn,
and Ni were respectively found to equal 0.95 mg/g, 1.27 mg/g, 0.79 mg/g, 1.23 mg/g, 1.65 mg/g, and 1.65
mg/g. The yellow loess comprised with the highest removal capacities and the maximum adsorption capaci-

ties in comparison with the red one. Zinc consisted of the best adsorption affinity with the order of Cu<Ni<Zn

for both kinds of adsorbents.
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Introduction

The incredible progress of modern technology in recent
years has been providing more facilities to human life. This
advancement conversely has been enduring long-lasting
consequences associated with the ecosystem and threats to
human health, including discharge of waste effluents con-
taining heavy metals by industrial activities such as metal
plating, industry fertilizer, mining operations, metallurgy,
manufacturing battery, and dyeing in textile industries [1].
Heavy metals are classified among the most hazardous envi-
ronmental pollutants due to its inability disintegrate through
physical processes [2]. This alarming issue is encouraging
many researchers to devote their time to finding out the
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most efficient measures for the heavy metal removal pur-
pose. Various removal methods such as filtration, chemical
precipitation, ion exchange, adsorption using activated car-
bon, electrode-position, and membrane process have been
initiated, but adsorption is considered one of the most effi-
cient and inexpensive techniques to remove heavy metal
ions from aqueous solution [3].

The study of adsorption process is utterly essential to
comprehend how heavy metals are transferred from a liquid
mobile phase to the surface of a solid phase [4]. Sarooj clay
in United Arab Emirates, loess in China, clay in Tunisia,
peat soil in Malaysia, and various kinds of soilds in north-
eastern Thailand have been selected to be adsorbents for
adsorption studies, and reports show that those materials
have a considerable affinity for heavy metals [5-9]. Red
loess and yellow loess are widely discovered in northeastern
Thailand, but their adsorption behavior remains unidentified.
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The objective of this study is to investigate the adsorption
behavior of Copper (Cu), Zinc (Zn), and Ni (Nickel) on red
loess and yellow loess found in northeastern Thailand in
terms of the effects of contact time, initial concentration,
and temperature.

Materials
Adsorbents

Loess can be defined as a terrestrial clastic sediment
composed predominantly of silt-sized particles essentially
formed by the accumulation of wind-blown dust [10]. Red
loess and yellow loess in Khon Kaen province were desig-
nated as the adsorbents of this adsorption study. The soil
samples were collected in various zones depending on loess
presence, and dug at a depth of 50 cm from its surfaces. The
samples were dried in the oven at 110°C for 24 hours for
bulk water elimination purpose and sieved with a 100-mesh
sieve. The basic and engineering properties of the adsor-
bents are shown in Table 1.

Adsorbates

Copper (Cu), Nickel (Ni), and Zinc (Zn) were selected
in this research to represent the range of the common heavy
metals and prepared in the form of the solution to be the
adsorbates. The stock solutions of Cu(NOs;),, Ni(NO,),, and
Zn(NO,),, at concentrations of 100 g/mL, were dissolved in
the deionized water to obtain the preferred initial concen-
tration of solution. The chosen initial concentration of the
heavy metal solutions in this study were 5 mg/L, 100 mg/L,
250 mg/L, 500 mg/L, and 1000 mg/L. The properties of
heavy metal solutions are presented in Table 2.

Experimental Procedure
Characterization of Adsorbents

The identification of the surface morphology of the
adsorbents with different magnifications was determined
by Scanning Electron Microscope (S-3000N, Hitachi,
Japan). The chemical compositions of the adsorbents were
examined X-Ray Fluorescence XRF. The specific area and
the total pore volume were defined by ASAP-2010 accord-
ing to Brunauer-Emmett-Teller (BET) adsorption theory.
The natural pH of the adsorbents was measured by pH-
meter with proper calibration. The oven-dried and sieved
soil samples with the mass of 10 g were placed into three
different graduated beakers. 10 mL of deionized water was
then poured into those containers. The mixtures were
stirred for 1 minute using the plastic spoons and then left 1
hour before the pH measurement. The natural pH of the
adsorbents was obtained by the average pH values of those
three samples.

Table 1. Basic and engineering properties.

Basic and Engineering Properties | Yellow Loess | Red Loess
% Passing No. 200 sieve 12.26 11.71
% Passing No. 4 sieve 93.18 96.45
Liquid Limit LL (%) 30.20 18.03
Plastic Limit PL (%) 20.60 13.00
Plasticity Index PI (%) 6.60 5.03
USCS Symbol SC SM
Specific Gravity G 2.63 2.68
Max. Dry Density (g/cm®) 1.87 2.00
Coefficient of Permeability k (cm/s) | 2.27x10° 4.0x10°

Table 2. Properties of heavy metal solutions.
Propertics Nime | N | N
Formula Cu(NO3), | Ni(NOy), | Zn(NO3),

Molecular weight (g/mol) | 241.60 290.80 297.50

Density (g/cm’) 2.32 2.05 2.06

Solubility (g/100 ml) 137.80 94.20 184.30

Table 3. Batch adsorption test scope.

Parameters Description
Mass of adsorbents m (g) 2.00
Volume of adsorbate ¥ (mL) 50.00
pH 6.70
Temperature 7' (°C) 30-40-50
Contact time ¢ (h) 0.5-1-2-4-8-24
Initial concentration C, (mg/L) 5-100-250-500-1000

Batch Adsorption Test

General Procedure

Batch techniques were performed to examine the
adsorption behavior of Cu, Zn, and Ni using red and yellow
loess as the adsorbents, including the effect of the contact
time, the initial concentration of the solutes, and the effect
of temperature. The contact time ¢ of the mixture ranged
from 0.5 h to 24 h. The initial concentrations C, of the aque-
ous solution were varied between 5 mg/L to 1000 mg/L.
The temperature conditions of the slurry solution during the
adsorption process were 30°C, 40°C, and 50°C. The equi-
librium time ¢, and equilibrium concentration C, were deter-
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mined in the case of the constancy of the remaining con-
centration C, while the contact time changed. Equilibrium
time of batch adsorption test is the time interval in which
the system reaches chemical equilibrium and the concen-
tration of the products and reactants cease to change with
the time respect [11]. The scope of this experiment is sum-
marized in Table 3.

The selected dosage of the adsorbents in this study was
2 g while the volume of the aqueous solutions was 50 mL.
Each sample was stowed in a 60 ml plastic bottle. The pH of
the batch samples was set equal to the natural pH of the
adsorbents. The diluted NAOH and HCI were added into the
slurry solution to adjust their initial pH. The initial pH of the
adsorbates and the slurries were measured to determine the
supplementary volume of reagents (NaOH and HCL).
The designated pH of the batch samples was finally obtained
by the addition of required NAOH and HCL. A pH-meter
with proper calibration was regularly used to verify the pH
of each adjustment. The shaking electric oven was then used
to regulate the desired temperature condition during the
adsorption process with the rotational speed of 130 rpm in
terms of the diverse contact times. The heavy metal solu-
tions were then filtered through the millipore filters (pore
size 0.45 pm) at the end of the contact times. The remaining
concentration C, of the filtered solution was compulsorily
lowered by the dilution process with 0.1% of nitric acid
HNO, conforming to the minimum detection limits of Cu,
Ni, and Zn, which were respectively 4 mg/L, 4 mg/L, and 2
mg/L. A Perkin Elmer-200 atomic absorption spectrometer
(Germany), functioning with an air acetylene flame, was
used to measure the remaining concentration of the diluted
solution. The calibration curve of each heavy metal was
plotted based on its wavelength and standard solutions.

Adsorption Isotherm

Adsorption is the process in which atoms or molecules
of a substance in one phase become bonded to the surface
of a second substance in a different phase [12]. Adsorption
isotherm predicts the amount of adsorbate adsorbed by an
adsorbent in terms of the equilibrium concentration of the
adsorbate at the constant temperature. Langmuir model and
Freundlich model were selected to predict the adsorption
isotherm of heavy metals on the Loess [13].

The percentage of heavy metal removal can be defined
in Eq. (1):

Metal ion removal (%) = (Cy — C,) X %}0 0

The adsorbed heavy metal amount ¢, (mg/g) per unit
adsorbent mass is shown by Eq. (2):

(Co—=Ce)V
qe = ——— ()

m
...where C, is the initial heavy metal concentration, C, is the
concentration of heavy metal at equilibrium (mg/L), m is the
mass of adsorbent (mg), and V' is the solution volume (L).

The Langmuir isotherm model assumes the existence of
the homogeneous monolayer surface adsorption on which
one ion per binding site was formed without side interac-
tions between the adsorbed ions [14].

The expression of the Langmuir equation is indicated in

Eq. 3):

_ Q%bC,
Qe = Tinc, @)

...where g, is the mass ratio of the adsorbed solute on the
adsorbent (mg/g), C, is the equilibrium solute concentration
(mg/L), O is the maximum adsorption capacity of the
adsorbent (mg/g), and b is the Langmuir constant related to
the binding site (L/mg).

The linear form of Eq. (32) can be rearranged in Eq. (4):

Ce_ 1 4 Ce
de bQO QO @)

In the plot of Eq. (3), & yields a straight line with a
de

1 1
slope — and intercept —— .
Q bQ

The Freundlich isotherm model is one of the most com-
mon adsorption equations for a solid-liquid system to
model the adsorption on heterogeneous surfaces and is
defined in Eq. (5):

qe = KpC, i/n (5)

..where K is the Freundlich constant representing the
adsorption capacity and strength of the adsorptive bond,
n is the heterogeneity factor.

The linear form of Eq. (5) can be indicated in Eq. (6):

logqe = logK; +%logCe (©6)

In the plot of Eq. (6), logK is the intercept of the line
when C,=1 mg/L, 1/n is the gradient assuming a linear rela-
tionship. The value n>1 associates with the distribution of
bonded ions on the sorbent surface, which points a constant
partitioning of the sorption mechanism out, where the
adsorbate penetrated the sorbent and represents good
adsorption [14, 15].

Results and Discussion
Characterization of Adsorbents

The heterogeneities of the surfaces of red and yellow
loess particles were observed via 5,000 magnification and
were respectively shown in Figs. 1(a) and (b). It was indi-
cated that the surface of the yellow loess particles was
rougher than the red one. The basic parameters of adsorbent
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Table 4. Basic parameters of adsorbents.

Parameters Yellow Loess | Red Loess
Specific surface area Sgz; (m?¥/g) 18.84 8.00
Total pore volume V. (cm’/g) 0.042 0.048
Mean pore diameter D) (nm) 9.07 24.40
Natural pH pH,, 6.58 6.70

micro-structures and their natural pH are provided in Table
4. The plot of BET confirmed that the specific areas of
Yellow and Red Loess were, respectively, 18.84 m*/g and
8.00 m?/g. This can assume that the specific area of yellow
loess was larger than the red one, which signifies that yel-
low loess was covered with more adsorption site.

According to XRF examination, the chemical composi-
tions of the adsorbents were identified. It was seen that the
content of silicate oxide SiO,, aluminum oxide Al,O; and
ferric oxide Fe,O; were predominantly present in the total
weight. This XRF pattern was marginally different from the
red loess in China [16]. All the amounts of chemical com-
pound of both adsorbents were approximately similar to
each other except the presence of calcium oxide CaO in the
red loess. Adsorbent chemical compositions are presented
in Fig. 2.

WDL48mmES 00KV w5 0KE Sl 0um|

Fig. 1. 5,000x magnification of adsorbents.
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Fig. 2. Amount of adsorbent chemical compounds.

Effect of Contact Time

The gradual progression of the adsorption of Cu, Zn,
and Ni on the red and yellow loess in terms of contact time
is correspondingly depicted in Figs. 3 (a-c).

The removal percentage of heavy metal ions at the con-
centrations of 5 mg/L, 250 mg/L, and 500 mg/L and as a
function of contact time ranged from 0.5 hours to 24 hours
was considered. The designated pH and the temperature of
the slurry concentration were relatively 6.7 and 30°C. It was
seen that the percentage of removal of aqueous solutions at
the concentration of 5 mg/L approximately attained up to
80% while the removal uptake achieved less than 20% in
the case of other initial concentrations. The removal effi-
ciency of the yellow loess appeared to be greater than the
red one. This can be due to the larger surface area and
adsorbing site. The adsorption process comprised with the
intensive uptake at the beginning of the adsorption period
and then was followed by the equilibrium state.
The removal percentage showed a rising trend and then
attained the stationary state around 4 hours. The phenome-
non of the fast uptake at the beginning of the adsorption
process was explained by the greater availability of the
adsorbing site on the adsorbent surface at the preliminary
period [17]. The uptake processes then became slower and
steady when the surface adsorption site became saturated.
This can be described by the slow transportation of heavy
metal ions from the exterior to the interior sites of the soil
particles or a very slow diffusion rate of the metal through
the adsorbent micropores [17, 18].

Effect of Initial Concentration

The study of the adsorption of Cu, Zn, and Ni on the red
and yellow loess in relation to the initial concentration of
heavy metal ions variation was completed. A gap between
the lowest and the highest initial concentrations was inten-
tionally prepared in order to investigate the availability of
removal efficiency of the adsorbents in terms of the con-
centration variation. The ongoing progression of the ion
removal percentage %R and the amount of uptake per unit
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mass of the adsorbents O, (mg/g) as a function of the initial
concentration was demonstrated respectively in Figs. 4 (a)
and (b).

Fig. 4 (a) illuminated that the removal rate at the con-
centration of 5 mg/L was up to 80.87% and then succes-
sively decreased with the lowest percentage of 2.59% at the
concentration 1000 mg/L. It can be assumed that the
adsorption process of heavy metals showed high removal
efficiency at the low initial metal ion concentration, where-
as the descending removal rate occurred at the higher initial
concentration. This may be attributed to the availability of
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Fig. 3. Effect of contact time pH=6.7, T=30°C
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Fig. 4. Effect of initial concentration pH=6.7, T=30°C.

the adequate adsorption site at the lower initial metal ion
concentration and the insufficiency of the adsorbing site at
the higher concentration due to the increase of the number
of metal ions [19]. This trend was completely opposite to
the adsorption capacity variation trend.

Fig. 4 (b) specified that the adsorption capacity at the
initial concentration of 5 mg/L was approximately starting
from 0.06 mg/g. The adsorption capacity then showed a
successive rising trend as the initial concentrations
increased. The highest adsorption capacity at the initial con-
centration of 1000 mg/L was about 1.525 mg/g in the case
of Zn-Y-30°C. This can assume that the adsorption capaci-
ty were higher at the greater initial concentration of heavy
metal. This can be explained by the higher driving force for
mass transfer with the increase in the initial concentration

[3].

Effect of Temperature

The study of the temperature effect was performed con-
forming to the range of the temperature condition in
Thailand. Figs. 5 (a-c) demonstrate the results of adsorption
capacity ¢, (mg/g) in terms of the equilibrium concentration
C, (mg/L) obtained from the application of Eq. 2 at the
30°C, 40°C, and 50°C. The gradual ascending trend of
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Table 5. Parameters of Freundlich and Langmuir models.

Freundlich Parameters Langmuir Parameters
Adsorbates | Adsorbents T (°C) 0/,
Ky n R? b o R?
30 0.091 2.58 0.992 0.012 1.23 0.987 1.00
Yellow 40 0.029 1.69 0.941 0.012 1.26 0.999 1.02
50 0.110 2.56 0.988 0.013 1.50 0.986 1.22
c 30 0.069 2.51 0.976 0.014 0.95 0.991 1.00
Red 40 0.064 2.26 0.982 0.011 1.23 0.987 1.29
50 0.082 2.40 0.992 0.010 1.32 0.984 1.45
30 0.071 2.16 0.993 0.009 1.65 0.978 1.00
Yellow 40 0.084 2.20 0.996 0.007 2.01 0.968 1.22
50 0.076 1.95 0.981 0.010 2.21 0.985 1.34
& 30 0.035 1.83 0.976 0.009 1.27 0.994 1.00
Red 40 0.066 2.29 0.991 0.009 1.30 0.981 1.02
50 0.043 1.81 0.980 0.009 1.63 0.984 1.28
30 0.095 2.56 0.958 0.009 1.65 0.978 1.00
Yellow 40 0.129 2.80 0.980 0.008 1.71 0.957 1.04
] 50 0.200 3.13 0.987 0.011 1.93 0.979 1.17
b 30 0.044 2.56 0.960 0.006 0.79 0.945 1.00
Red 40 0.135 3.03 0.972 0.032 1.09 0.998 1.38
50 0.129 2.79 0.980 0.022 1.38 0.995 1.67

adsorbed heavy metal amount was found when the equilib-
rium concentration of the solution was augmented. The
isotherm curves of each adsorbate-adsorbent variety at
40°C and 50°C were revealed to be superiorly positioned in
comparison with those of 30°C. This upgrading of adsorp-
tion efficiency at the greater temperature can make an
assumption of the remarkable temperature influence in this
adsorption study.

This can imply that this adsorption study is tempera-
ture-dependent and can be explicated by the expansion of
the active surface sites of the adsorbents for the adsorption
or the disolvation of the adsorbing species. The increase of
temperature can reduce the thickness of the boundary layer
surrounding the adsorbent so that the mass transfer resis-
tance of adsorbates in the boundary layer diminished. It can
be alternatively attributed to the acceleration of the diffu-
sion rate of the solute within the pores of the adsorbent at
higher temperature [19].

Models of Adsorption Isotherm

The analysis of isotherm feature has been commonly
considered as the most effective approach to study the the-
oretical aspects of all adsorption processes [20]. The plots
of adsorbed amounts of metal ions versus the equilibrium
concentration of solute were called “Isotherm Curves” and

illustrated in Figs. 5 (a-c). Three kinds of heavy metal (Cu-
Zn-Ni), two types of adsorbents (red loess, yellow loess),
and a range of temperature conditions (30-50°C) as men-
tioned in Table 3 of the scope were the basic parameters to
investigate the adsorption behavior in this study. The plot-
ted curves, named the “L” isotherm curve, were presented
according to the decrease of the ratio of the equilibrium
concentration to the adsorbed on the solid when the solute
concentration increased [21]. Freundlich and Langmuir
models were applied to evaluate the adsorption behavior
given by the application of Egs. (4) and (6) in the form of
linear curve.

Figs. 6 (a) and (b) exemplify separately the use of the
Freundlich and Langmuir models to represent the adsorp-
tion performance of copper on the yellow loess at different
temperatures. The adsorption parameters thus were calcu-
lated according to the equations of each trend line. The cor-
relation coefficient R* was the significant variable to verify
their fitting trend. The results of this study are summarized
in Table 5.

The adsorption intensity n of Freundlich model was
found within the range from 1.69 to 3.13. This can certify
that the adsorption of heavy metal ions on the red and yel-
low loess was a physical and good process [15]. Analysis
by Langmuir model demonstrated that the comparison of
the maximum adsorption capacity of unique adsorbent was
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in the order Cu<Ni<Zn. It can be seen that Zn consisted of
the highest sorption affinity and this was explained by the
different affinities of metal ions for the donor atoms pre-
sented in the structure of the adsorbent [22]. It is eventual-
ly claimed that the adsorption efficiency of the yellow loess
was greater than the red loess because of its larger surface
area by comparing with the red loess. The ratios of the max-
imum adsorption capacity at 40°C and 50°C to the condition
of 30°C were greater than the unity. Thus it can be con-
cluded that temperature augmentation remarkably
enhanced adsorption capacity. This result proved that the

a) 14
1.4
1.2
1.0 4
)
Y 0.8
E
o 0.6 1
0.4 3 —8— Cu-Y-30C
2 —&— Cu-Y-40C
02 4 —A— Cu-Y-50C
’ 0+ Cu-R-30C
<O Cu-R-40C
0.0 A Cu-R-50C
0 200 400 600 800 1000 1200
b) C, (mg/L)
2.5
2.0 4
1.5
C)
)
E 101
i
0.5
0.0
<& Zn-R-50C
T T T T T T
0 200 400 600 800 1000 1200
C, (mg/L)
c) ¢
2.0
1.8
1.6
1.4 4
LA
1.2 4
o 0
w0 1.0 4
g
» 0.8
= e}
0.6
- —8— Ni-Y-30C
0.4 4 o —&— Ni-Y-40C
—A— Ni-Y-50C
0.2 4 0 Ni-R-30C
O+ Ni-R-40C
0.0 7 <& Ni-R-50C
T T T T T :
0 200 400 600 800 1000 1200
C, (mg/L)

Fig. 5. Effect of temperature and isotherm curves pH=6.7,
T=30, 40, 50°C.
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Fig. 6. (a) Freundlich Model (b) Langmuir Model of Cu-Y,
pH=6.7, T=30, 40, 50°C.

adsorption of Cu, Zn, and Ni was endothermic, which was
compatible with the removal of heavy metal using red loess
in China [16]. The correlation coefficient R* of Freundlich
and Langmuir models were respectively ranged from 0.941
to 0.996 and from 0.945 to 0.999. This can imply that
Freundlich and Langmuir models were appropriate to pre-
dict the adsorption behavior in this study.

Conclusion

The adsorption efficiency of Cu, Zn, and Ni on the red
and yellow loess in Khon Kaen depended on the effect of
the contact time, the initial concentration of heavy metal
ions, and temperature. The equilibrium state was reached
within four hours after the intensive uptake process at the
initial stage of the adsorption. The removal efficiency at the
lowest of the initial concentration (5 mg/L) was seen to be
the highest amount, whereas the removal rate lessened pro-
gressively at the higher concentration (1000 mg/L).
The adsorption capacities noticeably increased at the high-
er temperature condition. The maximum uptake capacities
of yellow loess were better than those of the red loess due
to its higher surface active site, while the adsorption capac-
ity followed the order of Cu<Ni<Zn. The isothermal data in
this study can be modeled by Freundlich and Langmuir
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models and found fitting well. Loess showed a remarkable
adsorption capacity. These raw and abundant materials,
however, can illuminate greater adsorption capability if
they can be modified and treated to improve their adsorp-
tion efficiency before using them for heavy metal removal.
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