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Abstract: Platy potassium magnesium titanate (K0.8Mg0.4Ti1.6O4, KMTO) was synthesized by a flux method. The potential 
application of KMTO in removing copper ions from water pollutants was investigated. The crystal phases of specimens were 
identified by XRD. The morphology and structural information were characterized by SEM and TEM. The adsorption behavior under 
different conditions was investigated, including different pH values and different initial copper ion concentrations. The results show 
that the maximum adsorption capacity of Cu(II) ions is 290.697 mg/g, and almost 99.9% of Cu(II) ions can be removed, which is 
much higher than that of other sorbents reported. The kinetics of KMTO for the adsorption of Cu(II) ions was studied and the best fit 
can be obtained by the pseudo-second-order model. Adsorption isothermal data can be well interpreted by the Freundlich equation 
(R2=0.991). In conclusion, this study highlights that KMTO is a potential material for the efficient removal of heavy metal ions in 
polluted water. It also opens up a new opportunity for the applications of platy KMTO. 
Key words: potassium magnesium titanate; waste water; copper ion; removal; adsorption kinetics; flux method 
                                                                                                             
 
 
1 Introduction 
 

Increased industrialization and urbanization in 
modern society may bring about serious water 
contamination of heavy metals. Copper is one of the 
widely used heavy metals in modern industries, such as 
metal plating, mining, battery manufacturing, paints and 
pigment production, and glass production [1]. Its 
applications often result in harmful effects on aquatic 
ecosystems due to its non-biodegradable and persistent 
nature [2,3]. Intake of excessively large doses of copper 
can cause severe mucosal irritation and corrosion, 
widespread capillary damage, hepatic and renal damage, 
central nervous system irritation followed by depression, 
kidney damage, anemia and even coma, and eventual 
death [1,4].  According to the US Environmental 
Protection Agency (EPA) and the World Health 
Organization (WHO), the permissible levels for copper 
in drinking water are 1.3 and 2 mg/L, respectively [5]. 
Therefore, the removal of copper from wastewater has 
become a very important environmental issue. 

Many methods have been proposed for the removal 

of heavy metals including copper ions, such as chemical 
precipitation, adsorption, solvent extraction, evaporation 
and electrodialysis [1]. Among these methods, the 
ion-exchange adsorption is the most commonly used 
process, because it is a relatively clean (without need for 
extra disposal) and energy efficient method, and has a 
high selectivity for certain ions even in solutions of low 
concentration of the target ion [6−9]. Furthermore, it can 
be utilized in metal recovery and water reuse, which are 
of economical importance. Though various substances, 
such as clay minerals, phosphate, hydrous metal oxides, 
silicate and zeolite have been widely used as ion 
exchangers, there are still some problems limiting their 
applications, such as the impurities in the adsorbents, 
slow adsorption kinetics, low adsorption capacities, or 
high cost [10−14]. Consequently, it is important to 
explore low cost and abundant materials that have high 
efficiency in removing heavy ions from industrial 
wastewater. 

Lepidocrocite type titanates (AxTi2−yMyO4, where A 
is an interlayer alkali metal ion, and M is metal ion or 
vacancy) have a wide range in chemical composition. 
The metal ions or vacancies occupy the octahedral sites 
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in the base layers, and substitute the Ti4+ ions in the 
nominal [MO2] framework. The substitution gives a 
negative charge balanced by interlayer alkali ion [15]. 
The relatively wide inter-layer space and low negative 
charge density of the host layer compared with other 
titanates are responsible for many excellent properties, 
such as good swelling properties, catalytic properties and 
intercalation reactivity [16−19]. In addition, the 
interlayer ions and metal ions of lepidocrocite type 
titanates are exchangeable with a variety of inorganic and 
organic cations, resulting in an excellent ion-exchange 
property. Lepidocrocite-related titanates have been 
successfully used in many applications, such as 
photocatalysts, semiconductor materials, adiabatic 
materials, UV-shielding materials, cation-exchangers and 
functional filling materials. They also have the potential 
to be used as effective adsorbents for removing heavy 
metals from waste water [20,21]. Furthermore, good 
mechanical property of ceramic materials also facilitates 
them to be used in bulk adsorption systems. 

Potassium magnesium titanate (K0.8Mg0.4Ti1.6O4, 
KMTO) is well-known for its ion-exchange property due 
to its unique atomic structure. However, platy KMTO 
was widely used as reinforcement in friction    
materials [22], and it has not been used in ion-exchange 
in solutions. However, so far few studies have been 
reported about the synthesis and characterization of platy 
KMTO. Also, as we know, no paper has reported about 
the application of platy KMTO in removing copper ions 
from waste water. In this work, platy lepidocrocite type 
KMTO was prepared and characterized. And its 
application in removing copper ions from aqueous 
solution was investigated. 
 
2 Experimental 
 
2.1 Preparation of KMTO 

The platy KMTO was prepared by a flux (molten 
salt) method. The method consists of adding precursors 
at the required ratio to a molten salt mixture often close 
to a eutectic stoichiometry, which accelerates the kinetics 
of formation of the desired compounds [23]. All the 
chemicals used in this work were of analytical grade and 
purchased from Xilong Chemical Co., Ltd., China. The 
starting materials were K2CO3, Mg(OH)2 and TiO2 
(n(Ti):n(K):n(Mg)=4.1:2:1) mixed with an appropriate 
amount of KCl flux. The mixture was ground and 
calcined at 1050 °C for 3 h. After furnace cooling, the 
obtained powder was washed with boiling pure water to 
remove the KCl flux and then dried at 80 °C for 12 h in 
the drying oven. 
 
2.2 Characterization of KMTO 

Crystal phases of specimens were identified using a 

powder X-ray diffractometer (XRD, D/ruax 2550PC, 
Japan). Morphology and structural information were 
obtained using a field emission scanning electron 
microscope (FESEM, NOVA NANOSEM 230, USA) 
and a field emission transmission electron microscope 
(FETEM, JEOL JEM−2100F, Japan). 
 
2.3 Adsorption experiments 

In order to determine the influence of time, pH and 
initial concentration of Cu(II) ions on the sorption 
capacity of KMTO for Cu(II) ions, batches of 
experiments were carried out. 0.3 g KMTO was added to 
100 mL of Cu(OH)2 solution, with preselected 
concentrations and pH values. The solutions were stirred 
at 150 r/min and (293±2) K for a predetermined period in 
a shaking incubator. After stirring for different time, the 
suspensions were filtered using filter flask and filter 
paper (Whatman, grade 1). The final Cu(II) ion 
concentrations in the filtrates as well as in the initial 
solution were determined by an inductively coupled 
plasma (ICP, IRIS Advantage 1000, USA). The amount 
of Cu(II) ions adsorbed at equilibrium qe (mg/g), and the 
metal ion removal rate R (%), were calculated by Eqs. (1) 
and (2), respectively: 
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where Ci is the initial concentration of metal ions in the 
aqueous solution (mg/L); Ce is the equilibrium 
concentration of metal ions in the aqueous solution 
(mg/L); m is the mass of KMTO (g); V is the the volume 
of sample (L). 
2.3.1 Adsorption kinetics 

For kinetics measurements, 0.3 g KMTO was added 
into 100 mL of Cu(OH)2 solution with initial 
concentration of 100 mg/L (determined by ICP). Then, 
the suspensions were shaken in different time intervals 
ranging from 5 to 400 min, filtrated and analyzed to 
determine the concentration of Cu(II) ions. 
2.3.2 Effect of pH 

The effect of pH was studied in the range of 1.0− 
9.0. The initial Cu(II) ion concentration was 100 mg/L 
(determined by ICP), and the initial pH values were 
adjusted by adding aqueous ammonia and HNO3  

solution. After 6 h of adsorption, the suspensions were 
filtrated, and analyzed for the final Cu(II) ion 
concentrations. 
2.3.3 Effect of initial Cu(II) ion concentration 

For determining the isotherms of adsorption metal 
ions, 0.3 g KMTO was added into 100 mL of Cu(OH)2 
solution with different concentrations (from 100 to 550 
mg/L). The suspensions were then filtrated after 6 h of 
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adsorption, and the concentration of Cu(II) ions was 
detected by ICP. 
 
3 Results and discussion 
 
3.1 Preparation of platy KMTO 

Figure 1 shows the XRD pattern of sample prepared 
by the flux method. It can be observed that the main 
phase is K0.8Mg0.4Ti1.6O4 (PDF No. 73−0671). And its 
peak intensity is strong, indicating a good crystallinity. 
The low intensity diffraction peaks are assigned to 
K2Ti4O9 (PDF No. 32−0861), and the formation of which 
may have been caused by a small deficiency of 
magnesium due to the evaporation of magnesium oxide. 

Typical SEM and TEM images of the products are 
shown in Fig. 2. It is clear that the powders are regular 
plates of different sizes, with diameter of 0.3−5 μm, 
thickness of 15 nm (Figs. 2(a) and (b)). From the TEM 
image (Fig. 2(c)), it can be also observed that the 
powders are plate-like, and the surface of powder is 
smooth. An individual plate was selected and tilted to 
obtain corresponding selected-area electron diffraction 

 

 
Fig. 1 XRD pattern of sintering KMTO powder at molar ratio 
of Ti to K being 2.05:1 and calcined at 1050 °C for 3 h 
 
patterns (SAED). The crystal is found to have a 
relatively high crystallinity as the highly ordered SAED 
spots can clearly be observed (Fig. 2(d)). The SAED 
pattern shows obvious lepidocrocite-related electron 
diffraction, and lattice spacings are 3.63 and 3.61 Å, 

 

 
 
Fig. 2 SEM and TEM images of sintering KMTO powders at molar ratio of Ti to K being 2.05:1 and calcined at 1050 °C for 3 h:   
(a, b) SEM image; (c) TEM image; (d) Selected area electron diffraction (SAED); (e) HRTEM image and its Fourier transform 
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respectively, which correspond to the (110) and (202) 
interplanar spacing of the orthorhombic K0.8Mg0.4Ti1.6O4. 
Figure 2(e) shows the corresponding HRTEM image. It 
shows that the fringe spacing is 0.23 nm, corresponding 
to the (111) interplanar distance of the orthorhombic 
K0.8Mg0.4Ti1.6O4. It also reveals that the growth plane of 
the nanoribbons is (111). Furthermore, the HRTEM 
image further demonstrates that the K0.8Mg0.4Ti1.6O4 is 
single crystal with very good crystallinity. From the 
Fourier transform of the image, the growth orientation of 
the nanoribbon is determined to be [010] crystallographic 
direction. 
 
3.2 Formation mechanism of KMTO 

In this work, well-developed K0.8Mg0.4Ti1.6O4 
crystals for use as heavy-ion sorbent were successfully 
synthesized by a flux method, which is similar to but not 
the same as that in our previous work [24]. The specific 
conditions are different. The method is environmentally 
friend, simple, and low-cost, and can produce binary or 
multicomponent crystals at temperatures below the 
melting points of the solutes. Potassium chloride (KCl) 
was chosen as the molten salt because it is low-cost and 
harmless to human beings and the environment. In 
addition, it can provide K+ ions to compensate the 
evaporation loss of potassium oxide in course of heat 
treatment [25]. 

K0.8Mg0.4Ti1.6O4 plates were synthesized in KCl 
molten salt at 1050 °C, which is much lower than the 
melting point of the raw material TiO2. Thus, 
conventional vapor–liquid–solid (VLS) or vapor–solid 
(VS) mechanism cannot be used to interpret the growth 
of K0.8Mg0.4Ti1.6O4 plates. The formation of 
K0.8Mg0.4Ti1.6O4 is probably based on the oriented 
attachment mechanism [26,27]. It involves spontaneous 
self-organization of adjacent particles so that they share a 
common crystallographic orientation, followed by the 
connection of these particles at a planar interface. This 
mechanism is relevant in cases where particles are free to 
move (such as in solution or where particles have 
abundant surface-bound water). In the growth process of 
K0.8Mg0.4Ti1.6O4 nuclei, molten KCl can provide a 
flexible liquid environment for K0.8Mg0.4Ti1.6O4 crystals 
to grow in an unconstrained manner. That is, they can 
grow freely from mechanical or thermal constraints into 
solution, and therefore develop into plates. It can be 
assumed that K+ and Mg2+, which are from the molten 
salt, come into the TiO2 matrix along (111) 
crystallographic plane and form the layered structure 
K0.8Mg0.4Ti1.6O4. Then, the thin layers align in almost the 
same direction and fuse together, leading to the 
formation of thick plates. 

3.3 Adsorption behaviors 
3.3.1 Adsorption kinetics 

The adsorption rate was studied using Cu(OH)2 
solution with an initial Cu(II) ion concentration of 100 
mg/L and pH of 3.0, as shown in Fig. 3(a). The 
adsorption maintained at a very high efficiency during 
the initial 5 min, and 81.3% of Cu(II) ion was removed 
from the solution. Thereafter, the reaction rate decreased 
gradually, and the adsorption reached equilibrium at 
approximately 350 min, when about 99.9% of Cu(II) ion 
was removed. These results suggest that the adsorption 
of metal cations takes place as a gradual process. It is 
 

 
Fig. 3 Effect of contact time on adsorption rate of KMTO (a), 
kinetic parameters and pseudo-first-order kinetic isotherm (b) 
and pseudo-second-order kinetic isotherm (c) for adsorption of 
Cu(II) ions by KMTO at pH 3.0, 30 °C and initial Cu(II) ion 
concentration of 100 mg/L 
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possible that during the initial stage, the coverage of 
active adsorption sites was low and the adsorbed ions 
rapidly occupied the sites in a random manner, resulting 
in a higher rate of uptake. 

Lagergren’s pseudo-first-order and pseudo-second- 
order kinetic models were used to predict the adsorption 
behavior of Cu(II) ions as function of time using the 
adsorption data. The pseudo-first-order kinetic model is 
expressed in the following linear form [28]: 
 
ln(qe−qt)=lnqe−k1t                            (3)  
where qe and qt (mg/g) are the amounts of metal ion 
adsorbed at equilibrium and contact time t (min), 
respectively; k1 (min−1) is the pseudo-first-order rate 
constant. k1 and qe can be respectively computed from the 
slope and intercept of the plot of ln(qe−qt)−t. 

The pseudo-second-order kinetic model is described 
by [28]  

t
qqkq

t

t e
2
e2

11
+=                              (4) 

 
where k2 (g/(mg·min)) is the pseudo-second-order rate 
constant. The values of k2 and qe can be respectively 
calculated from the slope and intercept of the plot of 
t/qt−t. The pseudo-first-order model is the first equation 
for the adsorption of liquid/solid system based on solid 
capacity and is generally applicable over the initial stage 
of the adsorption process. The pseudo-second-order 
model is more suitable for the prediction of the behavior 
over the whole range of adsorption when the 
chemisorption mechanism is the rate-limiting step [29]. 
The linear fit and the kinetic parameters of pseudo- 
first-order model and pseudo-second-order model are 
shown in Figs. 3(b) and (c). It is evident that the uptake 
of Cu(II) ions for KMTO can be explained using the 
pseudo-second-order model with the higher value of 
correlation coefficient (typically, R2>0.99) but not the 
pseudo-first-order model (R2=0.6855). The result 
suggests that the overall rate of the adsorption process 
was controlled by chemical adsorption in the case of 
Cu(II) ions [29−31]. 
3.3.2 Effects of pH on removal of Cu(II) ions with 

KMTO 
The pH value of the aqueous solution has been 

identified as the most important parameter during 
adsorption process. It can significantly affect the surface 
charge of absorbents, the metal ionization degree and the 
metal speciation, and thus, the adsorption mechanism 
and the uptake capacity. This is partly because hydrogen 
ions themselves strongly compete with heavy metal ions 
for the adsorption sites. So, the effect of initial pH 
(1.0−9.0) on adsorption of Cu(II) ions was studied, as 
shown in Fig. 4(a). It can be seen that the adsorption rate 
of Cu(II) ions is relatively low under strong acidic 
condition (pH=1) accounting for 49.2%, followed by a 

marked rise to 99% at pH of 3.0. Thereafter, the 
adsorption rate slightly deceases at pH between 4.0 and 
7.0, and then increases again at pH of 9.0. A better 
performance of adsorbent is obtained when the pH value 
of acid solution is 3.0. 
 

 
Fig. 4 Effect of pH on Cu(II) ion removal rate of KMTO at  
30 °C and initial Cu(II) ion concentration of 200 mg/L (a) and 
XRD patterns of KMTO powders after adsorption of Cu(II) 
ions at different pH values (b) 
 

The effect of pH on adsorption of Cu(II) ions can be 
reasonably explained by the electrostatic potential on the 
surface of KMTO. The zero potential for KMTO is found 
to be at pH=2.14, thus, electrostatic repulsion occurs 
between Cu(II) ions and the adsorbent surface at pH<3.0, 
resulting in a low uptake of Cu(II) ions. When the pH 
value is between 3.0 and 7.0, the surfaces of KMTO 
become negatively charged. Therefore, the adsorption 
rate of Cu(II) ions is enhanced due to the electrostatic 
attraction. 

At pH=3.0−7.0, the adsorption rate decreases 
gradually with increasing pH value, which may be 
caused by the change of copper speciation. According to 
previous studies [32,33], Cu2+ ions are predominant at 
pH values below 5.0. However, besides Cu2+, a high 
content of [CuOH]+ and [Cu2(OH)2]2+, formed by the 
reaction between Cu2+ and H2O, can also be found at pH 
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between 5.0 and 7.0. As pH increases, more [CuOH]+ 
and [Cu2(OH)2]2+ are generated. This may not be a 
favorable change for the adsorption. And the adsorbents 
are deteriorated with copper precipitation, thus the 
adsorption rate decreases. At pH=9.0, the adsorption rate 
experiences an increase which may be caused by the 
precipitation reaction between Cu2+ and OH−. 

Figure 4(b) illustrates the XRD patterns of KMTO 
after adsorbing Cu(II) ions, which can also help to 
understand the adsorption process. At pH=1.0, the crystal 
phase of obtained sample is indexed as K2MgTi7O16 

(PDF No. 18−1032), which is another type of potassium 
magnesium titanate with a tunnel structure. Therefore, it 
is deduced that the incorporation of strong acid may 
destroy the symmetry of K0.8Mg0.4Ti1.6O4, resulting in the 
change of structure from layered to tunnel structure. 
Because exchangeable K+ ions are enclosed within the 
tunnels and not easily accessible for exchange, 
K2MgTi7O16 shows poor ion exchange properties [34]. 
Generally, it is the combination of the surface charge and 
the tunnel structure that result in the lowest removal rate 
at pH=1.0. When pH values increase to 3.0 and 5.0 
respectively, the main phases are identified as 
H2Ti2O5(H2O) (PDF No. 47−0124), which belongs to the 
same crystal system (orthorhombic) as K0.8Mg0.4Ti1.6O4, 
indicating that ion exchange is an in-situ reaction. In acid 
solution, there is a competition between H+ and Cu2+ for 
the sorption sites. As the initial concentration of Cu2+ is 
far lower than that of H+, most adsorption sites of KMTO 
are occupied by H+. Therefore, the main phases of most 
final ion-change products are not copper-related 
compounds. As pH increases to 7.0, the final phase is not 
changed and indexed as K0.8Mg0.4Ti1.6O4. The 
ion-exchange reaction mainly occurs between Cu2+ and 
K+ ions because fewer H+ ions are available to compete 
with Cu2+ ions for adsorption sites. The mixture of 
titanium aqua oxide hydroxide ((H2O)Ti4O7(OH)2,   
PDF No. 38−0699) and Cu(OH)2 (PDF No. 03−0310) are 
found at pH=9.0. The metal ions would be associated 
with ammonium ions to form precipitate on the surface 
of KMTO or transport in the space between sorbent 
particles, resulting in an enhancement of removal rate. 
3.3.3 Effect of initial ion concentration 

The metal adsorption is particularly dependent on 
the initial ion concentration. At low concentration, 
metals are absorbed to specific sites which will be 
saturated and occupied with increasing metal 
concentration [4]. To study the effect of the initial Cu(II) 
ion concentrations on removal rate by KMTO, different 
Cu(II) ion concentrations from 100 to 550 mg/L were 
used at adsorption time of 6 h. The results are presented 
in Fig. 5. It is shown that the adsorption capacity of 
KMTO increases and the removal rate of Cu(II) ions 
decreases with increasing initial concentration of Cu(II) 

ions. At the lower concentrations (100, 200 and 300 
mg/L, respectively), the removal rates are very high 
(99.9%, 99.2% and 94.9%, respectively) and the 
adsorption capacities of KMTO increase linearly (66.62, 
132.27 and 189.87 mg/L). This is because the adsorption 
is not saturated at low initial concentrations of Cu(II) 
ions. When the initial concentration increases 
continuously, the removal rates are only 84.9% and 
82.1% at the concentrations of 400 and 500 mg/L, 
respectively. The adsorption capacity increases with 
increasing initial concentration, because the ratio of the 
initial number of copper ions to the exchangeable 
potassium ions and the available adsorption surface area 
are high. 

 

 
Fig. 5 Effect of initial concentration of Cu(II) ions on removal 
rate and adsorption capacity of KMTO at 30 °C, pH=3.0 and 
adsorption time of 6 h 

 
3.3.4 Adsorption isotherms of Cu(II) ions 

Adsorption isotherms show the relationship between 
the metal concentration in solution and the amount of 
metal adsorbed on the specific sorbent at a constant 
temperature. So, the study of adsorption isotherms is of 
importance in the design of adsorption systems to 
describe the adsorption mechanism. The most widely 
used models are the Langmuir and Freundlich adsorption 
isotherm models. The equations are given below: 

Langmuir equation [35]: 
 

e
mLme

e 11 C
XKXq

C
+=                          (5) 

 
where qe is the amount of metal per unit of KMTO at 
equilibrium (mg/g); KL is the constant related to the 
affinity of the binding sites (L/mg); Xm is the maximum 
amount of metal ion absorbed by per unit of KMTO 
(mg/g); Ce is the equilibrium concentration (mg/L). 

Freundlich equation [35]: 
 

eFe lg1lglg C
n

Kq +=                          (6) 
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where KF is the Freundlich constant related to adsorption 
capacity; n is the Freundlich constant related to 
adsorption intensity. 

The linear fits of these two isotherm models and the 
values of the isotherm constants are shown in Fig. 6. The 
Langmuir isotherm assumes that the monolayer 
adsorption occurs on specific homogeneous sites and 
each site can hold only one adsorbate molecule/ion (the 
adsorbed layer is one molecule in thickness). Besides, all 
sites are equivalent and there is no interaction between 
adsorbed molecules/ions. The Freundlich equation is an 
empirical equation used to describe the heterogeneous 
systems. The adsorption energy of a metal ion binding to 
a site depends on whether the adjacent sites are occupied 
[4,6,8,36]. For KMTO, its lepidocrocite structure is 
assumed to be high degree of ion exchange and the 
adsorption environment in KMTO may be viewed as a 
homogeneous system. However, the adsorption caused a 
disorder in the pore structure of the surfaces, resulting in 
an environmental change into a heterogeneous system. 
Accordingly, the equilibrium adsorption data are fitted 
into both the models of Langmuir and Freundlich 
because of both fitting curves are similar regarding to R2. 
However, Freundlich model yields a slightly better fit 
(R2=0.9918) than Langmuir model (R2=0.9828). 
Therefore, the Cu(II) adsorption by KMTO can be 
mainly viewed as a multilayer adsorption and the 
majority of active sites on KMTO can be considered to 
be heterogeneously distributed. Moreover, the value of 
1/n is less than 1, indicating a high adsorption intensity 
[37]. From qm, the maximum adsorption capacity for 
Cu(II) is calculated as 290.697 mg/g. Compared with 
several other adsorbents in the literature presented in 
Table 1 [6,38−45], it is apparent that KMTO has much 
higher adsorption capacities for Cu(II) ions than other 
materials. So, KMTO is a promising adsorption material 
for the effective removal of copper ions from polluted 
water. 

 

 

Fig. 6 Langmuir isotherm (a) and Freundlich isotherm (b) 
fitting curves for adsorption of Cu(II) ions with different initial 
concentrations at pH=3.0 and adsorption time of 6 h 
 
3.3.5 Characterization of KMTO after adsorption 

Figure 7 shows the TEM image of KMTO after 
adsorption at pH=3.0. It can be found that the edge and 
the surface of KMTO are rough, and some cracks are 
also found in the plates. According to previous     
work [19,46], the K0.8Mg0.4Ti1.6O4 plates would partially  

 
Table 1 Comparison of maximum capacities of some adsorbents for Cu(II) ions from aqueous solution 

Sorbent Particle
size/μm

Surface area/
(m2·g−1) pH Adsorption

time/h 
Maximum adsorption 

capacity/(mg·g−1) Ref. 

Grafted silica 61−190  5.5−6 6 0.1817 6 

Sawdust 250−290  7 6 1.79 38 

Olive stone waste 750−1500  5.5−6 1 2.03 39 

Calcined phosphate (CP) 12−63 1−2 5 2 29.8 40 

Manganese coated activated carbon  12.66 4 24 39.48 41 

Chitosan <250  6 1 80.71 42 

Titanate nanotubes (TNT)  221.8 5 1 120 43 

Kaolinite-supported zero-valent iron  9.6  24 140 44 

Titanate nanofibers NaxH2−xTi3O7  203.83  6 167.224 45 

KMTO 0.3−5  3 6 290.697 This work
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Fig. 7 TEM image of sample after treating in 100 mg/L 
Cu(OH)2 solution at 30 °C and pH=3.0 
 
delaminate to form cracks under acid treatment, which 
may expectedly provide abundant active sites and 
thereby make it possible to absorb more target heavy 
ions onto the surfaces [18, 46]. But it is also possible that 
the flexible sheets have creased to some extent on the 
surface. As a result, Cu(OH)2 solution would be easily 
absorbed into the slits of titanate plates due to the 
capillary force, which enables the adsorption for Cu(II) 
ions [19]. Hence, it is speculated that the removal of 
Cu(II) ions with KMTO is a combination mechanism of 
cation exchange and physical adsorption. 

Table 2 shows the lattice constants of the two 
phases before and after adsorption which are obtained 
from the database of the PDF standard cards. The finial 
ion-exchange product phase is indexed to be 
H2Ti2O5(H2O) with similar lepidocrocite-type. 
Theoretically, there is an interspacing expansion from 
0.782 to 0.904 nm and volume expansion from 178.17 to 
204.54 Å3, which are ascribed to “osmotic swelling” 
induced by the insert of structural water and H3O− [16]. 
The change of the lattice parameters can be interpreted in 
terms of random gliding of the host layers along a axis, 
which may be caused by the substitution of Mg2+ for H+. 
As the ionic radius of Cu(II) ions is larger than that of 
Mg2+ ions, H+ ions are preferentially substituted by Mg 
site of the hosts. During the ion exchange process in 
layers, protons compete with Cu(II) ions to occupy the 
adsorption sites of KMTO, especially in solution with 
low pH. However, even though H+ ions preferentially 
gain access to active sites, the resulting expansion of 
interlayer space also provides better accessibility for 
Cu2+ to enter into layers. It can be observed that both 
phases are orthorhombic, the space along c axis does not  
 
Table 2 Lattice constants of final phases after adsorption of 
Cu(II) ions 

Phase 
a/ 
Å 

b/ 
Å 

c/ 
Å 

d/ 
nm  

(hkl)
Volume/

Å3 

K0.8Mg0.4Ti1.6O4 3.821 15.641 2.981 0.782 (020) 178.17

H2Ti2O5 (H2O) 18.03 3.784 2.988 0.904 (200) 204.54

change but that of a axis is different, indicating the 
disorder of the structure. 

KMTO is an effective and environmental adsorption 
material for the removal of copper ions from wastewater. 
The effectiveness of removal of other heavy metal ions 
by using platy KMTO needs to be investigated further. 
 
4 Conclusions 
 

Platy K0.8Mg0.4Ti1.6O4 crystals were successfully 
prepared by flux method. The KMTO powders exhibit 
very high reaction efficiency in the removal of copper 
ions from polluted water. The combination of the 
excellent ion-change properties and the rough surface 
morphology are the main reasons for the high reaction 
capability in removal of heavy metals. About 99.9% of 
Cu(II) ions can be removed after 350 min. The maximum 
Cu(II) ions uptake calculated is 290.697 mg/g, which is 
much higher than that of many other low-cost and 
commercially available adsorbents. The kinetics of 
adsorption for different Cu(II) initial concentrations can 
be described by pseudo-second-order kinetic model. And 
the adsorption isothermal data can be well interpreted by 
the Freundlich equation. As a consequence, this work has 
provided a new candidate adsorbent for the removal of 
Cu(II) ions from wastewater. 
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片状钛酸镁钾的制备及其去除污水中铜离子的应用 
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摘  要：采用熔盐法制备片状钛酸镁钾(K0.8Mg0.4Ti1.6O4, KMTO)，并将其应用于去除污水中的 Cu(II)离子。分别采

用 XRD、SEM 和 TEM 等技术对样品的晶相组成、形貌和结构进行表征。研究不同 pH 值和初始铜离子浓度对铜

离子吸附行为的影响。结果显示，铜离子的最大饱和吸附量可达到 290.67 mg/g，采用 KMTO 可以去除溶液中几

乎 99.9% 的铜离子。该结果优于其他文献报道的离子去除剂的结果。KMTO 对铜离子的吸附动力学研究结果显

示，钛酸镁钾对铜离子的吸附符合拟二级反应动力学方程，而其吸附等温数据可以用 Freundlich 方程很好地进行

拟合(R2=0.991)。研究结果表明，片状钛酸镁钾在处理污水中的重金属离子方面具有很好的应用前景，为片状钛

酸镁钾开辟了新的应用领域。 

关键词：钛酸镁钾；废水；铜离子；去除；吸附动力学；熔盐法 
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