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ABSTRACT

In this paper, the zinc carbonate hydroxide (Zn5(OH) 6(CO2)2, ZCHO) was prepared by a facile hydrothermal method assisted chitosan (CS). The as-prepared 
product was characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM) and thermogravimetric analysis (TG). Results indicated that every 
micro-sized ZCHO particle had a multi-layered structure and was composed of many ZCHO nanoplates. The used CS played the role of the template in the 
formation of well multi-layered ZCHO particles. TG measurements had further indicated that the remained content of CS in the as-prepared ZCHO powders 
was about 8 Wt.%. The adsorption isotherm results showed that the ZCHO powders with CS exhibited massive removal of Cu2+ from aqueous solution at room 
temperature. The equilibrium adsorption was well described by the Freundlich isotherm model. Based on the above experimental results, the possible removal 
mechanism of Cu2+ by the multi-layered ZCHO was proposed. 
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1. INTRODUCTION

Water pollution has drawn a high attention at the present time, especially, 
heavy metal pollution such as Pb2+, Cu2+, Co2+, Cd2+ and so on, is one of the 
prevalent environmental problems and produces adverse effects on human 
health and ecosystem [1,2]. Among these heavy metal ions ions, Cu2+ is 
considered to be one of the most hazardous because it can be accumulated in 
the human organs by food chain[3,4]. Thus, the removal of heavy metals from 
wastewater has attracted particular attention. 

Various techniques such as chemical precipitation[5], ion exchange[6,7], 
membrane separation[8], electro coagulation and adsorption[9-11] have been 
commonly utilized to remove heavy metal ions from discharged wastewater. 
However, parts of these techniques have drawbacks, for instance, creating toxic 
by-production resulting from chemical precipitation. Additionally, the method 
of ion exchange to deal with heavy metal ions was usually much expensive 
and had the ion concentration limit. Among these approaches, adsorption was 
highly preferred on account of its reliability, economy, flexible, fast kinetics 
and easy operations[12].To date, many novel adsorbents such as nanomaterials, 
ion imprinted materials, mesoporous materials, carbon nanotubes and magnetic 
nanoparticles have been employed to remove heavy metal ions. Micro/nano-
sized materials are the just kind of new adsorbents and have gained much 
attention. Because of their distinct chemical, physical and biological properties 
and high stability, the micro/nano-sized materials are able to adsorb metal ions 
with high adsorption capacity [13, 14]. 

The biopolymers such as chitosan (CS) and chitin are one of the emerging 
adsorbents for the removal of dyes and heavy metal ions [15, 16]. To improve 
the mechanical properties and adsorption capacity of CS, numerous studies 
have been devoted to the chemical modification of CS by homogeneous 
or heterogeneous cross-linking agents [17, 18]. Furthermore, CS-based 
composites with enhanced mechanical and adsorption properties have also 
been reported [19-21].

In the present work, the zinc carbonate hydroxide (Zn5(OH) 6(CO2)2, 
ZCHO) with chitosan (CS) was prepared and characterized using different 
techniques such as by X-ray diffraction (XRD), scanning electron microscopy 
(SEM) and thermogravimetric analysis (TG).The adsorption ability of Cu2+ by 
as-prepared powders was investigated at room temperature. To the best of our 
knowledge, removal of copper ions from solution using ZCHO with CS is new. 
In addition, comparing with some other nanoadsorbents, the micro/nano-sized 
ZCHO was found to be stable and easily precipitated. Therefore, the problem 
of separation techniques with high-cost can be solved. At the same time, the 
micro/nano-sized ZCHO with CS adsorbent can be scale up economically due 
to CS easily extracted from chitin exist in some hard shell animals’ skins.

2. EXPERIMENT SECTION

2.1. Synthesis and characterization 
All the used chemicals were analytical grade and without further 

purification. In a typical process, 0.15 g of chitosan (CS) was dissolved in 
acetic acid aqueous solution (150mL, ~5Wt. %) with vigorous stirring at room 
temperature for 30 minutes to form a chitosan-acetic acid (CS-HAC) colloidal 
solution. After that, 2mL CS-HAC colloidal solution, 40mL 0.2mol/L Na2CO3 
and 40mL 0.2 mol/L ZnCl2 aqueous solutions were transferred into a beaker, 
respectively. The mixture solution was stirred for 1 h at room temperature. 
Finally, the resulting solution was transferred into a 100mL Teflon-lined 
stainless-steel autoclave and heated at 140℃ for 8 h, followed by cooling 
to temperature naturally. The final product was separated and washed with 
deionized water and absolute ethanol for several times and dried at 80℃ 
in oven for 12h and characterized by X-ray diffraction (XRD), scanning 
electron microscopy (SEM, SU-8010) and thermogravimetric analyzer (TG), 
respectively. 

1.2. Batch adsorption experiments
For thermodynamic study, 0.5 g adsorbent was introduced into beaker 

flasks containing 100mL solutions with various concentration of Cu2+ (50-
600mg/L, pH=6.5). The flasks were agitated at 160 rpm in a thermostatic 
shaker maintained at 25°C. After adsorption, the mixture was separated 
by centrifugation and the concentration of Cu2+ was measured by hydride 
generation atomic absorption spectrophotometry (ICP-AES). The amount of 
equilibrium adsorption (qe, mg/g) was calculated from Eq. (1):

            (1)

Where C0 (mg/L) stands for the initial concentration of copper, and Ce 
(mg/L) is the liquid-phase concentration at equilibrium. V(L) is the volume of 
solution, and m (g) is the mass of used sorbents.

3. RESULTS AND DISCUSSION 
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Figure 1. XRD pattern of the as-prepared product and its standard pattern.
XRD spectrum of the as-prepared product with CS additive was presented in Fig. 1. From the XRD spectrum it was found that the product was well 

crystallized. The major peaks correspond to Zn5 (CO3)2(OH)6 (JCPDS 19-1458, zinc carbonate hydroxide, ZCHO).Very similar XRD spectra was also obtained for 
the sample prepared without any CS additive  (not presented in the paper).

Figure 2. (a)FE-SEM micrograph of a sample prepared with addition of CS (25 mg/L) and the corresponding EDS spectrum (b).
Fig. 2(a) shows the surface morphology and particle size of the hydrothermally synthesized ZCHO powders. It can be seen that the individual ZCHO particle 

generally exhibits an irregular shape with particle size ranging from 2-6 μm. Each ZCHO particle has a multi-layered structure which means that every micro-sized 
ZCHO particle is composed of many nanoplates (seen from the inset in Fig.2 (a)). Fig.2 (b) shows the chemical composition of the sample on a Si wafer marked 
by a purple curve in the inset of Fig.2b. The elements of Zn, O and C are found in the sample which belongs to ZCHO particle. Overall, it is concluded that the 
as-obtained ZCHO particle has a multi-layered structure.

Figure 3. Thermogravimetric analysis of ZCHO powders obtained from different concentration of CS ((a) 0mg/L, (b) 25mg/L).
Fig. 3 shows the TG curves of the ZCHO powders synthesized without and with CS addition, respectively. As expected, Fig.3a shows the normal single-

step decomposition process between approximately 180°C and 350°C in which Zn5(OH)6 (CO3)2 decomposes to form ZnO with the release of CO2 and H2O. In 
comparison, Fig.3b exhibits a typical two-step decomposition process in the range of 180oC~400oC. There is a major weight change event from 300°C to 400°C, 
which should be mainly attributed to the decomposition of CS in the multi-layered ZCHO powders. The percentage weight loss of CS was about 8 Wt.% which is 
comparable to the calculated value without CS addition from Fig.3a.
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Figure 4. Influence of concentration of CS on the morphology of products ((a) 0mg/L, (b) 15mg/L, (c) 75mg/L and (d) 100mg/L)
It has been demonstrated that the content of CS in the solution played an in-displaceable role in the formation of the multi-layered ZCHO adsorbents. Fig.4 

shows the morphological evolution of the final products with CS content in the precursor solution varied from 0g/L to 100mg/L. Without addition of CS, only 
nearly plate-shaped ZCHO nanoparticles were formed (Fig. 4a). Addition of small amount of CS (less than 25mg/L) leads to the mixture of ZCHO nanoplates and 
multi-layered spherical particles. When CS was added in a proper content (25-75mg/L), the multi-layered ZCHO with high quality will be obtained, as shown in 
Fig.2a. But if CS was added too much (>75mg/L), the aggregated ZCHO particle was only obtained (seen from Fig.4d). 

Figure 5. Schematic formation progress of the multi-layered ZCHO-CS particle
Based on the above results, the formation progress of multi-layered ZCHO particle can be regarded as following three steps which has shown in Fig.5. First 

of all, the ZCHO nanoplates with dispersing CS chains precursors will be obtained at room temperature. Secondly, the above precursors will be immediately 
assembled hydrothermally to form ZCHO-CS nanoplates at 140°C for 8h. Finally, the ZCHO-CS nanoplates will be transformed into multi-layered ZCHO-CS 
particles by self-reassembling and recrystalization in order to reduce the energy of the reaction system. It is noted that the shape of precursors and the content of 
CS play important roles in the formation of the multi-layered ZCHO product.
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Figure 6. (a) Adsorption isotherm of Cu2+ onto ZCHO and (b) corresponding fitting of the isotherm data with Freundlich model (Experimental conditions: 
temperature: 25◦C, adsorbent dose: 0.5g/100mL).

Adsorption isotherm is an important part of this study, as it can provide some using information about the adsorption capacity as well as the surface properties 
and affinity of the applied adsorbents, providing a better understanding on how an adsorption system can be improved [22]. To further confirm Cu2+ removal 
behavior of ZCHO powders, the batch experiments with different initial concentration ranging from 50 to 600mg/L were carried out. Freundlich isotherm (Eq. 
(2)) [23] was used to fit the experimental data.

               (2)

Where KF is a measure of adsorption capacity and n stands for the 
heterogeneity. The linear form was expressed as followed (Eq. (3)) and the 
fitting result was shown in Fig.6b:

            (3)  

From Fig.6b, it can be found that the Freundlich model well matches the 
tested adsorption data fitting with high correlation coefficient more than 0.97, 
which means a multi-layered adsorption on heterogeneous surfaces of the 
ZCHO-CS adsorbents with chemical nature happened between the adsorbents 
and Cu2+. Comparison of our results with commercial adsorbents such as 
modified chitosan and chitosan-coated magnetic nanoparticles shows that the 
ZCHO-CS adsorbent has many advantages. A very high adsorption capacity 
was observed for the ZCHO-CS adsorbent with respect to the literatures [24, 
25]. Additionally, the prepared adsorbent could be precipitated easily from 
aqueous solutions. All of these advantages make ZCHO-CS become a novel 
adsorbent for removal of Cu2+ from water.

2. CONCLUSIONS

Zinc carbonate hydroxide powders have been produced by hydrothermal 
process. XRD data revealed the formation of Zn5(OH)6(CO3)2 crystal structure. 
SEM images showed that the synthesized Zn5(OH)6(CO3)2 generally exhibit 
homogeneous particle size in the range of 2-4 μm. There is significant 
change observed in size and morphology of the particles synthesized with 
different content of CS addition. TG analysis showed the typical two-step 
decomposition process between approximately 300 °C and 400 °C in which 
Zn5(OH)6(CO3)2 with CS decomposes to form ZnO with the release of CO2 and 
H2O. The calculated value of percentage weight loss of CS was about 8Wt.%. 
The adsorption isotherm results indicated that the as-prepared Zn5(OH)6(CO3)2 
adsorbent exhibited massive removal of Cu2+ from aqueous solution at room 
temperature. The equilibrium adsorption was well described by the Freundlich 
isotherm model. 
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