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Abstract 

In sewage treatment, adsorption is a widely used method.There are many kinds of 
adsorbents.We have designed and synthesized an anion modified reagent and connected 
it to cellulose, thus preparing cellulose based anion adsorbent (Cell-IM). Taking As (V) 
as an example, the influence of Cell-IM dosage and solution pH on the adsorption effect 
of As (V) was studied. It was found that (1) the real rate of As (V) in Cell-IM increased 
with the increase of Cell-IM residence, and decreased with the increase of pH 
value.(2)under given conditions, when the dosage of Cell-IM is 2g L-1and pH value is 
1.0,the removal efficiency of As (V) in solution is higher. Because the actual message 
system is very complex, this kind of adsorbents can be used to evaluate the effect of this 
kind of adsorbents on the actual message treatment. 
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1. Introduction 

With such rapid industrial development in China, a large number of environmental pollutants 
are discharged into the environment, especially causing serious pollution to water bodies. For 
industrial wastewater containing heavy metals, adsorption becomes a good choice. The 
spontaneous enrichment of some substances in the liquid-solid interface layer is called 
adsorption. The commonly used activated carbon adsorption[1-2], which has a really high 
removal effect, has limited its application due to its high cost. Miscanthus, a class of perennial 
C4 herbaceous plants, is considered as one of the most promising high-yielding fibrous plants 
with high biomass, high cellulose content, low ash content, high adaptability, no secondary 
pollution and low production cost, thus becoming a hot spot for domestic and international 
attention and research on water pollution adsorption materials[3]. 

Many macromolecular compounds exist in nature, and cellulose, as one of the typical 
macromolecular compounds with the chemical formula (C6H10O5)n, is inexpensive, easily 
available and non-polluting to the environment. The properties of cellulose such as porous and 
large specific surface area make it a potential adsorbent. Studies have shown that it is the -OH 
and -COOH in the material that play a role in the adsorption of heavy metal ions[4-6]. However, 
the hydroxyl groups in natural cellulose molecules are highly susceptible to hydrogen bonding, 
which leads to inactivation of functional groups. Therefore, the functional groups in the 
cellulose molecules are chemically modified to form copolymers to improve the adsorption 
capacity of cellulose. We can obtain cellulose-based anion adsorbents by introducing 
quaternary ammonium salt structures on the hydroxyl groups of cellulose molecules to give 
them ion-exchange groups with solution anions. 
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Arsenic is a metalloid element, but it is included in the "blacklist of environmental priority 
pollutants in China" because of its pollution properties similar to those of heavy metals[7-9]. The 
sources of arsenic in water bodies are extensive and can be divided into natural and 
anthropogenic sources. The anthropogenic sources of arsenic are more than 50 times higher 
than the natural sources. In China arsenic and arsenicals have been used in pharmaceutical and 
metallurgical industries since the last millennium. Substandard discharge in the process of 
mining, chemical, metallurgical, chemical pharmaceutical, and pesticide production and use is 
an important cause of arsenic pollution in water bodies. Humans can absorb arsenic from the 
environment through the respiratory system[10-12]. Among arsenic and its compounds, 
monomeric arsenic is the least toxic and trivalent arsenic compounds are the most toxic. in 
As(V), it can react with enzymes containing sulfur groups (-SH) (e.g., CoASH), inhibit enzyme 
activity, prevent the function of transmitting acyl groups in enzymatic reactions, and affect the 
normal work of metabolic, neurological, and other systems. as(V) can disrupt mitochondrial 
oxidative phosphorylation and easily cause Sexual neuritis, myelitis, regenerative dysplasia and 
other symptoms. Therefore, it is especially important in treating industrial wastewater 
containing arsenic in high concentration. Although As(III) is more difficult to remove than As(V), 
As(III) is easily oxidized to As(V). Therefore, the removal of As(V) has become a research 
direction for arsenic removal[13-15]. 

2. Materials and Methods 

2.1. Reagents and Instruments 

The water used for this experiment was deionized water; the required chemical reagents and 
apparatus are shown in Tables 1 and 2. 

Table 1 Main reagents 

Name of reagent Purity Name of manufacturer 

Epichlorohydrin Analysis of pure Aladdin 

1-methylimidazole 99 % 
Shanghai Myrell Chemical Technology Co., 

Ltd 

bis (2-chloroethyl) amine 
hydrochloride 

98 % Beijing Xianghe Technology Co. Ltd 

dioxane 98% Aladdin 

NaOH Analysis of pure Tianjin Dingshengxin Chemical Co., Ltd 

K2CO3 Analysis of pure Tianjin Dingshengxin Chemical Co., Ltd 

HCl Analysis of pure Tianjin Dingshengxin Chemical Co., Ltd 

Na2HAsO47 H2O Analysis of pure Aladdin 

 

Table 2 Instruments and models 

Name of instrument Model Manufacturers 

Precision acidometer PHS-25C 
Shanghai Haozhuang Instrument Co. 

Ltd 

Vacuum drying box DZF-6050 
Beijing Zhongke Huan Test Instrument 

Co. Ltd 

Analytical balance AUW220D Shimadzu 

Multi-purpose oscillator for 
speed regulation 

HY-2 
Youlian Instrument Institute, Jintan 

City, Jiangsu Province 
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Mechanical stirrer RW20 IKA 

Precision three constant 
temperature water tank 

HH420-2B Shanghai Linlin 

NMR Bruker Avance III Bruker 

Cold atomic fluorescence 
spectrophotometer 

AFS-930 Titan 

 

2.2. Cell-IM adsorbent preparation process 

 
Figure 1 IM Synthesis route 

3,3'-(((3-chloro-2-hydroxypropyl)azanediyl)bis(ethane-2,1-diyl))bis(1-methyl-1H-imidazol-
3-ium) is recorded as IM, chemical reagent for modification of cellulose. 

  The specific synthetic route of the modified reagent IM was prepared as shown in Figure 1. 
Bis(2-chloroethyl)amine hydrochloride (20 mL) was added to 15 mL (4 mol L-1) of sodium 
hydroxide solution and stirred for 5 min to obtain oily bis(2-chloroethyl)amine; the obtained 
amine was added to 500 mL of tetrahydrofuran, then 8.15 g of 1-methylimidazole was added 
and filtered after reflux reaction for 24 h; the obtained compound was added to The obtained 
compound was added to 80 mL of acetonitrile solvent, stirred well and 8.61 g of 
epichlorohydrin was added, followed by 11.68 g of catalytic K2CO3, and the mixture was reacted 
at 30 °C for 24 h. The precipitate obtained by filtration was repeatedly washed with acetone 
four times and dried under vacuum to obtain the target product IM. 

We characterized the structure of IM by using NMR, and the specific test results are shown in 
Table 3. 

Table 3 IM Characterization of structures 

Compounds 
1H NMR,δ(ppm) 

500MHz,(DMSO-d6) 

13C NMR,δ(ppm) 

125MHz,(DMSO-d6) 

IM 

9.23 s, 2H, ),7.70(dd,); and J =1.50, 1.50 Hz, 
2H, ),7.68(dd,); and J =1.50, 1.50 Hz, 2H, ),4.49(t,); 

and Hz, J =5.50 4H, ),3.73(m,); and 1H, ),3.68(s,); and 
6H, ),3.64(dd,); and J =10.8, Hz,4.3 1H, ),3.46(dd,); 

and J =10.8, Hz,5.5 1Н, ),2.72(dd,); and J =13.5, 
Hz,5.5 1Н, ),2.64(dd,); and J =13.6, Hz,6.3 1Н, 

(t,)2.49 Hz, J =6.00 4H, ). 

137.3, 123.3, 122.6, 
72.5, 58.6, 52.1, 49.8, 

49.0, 36.8. 
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Figure 2 Cell-IM Synthesis route 

 

The synthesis route of Cell-IM is shown in Figure 2, the specific steps are: weigh 3.0 g of 
cellulose into 100 mL of 15% (w/v) aqueous NaOH solution, and stir for 2 h at 80 °C using a 
mechanical stirrer (1000 rpm); then add a certain amount of aqueous IM solution dropwise to 
the cellulose solution, and react at 80 °C for 10 After the reaction is completed, the solid is 
separated by centrifugation and washed twice with water and once with anhydrous ethanol, 
and finally the modified cellulose material Cell-IM can be obtained by vacuum drying. 

2.3. Adsorption performance of modified material Cell-IM on As(V) 

2.3.1 Effect of Cell-IM dosing on the adsorption effect of As(V) 

The adsorption effect of Cell-IM on As(V) was evaluated by taking 20 mL of As(V) solution with 
a concentration of 20 mg L-1, adding it to a 50 mL triangular flask, and then adding 0.5-3 g L-1 
of Cell-IM, adjusting the pH to 1.0±0.1, and adsorbing it at room temperature for 12 h. The 
remaining As(V) content in the solution was measured after filtration, and the adsorption and 
removal rate of Cell-IM were calculated. The amount of adsorption and the removal rate of As(V) 
by Cell-IM were calculated to evaluate the effect of Cell-IM dosing on the adsorption effect of 
As(V). There were three parallel experiments in each group, and the experiments were 
repeated three times. 

2.3.2 Effect of solution pH on As (V) adsorption 

The As(V) solution was added to a 50 mL triangular flask with a concentration of 20 mg L-1, 
and then 0.02 g of Cell-IM was added. The pH was set to 1.0-7.0, and the solution was adsorbed 
at room temperature for 12 h. The remaining As(V) content in the solution was measured after 
filtration, and the As(V) removal rate was calculated as a basis to The effect of solution pH on 
the adsorption effect of As(V) was evaluated. There were three parallel experiments in each 
group, and the experiments were repeated three times. 

2.4 Performance evaluation indicators 

In this experiment, the adsorption amount of As(V) by Cell-IM and the removal rate of As(V) 
from the solution were used as indicators to evaluate the good adsorption effect of the 
adsorbent. A balance was used to weigh 20 mg of the synthesized Cell-IM into a 25 mL conical 
flask, followed by the addition of 20 mL of 20 mg L-1 As(V) solution, which was shaken at a 
constant temperature of 200 rpm for 3 h at 20 °C. After the reaction was finished, the filtrate 
was extracted, and a certain amount of filtrate was precisely pipetted, diluted and then the 
solution was determined using atomic spectrophotometry for As(V) content in the solution, and 
subsequently the adsorption amount (qe) and removal rate were calculated by Equation 2-1 
and Equation 2-2. 

𝑞e =
(𝐶0 − 𝐶e)𝑉

𝑊
                                                                           (2 − 1) 
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Removal rate(%) =
𝐶0 − 𝐶e

𝐶0
× 100%                                                 (2 − 2) 

Where: qe is the adsorption amount (mg g-1); C0 and Ce are the contents of As(V) in the solution 
before and after adsorption (mg L-1), respectively; V is the volume of solution (L); W is the 
adsorbent dosing amount (g). 

3. Results and analysis 

3.1. Effect of Cell-IM dosage on As (V) adsorption 

 

 

 
Fig .3 Effect of Cell-IM dosage on As(V) adsorption 

The results of the effect of Cell-IM dosage on As(V) adsorption under the given conditions are 
shown in Figure 3. 

As can be seen in Figure 3, the removal of As(V) by Cell-IM also increased from 41 % to 88 % 
during the increase of Cell-IM dosage from 0.5 g L-1 to 2 g L-1. This is because the increase of 
Cell-IM dosage increases the adsorption sites of the adsorbent and facilitates the adsorption of 
As(V). After the dosage of Cell-IM exceeded 2 g L-1, the continued increase of adsorbent dosage 
had almost no effect on the removal rate of As(V). This may be due to the fact that when the 
concentration of As(V) in water becomes low, the chance of As(V) coming into contact with the 
active sites of Cell-IM becomes smaller, which leads to little change in the removal rate of As(V). 

3.2. The effect of solution pH on As (V) adsorption 

 
Fig .4 Effect of solution pH on the adsorption of As(V) on Cell-IM 
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The solution pH has a very important influence on the ion adsorption process. On the one hand 
it can affect the form of ions present, and on the other hand it can also influence the exchange 
process on the liquid-solid surface. The removal of As(V) by Cell-IM in the condition range of 
setting the solution pH to 1.0-7.0 is shown in Figure 4. 

There are three electrolytic constants for As(V) in aqueous solution, pKa1 = 2.1, pKa2 = 6.7 and 
pKa3 = 11.2, corresponding to the presence of As(V) in the form of H2AsO4-, HAsO42- and AsO43-, 
respectively. Therefore, in the range of conditions where the pH of the solution is set to 1.0-7.0, 
the forms of As(V) present are mainly H2AsO4- and HAsO42-. As can be seen in Figure 4, the 
removal of As(V) from the solution decreased from 88 % to 39 % during the increase of the 
solution pH from 1.0 to 7.0. When the solution pH was 1.0-2.0, the main form of As(V) present 
was H2AsO4-, and it can be seen that each As(V) removal required and only one active site, but 
when the solution pH was greater than 2.0, As(V) was present mainly in the form of H2AsO4- 
and HAsO42-, and more active sites are required for each As(V) removal. Therefore, at a certain 
amount of Cell-IM, it appeared that the removal of As(V) by Cell-IM decreased with the increase 
of solution pH. 

4. Conclusion and Discussion 

This experiment was designed and synthesized an anion-modified reagent (IM) and attached 
to cellulose to prepare Cell-IM, a cellulose-based anionic adsorbent; the adsorption 
performance of this adsorbent material on As(V) in water was investigated. The main 
conclusions are as follows. 

(1)The removal rate of Cell-IM for As(V) in solution increased with the increase of Cell-IM 
dosage, but the removal rate changed very little when the removal rate reached the maximum 
and then increased the dosage of Cell-IM; when the concentration of As(V) was relatively high, 
increasing the dosage of Cell-IM could increase the adsorption sites of the adsorbent, and when 
the concentration of As(V) was relatively low, continuing to increase the dosage of Cell-IM, the 
contact chance of the active sites of the adsorbent with As(V) became smaller and the removal 
rate appeared almost constant. 

On the contrary, it decreased with the increase of the solution pH. This is because pH affects the 
form of As(V) present in the solution. At pH 1.0-2.0, the main form of As(V) present was H2AsO4-; 
when the pH was greater than 2.0, the main forms of As(V) present were H2AsO4- and HAsO42-. 
The active sites required for each As(V) removal increased with the increase of pH, thus, the 
phenomenon of decreasing removal rate with the increase of pH was observed. 

(2)Under the given conditions, the removal efficiency of As(V) in solution was higher when Cell-
IM was dosed at 2 g L-1 and the pH was 1.0. 

A lot of research is needed to apply it in practical wastewater treatment. We can learn from the 
previous lines of research[16-18] starting from the adsorption mechanism of Cell-IM. to see 
whether this type of adsorption is an ion exchange process. If it is an ion exchange adsorption, 
whether this adsorbent can be desorbed and reused. There are various heavy metals in 
wastewater, so we only selected As(V) as a representative for this experiment, and Cell-IM is 
necessary for the study of other heavy metals. It is believed that as these problems are solved, 
this low-cost cellulose-based adsorbent material will become more and more important in 
water treatment. 
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