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Wool graft polyacrylamidoxime as the adsorbent 

for adsorption both cationic and anionic toxic 

ions from aqueous solutions†††† 

Chun Cao,a,b Hongliang Kang,*a Ning Che,a,b Zhijing Liu,a,b Pingping Li,a,b 
Chao Zhang,a,b Weiwei Li,a,b Ruigang Liu*a and Yong Huang*ac 

Wool graft polyacrylamidoxime (W-g-PAO) was synthesized using coarse wool as the raw keratin 

material and the graft polymerization parameters were optimized. The adsorption properties of 

W-g-PAO for both cationic and anionic toxic ions from aqueous solutions were investigated. It 

was found that both cationic and anionic toxic ions can be effectively adsorbed by W-g-PAO. The 

adsorption followed the pseudo-second-order kinetics model for both cations and anions, and 

can be well depicted by Langmuir isotherm model. The equilibrium adsorption capacity (Qe) 

increases with the rising initial concentration of toxic ions. The adsorption capacity followed the 

order of Hg
2+

 > Pb
2+

 > AsO2
–
 > AsO4

3–
 > Cd

2+
. W-g-PAO can be regenerated after adsorption, 

and the adsorption capacity slightly decreased with the increase in the regenerated cycles. 

Besides providing a cheap and excellent adsorbent for the removal of both cationic and anionic 

toxic ions from waste water, the method can be extended to the modification of other waste raw 

keratin materials, by which the waste raw keratin materials can be used as a valuable blocks for 

the fabrication of functional materials. 

1. Introduction  

 Toxic ions, including cations (e.g. Cd2+, Hg2+, Pb2+, Cu2+) 

and anions (CrO4
2–, AsO4

3–, AsO3
– F–), are not biodegradable 

and tend to accumulate in living organisms, causing a number 

of health problems, diseases and disorders.1 These toxic ions 

generally exist in aqueous waste from industries of metal 

plating, electronics, mining activities, etc.2,3 and even ground 

water in some cases. The removal of toxic ions from polluted 

water is an urgent issue, which can be achieved by chemical 

precipitation,4-6 membrane filtration,7,8 reverse osmosis,9-11 ion-

exchange,12,13 and adsorption.14,15 The adsorption method using 

adsorbents is the attractive one due to its easy operation.14-16 An 

idea adsorbent should have the characteristics of containing 

desired functional groups, high specific surface area, reusable, 
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and cheap. The desired functional groups for heavy metal ion 

adsorption are generally containing electron-rich heteroatoms, 

such as nitrogen, oxygen, sulphur, phosphorus, by which 

chemical bond with the heavy metal ions can be formed for 

immobilizing the metal ions.17-19 Adsorbents of different matrix 

and functional groups have been investigated extensively.20-25 

However, the cost of the adsorbents is still the main issue that 

limits the wide applications.16  

 Keratin is the structural protein in feather, hair, wool, horn, 

nails etc. and is renewable and biocompatible. Keratin contains 

abundant cysteine residues that form permanent and thermal 

stable disulfide bridges to stabilized the structure of keratin.26 

Nowadays, only a few keratin wastes have been hydrolysed to 

peptides and amino acid and used as additives in cosmetics.27 

Some works focused on the functional biomaterials with keratin 

as building blocks for the applications in tissue engineering and 

drug delivery.28-31 However, most of the raw keratin materials 

are discarded as the waste by-products of various industries, 

which cause environmental pollution.32-34 Considering the high 

output of raw keratin materials ever year in the world, it is 

urgent to investigate the functionalization and applications of 

the valuable raw keratin as the blocks of functional materials. 

Wool waste is one of the represented raw keratin materials, 

which is cheap, abundant and attainable in slaughter-house, 
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textile industries (coarse and/or short wool), and even the used 

wool fabrics.35  

 According to the amino acid sequence, keratin has about 

40% hydrophilic chemical groups and 60% hydrophobic 

chemical groups in its structure. The cheap and abundant wool 

waste has the great potentials for being used as one of the low 

cost adsorbent. Recently, keratin based materials have been 

used for the adsorption of heavy metal cations from waste 

water.36-39 However, the inherent functional groups of the wool 

keratin were mainly used to adsorb the toxic ions. The 

introduction of new functional groups to the surface of the 

keratin materials could improve the adsorption ability for being 

used as the adsorbent for removal heavy metal ions from waste 

water. Surface graft modification has been investigated 

extensively to improve the properties of wool fabrics.40-44 The 

success of the surface graft modification is mainly due to the 

mercapto groups in wool reduced from disulfide bonds, which 

serve as the chain transfer active sites of the free radical 

polymerization. 

 Amidoxime group has the strong chelating ability for heavy 

metal ions.45-47 In this work, coarse wool was used as the raw 

keratin materials. Wool surface graft polyacrylonitrile (W-g-

PAN) was first synthesized and the cyano groups were then 

converted into amidoxime groups to result the wool surface 

graft polyacrylamidoxime (W-g-PAO). The parameters for the 

surface graft modification were optimized and the adsorption 

properties for toxic cations and anions such as Cd2+, Pb2+, Hg2+, 

AsO4
3–, and AsO2

– from aqueous solution were investigated.  

2. Experimental section 

2.1. Materials 

Coarse wool from the wool industry was kindly supplied by 

Erdos Group (Inner Mongolia, China). The lanolin on the 

surface of wool was washed by immersing the wool in acetone 

for 24 h. The wool was then immersed in NaOH (0.5 wt%) and 

Na2S (0.5 wt%) mixed aqueous solution for 5 min to reduce 

disulfide bonds to mercapto groups, after which washed with 

deionized water and vacuum dried at 35 °C. The dried wool 

was stored in inert atmosphere before use.  

 Cd(NO3)2, Hg(Ac)2, Pb(NO3)2, CuSO4, Na3AsO4, NaAsO2, 

and hydroxylamine hydrochloride were supplied by Sinopharm 

Company of China. α,α’-Azodiisobutyramidine dihydrochloride 

(V50) was purchased from Aladdin Industrial Inc., China). 

Acrylonitrile (Beijing Chemical Plant) was flow through the 

column packed with basic alumina to remove trace inhibitor 

before use. All the other solvents and chemicals were supplied 

by local chemical suppliers and used as received. 

2.2. Synthesis of W-g-PAO 

The synthesis route of W-g-PAO is shown in Fig. 1. Typically, 

the activated dried wool (2.5 g) was immersed in urea solution 

(8 M, 150 mL) and the mixture was bubbling with N2 and 

stirring at 50 °C for 30min. After dissolving V50 (0.216 g) in 

the reaction mixture, the reaction mixture was then heated to 65 

°C, during which acrylonitrile (20 mL) was added dropwise 

with continuously stirring and bubbling with N2. The reaction 

vessel was sealed and kept at 65 °C for another 12 h to result 

W-g-PAN. The crude W-g-PAN was washed with DMSO, 

deionized water and acetone for several times to remove free 

PAN and other impurities. The W-g-PAN was dried in vacuum 

at 40 °C. PAN content (Gd) in W-g-PAN was determined by 

Gd(%)=(W1–W0)/W0×100, whereW0 and W1 are the mass of 

wool before and after the graft polymerization, respectively. 

 The conversion of cyano groups into amidoxime groups has 

been reported in details in previous work.48 Briefly, W-g-PAN 

(1.0 g) was treated with the mixed solution of NaOH (1.0 mol 

L–1, 100 mL) and NH2OH·HCl (1.0 mol L–1, 100mL) at 65 °C 

for 6 h with continuously stirring. The product was washed 

with distilled water and then acetone for several times to result 

W-g-PAO. The resultant materials were vacuum dried at 40 °C 

and stored for characterization and adsorption experiments. 

 

CN

n n

NH2N

OH

Wool

AN, V50 NH2OH�HCl

W-g -PAN W-g-PAO  

Fig. 1  The synthetic route of W-g-PAO. 

2.3. The adsorption of toxic ions by W-g-PAO  

The adsorption kinetics and the influence of pH, concentration 

were investigated. Solutions with desired concentration of Cd2+, 

Pb2+, Hg2+, Cu2+, AsO4
3– and AsO2

– ions were prepared. W-g-

PAO (0.20 g) was immersed in the solutions (200 mL) with 

desired concentrations of toxic ions for 24 h at 25 °C, during 

which the concentration of toxic ions was measured by 

inductively coupled plasma atomic emission spectroscopy 

(ICP-AES). For prevention forming insoluble metal hydroxides, 

the pH of the solutions for adsorption kinetics experiments was 

kept at 5.6, 4.8, and 6.0 for Cd2+, Hg2+, and Pb2+, respectively. 

The adsorption kinetics of W-g-PAO for Cd2+, Hg2+, and Pb2+ 

in aqueous solutions (10 mg L–1) was investigated in the pH 

range of 2–6. The adsorption kinetics of W-g-PAO for AsO4
3– 

and AsO2
– in aqueous solutions (10 mg L–1) was investigated in 

the pH range of 2–12.The toxic ions absorbed by W-g-PAO at 

time t, Qt (mg g–1), and the adsorption capacity of toxic ions by 

W-g-PAO at equilibrium state, Qe, (mg g–1), were calculated by, 

�� =
(�� − ��)	


�
																																																																							(1) 

Q� =
(C� − C�)V


m
																																																																						(2) 

where, C0, Ct, and Ce are the concentration (mg L–1) of toxic 

ions at the initial state, at time t, and at the equilibrium state, 

respectively. VS is the volume (L) of the ion solution and m is 

the mass (g) of W-g-PAO. The content of W-g-PAO was kept 
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at 1.0 g L–1 in all the adsorption experiments. 

 The adsorption-desorption experiments were carried out as 

follows. W-g-PAO (0.20 g) was immersed in solutions (200 

mL) of heavy metal ions (20 mg L–1 of Cd2+, Pb2+, Hg2+) and 

stirred at 25 °C for 24 h. The adsorbent W-g-PAO was then 

dried and then immersed in saturated EDTA solution (20 mL) 

at 25 °C for desorption. The EDTA solution was replaced every 

12 h for 5 times, after which W-g-PAO was washed with 

deionized water and dried for another cycle. The adsorption- 

desorption was carried out for 5 cycles. The concentration of 

heavy metal ions solutions was detected by ICP-AES. 

2.4. Characterization 

Fourier transform infrared spectroscopy (FTIR) was carried out 

on a Bruker-Equinox 55 FTIR spectrometer (Germany). 

Element analysis was performed on A Flash EA 1112 elemental 

analyser (Thermo scientific, USA). Scanning electron 

microscope (SEM) observation was carried out on a Hitachi S-

4300 SEM (Japan) operating at 3.0 kV. The content of heavy 

metal ions was measured on an inductively coupled plasma 

atom emission spectrometer (ICP-AES, Thermo scientific, 

USA). The pH of the solution was detected by an Orion Star 

A211 pH meter (Thermo scientific, USA). 

3. Results and discussion 

3.1. Synthesis and characterization of W-g-PAO 

The synthesis of W-g-PAO was carried out according two-step 

approach (Fig. 1). The reaction conditions including reaction 

solvent, reaction temperature, initiator dose, and monomer dose 

for the synthesis of W-g-PAN were first optimized. The 

experimental details and the resulted W-g-PAN are listed in 

Table S1, by which the optimum reaction conditions were 

selected as follows. Urea solution (8 M) was selected as the 

reaction medium, the reaction temperature was set at 65°C, and 

the reactions were performed for 12 h. The content of PAN in 

W-g-PAN can be adjusted by changing the feeding ratio of the 

monomer acrylonitrile (AN) to wool in the reaction mixture. 

Hereafter the content of amidoxime groups in the resulted W-g-

PAO can be adjusted. In the following experiments, W-g-PAN 

with the PAN content (Gd) of 54.20% was selected as the 

typical material.  

 The success of the graft PAN onto wool surface and the 

conversion of PAN to PAO were estimated by FTIR. Fig. 2 

shows the FTIR spectra of wool, W-g-PAN, and W-g-PAO. 

The characteristic absorbance band of cyano groups appeared at 

2243 cm–1 in the FTIR spectrum of W-g-PAN (Fig. 2b), which 

confirmed success of the graft copolymerization of PAN onto 

the wool surface. After the amidoximization, the absorbance 

band of cyano groups at 2243 cm–1 totally disappeared (Fig. 

2c). Meanwhile, new bands at 911 and 1388 cm–1 appear on the 

FTIR spectrum of W-g-PAO, corresponding to the N–O 

stretching and O–H bending vibrations of the amidoxime 

groups. In addition, three new absorbance bands appeared at 

3464, 3315, and 3183 cm–1, which attribute the stretching 

vibration of O–H and N–H. FTIR spectra confirmed the 

complete conversion of cyano groups to amidoxime groups and 

the successful synthesis of W-g-PAO. The morphology of the 

wool and the corresponding surface graft modified wool was 

observed by SEM and polarized optical microscopy (POM). 

The results indicate that the morphology of the wool was kept 

during the graft reactions (Fig. S1). Elemental analysis results 

of wool, W-g-PAN, and W-g-PAO are listed in Table 1. The 

N/C mole ratio of wool, W-g-PAN, and W-g-PAO is 0.286, 

0.312, and 0.443, respectively. The higher N/C mole ratio of 

W-g-PAN and W-g-PAO confirmed the graft of PAN and 

hereafter conversion of PAN to PAO. 
 

Table 1  Elemental analysis of activated wool, PAN, W-g-PAN, W-g-PAO. 

Sample 
Composition (wt%) 

N/C (mole ratio) 
C N H 

wool 45.28 15.08 6.66 0.286 

PAN 66.85 25.35 5.31 0.325 

W-g-PAN 54.79 19.96 6.28 0.312 

W-g-PAO 42.13 21.76 7.06 0.443 
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Fig. 2  The FTIR spectra of (a) wool, (b) W-g-PAN, and (c) W-g-PAO. 

3.2. The adsorption of toxic ions by W-g-PAO 

The adsorption of W-g-PAO was first checked using Cu2+ by 

the immersing the wool, W-g-PAN, and W-g-PAO samples in 

CuSO4 aqueous solution (Fig. S2, ESI). The photos of the dried 

samples are also shown in the last column. The results show 

that the colour of the wool and W-g-PAN samples only 

becomes light blue after the adsorption. While the W-g-PAO 

sample become deep blue and finally dark blue and the dried 

sample is in black colour. The results indicated that the W-g-

PAO samples have the good adsorbing ability for Cu2+ cations, 

which is due to that the amidoxime groups graft on the surface 

of the wool have the strong chelating ability for cations.45-47  
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 The adsorption kinetics of W-g-PAO for Cu2+, Cd2+, Pb2+, 

Hg2+, AsO4
3–, and AsO2

– at different initial concentration of the 

toxic ions was investigated. The results of Cd2+ and AsO4
3– are 

shown in Fig. 3 for representing the adsorption of toxic cations 

and anions, respectively. Other data are shown in Fig. S3 (ESI). 

For the adsorption of heavy metal cations, the adsorption rate is 

quite fast within the first hour (Fig. 3a), which attributes to the 

abundant active sites in the adsorbent. For solutions with low 

heavy metal ions, e.g. in Cd2+ solution of 3.8 mg L–1, the 

cations adsorbed by W-g-PAO levelled off within one hour, 

which is due to that the Cd2+ ions, totally 0.76 mg Cd2+ solution 

(200 mL) was almost all adsorbed by W-g-PAO (0.72 mg). 

With the increase in the concentration of Cd2+ ions, the 

adsorbed Cd2+ ions on W-g-PAO rises accordingly (Fig. 3a). 

For the solution with relatively higher heavy metal cations, the 

fast adsorption finished within 2 h and then levelled off. A 

higher initial toxic ion concentration correlates a faster 

adsorption rate and a higher adsorption capacity of toxic ions at 

the equilibrium state, which is due to the higher chelating 

ability of the toxic metal ions of the amidoxime groups. The 

absorption of toxic anions, e.g. AsO4
3–, is slightly different 

compared with that of cations. There is a fast adsorption step, 

which finished within about 15 min, then the adsorbed AsO4
3–

increases slowly with the adsorption time (Fig. 3b). The 

adsorption ability for AsO4
3– is comparable to that of Cd2+. The 

adsorption behaviour for Cu2+, Pb2+, Hg2+, and AsO2
– are 

similar to those of the Cd2+ and AsO4
3– toxic ions. 

 The kinetics and isotherm of the adsorption can be depicted 

by the pseudo second order kinetics. The saturated adsorption 

capacity of adsorbent for toxic ions can be estimated by using 

the isotherm Langmuir model, 

�

��
=

�

��
+

1

����
�
																																																																									(3) 

��

��
=
��

��
+

1

����
																																																																								(4) 

where t is the contact time of adsorption procedure, Qt and Qe 

are the adsorbed toxic ions on the adsorbent at adsorption time t 

and at equilibrium state, which were calculated by using Eqs. 1 

and 2. K1 and KL are the adsorption rate constant of the pseudo-

second-order kinetics model and the adsorption equilibrium 

constant in Langmuir model, respectively. 

 Generally, a linear fit of the pseudo-second order model is 

used for the fitting of the experimental data to obtain the kinetic 

parameters. The results of the linear fit of the pseudo-second 

order model are apparently perfect, as shown in Fig. S4 and 

Table S3 (ESI) for fitting results of present work. However, the 

linearization of the original data will change the error 

distribution, which is not as beautiful as it appearance. The non-

linear fitting method is actually a better way to obtain kinetic 

parameters.49-52 In this work, the non-linear fitting of pseudo-

first (Eq. S1, ESI) and pseudo-second order (Eq. 3) models 

have been used for fitting the experimental data. The fitting 

curves and the correlation coefficient R2 by using different 

models are presented in Figs. S5 and S6 and Tables S4 and S5 

(ESI). The comparison of the correlation coefficient R2 in 

Tables S4 and S5 (ESI) indicates that the nonlinear fit of 

pseudo-second order model as described in Eq. 3 is better to 

obtain kinetic parameters of the adsorption in present work. Qe 

was calculated by fitting the adsorption data using the nonlinear 

fitting using Eq. 3 and Ce was calculated by using Eq. 2. The 

results are listed in Table 2. 
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Fig. 3. The adsorption kinetics of (a) Cd

2+
 and (b) AsO4

3–
 ions from 

water by W-g-PAO at different initial concentration.  

 

 Fig. 4a shows the dependence of the initial concentration of 

toxic ions (C0) on the equilibrium adsorption capacity (Qe). The 

results show that Qe increases with the rising initial 

concentration of the toxic ions in all the cases. Specifically, Qe 

of Hg2+ nearly increases linearly with the rising initial 

concentration and almost all of Hg2+ can be removed by using 

the adsorbent when the initial concentration of Hg2+ is lower 

than 50 mg L–1 in present work. However, for Cd2+, AsO2
- and 

AsO4
3–, the Qe increases slowly with the rising C0. The 

adsorption capacity followed the order of Hg2+>Pb2+>AsO2
–> 

AsO4
3–>Cd2+.  
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Table 2. The Qe and Ce obtained from the adsorption experiments.a  

Cd2+ Hg2+ Pb2+ AsO4
3– AsO2

– 

C0 Qe Ce C0 Qe Ce C0 Qe Ce C0 Qe Ce C0 Qe Ce 

3.80 3.8 0 6.83 6.8 0.03 1.50 1.42 0.08 4.52 2.10 2.42 10.5 4.0 6.5 

9.70 8.0 1.7 18.8 18.6 0.2 4.20 4.10 0.10 9.75 4.80 4.95 24.7 8.0 16.7 

31.1 11.5 19.6 24.4 23.6 0.80 15.5 14.0 1.50 25.3 10.7 14.6 34.3 9.7 24.6 

64.6 12.9 51.7 53.5 41.2 12.3 38.8 21.8 17.0 49.8 15.8 34.0 53.1 15.4 37.7 

a The units for C0, Qe, and Ce are mg L–1, mg g–1, and mg L–1, respectively. 
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Fig. 4. The influence of initial concentrations of toxic ions (C0) on the 

equilibrium adsorption capacity (Qe) (a) and the adsorption isotherms 

fitted by Langmuir model as descripted in eq. 4 (b).  

 

 Fig. 4b shows the adsorption isotherms of adsorption 

experiments that fitted by Langmuir model using the data listed 

in Table 2. The data were also fitting by Freundlich and Temkin 

models for comparison (Fig. S7, ESI) and the R2 obtained by 

fitting the experimental data using different adsorption isotherm 

models for the toxic ions are listed in Table S6 in ESI. The 

results indicated that Langmuir model is the best model for 

fitting the experimental data. In Fig. 4b, several data points of 

Hg2+ and Pb2+ ions are close to each other at low Ce, which is 

due to that the W-g-PAO adsorbent has the strong adsorption 

capacity for Hg2+ and Pb2+ cations. For clarification, Fig 4b was 

also depicted in semi-log plot in Fig. S8 (ESI). 

 According to Langmuir model, the saturated adsorption 

capacity (Q0) of the toxic ions of the adsorbent could be 

obtained, Q0 is 12.55, 23.56, 41.53, 29.78, and 35.52 mg g–1 for 

Cd2+, Pb2+, Hg2+, AsO4
3– and AsO2

–, respectively. The saturated 

adsorption capacity of W-g-PAO is much higher than some 

other low-cost biomaterials adsorbents reported in literatures. 

The Q0 for ploy(methacrylate) modified cellulose acetate 

membrane is 3.31 and 23.08 for Cd2+ and Hg2+, respectively.53 

And Q0 for sporopollenin is 4.37 and 1.64 mg g–1 for Pb2+ and 

Cd2+ ions, respectively.54 Besides, due to the lower the specific 

surface area of W-g-PAO, the adsorption capacities of W-g-

PAO is lower than those adsorbents with nanostructure. For 

example, the Q0 for SCNCs is 367 and 259 mg g–1 for Cd2+ and 

Pb2+, respectively.1  

3.3. Influence of pH on the adsorption for cations and 

regeneration of the adsorbent 

Fig. 5 shows the influence of pH on adsorption capacity of 

different heavy metal ions. For the cations (Fig. 5a), the 

adsorption capacity of Cd2+ and Pb2+ decreased rapidly in the 

range of pH < 4.0. However, while the adsorption capacity of 

Hg2+ ions only changed slightly within the pH range of 2.0–5.0. 

The results also demonstrated clearly that the optimal 

adsorption pH value for Cd2+, Pb2+ and Hg2+ are 5.0, 4.8, and 

3.9, respectively. On the contrary, the equilibrium adsorption 

capacity (Qe) for AsO4
3– and AsO2

– is almost independent on 

the pH in the pH range of 2.0–9.0. However, Qe decreases 

slightly with the increase in pH at pH > 9.0 (Fig. 5b). The 

results suggest that W-g-PAO has good adsorption properties 

for AsO4
3– and AsO2

– in a wide pH range. 

 The adsorption mechanism of W-g-PAO for cationic and 

anionic toxic ions can be depicted schematically in Fig. 6. For 

the adsorption of cations, the amidoxime groups on W-g-PAO 

contain strong nucleophilic –NH2 and =N–OH groups and have 

the strong chelating ability for heavy metal ions,45-47 such as 

Cu2+, Cd2+, Hg2+, and Pb2+ in this work (Fig. 6a). At low pH, 

the –NH2 groups will be protonated to form –NH3
+ cations. 

Therefore, the adsorption of cations decreased with the 
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decrease in the pH of the media (Fig. 6a), which is due to the 

electrostatic repulsion between the –NH3
+ and metal cations 

(Fig. 6b). The adsorption of anions, such as AsO4
3– and AsO2

– 

in present work, by W-g-PAO is in a different way. The status 

of AsO4
3– depends on redox potential and pH. In oxidising 

condition, H2AsO4
– is dominant at the pH less 6.9, whilst 

HAsO4
2– is dominant at higher pH. In reducing conditions, the 

uncharged arsenite HAsO2·H2O is dominant at pH < 9.2.55 The 

amidoxime groups in of on W-g-PAO offer the reducing  
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Fig. 5. The influence of pH value on adsorption capacity. The initial 

concentration of the cations was kept at 10 mg L
–1

. 
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Fig. 6. (a) The adsorption of heavy metal cations by amidoxime groups 

on W-g-PAO, (b) the protonation of –NH2 groups, and (c) the 

adsorption of AsO2
–
 anions by W-g-PAO through the electrostatic 

attraction between protonated –NH3
+
 and AsO2

–
 ions.  

environment,48 at least on the surface of the absorbent. 

Therefore, it is reasonable that the AsO4
3– anions could be 

reduced into HAsO2·H2O form at low pH. The hypothesis 

suggests that the adsorption of AsO4
3– and AsO2

– should in the 

similar way by W-g-PAO at low pH. For clarification, the 

adsorption data AsO4
3– in Fig. 5b was converted to the mass of 

AsO2
– of the same mole that adsorbed on W-g-PAO, and the 

data are shown in Fig. 5b (calculated). The calculated data are 

similar with the adsorption data of AsO2
–, which confirm that 

AsO4
3– has been converted into AsO2

– at low pH in this work. 

The adsorption of AsO2
– can be adsorbed by electrostatic 

attraction at low pH (pH < 9.0) by using W-g-PAO as the 

adsorbent (Fig. 6c). At higher pH, the de-protonation of –NH3
+ 

will lead the decrease in the electrostatic attraction and the 

adsorption of both AsO4
3– and AsO2

– (Fig. 5b). The adsorption 

capacity of AsO4
3– by the W-g-PAO is around 5.0 mg g–1, 

which is high than that of polyethylene polyamine modified 

cellulose pulp (about 2.0 mg g–1).56 

 In practical application, the reusing of adsorbents is vital to 

cut down the cost. Therefore, the cycle efficiency of W-g-PAO 

was tested. Fig. 7 shows the cycle efficiency of W-g-PAO, the 

adsorption capacity of the adsorbent for Cd2+ and Pb2+ 

decreases gradually after cycled for several times, which is 

probably attribute to the losing of active sites during the 

desorption. However, the Qe of Hg2+ keeps at a high value, 

which is due to the high adsorption capacity of Hg2+ on W-g-

PAO. And in spite of losing some active sites, the ones left are 

still more than enough to adsorb almost all Hg2+. In detail, the 

total lose in adsorption performance were 27% for Cd2+, 29% 

for Pb2+ and only 5% for Hg2+ after five adsorption/desorption 

cycles. The morphology of W-g-PAO remains unchanged 

during the recycling procedure. 
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 The above results and discussions confirmed that coarse 

wool can be modified via simply surface graft polymerization. 

The resultant W-g-PAO can be used as the adsorbent for 

adsorbing both cationic and anionic toxic ions from waste water. 

The results in this work provide a cheap and excellent 

adsorbent that can be used for the removal of both cationic and 

anionic toxic ions from waste water. Besides the raw keratin 

material, coarse wool, used in this work, the approach in this 

work can be extended to the modification of any other waste 

raw keratin materials, by which the waste raw keratin materials 

can be used as a valuable blocks for the fabrication of 

functional materials.  

4. Conclusions  

Coarse wool waste was modified by surface grafting of 

polyacrylonitrile (W-g-PAN) and then converting the cyano 

groups to amidoxime groups to result wool surface graft 

polyacrylamidoxime (W-g-PAO). The reaction parameters for 

the synthesis of W-g-PAO were optimized. Adsorption 

experiments indicated that W-g-PAO can effectively adsorb 

both cationic and anionic toxic ions from waste water. The 

adsorption followed the pseudo-second-order kinetics model for 

both cations and anions, and can be well depicted by Langmuir 

isotherm model. The equilibrium adsorption capacity (Qe) 

increases with the rising initial concentration of toxic ions. The 

adsorption capacity followed the order of Hg2+ > Pb2+ > AsO2
– 

> AsO4
3– > Cd2+. At pH < 4.0, the adsorption ability for Pb2+ 

and Cd2+ decreased dramatically, while the adsorption ability 

for Hg2+ changed slightly in the pH of 2.0–6.0. The adsorption 

ability kept at constant in the pH range 2.0–9.0 for both AsO4
3– 

and AsO2
–. W-g-PAO can be regenerated after adsorption, and 

the adsorption capacity slightly decreased with the increase in 

the regenerated cycles. The present work provided an approach 

for using the waste raw keratin materials as the valuable blocks 

for the fabrication of functional materials.   
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TOC Graphic 

Wool graft polyacrylamidoxime as the adsorbent for adsorption 

both cationic and anionic toxic ions from aqueous solutions†††† 

Chun Cao, Hongliang Kang, Ning Che, Zhijing Liu, Pingping Li, Chao Zhang, Weiwei Li, Yong 
Huang, Ruigang Liu 

Wool graft polyacrylamidoxime (W-g-PAO) was synthesized using coarse wool as the raw keratin material. The W-g-PAO can be 

used a cheap and excellent adsorbent for the removal of both cationic and anionic toxic ions from waste water. The approach can 

be extended to the modification of other waste raw keratin materials and used them as the blocks for the fabrication of functional 

materials. 
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