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This study evaluated the multi-cycle Cr(VI) removal performance of four polyacrylic anion exchange resins (D730, D314, 

312 and 213) with different functional groups and porosities based on a fixed-bed column operation. Particular emphasis 

was given to the effect of oxidation fouling on the ion exchange properties and performance of polyacrylic resins. The 

functional groups had significant effects on the exchange capacity, adsorption rate, regeneration efficiency, and oxidative 

stability for Cr(VI) removal. Oxidation fouling on the polyacrylic resins had a significant influence on the removal of Cr(VI). 

After a 10-cycle operation, due to the oxidation of resins, the adsorption capacities of D730, 213, D314 and 312 resins 

decreased by 19.8, 21.7, 13.4 and 15.3%, respectively.The results of the Fourier transform infrared rays (FT-IR) analyses 

showed that the cleavage of C-N and C-C bonds occurred on the polyacrylic resins during the Cr(VI) removal process, 

indicating the degradation of resin functional group and matrix. This work provided an understanding of exchange 

behavior and oxidation fouling of Cr(VI) on different polyacrylic resins, and should result in more effective applications of 

ion exchange for Cr(VI) removal from solutions. 

 

1. Introduction 

As Cr (VI) is mobile and highly toxic in the environment, Cr(VI) 

removal technologies have been of great interest in recent 

years, including adsorption 
1, 2

, chemical reduction 
3
, biological 

methods 
4, 5

, membrane filtration 
6
, and ion exchange 

7
. 

Nevertheless, many of these technologies are marginally cost-

effective or difficult to implement in developing countries. The 

main advantages of ion-exchange are the recovery and reuse 

of Cr(VI), simple operation, less sludge production and the 

reducing Cr(VI) concentrations to near-zero levels 
8
. 

In the past decades, various kinds of anion exchange 

resins were used to study the removal of Cr(VI), such as 

Lewatit MP 500 
9
, Dowex 1×8 

10
, Lewatit MP 62 

11
, Lewatit MP 

64 
9
, Lewatit M 610 

11
, Amberlite IRA 96 

10
, KIP210 

8
, Amberlite 

IRA 96 
12, 13

, Amberlite IRA 400 
14

, and Lewatit FO36 
15

. These 

studies demonstrated that better performance of the resins 

could be achieved in an even wide range of the initial Cr(VI) 

concentration from as low as 0.1 mg/L to as high as 2000 mg/L 
16, 17

. However, the optimum pH for Cr (VI) adsorption was 

found to be in the range 1.9 – 6.0 
15

, whereas at neutral to 

alkaline pH conditions, the Cr(VI) adsorption capacity was 

drastically reduced 
18

. In order to obtain higher adsorption 

capacity of the resins, lower pH values was recommended in 

the literatures. It’s worth noting that all the above-mentioned 

resins are polystyrene resins. 

On the other hand, it is well known that Cr(VI) is a 

powerful oxidizing agent and oxidizes almost all organic 

materials 
19

, so it is often used in COD measurement 
20

. 

Therefore, it is possible for Cr(VI) to oxidize the polymeric 

resins during the Cr(VI) adsorption process, which potentially 

alters the sorption properties of the resins. However, few 

studies have investigated the oxidation of polymeric resins 

during the removal of Cr(VI) from wastewater. 

Compared with polystyrene resins, polyacrylic resins are 

more hydrophilic and were found to adsorb more water in 

dilute solutions 
21

, their more-open pores in the gel-phase 

could allow faster penetration of Cr(VI) anions. As a result, the 

polyacrylic resins could exhibit faster adsorption rates and 

higher exchange capacities than the polystyrene resins. 

Unfortunately, the polyacrylic resins are rarely studied in 

terms of the removal of Cr(VI). Moreover, different resins vary 

significantly in some properties, such as their functional groups 

and porosities, leading to distinct removal efficiencies for 

Cr(VI), but the effect of the resin properties on the Cr(VI) 

adsorption and oxidation fouling is unclear. This work 

elucidated the effects of the polyacrylic resin properties 

(functional groups and porosities) on the adsorption 

performance for the removal of Cr(VI), with particular 

emphasis on the effect of oxidation fouling during the multi-

cycle operation.  
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(1) 

2. Experimental 

2.1 Materials and chemicals 

In this study, the polyacrylic resins in the chloride form, D730, 

213, D314 and 312, were provided by Zhejiang Science and 

Technology Co. Ltd. The relevant physico-chemical properties 

and specifications of these resins supplied by the 

manufacturer, e.g., the functional groups, exchange capacity 

(qe), etc., are summarized in Table 1. Solutions of 1 M NaOH 

and HCl were used for regeneration and pH adjustment. 

Synthetic solutions of the Cr(VI) anions (500 mg/L) were 

prepared by dissolving an appropriate weight of K2Cr2O7 salt 

(AR grade) in distilled water.  

 

2.2 Methods 

The adsorption and regeneration experiments were carried 

out using a transparent glass column (2.8 cm i.d. × 32 cm long, 

with an effective column height of 30 cm, 60 g resin) at around 

25 °C (Fig. 1 shows a schematic of the process). Synthetic 

solution (initial Cr(VI) concentration of 500 mg/L, pH of 2.0) 

was fed (10.4 mL/min) from the feed tank into the bottom of 

the glass column using a peristaltic pump then percolated 

upward through the resins, and was finally discharged into the 

corresponding effluent tanks. Samples were successively 

collected manually at the exit of the column at regular 

intervals of 1 h after the start of the experiment. When the 

concentration of Cr(VI) was greater than 0.5 mg/L, the 

regeneration of the resin was required. First, distilled water 

(20.0 ml/min) was fed into the column for 10 min; 

subsequently, 1 M NaOH solution (5.2 ml/min) was pumped 

until the total Cr concentration reached 0.5 mg/L; then, 1 M 

HCl solution (5.2 ml/min) was fed for 1 h to convert the resin 

to the RCl form; and finally the resin was washed with distilled 

water (20.0 ml/min) for 10 min. The eluate in all of the 

regeneration process was collected in a spent brine vessel. 

This test was conducted using up to 10 adsorption–

regeneration cycles. 

The exchange capacity (qe) and the regeneration 

efficiency (Re) of each resin were calculated by the following 

mass-balance equations: 

 

 

 

 

 

where Cin is the initial CCr(VI), mg/L; Ce6 and Ce3 are the Cr(VI) 

and Cr(III) concentrations in the effluent tanks, mg/L; Veff is the 

volume of the produced Cr(VI) solution, L; m is the mass of 

resin used; Cr-Cr is the total Cr concentration in the brine vessel, 

mg/L; and Veff-r is the solution volume of the brine vessel, L. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3 Chemical analyses 

The colorimetric method was used to measure the 

concentrations of Cr(III) and Cr(VI) in the solutions 
22

. The 

concentration of Cr(VI) was analyzed by the 1,5-

diphenylcarbazide method. To estimate for total Cr, the Cr(III) 

was first converted to Cr(VI) by the addition of excess 

potassium permanganate at boiling conditions prior to the 

performing the 1,5-diphenylcarbazide spectrophotometric 

technique. The concentration of Cr(III) was calculated as the 

difference between the total chromium and Cr(VI) 

concentrations. The FT-IR spectrum of each resin was obtained 

using an Agilent 5500a instrument, with KBr pastilles 

(sample/KBr ratio of 1:100). 

2.4 Quality assurance and quality control (QA/QC) 

The standard curves of Cr(VI) and total Cr analyses were 

prepared with two series of 8-point calibrations. The linear 

working range of the standard curves was from 0 to 0.2 mg/L, 

and the concentrations of the samples under test were diluted 

to that of the standard curves. Excellent linear calibration was 

generally with a correlation coefficient of 0.9995, or better. 

The standard curve of total Cr was calibrated with Cr(VI) 

standard solution. Quality control samples were analyzed to 

assure that the calibrations were valid for the analysis.  

3. Results and discussion 

3.1 Evaluation of the breakthrough curve 

The breakthrough curves, which show the exchange behaviour 

of the four resins in column operation, were studied. 

Breakthrough occurred at 0.5 mg Cr(VI)/L, approximately 148, 

125, 186 and 164 bed volumes (BVs) of 500 mg Cr(VI)/L water 

could be treated, and the corresponding total qe values were 

103.7, 89.4, 132.3 and 116.3 mg Cr/g for the D730, 213, D314 

and 312 resins, respectively (Figures not shown). To 

understand the breakthrough curve better for the removal of 

Cr(VI), the breakthrough curve model was used to describe the 

adsorption rate and qe for these resins. 

Table 1 Characteristics properties of the anion exchange 

resins used in this study. 

Resins D730 213 312 D314 

Matrix Polyacrylic 

Porosity Mac. Gel Gel Mac. 

Functional 

group 
-N

+
(CH3)3 -N(CH3)2 

qe (mmol/L) 550 450 1100 1100 

Granulometry 

(mm) 
0.4-0.7 0.4-0.7 0.4-0.7 0.4-0.7 

Limits of pH 1-14 1-14 1-7 1-7 

m

VCCCin eff3e6e

e

)
q



（

%100
-- eff6e3ein

r-effCr-r
e 






VCCC

VC
R

）（
(2) 
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The development of a mathematics model that describes 

such breakthrough curve is difficult, since the Cr(VI) 

concentration in the solution, which moves across the column, 

continuously changes. The fundamental models for a fixed-bed 

column depend on the mechanism responsible for the mass 

transfer from the solution to the resin surface, the diffusion on 

the surface of the resin, and rates of these processes, etc. 

Recently, various breakthrough curve models such as bed-

depth/service time analysis (BDST), Adams–Bohart, Thomas, 

Yoon and Nelson and Mass transfer models have been 

developed to predict the dynamic behaviour of the column 

and allow some kinetic coefficients to be estimated 
23

. The 

Yoon-Nelson model is relatively simple and requires little 

detailed data concerning the characteristics of the adsorbate, 

the type of adsorbent, and the physical properties of the 

adsorption bed, but it can predict the breakthrough curve in 

the column-adsorption process 
23, 24

. The Yoon-Nelson model 

for a single-component system is expressed as: 

 

                                 

 

where KYN is the rate constant (min
−1

), τ is the time required 

for 50% adsorbate breakthrough (min) and t is the 

breakthrough time (min). The linearized form of the Yoon-

Nelson model is as follows: 

 

                           

 

Based on Eq. (4), the parameters KYN and τ for the resins 

were investigated, and these parameters have been discussed 

in some studies of the adsorption of metal ions using varied 

adsorbents by the linear graph of adsorption time (t) versus 

ln[Ce6/(Cin–Ce6)] 
23, 25

. τ was defined as 50% breakthrough of 

the sorption process, so the resins should be completely 

saturated at 2τ. Due to the symmetrical nature of the 

breakthrough curve, the amount of Cr(VI) adsorbed by the 

resins is one half of the total Cr(VI) entering the adsorption 

column within the 2τ period 
24

. Hence, the following equation 

can be written: 

 

 

                              

where q0 is the predicted exchange capacity (mg/g), v is the 

liquid flow rate (ml/min), and m is the amount of the resin in 

the column (g). 

The Yoon-Nelson model describes the sorption rate 

constant (KYN) and q0 well, according to the correlation 

coefficient (R
2
), which is shown in Table 2. The q0 predicted by 

the Yoon-Nelson model was close to the experimental data for 

these resins. The D314 resin has the highest value for q0 at 

equilibrium. The relative q0 values of the other resins are q0 

(D314) = 1.11q0 (312) = 1.27q0 (D730) = 1.45q0 (213). The 

Yoon-Nelson constant, KYN, which can be related to the 

adsorption rate for these resins, was in the order of KYN (D730)

﹥KYN (213)﹥KYN (312)﹥KYN (D314).  

Table 2 Kinetic parameters of Yoon-Nelson model for 

Cr(VI) sorption on the four resins. 

Resins 
Yoon-Nelson model parameter 

KYN(min
−1

) q0(mg/g) R
2
 

D730 0.017 108.63 0.951 

213 0.015 94.25 0.948 

D314 0.010 137.81 0.937 

312 0.012 124.37 0.917 

From Table 2, both of the qe and adsorption rate of the 

anion exchange resins were influenced by the functional 

groups. For example, the total qe of the D730 and 213 resins 

were 108.6 and 94.3 mgCr/g, which were much higher than 

their ion-exchange capacities given by the manufacturer as 

550 and 450 mmol/L resin (equal to 96.3 and 79.3 mgCr/g 

resin) (Table 1), respectively. This difference in the qe might be 

due to the functional groups of the resins and the forms of the 

Cr(VI) anions. As the functional groups of the D730 and 213 

resins have charges, multilayer adsorption of Cr(VI) can occur, 

and Cr3O10
2-

 or Cr4O13
2-

, which are formed on the anion 

exchange sites due to the high concentration of Cr(VI) 
21

, can 

be adsorbed. Meantime, the adsorption rates of the D730 and 

213 resins were faster than those of the D314 and 312 resins. 

Previous studies have shown that the adsorption rate strongly 

depends on the ion mobility, charge, weight of the ion, and the 

pH value of the solution 
26, 27

. The D730, 213，D314 and 312 

resins were studied under the same conditions. However, their 

functional groups were different, so the charges on the 

functional groups enhanced the interaction of Cr(VI) with the 

binding sites of D730 and 213 resins by greater attractive 

forces than with D314 and 312, resulting in much faster 

diffusion of Cr(VI) ions into the anion-exchange sites. 

It is well known that the macroporous resins are quite 

different in physical morphology from gel resins. A single 

macroporous ion exchange particle may be viewed as an 

ensemble of tiny microgels with an interconnected network of 

pores (10-100 nm), while gel resins can be viewed as 

homogeneous solid phases without any significant pores in 

between, and only micropores (less than 2 nm) form after the 

resin is saturated 
28, 29

. Therefore, it was anticipated that the 

sorption of Cr(VI) onto the macroporous resin would be faster 

than onto the gel resin due to the larger pores of the 

macroporous resin, but our results showed that the sorption 

rate had little relationship with the resin porosity. For the 

weak-base resins, the gel resin 312 had a faster sorption rate 

for Cr(VI) than the macroporous resin D314, which were 

contrary to those for the strong-base resins (Table 2). This can 

result from the higher concentration of Cr(VI) which improves 

the solid-liquid mass transfer efficiency in this study. 

3.2 Cr(III) in the effluent 

Cr(VI) is a powerful oxidizer, which makes it easily reduced to 

Cr(III) 
30

, as shown in the following equation 
31

: 
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in
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In the oxidation process, the electrons are consumed, which 

are possibly supplied from the resins, resulting in the oxidation 

of the organic compounds of the resins. As shown in Eq. (6), 

the quantity of Cr(III) generated is in proportion to the 

depletion of electrons, which can reflect the quantity of the 

oxidized organic compounds on the resins to some extent. 

To evaluate the effect of Cr(VI) oxidation on the four 

resins, Cr(III) was also measured in the adsorption process at 

regular intervals of 1 h for the first cycle, as shown in Fig. 2. 

The Cr(III), which was not initially present, appeared in the 

effluent and increased in the Cr(VI) adsorption process. From 

Fig. 2, it can be seen that the Cr(VI) was reduced to Cr(III) 

when started the sorption process. And then the 

concentration of Cr(III) increased sharply until about 30 BVs for 

the D730 and 213 resins, while that of the D314 and 312 resins 

increased steady. The discharge of total Cr, including Cr(III) and 

Cr(VI), to surface water is regulated to below 2 mg/L by the U.S. 

EPA 
19

. When the total Cr concentration in the effluent 

reached 2 mg/L, approximately 23, 31, 70 and 52 BVs of 500 

mgCr(VI)/L water could be treated, which were 84, 75, 62 and 

68% less than that of the breakthrough point of 0.5 mgCr(VI)/L 

for the D730, 213, D314 and 312 resins, respectively. 

Therefore, the reduction of Cr(VI) by the resins is imperative to 

be slowed down to meet the discharge levels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The CCr(III) in effluent tanks was also measured when the 

adsorption ended for every cycle, as shown in Fig. 3. The CCr(III) 

of each resin increased with the increasing cycles, but the 

increase amplitude was not great. The average CCr(III) of the 

D730, 213, D314 and 312 resins were found at 19.7, 17.2, 9.2, 

and 11.4 mg/L for 10 consecutive cycles operation, 

respectively. It can be seen that the CCr(III) of the strong-base 

resins (D730 and 213) were higher than that of the weak-base 

resins (D314 and 312) in all of the cycles. It can be deduced 

that the functional groups greatly influenced the chemical 

stability of the resins.  

The results presented in Fig. 2 and 3 showed the faster 

Cr(VI) reduction on the strong-base resins (D730 and 213) 

compared to that on the weak-base resins (D314 and 312), 

regardless of the resin porosity. For the strong-base resins, the 

presence of the quaternary nitrogen atoms greatly influenced 

the chemical stability 
32

. For the gel weak-base resin (312), the 

CCr(III) in effluent tank was higher than for the macroporous 

weak-base resin (D314) (Fig. 3). Rather, the CCr(III) in the 

effluent from the gel strong-base resin (213) was lower than 

for the macroporous strong-base resin (D730). It can be 

deduced that the strong-base functional groups were more 

easily to be oxidized, and the porosity had little influence on 

the oxidative stability of the polyacrylic resins in this study.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 Regeneration efficiency 

To implement a cost-effective resin for removing Cr(VI) from 

wastewater, it is important to assess the changes of the 

regeneration efficiency after an extended column operation 

for further use. The values of regeneration efficiency, which 

were evaluated by performing adsorption–regeneration 

experiments for 10 consecutive cycles for each resin, are 

shown in Fig. 4. The regeneration efficiency fluctuated in a 

narrow range for each resin, and the regeneration efficiencies 

of the weak-base resins (D314 and 312) were higher than 

those of the strong-base resins (D730 and 213). For the weak-

base resins, according to a chromium mass balance, more than 

93% of the total chromate was recovered with less than 24 BVs 

of eluate. However, more than 35 BVs of eluate were 

produced to recover less than 93% of the total chromate in the 

regeneration process for the strong-base resins. The average 

total eluate volume was 35.3 and 36.7 BVs for the D730 and 

213 resins and 21.6 and 22.8 BVs for the D314 and 312 resins. 

These results indicated that the weak-base resins were 

regenerated more effectively than the strong-base resins in 

these experiments. Since the functional groups of the D730 

and 213 resins have charges, the greater attractive forces 

between Cr(VI) and binding sites with charges makes it difficult 

to desorb Cr(VI) ions from the spent resins via ion exchange. 

This phenomenon explains the lower regeneration efficiencies 

observed for the strong-base resins than those of the weak-

base resins, as shown in Fig. 4. 
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3.4 Exchange capacity 

The values of qe of the four resins for 10 cycles are shown in 

Fig. 5. Throughout the initial cycles, the qe values of the D730 

and 213 resins for Cr(VI) removal decreased sharply with 

increased cycle time and then continuously decreased slightly. 

For the weak-base resins (D314 and 312), the qe decreased 

slightly for all of the cycles. After operating for 10 cycles, the qe 

values remained at 83.2, 70.0, 114.6 and 98.9 mg Cr/g, 19.8, 

21.7, 13.4 and 15.3% less than that of the first cycle for the 

D730, 213, D314 and 312 resins, respectively. The decrease in 

qe for the strong-base resins was higher than for the weak-

base resins. Generally, a decrease in qe indicates the loss of 

effective functional groups, which may be mainly caused by 

the lower regeneration efficiency and the oxidation of resins in 

this experiment. The decrease in qe for the weak-base resins 

that were regenerated effectively was mainly due to the 

oxidation of functional groups, while the decrease for strong-

base resins was due to both the lower regeneration efficiency 

and the oxidation of functional groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5 Changes of the effective size 

To verify the changes to the polymer matrix, the volume of the 

resin in the effective size range (0.4-0.7 mm) was measured by 

wet sieve analysis before (original) and after (used) 10 cycles 

running (Fig. 6). The polymer matrix decomposed, as shown by 

the decreases in the amount of resin in the effective size range, 

11.8, 12.4, 13.1 and 14.9% after 10 cycles for the D730, 213, 

D314 and 312 resins, respectively. Therefore, it can be 

concluded that some of the carbon chains of polyacrylic resin 

were cleaved under the oxidation of Cr(VI), resulting that the 

polyacrylic matrix was degraded into smaller units and 

discharged into the solutions, further resulting the 

decomposition of the resin polymer matrix.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After running for 10 cycles, the amount of the gel weak-

base resin (312) in the effective size range decreased by 14.9%, 

which was also greater than that of the macroporous weak-

base resin (D314) (Fig. 6). The same results applied to the 

strong-base resins (D730 and 213). That is, the oxidative 

stability of the macroporous matrix is better than that of the 

gel matrix under the same conditions.  

3.6 FT-IR Analyses 

In consideration of the high concentration of Cr(III) in the 

effluent (Fig.2 and 3), only the D730 resin was used to further 

clarify the changes of the groups on the polyacrylic resins. FT-

IR spectra of the D730 resin were obtained at the start and end 

of the 10-cycle operation (Fig. 7). The main characteristic 

bands in the spectrum for the resin were observed at 1651-

1593 cm
-1

, 1255cm
-1

, 1700-1800 cm
-1

 and 1460-1326 cm
-1

, 

which were attributed to the stretching of C-C, stretching of C-

N, C=O and the deformation of the C-H bonds respectively
33-35

. 

The intensity of the band at 1255 cm
-1

 (C-N) and 1617cm
-1

 (C-C) 

decreased after the 10-cycle operation. And the intensity of 

the band at 1483 cm
-1

 (-N
+
(CH3)3) for the functional groups of 

the D730 resin decreased after the 10-cycle operation (Fig. 7) 
7, 

32
.These changes in the bands for the D730 resin indicated that 

some of the C–C and C–N bonds were cleaved, resulting that 

the polyacrylic matrix was degraded and the functional groups 

were oxidized off the resins. On the basis of the FT-IR analyses, 

the oxidation mechanism of the D730 resin is proposed as 

shown in Fig.8. 

Fig. 4 The regeneration efficiency of each resin over 10 cycles. 

Column run at room temperature, pH of 2.0, initial Cr(VI) 

concentration 500 mg/L and flow rate of 10.4 ml/min. 

Symbols are average of triplicates and error bars are one 

standard deviation. 

1 2 3 4 5 6 7 8 9 10

80

85

90

95

100
R

e
g
e
n
e
ra

ti
o
n
 e

ff
ic

ie
n
c
y
 (

%
)

Cycles

 D730

 213

 D314

 312

D730 213 D314 312

20

40

60

80

100

R
es

in
 a

m
o
u
n
t 

o
f 

ef
fe

ct
iv

e 
si

ze
 (

m
l)

Resins

 Original

 Used

Fig. 6 Change of resin amount in the effective size range 

after 10 cycles.  

Fig. 5 Effect of the cycles on the adsorption capacity for the 

polystyrene resins. Column run at room temperature, initial 

Cr(VI) concentration 500 mg/L, pH 2.0 and flow rate of 10.4 

ml/min. Symbols are average of triplicates and error bars are 

one standard deviation. 
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As the C-N bonds connected with resin matrix and the 

functional groups are the polar covalent bonds, the positively 

charged nitrogen atom in the C-N bond of the strong-base 

resins can be the destination for electron movement, resulting 

that the C-N bonds which have charges on the N-containing 

groups are broken easily than those of the weak-base resins 

without charges 
36, 37

. This explains the higher CCr(III) of the 

strong-base resins than those of the weak-base resins, as 

shown in Fig. 2 and 3. In this study, some of the strong-base 

groups may be degraded off the resin matrix resulting in a 

sharp decrease of the exchange capacity of the strong-base 

resin (Fig. 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.7 Comparison of polyacrylic resins with polystyrene resins 

Table 3 summaries the comparison of the maximum exchange 

capacities of various polystyrene resins. These comparisons 

show that polyacrylic resins have higher exchange capacities 

than Amberlite IRA96 
10

, Dowex 1×8 
10

, Lewatit MP64 
9
, 

Lewatit MP500 
9
, Lewatit MP62 

11
, Lewatit M610 

11
, Amberlite 

IRA400 
14

, Ceralite IRA400 
38

  and Lewatit FO36 
15

. The 

polystyrene resin D301 
39

 had higher adsorption capacity than 

polyacrylic resins used in this study. The easy availability and 

cost effectiveness of polyacrylic resins are additional 

advantages, which make them better sorbents for treatment 

of Cr(VI)-containing wastewater. 

Table 3 Comparison of maximum exchange capacities of 

polyacrylic resins with polystyrene resins. 

Polystyrene resins qmax (mg/g) pH Reference 

Amberlite IRA96 23.9 3 
10

 

Dowex 1×8 28.0 3 
10

 

Lewatit MP64 67.6 5 
9
 

Lewatit MP500 57.2 6 
9
 

Lewatit MP62 20.8 4-5.5 
11

 

Lewatit M610 21.3 4-5.5 
11

 

Amberlite IRA96 15.9 1.96 
12

 

Amberlite IRA400 16.6 3-3.5 
14

 

Lewatit FO36 15.1 6 
15

 

Ceralite IRA400 46 2 
38

 

D301 152.5 3 
39

 

4. Conclusions 

This is the first study to evaluate the effect of multi-cycle Cr(VI) 

removal on polyacrylic anion exchange resin properties and 

performance based on a fixed-bed column. Polyacrylic anion 

exchange resins were found to be effective for removing Cr(VI) 

from synthetic wastewater, and their adsorption performances 

for and oxidative stabilities against Cr(VI) mainly depended on 

the resin properties. The functional groups are the most 

critical factors that affect the adsorption rate, adsorption 

capacity, regeneration efficiency and oxidative stability. The 

obvious oxidation fouling of Cr(VI) on the polyacrylic resins had 

a significant influence on the Cr(VI) removal and resin 

properties during the multi-cycle operation. As high Cr(VI) 

removal and regeneration efficiencies and low concentration 

of Cr(III) in the effluent achieved, the macroporous weak-base 

resin (D314) was found to be the best one among the four 

polyacrylic anion exchange resins examined. In future, it is 

necessary to study the oxidation mechanism of the polyacrylic 

resins to suppress or slow down the loss of adsorption 

capacities and increase durability of the resins used on the 

treatment of Cr(VI)-containing wastewater. 
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The polyacrylic resin is oxidized by Cr(VI) anions, resulting in the decrease of exchange capacity 

and degradation of resin matrix. 
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