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a b s t r a c t
In this study, the kinetic and equilibrium results obtained for Ni(II) ions sorption with different ini-
tial concentrations onto dimethylglyoxime-modified Amberlite IRA-420 (DMG-AMB) were analyzed. 
Fast equilibrium was reached after only 10 min where the removal percentage increased from around 
60% to 90% with nickel(II) ions concentrations ranged from 3.0 to 15.0 mg/L. On the other hand, the 
capacity of the adsorbent increased linearly from 0.2 to 1.4 mg/g. The analysis of the kinetic data indi-
cated that the sorption was a second-order process. An ion-exchange mechanism may have existed in 
the Ni(II) ions sorption process with DMG-AMB. The Ni(II) ions uptake by DMG-AMB quantitatively 
evaluated with equilibrium sorption isotherms. The maximum sorption capacity, determined from the 
Dubinin–Radushkevich (D–R) isotherm, was 15.067 mg/g. Moreover, diffusion mechanism of Ni(II) 
ions was described by different removal–diffusion models. The diffusion rate equations inside par-
ticulate of Dumwald–Wagner and intraparticle models were used to calculate the diffusion rate. The 
actual rate-controlling step involved in the Ni(II) ions sorption process was determined by the further 
analysis of sorption data by the kinetic expression given by Boyd.
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1. Introduction

Toxic metal ions are found in the industrial effluents and 
present a real threat for the environment, and their removal 
is necessary [1,2]. The accumulation in the biological systems 
and the toxicity manipulates the negative effect of the toxic 
heavy metals on the aquatic life [3–7]. Nickel is toxic and 
causes inhibition of oxidative enzyme activity and at high 
concentrations reduce of nitrogen availability and impaired 
growth. Above all, it is highly carcinogenic. It is released from 

alloys and electroplating industries. Accordingly, it is essen-
tial to remove from any effluents before being discharged 
into aquatic streams. Different classical methods can be used 
to remove the metal ions from the contaminated industrial 
effluents [8–10]. Among different materials used for the 
removal of heavy metals ions, the polymer adsorbents and 
their composites have shown high capabilities based on their 
removal and ion-exchange properties [11–17]. Sulfonated 
polyglycidyl methacrylate has been used in the removal of 
cadmium ions from aqueous synthetic solutions [18,19]. 

Amberlite is anions exchanger used for the exchange of 
anions from wastewater effluents. Metal ions such Mn(VII) 
and Cr(VI) have been removed previously by Amberlite 
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IRA-420 [20–22]. Different polymers have been investigated 
for the removal of nickel ions. Novel sodium alginate–gelatin 
blend membranes have been developed [23]. Carbonized saw-
dust was impregnated with poly(sodium 4-styrene sulfonate) 
to enhance the nickel(II) affinity and selectivity via surface 
chelating ion-exchange as well as hydrogen bonding removal 
mechanism [24]. Removal of nickel ions from aqueous solu-
tion by low energy-consuming sorption process involving 
thermosensitive copolymers with phosphonic acid groups has 
been investigated [25]. Recently, DMG as a selective ligand for 
Ni(II) was supported on NCP to prepare a selective sorbent 
for removal of Ni(II) cations from aqueous solution [26].

In this work, Amberlite IRA-420 anions exchanger has 
been modified with dimethylglyoxime (DMG) to induce 
affinity for complexation with Ni(II) ions. The kinetics and 
the isothermal studies for the removal process have been 
studied, and the obtained results have been analyzed. 

2. Materials and methods

2.1. Materials

Amberlite (IRA-420) ion-exchange resin was supplied by 
Rohm and Haas, Philadelphia, USA. It is an amine quater-
nary cross-linked styrene/divinylbenzene copolymer. Table 1 
shows a summary of the resin properties [27].

Sodium hydroxide (NaOH), minimum assay 99%, DMG 
(CH3C(=NOH)C(=NOH)CH3), minimum assay ≥97.0%, 
and nickel(II) nitrate hexahydrate (Ni(NO3)2 6H2O), assay 
99.999%, supplied by Sigma-Aldrich, Germany.

2.2. Methods

2.2.1. Preparation of dimethylglyoxime-modified Amberlite 
ions exchanger

Sodium hydroxide solution (0.1 N) was used as a solvent 
for the preparation of 0.1 N DMG solution. Amberlite IRA-420 
(AMB; 10 g) was added to 100 mL of the DMG solution, and 
the slurry was thermostated at 60°C under magnetic stirring 
for 24 h. The DMG-modified Amberlite (DMG-AMB) beads 
were separated and successively washed with hot water to 
remove excess of unreacted DMG and NaOH. The polymer 
beads were kept at room temperature for further use. 

2.2.2. Determination of nickel ions concentration

Conductance measurements were carried out using 
a conductivity meter supplied by Jenway, UK (model no. 
4510). The cell constant was 1.03. The conductivity cell was 
calibrated with standard KCl solution. The precision of the 
measurement was within 0.05 µS/cm. All the solutions are 
prepared in deionized water whose conductance was within 
1–2 µS/cm.

A stock solution of Ni(II) was prepared (25 ppm), and 
from this solution, required concentration of Ni was pre-
pared by dilution with the deionized water. A standard curve 
for the conductance of different Ni(II) ions concentration was 
obtained (Fig. 1). 

From the slope, we can derive the following relation 
between conductance and concentration:

Concentration (ppm) = conductance × constant (1/slope) (1)

2.2.3. Removal experiment

The removal experiments were carried out in a batch 
process by using nickel aqueous solution. The nickel ions 
removal studies have been performed by mixing 0.1 g of 
wet DMG-modified Amberlite IRA-420 with 10 mL of spe-
cific nickel concentration. The mixture was agitated at room 
temperature using magnetic stirrer for 30 min then left to 
settle for 1 min to separate the adsorbent out of the liquid 
phase. The nickel ions concentration at ppm, before and after 
the removal, for each solution, were determined by mea-
suring the conductance and multiplying by 0.7326 constant 
extracted from the slope of the standard curve. The nickel 
ions removal percentage was calculated according to the fol-
lowing formula:

Nickel ions removal (%) = [(C0 – Ct)/C0] × 100 (2)

where C0 and Ct (mg/L) are the initial at zero time and the final 
concentration of nickel ions at a specific time, respectively.

The removal capacity is calculated according to the 
following formula:

Table 1
Properties of the resin Amberlite IRA-420

Producer Rohm and Haas

Functionality –N+–(CH3)3

Matrix type Polystyrene–divinyl 
benzene

Standard ionic form Cl–

Total exchange capacity (meq/g) 3.80
Bed porosity 0.32
Wet resin density (g/cm3) 1.15
Bed density (g/cm3) 0.68
pH operating range 0–14
Maximum operating temperature 77°C
Mean wet particle radius (mm) 0.30–0.70 Fig. 1. Standard curve of Ni2+ ions concentrations.
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q (mg/g) = V (C0 – Ct)/M (2.1)

where q is the uptake capacity (mg/g); V is the volume of the 
nickel(II) ions solution (mL), and M is the mass of the modi-
fied AMB (g).

2.2.4. Fourier transform infrared spectroscopic analysis

The Fourier transform infrared spectroscopic (FTIR) 
spectra of the Amberlite and DMG-Amberlite have been 
recorded with an FTIR spectrometer in the spectral range 
4,000–500 cm–1.

3. Results and discussion

3.1. Effect of contact time

The effect of variation contact time on Ni(II) ions removal 
percentage and removal capacity investigated as shown in 
Figs. 2 and 3. From Fig. 2, it can seen that the Ni(II) ions 
removal percentages have been slightly affected by increasing 
contact time over 10 min. Very fast equilibrium has achieved 

due to a high number of available complexation sites. Beyond 
10 min removal time, a slight increase of removal percent-
ages was observed. This behavior may refer to the reduction 
of the concentration gradient between the liquid phase and 
the adsorbent surface [28]. The similar removal behavior was 
also observed by Mahmud et al. [29] for the removal of nickel 
ions from aqueous solution by using polypyrrole conducting 
polymer and the removal of Co(II) ions from aqueous solu-
tion using clinoptilolite nanoparticles modified by glutamic 
acid (NCP-GLU) [30]. 

On the other hand, the removal capacity at equilibrium 
shows a linear increase with the variation of the nickel ions 
concentration (Fig. 3). This behavior indicates that the capac-
ity of the DMG-AMB beads is not reached the saturation 
stage yet. 

3.2. Sorption kinetic models

Three linear kinetic models were used to describe the 
kinetics of the sorption process were selected in this study for 
describing the Ni(II) ions sorption process using DMG-AMB 
beads. 

The pseudo-first-order kinetic model given by 
Langergren and Svenska [31]:

ln(qe – qt) = lnqe – k1t  (3)

The pseudo-second-order rate (chemisorptions) 
expressed as [32]:

t/qt = (1/k2qe
2) + t/qe (4)

The simple Elovich model represented in the simple 
form [33]:

qt = α + βlnt  (5)

where qe and qt are the amounts of ions adsorbed (mg/g) 
at equilibrium and time t (min), respectively. k1 (min–1) 
is the first-order reaction rate constant. k2 is the second- 
order reaction rate equilibrium constant (g/mg min). α rep-
resents the initial sorption rate (mg/g min), and β is related 
to the extent of surface coverage and activation energy for 
chemisorption (g/mg). 

The values of the first-order rate constant k1 and cor-
relation coefficient, R2 obtained from the slope of the plot 
ln(qe – qt) vs. time (Fig. 4) are reported in Table 2. From the 
table, it was indicated that the correlation coefficients are not 
high for the different Ni(II) ions concentrations. Also, the 
estimated values of qe calculated from the equation differed 
from the experimental values, which show that the model is 
not appropriate to describe the sorption process. 

The pseudo-second-order kinetics applies to the 
experimental data in Fig. 5. From the figure the values of 
qe, calculated, and k2 can be determined from the slope and 
intercept of the plot, respectively. Also, the values of the 
correlation coefficients, R2 for the sorption of different ini-
tial concentrations of Ni(II) ions on DMG-AMB beads were 
tabulated in Table 3. Based on linear regression values from 
this table (R2 ≈ 1), the kinetics of Ni(II) ions sorption on to 

Fig. 3. Effect of Ni2+ ions concentration on the adsorption capacity 
of DMG-Amberlite ions exchanger.

Fig. 2. Effect of adsorption time on Ni2+ ions removal percentage 
using DMG-Amberlite ions exchanger.
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DMG-AMB beads can be described well by the second- 
order equation. Hence, it suggests that the rate-limiting 
step in these sorption processes may be chemisorptions 
involving effective forces through the sharing or exchang-
ing of electrons between sorbent and sorbate [34]. 
Additionally, comparing the values of qe (calculated) 
resulted from the intersection points of the second-degree 
reaction kinetic curves (Table 3) with that obtained from 
the experimental data for the different studied Ni(II) ions 

concentrations. Thus, second-order rate expression fits 
the data most satisfactorily.

From Fig. 6, the estimated Elovich equation parameters 
were tabulated in Table 4. The value of β is indicative of the 
number of sites available for removal while α is the removal 
quantity when lnt is equal to zero; that is, the removal quan-
tity when t is 1 h (equilibrium time). This value is giving 
insight about the removal behavior of the first step [35]. 
However, the obtained data according to the Elovich equa-
tion does not fit well with the experimental data. 

3.3. Sorption mechanisms

Further models are required to describe the diffu-
sion mechanism. The ideal liquid/solid removal process 
is described by film diffusion, intraparticle diffusion, and 
mass action. Since the mass action is a very rapid process, 

Fig. 4. First-order plots for different Ni2+ ions concentration 
removal using DMG-Amberlite ions exchanger.

Table 2
Estimated kinetic parameter of the first-order rate model and 
comparison between the experimental and calculated qe values 
for different Ni2+ ions concentrations

C0 (mg/L) k1 (min–1) qexp (mg/g) qcal (mg/g) R2

3.15 0.148 0.21 0.17 0.965
6.3 0.1755 0.51 0.333 0.9375
9.45 0.2295 0.812 0.474 0.915

12.6 0.243 1.118 0.538 0.8063
15.75 0.2966 1.415 0.87 0.9034

Fig. 5. Second-order plots for different Ni2+ ions concentration 
removal using DMG-Amberlite ions exchanger.

Table 3
Estimated kinetic parameters of the second-order rate model 
and comparison between the experimental and calculated qe 
values for different Ni2+ ions concentrations

C0 (mg/L) k2 (g/mg min) qexp (mg/g) qcal (mg/g) R2

3.15 17.135 0.21 0.241 0.9927
6.3 3.452 0.51 0.544 0.9982
9.45 1.502 0.812 0.835 0.9979

12.6 1.5293 1.118 1.20 0.9929
15.75 1.0933 1.415 1.51 0.9943

Fig. 6. Simple Elovich plots for different Ni2+ ions concentration 
removal using DMG-Amberlite ions exchanger.

Table 4
Parameters obtained from the simple Elovich model for 
different Ni2+ ions concentration

C0 α (mg/g min) β (g/mg) R2

3.15 0.0523 0.0488 0.8644
6.3 0.272 0.075 0.8102
9.45 0.5025 0.1001 0.7186

12.6 0.5519 0.1848 0.6713
15.75 0.7423 0.2205 0.6749
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so the rate-limiting step is the liquid film diffusion or 
intraparticle diffusion [36,37]. The diffusion rate equations 
inside particulate of Dumwald–Wagner and intraparticle 
models were used to calculate the diffusion rate of Ni(II) 
ions through DMG-AMB beads. On the other hand concern-
ing the external mass transfer, Boyd model was examined 
to determine the actual rate-controlling step for the Ni(II) 
ions removal.

The diffusion rate equation inside particulate of 
Dumwald–Wagner can be expressed as [38]:

log(1 – F2) = –(K/2.303) × t (6) 

where K is the diffusion rate constant and the removal per-
centage, F is calculated by (qt/qe). The linear plots of log(1 – F2) 
vs. t (Fig. 7) indicate the applicability of this kinetic model. 
The diffusion rate constants for Ni(II) ions diffusion inside 
DMG-AMB beads are tabulated in Table 5. 

The intraparticle model commonly is used for identify-
ing the removal mechanism. The intraparticle equation is 
written as follows [39]:

qt = kdt1/2 + C (7) 

The intraparticle diffusion plot for Ni(II) ions removal 
onto DMG-AMB is given in Fig. 8. Two separate linear por-
tions that represent each line could observe from the figure. 
These two linear portions in the intraparticle model suggest 

that the removal process consists of both surface removal 
and intraparticle diffusion. While the initial linear portion 
of the plot is the indicator of boundary layer effect, the sec-
ond linear portion is due to intraparticle diffusion [40]. The 
intraparticle diffusion rate (kd) calculated from the slope of 
the second linear portion and given in Table 6. The value 
of C provides an idea about the thickness of the boundary 
layer (Table 6).

The larger the intercept, the greater is the boundary 
layer effect [41]. Increasing of initial Ni(II) ions concentration 
leads to the increase in boundary layer effect for Ni(II) ions 
removal, which by its rule decreased the intraparticle diffu-
sion rate as discussed. 

The sorption data were further analyzed by the kinetic 
expression is given by Boyd et al. [42] to characterize what 
the actual rate-controlling step involved in the Ni(II) ions 
sorption process. 

F = 1 – (6/π2) exp (–Bt)  (8)

where F is the fraction of solute sorbed at different time 
t and Bt is a mathematical function of F and given by the 
following equation:

F = q/qα (9)

where q and qα represent the amount sorbed (mg/g) at any 
time t and at infinite time (in the present study 30 min). 

Table 5
Parameters obtained from Dumwald–Wagner diffusion model 
for different Ni2+ ions concentrations

C0 (mg/L) K (min–1) R1
2

3.15 0.0145 0.7437
6.3 0.0211 0.6725
9.45 0.0242 0.5472

12.6 0.0322 0.4687
15.75 0.322 0.4425

Fig. 7. Dumwald–Wagner plots for intraparticle diffusion using 
different Ni2+ ions concentration removal using DMG-Amberlite 
ions exchanger.

Table 6
Parameters obtained from the intraparticle diffusion model for 
different Ni2+ ions concentrations

C0 (ppm) kd (mg/(g min1/2)) C R2

3.15 0.0105 0.153 0.9901
6.3 0.0119 0.4446 0.9948
9.45 0.0065 0.7763 0.9665

12.6 0.0029 1.1013 0.9363
15.75 0.0042 1.3926 0.9537

Fig. 8. Intraparticle diffusion plots for different Ni2+ ions 
concentration removal using DMG-Amberlite ions exchanger.
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With substituting Eq. (8) into Eq. (9), the kinetic expression 
becomes: 

Bt = –0.4978 – ln(1 – q/qα) (10)

Thus, the value of Bt can calculate for each value of “F” 
using Eq. (10). The calculated Bt values were plotted against 
time as shown in Fig. 9. The linearity of this plot will provide 
useful information to distinguish between external trans-
port and intraparticle transport controlled rates of sorption. 
Fig. 9 shows the plot of Bt vs. t for different initial Ni(II) ions 
concentrations, which were straight lines that do not pass 
through the origin, indicating that film diffusion governs the 
rate limiting process [43]. The methyl hydrophobic groups 
of DMG play a significant role in changing the hydrophilic–
hydrophobic balance of the Amberlite beads and accord-
ingly, in a way or another, the thickness of the formed liquid 
boundary layer over the solid surface and leads to make the 
film diffusion is the limiting process [44].

3.4. Sorption isotherm models

The most common isotherm models used in almost all 
the publications deal with the characterization of adsorption 
process are Freundlich and Langmuir isotherm models. The 
two models are opposite to each other.

The Freundlich isotherm is a widely used equilibrium 
isotherm model but provides no information on the mono-
layer sorption capacity, in contrast to the Langmuir model 
[45,46]. The Freundlich isotherm model is the first used iso-
therm model which postulates heterogeneous surfaces site 
energies and multilayers levels of sorption. The mathemati-
cal linear formula of the model is expressed as the following 
equation [47]:

lnqe = lnKF + 1/nflnCe  (11)

where qe (mg/g) and Ce (mg/L) represent the adsorbent capac-
ity and the adsorbate ions concentration at equilibrium. The 
indicators of the adsorption capacity and adsorption inten-
sity are given by KF and nf Freundlich constants. 

Linear fits of the sorption data of Ni(II) ions were 
provided in Fig. 10. According to the figure, the Freundlich 
equation predicts that the Ni(II) ions concentration on the sor-
bents will increase as long as there is an increase in the Ni(II) 
ions concentration; this is compatible with the experimental 
results. Furthermore, by the correlation coefficient (R2) value 
(0.9487), it was demonstrated that the removal of Ni(II) ions 
obeyed the Freundlich isotherm. The values of Freundlich 
constants nf (0.2143) and KF (0.1917) are estimated from the 
slope and intercept of the linear plot. From the assessed value 
of nf, it was found that nf < 1 dictated non-favorable sorption 
for Ni(II) ions with the DMG-AMB beads [48].

On the other hand, the Langmuir isotherm assumes com-
pletely homogeneous surface with a finite number of identi-
cal sites and with a negligible interaction between adsorbed 
molecules which results in monolayer sorption. The lin-
ear mathematical formula of the model is presented by the 
following equation [49]:

Ce/qe = 1/qmK + Ce/qm  (12)

where qm is the maximum monolayer adsorption capacity 
(mg/g), and K is the adsorption energy (L/mg).

A plot of Ce/qe vs. Ce should present a straight line of slope 
1/qm and intercept 1/qmK. Fig. 11 illustrates a linear plot of the 
Langmuir equation for Ni(II) ions removal with the DMG-
AMB polymers at various initial Ni(II) ions concentrations. 
According to the R2 value, the Langmuir equation represents 
the sorption process of Ni(II) ions not very well; the R2 value 
is 0.7545. That indicates a bad mathematical fit. It was found 
from the calculated values of qm is 0.1473 mg/g and of K is 
1.66 L/mg. That indicates that the DMG-AMB was highly effi-
cient for Ni(II) ions removal and had a low energy of sorption 
(1.66 L/mg) which referred to the affinity of DMG toward the 
Ni(II) ions. 

To predict the favorable or unfavorable of the adsorption 
system, essential characteristics defined by a dimensionless 

Fig. 9. Boyd expression of the sorption of different Ni2+ ions 
concentrations using DMG-Amberlite ions exchanger.

Fig. 10. Freundlich isotherm for Ni2+ ions removal with various 
initial solution concentrations using DMG-Amberlite ions 
exchanger.
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separation factor (RL) used and calculated according to the 
following equation [50]:

RL = 1/(1 + KC0) (13)

where C0 is the Ni(II) ions initial concentration (mg/L). The 
calculated values of RL for Ni(II) ions removal (Table 7) show 
favorable removal because the RL values fall between 0 and 1 
[51,52]. That again confirms that the Langmuir isotherm was 
favorable for the sorption of Ni(II) ions onto DMG-AMB under 
the conditions used in this study. This result is in agreement 
with previously published results of the removal of Ni(II) 
ions using modified Iranian natural clinoptilolite with DMG 
[26]. They claimed that monolayer’s adsorption also confirms 
a chemisorption occurs for Ni(II) removal via a complexation 
between Ni(II) and DMG on NCP-DMG sorbent 

Other isotherm models compromise between the 
Freundlich and Langmuir isotherm models such as the D–R 
isotherm and the Temkin isotherm. The D–R isotherm is a 
derivative from the Langmuir isotherm but more general 
where rejects the constant adsorption potential assumption 
[48]. The D–R isotherm expressed as follows:

lnqe = lnV′m – K′ε2  (14)

where qe is the amount of Ni(II) ions removed per unit of adsor-
bent mass (mg/g), V′m is the D–R sorption capacity (mg/g), 

K′ is a constant related to the removal energy (mol2/kJ2), and 
ε is the Polanyi potential. ε calculated with the following 
equation: 

ε = RT(1 + 1/Ce) (15)

where R is the gas constant (8.314 × 10–3 kJ/mol K), and T is the 
temperature (K). The constant K′ gives the mean free energy 
of sorption per molecule of the sorbate (E) when it is trans-
ferred to the surface of the solid from infinity in the solution.

This energy gives information about the physical and 
chemical features of the sorption process [52] and can com-
pute with the following relationship [53]:

E = (2K′)–0.5 (16)

This energy gave information about the sorption mech-
anism and perceived as the amount of energy required to 
transfer 1 mol of the adsorbate from infinity in the bulk 
of the solution to the site of sorption. If E is between 8 
and 20 kJ/mol, the sorption process follows chemical ion- 
exchange, and if E > 8 kJ/mol, the sorption process has a 
physical nature [54,55].

The D–R isotherm model applied to the equilibrium data 
obtained from the empirical studies for Ni(II) ions removal 
using DMG-AMB to determine the nature of the sorption 
processes (physical or chemical). A plot of lnqe against ε2 
is given in Fig. 12. The D–R plot yields a straight line with 
the R2 value equal to 0.9797, and this indicates that the D–R 
model fits well with the experimental data in compari-
son with the Langmuir and Freundlich isotherm models. 
According to the plotted D–R isotherm, the model param-
eters V′m, K′, and E are determined, and their values are 
15.076 mg/g, 1.5438 mol2/kJ2, and 0.57 kJ/mol, respectively. 
The calculated removal energy (E < 8 kJ/mol) indicates that 
the nickel ions sorption processes could be considered phy-
sisorption in nature [56]. Therefore, it is possible that phys-
ical means such as electrostatic forces played a significant 
role as sorption mechanisms for the sorption of nickel ions in 
this work. The adsorption of other metal ions onto different 

Table 7
The RL values for different initial Ni2+ ions concentrations

C0 (mg/L) RL

3.15 0.36
6.3 0.33
9.45 0.31

12.6 0.3
15.75 0.27

Fig. 11. Langmuir isotherm for Ni2+ ions removal with various 
initial solution concentrations using DMG-Amberlite ions 
exchanger.

Fig. 12. D–R isotherm for Ni2+ ions removal with various initial 
solution concentrations using DMG-Amberlite ions exchanger.
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adsorbents has been founded fitted with D–R isotherm. For 
example, natural clinoptilolite tuff modified with hexadecyl-
trimethylammonium bromide and dithizone in the removal 
of Pb(II) cations [57] and aspartic acid modified clinoptilolite 
in the removal of Cu(II) ions [58]. 

Finally, the Temkin isotherm taking into account the 
impact of indirect adsorbent/adsorbate interactions on the 
adsorption process which reduced in a linear way the heat 
of adsorption of all molecules in a layer [59]. That can be 
expressed in a linear form as follows [60]:

qe = BlnKT + BlnCe  (17)

where KT is the Temkin equilibrium binding constant cor-
responding to the maximum binding energy, and B is the 
Temkin constant related to the heat of sorption. A plot of 
qe vs. lnCe (Fig. 13) enables the determination of isotherm 
constants B and KT from the slope and the intercept, 
respectively.

The calculated value of KT is 1 L/g, and this represents the 
equilibrium binding constant corresponding to the maximum 
binding energy; however, constant B, which is 3.0173 J/mol, is 
related to the heat of sorption for DMG-AMB matrix. 

Finally, all the R2 values obtained from the four equi-
librium isotherm models applied to nickel ions sorption on 
DMG-AMB beads are summarized. The Temkin isotherm 
model yielded the highest R2 value (0.9902), and this showed 
that nickel ions sorption on the polymer described well by 
this model which considers the effects of indirect adsorbent/
adsorbate interactions on the removal process. The heat of 
removal of all molecules in a layer decreases linearly with 
coverage because of adsorbent/adsorbate interactions. On the 
other hand, the D–R model yielded the next highest R2 value 
(0.9797). That suggested that it was possible that electrostatic 
forces played a significant role as sorption mechanisms for 
the sorption of nickel ions by DMG-AMB matrix.

3.5. FTIR analysis

The characteristic bands for the AMB polymeric back-
bone, poly(styrene-co-divinylbenzene), have been shown 
in the spectrum at 700, 800, 900, 1,000, 1,400–1,600, and 

2,900–3,000 cm–1 [61]. The characteristic band for DMG 
recognized at DMG-AMB shows the peaks at 467 and 
904 cm–1 which relate to the skeleton deformation vibra-
tion of DMG molecules. The peaks at 707 and 980 cm–1 
are attributed to the (CNO) bending vibration and (NO) 
stretching vibration modes, respectively. The symmetrical 
and asymmetrical deformation vibrations of (CH3) appear 
at 1,364 and 1,444 cm–1, respectively. The weak peak at 
2,930 cm–1 is due to the (CH3) symmetrical stretching 
vibration (Fig. 14). The relative broad peak at 3,207 cm–1 is 
attributed to the (OH) stretching vibration. But its lower 
intensity in comparison with that of the free (OH) group 
is due to the intramolecular hydrogen bonding which will 
be favored for the structural pattern of the DMG molecule 
itself [26]. 

4. Conclusion

Novel DMG-modified Amberlite IRA-420 (DMG-AMB) 
cations exchanger has been prepared and used for the sepa-
ration of Ni(II) ions. The treatment of Amberlite with DMG 
has been succeeded in the conversion of the Amberlite 
IRA-420 from being an anions exchanger to be a cations 
exchanger. The DMG-AMB has been successfully removed 
Ni(II) ions from synthetic solution. The Langmuir parame-
ter for Ni(II) ions removal (K) indicates that the DMG-AMB 
was highly efficient for Ni(II) ions removal and had a low 
energy of sorption (1.66 L/mg). The essential characteris-
tic of the Langmuir isotherm (RL) shows favorable removal 
because the RL values fall between 0 and 1. The monolayer’s 
adsorption also confirms a chemisorption occurs for Ni(II) 
removal via a complexation between Ni(II) and DMG on 
NCP-DMG sorbent. According to Dubinin–Radushkevich 
(D–R) isotherm, the maximum sorption capacity was found 
to be 15.067 mg/g. The kinetic data indicated that the sorption 
was a second-order process. Moreover, diffusion mechanism 
of Ni(II) ions was described by different removal–diffusion 
models. The obtained results indicate that the film diffusion 
is the rate-limiting process.

Fig. 14. FTIR spectrum of Amberlite (AMB) and dimethylglyoxime- 
modified Amberlite (DMG-AMB).

Fig. 13. Temkin isotherm for Ni2+ ions removal with various initial 
solution concentrations using DMG-Amberlite ions exchanger.
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