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Abstract

In this study, a composite hydrogel based on carboxymethyl Received: 5 August 2024
cellulose/itaconic acid/bentonite was prepared using the free radical Accepted: 8 January 2025
polymerization method, and the ability of this adsorbent to remove copper Page Number: 48-62

(1) ions from an aqueous solution was evaluated using an adsorption
column with a fixed bed. The results of infrared Fourier transform
spectrometry showed the presence of hydroxyl, carboxylic acid, and
bentonite groups in the synthesized hydrogel. Scanning electron
microscope micrographs clearly showed the presence of bentonite
particles and the adsorption of copper ions by the hydrogel.
The maximum equilibrium time and adsorption capacity were obtained at
pH=5.5. The effect of the parameters of (1.5, 2 and 3 cm), initial
concentration of copper cation (500, 750 and 1000 mg/L) and linear feed
speed (3, 5.5 and 8 mL/min) on adsorption capacity and breakthrough
time was investigated. The obtained results showed that the maximum
equilibrium adsorption capacity (132 mg/g) was obtained at a height of
1.5 cm, an initial concentration of 500 mg/L, and a flow rate of 5.5
mL/min. The maximum and minimum equilibrium time was 204 and 22
minutes, respectively. Three synthetic models (Adams-Bohart, Thomas,
BDST) were used to fit the experimental data. Adams-Bohart model and
BDST had the best fit with the experimental data.
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Figure 1. Schematic of the laboratory set up used for the continuous adsorption experiment.
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Figure 2. FTIR spectra of hydrogel (a) before adsorption and (b) after adsorption.
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Figure 3. SEM micrographs of a hydrogel (a) before adsorption and (b) after adsorption.
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Figure 4. Nitrogen adsorption—desorption isotherms of synthesized composite hydrogel.
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Table 1. Adsorption column parameters (bed height, copper ion concentration and flow rate).

Q (mL/min) Co(ma/L)

15 5.5 1000 2
2 5.5 1000 6
3 55 1000 22

15 5.5 750 17

15 55 500 26

15 3 1000 14

15 8 1000 <1

Gotal(MY) 9eq(M/9) Weoral(Mg)
53 112 63 291
86 248 93 473
115 403 114 632
125 204 116 516
204 234 132 561
99 167 94 267
22 67 38 176
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Figure 8. Effect of a) bed height b) initial concentration and c) inlet flow velocity on the breakthrough curve.

(1E-€) a9 4 9 390 0 )losd — ol gy Jw = Yll (pomds (w0 Siieo &3 pualis




WOd>

FA-FPY 1o — (295 Wigals g Sl ko

0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

—~

| sBUglo jl juo (955

1L

wedosoad jlosla

Ty 4 p “ ; g
2\ N ‘J// s = T X
- /v 33
F - - .

/=

-(Q=3mL/min, Z=1.5 cm, C0=1000 mg/L) &133s slagle) jo Qi g jo ue (543518 i 3 gleat A b

Figure 9. Images of copper cation adsorption in the absorption column at different times (Q= 3mL/min, Z=1.5 cm, C0=1000 mg/L).
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Table 2. Adams—Bohart parameters at different conditions using linear regression analysis.

K5 x 10*(L/mg min)

Ng x 10~*(mg/L)

Q(mL/min) Co(mg/L)
15 55 1000
2 515 1000
3 55 1000
15 55 750
15 55 500
15 3 1000
15 8 1000

3.8 1.94 0.9585
2.3 4.54 0.9253
1.78 7.9 0.9523
2.79 4.15 0.9311
3.2 4.47 0.9309
2.8 2.57 0.9736
5.6 1.29 0.9219

s g8y Jalad Hoaliiull Blids dasl iy uls 93 sLadadiio ¥ Jgua

Table 3. Thomas parameters at different conditions using linear regression analysis.

mL/min mg)
0.7

Qi) |G
55 b

15 1000 7.8 0.6409
2 55 1000 0.6 18 0.6375
8 5.5 1000 0.7 34 0.7461

15 55 750 0.81 24 0.7095

15 5.5 500 0.67 20 0.613

15 3 1000 0.4 10.32 0.6166

15 8 1000 1.2 1.36 0.6112

qo X 107*(mg/g)
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Table 4. Calculated constants of BDST model for the adsorption of Cu?".

a(min/cm) K, x 10%(L/mg min) N, x 10~#(mg/L)
0.2 14.286 18.286 75 4.4 0.9893
0.4 17.286 17.786 2.28 53 0.9559
0.6 18.286 -4.7143 0.5 5.6 0.9935

529 LRI b ol i — sl S0 98Ul — 3 glea Jio oouS 935S (53593018 590928 S8 yB yiSIaa dunlis 0 Jgua
Table 5. Compression of the maximum adsorption capacity based on Langmuir isotherm of similar adsorbents.

Experiment Conditions Jeq (MQ/g) Adsorbent
( z=15cm

Reference

Q =5.4mL/min
[36] C, = 20% 21.7
pH = 5.5
( z=11cm
Q = 8mL/min
Co =602
0 L
pH =4
( z=23cm
Q = 0.2 mL/min
[34] mg 26.52

[30] 16.2

[26] mg 35.66

[6] mg 28.6

z=15cm
Q = 5.5mL/min
m,
Present Work C, = 500 Tg 132
pH =55

Zeolite/Cellulose Acetate Blend Fiber

Iron Oxide-Coated Zeolite

Chitosan Immobilized on Bentonite

Cellulose-g-Hydroxyapatite Granules

Activated Carbon Derived from Sewage Sludge

Carboxymethyl Cellulose/ltaconic Acid/Bentonite Hydrogel
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