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This study investigated the effectiveness of microwaves as a fast and highly
controllable method to modify the structure of activated carbon (AC) absorbent. The
endemic walnut shell of the Kamyaran region was used as raw material. The
adsorbent was prepared by chemical activation by ZnCl2 with a specific temperature
program. Microwaves with 200, 400, and 600 watts powers were applied for one
minute, and three adsorbent samples, AC-200, AC-400, and AC-600, were produced.
The structural characteristics of the adsorbents were investigated by elemental
analysis, SEM, FT-IR, and BET methods. SEM images and FT-IR spectra proved the
change in the morphology and surface chemistry of the absorbents. AC and AC-400
were used to remove congo red during a comparative study. The variables of contact
time, adsorbent dosage, initial dye concentration, and the pH of the dye solution were
optimized. In optimal conditions, the dye removal by AC and AC-400 at 130 mg/L was
61.38 and 94.36%, respectively. Kinetic and isotherm studies showed that the dye
removal process follows the pseudo-second-order and Freundlich models.
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2- Wild cherry
3- Activated Carbon Fiber (ACF)
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Figure 1: The chemical structure of congo red.
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2- Thermochemical
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Table 1: The obtained results from elemental analysis and porosity analyses.

Microwave SeeT Dp

Raw material

AC 420.60
AC-200 200 538.37
AC-400 400 652.12
AC-600 600 117.29

cm°/g
65.42 3.20 27.62
1.95 0.326 58.26 3.82 24.86
16.91 0.391 56.53 4.35 29.12
25.18 0.437 55.17 491 32.28
32.17 0.216 50.36 3.62 42.12
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Figure 2: N, Sorption-desorption graphs of AC, AC-200, AC-400 and AC-600.
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Figure 4: The SEM images of the primary AC adsorbent and modified samples with microwaves.
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Figure 4: The FT-IR spectrum of the primary activated carbon (AC) adsorbent and the modified adsorbents using microwave with 200, 400 and
600 w powers.
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Figure 6: Effect of adsorbent dosage of AC-400 (e) and AC (®) on
the removal of congo red. (pH=7, dye concentration 50 mg/L, contact
time 20 and 50 min for AC-400 and AC respectively, temperature
25°C).
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Figure 8: Effect of time on the removal efficiency of congo red using
AC-400 (o) and AC (m) adsorbents. (pH=7, dye concentration 50
mg/L, adsorbent dosage 5¢/L, temperature 25 °C).
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Figure 7: Changing the surface charge of congo red functional groups
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Figure 8: Effect of congo red solution pH on its removal efficiency by
AC-400 (o) and AC () adsorbents. (adsorbent dosage 3.5 and 5 g/l
for AC-400 and AC respectively, dye concentration 50 mg/I,
contact time 20 and 50 min for AC-400 and AC respectively,
temperature 25 °C).
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Figure 9: Effect of initial concentration of congo red solution on its
removal by AC-400 (e) and AC (m). (adsorbent dosage 3.5 and 5 g/l

for AC-400 and AC respectively, pH=7, contact time 20 and 50 min
for AC-400 and AC respectively, temperature 25 °C).
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Table 2: Adsorption isotherm constants for congo red adsorption using AC and AC-400 adsorbents.
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Table 3: Kinetic model constants for congo red adsorption using AC and AC-400 adsorbents.

ky mint
Pseudo-First-order
0. mg g* 69.38 115.71
R2 0.7843 0.6925
109 (@e =0 = Log 4 = (503 RMSE 173 1.92
k. g mg* mint 0.196 0.285
Pseudo-Second-Order

g. mg g* 85.92 129.87
R? 0.9756 0.9852

t 1 t
—— >+ — RMSE 0.821 0.726

9 Kq¢ 4.
Ce.exp (mg/g) 82.36 127.55
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Table 4: The results of the removal quantities of congo red in water and wastewater samples in optimal conditions using AC and AC-400 adsorbents.

Waste water 25.0,50.0 75.1,74.6
Wastewater oL 50.0, 100.0 83.4,82.6
Water AC 25.0,50.0 914,906
Water AC-400 50.0, 100.0 95.1,94.7
“n=3
100

Dye removal %

1 2 3 4 5 6 7 8 9

Cycle number
2,6555 Ldzly § L sante lo S 3l am (o8 AC-400y (o) AC slawdls pde oI5 N JSi

Figure 10: Adsorption efficiency of AC (blue) and AC-400 (red) adsorbents after several cycles of adsorption and desorption of congo red.
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Table 5: Comparison of the proposed method with similar studies.

Adsorbent Raw material Equilibrium Adsorption Adsorbent Reference
Time (min) capacity mg/g dosage (a/l)

Commercial-AC Coal 90.0

AC Coir pith 45.0

Organ-Attapulgite Attapulgite clay 150.0

AC Ground nut shell 80.0

Ca-bentonite Bentonite clay 400.0

Gum ghatti/Acrylamide grafted Gum 25.0
copolymer

AC Walnut shell 50.0

AC-400 Walnut shell 20.0
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