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Microwaves as an efficient, controllable and low-cost energy source for
modifying the structure and surface chemistry of activated carbon adsorbent;
Effective removal of congo red from industrial wastewaters

Bahram Ebrahimi*!, Sirwan Mohammadiazar?
! Assistant Professor, Department of Chemistry, Faculty of Sciences, Islamic Azad University, Sanandaj Branch,
Sanandaj, Iran, PO Box 6616935391, Phone number 09181700539
2 Assistant Professor, Department of Chemistry, Faculty of Sciences, Islamic Azad University, Sanandaj Branch,
Sanandaj, Iran, PO Box 6616935391, Phone number 09183770615

In this study, the effectiveness of microwave as a fast and highly controllable method to modify the structure
of activated carbon (AC) absorbent was investigated. The endemic walnut shell of Kamyaran region was
used as raw material. The adsorbent was prepared by chemical activation by ZnCl, 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. During a
comparative study, AC and AC-400 were used to remove congo red. 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 the level of 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.
Key words: Walnut shell, Congo red, Modified adsorbent, Activated carbon, Microwaves
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Figure 1: The chemical structure of congo red
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Table 1: The obtained results from elemental analysis and porosity analyses

Microwave SBET Dp Viotal

Adsorbent C% N% O%

Power (W)  (m%g) (nm) (cm®/g)
Raw material - - - - 65.42 3.20 27.62
AC - 420.60 1.95 0.326 58.26 3.82 24.86
AC-200 200 538.37 16.91 0.391 56.53 4.35 29.12
AC-400 400 652.12 25.18 0.437 55.17 491 32.28
AC-600 600 117.29 32.17 0.216 50.36 3.62 42.12
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Figure 4: The SEM images of the primary AC adsorbent and modified samples with microwaves.

FT-IR sl dib ~¥-\-F
PR3 b g3by Cuplive Jolo (sla ik JS (55501 4z 1 00,5 (e ounliie ond ags slo o3l FT-IR Gk ¥ JS5 o
sl 0313 & 00 ol glo dla grhans cands 53 Syt 5399,5 Lo zlgsl Jlasl b ams oo Lt b il ! Ayl el

le 0,5 525 45 ol odmlice LB ¥Ee - LYY+ e CMlasl 10 o g 668 (od> wib o AC adgl Lil> N
95 9979 P o 98Y & 9 Py



o Aﬁ\&gz\j AN B s

D3l IR sl il i o i il ol e o ol s i) 51 56 IS Lsle g5 Ylazs! &0 4 |, -OH
SVVAY O o 658 i ail oS5 ppuizad (VF) sl o U535 35 5500 lalllae 1o 53,5 gy 5l o args Jlab o5
C-0 eS| 51 ab iz il el ol s ISH Ly 651 C0 a1, )] g5 (g 45 00,5 so eanlice AC ezl
iz L egu59,5Le 2lsal Jlosl b 2l 35251 135 CMitagus ks Sl b 5 AC-400 5 AC-200 o Mol wigas 95 o
50 -N-H el (slo 09,5 aslie (698 Lu,i5 odo wb g ool anwlS o sligs ol 5IYFe e BYYer CM? asb 0 Lo ,ss
155 o ol ek oy ool Ly ek ol 45 el 4265 jalls AC-400 3 AC-200 (sl digas ;5 Y+ + 5 VF- - C?
ol 05,5 B oy iyl s pelans el (sl 05,8 Ll anl o |y glie bt o Kan 5 iy el glgal Jlac!
AC- § AC200 ot 2ol (gl digas (g2 Y57 CML o (55 Ly i o il 55 0924 (V) il edgms L35 o5l ke
) 355 & el 00 e ] B0t AC Gdle b dglie 10 45 ols G O=C=0 285 Lo sla &b & olg5 sa |, 400
65 S 5 eygrmtiensST 5 5295,5Le glael o) (65,0 il & ol oo |, oanlice il 815 |, o iy AC-400 o oS
5O soses 23> b G C-H aiS ololes ) 4y bgyre YAT Cm™ s suls sdnlive odz &b .ol Cand 0T (60 ()8
it le damg e & Yol a5 axil, il o] Sud gus B ond 2ol sl wiges 5 4 Wbl o i) slo il
AC- il wigei 43 bigypo o 00,51 IR sl i dualio ;5 a5 L a5 Lol sl rlgol 6,515 & 51 (g bl Ll
Ly 8, w5l diged cnl jo (pd slasil s Lo 5 aes (i LS 1) (pols by diged (il lp Jol> il .20l 600
w23 o ol | oy g ke i el S5 45 el igas ol SEM 9 b ks o ot oyl il o cinnds
5 JLdl s Sls Fee plgs )0 GOl diged 1 e jo Cenl 5155 S e gl (6551 YL Dad JT s ol faluST e oS

23,5 5199 ,S Lo alaass o S gu



R

Transmittance [ %]

3412 512

1196

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

Q‘j?“ 9?“ sY“ LS‘LQ u‘ybysj;l.n C‘}A‘ .E.wy Ou\.w C)‘Lal 6[.% A—h)l} 5AC ug‘ JL’.;Q ‘)))SUOBIR g.n.».‘of' J&m

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 8: Effect of time on the removal efficiency of congo red using AC-400 (e) and AC (m)
adsorbents. (pH=7, dye concentration 50 mg/L, adsorbent dosage 5g/L, temperature 25 °C).
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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 7: Changing the surface charge of congo red functional groups by changing pH.
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Figure 8: Effect of congo red solution pH on its removal efficiency by AC-400 (e) and AC (®)
adsorbents. (adsorbent dosage 3.5 and 5 g/L for AC-400 and AC respectively, 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 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.

Isotherm Model Equation Variables AC AC-400
ge = am K C dm (Mg/g) 80.74 123.57

1+K,C Ke (L/g) 0.0142 0.006

Langmuir . R 0.992 0.859
R=— R? 0.8623 0.7482

14K, C,

RSME 1.48 1.96

q. = K, 1" n 1.26 1.75

Kr ((mg/g) (L/mg)¥m) 0.095 0.3683

Ferundlich R? 0.9945 0.9921
RMSE 0.892 0.726

E (KJ/mol) 2.35 7.85

Lngq, gm (mg/g) 8.54 14.38

Dubinin- = Ln qn, — Kp_gE? Kp_g X 10~8(mol?J?) 8.12 63.1
Radushkevich R2 0.6522 0.5637

1
E= ——

V2K, RMSE 3.38 3.95

B 1.42 5.02

_ Ar (L/g) 0.208 0.2139

Temkin qe = BLn(A:C,)

R? 0.9142 0.9254

RMSE 1.28 1.34
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Table 3: Kinetic model constants for congo red adsorption using AC and AC-400 adsorbents.

Kinetic model Parameters AC AC-400
Pseudo-First-order ki mint 0.12 0.08

ge mg gt 69.38 115.71

Log (qu — q2) = Log g, — (5 R? 0.7843 0.6925

et ¢ 2303

RMSE 1.73 1.92

Pseudo-Second-Order k2 g mg* min? 0.196 0.285

ge Mg gt 85.92 129.87

R? 0.9756 0.9852

t 1 N t

o Ka2 4. RMSE 0.821 0.726
Qe.exp (MQY/Q) 82.36 127.55
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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 4: The results of the removal quantities of congo red in water and wastewater samples in

optimal conditions using AC and AC-400 adsorbents.

Sample Adsorbent Spiked level (mg/L) Remove* %
Waste water AC 25.0,50.0 75.1,74.6
AC-400
Wastewater 50.0, 100.0 83.4,82.6
Water AC 25.0,50.0 91.4,90.6
Water AC-400 50.0, 100.0 95.1,94.7
“n=3
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Table 5: Comparison of the proposed method with similar studies.

) Equilibrium Adsorption Adsorbent
Adsorbent Raw material ) ) ) Reference
Time (min) capacity mg/g dosage (g/L)
Commercial-AC
Coal 90.0 48.70 1.0 [37]
- 18.0
AC Coir pith 45.0 6.7 [38]
Attapulgite
Organ-Attapulgite clay 150.0 189.0 6.5 [39]
Ground nut
AC shell 80.0 117.6 1.2 [40]
Ca-bentonite ]
Bentonite clay 400.0 85.3 2.0 [41]
Gum ghatti/Acrylamide
grafted copolymer Gum 25.0 153.8 0.2 [42]
50.0
AC Walnut shell 85.9 5.0 This study
AC-400 Walnut shell 20.0 129.8 35 This study
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