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In this study, activated carbon derived from walnut shells was chemically activated
with phosphoric acid and subsequently oxidized with nitric acid to modify its surface
chemistry. Its performance in removing reactive brilliant red HE-3B from aqueous
solutions was investigated. The results showed that nitric acid oxidation, despite
reducing the specific surface area from 1189 to 903 m? g and the total pore volume
from 0.63 to 0.42 cm? g™, improved adsorption performance. At pH 2, an initial dye
concentration of 50 mg L, a contact time of 60 min, and an adsorbent dosage of 0.1
g, the removal efficiencies of HE-3B by the pristine and oxidized activated carbons
were 61 and 65 %, respectively. Furthermore, the thermodynamic parameters
indicated that the adsorption process was spontaneous and exothermic. Overall, the
results demonstrated that surface chemical modification enhanced HE-3B adsorption
by increasing interactions with dye molecules, highlighting the importance of both
structural and surface chemical properties in designing bio-based adsorbents.
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1. Preparation of Activated Carbon from Walnut Shell
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Figure 1: Schematic illustration of the synthesis and chemical modification process of walnut shell-derived activated carbon.
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Figure 2: Chemical structure of reactive brilliant red HE-3B dye (30).
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1. Adsorption isotherms
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Table 1: Proximate and ultimate analyses of walnut shell and synthesized activated carbon adsorbents derived from it.

Proximate analysis (wt. %) Ultimate analysis (wt. %)

Sample Volatile Fixed
Moisture *
matter carbon

Walnut

64.79 26.65 42.83 49.21
shell
AC 4.34 3.45 24.78 67.43 84.12 254 0.56 0.00 12.78
OAC 5.79 451 36.42 53.28 73.28 4.36 0.89 0.00 21.47
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N, Volume adsorbed (cm(STP) g1)
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Figure 3: SEM images of (a) synthesized walnut shell AC, and (b) OAC.
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Figure 4: Nitrogen adsorption—desorption isotherm of the synthesized
adsorbents.
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Figure 5: N adsorption—desorption isotherms of AC and OAC.

Sgdz dy polde (I pH =Y o as b 00 a0 )0 0 4 7)
Lo 45wl oo s gl ol el malS o VY 510
Iz 90 ;2 (53, = 35, i Gl g cmlie bl s ol

S oo ol B

e..\.w).,.,.w Lgl.bubb aQ .‘05.1]0 6)L>Lw Slasuioe Y JBQ?
Table 2: Textural properties of synthesized adsorbents.

Sample SBET Vmic Vmes Vtotal Dp
P (m*fg) | (cm’lg) | (cm®g) | (cm®/g) (nm)
AC 1189 0.54 0.09 0.63 1.82
OAC 903 0.36 0.06 0.42 171
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Figure 6: Effect of the initial solution pH on the removal of Reactive
Red HE-3B dye (contact time: 1 h, initial dye concentration: 50 mg L-
1, and temperature: 25 °C).
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Figure 7: Effect of initial dye concentration on the adsorption of Reactive Brilliant Red HE-3B by AC and OAC at different temperatures.
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Figure 8: Nonlinear fitting of experimental adsorption data using
Langmuir and Freundlich isotherm models.
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Table 3: Isotherm parameters of the Langmuir and Freundlich models for dye adsorption by activated carbon.

Adsorbent RL
40.697 0.146 0.987 0.10-0.41 8.459 2.353 0.999
AC 35 40.019 0.086 0.999 0.16-0.54 5.7128 2.057 0.987
45 39.628 0.057 0.995 0.23-0.64 3.9975 1.848 0.977
25 41.580 0.203 0.952 0.08-0.33 10.484 2.544 0.988
OAC 35 40.609 0.111 0.995 0.13-0.47 7.124 2.219 0.995
45 39.903 0.073 0.999 0.19-0.58 5.007 1.971 0.993
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Figure 9: Variation of the Langmuir separation factor (RL) for AC and OAC at different temperatures.
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Figure 10: Plot of In Kd versus 1/T.
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Table 4: Thermodynamic parameters of dye adsorption on activated carbon.
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Figure 11: Calculation of the isosteric heat of dye adsorption onto activated carbon adsorbents with different surface coatings.
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Figure 12: Relationship between the calculated isosteric heat of dye
adsorption (obtained from the Clausius—Clapeyron equation) and the
adsorption capacity of synthesized adsorbents.
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Figure 12: Mechanism of adsorption of Reactive Brilliant Red HE-3B onto the OAC surface.
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Table 5: Comparison of walnut shell-based activated carbon with bio-based carbonaceous adsorbents.

/ | Adsorption Adsorbent I
Adsorbent Activation Experimenta capacity Dosage Remova Reference
Modification Method Conditions i (%)
(mg g (g/L)

(C0=50 -100
b;(t:li)zg:(?fc Activation with H2SO4 Mekt)kllaléene mg/L t=80min, 0.5 47.62
T=50 °C,
. (CO0= 25 mg/L
5\7;2,:61;::65'%& Activation with H3PO4 Congo red t=120min, T=25 2 10.4 0.15 98.24 46
OC)
. (CO0= 25 mg/L
paim Tree FIbel Activation with H3PO4 ~ Rhodamine B =120 min, 2 265 0.1 99.86 46
T=25 °C)
Modified with HNO3
. (C0=15 mg/L
AGDPA@AC el 2Rl Methylene 150 min, T=25 8 2199 0.08 - 47
guanidinopentanoic blue °C)
acid
Rhodamine (et c -
date palm seeds Activation with H2SO4 6G t=70 min, 6 59.64 0.7 88.06 48
T=25°C
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Table 5: Continue.
Adsorbent Activation / Experimental Agasgggitgsn Agso(;;%i}nt Removal Reference
Modification Method Conditions i (C)
(mg g (/L)
(CO= 100mg/L
Arganshell A tivation with Hapoa  Methylene t=180min, 70 05 -
waste-based AC blue o
T=25°C)
C0=100mg/L
Argan shell Fovgef . Methyl ( _ - _
waste-based AC Activation with H3PO4 orange t—%40r;mn, 2 31 05 49
T=25°C)
Charcoal-based Modified with NaOH Methylene (CP_:lS;Tng/L 10 12375 04 62 50
AC and Chloroacetic acid blue oy ’ ’
T=20°C)
] o . (CO=65mg/L
Charcf(': pas Qf‘gdc“;']fg n‘;‘g;zt!\éa;z Crystal violet t=15min, 7 120 04 50 50
T=20°C)
walnut shell- Reactive (C0=100mg/L
based AC Activation with H3PO4  Brilliant Red t=180min, 2 40.7 0.1 61 This study
HE-3B T=25°C)
walnut shell- Reactive (C0=50mg/L
based AC Modified with HNO3 Brilliant Red t=60min, 2 41.6 0.1 65 This study
HE-3B T=25°C)
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