ISSN(Print): 1225-7672 / ISSN(Online): 2287—-822X
DOI https://doi.org/10.11001/jksww,.2020,34.6.425 |

2HEE JiE| e BH S HeP|
2.4—dichlorophenol %’3@% | O|X|= gt

Effects of chemical modification on surface characteristics and
2,4-dichlorophenol adsorption on activated carbon

LM SIS U0 YHOL B
Sun-Kyung An-Won-Jung Song:Young-Min Park-Hyeon-A Yang:Ji-Hyang Kweon"

Zitysti Egstn}

Department of Environmental Engineering, Konkuk University

pp. 425-435

ABSTRACT

Numerous chemical modifications on activated carbon such as acidic conditioning, thermal treatment and metal impregnation
have been investigated to enhance adsorption capacities of micropollutants in water treatment plants. In this study, chemical
modification including acidic, alkaline treatment, and iron-impregnation was evaluated for adsorption of 2,4-dichlorophenol
(2,4-DCP). For Fe-impregnation, three concentrations of ferric chloride solutions, i.e., 0.2 M, 0.4 M, and 0.8 M, were used
and ion-exchange (MIX) of iron and subsequent thermal treatment (MTH) were also applied. Surface properties of the
modified carbons were analyzed by active surface area, pore volume, three-dimensional images, and chemical characteristics.
The acidic and alkaline treatment changed the pore structures but yielded little improvement of adsorption capacities. As
Fe concentrations were increased during impregnation, the active adsorption areas were decreased and the compositional
ratios of Fe were increased. Adsorption capacities of modified ACs were evaluated using Langmuir isotherm. The MIX modification
was not efficient to enhance 2,4-DCP adsorption and the MES treatment showed increases in adsorption capacities of
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2,4-DCP, compared to the original activated carbon. These results implied a possibility of chemical impregnation modification
for improvement of adsorption of 2,4-DCP, if a proper modification procedure is sought.

Key words: Activated carbon, Surface modification, Fe impregnation, Acidic/Alkaline treatment, 2,4-dichlorophenol
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Table 1. Specification of Filtrasorb400 (F400) obtained from
the manufacturer

Properties F400
Apparent Density 0.54 g/mL
Iodine Number 1000 mg/g
Effective size 0.55-0.75 mm
Abrasion number 75 mpd (min)
Uniformity coefficient 1.9
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Table 2. Variations of specific surface area, total pore volume, and mean pore diameter of the Fe impregnated activated

carbons by the ion-exchange method

Concentration (M) Specific surface area (m?%g) Total pore volume (cm®/g) Mean pore diameter (nm)
F400 979.0 0.60 2.44
0.2 939.7 0.31 4.47
0.4 903.5 0.28 4.59
0.8 903.1 0.26 4.50
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Fig. 1. FE-SEM photographs of (a) F400, and modified AC, i.e., MIX, with different FeCl; concentrations (b) 0.2 M, (c) 0.4

M, and (d) 0.8 M.
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Table 3. The detailed chemical compositions of F400 and MIXs
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Concentration (M) C (weight %) O (weight %) e (weight %) 1 (weight %)
F400 99.9 - - -
0.2 85.5 8.79 3.29 2.42
0.4 66.9 14.7 14.7 3.73
0.8 51.7 23.4 19.4 5.46
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Variations of specific surface area, total pore volume, and mean pore diameter of the Fe impregnated activated
carbons by the ion-exchange and thermal treatment

Concentration (M) Specific surface area (m?%g) Total pore volume (cm®/g) Mean pore diameter (nm)
F400 979.0 0.60 2.44
0.2 1001.11 0.21 4.43
0.4 986.81 0.26 4.42
0.8 986.69 0.25 4.51
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Fig. 2. FE-SEM photographs of the surfaces of ACs with thermal treatment following Fe-impregnation with different FeCls

concentrations (@) 0.2 M, (b) 0.4 M, and (¢) 0.8

M.

Table 5. The detailed chemical compositions of F400 and MTHs

Congentration (M) C (weight %) O (weight %) Fe (weight %) Cl (weight %)
F400 99.9 - - -
0.2 90.29 8.62 0.96 0.13
0.4 88.33 10.77 0.72 0.18
0.8 84.77 10.69 3.93 0.61
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Table 6. Variations of specific surface area, total pore volume, and mean pore diameter of the phosphoric acid treatment/
ammonia treated/heat treated activated carbons

Sample name Specific surface area (m?*/g) Total pore volume (cm®/g) Mean pore diameter (nm)
F400 979 0.6 2.44
PAC 738 0.48 2.6
MAC 969 0.6 2.46
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3.3.2 L/ B7I/Exz2lofl ofet BHELGHE}

F400& Al QfmUjolE Abgstel AR ¥ A
S8 gute] BUS B o) FESEME 24 @A 9XeS AN MTHY SLEHITHL Fig
s AnE Fig 3o Uehilth PACS MACY  of upehioich. Langmuir A
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Ho| A QxtSo] A7 AL FHolsk 4= 9t} Noh Att. Fig. 4of Yepd vle} o] AdsE 2715} A
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A HATol ASEA EW ABTIE AREL gy o AFPEE 2704 AAIREe] 24-DCP
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Fig. 3. FE-SEM photographs of the surfaces of ACs with thermal treatment following phosphoric acid treatment/ ammonia
treated/heat treated (a) F400, (b) PAC and (c) MAC.
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Table 7. Evaluation of adsorption capacities of F400 and the modified activated carbons

Concentration (M) Qmax (Mg/g) b (L/mg) R’
F400 - 359.23 0.56 0.998
0.2 546.86 0.01 0.856
MIX 0.4 513.45 0.01 0.856
0.8 485.48 0.01 0.869
0.2 537.14 0.01 0.777
MTH 0.4 504.60 0.03 0.987
0.8 450.02 0.02 0.959
PAC - 305.33 0.10 0.989
MAC - 325.65 0.43 0.994
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Fig. 4. Comparison of adsorption isotherms on 2,4-DCP of

F400 and MIX (n=3).
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Fig. 5. Comparison of adsorption isotherms on 2,4-DCP of

F400 and MTH (n=3).
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