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Abstract—The characteristics and aging effects on temperature, humidity, heat and reducing gas for the ASC-whetlerite
activated carbon were studied. The adsorptive capacities for the samples were compared through the breakthrough test of
CNCI. There was no significant reduction of the total surface area and pore volume of the aged charcoal at the experimental
condition (72 °C and 80 % RH for 14 days). However, the breakthrough time of CNCI and Cr(VI) of the samples were gra-
dually decreased with aging times. Thermal-treatments of the fresh sample with N, and H, involve growth of crystallites of
copper compounds and the change of oxidation states of chromiums significantly. The impregnant size of the heat-treated
sample with N, at 250 °C was increased to 15nm from 5nm and metallic copper and copper compounds were found in a
reduced sample. The breakthrough time of CNCI decreased as Cr(VI) decreased. Thus the aging states of ASC carbons
could be characterized by measuring Cr(VI). The aged samples could be regenerated by restoring Cr(VI) up to 97 % of the
fresh sample by air oxidation at 180-220 °C.
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Table 1. Properties of the fresh ASC Whetlerite activated carbon

Type of charcoal : Coal-based Calgon ASC, Pittsburgh, USA
(Lot No.:1050)

Particle size:12-30 mesh, Grade IV(US Sieve Series)
Bulk density(Apparent density):0.57 g/cc
Impregnated metal loadings(wt%):Cu 6.7 %, Cr 2.4%, Ag 0.03%
BET surface area(m’/g): 851
Specific pore volume(cm®/g): 0.50(pore size; 17-200 A)

0.21(pore size ; 200-75000 A)
Ammonium desorption : <0.05 mg NHy/L Air/100ml carbon
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Fig. 1. Percentage change of specific surface area, pore volume, and
breakthrough time of ASC-W activated carbons versus aging
times.
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Table 2. ASC Whetlerite metal analysis and the breakthrough time of CNC]

Total Cr Cr(VI Cr(VI) CNCI breakthrough
Sample Cu(wt%) Wi%) Cu/Cr Ag(wt%) ¢ wt%)) __Cr—_ timet,, mins)g
Fresh 6.68 2.36 2.83 0.028 1.79 0.76 72.9
Aged*
1 Day 6.47 2.39 2.71 0.041 1.54 0.64 55.9
4 Days 6.25 235 2.66 0.038 1.30 0.55 40.2
10 days 6.39 2.45 2.61 0.041 1.15 0.47 375
14 days 6.76 2.44 2.77 0.023 112 0.46 36.7
200 °C heat-treated in N,
6.43 2.42 2.66 0.041 005 0.02 31.3
220 °C reduced in H,” -
6.26 2.31 2.71 0.041 6.0x10° 2.6x10° 26.7

*Samples aged at 72 °C, RH=80 % for 14 days. **Samples treated at a gas flow rate of 30 cm*/min for 3 hrs in the respective gas.
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Fig. 2. Comparison of Cr(VI) in ASC-W activated carbons versus
aging times.
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Fig. 3. X-ray diffraction patterns of the unimpregnated (a) and Cu-
Cr-Ag impregnated (b) activated carbons.
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Fig. 4. X-ray diffraction patterns of the fresh and aged ASC-W sam-
ples.

(F) denotes fresh, (D1) aged for 1 day, (D2) aged for 2 days
and (W2) aged for 2 weeks at 72 °C, RH 80 % respectively.
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Fig. 5. X-ray diffraction patterns of the samples reduced in H, (a)
and thermal-treated in N, (b) at 250 °C respectively.

Fig. 6. Scanning electron micrographs of the fresh ASC-W activated
carbon.
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Fig. 7. Chemical composition of the fresh ASC-W activated carbon by energy dispersive spectroscopy analysis. Analyzed locations are desig-

nated as a, b, and ¢ in Fig. 6.
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Fig. 8. Transmission electron micrographs.
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°C in N, for 2 hrs.
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