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Removals of Formaldehyde by Silver Nano Particles
Attached on the Surface of Activated Carbon
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Abstract : This study was conducted to investigate formaldehyde removals by silver nano-particles attached on the surface of
granular activated carbon (Ag-AC) and to compare the results to those obtained with ordinary activated carbon (AC). The BET
analysis showed that the overall surface area and the fraction of micropores (less than 20A diameter) of the Ag-AC were signi-
ficantly decreased because the silver particles blocked the small pores on the surface of the Ag-AC. The formaldehyde removal capa-
city of the Ag-AC determined using the Freundlich isotherm was higher than that of AC. Despite the decreased BET surface area
and micropore volume, the Ag-AC had the increased removal capacity for formaldehyde, presumably due to catalytic oxidation by
silver nano-particles. In contrast, the adsorption intensity of the Ag-AC, estimated by 1/n in the Freundlich isotherm equation, was
similar to that of the ordinary AC, indicating that the surface modification using silver nano-particles did not affect the adsorption
characteristics of AC. In a column experiment, the Ag-AC also showed a longer breakthrough time than that of the AC. Simula-
tion results using the homogeneous surface diffusion model (HSDM) were well fitted to the breakthrough curve of formaldehyde
for the ordinary AC, but the predictions showed substantial deviations from the experimental data for the Ag-AC. The discrepancy
was due to the catalytic oxidation of silver nano-particles that was not incorporated in the HSDM. Consequently, a new numerical
model that takes the catalytic oxidation into accounts needs to be developed to predict the combined oxidation and adsorption
process more accurately.
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Fig. 1. SEM image of nano-silver particles on the surface of
granular activated carbon,
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Fig. 2. Schematic diagram of the experimental setup used in
this study,
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Table 1, Analytical result of activated carbon for surface area
and pore distribution

BET surface Total pore Micropore Y
area (mz/g) volume (V7) volume (Vi) WET
AC 859.8 1012 6.94 0.69
Ag-AC 636.9 10.04 561 055
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Table 2, Freundlich isotherm parameters determined in this
study

Temperature @25C Activated carbon Ag-activated carbon

K 135 179
1/n 0.60 0.58
o8 0932 0958
30 -
(a) Activated Carbon
25

20

ge (mg/g HCHO)
>

5 14 A AC experimental data
A‘ Freundlich Isotherm
0 T T T 1
0.0 0.5 1.0 1.5 2.0
30 -
(b) Silver Nano-Particle Activated Carbon
25 A
A
S |
I 20
2 p s
D 15 A
[=]
E s
o 10 1
c
5 1 A Ag-AC experimental data
A Freundlich Isotherm
0 T T T 1
0.0 0.5 1.0 1.5 2.0

Ce (mg/L)
Fig. 3. Freundlich isotherm curves for formaldehyde,
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Table 3, Comparison of breakthrough time and adsorption/oxi-
dation capacity

Residence Time Activated Toqat C=01Cy Tiat C=C, Observed q

(s) Carbon (min) (min) (mg/g)
AC 156 612 2256
0125
Ag-AC 304 756 2819
AC 360 1176 2204
0.25
Ag-AC 528 1482 2795
10 pm—m——————— ———————y———— ————
—~ 0.8 A
Q
e
S AC (0.125s)
S 061 —a— Ag-AC (0.125s)
o —o— AC (0.25s)
S —e— Ag-AC (0.25s)
% 0.4 -
£
o
4
029 £ & 02 000 eeeeeens C=0.1 CO
——= C=Cy
0.0 . .

0 200 400 600 800 1000 12I00 1400 1600 18I00
Time(min)

Fig. 4. Breakthrough curves of formaldehyde for activated car-

bon and Ag-activated carbon at different gas retention

times
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0 100000

300000 400000
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Fig. 5. Comparison of experimental data and numerical predic-
tions using the HSDM model,
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