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Abstract

Metal catalysts such as Fe, Co, Mn, and Pd supported on the activated carbon (AC) were prepared to improve functional
groups for the chemical adsorption and catalytic ozonation. Following ascending orders of the phenol decomposition rate, dis-
solved ozone decomposition ratio and TOC (total organic carbon) removal from experimental results of advanced oxidation
process (AOP) were observed: Fe-AC < AC < Co-AC < Mn-AC < Pd-AC. BET analysis results showed that the physical
properties of the metal impregnated activated carbon had no effect on the catalytic ozonation, and the catalytic effect was
dependent on the kind of impregnated metal. The ratio of the formed concentration of OH radical to that of ozone (RCT)
was measured by using the decomposition outcome of p-chlorobenzoic acid, a probe compound that reacts rapidly with OH
radical but slowly with ozone. The measured values of RCT were 5.48 x 10° and 1.47 x 10™® for the ozone alone and acti-
vated carbon processes, respectively, and 2.13 x 10°, 1.51 x 10*®, 4.77 x 10®, and 5.58 x 10® for Fe-AC, Co-AC, Mn-AC,
and Pd-AC processes, respectively.
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Figure 1. Generation of OH radical and other radical species by
catalytic ozonation, and decomposition process of organic matters.
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Table 1. BET Surface Area, Average Pore Size and Total Pore Volume of Activated Carbons Impregnated Metals

Average pore size (A)

Catalyst BET surface area (m’g") - - Total pore volume (cm’g™)
pore width pore diameter
AC 1185.22 22.28 28.6 0.622
Co-AC 1025.42 17.65 23.1 0.530
Fe-AC 1010.35 16.71 21.8 0.524
Mn-AC 972.67 17.92 22.3 0.515
Pd-AC 982.18 17.11 23.7 0.507
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Figure 2. Dissolution of metal from adsorbents with variation of pH
(Gaseous ozone concentration = 23 g/m’, time 60 min, AC = 15 g/L,
pH control = NaOH or HCI).
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Figure 3. Comparison of surfaces of activated carbon before and after
AOP.
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Table 2. Effect of Catalyst According to the Kinds of Metal Impregnated on Activated Carbon

AC Co-AC Fe-AC Mn-AC Pd-AC

kI (min™) 0.0343 0.0442 0.0302 0.0654 0.0870
Decomposition ratio of dissolved Os 31% 45% 42% 48% 52%
Removal efficiency of phenol (%) 86% 92% 81% 100% 100%
TOC (C/C,) 0.33 0.31 0.40 0.28 0.23

Phenol, In (C/C))

Time (min)

Figure 4. Phenol decomposition in catalytic ozonation (initial phenol
concentration = 100 mg/L, metal catalyst = 15 g/L, pH 7).
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Figure 5. Variation of O; concentration (a) and O; exposure (b) in

catalytic ozonation ([ozone], = 41.7 pM, [pCBA]y = 2 pM, metal
catalyst = 1 g/L, pH = 7, Temp. = 20 T).
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Figure 6. pCBA concentration with time and Determination of the Rcr
parameter in ozone catalytic oxidation process ([ozone], = 41.7 pM,
[PCBA]y = 2 pM, metal catalyst = 1 g/L, pH = 7, Temp. = 20 TC).
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Table 3. Various Parameters Obtained from Decomposition Experiments of O; and pCBA

10D (mg/L) k (") kos (M's™) k.on (M's™) Rer
05 alone 0.50 9.15 x 10* 2.68 x 107 1.90 x 10" 7.09 x 107
0:/AC 0.94 1.67 x 10° 133 x 107 3.62 x 107 272 x 10°*
03/Co-AC 1.07 237 x 107 9.51 x 10° 5.05 x 107 531 x 10°®
03/Fe-AC 1.03 2.02 x 10° 1.09 x 107 4,08 x 10" 3.74 x 10°*
0:/Mn-AC 1.24 2.63 x 107 7.23 x 10° 6.23 x 10 8.62 x 10°*
03/Pd-AC 1.32 3.07 x 10° 570 x 10° 6.50 x 107 1.14 x 107
00 714 D= A= FE=olW, ki 6.6 ¢ 10° M 5o, 1y A]
F2 M= A (D)~@) 9t Fdatth APEY 110877 oF
ol Wt 7g0] 0.74 mg/L, AN EPEHEAO] 1.14 mg/LE VERTE &
= = £EE FAS G 3= Fe-AC 2 Co-ACTE FHTHLT2
é ul Aol A5 o Mn-AC U Pd-AC 341 ZH2z} 9.14 mg/L, 0.15
:E ‘ — Tg/Lﬂ S7Fe AL E e E3t 10D ©HA| o]%, 2= w3
Z OZ/AC &5} &% FAhdhs AES UERGITE ol I IsER
ER 0/Co-AC EAshe #lEel ga Toc W e =7t S7s7] vhigel] @Ee
OfFe-AC ARFo] TR A o7 FAEU2T]. Rer S LHE 330)
o8 8%“:5 548 x 107, U¥F AT THo] 147 x 10°2 S O™, Fe-AC,
. A . \ ; . Co-AC, Mn-AC 4 Pd-AC 42 717} 2.13 x 107, 1.51 x 10%, 4.77
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Figure 7. Linear fit of O; exposure with the concentration of pCBA
in catalytic ozonation ([phenol]y = 100 mg/L, [ozone], = 41.7 uM,
metal catalyst = 1 g/L, pH = 7, Temp. = 20 TC).
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Table 4. Various Parameters Obtained from Decomposition Experiments of O; and Phenol

IOD (mg/L) ky (s kos (M's™) k.on (M's™) Rer
0; alone 0.74 8.70 x 107 1.86 x 107 1.02 x 10" 548 x 107
0y/AC 1.14 1.85 x 10° 1.04 x 107 1.53 x 10" 147 x 10
03/Co-AC 1.07 2.33 x 107 9.51 x 10° 2.03 x 10 2.13 x 10
03/Fe-AC 1.03 2.00 x 10° 1.09 x 10° 1.65 x 107 1.51 x 10®
03/Mn-AC 1.38 2.56 x 107 579 x 10° 2.76 x 107 477 x 10
03/Pd-AC 1.47 2.63 x 107 520 x 10° 2.90 x 107 5.58 x 10
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F71sHe 202 etk ety 4719 aae Fie ud
SEWE T Wis) BV TR TN e Baasol
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Table 5. Contribution of O; and

* OH on Phenol Oxidation

Jos (%) S-ou (%)
O3 alone 79.5 20.5
0;/AC 59.1 40.9
03/Co-AC 49.9 50.1
0;/Fe-AC 58.4 41.6
0;/Mn-AC 30.7 69.2
0,/Pd-AC 27.6 72.5

2 A
o] =2 2017 AW Aol 2late] ATE S
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