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Abstract :

The purpose of this study was to investigate the heterogeneous catalytic ozonation of oxalic acid by manganese

(Mn) doped-granular activated carbon (GAC). In order to observe the effect of the amount of Mn doped on GAC, catalysts
were manufactured by varying the impregnated Mn concentration. In this paper, the following had labeled all sorts kinds of
Mn-doped GAC were labeled with suitable names according to the amount (mM) of the concentration of dipping solution:
They were each named as ‘Mn20', ‘Mn50', ‘Mn100' and ‘Mn200". These experiments were performed in a batch reactor (0.5 L)
and a semi-batch reactor (1 L) and Mn-free GAC was used as a blank catalyst. The ozone decay properties of each
manufactured catalyst were firstly investigated to find out the reactivity between the aqueous ozone and the catalysts. Oxalic
acid removal by catalytic ozonation was then performed to demonstrate the oxidative efficiencies of each catalyst.
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Table 1. Physical characteristics of GAC

Item Unit Values
Particle size distribution (No.4*8) wi% 98
Bulk density g/ml 0.46
Moisture content wi% 49
Hardness number wi% 98
lodine adsorption mg/g 950
Benzene adsorption wi% 30
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Fig. 1. Schematics of experimental apparatus.
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(b) Mn200 (=1000)
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Fig. 2. SEM photographs of GAC and Mn200 ; (a) GAC (>x1000), (b) Mn200 (=<1000). (¢) GAC (x3000), (d) Mn200 (=3000).

il= 0

Az @v] 24715 o] &8k ¥4 A3}, dipping solution
9] FEE EHAEFE YEEHe wA|FPo| B Aoz
BRI, Ao E GAGER] g2 9xe] Fe Fof
B3t ol#§ Ade Fig 38 FlA 0 £ Atk
Yd Baeelxe Wl A9 gle ez Yeidor,
BAFAZU SN BE%E 047~3.10% o] Fito]
AEEAT 283 Fof el EA5hs U3} ol4kabuzt
o] FA%E Felsl®gte=u], dipping solutiong] Fx7} =
S5 el olikgldzto] AR ElE o] Boluk=
A& Fig. 40 o3 & # At A Ze) 525
EA%E 1.28~1.87% wFae] w7ty 1.78~2.56% wHEL
olstg)tite] HEHAUY. E=3, 89491 dipping solu-
tionoll EAgl= FE&FE oyl A ZvjARe] AlEEE
TEHEFES Hl&o] th2A $EE ). dipping solution2]
FE7F 20mM2l 7$-olE MnCl: - 4H,00] 9§ wzko]
58 {1 @dde) 24 " sloezm gAAANL, 50mMo)
do g o] HAH s dipping solutiong o] &&= 4
Sl 24 Hojzle WikgAe H|go] ZolEs AYS
&5 4 At dFez FAFHE A2 Ff-ols
@A e} Ho|F 47k A e] 30| dipping solution2]
FEE 2H3e Al F2Y Ao Al



YR EZ0HE OlRE 2F/ &0 IFJMIY HIL 179

—»— Mn content
10 — 120
9l —A— C content
84 1 100
7 5
[ 80
8]

® 57 60 i

[

24 2
3l {40
27 20
1 -

0 . 0
0 50 100 150 200 250

The concentration of dipping solution (mM)

Fig. 3. Electron probe microanalysis of catalysts: Depen-
dence of mole % of manganese and carbon on the
concentration of dipping solution.
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Fig. 4. Electron probe microanalysis of catalysts: Depen-
dence of weight’% of manganese and manganese
dioxide on the concentration of dipping solution.
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Fig. 5. Comparison of the ozone decomposition by several
processes at (a) pH 3.8 and (b) pH 58 ([Os], :
2.2mg/L, [Catalyst], : 0.5g/0.5L).
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Fig. 6. Degradation of oxalic acid by catalytic ozonation
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1.3mg/L-min, pH= 3, [Catalyst], = (a) 1g/L and (b)
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