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Abstract — The catalytic wet oxidations of the wastewater containing azo dye Reactive Black 5(RB5) with heteroge-
neous catalyst of CuO have been carried out to investigate the effects of temperature(190~230 °C) and catalyst concen-
tration(0.00~0.20 g/l) on the removals of colour and total organic carbon TOC. The wastewater colour was measured
with spectrophotometer, and the oxidation rate was estimated with TOC. About 90% of colour was removed during 120
min in thermal degradation of the RB5 wastewater at 230 °C, while TOC was not removed at all. As increasing reaction
temperature and catalyst concentration, the removal rates of colour and TOC increased in the catalytic wet oxidations of
RBS5 wastewater. The effects of catalyst were already considerable even at 0.01 g CuO/l, while the removal rates of
colour and TOC increased negligibly with increasing the catalyst concentration above 0.05 g CuO/1. The initial destruc-
tion rates of the wastewater colour have shown the first-order kinetics with respect to the wastewater colour. TOC
changes during catalytic wet oxidations have been well described with the global model, in which the easily degradable
TOC was distinguished from non-degradable TOC of the wastewater. The impacts of reaction temperature on the
destruction rate of the wastewater colour and TOC could be described with Arrhenius relationship. Activation energies
of the colour removal reaction in thermal degradation, wet oxidation, and catalytic wet oxidation(0.20 g CuO/l) of the
RBS5 wastewater were 108.4, 78.3 and 74.1 kJ/mol, respectively. The selectivity of wastewater TOC into the non-degrad-
able intermediates relative to the end products in the catalytic wet oxidations of RB5 wastewater was higher compared to
that in phenol wet oxidations.
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Fig. 1. Structure of Reactive Black 5(RBS).
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Fig. 2. Schematic diagram of experimental equipments.
1. Magnetically driven high-pressure reactor
2. Reactant reservoir
3. Double-tube heat exchanger for cooling samples
4. Oxygen cylinder
5. Nitrogen cylinder
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Fig. 3. Comparison between the thermal degradation(close symbols)
and the wet oxidation(open symbols) of dye RB5 at 230 °C
(O; TOC, < colour, o; pH).

Korean Chem. Eng. Res., Vol. 48, No. 2, April, 2010



262 AL - Rl - s

Colour/Colour, [-]

0 20 40 60 80 100 120
Time [min]

Fig. 4. Effect of temperature on the colour changes in the thermal
degradation of RB5 at (O) 190 °C, () 210 °C, (V) 230 °C,
and ([J) 250 °C.

7100 oF 240704 7Hase F A2) AP e nck

3-1. M 5}

Fig. 4= RBS 915 952 GFalNh-g-ollA ¥1-8-= (190014
250 °C7HA 't Fllee] Ariste] mx)= ‘OL% P}, s
Rkgo] el nheh Aol AR 5 7)) o} A TH(N=N-K°]
FaEo] Auds ST, SAGTE v T ST
et dRe] et S7kske] ekt 190 °CS} 210 °C Wb
2o AMEshe oy 22 Hl5 A% Colourell #3132}
HReET 2 07 gaksk 4= 9ol

dColour _ 4 Colour (11)
dt
In Colour = _kculour -t (12)
Colour,

HEE-2 12 230 °C9} 250 °Collx] 2] AallellAl= vhg- 271l 190 °C
9} 210 °CollA 2] Gtalloll A 9} o] 12} W&o we) GaE
% Ao AA3 AT LERRSITE 4] (12 1%@ 213 3] 724
PO 2 WEE27] 13 ST Koy ShE S ARSI RBS
59 dEs)of gt Mw AARSIM 2 7] 13} SEAE HE
S22t 7| wet Sk

Fig. 55 F& ARS8 92 RB5 95 #l572] F2Atslell A
ERISEE UERd ARloltt, alakslel| A wh-go] ldiH el ule) ¢
EJ} el dRdTE F2 NS W A0 gaE T
57} 2718k ulha) gl e et} wkS-2 1 190 °Cof|A]
HESAIZE 1202 Foll = A R& ofd] Hd AS Liehdl whe] vt
25 230 °C2} 250 °CoM & HESAIZE 1208 FAze ¢
wallEo] AlEE TS eI Fig. 62 S ARESHA|
RB5 98 w5 a3kl W& 571190014 250 °C7t
el w2 233715 o]4-8t 455 nmellx @] F3= HIlE S4H A
EHsE vrepict ’“*W:@H z27] MERSR=E 12F HRgSEEC
ofsf 2 BARE oM A (12)F o83l 7] 1A} HLdrE At
3t FAAslelM o 27] 1A SEAGE daslielA el gk
Hlwske] & ks YeERfISITh

jetast Hl48H H2E 20108 48

5 g 9

§& L oo rlr 01
b o ¢
o Oﬂf
:i
X

¢

N

P

NI

tol

AR BET - B} - )

e S & @)
23 9 e NGy e e s pls W
“‘

s (b)
2 2 4 § 6 3 8 9 o Nl 1z 13 4 15 b

(@

ﬁzgu?snz 10 1204038 (G R
)

5% 16 2 11 B R U (TR [«

Fig. 5. Changes in colour during the wet oxidation of RB5 at (a)190 °C,
(b)210 °C, (¢)230 °C, and (d)250 °C; Sample numbers 1-16
represent samples collected at 1, 5, 10, 15, 20, 25, 30, 35, 40,
50, 60, 70, 80, 90, 105, and 120 min, respectively.

T T T T T T T T T T T

1 1
!_O )
>
3 i
o
Q
o ]
o ]
O

0.01
0 20 40 60 80 100 120
Time [min]

Fig. 6. Effect of temperature on the initial colour changes in the wet
oxidation of RBS at (O)190 °C, (<210 °C, (V)230°C, and
([J)250 °C; Lines represent the predictions based on the
first-order kinetics for the colour removal.
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Fig. 14. Effect of the catalyst CuO concentration C_,, on the reaction
rate constants k;( O ), ky(<>), and ky([1) of the global model
for the catalytic wet oxidations of RB5 at 190 °C.
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Fig. 15. Effect of temperature on the TOC changes during the catalytic

wet oxidations of RB5 with 0.20 g CuO/1 at (O)190 °C, (200 °C,
[)210 °C, and (V)230 °C; Lines represent the predictions by
the global model.
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Fig. 16. Arrhenius plot for the reaction rate constants k;( O), k,(<),
and ks([J) of the global model for the catalytic wet oxidations
of RBS with 0.20 g CuO/1.
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Fig. 17. Comparison of TOC removals in the wet oxidation (O) at 190 °C
and the catalytic wet oxidation (@ ) with 0.20 g CuO/ at 190 °C
with those in the other advanced oxidation processes [4]; UV/
TiO, (<), EF (), and UV/EF ().
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A : initial and relatively unstable intermediate organic compounds
formed during wet oxidation

[A] : concentration of species A[mol/l]

B : refractory intermediates formed during wet oxidation

[B] : concentration of species B[mol/l]

C : oxidation end products formed during wet oxidation

[C] : concentration of species C[mol/l]

C.n. : catalyst concentration[g/l]

Colour : colour measured by light absorbance at 455 nm

E : activation energy[kJ/mol]

k : reaction rate constants of the global model[min™!

Keoon @ Teaction rate constant of the pseudo first-order kinetics for

the initial colour removal[min~]
R : gas constant(0.008314 kJ/mol-K)

t : time[min]
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T : temperature[K]
SHEXL
0 : initial

1, 2, 3 : reaction pathways indicated in the global model of TOC

CWO

TD

WO

—_—

: catalytic wet oxidation
: thermal degradation

: wet oxidation

k=t
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