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1,4-Dioxane Treatment using Catalytic Wet Peroxide Oxidation Process
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1,4-dioxane, a possible carcinogen, has been found in the Nakdong river and became a social issue. Synthetic
and industrial wastewater containing 1,4-dioxane were treated by catalytic wet peroxide oxidation (CWPO)
process. Complete decomposition for synthetic wastewater containing 500 mg/L of 1,4-dioxane was obtained
in 10 minutes when 1.0 g/L of copper powder and 196 mM of hydrogen peroxide was applied at 100°C and
pH 3. Similarly, an industrial wastewater containing 780 mg/L. of 1,4-dioxane was completely decomposed
within 30 minutes when 1.5 g/L of copper and 588 mM of hydrogen peroxide was applied, while COD, was
reduced by 60 %. Factors that affecting the experiment were pH, temperature, amount of hydrogen peroxide,
and the forms and amount of the catalyst. Ethylene glycol diformate, various forms of organic acids and alde-
hydes, were produced as by-products of decomposition. Reaction rate was proportionally increased with the
dose amount of catalyst. Treatment efficiency was also proportionally increased with the dose amount of hydro-
gen peroxide. The 1,4-Dioxane decomposition rate of industrial wastes showed the first order reaction with 2.5

x 107 s7! of rate constant.
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Aol ARE Ak 14-TH]SAHC,HO,; 99%,
Junsei Chemical Co., Ltd., extra pure)s} ZikslE4
(H202; 30%, DC Chemical Co., Ltd., extra pure)
ojm, FujEx ARE FEle FH(150~300 mesh;
99.85%, Samchun pure Chemical Co., Ltd., extra
pure)?} T-2]¥(Samchun pure Chemical Co., Ltd.),
T EAAANN F5), 7218 (CuSO, - 5H,0; Kanto
Chemical Co., Inc, extra pure)e T3t ARS8
3 pH 24& 93 $FHH,S0,; 95%, DC Chemical
Co., Ltd.,, extra pure)Z} 7}HdATHNaOH; 99.5%,
Samchun pure Chemical Co., Ltd., extra pure)&
o83t 1 N, 006 N H,SO, 2 1 N, 005 N
NaOHE 7}2} ZA|st] ARSIt

ST ES 543] S8l ethylene glycol difor-
mate(C4H604; Merck, guaranted reagent)S ARS-3}
$om formaldehyde(CH,0; Supelco, 100 pg/mL)2}
acetaldehyde(C,H;0; Supelco, 100 pg/ml) EFHFS
Abg3tdth #7144 & methoxyacetic acid
(C¢HgOs; Acros Organics), 71 P]AHHCOOH; 98%,
Junsei Chemical Co., Ltd., guaranted ragent), =4t
(CH;COOH; 99%, Junsei Chemical Co., Ltd,

Table 1. Characteristics of synthetic wasterwater

1,4-Dioxane H CODyp, COD¢,
(mg/L) P (mg/L) (mg/L)
500 6.5~6.7 25 890

guaranted reagent), propionic acid(CH;CH,COOH;
100%, Junsei Chemical Co., Ltd., guaranted reagent),
butyric acid (CH;CH,CH,COOH; 99%, Junsei Che-
mical Co., Ltd., guaranted reagent), glycolic acid
(HOCH,COOH; 70% in water; Kanto Chemical
Co., Ltd.), oxalic acid((COOH), - 2H,0; 99.5~100.2%,
DAEJUNG(¥k), extra pure grade reagent)s ARE-3}
Atk Aol AM8-H dFHe] 544 Table 19 o
ERA ST

2.2, x| ¥ 4y

£ ARoA AR FujEits veAE Fig 1
o] YeRiA ¢lgulae 1400184t JAS FR/
2 3143le] 500 mg/LE IHAZ v AES H3
son A Fge tE A glo] aiE AR
stk w719 A7 1,000 mLEA §RS7] Aol
= agitatorg Ax|ete] Fwfol 4ksiA] 9 whg-Eo] €
23 Wh-go| o]FOJXEE 200~250 rpme] £EE W
wkslg o, 2o Ae] ke u] Sja) Wrks A
Aot 71Ee 2 2477F 929 7K W A
Batnom A2ollA 100°C Atolollx] Aglo] o]FoiA]
=5 g8t

LA 48 e FAUATE AR

Sarrpling port

{ pH rmeter
-

X p 4 I b
Q ﬁ hemrometer
& )

Heater

Liebig's
condenser

Fig. 1. Experimental apparatus of catalytic wet peroxide
oxidation at atmospheric pressure.
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Table 2. GC/MSD operating conditions for 1,4-dioxane

Column : HP-5MS (25 m x 0.25 mm LD x 0.25 um, film
thickness)

Carrier gas flow : He(>99.9999%) at 1.3 mL/min

Splitless injection

Injection temp : 200°C

Transferline temp : 280°C

Oven temp. program :

initial initial rate final final
temp(°C) time(min) (°C/min) temp(°C) time(min)
30 7 20 90 0

260 2
SIM mode(Solvent delay : 3.50 min)

Group Start time(min) Selected lons, m/z
1 4.00 (88,58,43)
2 7.00 (77,79,41)

o] &3k MSD(Agilent Technologies, 5973N)7} Z
21El GC(Agilent Technologies, 6890N)Z #-245}31.2.
A2 Table 29} 72t} SR =S g<let
7] 18] TOCSHIMADZU, TOCV 413 37
CODy#F COD & T AT I F3fe] A
At om 7+ g pH= pH analyzer(ORION,
920A)5 ©]&3t] st

3l FEES R $18t ethylene glycol
diformate(EGDF)= ¥H-8-S 10 mLA% 33k 100
mL ZoeFel] Y HSPHEFS 05 g ¥ F t-
butyl methyl etherZ 3F%3}o] GC/FID(Agilent
Technologies, 6890N)E. #4131t} £714+& UV-Vis
detector(Waters, 996)7} “2+¥  High-performance
liquid chromatography(HPLC, Waters, 2690)& A&
3te] IC-Pak™ Ion- Exclusion(7.8 x 150 mm) Z#
=2 o5 £5E5 1.0 mL/min® 2 ZA3ske] 215
nm UVIPgex] SAsilom ddjste]=% dinitro-
phenylhydrazine(DNPH)A|2Fo 2 F=A|s}et & UV-
Vis detector(Waters, 996)7} “2F& High-performance
liquid chromatography(HPLC, Waters, 2690)& A&
3t ZORBAX Eclipse XDB-18(4.6 x 250 mm) ZH#
U= olsde] £55 15 mL/min® = ZHste] 360
nm UVIPgo|x 743131t
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Fig. 2. Degradation of 1,4-dioxane by oxidizing agents and
catalyst in CWPO process (80°C, pH 7).
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Fig. 3. Effects of hydrogen peroxide dosage on 1,4-
dioxane degradation (80°C, pH 7, Cu powder 20 g/
L).
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Fig. 4. Effects of catalyst dosage on CWPO 1,4-dioxane
degradation (80°C, pH 3, Cu powder 1.0 g/L, H,0,
196 mM).
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Fig. 5. Effects of various type of copper catalysts on
CWPO 1,4-dioxane degradation (80°C, pH 3, H,0,
196 mM).
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Fig. 6. Effects of pH on CWPO 1,4-dioxane degradation
(80°C, Cu powder 1.0 g/L, H202 196 mM).
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Fig. 7. Effects of reaction temperature on CWPO 1,4-
dioxane degradation (pH 3, Cu powder 1.0 g/L,
H,0, 196 mM).
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Fig. 8. Reaction intermediates during the 1,4-dioxane

treatment using CWPO process (80°C, pH 3, Cu
powder 1.0 g/L, H,O, 196 mM).
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Fig. 9. Removal of TOC and 1,4-dioxane using CWPO
process (80°C, pH 3, Cu powder 1.0 g/L, H,0, 196
mM).
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Table 3. Characteristics of industrial wastewater used in
the experiment

1,4-dioxane COD COD,
’ H SS Mn Cr
mgry ~ PH SSmEL o) e
780 365 06 7,740 14,860
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b=
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Fig. 10. Degradation of 1,4-dioxane using CWPO process

on the industrial wastes (80°C, pH 3, Cu powder
1.0 gL, H,0, 196 mM).
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Fig. 11. Effects of various catalysts (Cu plate : 10.0 g/L,
Cu solution: 500 mg/L) on CWPO 1,4-dioxane
degradation of the industrial wastewater (100°C,
pH 3, H,0, 588 mM)
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Fig. 12. Effects of hydrogen peroxide dosage on CWPO

1,4-dioxane degradation of the industrial wastes
(100°C, pH 3, Cu 1,500 mg/L).
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Fig. 13. Effects of copper catalyst dosage on CWPO 1,4-
dioxane degradation of the industrial wastes
(100°C, pH 3, H,0, 588 mM).
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Fig. 14. Rate constant of CWPO 1,4-dioxane degradation
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