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Advanced oxidation processes involving 03/H;0; and Osi/catalyst were used to compare the degradability and
the effect of pH on the oxidation of 1,4-dioxane. Oxidation processes were carried out in a bubble column
reactor under different pH. Initial hydrogen peroxide concentration was 3.52 mM in O3/H;0; process and 115
g/L (0.65 wt.%) of activated carbon impregnated with palladium was packed in Oj/catalyst column.

1,4-dioxane concentration was reduced steadily with reaction time in O3/H,0; oxidation process, however, in
case of Osj/catalyst process, about 50~75% of 14-dioxane was degraded only in 5 minutes after reaction.
Overall reaction efficiency of Os/catalyst was also higher than that of O3/H;0, process.

TOC and COD¢, were analyzed in order to examine the oxidation characteristics with O3/H,0, and Os/catalyst
process. The results of COD¢ removal efficiency and ATOC/AThOC ratio in Os/catalyst process gave that this
process could more proceed the oxidation reaction than O3/H,O; oxidation process. Therefore, it was considered
that Og/catalyst advanced oxidation process could be used as a effective oxidation process for removing

non-degradable toxic organic materials.

Key Words : 1,4-dioxane, Ozone/H,02, Ozone/catalyst, Pd/Activated carbon, Advanced oxidation process

1. A4 &

Ugel g diel AF dA 47189
o] bk FEz Ad5AR TYE 529
& gusln Qo o % 2o 59 3eEHo
WA W Qo) fE JBEe HAR YT UE
A F71EF F9 3yl 14-dioxaned A YA
Z1BIARC)S] o3 Q1zke] thal were] 7hsAol
9E Group?BE BH 50 gle §}fﬂr‘j7“i"1 ul =
EPACIAE §a7122 BRsn o’ 2

Corresponding Author :
gineering & BioEngineering, University of Ulsan,
749, Korea

Phone: +82-52-259-2252

E-mail: hslee@mail.ulsan.ac.kr

Hak-Sung Lee, School of Chemical En-
Ulsan 680-

193

7 ]*—%"é‘ﬂ 735‘} Lol 1,4—dioxane94 R
FH9EE, =58, 8 2 oEAxE &4
59 Aol ZEA AFEET, HIde GEE £
Aol 1,4-dioxaneo] A& A3 E95 Yo
1?7 §8H 02 14-dioxaned H7]dte theksh
WEo YA on A Fof qIop,

==

_.l

o

14-dioxanes AHeste Wy 5 s L&A
ﬂﬂil*ﬂéﬁ GEHY FUILEER S BaAAE
vl g8 AHEHE WHolth &L BYE 4gd
(xmx} 207 V)& 7M1 glen, e {782
CO:%t HiOZ &+ BE&d 4 Qe o224 B
T B7sa AARE dusy f71Es weo



X

oyt
)
e = 62

rode 2 Mo ofe ool

%8t} Hoigne
..‘,] dl 2o
sl 444 0
@ AR LR Yy, o] 274 9]
Eﬂ/\"O] =23 g/HDE \:}au}’r B
gozg Ao {7188 2 TE
FAsEAL RrLTt EAT
559 F718EEe 2E dETA
B EY =2 A5a g R
HibglEel dee OHE Y el A dez g
stof, gldzol whg MAAZ FLee] gz A
HibgE dody frlse] B 9AY LS
AR BdA7tA 22 @d Astdn AW FF
o7 ZEAQstE H0;= OH 2oz scavenger®
28 S MR oy, e }Atsra e
7bA o] sztelod A FAEH H| o] FItEE B
T Ak o3 g |AsI] A Oscata-
lyst aLgAtst-gAo] AEHIL e, ol ARgE]
Zule OH gtZg 343t #7158 2siA
eE TET A NF BHEEEE w2 3
2,

o] &8 Oycatalyst LFAEFETH-E M. D,
Gurol(2000), C. Cooper(1999), J. Hoigne(1998) %
ATAEL 2o Be OH radical® AAA77] 9
3] Oy/catalyst ILFAF8LF A ek A3 Axs
gastact. SE&/FuAshubgoA  ALEHoAE
Zule £& g&ol 2T 2L A4FHAY, 35
AdstEd 2e nAE AFRED glom, YA ARt
28 FE HAErLe 2FE] AHEEHAL g
g FAL &/ Y FE/Mn, tgd F
13 Fu & o] &&le] OH Tzdg AA

Bk o] &8t gitt.

Ll oA A 7} F£9E o] &3HA
W24 Co(l), Ce(ID, Ce(lv), Ag(1),
gt} 59 QLELHEHE HEs)
A1, 9&/Ev THAN Y HolFEHS A%
stol Fu24e AAste 4¥e sgen”, xd
H71 &2 BAAE Aol e 2F/Fv] nFASTA
oA 715 2 S Tate] AdstAt?

wekd, B odAFo e Ho)F4E9 Pde HAA
/\ge} &u}]E o].g.vs} /éu}]—l—ﬂ_\,} OxvH:0;
Jo A 14-dioxaned] #HAEAE v}
P

—L—L

(‘E:I:

Oa/HzOz"
t LE:EoA
Oﬂ _,]5’} /\}ﬂ.
o218 Wl

LSS el

A
- 1

o

T}

=1
8}

=
=

R
N

lo 4 u@ -’

O
o

-37—2

@ = fio

A F

"}_9) =
Fe(ll) 5%

31 %
©

rr ok pY
mZ ELE m&fi
AO,L

.)

ol &
_,d

m[o

194

ol Al
Z435t7] 9% KI, NaxSOs
CODer& #4357 9% KoCr:07, HzS04 5

A AKHGR)IE ol g3t BEA)h &) A=
o AT PdClL(99.8%)9 AlEA 249 14-diox-
ane(99.8%)2 SIGMA-ALDRICHALY] A eHGR)E
/\}%0}0‘1‘:} Habst A (HOE AdesiF) AE

S Tt Aol Ag-st .

2 AN 28" ZHEEAESoe Figo 1o
VERA ol 9J3ke] A28kt PACh 1gS 20%-
HCl 1L &afiAl71a, d3le] z=gaek(az)sl
&) 800g™ A AW Erlel sl AFPEE
o] 83t ZAAA EAE macro poredl EAEE
gasE FolUEA Pdg HAAAT A Zelg

e sy

]

=
5]

Y

>

*CT“‘

.

& BYAN] Aot LAY NaBH?E o] &3t
FEERFOR FYNT T THSZ HHEY 1
TAE 4% 2 e %é‘% A As3L, 100£5T
oAl 2417 Bt $83] HAFde AzsiAh
| 20%—HC| [ PdCl, 1g
Dissolving

Activated carbon 800g

l Impregnation w

[ NaBH,

Reduction

Fig. 1. Synthesis of Pd/Activated carbon by im-
pregnation method.

212 ALEE F4 Ui AR

OvH:0: % O/catalyst
Z43t7] 9e g NEEF
7] g7l o8 & AA =5A
AA st 1,4—dioxane° o i3
constant: 2.8x10° atm/m’ - mol)7} 2
mmHg at 20C)e} 7] W&ol Zuj
SAeko] o3 FH3 Fr] vl 9 A¥e
g Hug £9 4 471 wWEelth 14-dioxane
(998%)8 1x SFTo &3lAA 20,000 mg/Le]
stock solution® 2 ZAjgt & A¥ zxd wel &

292 5459 Agsg.

mu“



Ox/H2029F

£-57 3,400cn'?}

Oa/Catalyst

o}, Q& A I( Model -20, ﬂﬁﬁ' 4, Korea)&
uk27] otz Tf%

g0l 0ENAE AzE I,

% A (Oa/catalyst 01%
29 L}E}LH?*AEP.

diffuserg S8kl mAS 71E9 e w5 4

F ZHELE batchWhg7lo] Fdste] HEHa &S
ERo, gl A FAHS 25L& FYst
I, SHPEE o] fdte] o & HEUEI] U9 ¥

711 Trxl 0}93‘:}

03/H:02 2 Os/catalyst I3
Blasty] Y dAdulsg A8E 1 4-dioxaned] &

Edetaih £ L&z FEE

1 L/mine.2 4As}

AT we

o
=
=

715 EE 100 mg/LE Azstl o, pHE NaOHS

A

Sampling g ©o

point

Catalyst / ‘

Liquid
Recycie
Line

02 O3
Ot 0l

Compressor

Gas washing bottle

Drain line

Gas flow meter

Fig. 2. Schematic: diagram of experimental apparatus.

AR E A A 14-dioxaned] AMAH EA

o]&3le] 6~108 ZHstPct. 2 ;3% 20~25T 9
Ao A HAstHer, A9 os A= o
AUt OyH0; FAANA HArstgeas 3
EQstd e, Oycatalystd ol —‘ri‘?jff& ZoEg 2
2 B4 Zole 4" HeE 7 L
g/LE column £3H-H9 tray $iol S4steich

222, E2u

AA E4E GAsty] Hal AT A1 HH e
2 R§718 FHN-A AEE AFHsH 14-di-
oxane 5% ¥ COD., TOC(total organic carbon),
pHE =439 th 14-dioxaned HE242 FID
(flame ionization detector) ZAZ&717F 23d GC
(gas chromatograph, HP 5890, Agilent Technolo-
gies)E ©] 83} 1, CODy ¥4 Standard Method
520D8] EEEAY ARe] B2} ARekd®. ToC
(total organic carbon)= TOC ¥471(TOC-5050,
Shimadzu Co.)& °j&3lol =334t wg7)o
FTFHE 039 ¥EE Standard Method 2350E™¢]
EAH) w ZA4315

Zuje] RHE U] Y8 FAAAEN A
{Scanning Electron Microscopy, SEM, S-3000N,
HITACHD S o] &3l 8 & #zau pde &
HEMBHE FAst7] AsjA EDS(Energy Di-
spersive X-ray Spectrometry, Oxford Model
INCA Energy for S-3000N)2- o] &34t}

3. A% ¥ 3%

31. EZuje 54 #<)

Fig. 32 Pd #A A9 z¢aAHE9 ZARS
So0utE S AR PdE AAAZ F 9E(b)
S 3000M 2 Fdjsle 293 SEM(Scanning Elec-

(b

Fig. 3. Scanning Electron Microscopes image of activated carbon only (a) and cross sectional image of activated

carbon impregnated with palladium (b).



s oIS B =
tron Microscopy) image®lth. Fig. 3(b)olA Ee 7o Fdste F&0) ¥4 8 z2ga4am wn
AT} o] do] & Qdztge] EAEIYh ¥l A¥E HAEA
o] ZAst= 22L& g3y Y&l EDS(Energy Fig. 5+ 14-dioxane®] %% 100 mg/L, pHE 8
Dispersive X-ray Spectrometry)& ©]43te] ¥ & Zd% AT 25 L& ¥87]d %Yszn
o] HRE g AWE Fig. 49 Table 19 Y&} Odlcatalyst, Oz/Activated carbon 2 OyHoQr ZLF
woith gAete] ddo] 71 Bo] ERste §& AT AOA 5087 AsATIEA 94 dHo=

B2 Naol 281 wt.%, Six 211 wt.%, Fe’} 1.92
wt.%7F EA892H, Pdo] 065 wt.%E e

EDS 24 A3 Az Zu)9o o ZdFo &
et Re g Bol macro pore7tA FUSHA H A
H Rez gdgo]An,

32, Fv 2 g4k 4

g4ue oy 7ix £4E F&ste Aol ¢
3 E-o|x vt F&Eve AR ALEH A
of 93k 14-dioxane?| FAEELE A9 gle Re

2 2uHAAG’. 2¢02 )&% 14-dioxanes] Al
i/}:jﬁ*ﬂ] A E7iol 213 14-dioxane?] AAEE A
9 gl Aoz B HYn B AN E o)
Age T F2A 2 F7 €yl T4 98
14-dioxaned] AAE AY o|RojRA &%v AL
gAstgnt, ey O3 A3 AHAA FEo] EX4
HA gL 48 2F S ®Iste] OH #uzg=
AR 4 dE Uz gz P B "‘3401]"1
FEEe 2A2 AEE B 9% FHo) 9
g Flsly] I 2y G4 115 gL WS

: ;

] 1 2
Full Scale 943 cts Cursor: 1,608 keV (148 cts) keV|

Fig. 4. Energy Dispersive X-ray Spectrometry image
of the catalytic surface for examining metal

l4-dioxane®] FEE A% AAE Yot

2tglel] oJ& 1 4-dioxane?] A A Os/catalyst i

AstEAol Mg ARt Eken, OvHO; 11/\}
FART GAete] o3 AAZE] EA Ve

o} B H]JL Aol Pd FAEZuE 01%?"* Oy
catalyst TFATEFA Y Aslago] o2 nFis
TR ]sﬂ go] 12 AL FUaUh °|‘C ot

2 astgAe| wla] Oycatalyst LEAFSHEA o A

OHett Ze] WAo] &8 ZHog ATEo]xlr,
3.3. O/H20:9} Oy/catalyst 54 ¢ pH
Fig. 62 03/Hz02 F43 Os/catalyst

%33
FA A

39l

[+]
14-dioxane®] AAEE vud Aoz 2z
14-dioxaned] %7] ¥E& 100 mg/LE %%
o, Qs/H202 &

a3

dstsl
TEE

(o4

FA A Z7] Ha029 3.52
mM=Z x2A3ska, 7] pH Zﬁg 6,8 100z =4

g & TFAAEE AAFRE Y, Ovcatalyst &3
< ZelFo] gAd %“é g ZolE o83ty x7)
1.0 &
—O— pH 8, Oyfcat.
—O~— pH 8, O /activated carbon
— 081 —&— pH 8, 0,/H,0,
o
Q
o
o 061
<
[
x
s
'-a 0.4 1
-
-
0.2
0.0 —

20 30 40 50

Time (min)
Fig. 5. Comparison of the decrease of 1,4-dioxane by
Oy/catalyst, Ox/activated carbon and Oy/H:0:
AOP at initial pH 8 (1,4-dioxane initial con-
centration 1100 mg/L, H»O; initial concentration
: 80 mg/L, O3 concentration : 10 mg/L, catalyst

contents. : 115 g/L).
Table 1. Contents of major component in Pd-~doped catalyst
Element C 0 Na Mg Al Si S Cl Ca Cr Fe Pd  Totals
Weight% 6277 2578 281 057 058 211 061 041 162 0.18 192 065  100.00
Atomic% 7264 2240 170 032 030 104 027 016 056 0.05 048 008  100.00
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Table 2. Comparison of oxidation ratio with O3H:O» and Ow/catalyst AOP

Type of AOP Tnitial pH 4 15:;1/2’)‘6‘“ ?mﬁ? ?,I:% ATOC/AThOC
10 66.2 2430 350 0.63
9 685 36.20 370 0.98
Odcatalyst 8 710 36.30 384 0.95
6 610 30.30 329 092
10 530 11.44 2862 0.40
OyH:0: 8 440 8.49 2376 0.36
6 430 2.00 2322 0.09
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Fig. 10. Comparison for ATOC/AThOC ratio between
Oy/H;Oz and Os/catalyst AOP at various pH.
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