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Improvement of Ozone Process
for Removal Rate Elevation of Humic Acid
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Lee, Yu-Mi Son, Yil-Ho Rhee, Dong-Seok
Abstract

Ozone alone, Ozone/GAC, Ozone/H:O; and Ozone/GAC/H:0: processes were
introduced for treatment of humic acid, which is a representative refractory organic

compound. HO2

and GAC used as catalysts for experiment.

The treatment

efficiencies of humic acid in each process were analyzed for pH variation, DOC
removal, and UVgy decrease. UVgss decrease in Ozone/GAC and Ozone/GAC/H:O:
processes were the highest with about 93%, and Ozone alone and Ozone/HxO;
processes were 88%. DOC removal in Ozone/GAC/HzQO2 process was the highest
with 7196. Removal by Ozone/GAC, Ozone alone, and Ozone/HxO; processes were

6696, 39%, and 47%, respectively.
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1. A2 w2t EAA(Humic Acid @ HA), E94HFulvic
Acid : FA) ¥ F9(Humin) $22 ¥FH ¥
2.2 2 (humic substance)e 5 - A2¢) 23 # el BA 271E HIF 4,000~300,000 daltonse]
gEeng sy and fe 9AE FHs o, Zuie #HP 500~10,000 daltons®B ©rIFE
wae AN SAAY ESAd gy BXs PEE 0-?—3’— el F#HE FAA o8 A o

T 9ol B9, »44e £3E Fwgas x  ¥E F2 A6ABA
A8 ARFA r|Qlste BHHH zAo] 2| %’—’il%:l% =aAelA Hedg wa glo] £
w2} o2 3 (site-specific) ERFR7 4BA & HES fdstal, gRoleR st gl
L og@o] gEAonM AW Bapz: FHEY AolA SAFAE wEHAYG 4T FHTA
= 23.884 = QY2ad 8L olsstn A d7tgad Fate f4del HAE dd, F85
Mudey »as Brz 2x FzE FHs 92 frlERe #E¢ FASviE dHE. =¥,
He As} olFolxlm rH2l BAF 271227 500 daltons o}atel AEA F
Ade 2 gwd F2Fg ¥w oz WAEY
A3e ZHse Ao ek (nonofiltrantion memb
*  Zaagn ged #3583 A3 rance) ] Z}?ﬂ— EZ=sE fuslE Aoz o
w ZAtietn 733 FAHA = lrHel. , BAde AESY dRY B
sk ZF Qi §73F I we, o] ghebAL Az gEA 9}3 HaraFA FAEE ELE
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2 W gk(trihalomethanes, THMs) 3 #Z&
719404 FEELE A% ATEAR
A g EAES %QZEP[5]

ol oled BAFE fAuA 2EE
Y3t RAdE AYsiye 0:1‘7'7} A Rl
o SR LEFHAR L 207TV)Y g
B #7189 ¢34k, NBDOC(non-biodegradable
DOC) 485 AEA =zl E8AA BDOC
(biodegradable DOC)E HF, fFd<sdl AT +
e Y VAR g A4E, EENRY ¥
Z7, Egolen BEgd g, $3A%H &
Feoz g4 4 An7l

A 2 &L YR frEFH Hge] H%
Addolgts Ao AFHD od, ozg
7\‘3-; S5 LEGEFPRY AAH, £&4

4 MeAel w2 3¥ hz}:‘5‘7‘3(Advanced
Oxidation Process, AOP)o] #8 |77} &334
AP U8l nEtEIFHE AR z‘%l“‘ 2k
sARRE A aHE sy moe FUE
A2 A4=EE 288 A5 OH 2o Z (e OH,
A= 280V)0) oEstE WMo 9 =/High
pH, 2&/H:0; 2&/UV, 2L3/Ti0, L5/A A,
SE/ETY F0) Fo] Yol

B Ao Ee R fE29 2SS
gy 934, &"Hh”ﬂ gEg S 2 E
GAC 43 HOE AHEE 2&/MH0; 338 ¥
EHFEEE Fol7] 8 FAdTT HO0E T4
o A% 2F/GAC/H0: §3& E=d¥2ez4H
L& FAHONAME Bl E4& n@ASYr}
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E dFoA AlEEl B A42 Aldrich Chemical
ALRRE] 7R A8 AFEMHL Lot-No 675-2)
2.2 1,000 ppm stock solutiong ARt AR&8t
Ak &de] &AL 2ol7] 5] 0.1 N NaOH
2 pHE 1020282 ZAgsle &-F olAF mukAlH

, GF/C &#A R odsd ﬁ%%‘%% } g F
80 me.g.b: /}’Si?s}a} Apg-sh T, 2 Aed
S-S DALY MEA QA ZAgez, olF A
7+E ‘6}&1 8~16 meshM FHAst4a, PAaLEe

AAs7 st A2 W FAse] 105TAA &
5 01’“” AxAA AH&3tad.

2 AT AlEE wE&ZE pyrex AEE 3

3 cm, 7101 60 cm9l 350 md &e] o) nAH
AHg3t A e&3E e 1YgUlA

Aej 9]3]1 BAEE  Fischerrtel 07502/10
model& AME3tFon, ik Zlae stagEdd
FHANA R @328 JASS FEFE
LEFUFEE 2% KIEdE& o]£3 [odometry

How FAs 4402 mg Oymin2 ® FYstarh
A¥Ee Ayt e2E Ad A JAFEE e
semi-batchd 2.2 A& g, 922 a9 I&
HAAHE AZA 7] 93 vgE sdFolA bubbling
stgem, ¢ ¥ WEsEs 7l&s Deozonizer
catalyst® A#H LBEL 2T o wEsigoh
Ozone &9 W5 EAZE Fig. 19 YJeEhidch
k3 A0, CasBarb
i B Gas puifier
C: Ozore ganerdor
D Input Czone{2%K)
% £ Girculator
< F: Ozone reactor
% G Resenvair
< H: Vert Qzone{22K0)
= I Deozonizer catalyst
_

2 LY R4 g AEH

1"‘{33’:5“ 4 mg O3/ min,
g4g 52 30 g(165 v/v%)E sttt 24
2 g %%lfi 30 mL/mine# 3o} ¥-gFof
FUF T, 2=x2AE g v&x ¥l water
jacket& AX3d g 2TE 20T 4H5HA
A8k

Table 1 Operational conditions

HA 80 ppm, 2 L

Inflow rate 30 mL/min

Initial pH 9.0
Reaction time 120 min

Catalyst GAC, Hy0O,

GAC amount g
Ho02 amount [0.25~2(mg H:0/mg Os, w/w)
Temperature 20C

Ozone dose 4 mg Oy/min
LEGEFHL 2F/GAC ¥ 2E/GAC/H:0;

AT 2o A9 213N %_W & I
e AR FIHNT, LE/M0, 34 L 02
/GAC/H0: T2 HO:8 #7A FYFE 243
7] 98 H:0: ¥EE 025 05, 1, 2(mg HO;
/mg O3, w/w)E Waste] 4¢3
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Fig. 5 pH variation of Ozone/GAC/H.O; process
as compared to Ozone/GAC and Ozone/H:0
and QOzone alone for humic acid removal
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FIe Aoz 4HA 9o, UV F3EE F
gi-ga o)FAYY BIHEE HFPFHe=
Qg 5 qlth =, DOCE AR &2 §7
& Uehiie Aoz #7849 28 Z=
AL £ Y Hzooh
Fig. 6% Fig. 72 2 EAdAY UVss #2E
3 DOC AALE Vel Aojth UV #HAEL
RE FANA 8% o149 L ZAE&E v
I E3 2LE/GACY LF/GAC/H0; T30}
B%E 71 & 2L BRI ol UVsy 7
Ago] Q&8 APULg o&eAT, FE A}
4% 2% OH 9Ze 845 o] 52 288

W rd
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vehd Rez dAddHr. DOC zﬂﬂ L oE
/GAC/H:O, BH0) T1%E 7+ =2 AALL U
BHA R, ©&/GAC FA0] 66%9) 21 A&E Ye
Wt =3 2E/MH0, TAN LEUYETHO
Z+2y 47%9F 39%9] AAEE RA. olv FvE
A4 A9 o e OH @uze AAstd 1e

& 25N, BO:E0E GACZ WA o
EFdyolgte AE Yedrh A, LEEST
AFH QT/H0: TAHAAY AAE el vlE
SE/GAC 3737 LE/GAC/H0, TAH AAE
dE & F4E HolA o £z AEd GAC
& Ho0p9) 43 2HE0] wvd Re g wody,
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Fig. 6 UVass decrease of Ozone/GAC/H:O; process
as compared to Ozone/GAC and OzonefH:0:
and Ozone alone for humic acid removal
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Fig. 7 DOC removal of Ozone/GAC/H:0, process
as compared to Ozone/GAC and Ozone/H20;
and QOzone alone for humic acid removal
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1) 2F/GAC/H0: &304 H0.9 7 FAH
£ ZAAS7 Y9 H0: FYHFE 025~2
(w/w)2 Wdsld 48898 o, 05 (w/w)el
A 7 Be #71E BEAEAHES Jehisith
ko] H0.= OH #tZ scavenger® #H8-38}
o 23l8 E&E #2AYE Aoz Addd

2) 7+ FAA pH ¥HEE LFIETHEHR &F
/02 FAYA WEA A
ddgog 49AHAR, 2FEB/GAC TH, LF
/GAC/ Hx0; FARL &714 ZAasinr}
o F499¢

_28_



WArJE AN FY GG FYIIEHTLE =
A

4)

1)

[2]

(3

4]

[5]

(6]

(71

{8

19

¥A8 AAE $3

24 AEES 88% o4 T2
ZAE YYD, QFE/GACY S&/GAC/
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