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<Abstract>

This paper investigated effectiveness of high concentrations of ozone in activated sludge
process as pretreatment for industrial wastewater. This research used S company
wastewater for water reuse by COD reduction. Experiments have been performed in Lab
scale.

COD removal rate was about 90% without ozone application while about 96% with 200mg/
¢ of ozone. With ozone application effluent COD was very much stable as about 21 ~28mg/
¢ even though influent concentrstions were varied from 250~550mg/ £. Additional series of
DAF(Dissolved Air Flotation) and Activated Carbon process even more improved the quality
of effluent.

Specific constituents of wastewater need to be analyzed for other industrial wastewater
before employing ozone treatment. Economic aspects of ozone process also need to be
analyzed.
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¥ A (-183C) 38.4dyne/cm

7 Molen] G (1KOT)
(-1737C)

A=[AAN(-183T)

F94d(-112°C)

Ad4e

S8l d(E, 18C)

o] 22} ¢} (Ion Potential)

AR

AFA RS

43 4k}/mol - deg
33.2k]J/mol - deg
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Fig.l Reaction Diagram and Rate Constants for Ozone Decomposition Process
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Table 2 Ozone Generator Specifications

Hh A uh 2 FANAH
L& FyH 660 mg/hr X 2CH
nael W 25 KVP-P
AYAY Fo 10 KHZ
A9 WY AC 220V, 60HZ, 30VA |
Compressor Air 3% 5000 CC/CH B

4% column testE s8] A Fr7HA FAHoR FEIAY, A&+ YE+DAF+GAC
FARAY HLB+AE+DAF+FT2E+GAC TAHLE YRt o714 GACE Calgon F400
+ APREt ATk F71A T4 Al DAF(SE£37154%) HETRE 018 Ae HF &
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o B AgANA FE - anke HEgd nEFe &3 - A 439 3203 Y8
Arstdrt. F4meke 200rpme. 2 183k, &4 uNte 0mpmoR 082 i £
HH A FL 120ppm o2 FYUGA B Ay &332 BAxE £

48 Z 489 FAEE Fig 29 2o

Fig. 2 #4¢ 2% TEST A
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Table 3 &AFA F SHEY AHels A

AEHH A g galstet3 A=l
pH 7.56 7.92
BOD(mg/L) 7 20
CODua(mg/L) 35.23 17.44
SS(mg/L) 12 20
Cl (ppm) 299 1,045
NH; -N(mg/L) 25 550
NQG3-N{mg/L) 6.9 19.3
TS(mg/L) 870 6,340
TDS(mg/L) 858 6,293
Turbidity 1.94 7.78
n-Hexane 1 3
T-N(mg/L) 100 2,000
LAS(mg/L) 0.421 3.985

Al eAdFd A2 A 2233 Ao wisE EAT 49 ALy
FRAME CODE wE7 A4 delwed 83 HF7EL ST Aojig 3
FAEE F53iv. aga 88ty FAolAe BOD, CODE& Aed & dEoA
ety Adrng 49s & FEE Jea ok 53] 4%, $4d4, LASEO] WS £
< FES Yehn @A £AFA 7 APdd Mg 43S Table 3°ﬂ LER AT

412 Wi &3 - A (Jar Test)

4121 F9¥5(Raw Water)

4 A MEesg QR 3 -84 HEe 3 249 B3ey 3R )
oA A wE MEago] o FAE FU9Fd g S 2H 4¥e
AABE G W&oty B e gn & Eo tste] A(Alum)e) & WAl
A AEe AABAT AP H 97y $3 - AA 289 AHE Table 49 VleRY
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Al dal 39 TEE WsA7IEA BETt AAHE RS Fig. 37 Fig. 4ol et
v sttt

Table 4 238 e &3 - A AFE5

EeigaaAy 34 YT HEGHA Y 34 YT
4 11.16 NTU 4 1467 NTU

Alum 30 ppm 1.42 Alum 30 ppm 7.62

40 1.03 40 6.19

50 0.81 50 7.01

60 2,01 60 5.53

70 0.99 70 541

| 90 1.00 90 2.56

100 1.24 100 481

110 0.96 110 1.66

120 0.85 120 1.45

130 L.05 130 247

2o NA
3 B g NG R ]
3 L EEEPEEEEERPPPE DERR R, CORPR
[y
Q 50 100 159 0 50 100 150
Alum 2 #{pprn) Alum £ #{ppm)
Fig. 3 &g AT FHLdF Fig. 4 A& LT
$3 - 13 4929 29 - A4 A9ds
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$AARE AASOA3E AHBeAT, H4SUARE ARekach 223 Table 5o 2 A
Aol e MFFY ¢ AA F FALA ARE e,
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$REEO B Ushia gk ok BesshH AR dEeE ¢ - A4 AuAe
N SUERE AN F 0B AL & o] FoAA 7] WEgold.

Table 5 5 Aelgol g wHee $3 - 49§ +4

i BEEF 2 B8y Ay
£ A ST S ks
- pH 7.56 6.46 7.92 7.52
BOD(mg/L) 7 6.4 20 95
CODua(mg/L) 35.23 34.49 17.44 11.72
SS(mg/L) 12 4 20 13
Cl'(ppm) 299 264 1,045 ‘1 942
NH4'~N(mg/L) 25 18 550 377
NOs-N(mg/L) 6.9 6.0 19.3 16.1
TS(mg/L) 870 770 6,340 5,180
TDS(mg/L) 858 766 6,293 5147 A
Turbidity 1.94 0.93 7.78 2.96
n~Hexane ’ 1 0.8 3 ‘ 2
T-Nimg/L) 100 80 2,000 1,600
;_;LAS(mg/L) 0.421 L 0319 3.985 0.688

43 9.&& o]&38 x84 <2 A Pilot Plant ¥4 4 7}

431 Ao %o g w7}

e®g A43A @5te W PILOT PLANTAM A £4% #9%9 f%%9)
COD % E Table 6°] Yy,

Table 6 2EFAE =Y3A Fh& v COD A2l i &

o 0] o) 2= [ EXEYS
™ ):1 T ' BT T
NEE (%
i COD(ppm) COD(ppm) el ae o)
340 39 835
500 47 90.6
L 550 56 89.8

LEFTHE E]J8kA ke W COD MAE &S F959) FF7F 340~550 me/L 4
FE7E 39~56 me/LE °F 90%9) AALE e led o drkA<l
A Aeggel natad Fas Fog Helrh
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& 200 ppm FHNAE W, ¥ A dAAEE FFEFEEA GEAL F71EE
Tata 7] Wie nEke o&§& olf3tded HY FdvEr & 200 ppmE F
g3t o FYFEI} 200 ppm Ydul COD X%E]}i%—.% Table 7¢) YEF AT,

2.2 200 ppmE FY34 949 COD ¥ % ¥3}7l 180~548 mg/Lo.2 thoksl
A FYEE f&ET9 %E‘: oF 21~27 mg/Li A e e At ol #¢
Fo F7IEFAE] &0 g3 nAyEo] £33y A HEHE WEste] afHolx <t
AHQ AHYa&e e gl

Table 7 & 200 ppm YA COD a8 & &

Ao &g HAZHES
f 449 COD(ppm) COD(ppm) COD(ppm) HAAEE (%)
180 140 21.1 88.2
343 288 24.4 92.9
486 377 2.5 945
517 501 2.8 94.8
530 508 27.1 95.9
548 516 27.3 %0

2.E 80 ppm FYAl COD2 ¥sE #AIAT. &.F& FUFE 80 ppm Y= COD
Y EE&L Table 8ol Yeldich

L& FRYIFEE 9 80 ppm FUA FYFY COD ¥E7) 345~442 mg/lLE #4E
FEFY COD EEv 9 35~49 mg/L2 89% AE9 A EEL Vel AZE s

ETAE YA @F%e v v AHHaEE Boln e oy d
AEol AFEL LFEAA uAFo] Bty AL dHZ wIde oz
AFre QEofAe o.& iAol ofalr] Wi EHHoR FIEHdES W3l
#28 AR gokg el vl AAE el e AR 44,

Table 8 £& 80 ppm FYA COD A& S

814 CoDopm) | ;;jn‘:’i ?ODT(fnT) A g (%)
345 268 35.3 89.8
403 198 44,5 89.0
430 380 49.0 88.6
435 355 476 89.1
442 361 45.4 89.7

F9%¥ % 80 ppm € W COD AH#lado] Aoz ezl AR 255
S FUHE W BV &S FQ87) st 22 40 ppme FHs COD ¥
oo} E%kﬁ’r COD #%& Wiz AxE Table 9o YEHARITEH

F91%5 % 40 ppm FYat9E W U449 COD F=7t 365~498 mg/Loll W& -
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Z249 BEE 79~244 mg/L AEE o 50~78%9 HIAEE&E JEUALH o] AdE ¢
E2FARE EQ3A &g v Ru © A2 HEass Holx Ut FARY &

MESoR 49 XUt 9Ud AeE B4En,

Table 9 & 40 ppm FYA COD A E S

N deene A5 haT o
#9494 COD(ppm) oDl S A AL (%)
365 ] 319 79 78.4
414 ? 376 140 66.2
498 'f 431 244 51.0

Fig. 5ol FHEF =] @& COD A& && VR AsEe &8 FU3Y
g ue AgEgo] ol thrl Fsle L&Y TRV ¥ EE HEI}IA AgAFo
=obA ¢ 200 ppm FEAME &g AMEEA] WSkE WEY e HYEE&EE dEh
al gl

A
-
 o®e) ¥EI 100 mg/l oatE FUW Wole AEE omAE UE & AU
CODE W= bl & aag HolA &gt
Mg Aeg £ COD FEIL 180 ~ 550 mg/LE WslEo 2 W v AE
My ge A kA H o2 FEF) FEI 30 mg/L °18lE2 FA37] HEiAde &8 200
mg/L BEE Hofais Aoz Yy,

[raess=d e coo seiag)

el m %)

0 80 160 150 200 250
2EFUELIoDM)

Fig. 5 2&FYFEe] @& COD MAx& v

432 RAO.EF 08 ofF A .

nAEAEE B4 55 COD7F FeEH el gdtal AAL=AE o3y 9
dtod 714 APE otk MR o8 AP E& obH Mg skA3 g7 uEe]
BEE AAL + e Ae 17 A ddoldint. 28 A TAE Table 100 A st

degEAest dedtsd A9g A &5 COD FE7t 24ds d35d +24& a
o o7l FeEor 7 AYE EE W COD v&=7F @ol wolztl, olejd

o

_10_



T ALEd A% AT 1

TR0 AZagd ol et o 95~96% A& et glvh =3 W83
Aol X AAHA AR HE7h o7 AAFA

Table 10 @4 &2A &9 F2E&AYd A& AAE

HeE AR |
Fgs AeEAY BoE+AE +F o & HeE &
COD(ppm) COD(ppm) &4 COD(ppm) & (%)
COD(ppm)
343 288 24.4 17.7 94.8
486 377 265 189 96.1
517 501 26.8 193 96.3
530 528 27.1 19.6 94.9
548 516 213 21.0 96.2

700
500
500
g 400

£ .
= 300

4
—— 72 COD ~—-HE
—A—- 24 E ——H2E

Fig. 6 24 ©Ad COD ¥= W3}

4.4 Activated Carbon Test

g4 g F9H+e COD ¥5&= 24ppm, 18ppmeg Fd&4dct Zz 5 A8 3A
o W3 X E &S Fig. 79 Fig. 8o UEHUAD. F98 Fd59 21& 257 98
ARRE AR o] T HEde] A AL VERA 3T A o
AR BEFES 233U 2 ARE FYAnh
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CODtppm)
COD(ppm)

0 200 40 600 80 1020 0 200 400 8OO 820 1000
Bed Volume Bed Volume
Fig. 7 A2 &+ E+DAF &4 Fig. 8 A&+ W E+DAF+F &
4y 49 47 g4 29 49 43
9w 2y 2PAI gelM AN AxPer AP FRFH o)t ¢5E
e =& dg F do F B EF #E59 COD 557 2~3ppm AEE 53 A
HEEe FAskY Ao AeAId 2 33 - FE3E A AR 849 7
d AgATE o 7000m =S B AY F HEFIS divh =28 FoE A
EQE didAlsel tisiMe of 8500m B WAAEE AY F REFAE 2Isq
o ol A8E vtgo s FAAAA e Aol &g A% HH FHE A& F AUt
5.4 &
Fd#He COD =71 250~500ppm AEE FE v 2E24S =34 gs

uj 2] WMFse COD wE& oF 30~35ppm FERE Ea ok dAgr AEas Ha)F
Ao AR 22 °fF 200ppme FYA T F3 WFol did JojE Qo 23
AtslEle] kg a AER AEAHZ Ho §% COD v%7F & 17~27ppm AEE o
9% MYFE &R FE3| Fad AAE ey 23 AE8HE A gSdE AR
5ol A9y A=Y ol DAF(Dissoved Air Flotation)E& %3l A A AH AT
FAH e Aol gg AdAE ALE-ALEANY-DAF-F22 IS Filo {22
2 BEg2 Sxgdndg v JelgAwt CODY ¥EE Fo&7tA AAgLuE
oF 18ppm A EGTE metA o] T e FRAlCE g g FgojAvt
T £ o%}fﬂl—rfl Aolds 9 HEX44 COD Sppm ©|3t2 g3}y ]
o 28 AYs & A oF 3ppm AEE AP0 fAReREM EESAL
ok v WEg 5:’%‘3}04 Aol AHES dAlE Y AMFTAAA AAHoR o
of = Este] ALgEHoIAE BE £4% A3 8ppm~10ppm =9 COD %
el B Aol A HFNOE 4TS TR 29 ARl sted Aowm
g AN FHFFNE AHA oFAzldAd ARFolAe B9 COD ¥EE ©
pm AEE eI B A7 HE AL 48 YET Ao FYdnh
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