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Application of Iron-Catalyzed Air Oxidation Process for Organics and
Color Removals in Recalcitrance Flexographic Inks Wastewater
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Abstract

The oxidation processes of metal catalysis were practically applied into the flexographic inks wastewater
treatment to derive the most effective and economical system among all the processes of iron-salts
coagulation, iron-catalyzed air oxidation, and coagulation followed by biological treatment. The iron
concentration and pH were optimized as 2.8x10° mol and 5.5~6.0, respectively, for all the oxidation
processes. At the optimal reaction conditions, the removal efficiencies of TCOD,,, and Color were as follows
for the respective process: i) 75% TCOD,,, and 77% Color removals for iron-salts coagulation, ii) 91%
TCODMn and 90% Color removals for iron-catalyzed air oxidation, iii) 74~92% TCOD,,, and 81~90% Color
removals for coagulation followed by biological treatment. Based on the economical and technological
aspects, iron-catalyzed air oxidation was confirmed as the most effective process in the treatment of

industrial wastewater.
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7 B4} (Kuo, W.G., 1992; Winiat, W., 1987; Sims,
A. F. E, 1981; Sedlak, D.L., and Anreen, AW., 1991) &
Hrstrict ALEAS U AR, o5 whgd
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o th&7 2H(D. Swern, D.H.R., 1979; ].C. Mitchell,
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Table 1. Characteristics of raw wastewater 2.3, 2% diy
Compounds Concentration 23.1. 429 ¢4
pH 75-85 SHAR S AF@HAA FAYE FAFE Hezxol
Temperature(°C) 23~25 A 283 #5370 T 15 A vheFo &
TCODy(Mg/l) 4721~5230 QAT ol uhoz 2
Color(unit P.C,) 1341-2516 B _] Ao #9d v el FeCly(Feion 16%) S A
TSS(mg/l) 900~1380 SEAA A2 Fdsta T2 w8 pHet
wRtEEd A pHel| w2 TCODy, o M= A|AZE
& 230,
Table 2. Characteristics of influent wastewater in 3rd reaction tank Fer* o]29] FEnt dx £939 7= HF
Compounds Concentration AYFe] $3 AgoA =2 A9 E 1esto]
pH 70~78 Z+z}+ 2 8x10°mol, 3.4x10°mol, 4.0x10”mol 2 &9} 2
Temperalre("C) 38-45 W, 13 shetaAe) weze edzAe Wego
TCODyn(mg) 33-52 pH 3.5, ¥HeA7F 305 WHFEE 240pmO 2 WHS-
Color(unit PC,) 22~40 5
TSS(mg/l) 26-83 A% Ferol &9 Fxe pHel m2 TCODy, %
Nwe) AAEHE 2] 913ke] NaOHE 17} 3}
SHARe) Wrezel pHE 35004 7074 F71417)
A WESE g =] A MEHC] FAuts o ANRE 44 AHSAY. 47 AHE ARl
= AAIZ 7t S xS gtk TSS  o]& 18R 234 (A-101, Sein Company Limited) 2
900~ 1380mg/l 2 A A Al vIARAe] W= xAA A7 F TCODy, o A% AALES AE
ARGl 5950 e, B934 ARAAAT et
g 32 W2 FYHE 59 = Table 2
o} 2} 232 A& 71748}
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Iron-Salts Coagulation Iron-Catalyzed air Oxidation
in 1st reaction tank in 1st reaction tank

- Coagulation FeCly Coagulation FeClz

- Reaction pH 3.5~7.0 - Reaction pH 3.5~7.0

- Reaction time 30min - Reaction time 30min

- Agitator mixer - Agitator & air mixer

N M’
Agitator
)
HIC
v
Influent - _*_, 'Effluent
(Raw wastwater) J— (Filter press)
(o o
o}
gMg vowov v v v v v
Blower Reaction Tank
7 ) N
Iron-Salts Coagulation Iron-Catalyzed air Oxidation Ca'*/Fe'" Air Oxidation

in 3rd reaction tank

in 3rd reaction tank

in 3rd reaction tank

- Coagulation FeClz

- Reaction pH 3.5~7.0
- Reaction time 30min
- Agitator mixer

+ Coagulation FeClz

- Reaction pH 3.5~7.0
- Reaction time 30min
- Agitator & air mixer

- Coagulation FeClz, Ca(OH)z
- Reaction pH 3.0~10

- Reaction time 30min

- Agitator & air mixer

Fig. 3. Experimental procedures of iron-Salts Coagulation and iron-catalyzed air Oxidation test.
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Fig. 4. TCODMn removal efficiency of iron-salts coagulation
3.1 2o 2FX3H™ process in 1st reaction tank.
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Fig. 5. Color removal efficiency of iron-salts coagulation process in

1st reaction tank.
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Table 3. Change of TCOD,,, concentration and color at iron-salt Coagulation in Ist reaction tank

Raw TCOD,,, 4800(mg/l) TCODy, 5210(mg/l) TCODy,, 5136(mg/l)
Color 2516(P.C,) Color 2101(PC,) Color 1341(PC,)

Fe 2.8x10°mol 3.4x10°mol 4.0x10°mol

pH TCODy, Color TCODy, Color TCODy, Color
35 1680 779 1771 630 1489 402
4.0 1678 776 1767 627 1480 388
45 1440 629 1510 609 1181 381
5.0 1296 618 1250 567 1173 375
55 1200 571 1198 562 1078 371
6.0 1202 679 1146 714 1080 415
6.5 1584 981 1195 945 1129 663
7.0 2016 1182 1514 1252 1175 724
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o] el A AAREC] A3 2
5.5 o] 3ol Al AIARE] A ]'L
olf gt AL Ferrol &9 F7lol
AAZEE 7 Colore] AA&L Hadte 4
Ae<& HeEPlF

Fe*ion 4.0x10”°mol ¢ 39S = pH7}
g = pH3 .50 = TCOD,,<} Colore] #|#
70% olo2 Lhebskort TCOD, & pHo,
Color= pHS.5 o] /el A A|7&0] 43| 2+
o Hd AAEES Aol WEl niel 2ol
pH 9% = TCOD,, o 4% pHs.5~6.00]9.00]
Color= pHS.0~5504 H AAELERE JEIST
a2 Feto] o] 71845 Colore] A|A& A
pHS.0~5.5ellM &= A=A A o] FFastgint. o2l
Fe'to] o] #EA T Ferol 2ol o8] <3¢
Colorg A7) Qo] He Zo= AlgdT
Fe*o] £9] s%o] w2 TCODy, 2 Colore] AAZE
&5 T8 B9 Feroleo FUv=r} 2.8x107
mol, 3.4x107mol, 4.0x10°mol & W TCOD,, ]
) AAEELE 242 75%, 78%, 79% 328 Color2]
AN AATEL 474 77%, 13%, 2% = Jebyth
AT Aol oot FE & JAE ARRshe HZ-A
A g MESFe A=AA A7 (Olthof, M.G., and
W.W. Eenfelder, 1975) Fe,(SO,); 500mg/l <, pH
3.5~45, 494 Color 2250 PC, oA M= A&
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7] 98to] Table 49} o] Fel*o] 29 F9 &
2.8x10%mol, 3.4x10°mol, 4.0x10°mol® 747} F
¥ pHel W& 371448l 2854 < Fig. 63 Fig. 7¢|
el 9. Fe’*ion 2.8x10°mol F93}9S o pH
3.5 TCOD,,, ¢} Colors z}2} 66%, 72% A A
=%t pH7E 571845 TCODy, % Colore] A A
go| Z7hstg o pH6.0014 A& A A Lol HA
42317 A2, a8y TCODy, &= pH 6.0~6.5
AA 91%9 AAZES Yl e Color= pH
5.5~6.09014 90%2] AAZES JEFRSATE. ol H g
AAZEL FoA] Wl BN TAHRY n] S 2o
AAZEES JeEPATE, g We pHAlM = H
AT =L AAZES YeRll = Aol 3
o] AL Fero] o] g7]% Abaol| o]slo] Fel 2

2 o

9
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e ey k

Table 4. Change of TCOD,,, concentration and color at iron-catalyzed air oxidation in 1st reaction tank

Raw TCOD 4721(mgll) TCOD 5125(mgfl) TCOD 5094(mg/l)
Color 2232(PC,) Color 2011(PC,) Color 1755(P,C,)
Fe?* 2.8x10°mole 3.4x10°mole 4.0x10°mole
pH TCODy, Color TCODy, Color TCODy, Color
35 1605 624 1537 603 1375 526
4.0 1600 620 1530 563 1222 456
45 1227 558 1076 558 1018 451
5.0 660 334 922 402 622 403
55 472 223 411 261 458 386
6.0 424 228 407 257 408 388
6.5 428 245 512 482 611 526
7.0 944 624 973 804 1018 614
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EAAE AT AEw 37148 349 A8

100

80

—— Fe®ion 2.8x10 *mol
—=— Fe?ion 3.4x10 *mol
40 —+— Fe?jon 4.0x10 *mol

TCODwmn rermoval efficiency(%)

3.5 4 45 5 55 8 6.5 7

pH

Fig. 6. TCOD,,, removal efficiency of iron-catalyzed air oxidation
process in 1st reaction tank.

100

80

80

40

Color removal efficiency(%)

——Fe®ion 2.8x10 %mol
= Fe¥'ion 3.4x10 %mol
20 — Fe?'ion 4.0x10 °mol

pH

Fig. 7. Color removal efficiency of iron-catalyzed air oxidation
process in 1st reaction tank.
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Table 5. Change of TCOD,,, concentration and color at iron-salts coagulation in 3rd reaction tank

Rew TCOD 45(mg/l) TCOD 33(mg/l) TCOD 38(mg/l)
Color 22(PC,) Color 40(P,C,) Color 26(P,C,)

Fe?* 2.8x10*mol 5.4x10"*mol 8.1x10"mol

pH TCODy, Color TCODy, Color TCODy, Color

35 23 11 16 20 17 13

4.0 22 11 16 20 17 13

45 19 10 14 19 15 13

5.0 19 10 13 19 14 13

55 16 10 12 19 13 13

6.0 16 10 12 19 14 13

6.5 18 10 12 19 14 14

7.0 25 13 13 24 15 15
BEe] RegAN §2HE §71%0 9% COD
Jb EE 2| sithe o]i(Grady Williams, 1974 _ 0
Digger and Grady, 1977: Sykes, 1981)3} |23t &7 T
COD: A4 njgZe] AEelA Eo) Uit & o
ZAAG a8 TS AN fol HAThe E L, S
o] & (Baskir and Hansford, 1979). Raji2e ngs | T

(=)

o] %o 23 SOM(Soluble Organic Matter)o]gh= £ *
olgo] AT AzE 4AE Y3 9 0

olg gt &S] EalAtE A ”LE] = 7189 0

3.5 45 5 55 6 6.5 7

AAEES AES 23 v Zo] YErytt. o
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Fig. 8. TCOD,,, removal efficiency of iron-salts coagulation
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Table 6. Change of TCOD,,, concentration and color at iron-catalyzed air oxidation in 3rd reaction tank

Raw TCOD 47(mgll) TCOD 40(mg/l) TCOD 52(mg/l)
Color 32(PC,) Color 27(PC,) Color 31(PC,)
Fe?* 2.8x10“mol 5.4x10*mol 8.1x10“*mol
pH TCODy, Color TCODy, Color TCODy, Color
35 23 14 18 12 21 16
40 23 14 18 12 21 14
45 19 12 15 9 20 12
5.0 16 10 13 8 15 10
55 13 9 11 7 14 9
6.0 13 7 10 7 14 9
6.5 13 7 11 7 13 10
7.0 16 10 12 9 17 10

90
80
~ 70
s
g 50
2
2
g
H 50
S
T 0
3
g —e— Fe?ion 2.8x10 *mol
= 30 —= Feion 54%107*mol
8 — Fe’ion 8.1x10 *mol
3 20
10 10
- - 0
4 4 5 5 5 7 3.5 4 45 5 5.5 6 6.5 7
H
pH
Fig. 10. TCOD,,, removal efficiency of iron-catalyzed air oxidation Fig. 11. Color removal efficiency of iron-catalyzed air oxidation
process in 3rd reaction tank. process in 3rd reaction tank

Table 7. Change of TCOD,,, concentration and color at Ca**/Fe**(2.8x10*mol) air oxidation in 3rd reaction tank

Raw TCOD 38(mg/l) TCOD 48(mg/l) TCOD 35(mgfl)
Color 22(PC,) Color 26(P.C,) Color 20(PC,)
Fe? 500(mg/l) 1000(mg/l) 1500(mg/l)
pH TCODy, Color TCODy, Color TCODy, Color
35 17 8 21 9 12 7
4.0 16 8 21 9 12 7
45 13 7 14 7 10 5
5.0 11 5 13 7 8 4
55 11 5 11 6 7 3
6.0 4 5 5 5 3
6.5 4 5 5 5 3
7.0 10 4 13 5 8 2
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