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A study on reduction of excess sludge in activated sludge system
from a petrochemical plant using electro fenton process
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Abstract

The reduction of excess activated sludge from petrochemical plant was investigated by the electro fenton (E—Fenton) process
using electrogenerated hydroxy! radicals which lead to mineralization of activated sludge to CO,, water and inorganic ions. Factors
affecting the disintegration efficiency of excess activated sludge in E—Fenton process were examined in terms of five criteria:
pH, HO2/Fe?* molar ratio, current density, initial MLSS (mixed liquid suspended solids) concentration, H,0, feeding mode. TSS
total suspended solid and TCOD,, reduction rate increased with the increasing H:02/Fe®" molar ratio and current density until 42
and 6.7 mA/cmz, respectively but further increase of H202/Fe" molar ratio and current density would reduce the reduction rate.
On the other hand, as expected, increasing pH and initial MLSS concentration of activated sludge decreas TSS and TCOD,, reduction
rate. The E—Fenton process was gradually increased during first 30 minutes and then linearly proceed till 120 minutes. The optimal
E—Fenton condition showed TSS reduction rate of 62~63% and TCOD. (total chemical oxygen demand) reduction rate of 55~56%.
Molar ratio Hx0x/Fe®" = 42 was determined as optimal E—Fenton condition with initial Fe®" dose of 5.4 mM and current density

of 6.7~13.3 mA/cmZ, initial MLSS of 7,600 mg/L and pH 2 were chosen as the most efficient E—Fenton condition.
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& (petroleum hydrocarbons, benzene
hydrocarbons 1#] 37 nitro—benzene) E°] thF E3H%|o]
A= Aoz d#A Y+ (Jirasripongpun, 2002 and
Kriipsolu et al, 2008). whebx A-f-3}8tg- ol Ay
= 71 doAgAEHA o gt AR EAE Fog
Ato] ¥]a1 glom, ofef we} 7|Ee] &elA] Fhds) W
= (e, &7, €4, 253}, cavitation ) ol HI3l Y
< AAAe| 1 g&A 0 M ¢ Qe Vsrte] da
5t Aolt) (Jean et al, 2000; Vlyssides, et al, 2004;
Hirooka et al, 2009).
IFAMEEA (Advanced Oxidation Processes, AOP)
OH &}olZ (OH) & 483t AlsiAlE Ailste] o9&
S Falst olakslglAs, 1gla £ o] 207 AKSIAlY]
oIt} (Brillas ef al, 1998). E3], 1FABIEAE
AEASEGE HO, (FAF8E2) 9 Fe™ 2] ukgof ¢
H o] EL—% APikele, Abshe et HZO;Q} ums}oq
e’fol o7 FFo] A&H 07 Hhe-g FAEHE T
OE (2] (1-2)) ssterads, AT 183 A
& 52 Aol AHgE 3 9k (Malik and Saha, 2003;
Buyukkamam, 2004). 18y AEAS} TG A 74
wolzl A o]2of| &gk thake] ilshE FEje] S Ay
I Hy028] Y02 A3t AANY TAR U3l =2 Aksty
< 7Hel% E78ta Al @482 tha AlgE o)t}
(Hsueh et al., 2005).
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Felow Z]*”‘L A Jﬁ}‘{ S %7(]?% g 9lo] 71 9
Ealslg g oA WA E = AkskE
# 238} A1 4= e} (Huang er al, 2001) (II) graphite,

reticulated vitreous carbon and carbon nanotube ¢
s 502 ARE 49 2 (6-7)l &8l H:0:E A
S50 Ayl HO, FUFS 2 4 A H2 7
231 ek (Zhang et al, 2008). (I %3t 4 A=E 4=
o7 AREE A% A ()l el o] FellA A o8] 4]
Qlo] A%H o Fe o] T 5 g AR AT
olth (Qiang et al, 2003).

Fe’" + e = Fe? 3
Fe’* + R® = Fe*" + R* (4)
Fe’" + Hy0, = Fe*" + HO,'+ H' (5)
Os + 2H" + 2¢” — Hy0» (6)
2H20 — Oz + A4H" + 4e” (7)
Fe — Fe’" + 2¢~ 8
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Table 1. Characteristics of activated sludge (Data are averages for triplicate samples)

Parameters TSS VSS  TCODy SCOD;  T-N T-P T-Fe Cl Alkalinity Cunductivity oH
mg)  (mg) (mg) (mg) (mgl) (mgl) (mgl) (mgl) (uS/om)
Average 14400 5700 8950 13 1,150 450 19 0.52 2415 9.8 79
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Fig. 1. Schematic diagram of electro fenton process.
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]"ITO]’_’ HOo= 7184 &
;}_i NaySOs= Ax]z|ate] 1afQl
A AAS 5 vﬂ Ao FEE Z4SITh TSSeH VSS
= Standard Method (APHA et al, 1998) Wi o & H-4
&}9loH, TCODe, SCODe. T-N, T—P, Fe*", Fe’™,
H,0.= HACHALS] 7] EE 0]£3F] Spectrophotometer
(DR/4000, HACH) & ©]&-sto] S43eltt. pH, d7]d%

T 783 9%E pH meter (Orion Model 250A) 2 o] &
sto] STk
3. 41 % nF
31. pH 2 2= & (Fe?/Fe*)el w5}
A=A A Q] A$- 21(1) o o) e dEde A3}
A2 = 9l OHERE]Zo] A7) witel] 8 o] 89
Yol A o] el 2 fx|Eojok X449l HERRSo] I
o} 2 o A7|HEAS A oM AFEE
3.3 mA/cm®ol|A] pHoll e 85 H o] »um3lE 2A)s)

71 93l #HE<EH A 2 Ha002] F9¢lo] Run 1 (Table
19 z70)M Fe? s} Fe™* 9] $555S ARG oH,
pH 242 93l 5N HySO4, 5N NaOH £S5 A3}t
AHZ7 Fig. 2(a) & 2] pHZF 5715kl wet 85 A
o8] st Fashes o] et yEFsTE pH 3,
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Table 2. Condition of each Run for activated sludge reduction
Experiments
Parameters
Run 1 Run 2 Run 3 Run 4 Run 5
pH 2,345 2 2 2 2
HOu/Fe® molar ratio - 14, 28, 42, 56, 70 42 42 42
Current density (mA/cm?) 3.3 3.3 1.3, 33, 6.7, 133 6.7 6.7
Initial MLSS concentration 7,600, 12,100
- 7,600 7,600 T 7,600
(mg/L) 15,600, 21,100
' once, twice, three
H.O, feeding mode - once once once , ,
times, four times
Operation time (minute) 30 120 120 120 120
23 2wy A FEAY 49] 2% WA SRF 1213 pH 5 A5 WA 2t

1% %J} 3mM, 1 2mM 05 mM 14%312 Pié Sk
pH 55 oldelrE Fe* ol&o] 2 10l 2
Fe(OH) 2% %™ (Martinez—Huitle and E. Brillas,
2009), pH 1 ool Fe''7F 21 (1Del <3
Fe(OH)ss FEZ F¥HE oz wyug wp ot
(Daneshvar, 2006). & 174 pH7} 5715kl wief &
A o] LI} AAash= S A (10-11D) 9l Q& g4t
31 aﬂﬂ]i AAE Ao AlgEt) 3hH, pH 2 Z70A]
e FE 8 A o]&o] A& o
© A& ERISIGI) webs] HA7|HE
o]o] ks HE =

Ao A7|AERESS] Sl
Ql DH 2 U7k HAe) 2ow
= A7|HEAEE 93 2 pH7F 2.89]
2= Oturan 5 (2000) 8] A7-A#}e} FAFSHE

=

%—a—’

(10)
1D

Fe”" + 20H™ — Fe(OH) s + How
4Fe™ + 10H:0 + Op — 4Fe(OH)a + 8H

()

B, 10,9 9137 o] AL 7 §§‘i%°ﬂ£ -
al Flg 2(b) oA & 2o) DH 29]

3hel o2 LEpdth ofof gt °°L
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o] FA = £t UJF: Ao® Bt} (2]
(16)). RESAIZE 30i7 = & pHYF 20014 5714 S7Fekol]
whe} HoO,9] 2% 872 0.20 mMellA] 0.27 mM=
ORIt Tk AEE HAAIRE, Ha0, el Slof pHel
o3t ke A9 glE Aoz yeldtt (Ozcan et al,
2008). wWebH Fig. 2(b) A Fe®* o] 22] Abgsiol
Fe™* o] 202 255 ojA]= A oA A EE HO,
o gJal] gEAEEo] HAE| WO AbE T Liu
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o] TF §lol® vl A =2 HO.7F s = 28 gled
T Ak
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Aoz A Jt} (Pozza et al, 2005). 2 (12—14) ]
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R = [Ho00)/[Fe*']) &= MBS T A M 235 232l
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B Ao s oA ks 93 29 RelE £Ea)
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Fig. 2. Variations of total Fe (ml\/l (@), Fe* mM (b), and H:0»
mM under different pH during electro fenton oxidation
(Current density = 3.3 mAlcm?, iniial Fe® = 54 mM,
initial - conductivity:k = 9.8 wS/cm.) (Data points are
averages for triplicate samples.).
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Fig. 3. TSS and TCODcr red(uoiion rate (a), variations of Fe*
mM (b) and H:0. mM (0 under different H,Ox/Fe*
molar ratio during electro fenton oxidation (Current
density = 33 mA/lcr?, iniial Fe? = 54 mM, initial
MLSS = 7,600 mg/L, pH = 2, initial conductivity:k =
9.8 uS/cm) (Data points are averages for triplicate
samples.).
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MLSS concentration (b) during electro fenton oxidation (H.OyFe® = 42, initial Fe* = 54 mM, pH = 2, initial conductivity:k =

9.8 uS/lcm) (Data points are averages for triplicate samples.).
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