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ABSTRACT

A Study on Removal of Phosphorus within Sewage Using
Caterpillar-Type Fe Electrode Electrolysis Device

Lee Jeong—su

Advisor . Prof. Lee Seong—key, Ph.D.
Department of Environmental Engineering,
Graduate School, Chosun University

In this study, the problems of conventional Fe electrode electrolysis devices
were addressed in order to develop a caterpillar—type Fe electrode
electrolysis system with high T—P removal efficiency. The aim was to
propose a sewage treatment measure and the conditions for each factor so as
to satisfy the water quality standard for T—P effluents (0.2mg/¢) and attain
the optimum phosphorus removal efficiency using this device. The results of
this study are as follows :

The pH levels in the reactors during the electrolysis process did not change
significantly and remained near the neutral range. The DO concentrations
were found to be high in the reactors and effluents, while there were no
significant changes in the MLSS concentrations measured in the reactors.

The phosphorous removal rate was measured according to the retention time
of sewage in the Fe electrode reactors, and it was found to be higher at 12H
compared to 8H. Based on this, it was deemed that more phosphorus
aggregation occurred over the course of the electrode reaction time. The
MLSS concentrations in the Fe electrode reactors were varied to 2500ppm,

3000ppm and 3500ppm, and the difference in the phosphorous removal rate
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was found to be negligible.

The phosphorous removal rate was measured according to the retention time
of sludge (solids) in the Fe electrode reactors, and it was found to rise along
with the sludge retention time (SRT). Operating the reactor at SRT of 8 to
10 days led to a sufficient phosphorous removal rate. When the electrolyte,
NaCl, was injected into the reactor at a concentration of 0.05%, the resulting
phosphorous removal rate was high, ranging between 90.5 and 94.8%, and it
was deemed to contribute to the improvement of the phosphorous removal
rate. This is consistent with the results of preceding studies.

The results of a comparative experiment using fixed—type and
caterpillar—type electrolysis systems showed that the phosphorous removal
rate was very low for both systems when Fe electrodes were not used. On
the other hand, the phosphorous removal rate was measured to be
86.7~92.6% for the fixed—type Fe electrode electrolysis system, and
90.5~96.2% for the caterpillar—type Fe electrode electrolysis system. At
present, the caterpillar—type Fe electrode electrolysis system is known for
its high phosphorous removal rate in sewage treatment, and in this study, a
similarly high phosphorous removal rate was observed in livestock manure,
feces and sewage treatment processes. Thus, it is deemed that

caterpillar—type Fe electrode electrolysis system can be applied to livestock

manure treatment processes.
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4Fe(S) — 4Fe®(aq) + 8e”

4Fe(aq) + 10H20(1) + O2(g) — 4Fe(OH)s(S) + 8H(aa)
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[Cathode] 2=
8H"(aq) + 8e~ — 4Ha(g)

[Overalll] 4Fe(aq) + 10H.0(1) + O2(g) — 4Fe(OH)s(S) + 4H2(g)

* Mechanism 2

[Anode] &=
Fe(S) — Fe*(aq) + 26~
Fe?(aq) + 20H (ag) — Fe(OH).(S)

[Cathode] 2=
2H.0() + 2e” — Ha(g) + 20H (aq)

[Overall] Fe(ag) + 2H.O(l) + Oz(g) — Fe(OH)2(S) + Ha(Q)

=EH0 &Eots0, I EEi= oh-H=2

=p = g oH
CE=ES = JAIH E 2l S8l 2 HMAH=CH

L-H(aq)(OH)OFe(s) — L-OFe(s) + H»O(l)

lst20| Z=Xat=0 Fe(OH)*
[w]

3 5
A0A EMHotH Gl €2 ErS0]l 20

Fe*(aq) + H20() — Fe(OH)*(aq) + H'(aq)
Fe®*'(aq) + 2H,0() — Fe(OH),"(aqg) + 2H'(aq)
Fe¥*(aq) + 3H.O() — Fe(OH)s(aq) + 3H'(aq)

=0T & &IJISEN 2o &0/l=2 S0/=20
QICH Polymeric Fe**2t A9l Hydroxo stet=201 2lst
& ARAS0 2ol EUNEUCH, =Xl SEHEMN
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S0l A= AR HILE O Ags FES JXD AUCH
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3.1 AR
Al AlEst |= Dot=XelAlIZUHM =3I CH Dot=XelAlEE JIIEER
XelAl&dol 2tx42 dl=2 ¢HH XMelote 22z PHEDNH USH, dF=2
ot ReUEeE RFEXIEHXUA S BHAUGHALCH = =& Table 11+ 2 C.
Table 1. Characteristics of sewage
Influent
Parameter
Range Average
Temperature (TC) 15.2 ~ 26.5 22.3
pH 6.65 ~ 7.78 6.92
BOD (mg/L) 123.7 ~ 226.2 186.5
TCOD (mg/L) 135.3 ~ 590.0 231.3
SS (mg/L) 342.7 ~ 651.3 478.5
T-N (mg/L) 16.18 ~ 45.24 22.32
T-P (mg/L) 2.15 ~ 20.29 10.61
3.2. Al8{EX
2 pilot planttl &8t ReAETE Fe M= MI|E0 EXIJF X &AM Hel
2F T = Figure 614t 2Ct 82X = 3AJ|JF 4,270mm % 1,830mm X 1,940mm
OlH, &J|2H&EX= SUHHEENS 350mm x 50.5mm x 15mmel HAZSE I
79HE RSHAIEZE Mol 20 HESRLH 22 d=T 20l= 920 mm,
HdIE Jlj= 204, d=2E 2t22 740mmE D EGHH oA CH
2 HdR0AME I 2= SHA AHYES LHGHAH MAHGEI| ol
A2 =0 20l EHAIE AXlotg], M2Eo| 5|A &k BHHZE S MAIFIEHA
Hd=z BN RRE OI2E =2 HAHGH # &= 8t301 =0t H&= SHACH
L&t IFRE WHE SUSOZMN 82 QHES zASHelH MoHEtSS = HstotCE
FeATE 2T BHAIDF 2HE EXI= Figure 71F 2 CF.
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Figure 6. Schematic diagram of sewage treatment using electrolysis device.
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Figure 7. Schematic diagram of caterpillar—type electrode plates and brush.
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Figure 9. DO variation of reactor.
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Figure 100l= 2 EBtS=Z0 UM MLSS s&= Hal
O MLSS s&&= 2,734~4,354 mg/l, SIIE MSSs=
EsEE= 4,021~6,518 mg/42 UHEFSICH.

Bt

Figure 10. MLSS concentration variation of reactor.
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4.3 MLSS X0l & 2 HHE
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Figure 12. Phosphorus removal rate according to MLSS concentration.
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Figure 13. Phosphorus removal rate according to Sludge Retention Time.
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Figure 14. Phosphorus removal rate according to Nacl concentration.
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Figure 17. Microbe species observed at electric activity sludge reactor
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