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Summary

In this study, two types of treatment methods, ozone treatment
and combination of alkaline and ozone treatment, was used for
character's variation and reduction of sewage sludges such as
Primary, Excess and mixture of two sludge.

The purpose of this research was to find the removal efficiency
of sewage sludges with using two methods and the applicability of
using zone treatment and combination of alkaline and ozone
treatment to the primary and mixture sludge.

Experiments by ozone and alkaline treatment that was together

with ozone treatment showed following results;

1. Adding 0.10, 0.20 and 0.15 g Os/g SS to primary, excess and
mixture two sludge, removal ratio—of TCOD was 33.8%, 41.4% and
34.6 % in respective. because of the reduction of TCOD, SCOD
removal efficiency was increased to 53.8%, 50.9%, and 44.4% for

each material.

2. Due to the reduction of sewage sludge, increasing ratio of T-N
concentration in sample solutions was 68.7%, 84.7% and 90.7% and
that of T-P in sample solutions 60.9%, 85.0% and 77.8% for each
material. because of the increasing of T-P and T-N concentration

in solutions, advanced wastewater treatment was needed.

3. Adding 0.10, 0.20 and 0.15 g Os/g SS to primary, excess and
mixture sludge, removal ration of solids was 29.3%, 45.5% and
34.2%. but the efficiency of ozone treatment that was together
with alkali treatment for each material was 37.4%, 54.5% and

38.6% in respective. compare with ozone treatment, the efficiency

_Vi_



of sludge reduction was increase to 8.1%, 9.0% and 4.5% using

both ozone and alkali treatment.

4. When total dose of Ozone injection for mixture was same as the
dose for the excess sludge, reduction ratio of sludge mass was
increased to 50%. so Total mass of sludge from wastewater

treatment facility will be decreased.

5. When ozone treatment, together with alkali treatment, was
applied to the reduction of sludge, pH wasn't dropped below 9. So
pH control isn't requested, before sludge from pretreatment using
both ozone and alkali solution 1is inputted into the digestion
chamber and this method compared with ozone treatment is

economical method.
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Initiation: OH + O3 — Oz - + HOq

O2++ O3 = O3+ Og

Propgation: HOz < H™ + 03~
Os- + H — HOs
HOs — OH: + Oy
Net Equation: 303 + H:0O — 20H- + 40
OH- + M — Products
OH Radical OH- + Si — Products
Scavenging: OH- + HCOs — H.O + COgs-
OH + COs? — OH + COs™

OH:- + O3 — HOg2 + O

Fig. 3. Scheme showing the sequence reaction of ozone decompos-—

ition and OH radical formation by ozone at high pH.
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O3 + M — Moxid (15)

“In(IM1t/IM10)=ku[O3]At (16)

[M]t: the concentration of M residual at time t.
[M]o: the concentration of M at time zero.
kum: the second- order rate constant of M reacting with Os.

[O3]: the average O3 concentration during the time of observation.
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Table 1. Pretreatment process of sludge.

Treatment ) )
Principle
process
Ultrasonic irradiated organic compound in water when
it producted temperature 5000 K and pressure 500 atm
for removal cavitation in water. This condition's
Ultrasonic pressure and temperature are producted OH radical.

Then, this condition is degraded organic compound of
ultrasonic irradiated(Kim et al., 2005; E® %, 2005;
Furuta et al., 2004; Onyeche et al., 2002; Kang, 2001).

Electronic Beam

Dissociation radiation producted high energy when it

made grate radical. This radical can be organic

compound(Shin, 2002).

Acid - alkali

Used to H9Os or NaOH can be hydrolysis of sludge.
When, little it
pretreatment for digest process. This process can be

organic was lower size. Hence, is

treatment . 3 i 2 j .
easily biodegradation in digest process(Kim et al.,
2003; Lovisa et al., 2001).
Ozone feed in water when it dissociated OH radical. It
Ozone

remove organic compound(Jesus et al., 2000).

Pressure crush

be

compound in excess sludge(Jong et al., 2003).

Pressure crush can dissociation of organic

Fenton's oxidation dissolved OH radical with organic

Penton's compound. This principle is iron catalysist(FeSO47H20)
oxidation and hydrogen peroxide(H:02) whose made OH radical in
water(Han et al., 2005; Mustranta et al., 1993).
Condition of anaerobic dissolved sludge's organic
Thermal

degradation

compound what overall of thermal is temperature 200
T (Lee et al., 2004; Kim et al., 2003; Li et al., 1992).

Add to enzyme

The enzyme hydrolyzed fatty and protein(Kim et al.,
2004).
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Solubilizationefficiency (%) = TCOD
RW

x 100 (17)

Where, SCODpr= SCOD concentration after sludge pretreatment
SCODgrw= SCOD concentration of the raw sludge
TCODgrw= TCOD concentration of the raw sludge

d

Aol gl - sty Ao LA A@seh dAsel g AT
o] FoAx glon, o] (00 LEL ol §F LA wAse] AT

=3

B, 1A A, doedA B# sFdeAe] nFE(TSS)e] Haso 742
36%, 54%, 50% = UEGoH &SR FFYAE ZFo]Eta gt o= <l

af sejAlol kst o] A eE=S FYotd, A - A Aol of& ) ¥ E,

A= floco] walES & o UtH(Fig. 6). 3, & T

ol
’m\
S
S
=
1o
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-
=
x
rir
o
i~

0y/gSSelA WU VAES AEAZ & dda @ FFHoR 0EL o

&oto] SeA 9 Akl AFEE & ¢ s Thede AAIRH.
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Fig. 6. Oxidation treatment of ozone and OH radical can be dissolved

cell’s wall in sewage sludge.
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Table 2. Property of such as primary sludge, excess sludge and mixed

sludge used in this study.

[tem Primary Sludge Excess Sludge
pH 7.70 7.62
TCODcr(mg/L) 22,900 14,250
SCODcr(mg/L) 209.7 318.0
SS(mg/L) 21,000 10,700
TS(mg/L) 23,135 11,820
VS(mg/L) 16,180 8,555
ST-N(mg/L) 67.2 34.8
ST-P(mg/L) 14.4 26.4
[tem Mixed Sludge
pH 7.34
TCODcr(mg/L) 15,175
SCODcr(mg/L) 114
SS(mg/L) 14,175
TS(mg/L) 15,685
VS(mg/L) 11,515
ST-N(mg/L) 22.2
ST-P(mg/L) 10.4

TCOD: Total chemical oxygen demend.

SCOD: Soluble chemical oxygen demend.

SS: Suspended solids.
TS: Total solids.
VS: Volatility solids.

ST-N: Soluble total nitrogen.

ST-P: Soluble total phosphorus.
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Fig. 7. Schematic diagram of experimental set by ozonation.
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B: mL titrant for Trap B,
N: Normal concentration of NazS2Os.

t: ozonation time, min
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Table 3. Sample and reagent quantities for various digestion vessels.

Digestion S 1 Digestion Sulfuric Acid | Total Final
ample

Vessel P Solution Reagent Volume

(mL)

(mm) (mL) (mL) (mL)
16100 2.5 1.5 3.5 7.5
20x150 5.0 3.0 7.0 15.0
25150 10.0 6.0 14.0 30.0

Table 4. Measurement item and analyzer.
[tem Method Analyzer
Closed reflex, DR/2000
COD ) .
Colorimetric method HACH, Inc.
TS Total solids dried at AR2140,
103-105T OH AUS corp. USA
Vs Fixed and volatile AR2140,
solids ignited at 550C| OH AUS corp. USA
ss Total suspended solids AR2140,
dried at 103-105T OH AUS corp. USA
UV/Vis spectrometer,
T-N Persulfate method ) )
Perkin Elmer precisely
) ) UV/Vis spectrometer,
T-P Ascrobic acid method . .
Perkin Elmer precisely
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Fig. 8. Variation of solids in sewage sludge by ozonation.
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Fig. 9. Variation of pH in sewage sludge by ozonation.
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Fig. 10. Variation of COD in sewage sludge by ozonation.
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Fig. 12. Variation of solids in sludge by combination of alkaline and

ozone treatment.
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Fig. 13. Variation of pH in sludge by combination of alkaline and

ozone treatment.
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ozone treatment.

_87_



80

450
Primary sludge
60
- -
2 2
z -
= =
(7] (7]
1 20
0
0 0.02 0.04 0.06 0.07 0.09 0.11
ozone dose(gO3/gSS)
450 80

Excess sludge

0 0.03 0.06 0.1 0.13 0.16 0.19
ozone dose(g03/gSS)

Mixed sludge

ST-N(mg/L)
ST-P(mg/L)

0.14 0.16

0 0.03 0.06 0.08 0.1
ozone dose(g03/gSS)
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alkaline and ozone treatment.

_88_



4 oECsHae w2 2 2o WE Malof off#t 42

A @EAYA QEARES 1AEHA, dolsA, EdEH A 80%0]

R
de BolARE 1AEHA Y] A5 3600l ol HoloF 70%°]%e] ARES =

F AT olE 1AEHA dAEHAY EFEH A vlE 1P Ee] =
7 =7l wiEl Aew Azt =3, vl Al oo WA Alde
71HE BE EHA7F 80%0] 4] ARES Holl: Fog Holr QFEo] U}

=

2] oA 7] el vbgol mEA JPH ] wEow A

12kEd A, doledAl, EdEdA 449 & FAFS T ST 7208

et EeAe] &N FP% A9 eEE=v A4 0

g0x/gSS, 0.15 gOx/gSS e, &d7te AL 5o &5 Fe= 4%
Z+7} 011 g0x/gSS, 0.19 g0s/gSS, 0.16 g03/gSS Atk 1% 7] wiito] &3 &
Flgle} e EA TS wEe Ao ud wurt stesttta FuE oA ol

& Z&S Wokth

2 A, eEAYEY Etde e ES WSkl A7 A 1AEHA, Yo

seA, EdEdAY ng =9 ALl 47 81%, 9.0%, 45% FEE A

g TCOD® 49-%= Z+2F 31%, 132%, 3.3%° £& AALES B o Z

A2 wol nAE U VAR Axe Bar sl zadA oo B we
of W A Hel wel f71% A Wi o] FojHe & & ATk o=

% 5(2003), Fernando (2001)8] AolA LEFY Ao &7t A2 E A
S do EA 9 FU71E 2ot nYE AALE] Fol e A& vk
Al vEbdS & &

Aol eE=RE Ak And drtelet o Es WA 29 pHe A
t7F AA dolu A=stA Ay Hdoll pH A4l o3 FEFds & Zdavt gl
oA AAAYL Aoz AZro] HATE HE L7}
Yol AHRE E8A T dodsHA = B FUIEY AAEEC] AL FA
HERES o F e, ole LEXNIN & A9 Absty nr gve e oE

o WHAAY wWel Asel o 4@ AL du@rh 1w, 47 LEFY

L
fo
i
o
ok
i
ik
)
poy
1o

>,

ek

o

_39_



Apolell 27k AolH,

of m&
7t
2] 2] 9}

wro)
R A
A 2]

H] 3

J o] &2 Aol

o
o

LEFYFE

Fee el

<

)
ES

214

2=
=

ole] we} 1%

%l—

=
T

27 ¢f

Jol&

[e)
[e}

12=

214

oW

)

12 & Aol

Z

7bed Aor HoAY, Ho do&

Ly
a

el

_40_



100
9 | @ Ozonation
80 | 3 Alkali tratment+Ozonation

70
60
50
40
30 |
20

removal efficiency of solids(%)

Primary sludge Excess sludge Mixed sludge

100 5 -
20 m Ozonation

g0 | [ Alkali tratment+Ozonation

70
60
50
40
30 |
20 r
10

removal efficiency of COD (%)

Primary sludge Excess sludge Mixed sludge

100
N0 M Ozonation

g0 | E Akali tratment+Ozonation
70
60
50 |
40
30 |
20
10

increased efficciency of SCOD(%)

Primary sludge Excess sludge Mixed sludge

Fig.16. Compare ozonation with alkaline and ozone treatment((a): variation of

lost solids, (b): variation of lost TCOD, (c): variation of increased SCOD).
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