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Application of recycle porous diffusers in a

SND-sequencing batch biofilm reactor (SBBR)
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Abstract

Traditional activated sludge generates large amount of wasted
activated sludge (WAS) and need excess cost to deal with. The ways
to reduce the amount of WAS certainly will contribute to the cost down
in treatment system. Therefore, this study attempts to recycle the
wasted activated sludge cake and bake into porous immobilized pellets
then add to the SBBR system.

In this study, the WAS from Nei-Hu wastewater treatment plant
mixed with red soil and some chemical additives to bake as the rebuilt
WAS pellets. The pellets reused in sequencing batch biofilm reactor
(SBBR) as diffuser and can attach biofilm and enhance the wastewater
nutrient removal efficiency. The SND efficiency removal results of
SBBR with rebuilt WAS pellets are better than that of the traditional
SBR system (with 98 % and 92%, respectively). The simulated ORP
Nernst model can be applied to the real time control of the SBBR
system to treat nutrient substances.

Keywords: Waste Activated Sludge (WAS), Pellets, Recycle,
Simultaneous Nitrification and Denitrification (SND),
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Abbr. Description Unit
LOI  Loss of ignition %
BNR  Biological nutrient removal --
BOD  Biochemical oxygen demand mg/L
COD  Chemical oxygen demand mg/L
DO Dissolved oxygen mg/L
0 Standa'rd ORP for the given oxidation mv
reduction process
F Faraday constant --
HRT  Hydraulic retention time day
Ky Nitrification rate mg-NH4+-N/L-hr
Kpn Denitrification rate mg-NO;-N/L-hr
MDL  Method detection limit mg/L
MLSS  Mixed liquid suspended solids mg/L
MLVSS Mixed liquid volatile suspended solids mg/L
Myry Dry pellet mass g
Mym Immersed pellet mass g
Mgy Saturated surface-dry pellet mass g
ND Not detectable --
ORP  Oxidation-Reduction Potential mV
R Gas constant 9.314 Jmol 'K
SBR  Sequencing batch reactor --
SBBR  Sequencing batch biofilm reactor --
SCOD  Soluble chemical oxygen demand mg/L
SEM  Scanning Electron Microscope --
TS Total solid g/pellet
VS Volatile solid g/pellet
T Absolute temperature K

WAS  Waste activated sludge --
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Table 2.1.1 The application of waste activated sludge (WAS)

References WAS form before The aspect
reutilized reutilized
Gulnaz et al., 2006 Powder Adsorbent for dye
Cheeseman and Virdi, 2005 Powder Lightweight
aggregate
Lourdes et al., 2005 Powder Growing-media
Kim et al., 2003 Powder Micro-media
Monzo et al., 2003 Powder Cement
Cheeseman et al., 2003 Powder Ceramic materials
This study, 2008 Powder Immobilized

pellets
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HREF Rt d e & & BN OHics A2 i (Nowok,
1990) -

3. A% (liauid phase sintering) @ 1% %3 f2 2% B E ALk > 5N
SeRER AL R BR o

PEELHFF T LTI B RRER CFRET R
X RNARA R LT o

L MR HRMGRG M o Y REER NG RHEG 0.6
208 - BRFRFALILIFL IR BTEAFHE > P o

Ee? B AF T UHEES SR E 0 Lk BIEF D

2 BEETC AFEEERT  RESEER > &S RE 2 EH
WA REREE AL §ERENE R P
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el

PB e R A LT AR B2 £ R TS o - ALk
EEMESFZHEE S EFREDGIER > T 0TS EMY
MM B 2 BS A K| o

RARS DEMZ BB RE SRS AP AR AR

JEARE AR B o AR B R K o

RAT A T AR RA] > H AN R R e A O EfT o

A% 5 o Mgt ,4 iF o

German A H ¥ ivd 2> 71 @242 #7) (4B 2.2.1)

B R T P2 R EAAs A Tl%‘}?'gﬁ? :

— B ABRF

I A HFEIR L
Z NS FEIAE

7 ﬁx“"aﬁﬁézﬁﬁ)@

FHRA RSP B2 B F b PR L FEN
el 0 kS B S A Ak R (grain boundary) 0 T A K 3 F
PERET A B i gkt A H - A3 (German > 1996) -

12



B B F

(FrE®)

(Pt £ )

(B BFEE)

Figure 2.2.1 Between granule agglutination response schematic drawing

(German > 1996)
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223 $3 K E B

FERA G BREEF AR E R T AR H Y - B
RN PR FP R BB F M T8 PR BRAFE
B FH k22w § 54 (Bhatty and Redit » 1989 ; Kose and
Bayer > 1982) o

EFEHRARIERF e R AT S BERER

Lo THRES  RAERSBTIFEME S AF ANPGRS

i Al ik —'M"'J*?iﬁ#@ N ke R

H 2 33 dgasie (a7 gleg )

2. TAFER L RREIIE G - AR B LR R
ST REGA RN A L F MR (Riley 0 19515 5

£ WAS wizd 1% & S5 3k RtlE At F PFE & 12t
B OBLME 0 B E A0 Fe oA ende o~ 0 @ 0 b S BB 4 o e b f (S
- g S
M F M ERSE (A1 019735 2 <> 19925 Marck > 2001 ;

FHAS > A EAIEE o £ 221 5 LB

S

Y

*; » 2001) © ¥ Bl (TiE A 0 A kﬁjﬁ@%’ﬁéi‘yfﬁéﬁiﬁg
B ﬁ%%ﬁ%iﬁi@ * B

Lo Rober g dwasip ko (G 23t ot dhimdt @ o JEd o4 g gt
BE) AR RK (- S H0A B AOHAH A e iv £ 42 8)
e A N e

2. Fnit i % ERph T A f2A 4 SO,

3. FWYEREBLfE £2CO%CO-

14



4. gEHrg sz BRF o

Mangialardi (2001) # 7 4 it A 2. £ {1 * > B F R EL PR
RE o PR 58 RAR > SRS AR S I dg g R BT

ERG IR E D FERPT & Aw o 1 WA o

Table 2.2.1 Various types and temperatures of overflowed gases with all

kinds of chemical compounds.

Chemical equation Reaction temperature (°C)
FeS,+0, — FeS + SO, 1 350 ~ 450

4FeS + 70, — 2Fe,05+ 4SS0, 1 500 ~ 800
Fey(SO4); — Fe,O; + 3S0;5 1 560 ~ 775
MgCO; —- MgO + CO;1 400 ~ 900
Na,CO; — Na,0 + CO; 1 >400

CaCO; — CaO+CO;, 1 600 ~ 1,050
CaSO, — CaO +S0O;3 1 1,250 ~ 1,300

6F6203 — 4F€304+ 02 T 1,000 ~ 1,550
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234 4@ ",f (Biological Nutrient Removal, BNR)

HURR ALY 2 F AR E AL AR e &
;\‘4 Oi#@ﬁi}%‘ig é’flj?%m*ﬁ‘;]‘\ﬁ%,g_& L‘%’ii’%ﬁ”ijﬁiﬁﬁjig
REHET o HEBEK Y G ST A AR A D F A ok

iiiﬁﬁﬁﬁﬁgﬁﬁﬁ%@’k%éﬂﬁﬂ¢?ﬁpﬁo—&i
PR ORI RF RS B R P AL U Y A BAJLE AR
Bo By dr jed o A Bag2anitd > Hp i & ;i*‘v:“-i“,ﬁ%)fgw}i“’ B

PeA fr g VA fRE R WS AP TR BRI T IIEER
FoDRF A PRS- Ty PP R ot E (a0
FIM ) ; 2Q)ia4F- = Em g i 5 Q)idks ~ 323k 0 Rik
HpE v RF 4 AIEF A RARER  &(4)2 5 SS 2 4 2 BOD T

At Rl 2enE L RTER > B RN IR E o

:"xﬂ

23.1 @3- ppE A 86 i £ B (Nitrification)

2 % F il ¥ ¥ A % nitrification £ denitrification & F¥ £ &2
25 (Ahn, 2006) - 7 i F s R - fEp Y3 b F o LB A L E §
fv £ % (ammonia oxidation) fod; # & ¥ 1+ ¥ * (nitrite oxidation) > #
1 & F BFfAA S s Nitrosomonas spp. 2 Nitrobacter spp. (Siripong
and Rittmann, 2007; Michaud et al., 2006) > » J& ;% 4o

NH o+ ;—oz _ fomena_oddsr . NGO T4+ HL,O0 4 2H ¢ oeeeeenEQU(2-1)

NO ; + 1_02 _ Niwite oddises o NO PP TR P P TRPRRLS EQ(2-2)
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232 2 Fwmp iv* (Denitrification)

R - B P E AR AP RAEF B
(Facultative heterotrophic bacteria)#-NOz1& i st NO, o 7 2 ¥ - E -
NO:B = § § U==3 %éT Foens R o R K ST AATER P
AR eI 2 B PR Mg > @ Ny OE AR F s g
rgﬁ,r*jli‘g“ ‘:;;’\“/“5%}#\,0

Fm A4 L gand FFA L (Teradaetal, 2006) > 5]4-NO, FN,O > NO,

NO; - NO, -»N,O,, »> N

(9) 2(g)  trerrrerrrasamamamsnEmameammEanarnra

sl el F R
(Simultaneous Nitrification and Denitrification, SND)

o a3 (SND)R Ag Al 1 F 2 Wal F s e le — F i ° F
PFie {7 (Zengetal., 2003; Zhang et al., 2005) - SND ¥ 4~ 3 % % [7
@ f& (Sirianuntapiboon and Yommee, 2006; Holakoo et al., 2007; Zhang
etal., 2007; Weissenbacher et al., 2007) % 40 = ¥ - FAfAE 7 ¥-% &
EREREFF o S AR Rl s 0 RS AR
EXE VER S S - AL ER E RNl Sy SRR
BE-kg o PR AN ARSI RT O REI A By
PFig 7. 7 5] SND 2 sc% (& X %,2003) 57 A% co e i 4

ﬁ

# (DO~C/N 1 %) k= (Rongetal.,2007) ~F 7 £t 4 4~
E T o BREEEH R BRI IEIFHE T o

AN

W EREAT LA AA  RFAY SNDIR 27 (A 4 F
#i3 § b § T (D0:0.5 2 2mg/l) #aLFE - (COD:

NH,-N) = *> 10 2}z i#%i 7 iz (Chuetal., 2006; Chiu et al.,

17



2007; Holakoo et al., 2007) -
234 A4 Py ke B pra v e (SND)

EFAHAANE BT LA SR ST K- KR
F oY -RiAF o AMPREPIEAFE LEALRAFREY AR
BT &7 (Serensen and Nielsen., 1996) » 4+ % & 7/ it F & > @
Pk FRA R b (Hibiyaetal,2004) » 4 $9ens i s d > 4

T 7| enig Bk (Sirianuntapiboon et al., 2005) :

3. FOEA I EHE RAER G ANE Y Y oscdaueiT
SNDF Ji o
4. TR OCBOKRRIIR b T FE TS A o

5. TRE@IMRH f AR

18



24 HRPIEL FFE BN
(Sequencing Biofilm Batch Reactor, SBBR)

241 4 F B 5 B

4 e 2 i 4740 (Molin and Tim, 2003) :

[E—

AEwo A Esog AL i oo

2. MAPWEF I RAFBRWF AL HOEG oo

3. A5 RRE L AFHAG AS BRI AT 0 A0 2 5 OuR A
}%_ o

4 AP A POSE - BPFRE > N INFR L E A A A

PR ER e R FER CEA pH BafrR i B R g2

B WA & B
242 3 HAFHE RS AFRT F @K (- 145 SND)

APt e s4FF > P BEAF o PIRELFHET R R
FOATEI FEARRIA S EL G ERBF o AP NRE
M ¥ F Y AUk B & X (Semmens et al., 2003) > 7 4] 2.4.1 0 4
P B A Mgt R m g A A PN IR AT B
< g

ER A ST Y SRR A ) R IR R O AL R A I

PHIFPRPWES > FR T AR SFAPT2 24

— SLSBR i Su? F B SR LR o Jompl (T B BN ek 1T

1
-~

kiE |2 % § eniT* o@m B3 2 ehSBBR kS T UArB]2.4.297
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TR R M- IR (T T T3 R ik o

Organic
Concentration

Oxvgen
Concentration

The thickness of biofilm

Figure 2.4.1 Concentration profiles of oxygen and organic substrate in

biofilm. (Semmens et al., 2003)

N.O
A

NH,” "3 NH,OH "2 NO,y 777> NOy

lv T Denitrification
> .. .
Nitrification
' One-step SND

Figure 2.4.2 Flow chart of conventional nitrification/denitrification and

one-step SND via nitrite pathway. (Wrage et al., 2001)
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2.5 Nernst Equation

95 2 F 1 £ & * Nernst equationficd -k ¥ ORP% it 484 ‘5% %
& (Changetal.,2004) » Hfts % 2472 ¢ X PIARA K3 (driinfh
THAE) 2 Bkm &34 F 5 @ SNDE - f§ 1 B K ASEHF > &
¢}§J%_} EEZEEERNEREE AT RAFETH U FRRITIER &
2 A3 e AN NernstAR B B 0 TS d iR e & K IE ~ B f2SND
@ i B2 B

Al

FURBRFRY TIRE AR RIS T A F I -

R

5

Y
oo nd L BRRT IRV E R AR RID kA2 A AN
i ~pH-~BRZ 8 F 24 78 0F BiElE2 58 (Liand

Irvin, 2007) - ¢ pFNernst equation® % 71 4o F

HPE= 5 i*:BR T = (ORP,mV)
= &% 5 R R T = (ORP,mV)
n=kF AP EH T I E(TFIH/FEZF BP)
F = Faraday constant = 96,500 (Cmol™)
R= # % ¥ # =8.314 (Jmol'K™)
T=%%8r (K)
[Oxi] ~ [Red]= B R+~ F - FHER

AECBRERY CFLEr AT I LG RRIET BT
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4

A ERT WL F R Y G2 AT R ERRT (25T, 1 atm)
25 BRF AT AT

AA+DB < CC +AD  oniii i Eq.(2-5)

AB B F Ry

|

CED5: 44

S A2 dhasbac i d F AN E RN HABAC D2
v 5 fhde -

S AR B R Bt A it B F o do % 235 7

ﬁg”&_};){%;‘ g\g)\?{k :Iéé—%g mox.gp,ﬁf@#{,g*ﬁ%&mx
LREF R VEEXNADp D L EN - FAPAT AT ol T

A
—
m

q.(2-6) Nernst equation e 5 & = 4254 7 {8 !

c d
or  E-E s R lac)(@) Eq.(2-6)
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2.5.1 i > SND #25 Nernst equation 3& 3%

5 " BRFT(ORP)L & AFPkHY 5 VBRARiEw
(Weissenbacher et al., 2007) » % # &_ RN BRI 5 G M SN 1
CBRRE R G ?}}%ipk,? CARE - F ok VA ¥ 02 SBR > 'z 7 ¥ 14
Be L R ROR R S TG R M ARJE AR EART AR 4 B
AP o AR RTEFLF ¥ CE ORP it 5 Ap it & 0 T
FEEH BRI ORP T4 F Bt A #4412 4% (Chiangetal,
2006) -

SNDz_ ,L’gj—ﬁx L,‘_—}ffv— i1g u M F‘:]bt’ 3% *B;]-»ﬁ e (57 4
B25.1) 5 ot §HRTod  H5a8 (AMO) (5% 247 B4 4
F

#2 % (hydroxylamine) » £ 5 d 3 ¥ it fis (HAO) 3 i* 4 = T 'k

g3

P T EMMARE o ] TARKRBITS Y Vi BB T &

£ H B R FN AN (F %0 2004) ¢

Stage 1

g HAO __- NH,OH v, AMO

A~ de 2¢ T~ ~
NO, NH,*

Nitrite reductase l e
e e

Stage IT NO —/m> N,O — N\

Nitric oxide Nitrous oxide

reductase reductase

Figure 2.5.1. Pathway of SND via nitrite in aerobic condition.
(Robertson and Kuenen, 1988; van Bentum et al., 1998;
Wrage et al., 2001; Chiu et al., 2007)
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FIMRE : L SNDARA? dml I F efrptd S F Bl

Eyp 3 N (2004) v ko BRI R BT 0 & F RS DAL
2 FHSND A - iofdg § WS TARDCEF BT 47 7T 7
= 2.3% Eq.(2-7)

NH; + %oz > NO; +2H" + H,0 oot Eq.(2-7)

#m & * Nernstequation {$ > ¥ % 77 5 EQ.(2-8) » 4=

E-g+ R0 h{ e Je, ) ] ...................................... Eq.(2-8)

[No; [ F[H,0]

Bed Mt e G RAE S

_po  RT )4 2RT RT o ! RT 1 !
E=E'+ = n(NH; ] + - In(P, )+ - ln[[NOJ] +2 ln([H*Jj

2
........ Eq.(2-9)
B EQ(29)7 o~ F ¢ gy fril R & SND A i & 5 ¥ ¥ ARERK
LA XV FHEGFR ﬁ\ﬂwH%ﬁi%wzzm%x@m

% T LN S EQ.2-10) 0 4o T

NH
E =a+b'pH + c'In e TP Ea.(2-10
p {W} q.( )

¥ b X 53k SBBR k¥ o A gEuRPF B¢ o mE R

MpfI* 3 55258085 -

BE R R T R F RSB 4 £ B 70 EQ.2-10)
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#-fE 3% = EQ.(2-11) » SND #2 5 © B it & & pid rid J& Nernst

Equation & 3 » 4o #1571
+ 3-
E =a4+b' pH +C'In [NH;I][PO“ ] ................................... Eq.(2-11)

S Y s B bR TN AR R AT AT

a=E°+ 2RT InP,
nF ?
b'— 2.302x2RT
nF
. RT
C'=—
nF

S OB = SND &5 ¢ & &%a 5 & Nernst Equation &

AR IRAE T b BTV RTAREREL S

FoUF AR AR 2 0 B deT s EQU2-12)

5C,H,0, + (2x + % y - Z}O2 +(4x + y — 2Z)NO; — 5xCO, + (2y — 2x — z)H,0

+(4x+y—2)OH‘+(2x+%y—sz2 ............................................. Eq.(2 - 12)

i@ & * Nernst equation % 71 {8 > A & 4c™ EQ.(2-13)#77 -

LRT [c,H,0, ] [Nos J 0 (p, 27
(PCOZSX XPN22X+%y—z IHZO](zy_2X+Z)[OH _](4x+y—22)

T A M-EQ2-13) de ¥ I F EQ.(2-14) » SNDAZA ¥ A BT
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Nernst Equation & 3 » 4 77 40T
E=a'h" pH +¢"'In(NO; )+ d"'In(C,H,0, )..ooovovre Eq.(2-14)

A AR P @ b o B AV R & o sk deT % RSN SR

nk Poz nF N,

- +(2x+%y—z)RT ln[ 1 ]+(5X)RT ln( ] (2x—/y—z)RT n[ 1 J
PCO

+(2y—2x+z)RTln 1 +2.3()26X14><(4x+y—22)RT
nF [H,0] nF

(4x+y—22)RT
nk

b"=-2.3026x

(4x+y—22)RT
nk

CH:

g 2RT
nk

2.5.2SBBR s 3. SND 2 F B i

JArdl* w e WASH iFm & enn 3t ﬁli\"ﬂ‘fﬁ’ » ¥ i 1 ek 7 SND

F g E 323 SNDT #rk kLo 33 2. » )I‘—«L;__ﬁhﬁf@lf’u ' 3

AP Fe Rl 1t Jeig pl ik 5 o F]pt = FESNDAE A eNernst equation ;¢ &

®oow -k Equ2-11) e EQU2-14) B o B F F R BART SR

FRET g 2k X33 (e. C/N=10) > ¢ pregdih kR (CH,0,)
VAR TEFBE S8 o ir NRKE B el v ER

Eq.(2-15) = ZSND#% F T Nernst Equations -3¢ » 40T #755 @

E = a+bpH +cIn([NH; {[PO:"))



Eq.(2-15)

* 35 EQ.(2-15) > % SND 427 % 7 it #mad % Y RE § 2%

F J& 9 Nernst Equation Model > 7+ 4 EQ.(2-16) ©
E=aq+b' pH +c'In(NH; ). Eq.(2-16)

Flpt o R F e AR SR 2 B ANT RIERF

W gk FkAR B ESY B3 (2004) 2 v ke
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3
Ji
A
N
o+

e
prd
i
‘3‘"‘\5
oty

315§ inde

FE B a3 # P w AR GBS R (WAS) P b 4e 2 B
A Bw e g 1 WASHiIFF * a2 b Fr R Y 2§48
(BNR) 2 i &t a5 s g™ 2 534 4 4 440 © 27 F IR AR 77 4o ]
311> WAS £ % 5o F iTgh A FME 47> 0 RE P B ris o &
AR E - B3 TRAIF TR IR 0 L HEEE o

F%ﬁﬁ%@@?ﬁ&%“M£%ﬂ%@ﬁ§1$%’$ﬁ%ﬁ
- FTRBZART AL PBASER IR RBER PR FE

WirxA 2 5P 8 » 2 FHF AT FREZFAPANF

#, (Sequencing Batch Reactor, SBR) ¥ » # #FR74c » 32 1F2 M & & 3

"HAPPRE OV FAPEF P A R 2R A e

EE AL o e A FFERAT (FF ) A (3 ER) R

uﬁ%@%@—w&ﬂwﬂmwgﬁﬁﬁﬁﬁgaﬁﬁﬁ@ﬁ;%«
" COD % g ¥ e * o

AA

Bois o B HZ BT o iR WASE It flsi > 2 b
F OB Rk 2 473 o
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[%@ﬁ%ﬂ&@%ﬁ#ﬁgﬁn

v

IIIIIIIII* Bl A2 52 H %
AAHR
H phi R 5 R
£ A1 A2 &R R TCLP 33 425
ISR EFAER Y 5V N F g e

EHP ASWEL A b PRERF F R
4 4 F it 5 SBBR;
M2 $E e F 1 5 SBR

#3t &7 F f 15T SBBR & SBR
ER Y LS FR e

Figure 3.1.1 Research flow chart

29



32 5 HAFPHERF F i

AR ST PP B r AR R AT S BB R
4 3V F EH, (Sequencing Batch Reactor, SBR) # > 4r1ide B B * &
— PR BRI R A e Rl kS M e R 2 “,% k¥ COD % % %
i 4o T BIE S LB L B TR AR ke
Lo B A F Y it A R A A S S RARF AT LRF
FoXbe TP 245 dBF RIEY M M IFAIE T 24 o
S REBk(S o BB 2 WAS £ 1 A ST AR T 4o )
# 2 wm%?um&:; 7 ORTREATE o R BT 2 4 5 R 12 105
R YR N O S N Sl

3.1.2>
Cerfakse > His ol & Wi
RoBFREFEH D BHEHRMNMEFENN R R AR £

R R 32 10 2450 E 3 r 24 EE N 3] ,/_i“f&ﬁ;? yARVX | ]

SARR A o REEE TR R G I05CeefalEic 6 ) FF o B8 5 -

/E_%%%c%@"s%@iﬁ% 7oaRd FE D F 5 950°C < /£ 200°C 4 A 5 950

2 ER R H_275 & 48 o
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[[ Zh#E WAS~S =4 TL?}?F“’?}?’I
[[ e R B B ]]
Z AT

gl A
IIIIIIIIIII> IC;'-%;;*Q—
TCLP ;3 1 :8%

[[ Z RORR £ Bl ]] SEM
Al {83 4°Crk1® 3] pF3
Gi 5tk
scn 105°C sk e 6 1 F |
B RREY B A4 200°C3F B2 R B ek
I 950°C > % 275 & 4 Bulk density
Water absorption

llllll* AR
lllllll> Eﬁgﬁ;ﬁ@gg@}i
TCLP ;% 41385

Cwrwwzn ) [ oFenzy ) B e
Lk LR o
R SERRIL E 1S E
3 e fony #E KB 2T -

L J TERFE
L J

Figure 3.1.2 The flowchart showing a method for fabricating an
aeration stone
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3201 BRAERFIERARE A AN

B R S5 A (waste activated sludge, WAS) &R 5 & A4 7 p @
2EF R EILR o B R T SR IR e Bl E R A A E
R#EABE R G A9E 1,176 2F o & p AJE 40,000 CMD e
PRI A R ASERT R A D B RBMF AR NEERFEE Rl

B EEE R iR I gWirwm o 502 105°C B RigE= X o
H=dixa457 » ixz £ 5 800°CT ik = ] pFis £p] (NIEA

R205.01C) o B¢ R & 4205 ik = A 37 > Bk iy ~ A i fom 253 B
2 3 4cEgs. (3-1), (3-2) and (3-3) ©

KR = (WiWa) /WX 100% oo, Eq.(3-1)
BB =W/ Wi X 100%. oo Eq.(3-2)
TS R=100% —KiP 5 E% —H D F R Yo, Eq.(3-3)

W=25°Clfaic v 2 58

Wy=105°CF iz s 2 5 &

W3— 800 OCT 3 J?‘F 19-»’%\ 5 ’é‘
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322 S3HAFPME F e

Bed dim ik (WAS) wicd fI7 Wi s 53 s p iz §
TR o R WAS S 3 Bl B R e R & WGE (T ED R AT 0 Aok
80°C % 120°C 2z FF el 6 N iz B ¢ dR i3 ehgs ' 1 AuR
% Bt 100°C RPN EIES X > e B B S 105C e dg o Eis =
X o HP » i l’f‘?*"i‘aﬁrﬁé;{: FIH AT 2 AR l"?zl 4r |

I 53 06 B R BLA e ot 3 G AL R ehr ot

3
g
j{q
=
(w
[3S
=
5‘
%\(
)
s
Ei38
a
&2
P
=
fa"
| 4=
T%
ey
&
Rty
L
-
3

LR B EE R s R 0 BP0 G eIty EH S50
gk o WTERIL 5 0297 % (mm) B E T A 0297 o & hsE

Foks koo ARSI BRI E A4 1200 e iE A SR BB R AL
AR By CBaNERk A RS A 5 10 um 2T endmpichs

Koo Bd o AR S A AR e AR B DT B A )
u%@igﬁﬁmﬁg%%@$ﬁiTq’@mﬁ@%ﬁiﬁﬁ°

MRS R EALIE R s o 2 g Bk e B enim ol A P 560 1 3
lFEF2ZEEVHRES-REY T2 AR EERY Fie
PR IR AR £ S 2 AR TR I LRI 2 e iR PR
ML P HTR L R R R R A G BB o At Ak R
WA P TR RGP RN - R FHA P R E N - ERA
AR F Pk B RE R G FRARGF R L A5
TR FEE o
BREHRF raer gl 27 il Bt BARR T
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MR G 102480 Foer 2 ACHRER PN 3P ERE B
Roen b s ko o ARIEE 2 r T — B A 5 105°Cere 4435 6 -] PF > B
- BE BB EYRF 22 FHEALF 3 950°Ce H P o d A
F Lo R F RERRE R F PR A P R poan
SRR R oS e AR R 2R P AR S By RF > % T

#3 700°Cts » PI*8 MR F ZoaRBens B R - UL Ve
B2 EEF BEE B R F PR AR T 950°CH > T4 £ 2 /) B
@ € 200°CHe 4 3 950°C 2 #r e e | pF I > < 8 275 & 48 o

Bots o priEtltseny A BA A B E EES B R
B (TCLP) v if 3 4 5§88 A A a8 W R -kl v
- SIVRRF R A SHF e BHe- T TN 2 - K E -
B TS -REFIE I FE L REV R S5 A
ZHEF RO AFRE BRI AL BEBEAL T F
ZRFEAGERLEG AL YR NA £ 45F 0 w) ye o
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33 F2 @M LS
331 #BRBR

Ml hE i h? » ¥ UFURB R TL B A RTITD o 487 f2 1Y
BAEESEEfIr Wire 2 HEd AAA R RIEHEY P AR RE
® (CNS1010 R3032,2005) " KA f Kk BmALFRS B HokRE | A
s REHEEYp o B AR RPWAE L ERFLER L 2 F R
oA RS S 2 v b R ARG S e i R ehD 2 2 M R
Flh2 HpRGET % T 5 BT %

3.3.2 %4 £ (Loss of ignition > LOI)

MR R R E ~ 900°C2 BEYE 0 = LB b F R

LTEE WA E o B D ST

EAE (%)= (Wp-Wq) /Wyx100 9., Eq.(3-4)
Wy:setim 3 ® (g)

Wi stttz e 8 (g)
3.3.3 Bk & p|# 2 /2 (Water absorption )

LR N ﬁ“ PHPmEe o479 3k 2 § 2R § P 47 Cheeseman
etal. (2003) » H ¢ sk Fpl w0 thirdp ¢ BF FIEE(CNS-487) iw
ol E 2 SR FERRE | B TRGE o BEE ~ 23°Coke 24 )
RO Bediis s Bl A g RBFCE BIEEE >V EENG ook

EE 2 EF o mokE 2T O N e

ok F (%)= (WeWq) /Wax 100 9. Eq.(3-5)
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Wy ic#=HEE (g)
W, : & ig-keefez e £ (g)
334 L% AR E 32 (Bulk density)

rafe ALK 1B R 32 (Archimedes) 2o #R¥F % 5 RIT > 1824

W oL Y ERHRA SRRV 25N T

FHHMAV, (em’) =Vy— (Wye-Wo) /py Eq.(3-6)
HHRAp (g-om®) =W,/ Vs Eq.(3-7)

Vo @maa (om’) 5 opol #HBA (g-omd)
W, ic#Ee g (g)

W, & F+asemed (o)

Wy EFHELFEMEE+TE I %A 100ml2 k£ (g)

Vo 2B I AR kA (om’)

pw EPEFET k2 HAE (g-om?)
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335 FERAFF HFHANER
(Toxicity Characteristics Leaching Procedure, TCLP)

)’%}'ﬁjzpfif?/ﬁ-"/}glﬂi)‘r/? J\f;\-»ﬁ/ﬁ’—,’f—!ﬁiﬁ’i?%—_ f—!f__%
Ao T E R RS 2w g 0 B A D ae B (TCLP,
NIEA R201.13C,2004) Bl3# Cu~Cr~Zn~Cd %2 Pba g » "tk 5%

HEAI* A m2 a3 N EE UREN A T o F 5% I

BAATEFER 2 B4 0 % Sgsample + 96.5 mL3 3 ok o 4L
T AkisplpHE » EpHE<S» Bl * ¥BupA- £pHiE >50 B3
e~ 35mL1.ONHCI > %50 ‘C#4c# 10 4~ 45 > 4 #r2 28 > BlpH
> EpHE <5 Bl * FBrA; EpHE ™ >50 Bl * T BB o
Pk AZ Bi5 5 CH;COOH /NaOHR & % » HpHiE 5 4.93 +0.05 (&
B A) 2 2.88 £0.05 (55 B)c B8 20 BH 5 E 2 TR o £
AL Immi T 2 R (S5g) &7 18 /) 2 X B (30 rev/min) > ;
NREF RN B VGBI R IR FREFELERBERAE

/EIJ o
33.6 B FH T BkE
(Environmental Scanning Electron Microscopes, ESEM)

AFTE 1% SEMiE 7 Rt 2 B 1% & mdog Al i me
RID L e f RS AR A T EET IR A e A (U]
R F R oI L RAE R EBER - ARF AL KR ERAT
Bor st iEdeg 250 FIb ¥ A 2 i i {FSEM BRI W 0 % R
ABRBMAGHEES RIS RTF A AR ET - 2]
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34 Z4IT QSR -2 5 F B R

()5 % * & J&14 = PET (polyethylene terphthalates » % 2 % %t ¥
- U pkfg) MR 4t o B2 25cm 0 B 35cm e F R G
31 f’r%}gﬁ- % 121 o

Q) LB I F TP FHEFBasF & 135 pm =+ (Oriental Motor,

Japan)

(3) BF Fif : B~RF /¥ 5 12 L/min (Serial No. 1030114,
Medo Co., Japan) °

AT Y AR B kA (FReEN v AR S S P
SBBR s $L% %P8 i 4|SBR i 5) 2 F it ARl 4c®l 3.4.1.0 5 F Ji
KB4 2582°CL R > R A NAFAESNRTZE N ER
X rRORAATEE B2 (R B o ASBBR A MY v oS S 5
Z R R A 8 15% -

= féloadings)? Loading IT=:ig iw )k & . % (SCOD: 615+43.1
mg/L ; NH, -N: 79+6.2 mg/L) » # = % Loading II (SCOD: 449+47.3
mg/L; NH, -N: 59+£5.7 mg/L)> % {$ % i&in ik A& & i ¢hloading I (SCOD:
303+8.5 mg/L ; NH,; -N: 42+0.8 mg/L) -
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r (3)
Ve ~ ORP | pH | DO
g I

(2) l;—l
(5)
R

\ J [\
(a)SBR (b)SBBR system LabVIEW

Figure 3.4.1 Schematic diagram of the immobilized system: (1) baked
porous WAS pellets, (2) WAS pellets diffusers, (3) pH, ORP
and DO sensors, (4) mixer, and (5) computer and data
acquisition system (LabVIEW)

34.1 TET R A
AT AR Y AR R A T AT

(1) pH: # 7 33 7 & (Mettler-Toledo pH 114053134, Switzerland) %
pH ##] % (SUNTEX PC-310, Taiwan, R.O.C.)» ¥ pH & % 4 2 7
Z AR R FIE o

(2) ORP:ORP % & (Mettler-Toledo ORP 104053020, Switzerland) %
dd £ 7 RErsT Rt (AgClTfee) 3 L T o %
ORP 4| % (SUNTEX PC-310, Taiwan, R.O.C.) » 12 ORP &3
i (255mV) R 2 o

(3) DO: ¢ 3 % 7 +& (WTW TriOxmatic 690, Germany) % #c 7 "&i% %
#4]® (SUNTEX DC-5100) 4 » ]* DO i 8 p 2 2 § &1t
AR L
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OREE-SEE

a. PII266 7 " (1T% % % : Microsoft OS Windows 2000)
b. X #r#c4d @ LabVIEW (Laboratory Virtual Instrument

Engineering Workbench 5.1)
c. AD/DA 4 & + (AT-MIO-16E-10)
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3.4.2 P=xFITIAR

Bad P RF ARG IR ORF IR F Y 2
{7 nitrification £ denitrifications= m o FJpt @ % A T T 0 - F] =
PRl R B0 & F o A > 4o vt 42 SBBR ks> FIY
P2 Py P RFREFE 245 288 (N> 2007) Fla # (T
FENBF AT F ] e T E R AR (T
Ao AT P AR BH ARF P2 GFIERET S L - ) B SR IEY

B R MAEAT 2522 °CE ] o SBBR & 7 Bl & 4 X (T2 B 4o )

34.2(a) 0 B SR E L 2 A B2 SBR & S E = Bk (T42 A 4o 3.4,
2(b) e SBBR A S e S IFF L dk 155 » R F WA RF 2 - | P
FE 0 S EITE 4 FEESRF 8 HF RN FSNDF B od
FEROREDOTIGEL B4R FEFFUERZIVEARE - ]
P aSBR AL SINEZIRIT: > R MEREIRF 2 | F
F B SIIFEE LT P ERF R F R TF iF 3
B ST an [ BR F R IR & F B TRA T 2 855
BB FIVy VIR R WERFRAALTEEERE- ]
PFo & PR & Bk Rl W 0 0 0.45 um LI AR g Mg I T 1Y
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(a) The cyclical operation stage in one step SBBR SND systems.

Stage: I Mix II Aerate [T Settle IVDischarge
Time: 1 hr 9 hrs 1 hr 1 hr

Total cycle time: 12 hrs

(b) The cyclical operation stage in SBR systems.

Stage: I Mix IT Aerate Il Re-mix  IVSettle V Discharge
Time: 1 hr 5 hrs 4 hrs 1 hr 1 hr

Total cycle time: 12 hrs

Figure 3.4.2 The cyclical operation stages in (a) SBBR (b) SBR

systems.
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3.5 Bin s S ARRAAER

e B gk Frivkda 2 4°CT B o & B RRATE POl R AR B R AR
s I ACR o 2877 ¢ SBBRE L AISBRA fE 5 f, v = A%
fF ehloadings it =t 7 %k 2- ¥+ PR o H = fdloadingsiF i+ T 2 iBILER 5
Table 3.5.2 #7577 o 2F7 % # #ri# * 2. 4 1 & & & F # BOD: NH, -N:
PO, -PT 2% 100: 13.7:2.2 -
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Table 3.5.1 The composition of the stock synthetic wastewater in this

study (Yang, 2005;Chung, 2007)

Content Dose (in 3 L distilled water)
KH,PO, 40 g

Glucose : Peptone 18g:9¢g

Urea 60 g

NH,Cl 125 ¢g

Full-fat milk powder : 150g:122 ¢
low-fat milk powder contain: Protein = 26.5%

Lactose = 36.8%
Minerals = 5.7%

Fat =28%

Water content = 3%
FeCl; (10%) 2 mL
CH;COOOH (99.8%) 58 mL
NaHCO; 256 ¢
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Table 3.5.2 The water quality and loadings of influent wastewater

Concentration (mg/L)

Components
Loading I Loading II Loading 111
SCOD 303 +£ 8.5%% 449 +£47.3%%  615+43.1%*
BOD 299+ 9.2%* 428+ 13.5%* 603 + 10.3%*
NH,-N 42+ 0.8%% 59+ S57¥x 794 (.2%*
NO,-N ND’ ND’ ND’
PO,-P 7+ 0.5%F 9+ (.6%% 14+ 23%*
BOD: NH,"-N: 100: 14.0: 2.3 100: 13.8:2.1 100: 13.2: 2.3
PO,”-P
*ND : Not Detectable
MDL.L. :
NH,-N  0.01 mg/L
NO,-N  0.013 mg/L
NOs;-N  0.015 mg/L
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351 RFAY 2

(1

2)

3)

AET APTE DAL e R Yeon-line Tp[E P A ITES I
o AitdeT o TEAGERIIRA 1 #FEDO~pH 2 ORP» & - A&
Bidh- BERIEF - TRELEASME P2 60,000 BHcE
Tig .
k¥ NH,OHA 45 7 % 1 A8 7 978 * # Pk » NH,OH2. = j# §_i&
#55(2002) > H-{FRRHR 2 0.45umBk 3B SR R KB R (s 0 Bk
2ml#c » 1ml 1% ¢falcoholic 8-hydroxyquinolin (32502, R. D. H.
Germany) % Iml 2N Na,CO;3(A356892, Merck, Germany) > i &
» € A 2 g d h4 2 frindooxine » ETEER T K R 2
Fris o % & sk A& 3+ (U-2000, Hitachi, Japan) 12 & £ 705nm:g
7R3 o ¥ B M enfie ® 0 12 hydroxylamine & # & (379921, Aldrich.
USA, 99.9999%) % | #-k & #1§ 5 0~0.2:0.4-0.6~0.8 2 1.0mg/L
1&%%a,@iﬂﬁ%¢ﬁ%&@’mga%ﬁaﬂﬁimo
AP REREIANZAMrFES 0997 RERZ ALY
B %0995 (R?>0.995) * § 7 &2 & -
FoALITIED e HER AP T A4 (CODZBOD) ~ § 44 F A
#7 (NH;-N ~ NO,-N 2 NO;-N) ~ 8 & # ¥ » 45 (PO, -P) & 4
#78 p & 47 (MLSS% MLVSS) « # -k B & 47 3 % %+ Standard
Methods % 21 %= (APHAetal., 2005) > % ¥ s A 4758 B = ;2 4o %
353
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Table 3.5.3 The analytic methods and instruments used in this study

[tem The Analysis Method and Instrument

COD Methods 5220B*

BOD; Method 5210B

NH; -N Method 4500F*

NO,-N Method 4500 NO, B*

NO5-N Method 4500 NO; B*

pH pH meter, Method 4500-H'B* (SUNTEX PC-310)
ORP ORP meter, Method 2580B*(SUNTEX PC-310)
DO DO meter, Method 4500-O G* (SUNTEX DC-5100)
Temp Temperature meter, NIEA W217.50A

MLSS Method 2540 D*

MLVSS Method 2540 E*

* Standard Methods for the Examination of Water and Wastewater 21
Edition (APHA et al., 2005)
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A
iF
N
1%
-l
.

41WAS £ 17 %4 g2 it

AEEG R 2B REMF R (WAS) kp ot d R oKk
TR0 ERE P AR 40,000 CMD Fjeid ok ¥4 A 4SSk A o L

H-WAS et % o pARTy P QIR G e 3 3k e £ A

WEF APl bae 3Ry 2 od v pd @ars d 2 4
PEZONERR R CEURER B e s AR B s E
(Reily » 1951 ; % X 5 2005) « & T & ¢ > #i# * R RA AR
foif 2 2450 TAI* TCLP P 2 AR FE I & T 7 d 5o
)ﬁ&’# °

4.1.1 WAS {4

R ORI RN AR R S B S S M SRR
e 4 "’T‘ 85%2_ K im o #-i5 kA= = » & 7 (NIEA R205.01C) >
HeE% 7404411 27 ko (Moisture content) 1£85.2% > ¥ ¥ i»
(Flammable content) £9.4% > % i» (Ash content) £5.4% o F]4 i» <
EAFT R SHEREFKLE LT ER T FAPRSE
7% € " MFEWYERE B o

O LEi R ERERAR A IS o VRS St RS b A &
Wbl ® 22 % KRR PSP RR IR R T RR AT T R
LK AEST R E Z B AR 3 > HTCLPA M3 3852 % % o i
4124557 > BB MEE K22 F R Ep - BEERERS
A TEEAERASF O REE I BE®
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Table 4.1.1 The basic characteristics of wasted sludge sample of Nei-Hu

wastewater treatment plant.

Basic characteristic WAS
Moisture content, % 85.24 +£0.2*
Flammable content, % 942 +0.1*
Ash content, % 5.34 +£0.05*
Lol ™ 10.32 £ 0.56*
*n=3

** Loss of ignition, LOI : 900°C-3hr

Table 4.1.2 The TCLP test for heavy metal concentration of NEI-HU
WAS and red clay.

Element Concentration Concentration Regulation M. D. L. ***

of WAS of red clay of TCLP  (mg/L)
(mg/L) (mg/L) from HM
(mg/L)**
Cu 0.37 0.2 15 0.012
Pb 0.03 0.01 5 0.028
Cr 0.1 0.08 10 0.077
Zn 3.33 0.09 25 0.004
Cd ND* ND* 0.5 0.001

*ND: Not Detected
**Regulation was obtained from Waste Material Cleanup, EPA, Taiwan

(2007)
***M. D. L. : Method Detection Limit
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B RAEFEBRY IS VICP-AESBIF & H~3 5 18
fFE PRS2 5041303 ?1‘1: (k= > 2006) 45 &1 %I04 73
gy LT Rk AR i B U SR v ol B
’ﬁﬂ?ﬁﬁa@};)&v‘ (£ % 2 2006) ¥ ¢hip <304 ;‘1‘;;‘)&;%,\,%1
1 & EPHFSIO 820 2ALO; ~Fe, O3 B3 s 23 BHHES Y
dinne o P 2 4 ¢ HPACR FAE o A bk e

it &4 (AIPOy) o %4138 %97 7888 ~2 5Al> H= i
Fe -

Table 4.1.3 Concentration (mg/kg dry solid) of heavy metals in NEI-HU

WAS.
Element Concentration Element Concentration
(mg/kg) (mg/kg)
Al 27895 Mn 163.48
Fe 14877 Sr 115.53
Ca 8458 Pb 53.83
K 7017 Cr 38.96
S 6006 \Y 36.45
Mg 4311 As 6.62
Na 1768 Co 4.45
Zn 839.61 Cd 1.86
Ba 451.47 Sb 1.38
Cu 214.87 Ni ND*

*ND: Not Detected
Analyzed by ICP-AES
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4.12 fagEp

AFTE PG BB ERAR (WAS) vz i W= F3tH
A5 Rk 2 BRI RORAE o MR B2 2 5 R 1 105C
AR 0 R B R A gL 1E o WAS ~ dr b 870 Bk o | e
WME RIS I6: 1S 12 LERLERBIRES-RE
qEORR G AT e ORI AR & P2 BRI RS R 1 Y

F A PR BRSPS L R B 2 L
FE % 0TI AR RGE G A B R U WAS S e 2 i B R e
REWGIE 5171 LR P HAFURGE R SRR E SR F AR
Bt dod 414907 « AL IFLF L 2 3P0 FUR %R

ol

B

~.

B o~ ALG A A ok A 65 36.70 kegflom’ © 7.10 glem’ v 32.99% °© %
PIEVRAFTE WA EFAFA S AR o d £ 4149 H

Rl s %7 gl A 3OTEE L 2 Ol B Ay e R

PR EDERAS L 2P T AF TR M kDL R
%2 2 TCLP# % » BB Mg AmI fE T » g 2 ¥
B & o R L 18 PEIS ) SRR ARA Y 1LV IEN B S sy kR
BEEERRRER - 2 PP TCLPHEY 5% 2 Vi R+ 2 e
kR 2 ERHE > e 415977 o ATCLPA 74 Br (7%
=\
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Table 4.1.4 The basic characteristics of the porous WAS pellets in this

study and other references.

Reference Compressive ~ Bulk density ~ Water
strength (g/cm’) absorption
(kgf/cm?) (%)
This study, 2008 36.70 7.10 32.99
Chung, 2007 6.40 1.10 41.02
Chen, 2005 2.44 0.67 60.49

Table 4.1.5 The TCLP test for heavy metal concentration of NEI-HU

porous WAS pellets.
Element Concentration of Regulation of TCLP ~ M. D. L.***
porous WAS pellets  from HM (mg/L)**  (mg/L)
(mg/L)
Cu 1.92 15 0.012
Pb 1.22 5 0.028
Cr 0.26 10 0.077
Zn 0.97 25 0.004
Cd 0.09 0.5 0.001

*ND: Not Detected

**Regulation was obtained from Waste Material Cleanup, EPA, Taiwan
(2007)

*#*¥M. D. L. : Method Detection Limit
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B 411 5 f* thi#%SBBR A 5% 2 4 4 P MR A7 % %
SRR 0 & 4] 2 B 355 200720198 22 WASE 1% 4 5 (Chung,
2007) > Bl(a) 5 BI(b)* WASE % & 5-i5 e 2 B H 56 ol & 1215 0 Jis
* th P %Y SBBRA Y 2 4 5 448 o Fl(a)® WASE {17 2 4 048
SERE /SX) 5 14 3 16 mm2 B MAF Rk Bl s 038em’ iR B

B % 7.10 g/cm3 °

Bl 4.1.2 2 2 #H T F s (Scanning Electron Microscopes,
SEM) #EAF L 2 p FARF 24P P8 45 AE2 1% - Fl()
LB B %% 200720198 2 WAS £ 41+ @ 5 5 Bl(b) 5 Bl(a)®
WAS L 1% & S5 2 it 2 A 5 d M 412@7 50 53V
HWEFri ooy it RV R M2 T2 L 23 KR 35
RIS A RF T ERE CAHRE MY M R AT P
U NEEE S
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(a) Chung, 2007 (b) This study, 2008

Figure 4.1.1 The external of the porous WAS pellets, which have the

average diameters between 14 to 16 mm.

(a) Chung, 2007 (b) This study, 2008

Figure 4.1.2 The SEM image of the rebuilt WAS porous pellets surface
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e Bl AEAT 2 4 p SR — % 2007 £4E£1 % 08T £ SBBR A AT 2 4

Fr 31 (&2 B %5 200720198) 5 - 5 AF7 % ¢ SBBR ket
2 AR (B 1Y 355 96106655) Bl 4.1.3 5 4 A4 Adp e £
et N B FHET5 A 20 X T TS (ks ) BVSZ 148 o fuE 5
BHLABRME 208 AR 205 R HERL 12202 > £
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0.04 - —— This study
0035 |- —a&— Chung, 2007
0.03

0.025 r

VS, g

0.01 -

0.005

0 2 4 6 8 10 12 14 16 18 20
Time, Day

Figure 4.1.3 The biomass profile calculated based on marked 20 pellets

after 20 days of incubation.
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SEr

(b)

Figure 4.2.1 The external of the WAS pellets diffusers, which have the

average diameters between 12 to 14 mm.
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B 422 5wt WAS £ 1% & & RoE > ST B (a) ~ (0) 2 77

(5(b) ~ () ™2 SEM #45 % T =+ B lcshde vi OB 2 ST 4% |
BBRRBPSFED RSt By 7o 2H I B LR o

J9

B14.2.2(a)2 (b) 5 WAS R L (g7 B & 7 B 15 2. 3E 4 /2 SEM
B Bl 422(c)8(d) 5 22 RS B 2 BT (S 2 3RS SEM A
B B 422020577 RAEGFAED 2 FESLIEE2 FW . o
SEM™ 48 % 5 2 fich o o B 4.2.2(e)2 (¥ #2 » vt WASH (T L
F1* & &2 RAd > 548 1,200 rpm# 8 0] FFS 0 FEIER SRR
Mt Bog R R R BELEHFRA o IV R A AR B 5 23R
e RPSEFESTHITS2RE 72 HIFRBR D R *:536.70
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10KV X1,000  10pm

MCHLU SEI 10KV X1000 10,

(b)WAS after grinding
1,200rpm, 8hrs

(a)WAS befo

re grinding

NCHU SEI 30KV  X1,000 10pm WD B.1mm NCHLU SEI 30KV X1,000 [ WD B.Amm

(d) Red soil after grinding
1,200rpm, 8hrs

(c)Red soil before grinding

(e)Pellet surface before (fHPellet surface after
grinding grinding

Figure 4.2.2 The SEM images of WAS, red soil and raw pellet diffuser
before and after a grinding of 1,200rpm, 8hrs.
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en
§ o= WAS : red soil : Chemical additive = 05:12:01
A 4 r f— WAS : red soil : Chemical additive = 05:09:01
Y WAS : red soil : Chemical additive = 05:06:01
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Figure 4.2.3 The comparison of DO concentration rising rate using

commercial and sinter WAS porous diffusers. (23.7°C)
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(a) WAS :red soil : Chemical additive=5:12: 1
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(b) WAS : red soil : Chemical additive=5:9: 1
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Figure 4.2.4 The comparison of oxygen transfer coefficient between

commercial and sinter porous diffusers.
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(c) WAS : red soil : Chemical additive=5:6: 1
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Figure 4.2.4 (cont.) The comparison of oxygen transfer coefficient

between commercial and sinter porous diffusers.
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Figure 4.3.1 The daily profiles of SCOD in two types of system (SBR
and SBBR with porous WAS pellets). The period of Loading

I, IT and III are 70 days, 27 days and 43 days, respectively.

68



Bl 432 55 F H k% (SBBREZSBR) # p NH, -Ni& ik & %
FedBis 2 gmo Rk KT R o B P kT 130 = T > Loading [ (%
1~70 % )~Loading Il (% 71~97 = )2 Loading III (% 98~140 % ) NH,-N
EpiEiRenA 1 & A A TR A B 5 42408 mg/L ~ 59+ 5.7 mg/L&
79+ 6.2 mg/L - & 4 4% {¥ T Loading IIl NH, -Nerigin ik & % (F/M:
0.078 g-NH,'-N/g-VSS/day) » £ = 3 Loading IT (F/M: 0.059 g- NH, -N
/g-VSS/day) {4 % &k B & % chLoading I (F/M: 0.039 g- NH,-N
/g-VSS/day) o 5 & Bt a2 s Mo KIER 5 % M Img/L11 T o

Loading I £2Loading 114 % fh|if BATE AT RAER > F & %
R AR L E AR FHE G T T o
T|steady state; & it > H#-iE (7P 4 X 2% (batch tests) ° fLoading I114%
YA RN A I AR ATIER | AR 275 £ 0%,
(Siripong and Rittmann, 2007; Michaud et al., 2006) > = molez_ % % & it
ANO"-NZ & 1.5molez § # > FIM 4id § 7 Lenifit ™ » R K
BN r BB B RA(R)F 2K 8 - S A FakiTs
120 x pF > ARG E WP BT R K BRI R
F RSB F BAcA P T F o B 4rNH, N3 f o Y
B ITH R F Rk Suidsteady statek i PF 0 i (T4 4 X 2R 5% (batch

tests) °

69



100 r Loading I Loading I  Loading II
1 1
 —e— Influent i -
g0 | —o— Effluent SBBR : :
%D —— Effluent SBR '
g i !
« 1
8 .
2 60 ; DO rise |
g )
@] .
= 40
<
20
0
0 20 40 60 80 100 120 140
Time, Day

Figure 4.3.2 The daily profiles of NH, -N in two types of system (SBR
and SBBR with porous WAS pellets). The period of
Loadings I, II and III are 70 days, 27 days and 43 days,

respectively.
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r... = an(lNH: — NJin _[NH: — NJout)
nitrification VreacmrS [VSS

e (Carrera et al., 2004)
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Figure 4.3.3 The on-line measured parameters (ORP, pH and DO),
SCOD, nitrogen and phosphate concentration in the batch
test of the traditional SBR system (Loading I); (a): the
profiles of ORP, pH and DO; (b): NH,'-N, NO,™-N, NO;™-N,
SCOD and PO,*-P concentration.
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Figure 4.3.4 The on-line measured parameter (ORP, pH and DO), SCOD,
nitrogen and phosphate concentration in the batch test of the
SBBR system with porous WAS pellets (Loading I); (a): the
profiles of ORP, pH and DO; (b): NH,"-N, NO,-N, NO;™-N,

SCOD and PO,*-P concentration.
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Figure 4.3.5 The comparison batch tests of various Loadings (I, IT and
I11) in traditional SBR system (a) COD, (b) NH,"-N, (c)
NO;™-N, (d) NO,-N and (¢) PO,>-P.
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Figure 4.3.6 The comparison batch tests of various Loadings (I, IT and

IIT) in traditional SBR system (a) DO (b) pH and (c) ORP.
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Figure 4.3.7 The comparison batch tests of various Loadings (I, IT and
IIT) in SBBR system with porous WAS pellets (a) COD, (b)
NH, "N, (¢) NO5™-N, (d) NO,-N and (¢) PO,>-P.
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Figure 4.3.8 The comparison batch tests of various Loadings (I, II and III) in
SBBR system with porous WAS pellets (a) DO, (b) pH and (c) ORP.
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Figure 4.3.9 Flow chart of one-step SND via nitrite pathway in SBBR system.
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(b)SBR

Figure 4.3.10 The SEM photograph (Scanning Electron Microscope) of
biomass in (a) SBBR system with porous WAS pellets and
(b) traditional SBR system.
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s end 2 A kg5 p EQ. (4-2) (Zeng et al., 2003) -

Denitrification NH,(tot) - NO, (acc)

Efficienc = = Eq.(4-2
Yono = ~itrification NH, (tot) 0(4-2)

EQ. (4-2)¢ > NHy(tot)% 77 & & Vs P g ¥ ik R » NO, (acc) % 7r
2 NO-Ned e B o

hd 4417 » A7 P a F Ok sL (SBRESBBR k5t e pF
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Table 4.4.1 The comparison of nitrification, denitrification rates and
SND efficiency in different systems under batch test in this

reactor and other references.

Reference Ky Kpx® Efficiencysap
This study, (SBBR system Loading I 42 42 95%
with WAS pellets Loadingll 59 5.8 98%
diffusers) Loading I 8.1 7.7 94%

Loading I 7.0 10.5 92%
This study, (traditional

Loading I 9.5 14.7 90%
SBR system)

Loading III 9.6 13.5 69%
Chung, 2007 (SBBR system with rebuilt 5.5 5.2 94%
WAS pellets, traditional SBR system, 51 48 86%
SBBR system with commercial pellets) 5.5 4.9 89%
Yang, 2005 (Low DO, SND, 51 3.6 75%

3.7 24 72%
Chen, 2005 (SBBR)
50 4.7 90%

Li, 2004 94 9.2 99%
Gieseke et al., 2002 (SBBR) 4.1 3.7 84%
Park et al., 2002 6.7 53 45%
Jun et al., 2000 (SBBR) 3215 68%
Menoud et al., 1999 8.8 6.7 95%

“ Express as mg-NH, -N/L-hr (nitrification rate)
® Express as mg-NO5 -N/L-hr (denitrification rate)
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7% 3 (hydroxylamine) » £ 5 d ¥z ¥ it = (HAO) 3 i* 4 = LT pl'fk

5

F RS B TARBITLF e B HT IR
% 5 B R FN,E N0 (3% 0 2004) o FIpb 2T 02 gt SND S S

/= i¥Nernst equationi # o
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Table 4.5.1 Results of the Nernst equation for “only mix” and “mix and

aerate” steps in SBBR system

Nernst equation model constants

SBBR with 2
Porous WAS pellets a b © R
Only mix 252.30 -101.86 19.253 0.99
Mix and aerate -14538.2 1991.42 -33.07 0.99
Only mix mix and aerate
0
-50 + —— Simulation Data
-100

% _150 B Monitored Data

) -200
= 250
-300
-350
-400

0 30 60 90 120
Time, min

Figure 4.5.1 The comparison of simulated and experimented ORP
profile for “only mix” and “mix and aerate” steps of

SBBR system with porous WAS pellets.
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Table 4.5.2 Results of the second stage Nernst equation for “mix and

aerate” step in SBBR system with porous WAS pellets.

Nernst equation model constants

SBBR with . b . R?
Porous WAS pellets
Mix and aerate 132.86  36.12 -139.87 0.93

150

100 -

50 -

ORP, mV

—— Simulation Data

B  Monitored Data

-100
150 210 270 330 390 450
Time, min
Figure 4.5.2 The comparison of simulated (second stage model) and

experimented ORP profile for “mix and aerate” step of

SBBR system with porous WAS pellets.
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Microscope, SEM) BLZ % PR Ap ©
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Figure 3. Specific gas produce rate.

Specific gas produce rate: 0.30 mg N*/ mg NO*-N.
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