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Abstract — A reactor model was developed for the simultaneous nitrification and organic oxidation of wastewater in airlift
reactors with bioparticles. The diffusion and reaction in the biofilm of bioparticles, liquid-solid mass transfer, anddgasyliqu
gen transfer were taken into account together with the consideration of the nitrification and organic oxidation by theusiomass
pended in the liquid phase of the reactor. Double Monod-type kinetics was employed for representing the reactions of the
nitrification and the organic oxidation. Using the numerical simulation, it was discussed how the nitrification and thexirganic
dation of the wastewater were influenced in the airlift reactor by effective diffusivity in the biofilm, bioparticle medzr size
velocity and reactor operation pressure, flow rate and organic concentration of the feed, and maximum organic oxidation rate in
the biofilm. The oxidation rate of ammonia and nitrite increased at the given conditions of the air velocity, the med&ramount
the biofilm thickness, as decreasing the media size. It was demonstrated in the simultaneous nitrification and orgamicfoxidatio
wastewater that the nitrite oxidation was first affected by the reactor liquid-phase concentration of dissolved oxygen and the
organic oxidation was influenced by the biomass suspended in the liquid phase of reactor. As increasing the organic concentra-
tion of the feed, the organic oxidation rate increased but the oxidation rates of ammonia and nitrite decreased.

Key words: Nitrification, Organic Oxidation, Airlift Biofilm Suspension Reactor, Biofilm Model, Gas-Liquid Mass Transfer,

Liquid-Solid Mass Transfer
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Table 1. Typical values of Monod constants for nitrifying bacteria[10]

Constant Nitrosomonas  Nitrobacter Heterotroph&
Cell yield 0.03-0.13 0.02-0.08 0.37-0.79
[wt cells/wt energy substrate]
Hinald ™ 0.46-2.2 0.28-1.44 7.2-17.0
K[mg/L]
Energy substrate 0.06-5.6 0.06-8.4 <1-181
Electron acceptor 0.3-1.3 0.25-1.3 0.0007-0.1
®from activated sludge with glucose substrate.
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Table 2. Kinetic parameters and physical properties of the biofilm used
in the simulation®

Parameter Value Reference
Dy 0.048- 107 m?/min
Do s 0.048- 10°® mP/min
Do, 0.04810° m?/min
Ds, ¢ 0.048- 107 m?/min
o, 7.540 mg/
Vi 20.8 mgNH; -N/ - min Denac et al.[6]
Vio: 12.6 mgNO, -N/ - min Denac et al.[6]
A 121.8 mg COD/- min Chen et al.[19]
Kt 5.0 mgNH; -N¥ Denac et al.[6]
Ko 2.8 mgNO; -Nf Denac et al.[6]
Ko, het 0.2mg g/l Chen et al.[19]
Ko, N, 0.5 mg g Denac et al.[6]
Ko.no: 0.25 mg Qfl Denac et al.[6]
Ks 20.0 mg COD/ Chen et al.[19]
Sun: 3.50 mg @mg NH; -N Denac et al.[6]
Svos 1.14 mg Q@mgNO; -N Denac et al.[6]
S 0.56 mg @/mg COD Chen et al.[19]
Mo i 1.33d? Sharma and Ahlert[10]
M NG 0.86 d* Sharma and Ahlert[10]
Hinax, het 12.1d? Sharma and Ahlert[10]
Y N NH; 0.278 mg cell/mgNH; -N Huag and McCarty[9]
Y ount; 0.0954 mg cell/mg © Huag and McCarty[9]
Y nno: 0.0841 mg cell/mdNO, -N Huagand McCarty[9]
Y w0.NG; 0.0821 mg cell/mg © Huag and McCarty[9]
Yy, het 0.31 mg cell/mg COD Chen et al.[19]
Y x/0,het 0.55 mg cell/mg @ Chen et al.[19]

(a) unless stated otherwise.

Table 3. Reactor and media characteristics

Reactor diameter 0.14m
Reactor volume 18L
Media particle
Mass 600 g
Diameter 0.30 mff
Density 1.22 glcrh

@unless stated otherwise.
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Fig. 1. Influences of effective diffusivity in biofilm on the reactor con

centrations of (a) dissolved oxygen, (b) ammonium, and (c) nitri
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feed ammonium concentration of 260 mg-N/L, and the air velo
ity of 3.0 cm/s.

atslEE Tl v gkg Ho|EE eyt
34 B ARV L F5
A7} Z7150 mer oA E A
UL o obd Hojatals e
W=rH20]. e W 4RSS AbekE T o
A A Foll = B Y AN AL T EE o3
o|BE ofFAF AElErE PR ) o3
FAZE S e uhet SUkste] oA A 4
At A FA et S
0.200 mm¥HA] F7Fgke] wt wk-&-7]
0.347HA 78k 2o 718 AAEFAAGASE 0.07514 0.043
sT2 7asl= Aoz AL uega o

FANA AEE ) oAl Alslg Tt
o AEY FAVE S el M opdAt Aleld =
ey TA] $718E) Al&ksitt

==t

NN
18 4t oo

o

o
Sy
LA A e

= o

2
lo

e
Ly
2y
tlo

rlo

co H
2

&
iy
ox
it

o

it
i
ir

Of
a2

3

ox
1,
B
‘
oo
)

%
o

i
&
N
~
of¥
N
%

HWAHAK KONGHAK Vol. 39, No. 4, August, 2001



506 A g

Dissolved oxygen [mg/L]

—0— 0.10 mm

Ammonium [mg-N/L}

Nitrite [mg-N/L]

0.00 0.05 0.10 0.15 0.20
Biofilm thickness [mm]

Fig. 2. Influences of the media radius on the reactor concentrations of
(a) dissolved oxygen, (b) ammonium, and (c) nitrite in the pure
nitrification with the feed flow rate of 200 L/d, the feed ammo-
nium concentration of 260 mg-N/L, the effective diffusivity in
biofilm of 0.5 D, and the air velocity of 3.0 cm/s.
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7] W 2 A= AU S AlelE e B ol Akslid] NH, : ammonium-N concentration [mg-ijl/
Al FEgE =R NO,  :nitrite-N concentration [mg-N/
Azl B {715 e FAlo A== AAA YT FEE 5 o, : dissolved oxygen concentration [rg/
7RO wet e W dREUEAAS, ok Es B VR T (04 : saturation dissolved oxygen concentration [ing/
== ZRINeH AEY &k E s A4S Y RS r : radial distance of bioparticle [mm]
7M7) Wl o} AL, AR UL 287 fU])E o8 AslEr e Mo - media radius of bioparticle [mm]
Z71te] AR E 1l F Aasth 53] fUs 9E fU1E 4 S : organic substrate concentration [mg-C{pD/
o] F-HaA FEE W el & 9 FU1A7E bk Sum: : oxygen stoichiometric coefficient fddH;  -N [mgsng-N]
&7 @RI G 71 AslEEs sk v ukgT] A4 85 Svo; : oxygen stoichiometric coefficient fddO,  -N [mgxthg-N]
AnF e STk dRUEAHE A W ol AR F Lo Al ASEE S : oxygen stoichiometric coefficient for organic substrate [mg-
A F7¥eE7] AR AT R FEE XA R f71 0,/mg-COD]
& FEE S et §71E AEee Sl v A Ug : superficial air velocity [m/s]
SENAEE, dRYE B o}HA AslE e = Asii A& W A : reactor liquid volume [L]
Ho 471 AslEwe] Sk vhe7] A S8 A9 3 Vi : reactor volume [L]
e WXR] o vhgr] 99RE  f71E AeEEY St 1 Xhet : biomass concentration of heterotroph [g/
a2 GdEUR 9 o} 4lelE o] s et Xy : biomass concentration of nitritification autotroph [thg/
Xna : biomass concentration of nitratification autotroph [iing/
FAREN Yyn nig : Diomass yield foN H, -N of nitritification autotroph [g cell/
g NH; -N]
This work is dedicated to Professor Wolf-Dieter Deckwer on the Y, . . :biomass yield foNO, -N of nitratification autotroph [g cell/
occasion of his 60th birthday. g NO,-N]
Y0, het - Diomass yield for dissolved oxygen of heterotroph [g celilg O
AEI S Yo, - Diomass yield for dissolved oxygen of nitritification autotroph
[g celllg O}
a : surface area of air bubbles referred to reactor volurfiefm Yy o.no; - biomass yield for dissolved oxygen of nitratification autotroph
a' : surface area of air bubbles referred to liquid volunfénith [g celllg O]
a : surface area of bioparticles referred to reactor voluriérfiin Yy/shet - biomass yield for organic substrate of heterotroph [g cell/lg COD]
a : surface area of bioparticles referred to liquid voluménri
d, : bioparticle diameter [m] Jzlo|a £Xt
D : molecular diffusivity [n#/min] Bun: : dimensionless saturation coefficient fig . [
D. : column diameter [m] Bno: : dimensionless saturation coefficient i, [-]
Dyune : molecular diffusivity of NH [m?min] Bo,het :dimensionless saturation coefficient fi§g, 1, [-]
Do : molecular diffusivity ofNO, [M/min] Bo.ny; - dimensionless saturation coefficient fisg, ;. [
Do, : molecular diffusivity of dissolved oxygen ffmin] Bo.no - dimensionless saturation coefficient i, |, [
Dg : molecular diffusivity of organic substrate 3fmin] Bs : dimensionless saturation coefficient fog[H
Dyus - effective diffusivity ofNHf1 in biofilm [n%/min] ) : biofilm thickness [mm]
Dyo, - effective diffusivity of NO, in biofilm [nf/min] € : energy dissipation rate per unit mass of liquid/g
Do, t : effective diffusivity of dissolved oxygen in biofilm fimin] £ :gas holdup [-]
Dg ¢ : effective diffusivity of organic substrate in biofilm ffmin] &g > solid holdup [-]
D, : molecular diffusivity in water, 0.09610° m%min Mmax, het - Maximum specific growth rate of heterotroph [1/d]
F : feed flow rate [L/min] Hmax N - Maximum specific growth rate of nitritification autotroph [1/d]
g : gravity acceleration [ Hmax ng - Maximum specific growth rate of nitratification autotroph [1/d]
k. : gas-liquid mass transfer coefficient [m/s] v : kinematic viscosity of liquid [rfis]
ks - liquid-solid mass transfer coefficient [m/s] Vi : maximum removal rate df\IHf1 -N in biofilm [mg-Nmin]
Kk : saturation coefficient foN HZ -N in the nitritification [mg4IN/ N : maximum removal rate dO, -N in biofilm [mg-Nmin]
Ko : saturation coefficient foNO, -N in the nitratification [mgHN/ Vg :maximum removal rate of organic substrate in biofilm [mg-
Ko : constant in the dissolved oxygen switching functions of Activated COD/ - min]
Sludge Model [mg-gl] pL : liquid density [kg/n]
Ko, het - saturation coefficient for dissolved oxygen of the heterotroph o : surface tension
[mg-G,/1] [N : solid fraction in the suspensiogy(1-€g) [-]
Ko, np; - Saturation coefficient for dissolved oxygen in the nitratification
[mg-Oy,/l] SHEAt
Ko,no 1 saturation coefficient for dissolved oxygen in the nitritification  F : feed
[mg-O?1] R : reactor
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