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THEORETICAL CONSIDERATION ON THE PERFORMANCE OF BIOFILM REACTOR
IN WHICH A CONSECUTIVE REACTION TAKES PLACE

* *
BOR & | BE ERM
* *
Yutaka SAKAKIBARA , Masao KURODA

ABSTRACT ; A mathematical model was developed to analize the performance of anaerobic
biofilm reactor. The biochemical degradation of substrate in biofilm was assumed to a
consecutive reaction. Conservative equations were derived and calculated numerically
by using some dimensionless parameters indicating reactor performance and operating
characteristics. Effects of the rates of diffusion in bilofilm and bulk liquid flow on
uptake rates, removal efficiencies and effluent characteristics were clarified.

The following results were obtained.
(1) Intermediate metabolic products are accumulated within biofilm when the value of
biofilm property(M) is greater than 2 and the removal efficiency is less than 50 %.
There exists a region where effectiveness factor(AA) is greater than 1 under the
condition.
(2) Although the utilization of primary substrate depends on biofilm properties and
bulk concentrations of substrate, the utilization of intermediate metabolic products
exhibits the different behaviour which depends on biofilm properties and the bulk
concentrations or depends on biofilm properties and influent substrate concentration.
(3) The saturation constant in each reaction step evaluated by using bulk concentra-
tions varies with biofilm properties.
KEYWORDS; biofilm model, consecutive reaction, biofilm reactor, diffusion
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[ Nomenclature ]

a,ay,ap Specific area of biofilm [ 1/ L ]
A : Intermediate metabolic product

Ca , Cg : Concentrations of A and S in biofilm [ M/’ ]
Cgf : Influent concentration of S [ M/ L3 ]
CA*, CS* : Concentrations of A and S in bulk liguid [ M/ L3 ]
Dp , Dg : Effective diffusion coefficients of A and S in biofilm [ 2/ T ]
G : Final metabolic product

Kp , Kg : Half-velocity coefficients of A and S utilization [ M/ L3 ]
KA*, KS* : Half-velocity coefficients defined by Eq.(26) and Eqg.(27) [ M/ L3 1
L . : Biofilm thickness in one step reactor [ L ]
Ly , Lp : Biofilm thickness in two step reactor [ L ]
Np'flux : Uptake rate of A defined by Eg. (27) [ M/ 12 /T ]
Ng/flux : Uptake rate of S defined by Eq. (26) [mM/ 12/ T)
S : Primary substrate

X,X1,X2 : Biofilm density [ M/ L3 1
y : Distance normal to biofilm surface [ L ]
8,987,082 : Hydraulic residence time [ T ]
ﬂA , ﬂs : Maximum specific rates of A and S utilization [ 1/7T ]

Dimensionless parameter

By + Bg Dimensionless concentrations defined by Eg.(15) and Eq. (14)

Bgf, Dg/ar Dayss ¢ Bse = Csf/Ks » Ds/a = Ds/Dn , Dpasg = Da/Ds
"Es : Removal efficiency of S defined by Eg. (11)
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Ep : Removal efficiency of A defined by Eg. (12)

E¢ : Removal efficiency of total substrate defined by Eg. (13)
Mg , Mp : Non-dimensional parameters defined by Eq.(5) and Egq.(9)
Mps, Mpa : Non-dimensional parameters defined by Eq. (5-1) and Eg. (9~1)
Ngflux : Dimensionless uptake rate of S defined by Eq. (24-1)
Naflux : Dimensionless uptake rate of A defined by Eq. (25)

Pes, Pep : Operating parameters defined by Eq.(7) and Eq. (10)
Pe0SsPeop: Operating parameters defined by Eq. (7-1) and Eq. (10-1)
Ya/s ¢ Yield coefficient for formation of A from S

Yo /n : Yield coefficient for formation of G from A

Y,f5,fp,6k + ¥ =y/L, f5 = ws/ws™ . fa = wA/wA* » Ex = Kg/Kp

* * * * * *
WgsWp,Wg ,wp W = Cg/Csf , wp = Cp/Cgf , Wy = Cg /Cgf , Wy = Cp /Csf

AS : Effectiveness factor defined by Eq. (22) or Eq.(22-1)

Ap : Effectiveness factor defined by Eq. (23) or Eqg.{23-1)

Aks : Effectiveness factor defined by Eq. (28)

Axa : Effectiveness factor defined by Eq. (29)

Subscript

1 : Component of the first reactor of two step treatment system

2 : Component of the second reactor of two step treatment system
S ®R
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