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THE EFFECT OF TEMPERATURE ON ACETATE REMOVAL RATES
WITHIN A METHANOGEN ATTACHED BIOFILM

wWoR -l B R B, g H £ f*
Yutaka SAKAKIBARA*, Megumu YUZAWA* and Masao KURODA*

ABSTRACT; The effect of temperature on acetate removal rates within a methanogen attached biofilm
reactor was studied theoretically and experimentally. A mathematical biofilm model was developed
considering the dependencies of substrate diffusion and decomposition rates on temperature, furthermore
the relations between removal rates and the non-dimensional parameters which specified treatment
characteristics were also examined. Isothermal experiments on mesophilic acetate treatments were
carried out, and the non—dimensional parameters, 1.e. biofilm property(Ms) and operation parameter

(Pes), were obtained. Then, non—isothermal experiments were executed, and the variations of the acetate

removal rates with temperature were examined and analized by using the present model.
The following results were obtained.

(1) Treatment characteristics of acetate were evaluated accurately in a range of 15~37°C by using the
normalized biofilm property(Ms), operation parameter(Pes) and the activation energy(AE) of
substrate decomposition rate.

(2) The effect of temperature on acetate removal rates differed with organic loading rates, but the
activation energy(AE) was regarded as a constant value of 12.1kcal/mol.

{3} Acetate was converted to methane at a yield of 0.91 mol-CH4/mol—Ace except when the temperature
was less than approximately 10°C.
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[ mARS ]
a : Specific area of biofilm ( 1/L )
Cs Substrate concentration in
biofilm ( M/L% )
Csf Influent concentration of
substrate ( M/7L3 )
Cs* : Substrate concentration at
biofilm surface ( M/L3 )
Ds Effective diffusion coefficient
of substrate in biofilm ( L2/T )
F Flow rate ( L3/1)
Ks Half-velocity coefficient of
substrate decomposition ( M/L3 )
Ks* : Half-velocity coefficient of
biofilm based on bulk substrate
concentration ( M/L3 )
L Biofilm thickness (L)
Nsflux : Substrate removal rate of
biofilm ( M/L2T )
(Ns)max: Maximum removal rate of
substrate ( M/L2T )
R Gas constant ( cal/mol°K)
TO,T : Reference temperature and
temperature ( °C or %K)
y Distance from suport surface (L)
AE Activation energy ( cal/mol )
P Density of biofilm ( M/L3 )
M Viscosity ( M/LT )
¥s : Maximum specific rate of
substrate decomposition ( 1/T )
) Hydraulic retention time ( T )
Dimensionless parameters
Bsf,Bs : Bsf= Csf/Ks , Bs= Cs%/Ks
Es : Removal efficiency of substrate
fs : fs= ws/ws%
Ms Biofilm property
(=L (Ps p-as/kseDs)'”2)
Ns% : Normalized substrate removal
rate (= Nsflux/(Ns)max ] T0 )
Pes : Operation parameter(=L/a:8 :Ds)
Y : Y= y/L
as : Mass fraction of microorganism
in biofilm
WS, wsH ws= Cs/Csf , wsk= Csk/Csf
0 : Temperature coefficient
¢ : Normalized removal rate depen-
dency on temperature
RT2 d 1ln(Ng*)
= & 4 )
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