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Abstract

Ammonia in water which is toxic to human, its concentration is regulated below 0.5 mg/L in drinking water. Current study aimed

to develop appropriate models for ammonia stripping using hollow fiber membrane contactor. Two different models were developed

during the study. Model 1 was assumed only free ammonia (NHg) transfer in stripping process, whereas the Model 2 was assumed

with total ammonia (NHsz+NH,;") transfer. Ammonium chloride (NH4Cl), sodium hydroxide(NaOH) were used to make ammonia

solution, which was concentration of 25 mg as N/L at a pH of 10.5. The experimental conditions were such that, the liquid flow

was in tube—side in upward direction and the gas flow was on shell—side in downward direction at room temperature. The

experimental and modeling results showed that marginal difference were observed at low gas flux. However the difference between

the both models and experimental value were increased when the gas flux was increased. The study concludes that the Model

1 with free ammonia is more appropriate when both models were compared and useful in ammonia stripping process at low gas

flux.
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Fig. 1 The diagram of ammonia mass transfer model
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Fig. 2 Schematic diagrams of ammonia stripping
process
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Material Polysulfone Cross section area 20.27 cm’
Contact area 357 n? Length 55.88 cm
Inner diameter of hollow fiber 250 um Volume 1132 cm®
Quter diameter of hollow fiber 420 ym porosity 21.3 %
Wall thickness of hollow fiber 85 um Number of hollow fiber 5700

505 ———



Journal of Korean Society of Water and Wastewater
Vol.25, No.4, pp.503-510, August, 2011

——] 506

Gasfilled pore

Gas Liquid -
Gas phase Liquid phase
P boundary layer boundary layer el
¥
Membrane L
wall _~1c,
C”m /

Cg—/

1 1 L

Hi.kg Hk, K
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Fig. 6 Effluent concentration of ammonia with time
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Nomenclature

a

cC

G

Co

Cwrs

Crn

cr

a;
do

D

Contact area per unit volume (m?%/m?

The total concentration of ammonia—N (mol/L)
Concentration of ammonia—N at liquid phase
(mol/L)

Concentration of ammonia—N at gas phase
(mol/L)

Concentration of ammonia at liquid phase
(mol/L)

Initial concentration of ammonia—N at liquid
phase (mol/L)

Liquid phase concentration in equilibrium with
ammonia in gas phase (mol/L)

Diameter (m)

Inside diameter of membrane fiber (m)
Hydraulic diameter of the shell side (m)
Diffusion coefficient (m?%/s)

Ammonia diffusion coefficient in liquid phase
(m?/s)

Ammonia diffusion coefficient in gas phase
(m?/s)

Graetz number, dimensionless

Henry's constant (atm)

Henry's constant, dimensionless
Overall mass transfer coefficient (m/s)
the membrane

Mass transfer coefficient in

pores (m/s)

Mass transfer coefficient in the tube side (m/s)
Mass transfer coefficient in the shell side (m/s)
The ionization constants, dimensionless

Membrane wall thickness (m)

Length of membrane contactor (m)

Molecular weight (g/mole)

Molar flux (mol/dm3*sec)

Atmospheric pressure (atm)

Volumetric flow rate (m®%s)

Liquid flow rate at equilibrium condition (m?/s)
Gas flow rate at equilibrium condition (m%/s)
Gas constant, 1.987 kcal/kmole

Reverse of stripping factor, dimensionless
Reynolds number, dimensionless

Schmidt number, dimensionless

Sherwood number, dimensionless

Kelvin temperature (K)

v Molecular diffusion volume (cm®mole)
% Superficial velocity (m/s)
v Superficial velocity of liquid (m/s)
Vg Superficial velocity of gas (m/s)
Greek letters
a The fraction factor, dimensionless
& Porosity of membrane contactor
“ Coefficient of viscosity (kg/m-s)
© Density (kg/m®)
T Tortuosity of pores
v Kinematic viscosity (m?/s)
Kinematic viscosity of air including ammonia
Vg gas (m?ss)
Subscripts
/ Liquid phase
g Gas phase
m Membrane pores

Superscripts

*

Equilibrium state
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