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Abstract — The effects of operating conditions on the separation efficiency of a-amylase employing cross-flow ul-
trafiltration unit were investigated. High transmembrane pressure and low flow rate gave a higher separation ef-
ficiency. Severe deactivation of the enzyme during cross-flow ultrafiltration was observed when the transmembrane
pressure was high and both flow rate and the enzyme concentration were low. The permeate flow rate could be well
predicted by using related model equations, especially for the feed stream of low enzyme activities.
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Fig. 1. Schematic diagram of experimental ap-
paratus.
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Fig. 2. Effects of flow rate on enzyme activity in
concentrate stream (E,,,~750 unit/m/,
ATPM=1.5 kgffem?.

<=
£
2 4001
Z e _,g
z
% ‘n a o o(C
3+
5]
E 2001
N
5 ¥

0 . . , . . .

0 20 40 60

Time (min)

Fig. 3. Effects of transmembrane pressure on
enzyme activity in concentration stream
(F=25 m{/min, E,,=250 unit/ml).
A:ATPM = 2.5 kg/em?

B: ATPM = 1.5 kg/cm?
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Fig. 4. Effects of protein concentration on en-
zyme activity in concentrate stream and
concentration factor (CF) (ATPM=1.5
kg/em?, F=25 mi/min).
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Fig. 5. Loss of enzyme activity during membrane
separation (ATPM=2.5 kgfcm?.
A: Ejppg= 150 unit/m/, F = 10 ml/min
B: Ejeq= 250 unit/m/, F =25 m/min
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Fig. 6. Determination of mass transfer coefficient
and gel concentration.
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Table 1. Mass transfer coefficients for various
flow rates in cross-flow ultrafiltration

Flow rate k(a-amylase) k(PEG)

25 mimin  1.097x10~2 cm/min ~ 8.589 x 10-3cm/min
15mifmin =~ 9.746 x 10-3 cm/min  7.469 x 10~3%m/min
10 m¥min  9.326 x 1073 cm/min ~ 6.732 x 10-3cm/min
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NOMENCLATURE
Cb . concentration of solute in feed stream [g//]
Cg : concentration of solute in gel layer (g//]
Cw : concentration of solute in membrane surface
lgin
Cp : concentration of solute in permeate stream
(g
d : channel height
Jp : permeate flow rate [cm/min]
Jpum + limiting permeate flow rate [cm/min)
. mass transfer coefficient [cm/min]
L : hydraulic permeability [cm*Kg min)
1 : membrane length [cm]
MWt : molecular weight
n . constant
R : gas constant

Re : Reynold number [Z-U/v)
Sc¢  : Schmidt number [v/ &)
Sh : Sherwood number [k-d/ 2]

T . absolute temperature [K}

2 . diffusivity [cm*min)

m  : osmotic pressure [Kgicm?)
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