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Abstract — Membrane fouling by protein mixtures during microfiltration has been investigated for binary mixtures of
bovine serum albumin (BSA), casein, lysozyme, pepsin, and ovalbumin. Filtration experiments were carried out using
0.2 um polycarbonate track-etched (PCTE) membrane in a stirred cell under constant transmembrane pressure (14 kPa)
and concentration of hydrogen ion (pH=11) to study the effect of mixture composition on filtrate flux decline. Flux
decline data were analyzed using a pore blockage-cake formation model developed recently. It was found that the model
is in a good agreement with the experimental data. Fouling parameters such as the rate of pore blockage(a), the initial
resistance of the protein deposit (R,,,) and the increasing rate of the protein layer resistance(3) were used to evaluate the
rate of filtrate flow by membrane fouhng in the binary mixture system. Generally, the trend of o is comparable with that
of filtrate flux decline. It was also found that fast flux decreasing was observed over the binary mixture containing
casein. The result is due to high value of the initial resistance of the protein deposit (R,,,) over casein.
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Fig. 1. The schematic diagram of experimental apparatus for micro-
filtration system.
1. Solution reservoir
2. Air pressurization
3. Stirred filtration cell

5. Membrane
6. Filtrate flux
7. Digital balance

NaCl 0.03 M2 1 A& 182 MQemE 7} Millipore Biocel 4. Stirrer 8. Filtrated sample
Table 1. Physical properties of proteins

Protein Sigma catalog number Molecular weight (kDa) Isoelectric pH (plI)

Albumin (BSA) A7906 Bovine serum 67 4.70

Casein C7891 Bovine milk 30 4.10

Lysozyme L6876 Chicken egg 14 11.00

Ovalbumin A5503 Chicken egg 43 4.54

Pepsin P6887 Pig stomach 36 1.00
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Table 2. Fouling parameters for BSA-pepsin mixtures
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Fig. 2. Normalized filtrate flux(J/J,) as a function of time for pure BSA
and pepsin and some mixtures. The used mixtures are charac-
terized by its BSA %(M/M).
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Protein mixtures a(m>*kg™) B(m kg'x10'?) Ppa(m" x101%) Jogs™ )5
BSA 12.32 0.49 43.30 0.1127 0.0949
BSA(75%)-PEP 13.24 342 0.00 0.1206 0.0938
BSA(50%)-PEP 13.14 3.02 0.00 0.1169 0.1010
BSA(25%)-PEP 10.72 2.96 0.00 0.1138 0.1024
PEP 6.05 1.51 0.00 0.1135 0.1385
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Fig. 3. Normalized filtrate flux(J/J,) as a function of time for pure
BSA and ovalbumin and some mixtures. The used mixtures
are characterized by its BSA %(M/M).
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Fig. 4. Normalized filtrate flux(J/J,) as a function of time for pure
lysozyme and pepsin and some mixtures. The used mixtures
are characterized by its LYS %(M/M).
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Table 3. Fouling parameters for BSA-ovalbumin mixtures
Protein mixtures a(m?kg™) B(m kg 'x10'%) R, (m'x10'%) Jogs™ (UARNNE
BSA 12.32 0.49 43.30 0.1127 0.0949
BSA(75%)-OVA 18.12 4.93 0.00 0.1077 0.0839
BSA(50%)-OVA 14.25 335 0.00 0.1060 0.0980
BSA(25%)-OVA 12.58 2.54 11.30 0.1047 0.0992
OVA 2.27 0.39 23.40 0.1138 0.2197
Table 4. Fouling parameters for lysozyme-pepsin mixtures
Protein mixtures a(m’kg™) B(m kg 'x10'%) R, (m™'x10') Jogs™ ITp)s
LYS 11.03 6.65 0.00 0.1143 0.0604
LYS(75%)-PEP 3.06 4.51 0.00 0.1204 0.1124
LYS(50%)-PEP 4.42 222 0.00 0.1185 0.1118
LYS(25%)-PEP 5.54 1.85 0.00 0.1149 0.1300
PEP 6.05 1.51 0.00 0.1135 0.1385
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Fig. 5. Filtrate flux (J) as a function of time for pure BSA and casein
and some mixtures. The used mixtures are characterized by its
BSA %(M/M).
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Table 5. Fouling parameters for BSA-casein mixtures
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Fig. 6. Filtrate flux (J) as a function of time for pure Pepsin and
Casein and some mixtures. The used mixtures are characterized
by its PEP %(M/M).
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2] 7453071, o]i= BSA-casein &3HE2] 4-9-2}F 120] casein®] A

82 71 Ak 7)Ao 7 RS u|HTh= ne kA s} e

3+ BSA-casein &3H20] T8l 99 AEL Table 60l Q0F51S)
o, FE7 G52 BSA-casein®] 73-9-2} fAFSH A LER
AT}, casein®] FE&HE whlA FIRE o] Qo) A oA Falxl

R 4 AT o2 FYAT AHFS FAT 5 ek,
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Protein mixtures a(m>kg™) B(m kg 'x10'%) R, (m'x10'°) Jo(gs™ AN
BSA 12.32 0.49 43.30 0.1127 0.0949
BSA(75%)-CAS 138.42 9.71 53.40 0.0946 0.0008
BSA(50%)-CAS 307.17 19.40 65.70 0.1029 0.0006
BSA(25%)-CAS 314.90 29.60 75.10 0.0961 0.0004
CAS 400.81 66.10 98.40 0.1067 0.0003
Table 6. Fouling parameters for pepsin-casein mixtures
Protein mixtures a(m>kg™) B(m kg™ x 10'?) R, (m™"x10') Jo(gs™) o)ss
PEP 6.05 1.51 0.00 0.1135 0.1385
PEP(75%)-CAS 163.28 13.10 48.70 0.1123 0.0001
PEP(50%)-CAS 2438.00 30.30 48.30 0.0987 0.00008
PEP(25%)-CAS 369.21 33.60 74.60 0.1013 0.00007
CAS 400.81 66.10 98.40 0.0978 0.00006
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Fig. 7. Parameter of the fouling model, «, for pure BSA, pepsin, lysozyme
and ovalbumin and some mixtures.
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A=
Agpen © area of unblocked(clean) membrane [m?]
C, : bulk protein concentration [g/L]
' : fractional amount of total protein that contributes to deposit
growth [-]
Joiockea : filtrate flux through the blocked pore [m/s]
AP : transmembrane pressure [N/m?]
Q : volumetric flow rate [m?/s]
Q, : initial volumetric flow rate [m*/s]
Qupen : volumetric flow rate through the open pores [m¥/s]
R,  resistance of the clean membrane [m™]
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3.

: resistance of the protein deposit [m™!]

: resistance of a single protein aggregate [m™']

: specific protein layer resistance [m/kg]

: time at which that particular region first covered by a
protein aggregate [min]

: pore blockage parameter [m*/kg]

: solution viscosity [N-s/m™]
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