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1. Ultrafiltration
2. Phase inversion
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Table 1 Average chemical composition of skim
milk samples [10]

Component Average (%)
Protein 2.86
Fat 0.089
Lactose 4.728
Ash 0.766
TS 8.443
pH 6.54

slos 53 ki Ol L S| O st (GhlasT 5L s s
S0 i ST L e 5 358 08 i b1, 80 °C
Olad s S uT u'if<iL" ¢ C sles )sﬁdolﬁf Asan S
Toom el Al L s S e ISl e b Slles
Sl (S Sl gl 5 G5 b S b L SO At
G 4 e (Dllas aB35 Y0l S 1S 5 4 S
sdisle spies by Shie OF 5 NAOH Jplons Gl T
BYRU PN I RPN £ N PG PP WP
S Lae 15 Caslie annlous U 5 5 il o OLL 5 5T
- IY=0 5 i Lo el s 4 glaesls Ol sl LS
oy phand a5 edid by B S8 S 65 A
23 o SO KBS L eSS

SEE 8 FLE il 25,0 -Y-Y
Gl b 5l S e L Ols e L@ 0L £
:>)ﬂ¢~m>q¢ﬂ)&»}l&.bc¥.~j\&k§c)}y

R (M) e poe A (P) slles Sl P ol s s
il (PAS) Sy Jsloms 55,55 5 (M) Conlin

L ylilil (K5 eile -V =YY

Slalgmal sl ,i= s Lis s lukul Ko S S s

cQT LSJ})) 6“0)'}.’:‘3JJ .Jwb— )‘}A @}u L: 4\5@.«4‘ L;\"..waﬂ

4. Standard blocking mechanism
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2. Spiral wound
3.Batch
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1. Cake filtration mechanism
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1. Complete blocking mechanism
2. Intermediate blocking mechanism
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Fig 1 Comparison between averaged values of actual and predicted of flux using cake filtration mechanism,
intermediate blocking mechanism and standard blocking mechanism during ultrafiltration of skim milk at different
trans-membrane pressures: (a) 50 kPa, (b) 100 kPa, (c) 150 kPa, (d) 200 kPa and (e) 250 kPa. Experimental points

are as solid symbols.
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Table 2 Summary of the equations of flux for cake filtration mechanism, intermediate blocking
mechanism and standard blocking mechanism.

Mechanism

Model standard error

Fit parameter values

Cake filtration 2.97 x 10" K.=5.32 x 10" s.m™ (50 kPa)
7.41x 10" K.=3.19 x 10’ s.m" (100 kPa)
7.66 x 10™ K.=1.08 x 10" s.m™ (150 kPa)
6.86 x 10™ K= 7.86 x 10° s.m™ (200 kPa)
6.73 x 10 K.=5.72 x 10° s.m? (250 kPa)

Intermediate blocking 5.63x 10 Ki=2.28 x 10> m™ (50 kPa)
10.79 x 10™ Ki=1.69 x 10> m™ (100 kPa)
10.35 x 10™ Ki=7.92 x 10" m™ (150 kPa)
9.37 x 10 Ki=6.50 x 10" m™ (200 kPa)
9.24 x 10 Ki=5.29 x 10" m™ (250 kPa)

Standard blocking 31.5x 10" Ks=5.04 x 10° m™ (50 kPa)
40.22 x 10* K, =4.15 x 10° m™ (100 kPa)
60.46 x 10" K =3.31 x 10°m™ (150 kPa)
69.03 x 10" Ks=3.03 x 10° m™* (200 kPa)
78.53 x 10! Ks = 2.95 x 10° m™ (250 kPa)
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Fig 2 Comparison between averaged values of actual and predicted of total hydraulic resistance during ultrafiltration
of skim milk at different trans-membrane pressures: (a) 50 kPa, (b) 150 kPa, (c) 200 kPa and (d) 250 kPa.
Experimental points are as solid symbols.
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Table 3 Summary of the equations of total resistance for cake filtration mechanism and standard blocking
mechanism.

Mechanism

Model standard error

Fit parameter values

1.99 x 101
5.49 x 10
4.89 x 10
5.50 x 10
4.90 x 10t
9.33x 10?
8.00 x 10
8.88 x 10

Cake filtration

Standard blocking

K.=9.73 x 10’ s.m” (50 kPa)
K.=5.09 x 10" s.m™ (150 kPa)
K.=1.66 x 107 s.m™ (200 kPa)
K.=1.29 x 107 s.m™ (250 kPa)
Ks=1.93 x 10° m™ (50 kPa)
K, =1.36 x 10°m™ (150 kPa)
K,=7.83 x 10' m™ (200 kPa)
K = 6.85 x 10" m™ (250 kPa)
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Many models are proposed to predict flux decline in membrane ultrafiltration, but since these models
have limiting assumptions, they are not applicable to all solutions. The present study modeled fouling in
skim milk concentration process using proposed equations for the main mechanisms of fouling, including
complete blocking mechanism, intermediate blocking mechanism, standard blocking mechanism and cake
filtration mechanism. These models then were compared with experimental data at 50, 100, 150, 200 and
250 kPa trans-membrane pressures to investigate the effect of trans-membrane pressure on flux decline.
Based on the results obtained here, it was found that predictions of cake filtration model were in good
agreement with experimental data, while those of standard blocking model were in poor agreement.
Complete blocking mechanism was not capable of predicting flux data using CurveExpert Professional.
With decreasing trans-membrane pressure, the differences between experimental data and models
decreased. The results also showed that the second mechanism responsible for flux decline was
intermediate blocking model. In fact, cake filtration mechanism and intermediate blocking mechanism are
the two main mechanisms responsible for fouling in skim milk concentration process. Moreover, the
results obtained from modeling of resistance showed that the cake layer resistance was the main
resistance to flow, which was in accordance with what we had expected from accumulation of protein and
fat molecules on the surface of the membrane. All in all, the cake filtration mechanism is the main
mechanism for predicting flux decline, and it is expected that this model in combination with intermediate
blocking model, would result in the best prediction of fouling phenomena in milk concentration process.
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