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Application

MF uUF

Cellulose diacetate and triacetate (CA, CTA) X

Cellulose nitrate (CN)

CA/CN blends

L A

Cellulose

‘Polyacwlonitrile (PAN)
Polyamide {aromatic and aliphatic})
Polysulfone (PS)

Polyether sulfone (PES)

Polycarbonate (track-etched)

S S

Polyethylene terephthalate (PET) (track-etched)

T A - T T -

Polyamide

Polyethylene (PE)
Polypropylene (PP)
Polytetrafluoroethylene (PTFE)
Polyvinylidene fluoride (PVDF)

xoX X X X

Polyvinylchloride (PVC)

an Cheryan, 1998
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7.3 mmmuuumﬁu“lunmq (Hollow Fiber)
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7.4 IWNILTHEVVUNY / UNSOY (Plate and Frame Module)
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7.5 UUIUTUHULYONIY (Spiral Wounded Module)
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81 wyudiaeuvalwarlsadu (Gel polarization model : GP)
3 1.1. MafanoutiasduInat|sessu (Concentration polarization: CP)
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N Cheryan, 1998
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dio &= ANUNIUYDIHIMTUNIILTY
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C, = precipitated gel concentration
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C, = cross-linked gel concentration
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9.2 1vieiemsing fouling
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Froo-fafling liquid drop in air.
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MIN 1.4 yuvanhimzuur s uyianie

Membrane Contact Angle () Reference
- Cellulosic {unidentified) 24 Hodgins and Samuelson (1990)

Nova C-series 12-15 Giekas and Zhany {1989)

Desal CA-UF 45 Oldani and Schock {1989)
Ceramic 30 Rolchigo (1995)
Polyacrylonitrile (unidentified) 46 Hodyins and Samuelson (1990)

Membrex Ulirafilic 4 Hodgins and Samuelson (1990)

Poly(acrylonitrile-co-viny! chloride)

XM 50, Amicon 40 Jucker and Clark (1994)
XMI100A, Amicon 60 Kim e af. (1989)
Polyethersutfone (unidentificd) 65 Hodgins and Samuelson (1990}
[RIS UF3028 52 Gourley e al. (1994)
Nova FNS series 72-81 Gekas and Zhany (1989)
(Hydrophilized) 44 Hodgins and Samuelson (1990)
Desal E-100 56 Oldant and Schock {1989)
Polypropylene 108 Rolchigo {1995}
‘ Polysulfone
PM 10, Amicon EH Oldani and Schock (1989)
PM 30, Amicon 60 Kim er al. {1989}
PM 30, Amicon 42 Jucker and Clark (1994}
PM 30, Amicon 43 Oldani and Schock (1989)
IRTS UF 3026 54 Gourley et af, (1994)
IRIS Rhone-Poulens 59 Kim et af, (1989}
PTGC, Millipore 65 Kim er af, {1989}
DDS-GREL 44 Oldani and Schock (1989)
DDS-GREI 45 Oldani and Schock {1989}
Desal E-500 81 Oldani and Schock (1989}
Kalle UF P515 40 Oldani and Schock (1989)
PTFE (unidenified) 112 Rolchigo (1995)
PVDF (unidentified) ' 66 Rolchigo (1995)
,Regenerated cellulose
YM1, Amicon 96 Jucker and Clack {1994)
YMSE, Amicon 48 Kim et al. (1989}
YM10, Amicon 6 Jucker and Clark (1994)
Y#3I0, Amicon ? Jucker and Clark (1994}
YM30, Amicon 49 Kim et al. (1989)
YM 100, Amicon 3 Juckee and Clark (1994)

AW : Cheryan, 1998
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[ CHEESE WHEY
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1. Cheryan, 1998

Shear induced
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water

Higher Flow Rate
Higher Temperature

Lower Concentration

Flux

C€SSure
Mass transfer

Contro]led-"i .
Controlled region

region /

Transmembrane Pressure
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UNIT OPERATION CONVENTIONAL ULTRAFILTRATION
FOR FRUIT JUICE PROCESS PROCESS
SUSPENDED SOLIDS o
REMOVAL Centrifugation None
PECTIN/STARCH Enyme Treatment *
HYDROLYSIS y men Not crilicat
COLLOID AND Fining Treatment
HAZE REMOVAL ‘
L]
&
FINING AGENT Dialomaceous £
REMOVAL Earth Filiration E
=
FINAL FILTRATION Polish Filtration
CLARIFIED JUICE i Y
Yield 80 - 84% 95 . 95%
Process lime 12 - 36 hours 2 - 4 hours

- - o o vq ¥
amlsznoy 115 msulSemfisunszaaumsiniwa Wt ladonssuiumnssd
HUVAUUAENTSUIUNTO AT IHAIAT Y
A ; Cheryan, 1998

Apples

|CENTRIFUGE" PRESSING

H Enzyme

————»{ DE—PECTINI‘:ZATION ]-—j

FINING
DE. {

FILTRATION l

SPENTDE.
DISPOSAL
L= PASTEURIZATION]*

Clanfied Apple Juice

i 4
Amilseno 1.16 uRuAuaanszuIumseamiteliladonseuIUN1TNIToAUY
ANIALNTZUIUNMIDAAT 1N AIAT Y

nn: Cheryan, 1998
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Conventional (Centrifuge Membrane

+ hydrophilic Absorbent)

{+Absorbent resin)

Concentration

Electric power ($0.05/kWh) 9,000 19,000
Stream ($4/1000 kg) 3,000 2,000
Water ($1/m’) 9,000 2,000
Chemicals 45,000 4,000
Labor ($12/hour) 5,000 5,000
Solids loss (pulp in column) 40,000 0
.Solids loss {regeneration) 40,000 9,000
Absorbent ($40,000/mJ) . 35,000 10,000
Membrane replacement 0 75,000
Total annual cost $186,000 $126,000
Cost per ton of 68 ° Brix £34 $23

111 : Cheryan, 1998
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Expense

Pectinase

Gelatin

Diatomaceous earth

Membrane

Filter pads/support
Power (pumping)
Cleaning chemicals

Labor

Maintenace

Total

Basis
$0.4/1000 L juice (UF)
$0.4/1000 L juice (conv.)
0.025 kg/1000 L juice
$5/kg gelatin
2 kg/1000 L juice
$1/kg DE
31 75/mzfyr
(Blank and Eykamp, 1986)
$0.1/kW-hr
$25/m2/yr
0.2 persons/ day (UF)
2 persons/ day (conv.)

(Blank and Eykamp, 1986)

Annual cost ($/yr)

Ultrafiltration

20,000

31,300

4,200
4,500
10,000

2,400
72,400

Conventional

£0,000

6,300

100,000

25,000
12,500

120,000

5,000

348,000

N7 : Zeman HAZ Zydney, 1996
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