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I. 8(Membrane)2] F2| ¥ ot 2 2R

AFAY, 83T A4, AFAY T 42 o453 dE (membrane)old= &
o]& A& A He 2% &3] A Hbiological membrane)} EF 3= 3% Atk
a3y, Aoz olfEHye dgiREe & QF W artificial membrane) o ZA T
8 EAZEFEE AZE 3z 9 1975 Hwang¥ Kammermeyers
membrane® "A region of discontinuity interposed between two phases"z}n A &)%)
ut 9le¥ Lakshminarayanaiah(1984)% "A phase that acts as a barrier to prevent
mass movement, but allowes restricted and/or regulated passage of one or more
species” 23 AFE vk Atk F Ad o e sl g disA ™ 5dY
Wgo2A 249 I 124 75L& 9o A9 FHA(selective barrier)d] Atk =
HE Hoe &9 & Hol gl 879 Ry 2EREY By 7AA o231 gl
t}, gte] MEBEEFE 1) 2o A= ot} natural vs. synthetic, i) ©el FZed] oe}
porous vs. non-porous, i) ¢ H-§ Hel =} gaseous phase separations,
gas-liquid separations, liquid-liquid separations, iv) @] #-& 7]2te] wle} adsorptive
vs. diffusive, ion-exchange, osmotic &< non-selective membranes2 #F 2.

Fig. 1.& F8 28 339 ¥ ¥FE 2dFx Y. dwryo 54 gite] F
Boldt #L i) 4 F(reverse osmosis, RO; hyperfiltration, HF), i) 93}
(ultrafiltration, UF), iil) ¥ A< Z(microfiltration, MF), iv) T2 (dialysis), v) RA7]%4
(electrodialysis, ED)2 A A &ch A F(osmosis) 4L 49 FAN 5Fd Fo=
W54 vHsemi-permeable membrane)& S8l 333 A9 A (chemical potential
differences)& TEH o2 sl Lujrt o] Fde A4S 2. ol AU 4R
Ao 7YY v wFoz AAAJN 4HE st Sui(E)E AT S &
E AP 2458 AZ%E dewatering techniqueE 945gdz o (Fig. 2).

AR f7FEAde] 7HE ge] o] 853 Qv e FAHLZE 4N} #9949
F& L 5 4. 2 $35¢ §71F41 9] nanofiltration®} microfiltration 37 ©]

A F7tEEoke] wEelFAe ol&rteAe]l EokAR Uk FHAIE 1
0~200 A °]49 Z7E ZE particle B AZ2E FHolY, vlAAIAE feed stream
©22¥ ‘micron’ ¥5W9 suspended particle €& AE2% FHoltt. A9oziA £
4 macromolecules?] ¥2+% ¥ 4E 1,000~1,000,000 daltons®] #F=v 2o H 45
t % 39 43 (transmembrane pressure)S HAHFo] vldte] FdiFHeoz e ¢y
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(1000 kPa)e] HE&53x gct. ${HE F4AFX 7 permeate(ultrafiltrate) 2 7, +
44 F714, vjddg Axs £E44 veRlo]l FE3 #A WA Ut W
permeate®] %o] F71go] we}l retentate W9 FANF Fohdel ke wlaHoz
F7HEch 4AFd AL e dgoqdFd HLHE FH 5~1089 & 4
@ AdEe Hez 3. 4T %g FAY F A+ EFY Z7= o 150 dalton A=
2 $F AR F FAS f9uwe BEoln #9497 permeate2 BMAYWIE 3
T B2 F71FE AES] retentate2 Fob $5H B g9 ol FrA YR
o] permeate® ¥ ¥t wAHHRE FAF 200,000 dalton ©1EY EAEL Mg
2 gegted 88 FHoZA vdoat g ot & e $HARLEA:
whey components, 8-casein, 8 -lactoglobulin® skim milk components %°] v}, +#
ZFA % panofiltration(NF)& 9% loose RO X E# W Fig. 191 Ueht 2lxe] o
59 o) F3 YEe HgdEr. BEAFT2ZE 300~1000 A=Y EAS
nanofiltration %& 3@tk NaCle 3% #7 nanofiltration %& F33te wdd
T2, #A, YA L retentateE Fon2 {39 @de] A FHo|h

Fig. 3olM = A F493 §133400 o] ol &I & nlAouts} dooin 2
AT BT AolE =4Hog va}Ath.  FUESH(evaporation) F& FFAX
(freeze drying) T3 w23 A-& o Felojds} QT 2 £ FHo| ZE £
I APLE OS5 A D s Qo] A& Jbssidh i) T FAFel 3o
#7148 qUAY Fasth i) FLEFFVE E&IFede 507 g5 FEoY,
$571 &84 ¥3Td Y44yt dady EITHIAME $57E a2 A
e iv) 42944 &8 sMsdith v) pHY ionic strength ¥ vlA #739 ¥3s}
A9 g, @&, g4 FHE AT dried solutes7AA Frldle Aol QU

I oo WEtm SIZMY0 OIBEE BEI FA

rir

1. Rz W
HAZE JAE AR 1865 Fickel A2 2 nitrocellulosed o] &8A =g Az

gte] Az EAZE e, 19079 Benchholdy: £1le 2%&dx £8& 233
o 9 pore sized AT 71€S ALsA AUk Table LA A &3 Y& 7



¥ e $EE HY 1964 o]IAAL F2 vl 4go particled AMAsHE o4
Sgom 19459V e olgd TR WYMol ALY F FALY, §85EA,
A%} w58 2 slae) 2o 5 AdHeD tw $E2 oJ3n Ao

1.2. #7130l OlBE= 2HER] A

AdHoe g olf y5E Wi FAZE tubular module, hollow fibers, plate-type
units$} spiral-wound module ¢} gt}

fl.2.1. Tubular modules

Fig. 4] A% 2 {71343 o] &= Ho]RE 129 tubular membrane system
S B33 e tubed] Zoli= 85~600 cm o] WH P& 3~25 mm ot} Fig.
5o0M ¥%o] E4HozZ B /19 tubular membrane elements& Hl 2 bundled ¥
A3t3  stainless steel2¥ housingel o] ALE3ch, #e] MEFZE 2W Yye 9
oz RN g3 gRe T AAER FAFAAS. UFFH EFA SAAME 2
multi~channel TFZ28 #ejs @ w5t tubular systemo] JEHz gl
Tubular typee W AHo] Lol3iw nPF FFH =7/ & 4AY 2o HF
3 ZHE 23 k. 23}, surface area-to-volume ratio’} #HEE AR F A3 &
7] & (Fig. 6), T f&o] weep s waba ] 2wyt %S @3] o
Tubular membrane module A& 3|A}Z& Abcor, Paterson Candy International(PCI),
Wafilin, Western Dynamics, Nitto Denko 59 342 € F3oh. vz @ WA ol
A7) &l particle 2717t 2 slurry Felel AF Aol HAgsin], £8£49] FAHS
e 24 F AY 2 particle® Z7]7t channel height7t 1/10& dolM & e R
oz @A Ak AAY 1250 m 2719 particled 37 AME Holx Z
tubular unite] 0.5"% S oksts, 10" unit A& 2500 im Z7)|7HA 9 particles A=
49t Tubular unite]l A FA9 E£FL dH(turbulent flow)olnl gejeizirle] #u
A F5E 2~6 misec Q1 Re2 43A itk disle 7S Reynolds numbers
10,000 o14Fe}3 pressure drop2 8~12 footd H¥ 2~3 psi ©lt}. Tubular units]A
A=A AR7 2 olfE ol2l# pressure dropd HE F&ol st =

)

Reynolds  number’} ®&X 587} straight-forward open  design®|B=Z

CIP.(clean-in-place) 71£& o884 WHAHo £olstth. Tubular T2 el 4
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A wg& A3E % RA(PCIAY cellulose acetate®] 79 $85~170 per m')F-El = d|
& Z(AbcorAl $280~700 per m)7hA thFE @] oj23 itk o]AdA AFE o
2 ZPEL 3 B o HE/NTRoE FoA tubular moduled] HFF Holz:
orange juice®} Z<& fruit juice 7}EE 42 & FUTh

1.2.2. Hollow fiber modules

Hollow fiber module tubular type membrane Xt} ¥A uyZo] e woz o
Aed BE A ] 0.19~1.25 mm ot} ©] module2 THE WX XX FZ glo] A
A A FZ2E 223 Y Ho] Ho|dhy, 50~3,000 /49 fiber’t 4l bundleg °|F I
W go] ol H ol (polysulfoneolt}t PVC)s] €90} gith. A9 2E T4 7lEY
Ao WAL 76 cm o] Zeojrt A HE(I09 cm)E pressure-dependent, flow
rate-independent G HolA 4= 3M¥ non-fouling streamel H{se, #E
cartridge(635 cm)¥ flow rate-dependent streamol o]-§&x o, z2gx Aoz}t 7}
& FE& 44 cm cartridge® FX7} B stream A8l Atk Hollow fiber 2
Fig. 691 Yeht} 1%09] surface area-to-volume Bl7} 713 & Hejolr] wEo] Hx 2
A dx5g 713 HAA (A% Fig. 7994 hollow fiber processing 92 € 2go=z B
o FZo] hollow fiber 02 E2] 507t feed9 permeate™ casing oA 3Hd 2o}
A}, Hollow fiber module cartridge W9 fiber &fthell ¢] o] 12® tubular type
B 9 cartridge AAE Z@sot stz dHo] Uk W] AAAA FEE ZD
i FH wEel &4 9 G ¢e] 170~270 kPag 9E ¥ %I BF pressure
dropo] 5~20 psiZ AuA ARy} Hre o] FHoz Egrh T A2l
A HAAY & &5 05~25 m/sec °lth. ©]H 9] Reynolds number 500~3,0002
2 ZFF(laminar flow)Z E&dct. W WA Fx F&o] HE7] o #Y oA
9] A4 X (shear rate)E 4,000~14,000 sec’'2 7 ¥ Holth. =& hollow fiber +
Zo M backflush7t 7Feste] wE@de] AAd foulant AA7F foldict iy
hollow fibers ¥t} i ste] HIFstn AH4FE22E FY3A DupontAte)
hollow "fine” fibergto] 7Hs 3ttt o] A% feed?] EE-L fiber®] WelA oz Fa}Al
5lo] glth. Hollow fiber module A& HEHY A2+ v[F2] Amicon®} Romicon
€ & 4 =Y Amicone 2 bench-top scaled] 4844 (Fig. 8)& Romicon2 &
44 7= %3 Ze A2gdE Az g9 (Fig. 9.

—61—



11.2.3. Plate Units

Plate type2 plate and frame¢lZ3lE £2]$F membrane module2A w23 g
3 FZ(a stack of plates and flat sheet membranes)E 23 glovw Hx=z A¢sid
29 F9] d}oltt. Dorr-Oliver A} Ioplate membrane plate$} 443 7F2.9 plate
and frame Y3 A A4E& 247} Fig. 1057 Fig. 1191 Jebdlc} o] plate typedlAl &
wide channel configuration(20 plates spaced 0.1” apart providing 14.4 ft* of active
membrane area)® thin channel configuration{consisting of 32 Ioplate elements spaced
1.0 mm apart for 23 ft* of membrane area)®] 5 7}A ¥eis} sbssich. ZDwA v)L
< 3 ft3 4$16~20 FEolttk. Millipore AH9] Pellicon Cassette A=) 73S Hd
100 psid H7HA Ad F A WFAEE ZF3 gler ou fA9 5 dFolth
HZ & Genentech®} Millipore®] 5 ATE o] Pellicon CassetteE o] &34 9o
3 FRE FN HolRE FEE AANA &2 400 W7HA linear scale-up°l 7FeFE Al
Alg v o 1960dd]  ZH¥  sid®  plate-and-frame®] De Danske
Sukkerfabrikker(DDS) Al&8l9] £3& Q93 bS53 2ok i) channel 39 HE S
05~10 mmel® ZH< #HE AdE&E XUFoA &89 i) 2t membrane %4 A}
°]9] permeate® EFS S0 TEAY F Y] WE EA HEAA Y +F 7,
4L AR AH 2 flux A0 £olF AL 3 Ut} i) Fig. 1294 B X
o] @At folsitt. iv) EA Aol FRF A 4£Eu)E&LS spiral wound}
tubular A2 32+ A= AX89 pumpings] B2E AUAE 05~07 kW/m’ °f
o}

i1.2.4. Spiral wound modules

Spiral wound AN2¥-& F7HFAAAH HEAY HY 4 AHSEH gle ¥Y2A
AFAA g Hiel Aad F 7hg AA vgo] ARFst. Fig. 139 spiral wound
module®] #8 /AdE& EAHLz AU F, 7Ho] UIE permeate TH FH
E spacer 27 1 spacer & FZA Ho 2 Y& flat sheet’} 3 FEHE AR
AdE deoltt. Spacers F A 32 GFEEFE FIHAHCEH foulings HA3HA)7)
E 98¢ . 23U, FEJ 5L retentateE AL AZ gl AR EAJL
T Atk PA| spiral wound system A7+ dF€ UF, RO, MF, NFe| ¢
453 glon, go] ¥ £4& 2 ¥ & 9 Y AFHAME &4o] spEEh



FAE Foode} J4EE o AAZA cellulose acetate?} 713 9 A&
AAE A9 polysulfone Hoz A o] k. HIZoe TG} v Fopol
zirconium oxideE 4AA2 ¥ mineral membrane & & ceramic membrane®] o]£-o] A
2 @elejstel wlAes} EopolA Fubstn Qo ol d B AAELS BEIF ZIn
¥ AAe Zrog pHY Lx6 oA && HF7 "ol HE 71RL ¥R |
FAeol & Aoz A JUtHEF =9 +Ho] 18 74wl wato o 54). Spiral
wound module®] ZE 54& 8933 &3 2ok i) BF spacerd FAT 30 mils
(0.76 mm) ¥-& 45 mils(1.1 mm) °}9 channel®] Fo] ZA&FE Fojz vessel W] o
B g Y £ g Aol gdvh. i) channel®] Fo] AAY  surface
area-to-volume HlE Zo]EX T e %9 pressure dropE H 4332 channel Y
9] plugging& Ha3 & F A oAl Atk i) AN Fe Zeole 1 foot A 6
feet A Eoltd, iv) spiral-wound moduled] A2l GHF == A3 FHs A FAT
moduleW 9l g &= 10~60 cm/sec (Reynolds number 100~1,300)¢ltk. UHEE
pressure drop(4P)# flow rate(Q)#e] ¥4 (4P = Q)] 2FH AFE & Qled 3
79 ALolE n=l oA GFY Aol n=15~19 Aloldl Ut F, 4P Q Apo]
of A3 FAE "eolddd ol A9 55l dF HF J&E v )
surface area-to-volume Bl B ¥ Wolth(200~300 ft7/it), vi) A9 #&3
pressure drop®] ¥& utde] GHEIE E7] dFo] ouA ARW oA A Holr,
vii) suspended particleo] B £3 FTAHS FHEsIdE oL Hol Teoy
suspended matter’t A& clean feed streamo] {3t}

A HAHLZ o) f 75T He FRe tade] tgsitis HoMe &3
QAN £ o Age Fo] Yo, Fg HAFEF9 54°] membrane module A
AA M 22 FHoth. A= Table 29 dEAHQ Hig AXRANES A
1=

. %22 7122 w7I344yoe] 88

Y94 TR H&2Y FAE 19714 FAI=AA £33 FF0 o] £E Aol AA
Hzolx o]F 1970dd FuU7HA A AMAA oz e slgo] HHI Hojzrh
Table 3& HE¥ 197997 E 19839714 5d Atolo] A E7HE &kl A rielr|&¢e] &
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|l @3t 2HE =L F 2139 o|F FUIF Rk HLd =Fo] 157HLE 0%
ol 4& AAs: k. Hl£§ F1H1977~19834) F¢e] T slde] AgHoz 3
€9 AXE Table 49] YT, @9 7}§ hollow fiber o] o] 48 Hofx F2 ¢
T8 3 Aed AFH A ¢ FUL

. #7130 £toizte] ol

FHAAE FHRE o4 {71FS B3} Holglm B AAqME dg o
71€S o832 At AF7A 2049 ol {AIHFAPAA T FHo| HEH
d fFAELZE A, 8AH, #3, Buffalo milk, buttermilk ¥ sweet buttermilk 5
FAS. o AF7EEok e H&d vt SRl 35% @uWAFS 4.0%
9 fAYol i 9o} concentration polarization™ foulingg °F7|1A7]&= F8 AR
2 Z&37) dEd frbsEoke e FH&o] EEA e ¥ =9 Ve fFAEE

Azstedl AoIA 23 retentated A= FAFE Ax9 YRIZ AFLFHUA A=
< AZX 7Iey 2o A 7lo8Art. Table 59 6914 HEo] Ex#9 HAfe +
438l AYHLZ retentateZ FFHUSE ¢ FUL  $RHE FYAgHAI W
retentate= light £& heavy cream A4S Jehls e FE248 =& g AA
H permeateE YA Hrh.  $H T AEHE ©e ADdEAZFE(molecular
weight cut-off, MWCO) 20,0002] polysulfone T& AM&sin] 2LZ2ZFASZE inlet
pressure 25~45 psi, % 52~54TCojA g&a7} o]FojA}. HY F&ul: €x{9
S TUESEE 21%), AFd B$+E SUEFEHR 16%)0l8 o] FEHuE wide
channel membraned AH&-3MA © F7HAA . @A frEgol o] &= o3
%o AL |EE polysulfoneo] ], thE A FAAE de o]&H glon ¢A A
FE dAYgEe] 48 F&HT Yo AW FqFFTAH] {FrHEAAd ol &HE
dEFHQ 2 A2 BEg AZ2AZE 479 dusFez2 78 £U0

32

KR
=

i

N1, M= M=ol $teio3te] 0|2

A #4197 Bu) AgaAe) dAT A= AvjRe Bl 7} A0 T $7)
Gl AE ARAY T A4Sl Yol Aze) sue] FFsn Uk A=Az
Aele] o= AEe] AR 027 W AMASS GIY $v), 2P 2 2P 2
£ AEY dFAe 27474 H2Z A2ARA BYiTHPE H2e TAY EYL A
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AEFANE FHANE 2 7HX7F AR A,

AEH A NzAzxge¢S 3, $44 @93, #7132 % vgd 5F& #3359
A FEsta, FASH AN AER 5 THE AYY. ol 53 Py
2 2Ese AL S5 FAY 84~91%0)3 A F&E& BE 9~16%0] ol2A °
=

XNZA| Zd @A HFTHol A& =YE AL 19699 Maubois, Macquot®} Vassaldl
oA k. o] FHE& FZ Mozzarella, Camembert, Brie, Cottage X &9 & 8
g3 45% o] 49 AAXN= Az o]&=en, wH Cheddar, Brick, Colby, Swiss
o} e AA AZ(FREF 46% Az HLE Alde =F "otk ustd @
2ledstE AP "pre-cheese”ol A final cheesed| A&} & HAd Gl 2 $Ro x4
< 27 M E ZRAAZY S 50~55%9 nPE FFL FA & e FAHe
2 g0l do] opvnt. ¥ AAAze] n¥YE FF(Feta 26% total solids, Cottage
16~20% T.S. Quark 18% T.S., Ricotta 30% T.S. Mozzarella 45%)& HH 823}
TRl dAX= AzGA AFEC L olFE & FUT. MMV TR &8 o
7d& Maubois §& H7F83 A= Aze] 243t 196997 19803 L&A e} 07
E3E I3 v A A F89 2L /7T FHAEC o] MMV TR AEE XN=
Az A& drk. & BV Wrpad A A= 15%, BIAML A4 A= A
T 20% °lel MMV 33 E& AA A=z gt vlFod A e Wisconsind] &z%
Ridgeway Foods Ltd.7} 19843 69 Hz= Add #29 MMV 3% =93 g 9
=3

oo =t Pk X=ee] Aol YwtA= AxA FHF2E FYHE
#% @9 Aol pre-cheesed] &fHol =29 #£&& F/HAA &oh 1982d T7AA A
AARoz gie] TRV T A& AZAZA] AAY FHLRE o &=
F7HE 3 e 1004709 oj23 glon Ful {7t A FAME AESH A3TH F
o s FAel H AUk oIt FAHAA 2xo HA, 53 IEH gold
I FRAME &&=V FoGH HEY 2Tt R 5A4¥sd uA= 9%E
Table 7 293t

ool tE Az Az o] &8 e o] g Erh 1) FAGHH] FAY
StEE A (matrix) N2 X357 &) 10~30%9) & F7H8 42 FUkh i) 9w
Az AzFTRAAE 714 Aol 2 vigte AvtA oz oYz 4wzt He} i) ¢
F&ae 285HE NS dEFAPe2A Bd AEFE Z2AZ £ iv) 399
739 permeatec] = 9fzte] vGHeRALE A5z A9 d¥Fo] EAEA ¥ 9
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ol 71Ee I NZAxA L F4 #Wr] ZFAE ZaAE £AT v) SARA9 A
Z AxA AHEHE S5 Furt o187 wE A4 AHE FUE Y F A
¥, dds, 4B Zo] FEF Y42 F v & FHez oo

FEAME 43 & A X Z(semisoft cheese)d] Az Tz} FHo) £
Hol A¥Hoz L3 gtk 19773 Oleson-Delaney”} Ymer(3%¢] butterfate}
11%9] milk solids-not-fat% ¥ 3% curdled milk product)®] A=¢] #oJodx FAHL
ARt o] 52%A 60%2 FUstHen fAdHANAA vRd Aze JF
2 5/d(functional characteristics) W&o Fdo] F4= I, AFA ] FopA L, ¥ ¥
g Agte BAss Aeg Rydm o

Creamed cottage cheese®} fAl# creamed curd #AE<Q Quarks] B4le] @9jojz
TR EQIE AT gz FI vk Fda FAHL FawiAe SHANA o
FoAR7] 7o XA FofAo] +f AMadozRE B Hol JAg. ol
ZEUSY f4 589 £E7F MEWD isoelectric protein®] To] IF=HE Ae Hg
At o A 53 HFH o FZ2E thin-channel 9IS F& FUo

U white cheeseZtil B9 Feta =29 Az Td s9dds} F4o| Fig.
149 Yeh} itk o] Azx T AFs TAE Yt 49 20 A FF U
T 8ol 715389 X paybackS 9~18 7{ddte] o]Fo] A 4 gl Danish Feta A=
Aol 95% o]Fe] Pasilac/DDS @93 ZHAEA AiHe Aoz nusHm gl
=2

FEFFo] F3) T3 DYPFF] F(TS. 203%) cottage cheesed] A=
volume concentration ratio(VCR) 5.0% retentate® AH&3 dz wwa 308, dan
A} Fake] gobA Aoz vebgrh iy, 2o Fio] PobAR BolAFF A=
9] FH& "ot Aoz yEyt o FAE A= WA A4 Ao retentateE
diafiltrationA| 3 2. 24 AWAHA X =9 AL FFAAL + UAh

el AL A=Az =L AF 4& F U 7Y4E Table 89 &
of3t Aot

n.2. gtejo{zHE |28 FH X2

HEY 7le 53 R AT & A=A A= {F39 AHE 4= § F
Jo. ¥ nutrientS FH3A2 e F3Y 2 2YE FFL 6.0~65%=2A4 BOD
7} obF Eob oF 30,000~60,000 Bxoltt. oj¥ FALHYo2ANY FAFE HAF
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I 3N AL 355 Yo BEF AZAN AL AR FEF
A ¥l (yltrafiltered whey protein concentrates, WPC)2] AlX wWo] mets o, of
WPCE 94% F4E AA oy 538 F ddze} AFFS5d A Az 3

na

22ge) EFFAN S XSG FAPAHY FAHE Fig. 15904 Ho9F3 gl F
%29 43 FE9 cottage cheese wheyE He57] 91¢ UF/RO A& 1972d New
Yorkel $1x % Crowley’s Milk Company”} Abcor tubular cellulose acetate membrane
moduleg ©]4% Aoz BaHI ot A B {715 THAA AL TG
FAE =295t oo u¥E-LS spiral wound moduled AH&3Et3 glrth

2 WPCe 99 d 3L 32~45%°) A ¢t diafiltrationg AXEH 80%7A F7Hx 2
F Aoy, f3ol WPC AZA permeate 59 T8 LIS At L% WPC
€ S EH AZAEA ALEHY otoj2AYole AR MAFLE AHEHI Ut
T8, WPCE surimi AZE £3] ALSHE ZAAAIZY 49 d7F ¢ 7AW
A Aol U7l AE) surimi A Z9] functional ingredient® AM&ETH FEFA g
ArEe]Z WPCE B} &7 Aol JIZAIRR o] §5r]|x o}
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Table 1. Historical developments of membranes

Year Developments of membranes

1748 Abbe Nollet-Water diffuses from dilute to conc.

1850 Matteucci, Cima, Schmidt—anisotropy of membranes

1866 Fick, Traube-artificial membranes(nitrocellulose)

1877 Pfeffer—quantitative measurements of diffusion
18771920 Van't Hoff, Gibbs—thermodynamics

1907 Bechhold-pore size control-ultrafiltration

1927 Sartorius Co.~membranes available commercially

1945 German scientists—methods for bacterial culturing

1956 Yuster predicts advent of RO using Gibbs equation

1957 USPH-officially accepts membrane procedure

1958 Sourirajan—first success in desalinating water

1960 Loeb-Sourirajan asymmetric membrane developed

1965 Non-cellulosic asymmetric membrnaes(hollow fibers)

1969 DuPnot hollow (fine) fiber B-9 permeator

1970 Thin—-film composite(NS-100)

1977 Gas separations(Monsanto Prism Separators)
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Table 2. Membranes and membrane system manufactures.

Koch Membrane Systems
850 Main Street

SCT, Alcoa Separations Technology
Ceramic Membranes Dept., PO Box 113,

65001 Tarbes, France

A/G Technology Corp.
34 Wexford St.
Needham, MA 02194, USA

Amicon Corp.,
17, Cherry Hill Dnve
Danvers, MA 01923, USA

Asahi-Kasei

Hibiya Mitsws Bldg.,

1-2 Yurakucho, 1-Chome
Chiyoda-Ku, Tokyo, Japan

Berghof Membranetechnik GmbH
Harreststrasse 1, D-7412 Eningen
U.A., Germany

Brunswick Technetics
Membrane Fiiter Products,
4116 Sorrento Valley Blvd.,
San Diego, CA 92121, USA

Carre Inc.,
109 Debra St., PO Box 1555
Seneca, SC 29678, USA

Daicel

3-8-1 Toranomon Bldg, Kasumigasaki

Chiyeda-Ku, Tokyo, Japan

De Danske Sukker Fabrikker

6 Tietgensvey, PO Box 149, DK-4500

Nakskov, Denmark

Desalmation Systems Inc.
1107 West Mission Ave,
Escondido, CA 92025, USA

Dorr-Oliver Inc.
77 Havenmeyer Lane
Stanford, CT 06904, USA

Filtron Technology Corp.
500 Main St., PO Box 119
Clinton, MA 01510, USA

Fluid Systems
10054 Old Grove Rd.
San Diego, CA 92131, USA

W. L. Gore & Associates Inc.
Membrane Products Div.

101 Lewisville Rd, PO Box 1550
Elkton, MD 21921, USA

Hoechst Aktiengeselischaft
Werk Kalle, D-2600 Wiesbaden 1
Germany
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Wilmngton, MA 01887, USA

Kuraray Company Ltd
12-39, 1-Chome, Umeda, Kita-Ku,
Osaka 530, Japan

Mullipore Corporation
80 Ashby Road
Bedford, MA 10730, USA

Nitto Denko Corp.

Membrane Division, Mori Bldg,
3rd Fl., 31, 5-7-2 Kojimachi,
Chiyoda-Ku, Tokyo 102, Japan

Hydronautics
8444 Miralani Dr.
San Diego, CA 92126, USA

Osmonics Inc.
5951 Clearwater Dr.
Minnetonka, MN 55343, USA

PCI Membrane Systems Inc.
Laverstoke Mill, Whitchurch
Hampshire RG28 7NR, England

Rhone Poulenc Tech-Sep

Rue Penberton, Saint-Maurice-de-
Beynost, BP 347-FO1703 Miribel
Cedex, France

Romicon Inc.
100 Cummings Park
Wobum, MA 01801, USA

Sartonius GmbH
Postfach 3243, Weender Landstrasse

94-108, D-3400 Goettingen, Germany

Schieicher & Schuell GmbH
D-3354, Dassel Kr.,
Einbeck, Germany

Schott Glaswerke
Geschaftsbereich Chemie
Produktgruppe Apparate-und
Anlagenbau, Postfach 2480,

Hattenbergstrasse 10, D-6500 Mainz {

Germany

Wafilin BV

Bruchterweg 88, Post Box 5
7700 AA Hardenberg,

The Netherlands

Western Dynetics Inc.
1152 Tourmaline Dr.
Newbury Park, CA 91320, USA



Table 3. Distribution of scientific papers dealing with molecular
membrane separations in food processing (1979-1983).

Number of papers

Food processing
areas Ultrafiltration Reverse osmosis

Milk and milk products

Cheese 53 3
Whey 40 13
Milk 25 5
Miscellaneous 12 6

Total 130 27

Other foods

Fruit juices 17 9
Proteins 17 1
Wine 2 4
Egg 2 0
Sugar 4 0

Total 42 14
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Table 5. Composition of skim milk and 5:1 skim milk retentate
selectively concentrated.

Skim Skim Milk Concentration
Component Milk (%) retentate (%) ratio
Fat Trace Trace —
Total protein 3.3 16.7 5.1:1
Ash 0.80 1.9 2.4:1
Total solids 8.5 22.9 2.7:1
Lactose 4.5 4.3 -
Titratable acidity 0.16 0.44 2.5:1
pH 6.6 6.6 —
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Table 6. Composition of whole milk and 41 whole milk retentate
selectively concentrated.

Whole Whole milk Concentration

Component milk (%) retentate (%) ratio
Fat 3.4 14.0 4.1:1
Total protein 3.2 12.3 3.9:1
Ash 0.7 1.4 2.0:1
Total solids 11.6 30.5 2.7:1
Lactose 4.4 2.8 —_

Titratable acidity 0.14 0.33 2.4:1
pH 6.6 6.6 —
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Table 7. Effects of operating temperature on milk ultrafiltration.

Temperature {°C) Effect
2-6°C —increased viscosity (high pumping power consumption)

—low flux
— little microbial growth

15-45°C —little protein denaturation
—significant microbial growth
— better flux

50-60°C —good flux

—lowered viscosity
—low microbial growth
—some whey protein denaturation
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Table 8. Profit potential for UF cheese (basis: 100,000 kg milk/day).

Feta Mozzarella Cheddar Queso Fresco
Cheese yield (Kg)
— Traditional process 13,700 9,930 10,360 11,432
— UF process 17,800 11,750 12,290 14,824
Extra yield/day {(Kg) 4,100 1,820 1,930 3,392
Extra yield/day {%) 30 18.3 18.6 30
Cost of cheese {DKr/Kg) 12 20 22 15
Extra income (DKr/day) 49,200 36,400 42,460 50,880
Extra costs/day:
— Milk Fat (DKr} 20,450 10,030 17,070 12,246
— Power for UF plant (KWH) 1,100 4,000 4,400 1,440
— Cost of power {DKr) 330 1,200 1,320 432
— Steam for cheese base - - 1,000 -
—Maintenance, incl. membranes 700 1,600 2,600 700
Tota!l extra costs/day 21,480 12,830 21,990 13,378
Income-costs/day 27,720 23,570 20,470 37,502
Profit {DKr/year} 7,207,200 6,128,200 5,322,200 4,875,260
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Fig. 1. Filtration spectrum showing the range of molecular separation.

Fig. 2. Phenomena of osmosis and reverse osmosis.

Fig. 3. Components separated by MF, UF, and RO processes.

Fig. 4. Tubular ultrafiltration pilot system manufactured by Koch/Abcor
for food and dairy applications.

Fig. 5. Several tubular membrane elements housed together in its

housing.

Fig. 6. Relationship between tube diameter and surface area: volume
ratio of membrane systems. For comparison purposes, the approximate
packing densities of spiral-wound and plate units are also shown.

Fig. 7. Top: Schematic of the principle of hollow fiber processing.
Bottom: Ultrastructure of the cross section of a hollow fiber.

Fig. 8. Hollow fiber cartridges. HI1(20.3 cm, 8 in), H10 and H15(63.8
cm, 25.1 in).

Fig. 9. Industrial hollow fiber cartridges from Romicon in the standard
3"(76 mm) sizes. Left: The long cartridge. Middle: The short cartridge.
Right and front: Short-short cartridge. Also shown are end cap
adapters for connection to process piping.

-



Fig. 10. Ioplate membrane element of Dorr-Oliver. The membrane is
placed on top of a mesh-like spacer in the permeate channel which is
bonded to a plastic support plate. Also shown is the center channel for
permeate collection and removal.

Fig. 11. Commercial plate and frame ultrafiliration system.

Fig. 12. Horizontal DDS plate and frame system for ultrafiltration,
showing the replacement of individual membrane elements.

Fig. 13. Schematic of basic concept of the spiral wound module.

Fig. 14. Manufacture of Feta cheese by ultrafiltration.

Fig. 15. Process train for ultrafiltration of cheese whey.
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