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Ultrafiltration Membranes; Principles and Applications
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Examples of particles retained by filter or mem-
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ions: sucrose, other small organic molecules: syn-
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organic molecules:viruses:bacteria, yeast cells:
colloidal clay, other finely divided suspensions:
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Fig.1. Membrane separation processes.
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Table 1. Important Membrane Separation Processes
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Table 2. Characteristics of Various Membrane
Modules
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Table 3. Commercial Ultrafiltration Membranes and Modules, @=volume flux

Membrane material(a) Module(b) Manufacturer MW cutoff  Q(Lm™ d) Test conditions
Cellulose 2-acetate (HFA) S, asym, Abcor 15000 6000 3.5bar, 50, pH 3-7.5,
T, in situ, asym. 10000 Ippm Cl,
Polyvinylidene fluoride (HEM) S, asym. Abcor 10000/20000 7500 3.5 bar, 90T, pH 2-9,
T, in situ, asym. 30000 10ppm C1,(25C, pH 0.5-13)
Polytetrafluorethylene F, sym. Aqua-Chem. 50000 4000 5.6 bar, 100C, pH 1-14
Co-Polyacrylonitrile (HC- 1, HC-5, HI-1} C, sym. Asehi Kasei 6000 /13000 1000/4000  3bar, 50C. pH 2-10
Asahi Chemical Ind
Polybenzoxazindione, sulfonated F, asym Bayer 300 2000 40 bar, 50T, pH 2-12
Polyamide- /imide (BM) C, asym. Berghof/Nuclepore 2000-50000 100-6000 1.5bar, 80T, pH 2-12
Co-Polyacrylonitrile/Vinylpyrrolidone F, asym. Daicel 30000 2000 3bar
Cellulose acetate (800-500) F, asym. DDS 6000-65000 2000-7000 5bar, 50T, pH 2-8,0.002%
NaOCl
Polysulfone (Gr 8/6/5P,GS 81 PP sulfonated)  F,asym, DDS 8000/20000/  1000-7000 3ber, 80T, pH 0-14,2%
6w NaOCl
Modacryl polymer P, asym. Dorr-Oliver 18000724000 3000/12000  2bar, 50T, pH 2-11.5
Polysulfone P, asym. Dorr-Oliver 10000 10000 2bar, 70T, pH 2-12
Cellulose acetate (Nadir) F, T, asym. Kalle. 2000- 100000 400-10000  3bar,35C, pH 2-8,0.002%
Membranes NaOCl
Polyamide (Nadir) F,T Kallefexclusively 20000-100000  2000-10000 3 bar, 65T, pH 2-12
Polysulfone (Nadir} FT Kall 10000-60000  1000-12000  3bar, 90T, pH 1-14,2%
NaOCl
Polysxlfone (PTUE) S, asym. Millipore 80000 200 5bar, 32C,pH 3-11
Polyolefin, hydrophilic T, asym. Nitto Electric 20000/100000 - 4 bar, 40T, pH 2-10
Cellulose acetate F,W,asym. Osmonics 1000720000 1000/6000 3.5 bar, 27C,pH 2-8
Polysulfone F, W, asym. Osmonics 1000720000 4000/12000 3.5 bar, 93C, pH 0.5-13
Cellulose acetate(T2-5A) T, asym. Paterson Candy 1000/20000 pH 3-6,30-50C
Polysulfone (PM) C,asym. Romicon/Amicon 2000-50000 1000/14000  1bar, 75¢, pH 1.5-13
Modacryl polymer (XM/GM) C, asym. Romicon/Amicon 50000/80000  12000-15000 1 bar, 50C,pH 1.5-13
Co-Polyacrylonitrile/Methallyl sulfonate F(lris 3042) Rhéne- Poulenc 20000 7000 2 bar, 40T, pH 1-10
Polysulfone, sulfonated F,asym. (Iris 3022)  Rhone-Poulenc 20000 15000 2bar, 80T, pH 1-13
Carbon/Zr0, T,in situ S.F.E.C. 50000 - 100C, pH 1-14
Polybenzimidazolone T,asym. Teijin - - 60C,pH 1-12
Polysulfone T, asym. Wafilin 5000 8000 3bar, 95C, pH 1-12
Polyacrylonitrile T, asym. Wailin 10000 7000 3 bar, 60C, pH 4-10
Cellulose (CUF) Western Dynetics 20000 2500 1 bar, 70C
Polysulfone (PSUF) Western Dynetics 20000 2500 1 bar, 80T

() The letters and/or mumbers after some names signify tradenames or type designations. (b) Abbreviations:F=flat sheet, C=capillary membrane,

P=plate, T=tube, and S=spiral-wound module.
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Fig.13. Structure of membrane module of Dorr
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Fig.14. Section structure of tubular membrane mo-
dule of Abcor Company.
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Fig.15. Gravity-drop technigue for making tubular
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Fig.11. SEMs of cross-sectional views (with part-
ial top view of active layer) of asymmetric
flat sheet(a, c,d, f), capillary (b) and tube
membranes (e) fabricated from PS(a—d),
modified PVDF (e), and PA(f) possessing
only foam-like (a), foam-like and finger (b,
¢, e, f), and honeycomb(d) structure of the
supporting framework. The fingers in the
PA membrane (f) are strongly bent. The
compatibility of the casting solution with the
precipitation bath was good(a,d) and poor
(¢), Therefore, the asymmetric PS mem-

brane shown in c¢ exhibits large cavities.
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Fig.12. SEMs of cross-sectional view of a PA(a)
and a PS(b) membrane including partial top

view of active layer.
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Fig.16. Gulf General Atomic spiral-wound module,
unrolled (Schultz and Newby, 1966},

Fig.17. Electron micrograph(200X) of Amicon’s
Diaflo Hollow Fiber. “skin”

faces fiber lumen (internal channel) Cylind-
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Fig.18. Hollow fiber concentrator (CH2PR, with

expansion kits for three cartridges).
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Fig.19. Ultrafiltration apparatus; (a) dead-ended

system, (b) stirred system, (c) turbulent

flow system, (d) thin-channel system.

2t module | m3Blo| zksdshcl, E, Aejuizt A

vhebd Zoleh,

ol od 32 = odel stz EH7t ol=dl Fig.19
o} zho]l AHalg, mdby, iy, HEFFEE
47h A= g 4 9l

1) A X|& (dead-ended system) o2&+ A

Aol A= FEET0] Yoyl 41-%71 gel-layersdl
ojste] Tk o] AxstAl Askxlch wel4d 3

whgeto|} vke) oG Al el A& 4 slek

667



L—) m +§ (stirred system) 2k o 4ko] 3 @) ®) - ©)
Gas Gas Reservoir .
A A RS LA e Blz| gk 4 Q) preilsure pressure Permeation ceil
. |
£ 5o wz} FaEEE ‘___‘Q}.EL]D]-_ o Membrane [
82 magnetic stirrer® 3ty 75 Mem- | __
brane = Membrane [

turbulent flow system) ahE

A FAE @) LELE Ug 79

( thin-channel system) 50

J5-S A8slrls o) ES

H

Magnetic
stirrer

ﬁ Membrane [
7*1 st FEETE bRl W =

vko] o] &5 glch Fig.20. Ultrafiltration process; (2) general filtration,
(b) diafiltration, (¢) multi-step filtration.

Yshe Py ool ek 4

ubEog4bo] oho] walo] w2 = HEAH] 4AJdE Fig.200 b gich (a)

|5 BEapdssh 3eh b w 7B ZlRAcl o oatsd AaE ¥

boll 4= o5 s34l 7] spa- o] & 7Héle] ofsbsts Wby Qo) elofo] &
AE A spacerd A& w9l Aol Hgslel. (b) & reservoir® M

g HFubes w08 reservoirs} & ok

SAe B, &£EAEHY & sl sk dablu e A grar o
DRG0 BT #8=E  Astoh ol g 7L reservoirdls B, = s}
14 Rabgd 371 E A8 TAS qarlddl s ARE Pol AnFe 4%

2| 2 A 2419 F

ufl
"I
sle2te b

5N % w
"F‘. EHX] ol o g %’—E‘] Ha-2] Le| #HoNF 2| albuminz} globulin®] 533 A
‘,

44s S5 2o LS L
N ;1-*1-24 A, 7%5;— Eaol sl 44A, 4AS2e 45 3 4F, FEF A3 pectin
ool ¥, mhpadel g $E P HAMS BEO) T4, SelTor AT 3w
$40] 5ol S WAL A,
A, G, wbelelz, A4k A5l deld 4B e %, el AA, s Ee
4, LFaon e A2, chekiol 557, pyrogend] A7, FEE Az

latex?] 359} 5%, colloid silica®| %722} £+ emulsion®] #} A, gelating

53k AR, PVAS] 3ol F3ast, A5Aelale2te 2E2 35 Hold, o
3, ARG o] AA|, pulpFad o] Hl 3z

AFrbERA 2] sl ol g, A2l Al Ay eleall s

T, 254 AATAE, BAEAENAe Aeist ded

A7 EAE g9l emulsionE 8 w2 RE T8 3|49 e, dzldozly 2

A, BHEd= lopge) Hel, Eadmszie FE5 $4EHES AA
S A el 2 AR AA, colloid S48 AAG A 515 AAe, o
el oA 2 o) Heleh Ao, WY, AF4 Wl Hel

Polymer(Korea) Vol. 10, No. 7, December 1986



22 ga gleng A 3 g4F AHE
e HE, Aok, AFAA ol s gl
om 7b fopd e 4bsid o Table 49} Zct.
chfZ ol At sH0i2 0|8 <AL A
glabe Sl kA ot 72 g Heel
gk zl4lo] Wasiel, s o] el A 2ty
+ e adte ofeistx] whyio] gro] 48] g
oo e FEHoR s AY WEshe
A7t ek sk FHub 2 Hesbst 9
2 53 AE Addstie areloaiye] st
2 frela akel S3 gdeh wA & g
shebd obest 22 ARE Al Aol wpd

)
ol
o
kg

7) E W 42§ FHEES} wEA
U) 329 ZEsh WAL M A
©) $hyiekel oug A
2) b REabshe] $A Yol Alg 52 4ol
A gg A
[s]

4AE ARA Lolg, oles]
Aol & A

A= gl ghel ok o v Ads) A
&tAl, cellulose acetate % cellulose 5.3, aro-
matic polyamide, acrylonitrile-vinyl chloride
2%3%} ), polyethylene phthalate 52| &AliLg
22 5o] glom 25 ol sixje  ujgA
uto 2 s]of 9leh. Blatt® & wlejA=hg o] &3}
o A& 5353519 27 albumin, a-1-globulin,
a-2-globulin, A-globulin, y-globulin 52 & A
a0 90%o0] 48l SlE 2 1090]4 FEa

vt ola) ApER & 219 B RAA ) LY

E7 | #4109 #7355 19864 12¢

| 2hol = sl A 9] cellulose acetate™-S o] -&a}
A 3lggo]l Hal FopAlrh L o) F A%

9 FHFOHM g gaaua el B W oy

dolelshe B A g T F3as] glotel 4

£5)% 397t gheul of Sloll £ Fxbepo] vhi ok
u_}'lxpl_o,] AL

5
AE A5 G LS A
A AR wksk zrol whelshel flated da 2%
ol 5 5ulo] 49| A7k v
X

+

Re e A3k oA ARz sl o
% oy 2o} 3 LeAAE 9% 4 AUn

MNEMZO2 88  IFE Alxstedl A4
A shedstAl =l 352l Al el gleix g =
Helol 2lsf FFshe Aol Frh =, =hxzlel
ozl chnbel] gFabsl 7= ghel

FRdlAE aF=E,

2 Sol golointE ghol Ahgeln ek -
7

Tk 1980w o] 9F4l= ol E §-ols|4}So] ub
Heloll ok A
[o}

a8
0 =
T (TR e}

o] 34E F= trypsin-inhibitor7} &5 o]
o] 2hxjzlel ola =g b 2 gz

ol AlARLE S4L AL EAo| A

Bom 32

& o ol o o fr
M
R

\u

bl dS sk T sk AToh gl Ay
ek e BRE 2@ AZHE AT Qe
¥

v o7 shlabAl geal wkw Yo



sheh, wheb4 AlEH S 34
A F el of el o/ A2 3 ¥

—;,—o]-ff‘] albumin#] hui & o] 4-§-&
Wl grfeko g el Al4lsled oF 15%, 4
70~75%, #Akghrakol A2l 0%-<] §-3l
ol odofalef,

ATAM FREA A4 of Foll &
AFLE 3 Qi) Wlmmer42. Gillam*® %2

L
Agstel WA Y 2 WAELS
E

ol

-4

Jt‘ﬁ—‘

m]o

U
dodr (oo o

ko] grel

s
Azahe Wi wustodeh sbgE, AT o
Foo0d, AR 44TAF AL, wejelo} 5
o selol] wrofshgol <G glept ohe 4

E, wine 8]
sl 2lope] Al Aol
ol glol & A EF 3ol

mineral water% 2
olt},
Aol A, A4FA s sl e M T
okoll 4 ghe|ofaldio] AFE-5 I

uk2 3l w o] A5
nk O
1o «—

2t
el M

Abol| A A3t wle} o] uhg Rl Ao 4}

k BT R A o
wEol A
X of doll 4] A}Eo] 753k
I e Ad e el Ausa glek
2458 7FAl polysulfone, poly-
ether sulfone] =+2] ubel] F &S sl glo
= modules HFX.Aluko g ¥ ] hollow fiber mem-
braned| ¢|27|7=) tlekstAl A= el 9t
& AbEEhs FA dod e A

e *
Muk g Hfziele] o] 77bA] S

37 i,
—5—04. 91 or‘k_—u

d
o gre 4

$5014 Ho| A= ofAlch
¥ 12 8

1. C. E. Reid and E. ]J. Breton, J. Appl. Polym.
Sci., 1, 133 (1959).

2. 5. Loeb and S. Sourirajan, Advances in
Chemistry Series No. 38, 117 (1963).

3. A. S. Michaels and R. Miecka, J. Phys. Chem.,
65, 1765 (1965).

670

4.

5.

10.

11.

12.

13.

14.

15.

16.

17.

13.

19.

20.

21.

22.

23.
24.

25.
26.

. L M. Klotz, Accounts of Chem. Res.,

R. W. Baker and H. Strathmann, /. Appl.
Polym. Sci., 14, 1197 (1970).

AN —, BB L, Chemical Engmeering,
17, 612(1972).

7, 162
(1974).

. W.F. Blatt and S. M. Robinson, Anal. Biochem.,

26, 151 (1968).

. G. H. Higginbotham, D. R. Oliver, and S. G.

Ward, Brit. J. Appl. Phys., 9, 372 (1958).

. R. W. Baker and H. Strathmann, J Appl

Polym. Sci., 14, 1197 (1970).

R. L. Goldsmith, Ind. Eng. Chem. Fundam., 19,
113 (1971).

W. F. Blatt, et al., Membrane Science and
Technology, p, 55, Plenum Press (1970).

W. F. Blatt. et al., ibid, p. 73, Plenum Press
(1970).

T. A. Butter worth, D. I. C. Wang, Proc. IV.
Intern. Fermentation Society, Fermentation
Technology Today, p. 195 (1972).

C. J. van Oss, P. M. Pronson, Membrane Sci-
ence and Technology, p. 146, Prenum Press
(1970).

F. Forbes, Chem. Eng. London, Jan., 29 (1972).
V. B. Pizziconi, Master of Science Thesis,
Arizona State Univ., (1971).

P. Harriott, et al., Chem. Eng. Sci.,
(1965).

B. Halistrom, Advances in Preconcentration
and Dehydration, London (1973).

W. F. Blatt, et al., Membrane Science and
Technology, p. 58, Plenum Press (1970).

E. Lowe and E. L. Durkee, J. Food. Sci., 36, 31
(1971).

H. J. Bixler and G. C. Reppe, US Pat., 3,541,006
(1970).

L. E. Monge, B. J. McCoy, and R. L. Merson,
J. Food, Sct., 38, 633 (1973).

N. N. Li, AlchE. J., 17, 459 (1971).

C. J. VanOss and P. M. Bronson, Sepr. Sci., 5,
63 (1970).

A. S. Michaels, Ind. Eng. Chem., 15, 32 (1965).
A. S..Michaels, et al., OSW R&D. Progress,
No. 149 (1965).

20, 1073

Polymer(Korea) Vol. 10, No. 7, December 1986



27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37

Wolfgang Pusch and Axel Walch, Angew.
Chem. Int. Ed. Engl., 21, 660 (1982).

S. Loeb, et al., US Pat., 3,446,359 (1969).

W. F. Blatt, et al., Science, 150, 224 (1965).

R. Keller and J. E. Dwyer, /. Immund., 101, 192
(1963).

R. H. McMenamy and H. M. Davison, /. Bil.
Chem., 246, 4744 (1971).

C. D. Forbes and O. D. Ratnoff, J. Lab. Clin.
Med., 79, 113 (1972).

J. Amir, J. Pensky, and O. D. Ratnoff, ibid. 79,
106 (1972).

J. B. Wittenberg and C. A. Appleby, J. Biol.
Chem., 247, 527 (1972).

J. B. Burnett, 7b:d, 246, 3079 (1971).

W. B. Freedberg and J. K. Hardman, J. Biol.
Chem., 246, 1449 (1971).

. M. M. Jacobs, J. F. Nyc, and D. M. Brown, ibid,

Z2|0{ 4107 A 735 198613 129

38.

40.

41.
42.

43.

44.

45.

46.

246, 1419 (1971).
P. Grippo and C. C. Richardson, ibid, 246, 6367
(1971).

. 1. Kabasawa and C. H. W. Hirs, ibid, 247, 1610

(1972).

M. C. Porter and Michaels, Chemtech, Oct.,
633 (1971).

PRy Bk, fh %, 17, 33(1974).

E. Wimmer, 1. H. Maxwell, and G. M. Tener,
Biochemistry, 7, 2623 (1963).

L. Gillam, S. Millward, and D. Blem, Biochen:-
isiry, 6, 3043 (1967).

Hpg—, B st o G EE 15,
17, 121(1973).

W. L. Porter, et al.,, Membrane Science and
Technology, p. 222, Plenum Press (1970).

M. C. Porter and A. S. Michaels, Chemtech,
July, 440 (1971).

671



