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Figure 1. Schematic of experimental apparatus for measurement

of pressure difference and streaming potential of hollow fiber dialysis
membranes.
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Table 1 Technical Dala on Hollow-Fiber Dialysls Membranes
Dialyzer Matenial Inside Wall Pure Water
(Manulacturer) (Membrane) Di Thick ° Permeabilily
[um) {um] [mlem2-hr1smmHg-1)

FB-190UGA Collulose triacetale 205 124 60
(Nissho, Osaka)
B2-1.0H Polymethyl methacrylaie (PMMA) 194 21.0 3.8
(Toray, Tokyo)
KF201-12C Ethylene vinylalcohol copolymer (EVAL) 225 434 57
(Kuraray, Osaka)
ALF-120G Regeneraled callulose (Cuprophan®. F1) 212 24.1 4.2
(Nikkiso, Tokyo)
BLF-12GW DEAE-modified callulose (Hemophan®, MC-55) 212 23.8 4.2
(Nikkiso, Tokyo)
ALH-12G Regenerated cellulose (Cuprophan®. B1) 21 223 5.2
(Nikkiso, Tokyo)

-12GW DEAE-modified cellulose (Hemophan®. MC-65) 2n 21.9 5.6
(Nilkiso, Tokyo)
S°*SP1.5L Regenerated cellulose (BloNux®. RC-HP400) 214 35.0 246
(Senko, Tokyo)
BLX-12GW DEAE-modified cellulose (Hemophan®: MC-HP200) 218 38.0 17.9
(Nikklso, Tokyo)

“Dala expressed as mean i slandard devlatlon (number ol dala), taken under wet conditions.

FRABOARFIZIFIF200um, EEIF12-43um, E/o#likBEBF%L3.8-
60mim-2hr- 'mmHg - 'Th 3.
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-Figure 2. Schematic of experimental apparatus for radiochemical
measurement of solute (diffusive) permeability of hollow fiber dialysis
membranes.
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Figure 3. Time course of the streaming potential of MC-55 mem-
brane at various pressure differences using streaming fluids of vary-
Ing electric conductivities. (A) 120 mS/m; (B) 10 mS/m; (C) 155 uS/m.
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Flgure 4. Dependence of the streaming potential of MC-55 mem-
brane on pressure difference using streaming fluids of varying elec-
tric conductlivities. (A) 120 mS/m; (B) 10 mS/m; (C) 155 uS/m.
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| Flgure 5. Dependence of streaming potential on pressure difier-
ence for the hollow fiber dialysis membranes tested.

Table 2 Ci rization of ional Cuprophan® and Hemophan® b by the tortuous capillary pore model
Structure Parameter
Membrane HTO Pure Water Waler Pora Surieco  Toriuosly Hydrogen- Zota
Permeabllity® Permeability Content  Radius  Poroslry 1 phosphate lon Potsntial®
I Ax Permeabllity*
[wms) [ml-r2-hr-mmHg-T) [%] Inm] [%] [l _Ipm/s) ™
F1 Cuprophan®  21.0 2 1.0(10) 42 68 28 a7 1.8 1.42£020(25) -1.3920.33(5)
MC-55 Hemophan®  22.0 & 1.4(14) 4.2 68 2.7 38 1.8 1.80£0.64(25) -0.96% 022(5)
B1 Cuprophan®  21.0 £ 0.9(17) 52 73 3.0 36 2.0 1.44 £028(25) -2.69 £ 0.80(5)
MC-65 Hemophan®  18.0+ 1.4(14) 5.6 71 32 33 21 1.87£0.63(25)  -1.14 2 0.16(5)
°Daia exp des meant d deviailon (number of data).
Table 3 Values for Zsla Poienilal
Dialyzer (Membrane) Maieral Zela Polential Hydrogenphosp lon P bllity®
M [pms)
FB-180UGA Callulose triacetaie -1.25 £ 0.22(5)
B2-1.0H Polymethyl methaciylaie -2.59 = 0.32(5) 047 x 0.17(25)
KF201-12C Ethylene vinylalcohol copolymer -3.81 & 0.39(5) 3.52 + 1.05(25)
ALF-120G (F1) Regeneraied cellulose -1.39 & 0.33(5) 1.42 = 0.29(25)
BLF-12GW (MC-55) DEAE-modified callulose -0.86 & 0.22(5) 1.80 * 0.64(25)
ALH-12G (B1) Regeneraied callulose -2.69 = 0.80(5) 1.44 = 0.28(25)
BLH-12GW (MC-65) DEAE-modified cellulose -1.14 = 0.16(5) 1.87 £ 0.63(25)
S'SP1.5L (RC-HP400) Regenerated cellulose -1.43 £ 0.19(5) 1.78 & 0.24(25)
BLX-12GW (MC-HP200) DEAE-modified cellulose -1.40 & 0.12(5) 257 * 0.52(25)

‘Dala expressed as mean i slandard deviation (number of dala)
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Hydrogenphosphate Ion Permeability of Dialysis
Membranes with Varying Zeta Potentials

Kiyotaka SAKAI
Waseda University
Department of Chemical Engineering

To clarify ion transport, dialysis membranes are evaluated in
terms of zeta potential calculated by the Helmholtz-Smoluchowski
equation from data on streaming potential AE and pressure drop AP
depending upon the operating conditions at which the values are
measured. The objective of the present study is to design an improved
method for measurement of AE and AP of hollow-fiber dialysis
membranes and to clarify the diffusive permeability of
hydrogenphosphate ion.

A polytetrafluoroethylene (PTFE) cylindrical cell of an inside
diameter of 14mm and a height of 10mm was packed with 2,000-3,000
pieces of hollow fibers, and glass filters were set on either side of the
cell. Deaerated water purified by both ion exchange and reverse
osmosis of an electric conductivity of approximately 150.S/m was
caused to flow in the hollows at 293K to determine AE and AP.

A good linear relationship between AE and AP and the
reproducibility of the data were obtained, demonstrating the utility of
the improved method to measure AE and AP and the validity of the
Helmholtz-Smoluchowski equation to calculate zeta potential from data
on AE and AP. Hydrogenphosphate ion permeability increased with
zeta potential for the membranes of about the same pure water
permeability. This indicates that hydrogenphosphate ion permeability
depends on both the charge and internal structure of dialysis

membranes.
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