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ABSTRACT. The effects of specific surface area and pore size of dialysis membrane on the
dialysis were studied.

It was confirmed that the intermittent sampling method(in which any volume of dialyzing
solution is sampled intermittently at every moment after any duration of the dialysis experiment)
is suitable for the determination of a dialysis coeflicient.

It was also confirmed that the diffusion coefficient of a electrolyte through membrane is smaller
than the free diffusion coefficient though the pore size of dialysis membrane is extremely large.
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Fig. 1. Schematic diagram for outflowing of outer
solution.
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Table 1. Specification of the membrane.

MF type ?;sz n(ﬁg;;e Egﬁt{:owne Th(ickn)ess Po&i)ty ’srtl;e:nsgteh
(4m) #m (psi)
5C 8.0 +1.4 13010 74 175
8S 3.0 +0.9 150410 83 150
RA 1.2 +0.3 150+10 82 300
HA 0.45 4:0. 02 150110 79 450
vC 0.10 +0. 008 130+10 74 800
VM 0.05 +0. 003 13010 72 1000
VA 0. 025 +0. 003 13010 70 1000

Table 2. Dialysis coefficient obtained by batch method and iatermittent sampling method.

A% 104 (em2-se71)

Membrane VS vC HA
Dialyzing ion H* - v | o H* cl-
By batch (A) 9.698 2.908 10.763 3.497 12.321 3.578
A S 9.707 2.901 11.023 3.511 12.223 3.621
(B)/(A) | 100 0.998 1024 | Lom 0.992 1.012

Membrane: MF-Millipore,
Ouxter solution: 1.0 M NaNO,,
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Dialyzing solution: (.1 M H*(HCIOs) and 0.1 M CI~(KCl) in 1.0 M NaNO,,
Agitation: Inner 40 rpm, outer 60 rpm.

Table 3. Dialysis coefficients with two sampling inter-
vals of three replications each. AX 104 (cm?-sec™¥)

Sampling interval (min.)
Replication
10 | 20
1 9. 839 9. 836
9. 882 9. 807
3 9. 845 9.948
Mean 9.855 9. 864

Membrane: MF-Millipore VS

Dialyzing solution: 0.1 M H+*(HCIOy) in 1L.OM
NaNOa

Outer solution: 1.0 M NaNQ,

Sampling volume: 35 mJ each

Agitation: Inner 40 rpm, ouier 60 rpm.
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Tabled. Analysis of variance of the dialysis coefficients with two sampling intervals of three replications each.

Source of Numbet of Sum of Mean of

estimate replication squates df square Test Fi, 0.05
Tz 3 110, 890 X 10712 2 55. 445x10712 10.22 19. 00
Tie 3 10. 850 10712 2 5. 425X 10712
Total 121.740x2072 | 4| 1|

Table5. Dialysis coefficients with three sampling intervals and three sampling volumes of two replications each

for H* ion. AX104(cm?-sec71)
{ Coeft. of  Coeff. of  Coeff, of Coeff. of
Factor Vo ! variation Vs { variation Vs i variation Totl Mean | Coristion
" 10.120 i 26 %| 9882 : 3.6 % 10.009 | 1.1 ¥ %
o | 10,05 | 2.9 9.845 | 0.7 10.033 i 0.5
------- ; e | 59,997 | 10.000 1.1
Subtotal | (20.188) (19.727) | (20.082) |
T 10.030 ;| 2.9 9.994 | 1.3 10.058 | 0.3
15 10165 | 0.6 10,072 | 0.6 10.029 | 0.4
ssssssssasans -.v.....-..-s',..............-----.--.-..----...':---“._‘...... e 60' 348 1[)_ 058 0 6
Subtotal | (20.196) : (20. 066) (20. 087)
T 9.963 | 2.2 9.83 | 0.8 | 10,083 | 0.6
2 9.897 : 20 9.048 : 1.4 10.090 | 1.0
rmmvvvrerarans ...... ; ‘. 59, 827 9.971 1.0
Subtotal | (19.850) (19.784) | (20.183) |
Total | 60. 243 59, 577 | 60. 352 [ 180.172 |
Mean | 10. 039 9.9%0 | 10. 059 | 10010
Coeff. of | %
variation || Lo 0.9 ‘ 0.3

Table 6, Analysis of variance of the dialysis coefficients with three sampling intervals and three sampling volumes
of two replications each for H* ion.

Variation Sum of squares df Varience Test F
Between sampling intervals 0.0235x 1078 2 0.0118X 102 4.37* 3 0.05=4.26
Between sampling volumes 0. 0585x10-8 2 0.0293x10-2 10. 85** £ 0.05=4.26
Interaction 0. 0493 %108 4 0.0123%x10°8 4. 56* Fi, 0.05=3.63
Subtotal 0.1313x 1078 8
Residual . 0.0241x10°8 9 0. 0027 X 108
Total 0. 1554 X 10~ 7| '
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Table 7. Dialysis coefficients with three sumpling intervals and four sampling yolumes of two replications each

for Fe(CN)¢d ion.

AX 10* (cm?2-sec™1)

- : [ H |
| Coeff. of | Coeff. of Coeff. of : Coeff. of Coeff. of
Factor Vs { variation Voo ivariatic?n Vs | variation Vao { variation Total ‘Mean variation
Te | 17001 18%| L7m9 68%| L7 31%| L76: 31w I %
1.695 | 22 1732 | 7.1 1725 | 3.7 1716 i 2.8
SRS o SO SO Cul, SRS SRRSO SO0 AT D 1s s | L9 | 2.3
Subtotal | (3.395) | (3.461) (3.460) | (3.432) |
To | L1705 35 1731 | 4.9 1717 | 2.0 173 | 3.2
1699 | 3.2 1731 | 3.4 L715 | 0.9 1722 | 38
-------------- '"“'"‘"':,'"'""""" et eI O et 13. 794 1.7191 2.0
Subtotal | (3.404) : (3.462) | (3.432) (3.456) |
T | L7061 0.6 1715 | 2.4 1697 i L5 1704 i 33 |
1698 | 15 L75 i 2.4 1605 | 1.2 L718 | LA
---------------- e T T Rt sttt Lo .__ 13.648 | 1,706 | 1.4
Subtotal | (3.404) : (3.430) | (3.392) | (3.422) !
Total 10.203 10.353 10, 284 10,310 {41150
Mean Lo | 1.726 1.714 1.718 | 1715
Coeff, _of %
g 0.5 ’ 1.0 2.0 1.3

Table 8. Analysis of variance of the dialysis coefficients with three sampling intervals and four sampling volumes

of two replications each for Fe{(CN)¢*~ ion.

Variation Sum of squares . df l Variance ] Test I F
Between sampling intervals | 0.0009X 1078 2 ‘ 0.00045%10 | 15.0%* | Fi 0.05=3.88
Between sampling volumes 0. 0020 10-8 3 0. 00067 X 1078 22, 3** Fi& 0.05=3.49
Interaction 0. 0009x 1078 6 ‘ 0.00015x1078 5.0* | Ff 0.05=3.00
Subtotal 0. 0038 X 1078 11
Residual 0.0003x10°8 12 0. 00003 X108
Total | 0.0041x10° | 2
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Table9. Reproducibility of the dialysis coefficients
obtained by intertnittent sampling method.

Factor I Vo Va5 Vso

T 0. 070 0. 037 0. 016
1o {0.69%) (0. 379%) (0-16 %)

T 0.135 0. 078 0. 029
1 (1.33%) | (0.77%) (0. 29%)

T 0- 066 0.112 0. 003
% (0. 66 %) {1.13%) (0. 03%)

Dialyzing solution: 0.1 M H*(HCIOy) in 1.0 M NaNQ;

Membrane: MF-Millipore VS

The figures are differences between two dialysis coeffi-
cients obtained by the duplicated dialyses.

The percentages in the parentheses are relative dif-
ferences compared with the Jarger one.

Table10. Reproducibility of the dialysis coefficients
obtained by intermittent sampling method.

Factor Vs Va Vas {r;_
T 0. 005 0. 003 0. 010 0. 000

10 0.29%) | (0.17%) | (0.58%) | (0.00%)
T 0. 006 0. 000 0. 002 0.012

2 (0.35%) | (0.00%) | (0.12%) | (0.69%)
T 0. 008 0. 000 0. 002 0.014

% (0.47%) | (0.00%) | (0.12%) | (0.81%)

Dialyzing solution: 0.1 M Fe(CN)¢d~ (K{(Fe(CN)s))

in 1.0M NaNO4

Membrane: MF-Millipore HA

The figures are differences between two dialysis coeffi-
cients obtained by the duplicated dialyses.

The percentages in the parentheses are relative dif-

ferences compared with the larger one.
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Table 11. Relation between membrane pore size and dialysis coefficient,

Observed dialysis coefficient Calculated diffusion coefficient through rmembrane
Membrane AX 104 (cm2-sec™l) Dy x 105(cm2-sec'f)
H* Cl- Fe{CN)¢*- Hu+ Cl- | Fe(CN)g¥-
Vs 10. 632 3.099 1. 255 1.918 0. 560 0. 227
VM 10.632 3.140 1.279 1.918 0. 567 0.231
VC 12. 820 3.419 1. 540 2.252 0. 601 0.271
HA 13.588 3.950 1.715 2.580 0.750 0. 326
RA 13. 662 3.974 1.843 2.499 0.727 0. 337
S8 14.3%4 4.192 1.989 2.601 0.758 {. 350
SC 16. 812 4. 458 2. 349 2.953 0.783 0.413
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BEe der

1 FERERHREES ENFHECE HRERD
AR W o BATREE R HRAES
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PR k& deche AL 3ok v @
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Ao EHARME €& T ok
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S GES wov HRA LR ig#kel
ol F-ol A of 3}7] o Foff BAMEANE BBk
Bongd —8¥ #= ddh
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o BEE Ko '
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