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Abstract— The diffusion coefficient of a solute particle within a membrane pore of comparable size is found to be less than
its value in bulk solution. This hindered diffusion obviously depends on the sizes of solute and pore, and it is known both the
solute concentration and the solution ionic strength are considerably influenced, although very little experimental data is avail-
able. In order to examine this fact, the diffusion coefficient of latex particle through the track-etched membranes with well-de-
fined cylindrical pore geometry has been measured by using diffusion cell apparatus. Note that both the relation of mass bal-
ance for the latex concentration and the principle of diffusional mass transfer across membranes are applied, which were pro-
vided in the previous studies, for the analysis of particle diffusion coefficient in the pore. Based on the Stokes-Finstein relation
with virial type for the solute concentration, the bulk diffusion coefficient of latex for any KCI concentrations can be effectively
estimated. The solute concentration dependence of hindered diffusion as a function of relative solute size has been observed,
from which the hindered diffusion increases with increasing of solute concentration. This behavior suggests that, with increase
of solute concentration, the repulsive interaction between a pore wall and a latex particle becomes strongly important than that
of between pairs of latex particles. Therefore, as expected from the estimation of mass transfer coefficient, the particles are in-
creasingly diffused from bulk to pore region. Experimental results for latex concentration of 1vol% showed that the hindered
diffusion coefficient is decreased when the ionic strength of KCl is reduced ranging from 0.1 to 0.001 M. When the ionic
strength decreases, the corresponding repulsion increment between a pore wall and a particle results in more restricted diffusion.
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Fig. 1. Schematic of the hindered diffusion of concentrated colloids
through the well-defined cylindrical pore.
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Table 1. Data of track-etched polycarbonate membranes

Membrane code Mean pore diameter Surface porosity ~ Membrane

(nm) o thickness(uum)
PC02 0.2(+0.02) 0.0994 10
PC04 0.4(+0.03) 0.1385 10
PC08 0.8(10.04) 0.1668 10

*PCO2(Millipore, Ireland), PCO4 and PCO8(Poretics, CA).

Table 2. Data of polystyrene latex

Latex code SM7002 SM7003
Mean solute concentration(vol%) 314 20.3
pH 2 2
Particle size analysis weight-averaged(nm) 72.4 55.9
number-averaged(nm) 62.8 47.6
Polydispersity 1.15 1.17
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Fig. 2. Experimental setup for the measurement of hindered diffu-
sion.

SEgst H37A N|1E 1999 28

-2bEE - olAlYd

magnetic stirrer7} 2]4-2] DC 2E] wulr]of] 2oja] 3]xs) A
o Sis) fEsle] Potel sk Id Sr2 REEE sl
2 Aol AfALde] FFETE 0.1 m/min2 A5k 1,
W &%= 250 pm o2 gt} '

A% IRk fEEE $8S 408 Aoiuic) QA ae uola
AAAUV) HE712 2 gshe Walos Az A o ¥
EHE SAs) il$- He NgFogw rrwstE wiztsA
AX317] A A2 Zehe 2 S A Lsld). = Al
A B4 Sl 7459322 ok 2 7129 (HPLC: Rainin, CA)o]
ZA]ZH(microbore PEEK tubing, W7 :25.4 pum) AL Aasie] g
Hglzte] FAg Ayt mAT Ao o]8-S UFe] I)ufA|
(size-exclusion) Z 2w} E T2l u] o] 8-8-0 22, o] F3] YL o)
T S AL Bt EE B 9 BEse Zl Ans
LS 5 Qe Y9 WA o 2 0E Qlxle] B2 AXspr] 94 1]
2] &3 BA 34 (calibration curve)S 2FA3sigic). 3, sk b
Zollx 9} Balele) o]23} Al7] Wsh= 4714 % E A (conductivity me-
ter; Cole-Parmer, 1481-65, NY)Z &lalgich. 383+ A7 A 7o)
oE = HIE galsle] EAAGA S} AL T3 =
B2, shte] APz dishr H4g 3647 AL 2Ao] 27
Hydoh

3. Al A

A A uis} o), w9 B QAFEEe] B3 TAe) A7
o] 2 AY SAL A FEAY] Al e naske
el lek 2] gst Wagdeae] gdsixte] S o)s)
o e S o] AgEed BAADA G dee FE= a4
2 SRR} 713 =27, 4o49) o3} AlY), 283 QIR ¥
o] Q2B R olel) thaled Fdsh= Aol Wasit).

3-1. EFTKR| TAA

1A A7 A= e 2] E olslslr] SsiA Fig 3o &
Aol A JARE Sl tHE -4 (mass balance) 7]dS vhehlg]
o &, 3 kel M AR Az E Al gk mhE A7k
A IAREE Co) wWishe thee] BSR40 e dmg) Apn
bz 37} v,old

dc

V.3 =M-Qc 3)
2F, Qe Y itz S0 2505, ML ] 2e £
3 2t ]Il FAE e 2 o3t b}

M=KA(C,-C) @

Upper Chamber

C—) Q (em?/ sec)

C

[ ~Lower Chamber

Fig. 3. Illustration of mass balance relation within the diffusion cell.
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Fig. 4. FESEM image of track-etched polycarbonate membranes used
in the present study with various pore sizes of (a) PC02, (b)
PCO04, and (c) PCOS.
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Fig. 5. Experimental results of dimensionless cumulative mean con-
centration as a function of accumulated volume for (a) A of
0.163 with various latex concentrations, and (b) latex concen-
tration of 10 vol% with various A, where the solution ionic
strength is 0.1 M.
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Fig. 6. Mass transfer coefficient K with various latex concentrations
as a function of A for solution ionic strength of 0.1 M.
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Fig. 7. Mass transfer coefficient K with various solution ionic streng-
ths as a function of A for latex concentration of 1vol%.
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Table 3. Estimation of bulk diffusion coefficients D..(cm*/sec)

SM7002*
KCl 0.1 M Solute concentration=1 vol%
Solute concentration D, x 10° KCl D, x10°
(vol%) (cm/sec) concentration(M) (cm’/sec)
1 6.55 0.1 6.55
5 7.06 0.01 6.74
10 7.70 0.001 7.70
20 8.99
SM7003**
KCl 0.1M Solute concentration=1vol%
Solute concentration D, x10° KCl D.x10°
(vol%) (cm’/sec) concentration(M) (cm’/sec)
1 8.57 0.1 8.57
5 9.24 0.01 8.82
10 10.08 0.001 10.08
20 11.76
*D,,,=6.42X 10° cm’/sec, **D,,,=8.40% 10 cm®/sec
102 T Ty
a 10t 1
100 : :
102 102 107 10°

KCI concentration (M)
Fig. 8. Correlation between D, and ionic strength of KCl solution.
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Fig. 9. Hindered diffusion coefficient H with various latex concen-
trations as a function of A for solution ionic strength of 0.1 M.
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Fig. 10. Hindered diffusion coefficient H with various solution ionic
strengths as a function of A for latex concentration of 1 vol%.
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C  :solute concentration

C,  :solute concentration in lower chamber
C_m : cumulative mean concentration

C"  : particle concentration in the pore

C.. :particle concentration in the bulk

D’ : particle diffusion coefficient in the pore
D., :particle diffusion coefficient in the bulk
D, :bulk diffusion coefficient of a single Brownian particle
D, : ®-correction factor

E  :interaction energy

H  : hindered diffusion coefficient

K :overall mass transfer coefficient for the membrane
kT : Boltzmann thermal energy

L :pore length

M :mass diffusion rate of solutes across the membrane
r,  :pore radius

T, : solute radius

Q  :purge flow rate through chamber

Q;' :enhanced drag

t : time

V., :accumulated volume flowed through upper chamber
V. :free volume of upper chamber

\4 : each volume

azjojA 2Xt

o :surface porosity

8  :boundary layer thickness

A :constant factor in Eq. (5)

A :dimensionless solute size

M :solution viscosity

®  : particle volume fraction

SR}

i : each effluent sample collected subsequently
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