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Measurements and methods for analyzing zeta potential of the external surface
of hollow fiber membranes
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Abstract

A new method and equipment for measuring the zeta potential of the external surface of hollow fiber (HF) membranes is reported.
An existing commercial streaming potential analyzer in conjunction with home—made test cells was used to determine the
electrokinetic surface characteristics of various HF membranes. It was shown that measurements of the external surface of HF
membrane using the home—made test cells designed in this study were easy and reliable. The zeta potential values were quite
accurate and reproducible. By varying the physical shape of the test cells to adjust hydrodynamics inside the test cells, several

upgrade versions of home—made test cells were obtained. It was shown that the zeta potential of the external surface of HF

membranes was most influenced by membrane materials as well as the way of surface modification. However, the overall surface
charge of tested HF membranes were much less than that of commercial polyamide thin—film—composite (TFC) reverse osmosis

(RO) membranes due to the lack of surface functional groups. For the HF membranes with the same material, the effect of

pore size on the zeta potential was not significant, implying the potential of accurate zeta potential measurements for various

HF membranes. The results obtained in this study are expected to be useful for better understating of electrokinetic surface

characteristics of the external surface of HF membranes.
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Ao (microfiltration, MF), gk]ed T ultrafiltration,
UF), Y=ol (nanfiltration, NF) 2 S4HF<H(reverse
osmosis, RO) 522 T-E5|n 2ho] e wje} duba o
2 A We(flat sheet)?} FEAPH hollow fiber) &5
T dRbd o g F=o] 7ol weE) nAlgk YA
= A2 g AT 21 FA A = S (fouling) S A
A o HEE(flux) 7F FAste] 34 58439 AsE
GshA drt Fluxe] A4S fdsk= fouling®] A7)+
Q1S ol U= U F71EE Fol 3 HAY
WHel| FAx|o] A wAA7]7] wizo|rt. 2 He A
EF4 9] (zeta potential)& ©]1E 9o &
7 FAANA ALEEE EEdre] A7)E9s)
(electrokinetic interaction)= A4 sh= 5=
AP welute] el Asd BA4S A
°2 Y4 %9 foulings Fdslhs BEEES U 238t
£ Har 7] wiEell el o] AeRd9 T &
e HEE T 9 dehhdg o) il
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(Pontie et al., 1997; Fane et al., 1983). %3t
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FAsto] W A7 EHs| 19
Ho] gt} Baute] 3ol 7hA (modification) 2 o]
%3 283 (Nystrom and Zhu, 1997; Nabe et al.,
1997) =ho] A3} FhdE S8k X% AEpdert o
5 1l 2Ath(Ven et al., 2008).
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Fig. 1. lllustration of basic concept of streaming potential
measurements
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AE _ & % (isoelectric point, IEP)&}+aL =21 [EPoA& Eejvt &
AP A wol A7 Aok B 4= QtK(Szymezyk et al.,
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Fig. 2. Role of surface functional groups in membrane surface
charge.
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Fig. 3. Zeta potential in terms of solution pH for the membranes
with acid/base functional groups (Example).
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Fig. 4. Cell design for flat sheet membranes
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Fig. 5. Arrangement of clamping cell.
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24 [R5 AL KCl g3l o] Fxz de] Hol|A] ¢
2 g, oA =2 gk 527 sl wAEAE E9le
H, o]g]gk WAESHES F W ol WhESle] dL FEe
Bgks 1 SR YERIT

AEFASE & wi= Helmholtz—Smoluchowski 3-2]<
ARGV 3] A RA(AEe] o, MF7F 52 4
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THMockel et al., 1998; Hagmeyer and Gimbel., 1998;
Afonso et al, 2001). ¥ Aol A= cylindrical cellS AR
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Table 1. Property of hollow fiber membranes used in this study.

Company A-1 A2 A-3 B ©
Quality PAN | PAN | PAN PE | PVDF
Membrance UF UF UF UF MF
Pore size 10k 100k | 300k
/MWCO | Dalton | Dalton | Dalton

0.4um | 0.1m
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8 A(2)0dA] B & 4= 91%9] Fairbrother—Mastin 3.3 Test cell M=t
FAA A= 4 (pressure, p)¥ TEHS Test cell& & A7ol4 BRI g+ =S nhgo s i
(streaming potential, U)2] 7]&7]9} Asfde] H= A2 3k} Test cellS Fig. 10149} 28 Asjde] 38
(viscosity, n), Ha|&e 7|2 & (vacuum permi— < X317 95l Fig. 62 7|2 EZ sl Azlslgch
ttivity, ), AaAe] A “J4(dielectric constant Fig. 6914 Hol:= 7;1»} Z¥o] cylindrical celldl] 2EZE 517]
of electrolyte, &), 123l 54 149 Hsjd ] A 23to] test cells Y] BFo = whElon F4lHo|
7] A X=X(specific electrical conductivity of the FIAS 7§ %%"F AEF EolEoUT] SHAAA Wk
electrolyte solution, kp)& °l-&3te] 78 4 AUtk =, < = Bt S sto] a4o] golhA sl wEgk 5
srelwsle] e a5 A} Aalsls A Agoe AN TEAME e d AR TeAtTe] VIE JHE
2 =430 2 o] AeAYS ik 5= Yrh(Kim et BES AR AFS 5] flsto] 771G 3] o2 A
al, 1996; Bowen et al., 1995). T A7) B AR F AEE 8L S wsisit ol

3l 7|5 FElE vlEo 2 A2 test celle 1 24} 4
ol w2} test cell 1.0°145E test cell 1.1, test cell 1.2,

test cell 1.30.2 s} on] - woko|x|uk cello] f
Aol M3lE + 9o+ test cell 1.11, test cell 1.129}
22 o grEItHZ test cell®] FHi= 4,340
HER ).

Test cell e AAFESHA] 249Eo™ test cell®] cylindrical
cellell 483] o] BA|E G=g-dllo] 2] FEs A2t
Sy S = 5=

ME 524 FEFE test cello] &

Front Side A BEE AAshs g} 8] FAE WA= A
Aol WA8k] flete] arfralile ol-8-8kgint. ApARE
Fig. 6. Basic shape of test cell designed in this study. test celld] AR5 ol Fig. 73 Zt}

(a) Rubber packing (b) Fabrication of (c) Test cell employed
cylindrical cell in the machine

Fig. 7. Appearance of test cell after setting in the streaming potential analyzer

SISIORFps

) 1 HF ) 2 HF o) 3 HF d) 4 HF d 5 HF

Fig. 8. Mounting of HF membranes inside the test cell (from 1 to 5 HF membrane were inserted in the test cell)
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Fig. 9. Pressure versus flow rate during the flow check for
hollow fiber membranes (determined in the presence
of the test cell designed in this study)
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Fig. 10. Pressure versus flow rate during the flow check for
ideal flat sheet membrane
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Fig. 11. Pressure versus flow rate during the flow check for hollow
fiber membranes (determined in the absence of the test
cell)
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Fig. 9914 B3, 120 mbar ©]4¢] $&ollME walEA S5 @hdo] BAEIRITh ol WS Heksh 3o
o] RHEglo] 1344 e Qe 2SI 9l test cell 1.10]t}. Test cell 1.1 9% PJr QEZ o] Zo
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test cell 1.09114 test cell 1.32] FE= Fig. 120 YeRY
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Test cell 1.0] -5 712 Fel(Fig. 6)°IA Alzketalom
71 st o] k. sHAIRE 7716l A SH e
FHo A -2 Hajdo] B2 F oA (=2 Hajde] 55
u) G2k FEARe] SEe= dde] FF HAkste] ghel

(a) Test cell 1.0

g3k uke} o] w57 o] AE %Eﬂoﬂ*i—t— Heto] "o
315 ol gt} 12late] test cell 1.22 A&tato] A8
t}. Test cell 1.29] 79 test cell 1.07} 7 wpAlog
TEAPE AREEPAA test cell 1.09] THo]d whe] &
SHE k] flste] SiE A8 B9l test cell
1.20| 4= ZFA ko) 288 Z=ZAla) Alo| 2Rt 55
AT S test cell 1.19] ©HoldW flow checkX]
error7t A71A] E% AESIATE Test cell 1.39] 739
test cell 1.29] AHLS 2% AW 2 o] Audk tjz}ol
S A8 AT test cello] F A 7¢le @51
ARI = Az o] g-0] AT
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(b) Test cell 1.1

(c) Test cell 1.2

Fig. 12. Various test cells used in this study.

(d) Test cell 1.3
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Fig. 13. Variation in zeta potentials with respect to membrane
materials
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Fig. 14. Variation in zeta potentials with respect to membrane pore
size.
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