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Fig. 1. Schematic diagram of the crosssflow RO membrane test unit
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Fig. 2. The RBS spectra obtained for virgin and used
membranes after Ag" probing of deprotonated carboxylic
functional groups at pH6.5. The analysis of these spectra
using the software SIMNRA 6.06v ® showed that the
elemental composition of active layers for virgin and used
membranes was Co.48H0.3200.009N0.008AL0.0012 and
Co.4sH02800.11No.0s4Bro.ossAgooo13, respectively. The H/C
ratio was assumed to be 0.67 (value for fully aromatic
polyamide) for virgin membrane, while (H+Br)/C=0.67

was assumed for used membrane.

Z—ERD-COOH AL CT-COO L7220, Z D5 R,

3.2 ABEER
Ca¥ RIINEER LORINRFIZF1F%, RO EOFIHIAHE
KK A (/o) DFERFZAL % Fig. 3 1~7, £7,

Ca> RO AL Virgin 5 Used IHEHIFIE—E D)
AR A BB R Z R L, 770 7LD KER TR
DR T ADNZeh>T-, —J7, Ca?*% 0.5 mmol/L ¥
L7255 A TR IRGE I FE Y Virgin 5E Used IED 7K %18
AR T L7z, ZOfERMND, Ca DIREEL RO DT
7OV IR DGR DR FICRERE L 525
—KTHLZEN MRS, 2T, RO EORYTIR
WIZHAET DA EN (-CO0) ET VRV F 7V A
FTOAEMD CalZIVRESNDZ LTIV T 7o U7
IMEHESNI-FE R LB 2B D, FT, Virgin & Used i
DAF PR DA A T 5 &, Used D 73K
LUK BRI OIS TR RS2, ZOREF1X, Virgin
L Used D F HHKMEDE O DRIK EZ 2 Hid, AR
FECfE L7z Virgin 5& Used BEOM B a0MEE k5
FREDBNZOWTIAFRIC THRFL TR, Z
SOOI TBUKMEZ S 572012 PVA [Z&)=a—7
AT SNTNDIE, £ LT Used IR BB H D fFIC
PVA DHBEL TBIKPEDME T L TOAIERH LT
STWD, DFEY, Used IR TIEINZL ORI TIRDRFR
AHZIES AL TEY, Ca? ICLDT VR F IIV L DEE
BOMEESNTAER, 770V I REVFELEITLI L
ZZHND,

Ca? RENIKER LORINKED Virgin & Used fEEIZL
DIGYE DFREFS R ORXRFZ L% Fig. 4 3310 Fig. 5
\RT, £7, Ca¥OF TIPS T, Virgin e Used [
EBITTBE Y E DR EZRIL, H3BO3; <NOy <CI'th-o7-,
ZONEIE, LB pH IZBITHRYTINEDOERBLOYG

YE DOEMAERETHIEICIVFATHIELENTED,
Fig.2 \Z/RL724918, A ElOALEE pH TH5 pH6.5 1230
Tl Virgin & Used FEEHIZRY T IR @A C'?*%C?'EL“C
WD, DFED, ALABEMO CrEET NOs IIMEIZEL
IR D T2 I FV ClE NOy DD [Sf%f%“ﬁf)‘%%%hf:
DITHILT, FRREEEE0 pKa 9.24 THYA RO ULEE pH
TIEH P L FFETh D HBOs XN T BRI F 5
FTIRWRERERST2EE 2 BIVD, £z, Virgin JBED
FrEFL Used EDOFREFA T 5 &, Ca?' Of 2R
PO, ETOIHYYEITKRL T Used BT Virgin LD

-96 -



—O— Without Ca?*
—@— 0.5 mmol/L Ca?*

100.0
99.8 1 @Cr
99.6 -
99.4 |
99.2
99.0

100.0
99.5

99.0
98.5

=
L 04 1|0 Virgin membrane (without Ca2+)
—/>— Used membrane (without ca2* )
0.2 q | @ Virgin membrane (Ca2* 0.5 mmollL)

Contaminant rejection R (%)

—4&— Used membrane (Ca2+ 0.5 mmol/L) 98.0 +
0.0 . ' ' ' 100
0O 10 20 30 40 50 95 { (©H:BO;
Time (hour) 90
85
80 - - - - .
Fig. 3. Comparative flux decline of virgin and used 0 10 20 30 40 50
membranes. The feed solution contained 10 mgC/L of Time (hour)

Aldrich humic acid. Initial water flux (Jo) was 0.70 m/day for Fig. 4. Rejection of (a) Cl-, (b) NOs-, and (c) H;BO; by

both virgin and used membranes. virgin membrane
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Fig. 5. Rejection of (a) CI, (b) NOs", and (c) H3BO; by used membrane
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Fig. 6. Time course of the advective fraction of the total
water flux passing through nano-scale pinholes in active
layers (o) for virgin and used membranes in the case where

Ca?" was not added in the feed
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No. 1510

Relationship between Performance Deterioration of a Polyamide Reverse
Osmosis Membrane Used in a Seawater Desalination Plant and Changes in Its

Physicochemical Properties

Tasuma Suzuki
Yamaguchi University

Summary

While it is known that the performance of reverse osmosis membranes is dependent on their physicochemical
properties, the existing literature studying membranes used in treatment facilities generally focuses on foulant
layers or performance changes due to fouling, not on the performance and physicochemical changes that occur to
the membranes themselves. In this study, the performance and physicochemical properties of a polyamide
reverse osmosis membrane used for three years in a seawater desalination plant were compared to those of a
corresponding unused membrane. The relationship between performance changes during long-term use and
changes in physicochemical properties was evaluated. The results showed that membrane performance
deterioration (i.e., reduced water flux, reduced contaminant rejection, and increased fouling propensity) occurred
as a result of membrane use in the desalination facility, and that the main physicochemical changes responsible for
performance deterioration were reduction in PVA coating coverage and bromine uptake by polyamide. The latter
was likely promoted by oxidant residual in the membrane feed. Our findings indicate that the optimization of
membrane materials and processes towards maximizing the stability of the PVA coating and ensuring complete
removal of oxidants in the membrane feed waters would minimize membrane performance deterioration in water

purification facilities.

-101 -





