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Fig.2. Typical changes in pressure and observed rejection during the dead-end RO concentration of L-Glu with ES-20
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Fig.3. Changes in RO surface during the L-Glu concentration with ES-20 (Co/Cs 0.4, U 0.1mL/min, Temp. 25°C)
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Fig.4. Surface coverage of crystals on the membrane

surface estimated from SEM image
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Fig.5. Effect of feed concentration on the changes in R and pressure during the RO concentration
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Fig.7. Effect of membrane type on the changes in Robs and pressure during the RO concentration

IR O R R BN XA IS LD vt 3. 2. 3 [EDEEDEE

WAL LKA T D2 e oo, TR T % Ol FELIEZRDEVY RO 5 (ES-20) LFHERDEVY NF
DFEFHOIEREIT, 25°C DS Tl LA EHCIR D FE i (NTR-7410) D tb#A1T 577, Fig. 7 (2 Rops EEFIDZEAL
ML= SCOLEMTITEBAIMATHY , Bk TR IETIROBEH O B4 R, HIEEO[E
(ZIRBBIH 7R EREIT Bl S e o7z, NTR-7410 T, EZET T 7= #PH TIL, Rovs | TIRIEBH 1A

-101 -



BV Z IR LT 0.91 FREE DO CRE LA R LT,
£ ENTIEEOISHED | MPa DL F OB THEB L, K&
PRI RN T, JRta FEER % DIEH O SEM 725
VRS RS N2 o T2, NF IR - s
TR OZEE)IE RO fE (ES-20) LT K EL BB Z DRI
WZOWTE R TH-T,
3. 3 RIEAEDEMENE

L-Glu &5 T EMNETHELL R IR E DT
/W Tih% L-His, MR RKEWHLWEE NaCl,

KCl. BaCl,. SrCl, (25T, RO(ES-20)52 U N C i
L7z L EOPRMEREZ iR LT, BB OYYEZ Table 2
[ e S

Fig. 8 |Z L-His OGR4 7~ 9, L-His 13X L-Glu D
B ERIBRD RS — Zm Uiz, IR R E D 2B 25 X
AN RBAFI L AN 2 AT TSRS T, R E L O
@ SEM {57 S5 — [ G f S ER S Tz, AR
Rz s BT gl d, L-Glu (ZHi L TRy vz
AL, ZOEIIWEICEG OETHHEE 2 DD,

Table 2. Physical and chemical properties of solutes

Molecular Weight Solubility Cs (257C) pl
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L-His (CsHoN30,) 155.2 4.27 7.59
NaCl 58.44 359
KClI 74.55 359
BaCl, 208.23 28.9
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Fig. 8. Comparison of concentration properties between L-Glu and L-His
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Fig. 10. Model for L-Glu behaviors on the membrane surface during the concentration
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Concentration of Salt Solution by High Pressure Reverse Osmosis Membrane and

Properties of Scale Formation on the Membrane Surface

Kazuho Nakamura
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Summary

In the crystallization with reverse osmosis (RO) membrane the crystals grow at the concentration polarization
layer formed on the membrane surface. For establishing the crystallization method with RO membrane the
prediction and control of behaviors of the concentration polarization layer will be required because properties of
crystals will depend on the time profile of solute concentration during the crystallization process. In this study
the concentration properties of some solutes including amino acids and soluble salts with RO membrane and
crystals formed at RO membrane were observed. For the prediction and control of the concentration polarization
layer a mathematical model was developed.

L-glutamic(L-Glu) acid were used as a typical solute for the RO membrane crystallization. The
concentration was performed with RO membrane (ES-20, Nitto Denko) by dead-end mode with a HPLC pump.
The pressure drop and rejection of the solute were monitored during the concentration. The crystals formed after
the concentration at membrane surface was observed by SEM images. The effects of operation conditions
including feed solute concentration, temperature, membrane type were studied. The solutes including
L-histidine(L-His) acid, NaCl, KCI, BaCl,, SrCl, were also studied.

From the observations a concentration mechanism of L-Glu with RO membrane was proposed. In the early
stage of the concentration the L-Glu was concentrated at membrane surface over the saturated solubility without
crystals. Then the nucleation and growth of crystal were occurred at membrane surface. When the membrane
surface completely covered with the grew crystals the pressured drop increased steeply because the back diffusion
of L-Glu was hindered by the crystal layer and osmotic pressure would increase. Finally the RO membrane was
destroyed by the osmotic pressure. Same concentration pattern was observed for L-His while no crystals were
observed on the membrane surface for NaCl, KCl, BaCl,, SrCl,.

A mathematical model for the concentration polarization layer was developed by accounting the mass balance
of solute at membrane surface including crystallization of solute. The developed model could be fitted to the

experimental results and was useful to predict the behaviors of solute at the membrane surface.
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