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THE EFFECTS OF SALT ADDITION ON FOULING IN REVERSE OSMOSIS
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Y oshiaki Kiso* and Takane Kitao*

ABSTRACT ; The membrane fouling in reverse osmosis is a serious probrem because it reduces solution flux
(Jv) and rejection. In this work, the effects of salt addition on fouling of polymer solute were examined using
cellulose acetate membrane. In the case of poly-nonelectrolyte solutions, it was found that Jv changed little
and salt rejection was increased slightly due to gel-layer (fouling layer) on each case. In the case of poly-electrolyte
solutions, both Jv and salt rejection decreased as the salt concentration increased.

The relationship between the permeability through the gellayer of poly-electrolyte, CMC, (A ) and the
salt concentration (Ceq) Was recognized as follows:

In (Ac/AG)=-av'In (Cea)+b (v*is valence of cation)

It was obtained that there were linear correlations between In (1 - fobs) and logarithmic concentration (InC).
The addition of multi-valence cation increased the permeation of Na* included in CMC.

These results seemed to be brought about by the deswelling of polymer gel-layer (fouling layer), which cased
by the salt addition.

KEYWORDS ; reverse osmosis, membrane fouling, cellulose acetate membrane, salt effects on fouling,

permeability through gel-layer
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21 ¥ Em
¥FEEIELVo 2T T MR (UTCABEEWETS) T, to—-RT 7~ b (Bbwt%H), wvA
FIF (0wt%), Tk (SwtB) OF -~ THABEL, HHEICHE > THBET - 7o BIRTT~86CO

FEDREDOKEBHR TIONHEBME AT » 7o FERITH Table 1 Solution systems and salt rejection
TEHRIHOMLUHBOMPa DIESNTT2BEEE(NE of membranes
fToteo EBRICH L B DONaCl(20m mol/€ ) Doy BERE Memb.No frng*  Solution System
(frac) BLUEREIT - LBBRER 1 IKRT, 1 0625 PEG
2.2 EBEHRERE 12 0.455 PVP(K-90)
ERICH LR EREREREF - DEARA - b 21 0.798  MC-8000

22 0.937 CMC(NaCl)

23 0.966  CMC(MgCl,, Na—Cit.,Co™)
24 0.947 CMC(KCl,CaCl,,SrCl,, BaCl,)
25 0.968 PAA,CMC(LiC})

JVv—7TC, REWEL L, BYEEEBRI 0 A THS,
DEBTHRT7 + - FERBIRLL THEBHEREIDILVID,
EEBEBEENTO7 « — FRBEZLIE LD THE 0,

BEEGREAE L T40MPa s L, BEE20CE 25T 31 0.980 CMC(NasSOs Ks[Fe(CN)o])
T—BIC R » o HHEREIEYR 50r.pom. &L, R 32 0.951  CMC(NaCl,CaClz, K([Fe(CN)¢))
T UNEESF M) Y LABEKTIE 1000r.p.m. & Lo * condition ; NaCl(20 m mol/1), 4.0 MPa

EREBFTHAEHVEBBEABRLIT -1t R, SRTHREOEBARET >/, BN FHRROBEER, M
ERG#% 2R ERBL, BWREBKE (JWP—ERE- L EE2BIDTRAEMBE Lit, ZOROED
DOTHEMERET 7o RINBEOLEBLBEBRO—WICERIV T 4 — FBERINA, S5IKEDD
BREOMAT, FETTHSDMBHELTLOMELZBB L. MEMBR2~4BBUEREL, BE&
BARABR (JOBLUOBBRBES —ETHLILEEHPOTHUEMBL L. BEDRM I OHBE (a3
KLk ->THEH L,

fo =1—-C2/Cs CEKEE (mmol/€), C.; BBEEE (mmol/f) (1)

HE, BBBEOTOC T XTHREBRUTT, S4FAERREELBIEEN TV 1,

2.3 BRAR

) BoFEKR — SHTHERELLTE, Ry xFLr vy )a—n (PEG20,000), #) €=l

F¥ (PVP,K-90), A Fwtm—2 (MC 8000) #MiliGoF AV, BER10g/kHOELEk. &

DTEBEELTRANEF VY AF LT — X o F b Yy atE (CMO) BLUER) 727 ) v+ Y2

4 (PAA) B0, CMC 3T RZE220FFHAVT, BERI0g/ksH0 L L. PAABBOBE R

1.0g/kgH0 & L, ¥ 5 iHCl, NaOH KBE AW THEBE DO pH % 3.20 & 852 iIKFAEE L /o,

2) ¥ M — CMCHEBLUATIEESE LTNaClZEM L, CMCBERTREICRT b0ETRmOT AL

72 -NaCl,KC1,LiCl, 7 = Y=+ b Y 7 & (Na-Cit.), MgCl,, CaCl,, SrCl2,BaCl,, AlCls,LaCls,Na.SO.,

Ki[Fe(CN)el, Ki[Fe(CN)elo TN HEMEDBE X 5 ~40m mol/ PO & Lo SWHFA Y Z2EUHE

LTE~FH 73 vaxur (D) E0 (Co(NH:)6elCls) 24 L, 2~10m mol/f O BEE&HH TIE
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D 1.0g/kgH O TOIIZB EAETIIRFELLEEBhBERE NV, LML, CMCiE 10g/kgH0 & &
ERBICE T, PAAREpHABICE L ChARE CHO L, BEFNESSEELHE, 0L
HELCETT 3B, ERETHND I LA CA BE ity VEOHEDSH S HILRDS N, &0
O RMEBNAEES W &4 F T, NaCl, CaCl, 2N L = HA0 N RBHOE(E, BHTHERE

oW TiRE2R, GO TEREICHOL Table 2 The effects of salt addition on poly-
THE L, 2icqRd. MARMLE WE nonelectrolyte solution systems(20°C)
’ N o am g

HED0BRBAFREAIEL, BEMERT Polymer * Salt & conc**  Jv/JV  fobs fca***  Memb. No
DENEIELT, O/ 2 H PEG NaCl 20 1.00 0.689  0.625 n
CTERRAEBRE I RT TR O RS PVP(K-90) NaCl 20 0.977 0542 0.4b5 12

- © MC-8000 NaCl 40 1.12 0.865 0.798 21
EREL 12,

MC-8000 CaCl; 20 0.848 0.960 0.908 21

= Ak S e G ;

MATHRERTBERATONBIERN  yogooo cacl, 40 085 0961 0908 21
ODEEXIEAEZT R, —7H, * Polymer conc.; 1g/kg H;O, **unit; m mol/l
WNE DS EE (foo 13, BRMEE —R 5 *k% Salt separation degree of CA membrane
FTCOCABIK L B08E ()it TH B EHEPABED 5,

—BCEEENEERL TV A VBESICBVTE, 14 Y08  10kegmcc------- et 8521

PHEIETL, BEATASEELLZVEAILETAA Y ORBES » PAA+NaQI
BIERKELRBLEELOND, R2EAT LI CEEHFENORFILER o8r
E-TAA vHBESEMLTOEI LR, BRE (K VB B »

KHSA 4 Y RRBIEABE LTV B EERL TV B, THDSE, M > 08

CMC+NaCl

EENECABE EICHRSNs BOFAF 3y s/ BERRTL

EHTED, UL, BEERBSTES Ay s BOEHET ] cMChCact

BACABOA & Y HRENKEVE®, 442 ACARE ¥ LD o, o
CEBI L AR AERI AT L L B, 10 20 30 40

- . ‘ ] salt conc. (m mol/l)
SAFTBBERTHE, BMAMIC L > TIHBET L, BREDHEI g | e effect of salt addition on Jv of

CELIRFDEBENKELLUIERAVED SN, PAAIL DWW TR poly-electrolyte solution systems
15 7R M0 O BB CMOI o~ T/NE f o 72 b5, PAATSHGIREE 31.0g/ kg HO (20°0)
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B RSTHEENMOEZD, WBLU il 20 THHEHTHD,

o, BHTERECLZENBRENTIEEIE #EEELET
SEEEPFELVEHEING, BNTERECLILAERAENK

M BMEHRICOVTCMCER VTS 5 KRH AT - 720 10
3.2 CMC%ﬁ@hK&@?Eb@%Mﬁ@“

CMCHAB B4 OBBEEAZRML, BREBRR (JDICKET HE 08f
OV TRAEIT . K3 KIBEBFEE20CIKEVT, #F4 v
OB 1 ~3MOBAMERCHEEOKEEATRT. M4 itidig
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HO(JOE—RICRD Lo RS CRTERD D, #F 4 v QKL
KECHEE, JORDPBELVC EDBW P ER 10 4 £ D 0 10 20 30 40
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CaCl. IRMRICHRB L OTRPREDOTHD, 724 VORI A F Fig.3 The effect of salt addition on CMC
AU OMBEEINCRIETHEBRIRI U oFe SN TFA V% solution system (20°C)
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Fig. 4 The effect of salt addition on CMC
solution system (25°C)
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DEEZEZ SN B,
BHRBAFEERPCAEEIS VB “EEIcL - TR A2 2D
360ELT, RAKI->THVEBOBBEK (Ag Bkl

Jw=Aw X 4P 2)
{Jv =Ac X 4Py = Aw X 4P, (3)
4P=4P\ + 4P, (4)

Jw : CARDHKFEBFEK (cm/sec)

Jv :CABR—4 " VE_EBOBERBEBRHE (cm/sec)
Aw: CABEOMKEBEI (cm/sec+Pa)

A : Y VBOBEBFEE (cm/sec Pa)

4P FovBomMoBHIEE (Pa)

56 810 20 40 60

4P CAEOHEMOEHMENZE (Pa) salt conc.(m equiv./1)
4P R - BBBEMOENE /% (Pa) Fig. 5 The relationship between Ac and
BABRMLBOSEOr VEBOBERFZRKE (AL L, ExE salt concentration (20°C)
BMLEBADENE (A ETBHE, FABIRIET AN 2 of o
DEEIL (AJAS) TEDLDEN S, (AJADELHEMEBEBRE O {‘Ba Mg
FRAERS~TWERT, 2T, ZAMEBRERILYEI A VERE /
(mequiv./ &) TEDLTH B, ChEDERD S A/ AD D & 15T /f
W ERMEBEOWHE OMCBERBARPEKD I > &EMH < Ca
50 215 5 720 KCIL [CONHCla NasSORMAROBRIGES ) 1.0|
COBEEDSOFNARB SNLH, FBCHT BEDE < 4
BEOHBIRKORBRATEES M, 505_
In (A/A¢)=—alnCe+b (5) r
Cea: BINEDUEA & v EBE (mequiv./ )
ab: EOEHR o TR
BEmEcxdRa, bofEAR3IKRTEEbI, HF salt conc.(m equiv./1)
AVELIT=AVvOMMEEKa LOBREERBILRT. 7 Fig. 6 The relationship between Ac and
NEOBBEH (Ac) OEMEBEREED, & >iCEONF salt concentration (20°C)
A VOMBICKEREEL2ZY, FRaAEHF4 v OMMEicZ
EHBT BT EDBBODEL 70 LES-T, (ADEEME 0| CaCly

BEOBRE, #574 vl (W) 2E5LEBRATHEMEN S,
In (Ac/AS) = —aov InCe+b (ao: IEDFEHD (6)
CMC itk aEmEmANE (YB3, BELLET =2 Y55
FHrauEEL LN, £EA AV EDR KK Donnan L& K D
o, BWES VOBEICE LT, Floryld 7 v B TORBIE
EFNOREBEENEETLZEEZ, Yro@tlitEd 3
1ifi— | BERERBEOMMBEE V., CCTHEKRBEDK
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-1n¢( A, / AG°)
(o]

° K3lFe(CNi|

0 Ky4lFelCNg)
Mmiek - TH voRBBEMNES LS, F00b BB NaC!
TEMEPEROICR S No —F, ERERRTON T4 ¥ O 0 20 20 0 100
THBIEOEEER, XEIFA VOEBARECRIREE salt conc.(m equiv./1)
T4 %42 &% Calman EARL TWH %% Fig. 7 The relationship between AG and
In(qn/qn’) ©— n ) salt concentration (25°C)
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Table 3 The values of parameter a and b

in the equation (5)

n Salt a b r Memb. No.
choosihs, SHTEREC L s BEENBICY  Licl 0425 0511 0997 25
TARMEOEREL LT, RuEckzBEng (K NaCl 0.516  0.679 0.999 22
) OBEEIc Y - T AVBSBRENT 240, S B KCl 0.427 0737 0.989 24
OEBRRDBRLTELDEELZ NS, Na-Cit 0.491 1.07 0.999 23
3.3 CMC BRRCHIBEMEOSEEEA A VO CaCls 0.715 121 0007 24
. MgCl, 0.773  1.29 0.999 23
ER BB SrCl, 0.894 1.52 0.999 24
3 F M E B R IC NaCl, CaCl % 7 M0 L 7 B & D 7 BaCl, 0.864 141 0998 24
MEORIPTOSHER, TTEH2IR LKL IICE [Co(NH3)s1Cl5 1.43 306  0.994 23
BEOBMICLADG>TETTA2HBIIBZD SN 12, Na;S04* 0.398  0.556 0.992 31
CMC ' vic k2 BEENER, #FA4 VRBED 54 F Ks[Fe(CN)s] *0.411 0.688 0.991 31
Ty /B EEZ N, EMEOHEREE I Donnan Y Ki[Fe(CN)s]*0.425 0.783 0.890 32
CEBENEbDLEEAS. F¥VEOMEEEA G, 5  condition: Temp. 20°C, Press. 40MPa
RO 4 AV BEEC, YLUBADHFA VB LTT = * Temp. 25¢C
A VBEEETNENC,,C-EFHLE, FELS M- I MERE 6
BRFTOC., C- RO LS K EDEN G, r °
,/cation
c.= o wrEramhe ) ® " R
© 4 . ‘.
C-= g {-owov ibbT | 9 o e
RHL bub BAFAVEEOT A O EAORRE  04f LT e
WA Td. Y VBOHOBBIC. I &> TIREBDT, 05 T anion
EIHRA &S, 0 T . 3 s
f=1-C/Co (10 v
L TC AMET I ENBEI RO LILEDE S, Fig. 8 The relationship between parameter
a and valence of ion
t=1+5{(8/Co) -y I5" | w
G, 03C T, Co=0 LEBTAHE, (RKRAOD LS I o2r 245
'ﬂﬁéﬂ’b_éo \ ~ oal / //‘Ngg|
f=1-h.b-(Ce/O) 12 @ s
. o e . 0 g
Lich-T, CABOSBES—ETHNE, RO OS5 BES “ 005} /” Lict
g BE & ORI b LiRESERART T 50 &I1CK 5, ~ ¢ / 25
FEMEO RS ONMEE AT, (1-fw) &BIEQEDE
Fk ERERBEREBDSNSF, K9, 10RTE S Cin (1- 002r /‘th
fo) E10CE DEMBEARD LNF, lgawa &b A F 1 o 7 orl 22
e 0 2 3 82 5 L C IRBE 75 B & #%% LCL B0 SO0k 573 Donnan T TS
THEREOLA—HOBRHE L TROELEZLOSNS, (1) 51 F salt conc. (m mol/1)

Py IBONRRTHLICABEDERERNG, “EEICL?
AEBETHCAE - Y V"EBREK B 29AREREBYY LB
OEBEHEIC L EHEAZT 3, DERMICL A2y VEONKE (K
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B k-7, YVEBOMEBEE (6)3 L UFEBLH (b, b

LELEZY B, 0.2
CMCHE£HFRICBF 54 A vl Eic 0T, BmEo g
0.1F

HEEELT T, CMCEEEFNTVL 2N OFBEEILH>VTH
EHITOLEDPS D, BIMEDHF 4 v &, TONa OMEEANK —
HEANMAREL S, M1l, RRBBERRICET BNa EBEMNH
FAYORME (fo)OBFEFT. LflinFA4y (LisK)BEN
P HEMAF 42 ENa OAMEICAAE BERRY 5h ~ 002f
Bpote, BMAF 4 VEMRCEBT 2HRMEO DM X5 < #
BENGN, £ETHNa OSBEREMEREOBME & &ic 0.0t
ELCRLT 22 EBBD NI, T OFBIE, 2HLD b

y e 0.005
3MWAFA VEMRECBOCTLIOEEFETH - 7. CABEH KD [
NaCl #3047 Ll Db DTH Y, ML, 120BRTIENa” 5 10 20 40
DRI OHED 0603 F TETT 2 (CHHBEMRB) HEMHD, salt conc. (m mol/l)
s - s e cnm -

ZflihF A4 VIR TENa BRRIOICEBS 5 EHBH b & Fig. 10 The relationship between fobs and
(AT A salt concentration (numbers in figure
1.00 Memb. 25 1.0 Memb. 24 are membrane numbers)
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. 0.7t S
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H Memb. \ 06t—tmi————d 08 At
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Na M - 24 +
0.6 Aemlb Fig. 12 The rejection of Na’ and additive

1.0 2l0 3.0 4‘0 06 10 20 30 40 cation
salt conc. (m mol/l)

Fig. 11 The rejection of Na" and additive
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