9 B 3 Q1 (Membrane Journal)
Vol. 18, No. 1 March, 2008, 7-25

AMHEGHE &otet 01 o Mzt 22300 2lst ZE0l=2 FA

Removal of Aqueous Calcium Ion by Micellar Enhanced Ceramic Membranes Adding
Surfactant

Bo Reum Park and Jin Yong ParkT

Department of Environmental Sciences & Biotechnology, Hallym University, Chuncheon, Kangwon 200-702, Korea
(Received December 24, 2007, Accepted March 5, 2008)

2 % B dFdAE dg ol AAE fd Zus&dd YAvAEECMC) oldes ol ATE A sodlum
dodecyl sulfate (SDS)E TYste] S AT 3, v A FW Zg oY F& B @JQE A sHAEE 22
7o A=te] S2RoR WAt 1 A3, 99.98% o) EE WAeS BT E 291004 TMP7} -—7}“5&#
5 HRER)S S7HhE AT EAAT, 75E St ddf oA (V) B —rXP ﬂ FIAE(Io), FId )
AN F7rstAT. =3 Mg 2w st T71ﬂ Az QRS AT FE, Ao 948 AEBT) o 93 Az
(FT), & GAH A F719 F3Fe 2AAT 2 A3, NCMT-6231 (3771 0.07 um) ¥ NCMT-7231 (0.10 pm) &2/ 2]
A& BT= 27 10%, 1520104@ w3 HA FTE 257 By 2F SEOE, Wid 24 A Fo] oS Ao
E gaAZT 3 dg8doR ’éﬁ*“}ﬂ =28 44 Az FF LAY AR AL s Askaed 4%
¢ A, 237 2T BT ZEE 99.98% ol AAT ¢ AT

Abstract: Sodium dodecyl sulfate, which was anionic surfactant, at a concentration higher than its critical micellar con-
centration was added to calcium solution for forming micelles. Then aggregates were formed by adsorption or binding of
calcium ions on the surface of micelles, and gathering between them, and then rejected by two kinds of ceramic mem-
branes to remove calcium ions. As result, rejection rates of calcium were higher than 99.98%. And in our experimental
range the higher TMP trended to increase the resistance of membrane fouling (Ry), total permeate volume (Vr), dimension-
less permeate flux (J/Jo) and permeate flux (J) because TMP was driving force. And we investigated effects of
N»-back-flushing time and filtration time, that was back-flushing period, during periodic Nx-back-flushing on ceramic
membranes. As result, optimal BTs for NCMT-6231 (0.07 um pore size) and NCMT-7231 membrane (0.10 pm) were 10
sec and 15 sec, respectively. Also, optimal FT was 5 min for both membranes, and the frequent Nj-back-flushing could de-
crease membrane fouling effectively. Then, the optimal conditions resulting from our experiments for synthetic calcium sol-

ution were applied to groundwater using as washing process of soymilk package. As result, rejection rates of calcium were
higher than 99.98%.
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sionless permeate flux, J/Jo), F34l<&(Permeate flux,
) B Foj3}53)(Total permeate volume, Vr) 54 ol A
BT} FTY HA $A21E =&3A0

-

2. A

Rz Y
2.1, NEME U B
2.1.1. M=ty Z219

2 A7 ASH 2359 Fee Iy v
$2AF)S) AFL2A 4 A pastold. o
A% APty 2% SHOZE §714 Fof v /]
A% AES 88 Aol $5akel AT AHgol
Feetr] WEel, 4% 2 A5 5 0k Rokol
del $4¥0 %3 Aoz B A7HD Yt
[(12,15]. & AFAAH AT Belgs AL Table |
A A AT

2.1.2. A A

2.12.1. &989

22y FAFAA ZEAAE At AT SOl
AHEA A= Sodium dodecyl sulfate (SDS)EMN, =&
A EAZ Table 20| Yttt &8, 28 Az
= 934 (CaCly * 2H,0, Jusei, Japan)= A}83}o,

1.25 mM FEE FHSH T
2.1. 22 A 5H
F =AY N AFZE AL e As(EEZ
100 m, ¥559 35 m'/day)E o2 A3



ARBAAE A7k vl 4 Aeky Relsel 9@ BHole AR 9

Table 1. Specification of Tubular Ceramic Membranes
Used in this Study

Membranes NCMT-6231 NCMT-7231
Pore size (um) 0.07 0.10
Material @ -aﬁllf}?rr:;aszgport @ -zll.larlmu'gznsau}?;)rt
Outer diameter (mm) 10 8
Inner diameter (mm) 8 6
Length (mm) 250 250
Surface area (cm’) 62.83 47.12
Company Nano Pore Materials (Korea)

2.1.3. Al
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ST, dTe 5 47 6 batA] 2L F
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o ® AHZRAE 4E AAANE 240 7MesA A

Table 2. Characterization Data for Surfactants Employed
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Surfactant Type Formula MW (g/mol) CMC (mM) Supplier
SDS Anionic C12H25S04Na 288.38 8.00 [2] Sigma, solid
Discarge
Concentrate

Membrane

module

Mass
cylinder

Permeate o5
1 ‘1‘

Discharge

Discharge

Fig. 1. Schematic diagram of the micellar enhanced ceramic membrane system with periodic Na-back-flushing{14].
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jection rate, %)= EOLRUTH Z3H SDS FY &, 2
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E 1000 mL H1A) HAF3ted 105~110°CollA 643
Az 2 FEAZ &, vHA Bigd ¢ FEAFES
Energy dispersive X-ray (EDX, S-4300, HITACHLI,
JPN) 2 X-ray diffraction (XRD, PANalytical, MPD,
NLD)E Ar&3te A&e AT =3, Askr
Yol EA3te 45 F2E49 5+ Inductively Cou-
pled Plasma (ICP, Leman PS-950, USA)E A}-838H

2459
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B & Al (aggregate)?] UEEES} A7) Laser Particle
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%45,

7% ¥, 94
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235 9 AP 42 B A5kl B¢
209 goles ICPE Agde 2AFYL, FEE
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Al 413 & DR/2010 Portable Datalogging Spectro-
photometer (HACK, USA)E °]-&3lo COD 5%
A HTHE]. A, COD 48& 53 SDS 41L& &
ol ARSAAAE AT F71E8 HY glon,
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Fig. 3. XRD analysis of spot materials caused on soybean
milk package.
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Table 3. EDX Analysis of Spot Materials Caused on
Soybean Milk Package

Element C O Na Mg Si Ca Total

Weight (%) 6.07 56.21 092 1.56 27.61 7.63 100

Table 4. ICP Analysis of Groundwater Using Washing
Water in a Soymilk Factory

Items Water quality (mg/L)
Si 11.7
Ca 12.7

HIAE AHESH S B9 S84 Si7k EDX 49
‘] Uiﬂoiz]lﬂ', XRD ‘E"A HEHZ} %?5&5}
olH3 AH=E & W, Si AL £3] EYolA I

= ROEA, H] @7@4 Al16]2 EA3td XRDY
%E_—éioﬂ/ﬁ‘* Zﬂﬂ < Aog AT EJ A3

Table 404 E&= niel 2ol Sig w5+ 11.7 mg/L
Ca® 5+ 12.7 mg/LE Ca®l X7} Al i
T2 52 EAste 22 2AE Y. TEkA EDX,
XRD 3 ICPE A3t At SUARES WA
4% 23, B d7Ae TR 2R dE=S4Y
FAHEL CalZ FHIEAL.

3.2. SDSe CMC &X

HoAfZo A AFESE SDSS CMC7F &89 #[2]
8.00 mM A E F<lstr] 3, 1.00, 2.00, 4.00, 8.00
2 1000 mM FEE 4|3 SDS §99 EuAyE =
A A3 Only SDS)E Fig. 49 EA8A T 1 A3} Fig.
4ol A BHE ule} o], SDSY EXJt Z71Ee] wel
FUAHL 43497, 8.00 mMY W 34.10 dyne/cm
2 714 @tk a83 SDSY HE7F 10.00 mM ¥
), EHAE L 3425 dyne/emE 8.00 mMET AZ Z
bt e AT olgd ARE E o, B AT
A A3 SDSS] CMC= &89 7k 8.00 mMI} YA
g2 & F AT I, Ag o] 9 EAjofF o u}
SDSS CMC H3}E &olrr] 98] 1.25 mMe Za8
o] SDSE 1.00~10.00 mM FEZ FUI}F T FHA
& o] W3 (Ca+SDS)E Fig. 49 Uehct. 1 43
SDSY F&E7F 8.00 mM¥ W, EHAEL 3140
dyne/cm% 7} Y3kom, SDSS %7} 9.00 mM¥Y
o, EEHFHL 3145 dyne/cmE 8.00 mMET AZ

HBe#el A 18 d A 1 3, 2008

55.00
5115 —8—Only SDS
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Q
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S 45.00 ;
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9 40.00 -
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& 3410 3425
oo . 3 8 ’
g—; 39.00 ’35-‘ 3295 3318
Y.L Y . 3220
&-- ‘... 3168 3140 314531
I ZRRRY SPRRR
30.00

0 1 2z 3 4 b5 6 7 8 9 10
SDS (mM)

Fig. 4. Surface tension of SDS solution with and without
calcium at 20°C.
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Fig. 5. Size distributions of calcium solution adding SDS.
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Fig. 6. Effect of SDS concentrations on the rejection rate
of calctum 1ons with various TMP conditions.
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Table 5. Effect of TMP on Filtration Factors with Various SDS Concentrations at Ca = 1.25 mM

Experimental conditions

Filtration factors

Membranes SDS TMP Vx10° Re100X10” Jox10° J100%10° Rnx107
(mM) (m’) (kg/m’ - 5) (m/s) (m/s) (kg/m” * 5)
0.6 21.79 0.21 6.47 5.26 0.79
L00 1.0 38.54 0.33 12.16 8.62 0.75
1.4 52.44 0.29 16.92 12,51 0.76
1.8 70.74 0.24 22.60 17.33 0.77
0.6 20.32 0.27 6.27 4.86 0.74
5 00 1.0 36.68 0.32 12.38 3.82 0.74
1.4 51.80 0.30 16.79 12.24 0.81
1.8 63.85 0.36 22.00 15.12 0.78
0.6 18.79 0.27 5.84 4.60 0.80
NCMT 400 1.0 30.15 0.74 11.32 6.10 0.73
6231 ' 1.4 33.70 1.44 15.10 5.85 0.80
1.8 36.70 1.90 21.39 6.47 0.75
0.6 10.56 3.56 6.00 1.29 0.78
200 1.0 10.59 7.21 10.21 0.24 0.68
1.4 14.60 9.31 18.81 1.37 0.73
1.8 15.89 12.66 26.49 1.32 0.66
0.6 16.67 0.63 5.38 3.41 0.79
1000 1.0 14.28 5.37 11.18 1.57 0.70
1.4 21.06 4.86 15.24 2.38 0.76
1.8 24.34 5.43 19.75 2.79 0.79
0.6 26.49 0.09 10.31 8.91 0.50
L 00 1.0 46.55 0.11 18.76 15.62 0.50
1.4 65.57 0.14 27.73 21.63 0.49
1.8 86.21 0.11 35.01 28.73 0.50
0.6 21.72 0.17 8.78 7.00 0.53
5 00 1.0 39.76 0.22 17.31 12.53 0.52
1.4 54.66 0.27 25.67 17.04 0.50
1.8 64.34 0.39 35.11 19.67 0.50
0.6 20.54 0.48 10.43 5.61 0.50
NCMT 1.0 28.98 0.82 17.92 7.17 0.50
4.00
7231 1.4 33.13 1.45 27.40 7.05 0.49
1.8 39.64 1.45 33.18 8.90 0.50
0.6 7.92 3.84 11.78 1.36 0.47
2.00 1.0 8.34 7.14 20.60 1.29 0.47
1.4 9.79 9.34 28.45 1.40 0.46
1.8 10.33 12.41 37.02 1.37 0.48
0.6 15.82 1.27 9.79 3.15 0.48
10,00 1.0 21.60 2.25 17.90 3.51 0.49
1.4 11.58 8.00 26.88 1.62 0.49
1.8 13.11 13.16 34.73 1.29 0.50
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Table 6. Effect of BT on Filtration Factors at SDS = 8.00
mM and Ca = 1.25 mM

BT (sec) Membranes NBF* 5 10 15

vox1gf NCMT-6231 1434 2649  41.03  35.00
(m’)  NCMT-7231 1033 2212 1939  23.65
Reox10° NCMT-6231 1211 285  L44 156
(kg/m’ * ) NCMT-7231 1241 286 299  2.55
Jox10°  NCMT-6231 2207 2278 2575 2625
(m/s)  NCMT-7231 37.02 37.18 3690 35.95
Jox10° NCMT-6231 137 487 830 791
(m/s)  NCMT-7231 137 528 508  5.80
R.x10° NCMT-6231 066 074 068 067
(kg/m’ ' s) NCMT-7231 048 047 046 047

a : No back-flushing.
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Table 7. Effect of FT on Filtration Factors at SDS = &.00
mM and Ca = 1.25 mM

FT (min)  Membranes 5 10 15 NBF

vix10)  NCMT-6231 57.65 4222 3954 1434
(m’) NCMT-7231 3622 19.37 15.16 10.33
Reox10°  NCMT-6231 019 144 240 1211
(kg/m’ *s) NCMT-7231 078 299 7.09 124}
Jx10°  NCMT-6231 17.03 2575 2604 22.07
(m/s) NCMT-7231 2022 3690 3220 37.02
Joox10°  NCMT-6231 1441 830 573 137
(m/s)  NCMT-7231 10.65 5.08 231 137
Rox10° NCMT-6231 073 068 068 073
(kg/m’ *s) NCMT-7231 047 046 048 048

a : No back-flushing.

Table 8. Groundwater Quality used in this Study

Items Water quality
pH 6.36
Calcium (mg/L) 12.7
Magnesium (mg/L) 1.45
Turbidity (NTU) 0.39
TDS (mg/L) 55.7

5Us ae
At o3} AFAE E u, B AP A A}
&3 2579 Agd £d% 71F 275 NCMT-6231
o} A9 0.07 um, NCMT-7231< 0.10 umZ, A Z ¢
2 71F A718 7FA YARE NCMT-6231 &2 =He
ko3 | NCMT-7231 EE9Rot ¢ =A7] oo
od-g-] o3l ul U]—OOd zﬁ‘sLQ_ 1ol 740; 1‘41:}%1;}
Ax A EHE oty A8, A4 dMH S s
Aol GAH ¢le WNBF)S AHE T SHAA
A5l B, NBFY o] NCMT-6231 &2t 3¢
Tioo 3r-E 1.93x10° m/sO] AT, 589 72 102 &
of i ANHE £ AT} I B 15.57x107 m/s
2 433 2 FRA&E d5ES BTl B3 NCMT-
7231 E-duke]l A2 NBFY WY Jieie 4.19x107
m/sO] YA, 5B FV2 52 5 AL AHE 7Y

Membrane ]. Vol. 18, No. 1, 2008



22 CIRt]

Table 9. Effect of Optimal Conditions on Filtration Factors

for NCMT-6231 and NCMT-7231 Membranes in Ground-
water Experiment

Items Membranes ccgllzltiitrir;ar}sa NBF°
Vx10° NCMT-6231 65.73 12.54
(m’) NCMT-7231 47.75 17.17
Vi/A NCMT-6231 1.05 0.20
(m) NCMT-7231 1.01 0.36
R, x10” NCMT-6231 0.71 0.74
(kg/m’ *s)  NCMT-7231 0.48 0.49
Reo<10?  NCMT-6231 0.32 8.08
kg/m’ *s)  NCMT-7231 0.32 3.72
Jox10° NCMT-6231 21.65 16.35
(m/s) NCMT-7231 35.62 35.89
Ti0%10° NCMT-6231 15.57 1.93
(m/s) NCMT-7231 21.62 4.19
NCMT-6231 0.72 0.12

J100/Jo
NCMT-7231 0.61 0.12

5]

: BT=10 sec, FT=5 min for NCMT-6231
BT=3 sec, FT=5 min for NCMT-7231
: No back-flushing
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Table 10. Quality of Treated Water and Average Rejection
Rates in Groundwater Experiment

Treatment Source Water A:vereltge
thod Items Membranes water quality rejection
etio q rate (%)
12.7
(mg/L)  NCMT-7231 NDa  99.98
. NCMT-6231 0.78  46.20
Membrane Magn esn)lm 1.45
process &L} NCMT-7231 0.81 44.14
aﬁers gc;dmg Turbidity NCMT-6231 o 124 99.28
(NTU)  NCMT-7231 162  99.06
sps ~ NCMT-6231 o0 690  13.75
(mM)  NCMT-7231 641  19.88

a : Not detected , Detected limit < 10 ppb.
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