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2 ok Aty Fo vhE 2 A7t w3l A He A7 9k 23[9 Wi F =R E(NE2540-90,
NF90-2540)3} 3% 79 HAH%E ul ¥ &(BW30-2540, RE2540-TE 2 XLE-2540) 3t E3tx &3} w4 &S 24590 F
FA& AL Ut AE Ax B Ape] ALE Urdd BnEy JAE onE Zo A NE2540-90 Bt Eo] Hlu
T4 A7 T 7P AAsEATE NE2540-90 R E S AHE-3ho] Umz OLg 8 kgfem’Z 3191w, vluE 2 Az
7hel A& A7 98.2% B 99.0%°1A L, EFuE, AF, M, ¥4, 2EEF 9% wEd dE HHZ'"?—E?_ 717k 92.0%,
83.6%, 96.0%, 45.1%, 98.6% % 69.5% It MAXA R Aotr3 247 g8 15%% 6@ Aelstis o, vhig de
7h S ZH7 1489 pg/L 2 858 mgLE FFHHJUT Yo T i wHFE AFEY HMH# A7+
skl slof 7l eRRY FFENTel 7}55‘ Aoz AT

Abstract: In order to select the most suitable membrane to the concentration of vanadium and silica in groundwater, two differ-
ent commercial NF membrane modules (NE2540-90 and NF90-2540) and three different commercial RO membrane modules
(BW30-2540, RE2540-TE, and XLE-2540) were tested. The membrane characteristics test results showed that NE2540-90 module
was the most efficient because of higher permeate flux and similar rejection coefficient. Using NE2540-90 module at the trans-
membrane pressure of 8 kgf/sz, it was found that the rejection coefficients of vanadium, silica, aluminium, chromium, iron, boron,
strontium, and barium were 98.2%, 99.0%, 92.0%, 83.6%, 96.0%, 45.1%, 98.6%, and 69.5%, respectively. It was possible that va-
nadium and silica contents of groundwater were concentrated into 148.9 pg/L. and 85.8 mg/L respectively by six-stages NF pro-
cess at the recovery ratio of 15%. The waters produced by NF, which are enriched in vanadium and silica content, are expected to
be commercialized the various functional mineral waters.
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1. Feed water 2. Raw water tank

3. Temperature gauge 4. High pressure pump
5. Flow meter 6. Pressure gauge

7. Membrane (NF/RO) 8. Valve

9. Pressure gauge 10. Flow meter

11. Pressure gauge 12. Flow meter

13. Permeate 14. Mineral water tank

Fig. 1. Schematic diagram of NF/RO process.
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Table 1. Characteristics of Membrane
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Fig. 2. Permeate flux as function of transmembrane
pressure.
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BW30-2540 < RE2540-TE < XLE-2540 < NF90-2540 <
NE2540-90 =M 2 S7Fetion, v ofshete] S
£ QAR RY g9t M 52 FRAES UE
_l l—E uh:r‘:_,,]. \,],_Lo:]‘,,]. ul—g_%% 7_]—7_1'- XLE-
25403} NE2540-90°]%1 2.1, NE2540-90 225 ©°] XLE-
2540 SR ERT 61.5~69.9% J= FIAEo] E94T)

oh2ERFHS 10 kgdem® S 2 39S W NE2540-90,

Eds
B

A4
=

o 3 v

=

RO NF
Item
BW30-2540 XLE-2540 RE2540-TE NE2540-90 NF90-2540
Membrane tvhe Polyamide thin-film Polyamide thin-film Polyamide thin-film Polyamide thin-film Polyamide thin-film
P composite composite composite composite composite
Effective area (mz) 2.6 2.6 2.5 2.5 2.6
pH range 2~11 2~11 3~10 3~10 2~11
Max%mum feed silt 5 5 5 5 5
density index
Free chlorine <01 < 0.1 < 0.1 <0.1 < 0.1

tolerance
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Fig. 3. Rejection coefficient of Na as function of trans-
membrane pressure (Na=19 mg/L).
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Fig. 4. Rejection coefficient of K as function of trans-
membrane pressure (K=7.5 mg/L).
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Fig. 5. Rejection coefficient of Mg as function of trans-
membrane pressure (Mg=6.39 mg/L).

gHez E& A Uehyd

UEF HHxﬂgL XLE-2540 ¥t 2E0°] 714 =
HlA &S 2o, BW30-25400] 7H4 @& wjA &
UERIS ZE9 wiAleS YEFY A5t
o] BW30-2540°] 7} w2 wiAl &S e AT

SIS 8 kgflem’ O 2 31%1S W), XLE-2540, BW30-
2540, NF90-2540, RE2540-TE ¥ NE2540-90 ¥ =&
AA YEF tigk wiAl&S 474 99.3%, 95.7%,
98.6%, 97.8% 2 96.6%°1H o™, ZF hat wAE
S Z+7Z} 99.0%, 96.3%, 99.3%, 98.5% = 97.3%°]
At
3.2.2. 27} o|29| uiHg

Astr Fo FrEHA e WEAY 271 o] &2 1t
Jul 5 Mg) T} %}H(Ca)olwﬂ o5& &9 7 E(hard-
ness)E U= FAEo|th

Fig. 5¢ Fig. 60 Z} tid-d-dE 2HEASH(TMP)
Hste] g vade 2 2 ol WAE 34 4
HE 247 deriSith 171 o] 29 7oA el 2ol B
© 479 BE BEd et wiAsE St o
vl B Zg o]29 wWiAlES SUFsH T

3 BW30-25402 A stale GAFESH Yol
ot 7] miavls 9 P o] tigk viAlE Abole
A 04210134 BW30-2540< Al & 2HollA A
of FFol ARl 99% ool wiA&S YERH AT

—h_ 23S 8 kgfem’ O & 3190 W) XLE-2540, BW30-
2540, NF90-2540, RE2540-TE @ NE2540-90 ¥ R &
A v ol td wAE&S 2 99.8%, 97.5%,
99.9%, 99.9% % 99.9%°]| o™, Zxol i wiAl&

m o rlo



o/ 4% 348
R B Tl S S B
-
s
a —
_‘_'___,_,—»F__
z i e
L
- -
§
8
@
§ o
i ——— W358
52 - a KLE-2540
i HETSA0-80
— = — e NFBO-ZI0
— - —  REISMLTE
80 ; T T
F 4 i B 1w 12 14 18 18
TMP [kg,fem’)

Fig. 6. Rejection coefficient of Ca as function of trans-
membrane pressure (Ca=8.95 mg/L).
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Fig. 7. Rejection coefficient of V as function of trans-
membrane pressure (V=53.0 pg/L).
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Fig. 8. Rejection coefficient of SiO, as function of trans-
membrane pressure (SiO,=36.3 mg/L).
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tion of transmembrane pressure.
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Table 2. Variations of Groundwater Ingredient During the Six-stages NF Process
Hems _—_— Mg K Sio,? \% Ca Zn Al Se Fe Sr B Ct Mn Cu Cd Ba
p
mg/L mg/L mg/L  mg/L ug/L mg/L g/l ug/L pg/l pglL ug/L ug/L ug/L  pg/l  pg/l pg/L pg/L

water qual- 5.8~
ity standard 8.5

raw water 8.6 263=59" 6.0+0.5

Ist

8.5 29.4+33
concentrate
2nd g6 302449
concentrate
3rd
concentrate 86 39.145.6
4th
concentrate 85 465469
Sth
concentrate 85 49.644.1
6th
concentrate 85 3525474
Ist
permeate 8.7 0.39+0.2
nd g6 04803
permeate
3d g3 050404
permeate
dh g5 054202
permeate
Sth g3 0.60£0.4
permeate
oth g3 067203
permeate

8.0+0.1

10.10.1

10.4+0.2

10.9+0.2

11.9+0.2

13.0+0.2

0.1£0.01

- - - - 1,000 200 10 300 -
7.540.3 32.1+1.6 53.0+1.3 7.8+0.3 1.5£0.6 10.0£1.3 <0.22.07+0.2 34.9+1.2

9.3£0.1 39.6+1.1 64.3+1.9 7.8+0.2 2.9+0.2 16.6+0.8 <0.2 2.1+0.2 37.34x1.3

11.7+0.1 45.1£0.7 83.0+4.4 12.5+0.1 3.3+0.2 19.7+0.7 <0.23.36+0.9 40.28+1.7

11.8+0.1 52.6£0.9 105.2+4.3 12.7+0.1 4.1+1.5 22.4+0.6 <0.24.71£1.0 49.34+0.5

12.740.1 60.3£1.2 114.3+6.3 14.0+0.2 4.2+0.9 23.3£0.2 <0.25.44+2.7 56.48+0.7

13.9+0.2 76.6£0.7 128.9+29 15.5+0.2 5.4+0.3 26.1£0.9 <0.25.49+2.2 60.41+1.3

15.4+0.2 85.8£0.9 148.9+4.417.2+0.2 5.6+0.3 29.4£1.7 <0.2 7.7+4.6 66.41=1.5

0.5£0.01 <0.05 2.0£0.3 0.1x0.01 <0.2 <02 <02 <02 <0.2

0.13+0.01 0.740.01 <0.05  1.6+0.2 0.1+0.01 <02 2.0+0.2 <0.2 <0.2 <0.2

0.19+0.01 0.9+0.01 <0.05 2.6+0.4 02+0.01 <02 1.8+0.1 <02 <0.2 <0.2

0.19+0.01 1.0+0.01 <0.05 2.4+1.3 0.240.01 <02 1.8+1.3 <02 <02 <0.2

0.26+0.01 1.2+0.01 <0.05 2.8+0.4 03+0.01 <02 09+03 <02 <02 <0.2

0.31+0.01 1.4+0.01 <0.05 4.6+1.2 0.3+0.01 <02 1.2+0.2 <0.2 <0.2 <0.2

300 500 - 1,000 5 -
17.8+1.8 1.3+0.5 <0.5 1.0+0.1 <0.5 2.4+£0.3

18.8840.9 2.0+0.7 <0.5 1.4+0.3 <0.5 2.56+0.3

19.3542.8 2.2+0.8 0.7+0.13.0+0.1 <0.5 2.95+0.4

14.95+1.2 2.5+0.9 0.9£0.03.4+0.1 <0.5 3.24+0.2

14.48+0.8 2.4+0.6 0.9£0.14.0+0.2 <0.5 3.78+0.4

17.62+0.5 2.4+0.7 0.9£0.14.8+0.2 <0.5 4.02+0.3

19.31£0.8 3.3+0.6 1.1£0.16.0+0.3 <0.5 4.37+0.2

19.64+1.1 <02 <02 <02 ND <02

19.36£0.5 <02 <02 <02 ND <0.2

19.3+0.8 <02 <02 <02 ND <02

17.62£0.5 <02 <02 <02 ND <0.2

17.80£0.7 <02 <02 <02 ND <0.2

19.64£0.6 <02 <02 <02 ND <0.2

" Values are means + S.D.
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