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Abstract: This study is to concentrate vanadium in Jeju groundwater using reverse osmosis processes, and to utilize the
concentrate for vanadium water. Groundwater samples were taken from Wahyul, Ayum, and Seogwipe groundwater wells
with different in vanadium content each other. Their vanadium concentrations were 31.8, 44.5, and 53.0 ppb, respectively.
The rejection coefficients of every component in groundwater were increased with the increase of TMP. At the TMP of 8§
kgf/sz, the rejection coefficients of vanadium, sodium, potassium, aluminium, iron, and barium were 97.4%~99.0%,
97.7%~97.8%, 98.0%~98.3%, 94.8%~97.5%, 88.0%~96.4.0%, and 97.9~98.0%, respectively. And those of magnesium,
calcium, chromium, manganese, and strontium in three groundwater were more than 99.0% at the same TMP. It was possi-
ble that vanadium contents of Wahyul, Ayum and Seogwipo groundwater were concentrated into 88.6, 118.9, and 165.1
ppb, respectively, by 6 stages treatment at the recovery ratio of 15%. And these concentrated water (vanadium water) did
not exceed the permissible drinking water standards.
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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. RO Membrane 8. Back Pressure Valve
9. Pressure gauge 10. Flow meter
11. Pressure gauge 12. Flow meter
13. Permeate 14. Vanadium water tank

Fig. 1. Schematic diagram of RO process.
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Table 1. Characteristics of membrane

Table 2, ICP/MS analysis conditions

Module type RE2540-TE Item Parameters Setting range
Module configuration Spiral-wound, Tape wrapping Plasma flow 16.5~18.5
Membrane Polyamide thin-film composite Gas flow Auxiliary flow 1.45~1.55
Effective area (m’) 2.5 (L/min) Sheath gas flow 0.22~025
Operating pH range 3.0~10.0 Nebulizer flow 1.0
Maximum‘ feed SDI 5 RF power (kw) RF power (kw) 1.4
(silt density index) CRI gases (Limin) Skimmer (with H)  0.085~0.090
Maximum free chlorine .
concentration 0.1 mg/L Scan mode Peak hopping
Dwell time (ms) 20
2 39 Quadrupole scan Points per peak 1
Scan/Replicate 50
200 AFEAM Replicates/Sample 3
UE AN APF 2A2AL B Qe F3F
o} St 22k 045 um filter2 AZAIA B4 0. TAYE 4,8, 12 9 16 kgdom’E WA BA 54

¥, pH} A7]AEE(electro conductivity) multimeter
(Orion #1119001, Germany)E AH&-8 243t 21, Al
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(Varian 820, Australia)E o8-8 B4ttt 71 99 4
T ' 7EA4Ed g8 £4L standard methodol] F3}
of F43Th
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Table 3. Quality of groundwater
Feed water Unit Wahyul Ayum Segwipo
pH - 8.0 = 0.06 79 £ 0.15 8.61 + 02"
Turbidity NTU 0.1 = 0.07 0.1 + 0.05 0.1 £ 0.05
Ca mg/L 2.1 = 0.60 31 £05 895 + 04
Mg mg/L 14 + 0.16 5.1 % 0.62 639 + 0.4
K mg/L 6.1 = 0.65 49 + 0.89 7.5 £ 0.28
Al ug/L 8.0 £ 0.76 55+07 10.1 £ 0.2
Mn pg/L 0.69 + 0.16 <0.2 <0.2
Ni pg/L 0.29 + 0.01 <0.2 <0.2
Cd ng/L ND ND ND”
Se pg/L <0.2 <0.2 <0.2
Ge pg/L <0.2 <0.2 <0.2
Cr pg/L 213 £ 024 55+ 08 1.25 + 0.06
Si0, mg/L 29.9 + 0.35 40.6 £ 0.6 363 + 0.5
\Y% ng/L 318 £ 124 445 £ 23 53.0 £ 39
Fe pg/L 102 + 826 0.6 + 0.56 207 £ 0.2
Cu ug/L 0.2 £ 028 <0.2 1.5 £ 1.52
Zn ug/L 147 £ 19 29.2 +2.87 147 + 1.90
" Values are means + S.D. (n=3)
» ND: Not detected.
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Table 4. Variations of Wahyul groundwater ingredients during the six-stages RO process

ltems pH Na Mg K Cd V. Al C Mn Fe Cu € Zn Se Sr
ppm ppm ppm ppm ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb

water quality standard 5.8~85 - - - - 200 50 300 1,000 5 1,000 10 -
raw water 8.0 136 14 61 21 318 72 21 07 102 <02 <02 15 <02 263
Ist concentrate 8.0 138 154 656 251 323 79 34 08 123 <02 <02 20 <02 286
2st concentrate 8.0 159 181 733 275 363 89 38 09 153 <02 <02 24 <02 312
3st concentrate 7.9 179 234 958 321 476 98 44 12 189 <02 <02 32 <02 332
4st concentrate 79 229 286 1026 397 536 135 49 16 201 <02 <02 35 <02 356
5st concentrate 7.9 251 3.67 1286 424 721 154 56 1.9 220 <02 <02 36 <02 387
6st concentrate 79 339 378 1556 460 886 180 59 20 262 <02 <02 39 <02 395
st permeate 7.8 039 002 012 001 <02 <02 <02 <02 <02 <02 <02 <02 <02 038
2st permeate 79 049 002 017 006 <02 <02 02 <02 <02 <02 <02 <02 <02 09
3st permeate 78 048 002 017 004 <02 <02 <02 <02 <02 <02 <02 <02 <02 08
4st permeate 7.9 0.57 001 020 003 <02 <02 <02 <02 <02 <02 <02 <02 <02 0.63
5st permeate 7.7 066 001 024 001 <02 <02 <02 <02 <02 <02 <02 <02 <02 06
6st permeate 78 045 001 016 001 <02 <02 <02 <02 <02 <02 <02 <02 <02 06

A& Wste 4F AHY AsFE W g q A5 Z5 FAY] & AU MUES IUF F

o Wig- A ST wEtA A FRo ot 82 A& o83t FEY 52T + & LR FUHA
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ofg AYY Ast+E YR dto] ZRAGE 8 o, f38Ed ¢FrE(Al, HHE(Ba), ZE(Cr), B

kgdem'Z 29 319 o, HUES] HASL 97.8%0] (Mn) 2 2EEESH) 55 %0 HuZ old yjg

A3, UEENa), ZEK), &F9F(Al, Z(Fe), L vt Fud AE 8FHNG

F(Ba)9 WAL 27 97.7%, 98.3%, 96.8%, 90.8%

2 98.0%cIM e, 1 99 mtavEMg), ZE(Ca), 3.4. 54

AE(Cr), H(Mn) 2 ZEEEESNY WALEL BF 35FY YT ER gl U3 5355 E 7

99.0% ol’golth. E3, Y &g delA AR A Zt AR, old BE A4S 44 #38a, 7]

Ao AFFE YALZ SFS 9, vhiEeY wiAl&L A B ESEY 28 teA4E 4E YT

97.4%01 A3, YEFNa), ZHEK), €FE@Al, 2

(Fe), ¥ vlEBa)Y WAL 24 97.8%, 98.5%, 3.4.1. &F XY x5ieel =%

97.5%, 88.1% 2L 97.9%cINeH, 1 99 viavg 94E AY A3y A viuE dEHE AAZ }Y

Mg), %%(Ca), AF(Cr), $HMn) B 2EEF(S)
A& ZF 99.0% Ol*&omit%.’

Hht g &120%1 o U oy Azt B
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3t Th B dFolA tﬂ TR AA

ANAE AY Adtrg dYoE ¢
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Table S, Variations of Ayum groundwater ingredients during the six-stages RO process
Ttems pH Na Mg K Ca V Al Cr Mn Fe Cu Cd Zn Se Sr
ppm ppm ppm ppm ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb
water quality standard 5.8~8.5 - - - - - 200 50 - 300 1,000 5 1,000 10 -
raw water 8.0 980 510 490 310 445 49 55 <02 06 <02 <02 190 <02 289
1st concentrate 7.9 11.99 564 489 341 546 58 67 <02 15 <02 <02 236 <02 321
2st concentrate 8.0 1378 6.85 526 393 6l.t 65 71 <02 29 <02 <02 289 <02 356
3st concentrate 79 1473 8.12 544 415 734 76 17 <02 32 <02 <02 355 <02 388
4st concentrate 7.9 1513 935 5.64 471 897 81 86 <02 40 <02 <02 364 <02 394
5st concentrate 7.9 16.78 10.65 620 5.63 1056 83 92 <02 39 <02 <02 412 <02 433
6st concentrate 8.0 18.74 1136 690 598 1189 96 102 <02 39 <02 <02 4450 <0.2 481
1st permeate 8.1 045 0.02 036 001 <02 <02 <02 <02 <02 ND ND <02 <02 12
2st permeate 8.0 035 002 009 000 <02 <02 ,02 <02 <02 ND ND <02 <02 09
3st permeate 7.9 032 0.001 0.07 000 <02 <02 <02 <02 <02 ND ND <02 <02 09
4st permeate 8.1 0.28 0.001 0.05 0.00 <02 <02 <02 <02 <02 ND ND <02 <02 09
5st permeate 8.0 036 0001 0.04 000 <02 <02 <02 <02 <02 ND ND <02 <02 08
6st permeate 79 0.45 0.001 0.06 000 <02 <02 <02 <02 <02 ND ND <02 <02 0.7
AUE BAE o8 7154 MBS Azd] ) QuD ik 2 45 b2 HUE % BEAS
AN T ord Mg FLE A HiuED 2E 7] 120 ppb2 AT ol& st A4F HE ALE
4 vdEe v5 959 A FHELY F5 A= & 6oz FHEYom, 1 AHAE Table 59 et
o ole] og frald of Folth. 12|t Table 49 et Hin oo Az 4E AY Agsg A4
W ouko} o] 9 AYY AdrE TG AF AY AR 7ML 2ol Hege 15%2 AL, F&
g Astee vhEsd 22 7154 gy & 2 25+ 1°CE YA FAHEE stglon, Gata
Fe oA %24, 84 Edo] AY HEHA gE & 10.0~10.5 kgdom’ 2 SHATH
HH9 4 27% 23 Uk @A Table 49 ek 6 % B whtEe 2 4 99 FEAE

WA upeh ol HM% 32.3 ppbol A 90 ppbE 34 7}
7ol EFAR FEF F FHELS A& A
ol A Fe He A8 43 s &40
He A=2 A4 & 4 4 A%k

g o2 g7 Z4 oA 18.0 ppbE
F4HAT. 284 & &F FA7EL 200
ppb °l8t2Al ols} ulm 6‘}
& FAINEY 0% =
4 At

T

U-il" O_L.J

3.4.2. oiEX[Y X8l =5
A5 Ay Astee 4§

of wel 54.6, 61.1, 73.4, 89.7, 105.6 & 118.9 ppbZE
F7tso] BEAZ A 120 ppbol AL LAHE u}
AZE 5 °“21E} T E AY Adgol

A4¢ #A3T A8E

L8
BTE

A8t o] 68 A2 T
& 5 A
28402 AUF U A4l 9%

==

& 15%E 6%
FAVNEE R

°F 120 ppbZE

3.4.3. M= XY X[gl+e 55

AAL AY 49 B¢ vhtEe] %L 53.0 ppb2
A @A 2AE B F M 5 AYo|g A
AY AerE ATE AL A8 HuE v
£ 165 ppbE HASAL, o]F Ht 6O
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Table 6. Variation of Seogwipo groundwater ingredients during the six-stages RO process

ltems pH Na Mg K Ca V Al C Mn Fe Cu Cd Zn Se Sr

ppm ppm ppm ppm ppb ppb ppb ppb ppb ppb ppb ppb ppb  ppb

water quality standard 5.8~85 - - - - - 200 50 - 300 1,000 5 1,000 10 -
raw water 8.6 263 672 75 7.8 532 101 13 <02 <02 03 ND 51 <02 349
Ist concentrate 8.5 245 1002 73 73 776 202 22 <02 03 50 ND 16 <02 342
2nd concentrate 8.6 268 1143 80 80 944 183 38 <02 04 ND ND 33 12 369
3rd concentrate 8.6 279 1344 89 89 1088 244 30 <02 08 32 ND 41 1.2 412
4th concentrate 8.5 323 1453 102 102 1220 270 31 <02 12 36 ND 44 15 445
5th concentrate 8.5 356 17.12 126 126 1377 335 39 <02 087 ND ND 50 13 489
6th concentrate 8.5 42,1 19.18 145 145 1651 379 25 <02 078 015 ND 62 14 562
Ist permeate 8.6 042 0.01 040 001 08 12 054 <02 ND ND ND <02 <02 <02
2nd permeate 8.3 036 001 034 000 09 ND 05 <02 ND ND ND <02 <02 <02
3rd permeate 8.5 045 001 027 <001 <02 <02 <05 <02 ND ND ND <02 <02 <02
4th permeate 8.3 048 003 035 000 <02 <02 08 <02 ND ND ND <02 <02 <02
5th permeate 8.3 039 001 036 002 099 <02 07 <02 ND ND ND <02 <02 <02
6th permeate 8.4 035 0.01 042 <001 171 05 0.1 <02 <02 ND ND <02 <02 <02
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Fig. 6. Variations of vanadium during the six-stages RO
Pprocesses.
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