J. Korean Soc. Environ. Eng., 38(7), 364~370, 2016

[Origin

al P

http://dx.doi.org/10.4491/KSEE.2016.38.7.364
ISSN 1225-5025, e-ISSN 2383-7810

20 B AFoAE a4 ANS T NETHE EAS Lste] TAxY A Pk Aske 7S A7
ek A Bl 8-S BFUES F RE0] V& AYAA AT HE TR 8290 2845 AE 3L o
I, o] 2k, 4R, 7], Al ASt 5 o] Stk e A2 TR 15-207] A=) AP w9 30l 2e ofF
A gtk 2 AFelME e A RYSHES Yst] gt A2 3] 2SSl o W BAEE LBt
skt B7hE 195570 32T F 1) FHET0 FRE sk HF $AS BEAL olF 1F] Yz
ojal oAt AAHE Hokeklch
FHOA  2ea, HA) A G, BYSUE, FH2Y
.LME AL Gls Aol o5 s skt A7t A
of & "ot Stk &S AR AR B9l 344
BER A A G oA Akl el 3 ARREL o] 2udky A 5 EE el det AT o
A & ARgo] FrkstaL loew SuodE 90|t T o] o] Bl o) 2adr FA Ol HA AAEH| st Fot
T o8 9 odAE s, dRgida, ARsiehed, St dTe A9 fle dAolth B dFdAe 2
AloFB|AL, WhEA] ol Bl WABAL F B RopolA e mYPZAREZ Pt AHET el didt AR
E Y ST AEEHI Qs Aotk dom ¥ A4S wrh 9 BAsta 19570 $HXES TAsol
&8s A5 T JAS 5 ol ARIARE 5= AR A 24, A Y e sk e AR 9
Ae N GAE gof 9 #2712 Azjsto] ARgstal 7 23 AF 71Ee AFstdc
ATk ol ek FUESE dubH o R £ S
&=, 2R AofEo] ARSHI JloH, AAHSR A]
ATEE 20119 33204 20259 124297k S74E 2, OJ1HbH
Ao AP &5 U 285§ AYES £49 A
oA AAEE 7] AsiA= ohekst A S A Ao AE 25 m/Y AL O] RYEWES @
A 714 gRE 93 Ayt dasich Ty AdeS & sto] Brtekdler. &7 42 AAR 54, weAE
Arol Bk e A EY diRgo] A, I, vs A, 2egAE 38 5 MY 3R FEEA gl
T AR 9 A1delA Addeta Aok S Adget  MEEAH OB Fig 13 o] F 2370 @) gHoR
s} Holda= 34e +957] A% fLelE 59 Hol k. RPEHES] fie 2 HER ol =
AR g Hoks AW7)es VIvto R & 34 Aol ol o Ak A2 the Table 1ol e sko] LRl

= 2N A O O
Zer MAES 2

A Study of the Optimization Process Combination
on the Ultrapure Water Treatment System

—.F
01H3 - YST* - HYL* - FRpe

Kyung Hyuk Lee - Dong Gyu Kim* - Boung Su Kwon* + Kwan Sue Jung**

K-waterd 7 - *Z= AL FAL - ST ot BE5-3-5t3)

K-water Institute - *Korea Water Resource Corporation - **Chungnam National University

(Received May 12, 2016; Revised June 1, 2016; Accepted June 24, 2016)

Abstract : In this paper, the technique that determines efficient process combinations for the ultrapure water production was
studied. The ultrapure water is one of the industrial water used in industrial activity and required in the advanced technology
integrated industry. It is produced by combined process including filtration, ion exchange processes, the reverse osmosis (RO)
process, degassing (DG) process and UV-oxidation (UVox) process. An ultrapure water production process consists of 15-20
different water treatment unit process. In this study, a pilot plant was built and operated to research the design parameters for the
individual process. Through the pilot plant operation, 19 effective combinations were optimized among various processes. And then,
11 of them satisfied the final quality of the ultrapure water. The stability and economic feasibility were evaluated about the final
11 process combinations.
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Fig. 1. Pilot plant diagram for UPW production,

Table 1. Ultrapure water production water quality objectives 3 7E:| J_'—" 5'-:' Il g
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Table 2. Ultrapure water production water quality measurement analyzers

Process Point Analyzers Maker Model Article Range
Cation ion- Na analyzer METTLER TOLEDO  2300Na Sodium analyzer Na 0.001-100,000 (ppb)
treztrri_ent exchanger pH analyzer METTLER TOLEDO M300 pH 0-14
process Anion ion- Electrical conductivity METTLER TOLEDO M300 Electrical conductivity — 0,02-50,000 (us/cm)
exchanger TOC analyzer SIEVERS 900 on-line TOC analyzer TOC 0.03-50 (ppm)
RO Silica analyzer HACH 55008Sc silica analyzer Silica 0.5-5,000 (ppb)
(Revers TOC analyzer SIEVERS 900 on-line TOC analyzer TOC 0.03-50 (ppm)
Osmosis)  Electrical conductivity METTLER TOLEDO M300 Electrical conductivity ~ 0.02-50,000 (us/cm)
VPVL;;Z VDG/MDG DO analyzer METTLER TOLEDO M300 DO 0-10,000 (ppb)
Electrical conductivity METTLER TOLEDO M300 Electrical conductivity  0.02-50,000 (us/cm)
MB/EDI/MDI Silica analyzer HACH Series 5000 silica analyzer Silica 0-5,000 (ppb)
Boron SIVERS UPW Boron analyzer boron 0.015-20 (ppb)
AP Electrical conductivity METTLER TOLEDO M300 Electrical conductivity  0.02-50,000 (us/cm)
MP/CP  Electrical conductivity METTLER TOLEDO M300 Electrical conductivity — 0,02-50,000 (us/cm)
MDG DO analyzer METTLER TOLEDO M300 DO 0-10,000 (ppb)
Fl)JLIJtrrea_ Electrical conductivity METTLER TOLEDO M300 Electrical conductivity — 0.02-50,000 (us/cm)
water TOC analyzer GE Checkpoint TOC 0.05-1,000 (ppb)
Ur Particle analyzer RION XP-L4 A1 0.05,0.1,0.15,0.2 um 0-1,000 (ea/mL)
Particle analyzer Panlz;zt2;iurlng M50e 0,05,0.1,0,15,02um  0-10,000 (ea/mL)
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Table 3. 19 System combining of ultrapure water pilot plant

N Pure water treatment system Ultrapure water treatment system
“ s DG SA ROT RO2 RO3 SC DG SA MDGI MB W AP CP MDG2 UF
@ ’SC‘ ’DG‘ ’SA‘ ’ROI‘ ’ROZ‘ ’MDG‘ ’MB‘ ’UV‘ ’AP‘ ’CP‘ ’MDG‘ ’UF‘
® woa| s ] [w ] [ap] [cp | |upg] [ ur |
s e [1w] [0
@ RO1| [RO2 ’MDG‘ ] MB \ ] uv \ ] AP \ ] P \ ’MDG‘ ] UF \
® RO1| [RO2 ’MDG‘ ] MB \ ] uv \ ] AP \ ] cp \ ’MDG‘ ] UF \
® (p,:ia?ol_.'a RO1 ’MDG‘ ] MB \ ] uv \ ] AP \ ] cp \ ’MDG‘ ] UF \
@ o105 [RO! [ap | [cp] || | ur]
. o ] (] [] [] (o] fod] [
][] [] [] (o] g [
W RO1 ]sc\ ’DG‘ ’SAHMDG‘ ’MB‘ ’UV‘ ’AP‘ ’CPHMDG‘ ’UF‘
. =) 59 (8] (] [#] [=] b [w]
® ’ROl‘ ’ROZ‘ ’RO3‘ ’MDG‘ ’MB‘ ’UV‘ ’AP‘ ]cp‘ ’MDG‘ ’UF‘
® RO1 ’MDG‘ ’MB‘ ’UV‘ ’AP‘ ]cp\ ’MDG‘ ’UF‘
o (2] ] (5] o e ) o []
® ’SCHDG‘ ’SA‘ ’MDG"MB"UV"AP"CP"MDG‘ ’UF‘
® ]sc\ ’DG‘ ’SA‘ ’ROl‘ ’ROZ‘ ’VDG‘ ’MB‘ ’UV‘ ’AP‘ ]cp\ ’MDG‘ ’UF‘
@ ]sc\ ’DG‘ ’SA‘ ’ROl‘ ’ROZ‘ ’MDG‘ ’EDI‘ ’UV‘ ’AP‘ ]cp\ ’MDG‘ ’UF‘
o] (6] o]
© ]sc\ ’DG‘ ’SA‘ ’ROl‘ ’ROZ‘ ’MDG‘ ’MB‘ ’UV‘ ’AP‘ ]cp\
« SC (Strong Cation lonExchanger) « DG (Degassifier) « SA (Strong Ation lonExchanger)
» RO (Reverse Osmosis) - vDG (Vacuum Degassifier) - MDG (Membrane Degassifier)
« MB (Mixed Bed lon Exchanger) - UV (Ultraviolet) « AP (Anion Polisher)
« CP (Cation Polisher) « UF (UltraFiltration)
AAE(D,18,09,0,8,18,@) IAE + o] 2wsk10,0) 34 2% 23 S UESHA] Bl olgEs T A
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HO)H 4EFHY e 1HB), 2HO), 3THD) S Polisher) - CP (Cation Polisher) 330 A= WA u]#dt
2 3 z3o] 7hselit 1dgAET Ao F$ pHE 2F 0] 1321 MOemZ 182 MQem o4& W=E381%] &3}
slo] A5l AR FAHZNE,0,8,9)= A5 Atk @ FAHL UV (Ultra Violet)FA4 o] A =HA A
Z27 FHAME Aiditst 34T o] wgt 3, we 27} 422 o] 1.25 ppb (part per billion)= 1 ppb ©|3}& ¥t
7] 3A Q] Aol 7Ms3 Aoz HoEE FHRINHD,B, =3tA] sk @OW 342 1T RO (Reverse Osmosis)
3,0,9)= Agstict. Z 7fdE FH7ke] Asu|a Ay o] & 443t ROFAO] FAEHEA BE =20 0.14 ppb=
7Hset 2333(D,00,m)0 iz AEstct 0.1 ppb °J3lE W=3kA| &3tk 0 332 ROFTH
LAAT 117 FAZTS HEAF 2es AS S Ste o] 23t FALE AX|sHA AAEEe] WobA B
sttt #Erde UEIA] Eole 342 Table 49 £ $°40] 0.12 ppb= 0.1 ppb ©|3}E THE3LA] Xsl3Ath
o] @DOLOBW®Y Fgolck 1 9 1174 L HF+ O 342 0 3NN E713HS AQsiHA 2E
ze uEsl Aol s=210] 0.108 ppb= 0.1 °]3}5 W=H3HA] E51% 2 TOC
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Table 4. Water quality of ultrapure water
Design parameter @) @) ©) @ ® ® @ ® ©) )
Resistivity 18.2 MQcm 1 18.29 18,32 13.21 18.32 18.32 18.32 18.31 18.32 18.33 18.30
TOC 5 ppb | 1.85 0.51 0.30 0.50 0.61 213 3.08 0.81 248 416
DO 1ppb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SILICA 1ppb 0.21 0.78 - 0.99 0.85 0.51 1.25 017 0.63 0.66
Particle 1eal 0.80 022 020 0.31 025 0.09 0.13 0.58 0.68 047
BORON 0.1ppb 0.011 0.055 - 0,018 0.017 0.024 0.040 0.089 0.14 0.12
Result - OK, OK, NG, OK, OK, OK, NG, OK, NG, NG,
Design parameter o @ ® @ ® ® (D) ® (©) H|
Resistivity 18.2 MQcm 1 18.29 18.31 18.31 18.30 18.31 1827 18,26 12.45 18.26
TOC 5 ppb | 512 374 407 437 466 1.36 1.37 1.37
DO 1ppb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00
SILICA 1ppb | - 0.29 1.10 093 0.61 064 054 075 0.54
Particle 1eal 0.20 0.14 037 0.16 0.13 0.70 0.23 017 0.23
BORON 0.1 ppb | 0.108 0.058 0.066 0.055 0.065 0.011 0.011 0.011
Result - NG, OK, NG, OK OK, OK OK, NG, NG,
(Total Organic Cabon) =& %= 5.12 ppb= 5 ppb ©|3}= Tt FAE Al3)5lal= 182 MQem olAro g AA| % & &3}
=5hA) Eohedeh B BAE 43S ROGY FHO w0l LuBFA + JAE THODD, ®, G-O¥ F7)o]
2 AAShEA Azt o] 110 ppb 10 ppb o[5HE ¥ TOC SOl Al 1 ppbPER SAE 33 + ol 54
%512 Zabelch BY FHS APCP ZAo] AYHTA  (©, D¥ )9 4-5 ppb MTh B £ L Lrebuich
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Oxygen)5=2°] 10 ppb= 1 ppb °|5}5 T34 253 FASHANE IHETA + o] 2uHg gl @, @ 10~
0% 340l AHUA AATZ] dold HE4A B FAo] A&Aolh A4 HHF 182 MQem T, TOC

o wrEsh] Eaholct. Table 59} Zo] s AUV, AP,
CP, MDG2 (Membrane Degassfier))S A2kt Q),D,1,1
24 7 1Tk ROZALRE THE OB FHo] HF 4L
Tk okelnk AR thHsto] g4HE 54 + o]
2ug FPor F4E v OO 34 £ dA+ES
&S] Fokglch. QO3-S BE 42271 0.1 ppb ©]
oz @ﬁli PN

o
18 Zusto] WAL WE
o
-
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0.1 ppb | & w=3}x] B3+ AL 197 24
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Table 5. The process of unsatisfactory on water quality
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Table 6. Pilot plant operating costs calculated based on the ultrapure water

Division Usage Unit cost Times Cost (won/year)  Sum (thousand won/year)
SC Regen. 41 kg/time 1,760 won/kg 2 times/week 7,504,640
Chemicals SA Regen. 170 kg/time 1,870 won/kg 1 times/week 16,530,800 31002
(Regen.) 23 kg/time 1,760 won/kg , '
MB Regen, i 1 times/week 6,966,960
50 kg/time 1,870 won/kg
sC 09 m*time 143,000 won/m® 2 times/week 13,384,800
Waste water SA 1.7 m*ftime 143,000 won/m® 1 times/week 12,641,200
treatment MB 13m’ftime 143,000 wor/m® 1 times/week 9,666,800 48128
Analyzer 1.0m%time 143,000 won/m® 1 times/week 7,436,000
Pump 82 kwh 71 won/kwh 1 times/week 51,050,000
SC Regen. 1 kwh 71 won/kwh 1 times/week 7,384
Power rates } 51,070
SA Regen, 1 kwh 71 won/kwh 1 times/week 3,692
MB Regen. 2 kwh 71 won/kwh 1 times/week 7,384
N2 1EA 70,400 won/EA 1 EA/week 3,660,800
etc. Water 23 m%/day 160 won/m?® 30 day/month 1,344,000 9,805
Etc. - 400,000 won/month 12 month/year 4,800,000
Sum - Chemicals + Waste water treatment + Power rates + etc, 135,006
Table 7. Economic evaluation of the combination process ultrapure water (1~19)
Number () @) ©) @ ® @ ® ()
Skip - SA SAAPCP SASC SASCDG SARO2 SARO2,UV SARO2 SARO2  UVox, AP
Regen, Process ~ SC,SAMB SC,MB  SC, MB MB MB SC,MB SC,MB SC,MB SC,MB SC,SAMB
Invest cost (K won/year) 942,602 922,775 899,272 870,314 851,747 901,113 871460 901,113 901,113 942,602
Invest unit (won/ms) 26,183 25,633 24,980 24175 23,660 25,031 24 207 25,031 25,031 26,183
Chemical 31,002 14,472 14472 13934 13,934 17,338 17,338 17,052 24574 31,002
Operation WWT 43,129 30,488 30,488 26,770 26,770 30,488 30,488 30,488 35,321 43,129
cost Power 51,070 51,066 51,066 51,058 50,411 49,698 47,521 49,698 49,698 51,070
(Kwon/year)  Eyc. 9,805 9,805 9,805 9,805 9,805 9,805 9,805 9,805 9,805 9,805
sum 135,006 105,830 105,830 101,566 100,920 107,329 105,152 107,042 119,398 135,006
Operation unit (won/m® 75,004 58795 58,795 56,426 56,066 59,627 58,418 59,468 66,332 75,004
Sum unit (won/m® 101,187 84427 83774 80,601 79,726 84,658 82,625 84,499 91,363 101,187
Number @ ®@ @ ) ® 16 @ ® )
Skip DG SCDG,SA SCDGSARO2  UV-ox, AP RO1, RO2 - - SA MDG2
Regen. Process SC,SAMB MB MB SC,SAMB SC,SAMB SCSAMB SC,SA SC SC,SA,MB
Invest cost (K won/year) 924,826 919,390 900,049 921516 932,456 942,201 942,696 921513 910,516
Invest unit (won/m®) 25690 25,539 25,001 25598 25,902 26,172 26,186 25598 250292
Chemical 31,002 13,934 20,901 31,002 34,486 31,002 24,035 7,505 31,002
Operaion ~ WWT 43129 26,770 36,436 43129 47,962 43129 33462 20,821 43,129
cost Power 50,419 51,058 49,460 48,894 47,836 51,413 51,063 51,059 50,822
(Kwon/year)  Etc, 9,805 9,805 9,805 9,805 9,805 9,805 9,805 9,805 9,805
sum 134,355 101,566 116,602 132,830 140,089 135,349 118365 89,189 134,758
Operation unit (won/mg) 74,642 56,426 64,779 73,794 77,827 75,194 65,758 49,549 74,865
sum unit (won/m®) 100,332 81,964 89,780 99,392 103729 101,366 91944 75147 100,157
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Table 8. Verification of ultrapure water combined process results
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Table 9. Optimal combination of process validation results

Point @® @ @ ® ® ®@ ®@ ® @ {0
) 50 point 276 451 491 50.0 449 450 477 295 250 275 373
Economy Unit
Ranking 9 4 2 1 6 5 3 8 11 10 7
Qualt 25 point 20.3 220 218 219 210 220 19.6 183 18.6 200 20.3
uali
Y Ranking 6 1 4 3 5 2 9 11 10 8 7
B . 25 point 250 200 100 10.0 150 150 10.0 225 200 250 250
Stability Utility .
Ranking 1 5 9 9 7 7 9 4 5 1 1
s 50 point 453 420 318 319 36.0 370 296 408 386 450 453
um
Ranking 1 4 10 9 8 7 11 5 6 3 2
s 100 point 73.0 871 809 819 809 820 773 703 63.6 725 826
um
Ranking 8 1 5 4 6 3 7 10 11 9 2
Halgon Mol £ 258 Fo ROZA AA e An|(15) References
ROFHTHS), 7IEFu() 02 A5 Brtstsin
1. Choi, B. S., “Issue Report of Ultrapure Water Industry and

* MH| 2 ARS Al
< ROAA 2] : SC-DG-SAZA(1574), SC-DGEH(10),
DGFH(2.5), AA 3¢50
« ROTLA 1 2THRO(5), 1EHRO(2.5), ROZ-A §1-5(0)
s OFEFQ) : ROFAHE OFEFS §L3(25), FEFRU0)

opm
4 AN QL) 2es

3l Table 83} o] ﬁoﬁl*éﬂ}

AA el cie 2
2]o|m Pilot Plant A X] |2
Folm, eHg del gt &
A3 Aol gk v
A ZF 507 o]tk

7]

2ol 8}$ 2’52
st Autolr}. &
X (Scale-up ¢ X}
st 4714 2ils

-H-E.J Pilot Plan‘cE 7]-r°§ Al
27} Bl Ao g A=
%"éi?ﬂoﬂ gk 347}

~

1o
of
o

Technology Trends,” Korea Agency for Infrastructure Tech-
nology Advancement, pp. 1~16(2013).

2. Lola, A., Hector, B., Christopher, G., Marta, H., Heather,
L., Antoine, S., Jelena, S. and Jablanka, U., Industrial De-
salination & Water Reuse, Ist ed, Global Water Intelligence,
Oxford, pp. II~IV(2012).

3. Kwon, B. S. and Lee, H. G., The research of Based on Te-
chnology for Pure and Ultrapure water treatment plant, 1st
ed, K-water, Deajeon, pp. 50~62(2011).

4. Lee, C. S,
cess,” The Membrane Society of Korea Summer Workshop,
pp. 91~119(1996).

5. Park, S. C., Kwon, B. S., Lee, K. H. and Jung, S. S., “The
Design Parameter Evaluation of Ion Exchange Process For

“Ultrapure Water into the Manufacturing Pro-

Ultra Pure Water Production,” Korean Soc. Water Wastewater,
29(1), 65~75(2015).

6. Motomura, Y., The Science of Ultrapure Water, Research of
Based Technology for the Semiconductor, Realize, Tokyo,
pp. 100~150(2007).

7. Yabe, K., Motomura, Y. and Mizuniwa, T., Pure and Ultra-
pure water Technology, Japanese Industrial Standards Com-
mittee (JISC), Tokyo, pp. 50~55(2004).

| Joumal of KSEE | Vol.38, No.7 | July, 2016



