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ABSTRACT

In this study, cation and anion exchange process for performance evaluation was conducted. A pilot plant for the ultrpure
water production was installed with the capacity of 25 m*/d. The various production rate and regeneration of ion exchange
rate were tested to investigate the design parameters. The test resulst was applied to calculate the operating costs. Changing
the flow rate of the ion exchange capacity of the reproduction reviewed the cation exchange process as opposed to the design
value is 120 to 164% efficiency , whereas both anion exchange process is 82 to 124% efficiency, respectively. This results
can be applied for more large scale plant if the scale up parameters are consdiered. The ion exchange capacity of the application
in accordance with the design value characteristic upon application equipment is expected to be needed. In this study, the performance
of cation and anion exchange resin process was evaluated with pilot plant(25m>/d). The ion exchange capacity along with
space velocity and regeneration volume was evaluated. In results, the operation results was compared with design parameters.
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A o)leniA & oL A|A= V&0 FE AL Table 1. Cation/Anion Load of Raw Water
Q%] 9o & o]AFO] 71<&A AAIA o] Alslo
&= QL Ur_ shut oo 714, 4 ﬂj 21 A|gto] Parameter lon Parameter Water
Stk Aze PHAL A FHE FEaE A Quality
2¢ ol we 7142 B4 ABol that gl Ca”' mg/t as CaCO: | 35.00
(David et al., 2009). 9]7| A= o] w3t 7]«9] AA Mg** mg/l as CaCOs 7.50
A He= ST o] ng &, A 7aE 59 7 c Na* mg/t as CaCO; | 11.67
_ ation

%9 EAS uold| H7|Z dtoh K* mg/l as CaCO; 2.92

Fol eyt Fol &gk oA o] u ek Fe** mg/l as CaCOs -
A19] wA 7)ol gk AqtollA] o] 2 ek=R] 9| A} Total Cation |\ mg/t as CaCO; 57.09
/717t S7k WE &GRS A5t 229 o] HCO*~ mg/C as CaCO; | — (Dagasfier)
2wk WA F71E Aste] PH] E wAH] S0, mg/l as CaCO; 10.63
2 Aok Weke Apekalch A8 7170 271 NG Imgt as GaCOy| 37
of wet o] 2R def 5o e of2w Anion | Cl” mg/l as CaCO; | 14.62
sl ako| 7ZFA4AT o|&2 Ql3l] MJAY A] v] &L =73t -
8ol EL" sf ©l o A ]OA © }A Basic Anion |mg/t as CaCOj; -
th vl ddu], YA AREHE, 48], 4 , :

. SiO, mg/l as SiO, 3.57

ZeH] So] Z3E H(Ted et al., 2008). .

22w Al M Ao AL el A} Total Anion mg/t as CaCO; 29.17

ol WALAoIA WelT BE NS 4 3
= 7Fsde Eem vh B, A, A
Z18]31 ZLD (Zero Liquid Discharge) A]Z~#lof tst =}
24 AE& doFd 4 A Helok o] Wk,
Y2 el QA =29 pAE 5 ARATE
wpEro @ olgal wlg M 7to] 7Fs5l % thDavid et al,
2010).

NOM (Nature Organic Material) A|AS 3t 2
o] & ekpA] ARGl et A4S st FA
of i3t &4 stk o] eA] WE3-7]9
4 550 o 42 o) M4 ole Ly #4

°

5t 1Hok-S A A5} tH(Shaoying et al., 2012).
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Fig. 1. Pilot plant diagram of ultrapure water.
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Table 2. Specification of strong cation ion exchange process

Ultrapure
water

Process Parameters Specification
Diameter 400 mm
height 1830 mm
Type : strong acid cation exchange resin, Gel Type
Cation Exchange strong cation ion Volume : 125 {/unit
Process exchange Resin Maker : ROAM & HAAS
Model : AMBERJET 1000H

Regeneration Level : 100g as 100% HCI /- resin

Regeneration Regeneration Chemical : 35% HCI
Diameter 450 mm
height 2500 mm
Type : strong base anion exchange resin, Gel Type
Anion Exchange strong anion ion Volume : 200 ¢/unit
Process exchange Resin Maker : ROAM & HAAS
Model : AMBERJET 4200CI

Regeneration Level : 160 g as 100% NaOH / (-resin

Regeneration Regeneration Chemical : 25% NaOH
AAsteh AR FMEE TE oleushgRte 2uEF AA o]eugS HFshitt
Bretglon, & HARE o] 2ushgkat YA At
= B olgagteA|e) ojeud g e 5y pEZME I o|QuEkEH 55t
7P S8R Aol o] 2aghgaol| wet Y7,
QAN FH So] WislEng Mo Ldx A Fol2n ey AT Zol2uF o] et ¥
/b Basith o] 2w e) AArapel ubE A o AR WiRe] FAE o] 2ash £X0) ApFe
S wwsly] gJste] vla FrigEog M7 o]  Table 29k o] LR SIT
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o] BrhaA Hel shbgel wefetel AS AAle
3 o] 3RS ARSI =, o]ij_g}z,ixl—g— A
AME 3] SIBlME AAAIE ARgate] A AAlE)
A o ol ollA °J011L§¥¢Z1 &
125L 7o 2 AYA TAEE Fdfe LTmolH,
ZF AYAIZES 1115 olth xHAgJ—ﬂo 2H0] AA|E]
W GAZL AAFIT o]F AA T AYRFEo] =E
. SFEFYUOR o] LA} Ao) Hat ol )
/\«ﬂx—l] AA2, &3 ZAo] A=y ZF ZAH A|7L

2 glgF S o7 Ul 4~ 9Jorm o] udkiA o]
*Hﬂﬂ AP A 2= Table 3, Table 49} ZHo] YR GITE

Table 3. Regeneration process of strong cation exchange

process
Time Water Waste
No Process (min) (m3 /hr) Watser
(m’)
1 Service 3,000 1.9 -
2 Stop 1 - -
3 Backwash 10 1.9 0.32
4 Settling 7 - -
5 | Chemical feeding 28 0.63 0.29
6 Displacement 30 0.55 0.28
7 Rinse1l 10 1.9 0.32
8 Rinse2 15 1.9 0.48
9 Circulation 10 1.9 0.32
10 Finish - - -
Sum 3,111 0.89

Table 4. Regeneration process of strong anion exchange

HZ0l wE ol

ofol e mEFH, SolenpTHe olex|Ae]
Z_ =]
>

ot

ol Lu e goll A FFS 33 WAt AFs)
o Aib= Table 59} o] et ol
SHy A A DA o]l 2uFHgEe 55g-CaCOs/L- Resm
ojn] FZHEEE 15 hr o}, FXHEEES 824 hr!
144 hr', 17.84 hr '2 W Asle] HrlslAc) ol =
FEWE FFS WAT = = HAA 9} HaAd
gl FHEEE o oAU o W3] YeiM=
Au)o] o] Wasith FHEEE WAsLe] o]
ol 8-2FS W75t Aal A o] ewshg-aFo] 55g-CaCOs/

{-Resin®} H| 1 3}o] 68.3, 80.4, 73.7g-CaCOs/{-Resin & &2

Fig. 2= B7H420) WAo] e At U=
B AHE btk ko) 23 F UER
7

AZ71E olgalol 500 ppb ool El= AIEZA A
e Hdnid Ushisleh FoleRBdA s
slo] AEAT WARFEUEE) 15 b 'k ]

3l
144 b o4 24 olemergF Ul x@ g e
eiek

process MAra=TEo A ZE 120 m39} H]E’.ﬁ}@] 124~146%
No Process Tlme Wsater VV\\;::; 94 E%E —équoqorq ] L‘ 0 0 /\—174]71_ Ssg-
(min) | (m°/hr) (m’) CaCOy/¢-RT} W] 15} 124~146%_4 g2 =45
1 Service 6,000 | 1.9 - 0”4 ofefl W delezs AlF olZueheAl A
2 Stop 1 — — o7 z27] AYag d AYHaso] F4E AL
3 Backwash 10 1.6 0.27 E o= o}
4 Setiling 2 T oFol £ A9 o] LWEFETE Aol 25 7Heq,
5 |Chemical feeding 35 1.6 0.93 100g-CaCOY(-Resin)o| 1], Lol Lmalx|o] o] Lmshg
6 Displacement 20 1.44 0.48 ko 1o}eHeq S0g-CaCOy(-Resin)o oFol.0. T Bl
7 Rinse1 10 1.6 0.27 F2 19%Heq, 50g-CaCOy/L-Resin)o|Lf, o2 34=%]
8 Rinse2 15 16 0.40 = 55g-CaCOy/0-Resin, 20]2u3kR]+= 35g-CaCOs/¢
9 Circulation 10 1.9 0.32 -Resin 2]-§-5}G1ch. & o] 2ughp2] 9] ARGF} B]uLs}
10 Finish - - - o] ol WB AL 55%S 20|20 FrA = 70%
Sum 6,108 1.68 =2 et
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Table 5. The results of the ion exchange capacity along with flow rate change

\&;

Parameters Design condition 1° Test 2™ Test 3™ Test
V (hr ) 15 8.24 14.4 17.84
Flow rate (m®hr) 1.90 1.03 1.80 2.23
Hours of operation (hr/cycle) 63 145 81 72
The sum of the production volume (m*/cycle ) 120.0 149.5 (124%) | 176.1 (146%) | 161.3 (134%)
Ion exchange capacity (g-CaCOs/L-Resin) 55.0 68.3 (124%) 80.4 (146%) 73.7 (134%)
Na (ppb) #-5V:144 -+-5V:8.24 -+-5V:17.84
1,600
1,400
1,200
1,000
800
600 Na : 500 ppb
400
200
0
130 140 150 160 170 180 190

Production Volume (' /Cycle)

Fig. 2. Trends in production volume and sodium along with the flow rate changes.
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Table 6. The results of the anion exchange capacity along with the flow rate change

Parameters Design condition 1° Test 2™ Test 3™ Test
vV (hr ) 9.5 5.8 8.25 12.3
Flow rate (m®hr) 1.90 1.16 1.65 2.46
Hours of operation (hr/ cycle) 127 221 154 80
The sum of the production volume (m’/cycle) 240.4 257.2 (107%) | 255.7 (107%) | 197.9 (82%)
Ion exchange capacity (g-CaCOs/L-Resin) 35.0 37.5 (107%) 37.3 (107%) 28.9 (82%)

Conductivity
(s /cm)

16.00
14.00
12.00
10.00

8.00

Conductivity : 7 #s/cm

Sv:

. o - -1
LS 5.80 hr

SV :8.25hr!

6.00

4.00

2.00

- 50.00 100.00

150.00

200.00

250.00

300.00

Production Volume (m*/Cycle)

Fig. 3. Trends in production volume and conductivity along with the flow rate changes.
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Table 7. Strong cation exchange process design condition and result
Parameters Design condition 1° Test 2™ Test 3™ Test
Regenerant amount (g-HCI/¢-Resin) 100 75 100 200
Flow rate (m®hr) 1.90 1.89 1.87 1.90
Hours of operation (hr/ cycle) 63 76 92 103
The sum of the production volume (m’/cycle) 120.0 144.0 (120%) | 172.6 (143%) | 197.1 (164%)
Ion exchange capacity (g-CaCOs/ (-Resin) 55.0 65.8 (120%) 78.8 (143%) 90.0 (164%)
Na (ppb)
800
] R t 7¢
| Fieeisi = Regerant 100
600 - I (g HCI/¢-resin)
Na : 500 ppb Regerant 200
500
400 |
300 | |
200
100 -
0
120 130 140 150 160 170 180 190 200 210 220 S
Production Volume (m/Cycle) 8
Fig. 4. Trends in production volume and sodium along with the regenerant amount changes. ==
$A = 55g-CaCOy/0-Resin, O] 3H=A]= 35¢-CaCOyY  FolAY o WA =W AfEFoly 22 asgh o
(-Resin 4853t} & ARkl tiu]sto] ofo]2mghA] o] wyE o o] ou|7t Uitk AAIRE M
© 55%E Hol2ue Al 70%S 285t sto] o] 2w ehgwrS BrIeE Ayp A7 o] 2ulehg-ol
35g-CaCOs/(-Resin®} H| 1 5}o] 31.8, 37.3, 43.4g-CaCOs/0
322 S0I2wasd MMM HY ME o|2we8E  -Resino= WHI}SIA:
7t Fig. 5= AR S HAol whE Aibedat A7)
o] ATEAL (<3} MAFZ~0] 2~R] F=
Folenng oA AWATE 38 Wele] o) STHE UEH urs F 5 A
- = NNAEE AS7E ol&3sto] 7 us/em o]0l H= Al
Agslglom ATbs Table 874 o] LpeReict. i ’
o y - H7HA AAkewre AAEsto] et Qe 2ol 2t
oL RBFHOM A o LHBBFE 3spCacoy L1 WELTR PEL I ILEE Sl
3 A A) A -
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- re) — - pZS
A A BFLS 120 g-NaOH/(-Resin, 160 g-NaOH/(-Resin, g:ﬁiﬂbl;iﬂ }Aabgo a :sm oA & o]
320 g-NaOH/{-Resin®. 2 W7 3}o] 715Gt o] Lg;z;okﬂo ;TZZOEZ L}?Lﬁ,jq 01-124%2] 3
L 120 g-NaOH/(-Resin Hr} e 7S zAy Bafo OEC’ LT;Z :—7:"“* gﬁm_g} al;fq 7:35 C4C Oﬁ/
= o kR o
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HOIAE AR Aol Brketel Ay mgel Lot il 12016WeT] i SEEAUT. o1
- o gt YQlemes 4AlF ol2uepA ARgo® 27|
A8l wolpet. agez QWA e 10, 160, T LTS CE SO ST e
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Table 8. Strong anion exchange process design codition and result

Parameters Design condition 1° Test 2™ Test 3™ Test
Regenerant amount (g-NaOH/{-Resin) 160 120 160 320
Flow rate (m®hr) 1.90 1.92 1.65 1.90
Hours of operation (hr/ cycle) 126 113 155 156
The sum of the production volume (m%/cycle) 240.0 217.8 (91%) | 255.9 (107%) | 297.5 (124%)
Ion exchange capacity (g-CaCOs/L-Resin) 35.0 31.8 (91%) 37.3 (107%) 43.4 (124%)

Conductivity
(/slgcm)

Regerant 120 (g NaOH/2-resin)

; Conductivity 74s/cm

6 ﬁ()ranl 160 Regerant 320
5

4

3

2

1

0

140 160 180 200 220 240 260

Production Volume (m*/Cycle)

Fig. 5. Trends in production volume and conductivity alog with the regenerant amount changes.
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Table 9. Investment and operating cost analysis based on strong cation exchange Process design and experiment (uint: won/m’)

Parameters Design condition 1% Test 2™ Test 3" Test
V (hr ) 15 8.24 14.4 17.8
Flow rate (m®hr) 1.9 1.03 1.80 2.23
The i‘;;ﬁnci t(?ss /E;z?;mon 120.0 149(124%) 176.1(146%) 161.3(134%)

Investment (won/m’, 20 years) 164.3 303.1 173.4 140.0
Power 16.0 14.8 14.8 12.2

Operational reagent 16.7 10.6 9.0 9.8
(won/m®) Waste 1.9 1.2 1.0 1.1
sum 34.6 26.6 24.8 23.1

Total sum (won/m?) 198.9 329.7 198.2 163.1

Table 10. Investment and operating cost analysis based on strong anion exchange process design and experiment (uint: won/m’)

Parameters Design condition 1st Test 2nd Test 3rd Test
V (hr-1) 9.5 5.8 8.25 12.3
Flow rate (m'/hr) 1.90 1.16 1.65 2.48
The sum of the production 240.4 257.2 (107%) 255.7 (107%) 197.9 (82%)
volume (m'/cycle)
Investment (won/m’, 20 years) 103.4 169.4 119.1 79.9
Power 16.0 11.8 11.8 11.8
Operational reagent 74.4 54.8 52.1 71.4
(won /m’) Waste 1.9 1.4 1.4 1.9
sum 92.4 68.1 65.3 85.1
Total sum (won/m'’) 195.8 237.4 184.4 164.9
Table 102} Zo] Yetiglet. BabrlE 24 BEE 34 KHAK| HZO| M2 EXH| Y 2FH| T}
HWE A3 v = ofolu3tEA o] HxjH wE & kOIS TR THMEE tH2d - = 0 o
mk X H [[: XH = 1=
ﬂﬁ}oﬂ AP%%}@O O]E 201‘;_]{1_ _‘% 3}}—‘_‘_— Z‘l_‘li 341 :Hlu__:-l-gn_oo Hox‘"o 00" I' - I' |
Al
shol argom LAl Qusls AEsdt. ¢ Sul &
FHl= A7IAREHE, YA AREH]E, A 2] ol ey QYA A e FAu %
o2 At 1AZE ARS8 1AzZE sk ] 24283 Table 113 o] UrEHH AT =2
o7 A gu9E Arzsgich vl 2ea RYEHE HA) vE F doleudy
33)0] MY AT Z7HEE 95 hr '9F H| Wl 12.3 Aol AAH] ghe Eeslo] Ak %ﬂ‘ﬁ o, o]& 204
hr oA H& Exju] 9 £98)S Yehy 1 Q) B F QJsh= A0 R st} AApgFo R U A dd
A= AA 274 9.5 he 7} 103.49/m’o| ] A9 A= AEsHh *9H= ;37]/\}%“]%, YAl A
A 169.4Y9/m’, 119.1¢9/m°, 79.9¢9/m’ ez 121%, & HE, FeAgHgoer FAste] 1dxF AREEE
94%, 84% OB SuF Z7LA| HAHo|t) H-§2 1E2E Arkego 2 heA a9 s 4h=st

S$ou)e A 27HEE 95 hr '7F 924Y/m’ olH
A AT 68.1Y/m°, 653Y/m’, 85.1Y/m 0= 74%,
7%, 92% 4=zo 2 Lfelytt}.

Expu] 9 e-odu|E Fel R A = 9.5 hr !
7} 1969¥/m’ o), AF AT} 165~ 237¢/m’, 84%~121%
° 2 eyt

3359 AFAT YA 100 g-HCl/L-Resin@} H] L
alo] 75 gHCUResinol | 2= Expu] @ Lodu)s

peha

olq.

Ex = A AAIEF 100 g-HCYA-Resinof| 4] 164.3

AmPoln, AFAT} 164.3Y/m’,

100%.2.2 UFEptT).
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Table 11. Investment and operating cost analysis based on strong cation exchange process design and experiment (uint: won/m’)

Parameters Design condition 1% Test 2™ Test 3" Test
Regenerant amount 100 75 100 200
(g-HCl/t-Resin)
Flow rate (m°hr) 1.90 1.89 1.87 1.90

The sum of the production

volume (mcycle) 120.0 144.0 (120%) 172.6 (143%) 197.1 (164%)
Investment (won/m®, 20 years) 164.3 164.3 164.3 164.3
Power 16.0 11.8 11.8 11.8
Operational reagent 16.7 8.2 9.0 16.1
(won/m?) Waste 1.9 1.3 1.0 0.9
sum 34.6 21.3 21.9 28.8
Total sum (won/m?) 198.9 185.6 186.2 193.1

Table 12. Investment and operating cost analysis based on strong anion exchange process design and experiment (uint: won/m’)

Parameters Design condition 1st Test 2nd Test 3rd Test
Regenerant amount
160 120 160 320
(g-NaOH/(-Resin)
Flow rate (m'/hr) 1.90 1.16 1.87 2.46

The sum of the production

K 240.0 255.9 (107%) 297.5 (124%) 217.8 (91%)

volume (m'/cycle)
Investment (won/m’, 20 years) 103.4 103.4 103.4 103.4
Power 16.0 11.8 11.8 11.8
Operational reagent 74.4 46.5 48.0 95.0
(won /m’) Waste 1.9 1.6 1.2 1.2
sum 92.4 59.9 61.0 108.1
Total sum (won/m') 198.9 195.8 163.3 211.5

o-odul= A AHYAF 100 g-HCYl-Resinz} 34.69/m’
ol AFAT 213Y/m’°, 21.9%/m’, 288Y/m’ o=
62%, 63%, 83% o]t FA ], &YH|E etH
A AABAZE 100 g-HCYL-Resino| A 1999/m’ 0]
AF AT} 185.6~193Y/m’, 93~97% Z=Z=0] T}

330 AP AT} YA 100 e-HC/L-Resin®} H] i
8o} 75 g-HCU{-Resin oAl 22 Fxpe] 2 2JH| =
eI Stk FAH= AA AT 100 g-HCIL
Resino|A] 164.3¥/m’0], A& AT} 164.3Y/m’, 100%
o= yepgrh 9vl= AA AAARF 100 g-HCIL
-Resin7} 34.6Q/m’o|w] A3 AT} 21.3Y/m’, 21.99/m’,
28.8/m’ O & 62%, 63%, 83% ~Fo]rt ExjH], &

H| 5o Aul S gatH A AAAF 100 g-HCl/L-Resino] 4]
ol/m> A& A ~193%/m’. 93~97%, 2~
solemeay ANAF Aol me Fau m  IWMOI HAN SI6-193T, 93-97%
]
Sodu] BAATE Table 12 7 o] Uehfgih & (e
s e BYFWUE LA ug F gol2ud
T4 AAH] vk Eefste] AbEsiglon, o208 4 A =B
b egshs AL R sto] ik o R WA g
2 AEshnh 9uls Ay|AREHE, AAA AR 2 AoME e BYEHES] Fol2udhy
v)g, ggxengos s 1W7F ARESt u)lg B Fol2nE ALY FF W A WA w
S U7 BAEO R LA AH9E ALt € ol2uehggE AEsglon FAp] 8l egu|of
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gk rtEHe] HEES Y¥aste] AAJIAE A5t
Aot EA ol2ugtpzE iAoz Ago] WyE
2oL @A Pilot Planto] o] 2w 3hg-eFu} A AYF
AukQl o] w3t FA o] HAHS oue] HAA
g 71202 HEIA

1) A AEghe vagt A3k AAZE divst
o] ofolemBF A FHEE 82, 144, 178 hr ‘&2
WA AS o] L wFLTFL 683, 80.4, 73.7 g-CaCOy/

|21 ©
(-Resin® 2 o]emgtgaFke AA 7kl 55 g-CaCOs/
-Resin TJH|3}0] 124%, 146%, 134%= W 3}al9ict T
3l Lolews LA BIEE 58,82, 123 hr o0&
H AT A o] ewFeeFe 375, 37.3, 28.9 g-CaCOs/
(-Resin® 2 o]lemgtgake AA 7kl 35 g-CaCOs/l
Resin tH]8}0] 107%, 107%, 82% = WH3}s}9ch

2) ol 2w ehFA 2] YA 75, 100, 200 g-HCI/L
Resin©. 2 WA AL o]lewsleIFe 658, 78.8,
90.0 g-CaCOs/-Resin® 2 A 7kQ1 55 g-CaCOs/¢-Resin
o v 3ke] 120%, 143%, 164%= W}al9ict T3k 2o]
e w3tz A o] AAAZF 120, 160, 320 g-NaOH/(-Resin
oz WA Ao olewstgske 318, 373, 43.4
g-CaCOy{-Resin© & o] 2GR A7l 35 g-CaCOs/
(-Resin TH|3}S] 91%, 107%, 124%= H3}5}% ).

3) o] hg A oA AAAIFFe] HAF T F7HEEL]
HAA O FLeE AFdES getd 4= itk 29 A+
oA RPZNES] HrgF o AR FUEEE
o 37 812 o, AR X4 HAZMA] Al
2 8HA] o, fol W Fol2 weH-gEFel -
A& E(SV)7F 2 749 FA], +9H] SHA 71
BAAE Ao R FA =glow, QA EFo] Al
- EAH], &9u] U A 7P AAFQ AoR &
ol ol AR 9 9 BEAE fEAe 30
T it ZAISk AR H gt A4 {8k
A A S Sk Ao] AAA] Ao R FRlE ik

4) FH AoA HYZWES] HEEFo] AR
el eFol Aol FApH|, u7t 7 A
AAQ F&EE 17.8 he 7S HEsHg o 1 o]
Aol Al AES Qe dule] A 5o 71 24
7} sttt Sol wdk FA oA Q] FAH], -FH]|

3 = 123 e MRS HEEG
T} 1 o]ioA AES fIslAl= A9 A T
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