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TRILITE BEEpERR=E] I ([, o= 24, 2400 2 33, HHA 2S5 AE, 99,
ldmnaliall ©|2 1022 Hjo|HLICH oie| OEM&4 204 5 HE 200F
lon Exchange Resin mnE

Partners networks ® coefficient

HAIAI 40074 HAIA S07H=

[ X N X T:,Louﬂ_.ﬂ‘\._” o|5t

eseee "%
@ LHELJARRL S| BILICEH ( (D @ THHGEQ A LICH eeeee IEX FUAHOIRTES2|
[ X X X K |
Locations (EAl, 3%, EHI3ME])
Seoul (Headquarter) O ooz

+ 370 2OF MR EFYHUH 2R
- PR |2/ S5HE
(Condensate polishing)/Z04
- Mg/ /ot| e M/ ook
- H|=22| /20| E/E4FHH
HAEERERHHT
- O 2uBtA] 24
- | Ik
- A Al
- 7|& MiojLt
- Trouble shooting

Gunsan (UPS Resin Plant)
- Uniform particle sized resins

- tYEIRIEIA =2 2] (Since 2016)
+ SE DIRHIAH0|Z240] TR : .
* OFA|OF 2T 2 YA O|2igt42| HE T4
* Product line

- g YA Ol w2

- 22=442|(OLED, LCD)

- A20tEJ2HT] 437

Daejeon (Technical Center)
0|2 mga3] 4

+ 0| 2 2k42] Y4 Recipe 741

* MAHIE WY

=0no (EALL
'TIE/?TE

- 287ls MY
- Pilot test
- Engineering data gathering
- Process proposal

Ulsan
(UPW/Tailored/Specialty Resin Plant)
« YA 243% (Since 1976)
o it 178 or2 o] 2 mgta3
(Tailored resin) 444t
« Product line
- 22| (HHT )
-FEE PAYRY, 2 200 F)
- B4 £2(LHOIE, THEH 5)
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Q| &2 (Hydrologic cycle)
=2t o, iy, 7], X|E AO[OAM =0| A

X|ol 22 ofzfel a2at Zo| U] ,
AL =2ste 82 =9 =8H(Hydrologic cycle)O|2t=

ol
2 CHE JEHHM, A, 71H HEi)=
80z REL.

2= (Condensation) _
/

%*—‘?—(Precipitation/

=d} A
q S =(Eva oratlon)j
%%*(Evaporatlon)s o = EVaP
32t (Evaporation)

42 (PrecipitatTefa)

(EA : Britannica Visual Dictionary)

=Xl (Water resources)
X 7&0= 149w HEol 20| EXfsts A2 FPED ol CHEEO| Bl4(Sea water,

97~97.5%) YEZ EXSILI 2.5~3% HETH0| Ef=(Fresh water) YEZ2 EXSt=0|, H2o OfF
22 doiet oHAM HEHZE EXSI0 2|7t AHBE £ e 22 HHO|LE =0 EXstE X

B2 X & =89 S5 R0/t Sto

Frash-
watar 3% Other 0.8% Rivers 2%
Surface
walar
0.3%
Earth's water Freshwatar Frash
surface waler
{ligquid)

L

£X2lS YE ST (TDS, Total dissolved solids)0i| [t} E&538tH Ofgf b ZCh,
) Si==(#57K, Sea water) : HIRE2 HstH TDS7t 2 10,000~50,000 mg/t O|H, BE 29| &
= < 35,000 mg/t HEO|LC,
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2) 7|5=(1UK, Brackish water) : HIRE1t Z=0| 40 Q0] ~z2 40| HIGE HL} M2 22
Lotlt 28 22| StTO0MEE 2~3kmEE2| HRlo| 7|7t EXst= 27t B, LHHH
OSZ TDS7t 2 1,000~10,000 mg/t HEE LIEHHCE

3) E@AK, Fresh Water) : 9| &R0 M2 E&9 |X[0| EXste 22 LSIH A47H9
F20| ANM =3t Fut= CtECH LEtH o= TDS7F 9F 1,000 mg/t O|SHE X[ & BHCL.

I

(Impurities)It X 2| (Means of treatment)

MHo

3. ¥=(Raw water) & EX5l= 2=

CtYot A=(Raw water) 0= 07t 225 EZgotl Al 4T A& FHO| W HX|
B2 Xgs 7tM2C0L ez & 0| 22 JAs 2==2 ofer 2o

Hxe| g
(Pretreatment)

£ (Suspended solids)

= (Dissolved solids)

(Organic matter) « Clarifier

271 (Inorganic matter) » Sand filter
_ « Activated carbon filter

=3 X
(Demineralizer)

- 0l2d =

A

» Ion exchange resin
* Reverse osmosis membrane
« EDI(Electric deionizer)

S|02 B
7712 & Ho|2d 2E 2 Sand filter2t 22 TMZ|HX|ZE O[30 ML, O|2uet+X| &
T e ol=2d 2EE MAD
WS 22E 45 220 g27|= ToHet 1 tiAME2 CtZap ZCt
=22 5F Zoj L& CH A4

20| Scales WG3t0] | LHE2 2 X540 L X|
= HLY M2 Holxn

2

H$0=

202 WXl Na™(SCR-B,
M =1

Yo FAZ 2AAF|I|E B}
= de @ MA Al HFo| YHE Lo C-08 £)22 HA 7t5
(Ca®, Mg*) ® YM2 Hofe
@ NaOHE 8oiAlZLf =Atzt=9]
HHE A4
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@ Hsistgol MMEHHOR SIS | YUHOR X|GH0le Fer,
2) 2 QAA|Z|D HM ItF JtF, WX, 3 | X EF0= FerHEHE FHO|
(Fe?", Fe*") SR FMZ Sof QofM #M I A | EXstD, Ar FY, FEFY
MZ doFIct 2 OMEMAZNH S22 XA
N Mn2t= Fe2tot & =Xj=
3) Y7t 0|2 @ HOjE Fe2t, Fe3*Qt 2D ZM xpMg | 0 b O
27t B Ne|dHe2 ME
(Mn2*) Yo zict °
i+ 2ot
@ 2y | sTE BJIHAFA Carry- | SR 222 FItst
Y LIEE, LE 0|2 over(E¥ {7t 7|2t ZAQOl A | & ZR7t U2, ¥o|2 u
(Na*, K*) EYEL E= 29| HEfE ®e] E0 | x| HH(SCR-BH, MC-08H
ZtHAM HO{7l= dehel Qo] =Lt | )22 MHA Zts

@ B ol 7|1Z HAM, Carry-
over &2| & Ql0| EIC}
@ CO,E YHMAIZ HjZ 2AZ Yo7l

Ct

5 Y¥ZEE
(Alkalinity)
(HCO3, CO5?)

mEF4=X|(SAR10, SAR20,
MA-12, MA-20 5)22 XA
7ts

H A Carbonizedk HH 2 =
@ 2215 Carbonized=|Of H4EO| 7 Clarifier, Sand filter, Activated

6) F71= A510] Scale2 ¥MSID Carry-over _
) Tole il 1O et gl 2 v carbon filter S92 O TFA|H
(Organic matter) £ ZFSIH O|2ustX|E LEA|F o
X K| 7{stCt,

ds= MotAIZIL

—

ofg7|Y S0|2 M|
=]}

7) g4k o|2 Ca2*QF AT CaSO,2 &AStD >
) (SO 2)| = Scalegf il o9|-|o|j|- = ot 2 2k=X|(SAR10, SAR20,
2\ = =—171!

MA-12, MA-20 5)22 XA
7ts

Al

| —_ =
sl 2e=E F7
A

o
7t den, 287

(Cr) D 3=X[(SAR10, SAR20, MA-
12, MA-20 S)22 HHA 7Is
9) 24 0|2 @O SE+E AEE 42 HaZHEnk | 2974 So|2usX 2
F) E) 2| Q10| =ICt (SAR20, MA-20) M7 7ts
ol LH Z+ X} S AMAMS
0 A|E|;|_ ®I:E|_ E‘in‘ o—|oX|0'” ScaIeE ooon_l' 7o|'%17|g %OI%E%—T—XI
) A
.. | (SAR10, MA-12 5)2 2 H|7
Si0,, HSi0) | @ El%l 2ol 284 "mee aas | OAF 22 M
ts
Ct
11) SFElEHet @ YZE|=7t =2 S0 Ld5IH Et7| & (Degasifier) S22
(Free CO,) Hi 2 2412 do7Ict A 7ts
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MAL+ oz EXSHA] g
12) |2lgAa @ O|2uSFXE MMY| AMSAZA o | OdE HAER2E HItst A
(Free Cly) sX5tel @lelol Eot O] Activated carbon filter2
HA 7ts
4. O|2ngX| 71
1) O (lon)O|&t?
O|l22 Moz HI|ZHE SIS 2% WIIHUM & SI2E 0|5sts HYLERH
HO|Z|RCoH S=(anode)2 2 &dt= AZ YO|=2(Cation), ¥=(Cathode)2 2 ot A2
20|2(Anion)22 FHEACE 10X =2HO| S0 =2H &, S0|22 = {21 7|XEXt
7t XS AL o Al 0|20| ECt

Anode (+) Electrode

Anode (+)

‘

|
BATTERY |
3
|

2) 0|21 2t==X|(lon exchange resin)Zt?
7|5 7|(Functional group)E 7t% 48X LXAEN Y IO 0|22 w2sty 22 +=
A sHO|2nE s3)0] Aof 222 HH U FESEH 22(0] AHEICE
eIHole 222 Z2eiFe MEO| s AMH M2 U e, HO|e, HHEHMY 9
HE g4k Al 22O FEES F= 22 UELE MHAHSs A2 Lt

3) O|2uet=X|of M= A2 A &
Ol2ustsX|Es 3 XAXCRE JtnEl NFEX DA 47|t 2427 22 ng|E &
2st0] DHEO{TICEH YA Ol DEX 2HE Styrene Monomer 2F DVB Monomer 2| && %
H HEf2 THSOIX|H, YEHEQl AO|=E= 0.3~1.2mm FZ 0|t

STM(Styrene Monomer) DVB(Divinyl Benzene)

CH =CH, CH= C"'z Ton
Polymer |:> exchange
(R) resin
Polymerlzatlon Functional (R_503 +)
group
CH =CH,
O|2uetX|E Fdste TeMEe S2lstex oz oPgsfiof sinf, 0 282 2[st0] Ztu x|
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(Crosslinkage agents)@! DVBE AHESHC}
CH=CH CH=CH,
) —
(styrene) L{ CH,
(DVB) CH.—CH—CH.
CH "CH,*‘L'H -CH;—CH—CH,;—CH—CH,—CH-
%{/%
—CH:—CH~—CH;—CH—CH. "CH*('Hv*(‘H -CH;—CH—CH.—CH
-CH—-CH;—CH—CH;—CH~-CH:—=CH—CH;—CH—CH,—CH
-CH,~CH-CH, Ci.—Cl—Cl,
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X S Polymerd M 2=X2|E &5t w7 E FADE

715t @A X A Atdle of2fet ZCt

,‘o LOOO0OOC
&o ﬁdm e
JX.X. SO000
OC OICIOX

Y

Post
treatment

O OO0
IO QX.N :I‘T
.X.A.A. r

Uniform partlcle sized polymer Uniform particle sized IER
(No functional group) (Functional group)
(0.2~0.3mm) (0.5~0.6mm)
Of2uegtX|of etE EW DjZs| HO|X|2 HO|F2= =HrCiofA HESHH MA =EHO|
Micropore, Macropore 0| EX{st= AES =olg = ULt
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Micropore Macropore
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o2t netv|7h s A0l ofLgr Lo o &
SEYS 7ML Al FxRHY ZE2 of2fe
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m=
s
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Functional group
(Fixed ion)

Styrene polymer
chain

DVB crosslinkage

n

SAT|(-SOL YBEI=NDt ZS DEIIS “Fixed ion'0lBtT SH=H, 1 0lRE
ststoz NER SAo] Dol A7) HEO|Tk HHO| Fixed ion It BHLE MK FNS

St
i O|& 7ts3%t O0|2& "Counter ion"2t11 BHC,

- O
0|21 2t4X| 9| Simple model 2 Ot ZCH (ZAHM 0|2 Bh4=X|)
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Plastic Backbone

NPT |:> R(Resin)-SO; H*

( ['SOB'EH+ ) ) Functional Group

-

Fixed ion Counter ion
ZAEE Q0|2 mzk=X| 9| HH2 Mechanism 2 AMHZ £ Ofz2fet ZCh.
+ pas H* (Service)

+
2usX|ol HEL JtYHtE (Reversible reaction)0]7] ME0 sZ7F &2 ZO0jA Hirj
o=z

H Br30[ O|F0] TICL Ol2{et AE|Z 7| AtHeE 20| Targetion @ Na O|2= XA et
2, Ml 3HE S50 MARY = Us O|2HRE Hel0| 7hs3tnt
R-SO3;Na +H* <+ R-SO3;H + Na* (Regeneration)

-
Y

Cation
exchange
resin

exchange

resin

YA 27|, 2, JtuE, CHEY, 17|, ChYeh 2|0 maf o|2ueteX|= CHYs &/
7t o ChYSH ApplicationOf CHS0| 7hsdotct
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At 37, Uk X, FLAx

» Gaussian (2gr=21) » Gaussian L-type (L) * UPS (Z22lI=41) « 3 20E 24|
(03 ~12mm) (0425 ~12mm) (0.5 ~0.6mm) (0.2 ~0.3mm)
000@® Yy ) e00000 ecccccce
# UPS : Uniform Particle Sized

) i
<HIIRE (lnE 42) <M (e BE

N&8
« Gel type (Micropore) « Porous type (Macropore)

: POfOUS

' 8
Macropore J,:

. .
b
10A<, <1000A o

Micropore
<100A

] i
Specialty Inert
4t ot 2417 ot ZEolE  preEy = 4T
?; Aég -meés J?B ;ﬂ -EB :g Chelating Synthetic Forpacked  For mixed
resins adsorbents bed system  bed polisher
Strongly Weakly Strongly Weakly
acidic cation acidic cation basic anion basic anion

ES(ESTOPET T

; @Ak Nucleic acid
224 UPW B 204 Catalyst 20|41 Lysine
- =5t Starch Sugar 5
2) Y= 2x0| ME FF (FYA F=X|t HZLA FX|)

U= YRt wYEE Y2 BHS ACE 11t I8 o 4 %It
Zefol Oo|2mBtX| YA S22 SIEF FoH(Suspension polymerization)2 [ wHHS SFHA
MASHo] Q= 2XEIF 03~1.2mm ARO|Q| Gaussian £ZEQt H|xst ZES EOICIL g
Gaussian A2t =27k St YA =7t 1.60[517F LA O[LCE

TRILITE @A =X|(Uniform particle sized resin)& &2 Al AN LM7|(Droplet generator)&
0| 83%t0] #YUSHA dHE otHM T2 57| W0 LA 1.10[5t2] OfR = Lo YRt
o| d4to| 7hs3tot,
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T YA =X Packed bed system &SI & A =X ddlof zH3tE o2

M A7 iR 25t B30 Z5HAH O|F0 HO| wat O] 2ugh+=X[S(lon exchange
resin bed)2 O REXCE &S of FU, HE FH0c 2T 0| o =2
AHg0| Aol JHsSiL)

E Ol2ugsi|z
=

Lo HAIZ AFEE Si= AL (AP) &S H Channeling ®4/0] X0 27 TroubleO| X2 #
0|1, =2|3tst x"oi Of < obgstol Jt=%t SHHoME QHEXQl Performance X Long life

time T+210| 7SS

I Ol B4 it B

Hrds =3 FEE Y : 2 (Agitation) 32| - 2@ =9
CH-CH CH=CH:
>
CH=CH: 00000
STM DVB

Hegs =¥ FU3Y : AHLY| (Droplet Generator) 32| - | £Y
CH=CH: CH=CH:
cesssse
0 2 > I
CH=CH: 90900000
STM DVB

{Styrene Monomer) (Divinyl Bernzene)

3) 70 ME FF M7tz 27tRE X))
208X WE FxE A s Zojet ZHASZ DVB(Divinylbenzene)ofl o8l A4
= Polystyrene AFE0| =& 3 AHAH Fx2 7ta & Z&HO[CH

tyrene CHH| DVB 2| B0 w2} 7h57r SralEIch S8 Al DVB o 0| SIKHH 02
R0 BH O AS JHKI7F B R O £58 U HEIS ZHECh BHRiol DVB of o

30 ©

wn

O] ZASHH Lol UXEIH HOJTICE

tnE & DVB%EtE St O|2netX|o| E4& AHESl= 523 FactorO|Ct
O|2uet==X|0= MicroporeZt ZXfSt 1 £o= 0|20 =tE(0f wehE 4= ULt Jtnke
7t #2558 Micropores ZOtX|1 O] 20| 1 QtojlA =it st 42 O of2{el ZICH
M7tne o|2ms=X|0A Microporee 74X O|2 =4t0] X2 HE JtmE7t HOtX|
M S2eetH o2 ofsfM O|2ueteX|2 AMESHZ| OfFLh IE0| 7tuk 8% =7t BE

X 2M BEOl AFEELD QALY
ol2{gt H#F 7tuk XL H2 2 Mtuk X, 22 89 17tuk: X2 Ha
Ztn=of e Fe oj2ugsX| £9 gshs offfet Zrot
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o LR AN ’ M e ] o om g
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Porous Type

Porous Type
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Porous type O|2m2t=X|2| 2}t X Gel typedt ZX|TH 2X= BHO| OfF B2 FHZS
7ZbX|2 o 1 H|EHH(Surface area)O| Gel type=Ct Oj 2 ALt
Porous type O|2u2tX|2 M&2 Microporelt THESH7| {5t LHIEOZ Macroporet
2Lt o|2uE2 0|21 eX|2| MicroporeOf|Al 0|2 =tAtof Qs A[ZM=ICE FX|OF HZE
“EH'—f H=d &0 £0|M= O MicroporeZt ==3t0{ AME|EE, O[2uWeH2 0| 2wt
Xlol EHO|MBH ZIMEICH Mt AXZMEILE H=d &0 H0M= HEHZEHO| X2 Gel
type O|2nstX|= HEHMO 7|52 UX|T Porous type O|2uEX|E HEH S0f £0
ME Macropore® 481X %1 HEPIHE S02 iixoz 0|2a#S & & 9UC

=
3 Porous type SXIE Gel type L HIS & E, SAAH0| FOILLD LIRIIEY, B BE
CE
=

—_

of % 2=t 52 SIS ALK, Lo O % 42 B20| BeH5Ho| BojHICt
St 7t 9| Gel typed| CH®F Porous type2 H|WSH0 CHE1h 20| HE|SHRALCE
@ & : =L (Macropore?| &2 &)
@ Rog wsgek : It (Macroporel| Hl 21| &)
® BYY IBEY . 2AU =3 =0
@ Ol2ugh £k : 7tu =7t £2 O[2ngX0N 535 "aEICt
© MY HYEW0| A0 TMNS FNEC
® UHR7I2EY : 2d8TH0| 222 WR7|LHEY0| &Lt
@ Y& % ==xHZL : Macropore £&£0| X 3to| 40| Cis ASALS SIEE
Ye L +HYET FAEC
Gel type Porous type
Gel _ Macroporous
27 R
Structure Py ® A
P
L ] Y :
Ll
..’.o
Appearance
Porosity Micropore Micropore + Macropore
Operating . .
temperature High Very high
Re5|s.tance !:o Low High
organic fouling
Reaction rate Fast Very fast
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R-SO3H + NaOH — R-SO3Na + Hzo
2R-SOs3H + Ca(HCO3),; — (R-SO3),Ca + H»COs3
R-SOsH + NaCl = R-SOsNa + HCl

2

ofibd Fol2uzteX|E W72 FI2SHY|(-COOH)E AMEdta ofLhdold SY =3l
SHO| o &Y Y KoM= sl =X @1 o|2ng 30| gt 0|2ueo| 7ts%h
pH Bfl= 5~140|Lf, Z4d Fo[2uet+X[0f Hs| Mdstr| & Wek&Fol 2 A0l §
ROl ¥ DS 0|22 EX|7| 4IUN YAN YO|2mBLR|L FLHO| ALBBIALL S5
S0 AHEEICE
R-COOH + NaOH — R-COONa + HO
2R-COOH + Ca(HCOs), = (R-CO0),Ca+2H,CO,
SAC(Strongly Acidic Cation exchange resin) WAC (Weakly Acidic Cation exchange resin)
Type Grade name Type Grade name
Gaussian Gel Type SCR-B, ..
Grade [
Gaussian Porous Type CMPOS, .. Gaussian Porous Type WCA10L, ..
UPS Gel Type MC-08, ..
R-SO;H (Sulfonate) R-COOH (Carboxylate)
J— CH J— CHE J— CH? CH2 —_ CH —_ CH2 — 4CH4C'H1—CI',EI7CIsz (T." CHz CH—CH:—
. . B COOH COOH COOH
FunCtlonaI =—CH~—CHa: CH CH:—CH—CH:—CH—CH:—CH——
| 1
grotie SO:H* . SOsH™ cmlcmfzzﬁcm 7§:(icm — &
—CH—CH:—CH—CH:—CH— S doom
Operating 1~14 5.14
pH
Exchange . :
capacity High (1.2~2.5eq/?) Very high (4.2eq/?)
Regeneration =
efficiency Normal High
Ion leakage Very low Low (Higher than SAC)
Zﬁ::;: H type > Na, Ca, .. type H type << Ca, Mg .. type
Cation Anion

co,

Sio,




o|2mataX|2 0|83F £Xz| JHo|=

@ 2ueheX| (Z7d/A4E718)

Ze71d S0|2uetXl= 274X TypeO| A2, Typel2 TMA(Trimethylamine)g W EH7|2
Ar83t1, Type2= DMEA(Dimethylethanolamine)2 L2t7|2 ALE3I0] & Z¢7|H0o|n &
dg 2s30| A0 ® pHHRIOAM S0|2E ueted = Aon 71 FHA A8 &k

TypelECt Type22| @7|=7t O WOt & O M7 #[2LE, lon leakage= Typel0| Type2
o HI5HH Lt
RNOH + HCl — RNCI + H,O

R-NOH + H>CO3 — RNHCO3 + H;
R-NOH + NaCl # R-NCl + NaOH

oFUI|Y S0|2uetX|= WB7|2 Tertiary amineg AFESHO] A4F7|do|n SHY 2dls
2ol Rlo &7ld &Y H0|M= sf2l =X @1 o|2uer 50| gith o|2ueo| Jtsot
pH B?l= 1~90|L, Z2F7|'d So|2ugX0f B} Mdst7| g wetgol 2 Aol 5
o HHE wetsh o|2E X7 #/}M ZY7d S0l2unsteR|et =ty Ar8stAL §

T X0| AH8 &t

R-NH, - H*OH" + HCl — R-NH;, - H*Cl'+ H,0
R-NH, - H*OH + NH,Cl = R-NH, - H*Cl+ NH4OH

SBA(strongly Basic Anion exchange resin) WBA (Weakly Basic Anion
Typel Type2 exchange resin)
Type Grade name Type 777777777777777 Gradename Type Grade name
Gaussian Gel Type SARIO, .
Grade . 2 UPS Porous
Gaussian Porous Type AMP16, .. Gaussian Porous Type AMP26, .. Type AW90, ..
UPS Gel Type MA-12, UPS Gel Type MA-20, .
R-N-OH (TMA) R-N-OH (DMEA)
~CH— CHy-CH — — CH~ CHi-CH— R-NH,-OH
] (Tertiary amine)
Functional %’iz G—CH*CH:----CH— CH: —CH—CH,—CH— — CH — CH — CH — CH: — CH — CHz —
group HC—N-OHx HC )‘f-oni ! o /I
CHa CHs CH: CHa C:HOH Mo e TGt
e o ?f’ °
H;C—N- OH# HaC—N - OH3%
CHs CHs CHs C:H:OH
Operating 1~14 1~9
pH
Exchange 5 :
capacity High (1.0~1.5eq/?) Very high (1.5~2.5eq/%)
Rege.n.eratlon Good Good (Better than typel) Better
efficiency
Ion leakage Very low Very Low (Higher than typel) Low
Volume
change OH type > Cl, SO, .. type OH type << SO, .. type
Cation Anion

HCO;

SBA
BA

co,
Sio,
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Z 2| 0| E=X|(Chelating resinE 3% 0|21t ZYOIEE dHE = U= &E7|(Functional
group)E 7HA|1 U= F=X|=2AM LEHHQl O|2ugtsX|ECt 3£ 0|20 Cisto] =2 ME
EE JHX|2 Qo] MEiMoz EFY % 0|2 udte = Ut
ZYO|ExX|= wgty|of miatA ofefet 20| 2/ Ct.
Functional group Grade name Application
Secondary brine purification,
Iminodiacetate CLR-08 M P
Wastewater treatment
Secondary brine purification,
Aminophosphonate CLR-09 M P
Wastewater treatment
Thiouronium CLR-10 Mercury removal
Polyamine CLR-20 Heavy metal removal
Glucamine CLR-B3 Boron removal
Aminophosphonate CLR-F Fluoride removal
Triethylamine CLR-N Nitrate removal

O| 0| '=C}O| Ot M| E| O| E(Iminodiacetate)E #&7|E AtESt= CLR-082| XAl Of2feb ZCf

—— CH,——CH CH,—— CH—
. CH,COO Na
—CH;—CH—CH,—— CHZN/
\CH COO Na
CLR-082 £2£ 1 Z0|E EEE HASH 0|2 & Mechanisme CH21h 2t
0
° CH,—CZ
CH. C\ S / \O
v o +M** —> R—CH,—N M +2Na*
R—CH,—N o
\CH o i BHSERG
e ) N0

CLR-082 Ct7t O 2(Multivalent ion)0f| CH MEAMO| O A 1O MEHM2 EDTAR} FALSH
Ct. Cu>Pb>Ni>Cd>Zn>Co>Mn>Ca>Mg>Ba>Sr>>>Na
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Specification0f HA|E0] Us ussHS TuULHEH(Total
2 LTS 0] Fol= or2fet &t
st
e Ol2uet=X| ugt7|o| &
(Total Exchange Capacity)
SHEEN neE /2871 20|12 meeXlE NaClit 22 SHES
(Neutral Salt Splitting =ofotn o|2ugts & £ UCL O netk= A2
Exchange Capacity) 'SEEE neEE o2k oLt
FAM/FAT|IE mEtad | by Q0|2 ngheX|et AFT|E 0|2 WEEX|=
(Weak Cation/Anion SHgs B = Y2EE NaOH Lt HCIZIF 22
Exchange Capacity) Lzt Mol SEH R WSEHS 7Y = UCH
A= /8 Y71d o|2usteX|s, "Hus8Y = SHdE st 0| &1,
Offhg/ 7Y OlRueteX|s, "Mt = SHYEHuSES + FUE/AHIY W

— O O
HH O|2usEXE AMEStE O 17t &= net82 2T W22 (Operating exchange
capacity)0| 11 0= #FeHE 2 (Break through capacity)2t 1= BHC}
- ZHEH(BTP Break Through Point) : Target O|20| £Z&|7| Al%fSt= X|H
BERHEY or SHIARY : BRAMNK L ol20| ML Lehhol AT
wetEEE o0jsta o|2ugkeX| YRS EAS= 7= Data’Zt ECt.
NaOH NaOH NaOH NaOH
SAC ¢ ¢
(H type) T<
Na
H H I Service > Na Na Na
H H
¢ Na leakage ¢ ¢ *
H,O start  H,0 H,O + NaOH NaOH
5 )
2
o
LN
§ % BTP, partiz:illy
s Lc)n = regenerate
Eé — L) BTP, completely
S LH + regenerated
s | n

1
Treatment volume (BV or volume or time)

Total exchange capacity when perfectly regenerated :‘:‘:‘j +§ +[[[[[U
Total exchange capacity when partially regenerated z’;"’ +E

o2

BTC partially regenerated
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+

2) =& (Moisture retention)

=2 37t (0|2
Al A =Tt [2kA O]
HEL|OJOF S0 ALESHHA Tt

al =
X AMSHE EZE(Free chlorine S)1F M=S m|sljof STt
O|2ustX|o =22 7tuEet A Qe LEHOZ It #OH EXFEIL K|
US| X|7| 20| +==20| Zasts 0| ULt
= CH MC-04 MC-08 MC-10 MC-14
b Smil= % 4 8 10 14
= % 57~67 43~49 38~44 31~37

3) TIH|E(Specific gravity)dt 2272 = (Apparent density)

O|2ugt=X|e| THIFZE2 Oo|2uesX| B 32 FAlgH 2O/ 7|FE2E 3t H[F0|1,
ZEI|AEE=  O|R2ueteX| Fol IIS EYS RIOE TJ[ECE 3t HEFe=
ME =& Al 7|F0| ECt
O|l2met=X[o ZlHlE X ZEI|YE= 7tukEel A7 =0 YEHEe=E JtiE7F =2
H BXRR7F X SHX[7] W20 £HS X ZEI|YEIF FOH5ts 40| el o|2met
F=X|7F 427t E[H AME =X CjH|SHe TH|ES S 2E7|YETF dAa5t= 0| ULt
2= THe MC-04 MC-08 MC-10 MC-14
dsmil= % 4 8 10 14
ZH| =
o & . g/t 1.16 1.29 1.32 1.39
(Specific gravity)
ZEI|EE
. g/t 770~810 825~865 830~870 845~885
(Apparent density)

OE =0 MC-082 ZE7V|HE: FEMZANT} 830g1Y B 251 Bag Z=FH Al 7|
830g/8+258=20.75kg 7}t =IC}.

MM
40
=
rir




O|2net=X|E 0|83t =Xl 7I0|E
4) YRt A 7|(Particle size) H T LA 5= (Uniformity coefficient)
O|l2metX|ol At A7|= =22|F 4k, BE &, 440 CtYst g2 O|XICH
£ O 2ax O o
SEHLE £5 BHE
HS & RS bt S
44 L& £
03~12mm CtESH AIO|=Z2 FYE H|Z YA o|2umetsX|ol Z2 Xt A7[e] Ktolof 2f
5t0f 2R st BtS HETF LIEILA (1, CHEXIe] 22 S2|&™ ZZ=7F Usto] Ipaf7t &
T = ot
g LA F=XQ Fd YA A7t LI Z Yt HZO0| O|FO0N O|2usX|ES
RANOZ AMESH= 0| 7tsstl, SEM 2 U SHES DTt X[ AO|=E MLt
2oz ztg g Qo

Conventional resin
gives diffused
exhaustion front

UPS resin gives an
extremely even
exhaustion front

Improved kinetics,
Fast Reaction Speed

Excellent Physical &
Chemical Strength

Higher Operating Capacity, Reduction of Rinse Volume
Longer Life Time of IER

“Lower Running Cost and Capital Expenditure”

30
1.5 |
25 |-
Z
U 1
25 13 £_ 20
b 2
¥ 8 s
£ 11 S5
£g § 10
o™ -
&7 o9 : : < 5
Conventional Resin (SAC) =
0.7

]
0 10 20 30 40 50 &0 70 80 90 100110120
Service Volume (Bed Volume)

50 75 100 125 150

Specific Flow Rate (SV)

25



olemet4x|E 023
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== "*EE LIEte M22M 20| X285 O &
'—PEH-HI'_ At HlZAH O|2umetX|o AL 1.60/8t, L-typel| B 1405, =LA
AL 1.10/82 LIEILE 20| Ygrsolct,
= Effective Siz
Volume (%) A ective Size

B = Volume Median Diameter
C/A = Uniformity Coefficient

"f“"""““'

/ C
A B ‘_s?)g/% Diameter
TR L RN
; m
f—— 90% ()

1 .

,.
ZZEoN

Removal

A
1

(
e o
0

& “n o

Caussian Begn Gaussian Resin Uniform Particle
L-Type Sized Resin
0.3~1.2mm 0.425~1.2mm 0.5~0.6mm
(Uuc1iel) (Uuci4l) (UC11l)

A%2| 7t0|E

4 ne
1o qjo
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5) W& = (Swelling rate)

ol2uegtsX|o] RIOl= O|2ugheXo O|2Y¥oy wat Hajottt oj2uegheX|ot AYdts
Counter lon 5 O|2ulgtX|o W0 Mef ChEH Of2uetsX|o] E4Hol §20|7|

=0l X EAE 2 0 HrEA] D2{SHOF ShLt.
oj2gmt Yol &A= offer ZLCf

DO

(MC-08)
F2 MEQl ol2Ho e Wete Ch3at ZCth
sim MC-08 MA-10 MA-20 WCA10L AW90
e (SAC) (SBA typel) | (SBA type2) |  (WAQ) (WBA)
WRT (Nag—HY) 8%
WRE (CE-0HY) 24% 14%
YRE HE-Na W) 60%
YR (FBE-CY) 20%
JtnErt 245 YLt RORICE JtnEet WREol A= CHSut ZLt
10 TP
8 \k““-ﬁzzv ’
_ 8%DVB
=
5 6f
g 10%DVB,
g
g o 14%DVB
S \ 4
2t
% 20 10 50 80 100
R-H (%)

O|2ugsX| BENE E8sHY +X2AM WEFO[ 400°CO[¢22 Oje FotLt mety|7t
=N

TOHE 22 HY 2E2EE =00 L
Fo|2mgt 2 HuUH 2 220 QHE5t0 ety o= 120°C 7HA| 27|

1
M50 40~80 °C HEZ 2Fsl= Z0| Yut=xo|ct,

=)
ro
Elorr
ot
¥
Ral
rr 4
Mz “
_9 il
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MA-10 MA-20
st= MC-08 (SBA type1) (SBA type2) WCA10L AW90
(SAQ) " " " " (WAQ) (WBA)
OH¥ | cd¥d | OoHE | ¥
2T2E 120°C | 60°C | 80°C} | 40°C| 60°C | 120°C | 60°C |

Ol2metX|= O|20f m2tA CHfst MERMES LIEHHCE O] HEE 0|8310f o 0|=0|
SMEY A= SEM EFE o|l22 22 &€ == A2 MEidZ O|sstA| Re™ oj=2u
St=X| FXQ| 2240| 0 Xotkl= Q0| &|7|= oot

O|2met=X|Qt 0|22 MEiHo| HAZE 0|22 MEHAH 4=(Selectivity coefficient)E HTASHH,
MEIA| =2 3 1 O|20f Ot =2 MEi-dS LIEFHCE

O|2ol MEtES HelstH Chal 22 d¥2 Eolth

o
=
=2 0|22 MEi{O| =L}
(Na*<Ca?*<AP*<Th*) &2 JAXIte 4% AXHZI O =2 49 MEHO| ALt O %
Ol= ®At7tel XtO|ELCH X[ gLt
(Li*<Na*<Rb*<Cs* ; Mg?*<Ca?* <Sr?*<Ba?")
@ MEtEol &2 O|20|2t: 0|22 &7t HXA|H MEHEO| =2 O|2ELC
ofF 4 9lct.
® 80|2uetX|o] MEiH2 ChZat ZCt
Citrate>S0,2 >Oxalate>1">NO; >CrO,% >Br >SCN->Cl->Formate>Acetate>F-
F=M2| Al o|22| MEHFo| Xt0[of 2|5t0| O|2uet=X|E WFo|M SECO7 -0 &M
SRWYLA| 2+FNONE of SHCHe F2lS 083t WUS 2EHOZ s 1p

MES 4 YL

=
Q0| 2 EH(Cation tower) LHE2| AN E LIEfLHCE

rio

ot
Izt
o
it
o
n

otz O
Raw water
CaZ* CaZ
2+ Mg P)
Ca Na* Na"Mg Caz+
Mg?*
Mgz*
Na* — H* —l — 9
H+
H* Na
H+
T Service
HCI

Regeneration
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D.V.B.%
16% b aicio 4% 8% 16%
L 1.00 1.00 1.00 Co?* 3423 3.74 3.81
H* 1.32 V.27 147 Cu?t 3.29 3.85 4.46
Na* 1.58 1.98 237 Cd#* 3.37 3.88 4.95
NH4 1.90 299 3..34 Mn?* 3.42 4.09 4.91
K* 2.27 2.90 4.50 Be®* 3.43 3.99 6.23
Rb* 2.46 316 4.62 Ni%t 3.45 3.93 4.06
Cs* 2.67 3.25 4.66 G 4.15 5.16 7.27
Ag’ 4.73 8.51 22.9 Sr?t 4.70 6.51 10.1
Te?* 6.71 | 12.4 | 28.5 Pb%* 6.56 | 9.91 | 18.0
U022+ 2.36 2.45 3.34 Ba?* 7.47 11:5 20.8
Mg?* 2.95 3.29 391 Cr*t 6.6 7.6 10.5
Zn?* 3.13 | 3.47 | 3.78 | Ce* 7.5 |10.6 |17.0
La?* 7.6 |10.7 |17.0
Z4g70d S0[2netX|o MEiA 4
Selectivity Coefficient Selectivity Coefficient
Type of Ion Type of Ion 5
Type1 | Type2 Type1 | Type2
Hydroxide 1.0 1.0 Cyanide 28 3
" Lignosulfonate” 800 120 Bisulfite 27 3
Benzenesulfonate 500 75 Bromate 27 3
Salicylate 450 65 Nitrite 24 3
Citrate 220 23 Chloride 22 253
Iodide 175 17 Bicarbonate 6.0 2
Phenate 110 27 Iodate D0 0.5
Bisulfate 85 15 Formate 4.6 05
Chlorate 74 12 Acetate 3.2 0.5
Nitrate 65 8 Propionate 2.6 0;3
Bromide 50 6 Fluoride 1.6 0.3
8) Hh-S 2 T (Reaction rate)
Ol2metX|o O|2ust Bt3&E= YXIAT|7t 225 WE ZT0| UALH, 77t &
S5 e ggo| UL
HH metEO| 75~80% weto| Z2|l= BEHSA[ZtOo] Xtel 37| 8 Jtu =0 et CHEX|
T 10~40Z AtO[Off O|F0f X|= A otz JEOofA =olgh = UCH
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= 50

£ MC-08 5 401

g =

S40 ~Z

é E% 30 > ’

£30 [ eg

% v o

B =2

g = £

= 5 L]

220 E!'g

2 gizm

gm- EB

g 0 3 a 3 L ' 1 i 1 3 10 1 L 1 ' L 'l A Il A L
001 2 3 4 5 6 7 8 9 10

240 360 480 600 720 840 960 Cmsslinkage (DVB%)

Patticle size (um)

Of2uegtX|0fM O|2uegt BE0] O|R0{X|= I¥S O|0|X|=f5tH L5t &Lt

— [

NaCl

|

WX HE Column Of] NaCl $~8H2
EZ1} Z2 o|2ug #H20| O|F0{TICt

1) Na* 0| 20| =81} 0|2 X|o| EHE S X|Lizict
2~3) 0|2 m&H4=X|2| Micropore £ 2 EHHEICH

4~5) WBX|Hof|A| o] 2met HES0| WS}

6~8) Na* 0|21} W=l H* 0| 20| Ho{X Lt7}

g 0|21 ek=X|2| Micropore 2 0| S6l1 %|F5Xo=
O|2wmEtX| EHO|AN ~8Ho 2 ZHHEIC)

3 lon exchange band

Bulk Solution

o771 21 o|2ugsX|o] o2uet B9S2 O|2ugheX| R0 =HHE0 O|R0X|= &
20| O 7| WEo| Zite] 827F &= Micropore?t 2% S0 2Jst0] ofel 42 Hs X

S f =
St LSHA . WetA Ol2ueteX|E MEol= HES MXNe|7t ESHA ECt
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9) X+ = & (Efficiency of regeneration)
O|2metX|o B2 7tHEIS (Reversible reaction)O]7| ME0] AtE = XHASH0] YAt
T den gutdoz Ao|2ugteX|ol HENZE= HC, HSO, 0| AF8EL &0[24
X|o| T EH 2= NaOHZF AHEEILCH.

X 82 ¥ (Regeneration level)2 O|2metX| Chel o) T ALESH TWH Sl (g 2ZA
A &2 100%2 iSO EA|BICEH
o2 £0f, o|2mE=X| 1,00000] 35% HCl 143kgS ARSI X{ASIAS W XHAME S Cf

3kg HCl x 0.35% = 1,000(g/kg) / 1,000¢-Resin = 50g HCI/£-R

%I'L-‘T’—._—T-xlol ME=E82 MUME FELsIFE I usER0| 3E5|= &2 LIE
oz S0 mEtMe Zid/2 7 ol2neteX[7t Ide&0| ¥, gibd/fEr|d
2uetEX|7F 22 HOICH ZtWEof mMetMe MItnke X7t 52 E

7t 22 HO|Cf,

AbAM ©

gibg Fo|2ugteX|ol 7tk YA, WY 28 A= of2fet ZCtt

100}

90|

80t

01

601

501

Regeneration percentage (%)

O
Regeneration level (eqg-HCl/eq-R)

2718 Zo|2nsX| FSHME Typel(TMAE UWBH7|2 AHE, SAR10, SAR12, MA-10,
MA12, MA-15 S)1t Type2(DMEAS 1L 2H7|Z2 AR, SAR20, MA-20 S)7t &= O, otz 1&
= 2 Type10f |5t Type27t ' d=E0| H ’;S As & =+ ULk

60+1.2

(eq/1-R)

20
5041.0 i

4010.8 GARD
30 +0.6
20 +0.4

1010.2

Breakthrough Exchange capacity (g CaCO,/I-R)

(eq—NaOH/1—R)
1 2 3 4 5 6
S —+ —

0 50 100 150 200 250 300
Regeneration level (2-NaOH/I-R)
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2 0|2 Leakagek: =Lt ZAS 20|57 WEOf X2 o =20 It

X7} AEHE[OfOF St XA S BASIEHAM M| =23 =0[7] {5t
| O] 2usts=X|E ALESt= 0| Eastot
S &2 (Partial regeneration)
2 7t98tS(Reversible reaction)0|”7| ME0 XjMz{HO| Setd+E O
Ol 7|tHel= =20 HI5tY HE HOHX|= 22 & & ULCh
12 L Theoretical .-
' value .~
.“. __.-----__—-
1.0 .
Operating 0.8 [
capacity 0.6
(eal®) 4L
0.2 -
1 1 1 1
25 50 75 100 Regeneration

A St THMAOf HiStH 227t
mEtMd M Ee o HE e E
M (Partial regeneration)=l MEjZ 27 SHA

o A

=13

olengSx| RO ME HuHg

exchange capacity) AH2{|l& Ofz2fiet

2
=)

ZLt.

Total exchange capacity)

level
(g-HCI/€- Resin)

OlX|Z 2 XAE 0| LHX|H ElCt
2 ZMED ojSRESRE

227y

o
U SHIHBY

(Operating

X mste et
=X ZF(Resin type o i
T SR( ype) (Total exchange capacity)

o
s

(Operating capacity)

=13

HD$gY

| e

ZAHY 0|2 mB=X|(SAC) 13~24 0.5~1.8
Z7|1d S0 2 et=X|(SBA) 0.8~1.5 0.4~1.0
oFAtd 0|2 W Bk=X[(WAC) 3.6~45 1.0~3.5
AT SO0|21B==X|(WBA) 1.1~1.7 0.8~1.3
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7. =X 2| Process (HX2])
1) MK MdH|ot MAHEE 22
Hol2d =222 4% HEe UMEE S5t0 MAH&|0{oF ot

Pure
water

T =2

/ Clarifier Sand Activated ~ Cation Degasifier ~ Anion Mixed
filter carbon exchanger exchanger bed
filter polisher
J | J
Raw Pretreatment Demineralizer
water
- . 7 Fx|a| AdH|
oy (i =
::;fts;melndjd slt?:d)s) (Pretreatment)
=L F=(Lissolved solids
- Ho|2M X .
7| & (Organic matter) lo2g 22 + Clarifier
27| Z(Inorganic matter) + Sand filter
- + Activated carbon filter
o B
(Demineralizer)
r 0124 =3 + Ion exchange resin

+ Reverse osmosis membrane
+ EDI(Electric deionizer)

2) DS X (Clarifier)
e TO CHYet HOl2Y SE2 A
YoM = BHEQ AlZE Lo HZBEX
B2, 2UAR0E0 2stol OjE
|

2 XI.
Cts A2AHSEA
St

R

| @ Treated water
'/

rr Hu mu 52 o
i
Il

F|OCk% z‘ggAl;ﬁi Sludge %EHE X.”j_l Raw Water Sludge
X o|LCt,
(&l B 20~100% — X2| & 5~10%) NaOH E_
@ NaOH : pHZEX|
o ShL o A|2(504)3

@ AI2(S04)3 : g4ty &0l ST
® Kaoline : THEZA Y9 EZ I} Kaoline [= | 7]

42 2E Z2 79 =
@ Polymer coagulant : &/3/H|0| 24|

Polymer coagulant = 2]
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3)

fe Al o1t (Sand filter)

rio

$0o| IR 7} Y2 ZO|L} Clarifier2 K28 28 ElE 1~2 °0[3l2 K2|& ZQ ARsirt

—

= O

(A4 Bt 205 — K2 & 1~2E)

= Anthracite \¥,
Sand Y

Gravel

Sand filter

Y Treated

water

Raw Water
_g;aw Water Pump  Backwash Pu‘rljfﬁ_1

@D Anthracite ; AEO| 2E0o 2
@ Sand : O{tALENM EFE A
® Gravel : O{ItA &2 EHX|S}

rm

_—

=l =

=3 O|2Z0| o
L A
o T

Bl ox

xRSt oz

SEHEZ J17 EEE 0|88 |+ & EFE0 e COD 22 A M3bd SE(R2E
2, Cl) a2 MASH= EX|0|Ck
(24 COD 2~5ppm — X2| = 1ppm 0|3}, Free chlorine 0.1~0.5ppm — 0.1ppm O|3})

A

Activated carbon filter

-

>

Raw Water Treated water

— <
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= TOC(Total organic carbon)@ 3}

Raw Water Clarifier Outlet Activated Anion Exchanger MBP
Carbon

Pure
water

Raw
water

Clarifier Sand Activated  Cation Degasifier ~ Anion Mixed
filter carbon exchanger exchanger bed
filter polisher
| | J
Pretreatment Demineralizer

7 A 2| AH|

2 18 E(Suspended solids) (Protroatiment)
&= 115 2 (Dissolved solids)
- Ho|2M8 23 _
7| 2(0Organic matter) o238 83 + Clarifier
7| 2 (Inorganic matter) + Sand filter
- » Activated carbon filter
= A

(Demineralizer)

+ Ion exchange resin
+ Reverse osmosis membrane

+ EDI(Electric deionizer)

r 0124

o
n
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cXe ZFFer O =3

=K ChEot A0 S3t0 N ZE 22 EEHO =38 Yislo|
S5 S 2P0l Uon, FHE= O|2usX|o] FF, S=(Service)/ X’ d
BH&  Z3HCombination) %% ofziet ZtcCt

(IER bed)d]| [IE 27

Strongly Acidic Cation Resin

Zrat Yol EX| ¢ MC-08, MC-10, ...

WAC | Weakly Acidic Cation Resin 2f4Hd Fo|2uEX| : WCAILQ, ...
ﬂ Strongly Basic Anion Resin Z'E7|d So|2agX| : MA-12, MA-10, ...
WBA | Weakly Basic Anion Resin 27| So|2 X : AW30, AW9O, ...
— Pa—
CHAMEY (Single Bed) SAC WAC WBA
S~ ~— ~—
N TN
WAC
A ALEL _wac || wea |
oo™ (Layered BECI} SAC SBA
— 7 ~
i
= AFEF . SBA
= AEF (Mixed Bed) <A
—
@ E%(Service), X4l (Regeneration) k0| 2 BEF
Service Rnlegeneration
= =
i 2 YAy 4 SESURLIRS
(Co-current (Counter-current
Regeneration System) Regeneration System)
1
A Reaeneration
® O|2uet=X|g #x0| HE 27

T A
(Co-current Regeneration System)

Service Regeneration

Sk X BFAl (Counter-current Regeneration System)
Packed Bed

Upflow System Downflow System

Middle
Distributor

reeboard

\/
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® et x3ol

2B2T (2Bed 2Tower)

Cation Exchanger +
Anion Exchanger

2B3T

MC-08
Cation Exchanger + Degasifier MC-10
+ Anion Exchanger
MA-12(P)
Working MB PR
(Mixed Bed) MC-08
MC-10
MA-12(P)
2B2T+MBP MC-08 MA-10(P)
(Mixed Bed Polisher) MC-10 MC-08
MC-10
MA-12(P)
_ MA-10(P)
MA-12
2B3T+MBP MA20 | \vc g
MC-10
AW30L MA-10(P)
3B3T+MBP i
MA-12 MC-08
MA-10 MC-10
AW30L MA-10(P)
4B3T+MBP MC-08 MA-12 MC-08
MC-10 MA-10 MC-10
AW90 MA-12(P) MA-100H
4B3T+MBP+CPP AW30L MA-10(P) MA-150H

MC-08 MA-12 MC-08 MC-10H

(Condensate Polisher)
MC-10 MA-10 MC-10 MC-14H

3) OlemEA AN Ztol SF Y A4/Mal EA0| GE My

[ |
Ao X3t ABSHO| w2t 12 SES KD Yoo
—

@ 2B2T (2Bed2Tower, Cation exchanger + Anion exchanger)

N
2B2T (2Bed 2Tower)
Cation Exchanger + SAC SBA
Anion Exchanger —

HCO; 7t R2 &% M2|o| HESILE : HCO; + CO, < 20ppm

Raw Water
Cation Exchanger (3t Demi
2 Anion Exchanger

; ® a

T

Ca?* | HCO4~ HCO4 !

1

Mg? Cl= H Cl- '

= = H* | OH-
Na S0.5 S0, ;
Si0. Si0.
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) P
2B3T SAC L maridl— SBA
Cation Exchanger + Degasifier -fier
+ Anion Exchanger S — ~ 7

HCO; 7t &2 &= M2[0| HESIEt : HCOs + CO, > 20ppm
Degasifier= QPZHC= 2HZ FF0 e S0 ZtE[0f A= HCO; 0|22 BIP=E
F0| CO,GasZ HBA7 o BHlo 2N SO0|2nseX|o RotEs F0EL,.

(1)
Raw Water I

S—— 7\

\%
Degasfier
4mp Demi
Cation Exchanger Anion Exchanger
@® @
Ca?~[HCOs HCO3 ® @
Mg?*| CI H* | CI- Cl- |
H' |
. . S 2- 2] SO 2- o, Al -
Na* [ S0.7| = S0, = s eS| H . OH
Si0. Si0, Si0- i
® Working MB (Mixed bed)
[ — MA-12(P)
Working MB SBA MA-20(P)
(Mixed Bed) SAC MC-08
— MC-10

2ol O|2Y0| MU Nekol 5 YUK SFHAM =FX|2l EXHHO| HABAHLE &Y
L=

0| X5 3% AHgECh

a
Raw Water /_\

~ Demi
(2 >
@ @
Ca?* |HCOs" i
Mgz* | CI- !
=) H™ | OH
Na~ S0.4*" H
|
Si0, !
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@ 2B2T or 2B3T + MBP(Mixed Bed Polisher)

SAC SBA SBA
SAC

2B2T+MBP
(Mixed Bed Polisher)

P P N
2B3T+MBP SAC sea %

— S~ S~—
2B2T HE= 2B3T AH| MtozL TaLo| 242 XX 4 9oL} O/
EXSHA =[0f Lo MBPE HX[SHY Akl =58 CHYHE MY

2B2T or 2B3T Outlet : 1~2ps/cm |, SiO, 0.1ppm |
MBP Qutlet : 0.1~0.2ps/cm |, SiO, 0.01~0.02ppm |

Raw Water 1

MA-12(P)
MA-10(P)
MC-08
MC-10

MA-12(P)
MA-10(P)

MA-12
MA-20

MC-08

MC-10

Na* % SiO,7t
RULE.

+

. 3
&
@)
@
Degasfier -
Cation Exchanger Anion Exchanger MBP ~ Demi
@ @
Ca®* [HCOg HCOs ® @ ®
Mg?*| CI” H* | CI- cl- 1
H* ! !
Na* SO:_ = 8042_ 2 SO42- - H” ‘ OH |-| Hf : OH-
SiO-2 SiO2 ( SiO2 /
N
Na* Na~ Na“ SiO2

® 3B3T or 4B3T + MBP(Mixed Bed Polisher)

| WEBA |

Degasi

3B3T+MBP SAC —fier 0 SRG
S— —_— ==
P N

WAC |__Degasilms WBA SBA

4B3T+MBP SAC ~fier SBA SAC

— —_—

71232l Concept= 2B3T2t X+O|7t g
bed2 -4t A|AHO|CE

WAC/SAC : SAC MME Ao 2 WACZt XA E|0f @4
WBA/SBA : SBA MME Aoz WACI MMEO 2%
(Organic fouling resistance)0| 2% WBAZl =
MUEo =R Fo|R2ustsX|0f HSIY S0[2m
O|2uet=X| WX &0 o §

el Wd=80] F2 WBA, WAC

=&
(=14
I:I

x| 7+ 0]

—

Yo o2 4B3T ECH= 3B3T7F O HO| X

AW90
AW30L

MA-12(P)
MA-10(P)
MC-08
MC-10
MA-12(P)
MA-10(P)
MC-08
MC-10

MA-12
MA-10

MA-12
MA-10

Ot
-
2
—
[})

<
®
-
@
o}
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ak ZCt

Raw water

=]

Vent
e

N Baffle
Manhole Sight glass
Regenerant out
Freeboard < :
Y I Sight glass
IIIIIIIIIIIIII_.__II
~,
Regenerant
u:u:h::. COHEth‘r
IER bed
Reinforced
plate with [ g &b &b &b &b &b
nozzle or
strainer

Treated water

[
Baffle: ¥7t X5 2 HHN ZEOX|A EH £X|E EHS 2EX[A ot0f A™HHOl xf=
of a7t 2 £ Yoo Z Bafflel MX[SI0 0| hX|sj0f St

Freeboard : O| 21 2+X|E0|= Backwash 55 2510l 30~50% HEo O R IS 7HX|
Us BRIt E2Lt Packed bed system2 O| Freeboard?t 10~20% HE2 HX| HEZ =

2 QU

Manhole : O|2uet=X|g WEE HHstn 37| 2I3) ERsiot.
eqns

Sight glass : 0|2 1gt+=X|52| B Level 20, S5/d Al & OfF =22 2510 ER
Stet.
Vent : O|2uetsX|E o] 28 Hist0 +=XE WEE &stAL O|2ustsX| WHE ot



Reinforced plate with nozzle or strainer :

254A Ct
=0 72 dH
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Eo A
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Of Strainer

S
b
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E| A
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W ¥ X

0006®

(Y X X XA
OQQ(‘QQ
00600660

eeeeceeece
eeeeceeccee
eeeeeececcee
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'YX X X XN
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e

e

e

e

®

e

®
90000006

@
@

0000000000 S
0000000000000 00q0
0000000000000 000 ( @
0000000000000
000000000000 e
e00o00e0000ecee
0000000000006 O
0000000000660
00000000000 Ho
000000006 b

(3 NN i

)

NE]

Az HiE

dHE 2ot +X|E

| A

He Al

23X

s
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Regenerant collector :

S o B W K < OF _m ok
;o — T |E 2R o
ﬂ_mowm.{._unﬂ Emu_._._ oo
“Mn.url=L||_._.._lm._M+o - @u.lo ._nwn__/E
H 5 8 & |0 SR s 1 R
FTrRls — %N ._|A.V|EoE|L|M_M
= 2 N 75| w0 > = 0| N
W Yomo oy ROK <R D=
= = K T CC
O._ﬂn_O_HE 8l = O .Ao_._._._l_ﬂ_u._
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Outlet

Regeneration

o

Service

o o Tl

=V PNL-IEN|
(Counter-current
Regeneration System)

F

.
(]
o

FOff 2t of

HtS
SRS

| (Co-current vs Counter-current regeneration)

=~

Service Regeneration

I:(IDI-A

Ul
2
~
— i
m n
i S
& g
i)
0l0 &,
o =
T X X W mo o -3 -
~ ¥ KU >
iy MWPE DR TIE) kT
< M._._nl__._m_.v L_LATW1 [ ~
<k ol M_ﬁ = £ ook U = _ =
ol 3 = WK o O
E FoFE g o~ @ = c >y
0 — = © _A_.O._O._m = i —
< K oW r O z~ =2 ()
ol = o & % 8 _ X W - S o) <
o o o o ©® o o W < = - 2
== 3 = W T @ a o s
HERE X Vg g g E 2 -
s 0B N oo ©f [ Z an (3] W R
o= ou B <F Nl b n a n =
W.r_AW w_._u_ﬂ_n_u of m S
MR o Ho o B = 7
4r w0 B | = r - ~
= of ol s _ = o
3 Ko g o R0 KT -
oo o Ho X n - .
= 1o 0 or Jofl = K o+ |....E.H ..m
s = — = T RO . <
s_.ixm S B L N o
RO O] . KU Rl < WM ol KM
o o & <k 20 X = K4 [
fo ©F - Hogr O 2
mPor mweg T 1 F
ol U T Or p! | OF <k of < © | o
= 2
— 0 3
) =
X 2 o.m (o
+ oz W g K -
= =
Br

=

il (Regeneration)

AHHFAI
S o

N
(Co-current

=
Regeneration System)
H(Service)

(e}

E
S




XNe2| 710l

+

@ HHEMYLA (Co-current regeneration)
HEX|MUAIS ST} KMo Ze WEom 0|20 Xl A|AHOID 7T 1xE H
2 =X Hlg, SENOl TYH/SYU, He 2 Touble S FHE YoU WS H2|Hol
2 % WHUHS| ALY B7t & BHEO| O BOF X Z0l= & AMBEX| = FAO|Ct
Raw Water
Regenerant= == <x~xx
]
Waste regenerant @@= = = < befp Treated water
HCI(Regeneration) Raw water(Service)
Ca

=

=

FX|E2 DA E I &7| #HO| Lisart
20| ZXY
@ TFIMEA (Counter-current regeneration)
SREAMYYAS SUT XH0| BiTf WHOR 0|R0 K& AIAHO|D, HRYYLA
Hjoto] +XE X X X WHO| Tk BFARIS THHO| oL, Ke| £Ho| 240
I TR O THssel A20| AMEE AHlo| (ERES FRYMYAAHOR Hote
FYSICE
SR YLA= A 57X Lol ACH
Packed Bed
Water Blocking
System Upflow System Downflow System
Single bed Layered bed Single bed Layered bed

Regeneration

e I I

SBA

Middle
Distributor

WBA

Intermedate plate

1

reeboar

WBA

¥




| Water blocking systemO0f| CHd}

HFAIO
[=J

|(Conventional system)

EXO
S =

=0 &g
O] YOt Packed bed2| B2 HEo| HOAM AtM3| CHRER

17| A

oHCY.

.
O

Raw Water

-« \Waste regenerant

Treated water

Regenerante ==

Raw water(Service)

e ——————

~

- ~,

HCI(Regeneration)

ojru

SOl

2% ALg0| 7t

k=3

of Dekof X2

=
=

shol DjMME 20| Fof

=
=]

o3
&

&

OH

=

of g7l W&o K2 x-g&

=)
o3
ol
ol

O[O et XAl

(Service)

=

o

Ol

I

x7|2E D2Eo HE

HA(H %g_o

Counter-current regeneration

(wo /a7
\Q_Euu:v:oQ

e

HCI(Regeneration)

Service time

—_—
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e S T A SEAYLY
Ao 2EET pH 2.5~3.5 2.5~3.5
pH 7.0~9.5 7.0~9.5
2B3T N
SO|=2E&E+ MIIMER 10us/cm | 1~2ps/m |
Silica 0.2ppm | 0.1ppm |
I Tus/cm | 0.1~0.2ps/cm |
MBPZ — - -
Silica 0.02ppm | 0.01~0.02ppm |

EEERE SINEIR

(Service) (Backwash)

Raw water

e
%

-

Co-
Current
regeneration

Backwash water

Raw water
Counter- e,
Current % o
regeneration 7 r%

—
Vv Surface wash

water

6) Packed bed system H|il

(Settling)

)

(Injection) (Expulsion)
N N
F 2 | |

Regenerant Displacement
water
Raw water Raw water

(blocking water) (blocking water)

Ol2uetsX| =X SFE HE StH oot ZLf.

(Rinse) (Service)
Raw water Raw water
A ¥
T
p7ZTET
/ﬂm ﬂfﬁ
Raw water Raw water

\
By

K [V

Displacement

St T
Regenerant oo e

N <
A \By

Upflow System

Downflow System

Single bed

Layered bed

Single bed

Layered bed

Regeneration

Service "

SBA

Intermediate plate

WBA

Freeboard

()

Freeboard

WBA

SEE Y A HEA]

SOM x o

Al2 Packed bed systemO|Ct Packed bed

=13

o | o
system2  O{E O[2uet¢X[E0| YXE0 2HMECH: 2[0j0j1, MA =X& &8H F
50~40% Freeboard?t EX5t= HRMHY S &F Water blocking systemO H|5t0] Freeboard

£ Zxsiet A0 SFo|ot.
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Packed bed system2 SU5t= WEko|| M2tA Upflow systemdt Downflow system2 2 &k
ddes S WRIIEd 2 52 RISt Layered bed2 F&|7| & THC)

Water blocking system1lt Packed bed system2 H|mStH ChSnb ZCt,

A

T H|

F=X|E 7h20 THYm Mol Hi==E|= Collector?t EXHTICE
AH| | 420|M X|X|$(Blocking Water)7t SHEO|Af  XHA4 K| 7}
L9 | CollectorOf| A Tt} XHMEHHO| Z|0] Hs=Z|H Freeboard?}

Water blocking system
( 9sy ) o 30~50% Z=A|stCt.

Service Water/ Air
Strong | - Mz X XNE|=2| =7l L5ICt
Point | - &% 370| eFEXoO|Ct
- Freeboare— - SR PRV ST UaHg0| ol Erf
M o TN MO| =
Resin Bed - I|'|o oo 3 Trouble =c 7|' ool El'
& 4 . . Weak | Freeboard?} 20} +X|EE 282 AI8Y =+ gl
T T oo | O % 717t ol ekt
neration O|nt —_ - -
- XIxI30| W] RE4XIS0| Mo}
- O|2usE=X|7t ==, WH A 7 Collector?] £40]
k7] #ct
M| A 2HES DownflowZ MMKE EWMSI0] MAStD &
=
(Upflow system) qor | TBYE Upflow= HASHE SystemS2 Freeboard?t of
I Regeneration - 10% Ol-é-}- —fl_s H0|_|'E|'
BN S - MlgE R Nl =7t 50t
'-—Inertaesm : trong | AX|ELS HSFMOoE 0|8 JHssirt
Point
_ FHAHZE 0| O™ M
Resin Bed Freeboard xH°° °°| |_|'° Oll:l-
/ - 90| Hgl G EH B A| Fluctuation0f 2IZS}CH

N - SS(Suspended solids)2| =X0| £|7| &Ct

T We.ak - A M|EH(Backwash tower)0] Hx =z EQ3|Ct
Semce Point | _ Resin Trap2| AX|7} ZHo|Ck
- BSAMA MAH Al £7F Nozzle PlateZ} E23}cCt
AH| Y SHZ UpflowZ MEME SHSI0] HAISHD S5
gof d2 Downflow2 HA|St= System2ZE Freeboard?t <f

(Downflow system) 10% O|5t EX{BtCf,

(Samyang Packed bed system) - Mdzg 8 NMe|o =27t S50t
- E4 2%o| e o|ct

- $XES B88MOR 0|8 JHsBiCt

[ - 7|1E MH| = A 8o|3iCt

Service

. |stong |- ¥4 82 B0 S XY & At
Inert Resin — POInt (%_T_ _gxo—l % xo-|x| 7}6
) Freeboard Resin Bed - EEMMo2 HA Al 57 Nozzle Plate7t E8 8l
Resin Bed B xi0| Zolsct
~—— - T4 Al 2@SWel MAH7 wwsiel ANl I
RE . [t 2 2ol AMEH2 R systemS 7’4 7hSSICt
9 Weak |- XMM37H0| Upflowo|?| mE0f A%F &0 H3}
Point | 7 S AL WA gTo| wuY 4 AUct

- M2 Distributor A4 7} WtCHECH
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Water blocking system CHH|SF0] Packed bed systemO| CtY¥st HO|A O {e2lsh HHJAS 2
Qlgt = AS M, Packed bed system ZHAME Upflow system0f| H|5I0{ Downflow systemO|
47}X| HOlM O |alotd 1 4M= ChZat 2L

@ Downflow system2 X}7|XjM(Self Cleaning)0| 7h53t0] HEo| A Eo| ZEagirt
Downflow system2 Xl A| Cleaning0| SA|0f HAlE= YWACZ RI|5 FoHH0| =2
B ZAOM ALE 7tsStH M EO| ER5HXA| gior ZHEo|LCt.
8HH, Upflow ServicetAl2 S5 3HE UpflowZ HA[SH7| 20| F7|20| O|2u%h
NEUHERE BEL= X2 FAHE0 ULCE O|E SFEE L0 AYSIH Chaat ZCf

>3 Flow Picture Description
e e Direction P
Ml A =M7 BEE £ 0|20
StX| B2 Bed liftsto] Upflow
2 SFE HANDICE o m 2
Service T T ZeE ]718 % SSe= 6"“?‘0”
N Qesof o2ms+x SO
A% gt
(Deep bed filtration)
Service
N N jé!"o*(Settnng) a2y = S0 =
e 22FE X Sse LI} Tp
Settling | f0E YRE 0|38 E 80|
] 20 ojemet4x| & HHO
& Aelo| =Lt
Service Backwash
Vessel . Dok Packed bed systemOlA= A T
- Resin Transfer 7HE Cél. _/I\_ 917| I:[HTI?'__O.” 6"_‘?_0.”A-|
2H 2gE o|2ussXEE A
dot7] 25t BackwashB 2=
o =]
Backwash = Parcuates & O|&3t0 AME Aot 0|&
TP olknseRe 22|18 570
Retim 2 maf elo| i M Eol H
BacuWash 9_6'-04 ?_‘lAE-lH|7|' E’g0| j\_REI_“:l'
SIu|cEWﬁtEr
. R ti
Regeneration s
(Injection) l L
) MYS7E0| Downflowz A A|Z| 0
. eHEEoILE 1M 38 5 ME =&
Regeneration <! .
9 ! 347+ UpflowiA40] Bl10] Lo
(Displacement) et HM7|MO2 BackwashEHeS
0|835t0] IAME HA|ISHOF BHCF
Rinse l




o|2mataX|2 0|83F £Xz| JHo|=

Downflow system2 &+ &8E2 DownflowZ &A|5}7] [[H--Oﬂ /718 9 SS7t o|2mets
XNESYE0 Exste FE22 Z0 Y2 Ol WE 3 = CIeanlngE|01 O] 2 W 2h==X|
FE YRSt FMEO| EQSHK| el R7|E FotE0| 2 A0 HEY = UCL

(R

Flow . L
o . Picture Description
e e Direction P
Service
N WY 9 M7 B=" =
A Downflow2 &+& A A|SCL O]
) A o ¥+ 5 == ]I & SS
Service l \ S MEOM SYE|0f ol2mEs
i Surf:
Resin Bed B YIRS A=V IR DR =100
(Surface filtration)
Self "
C?eanlng@ Aol'%kH?rE g_/'\_ EEE ‘Jn'_\“jlk‘%UPﬂOW
N 2 W2 E4A7 Bed LiftE A
B AlBID X158 U= A|ZICH
C " ojmf =20 EXstn Ues |7
ompaction T Resin Bed 2 3 ss= A= Stra|ner°| SlitO|
S 20(0.5mm) Inert resinO] =X |0

A HFSHA ALl HiEEICE
(Self Cleaning®)

Regeneration WM E FUSHH Of2umehX
= Swellingdto] L{£0| FEHA S
2 ASE A |I7IMO] 8

of YEstH A<l Hi=ECH
Resin Bed (Self Cleaning®@)

DisplacementA| =A|7} O|F0{X
715 M 33 8lo] o2

=

Regenerant §|_F_JI:X| 6: Hl g Ol O|T01 XI_I EI'.

(Injection)

}O

Regeneration

(Displacement)

Freeboard= {IZ 0|&st1 X|

SR =M £ A O/

o o - ¥ EF 4 o|2ugXx OE

Settling l e MEZ 0|50t0] CHS XM

- 3% 3 79 wsEch 4% 3

- 5 O|2uzsX|E2 0|etE|of
Channeling@ 40| 2HX|E T,

AX IM S 3% £AZXo| Dot

Ri ==
inse } WIHX] SHE AT




ol2met4x|Z o8t

£%g| 7t0|=

@ &% ME|/do| OfL =of eHEXol nxk XNE|xo| Mito| 7HS5ILCt.
Downflow system2 & 220| Downflow2 HA|Z|7| &0 HFHO|H & & X
S JHAI7F RER 2 Q] FlexibledtH 70| 7hs 3t
2, Upflow ServicetAl2 &% (Service) 3EE Upflow= HA[SH| MZ0| S5+ X %
"5 B3 A
Pl.Y .Y .
(U U U U U U U Uj UUUUUUUYU| [T U U UUUUU
N\
A (Settling) 381t FALeH O| steX| & S0 2MSHA |0 o|2ustX| S&t
L7t SHESHA =0 CHAl & 7HA| Al =F 23t S M==ZF X5H7F YAlSHA =Ct
2tM = MEZEE I3 7(1|75.*0F0:| ST Al R HES XNUA|70F 5tH O|= FAtH| &
7t & 4H| H2E232E 7I§2LCh & 85 380| =250
® System T/d0| Th=dtn HA|EO| 2RSHX| 2of MX|HEo| ZtASto| HMH|7t HZHElCE
Downflow system2 &7} Chedtn AN EO| EQSHXA| @40t System T8 Al X £X|
HEO| ZASHHI|E HH|(EFY LA = Water blocking system)2 Retrofit & 42
H| 80| HZ 0] ZA|&O|CE.
7|2 HE 8l k= T MU0 =XSt= Freeboard7t 72| QIO O|2uztX| =5H
g2 =2 = A9 7|E FX| 2X|0M ML CapacityE =8 = UM 7|F VesselZ O|
8¢ =k A FHHO|CE 7|E HHIE HASY Retrofitst= € =T Ch31t 2Lt
Co-Current Counter-Current

N

1,400 mm

44444 I

+4+44+44
00000000 1,400 mm
00000000 Resin Volume
00000000 = 10,7002
00000000
00000000

3,000 mm
A=7.65m2

7|& ®3,000%x2,800

1,120 mm
000000000000 1,680 mm
3..“..“00“... Resin Volume
0000000 =12,800¢
000000000000
000000000000
3,000 mm
A=7.65m?
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& Packed Bed System
Treeperrd 00 .

2,300 mm
Resin Volume
= 17,6002

+2 S (1.8~2.0 times)
KH“'EII"*I 2 (10% 1))
LI B 7:.*_+_ (30~40% |)

M+ SH2.5~34H)
XA Z4a(50% 1)
HNels= =5 70 (ps/am 1)

y

3,000 mm
A=7.65m2

@ S35 44 (Layered bed system) T4 Al £X|& L ZH(Intermediate plate)g& THEX| &%
Ot E|0f Th=dta Z44H|7} BZAECE

Upflow system2 WBAS| ZTIH|FO0| SBAO| H|SA I“*7| M=o =XIg W A4
(Intermediate plate)2 AF&3t0! ChamberE 27§ TH=S0| &5 ChamberO= SBAE S5t
1 52 ChamberOl= WBAE F7otCt O A2 “—”'% MZst= o HIE0| S7toHH
7|Z 2HIE VY ME HE F7tel |elo] Eot

@ 3000 X
2800

SBAQ9| ZIH|F0] wBAY|
H|5t0 37| wjZof
Intermediate PlateZ2 2
«— (d2HE 37D

{ ]
-
{)
PON N YXYXMY)\Y)\ PN PN
EA df

B, Downflow system2 &5 0| &F0M SHEO|7] MZ0| TH|FS| =MZE 02
WX E ST =0 AHHo| HRlo] =X|F F=Ib Hasix|a H-H[7F BHECH
TRILITE %%M“ FX|o] 2% TH|F ®O ofL2t Y= HRE ZYsto] 2AHs 22| d

o T —
s= Argetot.
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T= TRILITE KA18LB (SBA) TRILITE AW90LB (WBA)

oy %] z87ld s0[2uetsA| 9g718 0|2 metK|
(Gel®) (Porous®)

Matrix Styrene-divinylbenzene Copolymer
w7 Trimethylammonium (Type1) Dimethylammonium
0|2 cl OH
EEELD chep 2o Ty UM 220 Y
LIRS 1.11g/me 1.04g/me
TESRE 43~47% 40~50%
wegE 1.3meq/me 1.5meq/me
e OH / Cl=1.24 Cl/ OH=1.30
AUA = 1403} 1.10[3}
ol Ho 0.6"1.2mm 0.5"'0.6mm
|=|E |:|‘I'| ‘ O
AMNE2E 60°C(OH3) 80°C(CI¥) 100°CO| 5}
FRpHEH 0~14 0~9

AW9O0LB2 XM &
0|2 G SiO, LeakageE A ¥

20| 0 <
5]

F

ot 22 d4X| TR702 0|2
=

AL
TOo
of 1ako| 5

oto] IS H|

ueteX|7F A2l 72

7r 6}71| 811, KA18LBE= OiR w2

dEl= A2 YXI5tH ss 8 O|EAte| HiE

1.2

TRILITE AW90LB

1.0

0.8

/

TRILITE KA18LB

0.6

0.4

Base Cabacitv (ea/ / -R )

0.2

40

80

120 160

Regeneration Level (g-NaOH/ £ -R)



TRILIT
© ‘ LITE KA18LB KA18LB2| HZ& L7}
= [‘ TRILITEAWSOLB | aweoLpoll Hlstof njS wt=oy
g ion X{ AW90LBS| YX}7t 2UsH0]
g ! Sharptt HZ 0|22 LIEILY7|
3 | ., E0I271X] 0|2 RB4X] Afo|o)
> ~, S3tg|s 2E0| EX|}X| L=C}
£ 05%
2 \ - o EE[Y40| 248
£ :
I\ |
0.0% e N e : e .
0 B 10 15

Terminal Settling Velocity [cnvs]

Service Flow AW90LB Outlet

|

vuuuuuuuyu

| SO,27, CI-, NO;" &
Strong mineral acidsH|#

o
(®)
X

TRILTE AWSO0LB

}
TRILTE KA18LB i f,

i |
\__/ I H | OH

|
1

vouuuuvuuyu

HCO;", HSiO;~ 3 H&E
0|2l Cl- H# (Polishing)

e

__________

TRILITE AW90LB= |45 80| 53517| =20
TRILITE KA18LB2 E1 }3._ Mmooz o] 715

TRILTE AW90LB
(R-N),SO,; + 2NaOH « 2R-NOH + 2Na* + SO,2-
R-NCI + NaOH <« R-NOH + Na* + CI-
R-NNO; + NaOH < R-NOH + Na* + NO;-
TRILTE KA18LB

S&%t HCO; -, HSiO; -, CI- 2250 XAl

\__/ R-NHSiO; + NaOH < R-NOH + Na* + HSiO;"

R-NHCO; + NaOH < R-NOH + Na* + HCO;"-
T R-NCl + NaOH + R-NOH + Na* + CI-

Regeneration Flow
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7) Packed bed system 27 X%

Downflow system®| 2% Z=ZE “J2|5tH Ofejet ZCt.

@ S=(Service)

AT MAEZ FAL|0| 8EEF (Downflow)2 S50 =47} MALEICH

@ FX|E Y=(Compaction)
Suspended solids and fines removal
2fZ(Injection), &E (Displacement) O
38 IH%*%#% %;*%*%(Upﬂow)g o
E4AZICH W2 L0082 XL __Inert resin
SEO7t |X = XHE =X E S50
4= =
FXE g=0 East f52 o2l Lompact resin
stX|o| U 22X, LI Freeboard
of Bk, 20| g& f=Ct FX|FZ
O] =89 &¢=f|= H= 21 =20 Freeboard
AQEICH AMH 23iM AX|L 02D Ny /
stX|7t Aol FHEE= A2 - ;

|3 BE Y
Water

I o
rir
n

0 ss A D[RS HiES

® %F U LE(Injection / Displacement)
AX|E0| OEE|H xjMEE EQS I Regeneration waste
St O X5 &€= 380 H|5td el “\
S£0|] EOX|A =IC} ‘ Inert resin
750 Mo #XBF2 HF0
osE Mel2 XA == o of
A4S 0|2 S A(Hysteresis) 2t L}, Compact resin

TXS0| eHs FAY HEHZ WY

HMel olgHe HHEAML sk, &S

7R = AA =t

FOo| Alx[of OjEtS

3 TAmel A ~—

Regenerant Y

Injection

ﬂll

Freeboard

mjo o

o

iF) OlSAH Y (EIFEHLS:, Hysteresis)

S|ABElAAtNE B1Df, ZOIA O|2folat Shth 0|20 EABH LiEtte ZHolE 2R}
SHlRrEn L] R (), B0l Ho] e, 0SS 22 Xb7 0| (RiGui e « AH7|

S|AHIZIAlL), ERSOIH Gtk i« BHYSIAH2[A|2)0[2t0 SO oI e &0| LIEHL=
eS| CHSiAM = ezt O|dSs 2od[= B0 &= 22(E, & S8 A=tel
MZIet IS AH7|E, HEt 2Hte] HAE UELls 42 —?—i(IOOp 7t ECh O[A=Z

| AH|2lAl AT MOl BhCH,

— 1 =


http://100.naver.com/search.naver?where=100&command=show&mode=m&id=5606&sec=1
http://100.naver.com/search.naver?where=100&command=show&mode=m&id=5606&sec=1
http://100.naver.com/search.naver?where=100&command=show&mode=m&id=131263&sec=1
http://100.naver.com/search.naver?where=100&command=show&mode=m&id=154189&sec=1
http://100.naver.com/search.naver?where=100&command=show&mode=m&id=131233&sec=1
http://100.naver.com/search.naver?where=100&command=show&mode=m&id=154189&sec=1
http://100.naver.com/search.naver?where=100&command=show&mode=m&id=154189&sec=1
http://100.naver.com/search.naver?where=100&command=show&mode=m&id=131263&sec=1
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@ E 7 (Settling)

YESHO| TEEH HFF F50| X L0 X522 =X|E S0 XIFSHSH0 A0
A EICH o] M =X|EF9 SHM7} |XIZ7] E0 D&kol Mz[+E Mg = UL
0

of2uegtsXle] 28Xl 0[&0 7|'6°|’ oSt §888 & XS0l E0Xls 2t
ALl XS RS DIEA 8 SsE A& dR7Z 0[F5t0 Chg MESY T A2 H

Ef=iay

Compact resin

UUUUUUUUI[UUUUUUUU [UUUUUUUTU

]

Incompact resin

MUBHO| FRET QT MelHES Y| SIstol SME AL MHA K57}
SU KL MG 84 BZS 9lotol YO|RDBIUN S0|2DBTYOR w3
She wajo] Bk o|C,

Raw water 1 Cation Exchanger outlet

U UUUUUUU Inert resin

UUUUUUUTU

—_—
]
D —
Freeboard !
Cation Anion
Resin layer Resin layer




|

LY
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x =

EX|
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]

E

8) = AEf(Mixed bed system)

=X7t 2¢

5

k=1
Ef(Single bed tower)0f| H|

20

oo trl

0
A
S

Raw water

Sight glass

Vent

NaOH distributor

Sight glass

Regenerant out

Sight glass

. Regenerant

SAC

collector

Reinforced
plate with

nozzle or

strainer

Treated water

KO
wr

2 5N NMElso =k

e 20t =L

e

ety 2| 42o|

7

2B2T, 2B3T, 3B4T, 4B3T,

oos o
st 42, E=

7k

niin =] MbcEIES

S|
~

THO| Polisher =2 AR EICE,

.
o
e

RO(Reverse osmosis)

—~ —
Ko £
N o
- | « a
— 53| S|g
o =2 2|9
= < | ©
8 SIRD R | - =~ o
Pyl B I
w B_AT_
X >~ —
> o9 = £
= a
2 & 2] a
- O 9]
EHIE
v
9]
W —
o] — £
o
wl | | =~ o Q
- ud | od f o
02 5la KK Tl A
U o o
[&) | -
£ o
)
&
(]
S| o
S| 8
a8
x._wﬂp._.ao zl ~
H__.._Ruomﬁ ﬂﬂlu
H |T|RI|K|m™ .__ﬁS
| o | XN | K
3y
o<
£
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olg3t X2l 7ol

.

o

o0 ¥/50[2 ue=X|E H|IE AO[of 2510 22
e =, Air-bubblingg £3}0]
T

DK== NaOHZE ZHA4

in]
2l =
MO[Et,

Water

)

NaOH

Ha |
Water
(End of service) (1) Backwash

o Water
(2) Settlement  (3) Cation dosage
Water

(4) Anion dosage
& displacement & displacement
A wam /L\:te r

S
N ~.\\ §

: e
o

% ‘. i, '&&@

Water Drainage

Compressed air
(5) Rinse 1

(7) Mixing

7

(8) Drainage

(8) Filling water (9) Rinse 2
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x| 4

2| =3, Cycled WU, O|2ugtX]|

. gLA 52 ne{sior XAt
System2 T#+dg = UCL

—

Analysis of raw .| Treated water .| Determination of
e N »
water volume, quality IER system
' R N ;' N ;'
G T x) 100m/hr i
%= g s (2B3T Outlet) 2 [ 1—‘
Anians Lus/cm |, Silica 0.1ppm | Q‘rgﬁ’\ @ @
o s s (MBP Outlet) =T ..
So, 'mier im 0.Lps/cm |, Silica 0.01ppm | o
. 7 . 7 .
Determination of . Calculation of - Calculation of
Va - N e
cycle length operating capacity IER volume
} N r . ¥ } . — - Iy
Ex) Service 20hrs/cycle 4 —
Regeneration 4hrs/cycle ]
2Train system i
(1 train is stand-by) | -
. 7 . Tm—— — 7

ZISIH 97%= B (Sea water)i ZX5tH
350(35000ppm)9| mE(SaIt) etst 5ol ol S0l =
0.01~0.05%(100~500ppm)2| ¥F7t =0 RUACH YHE S %*#01 ZoE|0f A=

F= o= ZCh

i
+t|
| oot
OF
o
o
_|T|_

0
I o
bl
0

0R 19 19

Major
Cations Anions
Calcium (Ca*) Bicarbonate (HCO,)
Magnesium (Mg*) Sulfate (SO,*)
Sodium (Na*) Chlorides (CI)
Silica (Si0,*)"
m Silica= &~ S0l &t SEH(L 4 Polymer )2 EM6tLE 22 pH
(LOISES HIIB)IA S0I2C2 Halsl0z 20/202 22=TL
Minor
Cations Anions
Potassium (K*) Carbonate (CO,*)
Barium (Ba**)Nitrate (NO,)
Iron (Fe* or Fe*) Phosphate (PO,*)
Manganese Sulfide (§%)
(Mn*? or Mn*?) Fluoride (F")
Aluminum (AI**) Carbon dioxide (CO,)
Ammonium (NH,*)
- Strontium (Sr**)
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=2 24 80 Ho|
CHYst RI=E 243510 0|22 & A4l HEHE LIEILZ] {5H0] CHYSH 017t ALE |
M 1 &M= Ctaar 2o
@ H| X% (Resistivity, M2-cm)
D195 E= HYEOIZINE St Ex=Sal)e| 0| HEs5 F, =3 2 4

S 30| HOIFICH HIMBLS MIIMEES| A+ (HENOIH THIE M- OICH

® M7|™ &&= (Conductivity, ps/cm)

HIMEEE HHZO H+2M EHS@ER)0ZLE St B9IE ps/mS A
O YEHoE WIMESS HOIE Susts YKt 40| HHSEE 2o ¥L 22
S(salyel Yo H24=E F, 243 2Y ZP HOLL MIMEE 3Ol 058 B

o JjaFXOl gas

Conductivity(ps/cm) x

© ZdE(Hardness)
UUHHOl AEE Ca?t, Mg?* O[22 SAE 2/0|3tH ppm as CaCO;E HEA|SHCL ¥
& & CtE 27} O|2(Fe?*, Mn?*, Ba?*, Sr?*, .)0| YS AL EgsiCL A= HE20 &2
=(YEHCE 60ppm O|)S d=(Hard watenzt ot 2 =2 A=(Soft water)Zt
StCt, YA|ZE (Temporary hardness) 2 @14 = (permanent hardness)2 &% ™
Ae dEH8E0] SEHUIEM EOiE[0] As HEHE 0|7"° RZO0|H FEHAHO| Et
Aoz EIC BHMER S0 =X 47| IR0 AMstH, 22 A7t EICH olmf |
HEls BEE YABEE oOh 22Xt Z2REEE0] £ ”OD'OI'—f AME 22 H[EHY
OS2 =0iU= P9 Y E USICL

@ E27|2HFMA, Free Mineral Acids, ppm as CaCOs or meg/?)
FI|1E(Cl, SO2, NO)OIA 7|28t AhAcid)2 Z4t0|H RI7|MoZ2 HHsID, Q7|2
(EHAE OFMIEA FAA S)0|A 7|Qlgh A2 ROl |R7|AMC2E HYHDICH 2 24
OlM FMAE Y8HX o2 CI, SO, NO;y ,F PO &2 0|22 A E 20|ty 4H7|

4 S0|2uSFX|(WBA)2| AL FMATIS mSSICE THlE ppm as  CaCOs,
epm(Equivalence per million, meqg/) 0| AHEEICEH
© YZ2| = (Alkalinity)
=0 =0t A= Bt d 9| e E J2 St=d B M
= st

= 2
HIZS ololsin] Yot oz YT s HF 52 HCO;, CO:> A E 2lO|otot.

o

=X £ O

o St YEHM O 2 SS(Suspended Solids)’d 2=

o8t sH&!Fo = M| = SHCE R/O(Reverse osmosis, SAHEQN) £0f

= g 2 Ol2ugX| ZOM= & S0

2 MZ((R/O 20| TDSS| o 1/2) A LhEl %‘—KIE o|OjstLt. EHl= ppm as CaCOs,,
epm(Equivalence per million, meqg/f) S0|

5

as Ca
TDSE 4 3 EHE0l Y 3 DHBTO| T AU Y4E YA = Hof
A

2k

> rok r
L

S o mo og

UutHo =z 4 £EH EMo|2} 51H ppm as CaCO; or epm(Equivalence per million,
meq/f)0| BO| AtEE|= O 1 O|fR= HEFEGU(CaCO)RE 2HHE £=X|0|7| I{jZO0|C},
0|2 BAMX|E EFZ(CaCoy) 22 BHitstE Atele CH2at 2Lk



olemet4x|E 023

— —

A%2| 7t0|E

Atomic or Substance

Molecular Equivalent to CaCO,
Substance Weight Weight Equivalent
Aluminum 27.0 9.0 5.56
Ammonia 17.0 17.0 2.94
Ammonium 18.0 18.0 2.78
Barium 137.4 68.7 0.73
Bicarbonate 61.0 61.0 0.82
Calcium 40.1 20.0 2.50
Carbonate’ 60.0 60.0 0.83
Carbon dioxide” 44.0 440 1.14
Chloride 35.5 355 1.41
Iron (Fe*) 55.8 279 1.79
Iron (Fe*) 55.8 18.6 2.69
Magnesium 243 122 4.12
Nitrate 62.0 62.0 0.81
Phosphate 95.0 37 1.58
Potassium 39.1 39.1 1.28
Silica’ 60.1 60.1 0.83
Sodium 23.0 23.0 2:17
Strontium 87.6 43.8 1.14
Sulfide 32.1 16.0 3.13
Sulfate 95.1 48.0 1.04

epm(Equivalence per million)2 Zf 0|25 450 s+ T 1 0|2
oz ®HIIoH AS SEEIQ B)2Z Lz U2 o =
Ao HotE|= Atd= CH3at ZCh

(58 o|22=z ghitet 0|2 ST #7I)

i} = & o
Cations Anions
Calcium as Ca 40 Bicarbonate as HCO, 100
Magnesium as Mg 25 Sulfate as SO, 50
Sodium as Na 60 Chlorides as Cl 141
Total 125 Subtotal 291
SiO, 12
Total 303

epm(Equivalence per million) = ppm as ion / &2 (Equivalent weight)

(epm2Z 2Hih

Cations ppm/equiv wt epm (meq/e)
Ca 40/20 2.00

Mg 25112.2 2.05

Na 60/23 2.61
Anions

HCO, 100/ 61 1.64

SO, 50/48 1.04

Cl 141/35.5 397

SiO, 12/60° 0.20

g, CaCo; itgt2 oref ®et ZCt

of sigst= S

2t

=
=13
=

o
A
e
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(epm2o 2 BHALE ZF Ha|)

Cations Anions
Ca 2.00 HCO, 1.64
Mg 2.05 SO, 1.04
Na 2.61 Cl 3.97
Total” 6.66 Subtotal 6.65
SiO, 0.20
Total 6.85

]

QUCH TEtM 40| pH7t B40| TS B ¥,
o & B EMKo| 2F0| JH5HS oMBHOF ot &

HH s pHIt SYY B2 SilicaE Mels &, S0l2
o
Mg maya dE

Sx|, M2l 27, Cyclelr MAE, O|2mELR|, KA A
et ZRNAVH MEE 4 Y2 Dasof st

oln
mjo
o
o
i
|o
fu
=l
i
O

7e el a3 A

o2 =tz

— o
X

(TDS, SI0,%)

il
ol
>
=
0=
Pl
oo o

- Layered be
kA 1

r

12
rto
H1

2oto] M4d 2%

SAC) : 120°C |

WAC) : 120°C |

Gel typel 60°C |
Gel type2 40°C |

k=]
o Mo
T H
ob
- 4>
o A

o
>

0x 0
02 o

[¢}

=

10 oY oY oM oy 12 O
02 02 0R 08 O0R

riot riot

rfo rlo
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x
Lo o0 0090
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riob riok riok rlok ot ) |

R R =l

|A—|
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!
Hm

7t EEHOILt

g2 3R

Gel type
771280
HHES Cfotg HESH= 20| ER
F71E=E | 1) W2 H0| LBt SBA Porous type H& HE
23512 2) Layered bed(WBA + SBA) H& HE

(COD) 3) 28 =Hs =5 R7|E MNP HE
- Al NaOH TEA|IZHS A%
-ME2EE ROt =0 AW

-F71HY X2 2 HM(=dE) 24

of
Q ox
Jo
N
lo
e E
4o
u2
4 rir
Ot
oM
o

4 0¥
10 0
N

Mo
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Ol R3tE, z=d, R7IQRY=E FotEd &2 S0[2ussX| ME S DXL SHE
M Jto|= ofafet Zct
A4z me M M
go|gmgtax| M
TDS SiO% COD Type Cation tower | Anion tower
1g KMnO4/£- | SBA gel type2 UPS MC-08 MA-20
Resin | (MA-20, SAR20L) Gaussian SCR-BL SAR20L
30% | Downflow | SCR-BL or AW90LB |
° Layered bed (WBA+SBA
5g KMnO./t- yer ( ) (1 Chamber) MC-08 KA18LB ¢
Resin | (AW90LB+KA18LB)
esin ; MA-12
50ppm | (AW30L+MA-12) Upflow | SCR-BL or A
(2 Chambers) MC-08 AW30L |
1g KMnOu/E- | SBA gel typel UPS MC-08 MA-12
Resin | (MA-12, SART2L) Gaussian |  SCR-BL SAR12L
30% 1
5g KMnO4/2- | SBA porous type1
. Gaussian SCR-BL AMP18L
Resin | (AMP18L)
1g KMnOg4/f- | SBA gel type2 UPS MC-08 MA-20
Resin | (MA-20, SAR20L) Gaussian |  SCR-BL SAR20L
30% | Downflow | SCR-BL or AW90LB |
° L d bed (WBA+SBA
5g KMnO,/t- ayered bed ( ) (1 Chamber) MC-08 KA18LB *
Resin | (AW90LB+KA18LB)
esin - MA-12
50ppm 1 (AW30L+MA-12) Upflow  (RECRERICY A
(2 Chambers) MC-08 AW30L |
1g KMnOg4/f- | SBA gel type2 UPS MC-08 MA-20
Resin | (MA-20, SAR20L) Gaussian SCR-BL SAR20L
30% 1
5g KMnO4/?- | SBA porous type2
) Gaussian SCR-BL AMP28L
Resin | (AMP28L)
=4el 20[X|2 YutHoz HE ALY E Fe5tH of2fet ZLt.
RIIRHEE B0 =X YUS FLP °1|E SBA gel type2 =& typelS AI83l= Z0| Ht
B AISICL Type2& ALESHE MM RZO| 7tsotLt At ds XM3HE0] typelOf HISHY =
1, typelS ALESHH At d& 7(13F%0| type20f H|SI oLt MU= S0 2t FOoF M
M S YE0| Stttk
R7IHEE HotEo| =1 Si0,%7t 30% 0|5t ZAL0= Layered bed (WBA+SBA)E AlE
Sh= 70| BHFEZAISICE Layered bed downflow2| 7L Chamber?t Aoz JEE|X| 40t &

A 37|12 227t 7Fs$ AW90LB+KA18LB Z=H0| FHE1

1, Layered bed upflow2| A<

Chamber7t 8oz JLEL|0 A0 AW30L+MA-12 80| FHEICE
A7IQt Z0| O|2ustsX| HEV 22EH Nl = U g 52 ZESIH Z2MA &

EE X&oHA 2t




olemet4XE 0|83 Kzl 7to|=

Aozt ) Me|=&0] M0 Nk ol =5 YK} SFHAM

= o e . [

AN " gnimsol at 29 © Working MB(H4 7s) A1t
o 2) A7let e = + MM B K2l 27tY FeE
Tl X2

Non-regenerable MB 41 &4
1) Alkalinity(HCOs™ + CO,) > 20ppm : EEHE(Degasifier)
X8 (2B3T, 3B3T, 4B3T)
SPERAME AX]
2) Alkalinity(HCO; + CO,) < 20ppm : EEHMEN(Degasifier)
0j8Eg (2B2T)

el

=A | Mk =5 1) MBP(Mixed bed polisher) 2 23}X| 4OLt
(5~20ps/cm | ) SEA A =X A|AH” ME EHR

AL AL AL
HAEE =T 1) MBP(Mixed bed polisher) 27}
0.Tus/cm o
ES'I'ga/OO#) ) 2) Cation Polisher &7t : S0|2%& ZEt leakk|l= NaOHE
ilica 0. N &
PP HMASO Na SE2 WEDR &
(Na 0.01~0.1ppm |)
EP N
18I_OT182 . 1) X A28 =74 AX] : RO(Reverse osmosis),
(18.0~18.2M0-cm 1) UV(Ultra violet), Non-regenerable MB(Z&=X|)
(ATOC 1~5ppb |)
N1Y 2EAIZH X 7 =2 =0 2o
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@ 2B3T(Counter-current regeneration, Packed bed system, SBA Type2, HC| regeneration)

“samyang”®”

TRILITE

MY EE|Eto|E

lon Exchange Resin

Packed Bed System lon Exchange Resin Calculation Sheet (1st Step)

1. Vendor name :

2. IER System : 2B3T(Counter-current regeneration, Packed bed system, SBA Type2, HCl regeneration)

3. Flow rate :  150m’/hr x 20hr/cycle “Input data
4. Cycle length : 3,000m’/cycle
epm(equivelence per million)
5. Raw water Items Units Value Units Value H| 1
analysis | Ca”(Calcium) | ppm as Cac03 | 500 | epm(meg/t) | 100
Mg?*(Magnesium) ppm as CaCO3 50.0 | epm(meq/?) 1.00 | Total ionic loads
General : 50~500ppm
Maximum : 800ppm as CaCO;
ClI'(Chloride) ppm as CaCO3 100.0 [ epm(meq/t) 2.00 Free Mineral Acids
SO (Sulfate) ppm as CaCO3 25.0 [ epm(meqg/t) 0.50 :| (FMA)
SiOy(Silica) ppm as CaCO3 10.0 | epm(meq/?) 0.20
Totallron o] ppmasfe | . 00 ppmasfe | | 00 [ <OlppmasFe . ..
Chlorine ppm as Cl2 0.0 | ppm asCl2 0.0 | < 0.1ppm as Cl
0D e epm e 20 pem 20 | <20em
Turbidity ° 1 ° 1] <1°
PH e L L3 I S 2|
Conductivity us/cm 330 us/cm 330
Temperature °C 15.0 °C 15.0
6. Treated Items 2B2T outlet MBP outlet
water Conductivity Tus/cm | 0.1us/cm |
quality SO S S Otppmt Lo 0.0Tppmt |
pH 7~95 6.5~7.5
7. Regenerant HCI 35% 50.0g/£-Resin  (Regeneration level)
NaOH 50% 45.0g/t-Resin  (Regeneration level)
8. Raw water summary (ppm as CaCOs) (meq/?)

Total Cations

TEA

Na% 39.4%
Alkalinity(%) 24.2%
Si02% 6.9%

Cl% 69.0%

TEA(Total Exchangeable Anions)=FMA + HCOj3 + SiO2
PEIV | a degasifier exists, HCO;" is data after degasifier and
generally 10ppm as CaCO;or 0.2meg/t

Higher Na%, lower operating capacity of cation exchange resin

Higher alkalinity, lower operating capacity of cation exchange resin

When SiO,% is 30% or more, layered bed is not applicable

Higher CI%, lower operating capacity of anion exchange resin
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Packed Bed System lon Exchange Resin Calculation Sheet(2nd Step)

9. Calculation of volume for CER(cation exchange resin)
The calculation of volume for cation exchange resin depends on total cations of raw water and operating capacity,
operating capacity can be calculated as shown below according to Na%, alkalinity, regeneration level. (Fig1)

Na%
Alkalinity
Regeneration level

39.4%
24.2%

50.0 (g/t-R)

Fig1) Operating capacity of TRILITE MC-08
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% Na of Total Cations

Operating capacity of CER

Volume of CER = Total cation loads / operating capacity

Applying safety factor,

8,319¢

10. Engineering verification of CER volume
@ Diameter of tower(packed bed system) : 2,000~3,000mm
@ Flow rate : LV 20~40m/hr

® Maximum bed depth : < 3,000mm

@ Minimum bed depth : > 500mm

Items Output Remark
Diameter of tower 2,500mm 2,000~3,000mm
Sectional area 491m’

Volume of CER 8,800¢

CER Bed depth 1,794mm Min 500mm
Flow rate(SV) 170 SV 2~60
Flow rate(LV) 30.6 LV 20~40m/hr

No adjustment needed

g HCl/I resin

1.19eqg/¢-Resin

Operating capacity (eq/l)

-
-
©

= 33eg/m x 3,000m/cycle =+ 1.19eg/t-R
= 8,31
x 1.05 = 8,800¢
Items Output Remark
Diameter of tower 2,500mm 2,000~3,000mm
Adjustment Sectional area 491m*
e Volume of CER 8,800¢
CER Bed depth 1,794mm Min 500mm
Flow rate(SV) 170 SV 2~60
Flow rate(LV) 30.6 LV 20~40m/hr
Volume after adjustment = 8,800¢
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11. Calculation of volume for AER(Anion exchange resin)
The calculation of volume for anion exchange resin depends on TEA of raw water and operating capacity,
operating capacity can be calculated as shown below according to Cl%, SiO,%, regeneration level. (Fig2)

Cl% 69.0%
SiO% 6.9%
Regeneration level 45.0 (g/t-R)

Fig2) Operating capacity of TRILITE MA-20

14
Al— B |— C
105
™~ —| T —| O~
1
@ik ~ e \\ .
== = %<
~—~— R .~ R 2 ™~ kA
— M -8 \~—:\ e 09 %
\\ \\\\ §
i y 085 >
T RO\ g 083
s - E s &
N 075 S
=y -~ N
\\ 07
—_— —
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—— —
06

0 10 20 30 40 50 60 70 8 9 100 o 2 4 6 8 10 12 14

80 70 60 50 40 30
% Chiorides of Total Anions % Silica of Total Anions (5) 44 (38 (3.1) (2.5) (1.9)

Regeneration Level, g NaOH/I
(Ibs NaOH/ft*) resin

Operating capacity of AER ~ 0.83eg/{-Resin
Multiply the correction factors of Fig. 3, 4 and 5 to calculate operating capacity adjusted.
0.83eqg/f-Resin x 1.0 (from Fig3) x1.03(from Fig4) x 1.00 (from Fig5)
Adjusted operating capacity 0.85eq/{-Resin

Fig3) Silica end point correction factor of MA-20 Fig4) Regenerant temperature correction factor of MA-20
1 1.04

1
- /
0.98

/

0 10 20 30 40 50 60 70 8 90 100 998 = %0 = % a5
Silica endpoint above average leakage (ppb SiO,) NaOH temp (°C)

0.85

Fig5) Bed depth correction factor of MA-20
i

0.99 /
0.98 /
0.97

0.96

0.5 . . P ; ; ;
1200 1300 1400 1500 1600 1700 1800 1900 2000
Bed depth(mm)

Volume of AER = TEA loads / operating capacity = 290eg/m  x 3,000m/cycle + 0.85eq/i-R
= 10,177
Applying safety factor, 10,177¢ x 1.05 = 10,700¢
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12. Engineering verification of AER volume
@ Diameter of tower(packed bed system) : 2,000~3,000mm
@ Flow rate : LV 20~40m/hr
® Maximum bed depth : < 3,000mm
@ Minimum bed depth : > 500mm
Items Output Remark Items Output Remark
Diameter of tower 2,600mm 2,000~3,000mm Diameter of tower 2,600mm 2,000~3,000mm
Sectional area 531m* Adjustment Sectional area 531m*
Volume of CER 10,7008 —_— Volume of CER 10,700¢
AER Bed depth 2,016mm Min 500mm AER Bed depth 2,016mm Min 500mm
Flow rate(SV) 14.0 SV 2~60 Flow rate(SV) 14.0 SV 2~60
Flow rate(LV) 283 LV 20~40m/hr Flow rate(LV) 283 LV 20~40m/hr
No adjustment needed Volume after adjustment = 10,700¢
13. Result of calculation Flow rate
IER Cation(mm) 2,5000 2,179H LV 30.6 SV 17.0
tower Anion(mm) 2,6000 2,504H LV 28.3 SV 14.0
CER 8,800¢ Swelling rate 8.0%
Volume Inert resin 1,227¢ (Bed depth 250)
of IER AER 10,700¢ SBA Swelling rate 14.0%
Inert resin 1,327¢ (Bed depth 250)

2B3T

MC-08

MA-12

Cation Exchanger + Degasifier MA-20

+ Anion Exchanger

MC-10
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@ 2B3T(Counter-current regeneration, Packed bed system, SBA Type1l, HCl regeneration)

TRILITE

A E2|2to|E

lon Exchange Resin

Packed Bed System lon Exchange Resin Calculation Sheet (1st Step)

1. Vendor name :

2. IER System : 2B3T(Counter-current regeneration, Packed bed system, SBA Type1, HCl regeneration)

3. Flow rate : 150m’/hr x 20hr/cycle * Input data
4. Cycle length : 3,000m’/cycle
epm(equivelence per million)
5. Raw water Items Units Value Units Value Hl1
analysis | Ca”(Calcium) | ppm as CaC03 | 500 | epm(meq/) | 1.00
Mg (Magnesium) | ppmasCacO3 | 500 | epm(meq/y | 100 | Total ionic loads
Na*(Sodium) ppm as CaCO3 65.0 [ epm(meqg/t) 1.30 | General : 50~500ppm
K*(Potassium) ppm as CaCO3 0.0 | epm(meqg/?) 0.00 | Maximum : 800ppm as CaCO;
Total Cations ppm as CaCO3 165.0 epm(meq/f) 3.30
HCO; (Bicarbonate) | .{.ppm asCacO3 | 400 ] epm(meq/f) | 080
ClChloride) | ppmasCacO3 | 100.0 | epm(meq/) | 200 |= Free Mineral Acids
SOs(sulfate) ] ppm as CaCO3 | 25.0 | epm(meq/t) [NO:30W ] (FMA)
NO; +PO > (Nitrate + Phosphate) ppm as CaCO3 0.0 | epm(meq/f) 0.00
SiOy(Silica) ppm as CaCO3 10.0 | epm(meqg/?) 0.20
Totallon .l ppmasfe | 00| ppmasFe | 00 | <OlppmasFe
Chlorine ppm as Clz 0.0 [ ppm asClz 0.0 [ < 0.Tppm as Cl
COD I 20| _ppm | 20 | <20ppm
Turbidity ° 1 ° 1| <1°
PH o TS o (70 D
Conductivity us/cm 330 us/cm 330
Temperature °C 15.0 °C 15.0
6. Treated Items 2B2T outlet MBP outlet
water | Conductivity Tps/am | 0.1ps/cm |
quality oeeeenn D002 e Odppmlt Lo 0.0Tppm ! ]
pH 7~9.5 6.5~7.5
7. Regenerant HCI 35% 50.0g/£-Resin  (Regeneration level)
NaOH 50% 60.0g/¢-Resin  (Regeneration level)

8. Raw water summary

Total Cations

TEA

Na%
Alkalinity(%)
Si02%

Cl%

(ppm as CaCOs3)

(meq/?)

39.4%
24.2%
6.9%
69.0%

TEA(Total Exchangeable Anions)=FMA + HCOs + SiO2
AN |f a degasifier exists, HCO;" is data after degasifier and
generally 10ppm as CaCO;or 0.2meg/t

Higher Na%, lower operating capacity of cation exchange resin
Higher alkalinity, lower operating capacity of cation exchange resin
When SiO,% is 30% or more, layered bed is not applicable

Higher Cl%, lower operating capacity of anion exchange resin
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Packed Bed System lon Exchange Resin Calculation Sheet(2nd Step)

9. Calculation of volume for CER(cation exchange resin)
The calculation of volume for cation exchange resin depends on total cations of raw water and operating capacity,
operating capacity can be calculated as shown below according to Na%, alkalinity, regeneration level. (Fig1)

Na%
Alkalinity
Regeneration level

39.4%
24.2%

50.0 (g/t-R)

Fig1) Operating capacity of TRILITE MC-08
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% Na of Total Cations

Operating capacity of CER

Volume of CER = Total cation loads / operating capacity

Applying safety factor,

8,319¢

10. Engineering verification of CER volume
@ Diameter of tower(packed bed system) : 2,000~3,000mm
@ Flow rate : LV 20~40m/hr

® Maximum bed depth : < 3,000mm

@ Minimum bed depth : > 500mm

Items Output Remark
Diameter of tower 2,500mm 2,000~3,000mm
Sectional area 491m’

Volume of CER 8,800¢

CER Bed depth 1,794mm Min 500mm
Flow rate(SV) 170 SV 2~60
Flow rate(LV) 30.6 LV 20~40m/hr

No adjustment needed

g HCl/I resin

1.19eqg/¢-Resin

Operating capacity (eq/l)

-
-
©

= 33eg/m x 3,000m/cycle =+ 1.19eg/t-R
= 8,31
x 1.05 = 8,800¢
Items Output Remark
Diameter of tower 2,500mm 2,000~3,000mm
Adjustment Sectional area 491m*
e Volume of CER 8,800¢
CER Bed depth 1,794mm Min 500mm
Flow rate(SV) 170 SV 2~60
Flow rate(LV) 30.6 LV 20~40m/hr
Volume after adjustment = 8,800¢
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11. Calculation of volume for AER(Anion exchange resin)
The calculation of volume for anion exchange resin depends on TEA of raw water and operating capacity,

operating capacity can be calculated as shown below according to Cl%, SiO,%, regeneration level. (Fig2)

Alkalinity  24.2%

Cl% 69.0%

NOs % 0.0%

SiOx% 6.9%
Regeneration level 60.0 (g/t-R)

Fig2) Operating capacity of TRILITE MA-12
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%Chlorides of Total Anions

Operating capacity of AER

% Nitrates of Total Anions

0.70eqg/!-Resin

(5.0) (44) (3.7) (3.1) (25) (1.9

% Silica of Total Anions

g NaOH/L (Ibs NaOH/ft’) resin

Multiply the correction factors of Fig. 3, 4 and 5 to calculate operating capacity adjusted.

0.70eqg/!-Resin
Adjusted operating capacity 0.76eq/{-Resin

Fig3) Silica end point correction factor of MA-12

1
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0.9
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Fig5) Bed depth correction factor of MA-12
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Bed depth(mm)

Volume of AER = TEA loads / operating capacity

Applying safety factor,

11,4138 x

1.05

x 0.99 (from Fig3) x1.10(from Fig4) x 1.00 (from Fig5)

1.05

0.9 S g

10 20 30 40
NaOH temp(°C)
2.90eg/m  x 3,000m’/cycle + 0.76eqg/¢-R
11,413¢

5 12,000¢

0.70

Fig4) Regenerant temperature correction factor of MA-12
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12. Engineering verification of AER volume
@ Diameter of tower(packed bed system) : 2,000~3,000mm
@ Flow rate : LV 20~40m/hr
® Maximum bed depth : < 3,000mm
@ Minimum bed depth : > 500mm
Items Output Remark Items Output Remark
Diameter of tower 2,700mm 2,000~3,000mm Diameter of tower 2,700mm 2,000~3,000mm
Sectional area 572m’ Adjustment Sectional area 572m’
Volume of CER 12,0008 e Volume of CER 10,7008
AER Bed depth 2,097mm Min 500mm AER Bed depth 1,870mm Min 500mm
Flow rate(SV) 125 SV 2~60 Flow rate(SV) 140 SV 2~60
Flow rate(LV) 26.2 LV 20~40m/hr Flow rate(LV) 26.2 LV 20~40m/hr
No adjustment needed Volume after adjustment = 10,700¢
13. Result of calculation Flow rate
IER Cation(mm) 2,5000 2,179H LV 30.6 SV 17.0
tower Anion(mm) 2,7000 2,341H LV 26.2 SV 140
CER 8,800¢ Swelling rate 8.0%
Volume Inert resin 1,227¢ (Bed depth 250)
of IER AER 10,700¢ SBA Swelling rate 14.0%
Inert resin 1,431¢ (Bed depth 250)
2B3T

MC-08 MA-12

Cation Exchanger + Degasifier MA-20

+ Anion Exchanger

MC-10

SAC SBA
-fier
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® 3B3T(Counter-current regeneration, Packed bed system, Layered anion, HCI regeneration)

TRILITE

HY E2Ro|E

lon Exchange Resin

Packed Bed System lon Exchange Resin Calculation Sheet (1st Step)

1. Vendor name :

2. IER System : 2B3T(Counter-current regeneration, Packed bed system, Layered anion, HCl regeneration)

3. Flow rate :

4. Cycle length :

5. Raw water
analysis

6. Treated
water

quality

7. Regenerant HCl

8. Raw water summary

150m*/hr x 20hr/cycle ¢ Input data
3,000m’*/cycle
epm(equivelence per million)
Items Units Units Value H| 1
Ca”’ (Calcium) |_Ppmas CacO3 | 500 | epm(meq/Y)_|
. Ppm as Caco3 | 50.0 | epm(meq/h) Total ionic loads
.ppm as CacO3 | 650 ] epm(meq/t) | General : 50~500ppm

K* (Potassium) ppm as CaCO3 . epm(meq/f) 5 Maximum : 800ppm as CaCO;
Total Cations ppm as CaCO3 165.0 epm(meq/!) 3.30
[HCOs (Bicarbonate) | ppmasCacO3 | 400 | epm(meq/f) | 0.80 |
| Cl(Chloride) | ppm as CacO3 | 1000 | epm(meq/l) 200 | — Free Mineral Acids

SO, (Sulfate) ppm as CaCO3 | 25.0 | epm(meg/) | 0.50 | :| (FMA)
'NO, +PO, (Nitrate + Phosphate) | ppm as CaCO3 | 0.0 | epm(meq/t) | 0.00

Total Anions ppm as CaCO3 165.0 epm(meq/!) 3.30

SiOy(Silica) ppm as CaCO3 10.0 | epm(meqg/?) 0.20
| Totallon | ppmasfe | 00| ppmasFe | 00 |<Olppmasfe
| Chlorine | ppmasCl | 00| ppmasCl | 00 | <O0lppmasCl
COD ppm 2.0 ppm 2.0 [ < 2.0ppm

Turbidity ° 1 ° 1] <1°

pH 7.5 7.5

Conductivity us/cm 330 us/cm 330

Temperature °C 15.0 °C 15.0

Items 2B2T outlet MBP outlet
_____Conductivity Tps/cm | 0.Tps/cn |
SiO2 0.1ppm | 0.01ppm |
pH 7~9.5 6.5~7.5
35% 50.0g/t-Resin  (Regeneration level)
NaOH 50% 45.0g/t-Resin  (Regeneration level)

(ppm as CaCOs3)

Total Cations

TEA

(meq/f)

Na% 39.4%
Alkalinity(%) 24.2%
Si02% 6.9%
Cl% : 69.0%
FMA/Weak acids : 3.1
ClI/FMA% 80.0%
WBA, SBA can exchange
TEA FMA From inorganic materials(CF, SO42-, NO5-, PO,3")
Weak acids SBA can exchange . .
From organic materials(HCO;™ +SiO;)

TEA(Total Exchangeable Anions)=FMA + Weak acids(HCO3 + SiO,)
PRI} If a degasifier exists, HCO3- is data after degasifier and
generally 10ppm as CaCO;or 0.2meg/t

Higher Na%, lower operating capacity of cation exchange resin

Higher alkalinity, lower operating capacity of cation exchange resin

When SiO,% is 30% or more, layered bed is not applicable

Higher Cl%, lower operating capacity of anion exchange resin
Higher FMA/Weak acids, higher WBA ratio
Higher CI/FMA%, lower operating capacity of anion exchange resin
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Packed Bed System lon Exchange Resin Calculation Sheet(2nd Step)

9. Calculation of volume for CER(cation exchange resin)
The calculation of volume for cation exchange resin depends on total cations of raw water and operating capacity,
operating capacity can be calculated as shown below according to Na%, alkalinity, regeneration level. (Fig1)

Na%
Alkalinity
Regeneration level

39.4%
24.2%

50.0 (g/t-R)

Fig1) Operating capacity of TRILITE MC-08
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% Na of Total Cations

Operating capacity of CER

Volume of CER = Total cation loads / operating capacity

Applying safety factor,

8,319¢

10. Engineering verification of CER volume
@ Diameter of tower(packed bed system) : 2,000~3,000mm
@ Flow rate : LV 20~40m/hr

® Maximum bed depth : < 3,000mm

@ Minimum bed depth : > 500mm

Items Output Remark
Diameter of tower 2,500mm 2,000~3,000mm
Sectional area 491m’

Volume of CER 8,800¢

CER Bed depth 1,794mm Min 500mm
Flow rate(SV) 170 SV 2~60
Flow rate(LV) 30.6 LV 20~40m/hr

No adjustment needed

g HCl/I resin

1.19eqg/¢-Resin

Operating capacity (eq/l)

-
-
©

= 33eg/m x 3,000m/cycle =+ 1.19eg/t-R
= 8,31
x 1.05 = 8,800¢
Items Output Remark
Diameter of tower 2,500mm 2,000~3,000mm
Adjustment Sectional area 491m*
e Volume of CER 8,800¢
CER Bed depth 1,794mm Min 500mm
Flow rate(SV) 170 SV 2~60
Flow rate(LV) 30.6 LV 20~40m/hr
Volume after adjustment = 8,800¢
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AER(Anion exchange resin)

WBA(AW90LB) 65%

® FMA / Weak Acids High
@ SiO, Concentration Low

3 Regeneration efficiency High

WBA(AW90LB) 30%

@ FMA / Weak Acids Low
@ SiO, Concentration High

3 Regeneration efficiency Low

The determination of ratio of anion layered bed depends on the composition od raw water,
and is generally changed by FMA/Weak acid ratio, SiO,% as shown below Fig2)

65%
60%
WBA FMA/Weak acids = 3.1
(AW9OLB) 50% v4 WBA(AW9OLB) ratio = 65%
Ratio / SBA(KA18LB) ratio = 35%
40%/
30%
0 1 2 3 4 5 6
FMA / Weak Acids
12. Calculation of operating capacity for WBA(AW90LB)
Fig3) Basic oerating capacity of TRILITE AW90LB Regeneration level 45.0 (9/t-R)

1.300
\ (3EG

y

-

e 1.200

N~ No degasifier ------- 1.150

1.100
‘ » - ! 1.050
- ! - 1.000
-\ 0.950
\ 0.900

~ Degasifier

1
I 1
1
Resin Operating Cfpacity (eq/l)

v

k- | & c 4 } } .+ 0.850
A | | | | | 25 15 5 50 60 70 80 90 100
0 10 20 30 40 50 60 Temperature of treated water(°’C) Cl%/Total FMA(Free mineral acids)
Flow rate(SV)
@ The flow rate of anion tower is calculated by the flow rate of cation tower N 17.0

15°C ClI/FMA%
1.08eqg/t-Resin (From Fig3)

® Adjusted operating capacity is calculated by multiplying regeneration level correction factor in the figure below

@ Temperature of treated water 80.0%

Basic operating capacity of WBA

1.08 X 1.00 (from Fig4) = 1.08eq/!-Resin
1.14
Figd)  1.12
Regeneration 1.1 —

1.08

level 1 -
.06

correction 1 04 /
factor 1.02
)’ AN ‘ , . .
50 70 90 110 130 150 170
g as 100%Na0H/  -Resin

1.08
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13. Calculation of volume for WBA(AW90LB) and SBA(KA18LB)

WBA volume = Cycle length x FMA / adjusted operating capacity of WBA
F
3,000m’/cycle x 2.50eq/m’ =+ 1.1eg/t-R = 6,944¢

Applying safety factor, 6,944f x 1.05 = 7,300¢
SBA volume = WBA volume x SBA volume ratio / WBA volume ratio
7,300¢ x 35% + 65% = 4,000¢
WBA + SBA volume 11,300f  (Before verification)
14. Engineering verification of AER volume
@ Diameter of tower(packed bed system) : 2,000~3,000mm
@ Flow rate : LV 20~40m/hr
® Maximum bed depth : < 3,000mm
@ Minimum WBA depth : > 500mm
® Minimum SBA depth : > 600mm
Items Output Remark Items Output Remark
Diameter of tower 2,700mm 2,000~3,000mm Diameter of tower 2,700mm 2,000~3,000mm
Sectional area 5.72m’ Adjustment Sectional area 5.72m*
WBA Volume 7,300¢ - WBA Volume 7,300¢
WBA Bed depth 1,276mm Min 500mm WBA Bed depth 1.276mm Min 500mm
SBA Volume 4,000¢ SBA Volume 4,000¢
SBA Bed depth 699mm Min 600mm SBA Bed depth 699mm Min 600mm
WBA+SBA Volume 11,3008 WBA+SBA Volume 11,300¢
WBA+SBA Bed depth 1,975mm Max 3,000mm WBA+SBA Bed depth 1,975mm Max 3,000mm
Flow rate(SV) 133 SV 2~60 Flow rate(SV) 133 SV 2~60
Flow rate(LV) 26.2 LV 20~40m/hr Flow rate(LV) 26.2 LV 20~40m/hr
No adjustment needed Volume after adjustment = 11,300¢
15. Result of calculation
Diameter Height Flow rate
IER Cation(mm) 2,5000 2,131H LV 30.6 SV 17.0
tower Anion(mm) 2,7000 2,524H LV 26.2 SV 133
CER 8,800¢ Swelling rate 8.0%
Volume Inert resin 1,000¢ (Bed depth 200)
of IER AER 11,300¢ SBA Swelling rate 14.0%
Inert resin 1,800¢ (Bed depth 300)
IER Diameter Inert resin bed depth
< 1,000mm 150mm
1,000~2,500mm 200mm
> 2,500mm 300mm

AWIOLB

3B3T
Cation Exchanger + Degasifier
+ Anion Exchanger(Layered bed)

SBA

-fier
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A & 8ell=lof = O|AEtA 0|28 M7SH0 SO0|RES| KtE F0l& EXHo=

Sl
H8 EI Tt M-Alkalinity

(HCO;)7t &2 |4 Malg Z2, HCOy + CO, > 20ppm ¥ Z2 2B2T(2Bed 2Tower,
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Force-draft system (Decarbonator)
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R ® CHHY | ZTE & | StREatE =Y S
(m3/hr) (mm) (m?) (mm) (mm) (Nm3/min) | (mm/Aq)
~12 460 0.159 1,425 500 2.4 50
13~23 650 0.332 1,425 500 4.6 50
24~32 750 0.442 1,425 500 6.4 50
33~52 960 0.708 1,425 500 104 50
53~68 1,100 0.950 1,425 500 14.0 50
69~92 1,250 1.23 1,425 600 19.0 50
93~104 1,400 1.54 1,425 600 21.0 50
105~146 1,600 2.01 1,425 600 30.0 50
147~168 1,800 2.54 1,425 600 34.0 50
169~254 2,100 3.46 1,425 700 51.0 50
255~328 2,400 452 1,425 700 66.0 50
329~386 2,600 5.31 1,425 700 78.0 50
387~446 2,800 6.16 1,425 700 90.0 50
7] EE MY @3 F HCO; + CO, 5=71 60ppm as CaCO; 0|5t 42 sz 1
0|4 F2 Ct2 M7 70| 27E,



