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B Abstract

lon exchange resins are particulate synthetic organic substances with properties that make them capable of
exchanging ions within the resin with various ions in a solution. Utilizing these properties, ion exchange resins
can be used to make pure water from groundwater by removing salt (NaCl) and other ionic substances dissolved
in the water. lon exchange resins also provide many other interesting functions, and as such have a wide range
of industrial applications. For instance, ion exchange resins are used for water treatment in thermal and nuclear
power plants, and for production of ultra-pure water used in the electronics industry. They are also used for
separation and purification in the manufacture of pharmaceuticals and food products, for manufacturing raw
materials for polycarbonates and acrylic thermoplastic resins, and for a variety of wastewater treatments.

This study looks into the history of ion exchange resins and related technological developments, with respect
to related theories, performance, functions, manufacturing, applications and future technologies, with a particular
focus on their role in relation to contemporary society, lifestyles and industrial technologies.

As soil has natural ion exchange capability, soil treated with fertilizer can exchange ions contained in the
fertilizer, such as ammonium ions, phosphate ions and potassium ions. These ions retained in the soil can
be used as fertilizer for a certain period of time, without further application of fertilizer. Humankind has been
taking advantage of this phenomenon since long ago, despite a lack of knowledge about how it works. In 1850,
scientists in the United Kingdom finally discovered the science behind the ion exchange phenomenon. However,
that discovery failed to result in any significant practical developments right away, and it wasn’t until 1935 that
the next big invention was made—that of synthetic organic ion exchange resins.

This invention attracted great interest worldwide as the purified water used for boilers had been strongly needed
at the time. Soon after, industrial production of ion exchange resins began in Germany in 1938, then in the U.S.
in 1940. Although at war, Japan promptly started research on ion exchange resins in 1938, and then proceeded
with industrial production of the resins respectively in Kyoto and Kitakyushu in 1945, in both cases upon request
of the military. With the end of the war bringing a stop to production in both locations, Mitsubishi Chemical
Corporation swiftly decided to pursue commercial opportunities for ion exchange resins, and accordingly launched
commercial production in 1946 at facilities in Kurosaki, Kitakyushu City.

The initial products of ion exchange resins were made of phenol-based resins, but then after styrene-based
products were started to manufacture also in Japan in 1955, the performance and types of ion exchange resins
greatly improved and their application also became rapidly more widespread. In 1957, Tokyo Organic Chemical
Industries Ltd. launched production of ion exchange resins in Japan using licensed technology from the U.S.
Rohm and Haas Company. Since then, Mitsubishi Chemical Corporation’s DIAION and Amberlite, which uses
Rohm and Haas technology, have held a dominant position in Japan’s ion exchange resins and its technology for
many years, and up to this day.

During that time, most of Japan’s major chemical companies attempted to enter the market, but were unable
to achieve full-fledged commercial viability of ion exchange resins despite their various efforts. This study details
such developments in the industry over that time frame, as much as possible. As a consequence of unique
developments, Japan’s ion exchange resin industry came to be led by a single purely domestic manufacturer,
Mitsubishi Chemical, and the three water treatment companies, Organo Co., Kurita Water Industries Ltd., and
Nippon Rensui Co., all three having been founded in the post-war period, between 1946 and 1952. These four
players have dominated the industry for more than 60 years.

Because of the prolonged dominance with continuity, the industry is now marked by close ties and longstanding
relationships among players in three roles: ion exchange manufacturers who look after the research and
development, production and improvement of resins; water treatment companies who look after the process
development, construction and maintenance of equipment; and end users who discover practical needs to which
the innovative application of ion exchange resins can be made. In Japan, the superior business structure has
taken shape that enables users who purchase ion exchange resins to be assured of top-notch products and
technological services, while resin manufacturers and water treatment companies can directly access accurate
information with respect to customer demands for developing new technologies and improving processes.

Consequently, Japan’s ion exchange resin industry has turned out a lot of world-class technologies, thereby
underpinning overseas expansion of Japanese companies with respect to semiconductors and liquid crystal
displays which have taken the world by storm, the development of the global monosodium glutamate and lysine
business, the trailblazing expansion of antibiotics and other pharmaceuticals, as well as the development of
advanced environment protection processes and resource-conserving technologies.

Although few people ever have the opportunity to view ion exchange resins first-hand, the substances are
bound to remain an underlying technology in countless industries, and new technologies that will address social
needs in the future are being constantly developed and proposed. Japan’s technological competence in the realm
of ion exchange resins is anticipated to make further strides, amid further research and development efforts and



moves seeking practical application with respect to new products and technologies. At the same time, we expect
to see future trends in the industry toward developing more extensive business approaches designed to facilitate
closer relationships with customers, which can then be adopted worldwide, particularly in developing Asian
economies, thereby spurring further progress and ongoing development.
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=D o TWh, BIZIE. FaA F ¥ 35 o EIN
POmIIETiOM) TH 5,

Ca® > Mg* >Na" > H

COWHEZMMT LI LTI, Ca® Mg FORME
W% GUKE, Na2Z { GLHKIZTL L0
KD BAL" A5, Na Bl A F ¥z v 2
EREVEHBIITRBNTH 5o BRI, —HICA
F Y OB OMBAKE VR, L7204 4 ¥ DKHHR
BTOEIVNSI VR, ROBRTEZRT . BIRMEOS
BRE 7 BB PURB O BARM 2 Bifiid . 32.1 12K L7z

[ 7 >V ZAREIRE DR B E]

4 F VR ENZ T OROIA + ¥ 2 LT
LN%E DO FHEOEELRNTH LA, Ih
A BRI S TN BEEA F v oRIC Kk -
THE D, W, LAY OBES + Y OREEK
(meq/me BHiR) THbEIN, Zhi 4 v K

1 7 SR O R LA
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O KB R LIFATVS,

LMD A F VBN IE 1~4meq/m € Bl D5
REERF-TB), Chidx1Vyy v (L) ofF >
RRNE T, 100ppm F£EE O NaCl & & — ko K8
KZBLCBUEAR GRiAK) 2L 9 & LABE,
A F VAR AST R TRIS T HUEL £ 500 £ ~2,000 £
DRPUITELBEEDORESTH b,

I 2.3 AFU3imiiisDiEiE S

BTSN T2 TREHOA F iR, 5
BedborRBEWT, HEN02~1mm REDOIKIKRD b
DTHY, widAf, e, B, Bkl SE
T, FEWLDOPOLEN L DO F TS L ORI
»5

A% U REBIR OV IZ KRR LT,

1) 44 ¥t o flis

2) T TR0 H S M %

3) BT EAAROW NS LT OFLEE

WCEoThY, ZRZFROHHO#EWIZE YD, IR
2% K OFEDDH 5. BUERFEIIEE LB MR O
FATHE SR, WRENTWDS, 4+ ¥ KHslEo
BEN 2 R KBRICADH T 5 7201213, SHERCE LT,
WA R IR RIS 5 2 LR TH S,

2.3.1 (FVTIBRECLKD5HEE

A F VMBI D A A+ ¥ ZWE I T 05L&
5250THY. BARAKMILOMBEIZX ) ZoME XK
ELEBET 5. KAILT, BEAS F DA+ ¥ T,
bid & v e WS HHNDBD 5. “BaA A+ v KB
L. CREBHBOREEA F AL F YT BA Y
ERWTHHINIOD . A F CRWBRT LD
%,

COEPIC, BHEA T UREBIRE LT, FL—
MR R WG E A A ARG, GRE R 3D B

(1) BB 7 > 3ctatsiis
ETRARICRIE L LT, AVE VB (- SOH)
RANFK Y (- COOH) ZEZREGLALD DT,
BT E R-LETE, TRHIER-SOH, R-
COOH L #FEbEN D, TNSHOBIFIZAPICANS
&L RO XD ITIREET B
R-SO.H — R-SO,~ + H"
R-COOH — R-COO~ + H"

Ak BRI AKPTHEEL S < BRI
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YT 2B Z R3O T, REYEN A 4 R
g™ EWER B, 121Z4TO pH SR TA + ¥ 55tk
ZRL. TVAVEEbHAAL NaCl  Eoiikii
EHRBIIHIB L. A4 T 5,
R-S0,” - H" + Na'Cl”
— R-S0O, *Na" + H'CI”

CHICHLTHNERVBEEZ O DI, iR e
DR L FREORRH W HEEEL D b, "SR
Ba A 4 v R LIFEh S, B (HE) O
PER A o+ ¥ BRI, P~ 7 v A ) P T o Ak
L. KEftF v 2 EDTVHY LEIRIBT %
2, BHAREOREEERIZEAERD L RV,

R-COO -H" + Na'OH~

— R-COO™ :-Na" + H,0

SRIRYERG A 4 > BRI, WA 4 v & oL
Rws, HAEANCE ) ESHES, /LS RNICE
ROPAEAZLEE TS, U LTI A +
YRBBIRETERBES TH Y. T2, Ca¥ R Mg’
DX % 2404 A PTHT BEIREAS, Na" Lo 1
filif 4> XD EBENPITREEHEHL TS,

(2) A 7 aiatEhs

T IARICRIL L LTAMT v ey 2% R
B L7 BRI A o R L. 1~3 T
IVERRE L AR A o RBIRT L ITK
MEND, —BICH WS TV DGR ER A + v
WERICEZ NI AF VT v 28O, b HE
PDBRWIEE, YRXAFVLTY ) — VT VEZT LA
D, RRHEIEMEOT O TRBHR & 23 5.
SRIEIEVERE A 4 O B R IZK P TR D & 5 125 <
L, WO E Z/RT, 4 pH HITA + &
BEZR L, BEIZLDbAATHEE BAD TS L
A+ WY 5o

/Rl /Rl
R-N*"%R,0H +Na*Cl™ — R-N"%R,Cl” +Na"OH"

\R \R

3 3

—Ji GHIENERE A o S RHBBIRIE, T EZTIC
PG IR OWE 2R L, P~ HETA + ~
R 2 A Ly BREFIUST 25 Rl E Xz e
AEROE L7V,

/Rl /Rl
R-N"ZR,OH +H'Cl” — R-N*'%R,Cl  +H,0"

\ \

R, R,

I IEVERE A o U REBRIE. Cl L+ vk



ORISR AS, NaOH & E O AR L Y OH”
AT A Z B L < . ZROMEH 22
Re§ b, T L ColidvhRa A + > 2t is
. A4 v L DPUBEIFS OB FESNES T, TV E
=T DX REHEIERC KR - R ETHHAETE S
2D 5.

TSN T BEIEILTEE A o+ V3B IR I, g
LT, VAFAVT IV, VIFL VYT IV,
BEDT I VERFODDHEV,

(3) RIS A F >V 3IERE

WH DA Y RBEBROGA & IR A+ v
IR R T, KO ZFFOERIEZEAT S
CEDWETH Do EIBITH U CTHBR 2 IR % ¢
O, PIZIEA I SRR EOF L— MEOERER %
A LZBRE, “FL— MR 2 h5, 72,
12K TOHIZ, Bt F v LA F YOOk
Hx, ENENENEEEZ KT 2 TR 24 F &~
sCHABHIR X, “WERBIIET LRI A, Zh S 345k
THBEE R L. ZoREEZIIAICENLLT, HArn T
EMHBETHEH IR TV,

F 7o, FHOGH R RORIE ML 7 &% RIS
B WMOHBETIE, Mk Z L5720, BIRoREE
/RS L, BIROEREICZZTERRIEZEA L7 5%
ZERLE STV, ThHIfHfwTE, 48T
[ U R

2.3.2 AFUXIBEIEDRBEICLD 54

A F U BIRIIKITRET 5 & 4 F Y& iko
AF DKM TAHZEIZEY, KREWIXL TR L.
ZDORER, BIREEPIZKAN 72 S h MLz T
%0 COMILOKRE 1F, B4 TR0 =Wockd H
HEOBEIZL > TRE S, WA+ VIZZ oML DK
SERARD o THFPIRICIEE L. A 4+ Y ZRIED R E
AFVEALFORWMENDLDT, MLOKE X, T4
bHZWoeH HEE OB A A + VIR O 4 4 ~
RO LT S BT 5,

A F VRBBIRIEEICAF LV ETEZ ARV E Y
EERREALT, BRRRY =210, 2ok, fix
DXL AGAT B HETHEINGD, YE=Z X
YEVRIEARICRY) ZF L VHESBL. ST
DOHEMER) -2 EWTEHDT, YL RV E
YOEERDPLZVIEE, BE0L V. W H Ol ViR
PO S,

CZT. VEZURYE VI “GUHERT EIRZN.
EE ) —HOREROEGE BHET LEDT,

WE, RAGEESW%HED D D7 "BEHERAG R NE .
ChEDEVW Dz, "HWEAREHE . mwdoz,
“RAEIERET LA TV D,

AF Y RBBIRORMBE L. — B LR DRI
& ROBRYDD %o

1) ZWARIIEEIRNIEERE W

2) A% ¥ POS H LI PG DR

3) HEEVA T Y OLBIAUFEIME T EEY)

4) B X 28IEORRERIGAMEEIME N IZ

EREWV
5) BALANIN§ B ATEAUEEED VT LR

B 24124 F v WM D446 B & s ss i, BHIR
DERFEOBRER LIz, 4+ Y R\EBFOAL + &
PUFPEIZAGEEIC L > TRES B S0 T, i
HIIZIE Ty OGO BN & PR 1R SN H
Bdhbo

ﬁ‘fé?ﬁgi[moq/s df}"“-R} F7.0
%
4.0+ ?5: 6.0
sor | €
sof |” 50 &
3.0{—=
70} = ) —5
60} '.E s glmea/m R | 2
0o E
— 50F2.0{ 5 =
® g &
— 40 £ La.o =
& 30 E B
1.0{ &
S ET S 2.0
!
10 &
ok o 1.0

0 2I -; fl'l é 1‘0 1‘2 I.r’-i Ilﬁ Ilﬂ
BERE (DVB%)
2.4 PRERMRG A A L XIBBIEDEEE &

TREE - AKE ©

2.3.3 E{FOYIENZILIEIC KD 55

A+ B KT T L Ok E & AZHMILE
U A FVIEZORRIEHBLTA + Y Zfrsitbh
% LA LzAs, il CIddRska mA T EIC L -
T BHELAZVRECTHHKRL 2PN 2MLE
HotBRPEESINE X HIHhoTWD, TDEH
R R — 7 AR LIEh. BB AL
% “vozuR7 LIFATWS, — 2L, K
WX BB X o THELLMILIE “IZ72uRT” &/
L. 370R70 % bO8IKE KRR LI
ATVD, —BRICTFVIRIBIRIEEENTHY ., K—3F
ARVBIRIIAEW TH 5 DT, FHRIGIC b akBI AT g
ThHbo
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A= 2MWERIZ. KPTiEIZuR7esraR
THLGETLOT, I7uRTOARELODFVEIRE
WL CROMLRIEHD D 5.

1) 37uR72BIhEVWKELRGTLELRRT S

ZLNTES

2) BRI L 2w, FRROBEBTHRAT
&5

3) BRI X 2 AREICER S . BIEDS
LI W

4) FVERIRICH GG < L RALTEE S
X3 B EATE

5) BIRAR G720 o, RZHRA R ITHILER D5
Al b RN

6) ZUEREEAHIRMISR K. A3 VA VT 5
FOBHEEIZ/NE L 2 5

R— 5 ZARIBIRORAGEEIX. 7 VIR ISR T—
BAZE A, K— T AR IR O I HERI GG EE A
KL, 27 RT7BPHVAIZBRTOREVHD
L BRENRL. 2 uRT %L I 7R T oM
EWVnHDELRH L, EIZE LI ‘N, RK—F 2T
8" F72 . 27 vL 5 4 F 25— (Macroreticular)
BHIR & M, SRR T b IS B0H m®/g.
MALAREA 05me /g, ML EESMT ACET 2D
DLdHbo

COXIEBIRIZ A F VIR uETEELTR
ETELZDT, A4 Y WBIHEIBEL 2 by >
% EOIFBIEBE R TD . AR T 5 Z & 25k
Thb, Fi2n I 7 RTHIIIRETE RVEKRS
TAFVCHLTH, 70X T7BEMIEHT 50

TN TOROUIERL, BALTEY DAL T 2 Wik O
L KRR TOMBEH &R EWARIHEH SN X9
o TWwWhb,

FURIBGRE R—F A, N4 R—F 2R IR OBX
Wakgs, TORBER2512F LD TR,
NAR—=F ZAMTA F VIAEIEDRD TH v,
F 7034 IR FE T2 B A4 F R IR 0 etk
BRI, K& RmMEZ A UIGTEI OB 2 W5 TERE %2
R DT, “BRBAEAH LI Tw5, KICHERH
L7e7 =7 =D, BYEEEARIAEAE S 2 Bl
WEOWEIZAHNTH S, R EHKTLE, —
BATHIFLEEDS K & Wizsd, @H OWMER T3 T&
BVRGTALEWOREICH L Tnd, T, B2l
LFERTE DT, FROBREEZD T, AMO
HEHDAEHTHY . BOREWIERI NS IUEWE
REMBMPORER L EIZEHENT VWS, 2O
R—=F AR 3 —IZIEMICIEA 4 Y REBIRETE 2w
B A & IR & R BETES L, FAED A
T BB E MRS T V), FlEkT v a—
Wip EOARBA TR T L2 TRETH Y. £ F
RPN & BRGNS TE B0, WA+ Y
KB O—FL LTHRbhTwd, SlWas Al
LCid. 4.3 TREANCHMT %,

PLED X524 4 v &g o MBIz L b3S T
XTHY, BHETEEAMICE X XESAHRShT
Wb M SN TWD E 44 + ¥R % 58
MCEFEHbEE21 DM TH S,

DX, A ARBIRITIE S ML bR 2 B 2%
HY. AEHEICE U Tz A 4 o iR 2 %491

TAFURIBTHI LD TH D, S HITHEGE TAHIEDNRRE RS> T WD,
DG, NA F— 7 28R BE - OB L wak
18 v Lo K - 53 A H
| F— 7 AN NA B—3F AR
B il N Tﬁ
HH HL ) il'
lEE %” h 352
s 1% e— 8% A v Rt i o il P FOVEIE & D KRBT %
SR S T h — K TR LD R—F AMIF L D /h
B IEs B e W — &
R L= K — VR XD s R—F AHIREL DN
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*2.1

1 F g niEsE s g (Y

i3] Ak EREE I R—52H
= Dision SK1B, SK104 = SK112, UBKO0S, 10, 12 |Dision PK 208 - PK 228 HPK 25 - 55
=
i Amberlite IR120B, 124, Dowex HCR-S, Amberlite 200CT, 252
.l [ RURFL -S0;H HGR-W2, Marathon C, Dowex Marathon MSC
A | Lewatit C248, MonoPlusS108  Purolite
oy C100 Lewatit MonoPlus SP112, Purclite C150
% RYAZFS) ~COOH Diaion WK10, 11, 100
™ g LB Amberlite IRG76 Dowex MAG-3
ﬁ{ ?1—:')7'7”)[/ Diaion WK40L
e [T -COOH Amberlite FPG3500, Dowex MWG1
5 L Lewatit CNP8O_Purolite €104
Dision SA10A, 11A, 12A, NSA100, UBA120 |Diaion PA306 — 318, HPA25
N Amberlite IRA400J, 402BL, 404 Amberlite IRAS00J, 904
I -“T"UR?'}J _N(GHE):‘OH Dowex SBR, Marathon A, Marathon 11 Dowex MSAT, Marathon MSA, Lewatit
ﬁ glil Lewatit MonoPlus MS00H Purolite A400 MonoPlus MP600, Purolite A500
o=} RYFLYIL Amberlite IRA458RF, 958 Lewatit 1071
% H PR ~CONH(CH,),N(CHy); |5, 5jie ABSO
i Digion SA20A, 21A Diaion PA408 - 418, HPATS
F I |sgxFLe —N(CHy), Amberlite IRA4104, 411 Amberlite IRAQ10CT
2 gg B 4 (CH CH OHJ Dowex SAR, Marathon A2 Dowex MSAZ2, Lewatit MonoPlus MPG00
z T Lewatit MonoPlus M600_Purlite A200 Purolite A510
o Diaion WA10
1 I
E = g;zg“b ~CONH(GH,),N(CHg), |Amberlite IRAG7, 748RF Lewatit 1072
= Purolite AB45
=
& |ig RYRFL —NH, Amberlite IR45 Diaion WA20, 2
ﬁ Diaion WA30
= Amberlite IRAS6SB, 98, XE583 Dowex 66
. . _ , 98, :
RURFL> N(CH,), Marathon WBA, WBA-2, Lewatit MP64,
MP62WS Purolite A100, A1235

174 VRIREIEDMEREZ R T IEIRE T

I 2.4 pex

AF U REBIRE KO E - HW TS EE 5%
TSN D, ZOR) %R KB E2 LT
YN T 5 7:0120&. T 54+ 8B ofs
L% Mo 22 ETHEY AR IRET 52 8
WD TRYTH D, Tz 44+ BT E 2112
RTHRIC, RO A —H —HFPL L 7285 % 3
WUBIGE L TV 2%, &40 B Z 8RR 23 i)
KR Z->TBY, TG EZFIEICEVGT 572
DI, HAE OB 2 2 BIICIE T & 28Ik OTERk
ERIIENLEL 2D,

A F R IR OB, HREI oM, Skokk
ETRMNEN, ZhZhofiortikix. SO
TRIND, kDHERWLRBEIL, BEHWAR, K
G WESMITHEH. Thdizwihd, HOME
WKIBCTy £+ v R|BIRE OS2 TRl L, B
B2 T 582, LHOHHRTH S, £72. B
GYERETH 5. HiHA R, ROSEEIX. FEH Lo
TEREZ FPWT 29 2T, MOTHEELBETH S, £
7oy K= ZIROIEKOLZ LI, MALAERR. M
LR, Kbk ETiRBEND, S 51T, BRI
ARG, #LE LRSI @ME o s wigki e L THFR
S, FrBkE &I LTk, ZhZFhoffTto.,
MGG 4 7 Vs, R TRENS, T, §F
BaFl—MEHER TR, BEosEA R EIC

T DHEDFN T TOWERRTERRINSLZ L
Z\, TR, RENRBIROMEEICOWT, 2k
2 72 B O B WIEEIZ O W TRIAT 2 Y

2.4.1 A#VZIREEDTIREE

A+ CRBIRORD EARW LRI THL, £+~
R|TEDA L VOREFIRT 5, BIEOMBIC X
D, ZTNENOMGRE R BMRENA F V10 254
BRETFEREND, 4 F VBBIROZHARIZKT
JZ L 72 K8 T o HALARRE Y 72 ) O M5 EL (meq/mé
BR) CTERRINLZENSL WV, TR, [+ R
BHRSBEIRECHE S h, Zheswsg (BRE) o
HFICAN TS 5720, ERPEMATIER . AN
720 DFIRD ;MR % 72D TH %o

(1) BEEswEE

SRR YERS A A > 2 Mg R0 iiafi Lk RE A o+ o st
MRix. &3 (NaCl) Z oz aML T4+ v
R LD Y. T hEES AR LI
Eha, WET LA+ v Lz —EmacH L7z
F A2, NaCl KB Zm L. AR LTL 23, F
723AKEAEF )y A 0REFIT A LICE Y E
SNb, MRBIER A 4+ v ZMBNR O RIZ, — MK
12 1~25meq-/m{ BIERETH 5,

(2) ZIVAVIRERE - BINES S

SRR 4 & ¥ SR IR L g IR A £ 4 v
Mgk, R Z TSR0 EmVA, ZhE
e TUAY G A+ U RKWWAET LH105D

A 7 B E RN O R R LRE
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D, ZhiE, Eheh “TUh ) WESER". “BWNAS
R EMEND, BACHESNIA T VBB
DO—ER %, WHEOKEILF M)y A 3R
KB AN, KBEOT VA Y, RO R
o, BIROT VA ) WA, T 7 IIRE A DS
WESND, SRR A + ¥ 3B O R 7k,
15~4meq/m¢ BIERETH %,

(3) H#xmuE

SRIRYERS A A > 2SI R0 ii3f ALk R A o+ > 2t
MaHHAL L TL B &, YIRS HEE IR T 5 % 2%,
ZofRb VI, 7T A ) AR )RR
CENDHD, o WEMEA A CLWBED . HiE
HKOMBEIZ LY, L OPERMEER)) 2 HEDO 2 LA
Lo TNOHOMITDOREN ZRT DN, WA R T
HY. TiLOKIZEI NG,

WA R = WA R+ (T VA Y, 7203,
M) WARE
(4) BRXipaE

Fho (1) ~ (3) OZ|ERIE, 4+ ¥
MR DOAHAIED 4T R A L 72 W D HAEN T "B
Wpe))” LMHEN D, LA L. EBICH T AL
THAT 2813, Z2TORBIEPEH SN DHIT, &
FOBDA F ¥ OIRIMAIHE 5 4 4+ V28R L
hod B & “E A" (BTP : Breakthrough point)
Ly, BTP £ TICA F v R L%, "B
AR (BTC) &%,

B as i, Bk %2 BRI 3 2 oM
LRPERERTSOTH Y., BIROFAIRE. @K
U, GEAKMREE, BUKREE R EOREE T, B
R E" LHWEN L. A4 F IR O B it s
R LB R OGO AN ZIX 26 127 L7,

2.4.2 AFUXIBEIEDKS. RO ITEE

R U724 & VSRR & AR T 5 LB IR
WARLBHLTEDOKGTEELLI %5, TOX
) KT L7228 IR %, ik & oBMEUKERIC
AND LG LT, BIROKEAA T 555 Bisik
HIZRS E O L TR E TS %0 F724 4~
L TA F YEAEL L T DDA S AT
T2, 20X ZEROAEOZILIIBIRICE Eh
B K ED, BROBBR A A+ v OENTET B
CEREoTRIBZIDTH S,

A+ IKBBP TR TFEREL T, WbWwbK
ML THAET 50 MATIKITTORTHL, K
G FEIEA F ¥ ORI R KB OBBRIEIT X - TR
%bo A+ VRBBIROIRIER Z DX A + ~ b KAl
L7IRETHEAEL. 4 F VIR L2 Toigc &
FhBKEA T VREBIRO “HEK LIFATY A,

A VBRI RN EREOBRETHY . H
LAMENE S ETEH, WHODWBLREFIZL>TDHH
KT 2WEEHET D, DL RIBEEICK > THRIL
L7zk%E “HHAK EIFATYS, BREHBERICAN
7o D SRFBIE IS L BIROWIAKII /N E L
%% DTy BIRO KT EME E D BRI
BIHELY L% E %,

—Ji BHIRPIER D AR5 3B FEAR O S8 D WU )1 TR
DT OLNTWED, TOENE “WMHE" LIFAT
Wb, BIROBEEIEEENRL 2513 EREL AR
% DT BUGEEATE < ) A35R > & IR O K5 13K
%)y BGEEDMK S WUHG ) 2355 &K < &
%o ZO XD IZHMGEE L IR ORI ORI EE L]
Bh3d b, (X242H)

E 5T, K= 2MBIRIIAR L IZEEICL S 20

WLFIKA A iR
{mg CaCOs/L)

|

—
Fis 43 AR 5 A
FFo B i s
(MY scamiink
| q W IR 00 B i

JLEEAK (BV or volume or time)

(B4 1-3-1] Hifielb X i E R oFHHR

SEA PRI O A R A

B8+ == + [

Mo ERoRRER  FRRY e
AR O E s - BRSY

26 1+ THEEOERTHAES EHRTHASDOMEGE ©
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DHIZMA T, ~Z7 B RT7 OEMFHRIZL > THR
KT 20T, FVEBIELD b KR—F ZARBIRED )5 53
— KDL BB,

A F VR BR DK G IR OBE T ETHE SR b,
BHIEDH) 5~10me 2. KZEi->72 10me DX XY
Y =lwih, IEMECER (V) 2EHb. 2o
fize E TR, mODME TRHEKRTZRVDL,
FEBICE LERL THIRO-RE (W,) 2HET %,

Z D%, 105C OETZHRE T, & 4 Rz L
eob, FYr—4—hmTHAL., ZEHREOY R
(W) ZWET 5,

BRI (%)

= (W, = W, /W, x 100

BRO 2T (g/L- # k)

= (W, x 10000 'V

2.4.3 A FUIREIEDRIE KBS

A VREBIR ORI, BIRD A F 3RO 8
B, HpRscHA R, MRS om0 iRk, ¥
VeI B, IR COMNR O EEE 2 Lui v A BRI AR
DH Y, WGP EE O LI ICHEELIBET
b Do BIRORAEDIEIZA TR L7282 14 &
LT BIROREGMin S5HMT %,

1) RiEESH i

R E DD B By 1. £ OB S FITHE
ZIE, WHCET s EaHkSE, S2TIR F0
JREER. — I BRI O VTR S,

1180, 850, 710, 600. 425. 300um @ fifi 2 HI \»,
T 9, 1180um @ i ® X F 100me % AN 5,
Ny MO EICEE, TAETRERRPITKEEE, Ny

FOHRTHIZWT ) A5, 1180um AT O/NRFED
BilEZ 28y b opAgi g, fii B2 o kiR &
fiOHICE Lo 72B 2 L, hiizilEd %
(Vig)o 2WT, 23y bodiciEwili s h o8l %,
850um DfiF D FIZAN, W UHIEZHY KL, €D
R Ve Z 81T 20 BT Vi Veor Vizss Vaoos
B LU 300um Ofii 2 Wil U7BHIE BB, Vi - 2
EY %o

V= Vyg + Vggo + Vo + 0 = =+
Vi (%) = Vi V X 100
FLLT, K4 ONEOHHDOBIFOH A Vy (%)
Rz, ¥

VSOO + VSOO -

2) AxEE. P, B—REoHN
SHEEFAOBIIC, 1) D% %% HRD IR 55
Bit%. MEcfiHoEEZ 7y L, ThHol%
ROLMETAEMET X, ZOBD S, FREOBIA
90% M LT 2 HOEEZRD, ChEAFELT
%o

2) THIWZZHEMBRD S, REIRE 5 40% 4T
L HOEEZ KD, 40%RAEL T 5. H—HREIT
FRORTERD %,

Y28 = 10%5%A1%E AR

B, FHEE. LERERO. RE S RE50%

WCHYT 2 TH S,

2.4.4 A ZFVAIBEIEDRIERE

A VR O FOSHEE . BHIE ORAER K
BAEL . KOBIE R EORBEITHEET D, 4+ /K
B O OIS S EE O P F7 302 1d. KD T EN»D 5

1.2 - 1.2
1.1 i%
1.0 :
0.9 e 0.9
0.8 0.8
0.7 f 0.7
E 0.6 0.6
0.5 - #W__ A 0.5
-l | BRUE & AR RA o~
m 0-4 onllB0mm| 0.3% | 0.3% 0.4
& v 8500 | 37.4 | 37.7 |
0.3 » 70| 325 | 70.2 | 0.3
v 600 | 14.9 | 85.1
! ;:3"? 1;-; gg-i | % £ 0.57m
Bl 2. 1 409 0.85
0.2 BFn| 02 | 100.0 | BRARE - et
L& §lw00 | ]
0.1 0.1
0.01 0.1 1 5 10 20 30405060 7080 90 95 99 99.9 99.99

B LR RE (%)
M27 HEAR. AHE FHE B—FEOEH ©
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