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T 5 &, FERLEK & DIBK IR E LI IEIR O KE I,
R-1D0X5Z5b, ZOLII, KEORRLENEN
DKFE RO MERE2ERT LT, BREHEGD
ZACIZPE S KE LR OBRIZOVWTHROND B X
7o, REVREOZEA(L, BALES), FHEAEE &KED
BfR L0, REMOATRESHERFS L, BRIIH SN
% KB R & At Lz,

1. EBRAE

1.1 HEBRAR

Be 1 OB T HMAEM LZEN 3 Huldko It
KEZOMHEKERNT, RAEKEZER L7, ALBK
WZxFd B HEALERK DR A E]A MR (Mixing Ratio, MR = {3f

SLBRAKARAE / (LB AKATE + FEALERK(KFS) ) Z 0~100%
OMTE L, 12540 (0,1, 3,5, 7,10, 20, 30, 40, 50,
75, 100%) DIREIRIE & VERL U CRIBRIRTR & L72(RF 36 5%
1F)e FRAILBRAK L ALK DKE 2 FR-1 12, IREITIE D 1R
By DEALD 5 HLARER R A -2 12, KER SO
REMPHBROONDIKERIETH DT 57V 7R 39,
T— Y, SS H O & EE-3 TR, KERIED
HEMZe B 2 R MFIE, BT Y 22 S0,

ALERIK 100% FERLBEK 100%

i 7 fkpH4.8
~~ _= HCO;~
i

KBRS D IERBAK DEIE / %

-1 FEBK & DRBIKDIREITHE D
KREZALIZE T 28X

F-1 RBPISH ORI AV EW 3 RO IHEUK & 2 ONEK O KRS X OB ALK
i Wfir Hiudgk 1 Hil 2 Hii 3

FEALERIK JLER 7K FEALERIK SLER 7K FEALERAK HVERK

pH (25 C) — 7.98 8.44 8.01 8.4 8.24 8.22

ERARESE mS/m 27.5 22.9 20.6 18.4 223 20.4

AR mg /L as CaCO;3 71 72 66 67 60 62

T NG mg /L as CaCO;3 45 45 53 53 Iy} 44

iy 2 & pH4.8 mg / L as CaCOs 45 127 53 100 72 110

At A A mg/L 35.6 0.3 124 0.14 147 0.14

B A A4 mg/L 28.5 0.01 226 0.01 133 0.01

Y mg/L 6 6 16 15 38 36

T TR - -0.41 0.51 -0.22 0.45 0.04 0.23
F— AR - 1.78 0.00340 0.774 0.00208 0.480 0.00189
SS H. ™ - 3.0 0.00042 0.88 0.0010 0.22 0.00017

1

2 pHs OFHICH 0, WEIT 25°CE V72,

BOREEAKFEA A v LA A v B X OHREEA A v oENMRETRD LN D

B N> 7 LHEAHIT 5 pH TH % pHs & EFED pH D0 53K b 3 AT, pH-pHs

HOYRMEY ) B L TEA A Y D' A CRD b B BRI, ([SO£7]/[Si0s])

&%, { ([C17] + 2[SO271)/[HCO; 7] }
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B-4 ZEEREEE ORI
B-2 L0, WifgA A4 o7 EOIEEMEERS X MR 28K 5T, MR BREL DI ST, RO M

TWEEERETHY, BRERMGIKD Th DML &
pH4.8 IE, MR VS WIEEHRETHD Z
BHES U B LW 27 = AR
WZBIfRZR < 1Z
FE—ETHDZENDLHE-2 (¢), £z, B-3 XV,
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WabrE Lz, BRARYOBRZETIEIZ, JIS K 0100-
19907 #2EI1Z L, 7%HEEEIZ 0.5%0 & &Ik Al (B e
PR BN A N 2 - BRI 5 4y g L7,

1.3 B EHR

500 mL DFREREHKIZFABR & 720 RefiliR & Lz,
B E O A2 B-4 13, IREIX25C L L, RBRE
& KRBT CHEFES IS LM< B T
[F#RTE © 300 rpm), & A BIGITkR % 22 BB 5k L CHI
IR L TRERMIES 2L o, KIS 3 ol
RFaERYE &Lk, WiREIE, < oBchiEshn
% 20mL/cm?PL EAE T 55 40mL/cm?> TH B,

1.4 BIEARE

(1) Fmmiki&

ARERHE TIFIS KO PITRRRIC, TV 20~ A 7R
A 22— (KH-8700, HIROX $) Gl r &£ m 2853 L1z,
(2) R RIEREE v

EEARY =T CRER, RBAOERELZIEL,
B BEE RO, BEAERYOBREICHNTZIRIL,
FHEBEDOTDIBERIE D, TOBEMENEREIC
BENRNE T L8, FHEORBRT IR LTS
e Z 1T, ZOEEWDELAE L, TOELEL
SN, BERBICIVAUZERRVELE L, 51
ToEERD B, PR REE vw[mm/ FNHE LT,
(3) JERFENL Econ

R E LT RBHDNE BEN. Ecorr ZWE LT, AIA
VE—Z AN 1GQLLEOEEE, SLuEEK 0.5 mm ¢
DA T ABIVE AE DONERIZ KClEFIVATK 4 FE R Tl o
THME LR, PEBIEAS KCl B o Ag / AgCl &
TR MA(SSE) & V=, B SIEHT 5 Cl 35 Ba i =
52 5 B EmE T B0, BARER ORI O A &
IV U B R BRTAIRICIR U, Wit BN 2 JIE Lz,
B, ZTOFKIZED Cl OFHERR, #20.5mg/L &R
Wichotz, 100
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2.2 THERRE v,

HERD R L RO TVEERIEE v, 2 B-6 1287,
MR=100 TiE, Hifk 1 Twv. 3 b K& <, HIE3 B b
INEV, —F, MR /NS WEIPTIE, WP oORERE
KTH vwiIFIE e TH o7z, £ LT, MR NN 5
&, BHOEN DB REE N RAIMICKE L o T2, D MR
WX, sk 1 T 20 Dk, Hug2 T30 L)LT“&;O 7=, Mgk
3 TiE, MR 28 75 S CHEREREIZIZEERTHD,
MEMW@#T%@#%%LKO_®ﬁ%iw,%ﬁm
X 10%~75% D IFABEKITH Y T~ 2 @G BledE A 4 3R
ALTYH, REMOBRZMHTELbDLENZ D, &
BT, TOHFRENGIL, LK & ZDOEKDKEIZ
Ko TRV, FENBEKMR=100)DE BN EWIE L,

4 BREELEHNEFHOBRORE

%n%n@uit%ﬁ(*«ﬁqﬂ B DAL FHIBESE O F ik
BBl v b, BERREZHEE(O HEBR(x)D2D
W LTz, VT, Eeon DEALE ER( 7 H)EIERT( V)
DWFTINNIZT T, RN L OBRA RIS S &,
R2WEONTZ, BAOER( 2 )EFEER(O ), BAL
DIRTF(N )Y EBECOTHIE Lz, Zhid, Ak eIk
WPRIK 2 1RE LT VRIR DS BENEE, Ecorr DZEEND 72 TH|
ETEDLZEERLTND, 61T, RBRETIRFD Eor
L vw OFERIZ, K-8 DY TH - 72, R THFD Ecorr
73-650 ~ -450mVvs.SSE TIE vie MK E <, Eeorr D T431T 15
Q—NW&%me$Ememﬁﬁﬁmf%oh
ZOBMRIC ZAUE, EAMEE T OIRIK ISR B R

K V/NEL BB H -T2, 72E, BEEHEN I FIMDBNLOAED AN DIF R EHE TE D Z &l ﬁ&
KRx< 725 MR (Z, REREE-5)T, BEERIBANGE oo ¥ BEKI00% JEALELK 100%
HHNTZMR & —E LTz, — g O-1)7 T O

2.3 BRELOHMZEL SN Pe g

FRENO RIS 351 2 I8 B OV L% ET g
|- :7 = B [SES o | 2 NN = E / //

-7 d, REE &@Wﬁ FENL Eeorr 13, FABRIAIRIC & 020 ¢ ! |, s
FHHTHI—200 mV vs. SSE Th o7z, FEfRREIZHE- T 2'5( : ! / 2 2
o E / J'u
Eeonr WEALL, %OD%@J TRBRIAK TR o7, T % 0.10 £ i ! m o
<Y E | /
NORBRIEIENCINT D Econr DEENZ, LD J5 10 THE B !/ / Higs
YL, ﬁi%Ti 7iE EROVLTR I T 5 L 0 m++~——w/
- e _ 80 100
DR G D LT, Mlxmg ratio, MR/ vol%
K-6 FEALFEK & AFK DIRE TR T 5 IR B OIS B
(58400, 25°C, 4em?, 720 KEE, 75)< B
- MR =100 ———— MR=75 MR =50 - MR =100 ———#—— MR=75 MR =50 - MR =100 ———#—— MR=75 MR =50
MR=40 ---4---MR=30 * MR =20 MR=40 ----4---MR=30 * MR =20 MR=40 ----4---MR=30 * MR =20

— —— MR=10 — @ — MR=7 ——@—— MR=5 — +—— MR=10 — @ — MR=7 ——@—— MR=5 ———— MR=10 — - — MR=7 ——@—— MR=5
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— — 100 — 100

7 2 2

E E -100 >‘§ 100 f§ gour

g £ E S

54300 s 300 | MR =0~ 75 -

) Ry =

2 : : = S Jat

iz s . B 500 [ B s L -

& 500 gﬁ 500 g 500 MR = 100 !
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200 L e 700 Lo 00 Lo
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
R [h] R IER [h] Rt RER [h]
(a) Hulik 1 DIREGVEIR (b) Hgk 2 DIRA f" Mﬁz (c) Ik 3 DIREVAIK
B-7 FEBK & E DK EIRA LT WIR IS 31T 2 IEH O I BB DR ZEL
F-2 FEUFK & F ONBKEIRA LT IR P CRFEHNCA U BRI & BB 28 O Rf%
MR 100 75 50 40 30 20 10 7 5 3 1 0
ol 1 v X v X v X v X v X v X /O /O /O /O /O /O
Hbisk 2 v X v X v X v X v X /O /O /O /O /O /O /7O
Hhig 3 v X /O /O /O /O /O /O /O /O /O /O /O
NG N = BEBMMET, 72 = BREBMS LR, O = FEER, X = E&
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NBD. ZhiE, KR TAR Uiz bR 6 O R BIiE R
B ® (y-Fe:00) 3 AR L TEEAL %10 F5 2 LItk b L%
2B, K, BRSET LR OKE IR BIRE R
BOREICA T TH Y, FEHIEELE & bICRBIRER
BEASHE S, JERAMTET LI L £ 2 Db,

3. RERMMOAFENEIFINSKEEHE

3.1 v EKERSREDBERICED H&EE

RERIR O B pHA.8, FileA A s, Hikw
AFREOMEE v OBGREZR-9 12, BEERENEL
NSRBI BT SRR O & pH4A.8, il
A AW, BALWA A IREOFFAZR-3 1277, bt
fRA A NZONWTHTHD &, Hillk 1 Tid 5.6, Hillk2 ©
1% 6.7 BLF CEAMH S iz, —J5 T, Hilik 3 T 10.0

HPHRKRE S Rlpofe, A A UL, flgA A&
FREDMEANC -T2, ZhiE, 7T=F4 AL D
R T IR VIKE RSy, BIZIREMES Y D78 ERER
MENCEEL G2 TWDHZ LERLTND, Thbb,

1 DOKERSY DIRE DI, IREIKDE R % FEHfh
THZEIRETHD B2 D, LoT, HAENARER
ZERTE DBFEMHIEENLVEL TN EER D,

LU TR sz,

ZoXkHiT, BERAELTZW

040 —
Lo [ omk1 mu2 o ks |
&
é‘ 0.30 Dg WA
e
& 020 a
b
«
= 010
Ey
g & ik
| (T T T T )
2700 -600  -500 -400 -300 -200 -100 O 100
R TREO G R EBANL E,,,, [mV vs.SSE]
K-8 BRI TR OIS RENL & VHERIEE ORItk

0.40 0.40 0.40
- @ ©o © o _ fw® oo © O _ © O 9 ®
s 030 | © E = < 030 | ﬁh kEL030 mE O
E7L o £ o £ O
2 [ = =
=020 | = . & 020 | = e =020 a
fé B2 & w2 § Oﬁzl
% 010 f = 010 ) = 0.10 B2
2 : (] ’N o Hithsk3 ﬁ : ] N © M3 ﬁ . @D
0 B0 0 K%X%O e 0 b STTRCSED
10 20 30 0 100 200 300 400 0 50.0 100.0 150.0
SO.2 [mg/L] Cl [mg/L] fik i % ftpH4.8 [ mgCaCO, / L ]
(a) BiEEA A (b) kA A (c) MaiH# & pH4.8
K-9 FEALBEIK & & DK ZIRA LI TR DA R TR & 28 A B o Bt
0.40 0.40 0.40
= © ® (@) _ ®) »C0 - © )
g 030 m B o Hi; 0.30 OED ¢ 030 | C@
£ O E o1 O é O
< o = | aise = = [| sk =
% 0.20 oL % 0.20 o % 0.20 o s
&X T2 gg - &
S 010 ) = 0.10 ¥ 0.10
z <>|:\ o i3 iHi D<> }};’1 <>D
0 ‘Mﬁ%@ o{%@@@ﬁ%@wA#u 00D@@@@@§&m¢m
0.5 0 0.5 1.0 0.001  0.01 0.1 1 10 0.0001 0.001 0.01 1 10
FUTIT R — ] iz d | SSH. [ — ]
(@ 77V T by 7— ek (c) SS t

B-10 JERLEK L £ DALEK & IRE L IR R O S MERHmFEEE O 18 & 8 28 % O BfR

R-3 RIS LD INE S NTIRE KR DIARE RS IR B

-4 REFORERANE S T IRE KON R MERTAREER O i

KEHH Nete Ccl- Fiie ¥ i pH4.8 AR R NE T F— UK SS t
Hisk 1 <5.6 <73 109< Mg 1 >0.453 <0.071 <0.232
Hhlsk 2 <6.7 <38 85< Mgk 2 >0.384 <0.094 <0.188
Hhlsk 3 <10.0 <111 82< Mgk 3 >0.133 <0318 <0.168




3.2 v, EIBEMHFHBIERORRICE DU -5

ZNZN ORI O EVEFHIEE O & v DB
RaB-10 1, WEHENE L /NS WERG LR
BRI D7 7 ) TR, T— Y U, SS o %
K4 T, TV THRETIE, EO®ETYH, &m0
JE R A ST (R-10 (a), — RIS T 7 ) THK
MIEOAETX, CaCOsz DEIEERIZ & 0 &3 IH S
0TS I L LARns, EOETHEREMN
FAEL, Mg X EBRRERR R, i, TV
T TIRBD IS EIEEA A DB A EE L TORWR
EThdZ LICNT DY,

T — Y AREE L OVSS H(R-10 (b), (c)TlX, kD
A SO L —F L, ZOMEINNEIWVIEEERIIHE S
LMD 5Tz, T— Y UHEETIE, Hugi 1 T0.071, H
2 T 0.094 LLFIZBWT, BRENECR) -7, Hilk
3 TIX 0318 TEREMNMH Si, TOHFFMITE LK
TV, UL, TV BN S OEEAEELTE
59, Mk 3 OIEMBELKIS L OULER /K O SiOx 22N K
ENWZLICERTLEEZDH, L, Hulk 1 &Hulk 2
TIEEDIE SN D T — Y VHRBEOMP TV Z &I,
SO JEE D/ NS VIRIRTIE, 77— Y VI L DR
BHTHDH EERLTNDEB XD,

SS EETIE, ERMH S5 SR 0.168~0.232 Th
0, T—YURBLHELT, To&EMENNIY, Zh
1%, SS T, 77— Y UHREICEBE STV R Si0 D
WELANML TSI LIk bEZD,

FROFERNS, F—V L SS OWE & Fu
T, BEIIH SN D KESRMEZRE L, ERIEEN
FELLMSWVENE SN T — Y 4%k, SS Ko
(R-DHD, TNENOR G/ S I % @ RIHNZ 02
BEMETDE, T—Y UFEE=0.071 5D SS H=0.168
DELND, ZOMIE, 3 HikORAKOKEREELN
WCERB LR THD, LoT, BROKESM:ZE -
TR THNIE, BEIMHIND EER D,

4. BRLEEBEBOERSEH

IRFINIF DA C 2 KERTIE, RIS OB
R IZ > TR L, 3B T IRFE-650~ —400 mV
vs.SSE TLIE & 72Tz, TOWRRDOKE#HZ T — >
L SS iz ko CEHT D L, 77—V U HH=0.071
2SS H=0.168 BN LAz, —FH T, REME RN
A Ug o oK T, IRIER I AL S RFRT R (2 >
ML, BRI TREICIE, —200~100 mV vs.SSE T%
ELIRoTz, T OWROAKEHPHZ /& L7250 & RIR
WG S &, T — Y UHRH=0.071,SS L =0.168 & 72 o
720 24 BICIR AT L DI, BALAEL RV IBRBIHEEL
RN TR, REMIABRERICH Y, FHEidk
ML7 FeOs TSN TS EBEXBND, LT,
JER U250 TE, KRR TARR S 7= B B ) ik 1
SN, BEPETLZEB AN, ZhbDmMmAEE
T oE, B-11 0y s, BREIFEBROTETIT,
JE BRI AR DAERC, RER O REN ), —ERF
MR OB CEIETE 5 Z L RENT,

T & O

T = IR A T, AKEAKFICEENDER
A A A JE RN A A B LT T = A AT AL
B CUIE, BN ABREBLL, BRI IH S D,
ARFLETHND A A 2L T, WBRRFOiH22 &
DHBEZITT, A FURBEPEDD, A A MR
WRTT 2 &, 7 =4 REFKRICE b E R
HeA A OREITENT 203, ZOFRMITHL N TE
R, FIT, AFURMBOR T EEET 5720, H
N 3 HIEE CEREL L 7= KE K & ZF DT =4 L ASHALEE K &
EEOHE TIRA LILRAWIRAER L, REMIKT
2D EMEE 720 R O ARER L 0 G L7z, R
WD AL, EREMNZESE), V@ EEE, KELY,
RENRERZ IS AL » HEFF SN D KERIPH &, O D
JEEMFTMT 27200 FEEARE LIzE 25, RO
157,

J& BRI & FEE
T8 B MR FE R o il Z— ¥E$%=0.071, SS E=0.168 Z— Y <0071, SSEE=0.168

R O I RN E)

el e > TR

R B L 2 > THE AN

— R R 2 O AL

—650~—400 mV vs.SSE

—200~100 mV vs.SSE

KRBT 5
FmREDZEA

v-Fe,0;+Fe;0,

Fe

y-Fe203 + FC304 - Z:ij]ﬁ_‘% @E&%

%%%%%%%%% w

v-Fe;,O3+Fe;0,4
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Corrosion Countermeasure for Building Equipment in Water Piping System
Part3—Relation Between Corrosion Prevention Effects of Anion Exchange Treated Water

and Ion Exchange Ratio

by Yuji NAKAMURA™!,

Ikuhiro YAMADA™!,

Yasuki MATSUKAWA ™!,

Shinji OKAZAKI"? and Shukuji ASAKURA"™

Synopsis : The authors have published a series of papers
on countermeasures against the corrosion of building
equipment in water piping systems. In these previous papers
(first and second), we showed that tap water treated with anion
exchange resin drastically reduced corrosivity. In practice,
carbon steel did not corrode for 720 h in the treated water. The
time trajectory of corrosion potential versus pH on the
Pourbaix diagram was analyzed. At the same time, the water
qualities before and after corrosion tests were compared. The
corrosion prevention mechanism was established based on
these studies. We found that the passivity of carbon steel in
treated water plays a key role in corrosion prevention.

We also found that the corrosivity of treated water was
influenced by the quality of the pumped up water and the
conditions of the anion exchange processes. The relation
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between these variables was studied. The criteria to provide
negligible corrosivity by anion exchange treatment could
successfully be determined. To express the completeness of
anion exchange, the ion exchange ratio was introduced.

The corrosivity of the water mixture was evaluated by
corrosion testing. When the ratio of treated water was
sufficiently high, corrosion did not occur due to the presence
of passivation film. When the ratio of untreated water was
increased, corrosion occurred abruptly. The water quality
required for the passivation of carbon steel was related to
corrosion indexes such as the Larson-Skold index and SS ratio.
The quality criteria to minimize cororsion were SS ratio =
0.168 and Larson-Skold index = 0.071.

The relation between the corrosion potential and corrosion rate

for carbon steel was also studied using a water mixture.



