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CORROSION OF TUBULAR COPPER
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ABSTRACT: The influence of various factors, such as dissolved oxygen, conductivity, pH value and
temperature of waters on corrosion behavior of the tubular copper conductor used for water-cooling
generators is studied by experiments in simulated waters. From the results it follows that to correctly e-
valuate the cupper corrosion, one should take into account the copper content in the solution and also
the appearance change of the cupper surface due to corrosion. An effective corrosion prevention of cup-
per may be realized only il the following conditions are fulfilled that the copper contnet in the solution
is low enough and the surface of cupper is still bright; the residual oxygen content of the water is as low
as about 10 pg/l.;and the pH value of the cooling water is between 8.0 and 9.0, which may be adjust-
ed by adding NaOH or NH;+H,O. The corrosion of cupper is influenced slightly by the conductivity of
the waters used for testing. However, the cupper content in the solutions is lowered and the surface ap-
pearance is obviously altered when the test temperature goes high.
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MHENKKEES, i, pH 2B it CO, M
ETHBE. MY4KTH 1 me/L #%E CO, B, /KA pH 5L
2/NF 6.7 HI CO, MELHFLBMME M EERBMK
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CuO+2H* =Cu®* + H,0
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3.4 NH, fF7E0T . B RN 7KY pH, AT E AER % K
MIBREROK 0 NH;, AT &840 5L A B K VER 18K . R K
0 NH;, —FE T MR8 KT H Co,, BRE pH, ITH
B S—FE das e mEEnE R 5 A NT
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Cu(OH), + 4NH;—~[ Cu(NH;)4]%* +20H"
A RAKTF 100 mg/L B, BB FIE M0, F =245
wEA ARy, UEMBEAEEFRFLET L.

BEKEERE—M/T 1 me/L, RN ERERAKR;
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2.1 BHERER

KAERALAERELE, E— & FTRBEmEN
BRBIRAM B, AR RENEADENR, B — &
T . BARmestmiImEEmaaEREH AEXHRRY
H1FE 0.5 mg/L~2.0 mg/L ZHBHNBHEERS.
25CH, SERBEMNKTHEBESEER 1.4 mg/L~3.2
mg/L, BEAS BRESETH AL KNETRENR
20C —85C (FHMF LWL KEBEE 40T ), ARA
BKBERBATHEATHERKA. Bhxtls, A%E
EREEE RN BEMN SR RE LR, PR
REYEBE R AR R T 00 R, B S =4 HoA IR B A
ERMHRT, KBS ESBIETREAKT AR ERR, B

SRR ) & AL R K AR LA /T 20 we/L 34 50 pe/L.

R THRABR KT B BEIEE R R, €l 8K
BTG, R 7 SOC THRBEERMAM i Z BIFIXE.
BN, AiARBREN T EER K TEFREAKE KB
) pH A SR BR AW AR H, MR ER AN R B RE
HTC FABHRARFEFREGO: DT, B AY 72 h
RRERNFILAFLITEL.

1. BREEMAES ug/L~12 pg/L R THER, RE
EREHEEIEROY, #HEFERKT 10 pe/L. W HE
HIERREE A 10 pg/L 2245, GEA BN S A BR ERKVE R
KU LHSENBEM. RARBKENETEE2.S ps/em
UTF,pHEE 7.0 Bl B, BKH CO, BBBEME

2. IEMREETTTE 1000 pg/L VAT BT, 578 o B 7 A 188
s, BARBEREFREFEEHN A8
300 pg/L, REHFEALWER . EXHEADHLELRE, B
BARRE, A S EH R E, SR RE. BRE
L 1000 pg/L R U BB, R E K P EF & HE
U AT WA, (B 2 LA S o L A 88 T R
AN, B RE IR SRS R
2.2 5 gH

S E X RS K RSN N BRI TE &R Rk
ET H AR HKRE R SMEEAIL SRR, B G
EE, KB EEEE, B AR B, R KE B 5 3
it — %W, FERA N REFEFR T BiMmE,
LA KESEN TIRATEHAE 0.5 ps/cm~1.0 ps/cm.

Table 1 Influence of disselved oxgen content in deionized water

on copper corrosion

KR REE

BRELR e
/L R H RE " ' Eg  HhE

ps/em ps/om wg/L ARE
SHUF 0.64  6.20 1.85  1.15 3.9 *%
8~12 0.65  6.20 2,12 1.2 8.9 *E
40~60 0.67  6.20 210 715 45.1 1 EAREN
90~110 0.65  6.20 243 7.4 1037 REERE
450~550 0.64  6.20 2.3 7.00  300.8 REEEM
950~ 1050 0.65  6.20 3.5 690 2692 REER&
4800~ 5200 0.65  6.20 230 675 190.4 KEERE
11500 0.65  6.20 1.92  6.80 182.2 REHLE

Table 2 Influence of conductivity of water on copper corrosion

R RRE
pH HFE, us/em pH HFE, us/em e dﬁ?
pe/L ERE
6.20 0.78 6.70 1.90 182.0 BG4
6.20 1.00 6.70 2.62 215.2 1BE
6.20 2.00 6.82 3.53 220.3 AL )
6.20 3.00 6.95 4.60 230.5 AR )
6.22 4.00 6.93 6.25 234.8 AR 3N
6.22 5.00 6.80 8.52 251.8 AR S2)
6.24 6.00 6.85 9.10 274.6 KELHERE
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Table 3 Influence of pH of waters on copper corrosion

i o HER HE 5
B AR o 23E Q2 ER ii?)#i%
ps/cm ps/cm pg/L [
=7 6.20 0.72 6.75  1.95 182.0 EANEY
B 7.00  0.75 7.31  2.34 120.9 BrAT £
8.00 1.11 7710 2.75 98.6 R BB
8.50  2.00 7.95  3.40 75.3 R B
9.00  4.15 8.35  5.40 48.8 R A BEL
9.50 5.73 8.74  1.55 52.9 R4 B
28 6.20  0.73 6.75  2.00 182.0 EAREY
H 7.00  0.75 7.32  2.60 99.7 BEAL 5
8.00  0.95 7.51  2.89 35.6 R ER
8.50 1.53 8.13  3.10 21.1 B 4] 68,
9.00 3.52 8.52  3.93 18.0 AL
9.50  7.60 8.80  8.25 27.9 AR
#HK 6.20  0.75 6.75  1.85 182.0 AR
7.00  0.74 7.23  2.70 74.8 BrE
8.00  0.92 7.45  2.80 37.5 B
8.50 1.35 7.94  3.15 28.6 ALY
9.00 2.73 8.15  3.10 17.9 BRIt
9.50 7.15 8.64  8.92 27.2 R4 B

Table 4 Influence of temperature of waters on copper corrosion

i AT R Ay
T GRE S oH RS oH Ot EE KA %
us/cm ps/om pg/L [
20 0.80  6.20 1.85  6.75 274.7 RGN
40 0.80  6.20 2.15  6.75 204.2 B AL
50 0.80  6.20 2.10  6.80 182.0 EREANECY
60 0.80  6.20 3.33  6.85 165.4 ABAHERE
80 0.80  6.20 442 7.00 123.8 B

T IR N ¥ 7K FE 5 2R 3 4 R ot Yy R o, 5 e 7 B R K
A CuSO, MW HSFEFRREIR. REEMHGRE (S0
T DT, RBEAM 72 ho ik gROIE 2 T8 (DBRFEN
F 1 ps/cm, 53 BIMPE ORI B, I AR5 H
BTFSEMEE, X RERSEAHEE. QHFERT
4 ps/cm B, 48 b SURA e S 3 B8R B, R IA IR E
HAETFEEHMUBMXFROREERIE. Q)BEFE
TE 1 ps/cm~4 ps/cm 22 [0], B 5 ZE 48 vt 4 68 s e AN K,
ERARBERE TSRS MANE, {FREREEL
TR FHES S KEFREES ps/om BTEESHDY.
2.3 pH{E

pH A e s 0, RSB A 6 A E. N Cu
B0 — pH E AT 40, pHAE 7~10 Z R Cu T E X, X T
WA S, MR pH FIFHEHAE 7~9 Z 8. R Pour-
bisx EIR] i+ 318 8, % pH B2 6.445 B, 7 & E M LK H
HITERRIE S 640 pg/L, 3 pH N 6.945 BF, B EE N
64 pg/L, B 1 10 £5. BDSR A 4K P A T o B, B pHE

Y 385 0 T R AR

R THFR %K pH XEE A Ew, R ITH 3 AR
BHEY R (Z 2Bk A998 mEK) AT pH 7R
B ORRAERE S0 1T, IR AR 72h iR A Rk 3.
% 3 40, (1)pH £E 6.20~9.00 Z [GB, F% pH KKk, 4
B, RAAKLEEREFEREE, A XRARSE
¥R pH A B AE, Mk f S e g AR, AEE
L8 EZ K pH MRS A, RARE A = Z BB IR TS pH
s S . E KB pH £ 8.0, HE 9.0, 7]
EHETEREE 40 po/L LT, BSE/NF 5 ps/em, B4R
AT E I pH S B F S MBI KK 4 pHE K
WK% fa 0 pH HR B BT, X T RE R AL B
(MK Cu-RH0EEH - pH THERS, A7 ENHNR
T, pHE 7~ 10 B o0 AR, S B EE S
Cu, O, HETH & WA CuO, B 5 R 5 —3.

2.4 B%

X ER R E ] EMOT AR, B R EUS i 2,
ELREAE 80°C LATF, Bl 3R A 7 v, K Dk BN, 80°C B
FERERAML0CLU L HMEREMN TR, BIHEE T . RIE
P 7K M BE & TERR B AL (R ML P ¥ K E 11 Ab iR B 25°C
—40C, H 04 RIE A 40T —65T), & 114E 20T . 40T .
50T .60°C .80°C il T 1R S %o 40 /85 ol S i sl , SR 38 )
W 72 /et R E RN E 4 T UF N, HEREAS, R
RS B, R T A I MK, R A R,
80T AT KT AH K E— B ROH IR,

3 ik

LW AR KPS R, BEE AL ERAMEE
FEEMPRTREE . R REH ST R RER X
T IG5, A R8I B A IR B A Al

2. FERRE AT, BREE 10 po/L BAF, BT FH I H 4
(¥ 68 .

3. EEHEEMNT, AR KY pH 2% s 5 F 288
M eEER, AEEAN FKHpHE 8.0~9.0, FEH K
MH BN AR AR ARSENFEERT —EEm; H
RS SRHEE TSR TR, B REREELEE.
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