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e L CH#ERLEZAEEDRIRBINLD. HEEH DL
T EIE, WHERBRICEB W T, KT OREF®RFE
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Fig.1 Schematic illustration of exposure test for
copper tubes to reproduce ant nest corrosion in
the gas phase

Fig.2 Schematic illustration of immersion tests
for copper tubes to reproduce ant nest corrosion

in the liquid phase.

Fig.3 Concentrations of carboxylic acid in the gas
phase of 500mL PP bottle shown in Fig.1l; (a)

formic acid and (b) acetic acid.

Fig.4 Phosphorous deoxidized copper tubes
exposed in the gas phase derived from 1000ppm

formic and acetic acid solutions.

Fig.5 Cross-sectional optical micrographs of
phosphorous deoxidized and oxygen-free copper
tubes exposed to formic acid atmosphere; these
are copper tubes without cleaning after exposure

tests.

Fig.6 Cross-sectional optical micrographs of
phosphorous deoxidized and oxygen-free copper
tubes exposed to formic acid atmosphere; these
are copper tubes with wultrasonic cleaning in

dilute sulfuric acid after exposure tests.

Fig.7 Cross-sectional optical micrographs of
phosphorous deoxidized and oxygen-free copper

tubes exposed to acetic acid atmosphere; these are
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copper tubes without cleaning after exposure

tests.

Fig.8 Cross-sectional optical micrographs of
phosphorous deoxidized and oxygen-free copper
tubes exposed to acetic acid atmosphere; these are
copper tubes with ultrasonic cleaning in dilute

sulfuric acid after exposure tests.

Fig.9 Weight loss of specimens exposed to formic
and acetic acid atmosphere; (a) phosphorous

deoxidized copper and (b) oxygen-free copper.

Fig.10 Concentration of copper ion in formic and
acetic acid solutions during immersion tests of
copper tubes; (a) phosphorous deoxidized copper

and (b) oxygen-free copper.

Fig.11 Phosphorous deoxidized copper tubes

immersed in formic and acetic acid solution.

Fig.12 Cross-sectional optical micrographs of
phosphorous deoxidized and oxygen-free copper

tubes immersed in formic acid solution.

Fig.13 Cross-sectional optical micrographs of
phosphorous deoxidized and oxygen-free copper

tubes immersed in acetic acid solution.

Fig.14 Weight loss of specimens immersed in
formic and acetic acid solutions; (a) phosphorous

deoxidized copper and (b) oxygen-free copper.
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Table 1 Corrosion rate of phosphorous deoxidized
copper(PDC) and oxygen-free copper(OFC) tubes
exposed to formic and acetic acid atmosphere.

Table 2 Corrosion rate of phosphorous deoxidized

copper(PDC) and oxygen-free copper(OFC) tubes

immersed in formic and acetic acid solution.
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The experiment for developing ant nest corrosion
was conducted by using two kinds of copper
tubes; a phosphorous deoxidized copper (PDC)
tube containing 0.028% P and an oxygen-free
copper (OFC) tube without P. Ant nest corrosion
occurred on both PDC and OFC tubes after the
exposure to an atmosphere derived from 100, 1000
and 10000ppm formic and acetic acid solutions.
The propagation rate of ant nest corrosion
occurred on the PDC tube was faster than that on
the OFC tube, whereas the weight loss of the OFC
tube after the exposure test was higher than that
of the PDC tube. In the immersion test of PDC and
OFC tubes in 100 and 1000ppm formic and acetic
acid solution, ant nest corrosion occurred on
copper tubes except for the OFC in acetic acid
solution. Since the ant nest corrosion s
developed on the OFC tube containing none of P,
phosphorous in copper is not necessarily required

for the formation of ant nest corrosion.
Key words : ant nest corrosion, phosphorous

deoxidized copper, oxygen-free copper, formic

acid, acetic acid, exposure test, immersion test

23



G

0.028% D U %2 & AT 5 U U E &Y
FEFEVWEREMNEEEH VOO BRE R R
£ B & 1T o 7. 100, 1000, 10000ppm @ % fE
BLOEFRMBRICLEDVER LA MEFIC, U
P E L ERBEWHETREBE L A, Y
VR E, BMEBEME O WTNICD KO ER
BREMNEAE L. BAREREE XY PR
O NEREFEMRE LIV LEN- . —FH, 2
REBEITEBEFHETO FNY UBBRMEE LV LK
x < 72 o 7. 100, 1000ppm @ X g B Xk O EE B A
WU s EREWNE 2 RIET AR
B W T, HEBEBEIRSB OB EHNE % R R
ODRRBEENEELE. VraEadFh o BiEHE
MECBW IO OBRBEELSIREAET 52 L2
O, o) i3I oRERRBEEREONLARKNTF
TlE W & B aghoil.

N

=

F— U —F HBoERRBERE, U UEBHE, R
., X, MM, ZHEFRAB, RERAR

H

24



500mL PP bottle
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" (100mL)
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Fig.1 Schematic illustration of exposure test for copper tubes to reproduce ant nest
corrosion in the gas phase.
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Fig.2 Schematic illustration of immersion tests for copper tubes to reproduce ant nest
corrosion in the liquid phase.
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Fig.3 Concentrations of carboxylic acid in the gas phase of 500 mL PP bottle shown

in Fig.1; (a) formic acid and (b) acetic acid.
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Formic acid Acetic acid

a few minutes

28 days

56 days

84 days

Fig.4 Phosphorous deoxidized copper tubes exposed in the gas phase derived from
1000 ppm formic and acetic acid solutions.
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(a) Phosphorous deoxidized copper (b) Oxygen-free copper
10000ppm

Fig.5 Cross-sectional optical micrographs of phosphorous deoxidized and oxygen-free copper tubes exposed to formic acid
atmosphere; these are copper tubes without cleaning after exposure tests.

Figs 1R, B, [VUBBRAERIVERRFAECREITIBEORRER]



Phosphorous deoxidized copper Oxygen-free copper
100ppm 1000ppm 10000ppm 100ppm 1000ppm 10000ppm

Fig.6 Cross-sectional optical micrographs of phosphorous deoxidized and oxygen-free copper tubes cleaning exposed to formic acid
atmosphere; these are copper tubes with ultrasonic cleaning in dilute sulfuric acid after exposure tests.

Fige 1R, O, [VUBBRAERIVERRFAECREIIBEORRER]



Phosphorous deoxidized copper Oxygen-free copper
10000ppm 10000ppm

Fig.7 Cross-sectional optical micrographs of phosphorous deoxidized and oxygen-free copper tubes exposed to acetic acid
atmosphere; these are copper tubes without cleaning after exposure tests.

Fig7 1R, B, TVUBBRAERIVERRFAECREITIBEORRER]



Phosphorous deoxidized copper Oxygen-free copper
100ppm 1000ppm 10000ppm 100ppm 1000ppm 10000ppm

28 days
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84 days

Fig.8 Cross-sectional optical micrographs of phosphorous deoxidized and oxygen-free copper tubes exposed to acetic acid
atmosphere; these are copper tubes with ultrasonic cleaning in dilute sulfuric acid after exposure tests.
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Fig.9 Weight loss of specimens exposed to formic and acetic acid atmosphere; (a) phosphorous deoxidized copper and

(b) oxygen-free copper.
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Fig.10 Concentration of copper ion in formic and acetic acid solutions during immersion tests of copper
tubes; (a) phosphorous deoxidized copper and (b) oxygen-free copper.
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Formic acid Acetic acid

Fig.11 Phosphorous deoxidized copper tubes immersed in formic and acetic acid solution.
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Phosphorous deoxidized copper Oxygen-free copper

100ppm 1000ppm 100ppm 1000ppm

28 days

56 days

Fig.12 Cross-sectional optical micrographs of phosphorous deoxidized and oxygen-free copper tubes immersed in formic acid solution.
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Phosphorous deoxidized copper Oxygen-free copper
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Fig.13 Cross-sectional optical micrographs of phosphorous deoxidized and oxygen-free copper tubes immersed in acetic acid solution.
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Fig.14 Weight loss of specimens immersed in formic and acetic acid solutions; (a) phosphorous deoxidized copper and

(b) oxygen-free copper.
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Table 1 Corrosion rate of phosphorous deoxidized copper(PDC) and oxygen-free copper(OFC) tubes exposed to
formic and acetic acid atmosphere.

PDC OFC

Formic acid 100ppm 0.29 0.70
1000ppm 0.75 1.18

10000ppm 2.57 3.46

Acetic acid 100ppm 0.25 0.35
1000ppm 0.57 1.02

10000ppm 3.17 4.86

The unit is mdd (mg/dm?/day).

Table1 1%, A& NUBRBRRAESSIUVEBRRAEICRETIEORRER]



Table 2 Corrosion rate of phosphorous deoxidized copper(PDC) and oxygen-free copper(OFC) tubes immersed in
formic and acetic acid solution.

PDC OFC

Formic acid 100ppm 1.64 1.57
1000ppm 3.17 3.27

Acetic acid 100ppm 0.61 0.29

1000ppm 2.26 4.09
The unit is mdd (mg/dm?/day).

Table2 17, A& NUBRBRAESSIUVEBRRAEICRETIEORRER]
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