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The Mechanism of Ant’s Nest Corrosion Resistance of the Copper Alloy
Containing High Amount of Phosphorus™

Yoshihiko Kyo™**, Yoshiyuki Oya™***, Koji Kanamori****, Kozo Kawano **™**

and Masaki Kumagaj *****

Formicary corrosion, also called “ant’ s nest corrosion,” is a form of localized corrosion on copper caused
by organic acids, a typically formic acid and an acetic acid, which are often released from construction
materials. Formicary corrosion is still the most important concern on using copper tubes as heat
exchangers in air conditioning apparatuses. However, Cu alloys with a high amount of phosphorus have
been reported to show high corrosion resistance to formicary corrosion and has been a topic of growing
interests. In this study, the corrosion resistance mechanism of the Cu alloy rich in phosphorus was
extensively investigated. Cu-0.3mass%P alloy tube was exposed to the vapor from 0.lmass% formic acid
solution for 30 days, followed by a cross-sectional analysis of the composition near a corrosion pit using
Electron Probe Micro Analyzer (EPMA). The results clearly revealed phosphorus enrichment in the
hemispherical pit, indicating that phosphoric ions were produced from the alloy matrix. Immersion test
using the solution containing formic acid and phosphoric acid clearly demonstrated that phosphoric ions
effectively inhibited the formation of cuprous oxide film and formicary corrosion, indicating that the
oxide film plays an important role in both generation and growth of formicary corrosion. The corrosion
resistance mechanisms of phosphoric ions were extensively discussed based on the oxide defect model.
Thick and dense cuprous oxide film that covers the surface protects the metallic copper from being
exposed to corrosive agents. The film defect such as discontinuity provides corrosion growth point at
which localized attack occurs on the copper. This most probably relates to the branching mechanism of
the formicary corrosion. Phosphoric ions produced from the alloy matrix presumably forms complexes or
poorly soluble compounds with dissolved copper ions, inhibiting deposition of the cuprous oxide film.
This effect changes the nature of the cuprous oxide film to be highly defective. Much discontinuities in
the film provide numerous corrosion growth points, resulting in a scattered corrosion direction that forms
a shallow hemispherical pit.
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Fig. 1 Schematic diagram of the corrosion test cell.
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Fig. 2 Cross-sectional images near a formicary corrosion pit

occurring on a phosphorus-deoxidized copper tube
exposed to 0.lmass% formic acid vapor for 30 days,
(a) backscattered electron image and

(b) secondary electron image.

»Y, Fig. 2 (b) EKEFB (SE) THh b, V) il
SMOBERBIMAY ZEOREINEETHY, BEGRE
BREAEAIZIZHBETAREICETEL TV, JE
HALH A S IR S, HERLG & A S5 6
DALV 25, JE L BEICHERE L T b T & AR X
N7zh, VroRfbidRohiahr o7, T2, BEIL
OWNEIEHETHY, A bo—iREEEZRT I L2
RENTe S HITRANTR L ZEAC S LR 2
FAET B2 D, BAELIZMEORMICIERICAD
HAZZIIRE oo TV B EHERI S 7z,

0.3mass %P §i % O I LB T SEM 1535 & ONEPMA 47
Wikif%, ThZhFig. 48 X O'Fig. 51283, ) ¥
L EAT AHE T, WEBEIEO IR O 5
JRAD IRITEAL L CTH Y, B SHIANOMLT 2] S
Tz WAL OB 23 LR 22 R
ZVIRECTHRILTBY, SHIC) Y B LD b

0

PLevel O Level Cu Level

20 500 1800
17 437 1575
15 375 1350
12 312 1125
10 250 900
7 187 675
5 125 450
2 62 225
0 0 0

Cu

50 um

Fig. 3 Analysis of a composition near the formicary
corrosion pit as shown in Fig. 2.
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Fig. 4 Cross-sectional images near a hemispherical pit
occurring on the Cu-0.3mass%P alloy exposed to
0.1mass% formic acid vapor for 30 days,

(a) backscattered electron image and
(b) secondary electron image.

12 UACJ Technical Reports, Vol.4 (1) (2017)



RO YRI5 5 OO RARE TIH 2 A = X 2

0 50 um

P Level O Level Cu Level

100 500 1800

87 437 1575
75 375 1350
62 312 1125
50 250 900
37 187 675
25 125 450
12 62 225

0 0 0

Cu

50 um

Fig. 5 Analysis of a composition near the hemispherical
pit as shown in Fig. 4.
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Fig. 6 Corrosion test results of oxygen-free copper immersed in solutions containing formic acid

and phosphoric acid for 30 d at 25°C.
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Fig. 7 Solution pH before and after the immersion test
as shown in Fig. 6.
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Fig. 8 Weight loss after the immersion test as shown in
Fig. 6.
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Fig. 9 Optical micrograph images of the corrosion pits
occurring on (a) the phosphorus-deoxidized copper
tube and (b) the Cu-0.3mass%P alloy tube 30 days
after exposure to 0.Imass% formic acid vapor.
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Fig. 10 Schematic diagrams showing the proposed growth model of (a) a hemispherical pit on the copper alloy
rich in phosphorus, (b) formicary corrosion pit on the phosphorus-deoxidized copper.
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