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2.1 e M B L OV Bk

R OBFIZ 1% JIS H3300 IC Bl & & 1z Cl220 U v~
fiii W% ¢ A% B M i 4% (Cu:99.5%, P:0.028%, L100
X $9Xt0.28mm) % H Wi, BB KT, BHHEox
B (HCOOH, Fnt i 38 %, 98 mass%)% £ & v &
ekl L CER L 7= 0.002 mol/L ¥ & K &
wEMW., R BICH T o &mz 7
MU BAEL, A4 ZHBmAKICKDEEEIT -
7= .

2.2 R ER R

AW T, BEMME S A M OEYRERR
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FiglicE MR ERROME 2~ 4 . KK B K
T TcoRBER OB S (Fig.1(a)), &R E 3K % H 7 A
MY NT T N7 TR EmEICHEBEEHWWTX
A AL ICEHEL L. 0K, WK
Z 200mL EK L, B 2 % 212 R Kk b IC iR iH
L7z, ZoLtEcHEBRAKOKEE IITZ7 7 X230
JEH 22 58 25mm & R o7, BHEPR T TRk
BR(Fig.1(b))ix, KRB T & RARICHB 3 K%
RE G, R OK A ES, B M E E FE(99.999 vol%)
R Bk Fic T T H L TEIL L.
= {8 B A 30 4y A ZRT Y T EIT o T
ROk o F R R XD TREL K,
REZEBEL, ToBITABRBMEO D VI E
LTCERENT IV T LT .

RKRAW K, EFRATnos a6 b, BRI
FIR FTR23C)TIHro72. RBEYM P, THHIC
REEREOETOHBELITo . vk, EFM
KDOFOFOHEBEIT, XTI VT T RAap
SleEZW o FTICT7 7 RAa@Liciro 7. HEH
M, EHMHICHBRK O pH & & B L 7= 8K 1
WEZ M E L. pHM &2 X B8 pH G ((FR)
S MAERR, F-7T2)2H W, EEMRR O S
O pH WMEIZ, 520D REHITTCBWREZ
T AaD 7 HIZ, ROMWETY a »&I2HEL
ZpHE v — % AL CTAr o 7. M &E#%I% pH
oY —F5l & HhE, 77 RapoREFY av
ETEHEMBALE., 2o KKFECX, pH I E FIT,
) RIABDAHEHICALRWWESIIHEEL L.
ST Sl =S [ I S N = O - U S G o | PR A VA
(Perkin Elmer %, AAnalyst-100)% H v 7= . %
FWHRoOLGA, E pH B EOEIC 7 7 2 ad
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RICFED vV arvgzaisdrtichhdan, %
DEEIZT7 T 2AadDRX"ofEOROARKLE~
A4 7mEXy hTERERL, S8 -RENER L
L7z, B AKpH, iR FIREOMEIT I HABE E
T 3MmMBE, 2 AHUKEIZTIHREITAA-S
. ABHMEEITRAMK, EFATnd 5
A& L., Rtz RET DM, KBKORE
FTBBAREZLZ2 RN -0 XNEFRFEIHF (A FF
— « b L K (#&), Seven2Go SG6) Iz T & L &=
A, KRB Ko T IEH 8ppm, EHF X O
0.2ppm Th o 7. Bk, THEBRIZE W
T, BERKPIZ, BT T AT T 2 a A
LB ) avryrgaf L CEFmERE
ZHIE L7 Z A, 0.2 ppm DO EE Z K 2 45 M
MR L., L L7 pH HESH KR 1B E T
ODBEIZ7Z720 Y arvgzsdKEMIT1 20N
D=, REBERTIEX 0.2 ppm O K e £ B FE N FEH
SN TWBH I ENnfHERINTL.
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Fig.l(b)o HiE TE FM K % 84 HMEIT T o
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FERBRIIKKBEBKTFTO R TIT - 2. Fig.1l & [
R, % 3KRKRZHMHFE TR E 72 E DI
L, RBAKPICERBELLE., 272 L, RBEA
IZ N ~F 110X80X33mm @ AR Y R F L v il f
a2z Hwvw, R AKIE 150mL & L7z, Z
T OKMEES S IFEKH 20mm & A2, EHE I9mm
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MEHITEREEL, Y BEME YW T EmE
KZaitrol. ToO®K, mmEh BT RIES %
TW, BEAEAKRYZERELEZICHON S BHK
Bl 2R BB EITo-. FHBRRIVER
MmAFEELTWDL ERbhdEHMEYYYY HL,=
AN UHBICH AR, FE - KXKE O ®%KICKTF
EWMELL-H YT mB R 2T, £, RE
Af O R B B B Wo[mg]l, B3 X OV Bk %% B & % k%
TV B RBEERY ER EL K ORI ER
Wilmglz B #E®E + KPP ICL W WEL, oA &
D g R EE R L.
J& & & [mg - cm2]=(Wo-W1)/S
22T, kE@mo Ss[em? iz B2FXHMETH D .
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L2 WD, 5 HBICIIEABAKREKES O
& 28 JL N b SIBHIERLS o, —FK, =
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THLEO TR INR o 7=, Fig.2 L v, 2 #
i FClERmMORBEERLSMEH D &N
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W KA B F T @ 0.002 mol/L ¥ B2 K& K D
pH % & L, Fig.3 # blank & L T~ 2 v b L
oo Fig.3 X0, 8lE 2D REIEI N TWVRWFRK
W #R blank @ pH %, W1 M fE © 3.2 70613 & AL
B L7z RNy bd. Zhicx L, Fig.l
ODEHSICHBRAKFIZHE»NRBEINLES A, A
K o pH T RKRABEBKT, EFRATHTFNLDH
blank [l _XTEHLTWDZERNSMND. K
AP BT o pH X, #HME 3.2 056 1 H & IZIX
43 FTLEHLE., TogbLESLMICER L F
b, 5 B ICIFE 5.1 FCERLAE. EFEMRKT
TIL M B pH3.2 % 18 KR #%2 £ THaER L 72, 1

H#% X 35 kB L. To0o% 2 HHLUEM”
bx I EH %2k T, 5HH%D pHIX 4.5 & 785
7z .

Fig3 LV iExRELESLEAICO R K
O pH EAN"AEUCDLZ &, 7220 pH EH T,
EFZMA TV RIABEBTOEFNRKREL D
W™y bh. HEAEZRELZWE pH EHFH M
ATz 6, pH EF T8N X KERS
THERT AHAZENDNHRKENTAELLIBELRLTHL H & E
bihsd. BEFEEZEZLXBAKEBERF THIZL T O
AR THIGICEDL, B ELTHEHT S
LboLtBbnd., B, XBHEITI VR BE
KEeELTKFTLREWLHFET DI ENHAL LT
11\5 10).

2Cu+0,+4HCOOH— 2Cu(HCOO0)2+2H20 (1)
XWME7 /7 —F&h Y —FRIEICH T TEL
E, T hEnX(2),3)yp kX oIk D,

7 /) — F ; Cu+2HCOO — Cu(HCOO)2+2e-  (2)

71 Y — K ;02+4H*+4e — 2H,0 (3)
MEZ2RELESA, X@B)ICR T8 FERETKIG



kY, BIRFP O H' A A D HESIND. 2O
c®», Figl3loamn T Lo, iEF 2 REL AR
DFH pH WM EFH LEZbDEEBEbhnb. EHEMN
FTTIRHRRKABEKTFIZE pH A E&H L 2w HH
, BEEBKX T TCEHERYPOBEMFEREFRENK
B B Pl bl R THIR W2 o, XN (3)D K I B K #
SNl EFHE2DHI ENTE L.

Fig.d M RBRERBKRICE T 2 H B K
L@ FRERREEZLE AT . KRKBH K
B KE FEEZ, 1 BT THREDIC
L, 1 H#ZIZIE 39ppm & o=, £ D% 3
F O L, 3 %I 28ppm &AL, =D
5 H#% £ T 28 ppm ®» — E 1 = # B L 7= .
NICH LEZHEK T2 T 58 5 7 5,

BEWH B2 5 HEETHRENICES L KT L.
FWHAKTO 1 H %O KEFREIZ 10 ppm T
b, WML 1H#ZOKRKKHBKTOHKTFIREIW
RLER U4 KL o, L, EHREN
DFITZOHRLBEHICLER LT 272D, 4
BT RKABKFTXY B8 - REEXES R
, WK MIT 5 B % o8 7R E T 46 ppm &
> 7.

Fig.d LV, KRB KTFTEERBRKA T TIEHIK
TOWMBEHNRELS ERDERN 0D,
ODEHBHIZOWTEU Fokr>tEXLLNLD. K
KM ToSLEAE, EFEMK TICHND EERYP
(RN = < EHFFEFhs7=20, XBDE D YV —
NS & 28 o8 s (KX (2) 28 3F 212
AT L, W N X M EL CHEMRT DL
DEEDbRDE. ZoOok®, 1 H#% T ToOHIK T
BEITEZFRUIFLIVHBELSEFLELD & A
bhd. WHRPIZXBMAMNE x T B E, UUTF
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O X (@) T HEBAL# Cu0 24& U 5 Ik b E
CHHsb 0 &ERDbND.
2Cu(HCOO),+H20+2e"— Cu,0+4HCOO +2H* (4)
N (4)THAE U 2 i ik 6 138 & w1 BE & LT
BHHT 22, BRFPOXEBEHEITIWD T 5.
oy, 1 HHEUE®NKE R ETEHET 2%
DEEDbDLD., TOoB - EETHERT 2 0T
()T R TN XM & L CHEHT DX E EX
(TR T XM NsdE@mA#E L THHT DK
el MEFmREBIZET 2D EE X LN D.
Fig.2 kv, RKXBEKTFToREmRIZT, 1 H#E
FTCHEBEITEEALEERSILTEL T, 2 H
HOBE2»o X80 @dEBs e B b 2 kkEn)N
BRI TWwWbsZeERNnnNnbd. 20 &k, k
B®L7m KKK T CoO@BFEENLIHEET
FH L, 0% —EMETCHBT 5 & L MHEN
HbDHbLbDOEEFEZDLND. T bbb, KEE/RKM®N
TONDRTE TIT@HAIEMN LT D OEKF
DR FREDS ER LT D, o REIZHEBR
fb# BN ER SN E@HoBENMZ B R,
ZTOHWMOBEMEKRERERK EOHENHLE D
Tk BICET S, Z o, M FREIT -
EMlM BT LD EERbD. ZhiTx L,
EHEMKMR T TIE,Fig.2 T X 928 £ M@
AL i o I R B iThb iz v, 7728 bb K (4)
DA LT RW ), Wik o F iR E T (2)

WoR T RIS ED EH LT EDL 0L HET 5.

3.2 RMERERAR

Figs WREMEERBRZ OME XTIk X W
mEBlEE R LT, REBOREKETEELL BRI
KB ORBEREBRL WD ERDND.
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OFBEIX Fig.2 WA THPRERRICE W TKX
KB ToOoRBICALLZEBEAEOBRKEKL
BoboThDH . FigbIloxmT £ DI KRG HE D
blix, BREALOHFELZHEN T 52 L ITH¥%E TH
LN, BEMESE KBRIICLY, REEmICHF
hEhEBREAADEEHETMEIE T 22 &8 T
.0 ELDO — oM EBELELE A,
Figh © TEBIZRAT XA HAICTHE S it L
TR o BRRIE R NSRS L. Fig.b
OWEBEPLHUESINNLIRERBREEI L, B
E MM 28, 56, 84 A = £, 60, 80, 130 um
Thy, BREBHZOHEME LI E®ES LY
x L 7=

Fige6 KA BKETFTTCoREMRERREZ 0 F
REEZ 2T, FEYM 28, 56, 84 H O E A& &I
ZzhZn 0.53, 0.67, 0.95 mg/cm? TdH v, & i
HHEo#EmME LLbIZHEREELH ML 2.4 B IX,
EHZBKX T TORHMBERRZ1T > TW A W»DR,
EHEDLIEFEE®R W TEREMRRLEXBE KT
ToY Ui EORNBEABRZIT > TW 5.
L, E® Y ToR R IT, 40 EHR
BERBRO IO ICHERE TIHERLSBXRXTLM”NIT- T
WZRWw., 2oy, RBRAKFT OBEGEE®RFEREIX
¥ 2 ppm & 4 Bl o AW R IE R R OB FBER
Eoo0.2ppm it RSB L E W, T TH Fig.6 (2 R
Lk oo BRBERETITAELS EAEE T, 84 H
BoWmEbLIFTERE T, Z0oBR Do
ReEeABoOREYMRERBROBE R 2D, KT OFE
FFIL, TBREBEBRT TRAET D H OEO IR
BEEICHLERRKER O —>THDHDI ENHEE L.
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X¥MBERTT CTRET HIHOE O RRE R ICK
T HFBIFOEELTRALIED, EFHKL
XBBEBW®RFPICY R EBEME %2 5HMRBRET D
EHREARRE KK TOXFBEBRY ICKE
84 HM Y vl Ez2iRET 2K PIRIERR
EETo. BEHRERBROBER, KKXBKT
TRBELEZHEICEIBALEKR: Ebh 5 %1% 6
FEAER IS OWEx L, EFWRA T Tl K
IR ST E&BEREZMERFLET LS &N
v o . WO pH T RAB KT, ZHEKKR
TWIFNLE EHFTLHEN, BEEBRK T OLF N KK
Bl Fick %L pH ERH M2 6 h 2. B
FIZEME LS R E R, KKBEK T T 1L
A%k ETCAML, TokiT—-—EMECHBEBT IO
L, ZEFBMK T TCEABRBME OB W7 HE

» =

A

(Y

™

Led 7. RRBBKTFTEERBA FTITBIT 5 pH
RO R F R EORRLEDE WL, B F R
FEov & WAL EIE RO KIS EOEWICE
KT 2b0t#HEELE. EHRERAROGER,

RKRABABM T TCEXFMEBERPTIZY O BEEE Z2RE
THE,2 BB ICIEBoORERREAENREAETST D Z
EWn o, L EXY, KHoBEGFREIL,
RENHMICHE R IS8 O BEEBEERS IO
HORRKRBREBELCLERRERN O — > Th
HZ o NCHEB L.

E e

AEBACTH W2 R T E KA LKA
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Fig.1 Schematic of short-term immersion test for
copper tubes in formic acid solution; (a) aerated,

(b) deaerated by nitrogen gas bubbling.

Fig.2 In-situ observation of specimens during
short-term immersion test in aerated and

deaerated formic acid solutions for 5 days.

Fig.3 pH of aerated and deaerated test solutions;
‘blank’ means a test solution in which no copper

tubes were immersed.

Fig.4 Concentration of dissolved copper in
aerated and deaerated test solutions for

short-term immersion test.
Fig.5 Surface and cross sectional observation of
specimens after long-term immersion test in

aerated formic acid solution.

Fig.6 Mass loss of specimens after long-term

immersion test in aerated formic acid solution.
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Phosphorous deoxidized copper tubes were
immersed in deaerated and aerated 0.002 mol/L
formic acid solutions for 5 days to investigate the
influence of dissolved oxygen on corrosion
behavior of copper in formic acid solution. The
dark brown film, suspected to be a cuprous oxide,
formed on the surface of the specimen immersed
in aerated test water, whereas the metallic luster
of the surface of the specimen immersed in
deaerated test water was retained up to 5 days.
The pH value of the formic acid solution in which
copper tubes were immersed increases with
increasing immersion period. Arise of pH value is
inhibited by deaeration of test solution. The
concentration of dissolved copper in deaerated
solution continues to rise gradually over
immersion time. On the other hand, the
concentration of dissolved copper in aerated
solution remains at a certain value after the steep
rise. This is probably due to the redeposition of
dissolved copper on the surface of the specimen
as cuprous oxide film. Ant nest <corrosion
occurred in the copper tubes immersed in aerated
formic acid solution for 28, 56 and 84 days. It is
concluded that dissolved oxygen is one of the
indispensable factors for ant nest corrosion of

copper.

Key words : copper, ant nest corrosion, formic

acid, dissolved oxygen, immersion test, mass loss
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FMBEBRP COoOMOBERZFEICKIT T EF®BFE
DEBETFADIZED KB LKA EKT T,
0.002 mol/LF M2 K P2V » W@l E % 5H
MiZR\E L., RABMBKTOoORBRKFIZERIELZ
WEICITHEBRALE L Ebh 2% %6 EFENE K
THDIHR L, BA T ORBRATICERELER
BrRmE o &BEERITSBMMBEFEIND. 62
BLEXBE®BRO pH IREHMO®E N E &b
kAR T 2R, T pH EHITHEK OB X I X
S THHlEh b, AR LZE®RS OB 6K
BEITRERRMB L LEBICHRAICER LT DO
XL, RABAMTOBERERST OHKFIREEIXR
WML®, —EMmMCTHRBRBT L. Znid, BHL
o N M AL ER B L L O R mICEHMNE L
o EBbind. KRABMMT O X8 KEIRKRIZ 28,
56, 84 HM Z{E L 728l & ICI1TE o BREIRERENE
L. LEXY, BHEBEFITIHOK O BRIRE
BRCLERNFDO —D>THDHZ ENHMHLE.

F—-U—F @, BMOBERER, T, BHFM
#, REAR, BaE
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(a) flask cover

glass flask
formic acid \l ]

solution

/ copper wire

S N, cylinder
c [ E G 2 CY
'y 2v \OOO =/
copper tube
Fig.1 Schematic of short-term immersion test for copper tubes in formic acid
solution; (a) aerated, (b) deaerated by nitrogen gas bubbling.
B2 488

Fig.1 , BE, [FBRRRPICBETD IV EBRREDEEEDIRETAFREOZE]



aerated

deaerated

Fig.2 In-situ observation of specimens during short-term immersion test in aerated
and deaerated formic acid solutions for 5 days.

Fig.2 3, B [XBBARPICE T VHBRAEDEREHIC RIS EAFRADTZE]



aerated

deaerated

Fig.3 pH of aerated and deaerated test solutions; ‘blank’ means a test solution in which
no copper tubes were immersed.

Fig.3 1%, B8 [FEBRPICETDIVEBRREDREEHIRIETAFREOZE]
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Conc. of dissolved copper / ppm

deaerated

days

Fig.4 Concentration of dissolved copper in aerated and deaerated test solutions for
short-term immersion test.

Fig.4
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surface

Cross section

-
s

Fig.5 Surface and cross sectional observation of specimens after long-term
immersion test in aerated formic acid solution.

Fig.s 3%, BfE [XBBARPICE TSI UHBRAEDEREHIC RIS EAFRADEZE]
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Fig.6 Mass loss of specimens after long-term immersion test in aerated formic acid
solution.

Fig.6 1%, B [XBHBARPICE TSIV HBRAEDEREHIC RIS EAFRADEZE)



