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[ftffitflH 
[0001] 
*3SEii, m^[) 

tz'&s U-R7l^-AJ:a)nW.*ffilc®r?t?>K$f S 

[fSffifi] 
[0002] 

l&'k(DMVVfc&o 

A£*U $&^%<Dy—)\,<Dm 

$L tdfc, 1 5ooc^3oooc0mm^xmu=xc^^m(o^mi^m^(OT)^-
OMA\)titdt7)l<g:-^MA\) £#<D/ *yRete±l^<&£lSil7t*-;u£iMjftig 

*ts m£&Mmzmm£titz$kirs*-hMnm) mB.(ommmitm^mm-^ 
t&^tiz&i)^ £(cu) mo)ffiz£&mwL=f-&TMzm&z-e. tmLxmt%# 

[0003] 
f<Di, ̂ (D^e^'j^xYz^iS] tmks £;&> ±T^ISJ) c:*iii£-t*TicT^ 

:7b-A±lcXT^/1<>7V>yUd£s Z(7)^l^^$ffl||^ifLr9-Y-V^>f:V 

[0004] 
zcD/ttVTV^^^-f-Vtt^M^cDilsl^^fcitTrli^b^-r^fc^^MCD^n 

5tm$:AtlZ>(Dtf-^mXfa&0 $JTU£\ ift§S201 2-89685^-^^(^^1"^^# 
mX\«1) ^fe§oCtilis^>(Ti)^09|SH05»7i:^#t;^M^|5l^# 
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(International Anneld Copper Standard)_h% ISJjt^l. 

7241 x 10-8Qm£lOO%£L£J#£a)aM»£L>5o &Ts HCo )£98°/oIAC 

^>x-r>^^0)«»^tt$lRl±L«i:9trS;fc©-CfcSo 
[0005] 

7U— XTTK—;KFAB)^STflift<, 7c£fcS7G£fflftTT?tfc&W*#fc 
#HBg61 -20 

ztiii, m-7r^o 

(Te)l|(7)247t:^(#±^i7i;^$"(H;&^|Zl jtMkLtzo )£0. 001 ~2ll%^t 

[0006] 

Sllppm, ii^lil 00MMPpm|1l^#^tlTl'v'5)o Ssjn* 

SiWJSa)iB^4'l-lft^bL^-n^*aSliD7c3ft^l+tildI^<D«kSOK3fett 
mm(»m^M*<»cuk&mT-fcmm\twcu2_yO\mto )£&u cu2 
-.OTh'Jy^X^tiM'fSo ^0Cu2_xOThlJ^<7XliMllll;S^'e^^-faJi^b^ 
m^0i^^p?i;^T?i5iThi;7^x[cit^^LT^<o-0aii#j0Cu2.xo 

^'j-roKH^iiSffc'EffflTh'j^x^fcfc^Jl^aSffl^kiKiKCu^o) 
£fMU C<DiIff£ffii:Ti@THJ^XI^Sl^Cu2_x0^tl£-r<I>0 -^N frfcft: 

*M430i£^£$£Uo^TaJiMlb^(®:tWl::rcu2oj<!:lil§-fo 
[0007] 

|C£fcyiff®M/>^99%]iJl±<DjI^#liiA^tLrL^(7)-(:\-?-0a®l±^'<X0E 

<DX\ &sm£jnT.\z&zmm<D#*-v<D'^y*\*\ttj:\£tzLi\ totz&, 
^-e^rBi#^ntcs wtmt* *3&<i ogMPpmi^T(Diii#^-^u^#?®$ii? 
fcorts 3i^#^iPx^r7K>fiV>^9'f-v^MLr^'§)^rsi4,[^. miss 

WK^b^Fti-So fli*.* i&5^*rmrf)<i 0M 
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BH-BlHJSffl&JtT'i&lt&l-l;*, H3iZTFt&olz, M|zfcS$-ftlW-y>-h 
^U(7)Cu2OJ5fl^isl^[-h/i> (nm) B'J#0l^J f~ • $i-E 
*.LtzCu2o !I#SJilcfl£j££;ti5«fc5l-fc:5o 

Z0cfcaiCflE^Lf-¥^0Cu2OlI^^^tlfcaii^^.Cu2_xO^b(DST^ 
Cu2OflI^SLr^EraLT^m4'0it^(!:^'e^0^\ Cu2_ 

xo^lliliiSl)M^-et^^^^lci^^fS]^iSgL, tts aSrtSBO^SJ!^ 

[0008] 

lixmi&tf-)\'&tel&tZ>tz1to«±&<D&-)-S*-H\>(nm)i3:l*L&-t-}-S*-\*)l> 
(nm) A>b^'l)Cu20(Dmfllfc>cfcU^^ircf^^ttCu20flII±M^^tl'§)0 Lfr L, 

t\ m-^>Kiiz(7)d:5i-LrM^^nfccu2o mowmiz&mstztzmzm 

Hgjb<25 u mfrb 20 a rru WCI£l5 \l mkM<te-otzVtftl£t&\%±:. -©I 

r^x#] 
[0009: 

m^2012-89685^i>$g 
[if#i^it2 ]4#HBHB61 -20693-^^fg 

[0010] 
]Reidar Haugsrud> ^j-1 s On the High—Temperature O 

xidation of Cu —Rich Cu — Ni Alloys JN Oxidation of Metals, Vol, 50, 
Nos. 314, 1998 
[I^I^it2]D. P. Whitle, ^1 % TTWO-PHASE SCALEFORMATION 

ON Cu —Ni ALLOYSjCoprrosion Science, 1968, Vol. 295 — 308, Preg 

amon Press 

[Hi0tl] 

[0011] 
$3£EI*. mmu&xmBmi&WLxti^x 

t, *ffimti¥MW<DMfcmffifimf$£hz<D£iyj£\ m &\Z7$ 
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<fTJ4Jr%&m+Zzk£fitim&k+&o 

[0012] 
*mm<o*mw&%fc'£mm%m=-v'r)\<'£&r?>(jt<Dm3&i*> 

v'r)i'g£r7'<jr\zte^Xs 

*<Dfflft»=^L>£&JBIi«!£99. 995Sa%J2l±<Dffl(Cu)*7h,J^XlZ0. 
1-1. 5Ms%(D-^;KNi)^-®^Lfc^#Ji^b^y. ̂ RflSBBUbgO) 
ff£tfsSi*a»<D®£<m60teJa±ffl^££tel!te-fSo 
[0013] 
•£tz, mmm# 

^^^m\tmm.\^mm^m-v'7)^±^>(^\z^x^(Dm.m\m\m 

*<Dm%n-y'r)\''&&Jl(iif3fi®99. 995M 
M%m±CD®i|(Cu)^hlJ'V<7X|Z0. 1-1. 5!fm%0-^U(Ni)fccfctPJ>(P) 

1 ~5H*ppm$-B»Lfc£Mfrbfcy. ̂ Krt«JK<bIS<D»^^SE^S 
(DmzMbeofeutm^k&mktZo 
[0014] 

k$&~f0 )^i:f-^^) — ( Ton the High—Tempera 
ture Oxidation of Cu —Rich Cu —Ni Alloys J (IM^B^FX®1 ) S.t/TTWO — 
PHASE SCALEFORMATION ON Cu-Ni ALLOYSJ (IM$I^XffiR2)) 
lEftttXiftl Cu —5fii%Ni> 80%, 5 

5%s MI o%n\<Dm-^fT)i^^w.\]ct^t, mmt®fr*i3iZ>9vmkcu2o 

z(Dztfr^.mmMJzt&zti$x£tei\tf^m%n-v'T)[<££tpxmmz 
-^KNi)l±JS-|Z0JtL. l^l$Pi^b^tl/i:NiO^:f(7)^(i,-^>7-;KNi)0 
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~15. totoWtik£tltzN\Ol&=F\ts fc&ff o 

(iCu2OThlJ^x^r^ffl;^'eii^l!]L^^c-^;KNi)0^«(DTPS 
$o. mm.%tUz(D\zz<Dtz&>xfoz>o rt»iHkic«fcy% mmuz-v'Dimtf 

ZCDtzfo, Cu2 

sftssj^jwimttcfc y tiii^^-ecu2_xoT h y ̂ x4^i#-r §<DT* (m 1 # 
Mo )s i&mmtom-s&nifavumztitz&otemmcD^&ftcDCupmtfMtfLZH 
S(H3#Mo)Ci:^35:<ft-S(02#iSo)o 
[0015] 
01 Ic&ivc, 0a)£4Sli(DaS$»nmJ2lrtfl)*iESiatt(D$i«<D^^ld:, 

1#^0)y>fX^K*43s®a)5^«i:^(D|^#a)fctoK3l3lJSA<i£<atifct.G)-e,iE 

> z©HSBSttx—^±$So )o 
^•TScfcaic,|ftSg(D*^>h«[3b<*Jl©+»©-lc3Ej:Sfl«$rt»IHbBit$ 

^©fg«T?iigftLT<-6K3feiz#^, mt-v*)uwLittL*wiS3-mm\z 
KmLtz£mT^mmMitmu2_xo^Mxzr>f$.um2\z$imztiz>%m\z 
ztuzftLX, 

%t\ toiifrbmftLx<z>m(cu)ko)mttot:tetfiu mmmT\zmxuz*® 
Z fri b (D iHfM $• $0 (Z. &}• •§ k. s 

[0016] 
mt-v'rMmo^) it. mtmtc 

u2.x0)<!:i5ii:<#Ji^SMit^b^'Cfc'5^\Cu2_x0Thy^^xtt]Tii-^/7-;u^I 
5feWlC^b^FtlTNi0i:^o L^t»s Cu^OVHJy^X^liffc&GVJ^&NiO fj[ 

[::#ffeLW6a>T?* Cu2_xOTHJy£*fr£SI&rt<j$filL-W 
<&y> MMLtz7iJ-(DMm<D[*\$mit&mtf&<tiiZ>mffltfG-:&t&0 imn-
^;U^#$ffl^lCfclNT.-^;KNi)0±PS^1. 5Si%«i:L, TPit^rO. Iff 
m%kLtz(D\tZCr>^lz^0 =.^KNi)3b<±K^S^tLtfs NiO*iWX£< 
fcy*t?Trtwa<b£j£jws<fcy. mmiz^nftnmmtwinmmrf 
•^#TLSd.*lil=**tta)flH*$»«LI=««(cl±s^^KNI)^o. 8~1 
2nm%<Dmmm^u\ 
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[0017] 
ux p)£i -snappm^-®^ $ 

g>(P)(D^^Mli-^^yKNi)0^MlcftLTM&<DT\ ftBMJSH£j£ 

[0018] 

9. 995H*%J2l±&gT?fc6o®ya)0. 005Ha%*j»|Z(i%iS(Ag),tt( Fe), 
-^;KNi) N fp (Pb)% XX(Sn)% 7>?=EXSb) s tM (As)% tfXTX (Bi) % 0 
UMCr)% xJWKTe), -tzb>(Se), vU3>(Si)£<W#£;h^0 COTS^TCfft 
^o. oo5MM%m±i3M<t, ffl^»-^;u^^sffli*izs®ii«f/)^i:fcycu2 

afrfc-efcSo iSJ^Jf §mcu)0MJf i£> NiOltt:F-$«g-lttttiic^iJc$#Sfctf>ic9 
9 .998ll%J^±^U\ 
[0019] 

mi*. 

hLZ7\iy^r^?ft^(Dwmxm4ttf'&*\zmfitZ)o 

aif, Cu2.xO7hlJ^x^0it^0fiife^ii^0'e, 

±fSaiS0)l$^yt6O^^±Jl<-r^Ci:^?SL<tt8O^^±JI<«Zi:^? 
£LIA0 
[0020] 
^©att#JHis3iiM6#(ifra)llSi->^LT99%J5Ji±a)j%HJnx^tifcitia)T? 

fe^o vjxwnt&ztmte L<S ic» 
SU^o dftlc^y. ;#bfrT? 

[0021] 
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Emppmv&&zktfntiLi\3f&:r'(y<?r3<<j?om&\zfc£xnm&ikm0to 
Ill; 

ztztb, +iw«wra£»-f mt\t\^nm%x 
&£'<<iS;m(D400oC~700oC-£60~1 80^ra-efctll^s 
[0022] 

^fc7;b5-0^/^K^ffll^Zl<!:Mf^LUo^>f1V>^9>r^^b7;U5-rt7 
A/^vK^fc^3liMJiAfS(D$R&Cf=to-ea6Soft^Rtoo#ii^(Au)too#, 
fg(Ag)&>o£, H7V^A(Pd)feo^0ftl46o^^offc, 
m=>j/rfrGft#t'T&vr?'(j,e<Difrto®.£kfsimmrzLxte<k*mM#-jMD 
fflfi£3fci!j£=i>hP— iit&zktfvg* TvzfWlti&mCzktfvt&o 
to'D£WttZ-7flL2Vfflm^#^T'(>?TJ'(Jr<Dtiyl3^X&Z\zftQk£-G%C 
ktfX£Z> o 
[0023] 

*5£W\zBl*Xlt, U-K7L/-A^ffl(Ciu)^^fclittCF»)^*t(-ffl(C 
u)£tz\m(cii)££timm&'D:£Wiz^Mm.£titz:b(Dxfa&zkt)m-£Li\ 

[0024] 
*fPJ3(D/K>fV>?9'1'-VI£. ̂ Jf0>Cu2O|g|/)<JSffl;SJ£T?J&ai"S<fcytli& 

^lc3i<>#Jl^SM®s|^b^(Cu2_xO)Th-U^^X4'(D7U-0it^^Cu2.xOTh 

visaymtLxim, mm<D¥&womkmmmo>Mf$.tfm<ms mmcocu2o 
mtfg'Mt&o Z(Dtz&), m-^>Klzfcsit-§,7^>T-v>^9'i'-V0X^^ff 
|H]±^"^)O 

rt®fil£S&l£*£*©BI£lCj;oTCu2JDTHJ';/W©-atfCu20-7h'J':/$ 
Xlcfcofc^LTtl&bkfcl^o cfcor% tfc+ 0 H®X%^(J)B. 

[0025] 
$bic% /lOxV^^-r-vs^cDM^^jt^ 

^^;U(Ni)cDli«£fi^3C£fe£ 
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##*^jK^^«ffl»«fcy:fe.iiftf&iS<rtwiHbjs^fi6-ri,-t^#5(iai# 
Mo)o 
bt, ft+arattiiLTt,, zti^T?a)ffi«!j6ffl^sfea)7K>x-r>^9-r-v«feyjfe, 

Xf'>f^^14A^^t^o -^;KNi)(D#^s^ftS*%^<7)-C\ 3"J-

^<DK)to®J£jM*taLT7;U5X2>;'S'i£&^'^<kjWlftl^o £fc> Z*i3;t?G) 

1±j&<:i;ti$T?©EttSiH£&J:y£3&3;:£fcm*o tOttis 
(Dnwmm££&)m^tz6b'£>i:'(y7W}ft*\zv'(jri)<mBuz«sz>i)-jL 
7ft—)\,(Dmfctf'J>tel\ 
[0®<Df!fim^ittw] 
[0026] 
[01 ]0i i±s *\*mMm%m-v'r)i£3rMmm&'&s JIISI;^T?3OS 

mi&muz'&nmicu), 

[02]02iis aB£fit3O0 
r$i&WLtz'&0mmk£m*s.%tmtm(cu2_xo)-?vMM^mTm)<Dmm 
SliTlHSifi( X 22075i%)%7Kt0 
[03 ]03 li,fi£*fliJ<DffittSffl^ai(*$»i6^.«ffl;affi-e3O0|IllfitilL 

^SUMft(* 22075 fe)$7F+o 
mmnm-ztzvxoi&iBn 
[0027] 

&^#^fiA<&ffc5KSppm<DiM!S99. 9999jgft%<Dffl(Cu)C:$i&J$99. 99 
5Ss%(7)-^;KNi)^1. 
itS300mma)ffl!|&jt-^;U^^-r>^h<!:L/=o-fl)'1'>=f^h$J%WCiS«g# 
HL> &&20um<DtfyT<(>?rMJ?kLtzo Z(D9^$JBfflSfi^3O0|1l]»C 

>Kfi^#rSiaims5fa!) L tztzz, mio^&mtzo 
fcfc\ :LECO»ti*3li#*r£fi RO-6 

OO)T?aiJ$Uct^5,44Hfippm(@»Kl6fc«i:i;*ffl^bJS0ift*a)^^ 
£rf#fcQ 

01 (ommmmz^Xs mmoti^ym^mmcD^AcD-izt^m^mn 
SUbJfffS^SU ̂ ®CD;IiJ^-eii172nm<t^afi^t#fc0 
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$3fc0|ifcjf 99. 997%, ^#^M^vi>^5^MPpm0jS$ifi^i|6|^#f7|ICOlN 

"t'lctSS^U'Co C<7>*§£. fl£flig1bJlJ?£[£l 9nmT! 

feo/r o 
[0028] 

(ai0lt^fllJl;liJ$) 

m/i%kmTEm\z&mmm%2.2075i%xffl.muz(a±L/U'r<7sni>--xttm, 
HF-2000)o Zb^M2[Zfjkto IH2^b0^b^j:iil'Js ^^1-1 • 8nm(Di$J —&C 

fi£*©a«JSi8^(03)[c||btL'5J:5'S:^«tt©0l^b*i(DSI«ittll^tL 
Ufrr>tz0 

SM-78OOF)-CliflS/h0NiOttT^H^tl^^of=o 

lci£i^i:j&<tt££*i£(B2)„ (^0)rtWBMbH<DBtfl(D«SI±,«ft&a)fflft»ll^ 
M"a^$ffl^efcy^; ^T/^LNO ) 

H«lw«JS99. 997%, St*^ajb<&ffc5Hfippm<Dffi*<Dfi$fij£iB£fc 
^icoiNTtTEMfi^mv m3(D^^mtzo 

[0029] 

#S9-r-v$Micr3O0Mttii^, -.^ZL-'MY 
>KV?7-*±M IConn£^0£{£fflU§gtoo£$MK(tf)o£Jl:2. 5/im)^#« 

3o )^frofco 

4"lfi]l£f££th2l(Bond Power)$0^e>200^"C2QSlJ^.-ClS!3£L, 
^L0f^"nttj^] (Bond Power) |C^LTS Bond Force$-20/)Nb200^T?20^IJoV-

-a-ftl 1 0<D/|?>x^?&ttT?Mi£{Tofco ̂ H^tlCDTtOxVV^ 
OO:$:0g$^>fV>^£m\ &lftLX7R>T'f>#fi<MfTLX-£:btf 
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t&kNGkLtza ±sei io(D7ft>fy>? 

[0030] 
Jfc(Bond Power)$ 1 00jfccfct£flc'n ̂ 3 (Bond Force)$ 12 

OjirLT 1 75®&'&Ltzk£<D&tt&.0)*®&#1totzo ©r®-/t< 

[0031] 
[ft1] 

Ni Cu P 0 ScffigffcJS rt-SiSBgftH mttfy 3s 
i&S BWW «« m & 

a (nm) 
/¥£ 

b (nm) 
h/a KAIXT" 

J~4W» ik e* f3»: 

m 
0 99.999 0 50 11.5 19 1.7 X 27 127 

31 ffi M 
1 0.2 99.999 0 48 2.3 150 65.2 O 58 0 
2 0.8 99.999 0 45 1.9 169 88.9 O 69 0 
3 1.2 99.999 0 44 1.8 172 95.6 O 70 0 
4 1.4 99.999 0 43 1.9 165 86.8 o 68 0 
& 1.2 99.997 0 46 2,2 152 69.1 0 61 0 
6 1.2 99.999 1 44 1.8 168 93.3 o 75 0 
7 1.2 99.999 5 44 1.8 174 96.7 o 78 0 
8 1,2 99.999 10 44 1.8 171 95.0 o 77 0 

I « #i 
1 0.08 99.999 0 50 5.1 130 25.5 o 40 27 
2 1.6 99.999 0 42 2 154 77.0 X 62 0 

3 1.2 99.99 I 52 4.2 60 14.3 o 32 78 

[0032] 
ft3le0]07K>-THr>yiM-viis (WiUbJUl^/asiUbJiJl^i.. 7<wh£i^ 

C0T5\ 

tbts#] 1 t$&xf3<D#i'T'(>?T7'(Jrb* i*iSPSHbJiJl£;/affiSHbJiJ? 
25. 5fe£t/l4. 3£/]*£^<D^S&~7fc/x*V?<D^>K^j££ 

t4Ofccfct/32«!:^<^'r^5OJMT^0T\m-^>xV>^(Dfi^^^^ 
...... 

[0033] 
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7>KV77—ttJS IConn*>T?)£ffll>"C,ffl£&$i£?-y2,(ff£0. 35mm)±(7) 
0. 8 fj. mJ50AI —0. 5%Cu/^K±^—^UTKVxVV^^Tofco^'J—XT—7t< 
-;KFAB)^«ft^li% FABS^ttS<D2f&i:feSJ:ai-ia!3£Ls *-^>K0)S 
^®fc«fctfffiM<D&tt[ilI*1ljb<FABa>i. 5fek#Z>&5&MLtzo 
5mm, ;u—100^7^>fiV>y^;fTl\/^K(D^<tl(AI 
X^^>i)$SEM(SS« Slfl&ttVE-9800)T?« 
^Lf-o /^K0tf)OMs^5 /i m J2Lt©*i<D£ X , ̂^;*i^O«!:Lfco 

/W<Dtf><ihj!><5 u m J2Ltl::*#<fc<&i:. Blfft-rS/^KtSftWlzSJ&LrL^ 
5jU m 7^>f;»^9'r-V<tL 

TI&Sii^teiAo 
[0034] 
HUfB0l¥®l-Jn^.x 'lfe%:ffl<D'fi>T'(y<?r?'(Jrl£s ^iSSHfcJliJl£^1 1. 5nm 

£fc, hfc$^J2(D7K>f1V>y9^li, -^KNi)(7);lJt^1. 6 
nm%^)^mm±mm.^m^ri^(Dx\ m-^>KcD 
A\X-J=7Vi/^rf£.£tz0 

mmzLT, J:b$^Ji<D7t^>x»^r7'i'Jelts -y^KNiXDMtfo. 08S 

JfcC ffl(c 
U)<MJ£T^99. 99Ka%LfrfcC TOfcLTiSCAg^UOHmppm, ®Sft(S) 
^20Hppm, t^(As)^10Si;ppm, T^-^-^EXSb) 0Mippm^^f\ £ 
#A/ei^0 hb$^J30/K>xV>^9-r-V(i, 
tb««1 <7>*>7V>^9^£l^lc$C 
[^H±<D^iJffl nJttt4] 
[0035] 
*S§0J3i*, 

ffl-efc^o 
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immzmmmvmm 
ummM 

±lfi^JiliM1b^(7)^l^^d:y>±IBl^«P^bl[i^Jl^SM^l:ilil-7hlJ 

li$ifiJt99. 995MM%m±0^(Cu)-7h'J^X(CO. 1-1. 5gm°/o<D-^;U 
(Ni)A<$-@igL/i:£&JiT?fcoT, 

[11^112 ] 

±IEaJiii^b^a)^ftJi^b^ys±lBi^$PM^Iili#ji^^iy^b|sl-7hIJ 

(i$iEJt99. 995MM%^±<DiKCu)-7hU^^XlC0. 1-1. 5ff S^/ofD-y^U 
(N i) £ If 1 - 5 lippm 0 u >( P) t><&)-HI m mT?fcoT, 

[!S^il3 ] 

t ummi ̂ tz[ttmm2(D^t^\ztm(D^mimm.m^mm^m-^/7-
)\s£±rUJr<offi&0 
itmii4 ] 

±SE^#^-^U££Ji0?£M(Cu)0freJt^99. 998Hm%m±T-fo£ 
zt&mttm*mitt\tm*m20^?hfr\ztm(D¥mi*mmm£mm 
%m-v'r)i££rmp<Dm&o 
[11^115 ] 

±SEi|fi|^ji-^^-;u^#JS0^[5-^y;KNi)^o. 8-1. 2n.w%xfo&zt$: 

[11^116 ] 
±SEi|sl (O) (7)"3 ^"s75)^1 0— 1 50l=im.pprr\X&&Z.b.?£W$kt~t 
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] 

Jito 

itmma ] 

y^n^'I'-VcD 
m&o 
[11^119 ] 

t^mttumm^ttz\ttmm2(o^tM^ztm(D^mwmm^mm^ 


