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0 a t %-e$>2>Z£$:ftfflL£tZo AutPd^t^ 

2>o 7-f C u 

£lf±i (l^Ts rCuJUbSPJ £^?o ) (is 2-9 n m-e&£ 

<hifj£lAN0 C u)JHbnP©I¥<^4£s 7-f AN<Q> C 

^® ©¥#(C & £ {4g £ T?©JS ̂  <h t £ o 

[0034] fu^©ifiy, C u ^rij5jc^<h E^/Sv^"©!^®^ P d 

£tzwsLM£. mmmommz, AutPd^^^tit^ti) 
#>7^ C u %^Ef$'fr£t&~&M^lZ P d «h P t © — 

7'r-fg^®lC£tt£C uiM^M 

^©IBH^-rSCl^tCcfcy, P dtoo$^tl/cU- K7U-A(C^1-^2 n 
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ttZCumfctfl atWi^-Z&ZZLtiZ&Vs P d 6b o $ £ ft/c 'J — K 7 

U-A&£W£P dtoo$©±(CA - K7 

52ndg^tt0^f,W®ii:, 2 n d^CD7-f (fiCD 

Rtrix) 

lNt, ±§EJftj£©C u 7^ti»CuIO/Au^:Pd 

dtUi. ±§E^£tf) 

tm <Z£Z\ 2nd £ b IZ B&# £ tU 2nd CD7^f 17 » 

©ft#M4tf[p]± L fc t © <h £> ti&0 

[0035] Cul£s jfe©#]S^C"a 

Cu^t ̂ ©^®(CPd 

^±^^fS^aS^^e>tC^(3D^®(CA u t Pd^tt,^^!^ 

fa CDC U ^®SI1 fl-1 L% (<-C u ^ 5'J 

ji$-t±£c:£tf-e££o 7-r^ft^®(ca^^±iEC u©^n^ ^®*Hb 

—SP<DC uAmut^fcy, ^ 

fc-gitm® A u^:Pd £#fr^r#(c±IE)jSJti5III©C u 

[0036] c u^fa©^®(cp d d*$a 

C >^7-r isMJt (4NJ^±) CD 

c®MJt©cuZsttvi&mirMbti&m\R}izfo^tc0 

z(D£?mtt&(DPd«acU#>T^>?'7-r 7-r^a^ 
® IC C u jfftUbT z>t, FABtt£Z>e>n/cio FABi 

t/c, 2 n 
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o cu^i^tu Pd, pt®-j 

mibutcP d Maji©^®(cis^^ti/cA u 

. 7^g^®£C utf*I<bT£c:£lcJ;£l£tg©€Ttt^di1±-1\ 

u £ 1 a t %£l±#^-t£d<h(Ci:y, Pdfto^^nfc 

u-K7U-A(C^1-^2 n dg^i, Jftlc tf- U V ^14 £*i|i 

£Cl££tti;toTJIdi Ufc0-C&£o 2 n d&^1££<fc y-Ji&# 

&fr>bs ^©/fVf-f 7-n7stil®(C£tt£ Cu 

>j§Jt&s if £ L < & 1 . 5 a t °M±s £ y if £ L < & 2 a t %£Lt, 2 . 

5 a t %lX±s XI&3 a t %Jil±tfel>o 

[0037] fcfc'U 

2nd (hFAB «h ^ y. £ £> (C 7 -f tf^b L ̂  1" < 

&y. &i?&2 

n dm<&&£ F A 7^ t®^b^itpDp»© 

^^bfePPfrlt" £iBj&JbNS>. ^©/fVf-f >^7^1'(:a^T, 7-T 

•Vg^®lC£tt£C 1 0 a t %J2TF-e&y, ift L< £9. 5 a 

t %J^"F, X&9 a t %J^"F-e«>i>o 

[0038] A u i: P d UT, if£L<&. Cu^S 

fa©^®(C P d ^ilL, £ A u 

»iILT P d £ A u £*@sra£l±, AuihPd 
t^o ssi®p d ^^#jKZ)^®t-egy^'r^i;9 mm 

P d&Jgtf 2 5 a t %J2Uz£fc£<fc9lcM[£?T9 d£lC<fcy, ^ 
^#J1^®©A u&Jgtf 7 5 a t %J2TF£fc£o Cu^M® 

^®(C P d ^rfflGL U A u to o $ L tcm.£#$g L T 7 -f 17Sfl 2 0 0 n 

m£<fctn 0 0 MmT\ ^^1±T 20i^MiI;&tT9 Z.£Z\ 

P d}j§Jt^2 5 a t %£l±(C&£0 Z.(D£^s 

P d)jis^ini^^'r^)ji^iB;&tij^'r^ 
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o dtUCcfcy, uCDg;k}lJg£ 1 5 a t %~ 7 5 a t 

%ttZ>Z.t1?Z^Z>o Au»1 0at%^:ft§14i^^ 

[0039] fcfc\ ^^#Ji^(CPd^ra^^^±IE»iI(Ci;''J, Cums 

dm&tf 
m'PTZ tt&lZ C u &Jt ft£ £ tc&fu§E±jt 

IfqBfCU 2 0 n mffiilT© P d C u 

if, ^^0^ IZ £INT &tt £ IN 9 o 

[0040] 0£ © 7 ̂  17 M (C ^IN x fft 0£ 1" £ 0 

[0041] tmMs Cu^MCib^SPd, Pt, Au 

s N i 

x ^ ̂  -e m y & e> £ *T & & IN & 7 -f i7 iff® £ &di £ -tt r 
"y^y^fr- fint^ ili£-niz!ls MS 

g^iNjf-g-jc^-efe^^ JI< i-^^o tt^co 
®T®"e©^tt, ^as^JitNjf^jc^-efey, ££\ if® 

^Ujrii"Cift>•?>sjsy-j1 

4 y#H •*%&&>fflBLTs it£^:£:J!s MSJis fctiJkXfi'tnbCDinft 

S£ £££*£l±T>I£-t£ £ tbvlM-Q&Zo 

[0042] ff®-m. ^ #ffi<Dffim*\Ri±Ltcv£ 
SKI*. ^®5£$©ilfSLfclN^ 

[0043] znbvmmfimizm^&mfrmw&s CSEM) ztc 
(TEM) izmx\mtct-v(AES 

) g®, xt^udr-^syx$i^/f (EDX) mm., <7UTI-7 
-f-tf (EPMA) 7-f^tf®£E!±!£l±£;^£ 

<hLT&, 
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(Dmfe#mzm%i-e$>Zo 
[0044] jjs>-7£'f >^7^ Ps B% Be, Fe, Mg% T i% Zn, Ag% 

S i CDtftfrlCOlNTtt. I CPf 

I CPftfi##rgS£jMUT##rU #>^>^*7^ 
-V±mz^£tlZ>jbm(Dmf£t LT&&T2>Zttf-Z%2>0 Ztcs 

[0045] P d C u-fb^tUC^lNTtt, EPMA 

, EDXgi, AESgi, TEM^mWU 7^©ffi^BSfrSlCfclN 

TMtMSJ1 ̂ ^:^A>-e<Z)^-f ^fttir£ ?r •? £ £ £ <fc y, StiMvMM 

[0046] >^7-r ̂ ©7-r r^str® 

j <h^90 ®str®(c&^Ti£0H0;frfe£}iy£-t£d<h(ci:y, 7-r^s#^ 

[p]©!^^©^ 7-f LT^lJt^ 1 5° \XTT:-foZ>^£h 

15{\L< 1 0 OXD^ftib^SriWr *fgBmc£^Tift L 

<(is 77-r^s 

1 5° ^T-e^^iS0H0^{i< 1 o o>0Mtb$^ 
3 0%J^±W^o U 
- - > £»j f & d t -c $ £ t £ izs #-JU# Vj -f v yet (cffM 
£ft£<K-jugptf$fcfHb u tf-j\,tfy yv\z&\d %=;-*> zftr* -v^' 

t/c, 7'f-*'tf$kM<bt"£©"C, 2ndg^®ltl)c^tf 

-e $ & o u - - > y i" & ^ v -JV* - wi&s 
2 n d&i^te£J;y-Ji&#T£iBj&fr,^ ±§Ei£0H0^fe< 1 0 0>®M 

<fc y if £ L < tt 3 5 %£Lt, £ f) (Cif £ L < tt 4 0 %£Lt, 4 5 % 

£l±, 5 0%£Lt, X&5 5%£Lt-C£>£0 

[0047] ±IESfa©®eir®-elE^^tl^iS0H0^^ T EMiEUgS^CfSSL 
tcWhnMxm^h^l^mysmm^mmfj^ (EBSD, Electron Bac 
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kscattered Diffraction) #"C/!!]AE!"C $ £ t (DTi'fo&o EBSD;£ 

Us ~£ 0 !• ̂ {i© ̂ Jt ̂ £El 

e>$ijtn < ^n^ftsrisn-e $ & ©-ey &s u i\ sfc. 
5° ^T-e^^)iS0B0^3i<1 00>(DJ5 

Ititkmz. m^WMxt? & ̂  ft^-" ft® 7^i® xfl^it£ & <b (ci£0B0 
IfcEBSDM, fulE-eiEU 

L /ciS0H0^feb l±l Rlti"C tb Z> o ®Elfr®©^{uib^ £ Hl±l 1" £ tc &b 

s ^0#^[p]h®iS^[p]tcd3iNt^vfV >^7-r i7 

^•e${£i^Pft#£i& 
)iy^I±i^T\ |fflV7 MCfg^ft/clHflJt^a 

L^Co ±§E^"fftfr1 -D(Dl5 

bti&$>(DT:foZ> o 

[0048] 

1" £0 

[0049] £1\ C u-£&&fa©M$lC£>;b-t±\ iMOCu (MS9 9. 9 9%J^ 

±) ^^JJDTuflJl^^ai^Jl^^LT^fiUfc^ dft£?SJl£Tt U<& 

MH^A r^©^SttHHET"ejP^LT;^?'r^d^:T\ m^©J5£^£# 

M U s ?iSP C u RXf^WM^MWl -£$>& L&M 2 ~ 1 0mm©0^^h 

^rf#-i>0 £0M vify S£i£i£. I±M, 

0. 3 ~ 1 . 5mm©7<t^lt^o 

[0050] C u^#S#©^®(CP d LZte 

s mmmmm 
IA\ dfte>©#& 

-ecpdmmmm 
(DUmz A u^Pd 
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9 W-tZ^CD^iSitZ 

LTAum&MMU lilfc AufrAut P d 

Ztcisbs Au©iffitX'P d#SJ^T£J:9fCf»lI^J;y P d 

Z>£&\,\ ^(Dj5)£t £G>3£ 

Bfr*#m-Z1*Z<D-ZbftUUo ft. ftllflMSJf 0il®tCA uli&Mt5 

±IB 

IA\, c 

z>®$giz?^Tmtft&c u 

^#^fa0L&tit-e#i7iL/cti(ctT9 tmtb?£ IA^\ c 

i§@tTffiiiuUS "tohtizmmmz 

T?#lfe£f £ £ 11 LT &£IN0 'f >zfy K 0gp§Ttit§ C <h <h L T t, £ 

[0051] ^^i®^k®fc«)©3inisai(t 

0 0 0 p p mlilT 

<h 1" 3 0 <fc y if £ L < tt, tf * * lz&m^(DM7bfe.XX % '>& <ti> 

5 0 0 p p m/H5,\^"ti'-Schs "7 ""f ii7(DKJit"^~•§(<-3^ 

-g.0-e^uo ztcs Jz>&mzs rm*® 
JFF»3$aS£££trta2 1 0°C~7 0 0°cmmt 

U 9^£}§3|-t£®Jt£mt£2 0-4 0 m/m i n 5gj££T £ £££ 

u/c&Htf-es, S^ifcpDpi©#vfV>^7-ri7^#^ti^©-eiftu 
U&£&M(D&Mk(Dtc)to(bWfo&, Ste&J&fctt® £-?!$$£ L/c 

mzft?t. #&§?£©9 ^ 17d <h ©Tif £ lA\ & 

t>3A,. ^&^&Ji©^&lb<D;/c&<D}][$&£, 4^f£feb©StI£XM$l§Lfc 

<hd5"etT9 d<h<h ITt^o £££<!; y, 

C u-g-#^fa®c u Us 

(cc u ££!i3i£-t±-£;:£tf-e$£o flp^S£0^£±sa$?&&i6ffli>3-Cjg 
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u;M^ I ~ I o a t % 

(ommttzzttf-zzzo 
[0052] £.&'&&m(DB2b£s mnZffi6im(DB2b%:M* IZftmtZlZ&s i£M&-

jt©»ii<£y cu<&&&tt<D$tmzpd%tmLtcmzm%kmzmm 
U W.IZ A u%&WLtc&lZj&$!M%:MMT2>Zt &£%}-?£> 2>o ^©*I£-

[0053] Maji^ffML/cm(Z)jpxx^-e^ P-JUJ±M. *X-*; 

y<?. #4^#w-£0 jpi&jt. ET$t 

/cti^y jpxim ISHw © ̂ i%&^£um 
T&zt&s m&G&Es turnsam^s ^mm^^iz^mm^RSto 

[0054] jpxti©^MiixfM(is ftitw^7-n7e^"etT9 
"?• ft/c ^~C(ip/rsl©*^"^]!!% Mliilll ©ff^K A u ©ix^/JSSs I^DU© C u )H 

&&m&ZtlZMLl\ JPX©ji^-e»ilXfM^2 75^3 0 

HJiSf £ d £ 

[0055] iCAu^Pd (&Jg) JPXSM^ 

SPg-eftfrafefroT. A U P d©^#Ji£7^£JiajtoTffMLT£ 

< zttfsmv&zo £fc£mizcu&mfc$-&zfcdbiz&s 

sat £±tf *©-?&&<. 
, W.XXrnt$b[zLX1o<z.£tfm®]~ZfoZ>o 

u ^ © C u ©I^b 1$W1&I£H>j§Jttt 0 . 2 % ~ 0 . 7 

% £ "T £ d £ M £ U <. ^ ft^©»iIMSl>j§Jt £ P P m * - y- (C 

~FtfT£< 

[0056] mMf£M$£<fctfl£Ji©$M. IiI^©CuIO^ 

F i c k 

±§EH,^t y 1 0*MJt§iWU ^ 
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[0057] C 7-T17 

1 5° \>XTXfoZ>m^-J5\iL< 1 OO>0Mtb$ 
(c ̂  IN •r ft it# $& (Dmzfi?m^(Dm$iz.j:-iT§mTz>z.£ # -e $ 
So m^3 5 0-5 5 0°ClZtZ>t 

f%m (2&{S^n) 1 ^ms0H0fe(i< 1 oo>^n;& 
{i©sy^^#iN^2^is0H0fe(i< 1 o o>is0B0^{i©sy^^/>^iNo -ti 

C u^#;Kfa(Z)gStr®(C£tt&, 7^S#:£[cD©^ll:£ft©F»3 

. 5° \>XT-ZfoZ>m^-J5\iL< 1 OO>0 

3 o%£1± 

[0058] y<fy-( "rommt LT, c 
A?9 9. 9 9 Mm%&<-t(D C u % <h L T P d % Pt% Au, Ni% 

P, B% Be, Fe, Mg% Ti% Zn, A g% Si MSH 

ffl(cMJt^9 9. 9 91i%J^±0Pd^ffllU 

^9 9. 9 9 H%-l^l-t© A u tlffiH; L/c0 C u 

i±ifgjim<hLtMLfcii dti^^m^T-ejp^LT^-rsd^-ecu 
1 o m mgJgOH V=fv S£f#fc0 V=fv S£i85£ 

. EI, #i§LTS^5 0 OfxmCDC u^M4^ftllfc0 

&fa^®£P d$M£ 1 ~3 AtmJi, $M©^®£A u^&Ji£0. 0 

5 ~ 0 . 2 yu,mJl(C^Si:9 ^TiteL/co PdMMs AuPd 

UCIE® L/Co C^T\ fctttffimmtfDin 
WiP d*lJttf 5 0 a t %(DiiLWt U teMM tCDi^mtA u 

1 0 a t %©feS<h L/co 1 00~700m/m 

i n% y-r x;$®W8~ 3 WCIESL/citit-
ll*'® U/Co I^J^'n'sIzjll A U IxA/sSs C U )||Jt% MS)B©J5 

2 \n\7b^3\n\mmt^Z. t (Ci; y »P L/c0 
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7 ̂ 6^2 0 0-2 5 0 umlZ&^T^feS 0 0-7 

0 0°C% 5£j£ 10-70 m/m i n% 7-f LS/W 7 0-10 0 yu,rrUC£^ 

t)SS4 50-650 °C, at20~90m/m i n, 

M(C7-r^e^^4 0-7 0 Mm(C£lNT^Jt3 0 0-5 0 0°C, 3S 

S3 0-1 0 0 m/m i nT^o/co ^ 1 ©$at. 31 

S3 0-1 2 0 m/m i n "e»ilZMMLfco t/c, 

^1±^/cto(C 1 2-0. 7 

%<hi; y Msbizmfe L/CQ d rao /cis.9 
#&<. u^®(ci±iT^^#»x^^y^'r«hc u©i^b 

*tL^ommkmvmmmp*mmm 
jt^o. 2%&ffiiztzz£~es m^^m(Dmmmt\]c^X'D'D, 
u/cm^s Z.(D£o iZ Ltgg# 1 5-2 5 Mm©# 

y=r< vy^-r^^rtf/co 

[0059] teWMs Cu^£&fcUCil3tt£Pd, Pt, Au 

Ltetfib A E SgS^ffllNT^/TL/co 

Ojm) Tcfji^fiDiBfSlCtt, EPMA, EDXgS&^lCj: 

^^/TttTo/co P d ©}j!Jt^5 0 a t %£l±T\ A u ©}j§Jt^ 1 0 

a t %^-^h-otc^^teMMt U MSI!©^®(C £> £ A u)lS^1 0 

a t L/co 

UCIE® L/co /tN>fW^7^t^©P, B 

% Be, Fe, Mg, T i , Zn, Ag, Si CD>J||3£(£% I C P 

mmms i cp»M^/fgs^(ci;y}iy^L/co 
[0060] /ItVfry^-ftfDglClt L/co 

ywmw-nzT-tj&nizj: y /fvfV >y7-r^©^(c#->/u 
>y7-r^©e^© 1. 7 

9 tc31±R L/co L/co 
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[0061] Ttt, s i 7°±(CffM£tl/cJS 

£ 1 yu, m(Z) A I P U- K7 U — A CD 1J — 

^ML/c#-JU^£2 6 0oC(CjP^L/ctulBB®«h#-;Ug^L 

/cti, >^7^t©S»2 6 0°C(CiPtft L/cfulE "J — K <h 2 n 

L/co JU— 7°S(£3 m m <h 5 m mCD 2HH<h Ls JU— 7°iffi^ (i 0 . 3 m m £ 

0. 5 m m CD 2 L/c0 

[0062] >y7-T"\7CD2 n "7 — tf— U 

7 < y -?-isyiZ-Dl^T& 

% 2nd S"n BtCD^fi^: 20g f As^1 Og f 9 0 g f JHEI/J£ 

£6 OmAi)^ 1 0 m A^iJ^-e 1 2 0mA|t©5 6 > 

yi oo*£^fiteu MmtfyT'i y<?-?^tc0kitt%:t)ryy K L/CQ Jtai# 
>^< > WT $ tcmw4 0 £l±£©, 3 0 £l± 4 0 TfcSS£0.30 5fc^ 
&xt L/co tf—'J 2 n djg^titcitPMo^yf1^ yy 

7-f^©g^£1 0 0*iEHU g^»J^tiT^£t©£NG<h;b7 

VhUfco 7< 2 n dg^r^tl/c^n©# 

i o o^mnu f©^itt^5?iLfco 7< 
v *>ZL^-f Mtj±mPPmm Ls 
^©^1 0 %i^l_bCD &CD^:NG<h:ft7> K L/c0 tf- U 7 < v */=L 

NGA<0i^©, 1 ~ 1 O-fm^rOs 1 

o 2 n dg^tltcitmoitfy^J >^7^t?:2ndg 

-g%m±-z-D%frs ®%\tz£-z±i5iz&t>±tfs ^(Dmmsizmbti&ifc 

(Dttm^mmLtco ^©ttws 5%j;ui&e>&&T&£;/ca&®, 7o~s 
5%&FpWc^<h¥ytrL(X 5 5-7 £ 

WlfrLA. 5 5%£lT&^&<h¥ytrLX(h U $t<D T2nd^ 3i>JtJ (D 

flKUCi^EE L/c0 

[0063] >^7-T "VCD 1 st S-ntt (#—IZM L"Oi 
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, HASTim FABmt. 

frofco HAS y<?%wm±'&%w{ntz>tc 

Sb, to-?* ;UJt1 3 0°C% *@>tf;S]t8 

5 % R H (Relative Humidity) % 5 V £ 9 iZj&S L>s 4 8 

!±! LTiilfco WMJJ%£LZS ffitrC 

^±#L/ct(Z)£N G £ Lfco N G £t£2> S_e©0#^^4 8 O0#H^i£Lt£® 

s 3 8 4 0#P^£l± 4 8 0 £ CX 3 8 4 £ X £ L /cQ 

[0064] tf-JUJWlCOlNTtt, 1 0 0{®IE 

H U ER(Ci£^t(Z)£0 K% ^Xfbmz^-oXl^^CD^N G£ U 

$t£;b7> h L/co F ABJWlCOlNTtt, U-K7 I^-AICF A B£ 1 0 

O^lu, S EM-eiEHL/co J|i«©t©£OK% {1^ ^I^NG 

<hU h L/co F A BJWtt, NGtfO<@£® 

, 1~5<@£CX 6~10{®£A, 1 1 m&±%X£ L/co ©«hO(i^-e 

[0065] #-Jug^P2 o{®£ff®ffijgu «®cfe 

I¥tf£i;TlNfttf^&£¥y®TU ^^^4{®^±©ii^(iXEPT\ 3<@J2TF 

©*I^£AEPT\ 1 ~2<@©t!£-ttCX fel^iEU^ft&ttfttf&i?£ LT 

©Ep<h Ls ^2© r^>>7oyp<-^j ^(C^IEL/CO 

A ^£0 

[0066] U — — JU— 7°S : 3 m m <h 5 m ITU JU — 7°iffi^ : 0 

. 3 m m <h 0 . 5 m #>7^ Ufc&lC&tftN-

0o-2^0^-7°©^^u-

- > y^£ ̂ iEH £ fttc £ifT? © EPT\ 3 ~ 4 ̂  ;U - 7°© ̂  (C u -

U^jU-eOEPT\ 5 ~ 7 * 

©*§•&£ AEPT, 8 ^°tC <J - = > tltll££MT 

XEPT\ f'J~-yyJ ffl(C^IEL/co As cx ©&•&*&-?£> £0 

[0067] JvMttiRiizttLrn&m& 15° J^-F 
T?£>£^n^{i< I o o>(Dj5itLtk^&s E B s D&-eiB&®©$pii^{i£ 
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IEflL/c±-eJl!±!L/co 7 S (TSL 

M OIM analysis H) L/c0 ®ttHC£>/coTs #>7^ 

^mnt^s^mt-DmmLtco ZsUcomm 
s° \>xTxh^m^-y5\tL< 1 

oo>0Mtb$^ ^2© rMStr®j (D r|±0H0^{i<i oo>j <z®c 
EE A LTINS0 

[0068] ^WCi^T, >£{\tLT^£ 
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