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0.267g2] CrCls - 6H,0 [Chromium(III) chloride hexahydrate, >98%, Aldrich, USA]Z 100 mle] ZF=o &3f
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Cu AFA=ZA 1g9 CuCl, - 2H,0 [Copper(11) chloride, >99%, Kanto Chemical, Japan]®} Cr Z-3|=2A]
0.047g9] CrCls - 6H,0 [Chromium(III) chloride hexahydrate, >98%, Aldrich, USA]E 17g9 CHsOH [(99.9%,

J.T. Baker Chemical. USA]®=} N,N-dimethylformamide [99.5%, Samchun Chemical Co., Ltd., Korea] (C2H50H :
N,N-dimethylformamide = 1 : 1 by wt%) <] EF&No] G| AT}, o] F 2A s mukstar 2go] Zandy
E=(polyvinylpyrrolidone)& H7Fste] thr] 24431 aigksto] Fwgh 48 Ak, o] §As FHeprE F
APZIE ol &El K7l FAE ZEAdd At Y dhol¥] FEE FASAL 60TolA 24413 AZ3EHGITE.
Azxg BTe 500C7HA 141789 52 F 500ColA 1413 dxgskdvt, 22 yolA (re 2.2 at%S 24X
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Cu0 ™% [Copper(II) oxide, >99%, Aldrich, USA] 1g¥ Cr AA 0.05g9] CrCl; - 6H:0 [Chromium(IIT)
chloride hexahydrate, >98%, Aldrich, USA]Z 2 ml2]1,2-propanediol [>99.5+%, Sigma-Aldrich, USAJel] &3

AA &8 E 5o 60TColA 24X 7F =89 Th. AxE B 500TC7HA] 1A 75 5 & 500°ColA] 14]
b dAEEieh. Cr2 1.00 at%E AA|STh. o] F Ay Ao 13 U3 WHo R stx AME AZS A

13S) %gj,_e. _Z_x—] O}_o:h;]_

00‘I
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A7) Al 4ol HIMEE Cr ATAY $EE 59 0.25g8 H7FEHAY. dojz B oA Cr 5.00 at%
& A E. o9 BE B HAAd 49t FAEA IS Cr H7F Cu0 Y dAE AFRET. o) F

7] AN 139 A3 oz sta AME ARt Ao WEs S35

e B owve] wE A 6o wHow Ax® Cr W7F 0 Ui PR SEM AR, mi Wl ol
Lol gate] Frol Wl Ve etk aEn gsE F4A 1

A7) AAe 4ol A 7k Cr AFAE AQEtaL A8 Cu0 MRS o] &ate] 4] dAld 13 Fdd HHeR

7k AME Azt Age] wstE S5l

T 125 AR Cu0 wEEe] SEM AbHo R, AAld 49] Cro] H7FE Cu0 Yi=gAtel $d3 +x2E FAstal Q)

=

olF Aol 1 WA 69 Cr H7F Cu0 Y= JAb, 2@l vlae] 1 WA 39)Cro] H7hE A @& (w0 e YRS

A AN 2AE Alzste] oy 2ol S A} 250TolA HHe FeAdes Uehds BEsded,
¥ RE A she diEiA Aol Frkeka 4tsd sheel disiA s Aol FhAshe p-3 WA 54

S YERAT. weEbA ks g 3 kel diske] Ry/R.E, AFSHE Zhzmell dishe] R/R.E A lsklth

(Re: 71 FolAe] &AAAF, Ry 7k FollAe] &aA3).

ag)3 HAHe AEASS Hol= 250ToAe 7t BEE ZAsa 7t 4 £EE AT 37 Fof

A A AFel AdASHS o A7 97 7F2=(NO, 100 ppm, CoH;OH 100 ppm, NH; 100 ppm, TMA 100 ppm,

CsHs 100 ppm, CO 100 ppm) = FH71E wlHaL, oju A&o] &7t 54 (transient)S& #HZ3FSATE.

T 132 AAd 1 uiAx 6 2P]al vlad 1 WA 39 7h Al ZE 93 7F2=(NO, 100 ppm, CoHs0H 100 ppm, NH;
100 ppm, TMA 100 ppm, CsHs 100 ppm, CO 100 ppm)ell == AS wWo] 7= 784S WeEbdTh.
T 138 #Fzxshd, AAe 1 WA 6& Cro] H7bd Cu0 Y= JAS o] gal] =S FAT oA NO, 7h2ol 3t

SHACl g JtaEd vld €538 HolXE Wk 1 99 JlaE SHAAdE ®srE flo] Cro]l HIFEXA
2 Cu0 Y= gAFECN vl NO, 7ol digh Mejdo] aA Frtste AE 1

¥ 12 A 1 WA 6 283 vlad 1 WA 39 7F2 AATF N0, 7h2d =E2H S



[0081]

[0082]

[0083]

[0084]

[0085]
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A Aol
F 1
E™ 25 250C, EF 72 NO,100ppm

AlAlof 1 Cr 0.76 at% CuO Lt 4 E A= (R,/R,) 1 19

AlAlof 2 Cr2.20 at% Cu0 Lt 2= 2= (R./R,) : 136

AlAlof 3 Cr 2.20 at% CuQ Lt Tjolsq A= (R,/R,) 1 102

AlAlof 4 Cr 1.00 at% CuO Lt X} A= (RJ/Ry) @ 12

AlAlof 5 Cr 3.00 at% CuO Lt %} U= (R,J/R,) : 89

AlAlof 6 Cr 5.00 at% CuO Lt X} ZE(R,/R,) 19

H| woq 1 CuO L= 2 E ZE(RJ/RY) 7

Bl o 2 CuO -t 1ol ZEZ (R,/R,) @ 6

Bl mof 3 CuO Lt @IR} Z=(RJRy) - 3
¥ & Bz, orol A7hE w0 v dAE ol4d AAlel 1 A 69 7k AN7F Crol A7EA g8 (o
U YAE o] &3k vl 1 YA 39 7p2~ AAe H]3)]| NO, 7t~ 540 €53 F7Hhs & 4 .

1ol4 B ukel o] AAle] 13} 29] NO, 7h2ol thdk e zbz; 19, 136019 vlule] 1] N0, 7F2o th3t
e 7o) M WEd 2 ks JERAL Stk Crs A7 ZA N0, kel digk Sdel A Sk Aol
ok AAle] 39 NO, 7h2ell tigh = ZhzE 1020]m wlale] 29 NO, 7h2=ol thh #k= 60 E3sto] AAd)
19 Y AE, AAe] 29 v 2E® ool v gelWol % (r H7FE A$ N0, 7h2el] thek 7HgAl o]

=]

S7hebE Aom deheth ofsh e S v FRAR ohdet AAle 4 1A 6°] & Cu0 RN R
FAA vebdth Cr sieell whek NO, 7kl digh SHA Srkellis Abel7h 9laL 2.2 at%E H7RSE AAld) 2

o] e Hule] anE Heln Cr ¥&7F ¥ F7H8hH
@ Had Sl s = o] w2 EE BlY.
3

o
osh ¢e WHES TR W QWO0E 7 BAR 0§ MEAF /s WA AxA 3 BAe re A%
shwl 3k BAY el F@eA ArE Cr & 1

g E*M 21*4% 7}{1 Al 2]t | 7hedte
Haheh, Bodge] AAeEE oA Hola HggHer BE A EFHden, o 1 o FAF A
W oETE e aeleh, T A el s WSl sehdle] BE Mgl o) yehd 2 kgl WS
= 2A7IE = Aoln
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k1
N2

1
(g
~

/,//,//;,//;//,;//,//;///;//// ‘4—130

+———120

\\\\s\\\\\i\\s\\\\\\\\—w‘]‘]o

EH2

W(Wﬁ 1—170
N

+—140
G mms
EH3a
Cu ™7 + Cr M +A 51
T2 g EE‘: M| kAt —
!
Lhic @A} ® = 53
!
ta WM —S4
EH3b
CuQ 22 + Cr M+ L T1
!
b R} R E S
i
ThA MM HE —T3
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Er4

SE Korea WD16.7mm 15.0kV x30k Tum

EWS

SE Korea WD16.5mm 15.0kV x30k Tum

EH6

SE Korea WD16.3mm 15.0kV x30k 1um
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EH8

54800 10.0kV 10.9mmx5.00k SE(M) 10.0um
1228/2010

L G L R

15.0kV 8.0mmx10.0k SE(U) 5.00um
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15.0kV 8.1mmx10.0k SE(U)

15.0kV 7.5mmx10.0k SE(U)
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ZHE (R,/ R, EE R,/ R, )
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