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Abstract
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Both Cu and Cu-oxide nanopowders have great potential as conductive paste, solid lubricant, effective cat-

alysts and super conducting materials because of their unique properties compared with those of commercial micro-

sized ones. In this study, Cu and Cu-oxide nanopowders were prepared by Pulsed Wire Evaporation (PWE) method

which has been very useful for producing nanometer-sized metal, alloy and ceramic powders. In this process, the

metal wire is explosively converted into ultrafine particles under high electric pulse current (between 10* and 10° A/

mm?) within a micro second time. To prevent full oxidations of Cu powder, the surface of powder has been slightly

passivated with thin CuO layer. X-ray diffraction analysis has shown that pure Cu nanopowders were obtained at N:

atmosphere. As the oxygen partial pressure increased in N, atmosphere, the gradual phase transformation occurred

from Cu to Cu:O and finally CuQO nanopowders. The spherical Cu nanopowders had a uniform size distribution of about

100nm in diameter. The Cu-oxide nanopowders were less than 70nm with sphere-like shape and their mean particle

size was 54nm. Smaller size of Cu-oxide nanopowders compared with that of the Cu nanopowders results from the sec-

ondary explosion of Cu nanopowders at oxygen atmosphere. Thin passivated oxygen layer on the Cu surface has been

proved by XPS and HRPD.

Key words : Cu nanopowder, Pulsed Wire Evaporation(PWE), oxidation, secondary explosion, XPS, HRPD

M B

Agdo] WLYA Wet 7129 ARETHE O 4L 2
£ AR N BA] FobARA therle] 27)9) 2R
& & ARE Az FRAYIIe Lol 4R
A77 A AARLE s AeED glek

GreyaAztge 25 2944 3§53
stod 2RE Az JHRAHS, BB A8

AN st A7e 7)AA
AAL 2RAE Fhshed golol 4] Fo]

L. oA

= T

oﬂ]i

h =4

B RUE AZsE Gy 52 F F Adn
2%

& A

4 gz ¥

ol ol el o $ op al o

A 220
Ty, 459

o
L o g ol

&3

30
H
2
=
B3
o
s ol
<
J
rir
AUR Y
o
Lo4
30
°
Mool oo o

T E-mail: ckrhee @kaeri.re.kr

3 37)8 2 BSe] 4E 23 (agglomeration) 2
olof 3t} o)2igt 2 F= A& = 1l

o A A= Y i
Azuger  H7Zd9 (pulsed wire evaporation
o =

method, PWE) & & F b .12

A71E3 e H29 4] (pulse power) & o]&35}ed 75
A® (capacitor) o} $AE TAY - NAFE FEoolo]
of AR WAAA FEetololE Fuk - $2A)A B

Zahe o =, dolo YR bFe] Ah5a A9
Be AEF 7 glen, FEelelo] Fue
toz A Abslg 2 AsbE-g A|zg
olvet EEEE AxT 4 k. w7 o]
3 9E o437 Wiel ARk 3kWeke 2
HlEES 7HA T, AZE Edolgel] FAkEo) A
3" ¢l A=A o) 9},
TelAe dEAgdelxs, F450), Aty
59| £AEHE 02 e o] C
= Ame FAAR o8 sed JEF:L%»}}L%%}

y
o o

mlm all é

N e nJ]o
L o4 R

ru}‘. H“

oot
+

e L jo ol

i) H
e oY & b’ Az

rﬂ.

ofd

£
® Loy

i 2 orle we fx

.L

'

A

o

o wH
tlo g, —-{J
N
o2

oL P
N

- 941 —



942, gdAasHA Al2d A125 (2002)

21, Mgt Y 2N =7

A7)Ewkell o] AzH Bgo FZ7)e 2ol rtd
Az} S Ak, toleo] Ho), efolojo] AA, F&o] 7}
A T s, vhs- Aw ule) E9)7)ek ¢ F
o 8 AAEojxc). gfolo]o e AsjAE W=
(capacitor bank) o4 &&= iz} W7} 00) € o o]
FoAth. F oA W7t F&etolojo) sttty e
o) Q7R YR W OE A 12 Yeld 4 9o}

W=A W,(107 %) ~** (1)
7)1 e=CVY/(D*Z) 01w, CE capacity (iF), Vo
A% At (KV), DE wired] AR, Z= (L/O) "2 HE

impedance (Ohm), L2 33 3 29| inductance
Y, Wo=CV¥/2ZE wireoll al7}= ol d#) (J) 28z A
= Sfojoie] wAolr}. 7 63k o] W9t 9folofg
cross sectional area, S= A =lsl3 ohg3} 22 418

& 5 e,

< Lo g

W= (h,W,S*2) ** 2)

o7)4 hyi= current pulsee] 93] 713 % 2R A
Aol F e A's/mm' o2 Jebd = o).

olgie] Cu Z<42l hb ¥ £3tellui 2] (sublimation ener-
gy) o A4t gk ofsie} R},

1.95 A*s/mm*
1 47.8)/mm?®

Cu %—"’] Oéx‘]‘o::}- %)‘: :
Cu 549 53t

W=WotZ 312, Aba Q) A7) A2 FE Y Fol
FASE A £u)E FAR A 2% e o] e

¢ % gich,
Wo=h,SZ 3

2] Al 30| capacitor banko|A 3R A7 2 F ZF
& wiredl] a7} o] wire7} U2 Wt Bag o|E
A 27|t} dubAql Ay AV)F e o) Azd &
=9] 37 overheating factor Kell 2jsle] "Ax=oz]
o} & wireol] 7R oA Wek F4 wired 7tdstn
Sl 2oF AR Wol &gt AAE A
wak g ook A 28 W.E UFE o 22 A 48 4

% et

o

K=W/W.Sl= (hW,2)*%/W.1 4)

4714 W Bushs Ao wel¥E s}l

whAl71ed) W gk uleju 2] (specific energy) o2 (& %
o1oj} dolelc. 2o} kg7t F4g Fhdehn 2|
Fled g W.ghe d8ix oA %82 & overheating
factor K+ specific sublimation energy W& 333}
45 4 o
web W,.SIe Wet 3w 919 A 4 ohg3) 2 it
g Ao 2 vleld 4= 9}

K= (5)

ol&2 0 & overheating factor K7} 2kojojdolo] oo
2 vlgsteR goloje] eyt FoE H-¥ole over
heating factor K+ &7}51A 5 A8+= 74shA 71ds}
Al "o}, 4] 594 overheating factor K7} 10]z}d =
off 7} At ofolofe] Aol ¢, thg Ao viehd 5
alct.

La=h,SZ/W, (6)

9] AlZof| 218 circuit parameter (L, C) 9} hy3Fg <
9, F4&loloje] A A Zo|F T st FE2tolofe) al
el oUX] & Y-S A & 4

3. MY % BUNE

3.1, 7| ZEQER| 2 H=x=A

Fig. 1& £ 7o 448 A7 38345 ddsiA o
el Aojok, ojuf o M- A Ale] W=} 20747 of
VAE AR 5 gler, gholo] ] Ax]q)] 2] 43
22 Axr} 7FEIE S AAETE. leojoir) At
2lgte] 7|3kE o] AW o] F-F 2yl EEA729
HE F gL AEt 4" 7 UEE ez Ay o
o] YZAE E8 A Ui 25§ YR w5, o
w2} e k-2 ZE{e] YZE o&-3shed 10 torr 72| AT
7] & Airtag o] 4-3led 14bare] ¢4HS FAsHe
o FFE 2ololE 2 04mm, Zo] 88mme] ZEE
Cu 2}e]oj2 go)o] FFETE 3 3032 F2417A A
z8tgtk. Sdukg F A8 fPelx Yty iy
B 20} (blower) o} &3l 744 £ TS Fito &

F
—0

Wire

Evaporation
Chamber

A

TCD : High Voltage DC Source
F : Switch
C : capacitor

Fig. 1. Schematic diagram of pulsed wire evaporator.
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Fig. 2. Superheating K of copper powders versus input voltage
for different wire lengths L.

L0
4 Q2
o Qu04)
o1 ¢ Q00)
°
=
E
0
7]
104 ]
—t g
'yJ
0 T T T T T T
Qo Q5 10 15 20 25 30 35
KFado

Fig. 3. The specific surface of copper powders versus super-
heating K for different wire diameters D.
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Fig. 5. TEM micrograph of Cu nanopowders by PWE.
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Fig. 6. XRD pattern of the Cu nanopowders by PWE.
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Fig. 7. X-ray photoelectron spectrum of passivated Cu
nanopowders.
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Fig. 8. Neutron diffraction pattern of Cu nanopowders by PWE.
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Fig. 9. TEM micrograph(a) and XRD pattern(b) of conserved
Cu nanopowders.
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Fig. 11. XRD result of Cu/CuQ/CuO. nanopowders at various
oXygen concentration.

Table 1. The crystallite and particle size of Cu/CuQ pow-
der measured by SEM, TEm, XRD and BET

SEM & TEM XRD BET(m%/g)
c 473 |FWHM:00447| BET:8.67

u 100nm o}t 33nm 77.37nm
#4789 |FWHM:00299| BET: 12,53

Cul/Cul) 0 morst 32.3nm 53.6nm

Aol i =] gh-g-o) )8k o]AlEolte)] 7)qlsle] ko] =7)
£ 08 Aol Zle 2 AlgEY, ojujo] AAY ¢ Fu=m
7]+ Table 13} o) &=4= Cu &4 ol 93 A8} 4
e zhe AAYA 20nm o) ol FarE B
o] Uk

AR L Y5te] X-4 FAAETE 2 Fig. 115 22
329 £92 monoclinic #+&9 Cu0% cubic +&&
7+ Cuw0 %9 peakr} #A= ) =3 L2y Ad
A2} mlR)E gke AFE) 95l Aweke) A B
(concentration ; vol%) & Qo4 30%7+A Z7HA171H
Fg Azsledn). X-4 FHAE EM AT guistky 4
2 Fgo] $&4E 242 Cuwt AsHA A=, A
) 5ol Abaade] F71ETE CuOZ) FAI8HA LS
sl oirt. A& $ 57 0% o o) R 22 feeFE
9] Cu YxEo] HAEY 44LFE7F 105 2 20%
lAE &% Cu 2 oxideAdl 33HEo] EAg 44 F4]
of BojFw gle}, 2t Abe] $x7) 30% YL o Cu
peak2 A& BAFA] 1 CuO =& Cu 09 oxideA 3}
gEato] A}

52 £

Cu o}o]o}E o]gahe] A7)y o2 Cu ¥ CuOA

2ug Az A9 e 2e AEL AU

1) A7 0.4mm, Zo] 88mm Cu $£}o]ojol] 28kv e 1
Hgte] &7k o2 Q7tE|WA 100nm =271 Cu i
g g

2) Az Cu ¥ AFHTe Ui 5 73
Faizke] A B8 AR o7 o4t $3e 8
A old}.

3) X-4l E|AAI3E o)83le] Ehe] AHFEE [FH
g Azl =48 Cu ZAHCE 33nme) AAHE A
o}, o] 2-3719) ZAAFPEo] B 3ty £HE o] A
o 2 AtsHe)

4) BET AJ&e] 9f#] oA Cu vieidd ¥ Abs}T-2
Ui 371 bzt 77nm, 53nm AEe|gle™ HxE
)R B Fag Atel FAE e Yehiglsh

5) Cu V229 AL obASLE 95te] BRE o ¥
Seimet xels & A3, T CuOTHe] JAH 7le
XPS ¥+4& 53l &alstgch

6) X-Al Aol o3t Ars}t FelET e A4 AFS
ATt Z7kge) wet AkslTFe] AAFEE YA
I, 30vol% 9] AtagskdAE CuO 2 Cu09 As}Egt
| #2=gio

2

>

(3

B A7 AHAER-9 AAY Av)e ke g
v S5 s e Ao 2 eE ey

ik

o

Ho
ro

1. H. Gleiter. Acta mater., Vol. 48, 1 (2000).

2. K. Kubo, K. Itanani, F.S. Howell, A. Kishioka and M.
Kishioka, J. Eur. Ceram. Soc., vol. 15, 661 (1995).

3. D.Y.Maeng, C.K. Rhee, K.H. Kim and W.W. Kim, Mate-
rial Science and Eng. A (2003) in press.

4. Y.A. Kotov and O.M. Samatov, Nanostructured Materi-
als, vol. 12, 119 (1999).

5. K.E. Gonsalves, S.P. Rangarajan, and J. Wang, Hand-
book of nanostructured materials and nanotechnology,
col. 1 Synthesis and processing, chap. 1 (2000).

6. Y.A. Kotov, V.V. Osipov, O.M. Samotov, and M.G.
Ivanov, 4th Ins. Conf. on Nanostructured Materials,
(1998).

7. H.M. Rietveld, J. Appl. Cryst. 2, 65 (1969).



