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Fig. 1 Photographs of large bulk nanocrystalline
silver with diameter of 80 mm and

thickness of 7. 8 mm
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Fig.2 XRD pattern of large bulk nanocrystalline

metal silver
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Table 1 Dimensions, grain sizes and
relative densities of bulk nanocrystalline

copper and silver

Nanocrystalline Dimension Grain Relative Literature
metal Joim  diwelne denshylh T oountiy)
Copper d6x1  5~20 90~ 95 ((E(}r;l ﬂy)
Copper 49x0.5 7.8 90~ 98.5 L% (5[3 sZi) 12]
opper 430 25 92 [6](Germany)
Copper d20% 5 25  78~90 [11](China)
— d80% 5 36 94,3  “This paper
Silver d10x0.1 10 . [ 19] (USA)
Sikver d12x0.7 60 97  [9](Geniamy)
Silver d5%0.5 5~ 20 - [ 131 { Tapest
Silves 46x0.5 30 96 [10, 14](China)
e d80x7.8 52 97 Tk paper
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Table 2 Positron lifetimes and intensities for large bulk nanocrystalline

copper and other bulk nanocrystalline materials

Bulk nanocrystalline Tl ps

S e T/ ps Ts/ ps 1,/ % 12/ % 13/ % literature
Cu 175. 4 %5 34517 3498 +763 51.7%3 47.7%3 0.6%0.03  This paper
Fe 180%15 360 £30 1200 200 10~ 30 [ 20]

NiP 152.3%1.3 350 220 147096  94.4%1.3 4.5%1.2 1.1%0.1 [21]
Ti0, 226t15 385t16 1939 +66 37.9%X8.2  55.9%8.0 6.210.2 [ 22]
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Fig. 3 Pore size and amount in large bulk
nanocrystalline silver with clean and

air contaminated interfaces

( R, —Diameter of pore; V,—Volume of pore in unit mass)
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Table 3 Microhardness of large bulk

nanocrystalline copper and silver

Nanocrystalline Microhardness Grain size T ——
metal / GPa (load/ g) /nm
Copper 1. 2( 100) 25 [5]
Copper 0. 9(100) 35 [5]
Copper 2:7(25) 25 [11]
Copper 2.%95?(12(?3) o 1((52080) 36 This paper
Silver 0. 63~ 1.4(100) 20 [ 10]
Silver 1.0~ 1.5(100) 5~ 20 [13]
Silver 0. 9(100) 52 This paper
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Fig. 4 Stressstrain curves for large bulk
nanocrystalline copper with clean ( n-Cu)
and air contaminated interfaces
[ n-Cu (contaminated) |, as well as for

coarse- grained polycrystalline copper( p-Cu)

IKAR S Sy MR R AE BT
3 g

1) VAR VA B8R0 2025 J5UA i s 25 ) 4%
FS L B e R RO B9 ¥ T 490 K ) R B 3850 B
M, HEA K 80mm, JFES AN Smm 1 7. 8mm;
SR R 43 A 4 36 nm AT 52 nm;  FH X % JE 43 5l
H94.3% F197% .

2) R RST G KA HedA o ity 5023 5 R 2 A F5 1)
ST FIRCR 55 R A 1 A v B A B0 23 A D Hs T
A BN RS AR MR AR 2, T e B i R
PR, BE R GOKREREOM TR FL BRI RSN
16. 5~ 18nm, Al .

3) RRST G oK A AR Bl 4 (1) b TRl i 4 Jil) A
Z L AR R 6 f A 2 4%, SR v R AL .
YK AR R A, i IR R, DT S R R 2R
YR 2 SRRV 0. 65, 1.42, 1.82F10. 1544,
R R R G AR R S PR AE

Bt
T v RTRL S 58 ) 2 T AR S M B ) 27 0T

JBUSE B 5 B 18 70 B K A PR AR R
[ REFERENCES]

[1]  Gleiter H. Nanocrystalline materials [ J]. Prog Mater

[2]

[ 11]

[12]

[13]

[ 14]

[ 16]

Sci, 1989, 33(4): 223- 315.

Korn D, Morsch A, Birringer R, et al. Measurements of
the elastic constants, the specific heat and the entropy of
grain boundaries by means of ultrafine grained materials
[J]. J Phys Collog, 1988, C5(49): 769- 779.
Chokshi A H, Rosen A, Karch J, et al. On the validity
of the halkpetch relationship in nanocrystalline material
[J]. Scripta Metall, 1989, 23: 1679- 1684.

Nieman G W, Weertman J R and Siegel R W. Micro-
hardness of nanocrystalline palladium and copper pro-
duced by inert-gas condensation [ J].
1989, 23: 2013- 2018.

Nieman G W, Weertman J R and Siegel R W. Tensile

Scripta M etall,

strength and creep properties of nanocrystalline palladium
[J]. Scripta Metall Mater, 1990, 24: 145- 150.
Gunther B, Baalman A and Weiss H. Preparation and
mechanical properties of ultrafine grained metals [ J].
Mater Res Soc Syp Proc, 1990, 195: 611- 615.
Nieman G W, Weertman J R and Siegel R W. Mechani
cal behavior of nanocrystalline Cu and Pd [J]. J Mater
Res, 1991, 6(5): 1012- 1027.
Suryanarayana C, Mukhopadhyay D, Pataukar S N, et
al. Grain size effects in nanocrystalline materials [ J]. J
Mater Res, 1992, 7: 2114- 2118.
Koblev N P, Soifer YaM, Andrievski R A, et al. Micro-
hardness and elastic properties of nanocrystalline silver
[J]. Nanost Mater, 1993, 2: 537- 544.
Qin X Y, Wu J U and Zhang L D. Microhardness of
nanocrystalline silver [ J]. Nanost Mater, 1995, 5: 101
- 110.
Yang M C, Ye F, Sun X C, et al. Study on the micro-
hardness of bulk nanocrystalline copper [ J]. Nanost
Mater, 1997, 9: 481- 484.
Sanders P G, Eastman J A and Weertman J R. Elastic
and tensile behavior of nanocrystalline copper and palla-
dium [J]. Acta Mater, 1997, 45(10): 4019- 4025.
Kizuka T, Ichinose H and Ishida H. Structure and
hardness of nanocrystalline silver [ J]. J Mater Sci,
1997, 32(6): 1501- 1507.
Qin X Y, Zhang X R, Cheng G S, et al. The elastic
properties of nanostructured Ag measured by laser ultra-
sonic technique [ J]. Nanost Mater, 1998, 10(4): 661
- 672.
Schiotz J, Ditalla F D and Jacobsen K W. Softing of
nanocrystalline metals at very small grain sizes [ J] . Na-
ture, 1998, 391: 561- 563.
Sanders P G, Fougere G E, Thompson L J, et al. Im-
provements in the synthesis and compaction of nanocrys-

Nanost Mater, 1997, 8(3): 243

talline materials [ J] .



910 &5 4

JAFHR, S5 RUST QKA AN 11 9% Je L0 e B 5 o 2 P g

. 469 -

[ 17]

[ 18]

[ 20]

[21]

- 252.

Uda M. Production of ultrafine metal and alloy pow ders
by hydrogen thermal plasma [ J]. Nanost Mater, 1992,
1: 101- 106.

Wu X J, DuL G, Zhang H F, et al. Synthesis and ten-
sile property of nanocrystalline metal copper [ J].
Nanost Mater, 1999, 12: 221- 223.

Suits B H, Siegel R W and Liao Y X. NMR measure
ments of nanophase silver [ J]. Nanost Mater, 1992, 2:
597- 602.

Schaefer H E, Wurschun R, Birringer R, et al. Struc
ture of nanometersized polycrystalline iron investigated
by positron lifetime spectroscopy [ J]. Phys Rev, 1988,
B38: 9545- 9554.

Sui M L, Xiong L Y, Deng W, et al. Positron lifetime

[24]

study of the interfacial defects in nanocrystalline nickel
phosphorus alloys [ J]. Mater Sci Forum, 1992, 105-
110: 1249- 1252.

Xiong L 'Y, Deng W, Zhu ], et al. Positron lifetime in
nanophase ceramic Ti0, with different sintering temper-
ature [ J]. Materials Science Forum, 1995, 175- 178:
577- 580.

Sanders P G, Eastman J A and Weertman J R. Pore
distributions in nanocrystalline metals from smalkangle
neutron scattering [ J]. Acta Mater, 1998, 46(12):
4195- 4202.

CAI Werping, ZHANG Ye and ZHANG Lrde. Syn-
thesis and luminescence of the nanosized Ce doped silica
particles dispersed within the pores of microporous silica

host [J]. J Mater Res, 1999, 14(5): 1922- 1927.

Synthesis, microdefects and mechanical properties of

large bulk nanocrystalline silver and copper

ZHOU Yusong" ?, WU Xtjun', XU Guo-liang', LI Bing-han',
ZHANG Hongfei', DU Liguang', LI Zong quan'
(1. Department of Materials Science and Engineering,
Zhejiang U niversity, Hangzhou 310027, P. R. China;
2. Ningbo Division, No. 52 Research Institute of
China Ordnance Industry, Ningbo 315041, P. R. China)

[ Abstract] The large disk-shaped bulk nanocrystalline copper ( n-Cu) and silver ( n-Ag), with diameter of 80 mm, thickness of 5

mm and 7. 8mm, as well as average grain size of 36nm and 52nm, respectively, were successfully synthesized by an inert gas conden-

sation and in-situ warm compacting technique. The relative densities of n-Cu and n-Ag are 94. 3% and 97% , respectively. The size

and amount of the vacancies and microvoids in n-Cu are similar to those of other nanocrystalline materials ( nono-Fe, and - Ti0;)

prepared by inert gas condensation and irrsitu compaction technique. However, the size of microvoids in n-Cu is larger than that of

nano-Fe, and -Ti0,, but the amount of them is quite less than that of nano-Fe, and-TiO,. The size of pores in n-Ag is in the range

of 16.5~ 18nm, but the amount of them is quite small. The microhardnesses of n-Cu and n-Ag are 6 and 2 times of that of coarse

grained polycrystalline metals copper (p-Cu) and silver (p-Ag). The elastic modulus, tensile yield stress, fracture stress, and elon-

gation of n-Cu are 0. 65, 1.42, 1.82 and 0. 15 times of that of p-Cu, respectively.

[ Key words] large bulk nanocrystalline metal; microvoids; mechanical properties
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