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Discontinuous grain growth in metal nanocrystalline powders

SONG Xiao-yan, ZHANG Jiu-xing, YANG Keyong
(College of Materials Science and Engineering,
Key Laboratory of Functional M aterials of Education Ministry,
Beijing University of Technology, Beijing 100022, China)

Abstract: Grain growth in highly pure nanocrystalline Co powders prepared by high-energy ball milling with the
average grain size of about (17 £3) nm was investigated by a series of annealing experiments. The characteristics of
discontinuous grain growth are found in the transition zone in the intermediate temperature region. The TEM obser-
vations show that there are a number of low-angle nanograin boundaries at low temperatures, whereas mostly typical
high-angle grain boundaries at high temperatures. It is proposed that, the rapid grain growth occurring in the inter-

mediate temperature region is resulted from enhanced grain growth promoted by the stored energy as an extra driving

force, and through a particular dominant mechanism of nanograin rotations.
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Fig.1 Morphology (a) and TEM image (b) of nanocrystalline Co powders milled for 32 h
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Fig.2 HRSEM images of grain microstructures annealed for 1 h at different temperatures
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Fig.3 Change of grain size of pure Co pow ders

as function of annealing temperature

X4l Co 90K FEH AR AE 500 ‘CHI 600 CiE k)
FES AT T TEM WSR3 HT . P AH L, 500
CIB KA AR AR G540 R ATO A7 A e RE BR S 5|
N PRI e 2 PE T B AR Ba; 10 600 “CIR KR S H i)
AR A L R B R R A . SR A RS
XRD U 52 () 4 N 28 B 500 'CF I 0. 35% F [

600 CR 1) 0. 10% 73 A 45 RAHFT . SB[ 2,
S i kL S5 ML EL R B, 500 CiB K FE TP AR 7R R
KECHINA GRS TE, i 4(a) TR o XL/
FA BEGK G FAE — 8 A T AT REARAA A T4 K diks
1F1) AF 408 (1K) AR A7 11 PR 8L 3 BT A 9F B — AN K B
Rt 100 T R A R R oRRLAL . 5 TR B St
LI 2, 600 CiRAKHES I MAGHH K2 H A
BIE WL AR AR RS, W 4(b) Frs(HAE
RhR AR AR AT ) o BRI, SRIR R A
T R IR AT R R K B 3 AL, B
55 2 i A () R KL AR 7]

2.3 PUKERLKKRIRE) ) 7
SHLARAELE, 90K SRR AT
b1 25 0, FC 8 ) 5 AR RE A SR K K
KRAT AR - BATE TF R B BT
T KL AREHI 2R, TR, 40KR
JETT R RS TR 8 o (Bt S AR AR AV 9
N KRBT B BB TR 5 Bir),
HIFE— %8 ZAF T (W R 3 F g5, AR g ah o
HEERERR), 90K b R A PR3 KR R W R



. 1736 - o [ 0 4 2

Kl 4 500 C(a)F1600 C(b) i kg
mRLEE R HRTEM 4
Fig.4 HRTEM images of low-angle

nanograin boundary (a) and high-angle

grain boundaries (b) of Co powders annealed at

500 C and 600 C respectively
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Fig. 6 DSC curve of milled pure Co

nanocrystalline pow ders
(heating rate of 20 ‘C/ min)
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