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B E AHESBRRRRGHE (1~ 100)nm Sk e @Ak, KA, # B B, BT A HEEENA,
X BRI RAEAMBBRARR 2 BRSO E AT, BT REBEMER, Rk ier B Z X i —,
BTN 4540 5 PR AR [ R R EROT T RA RN E L. e B =AW 5 WML BARRL, HbT &
PORSFURAS, SR AR, EEIE SHE RSB ARKYER, 3 B X800 f KR R BEAR T dob

T, 55 ok 7 B 5 10K 32 2 Wb s SR I RIE . RSO, oA PR R MR AS B L 3 75 T A 4
TGRSR NF R BB R, IR T SRS SR MR 2 MR R

X8R Rtk BR4EMm,

1 MRERAZEEN

94 544 B R UK G AR (nanostructured ma-
terials) FEG—FPRA U fEfR BRI R T E 1 ~
100) nm Bk 4 JBARE. B2 AT 22 38 0 40 4k, ke
SR IRTEH 4 4B AHRLTE B LU LA R B, 4 75 i e IR A
W 2 e B R SR, IR M. DL RS 9% 57 R
JEERR PR AR PR N L AR T I Y AR R N
W R 8 BRI R AT A SO, B
5 R 12 AT A B R R, bRl &% Fn g5 4 2
1iE.

PRI R IERET 454 4 DB
1980 4F LUHT M 50 00 25 T~ 40 44 kL {36 4 J7 B R0 4
KRBT, AN 1R, AR A
R R R B (215 1980 4 ~ 1990 4E A5
BrEe, AT ARk B SRR EAE S, #
. BE. BT BN B =R B 1990 4F ~
2000 4, HIFAHEARBEENDAENLEE,
WA T BB TR B R ERE T RE; 2000 4E RS A
SEUUB B, XN & 4R A kL 254 1 R AE RIS S B R
TE 550 P BT IR L 14 K AR 4 T 3 7 o A
b EFR T ER
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AT &, Rk, ALBKETH

2 MRERH FREWHE

2.1 H&EFHE
2.1.1 ¥KGE

AR SR — FhHE LK 45 4R R B A R T
s (6 — A 35 4 S0RE B I A (SR Bl AR —
BEEGKER, BAIERRTEGHKRER) KIH
% REMERRRAESEET B BWREGETE
40 f SBORE A S R A 4 ik, AR TROAR R BR
JBE .

AMHEBEMEABBEELSEER - RIERE
BB AR AR AR T R, XA
PEMEA R, I, BASE T, BOLiES
S AT 2 Bl 20 4 80 4E/R, Gleiter
2 O] s MR AE R SR E SR T K EBFST,
Il T Fe. Cu. Au il Pd 2544 5 48 Buik 4t
B BRI U, BB, KRk, B - BB
B ) R RN A S0 —Fh ), SR ek
4B BB Sk AR 1% 8 — 2 1 LB B N ER BB AL, A
5l B IR S AR BRERB R R oK, 2 R R A R B
PEASTE R A A, DLAT 4 4k Foki B9 B iy DO
AL Y 5 S T AU B 77 vk AL e ok



RoFZeREER R, B, HE, BRI BESH. &
M, BERERFUR R Z M TR S EE g m U F
FHERBE VL BRI & T 2 Mg dh (1 ~ 100nm) S8
#H 4L (100 ~ 500nm) [ 44 [12~14]

AR B AR 7 2 ST I — A EE B T AR R
SPRONE, B EE AR AR AR TE T L L 2 R,
PR ULt e A A el ) % sk R ke b RO R B T 4
B, OAENEHTESEOREE B R, — 8
B, AR RTINS, R 45 R A R DA B R
BE, T CA 2P il R E 38 B9 6 R R T b R
R K B 4 0 A B R A R (12:18:15:161
B — 4RI 2T T EEA R BRI T, %R R 1E
WRTH, K MERETASZKES (1 ~10mm)
BB (VAR B KT 99%) IIERIE 4% Lm0 1), 1
S BLR P AT DUA R 10nm g% 4, G a4 e
Tt AT AR B R R iR, B4 T R 45 T fE i
AR KRS e, BRIE ORI SR RT 1 K /N5 5 38
T 3R B g i ) R SR 4, 9 L AT O b R 4y
A, AR A kg (18,

ah i HURE T ) K15 B0 PR bR B O —
&, HPWAEEREZLENABRE. SKESM
A R T4 S P b R B, H (R B 4
KX, R BGEH. FBob, BWHRIE BT BRI
B, JmSRASUR R RS, AR E RS DR
v (3190 & I B HUARIN U5 B e phobt b T i e R
KALBECLTY BR AN J7, REI R EMR 2 R H
E':J [19]‘

2.1.2 HPTHE

BT CERIE& T My e B M &
4, Nil20 Ccul) Col22l| Fel23]) Ni-Fe, Ni-W, Ni-
Zn, Ni-Mo, Co-WI24 & B 2558 1,3 [24]. T
FATT B AT DL 5 5038 e R A2 R 4. PHE SR
EHIERRI KA, RS, XN T LS8
LT &R . B H TR & a0 s AR — 8
R, BEMLUEHORE (1 ~2)mm AR5, THE AR
PRI EAAE] 100 mmx 100 mm(25) g & 2%, AxT 3 A
T 99%, dh A8l = 4L A AE AT REAE — S as OR SR AR .
S fil C B¥ MK ZLBonE 2027, 25 5 7e f FARbT,
ARG, M. Hy HREL Inm £HS
REHEAR (nano-bubble) H.

2.1.3 TEEHEEHERIBITT

A 3 5 7 B AR TE U5 1 K A 4 B R
mbRl HBAFER: FEEREE. AR
e B AL

5 JE I B e 0 iR R A T i o 2 S S
T RA— & MRS R EE. B 7EE I P A

RATEEBE YRR, HEAM &ML, BEEE
K A B SRR A kR (28300 B kbR i S
SEM SRR AR, T B B A OB R
IR B e 7 Ak BUL R sk R R BT
HRESRE T FEMEA GPa IE ST, ik RRGARNT
ol W R R AR R AR E BT D) AR, 1A
B4 fk oo B g B m i ms ik B T R m a8 Rk
ey —Fh, AR TR R A A TR, [ E AE PAR
A— EHCRAIK /NI BUANER, TR 50 R 9 1 4N
R , HEEERAEEPEMAE, W
TEREEAURNE, SRR HRE 2 B2 S
i (381,

AR T (IS EREE ) I f k4l
ML AL b Ko i S s AL vk B A IR O,
P O AR I AR 2R 2 T i) A A 5 R,
T b AT DA 42 ) Aok 40 A6 ) &N B B BT BG4 3
9> G 7 B VAR T 7 vk R AL BL A BA30). et
RTERT B, A R IR A AR BE R AR TR AR
BRI M T 454 PO, I for e A0 4 g 28, B K
SAPEAS T B 34 T, A7 68 184 5 ¥ () et 2 R AT A SO
S A K, S A B N AT RE PRI, W)
A7 6 PR 9RO I ) 25 2 0 8 o, o e 3k R A0 4 5%
BRI AL A T dh S N B R B i — DR AR
{75 S oo ) B /) 2 3, /IS £ B R AL O K AR
A, AR okl AEDL BB E R, SR
I L P 3 B AL 4 2 P B AR T 1, RS B — 2B
Bk, AT K F] Tk B8 Kk B 2%

PL B AL BL I — B & R B R 2 R & B
A4, 4 Cul”, Nil38l FeBY 1 Al A4 B9 2
B Ty 1350 ) B v S S LR AT AT T AR B B AR In-
conel600 )R GRS, K BURIRFA & M AR R 4
HF, PLEEAEE RS LU B R, 2550 TE VLR ZE &, 8
b 2 R0 A R A DB R 40 44 A R
2.2 4R BREH F BT

XA & 1AV TR R B R S M R IR R
ARG R, BRI TR, B, A, RARS
F . ARl i B R SOV AR X SRR R R A 3 .
F4. WA, REMEBERERTEEBSE &
md. TSR R AL W AR BETE 10mm
B%, MEEERBIKEEZKER.

AR Z5 F R S R DT IR DA R, B oK
YR 4 7 W 4 1 SRR PR 44 CultoA4041 (R ks
BE¥E, M 1083°C, FCC £5#4) . Znl'418:42:43] (3
BRI, MR 419.5°C, HCP £54) . Al (BRpEE:, %
/5 660.4°C, FCC Z5#4) . Fel'215:16] (3REER: . H4 5
1535°C, BCC g5#4) F1 VI3 (BREE:, B A5 1890 °C,
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BCC %i#) . F@E M AR B 77 2 i 4 i) i 7 8 40
e BA Culb fi Til~] (B 1660°C, HCP
S59) . X AT T A B 40 B B R 4 AR
— a2 R NEEER SR, N EMENER
REURAE: (1) RUREERR, Ry HHE—PK
KETERE A, S —emas L (2) BR A KA
RS (3) KN ATALEN G, (4) FERFUG
FH O, ATLIEHITE 1at% LR,

HEARZEHEZORBERNREBE NS
Cul?0~52l  Nil420.53] (Jg 5 1453°C, FCC 45#4)
Fl Cold (5 5 1495°C, HCP #5#y) 2. H a5k
X5 T ESHM%, 0 Lu 2 P2 &89 5 Cu
(20 ~ 30nm) EA LIRS B, T Kumar 25 1 ]
908 Ni (2 30nm) R HSR. (A —skdt
FRem: (1) BRAPERTPERR, NMBEHR
BB (2) SRR T4 T 7R — MR R
P (3) MBLR XTSI A o P01 (4) ki pas Al
AL HHE AL 4, MBI R R E W AT, E W
TP FT.

2.3 BRLH

o o AT T 4R L2V = 2.913[541, E
1 6 il d 405154 SR RE R SRR T4 B
R 10nm B 48 @1k, B0 = 1nm, W] Vy = 29.1%.
(NETUE 4 WK T, d FWART 220 5¢3 4
T4H T3 7Rt 5557 390 8 90 2 T A 2 1 A
BT T S = S A, 7 B R0 5 )

500+
l/‘___,—ffﬁ%
400
MA
£ 300+ .
= ED &
N =
© 200- <
1004 ———ED MR EE—4/s
—— MA MEHEEE—6/s
——SPD " HEBHEFE
0 T T T 1
0 5 10 15 20

e/%

(a) ED: ®yt#R 50, MA: #yRwa4 19 SPD: &
ey (44

MAARETBIEE. B, REuES SRR
TR, P SRILF 5 T 78 b AT R, Bk A R
TN RSB TTFATAE BB .

WM 1.1 R, REHE T ERINA SR
BEERNFE B, £5 3 FPBEIhtFH
WS E AT A RARRME. — AR FuE 1a)
FE 1(b) FiREAE Cu RiMAIELS ML CRREAF
SREM B GG T ERR), BAZRERKK2E
FoX BRI RAE S AR SR RN, B K —
AT R 1(b) HEH AR ELRFE K SPD
25, OB E— R IE) 2 B 28 AR 25 3 min IR K Ak
H, XA KR RSB SR B A, HER
GEM4 R B AR,

Xt F 9 & b R A I B R RS, AT
BIEE N SRR LU F RORL AR AR S R,
He— SR FEE “AEIFH WHALEHE, W
Gleiter 2 [:58] $2 1 ) “RAR" BB, BLAEAATAR
2 g4 B AR R 5 AR B A L R g b 25990
W AR R A i NI | AR AR o A A
Cul®! 717 & 1Pk 38 6 i & 40 i Cul®) B iy v
SPHEBEIR A IR, TIRMRE & T8, A5k
M —HAERR RARE, BRABEERA 2~34
JETFREE, % (0.5~ 1)nm. 4T 31520 fpi R
5nm . 12nm K405 Cu 1 Ni s B9 F#ag.
1P R A G W A R, AR R AL, B S 2
Z 2% A5 B Frank-Bilby A3 A £ B 5 A 4
FRLITH AR, AT FH B e AR R R AR

7004 ——ED MEE4IE—4/s
= MA MERIE-4/s

6007 ——SPD RS

500 ==== SPD* "= HEWHEL
400 A
3004
200+
100
0 T T T T T T T T T 1
0 5 10 15 20 25 30
e/%

(b) ED[B MAM, SPDI31:44] (*: 473K 38k 3 min)

B 1 ZETHE Cu M (a) MES (b) MELNTT - NARH 2k

43 F 3 7 AR AT DL ] AR AT LU 4, BAER
BHALGHEBZZME. AP R A ASF R,
PLBFSYE R F s wi (5661621 Swygenhoven ) 45 3R 3¢
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% BI A RT S Fa S AR SRR, IR
TR AN R ] 4% J7 A 1S B B R BB HBRAE T
(1) MR B ¥ BER AN iy i OB G (2) A



Al Voronoi J5 I — R MBS (3) AU
sim O [T % T 445 Y o T RS ADUM AR v 4 T 9k o 5 Y 8
dh bR B B R4, Swygenhoven & 199 B 4f
U AR BTG, o 5 450 3 (R T b B B I ) R
B BT ETF RS RIRE, 27 sh MR
FOURBORL B G545 o T ok 55 B8 Ty XD A I 2 RUBE
HABRS], ot BT S, SR SR B AR A
fHEIFP L.

2.4 HIBEN

9 dh R R ) R R PRI 5T R R 1 5 ) R I B
BRI AT A, BReEXNANEEE
HERZ—. FEFRHARCHTE R IT HIERK K
R, OV AR BE S 4 3 P T T80 bl e 1 3 B 5
DA SCHR A $5 08 1 RS e PEROHE (R TR 1 & 4
Cul®tl | Nil®%; SRR A 40 Al e
PEASTE 0 2 b i Cul®] | NilOSl g AR 1A e &
i NilS] 2 Sk, g i Al 4B Ba e Pk L i 22,
7 0.2T,, ~ 0.3T, A P FFIRE K, M A8 BE
R A 4 U P R T AR R RIS X T MR,
A E S TLE R 09 | aipy 10 gk M R sk
BT ZEHMAERR.

T #AR e P BRI, 40 & B R IRIR TR TR,
HBREFI 8Os MR, B8R 6
& Aok, PN R AR L 45 1A, M
VEy= O il i B R L N N E R VA A T

3 NI

3.1 AMMR

9N S B AR R B S B o R R R R
FRTER, BORTHRBIFLER. BERIAMTIA A 98 4t
BREE AT &AL, AR R PR, il
B B s R B RN TG A (7. Fougere 25 (73]
) A P AR B VE A T A EFLBRER (2% ~ 30%)
FISF- 2] b RO (4 ~ 20nm) BN, Fe, FFH K E
JRIEME T4 IR &, 25 RIE BRI KB E UK B
FABRE, 5EBRTLE. B B e T EE
BLART BE A 3 (g 26 Fe £ f RN RIR S B kUG #E
iR RN R BEAR B AR B, R A B S R
FIBALBTE K. Valiev 2 A BU R A BHF 5 T 7™
HYPHERE B Cu (BRI 200 ~ 300nm) K
PAURE IR P AR R, AR X 7 3 ) B o A HE B
LB LR & Cu BRI 10% ~ 15%, HH IS o 0 & FAs
BEAUCHH B SFRE 15% ~ 17%. R fE~ %
TR T, B E T A T sl R v 5 30
BN,

R R B 1 D0 R R AL RS
ok, OPEAR R S BT _E R A R R B AR AR
PRV AR5 I AL B S B BT RO BT, B X
WARETEoTmR. T bR & Rk, ST
it E B SR BN HA A, B R — 2 U KN &
JB&— e SRR i R

3.2 BMEREE

B Halll™ FiI Petchl™ 42 H AR 89 T Ji iR
PR 5 dL R d Z 1|3 & Hall-Petch J572 (38 (1)
F—ANHE) DUk, @b dbREE&BERKET
BB O TAE KRR IT ) B04E R Hall-Petch J5 72
B SCHERIT 4 Atk EF 2 & BMA & AR F, Hall-
Petch 5 FR7EAR K 1 S e R Y B AR 07 Mo 3R 7 W
FHZRMERRXRR

oy =00+ k,d™V? H=Hy+kyd™** (1)

Het oy ABRN I, oo AMME#ES, H A
B, Ho AWM, k, fl kg AW R

%} Hall-Petch 77 2 ) 3 18 i 8 5L 00 4 7] g fr
S BARMBMIEMER. Gryaznov % 76 % & 5| g
AR GEBIIER, EHXY THEIER, SRR
/N 10 ~ 40nm B, SLEEANRERR BT A A
. X —HIRBE T SR = P R B SRR
20 22 90 4EAAXT UL I SE B BT 98 K B R FT, H i TH#
BB 20k, WA, U, W& SRR
. BRI IEE R 2R U7 BONAR, SRFLIRE A
K REMERR, TREREFEEFRRKSH
Pk, SCHR [6] X R BHSE B A T IR R 4Rk, Bk
RN T RAEMEENN SR, SR KT
A R ) de B Hall-Petch 58 R38R AT LAE- 2 2,
SRALHLE SR R - AR EAEA; AT d. 1,
Bl S I BRI BOPL S 5 dl bl RO i AL s, $: 3
588 FEE B b RO /N T T B, i 2 s, Bl
FRAF R A AL BEAATE P2 A5 I ZEFY,  Nieh Al
Wadsworth(™8] {52 d. ~ 10nm. BEFH N ZBIH T
Feix—diek.  Schuh 25 79 F A B TR 14 T 4
PERF4HA 12nm . 14nm . 18nm ., 22nm @
i Ni, RS R Y R4 14nm B BA B AME
BE. Narayan®) 7 kot A Rl R B T —
FolBr B 4 J7 5, AT DURS A 45 I 90 df i obL R, 30
W& T AR R4 5%108 160nm . 70nm . 7nm |
4nm KGN Cu WBERE, RILRAIA Tom B BEA &
KA.

53 F 8 72 AU A 28 TE BL 75 e 2R e R B
ARG T B Y B B, Schigtz 2 (51,82
XFAS ] R T 44 df Cu B [l L i) 43 8 07 2 48
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IR BOK b R 3 M AR TE BL ] DAL 4 42 3
A, B R RO B I 2 W 5 I A O B 6 R R
Wk E, SEX RN RTEEA (10 ~ 15) nm,
XAEE A& Co BEFEEWsIN T, 3 B
LB B R PPN 2. Swygenhoven
2 [5,55~57) T8 A N7 5 44 i 4 2 P AR B ML AR A
AR 2R AL e, 1B 5 R E A 45 X 3R TR BL I I 5%
mel, 45 4 E 3 [56] H 4R BT /N B AR AL IR, Il
TR R E R N — 2,

B
g

de SR d

B2 4IRS SRR X R R 190

—FEN BH &K TTEEME (bubble raft) W
L. A v AR AT DAL AR AR AL S5
B RAZES), DR NLEISE, FRX—T7H
B9 57 5 SCHR AT LASE 3C [83 ~ 86] (M7 Lb 1l i J5L BE K
M) . 3 [87] (& bR AR T HLHIFIT) | 3C [88]
(T SLTT SR AL B A B R 7). B, Vliet
25 (891 PR AR RUAT 5T T bR S AE (4 ~ 37) nm 8
BEIAEOYTTHGERSER, K d ~ 7Tom. LK
R 2 B P A AR TE L BT B B A% RN B K f
FiE® (migration) 1R 30 (localized collective
motion of a grain boundary). FELEB A HRRHLE
B LIS B A0 = R A A kA5 LA AE A AL B B TE A%
JT % LR R B BY N T S TBAR A 23%; MR KT
7nm B, DARLEEAE; AT Tnm B, DU FEBIHL
WA E. XEWERE 5T g RRALL.

KT X RH Hall-Petch KR HIB MR, H£H
FLUF 4 A5T:

(1) HT 9 BE B IEZMEZE T X 5 H AR
], PR b3 3 X b R IR ok RAS R T &8 4
Hall-Petch 3 &A= (1). 40 Scattergood Fl Koch A4
2 dap RO AN TR —BUE R, AR T AL
B AE SR 18] R P B S g Rl g 10000,

(2) Pres ZERAEGN il RBESR 3, T 51 A Nieh
F Wadsworth fg T4k (78]

(3) gy B &R E el dh ok, W =SSR
E: %4 (quadruple node) 4RI E A KL, B4 EEB
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AR, BT &30 WA E 2 Xt &k R
B OC RANE, it Do B2 B b RSP 284k, Wang
2t U 4 Rl — MR R, 4 DA S H S
MERA 4 DNEAL TR B, AT DUR I 18 50
M.

(4) SR AWM, W Hahn Hl
Padmanabhan!®?! {\ & 24 5k R F g/, 724N B
TERT, fpr LR 5T B g sh /N1, ES
— R X P B 3 A 43 B 7 ok B g
#2393, Masumura % 4 )\ 05 78 K L o 2L 4
ARTEHLE], R & Hall-Petch S8R, T/ daobL B df
Ry WA A, ERAEM, ZEBB &R 5
i, H B RPN, AR SO sl A,
B R 350 N b e A, 2 3o 8 A SR

Hil, B TAERLEAS AR, TEEEEE
b R T80 RE&R, ERAERNRIN SRR
a3 AR AT 5 B B 1 JB BRI 32 3 LA 45 OB,
HE5RE. A ZMMAEEAEITNRE A S, AL
. Ba R BR Y B EREE TR, BEXRE
U RS MELE U E K, B ACE IR —
BLHI B B H 5 5550 25 WA AR

3.3 BMETE

3.3.1 AL

RS SR AR I 5 M AR T R H A 4 1 TR 53 B
B, ARSI, P S MAFI =ML, K
HC i A% b R 26 36 R RO R B RR P N 3% 2 AR 32
HAER, MR T stk AR, dE— DR
A6 25 1 5K 8 A 1990, AT S BN AR AL . AR
AR I WAL, SR LB ma PR 26 B P AR T8 S A X 4
ZhF, HESR R AE. IR R N # AR R,
IE N 38E Kocks Fil Mecking B — 45 gk 3 196 4%
BB Cottrell®™ 7£ 1953 48 f1FI8 N ASHE AL 2 fir
HESREBRE -, BiERREEF 1
BT BP0, R 0 4 i B T B AR AR AL I
WESTBAR.

MWEST A 5 D AR AR IR G, FoAT] 187 B I A ATT %
R R S B N AR AL IR S A . X BB 5T X
SRR T FCC g4 fh kst k. FCC B
B0 A7 - JNEAE ik — B R 3 AN B B &5 1 BL
T4k B bl T 4 o R 22 E MR s RS 2 A
WrB, BRI, MERRAEM,. MR, B
FURTRAL B ST, X BB BEIR SN 7 5 47 45 P35 1]
FRA R, FAERAT AT BUE LA dais = 1/4/p (p AL
), 5 3 BB MR — S B =%
DX 44 25 1 9 I 48 i G, FEARRAIE RS 24 I T 1 P B KN



deen- X THLE, APRA d > dais > deen. HAW
M B d R AR T A B, IR EIFNEEZ MG
7, HIELE . Meyers-Ashworth #£%4 [98] % &
TRXMEMAB S FEOBEAY S &Kk, Fu
2 [99] g 5 — R %7 P B 0 0 4, R R R EL o e
Mk, PNk dmP R d < deen < dais, DL 98 58F1 L
TCEE AN BEAEAE T AbobL TG, A SRR = A B A 2
LA RIUR AL, XPREALAT AR EEIER. R, £
4 5 T AR R T IS, AR e MR R, 3D
BN, s, PR RS, XM
RRENAT A ME EE W,

H HTXF T 44 d AR B SE 3 BF 5 2 )= BR T i B A
RESEME, AERBEESEREH MR, m
T Y E R R E SRR R R
GV, SN GEBONMMESRN T - M
AR it 2k 72 9] 1R AR B Wy B AR A AR SR A 0 AR B AL 5K
[ [20.21,26,45,46,50,51,100] k5 7 o ] Rk R < B R
WL B e — B LOY. XPRE kA T ik, e
KR AEB R, DAgish Cu A, B 1(a) .
B 1(b) 45 H T HEITRE. BRG &M ES
PEARTE 77 ¥ A5 B0 B A i LR R4 dh £k, P
mbL R34 20nm (F7) . 28nm (JE)(ED)
80nm (MA) F1 210nm (SPD), AL FRF1 AL A543 1]
A ELSE NARFIN J7. N 1 A AR ks AR AL AT A i
BRI b R T B Rl ok, HI& T2, KR
1 2 T 4k 3 DA R B ok T8 A R 2 A 2 7 e B Y
- AR k. wE 1(b) B4 SPD hZk, KL
W& MR R TEEBEHERE Cu RIFATIR K4 BEFI
£ AT3K B TR K 3min KB EN T7 - MR
gk BLY) SCHR [31, 44] F AR R KOE R R 45
HHEATRAE, HIRH B TR AR R, dASEK
B EBRK, BH ARSI 5 A E5 0 i AR 1.

Horita 2 1601 i ) 725 43 9% Fi 55 xof 72 o 3 kAR T
A BB AN i Al-3% Mg A& & b R EMHHT TR,
HIIRRASFI & 0R B L F AR B Lo 85 RS & 4
PHEER LB LEH, 23mB)s, mEREERE
SRR AT BT (zigrag) MARBVEH, AW
IR REMETHE, A& T FPEZL. Horita %5
Xof 7 M AR T I A KRR 4 & Cu R Ni R AR R 454
WHEAT T 2AE D02, R BRI R R4 07 B 40 5 AL
3%Mg A& HKBIGH.  Valiev 2 BU 40 5 bt
Ak P VR e R 58 R U 5 A N ™ B M AR TR A% AR
P gL 5. B AR SR IR K G, AR
M PR RS, R B B R, BEAATON S AR
1.

Lu % 152500 1 Jia 25 U FY e YR 2 0 4% 19 48
i Cu U4, B 1 AR 5 B2 LA & Cu {0

IRE, HEAELE L B Lu 2 B2 o7&
FIR T E A Cu HTRERE, SEFAHITR
KAbE, KRBT THEMNAERA 5100% KIREER. X
BERIMR AR ARTE A aa B, REREHEm, MAR K
F 1000% BHiEBEAR TR AR, XG5 1 5 5
MGV R . AR T I AR A d b K AN R A AR,
O N ARG, AEREX e A 1° ~ 10° Bm=E
6° ~ 18° 11031 s uasde B iy 5 I8 1 HE /N £ JE 4 R
DL K gap R (4T B A JLAS nm # 80nm, “F¥y
20nm) F kK.

WAEE AN, H AT MR B 94 & e B B ALAT
AR EHENERRE. ETELNRNIENNGESE
BTy - ARSI 2R B R, RIS Jiang Al
Weng!'%4 | Schwaiger 2§ 53] 1 Fu 2§ 99 g T4k,
SEE] SAE TR & ADRLE 4 Ao AR e A (B0
FB SR M X)) F R B AR S A AR, X T AR R R AR R
53 W AS 6] B AR T7 R AR, 24 S b RO e, A
TR LG, B AR AR =X 5 Wt E i AL A BL R 5
A AR R TEMLE], AT DATRI ROBE 300, 72 b B
i b, Jiang Fl Weng'04 25| B8 LS IR T
HHIARER, FF5INT BAIR MRS H. ELk
IR TT X TR € BT A KB AR R A —F i 5
B, SRR T R 2 B A b RBE PR O R0 B A
B

TN A R KRR AL AT A I B, DU Y Ak
o drd. b, MBI &AM Z3 A HER
MR, BB S R A AL SR SR E
FATTEI XA, I B & R 45 F R 0 5 7 2247 A 1
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MECHANICAL BEHAVIOR OF NANOCRYSTALLINE METALS

WANG Hongtao YANG Wei

Failure Mechanics Laboratory, Department of Engineering Mechanics, Tsinghua University, Beijing 100084, China

Abstract Nanocrystalline metals are defined as metals with an average grain size in the (1 ~ 100) nm range.
Because of their potential applications in mechanics, thermodynamics, acoustics, electronics, and magnetics,
etc, their manufacture and research have been an important frontier, both in materials science and the related
fields. Their relative simple microstructures and characterizing parameters impose a fundamental meaning in
theoretical studies. The three-dimensional topology of nanocrystalline metals is similar to their conventional
counterparts. However, for the extremely small grain size, the volume fraction of grain boundaries increases
greatly, which will lead to different mechanical properties from coarse-grained metals. Moreover, when the
characterized lengths of the microscopic physical processes compare to the grain size, the related properties will
be modulated and thus different from well-known ones. In this paper, we present some new developments of
preparation, mechanical properties and plastic deformation mechanisms in nanocrystalline metals and discuss

the relationships between microscopic structures and mechanical properties.

Keywords nanocrystalline metals, grain boundary structures, grain boundary diffusion, strain hardening,

superplasticity
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