W47 % 51
2018 4 1 H

BHRERERMBISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.47, No.1
January 2018

& SR K EIE TR ST 5

BRARTE ', e, 4

LW s A

w: OFHN?

(1. VAT K2 el R [F K 8 S sE g =, B 7 710072)
2. BHBEEBHR, =/ EWH 650106)

#OE: XF(100)RT (1100 AR HCR A EAT TR R S8 56, BIATHEA R (1000 5 (110) 1 B4k 5 S A 5 B0S
RS54 1.09X 107 nm*y 1.23 X107 nm®, UEWIZ S5 41 R ALHS KI5 T S BB I AR B A% st RAL R B B,
DU 0TS e RIS B 60.57 eV, WO ARIA B 1.971 nme FEXT (1000 F1 (110D [ 1) 28 VAR T Hh A 5 85 BE JIEAT 23 A I
R CATVAE T S5 A 5 FEAE 10M m™ JeAy, AT HE DA AL A0 T Jis o7 Al 2 S S PR O I P 0 s 4 T A R 2 e i 24
B DR Sy 5 o AN (7 A S0 A AR S B0 7 A DK 1 A7 R 0 Aoy A TR B A8 AR

KEEW: WS KRER; BB MHESE
hEESES: TG146.3%4 XEkFRIRAD: A

YEHS: 1002-185X(2018)01-0255-06

S BHCON IR ICE, O T 428, 145 5k 2443 °C,
WRETIA 22.65 g/lem®, WEEVEFR M RRE, LT AR
T A AR, HARGROPURMrE, A& i 5
Gl [FN, HOLE R0 ER ) e ERe, SRR
75 1600 C LA FORFFIRLF WL IE BE (42 )8 o bk, Bk
T SRAE D o A AR R R RS . B — Rl
MR, T FH. BT, EERSHREES
IS AR R R AT 3¢, BRSE . AR A5 [ 5K #1064k
VB Sy Tt 768 e i AL A 9 2 13

BRSO S T S50, AR I i) v il
Ae SPURMrERe, HEHMAEEEREMYE, Ed—e
AT G RAEMEERIZE . B 20 40 60 AR KL
HemamMarE s, RILHFOT R T BT, Haihk s
NN o W], WIFFEFEATTIN A S e 1) % oo ke
TR AR, DRk ot A 4 i 2 AR R il
B 2R T Il S O 10 pg/g, — HE (E &
i G P i P 2 K g 8 i 7Y, LT e 0 R AR R
B S EEAT MR R AR, R ILILAT AR My Wk e, ik —
RGP I 2 B R AR HE P R

F O TT S5 M & B AR S P AR E M,
AR Z 40 . 2005 4F Cawkwell 25 A\ 7F (Science)
R FRICEELY, Ak G A7 A PR R A A A
GERG,  IX P 2 R AR AR B A T BRI PR AR R,
WA S IUFR RO, ™ R TAELE, M T
SN g b TR BT MEWT . 2 )5, Balk 2 AN UOE kL

= HEA: 2017-01-05
EEWH: ExARRERES (U1202273, 51501075)

X B AR ) A R RESEIR AT AT, R ISR AR AR T I
B I EIN TR, ASARTE 5 BB A % FE A X
B T IVRYA g s | SR 7 N P 1A g R e =
Fa kvl e oA B I . BR TSR CAREAN, SRR
BRI, SRR s rh A I, A
— T P, TR B KA AR T b R A i
o MNTRBRNZIE, BT RAEMERRS, &R
AR SR A% 1) SRR, BI[110775 ) f) 5 K =R 2
Ak 60%, 1MALE 7w, ai[100177 M 2 AH 20%. X T
& B HOX M A T O ST S ke E . A A A ik
K ZER, LA 4 8 Sk S8R T rh IR 6 36 FE R R s R
A S AR, AR DA R Oy OB AL SE )8, H AT A
%N SRR BT D>, H RJaH), [F
I IZ IR R I 5 BT O 37 T 4 AN TR R R
h T T TH ST, AU 4 JE K AR TE N A
—EMIRFEX, AR ReE— 0 PR U 4 b kR
() 8 e P BT 2R ) <65 g A4 RLET RIS I T AR TEAT A

1 % I

SEHG R b 2 78 [ MaTecK-Material-Technologie
&Kristalle GmbH 22 Al #2 L1 (100) 5 (1100 ik
WEE, RSF¥H 10 mm X 10 mm X 0.5 mm, FH&HE
IKBEAT LI, WBR T RIS SRR N ). 25,
{§ ] Veeco Multimode VIIJ& T~ 7 5 4k 8 % FH 422 fdu i =X
HEATRL I, 43 2085 K R RS FE AR 2 nm /24, KRR

BRI BRI, 5, 1990 44, fit, AL DML RZbkl=0e, B 7542 710016, HLif: 029-88493264, E-mail: Ism@nwpu.edu.cn;

gengzb90@163.com



* 256 ¢ G E A R

847 %

AT REHEBR R RS ST SR 46 5 | (A B S i T
s . Xt (1000 5 (110) #§, it MTS Nano
Indenter XP 442K Hs JR AL BEAT 525 , 52560 K H Berkovich
Ji Sk, fEfHENARHE R 0.05 s R, BT T HROKRE R
10, 20, 30, 50, 70, 100, 400, 700, 1000, 1500, 2000,
2500 nm ) 2 A H0K IR S5, WA S8 60 4>, K
TG A 0.113~437 mN, FFANSZI6 55 FE B AHRE 100
pm, PLORIE SIS0 fU2 R 386 AH BRI, I HLAE 30 U6
EALRE 10's, EEI A 100 s, AR AN K IR 58
5 5 SR

2 HRSWR

2.1 SEIPMRERBET- LBk

BT 5 K (100) THT b 4 2K s IR 16 2 fir - 07 2

(P-h) gk, JLrbd 1a SN0 P-n ihER K], AT L

A 2 pop-in (AT A B — i 2 B I 1 B4 7
RABAEG) R, Lk xsr s st K, Hik
pop-in FE K AESE 2~5 nm ;5 B 1b K IN#E 2 100 nm
(1 P-n B, mT LAV 28 (G 2098 AR JE b = AR A
HELEM) pop-in LG, MR — DM NARELKINEG. —
A A T UK pop-in &AL T U TEAZ a2 s i 72, 2
AN AR AR A R . XTI
pop-in I Z BT st TE 48, JLdomr -1 48 ith 815
4 Hertz 23313181,

P= %Eerh (1)
X P oAEAT, R AR, h MR, E AT
i, AIRIR N
| _1-vi 1-vy 2)
E, E, E,

L@ v AL, E SR, NM 1, 2 5048
KRS GNIA RSk 0 F&RlA kL, v=0.07,
E=1141 GPa, X4k, v=0.26. gk 5 yR%E LN
VR SEIe AR 45 AT 40, (100D 55 (110) TH ¥ 54K 1)
E ALy 477 F1 493 GPa, bk 453 522 S0 lk[19]
AR I (1100 58 U AR B R 474 GPa $(dls 1)
Feam o HET AR 4 2 Q) AT VAT S B R (B 40k
354 fll 362 GPa.

X 1a H pop-in 2 HIF [ sk 5 24 (DA TILA S
RN PLE A2 R TFIIME R 30 nm, A il 1a i
Ny SRS LT (B 1b) AN IES: pop-in B
Gy — RO OA Ry 2 T 37 T 46 e A R A T O
DA PEv [P SR
2.2 HEERTRBIERR

AT /Lo 7.7 45 K6 TR 4 o i il N R AE E PRI Y, T

3
2

MR 24T O HILWIEA O, R W1 Us TR AR T2 i
WS IO 7 305 WO R R N DRI . SR H SR A
K, BPKE JLH AN S5 U IR pop-in U EAT 4E T
33 pop-in F AT B/ ME R B K AE, 1T B AR
SRR IR I B2 2 WU 4 )8 K AE pop-in 1
MEZ: 7E pop-in Fifrib T KBS SRR R 1, 5
INMEAE A 0, B £E B MER R E 2, BRI
SEUEAE 0 A1 28] 2l BB £ N R R
pop-in [ far P FIG VI ) ¢ IX P Fh 26 . X (100D
(110D TR SRR P A S5 8, W E IR AE pop-in
AR EEAT AT BE VT SRAF AP IhZE i B 2a FToR . T AH
R fer 2R (P 2b) IR R LR A SR 1214,
2 6PE} !

P, ==(——2)3 3)
"3 ( n’R*? )
T...=0.465P, C)

KOV, Po PR ST, tergs F IR A BT DTN 77,
P 4 pop-in BTN I AT, 42 R KA Hertz 2 Ui
HAARIEUE. MK 2 T LLE ], (100)F1(110)1H 5K
96 1 B K BT D)k Ky 34.7 Al 36.8 GPa, B§/NT RS I

0.04

0.03 L 0. 010}

%
= 0.02F

o . \1 5
0.01F rdﬁ At
Pop-in
5

&
O.OOOM L

2.0
13
12
KN / .
Z 1.0 !f
g 1.0 60 65 70 75
S8 h/nm
0.5¢
0.0 1 1 1
0 20 40 60

h/nm

Bl 1 (100> [H%K %% Berkovich sk R #AT-f7 %% (P-h)
it £&

Fig.1 Nanoindentation tests performed on a (100) Ir single
crystal surface using Berkovich tip: (a) the first pop-in of
load-displacement curve and Hertzian fitting curve for the

elastic portion and (b) load-displacement curve
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Fig.3 Variation of formation energy AG of dislocation loop with
the loop radius r for the homogeneous nucleation
mechanism under different stresses: (a) Tpmax=26 GPa and

(b) Tmax=38 GPa
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Dislocation Nucleation and Room Temperature Deformation of Single Crystal Iridium

Geng Zhenbo', Li Shuangming', Zhong Hong', Hu Rui', Liu Yi*, Luo Ximing®
(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China)
(2. Kunming Institute of Precious Metals, Kunming 650106, China)

Abstract: The brittleness of Ir single crystal in nature has attracted more attention because it is a fcc metal. In this paper, nanoindentation
experiments were performed on the (100) and (110) planes of Ir single crystal. The results show that the dislocation activation volumes of
Ir single crystal are calculated to be 1.09X 107 nm® and 1.23X 10~ nm” for the (100) and (110) planes, respectively, based on the first
pop-in data from load-displacement curves. These results clearly demonstrate that the formation of dislocation is probably nucleated
heterogeneously from point-like defects, while for the homogeneous nucleation, the activation energy should reach 60.57 eV, and the
activation radius reaches 1.971 nm. In the plastic deformation of Ir single crystal, the deformation dislocation density is found to be the
order of 10" m™, which agrees with the previously reported data, implying that the anomalously high dislocation density does not exist in
this nanoindentation experiment. The brittle fracture of Ir in nature may be attributed to the extremely small dislocation activation volume,
leading to a large number of dislocation sources and severe dislocation interaction.

Key words: Ir single crystal; nano indentation; heterogeneous nucleation; dislocation density
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