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Atomic force microscope nanoindentation behavior of
shear bands of bulk metallic glasses

XU Fu, LONG Zhi-lin, PENG Jian, ZHANG Ping

(College of Civil Engineering and Mechanics, Xiangtan University, Xiangtan 411105, China)

Abstract: The deformation behaviors of the shear bands produced by traditional indentation test and undeformed region
of a Fe-based bulk metallic glass (BMG) were investigated by atomic force microscope (AFM) nanoindentation tests.
Combining with in-situ observation of the indentation morphology, the origin of the localization of plastic deformation of
BMG was studied. The results show that, under the maximum load of 44.6 uN, the residual impressions areas caused by
AFM indenter in the shear band, inter-band and undeformed regions are 3 274.7, 2 976.5 and 2 879.2 nm? with the
corresponding hardness of 13.62, 14.98 and 15.49 GPa, respectively. The hardness of shear band is about 10% smaller

than that of undeformed region, which indicates that the plasticity in metallic glasses is associated with strain softening

induced by the creation of excess free volume during deformation.

Key words: bulk metallic glass; shear band; atomic force microscope nanoindentation; hardness

sty AR (0 2R R AR — B I it A (7 A )
BB ANBFE Ao T R A B < A A KR
Tl BTN AR SR SR S BRI SREE,

1 R eb i el NI DA S TR £ v N T P 1L/ N
SCUG AR R, B AR G AR TT V)N A

1/10G(G A BIYIRE) I T ah & BB AR Y, X 578
PG T B AR FEC U W g 20 P 8 5 (1) 5 SR
A5 BIHRE AL, BARAESA SHRE AR AL

BB BB AT e i, (AR, SRR
G2 IR HNE AR 5 R A R AL BT D) AR TR
RS E O AT B TR FRA AT A e
AN B PR EL A FH 7 A A A AN T A A 380 S AR FEAN
[, AR F AR SRR TR 5 1 R B
e, ARG . BR T SRR AR

SN, G I A SR SR IR TR AN 22 1)
HEAMRMERE, FEdh—RAEL 452807 T EAEETE

E2ETH: ERBRFIFHAESTHIIE (51071134); HIMA#E TESIUH (09A088); HiF 42 [T HR#0F5E10 H (08C893)

Usks BHA: 2010-06-28; f&iTHHEA: 2010-10-20

BIEEE: EH, #3, Wit il 0731-58298287; E-mail: longzl@xtu.edu.cn



F21 6

VFOME, A BUARIRR S SV IR T A K RAT 1445

AR INT 2% W B mO D OB ) A W
07O DRI, BYU) SRy A S IR R B S S AR T )
s R s . BET 2EUHA R AR G & S B AR B D) SR
A A DR R AR Al 4 R AR BRI AR T I B A 7 A N AR il
oo RS A B E IR T, BT B It
AR P A R AR A N B0 R, BT YY)
G| S o O N o = A v SR X 1 s WL B
HEJEAR 10~20 nm!"' ™, RIgL, BN BT
BEREAE R e . 124 0k, KA /D E) Ui SCiki i
S IR AR SR S T I AR AT o
— PRI I WL [ T s Sk AT R Ber e R SE 5, AR
TEARTE X BEAT AK IR S, R4S BY Dy Ry (]
MEHA S AR, S5 5 F i Sk T BT )
WRERE . LR, BEUE R e 22 R )
#45% (Atomic force microscope, AFM)Z 4t il & 4) K Aigh
JEUSL LRSI R G 1 s A Rl K R (1
JRIFILFNT 1 uN IR 8T, S TREE/NT 1 um
IS 5, AFM AT LA IR A A8 i JE ik L ALL )
Pethe Ak, FIH AFM B S 0FEBAS, TsEaint
JEIR RS SE IR . AR 2l M AFM K
J IR S5 06 B R A B D) i (0 R S I 8 AT S ) SR A W
W, BRTIARAR G & B BB PR AR TR SR A R B BT, 30}
PEARAE S5 BV A TR AL B R FE 2

1 KL

1.1 AFM #yKEIR L0 R

AFM K Fs IR I 50 Fie N A 7 Hh P Aot Ak e
B EI A e A T 3RAFSRAEAL G4 K T 2l
IR R G A3 AT AR B, AFM 94 2K IR S 36 1 75 22
ff o — e U TRt Y R R el i, e, oG
T I R — AN RE AT LA TG BROK (AR R A3 2R 1 R
TR RN K
k,=AZ_ |V (1

e Ve B R LGN AZ AR TE R (i i s
Vo PUMAPELEBAR M S TERROR,  RIEHRANEA,
SIS AT AN A A 7 2 O ) 5 i (82 A 5 1 0 oz
FoAHAE, AT PR B s S AL A RO R e 2R 3, A
RIBULRIL

X SEBR R EES T AFM IR, $9H5 17 i3,
A8 10 ) IO it e T I S A 0 g s A Sk s
AKEdd IFP AAN N I SRR L e

h= (Zz _Zl) -AZ, = (Zz _Zl) _ksVdef (2)

s Z, M 2y 7355000 S b A S R b AT ik )
BERE fin e QL IR N1 B SE A AS - nm

AN _EFERET R S K S AR T A
P=kAZ, = kokVier €)

s ke ARV IITAE RE, e nT LR 1 LA
JGHRIM RIS HOH e, BT DUR) FAt %
it TR FH S0 SRR A S I A R 2 P s 2
Wi, AR (D~Q) AT kA Efr — A B ih 4, PR
Oliver-Pharr J7£P% 5k AFM 9K i JE R8RS 4307
DhREFT UH AR 55 5 5. M0 TR G K s
JRELES,  thCh BJ7 VR4S H B A B fh TS A R T
FHRERE . B Sk R BT R R B R e RS
JE ARG, (H AFM 40K IR AR A — oA X
DT B, RE Sl F) — A b AN [ X s 2 L %
MR R S5 B R A E

12wy

% H E"] ﬁ% 17«’—( W M &4 *ﬁ 7|‘Jr 7'7 (F€0A432C00A288B0A192'
Sio.04sNbg 04)osCrao 7E AL TIRYT T, Ko BT alige ity
JEURHZ Bl R R 73 BOle e, AR AEAE AR A HLgI
AP R TR o PR R S SRR 5 ORI I 10
REE G, RS E%E. 2R, BRRSeeR
ARSI N IS I IR AN BARZY A 4 mm. K4 50
mm PR, 3B EARL N 4 mm KI5 SAEREG . #
KL DSC. XRD L &5 # 73 A1 25 WL OCHR[21]

1.3 RW7E
FEIRSEEG T, BRI AP AT 2 R ),

DL WA FLIBOEA T H0's 2 it 2 181 44 S B RRE E /
T3 nme K HIRSEE K 96 [F Hysitron 2 w4 771
Tribolndenter =7 41K 772K 52 45, Berkovich 4Kl
A, k#4244 150 nm, NEIEGHE AR N
2 mN/s, SRS R 50 mN. AFM 4K IR S5
K i % [ Digital Instruments 2 7 2F 7 [}] NanoScope 111
1) SPM (Dimesion 3100). ASCAER K H G NI4T — ke HE
TSk, DA EAE TR KRR, D45 R AU &
210 95 nm/V, BRI EL N 235 N/m. AFM
YK H IR SIS IR R A E P IE 3 X, RIRTIR g
K15 R G IR S 0 J5 AR AR Sl B R R TR 1
BIY)AT TR DL RS TE X dl, o, AR R
[T BT DT BT X 38 AFM 02K He IR 1) W00E i i FE A
1o 2803 V, MU 119 P Ses S BT vk 55 0



1446 A G A R

2011 46 H

F R K SN ATZI N 22.3. 44.6 Al 66.9 uN. K 3X
3 RBERLCRAN, A SIREIEE R 350 nm; ARAZTEIX
BRBEE i A 054 1. 1.5 12,0V, BIGE ()5
KIENEATZI R 11,15, 22.3, 33.45 F1 44.6 uN. K
4X 4 pFEBEEN, A SMIEEE S 600 nm. AFM
PKIEIR)E, T EHEHT AFM BB SRS, i
A IR S G I AE TR P B (0 =R A R AT T
AFM RS0 s JRARHROE 3 2 A7 00— & AT B A
Wb, ARSI PR R KM AE T ] AFM 4K BRI s
AN RAE, ik, T EIY)E Aol (R X 0K AFM 44
KIEIR SSRGS, PITdEAT IS8 A DT 10 IR

2 FHR51R

1 Fﬁ ﬂ?jﬂ(F€0A432C00A288B0A19zsivo48Nb0Ao4)98CI'2 ﬁ%
ARG A AR KA AT 50 mNL JHEIEE R 2
mN/s /T A EIR AFM B3 . A 1 rp] 0 213
W B BT UL, RMIEIR A R, MR AR

NEIREETEASTE -

2 (@) M(b) Bz g AL 1 rRade i iy B D) e 3
DX A HEAT 8 8 P HLR 1~3 VO I 2847 22.3~66.9 uN)
11 AFM ZUKIIRATIA B3 IS 2 AT LA
BT BT Ak R S IRB A R IR T AR BT T PRI Ko
N T S S BT UL RO S BT DL (R AR R
Xal, Bl 3 Fon i KRN 44.6 pN FERTTE
AFM GK IR A I SRAR 0 Ao A& 3 TR B3, 1Y
DI AR ) B IR R IR I O 23.021 nm, T () A4 K)
IR AR RS 18.168 nm.

N T EEES, ASCAREXRTRPBH — A X R AR TE X

2 BT IXAE 22.3~66.9 uN I AFM 94K IR 1 TES0

Height/nm
800

0

1 um

1 (Fep432C00.288B0.192510.048NDg 04)9sCr2 oA | R R
B KEAT S0 mNLINEIEE 2 mN/s  AFM 40K HOR K51
Fig.1  Morphology of (Fe).432C00.288B0.192510.048Nbo.04)0sCr2
BMG indenter after AFM nanoindentation at maximum load of

50 mN and loading rate of 2 mN/s
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Fig.2 Morphologies of region I in Fig.1 before(a) and after(b) AFM nanoindentation with maximum load of 22.3—66.9 uN
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Fig.3 AFM nanoindentation morphology(a) and cross-section profile(b) of region I in Fig.1
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Fig.4 AFM nanoindentation morphology(a) and cross-section profile(b) of undeformed regions of (Feg430C0¢.288B0.192S10.048-

Nby.04)9sCr; BMG with maximum load of 11.2—44.6 uN
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Fig.5 AFM indentation load—displacement curves of various
regions of (Feg432C00.288B0.192510.048Nbg.04)0sCr;  BMG  with

maximum load of 44.6 uN
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