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Nanostructured Metallic Glass
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Abstract ; Both “grain boundaries” and “grains” are amorphous in a nanoglass, as proposed originally by Dr. Herbert Gleiter,
a German scientist. Nanostructures introduced into traditional bulk metallic glass in such a way make novel properties achievable,
underlying potential applications in a number of new material domains. Up to now, several nanoglasses have been synthesized via
inert-gas condensation or magnetron sputtering techniques. They exhibit outstanding macroscopic tensile plasticity, unusual

ferromagnetism, high catalytic performance and good biocompatibility. The advantages have been demonstrated recently not only by
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experiments, but also by theoretical considerations, in particular, along with atomistic simulations.
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Fig. 1  The polished surface of a FeySc,, nanoglass, obtained by Constant-

current scanning tunneling electron micrograph (STEM) )
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Fig. 2 Schematic of Ge-based nanoglass simulated by MD method: (a)3-D model, (b ~d)the density distribution, the color map is on the right,

(e ~g)the Ge-atoms at 3 moments! *)
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Fig. 4  Au-based nanoglass is synthesized by magnetron sputtering tech-

nique [20]
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Fig. 3 Production of nanoglass by inert-gas condensation
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Fig. 6  The stress-strain curves of the nanoglass and monolithic MG under
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compression loading(a), TEM images of compressed nanoglass
pillar(b) and monolithic MG pillar(c), The sample of nanoglass
(e)a closer view of (d) and the inset is

[39]

after tensile loading(d) ,

the diffraction pattern of the selected-area
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Fig. 7 The stress-strain curves for MG nanopillar and NG nanopillars

with different diameters under tensile loading(a) ; a series of

snapshots capturing the atomic deformation processes for MG

nanopillar and NG nanopillars with d = 3 nm(b) , the atomic

color is displayed as the local atomic shear strain'**!
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Fig.8 A snapshot of undeformed NGC film (a); The stress-strain

curves for NGC film under uniaxial tension at different tempera-
tures and uniaxial compression at 300 K(b) ; Non-affine displace-
ment field plot of the deformed state over a time interval of 5 ns:
(¢)NGC film under tensile test at 300 K, (e)under compression
test; (d, f)Closer view of “intergranular stagnation zone” and

“intragranular stagnation zone” 0}

AER 37204 7T 61 300 K B R HE BT 1 3R
TN T [l B KT ) R AR KRS 2y, B N AR
R 15% HRERE B — BT D) BT £ R A AN A R
FIK S SBPETRAEFRIC N “ 17 5 F“2” S (1) Cug, Zr,, Aok N
KA U, P A SRR I B BT R, RSB e L
s S ERAG AETE LASEAE K SF 5 1 1) R S M 3
2 AR o 200 40 S0 G S s ST 09 K R ) 2 T
PR A7 33 Fofr a5 7K S 1) P 3 R 1L 1) S0 3 3 A SR
TR 2E L IE SR ZE R, I gR i 2 dok, BT L
FRATTFR P AR B AL Ay it L [ S 9 AR T, AN & 8,
8d Ui~

HE AR, MBESR S R S IR JRATR R
RAR Al Zryg J2 e Cug, Zry SR RGTE AR BB 8, S hr
(R 155 LT B BT LU R, TR AR B Al Zoyg S22 TE N EE T 1)
PEBTIE, BYUNRE TR R A B SR 3, R 00 B 3 [l b
WORH T RS IR ZE X, AR R PRTE ki py,
AT BB A PR IR VE S A Y R S S
G, G e, 8f FizR, X AR N Uit 2E ¥ 1 AR T
P AT 9 5 8 4 0V AR B & 259% It A AT AT 2R A
ST 8

Wt R IRAT A B, WA SE X W AR R R R
P4 JR AR I SO o R T R 2 XA PR 3 R AN
(1) SEF R FRPE, BI04 44 AT 42 4 22 2% 98 Pk 37
TG AR, B s A AR S 2 T DLOA SO AR B b
(2) RN, B b 9 J5E B2 R b K/ N A8 98 05 XA
SO, MFRATTRE NGC Y JE B P v — A%, 7R [T ) S 14
TFHEAT R AR A, 45 AR SRR B 2 T R
FEIX, WIS T AE R A RT3k 259% D) I,

6 4 i&

AR R B — BB BUAR FR A A RE, T A
TR AN, WS BUR AR RE . SC 5 A I A
AR R 2R I 24 0K < T B8 10 i HAT B i L S 2 Jm
PR LE B SC R il a5 HOR 1 A R AN AOKR T2 K
AR T, REM & 8 2 Ak 2 A A0 oK G2 Jm BB M S
TIGOK B IR, AR 3 A PR E M, S i B
FUERE, EE AIPLAEERE, I 2 20 TR,
P, AT LUK 2 s S EE AT T 17368 1] — o B A i 25
OB RITT

SEHt References

[1] Johnson W L. MRS Bulletin[ J], 1999, 24 (10) ; 42-56.

[2] Schuh C, Hufnagel T, Ramamurty U. Acta Materialia [ J],
2007, 55 (12): 4 067-4 109.

[3] [Inoue A. Acta Materialia[ J], 2000, 48 (1) . 279-306.



%8 Bk 25, YK R BEE 591
[4] Herlach D M, Cochrane R ¥, Egry 1, et al. International Materials [26] Fang J X, Vainio U, Puff W, et al. Nano Letters[ J], 2012, 12

[10]

[11]

12]
13]
14]
15]

— — = —

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Reviews[ J], 1993, 38 (6) : 273-347.

Dodd B, Bai Yilong. Adiabatic Shear Localization: Frontiers and
Advances [ M]. Elsevier Ltd. : 2012 311-348.

Luo Q, Wang W H. Journal of Non-Crystalline Solids[J], 2009,
355 (13) . 759-775.

Chen L, Fu Z, Zhang G, et al. Physical Review Letters[ )],
2008, 100 (7) ; 075 501.

Cao Q P, LiuJ W, Yang K J, et al. Acta Materialia[ J], 2010,
58 (4):1276-1292.

Gleiter H. Progress in Materials Science[ J], 1989, 33 (4); 223-
315.

Witte R, Feng T, Fang J X, et al. Applied Physics Letters[ 1],
2013, 103 (7). 073 106.

Gleiter H. Beilstein Journal of Nanotechnology[J], 2013, 4; 517
-533.

Spaepen F. Acta Materialia[ 1], 1977, 25 (4) : 407-415.
Argon A S. Acta Metallurgica[ J], 1979, 27 (1) ; 47-58.
Gleiter H. Acta Materialia[ J], 2008, 58 (19): 5 875-5 893.
Sopu D, Albe K, Ritter Y, et al. Applied Physics Letters[ )],
2009, 94 (19) ; 191 911.

Sopu D, Ritter Y, Gleiter H, et al. Physical Review B[]J], 2011,
83 (10) . 100 202.

Ritter Y, Sopu D, Gleiter H, et al. Acta Materialia[ J], 2011, 59
(17): 6 588-6 593.

Jing J, Kramer A, Biringer R, et al. Journal of Non-Crystalline
Solids[J], 1989, 113 (2-3) . 167-170.

Chen N, Wang D, Feng T, et al. Nanoscale[J], 2015, 7: 6 607
-6 611.

Chen N, Frank R, Asao N, et al. Acta Materialia[ J], 2011, 59
(16) : 6 433-6 440.

Slesarenko V F, Gunderov D A, Ulyanov P G, et al. Materials
Science & Engineering[ 11, 2014, (63) : 012 166.

Shao H, Xu Y, Shi B, et al. Journal of Alloys and Compounds
[J], 2013, 548 (25): 77-81.

LiuJ W, Cao Q P, Chen LY, et al. Acta Materialia[ 1], 2010,
58 (14) : 4 827-4 840.

Kuhn A, Tobschall E, Heitjans P. Journal of Physical Chemistry
[J], 2009, 223 (10-11): 1 359-1 377.

Wilkening M, Heitjans P. Journal of Physics: Condensed[]],
2006, 18 (43) .9 849-9 862.

[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]
[36]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

(1):458-463.

Cao Q P, LiJ F, Zhou Y H, et al. Scripta Materialia[ J] , 2008,
59 (6): 673 - 676.

Ghafari M, Hahn H, Gleiter H, et al. Applied Physics Letters[ J] ,
2012, 101 (24) . 243 104.

Witte R, Feng T, Fang J X, et al. Applied Physics Letiers[ ] ],
2013 103 (7): 073 106.

Ma E. Scripta Materialia[ J], 2003, 49 (10) : 941-946.

Oak J-J, Louzguine-Luzgin D V, Inoue A, et al. Journal of
Materials Research[J], 2007, 22 (5): 1 346-1 353.

Chen N, Shi X, Witte R, et al. Journal of Materials Chemistry B
[J], 2013, 1.2 568-2 574.

Chandrasekhar V, Boomishankar R, Nagendran S, et al. Chemical
Reviews[ J], 2004, 104 (12) . 5 847-5 910.

Chauhan B P S, Sarkar A, Chauhan M, et al. Applied Organometallic
Chemistry[ J], 2009, 23 (10) : 385-390.

Telford M. Materials Today[ J], 2004, 7 (3): 36-43.

Hofmann D C, Suh J Y, Wies A, et al. Nature[]J], 2008, 451 .
1 085-1 089.

Li J X, Shan G B, Gao K W, et al. Materials Science and

Engineering: A[]], 2003, 354 (1-2) . 337-343.

Frankea O, Leisen D, Gleiter H, et al. Journal of Materials

Research[J], 2014, 29 (10) . 1 210-1 216.

Wang X L, Jiang F, Hahn H, et al. Scripta Materialia [ ]J],
2015, 98 40-43.

Albe K, Ritter Y, Sopu D. Mechanics of Materials[ J], 2013, 67
94-103.

Adibi S, Sha Z D, Branicio P S, et al. Applied Physics Letters
[J], 2013, 103 (21): 211 905.

Adibi S, Branicio P S, Joshi S P, et al. Scientific Reports[]J],
2015, 5 15611.

Sha Z D, He L C, Pei Q X, et al. Applied Physics Letters[]],
2014, 115 (16) : 163 507.

Sha Z D, He L C, Pei Q X. Scripta Materialia[ J], 2014, 83 37
-40.

Singh I, Narasimhan R, Zhang Y W. Philosophical Magazine

Letters[ ], 2014, 94 (11) . 678-687.

Yao L, Jin Z H. Scripta Materialia[ J], 2015, 106, 46-51.

(B8 & )



