$51% 45 wmEERMRIEIRE Vol51,  No5
2022 4. 5A RARE METAL MATERIALS AND ENGINEERING May 2022
R-RAIER Zr AR IER S €& RERY 52 M

ERF TR A&, LR Fent F oM mAed
(1 NER TR 3t A 8 8 3 n 5 F R A B &XCE st s, Hilr 22J1 730050)
(2. 2 MHE T K2 MRS TS, HF 22/ 730050)

W OE: SRS B S MRS D S IS AR, R RS R E N MRS R . (R R
S AT QIR SR L R IR S A e oy S A A R SRR B AN T B ) T ) 240 1 H A AL R i B U A P o AR AR
ARG AT T B A TR TR T A R AR RE T AR R DA R A S R S AR i 2 N B AR ORI R A
LA(Zro s3ssClo.1asaNio.1012Al0.12)97 TMs YAl A & W WF O B, BT FU74 - FA AL BN (B0 0 DA AR & e 0S5 M . o2 Pk e AN
M JE5 Tk Pk E A S o SRR WT, 4 ARERAT R Y 30 min ZEKE] 90 min i, WXRE A AL AR BN 2.3%8 N ) 4.0%, $iT
JEBEZ HT 1703 MPa 14 JnE] 1805 MPa. f£ 3.5% NaCl Vi, & & BA BN B R ol it SRR Ak 2 B
REWRAE LV - b B S PR AR & e B A IR B TR RE o AT T8y Pl A e 7 (IR AR o 1 58 A0SR ) 2 FH 42
BTN IR SR

KR HUAAER A S W-AVEER; 45K i MERE: TS Dt Rk
REESES: TG139'°.8 XERFRIRED: A M EHS: 1002-185X(2022)05-1759-08

Bk dEdh & 4, AR 48 B3 (bulk metallic glass,
BMG), 4T 20 4 60 F4%. KELFMEREA
PP HRE S5 5 i v T AR R RO MERE, R, &
TERE . KEGORIE . R RO BE i e ik fe 1, e
FEAEARIR 251 T BAT 5 5 s Y o A R R e e,
XA YAR AR GG S IE NG RHERT S IR A
B AR5 H ) T SRR AR AR A T R
FRT £, B g BUE s, AT =R, KR N R
HaRE BRSNS, W Bengus® AT T
EMESHWER T =0 T RMEEE, REE
mm A W RS R, R R AR T 2 T ik E 1000%.
L7255t zr PR e S & SRR T I/ R A
RO, B R IR PR, R A A TE R R G K [
IS I R AR . BbAh, Huang®&E4R 5 TR T Ti
S B A AR A 4 0 B R RN 9 1 AR A5 2 B B AR T A 4
B, HE ARG 1583 MPa B n#] 1711 MPa, %1%
%A% M\ 6.9%48 AN F1| 14.5%, 1 FARIE N A d R K
RS R A WAE, 5808 U1 0K PR B A 17 52 2 E
15, BYYIH 52 0 w] {3 5 2 5T V) s A%, M 4
PUHRIR T ORI B . Huol®12 A b T % iR 51K I
(77 KO TAE@ & SR h AR - AR il 2%, R IAE
77 K R FE N R A & r R R B 2R, bud

ks HEA: 2021-06-17

S5 LE B U A A R BT R BB T 10% A A, P s E
(038 00 AT VA R 4 B 7)o R I AR T A e 3
Ty T T = R .

FH T K 22 B A 1 BE B AE AR A, AR 2 K
fif Kb Bt VR, CETE =R R TAES#E “IRE”,
R, kR B A R0 = IR SRR MU E AR, A RER
ER R4 &7 thabh, AR AL A 6 7R 52 Ui B 5
A CANGE AR T SR AR M RE e, BRI B 28 AR )
BEARIE 450 5 M e R o SR, 7R BT B T 33
IR B FE N I AT AL SR8 K b 3 2 (R ik Ak i A 4 I
T s, FHAEE S mESa A g AN, b
T AT IR KR B K R RTA B, RS
G RA TG BN F R ER S E R AT AL ) AR A 4
B2 R vk DL RS BB A A B 3 2 Y,
b S0 A Ak PR A AR s 1] 2 2 D 5 i LR 1 FH AL
TEAT RN T 240 S0 T 50 2 K Bl &t A 4 S T AR
BRI R 2 — AR AL B — ] T Bk
B EER % (B, 58E M M ()
s RIS HEREREART, B, BRFREW,
TRV L1984k K ok 5 25 BB 40 ot R A ) Bkl i
&G R EmBRRA, HEHAEARF ¥, K
BAVERNIAR A 11.0%, WiEdaR g alis 2165 MPal*™l, iz

HemH: ExaRB#RES (51861021, 51661016, 51971103, 51571105)
EEEY: EIRF, 55, 1993 454, fill:, ZMETREMERS S TS, HR =0 730050, E-mail: shunping0826@163.com



+ 1760 -

WA eSS TR

%5 51 45

LRk, ik Z R FE AL AR T AR S A S A A A R I
RN

e SRR IR (R S T e N C A (R )
K B3 T 1k g
Nig.1012Alp.12)e7TMg BUAIE & B NF X R, & HF
-0 B )G T V2, B AT VA - FAKE BRI [R) 6 Bk R
e g S E R e Re e, KA
N Zr FE YA R & 4 A8 AIK IR B S S5 B P A it B
W AR

I E®

0 S I Ak VT A R - A B 2 o % RS
N @3 mm><70 mm FIERREE, F&NIA DI EINLE] %
@3 mm>x6 mm Al 3 mm>3 mm FIACRREE, 409 H
THERR S R4 S IR AT AL S K, AN SR T
AR AEHEAT 3 RE IR, BE MAR R AN 1107 s™,
FIF 100085k 10 HE RS 40 R 99 ity 1T 4T B8 . 4ok, O
FH TR B2 25 B F/KIE e, AU/ SEBR R 72 o A SR X
AP AT WA - AR - B 3 ANBY B i
SLALEE, fEARFRRTKRBESS A 3 A, 1 AhEAH
B AR BRI A) 2 30 min, 28 2 2074 60 min, 25 3 4N
90 min, ¥ 4b P 3 B I AR IR TR, K
PR T AR 10 min, R R IR Ik 20050 I S
BHATIRA A, MR RPEE TaS%, 2RFERE
A BT, BEED AT A, P A B R R R
FEHEM M BE, ®EiR#EER 10 C/min H#H
AEFRIR FE N 200 C, WFEAHITT AR . XFEE S
B 7 LIS ] 43 )4 304 60 A1 90 min (K

il D8 Advance B X £k fiT AT (XRD, Cu #E
Ko #5451 Fifi 5 449F3 & TG-DSC Xt Ak )5 (il ke
HEAT 85 R I AN R 2 00 M T8I T RE AR B AL AN [F)
Ak B 2% A T A5 B0 R BEAT ME RS TR AR, AR T
%)y 1x10* st Al Quanta FEG450 B! 494 Hi4% (SEM)
MRS T 1 T 30 A0 8 D) i R AE . R CH1660e B Hy
b2 TAE SR AT Fa A2 8 b b e I . ZE IR 2 /i,
W Ab 3SR 1 42 B 8 e b IR RN FR SR IR
R FEEXMMAN 0.07 cm?. AL TAERE7E
3.5% NaCl ¥ o ox i i JF 2% Ha A7 3647 1800 s ]
W, FAFmaABEZE, 0.5 mV-s™ [ H AR
TR LE 300 mV (vs OCP) i HL 345 [l P 347 30 HL 7
A, B RS F A k. H Ak 2 PR )
TP HLAL T BL 100 kHz 2 10 mHz f 852 78 B py 3t
17, HEIME N 10 mV. REEWILIE, ] SEM %52
AFENRFE R T30, H EDS 23 M Rk 2 i 41 1 1)
255 -

AR 7 13 57 1% BE B (Zro.6336CUo.1452-

2 R-ALERRIERSEEWHTN

2.1 XRD &#f

B 1 N2 AN [ I )4 - Ak B SRR 1) XRD AS U
iR, WLLE W, £ 30 min A EEJE R FE A
20=30 40 T [l R I 1 8T8 AR EUH g, BRI AR
A A L R AT SRR, UORAAE N E R . (HE
-4 EE 60 F190 min JiT 1 RAE 12 iU G A HE BT B
SBEELER, Hl e M BER A 90 min B, 7F
26=2575 WAL B HI 7 U TSI, X R A -t
O AR PSR E R AR T BRI
2.2 DSC 2#f

Nt — S AA - PR S R A S5
Ak, W T AN R [ VA -2 A B S (R AE TR R R
A 20 K-min™ R ) DSC #h4k, @i 2 fix. W T
X (D HHEAERE SR RT 50

MM 90 min
M 60 min

M‘ 30 min

20 30 40 50 60 70 80
201(°)

Intensity/a.u.

K1 @-#sbHE R XRD &%

Fig.1 XRD patterns of specimens after cold-heat treatment
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Fig.2 Temperature advance DSC curves of specimens after

cold-heat treatment
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Table 1 Thermodynamic parameters of specimens after cold-

heat treatment

Treatment time/min  TJ/C  TJC  AHINg? 4%

30 372.1 477.5 -67.19 2.3
60 370.8 468.1 -67.08 2.5
90 373.7 476.4 -66.02 4.0
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Fig.3 Stress-strain curves of specimens after cold-heat treatment

for different time
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Table 2 Mechanical property parameters of specimens under
different states
Treatment time/min epl% as/MPa onc/MPa
30 3.41 1701 1703
60 1.13 1794 1783
90 2.21 1765 1805
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Fig.4 Shear fracture angle (a~c) , fracture morphologies (d~f) and shear band morphologies (g~i) of the samples after different treatment time:

(a, d, g) 30 min, (b, e, h) 60 min, and (c, f, i) 90 min
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Fig.5 Potentio-dynamic polarization curves of as-cast and cold-heat

treated samples
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Table 3 Fitting parameters of potentio-dynamic polarization

curve under different treatment conditions

Treatment time/min  leon/>10% Ascm?®  Econ/V Epir/V

0 2.37 —-0.302 -0.20
30 3.51 -0.306 -0.19
60 1.43 -0.318 -0.08
90 0.208 —-0.305 —-0.15
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Fig.6 Nyquist plots of the specimens soaked for time of 0.5 h (a) and 2.5 h (b) (inset: equivalent circuit diagram)
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Table 4 EIS fitting parameters of specimens treated for different

time
Treatment time/min  Soaking time/h Ret />10° Q-cm?
0 0.5 2.71
2.5 3.28
0.5 0.501
30 2.5 0.548
0.5 3.06
60 2.5 18.4
0.5 6.77
90 2.5 8.16

BT AN [ Ak P R R B TS e 3

Fig.7 Corrosion morphologies of specimens treated for different time: (a) 0 min, (b) 30 min, (c) 60 min, and (d) 90 min
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Fig.8 EDS composition distribution in pitting area of specimens

in Fig.7
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Effect of Cold-Heat Treatment on Structure and Properties of Zr-Based Bulk
Amorphous Alloys
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Abstract: In the cryogenic temperature environment, the movable parts of traditional crystalline components or equipment will be stuck
and cracked, and characteristic change and even brittle fracture will occur. The influence of cryogenic extreme environment such as
temperature mutation and high strain rate shocks on metallic glass severely restricts its application in industry. Due to special properties of
higher strength and better plasticity at cryogenic temperature, bulk metallic glass has great application advantages in extreme conditions
such as polar scientific research and aerospace. A (Zro.6336CUo.1452Ni0.1012Al0.12)97TM3 bulk metallic glass was chosen in this paper, and the
effect of cold-heat treatment time on the microstructure, mechanical properties and electrochemical corrosion resistance were studied. It is
found that when the treatment time is set from 30 min to 90 min, the crystallization volume fraction of specimens increases from 2.3% to
4.0%, and the compressive strength increases from 1703 MPa to 1805 MPa. The smaller self-corrosion current density and larger
electrochemical impedance in 3.5 wt% NacCl solution indicate that the bulk metallic glass has excellent corrosion resistance after cold-heat
treatment. This study provides a strong theory support for the application of bulk metallic glasses in cryogenic temperature extreme
environment fields.

Key words: bulk metallic glass; cold-heat treatment; microstructure; mechanical properties; corrosion resistance
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