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Effect of Nb addition on corrosion behavior and mechanical
properties of Ti-based metallic glasses

WU Xiaowei, ZHOU Yang, CHEN Feng, QIN Fengxiang

(School of Materials Science and Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: In this research, the effect of minor addition of Nb on the corrosion behavior and mechanical
properties of Ti,Zr,,Cuy, _ Pd;,Sn,Nb (x =0, 1 at. % , 3 at. %, 5 at. % ) metallic glasses was studied. The
eletrochemical properties of the metallic glasses in 0. 144 mol/L NaCl and 0.2 mol/L PBS solutions were
investigated by dynamic polarization curves. Results reveal that Ti-based metallic glasses were spontaneously
passivated with passivated current density of about 107 ~10~* A/em’ in 0. 144 mol/L NaCl solution. The
pitting potentials were 200 mV, 340 mV, 400 mV, and 490 mV with O, 1 at. %, 3 at. %, and 5 at. % Nb
additions, respectively, which means that the corrosion resistance of the metallic glasses was enhanced with
more addition of Nb in 0. 144 mol/L NaCl solution. In 0.2 mol/L PBS solution, the influence of Nb addition
on the corrosion behavior of metallic glasses was not distinct because of the existence of PO,’” acting as
corrosion inhibitors. The compressive strength changed little by adding 1% and 3% Nb, but the fracture
strength and the plastic deformation ability decreased significantly with 5% Nb addition due to the existence of
a large amount of nanocrystalline phases.

Keywords: Ti-based metallic glass; element Nb; corrosion behavior; mechanical property; shear band

Ti & S AR T HAL S 6, HoA A Heas i

A EHA: 2018 —04 —03. 7 4 kR B 83 : 2018 - 06 -20. s L T S b A T
AR B AR S TR H (SI6TL106) s IEAFE A IG5 R i P e A T P S5 i, A T S

PR : B (1999—) 2o BRI rn AR RAR EE AR S A A R S A A A
RINF(1975—) , 20, JEL, WL TP B, T L ELAT i s R R R g B A R

BEEE: ZXF,E-mail; fengxiangqin@ njust. edu. cn

HAFIM L : http://hit. alljournals. en/mst_cn/ch/index. aspx ﬁtﬁ‘é@ﬁﬁjﬁ%iﬂ‘rﬁ ’ Mﬁﬁﬁi—\‘ HJ' ETL I{ﬁ E/‘Jmlmﬁﬁ%



S 74 MR R

2L
&

5 T 27 %

-
4

Ti Jedk a4, B HR AR B e K AR &
BHICE Ni (OBE T KRS 4, SRR
ol R A AR S PR A S, T A 0 B AT A R
(i T 30 B WIS A Nb TR
AT LUAE Ti - Zr - Cu - Pd JE iy & 4 P R 26 N
K &, B A 4232 15 R v U1 R 9 R, A
M Ti BEAE S A S s s ae 1. [,
Nb JCZ HA w5 itk A s AR i i, 26 R Rk &
A4, Nb T BB 1T A WER & A 278 G
BT T R e R A R
(9 LE WGP Pang %61 75 Zr - AL - Co JE A 4
VRN Nb, 382 85 T FHRHE NaCl 39 b 9 i 25 0k
P, 488 T HAE H,80, 30 P B9 T 4 . Qin
2R Cu - HE - Ti 4 b & &R A Nb, 485 1 %
PR, A R A RE S CL™ B 110 W A T S ok
P, ELREAHHT T IR R (B T 5 e
A AE S I A RS, Ti - Zr — Cu - Pd - Sn Bepkdk
e & BA B IIIE BRE 1, FLilfe I R T
12 mm, HH TR 4552 55 2 000 MPa, # G By
80 GPa'?’.

ASCUAAE SR IR 1R Ti AR A 4
Ti - Zr — Cu — Pd — Sn N HEEREA 4, BF ST A
Nb JEZE & & 7E & CL™ B T3 W i v Ak 2 1
Tl AT S 007 2k R O B W, O BB EAT T
i

1 % B

S o A IR B ORE Y SR B R A B K T
99.99% f¥) Ti .Cu . Zr .Pd .Sn #I Nb 4 )& , #& %11
M) 43 TiyyZr,, Cus, _ Pd,,Sn,Nb_ (x > Nb [ JR-F
B2 =0.1% 3% 5% ) BL il & 4. 165 2R
SR il E I B S 4, 20 IE B
4 AR U1 5] . R HT 3R AT 2008 il &
B G AR, AR A B 40 m/s, FITERAS 1Y
Efh A4 25 IR 20 wm, FERER 1 mm.

K H Bruker D8 X B Z8 fir Y (Cu k, & 5T,
40 kV,40 mA) FEATIRAE R A S5 RAE. SR 2578
4 & AL (DSC, TAQ 100) I & 3F & 4 4 19
DSC {h£k, & F DTAQ 600 4345 4 f9 DTA iih
2, NS 3 Ti Bk A S r &R T = S8,
FHE#H 2 40 K/min. F| ] CorrTest HL 4k 2% T YEuk
= RS T 2 510 AR 0. 144 mol/L ()
NaCl F10.2 mol/L ) PBS 2% pti75 i v i) A Ak i
4, F A 1T mV/s. R FH AL A 55 AL DUl Btk
IFER R E A R, AR R 5 x 10 s 71,
TRRE it Ay I A 5 3 AR AR ) 2.5 mm x 5 mm

(AR PR AR i 4 000 S i 00 3 T 2 SRR E
i R (SEM, Quanta 250) #EA7WLZE. F| H]
TP B T R B (HREM,, JEOL 2010) Wi%%
HZ 2.5 mm HUIREE S RO 2.

2 #RAh

Nb FInEXT AR E M R AER R EE TR
K 1(a) A TiyZr,,Cu,y,_ Pd,,Sn,Nb_ (x =0,
1% 3% 5% ) &4 55 FE i i XRD 35 5], 7] LI
EH SN R FHr 40 1% 3% F1 5% Nb 1) Ti J
Bl , HAES I XRD i AR 7E 260 = 40° KT
A AR A A MUY Y 55 TSR B T8 ORI, O
S o T I R TR VU E T T U
Ti,Zr,,Cus, Pd,,Sn,Nb_(x =0.1% 3% 5% ) &
G SRR B B — 1R ARG

B 1(b) N EA 2.5 mm BYHORAE &40
XRD 3% [&], 7T LAE ), G350 5 5050 50 5% 1Y
Nb B, 78 20 =40°4b 8L T — A2 5850 09 & S AR AT
SPP UG TINE A A R DR IO I

2.1

TiwZr10CuxnPd .Sn,Nbs

) T{44Z1‘|1,Cu3|P(1]ﬁnzN}'J]

Intensity (a.u.)

TisZr0CussPd,.Sn,Nb,

20
20/(°)
(b) Cu K,
TiwZr10CuxnPd .Sn,Nbs
El el
B 110Z.110Cuz Pd 1,.Sn,Nbsy
éf
= TisZr1CusPd,,SnoNb,
TiswZr1oCusPd,Sn,
20 30 40 50 60 70 80
26/(°)

B1 Ti,Zr,Cu,_,Pd,Sn,Nb (x=0.1%.3%.5%)3E
A% £ (a) FURE(b) B XRD
XRD spectra of Ti,, Zr,, Cuy,_, Pd,, Sn,Nb, (x =0,
1at.%,3 at. %, 5 at. % ) ribbons (a) and bulks

(b) metallic glasses

Fig. 1

Pl 2 JE AT 4053 % 5% Nb 1) HREM [,
A LAR BIFEAE AR B B 40K SR, 2200 A
SE A Cu, Tiy A, UEWIAE A il A 0 A rp A2 BT ¥
AR A, SRS SRR A .



B, 45 Nb BT Ti JEE G G M i 2 27 P RE B S =75 -

B 2.5 mm #j Tiy,Zr,,CuyPd,,Sn,Nb, HIRTE R
B HREM [&
Fig.2 HREM image of TiyZr,,Cuy Pd,, Sn, Nby bulk metal-

lic glass with a diameter of 2.5 mm

Kl 3(a)#1(b) & Ti,Zr,,Cuy,_ Pd,, Sn,Nb_
(x=0.1% 3% 5% )k fh& 4 DSC 5 DTA il
2, AU TE A B 40 & SO e R IR E (T,) L b
PRIRLEE (T,) R EE (T,,) & T IR
(1)) i AR X (AT,) |« 24 1k 3 38 % A2 3l B
(T,) %5, ¥R 1 ol

(a) 40 K/min

TiswZr1CuxPd,Sn,Nbs

TiwZrCusPd,Sn,Nbsy f !
t

TinZrCusPdSn,Nb,

Exothermic (a.u.)

TioZr0CusPd ,Sns T

300 400 500 600 700 800 900 1000
T/K

(b) T, T,

—

TiswZr1CuxPd,Sn,Nbs
Lo
TioZroCusPdSnNby NS
L
TisZr10CuzPd,Sn,Nb, \/

—

Tim)zrmcuuPdMSHz

900 1 000 1100 1200 1300
T/K

Exothermic (a.u.)

3 TiyZr,,Cu,,_.Pd,,Sn,Nb (x=0.1%.3%.5%) IE
mA &S DSC (a) #1 DTA (b) #£k
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Table 1 ~ Thermodynamic parameters of Tiy,Zr,,Cu,, _ Pd,,Sn,Nb,
(x=0,1lat.%,3 at.%, 5 at. % ) metallic glasses

&4 TJ/K T/K T/K T/K AT/K T, 4
ONb 684 753 1126 1175 69  0.58 0.405
1% Nb 674 742 1134 1169 68  0.58 0.402
3% Nb 662 727 1124 1165 65  0.57 0.398
5% Nb 649 725 1126 1164 63  0.56 0.400
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Fig.4 Polarization curves of TiZr,,Cuy, _ Pd;,Sn,Nb (x =
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Fig.5 Corrosion current density of TiyZr,,Cuy,_, Pd,, Sn,Nb,

(x=0,1at.%, 3 at. %, 5 at. % ) metallic glasses in
0. 144 mol/L NaCl solution
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Fig. 10 Atomic percentage of elements in the passive films
of Tiy Zr,, Cuy,_, Pd;, Sn,Nb, (x =0, 1 at. %,

3at. %, 5 at. % ) metallic glasses
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