D] B % % 3k PACKAGING JOURNAL
2021 4E % 13 % % 1§ Vol. 13 No. 1 Jan. 2021

Ti-48A1-2Cr-2Nb &% e mhith

doi:10.3969/j.i1ssn.1674-7100.2021.01.005

FER' KEH'
AR’ =o' Fo k@R
BEER' 20% )

1. ¥ Tk k%
AR TAZF TR
W AR 412007
2. Tk k
HHMEF R
W AR 412007
FESES: 0646.6
NERS:
5l FER,

74 (1] &EFH|, 2021,

1 R

N T R RSP, R, IRRERERY

R TIAL A @ B AU S kdﬁﬂﬂfﬁ -5 e
il A B v il 45 B O B R RL . TIAL B RA

JEME (24958 4 g/em’ ) . LEERBEERN ORI . PiEfE
6T AN T R T WM S =l N X e
PER, SEJEPER S IRREL, MRS SN 1
TiAl G4 PMERE K, JIEBEEURIZL, i T 3R 00 o6 4%
P2z B,

LA, M T (electrochemical machining,
ECM) 7EXEVIHIBRL . &2 A2 5 A6 0 (i i T rp R B8 i
WIS MOBLERRR, ToTEE . SRR
Mo, BA, EEE, ITREEES, HmEMRS

B OE. RALEaf (LSV) .
7 %, BF % Ti-48A1-2Cr-2Nb 44 /£ NaNO, ( R & o A
iR P HEAL (T ~16 V) BALZFJEARIT A VA B SN e b A5 5F i AR AT A 69
#Hoe, PLITIEHIE R Maxwell i EER T8, R EWN. WAEE
KA RALR G ks ER, HRB2nTEHNIBERIYHFmeTE;, B
ok S B R A AN BN AR BT 89 T AR Y A S A ARk G 69 BB Ak )
5 Bt ) A8 T IR R B ARG m 2 ) S 3 s R, Y B i AR
B3 et itk THRARGEA T T4,
KEBIR: & AL ARAT A

e d gk (CA) o Bkt (EIS)

J& Ak K AR A2

itk BT AL
XHRARRED: A

1674-7100(2021)01-0032-9
KRR, #ALLE, F . Ti-48A1-2Cr-2Nb &4 & W A% )i 1%

13(1): 32-40.

LR AR A 2 )z A P R AL SR TiAL A
&1 BCM E T AR/ afgE 1 ‘3], FEFIE T A RO
A TIAl G EEARR T2 ARISECF RN T
ROR T R EE SR RIS R R DR FE R, 0.36

U0 bkELBR R K 273 mm’/min'™, i TSR AL
HHA RS

7R B 4 I VR AR T AR A T R R 9T LA i AL
PRLOWCGE RN TR . B 0 AR Y DG B
Wang Y. D. &5 U SRHAGIRR-CIEMSE T Ti-48A1-2Cr-
2Nb 1 Ti-45A1-2Mn-2Nb +0.8 vol% TiB, XD #Y BH #
IRAT N, 4 -2~V IR RS, FESF T &
AT ol {H TIAI45XD B8 il R BE EE Ti-48 A1-2Cr-
2Nb i M. Weinmann F1 D. Baehre %5 ' 57 T 4>
J& I8 k459 Ti60A140 78 10 V LLF B HL AL 24 IR fi 4 7

i HEA: 2020-10-28
ELWH: BRAKRPERESH ESE (22072040) ;
fEERIN: TR (1996-) ,

E-mail: 2240679112@qq.com
BEEE. BRI (1977-) ,

2, WA, R TR
By A pF5Y, E-mail: xiaocuijiao@163.com

WA B RFFFELERBIE (2018114067, 2020J14271)
B IR, IR Tl R A, ST T A B AL SRR IRAT N

RIZ, W, WA, RN A TALEE



[” Ti-48A1-2Cr-2\Nb & & & AL MITA

N, FHaigk. TI90A16V4 HL#, ST 4h R R,
BRI SR, A AR B, Wang Y. D. 45 U R
T G i A TR Y 1Y Ti-48A1-2Cr-2Nb 45 43 76
NaNO, i HL AL 22 I AT 0, R BLEE IR A4 285 Ti-
48A1-2Cr-2Nb & & R IE B4 W B 22 5%, Bid &
IHREDIR AR, WiE & 2R B M, TR
JE T AR E Y R

HRT, 2780 3 2 0 v g A F AL 1)
TiAl & &V fEHLIE, (H I HLBR o3 A ELSE I A T
I A7 AE — 7 i 220 4 ik — 2L 4R W] Ti-48A1-2Cr-2Nb
BEERATN, AR ALERH (linear sweep
voltammetry, LSV ), 11} H1 i 12 ( chronoamperometry,
CA) . H 1k 2% BH $T i (electrochemical impedance
spectroscopy, EIS) 45 7k, 43 T Ti-48A1-2Cr-2Nb
B AL A TR

2 RIGERNS

2.1 ERMESNE
2.1.1 @A

Ti-48A1-2Cr-2Nb &4, TG B A BR A 7 5
ToK I, KW E TR TARAR; IR,
oyprat, VPR AL TR A BR A vl o
212 SBRMAS

Hi, Ak 2% T /F 3%, SAS SP-150/20A %!, 72 [# Bio-
Logic 7~ wl; # ff # + & il 5% (scanning electron
microscope, SEM ) , ZEISS SIGMA 300 &, fi[#-/K3%
Al X PTERATHHY ( X-ray diffraction, XRD) ,
Ultima IV &, H AP 220 S5k BEIE L (energy
dispersive spectrometer, EDS ) , Team Octane Plus %!,
F FEIBT SR e vl A ETRE T BT , KH-7700 7Y,
HA HIROX vl GARBHENOEHL, MP-1A R, |
AR A PR W) A EIEENL, G-100S %Y,
DRI BRI Ve 2 A PR |l RS T 148,
1010B 7Y, 3241 g s AT PR A W]

22 EEHE
221 HaHE&

FH 2% 1) ) Ti-48A1-2Cr-2Nb & 4 84 4E V)
o~ 5.2 mmx 5.2 mmx 10 mm BFES; FHER AR
REERE, 1 400~2000 H 14 WA B &A1 2500 H .
4000 H BIBRALEE ( SiC ) RPARMK A THLES | ~FH5 % |
WS, &Kk LA 5 min, KI5

R
222 wALFER

B AL 22 520 7E T SAS SP-150/20A k2% TAE
WA SRR R (HREE IR 0.25 em® A4 R T
YEHM; 4 om® (9 Pt FoA X sl AORTH SR Hutl 2
FEHAR ) AR A F A 2= I R e 58 B

2 2 h IYFFEEHLL (open circuit voltage, OCV )
JERE SRR M TR0, FFES AR E . 7E 107°~10°
Hz BUEEE, D AMINE (S 10 mV 1E5X 50
64 EIS. SRATFIT R IIC G S EA SN
FiAEH 30 s T RHALSE T AT R T hUS HE i 28 5T
G37KE, TEHRTEE W E R EIS, ML 25 C
) NaNO; iR (B & 7080k 20% ), m o Afralin
BRI TESEg Rt R, 2 L R AR o
PR AT BB HE T T4 F AR 22 17 HAS 5 | F b 2% 1D P O
W, DMERNG R, Frh A2 E 5000 R AR
oh L HTATR, BB 3R, MHRERERERE R
A AR R SR 4 R
223 mEi#EmdS

2% [ Ti-48Al-2Cr-2Nb & & FEdh W HLRE ey, A
R 080 SR F] Maxwell 1% i 4455 7Y 1% S5 24 i, B 1461 7
LA U, ALR LR TR A oL ZE C RTHELREL R L
AT RN SC, ST S EN RN T
SRR RN G5, o LA AR — | SR Y
P, XN T BHPTE LS A AR R TR,
HEINT 43Rl S A EELE AR A
224 R@EWELHASH

GNP FEAL R X FLATE %, LlCuly
HRATLR, HER 40 kV, HER 40 mA, IR
5° ~90° . it R SR B T I SR O S T Tl T Y
FWIES, LIBAREE S 2 4000 H W4T B 5 2 mi k)
IR 7 10 A — SO RO A3 A A3 590k, BERR S I ) B
SR SR A WS I Tl R i 2R TR
M, KRB AT M RSy, BJR ARk
SEIEAE, AT A A MIEMATR

3 EWERSHM

3.0 WMALEHR

& 1 M Ti-48A1-2Cr-2Nb A4 JE Al i T35
MR LLIE 1, FE SRRy 10 —20, QIR0
5, HIZ . WOGREE o

—-33 -



[]1 €1 %= = f PACKAGING JOURNAL
2021 FE £ 13 % F 1 #J Vol. 13 No. 1 Jan. 2021

& 2k Ti-48Al-2Cr-2Nb A 4 £ Kroll ¥ W ( i
t v (H,0) :V (HF) :¥ (HNO, ) =50:2:1) 1%t J5
) SEM K #il XRD &1, MR LLE Y, FE o R
BRZEEEM; TR p-TiAl, WKIEN o,-TiAl, X
G 42 2 p-TIAL AHF i a,-Ti AL AL PR
a4,

1 Ti-48A1-2Cr-2Nb & & B RE
Fig. 1 Ti-48Al-2Cr-2Nb surface before corrosion

2 500
2000 | Py TiAL
<& a,-Ti Al
2
=}
g 150
z
1Z]
£ 1000}
E
500 |
P WEOASE W WY O
510 15 20 2530 35 4045 50 55 60 6570 75 80 85 90
200° )
b) XRD Kli#

2 Ti-48A1-2Cr-2Nb && SEM E . XRD Ei%
Fig.2 SEM observation, XRD spectrum of
Ti-48Al1-2Cr-2Nb alloy

32 BRfTASH

&l 3 K Ti-48A1-2Cr-2Nb 45 4 75 52 K0 75 W H i 75
B LSV #ik. MERTLIE H, Ti-48A1-2Cr-2Nb A4
£ -0.5 ~0 V HLALIX (B ) FL I 2 B L %, APt
ORAS; B AR, R e, 1
0.25~2.0 V LA X ] L2 I — Al dlife 65 s,
BEA FALAYIE N, S S, [ A R
JEAFAEIR AT 0 MO 4.6 V A (S fRLE ),
LI 2 T L EIA 5.6 VR HLIR L
LRGN, PRGAT R . AR E
Gal; Tk, SRR AR . R R
IR B, e AsT 2.5 V UG, i iR
PRGVSFRAHE, ATIAPRY SR e i it . AR AR
DA S5 3o A o ) S AL A 06 B

16 000
14000 30
> 25
F420}
1200012
= %’éls-
= 10000(2E1°
Q 5 5
3 ° 9
< 8000F 05 0 05101520253.035
S the gpplied potentail £/V
E 6 000F (vs Ag/AgCl)
3
5 4000F
5
o
2000F
) SRS 6V,

20005 2 4 6 8 10 12 14 16
the applied potentail £/V(vs Ag/AgCl)

3 Ti-48A1-2Cr-2Nb & &PHRR 1L th

Fig. 3 Anodic polarization curves of
Ti-48Al-2Cr-2Nb alloy

& 4} Ti-48A1-2Cr-2Nb & 4 7E AR FM L 7 F
1) CA MR B H. MK 4a v A1, AT ANYY
AYIEE FLRE EERY CA LRI shI R, R A]
JE b L A R TR . B AL, HL IR
FEVEAIREEAS A, e LR B A P Ak I S B 3
RN CA IhZB IR s, Ry, BEE AL
T B bR ] S, PR R T R B B i (
B ER R ) o MR o™ Wy mT AR 1 (L]
4b) , WRHRETEE FEZUR AL T R, B
HIEhE RSN, b e R E
AR BT Tl AR S B T rEAR SR T, DATTTRAAIR
o FELAL R o T ) P 8

-34 -



:I:lll "'"
IL, =
[" Ti-48A1-2Cr- 2Nb SEEHABHITA

18 000

16 000} JEF TR 16V
~ 14000 T
= A 13V
5 12 000\ —
. I
S 10000 |
< ro—ie 10V
> 3000( |
Z 7V
5 6000(_,
5 4000
=]
3 2000

0
20005 3 10 15 20 25 30
time #/s

a) CA i<k

b) S
4 ARH{ZT Ti-48A1-2Cr-2Nb
A& CAMERSEmTY

Fig. 4 CA curves and corrosion products of
Ti-48Al-2Cr-2Nb alloys at different potentials HH

& 5 K Ti-48A1-2Cr-2Nb A5 4 FEAS [R] A2 Ji 1oh i
Je S AL BB Bode £

M Sa AT LA 1, B FE b 6 BE BT AE = A
KIEI—A - CRUE B ) SR 5 R i R
R R, A PHPIBE G 10° Qom®, HK
SRS TR o A R R A AR . A R ALY
A £ T o 401 DX B o A3 B AT B i, AR 57—
AFEAIX (107'~10° Hz ) AL FAZEMEREN, 7E 0.1 Hz
LEATRE S AN YR B R RAE (81° ~84°) |, #5
AP N AR . LRI, kTR AL
X R HBHA T, FEd . AR X R AT T
PN HARmESRRE, BRI
158 P2

AL 5o LA Y, R il 5 A i ) BELB OB (B 7
BIX (10°~10° Hz ) PO BHARAE, SRS BHBT
B B AR A s/ IR N, 282438 10° Qem?,
AH LB I i SRS (R AR — B . J Il s A i i
AL A B3 A Dl NS TR GHU S TN 5 G A3, 5%

| 10 Hz ZEA MO MR BB KAE (2 84° ~86° )
IS A A A /NI EE T R A LB DR AR A, Ik
Jr RS B A A R, HL B A E BOATR X
)25 /N, FLF AT RE R 2 CA HLAL 28 Il H b e 1T
W& T 45 B0 I AL

M & 8 AT JS A BB Bode 1151, CA JH
ol S AR S OB B Tl , e T L I ) EL
fiE, MEAETE ﬁ%ﬁ’]ﬁ*"ﬂﬁjﬁo

90
80

70

~

2
‘s

~ £

& 00 2

s g

5 50F S
=

g )

9 40F

<

=

[=9

)
=3
T

153
=3
T

12

1g (f/Hz)

a) JE A

)
3

1g(1Z|/(©2+cm?))

phase angle 6/(°
¢ EN
[=}

lg (f/Hz)
b) s
5 Ti-48A1-2Cr-2Nb & & 7[R B 4L 1S o 5 /5 9 SC 0 Fn
A PEMIE Bode

Fig.5 Experimental and simulated EIS Bode plots of
Ti-48A1-2Cr-2Nb alloys at different potentials

R T AT TS & & AR, AR
AR BRSPS S BB, AR, 8
Maxwell 1% % £& % %0 L % 7R (CR),) Fl (Ry(CR)5)

(WIE 6) #ATHlE, BAEMSEIE 1. NE
SEIR AT LA Y, SRR A% I P A R X o 152 22 A
i, PIAREAIRAIRE 107, JiHIBIA 4SS RaerLss
S WAL 2R R G BT o

- 35 -



€1 %= = f PACKAGING JOURNAL
2021 £ £ 13 & % 1 B Vol. 13 No. 1 Jan. 2021

01

R, R,
WV AMV
C, R C R
| ! 1
) ) C R
2| A s 2 2
C I ’ R C I R
G |_,W\, i S I PPN
l | —ww
; (7 R7 : i ( R H

(R,(CR),)
a) JETHHET (R(CR),)
6 Maxwell £ B

Fig. 6 Maxwell transmission line equivalent circuit

F1 FEME CRENEBRMUSSHRARE

Table 1 Electrical parameters and element errors of equivalent circuit obtained by

(R(CR),)

b) S (R(CR)s)

fitting the experimental results for EIS

P— ‘7v ‘10\/ ‘13v \16V
- R U AT RS AT RS JEET
Ry/(Q-cm?) 1097 000 334 600 1578 000 338 600 1031000 300200 2355000 364 000
R /% 2.6 7.4 6.6 5.6 3.5 5.7 45 6.6
C// (uF-cm™) 1.69 8.25 2.16 10.77 2.02 16.94 1.62 45.19
R 1% 28.8 9.8 11.0 115 12.2 11.7 183 3.3
R /(Q-cm?) 2.15 3.06 1.88 2.60 1.78 2.44 3.05 3.17
R /% 15.5 4.0 5.0 52 5.4 5.6 6.2 8.0
G,/ (uF-cm™) 2.7 24.80 2.80 16.98 3.88 31.34 3.05 10.85
R /% 8.4 7.5 6.0 7.2 5.4 6.7 6.2 15.5
R,/ (Q-cm’) 2458 2164 52.74 4410 3.94 89320 3104 3.01
R 1% 19.6 16.7 13.6 15.4 12.6 13.4 143 7.4
Cy/(uF-cm™) 4.10 29.63 3.45 4539 3.66 63.41 2.54 22.50
W /% 8.5 9.0 7.1 2.6 6.1 2.8 6.6 6.7
Ry/ (Q-cm’) 2.80 51.29 4.79 3.13 31.47 2.90 33.59 560
R 1% 20.5 21.8 14.7 6.3 14.2 6.8 155 11.7
C/(uF-cm™) 272 31.82 2.88 16.90 3.58 19.24 3.42 16.66
R /% 8.8 7.2 10.9 6.7 6.5 7.7 6.1 6.3
R/(Q-cm?) 217.50 53730 588.30 122.50 339.30 6069 41 820 161.90
R 1% 20.1 16.0 14.8 16.5 15.0 15.6 13.2 15.4
Cy/(uF-cm™) 2.85 84.22 2.20 27.04 3.41 15.55 2.69 25.73
R /% 9.2 3.0 10.9 6.3 10.1 8.0 6.6 7.7
Ry/(Q-cm?) 24.98 2.42 9031 81 820 70 360 228.60 299.40 94 860
W2 1% 22.0 2.8 23.9 12.9 213 19.4 14.6 16.8
Cy/(uF-cm™) 3.65 2.37 3.91 3.80
R /% 6.9 10.9 10.4 5.9
Ry/(Q-cm?) 541 600 109 200 838 900 3.10
R /% 15.6 24.8 22.8 14.03
C,/(uF-cm™) 3.12 2.90 3.12 3.77
R /% 7.4 10.9 8.9 6.1
R,/(Q-cm?) 31720 1179 000 5700 596 900
R /% 17.0 242 18.2 14.3
7107 44 6.8 5.0 7.7 5.5 6.0 3.3 8.3

ATBALT R BEAFAEAUR 1 5051018 7 B
4L CR RPN RIS — A
AEAR 0, AT LA R B G 4 2 7 4

BB, HRAESRR £ 3 A AE 107°~10° Hz 19 X [A],
TEMG ) P 1R, B 1g £ B3GR Mg, YRAE A R
£EAREE, R, ik 10° Qeem®. JENUSRES 25 A

- 36 -



la7ad

THRIR, %
[” Ti-48A1-2Cr-2\Nb & & & BALFEMITA

W B S ARFAIE , A B BS DHTT , FREAESTE 53 A1 X A AR /)N
7 107°~10" Hz Z [8), e iR BAn — 0 2 .
ARSI 46 1R, Bt 1g £ (38 KM/, FERAE A %
10° Hz B, 1gR, HBE— A2 0 195 o X HL I Bty
J b S BORE SR ZEAR AR X (107'~1 Hz) Wi/ T — %
BN, 7E S (10°~10° Hz )i /b — W B 5

JE ki —s— 16V;
——13V;
—A— 10 V;

—v—7V

JEhS

lg (R/(Q = cm?))

N\

Lo o0 1 2 3 4 s
lg (f*/Hz)
7 AEBET R BEHHERE [ 2%
Fig. 7 The distribution of R; with characteristic
frequency f, at different potentials

P 8 S JE I i B S A FEL S € SRR ) 1Y)
KHRMZ. IWERTHL, Bk, 08, hix (hF
10° Hz ) FESh A2 s FL A /DN M4 IEAR R 10°
Hz BHER, C A —AMEME; 7EKTF 10" Hz S RFHE
PERIX, C KIRE T, 4 CA HALFEE, AW
FESHI C bl 7 AR LR EAR — B, MARHES % 5]
ik 10° Hz Mt s, C A —Igf, Hd, 27 V4o
HLO Y CA SR FER ARG, TP €, R—2E,
JEhAS, FEEL I HL 2 10° Hz BHER 2] 10° Hez
BT, A AFRAEARST I A C A B TR, X5
JEg ol JE R T TR AR R A G

-4.0
-42f
-4.4}
= 461
=
5 -4 .8t
u. —a—16V;
=507 ——13V;
3 5ol —A—10V; B e
- —v—7v
-S4 -W. A
_58 1 1
22 -1 0 1 2 3 4 5
lg (f"/Hz)

8 AEBET C HEHEAE/, A%
Fig. 8 The distribution of C; with characteristic
frequency f, at different potentials

TR AL TR AS [R] A A X 4 b RS
TR FE s ﬁﬁﬁ”ﬂ?#&%THQuCAF
PHATIS ) Z(R, /C) BiZk (WLIE 9) o TEAGHIZ 30
B, R /C RAES IR TT, SR, /C) W FRRHE
At AR SO BEL g B R ik ke BT IR
TR, FE S BRI JE e g 2 S8 0 5 98l N
Py GRRIAL CA TS FE A B bt 1 ¥ TR T
97% LA Fo AN 10V FFhR, FESL T BERJE Bl ) Bl
FLASE AL PERRAIS , IX AT RESE Ry iRy, %0
MRASON;” AN, )2 A4 e A Y S e ) A i
o, SRR R SRR A % SN BE T R g

99.5

99.0F

98.5F

S(R /C)/%

98.0F

975 1 1 1 1 1 1 1 1 1 1
6 7 8 9 10 11 12 13 14 15 16 17
E/NV(vs Ag/AgCl)
9 RREBMEEME Z(R/C) mLESE
Fig. 9 The reduced percentage of X(R,/C)) after
different potential corrosion

N HLAL CA JE TS #F  19 2C, A8k an &l 10
JiFR. TEAE R SRR v SO, FAE 22 HLRS 72 1,
EBR A AR 2 DB RS . I RT SN, =C 393 m T
450% VA I, 2B DS i 2 T EU R ek i B AR
MAMIMEALIN 7V 3] 10 VI, SC B3I E 2 &
FIREE, 10~16 V X[ ZE48 R, 216 V g5
PR (i 2 TR RELRE A5/, U BH A R ol rEL A A ) e
R S FR R 7

800

7501

10 11 12 13 14 15 16 17
E/V(vs Ag/AgCl)
10 FEBMEMEC ER
Fig. 10 The increased percentage of XC; after
different potential corrosion

6 7 8 9

-37 -



[]1 €1 %= = f PACKAGING JOURNAL
2021 FE £ 13 % F 1 #J Vol. 13 No. 1 Jan. 2021

L2 AN 5] L AL Pl S A i OIS 8] 5 8 (=R, x C,)
WA 11 s . TEMRRRTIT, R x C &
RS IR A i g me  elt B R AE E , HLERER
Wi o738 A

BT 11 R, A it 18 o ) 3 el 8 B2 2 S 3
TGS/ REH s 2816 VIS AR i A ] 50
DR RG> (2925 -10% ) , UL HL AL ilUS
S sog b S RN AL VAT LT F TS SR VAL ) 46 - 'Y
S BRSSO ITEIA %

40
30
_ 20t
%
10
0 F
-10
7 8 9 10 11 12 13 14 15 16 17
E/NV(vs Ag/AgCl)
B FRAREERE RO ESE
Fig. 11 The reduced percentage of  after 12 AEBMAT Ti-48A1-2Cr-2Nb & &FimF MM
different potential corrosion Fig. 12 SEM observation of corroded surface of
Ti-48Al-2Cr-2Nb alloys at different potentials
33 BHxENE vt s ,
R R TS, A5 AR AR M % 1 12

Z IR SRR ZE R A 2250, 47 V AR R
TS AT S T B R 8, 48 10, 13 V I HUS IAE
Al A AHCHLRE , 28 16 V Il 5 R Sl ZR A2
2816 V JE AR S FR TR RS 4B LA 13 BR
MNEIRT T, 2508 75 3 1 Dk I v AR e T B 5 A /D 1)
FART W T R S AT A RRIE S T A
BRI T R IEAY) E o

35
Al
3.0F Ti
25
element weight/% atomic/%
> 2.0F ¢} 10.15 22.79
é Al 2093 27.86
S1.5F Nb 6.00 2.32
Ti 60.12 4510

2.80 1.93

3
energy/keV

B 13 &EiEsHE
Fig. 13 Energy dispersive X-ray analysis

- 38 -



D] THRIE, =&

Ti-48A1-2Cr-2\Nb & & & AL MITA

4 Z5iE

AR FH Maxwell 15346 S 300 AU FTE S UL
FAE I A BT Ti-48 A1-2Cr-2Nb 44 10 15 H o7 JE il A 7
o B AR EE TRA T R . SEIGZE SRR HE4
DI T84k S iE AR . il . PO R SRR R
MO 2.5 V GRS R MIRGIT . 4 CAH
A2 JE S B A ARV P RS S ARk ZEAIG
BIX (107°~1 Hz) A4 IX (10°~10° Hz ) 43 51k
AN B HALIREIN, SRR T R
SEHEN S RRAR Tl e A it A L A e S TV S
SRIGRAT VA FESH IS B ) e ) B0/ N
B BT PR RS e, & 16 VIE
T R it P BB (R B T 10%; SR IHTE
PR IRHE S LRSI SE SR A &
2616 V [ E R AR

S 3k

[1] CLEMENS H, MAYER S. Intermetallic Titanium
Aluminides in Aerospace Applications-Processing,
Microstructure and Properties[J]. Materials at High
Temperatures, 2016, 33(4/5): 560-570.

[2] KOTHARI K, RADHAKRISHNAN R, WERELEY N
M. Advances in Gamma Titanium Aluminides and Their
Manufacturing Techniques[J]. Progress in Aerospace
Sciences, 2012, 55: 1-16.

[3] KLOCKE F, HERRIG T, ZEIS M, et al. Comparison
of the Electrochemical Machinability of Electron Beam
Melted and Casted Gamma Titanium Aluminide TNB-
V5[J]. Proceedings of the Institution of Mechanical
Engineers Part B: Journal of Engineering Manufacture.
2018, 232(4): 586—592.

[4] TIAN S G, LU X, YUH C, et al. Creep Behavior
and Deformation Feature of TiAl-Nb Alloy with Various
States at High Temperature[J]. Materials Science and
Engineering: A, 2016, 651: 490-498.

[5] CLEMENS H, MAYER S. Development Status,
Applications and Perspectives of Advanced Intermetallic
Titanium Aluminides[J]. Materials Science Forum,
2014, 3129: 15-20.

[6] KLOCKE F, SETTINERI L, LUNG D, et al. High
Performance Cutting of Gamma Titanium Aluminides:
Influence of Lubricoolant Strategy on Tool Wear and
Surface Integrity[J]. Wear, 2013, 302(1/2): 1136-
1144.

(71 ¥, 2 W, A . SRS E RSB in
TIRIOHSE [7]. T HAEAR, 2016, 50(3): 61-65.
MA Yingshi, JIA Qing, ZHOU Li. Experimental
Research on Milling of Titanium Aluminum Intermetallic
Alloy[J]. Tool Engineering, 2016, 50(3): 61-65.

[8] FANG L, LINJ P, QIU X C, et al. Turning
Machining Induced Microstructural Stability of a High
Nb-Containing TiAl Alloy During High Temperature
Exposure[J]. Rare Metals, 2016, 35(1): 77-84.

(9] BEFRRRSL, WU sk, XUIR%K, 5. )-TiAl & JaEfka

YT A AMIFSE R ], A HE R, 2020,
63(4): 22-33.
LIAOYANG lilian, GU Lin, LIU Suyi, et al. Research
Status of Machining y-TiAl Intermetallic Compounds both
in China and Overseas[J]. Aeronautical Manufacturing
Technology, 2020, 63(4): 22-33.

[10] BEWLAY B P, WEIMER M, KELLY T, et al.
The Science, Technology, and Implementation of TiAl
Alloys in Commercial Aircraft Engines[J]. MRS Online
Proceedings Library, 2013, 1516(1): 49-58.

[11] LI HY, KLOCKE F, ZEIS M, et al. Experimental
Study on the ECM and PECM of Pressed and Casted
y-TiAl Alloys for Aero Engine Applications[J]. Procedia
CIRP, 2018, 68: 768-771.

[12] HE H D, QU N S, ZENG Y B, et al. Machining
Accuracy in Pulsed Wire Electrochemical Machining of
y-TiAl Alloy[J]. The International Journal of Advanced
Manufacturing Technology, 2016, 86(5/6/7/8): 2353—
2359.

[13] LIU J, ZHU D, ZHAO L, et al. Experimental
Investigation on Electrochemical Machining of y-TiAl
Intermetallic[J]. Procedia CIRP, 2015, 35: 20-24.

[14] WANG Y D, XU Z Y, ZHANG A. Anodic
Characteristics and Electrochemical Machining of Two
Typical y-TiAl Alloys and Its Quantitative Dissolution
Model in NaNO; Solution[J]. Electrochimica Acta,
2020, 331.DOI: 10.1016/j.electacta. 2019. 135429.

[15] WEINMANN M, STOLPE M, WEBER O, et al.
Electrochemical Dissolution Behaviour of Ti90A16V4 and
Ti60A140 Used for ECM Applications[J]. Journal of Solid
State Electrochemistry, 2015, 19(2): 485-495.

[16] BAEHRE D, ERNST A, WEIBHAAR K, et al.
Electrochemical Dissolution Behavior of Titanium and
Titanium-Based Alloys in Different Electrolytes[J].
Procedia CIRP, 2016, 42: 137-142.

[17] WANG Y D, XU ZY, ZHANG A. Comparison of the
Electrochemical Dissolution Behavior of Extruded and
Casted Ti-48A1-2Cr-2Nb Alloys in NaNO; Solution[J].
Journal of the Electrochemical Society, 2019,

-39 -



[” €1 %= = f PACKAGING JOURNAL
2021 £ £ 13 & % 1 B Vol. 13 No. 1 Jan. 2021

166(12): E347-E357.

(18] MR . AL AT M), dEat: Bhas i,
1984: 332.

TIAN Zhaowu. Method of Study Electrochemistry[M].
Beijing: Science Press, 1984: 332.

[19] FhEKEE, sR%EUE, ARE . HI CR 45 LA A B 5E

W2 & e R R LTS (0], 9 BAR 2 2, 2004,

20(1): 70-75.

SUN Qiuxia, ZHANG Jianqing, LIN Changjian.

Interpretation of Electrochemical Impedance Spectroscopy

in Coating/Metal System by CR Transmission Line

Model[J]. Acta Physico-Chimica Sinica, 2004, 20(1):

70-75.

JIANG XIAOCHUN, CHEN SHU, LI ZELIN. Two

Types of Potential Oscillation during the Reduction of

Dichromate on Gold Electrode in H,SO, Solution[J].

Chinese Journal of Chemical Physics, 2006(3): 214-

218, 28l1.

[21] BEHNAMI FAR V, JAFARZADEH K, SHOOSHTARI
GUGTAPEH H, et al. A Study on Electrical Properties
of Thermally Grown TiO, Film at the Interface of Ti/
RuO,-1r0,-TiO, Anode Using Mott-Schottky and
Electrochemical Impedance Spectroscopy Techniques[J].
Materials Chemistry and Physics, 2020, 256: 123756.

[22] CLEMENS H, MAYER S. Design, Processing,
Microstructure, Properties, and Applications of Advanced

—
[}
o

[

Intermetallic TiAl Alloys[J]. Advanced Engineering
Materials, 2013, 15(4): 191-215.

[23] BUTEAU S, DAHN D C, DAHN J R. Explicit
Conversion Between Different Equivalent Circuit Models
for Electrochemical Impedance Analysis of Lithium-Ion
Cells[J]. Journal of the Electrochemical Society, 2018,
165(2): A228-A234.

[24] TODINOVA A, CONTRERAS-BERNAL L,
SALADO M, et al. Towards a Universal Approach for
the Analysis of Impedance Spectra of Perovskite Solar
Cells: Equivalent Circuits and Empirical Analysis[J].
ChemElectroChem, 2017, 4(11): 2891-2901.

[25] FERNANDEZ-GONZALEZ C, KAVANAGH J,
DOMINGUEZ-RAMOS A, et al. Electrochemical
Impedance Spectroscopy of Enhanced Layered
Nanocomposite lon Exchange Membranes[J]. Journal of
Membrane Science, 2017, 541: 611-620.

[26] LENDVAY-GYORIK G, MESZAROS L, MESZAROS
G, et al. Some Interesting Peculiarities in the High
Frequency Part of the Impedance Diagram Obtained in
the Case of Iron Dissolution in Dilute H,SO, Solution[J].
Corrosion Science, 2000, 42(1): 79-90.

[27] PVEKER, XMW, fAIsdsi . EIS 2 R b 1 55 AR i ith

R [T, WG ERE R, 2010, 31(3): 55-59.
SUN Qiuxia, LIU Lingfeng, HE Xiaoqiang. The
Relationship of Processes Resistance in EIS with State of
Charge in Lead Acid Batteries[J]. Journal of Shaoguan
University, 2010, 31(3): 55-59.

(FTiEsRdE: B )

Corrosion Behavior of Ti-48 Al-2Cr-2Nb Alloy with High Potential

LUO Zhijian', ZHANG Xianmiao', HU Chunrong’, LI Wenyuan', LIAO Cuijiao'

(1. College of Mechanical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. College of Computer Science, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Linear sweep voltammetry (LSV), chronoamperometry (CA), electrochemical impedance spectroscopy
(EIS) and surface observation were adopted to investigate electrochemical corrosion behavior of Ti-48Al-2Cr-2Nb alloy
in NaNO; solution (wt. 20%) with high potentials (7~16 V) and the influence of applied voltage on the corrosion behavior.
Furthermore, Maxwell’ s transmission line model was applied to fitting electrochemical impedance spectroscopy. The
results showed that the current densities fluctuated greatly with the increase of the potential, and there was a transformation
from non-uniform corrosion to uniform corrosion in the process of each sample. The number of adsorption reactions
before and after corrosion decreased from 7 to 5. The decrease of the total corrosion resistance and the total time constant
of the samples after corrosion experienced the process of the first increasing and then decreasing with the increase of the
potential. The increase of surface roughness after corrosion decreased rapidly and then tended to be stable.

Keywords: high potential corrosion behavior; chronoamperometry; electrochemical impedance spectroscopy
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