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Ao B 1 ¢ KN 2 Nd,O5 IIRT ST I%, HAE30h
BREE, Nd,O3 ALK Laves # TaCr, & . 70
Nd,O3 BREES FOR Ry B L Cr-Ta 1A R W] W FRAG. T
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BREERY AJE ST, AT Nd,Os & il BEEAT X 4
LRTI AT, X R AT IS WL 2. HRFER) XRD B
AR, JLF 42 ER 4 TaCry A, H TaCr, #HH &
AR . Bk TaCry AH, S lFEh ¥ & D& Cr M
1 Ta #H .

Kl 3 72 1350 “C/1 h #JRFEH SEM B . ¥
0.25%Nd,05 Jii , AR B HU -7 8 B Jd - 17 B0kt
A 2 XRD #4738, &l 3b 1 A R B i Sk BT B Bk
Ry MR T I Cr MR Ta Ao 45 &g
(1), B 3c TET 1~3 FraMik ly TaCr, HAhk
W Ta AN Cr . 24 Nd,O3 IS I 2 0.75%,
TaCry & &34k L HHBLT il 3d sk 3 B, 4f
AT 5 Ta AHAE CrAHZ [MIPIAH. Had 1 FE 2 ]
B, %A 3B Ta(Nd) B AR

gt 25 SKAE Nd £E TaCr, & & IAEAE TR, R
FFE 58—k JR PR 7Y Dmol® #02F, %% T Nd # 4 C15
S5 Cr 5% Ta /)5 1) TaCry (Nd) i fyfae vk,
BRI 4 iR .

MRPE A 2250, Y AR R MR BURE T
CRAR A SR T A AT O BRI s 4 g
FORMEHNERE T, A RETRN A R T 4546 0 d
TR TN RE 5, BORE A S 3% B0 i 7 I A0 5 B il
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MTh . AR E X, TaCr,(Nd)4: & [ 4k & W0 16 45 & e
(AE) FIJERHI (AHD W8 71:h

AE = |Ey —IE® —mEE —nES 1+ m+n] (1)
AH =By ~ 1B = mES™ B 1+ m+n] (2)

K, Ew 78 TaCry(Nd)HE ML) M AE R, TaCr,.
TaCr,(Nd—Cr)F1 TaCr,(Nd—Ta)## il S e, 23 2
-132489.0828 Ha. -140975.1794 Ha F1-127576.1031 Ha
(Hartree, fiifx Ha, fEEH4A7, 1 Ha=27.211eV). I.
m M RN ERSGH Tas Cr fINd JR NG Er -
Ec: M1 Eng 73754 bee-Tas bee-Cr AT hep-Nd f A4 51 J57 7
fed, b B, =-14453.0950 Ha. Ec=-1054.0220 Ha.

Exg=-19080.5395 Ha. E™ . E< Fl EN 4R

gas gas gas

Ta J&F. Cr [ FHA Nd JER FIURER. ERSIR TR
WEY, AUFREXHET —4 10 nmx10 nmx10 nm

0.75%Nd O, MA30 h

Cr(110) Cr(200)
(©)

Ta(l1 (b) 0%Nd,O MA30 h
a0 410 B
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Cr(110)
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g <rao) |
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1 BRI XRD B 1%
Fig.1 XRD patterns of raw material powders with Cr-Ta, MA 0 h;
Cr-Ta, MA 30 h; Cr-Ta-0.75%Nd,03, MA 30 h
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0.75% Nd, 0,
v A
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Yy 0,
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025% Nd,0
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o
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Fig.2 XRD patterns of TaCr, alloys with different Nd,O3

contents
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3 AN Nd,Os % N TaCr, &4 SEM-BE iy
Fig.3 SEM-BE images (a, b, d) and SE image (c) of TaCr; alloy with different Nb,Os contents: (a) 0%, (b, ¢) 0.25%, and (d) 0.5%

%=z 1 [E 3 Laves 8 TaCr,-Nd, 03 i ¥ EDS &gt 4> 17
Table 1 EDS results of Laves phase TaCr;-Nd,O; alloy in

Fig.3
Point Composition/at% Phase composition
Cr Ta Nd»,O3
1 635 36.5 - TaCr,
Fig.3c 2 47.68 52.32 - Ta-TaCr,
3 77.61 22.39 - Cr-TaCr;
1 100 - - Cr
Fig.3d 2 46.92 53.08 - Ta-TaCr,
3 598 7339 20.63 Ta solid solution

M, RO E, BIARR AR (0.5, 0.5, 0.5)
Ab, HCE A Ta i 7. Cr J{FE Nd JR 7, RJEEEAT
JEL A RN R PRt g, BB S B R AL Sk

El* =-14452.8040 Ha. ES =-1053.8448 Ha fil £} =

-9540.1702 Ha, H4 it £3 21 () Feah AN 2 A O F(2)
W, &RWME 2 Pion. HE 2 A, TaCr, JE R
i, 27 AH=0.7839 eV, Il TaCr, [1JE B AE T AR5
k. HIEE ML AE =-5.8204 eV, KH'E —HIE
HE, i AR R, X5 & Laves &R LG
FEMEAR— 3. 2P 8T Nd 2 5 DLE #0467 Cr

4 Nd % C15 B TaCr, 111 SRR
Fig.4 Calculation models of TaCr, doped with Nd: (a) TaCr;

model; (b) the model of Nd—Cr in TaCr;; (c) the model of
Nd—Ta in TaCr,
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K2 NAB# TaCr, TR B AMIE S REAE)F KA (AH)
Table 2 Binding energy (AE) and heat of formation (AH) of
TaCr, doped with Nd

E/Ha AE/eV AH/eV

TaCr; -132489.0828 -5.8204 0.7839
TaCr(Nd—Cr) -140975.1794 -5.5610 4.8987
TaCry(Nd—Ta) -127576.1031 -5.4282 4.9875

B Ta EMIEHRE g GRE. &1F5H, TaCry(Nd—Cr)
1 TaCry(Nd—Ta) ] JE i # (AH=4.8987 eV Fl AH
=4.9875 eV) FEH LT H KT TaCry & 41 B
(AH=0.7839 eV), J& & TaCr, it € =X T TaCr,
(Nd—Cr)fll TaCry(Nd—Ta). 1f] TaCry(Nd—Cr)#! TaCr,
(Nd—Ta)4i G Re 5l AE = -5.5610 eV fl AE =
-5.4282 eV, FHMHIX 2 Bl Nd (9 & X5 A L I Laves
TaCro(Nd) & & L 54— BB ik #l A e A oe 72 4E, H
TaCr,(Nd—Cr)#2 2 4 KT TaCr,(Nd—Ta).

2.2 Nd,0; %} Laves 8 TaCr, 8 & SRS LT A

5 AT Nd,O; ¥ il & 1) TaCrp-xNd,05 542,

78 1200 CHA P EEAMNS) )2 ithd. B 5 &g

WU, A RREARL, BRI A E TS .
Nd,O3 W T4 0.75% 1) 54 1200 ‘C4( 4k 100 h 35 H
b, A E RN A1) 47.9 %.

K 6 & AN [F] Nd, O3 ¥ il & TaCr, & 45 1200 CH L
100 h J5 546" P11 XRD 1.

7 VN 0.25%Nd,05 [1) TaCr, 742 1200 °C 7
AL 100 h S AT IE S . AL L2 AT
AR . WM ILE 3 A 6b, T2 Cr,05 M
CrTaOy.

| © 0%Nd,0, m 0.25% Nd,0,
A 05%Nd,0, ¥ 0.75% Nd,O,
A-0% Nd, 0, linear fitting

o 0.2 f——B-025%Nd,0, lincarfiting =
% ——C-0.5% Nd O, linear fitting

= ——D-0.75% Nd, O, linear fit

]

»

1%

=

0.1

0 20 40 60 80 100
Time/h

CNESFBUR PN RSN S 2B S U /Sl @ A B Bl 5 A[F NdOs B A TaCro 42 1200 C4AME) 1% i 2k
I I e (1| IS T < | e LU Fig.5 Oxidation kinetics of TaCr, alloy with various Nd,O;
TaCrz-O.ZS%NdZO3 *D TaCrz-O.S%Nd203 %éi’f{i‘“ﬁﬁi content at 1200 C
—Cro, *| s000} o ¢no, b
) < CrTa O4 RS CrTaO,
L 1000
&
2
2 4000
g 500 .
° e
J . g
o ° -
0 15 D W i
2 40 50 60 70 80 20
[ CrZO3 ¢ b Cr203 d
6000F +——CrTa0, 4000 +——CiTa0,
+——Nd, (T20)), A Ta,0,
5 ¢——Nd, ,(Ta0,),
2. 4000} (Ta0,)
E 2000 |
2000 .
° o i
Leb o stU i) Lalealble o S35
20 30 40 50 60 70 80 20 30 40 50 60 70 80
20/°) 260/(°)

Kl 6 A NdOs @& TaCro A4 1200 T4k 100 h J5 4846 = 1K) X 5 2647 5 3%
Fig.6 XRD patterns of the oxide of TaCr; alloy with various Nd,O5 contents oxidized at 1200 ‘C for 100 h: (a) 0% Nd,Os, (b) 0.25%

Nd,03, (c) 0.5% Nd,0s, and (d) 0.75% Nd,05
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Kl 7 ¥ 0.25%Nd,05 ) TaCra & 42 1200 C4(4L 100 h J5 %
RS
Fig.7 SEM cross-section images of TaCr, with 0.25%Nd,03
oxidized at 1200 ‘C for 100 h

Table 3

%3 [E 7b ®iRAN 0.25%Nd;0; &) TaCr, &€ 1200 CHEL
100 h FHELEEEA EDS S 47
Phase and the corresponding EDS analysis of
TaCr;-0.25%Nd,0; alloy oxidized at 1200 ‘C for
100 h in Fig.7b (at%)

Spectrum Cr Ta (6] Nd Phase composition
1 19.81 848 71.55 0.17 Cr,03, CrTaO4
2 3274 0.44  66.82 0.00 Cr0;
3 1444 16.73 68.83 0.00 CrTaO,

NI 0.5%F1 0.75%Nd,0; [ TaCr, &5 45 1200 °C 4,
1 100 h J5 %40 ZEkIE S W K 8 o, Hiar o i
W 4, AMUBEARNELWZE oA, FEYME
0.25%Nd,0; [] TaCr, 54 1200 ‘C% 4k 100 h J5% 1L
EHIYIARAT, A5 Nd, ¢(TaOs)s &4, HAk
YA A3 A LB 8b FTE 8c. ¥ I Nd,Os it HE4 4L )29
i
2.3 Nd,O; ¥ Laves #8 TaCr, 8 &= BELITAHE

A IERYIERT

AALE R, R Ta MG T Cr, (HA LK
A Cr MIREE ST Ta, NI Cr05 A0S UL ST 1,
FAE CroO5 AHTE J DX 350 B 3T 5 A 48 R BB 182 R A 1)
F ST Cr Xo 3% Cr XN Ta RA5 M. Ta %4k
I 5 Cry05 Y, A% TaCrOy.

K8 %% NdOs ) TaCr, &4 1200 "CA4L 100 h J5 5 AL 2 S
Fig.8 SEM cross-section images of TaCr, with 0.75%Nd»O5 oxidized at 1200 °‘C for 100 h: (a) 0.5% Nd,O; and (b, ¢) 0.75% Nd»Os

A AWESY Cr-Tay Cr-Ta-Mo I Cr-Ta-Si /& R %1k
W, #EE&RIMBGEE Y RIS EET Crno; JMA
2, BB CryOs+TaCrOy WZ A A Z o 008 I B
BB 2 18] 2 B ST T HCCA A Tas Cr o) 40 =9
R B D # K, e m s BLORY . B4 )= T3 Cr
A7 5 A= [A] A B .

fH Nd,O; I, 52 T IX—F Hud #. Croc#
B e R T PR AT < - R IR S T T BB 1 AL 2

SKPHFR Y, 1ER Ta %4k, Ta FALDIHHE Cr0;5
E A TaCrOy4o. TaCrOg4 #8811 Cr 846 5L, Cr oo %L
TR Cr0y. TR FIREMERE, EAEIML)Z
JE i Cro05 Al TaCrO,(f 55 Ta B ALYNDAZ L )2 458 .
K| 8a Fil/E 8b, ¥shN Nd,Os ] TaCr, &4 1200 C4% Atk
A E S, CrOs JZ26iAS, B% TaCrO, 73 #1. Ta %4k
PR TaCrO, & )2 (K 6d) 5 Cry0;3 4%

KT M ooz B IR BT RO G 4 mnii e
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AAutERer s m, KILOR& = 0, HRAIE—
HWANH B WINMEEH TR L E Cr0s
SR PR JE PRIBE A%, M 4 R 3 A AR A T R
I ELAS BH 85 747 HOk BEAR S % s DL R ok U1k
5 5 RE A (R B P e 2 Pint! R B R AL O, K & 42
A B R IR AT LN . fEABE T, Em
N, O3 S AL AW ETFL AN, FHEG T O ) 4x s 38
LA Cr & @RIy #, Cr ¥HeHEIE K Cr,0;
2, G @A ST A I ) b T JE RS A AT R, IX
—ILRAE 1200 C FEAT IR . WE 8 A b
RIIES, CrO5 WA B R IR, # TaCrO, %5 Ta (L 54
S EI RS,

N TR CrO3 WA TEIZIRIIN R, 5T %
&8 ot 5wl A IR 1 2 W) Mulliken A1 J&, DL T f#
Nd 9% TaCr, & & WAL A A . AR P8
A JE RS, 7T LLANIE Mulliken BB A1 JE Oap #/RTCHR
A5 B ZRPEEEE, WWEAXWFIR:

0n =YY Y 2P, (0)S,, (k) (4)

KA, Pu(OHT S, (k)53 i 22 7 i~ 5 0 R o 5
P HE B o wy RRAEAT LK X K T H S R . T8
Oap K78 A JTCHEYH B JICHZ B AN, 1HHE
SERNE S Frok. HEE S A, JRIG TaCr, ffs
O tece N 0.200, FILH W E M B, 2% Nd
J&i» TaCry(Nd—Cr)H ) O a.ce A 0.202, AHXFHIUHE W
HHEIN, KB Nd B Cr AL I TaCry(Nd) 1) 77 17
PERE— D3, MEPERS A T . 24 Nd Bt Ta A7JE L
TaCry(Nd—Ta)J5, Ta 5 Cr Z[A][) Mulliken i J5 FH 4]
LH1 0.200 FEZ 0.157, RBJUEH TaCry(Nd—Ta) i
PEA XS J5UAR TaCr, WA BEAR, (HIE 2 RIS e Pk .
BE— DB 2% S5 B e 225, BRI B AT I
THHAT Nd-Ta 28 HAEH], 1 B RCT Nd-Cr A6 224

Al e AT Mulliken 475 J5 SR O aocr FRIHR N LR, 3R
HH Nd-Cr 2 [0] LA (1) 4 Ja 88 A7 7% o 1ff H TaCry(Nd—Cr)

%4 8 F1IN 0.75%Nd, 05 89 TaCr, &% 1200 CHIL
100 h FHEALEHEE EDS 547
Table 4 EDS analysis of TaCr;-0.75%Nd,0; alloy oxidized at
1200 °C for 100 h in Fig.8

Spectrum  Cr Ta 0} Nd  Phase composition

CrTaO4, Cl’203
Ndi.67(TaOs)s
2 3891 0.44 60.65 0.00 Cr,03

CrTaO4
Ndi.67(TaO3)s

CrTaOg, Ta,O,
Nd; 67(Ta03)s

1 28.07 15.13 56.16 0.64

3 10.34 2183 66.21 1.61

4 18.77 29.81 51.42 0.00
5 1.37 2529 65.88 7.46

# 5 Nd#2Z% TaCr; #) Mulliken % /& O as
Table 5 Mulliken population QA.B of Nd doped TaCr>

crystals
Q Ta-Cr é Nd-Cr é Nd-Ta
TaCr, 0.200 - -
TaCry(Nd—Cr) 0.202 -2.66 -
TaCr,(Nd—Ta) 0.157 -1.306 -

(O nac= -2.66) HTaCry(Nd—Ta) (O na.c= -1.306)
(1 Mulliken i Jj 26 650 FE K, 36 B AT 38 1 4 e 4 i 3
Ko HTEAHEUNI-TalE, 1R TND-CriE. fr
PLVS TN 05 )5 » TaCro 4 Ja [ 46 & ) T (R Crdfr th A8 o
FAF T Cr,0 A M2 K

X — LG 5 H + o0 3 o T F AR LA G .
Pint!" 255 A3 WA N B 1= 70 2 5 116 S A i
&, RefE A R Al Col & S AN L R T
SHEAHLE, B CriE 7 [ A B 5 A o
RO WY B SR . WE3dAT S, Bl % Nd,O;
IR, A E TaflE CrAl 4, X Ph PR R 4
YA E AR S )N BRI O R T AR AT S AL
W NIRKBRR T &S A 2

3 & i

1) I Nd,O5, HARBEA LA TaCr, & 48 1P AH
AR A 2R AL, (R BRAS T 3R R R I R hvg v, 4
Kt Ta f Cr FEAPFTHM. Nd,O; FE 5 ifE
Ta [ A& .

2) AN[E Nd,O3 &1 TaCr, &4 7E 1200 C#%
AP A TR AT O A 0.75%Nd,05 B a4
A 38 FEAUA 25 41 47.9%

3) I Nd,O5 BB 1350 % HIEZ2 1) Cr05 %At
Jz, 1H Nd,O5 FHASF Cr 5 /E H 2, w] B [ LAtk Ty
ELR R TaCry &4 1200 CHUAEALME
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Effect of Nd,0; on Microstructure and Oxidation Behavior of TaCr, Alloys

Yao Jing'?, Lu Shiqiang'?, Xiao Xuan?, Li Guifa®, Deng Liping'?, Chen Dezhi’
(1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
(2. Nanchang Hangkong University, Nanchang 330063, China)

Abstract: TaCr,-xNd,Os5 (x=0, 0.125, 0.25, 0.5, 0.75, at%) alloys were prepared by mechanical alloying + hot pressing. The effects of
Nd»03 on the microstructure and oxidation resistance of the TaCr, alloy were investigated. The results show that Nd,O3; mainly exists in Ta
solid solution, which has no significant effect on the phase components and crystal form of the alloy. The alloys are composed of TaCr,, a
small amount of Ta-rich phase and Cr solid solution. The addition of Nd>Oj; reduces the oxidation mass gain of TaCr; alloy at 1200 °C; the
oxide film shows a discontinuous multilayer distribution, and Nd>O; promotes the stratification of the oxide phase.

Key words: Laves phase TaCr,; Nd,Os; microstructure; oxidation resistance
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