49 %

13 wBEERMISIRE Vol 49,
2020 4 17 RARE METAL MATERIALS AND ENGINEERING January

No.1
2020

C S EXEE TIAl S€ELAMPS

REEY, Tanl 44F' & Bl ok

(1. BRI A0 B il A R R L BT R e &, dkat 100081)
(2. WK, Jb3 100084)

' BEHY S o

gk 1

# E.: 1E Ti-47.5A1-3.7(Cr, V, Zr) &4 0.05%~0.2%C (JE T4, TR, RAAHMEETBE T EH % T 2
FAR TIAl & &%, @i APNEE . EiRA RG-SR R T C & EXT TIAl A& 4800 1 ae g m . &5
REW, W0 0.05%~0.2%C J&, A&l REFRMEAE AL, B C S EMIN o B BB EIEE N, B EE
EHMEE . 4B C HEBIT 0.1%, 1E afly B AFEN S FE M/ TiAIC BRI, BRACHHT AR
RFRISCERE C & ERINA BTN, 40 0.05%~0.2%C J5#tm | &&=yt E R R, Ak C et
THiE BB WK, 2 C &R0y 0.2%I), 43 mil 4 Hudhn o BE A ik s FE 52 1 7 101 #0123 MPa. ¥/ C eR G 2 & & 1
EHMIGEERR, M C RN 0.1%IFEHEERE, 5AE CHESMLIL, FLBIIEARRN A BE T —F . AHE R AR R
AR R T L AN OB DL b RN 0.1%C $&F+& 50 AR BTy M ML ] 35 TR 38 e 400 1) 4 1 05 28 A U £ 7 A 1 A
TR 76 y B A TR SEIB R A B BLRSA A dk BI85y, (15 & £ 75 165 28 55 — B B A IS A8 1 b i B SRHe 38 o
BEAh, BT H TiAIC BUB Lt — S50 2 i R A AR, 5B R BRI R & T 5 2 g B AL g s e 7.
X817 TIAI 64 C o, BHAS, EAMR, SRR MMEGE

FEESES: TG146.23 XEAFRIRES: A X E4S: 1002-185X(2020)01-0138-09

TIAl & & A4 &9 BAT 3 BEAR S el LU 55 5 vy
P REMR 3 s A, TR R TS R B
AR AR T 5 VR 2 TR B LG T 2% T 5 2
AR, RS B 4 ik R R T ) e 6 8 R T 4%
R RAE o I H I P S E A BRI LA B A i A N AR
&, WM, £ TIAD & G052 1 RE R 5 R 0 84255 5
AN T R AL B H AR IR AR A 5 T
R TIAL G e RSO RE TP G AT TR AT T
JEUIS = S 1 PURTH R S oo AL/ 1 R/
PR B s Ak T USRI E TIAL & SRS
MWt E %, fF TIAl Ge Mg Hd, 2R AN
(FL 440 BIGINKE IR R FHm s 1 08 A 20
Mo B I 35 AR 17 o A2 A T R Ty R AT B St ) s A2 1k
e, TEHIER LA IR BT C, L R R B E
SEAL AT s AL RN 2 — P TIAL a2z il
ZUaE AR PERE S0, B Ab, S X R Ry RS 1
LA BT (PST KD, AR 45 /2 Fr 5t
T S 3 2y O T B [ By A D0 St ) ot 32 5 28 1 DL IS A B
F IR ARG AR, R, SZIRF LA, H AT
ARAESERR A o R PST i

It HEE: 2019-01-22

TiAl & & PR 2 A 440 (SOL A 40 Eimid
W R 1 T VR SR AR B IR T B — A (1 2 s JE LA,
AT PST &bk, 4IRS )5 )2 v Sk 0°
Af LA A (1 56 R 98 1 DTG P DA R B 47 1 s A 1
AT R T 28R AR 0 S R S A I e 4
AT S A 200 S, AR A LR 7T R BIL C T & A SOL
AR S = A S /N i L o = N S
RO g & PR B C LR IR INTE I B G AP AW
[ B A B A1 = R S e 1 AR, DRI, R T C ot R
BT IR AT AR VR AR (0 RN, SRAE B I =
TR AR B 2 AR A L

DR, AT 98 0 R E5 36 73R 15 SOL 42K
Ti-47.5A1-3.7(Cr, V, Zr) (at%) &4, 7EHIERE BN
AFREEMR CItE, ML C uENHIEHLARI. A
U R U B A P B AN v ok 0 7 1 R 11 5 e LA
3 ok 0 B s R R L S A B DA 0 AR i 1 B
HHRMERREC &, BUEEHER THAS
& 0 AR AR TR 2H SR 43 M O 45 A4 i 8 C ot R o L 0
AP BE AL

BEEWB.: FExESEMR LRI “9737 1K) (2015CB654902); [F 5 F KK % (2016 YFB0700402)
1EHEN: kEE, 4, 1988 FA4:, L, WEHF A m iR R AT, MiRA SRR T R A0 E, Jbid 100081, HLiE:

010-62183386, E-mail: zhangxiwential@163.com



%13 SRS C XS TIAL & S SN 1 AR RE I R - 139 -
1 s I ®1 TAC2-xC BERIMTMIXER
= 1V

TE] JE B 71 )2 Fr AR 1 Ti-47.5A1-3.7(Cr, V, Zr)
a4 (fAifx TAC2 &) PN (0.05%~0.2%) C {E
NI A4 (R TAC2-xC &4, x=0.05,0.1,0.2).
Tiv Al Cr A1 Zr imai &g e mA, Vv LLAIV
& &RAmA, CLLAITIC HiE& &I
KA B RN B IE RS £, ARG BB
] 5 A7 SR A 5 3] 040 mm HIEEHE . SR LK AE R
DB 85 0 4l ) VT IO s B AR W 1 R, &
1270 °C, 180 MPa, 1.5 h # & & Fk /b #F1 950 C, 12 h
AR EACL B G NN T (BJa L AR B 155
PR @5 mm>25 mm HHHiKFE, £ QUANSAR 10
W LT ERAARE MU TARFREN 10 mm
>60 mm KIIE A AFE, 7F RDL 100 % & L KRS
HEAT 760 °C, 138 MPa, 200 h 148 13t .

KA ICP-AES Ml 7740 # Al Cru V. Zr T3,
EAR IR L AN WG BT C Je 3R, 1Bk 204 S
MR O iE, BAEGSR TR 1. Hd, Al
Cr. V. Zr fI C L HR MR L R U 70 Han e, A4
TG O LLmE 2 # 4 . RHA Olympus GX71 Jt2% &
B M2 25 & & MMM 41, 78 100 fi5 F REEES: 20
M I LG THADIR e v B, GEik REAKCR T 50
A~ RH JEOL JSM-7800F 37 % 5t 414 i B 75 15 Bl
PN W52 %A S O 4L 2R 4L R, 7 4000 %5 K R4
HLE 10 M LLgit 2 R H RS EL ai P R
FIARR B o, B EBER o 2 17 98 B G it R
AHORT 500 A SRR Gl FEARER T 1500
Ao K TECNAI G20 7 it H 55 WL S5 Ak 420 At AH 5
BT X AT AR 2, WG & A8 Y 5 1 Ao
k. oA, JusE B W SR I S AR R 2 LR O
Ji K 3%HF+ 24%HNO3+23%H,0 +50% A = % (vol%)

R, U %2 ) AR RE R 10%HCI0,4+90%
=M=

T Ingot axis

Microstructure €<—&\\\'
specimen

|
/
/

Mechanical <
specimen HTT

Ingot o [=
surface

K1 TiAl &4 % kxR E
Fig.1 Schematic diagram of the cast TiAl rod

Tablel Test results of carbon content of TAC2-xC
alloys (at%o)

Alloy C Al Cr \% Zr o* Ti

TAC2 0.047 4760 1.01 254 0.18 0.050 Bal.

TAC2-0.05C 0.093 47.39 0.98 256 0.19 0.052 Bal.

TAC2-0.1C 0.152 47.61 1.00 247 0.19 0.050 Bal.

TAC2-0.2C 0.235 47.48 1.00 2.60 0.22 0.053 Bal.

Content of O*: mass fraction (%)
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Fig.2 Macrostructures and microstructures of cast TiAl alloy with different carbon contents: (a) TAC2, (b) TAC2-0.05C, (c) TAC2-0.1C,

and (d) TAC2-0.2C

B3 AFE CEE TIAl &&HRBE T MM ALA N
Fig.3 SEM images of TiAl alloys with different carbon contents: (a) TAC2, (b) TAC2-0.05C, (c) TAC2-0.1C, and (d) TAC2-0.2C
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Fig.4 Characterization of morphology and structure of carbides precipitates of TAC2-0.1C alloy: (a) TEM bright field image and

(b) selected area electron diffraction pattern
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Table 2 Quantitative statistical results of microstructure parameters of TAC2-xC alloys

Alloy Phases Lamellar spacing/ a2 a2 Carbide precipitates
pm fraction/vol%  thickness/um Type Size/nm __ Content/vol%
TAC2 ytoz 0.43 7.90 0.11 - - -
TAC2-0.05C y+ay 0.44 7.95 0.13 - - -
TAC2-0.1C  y+o+TiAlC 0.38 8.33 0.10 Ti,AlC 265 0.43
TAC2-0.2C  y+op+TiAlC 0.39 8.55 0.11 Ti,AlC 425 0.75
04 6
——TAC2 a 10 . TAC2 b
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Fig.5 Creep curves of TiAl alloy with different C contents under 760 ‘C, 138 MPa, 200 h condition: (a) creep strain versus time and

(b) creep rate versus creep strain

% 3 TAC2-xC &% 760 *C, 138 MPa, 200 h #Z3F 4 &8
Table 3 Creep properties of TAC2-xC alloys under 760 C,
138 MPa, 200 h condition

Instantaneous .
- Plastic creep Total creep Creep rate/
Alloy creepo/':"tram/ strain/%  strain/% st
TAC2 0.098 0.154 0.252 2.2x107°
TAC2-0.05C 0.084 0.092 0.176 1.2x10°°
TAC2-0.1C 0.074 0.072 0.146  9.2x107
TAC2-0.2C 0.086 0.059 0.145  7.4x107
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Fig.6 Influence of carbon content on tensile properties at room

temperature of TiAl alloy
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Alloy o A
TAC2 0.017 0.158
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Fig.7 Bright field images of deformation structures after tensile creep of TAC2 alloys under 760 ‘C, 138 MPa condition for 10 h:
(a) deformation twinning in y lamellae, (b) cross twinning and interaction with dislocations, (c) dislocation emission from lamellar
interface to y lamellae, arrows indicate dislocation bowing out from lamellar interface and cusped dislocation, arrowheads indicate

dislocation debris. TEM images taken from [110]y direction
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Fig.8 Bright field images of deformation structures after tensile creep of TAC2-0.1C alloys at 760 ‘C, 138 MPa condition for 10 h:
(a) deformed lamellar microstructure, (b) deformation twinning, (c) arrows indicate cusped dislocation and arrowheads indicate

dislocation debris. TEM images taken from [110]y direction



<144 » Wit & mA RS TR

( usped
diYocation

g=[111]

K9 TAC2-0.1C & &S M AL ss A A EE I ST 4514 T 1Y TEM 3514

Fig.9 Bright field images of the cusped dislocation in creep deformed TAC2-0.1C alloy under different operating reflection conditions:

(a) arrows indicate cusped dislocation and arrowheads indicate dislocation debris; (b) g=[111 ] and (c) g=[ 111 ]. (TEM images

taken from [101]y direction)
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Abstract: Cast rods of TiAl alloy with lamellar microstructure were prepared by cold crucible levitation melting using the Ti-47.5Al-3.7
(Cr, V, Zr) alloys with 0.05%~0.2% C (at%, the same below) addition. The effects of carbon content on microstructure and mechanical
properties of TiAl alloys were investigated by microstructure observation, tensile test at room temperature and creep properties
measurement. The results show that the preferred orientation lamellar microstructure can still be obtained after adding 0.05%~0.2% C. The
volume fraction of the a, lamellae increases slightly and the lamellar spacing tends to refine with the increase of C content, and the
relationship between the lamellar spacing and yield strength is in accordance with the Hall-Petch relationship. When the carbon content
exceeds 0.1%, fine Ti,AlC-type carbides precipitate inside the a, and y lamellae and at the lamellar interfaces as well, and the size and
quantity of the carbides increase with the increase of carbon content. The ultimate tensile strength and yield strength of the alloy at room
temperature are improved by adding 0.05%~0.2% C, and the improvement gradually increases with the increase of C content. The tensile
strength and yield strength are increased by 101 MPa and 123 MPa, respectively, when the carbon content is 0.2%. The creep resistance
has been improved significantly by adding carbon. When the carbon content is 0.1%, the creep performance is the best. Compared with
that of the alloy without carbon addition, the plastic creep strain is reduced by half, and the creep rate at the same strain is reduced by
more than one order of magnitude. The addition of C element can restrain the generation and multiplication of dislocations at the initial
stage of creep. In the primary creep stage, the formation of jogs and debris in the gamma lamellae hinder the movement of dislocation
which contribute to the remarkable increase in strain hardening effect of the C-containing alloy. At the same time, the Ti,AlIC-type
carbides further strengthen the lamellar interfaces and the matrix, and the refinement of the lamellar spacing together improves the gliding
resistance of dislocation across the lamellar interface.

Key words: TiAl alloy; carbon content; lamellar microstructure; creep properties; room temperature tensile properties
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