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Abstract: As the new generation light weight high temperature structural material, TiAl based intermetallic alloys have
broad application prospects in aerospace and automotive fields. Invesiment casting is the commonly used manufacturing
method for TiAl based alloys. The development of the casting components, and binders and refractory materials for invest-
ment casting of TiAl based alloys are introduced. The smelting technology and the latest research progress of TiAl based

alloys are reviewed. The obstacles and prospects of investment casting of TiAl based alloys are also represented.
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Fig. 1 Properties comparison of several alloys
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Table 1 Properties of several typical TiAl alloys
Strength/MPa
Alloys, 2/% Yield Breaking ~ Elongation/%
strength strength
Ti-48 AI-2Nb-2Cr 324 442 2.3
Ti-48Al-1V (100 -200) 430 500 1.2
Ti-48Al-1V (300 -500) 400 475 1.8
Ti48Al 390 483 0.3~2.1
Ti48Al-1V 400 507 2.3
Ti44Al-1V 754 - 0.6
Ti48Al(1-3)V 520 - 1.5~3.5
Ti48Al-2Nb-2Mn 392 460 0.9
Ti-47 AI-5Nb 480 510 0.5

Har TR A TiAl &4 B 1k &9 OB M A~ A
AR EMHA, & TiAl 4B EAS Y (& Nb-
TiAl &4) fi i TiAl 24 B RS, 44k
DEREHERAENEEL, RN ELSHTREARY
FmiRsRE P AL RE Sy, @ TIAL & B L&
YA R AR R, &(5~10)Nb §y TiAl 4 &
B &I A RGNS E R, L EZTNZE
SR RBEREESANEAEE, ETS &b E
Nb, V, Crfl Mn) 5| AZbBRE g HATEM A& C
Bl Re ¥4 R MERE

HEER 8B F, LEBHERFIRE R
& A Ti-A1-Nb ZH A9/ Nb-TiAl 5 &M X7 T K&
HABEST, 7E 1991 SR RERLHER . 1990 47
WREENBIFE RS EERFFTRE, Fi&
1990 4EA0 1992 4E Wk 16 £ [ A IF 19 bR Ll T %
BN, PR REmE Y E R 7EF Nb-TiAl
BETEM T KENEMTE LE, TEC. Ti-Al
Nb =JCZEMEY 7 s —hE. o —imEi e
RS20 Z Nb-TIAL 4L B S R s
AR % 57 T QR s R 1B R (R =
BEoE s AR AR R RS AR AR B Ti-AL-Nb &
TR TR EMSZBE ., TRESHER %,

EAX TAl E £ BEL S WHEEHEANATED
FRZF, FAEEE TAL HA E D2 FsE R
S RN | e 30 S = I | =0 e 7 B s ol
W IR Lol K 28 %6 22 R B AE AR IR AR 46 AL B P 2 2 52 1
. TiAl L& B RLERE K. &5 T2 WEER
. TiAl LB G Y E & P sL R 75 1w ok Al
2 2% HRE R4 T AT T B B B AT

fEB T B PLEER L R T 5E TiA1 #4350 #2
s S b T LA, BA BB RIS SR ST
B, (HR TIAL BRI R S A B sk, g
BT R A PR AR R R AT SEIR IR AR O R ME, H
K TIAL B4 T8 B4k A W 56 0 25 R A B o R 4
(ER AT T A IR . RARG SRS TiAl 4 &)
e eE E Y B R R R S S T TiAl 4
B AL & W AR R 52 B PR v I v T 5 3 0 R O B 2 A
B, OAHE ESH T E.OE T TIAL 84000 4E feh 45
BOBCEALAL, A BRI AT TIAL 38 IR 5 Y o [ AL
AR ERETE SR, LIRS BB AR A R BN SR8 i, 8
AT, "Eedkime, BRI, gFmer
FH
2.2 BEEANBIMEIS

TiAl 24 @b & W 7E @ et B & b 22 i 4



26 o A e

F29 %

HIFHS B AERZEME, HIASITREHRTRR
RifEy, XTHBEITCREEN S, B2 TRETES, B4
AR, GRhETRYEENNR, TEREXTHR
HURPE R . BRTC A 3 Flif a a8 77 14 1 2 sz
T TIAL E& R R &Y 4 7 B 7S A # (Induc-
tion Skull Melting) . E.25 B P44k ( Vacuum Arc Melting )
T4 BT U5 4 (Plasma Melting) ', 3 i 4 7 15 %6
KH T EE BOK IR EAR . {H3X 2077 el s TiAl
SBEALEYE AR, MBS E R, HiE
TP LA R 4, 300 X B 65 A T 0 24 g M SR R Y
TiAl B4 g Ak & Yy B RS

HL AL v TSR PR R BN R 0 TR A K S B T S
TN, RIS AR R 4w i i i b &
JB&, FEREE R G ) T R e B IR R B
JEE ROIR A, IR X roREIE AT 18R B B B B B B9 $
AR B AR T84 R TG T 4 R AR LR A 3R
ROSEAN Syt B RZ A D48 A K% i
WA A R, W LMES R R R L QR
REIMFAHT LU AL R A V8 s OHLIE ) R 3 2R 1
BRA L5, @FERTERET, AT USRS R
A A TR R & IR X Ve S 38 JO 35 o M g ok, it
A,

1970 4235 [ J 2y Hy BEAT T JER 7 8 R O R G SR B
FEHTE TR 1980 4 3 [H i £k ( Duriron ) 23 7] & K
RIRR RN T DA A " TR, BRI Y
ZH, ERE. BB, EE, BA. REEFRHE
FKERER ., BAKFFEHRMR A 7 0% EHE TAR-
AMM 24 7R IR R S B s . B IR SR DL
KE LS LMES, 7l THAREER /N5
0.5 mm, FMER AR IF &M, B ARFERHRNA
A& 1Y LEVICAST £0R , 7] DUt 3 5T & 19 TiAl
HeEEibay, T RMBE ., BT 2o
LRSI R . IR P ) R R R R, R4
BRI, B RA

[ P TR B 2 B J2 FL P RO T A AR
TS BETE 863 BRI BT, BATF A HH T
AN 0.6 L A HT IR LA O B PRI iR
I Lol K22 T ALD 23 7] 51 3 0 7K v 4 3 4 2 25 %
B B 20 fib2n 90 AR R e HEKE . H
MIZRAC G TIAL & RBEEE B, BRIREZ
TR, Gelals . HE, EETREEMK<3.0
x10°%) o (HZEARTER IR TIAL 34 I8 )46 5 4 T8
A2 BRI MESEA TAL &4 R LG
YNt &S ITT RERT A B (Ti+ AL RS bR

BEre It S R M X B U R R s PR A AR P R
IR PR RS BT R T Z MR AR B
AR FM T EHE R T ZSZ R .

3 TAIEERENLSURBEEE

31 TAIE&ERLEUHEEHTE

EHETE TiAl Bei & [\ &%) R BRI — B
SE TR GUSE AL M 20 fHhad 90 AU AR, 15
DATE R Sl b Se b i F TiAL B4 J& Rk & 9 B
IR ROk B35 B £y 2y BBy, — KA 2 R S
BEORAYE AR AR SRR S R, R —
e, EEEMHBSA A (GE) ity Ti48Al-2Cr-
2Nb (x/% ), TEFR Ti-4822, & HAELE 7 th AT 5 4 1l
WA BEL, GRS MBS . R
K R P12 7 (PCC Structurals, Inc. ) S5 WA
WMEENAMNTY T, 21 20 REME T, HETL
T T &5, KM A A2 ) TiAl 24 g [ 1k
HEYE AR R HGER . SEE, EEEFAE
(NASAH BB T, MtEE L2 T RARSEZE T X
() TIAL e 4x )& R AL & R 3 T 2 wiE At a9y F & 58
B, FER S AR A 7 R

Ti-4822 H1R Z W 2 1Y i I 5, 7E 20 {42 90 4F
R, BHFEAMPHREEFEE NASA F53/9 R A&
KA1 (High Speed Civil Transport -HSCT) %& 3 H1HE < 157 ¥
BRI o 1Bl 2 & HSCT &Sl st st & &, LU
FHFHE BT 4h Y TIAL 3640 & Rk & AR

El2 [ HSCT ZaM i #EEE
Fig.2  Conceptual diagrams of the High Speed Civil

TI‘E[I]SpOI’t ellgille

Hi T 46 O AL RE TiAL 2 g (8] b & W7 Y flap 0
beam 7R H 8 3& FALIN LAY T 204E 7 H Ok (AL A )
3 mm), K5 P38 B ) 3 K 2 A R M —
PCC A A)AE 1998 4F R D 58 i 1 L5k Ti-4822 ¥4
B, WK 3™, HA Y close-out beam b ¥l o T 48 432



2 B

KA TEBUR R I TIAL R LA Y s o R 27

&, i 7 ER R A

(d) (e)

B3 HEGER Ti4822 FF HSCT HEUmiME i #R1
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ring and ( b) after machining

7= TiAL B4 Ja (B AL S BRI A B SE . AR AT 6.
BT RMERBEI ST 2006 44 A GEnX & ShHLEY
BN FEFE 2007 422 A IS 5% T
B RITIRE
3.2 TAIE£EELESWBRFHIER S

1965 FEE A T2 — BRI B B i G H R
LR, 20 et 70 FERW, BRGS0 9 e =X N H )
Tk B, BlZE, e REdEEEARER T
BRI ERE, BEGEREGEMARE, NEMERE L
WAT LAERE 2 B T i & Rt A Y L BRI A A
TiAl 24 B AL GG T2 s RME AL, TEfl%
TZCHX ERARE T, HEHEEE AOR 45 7 F0 i kA
BRI NEZ,
3.2.1 #5457

K252 TiAl B & g (Bl & W I 4 0 15 Hh Bl e 1Y
EEFAE, 2l LR rMEh 2z, T E R
oo WBUEEE, B RPERA ., KR, IR NS
HrEE AR, HEEHE TIAl & B G WiEE
REMEZME, WFHZ, FEWZRBEARES,
LG Si0, R e A kW (2 ALO,, ZrO,, CaO i
Y,0, %) HPRiEE ) .

PRIFRZEZMEE 2 ERE BN N EER
M7 H SR P RS £ 3R T 20 A Bk SRR, 4% ) Fn Ak
YIREZE R o E T E P AN A P (8 A B RS 25 ) 3=



28 o A e

F29 %

BREGHMIEMENE, WANEABIRE . Tk, I K
A%, SALYPRNEE T 3208 IR . IR . K
WA B . BEINIG S, Mo TEERREE R G SM tA
w LZPEZNSRAILSYRZR, iz T
BRI, MEREEEREELY, LREEEL
PR L2, #RAT AR EAR ZEREE . IR R, 1 i
FUHCE B, PRI A A1 B ) ik 8 JC e o B AR A J
W F S bR =

MEFR SRS B ER AR, [ AL AT = bR
FEHTHHRIE Gu-1, Gu -3 BUREZE Y, wy /R Tl K
R G 1J-8 TR 25550 1 R ] 45 ) 3R 1 R LT 1Y
HEEER G &5 . FATET B R ZHOREE e A BEsE &
AR S, ENRER IR Z 5 KRR R
Sy, SEREGBORMRARATAE o REEE B0 R 4 28 3 IS
T KA B, B, TR T 2 8 BT K AR — A,
KSR WA H— PRI R .

3.2.2 W KA

R Rl A TIAL JLP 1T LU B A AT KR RE SN, 769
REERIEE, BAAHERNERMSNILRE, 2R
B RO, PRERE RS A AR, ik, W
BRI . M.tk AOERBEE WA
T2 T K AR AN I T TiAL 2 )8 )4k & M O 3
Hi T TiAL 2 & Jm L S MR R W s 1k, R R WK
FORMER 1 2 — BCEORAh, BB 2 AT LA Rk
K OmfbrtEr, SEM TAl RS LY &2
BN 2 Ay AL 2 RO @RS K 3 SR R e
A, PERENBCURE/D; OFIAERENL, BU/DEGS BT
SR b

LRI fe P ) THT 2 T b et 3 R A i B T K A
Bh MRS &R R HAL G R R R T R R
A e AR . RITEZE, WEeE ey
RIFEIRAS B B, KSR HERER A T e A ol AP AR

AR TiAL 2 & 8 (A b & WD A5 i AL e
PR KBTI . FRT, EFR 2 A A AR
HEFEEEAR, A 200,, Y,0, il CaO, HRIEH
J1703H, ThO, R is € fmf K E AWy, (Hii FHA
AR, BEARH,

LR AL 2 TIAL k4 ()AL & W IR AR 95 3 R o
MEZWEMR, R RANTER 20,, 28
B AP T v BT B0 45 200, R & TR B LA Y
Zr0, NREFMEIERIARL, PINE IR+ 200, 2K
EFRFRER, fRERETTR N T HRERERN
Zr0,, BEIMA 4% ~ 8% ) CaO, MgO = Y,0,, f#
Zr0, £ 1 700 C ~2 400 CHBRIE, A WA H 37 J7 db itk

1) 3% 2 B TR R

KBTS T 700, (Y,0, BE) BT S
Ti48Al-2Cr2Nb & 41 &R A RN . M5 ERY, ik
T, Ti48Al-2Cr2Nb &R BRI 5 Ak
YIS R FE R — e R B R R RN, AR T AR SR T K,
JEREEZ R 25 wm BIH Yo 15Zr 60, o 2 A AP A R
FE RN E .

R Y,0, EREHAK, BHERRESE, nE
Y,0, A B AR BN, S8R0 E OB R AR R,
M m iR E A S A e AR & &G B kL.
Y, 0, ERFZHAARSRM. BESERA, WNIE
ERENIMIFRHS . BE, Y0, MERMETZC
ZHERB, Y0, MEC S hEm s gL E
SR FEHR, AfRERENERS S5

Richerson™ #4587 LA Y,0, hF, RV EREH
ERAMYH RO G R ER, X T IE R
U, BREMEETZRE. BaER. BfANEN.

CaO 1B — PR A B E | KA R, S8R
4 TiAl 224 R AL G W) B 553G R e iy E 2B 58 Jr 1,
BRECk S Z KT, BAT, X CaO M B A5 IE
FEBEFT R, LaSalle™ 4 28 7 5% F B¢ BR A 11 ¥4 b 3 4h
% CaO T Z ¥ Bl Lasalle &8 FIX F Al w38 iE i im 4
YRR

Fioh, FER]ALO, b R M Al SRR T
TiAl &R L G EEFI X AR EEE, H ALO,
5 TiAL (9T ik R BCE & HE, T AR TiAL =08
PRI 2B W ILE, ANFET ALO, 78 TiAl ¥
b R TR

4 FEMEENRE

FeEE TIAL 5 J8 (8] 4k & W I 450K %5 P 2 7 10 B
BT R, BT T LA MR R O
FRt TAL RSS2 mktER, BEdRS 5RTR
AR, ERERENETER, B ESMREE SR RE T R
W, X R SR AT E ) A WL TR P TiAL 2%
SE EL S PSSR, g B A R 2 R
RFe, WA IR 7e 5 05 4 2 (8] ) ™ 3 R
[ QTiAl g fm LG WA SR —FiamEia
Yy, BWEAR, DIERERESL/DN, TiAlZ 4R EL AP
WSRO, B 5 P R 2RE, AR R 2 B
2, —RBIE SRR, BT OREORIE . B 2
B, IARB BRI SRR W L2, IR R iRk
PR RS E T4 % TiAl 545 OTiAl ZE )R W&
Py 2 3R A A A FEL RS HL 1) SE AR . Bl O P S



2 B

KA TEBUR R I TIAL R LA Y s o R 29

g, MERSEEAINHFE, ©EHHLHIN TR
fifi. HAHMEMAK, FHTELSHEGEML. WA
AL PAC SRR AU S, LIER R IR )
ES e

2007 4=, S GE 24 R4/ R TiAl & (6] 1k
Y C I E 2 F R T R0E 787 AL, TiAl
A N SUEOE 7R 2 YR 7R R AT S AR U
B kRS, AREEShERAE. AR RS ER AT RENL A,
PR 1 R A R A 0 B R R B R
W 2GR AR, BHOKF RS, BTk E R
ZEMREA A TIAL KA E T IZ R

SELE  References

[1] Qin Gaowu(Z=#E), Hao Shiming(FBLAT). Ti-Al RE B
{440 J]. Rare Metal Materials and Engineering ( ¥/ 4> J& 4
BETHE), 1995, 24(2); 1-7.

[2] Li Wen(2E ), Guan Zhenzhong( 3% #F 4 ), Zhang Ruilin
CIREA) . Ti-Al ZE B E LG D SEHIELT]. Rare Mer-
al Materials and Engineering (/A £ B 5 TR&), 1999,
28(3): 129 - 131.

[3] Liu Jian(X] &), Yang Yi(# UZ), Lu Dong(/F Z%K).
EFProCASTEX X THAESBEHFENRRLT]
Foundry(¥5¥%), 2008, 57(11): 1155 -1 158.

[4] Edward A Loria, Quo Vadis.
Intermetallics, 2001, 9(12); 997 — 1 00L.

[5] Edward A Loria.
Structural Materials[ J]. Intermetallics, 2000, 8(9): 1339 —
1 345.

Gamma Titanium Aluminide [ J].

Gamma Titanium Aluminides as Prospective

[6] Mercer C, LouJ, Soboyejo W O. An Investigation of Fatigue Crack
Growth in a Cast Lamellar Ti-48AI-2Cr2Nb Alloy [ J]. Materials
Science and Engineering A, 2000, 284(1-2). 235 -245.

[7] Jovanovic M T, Dimcic B, Bobic I, et al. Microstructure and
Mechanical Properties of Precision Cast TiAl Turbocharger Wheel
[J]. Journal of Materials Processing Technology, 2005, 167
(1). 14 -21.

[8] Kim Y W, Intermetallic Alloys Based on Gamma Titanium Alumi-
nides[J]. JOM, 1989, 41(7): 24 -30.

[9] Lipsitt H A. Titanium Aluminides—an Overview[ C]//Mater Res
Soc Symp Proc 39. Pittsburgh: MRS, 1985. 351 -360.

[10] Kuang J P, Harding R A, Campbell J. Microstructure and

Properties of Investment Casting of Titanium Aluminide [ J].
Mater Sci Eng, 2002, A329 -331. 31 -37.

[11] YangR, Cui Y'Y, Dong L M, et al. Alloy Development and
Shell Mold Casting of Gamma TiAl[ J]. Mater Process Technol,
2003, 135. 178 - 188.

[12] Chen Guoliang( [%:[®l B ), Zhang Weijun( K D% ), Sun Zu-
qing( FpHEFE) , et al. Nb-Ti-Al lntermetallics for High Tempera-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

ture Use( $REK 4R R & JB (B L& W W # IR A5 K1)« China,
Z191111952. 3[P]. 1991 -12 -31.

Chen G, Sun z, Xie X. Advanced Structural Materials[ M ].
Amsterdam North-Holland: Elservier, 1990. 803 -811.
Chen G L, Zhang W J, Wang Y D, et al. Stuctural Interme-
tallics[ M]. New York: TMS Publication, 1993, 319 -324.
Chen Guoliang(JRE R ). Intermetallics( £ JEE{L-&%9) [M].
Beijing: Mechanical Industry Press, 1992.
Chen G L, Wang X T, Ni K Q, e al. Investigation on the
1000, 1150 and 1 400 °C Isothermal Section of the Ti-Al- Nb
System[ J]. Intermetallics, 1996(4); 13 —22.
Chen G L, WangJ G, Wang X T. Reply to the *Comment on
Investigation on the 1 000, 1100, 1 400 °C Isothermal Section
ofthe Ti-Al-Nb System” Part I, Ordering of Nb in y-TiAl and y,
Phase[ J]. Intermetallics, 1998(6) : 323 —327.
Chen G L, Sun Z Q, Zhou X. Oxidation and Mechanical Be-
havier of Intermetallic Alloys in the Ti-Nb-AlI Ternary System[ J].
Materials Science and Engineering, 1992(153); 597 -601.
Chen G, Sun Z, Zhou X. Oxidation of Intermetallics Alloys in
Ti-Al-Nb Ternary System [ J]. 1992 (48) . 939
—-946.

Zhang W J, Chen G L, Wang Y D, et al.
Heat Resistant Alloys TilONb45A1 and Ti48Nb48AI[ J]. Serip-
ta Metallurgica, 1993(28); 1 113 -1 118.

Zhang W J, Chen G L, Sun Z Q. Oxidation of Ternary
Til8Nb48Al and TilONb45AI[J]. Seripta Metallurgica, 1993
(28): 563 —567.
WangJ G, Chen GL, SunZQ, et al. Continuous Ordering in
the TiAl + Nb System[ J]. Intermetallics, 1994(2) : 31 —36.
Wang J G, Chen G L, SunZ Q. Phase Relations in TiAl + Nb
System[ J]. Mater Sci Technol, 1994(10); 359 —336.

Wang ] G, Sun Z Q, Chen G L. Structure of a New Ordered

Corrosion ,

Characteristics of

Intermetallic Compound in TiAl + Nb System [ J]. Acta Metall
Sinica, 1994(30); 525 -530.

Chen G L, WangJ G, ZhangL Q, et al. Strain Induced Struc-
tural Transition of Interfaces and Twin in a Hot Deferm ed Dual-
Phase TiAl Alloy [ J]. Acta Metallurgica Sinica, 1995 (8):
273 -286.

Zhang L Q, Chen G L, Wang J G, et al. Hot-Defomlation-In-
duced a,/y- Interfacial Structure in a Two-Phase y- TiAl-Based
Alloy[ J]. Materials Letters, 1998(36) . 132 —136.

Zhang L Q, Wang J G, Chen G L, et al. Structural Change of
Deformation Twin Boundaries in a Heavily Deformed -TiAl-
Based Alloy[ J]. Materials Letters, 2000(45): 320 -325.
Zhang L Q, Wang J G, Chen G L, et al. Twin-Intersection-
Related Nanotwinning in a Heavily Deformed y-TiAl-Based Alloy
[J]. Philosophical Magazine Letters, 1999(79) . 49 -54.
Zhang L Q, Chen G L. TEM Investigation of Twin Intersection
In a Ti45A1-9Nb-2. 5Mn Alloy Deformed at Room Temperature



30

o A e

F29 %

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[J]. Intermetallics, 2000(8) ; 539 —544.

Yoshihara M, Kim Y W. Oxidation Behavior of Gamma Alloys
Designed for High Temperature Applications[ J]. Intermetallics,
2005(13); 952 -958.

Xinhua Wu. Review of Alloy and Process Development of TiAlal-
loys[J]. Intermetallics, 2006, 14(10); 1 114 -1 122.

Su Yanging ( 7 £ FF), Guo Jingjie (3 & 75), Jia Jun (&
¥), eral. TIAIERREEASGHHRBRETE OCKRERS
7&[J]. Rare Metal Materials and Engineering (%78 4 J& b %l
5Tf), 2002, 31(4); 295 -298.

Zhong Zengyong, Ye Hengqiang. Intermetallic Compound| M].
Beijing: Mechanical Industry Publishing House. 1992; 1 -9.
Liu B C. Progress in Solidification Modeling of Cast Iron in Chi-
na[J]. Int J Cast Metal Res, 1999, (5); 259 —266.

Liang Zuojian (2 E{& ), Xu Qingyan( ¥ K E), Li Juntao( ZE
R, e al. TIAL I B8 B 18 0 B AUE B BB 5
[J). Rare Metal Materials and Engineering ( ¥ 78 4 J& M B} 5
TF), 2003, 32(3). 164 - 169.

Kong Fantao( L, FL#% ), Chen Yuyong(fEE B ), Tian Jing( H
), eral. TIALZEEBEAL-GHHFTIHRLI]. Materials
Science and Technology (M ¥ Fl % 5 T.2), 2003, 11(4);
441 - 444,

Chen Ruirun( ffi##7H) , Ding Hongsheng( T %7t), Bi Weish-
eng(HZEE ), e al. SRERWHRBUARFET MR
[J). Special Casting & Nonferrous Alloys (Fefp 6% A &4
4), 2005, 25(6); 323 -325.

Chen Ruiren ( EFE3) , Guo Jingjie( 3575 ), Ding Hongsh-
eng( TRF), et al. VR HIIRIE T H R M B S I & IR
[J). Foundry(%¥s), 2007, 56(5); 443 —450.

Noda T. Application of Cast Gamma TiAl for Automobiles[ J].
Intermetallics, 1998, (6); 709 —713.

Huang Shumei( B #(# ), Han Mingchen (FHAEL). K&
BRBEEHIELT]. Ace Meallurgica Sinica ( & J& % 4R) ,
2002, 38(S); 334 -336.

Feng Di(i5%), Luo Heli( 3%-& 1), Zou Dunxu( 4F 2 4%) ,
eval. WHPIR RN BIFEIHRBRLI]. Journal of Iron and
Steel Research( $NEBTR2H), 1994, 6(4);: 24 -30.

Chen Yuyong( B E 5 ), Kong Tao( 7, JLiE). TiAl 24 & JH
LB WH R T BN R[], Aca Metallurgica Sinica
(L& B2¥IR), 2002, 38(11); 1 141 -1 148.

Bartolotta P, Krause D. Titanium Aluminide Applications in the
High Speed Civil D C;
NASA, 1999.

Min Lu, Barrett Jim R, Kelly Tom J.

Transport [ R ], Washington
Investment Casting of
Gamma Titanium-Aluminides for Aircraft Engine Applications,
in Structural Intermetallics[ C]//TMS Symp Proc. WY Jack-
son Hole, 2001 225 -232.

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Guy Noris. Power House[ R]. Evendale; Flight Intemational ,
2006.

Huang Dong( ¥ %), Xie Chengmu( A ), Nan Hai( §f
8), e al. ESMRERERBER KRB LI]. Spe-
cial Casting & Nonferrous Alloys (JsFh 55 R &4 ), 2004
(3): 47 —49.

Huang Dong( % %), Xie Chengmu( il ), Nan Hai( &g
1), et al. ESMRFIEE RIBERE R BB 5 KR
[J]. Foundry(#¥&), 2004, 53(3); 179 - 182.

Cui Guamgzhi (B8 . & S EEER SN RN
&I T]. Journal of Materials Engineering ( #8 T78) ,
1996(3); 14 - 16.

Feagin. Ceramic Shell Molds and Cores for Casting of ReactiVe
Metals; United Stales, Patent 5630465[ P]. 1997 —05 - 20.
Yasrebi.
States, Patent 5643844 P]. 1997 - 07.

Zhou Yanbang( JE Z ), Yan Yuanlin( [&#{#%), Xiao Xiyun
(BBZz), ad HBEBEEMADEENRE TR
[J]. Jowrnal of Materials Engineering( ¥4 T#2), 1995(5):
43 —45.

Li Bangsheng( Z=Ff %) , Jiang Haiyan (£ 7E ), Li Zhigiang
(ZHR). FHABERBERAEERE TR
[J]. Foundry(%i) . 1998(7): 4 -6.

Zhang Litong( 357 [7]), Cao Lamei( B B #5), Liu Guoli( x|
F), et al. Near Net-Shape Casting Theory and Practice ( ¥t
IR IR B IG5 LR ) [M]. Beijing: National De-
fense Industry Press, 2007 115 - 116.

Yan Fengyun( [&] 1§ = ), Chen Jidong ( Bi3E %), Ma Xiaobin
(G25) , ea. HKESEEBEHARLI]. China Foundry
Machinery & Technology (1 Bl %5 ¥4 & 5H AR ), 2009(2):
1-5.

Xiao Shulong( & #47), Chen Yuyong( i K& ), Zhu Hongy-
an(RUEH) , e ol KRAVERERLESHHIBEBES
FE IR Bk B[ J]. Rare Metal Materials and Engineering
(WELBMESTHE), 2006, 35(5); 678 -681.

Liu Aihui( X% %), Li Bangsheng( Z53f/E), Nan Hai( i
1), e al. TIALE:SEE LG YEGES DB REY
AEAVER[J]. Rare Metal Materials and Engineering ( ¥ 75 4
BAESTRE), 2007, 36(11); 1975 -1 978.

Rcherson. Ceramic Composition and Crucibles and Molds Formed

Therefrom; United States, Patent 4040845[ P]. 1977.

Method for Stabilizing Ceramic Suspensions: United

LaSalle. Inerr Calcia Facecoats for Investment Casting of Titanium
and Titanium-Aluminide Alloys. United States, Patent 5766329
[P]. 1998.

Lin Junpin( #K#3 ), Chen Guoliang(JKE B ). TiAl 4 &
BIfLa 2 8 & B[ T]. Materials China ( 5 [E ¥ B FE)
2009, 28(1). 31-37.



