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BT W 5T 1) & 4 A Ti-48Al-2Cr-2Nb  F1 Ti-48Al-
2Cr-2Nb-0.5Ni-0.4TiB, (T4822 Al T4822-(Ni,TiB,), J& T
EL %), SRAIKEHIHIRERECIE R ASMD il
B, IBIERFENE AR (L150kPa) o ARSLIGEEEE
IS EA R T 0 Rilg4RER (99.9%) . malifn
BE (99.99%) . P AIE4 (Nb 56.8%) . itk

(99.9%) . =4l TiB, M4 S (99.9%) - N{RIE
BEEE R B A ME, AR ALE BRI AOIRES N R
300s, BfifabeA 500 C T EIFETE & @ e 8 b, B4
JUSER @50 mm>110 mm. B8 58 G 8 EE AR STUR
AT A, IR EDY 900 C, HISIAL AL BRI [R]
5 h. % ICP-OES (Inductively Coupled Plasma-Optical
Emission Spectroscopy) A ill, #54E 4L s IR 1.

K X BHRATHHMY (Empyrean) #:01 TiAl &4
FHER RS, BEMNEEE, iR 2 MES TN
202100 K H AL % EDS & 4t 434 FE 7 2 438E (Quanta
200FEG) HEAT BAMZHLINEE, FE i AU i )5 24T i
fiE ot . AR AR O BT F B 60% F B +
34%IE T BE+6%m SR, PWGIRE N-25 C. RWEEHY
SEAHRURL, SRA HFE ER X R PO 5 B R 34T
T, TR TR 20 . G B EAE Y KA IE S BT
SEE (Tecnai G2 F30) 58k, &K F H A SUs s
W, HUARVR S LRI BT AR [

SKH Instron 5500R Hi-¥- /5 REAFRHALR AL TiAl
A& = IR R R AR L R 25 0.5 mm/min,
TEAZAF MR 3 ANAFE, BCPIIE . SRS
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2.1 TiB, & Ni A& 43t TiAl & &5 EIH LN

1 4 T4822 F1 T4822-(Ni, TiB,) & & #64E XRD
e MWE AT LLE 2 Al & B AH I y-TiAl
F 0p-TigAl,  FARR 2 HABYIAR, X AT RE R BT 0
1 Ni 2 TiB, S &8/, H - HMpIRE, BT XRD
R FBR .
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Table1 Chemical composition of the TiAl casting ingots (at%o)
Alloy Al Cr Nb B Ni Ti

T4822 4762 1.88 1.92 - - Bal
T4822-(Ni, TiBy) 4755  1.89 2.11 0.65 0.46 Bal.
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Fig.1 XRD patterns of T4822 and T4822-(Ni,TiB) alloys
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F R S A AFAERURLR p A AL, R E
WESTEAE S At X3, 4 EDS M kL, %X IAEAE
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K& EARIF, T4822-(Ni, TiBy) & & A GHURY 17
5 Ni TR EE. &6 0a A, AR A E Ni
1) w3 M. HIRARE S, T4822-(Ni,TiB,) & 4 ki
R R2Z )N, 2575 100 pm.

Ubak, M 2d AT BAE H o M Btk p A AT TiB,
WORLPERE 73 AT, B AAE )2 B S AL, Stk y A
MR 2 TR 4. [EaAERE TIAI 5484, ml
FHE BT H R AT TR AS £ B S IR T Ok
TE3, £ B 5 1) Bk A 1 A% AT i o AR A 2R
IRERAHPRESL . I, 454 Ti-Al-B =nd &M
FVI Ak A0 70 25 0] CAAHE W A BT 5 mf A4 M IR A TiB,s
T TiAl &4 aEEYIH, 594 g ML
o M o3 AHFIHOIR p AU BT 0T H R BE AR, R o
B PR AR & ALTRAR R BT, R s iR A 2T
PAVLEE B 5 AL HOR y MIRIKAE TiB, Bk AH AR 43 4 )
FRAE. NI JTERIIINY K T &SR E - AR X A, 32
T S R R ) AL E R, TR T = R A4
dHUIR p M S B 454 Ti-AINERI Ti-Al-BRE20 = g
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Fig.2 Microstructures of T4822 (a, b) and T4822-(Ni,TiB>) (c, d) alloys
=2 [E2b KE 2d hESE TR ER EDS R TSR
Table 2 EDS analysis results of different positions of as-cast alloys in Fig.2b and Fig.2d (at%)
Position A B C D E F
Ti 49.02140.36 50.5140.33 47.8530.44 46.2840.38 42.9840.43 48.5940.45
Al 47.3530.45 44.2530.36 48.9540.38 49.7620.48 45.5640.35 47.4140.53
Cr 1.8840.12 2.8940.23 1.5540.14 2.0340.21 5.7540.23 1.6640.24
Nb 1.7540.16 2.3540.22 1.6540.17 1.6840.13 1.8840.16 2.1140.12
Ni - - - 0.2540.04 3.83#40.15 0.2340.08

K 3 N T4822-(Ni,TiB,) & & H I TiB, & % i@
Fro Bl 3a HATLAE Y TiB, WikifE & a3tk iy 519
i, BT, WE 30 R LG H TiB, Bk 2
AORESR, BAERAKMSEREL (15) , 53k TiAI-B
Ea IR TiB, BRI A AR SH L, X gk b
& Ni JCREINHA I BT BB R R i
i Ti-Al-B =n&&AME o N, X T Ti-48Al &4
5, WA TIB, MHT R EAE 1480 CA A, T il
PR R (1272 °C) , RIILERID 0.5at%Ni 7o 2 Xl
TS0 03 A BRI L/

4 3 T4822-(Ni, TiBy) & 4 1) TiB, Sk % 5 Fi 6%
TEH. WEIHRRTLUE 1, B RHRCR, 98 ik 2
0.5 um, EAMNZE RGN, 5 TiB, Mmik g AL
TEAFAL, Wi 4b fin. X HEFATRAERER Y, Bl
W JE R R A R LA AN R R R TR p A . 5 RSB o A
BRAINT IR, AT T4822-(Ni, TiB,) & 4 142
LML S BRI TiB, 4L, T8 iAWk 5]
Ko TEALERERHI, A pAHIE S AE KRR TiB,

AEN o MRIEBNERZ T s, 320 o AR 2, &3
BEJEI a—y ¥ ), XA EZN T R ERNW
s FARTI A D) B VR B HE AR (B, 7E— e R
RHAG T A SRR, B E AR NI A AR, X
AR AL I P R HOIR y AR B o A A A2 2 1
FmkL, i 4a FiR. i BEAHESSRESGE&ME
AR, (B R NI G R NIE— e FERE s T
[ -0 LT AL R A3 i ¥, HETAR BERIAE g ATIEAZA., (H
A2 5 AT HISCHRBIAH EL » Ni TG RIS BT 4 dfb R Sf
(RgZaE /N, Rl T4822-(Ni, TiBL) & 4 M 4RAb R 1 %
R TiB, 5.
2.2 TiB, B Ni &4t TIAl &E&HF MR

& 5 A T4822 Fl T4822-(Ni, TiB,) & 4= A [E M4 i)
YR M ZE SR . IR RT DU H 3R & 4 b B2 A
KA B v, 1AF] 7.2 GPa, y MM RAL, 22
B2 #H—2F. 4T T4822-(Ni,TiB)A &M s, &t o
FHFR I fo = AR B JE, ik %) 8.3 GPa, iz T 2 H
PR y M. ZEEFHT B2 HEERD, MEAK
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Fig.3 Morphologies of TiB; phase in T4822-(Ni,TiB,) alloy
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Fig.4 TEM image (a) and SAED pattern (b) of the TiB; particles in T4822-(Ni,TiB,) alloy
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Fig.5 Nanohardness of different phases in T4822 and T4822-
(NI, TiBy) alloy

MILGUOKRAERE . dbAh, (EfERERZ, Ni Ml TiB, 64
G, Fr 2RO p A 9K S 25— e R 4R
B, XNZAE T Ni TR BRI, Gaken
IRF LR B PST TIAl &4 p MBI KA RE ik )
5.2 GPa. Niu [RIRF 7 & B4, i p-yTIAl & 4 B2 H.

Jr 2 B y A B G K A B 43 ) 8.5 6.8 A1 5.3 GPa, )
T A T S A I AORBE S, X AT RE S G A
THREA K.

6 >Ny T4822 Fl T4822-(Ni, TiB,) &4 1 2 I Al & i
FrAVEREGE T 25 R . N AT DL H T4822-(Ni, TiBy) &4
(1) = IR IR IA R 605 MPa, S3EAA &ML, Wi
KZILF] 0.62%, BIEMAA SR RL) 30%. B4 M
Tt 2 P E S PTh R R T R, Wi S iR
Wit . MIE 6a T LA tH, £ 700~900 “C il
W T4822-(Ni, TiBy) & &N PLhr st B a4 = T2k & 4, 18
900 ‘CHIfiFi5REiAF 365 MPa, Ak A 44 9%.
800 C LA N IEAA & & I W2 K 23K T 7.5%, 900 “CHvf
L) 9.3%. AMRYECHRIRIE, —HAH TIAl & & rB 2L
AR 7.5%EI AU R T BIPER B, il B2 ED
BHOPINEH AR ED, F, WA EES S mPIE
HASEE AT 800~900 C M. {EfFFEREMAZTE 750 C
I T4822-(Ni, TiBy) & < WAL 215 5 8.1%, 800 Fll
900 ‘CH HIbr &K Za 43 Jllik 2] 25.3% 1 36.1%, LT
A E. REWEIZG SMPINEH R KT 750 C,
KFEMAESE, XNiZSHALUREE XK.
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Fig.6 Tensile properties of T4822 and T4822-(Ni,TiB,) alloys at room and elevated temperatures: (a) tensile strength and (b) fracture elongation (&r)

Wang P B 7T 2 IR N 1at%F B JTE i, Ti-47Al-
2Mn-2Nb & 4 ()M % A2 FE FEAIC 100 °C, IR NIX £
BRHT B A& S8 A5 K. 5L b, 7R
TIAl A& TR, S50 417N SRR R F T (F 8
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SHRA R, Mo, ET oy MO RARE s
fiE, XA TIAl A4 iR AT B4R y AR, Y
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BEA LT AAE T, M4 o i 28 . Wang P I 72

T, EIL/AEER TIAL GET, afy 2R &R EH
o JE R UGE, MEWIVERG AR AR IR . MR AR T
P AR TR B I, AR TR T B0 BOE 1l Bh T B AL RS
s AR = T R AR T, o J2 F A2 B
BARG, CRRBIGERRRH wfy ERHTEERT. K
I, T4822-(Ni, TiBy) &4 KEMIHR y FHAT aoly 2 H
ML — DRI T & &M RE ). )2 A A
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A R sii B RT3 T IR RHBU ISR . W T 244
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IRIBVESR T 2218 . WO AR TR RS ) 2 R

K 7 9 T4822 Fl TA822-(Ni,TiB,) &< 55 i Al 800 °C
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Tensile fracture morphologies of T4822 (a, b) and T4822-(Ni,TiB,) (c, d) alloys at RT (a, ¢) and 800 ‘C (b, d)
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AR RE 1 W7 0 BEAF VR 2 Wi 3 AR AE 5 2 i
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Ko T4822-(Ni, TiBy) 7 4 & b H i Wy 11 5 Bk 5 4 2%
AL, fER T TP 5, 3 AN THI I BH & 4 1Y) o R At /N 35
5], 800 CIMIRRT, FEAA W NESH S ZRIEIEN
APk, B M W AR, R SEF ) 55 . T4822-(Ni, TiB,)
A4 800 “C Rl FE ¥ 7 1 2 B0t B B 1 M ) S
Wr TS, RINZIEKL T &84 TPIHRES, miRBik
R4f,

3 & 1

1) 5 T4822 &4 AL, T4822-(Ni, TiB,) & 4 [k [l
PRARFIVI AR FE AR R, AR TiB, FUE 8 /1, i
Fi RS A 700 pm 404k % 100 pm, TiB, B o A% IF
FHAS A KRG S i i i R o 75 AH A A K A
FEiA%) 8.3 GPa, T v ZBIAHUR y 4.

2) T4822-(Ni,TiB,) & &M= ik si i 5 54 4
FHIE, 700~900 “C 47047 568 B T vy T J: 44 & 42, #E 900 C
I o B2k $) 365 MPa, #E ARGt s 9%. 750 C
I} T4822-(Ni, TiB,) & 4 i 2K #2531 8.1%, 800 Al
900 °C i H: Wy A 28 53 i £ 25.3%F1 36.1%, & 4= 1)
I AR IR AR T 750 'C, K TEAEE.

3) T4822-(Ni,TiB,) & < 1 Mfe i A Tk FEE FAAIR A 3 22 i
DRITE T SR RST IR AL AR AR I BOR y A1, B2 BT
R T AR T A T R o A A TE U ARIE T 5 4
1EBA B i 2V B AT T A B 15 .
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Solidification Microstructure Evolution and Mechanical Properties of Casting
Ti-48A1-2Cr-2Nb-(Ni, TiB,) Alloy
Wang Hao™*, Xie Guangming?, Jia Yi'*, Yao Haoming"*, Wang Tao"*, Xiao Shulong®, Chen Yuyong?, Han Jianchao*
(1. College of Mechanical and Vehicle Engineering, Taiyuan University of Technology, Taiyuan 030024, China)
(2. State Key Laboratory of Rolling and Automation, Northeastern University, Shenyang 110000, China)
(3. National Key Laboratory for Precision Hot Processing of Metals, Harbin Institute of Technology, Harbin 150001, China)
(4. Engineering Research Center of Advanced Metal Composite Forming Technology and Equipment, Ministry of Education,

Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: With excellent specific strength, specific modulus and service performance at high temperature, TiAl-based alloys have become the key
material for the update of aerospace engineering. However, the coarse as-cast grain size, low room temperature plasticity and strength limit their
further engineering application. In this paper, the Ti-48Al-2Cr-2Nb ingot alloyed with TiB, and Ni was prepared by the induction melting, and the
effects of TiB, and Ni on the solidification microstructure and mechanical properties were studied. The results show that the addition of TiB, and
Ni exhibits little influence on the solidification path and primary phase. The grain size is refined from 700 um to 100 pm, and the flake TiB, and
Ni-riched z; phase is determined. The nanohardness of z; phase is detected as 8.3 GPa, which is significantly higher than that of lamellar colony
and bulk y phase. Tensile strength of T4822-(Ni, TiB>) alloy is similar to that of the matrix alloy, and the fracture elongation is increased by 30% at
room temperature. At 700~900 °C, T4822-(Ni,TiB,) alloy shows the preferable tensile strength, and the tensile strength at 900 °C reaches
365 MPa, 9% higher than that of the matrix alloy. At 800 and 900 °C, the breaking elongation reaches 25.3% and 36.1%, respectively, much
higher than that of the matrix alloy. The refinement of grain size and the massive y phase at grain boundary are the main reasons for the plasticity
improvement of T4822-(Ni,TiB,) alloy. And the good high temperature strength can be attributed to the hard borides and Ni-rich 73 phase inside
and at the interface of lamellar masses.

Key words: TiAl alloy; alloying; microstructure; mechanical property
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