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Fig.1 AIMoTi ternary phase diagram.
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Fig.2. Phase fraction-temperature phase diagram of aluminum-molybdenum based alloys: (a) AIM0o60 alloy; (b) AIMo57Ti3 alloy; (c) AIMo55Ti5
alloy; (d) AIMo53Ti7 alloy.
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%1 %1 AIMo60 2 AIMo55Ti5 & 4 B4k 2 i h
Mo ##E YS/T 1075.2—2015 Frufk AR AN H 2R E ,
Ti WA TY/T 0567—2020 Frih I HL AR A 55 B8 1 R ot
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(AIMO55TiS SE Ti & &M 4.31 wt. %, B T 15 71HE,
AR SRR N H Ti R 55 . B 3 AR A
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FHEL, AIMoSSTiS A4+ AlsMos fiT S i B4 7] 7= £ FE
o SE R EREES (Mo: 145pm, Ti: 140 pm, Al:
125 pm), W[ #HEN AlsMos A% Ti i Pt se B
e TR FLAE KK Mo JRF, SEUR IR 5 s o
A%, FHIEAEE (dAED Wb, ERATH A (200 [Rm A
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& AlMos ~FHTAH 57> #2004 8%, T XRD SE5G & &
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M, faPabFd R PuE PR A, 0 SR AlMos
R B 72 BRI R Re 8 2 5 R NP, SECEIRK
B TP A 55— 77, XRD E&E (RIR V%)
A B A7 AE L1 +2%~5% ) 0% 22 30 [l o P Bl 45 R 5 R W
AIMo60 &4 HFTE R E I AlMos M, ARMA S KT
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% 1. AIMo60 J% AIMo55Ti5 &ML (wt.%)

Table 1. Chemical composition of AIMo60 and AIMo55Ti5 alloys

(Wt.%)
& Mo Ti Al
AlMo60 60.62 = RE
AlMo55Ti5 55.24 431 RE
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Fig.3. XRD patterns of AIMo60 and AIMo55Ti5 alloys.
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AIMo60 & 4 H 2R TS0 HH 2K 8 A B J2HR 1 o 2H i
(Kl 4a), Al. Mo TR MWAIS], HFAEVEE Mo
71 Al X3 (] 4b Fl 4c). S5 HBTES 1, B
HEAMHANE Mo 34 Al M. RIS TR, KEILAAH
Mo &84 55.88wt.% (K 4d), HEHMHM Mo &2 EIA
86.41wt.%, L GE WIS (60wt.%). 455 XRD 4
B, HENEAAMEA AlsMos M, HEE Mo 4 AlMos
Ao

\r: 86.41wt.%’{§

Kl 4. AIMo60 [¥) SEM 5 EDS Elf%: (a) AlMo60 LIS (b) XL (a) B AIMo60 H1 Mo Jo& 4r i (¢) XFRL (a) & AIMo60 H
Al TTERM: (D) R (a) B R EHE A A ZUR RO .
Fig.4. SEM and EDS images of AIM060: (a) Microstructure morphology of AIMo60; (b) Mo element distribution in AIMo60 corresponding to

figure (a); (c) Al element distribution in AIMo60 corresponding to figure (a); (d) Partially enlarged view of the microstructure within the blue

dashed box in figure (a).

5 9 AIMo55Ti5 A &A% &gtk EE& . 7TUE
2, AIMo55Ti5 MIZHZR 3= Bt K (0 FE AR AH . IRIK L AH
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HI5), TR Mo E4X kL (B 5b, 5¢). BhiMRIL,
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HR IR AR IR Ti TR A 52D . Bl i 45 R R,
WK EFEARME Mo M Ti & EHIA 5525wt %F
1.05wt.%, IRKEAHE Mo Fl Ti & &40 75N 44.37wt. %
F19.22wt.%. IR G HIRIER K OAHK) Mo F1 Ti 5 87373
N 52.20wt. %A1 3.61wt.%- 53.83wt.%F1 3.11wt.%, Pi#H
FRAY I, NOAFE—FPPIAE . Ak, X RIS PIAH
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Mo. Ti &M HIA 5581wt %A 56.94wt.%, 5%
IKE AR (56.30wt.%) T . ik, 454 XRD 454,
WG HERT K B S EHIR BRRAHI N Ti R B
TAFEEEBE Mo JE-TH AlsMos ¥, R K (AR N Ay
AlMoTi#H . PA_EHERIE 75 2 J5 22 EBSD A4S R ARIIE .
6 N AIMo60 5 AIMo55Ti5 &4 EBSD 43 fii
K. iTLIEF], 5 XRD & SEM+EDS 458 —% (K 3
FIE 4), AIMo60 &4 H AlsMos F1 AlMos FiAHZ K, T

K 5. AIMo55Ti5 [ SEM 5 EDS El%: (a) AIMo55Ti5 FIZHZUESR;

BHY AN 93.5% 6.5% (K 6a). XT AIMoS5Tis
A4, 5 XRD figE AR EL, EDSD AU 2] AlsMos
A1 AleMoTi #H, Lkl /b & AlsMo I, =F =
B BN 71.3% 28.5%F1 0.2%. XA HT AlsMo FH
EEMKT XRD Mk TR, FIARLE XRD H &M, 7
&b, EBSD 45 HIGHE T SEM+EDS FHENT: K (5
A EPIR . #RRAE IS AlsMos WA, HESZRIET
Ti & #: Mo LBl IA .

(b) X (a) B AIMo55Ti5 & Mo JTE/Mii: (¢) XM (a) &

AIMO55Ti5 1 Al JCE DA (d) JFM (a) B AIMo5S5TIS /1 Ti JCER M (e) XM (a) FIH R L HE N I SR BB O .
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Fig. 5. SEM and EDS images of AIMo55Ti5: (a) Microstructure morphology of AIMo55Ti5; (b) Mo element distribution in AIMo55Ti5

corresponding to figure (a); (c) Al element distribution in AIMo55Ti5 corresponding to figure (a); (d) Ti element distribution in AIMo55Ti5

corresponding to figure (a); (e) Partially enlarged view of the microstructure within the blue dashed box in figure (a).
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6. (a) AIMo60 5 (b) AIMo55Ti5 & 4:1 EBSD A4 i .
Fig. 6. EBSD phase maps of (a) AIMo60 and (b) AIMo55Ti5 alloys.
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NHELLTE AR, 5 AR RORLY 2R B T A, B
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Fig. 8. Impurity element contents at different positions of TC11 casting after three melting cycles: : (a) C content; (b) Fe content; (c) N content; (d)
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K 9. TCI1 JldhtE (ad Skl (b) JERABH RT iR .
Fig. 9. RT images of (a) the head and (b) the bottom of the TC11 finished ingot.
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tH, i AIMo55TiS £/ TC11 #4155 HAE A
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* 2. TCI1 Bk & &1k RE
Table 2. Mechanical properties of TC11 titanium alloy.

Aé_z\ ﬁlzlh_\[ jﬁlﬁgﬁlg ﬁ,ﬁiﬁ%@“ Hfﬁﬁl‘q&éﬁig SOOOCRITI
B " Rm (MPa) A (%) Z (%) (MPa)
. SR 1140 14 37 812
TC11-AIMoT —
¢ o o 1140 15 38 796
kL 1130 13 37 794
TC11-AIM —
¢ © e T 1140 14 43 792
PR /. >1030 >8 >23 >685
=A

1) AAE RN, AlMo A4 Ti BIEIEE
5wt.%Mf (AIMo55Ti5), AI7E 262.66~970.95°C i [ P
TERTE AlMos AHIX,  HLEH s A 7] 28 S5 AH (0 4% A8 i 5
B, ARTEBRPGE R POER R EC AlMos
FHB B (1 AU o

2) SLEHI& K AIMo60 & &Y A AlsMos 5
AlMos (Fi &5 %7 89.0%- 11.0%), 1fi AIMoS5TiS &4
' AlMos M TE A K, TR AlsMos M AleMoTi #H. Ti

AT S W v A A A

3) AIMo55Ti5 &4+ Mo. Al LR,
Mo XK. EBSD it —PiiihH 34N AlsMos 5
AlgMoTi, 7& i AlsMo Ml (<0.2%).

4) KH AIMo55Ti5 & 4:Hil £ 1) TC11 k& 45,
Z=UIEHRE LR (AL Mo) At sl, ZFEtE
(Fe. C. N\ H. O) & E@EACThriE LR, 2t
TARAT I . SELBURBTERE, HBERERR .

5) #E S 230 mm TC11 #H = K& 500°C &
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Effect of Ti Doping on Phase Stability of Al-Mo Based Alloys and Its Application
Evaluation in Titanium Alloys

Abstract:

Lin Wang'?, Yike He'2, Zhenbang Wei'?, Huan Li'*", Shilin Sun'?, Jingbo Dang'*
(1. Xi’an Rare Metal Materials Institute Co.Ltd, Shaanxi Xi’an, 710100)

(2. Technology Innovation Center for Advanced Rare Metal Materials, Shaanxi Xi’an, 710100)

Molybdenum (Mo) as a B-stabilizer in titanium alloys is typically added via AIMo master alloys. However, the conventional AIMo60

alloy contains a high-melting, Mo-rich AIMos phase, which readily causes B segregation and hard inclusions in titanium alloy ingots, severely

deteriorating the fatigue performance of components. This study proposes Ti doping to modify the AIMo alloy, tailoring its phase constitution to
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reduce the risk of forming the Mo-rich high-melting AIMos phase. The optimal AIMoTi alloy composition was determined by thermodynamic
calculations. AIM060 and AIMo55Ti5 alloys were prepared by an aluminothermic reduction method, and their phase constitution and microstructure
were analyzed using XRD, SEM, EDS, and EBSD. The optimized alloy was then evaluated in the industrial-scale production of TC11 titanium alloy
ingots and bars. The results show that at a Ti doping level of 5 wt.%, the high-melting AIMos phase in the AIMo55Ti5 alloy completely disappears,
transforming into AlsMo3 and AlsMoTi phases, along with significantly improved microstructural uniformity. When applied to the melting of a 3-ton
TCI11 alloy ingot, the main element deviations were small, impurity elements were well controlled, and no macro-segregation or inclusion defects
were observed. The mechanical properties of the forged bars met and even exceeded the standard requirements, and were comparable to those of
TCI11 alloys produced using the conventional AIMo60 master alloy. This study provides a novel strategy for the homogenization design of master
alloys for high-end aerospace titanium alloys, with considerable engineering application value.
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