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Composition design of Ti-Mo-Nb-Zr-Sn BCC solid solution alloys with
low elastic modulus and low Nb content
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Abstract: The basic formula of cluster formula [MoTi;4]Mo; in Ti-Mo binary alloys was determined using the cluster-
plus-glue-atom-model, then a general cluster formula [(Mo,Sn)(Ti,Zr),4]Nb; was finally formed according to the mixing
enthalpies between alloying elements Sn, Zr, Nb and the matrix Ti. The designed alloys were prepared into d 6 mm rods
by copper mould suction cast method, and then solution-treated at 950 ‘C for 2 h followed by water-quenching. The
structures of alloys were characterized, and the tensile mechanical properties were measured. The experimental results
show that the ternary alloys by Sn, Zr and Nb substituting for Mo in cluster center or shell exhibit a BCC £-Ti structure
and have lower elastic modulus. A multi-component alloy with the lowest elastic modulus as well as low Nb content is
gained at the composition of [(MogsSngs)(Ti;3Zr)]Nb; (TigsMos,SngsNbygoZryg9, mass fraction, %), where a
combination of Mo and Sn forms the cluster center Mo, 5Sn, s, Nb serves as the glue atom, and partial Zr substitutes for
Ti in the cluster shell. Its characteristic mechanical parameters are elastic modulus £ of 43 GPa, tensile strength gy, of 569
MPa and strain ¢ of 5.6%, respectively.
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Fig. 1 [CNI14 cluster](glue atom); structural model packing
according to FCC-like pattern (white and black atoms are

center atoms of clusters and glue atoms, respectively)
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Fig. 3 Tensile sample size (mm)
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Fig. 4 XRD patterns of suction-cast (a) and heat-treated (b)
Ti-Mo-Nb-Zr-Sn serial alloys
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Fig. 6 Microscopic morphologies(a) and element distributions((b)—(f)) of heat-treated [(Moy sSng 5)(Ti;3Zr)[Nb, alloy
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Table 1 Mechanical properties of heat treated (Ti,Zr)-(Mo,Sn)-Nb serial S-Ti alloys

Composition

E o0 o) &  w  EJ

Cluster formula

V) V)
Mass fraction/% Mole fraction/% GPa  MPa  MPa % % GPa
[MoTi4]Mo; Tiz7.74M022.26 Tig7 50Mo012.50 - - - - - 126
[MOT114]T11 Tigg_ZIMO“jg Ti93_75M06_25 95 505.5 604 29.6 52.1 121
[MOTI 14]Nb1 Ti7g_02M011_17Nb10_82 Tig7_50M06_25Nb6_25 82 372 502 23.5 31.5 120
[MOTiM]ZI'l Ti7g_17M011_ngr10_64 Tig7_50M06_25Zr6_25 80 467 671 21.1 44.6 115
[SIlTi14]M01 Ti75_74M010_g4SIl13_42 Tig7_50M06_25Sn6_25 61 571 620 8.9 39.5 111
[SnTi4]Nb, Tiz6.00Sn13.46Nb10.54 Tig7 50Sn6.25Nbg 25 - - - - - 107
Tigg oM Z - Tig; sM /1605~
[Mo(Ti3Zr)]Nb, 168.961V1010.634X10.11 181.25IM 06, 25416 25 62 401 580 194 493 115
Nbyg.39 Nbg s
Tigp74M -
[Mo(Ti;»Z15)]Nb, f6074 Z‘;“)-”Nb"-"z Ti7sMo0g 25Z112 sNbg o5 67 582 587 45 284 110
19.29
[Mo(Ti,;Zr3)Nb, Tis324M09.70Z127.67 Nbg 39 Tieg 75M0g.25Z1 13 75Nbg 25 73 638 656. 4.8 30.5 105
. . Tig; 25Sng 25216 25-
[Sn(Ti;3Zr)INb, Tig7265n12.83Z19 86 Nbjg .04 $1250 62557623 - - - - - 102
Nbg 5
. Tiso31S Nbyg 50~ .
[Sn(Ti;,Zr;)]Nb, 15031 an2'26 > Ti75Sn6 252115 sNbg 25 - - - - - 99
T13.84
. Ti7699Mo0s 51Sn6,82- Tig7 50Mo03,135n3 13-
Moy 5S Tij4]Nb - - - - - 113
[(Moy.5Sng 5)Tij4]Nb, Nbjo67 Nbe s
. Tigg.10M0s 255n6,50- Tig; 2sMo3 135n3 13-
Moy 5S Ti3Zr)]Nb 43 393 569 5.6 26.4 108
[(Mo0.5510.5)(Ti1sZE)INb, Zr998ND)g.17 Zr625NDbg 25
Tigp.00M - Ti;sM /115 5-
[(MoosSno 5)(Ti »Z12)]Nb, fe0.02MOs 0151620 17sM03 138031321125 48 569 596 46 267 104

Zr1906Nbg 71

Nb6.25

E: Elastic modulus; 0y,: Yield strength; ,: Tensile strength; ¢: Strain; y: Reduction of cross-section area; E.: Calculated elastic

modulus.
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[Sn(TijsZr,)INb; [¥] B-Ti &k ke 1t o

3) APRETG B B AHIRRENE, PIRR LR
BRI 4R E Y Mo SRR EIRES M ASE R Sn
(R4 Moo sSno s U AR B S5 1, IITSRAS T HAT
RACHPER E KT Nb S ER 2T T & &
[(Mog.5Sng5)(Tii3Zr) [Nby (Tig; 2sM03 1350313216 25Nbg 25 (}*ﬂ"S
IR %), Tis&10M05A255ﬂ650Nb9A9SZI'10A17(&%%%&,
%)), HAGEES FIFEPERTR ) E= 43 GPa, Wi
N 0,=569 MPa, NAZ e=5.6%. KL, 7EL-IIES 4 BCC
SERARE TR T, ARROES . ARKST 2R R
P AR HAE AR 0 o 4 I T IR AR s AR
(¥ p-Ti AT G2
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