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Table 1 Compositions, microstructure, microhardness, oxidation gains (G*) and corrosion potential of the designed Ti1100 and

[Al-(Tis3.7Zr0.15Hfo.15)] (Alp.6oSno.15Sio.1(Mo/Ta/Nb)g.03) alloy series

No. Cluster formula Composition, w/%

Microstructure HV/MPa G'(800 C)/mgem™ Econ/V

[Al-(Ti13.7Zr03)] Ti-6A1-2.75Sn

1(Ti1100) (Al 610 1sM0o.03Si 12) 471-0.4Mo-0.45Si S-transformed lamellar 3540 13.6 -0.295
. Ti-5.93A1-2.78n
2 _Eﬁll-(TIS];jzrf\)/'I];HfOS']is)]) -1.78Zr-3.48Hf-0.37Mo S-transformed lamellar 3510 6.4 -0.252
0.69 0.18 0.03910.1 -0.3781
. Ti-5.91A1-2.775n
3 ReSmaaaSiey L7zt Bimodal 3450
0.69 0.18 1d0.03910.1 -070Ta-03651
: Ti-5.93A1-2.78Sn
4 [EA‘All' (T‘;rf ng]-l‘ijgi”)]) -1.78Z1-3.48Hf Bimodal 3390 2.7 -0.248
- 0.699110.18 0.03910.1 -0.36Nb-0.37Si
. Ti-5.92A1-2.77Sn
5 -(AI[ALs(nTlIS%aer'l;\J}{;fO'IS)s]i ) -1.78Z1-3.48Hf Bimodal 3530 2.6 -0.181
0002018 T001TR0.015310.).0.35Ta-0.18Nb-0.36Si
. Ti-5.92A1-2.78Sn
6 [AlL-(Tis ZroisHos)] 987,73 4g1£.0.12Mo0 Bimodal 3650 4.6 0.237

-(Alo6oSno.15M0o.01 Tag.01Nbo.oiSio.1) o 5 4: "0 19Nb-0.36Si
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X Bruker D8 Focus X S £ 7 5 A (XRD)YK I R 41) 45
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X e 2 R 5 BRE E TC 3 Mo IR I iy T 5 42 1) B 4
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T B ASE TC AR R 5 1K) Ta F1 Nb J& B AH NS¢ 42 e

+a-Ti
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Bl 1 [Al-(Tii37Zro.15sHfo.15)](Alo.6oSno.18Sio.1(Mo/Ta/Nb)o 03) 5 5
A [ UG I XRD %
Fig.1 XRD patterns of aged [Al-(Tii3.7Zr0.1sHfo.15)]-

(AloﬁgSnoA1gSi0_1(Mo/Ta/Nb)0_03) alloy series

AN a M. WA, KEE No.l Il No.2 &4, Zr i
DA LG T Ze 0 HE SE RS N ae s 58 ke pAl. X5
WA Z A6 B-Ti & 4B BUAHBI, BIE 2 410 L [R]
GAaLr, Zr BRI ERE B-Ti 4544 .

Kl 2 HiZ R G SN SHALIES. s
4 Till00(No.1) K Jv )2 B % & 4 21 (Fig.2a), 4
Zro1sHfy s A% Zros 5, &4 ®No ) RFFFIIF A
JEAL, WMMAL AR K. MR E, MM Ta
A Mo B, &4 No3) R A XESHL, HEZH
AR BRI > S5 o AHK K Nb 48 Mo, Ta\Nb
LS Mo\Ta\Nb # #t Mo % 4x(No.4~6), 754 [FIFE#E A
WAL, R KRS o AR B E AR B ALK
X W] Nb Fl Ta B 4% Mo BRI T & 41 B 45 f ke 1k,

Bl 2 [Al-(Tii3.9Zro.1sHfo.15)](Alo.6oSno.18Sio.1(Mo/Ta/Nb)oos) & F1 G 4 [ 5 i 2505 (1) 4 AH WAl 41 21
Fig.2 OM micrographs of aged [Al-(Tii3.7Zro.15sHfo.15)](Alo.6oSno.18S10.1(Mo0/Ta/Nb)o 03) alloy series: (a) No.1, (b) No.2, (¢) No.3, (d) No.4,
(e) No.5, and (f) No.6
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M 72 A2 T 38 W0 A IR A5 o ZHER . RS R 2021,
A o AL 2P AR i R ARG R 2 , (R PR TR RE AR 5
M2 B AR A 2NN HL A5 e 14D A i B R W 284 )
PE, ARIBPERIIER e E R 2 s Bk, SR o R B
ARSI s R A LRS-k Re.
3.2 WESMH

Bl 3 i R A0 G 4 IS PR FE A AT . T LR
W ZrosHfy s A% Zrgs i, No.2 A4S No.l
HaWRERE A Y, 2% 3400 MPa, XJEH TR G
SHAEMRAMRZ pHEAMAEL; Ta F1 Nb AR
Mo B} 28143 & G I Al B2 W A PR (No.3, No.4), HY
Tag.1sNbg 15 55 Mog g1 Tag o1 Nbg o1 W I, 752 4054
WL ERMILFEAEH A& ER &S 3650 MPa
(No.6), NEZRIIEEMEE. FiZGEH, G898
h B RRAS AL, SEWIER) o SRAXTEN, H
fEd A LA T2 551 g R ARNL, MK
AT SIS A GG & & B A B m R A i
No.5 G4 g HIZHAANL T BT, MbdEE
B No.6 A AW A7 PRAG . MR UL, &% R A S b B {E
ZERAK, AT 3300~3700 MPa, Zr. Hf. Mo. Nb
FI Ta JeFE LR A G A0 IS A5 4008 B IR B e o
3.3 SEILMEREDHT

3 0TE 650 F1 800 C T XIS 2% f5 i R A & ik
AT e A AL YE BRI, A4 RS T 100 h, & 25 h
Wk — A E, K 4 204 H T RAGSEEM
AN E A A T 2k T LUE S 7E 650 CAE 4k 100
h J&, BH4E 4 (No.2~6) M2 Til100 &4z (No. 1)FE b 4
1 G/ T 1.0 mg/em?, Horb Til100 &4 1)
FALIE TN 0.89 mg/em?, Hf. Nb Fl Ta &40 &4

4400
>4000-
Z
23600- }
E [}
53200-
2800}
T2 3 4 5 6

Bl 3 [Al-(Tii3.7Zro.1sHfo.15)](Alp.69Sno.18Sio. 1 (Mo/Ta/Nb)o.o3) %
H1) 5 4[] B 280 i 11 S Al
Fig.3 Microhardness of aged [Al-(Tii37Zro15Hfo15)]-

(Alp.69Sno.15Sip.1(Mo/Ta/Nb)g o3) alloy series

AL T G R 0.25~0.35 mg/em?®. 4R 1M, £F 800 C
TRIAGEM SR A EREENRTSHAG S
Til100, Z A4 Til100 5 444k 100 h J5 (14 fb 35 &
G*=13.6 mg/em?, 1M Zry sHfy s 4K Zro 3 J » E42(No.2)
Pt A LRE ) B S, A EN G = 6.4 mg/em’,
IS AN 1/2; EHIERE L, Nb Al Ta #48 Mo
(14 4 (No.3~6) BT EALRE ik — 2D 4 iy, Ak LY
H 2~5 mg/em?, I H¥S 0 Nb Fil Ta ()4 4 HIPT AL BE
JIA A, ot Nos & 4 [Al-(TijzZrg,sHfg 5)]
(Al.69Sng 15Si0.1 Tag 015-Nbo o1s) FAIG F IR /N, (UK G =
2.6 mg/em?®, 1S4 Til100 f 1/5,

X R A A A R TR Z AT T AR BB e 0
%, mEl s s, LS HA 4 Til100 (No. )AL
B, FAAEEELA A 150 pm, FEAFAES 2 M ET%
MG (Kl 5a), ZroisHfp s AR Zros BEBEMKT A4
(No.2)[ 44k 2 I8, 2928 30 um, (HALZ B,
FLAESE R Py Ak 2 0 A AN (B 5b)s Rk 3R |,
Ta. Nb AN[A LA A 4 (No.3~No.6) 2 44 & 4 4
102 5 T AT PR AR, Ol 23~27 um, {HAEBRTSIE T,
TR Z SR, A 5 ] Se~5E Fim .

1.0 —s—No.1(Til100) a
—e—No.2
—4—No.3
0.8 F—+No.4
—4+No.5
a —No.6

0.6

20 40 60 80 100
14b —=No.I(Til100) b
—e—No.2
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12 —v—No.4
a —4—No.5
10F ——No.6

G'/mg-em’

S N A O
T

0 20 40 60 80 100
t/h

K4 ARG 4 [Al-(Tiis Zro1sHfo.15)](Alo.soSno 18Sio.1(Mo/Ta/
Nb)o.o3) I 280 (1 i il S A 189 T i 2
Fig.4 Oxidation mass-gain curves of aged [Al-(Tii37Zro15Hfo.15)]-
(Alp.69Sng 18Sip.1(Mo/Ta/Nb)go3) alloy series at elevated
temperatures: (a) 650 ‘C and (b) 800 C
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5 [Al~(Tii3.7Zro.1sHfo.15)](Alo.eSno.15Si0.1(M0o/Ta/Nb)o.03) & 51 5 4x 800 ‘C 44K 100 h SEM 75 U H 1 B 51 1]
Fig.5 SEM back-scattering electron micrographs of [Al-(Tii3.7Zro.1sHfo.15)](Alo.soSno.1sSio.1(Mo/Ta/Nb)o.o3) serial alloys after oxidation at
800 ‘C for 100 h: (a) No.1, (b) No.2, (¢) No.3, (d) No.4, (e) No.5, and (f) No.6

76 650 CKINAIHEE T, &4 Till00 M
Hf/Ta/Nb & G611 R V4 43 R A B & Pra i ae
71, BWARBIAEA)ZHEINS, HZRHE SR
O A —$ R g, /8T 1.0 mg/em?, XL BT 650 C
I O Ji 9 Bl s e 5008 3 I o T A i 800 °C 4k A
N, BT O MyTEae 4, H O A Ti b v R
UK, WUt BRI A A AT FE A O 9 HU™ AR B AEH .
R B A JC 46 O Mg 8™ 2 AN 7] 1 BELAS 1
H, HEmAEAS & G PR R 1 R AR o Zrg sHEp 15
B Zros oGS WA ERABER, R Hf TH
REAE IR R B M4 iy & S UL RE 07, Ta F1 Nb 3 —
L E SN ERPURNR T4k s e m . FRER
B Ta 1 Nb JC S VN I ff & G R M= A4 — 2 80% H
HEIA) TiO, Ko ALO; SAG)Z, BHLIE & 4 idE— 20 AL,
AR TAEWMIE 71X — 5, U HE SR 2 5 R T
AR EE, BEWAE HE fJ R ZIPHAS O IR 79 H#E.

3.4 THiIHMERES T

W% RS A AAE 3.5 %NaCl i 7EAT T i ol ik
REDR, Wil 6 s, A &R IIG 4 I il 4h it 2k,
IR E R 298 Ko K 2 451 T R4 G 4 il Tafel 49
B BRI EAL Eeors HR R B Low LA
JE g R, T LLE H, A 4 (No. ) HAT BAK I H
JE AT, A Eeor = -0.295 V; Hf #48 Zr, Ta fil Nb
A Mo #2711 [Al-(Tij57Zro.1sHfy 15)] (Algg9Sn 15Sio.1o-
(Mo/Ta/Nb)o 03) R A1 4 10 A JE M HLE, B Econ=-0.252
~-0.181V, M3 T RINGEMM mvEfe. i, Hf.

2.0
——No.(Til 100)
——No.2
] vyt
——No.5
——No.6
1.0F
<
“ost
0.0} !
sl SN,
1E9 1E-7 1E-5 1E-3 0.1

I/A-cm™

B 6 W RE [Al(TissZroasHfo15)](Alo.ssSno.1sSio.1(Mo/Ta/
Nb)o.o3) T F1) G 4 J i Al A, it 2k
Fig.6  Corrosion polarization curves of the aged [Al-(Tii3.7Zr¢.15-

Hfo_15)](A10A6gsn()‘1gsi0_1(M0/Ta/Nb)0_o3) serial alloys

* 2 B % E [Al(TiizsZroasHfo1s)]  (Alp.geSng.1sSip. (Mo/
Ta/Nb)oo:) RIE & BEMBEA. BEMEREE.
R iRiREE

Table 2 Corrosion potential, corrosion current density,
corrosion rate of aged [Al-(Tiiz7Zro.1sHfo.15)]-
(Alo,sgsno,lssio,l (Mo/Ta/ Nb)o.m) serial alloys

No. Econ/V Teor/MA-cm™ R/um-a’
1 -0.295 179 2.71
2 -0.252 169 1.52
3 -0.200 541 4.93
4 -0.248 517 4.65
5 -0.181 320 2.88
6 -0.237 494 4.49
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Ta A Nb L [R] 78 I B W42 55 7 No.5 4 4 (Tag.1sNby 1)
A, N Ewn=-0.181V, FHAT 5 i B 1
Mo hAh, 1% 4t BAT AR AR R B R ok F
B, AT AL A Tl R 8K, A R=2.88 um/a.

4 #Z it

1) MR35 bee S5 F T “ B AR ISR )5 17 B4
5E W BTRE B2 AR AT T i I - Ti 5 42 Ti1100 & 62 1
173, AR FEA R A AL 3 A e vt T
HICHE Hf. Ta Al Nb iR RIS ERD, A
[Al-(Ti3.7Zr0.15Hf0.15)](Alo.c9Sno.18Si0.1(Mo/Ta/Nb)g 03) -

2) Hfy s B4 Zry s NI & 452 b & 4 Til100 /9
WALV v IR B R AR, AR b, ANEAL S
ff] Ta A1 Nb B4L Mo B T R 5 &/ g 45 M E
PE, PAET ISR o A2, G &AL
RINGEAE 650 CTFHRAREIPIAMEES: AL
800 ‘C I, M Til100 AL, Zrg,sHfys B4R Zros &
SPURAGEE ) R, Ta FINb D E 85 S
& [Al-(Ti137Zro.15Hfo.15)](Alg.6oSno.18S10.1Ta0.015Nbo.015) fy
PUEALRE dk— 1, JL 100 h J5 404G 1 F A
Til100 ) 13.6 mg/em® KA 2.6 mg/em®, A4k 2 JE &
tHH 150 pm FEKR 24 pm. ZCiGETCR AR
T RA GG PERE, EARY SRS HERE, A
3300~3700 MPa.
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Abstract: The composition rule of near-a Ti alloy Til100 was investigated using a cluster-plus-glue-atom model for solid-solution alloys,
and its cluster formula could be expressed as [Al-(Tii37Z103)](Alo.6oSng.18M0¢.03Si0.12). A new series of alloys by adding minor Hf, Ta and
Nb with similar elements substitution in equimolar ratio were then designed, being [Al-(Ti3.7Z1.15Hf0.15)](Alo.69Sno.18Sio.1(Mo/Ta/Nb)g 03).
These alloys were solid-solution-treated at 950 °C for 1 h followed by water-quenching, and then aged at 560 °C for 6 h. Subsequently, the
microstructures, microhardness, elevated temperature oxidation- and corrosion-resistance of the alloys were measured. The results show
that the alloy with Hfy s substitution for Zrg;s in Till00 still exhibits a S-transformed lamellar microstructure, while the further
combinations of Ta and Nb induce a large amount of equiaxed a grains to form a duplex microstructure. The change of microstructure
hardly affects the microhardness of the alloys, within a range of 3300~3700 MPa. All the designed alloys, as well as the reference Til100,
possess excellent oxidation-resistance at 650 °C, and all the oxidation mass gains are less than 1.0 mg/cm”. But the results are obviously
different in comparison with that of Til100 at 800 °C. The oxidation mass gains of the designed alloys with Hf, Ta and Nb co-alloying
after 100 h are significantly fewer, and the widths of the dense oxidation layers are among 23~27 pm. The
[Al-(Ti13.7Zr0.15Hf0.15)](Alo.60Sno.18S10.1Tag.01sNbo 015) alloy has the best oxidation resistance with the fewest oxidation mass gain of 2.6
mg/cm’. In addition, this series of alloys also have good corrosion resistance in 3.5%NaCl.
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