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Effect of Alloying Elements on Nitric Acid Corrosion Resistance of Ti-5Ta Alloy
Wu Junyu, Xu Jianping, Liu Houlong, Li Huan
(Xi’an Rare Metal Materials Institute Co., Ltd., Xi’an 710016, China)

Abstract: The influence of elements, such as Cr, V, Mo and Al, on the corrosion behavior of Ti-Ta alloy in 6 mol/L
boiling nitric acid was investigated. Corrosion rate, passive film morphology and polarization curve of the alloys with
different compositions were analyzed using scanning electron microscopy (SEM) and electrochemical workstation. The
results indicate that the addition of Cr, V and Mo elements alone in Ti-Ta alloy has little effect on the corrosion
resistance, but the addition of Al element significantly reduces the corrosion resistance. Ti-Ta-Cr alloy exhibits the lowest
corrosion rate, highest passive film density and stability. It is difficult for Ti-Ta-Al alloy to form dense and stable passive
film during the corrosion process. As for Ti-Ta multicomponent alloys, the co-addition of Cr, V elements helps to form
dense passive film, while the addition of Mo element can reduce the density and stability of the passive film. The addition
of 1% mass fraction of Al element has little effect on the passivation behavior of the alloy. Increasing oxygen
concentration will deteriorate the corrosion resistance of Ti-Ta-X ternary alloy in boiling nitric acid.
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Tablel Target chemical composition of Ti-Ta alloys

Specimen  Ta V Cr Mo Al Ti
Ti50 5 — — — — Bal.
Ti55C 5 — 5 — — Bal.
Ti55V 5 5 — — — Bal.
Ti55M 5 — — 5 — Bal.
Ti55A 5 — — — 5 Bal.
Ti5581 5 5 8 — 1 Bal.
Ti5851 5 — 5 8 1 Bal.
Ti55551 5 5 5 5 1 Bal.
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Fig.1 Corrosion rate of designed alloys in 6 mol/L boiling nitric acid
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Table 2 Metal ion concentration in solution and corrosion rate of alloy after Ti-Ta-X ternary alloy corrosion for 96 h

Metal ion concentration/mg 1.

Alloy R/mm a™*
Ti Ta \Y% Cr Mo Al

Ti55C 10.87 0.035 — 0.735 — — 0.044

Ti55V 15.93 0.03 0.965 — — — 0.065

Ti55M 42.33 0.04 — — 6.97 — 0.188

Ti55A 45.03 0.03 — — — 4.58 0.188
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K2 TiscX o a4 240 h J8 1 s 2 K3
Fig.2 Macro-morphologies of Ti55X trinary alloys hanging pieces after 240 h corrosion: (a) Ti55C; (b) Ti55V; (c) Ti55M; (d) Ti55A
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Fig.3 Surface microstructures of hanging pieces with different compositions after 240 h corrosion: (a) Ti55C; (b) Ti55V; (c) Ti55M;
(d) Ti55A, (e) Ti5581; (f) Ti5851; (g) Ti55551

MR ECRIBRAA 1, BB MERZE, I B SR g™
L, JE A AT R B AR 5 S e 25 (T 3F) . Ti55551
BERIZHMIEECPE, RINEAHSMGETR, ik
SIVEREF, FAERCK R it (B 3g) , Hlifk S
%F Tis581 &4

R FRrR, phELE SUN Cry V LR S — e

fE '35 Ti-Ta RE &M keEERN, HAESRZTLL
TERCBUR BN, BROE IR KRR R g gk 47, o
N Cr JCE G I ML TN V ST R 1E Ti-Ta &4
HHEBAN N Mo TG, BRI S PEAR N R, (1
BT BEAG AT SR U, 5 ol 28 38 AN B I
Ti-Ta &&HEEEMN Mo 5 Cr. V25L&, 4 Mo i



45 4 10

RRTFE: H4IuEN Ti-5Ta & MM ER I 4 Ge ) f2 17

BOHART 5%EE, A& rE Rt FE H 728 vT LAE R
BONECE B 4 Mo i & 7 BUA 2 8%, RZH
WIEECE R E AL, GE&RZBEMnE. Ti-Ta &4
SR Al e R B E S S0EF 5%, A 4RI
T HiRa e I EIAR I, ot A 0 AL MR AR
IrALE Mo, Cr. V&5t H Al it &40 810 1%,
HERBZHEIMATNZ Al TTEEIAK.
2.3 HBUAESH
NTIRANRTE Ti-Ta R A &5 Wb IR B AT
N S AN [ BG5BT 90 i 1 1 30 r AT AR A it 2 3
APIR, AR 4 Bos. B 4 ARl Ak il 28 30 LA
Gt RN 3. H, Ic RBILHBIREE, Ec NHifh
Az, E Niddiibetr, AE JyidBifr e fr 54k By
M ZEAE. BB 4 FfEL 305, T Ti-Ta-X =mH 4%,
Bl HELIR B BE H /N BRI - TiS5V <Ti55C<Ti55M
<Ti55A. Hrr, Ti55A itk rayi % FEA HAth 3 P =t
AEBERE, MUY TS5V &4 7E S it fE 4 &
SRR AL, T TiS5A & &R 5 K ik € 1)
B, EAR TiS5V A &ML B IRKAR, (HEiftk)E
B FALIE K, B HIR 2B EHE . 5 TissC
Al Ti5S5M &4, TiS5V &4 th& bR B EW K,
W WA B A I T ok 2R LA T T T T 4 K TR
HAEE RS 2. Ti-Ta-X =Zn & &bl

JIA-cm™

EIV

4 ANJF Ti-Ta F G < MR A0 H 28
Fig.4 Anodic polarization curves of different Ti-Ta alloys
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Table 3  Electrochemical properties of different Ti-Ta alloys

Specimens  Ic/pA-cm? Ec/V ENV AEIV
Ti55C 0.124 0.731 2.236 1.505
Tis5V 0.064 0.828 2.158 1.330
Ti55M 0.158 0.756 2.158 1.402
Ti55A 0.370 1.358 2,071 0.713
Ti5581 0.480 1.269 2.044 0.775
Ti5851 0.810 1.304 1.838 0.534

Ti55551 0.422 1.284 1.841 0.557
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