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1. Introduction

The sohdification structure and mechanical
properties of V—(25% —30wt%)A1l alloy and
V—A1—X(=S8i,Y,Ti,Zr,B)alloys have been
investigated in this study. The density of va-
nadium is 6.09 which is higher than that of
Ti. However, by adding Al less than 30wt%
it potentially compete with Ti—base alloy in
density. Therefore, the odjective if this stu-
dy 1s to investigate the possibility of the de-
velopment of light —weight, heat —resistance
V—base alloy.

The price of pure vanadium is expensive so
that it has been used as an additive of alloy
steel to improve heat and oxidation resist-
ance, In the early 50’, Rostoker et al 2 at
Argonne National Lab. U.S.A. initiated the
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investigation of vanadium alloys for cladding
materials of fuel element in fast—breeder
reactors. In eary 60°, the high temperature
strength of vanadium alloys temperature be-
tween 650 and 1300°C were examined by the
Bureau of Naval Weapons®¥, The Wes-
tinghouse sponsed by the Atomic Energy
Commussion also studied V-—alloys for breed
reactor applications®®. Until now, there have
been virtually little research efforts on va-
nadium alloys. However, the application of
V-—alloys in the so called “first wall” of Fus-
ion reactors becomes current interest,
Systematic 1nvestigation of solididication
structure and mechanical properties of
arc —melted V—A1 and V—A1-—X alloys has
been condected to develop low density, high
temperature materials. Vanadium shows mod-
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erate density high temperature maternials.
Vamadium shows moderate density, high
melting point(m. p. 1910°C). Therefore, the
final target of this study i1s not only substi-
tution of Tt and Ni base alloys but develop-
ment of aero—space materials which has
heat and oxidation resistance.

2. Experimental

All alloys were melted 1n an argon arc mel-
ting furnace, Nonconsumable tungsten elec-
trode 1s used with water —cooled copper cru-
cible. The schematic construction of furnace
has been shown in Fig.1. The purity of va-
nadium used on this study is 99.98%. The
following alloying elements were used for thi-
s study:aluminum(99.99%), titanium(99.
8%), boron(99.8%), silicon(99.99%) and yt-
trium(99%). In several cases where weight
loss were appreciable, deviations from nom-
inal analyses were checked and corrected by
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Fig. 1. Nonconsumable —electrode arc furnace,

15, Transjite table top

(17 17. Tungsten electrode

weight losses.
The arc melted ingots were solutionized

and annealed to evaluate the effect of heat
treatment on their micro—structure and
mechanical properties, Photo 1. shows the
electrical furnace used for solution heat
treatment. The chemical analysis of mother
alloys and casted alloys listed in Table 1 hav-
e been carried out by EPMA,

3. Results and Discussion

The effects of alloying elements addition
and heat treatment on the hardness of as-
cast and annealed specimen were examined.
Fig.2 shows the effect of various alloying
elements addition on the hardness of as csat
alloys. Also, all the data obtained on as cast,
quenched and annealed ternary alloys are

Photo 1. Photography of furnace for solution
heat —treatment,
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Table 1. Vickers hardness of V— Al alloys

Column 1 |wt%] as cast |quenched| annealed |density
S 0.5 | 463 443 417

1.0 | 470

1.5 | 555
Y 0.6 | 515 382 377

1.06| 414

2.911 434 384
Ti 3.06| 422 431 388

6.07{ 415 394

8.12| 434 433 [4.685
Zr 1.0 | 418 398

1.95} 448 400

3.94| 467 426 417 [ 4.636

B 0.06| 393 403 374
(25%6A1)10.1 | 381

B 0.2 | 425
(30%A1) 0.3 | 333 405

Zn  {2.03] 423

4.95| 426

8.94| 409
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Fig. 2. Hardness of V—A1—-X (X=Si, Y, Ti,
Zr, B, Zn) cast alloys.

summarized in Table 1.

The addition of silicon up to 1.5 wt% har-
den vanadium—aluminum alloy very rapidly
to levels on excess of 550 VHN as shown in
Fig.2. The elements titanium and zirconium
moderately increase the hardness of va-
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nadium alloys up to 470 VHN. However, the
addition of small amounts of boron and yt-

trium slightly depresses the hardness, The
addition of boron below 0.3wt% is more ef-
fective than the addition of yttrium about
1.0 wt% in this respect. Addition of zinc see-
ms to little effect on the hardness.

As shown for Table 1. The differences be-
tween as—cast and annealed hardness of
V—-30%A1—X(X=Si,Y,Ti,B,Zr,Zn)alloys are
not so substantial, The two hours annealing
of V—30%A1—Si alloy at 1200°C followed by
water quenching slightly reduces the har-
dness from 468VHN to 443VHN. Addition of
zirconium shows similar behavior. In case of
V—30A1—0.6Y alloy, relatively large re-
duction of hardness up to 27%/(377VHN)by
heat treatment 1s observed : On the other
hand, the alloys which contained boron do
not vary hardness by heat treatments. After
annealing, Ti added V—30%A1 alloy shows
10% reduction of hardness,

It was estabilished that if the weight per-
cents of aluminum exceed 34%, the VAl
phase enters into equilibrium with vanadium
solid solution by means of a peritectic reac-
tion”. To avoid a formation of intermetallic
compounds of vanadium, alloys containing up
to 32% aluminum which is known to be in
the terminal range of solubility limit has bee-
n prepared.

Photo 2 1s the microstructure of cast
V—32%A1 alloy. Even though, the exact.
compostion of phase was not thoroughly de-
termined, it can be reasonably conclude that
there exist only solid solution phase. Fig. 3
and Fig. 4 are X-—ray diffraction pattern and
Energy Dispersive Analysis results of as cast,
V-32%A1 alloys, respectively. No evidence
of the formation of intermetallic compound
has been detected.

Refinement of grain size by means of rec-
rystallization process has been observed after
1100°C, 24 hrs annealing treatments, Photo 3.
shows the above heat treated specimen. It
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throughout the matrix. Photo 5 is the micro-
structure of as—cast V—30A1—1.5S1 alloy. It
also shows a rejected second phase indicating
a reduced solubility boundary. The limited
vanadium solid solution enters into a eutectic
reaction with an intermediate such as AlSi.
As shown in Photo 6, addition of yttrium
gives drastic reduction of grain size, O'Brien
and Rowe® found that alloys which retained
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Fig. 3. X—ray diffraction pattern of V—30%
Al1-0.5%Si alloy.

has been also shown that aluminum was fully
dissolved in vanadium, and thus, only solid
solution phase is predomuinate,

Photo 4 is the microstrncture of V—30Al
—(.5S1 alloy, Due to high affinity of silicon

to oxygen, it shows the rectangular networks
of oxidantion path. Also, there are segre- Photo 3. Microstructure of Vanadium—30%Al

gation of finely dispersed AlSi phase alloy, annealed at 1100°C, 24hr.

(74)
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Photo 4. Microstructure of Vanadium—30% A1
—0.5%5i alloy, as cast.

Photo 5. Microstructure of Vanadium—30%A1
—1.5%451 alloy, as cast.
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Photo 6. Microstructure of Vanadium—30%A1
—0.3%Y alloy, as cast.

more than 0.1% vyttrium contained a second
phase, and thus, had a scavenging effect of
oxygen. Therefore, increasement of ductility
can be expected which has already shown in
Table 1.

Fractograph obtained by scanning electron
microscopy (Photo 7), quenched V—30%Al
alloy has decohesive rupture patterns and
fractured at the grain boundaries with some
transgranular contribution,

As can be seen at Photo 8 and 9, addition
of small amounts of boron or yttrium(0.
126B—0.6%Y) to V—25%A1 and V—30%Al1
alloys increases ductility, however, fracture
behaviors were not seems to affect signifi-
cantly except the appearance of fluting whi-
ch can be seem in titanium alloy having a
relatively high aluminum contents. The fra-
ctographes of V—30%A1—1.5%Si (Photo 10)
and V—30%Al1—8%Ti(Photo 11) also show
the brittle and cleavage—Ilike decohesive
rupture patterns at grain boundaries.
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4. Conclusions

The solidification structure and mechanical
properties of V—(25% —30wt%) Al alloy and
V—A1—-X(=S.,Y,Ti,Zr,B) alloys have been
investigated and following results have been
obtained.

1. The addition of silicon harden va-

nadium—aluminum alloy very rapidly to
levels in excess of 550 VHN. The ti-

Photo 9. Scanning electron mucrograph of
fracture surface of V—30%Al — 0.
62Y alloy (As quenched).

Photo 7. Scanning electron micrograph of
fracture surface of V—30%A1 alloy : Z00HM
(As quenched).

Photo 10. Scannong electron micrograph of
fracture surface of V—30%Al — 1.
5%Si alloy (As quenched).
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Photo 8. Scanning electron micrograph of Photo 11. Scannong electron micrograph of
fracture surface of V—25%Al — 0. fracture surface of V—30%Al —
1%B alloy (As quenched). 824'Ti alloy (As quenched),

(76)



Zx A1138 A6 3 (1991.12)

272

— 497 —

tanium, zircon, are moderate in this re-
spect. Boron and yttrium moderately dep-
presses the hardness. Zinc seems to little
effect on the hardness.

2.The two hours annealing of V—30%Al
—Si alloy at 1200°C follwed by water
quenching slightly reduces the hardness
from 468VHN to 443VHN. Zirconium sho-
ws similar behavior. Up to 27%(377VHN)
reduction of hardness by heat treatment

18 observed in V—30A1—0.6Y alloy.

3.Microstructure of as—cast V—30A1-1.

531 alloy shows a rejected phase. The

limited vanadium solid solution enters int-
0 a eutectic reaction with an intermedi-
ate phase such as AlSi. |

4.Quenched V-—30%A1 alloy has dec-
ohesive rupture patterns and fractured at
the grain boundaries with some tra-
nsgranular contribution.
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