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DEFORMATION OF 5VMTs-TYPE ALLOYS 

Ya. M. Okhrimenko, V. P. Troitskiy, I. A. Koterev 
and V. I. Pyl'nikov 

The technology of pressure treatment of !'liobium and it s a.lloys 
is substantially effected by the introduction o: impurities: cbrbon, 
nitrogen, hydrogen, and especially oxygen. Acc ording to data (1), 
t he oxygen content in niobium for cold treatment must not be above 
0.04-0.05J. Cold deformation of alloys becomes difficult with the 
oxygen content above 0.02J. Structural alloys of niobium, alloyed 
with molybdenum and tungsten within the limits up to SJ, deform at a 
temperature above ll00°C. Alloys of the same composition, but with 
an oxygen content of 0,05-0,0BJ, are destroyed in process of forging 
at a temperat~re of l450-1500°C. 

At the present the deformation process of similar alloys consists 
of the following operations: f orging or pressing, roughing, hot 
rolling in a protective cover, roughing, annealing and warm rolling 
[ 2]. 

l,. f 
The goal of thie-werk is ton€- ,study of the effect or the addition 

of carbon 01:. the te chnol ogy of pressure treatment of the 5VMTs alloy, 
~ne carb on bei ng a strengthener Lecause of the separation of t he 
r.Pc ,:-:- d phase, i n determining the out imum degrees of f org i ng , the 
i:!e c!·1' ni ca 1 feat ures and rese ~--:-~ :: :. t he ~cndi tions of ther::-:a.l 
trea tment of the obt ai ned sheet ma t~ t al . 
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Tne scheme for the technological process of deformation is 
selected in accor·dance with recommendations [ 3), but the protective 
cover during hot rolling has been substituted by protective plastering, 
somewhat simplifying the process of treatment. 

Ingots of the 5VMTs alloy 80 mm in diameter of a double ray 
remelt with impurity content: oxygen 0.008-0.0121, nitrogen 0.01-
0.0 11%, the quantity of carbon in the alloy was variable and equalled 
0.01; 0.04, and 0.11. 

Before primary deformation the ingots were sealed in a vacuum 
in a steel covering with a wall thickness of 5 mm. Heating was 
accomplished in a gas oven for 50 min to a temperature of 1350°C. 
Forging was carried out on a 2-ton hammer according to the following 
technological scheme [3]: drawing in notched hammer blocks (notch 
angle 90°) in a circle with a deformation stage of 201, preheating 
to the initial temperature and subsequent forging with forging ratios 
of 1.8; 3,3; 4.2. End of forging was at 1100°C. During forging 
in the notched hammer blocks there was a buckling of end partc of 
ingots that, in the opinion of M. Ya. Dzugutov [q], attests to the 
appearance in their axial zone of contractile stresses . This led to 
scaling of bot toms of the protective cover and oxidation of end parte 
of forging, in which small cracks were detected. 

Cracking, evidently, is explained by the following: a) a 
decrease in the plastic properties of the end parts of the forging as 
a result of intensive gas saturation upon decompression of the casing; 
b) u disadvantageous combination of stresses and deformations, 
because from the viewpoint of cracking such operations, during which 
positive deformations and stresses appear which coincide in sign in 
the places of low-plastic arrangement or very durable composing 
structures, are dangerous [5], 

Prom the obtained billets samples were made and te st ed for 
tens i on at a temperat ure of 20°C. On the samples cut fr om forgin g::: 
w!th r eduction tati os of 1. 8 and 3- 3 (Pi g . l a , b ) , l ongitudinal 
gr ooves are noti ce abl r t he neck tha: pos lb ly , atte - ~ t o t he 

2 

I 



Fig. ]. Character of failure In the neck 
of specimens with the degrees of forging 
reduction ratio: a) - 1.8; b) - i.'i; c) -

heterogeneity as a result of Inadequate forging reduction ratio. The 
necks of the samples having a forging reduction ratio of 1.8 (Fig. la) 
do not have a correct conic form, but In cross section resemble an 
ellipsis. An Inadequate level of deformation at forging reduction 
ratio 3.3 Is Indicated by the character of the microstructure (Fig. 
2b). Specimens with a reduction ratio of k.2 lack a longitudinal 
g.-'or-e and the necks have the correct geoaetrlcal form (Fig. Ic).

■

Pig. 2. Microstructure of 5VMTs-alloy + 0.I)*C with degrees of 
forging reduction ratio: a) 1.8; b) 3.3; c) i|.2 x 100.

Thus on the basis of experimental data it may be concluded that 
upon forging according to the accepted technological system a 
uniform structure of the forging can be achieved at a forging re­

duction ratio of approximately h. Furthermore, it has been established
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that the audition of carbon in the given quantities does not have a 
negative effect on the conditions of forging.

This made it possible to determine the mode of forging of Ingots 
to a sheet bar for subsequent rolling. It is Identical for all 
compositions of the 5WITs-alloy and It consists of the following: 
preliminary drawing in notched hammer bJocks with a level of defor­

mation of about 20% and subsequent forging on plane hammer blocks 
into sheet bars with a cross section size of 20 x 75 mm. Forging was 
accomplished entirely satisfactorily and the character of the defects 
corresponded to the afore-mentioned.

The sheet bars after roughing and application of the protective 
coating were hot rolled into rolled stock with thickness 5-6 mm, 
and after dressing and grinding were rolled in a four-high rolling 
mill into a sheet 1 mm thick. Specimens for determining the mechanical 
properties are manufactured from the sheets. Before the tests the 
specimens are annealed in a TVV-i) stove in a vacuum of 2-5-10“^ mm Hg. 
The dependence of the mechanical properties of the alloys on the 
annealing temperature withholding for 1 h and the content of
carbon is shown in the table. The Introduction of up to O.lifC into 
alloys of 5VMTs-allcy does not Impair the plastic properties of the 
alloy; the recrystalllzatlon temperature in this case rises approx­

imately 100°C.

that

Dependence of the mechanical properties of niobium 
alloys on the annealinK temperature.

Mechanical properties
5VMTs + O.OIJC 5 VMTs + 0.0‘^%C I5VKTs + 0. IJC

1
A. „ K*<-

"0-3. :;rr. ‘zZ‘

stale 1 .'ll..'. 1
W.'i

t
\u.:< iO.O «l,ll

!
87, U u.,0

ItHN) r.8,r. ; <-.T 1 M.7 iL'.r, I.L', i 1.7, I'tJiIl?*m •11.7 .'UJ.O 11,(1 :^.i ■M.II .V.,3 ...5,.'* lu.:,•TJ.'J ■ir..”. Ad.M •11.7 r.:i.7
1 Xi.u114K) X'.ft ■II.:i ;i7.o .II.H 4.1.0 ■j'l.r, 1 4;j.j j

.TJ.'I ■M.« x.i: 48.r. :ix.r. 31.0 :c 0ii<* ( i.-,.x :u.n Ai,/J :vi.r, w.z .'ii .i
3T..3 .■ill.O 30.7 31.1) 31 .r, 'U.,2

iblished
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In the range of annealing temperatures 1000-liJ00°C the relaxation
Of the alloy taxes place. A further

increase In t
OTW up to 1800'‘C, although It leads to intensive growthw ------L-*4UdiOAVC gr(

In the grsm size and a change In the form of separating carbides 
in an allop .1th 0.1,c, ha, little Influence on the strength and 
plastic characteristics of the alloy.

Fig. 3. Microstructure of the 5VMTs-alloy 
'■•Ith different additives of carbon after 
t.ermal treatment: a) 5VMTs-alloy + O.ISC

t » 1350"C; b) 5v’MTs-alloy +0.1XC,
* ISOO^C; c) 5VVTs-alloy + O.OlJtC,

1350°C; d) 5VyTs-alloy + 0.01$C,DT)h

Stw “ ieoo°C. (x2c:

1 ■ a.. _*loy .-ontalni.ng O.lJfC, with an increase ir. the temperature 
of annealing tne carc.ide depo-lts t;,.- a needle-shaped form (Fig. 3b) 
moreover the carbide.- a.- dlstrlbut- the body of tne grain
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comparatively evenly. With a content of carbon of 0.041 the forma­tion of carbide needles does not take place, but the carbides (Fig. 3d) are dist ributed in the form of isolated points. The investiga­tions conducted make it possib l e to conclude that a relatively uniform structure of an alloy can be achieved with a forging re­duction ratio, equal to ~4, and additions to the 5VMTs-alloy of carbon in the quantity to 0. 1% does not have a substantial effect on the plastic characteristics of the obtained material and its technologic al effectiveness, s omewhat increasing the recrystal­li~ation temperature. 
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The effect was investigated of C addns. on the pressure treatment 
of 5VMTS alloy, the C being the strengthening agent due to the 
pptn. of the secondary phase. It was also undertaker, to det. the 
optimum steps of forging, the mech. properties, and also to study 
the thermal treatment condi’.ticns of the obtained sheet material.
The samples which were subiected to defori.iation contained 0.008- 
0.012, N 0,01-0.011, and wi:h C 0,01, 0,04, and 0.1 percent resp. 
Prior to the deformation thi samples were heated for 60 min. up to 
1350 degr-e~. Thereupon, th-y were deformed by forging, the defor­

mation beinc 20 percent and '.he end of forging attained at 1100 de­

grees. Tnus, the formation cracks is explaineu. The subsequent 
rolling of the samples was alto studied. Within the temp, range 
1000-i*»00 degrees there is a redn. of the stresses and recrystn. 
of the a_loy ocjars. Further ..ncrease in the annealing temp, to 
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c .en.ye in the snape of the cs’_ :es pptd. In the alloy, has only 
^ slight effect on the streng*:.n -.na plastic characteristics of 
th.e .alloy studied esp. if adlr. '. to the alloy .net exceed 0.1 
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