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Forging Molybdenum and Alloys on its Base
By

?. V, Vorontsova and N, N, Morgunova

The behavior of molybdenum in hol forming is rredetermiped dy two specific
peculisrities of this metal, In the first place, molybdenum belongs to thc group
of refractory metals and hes a very high melting point (2625°C), If it is considered
that the hot forming temperature of rolybdenum should constitute about 80%
of melting temperature, as for other slloys, tnen this temperature should be
approximately 2100°C for molybdenum, This requires e speciel heating equipment,
and such a temperature is difficultly attainadle in practice., In the second place,
molybdenum oxidizes easily, forming a fusible and highly veletile oxide D-b03.
whose melting point is 793°C. At the tempereture usverd of 1000°, the molybdepum
billet surface is covered with droplets of oily liquid oxide VoO3, and a dense
white *smnke® of evaporating oxide forms around the billet, All these factors

create considereble technological difficulties,

Forming of cast molybdenum and of its aslloys is complicated by the fact
that ingots have the strcture of large columnar crystals, whose length attains
sometimes 10 - 20 mm, The ccarse-grained structure of csst molybdenum creates
disedvantageous conditions for distribution of detrimental impurities decreasing
trenscrystallite bomis. Most dengerous is the presence of fusible molybdenum oxides
on bounderies of cast molybdenum grains. Deoxidizers are usuelly edded in molybdenum
cesting for the purrose of charging the composition and distributional character
of impurities, Carbon, titanium and zirconium are used most frequently
s tl’u deoxidizers, If gaseous oxides CC and CO,, or refractory oxides ZrOz and 'l‘lo;..
are formed instead of fusidle molybdenum oxides, cast mlyﬁdem acquires

a sufficiert technological pladticity, In order to determine experimentully
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the technological plasticity of cast m~lloys on molybdenum base, experiments were

conducted on determinstion of criticel breaking reduction €oax at the various

temperatures,

In carrying out this investigetion, smmll cylinders with 20.m diamster
And 30-mm height were turned on lathe from ingots of molybderum or its alloys,
in such a way thet the cylindar exis was parallel to the ingot axis, Testpieces
were heated up to the prescribed temperature in furnace with hydrogen atmosphere,
Temperature of testpiece neating in the furmece was accepted conditionally
as the forming temperature (actual temperature was not measured due to consideredle
technical difficulties). Upsetting was performed on hammer with 500-kg weight
of drop perts per one blow. Rings of e specific height ware laid on the lowar bloek,
in order to delimit the prescribed deformation degree, The upsetting test wes
conducted on testpieces cut out from ingots of molybdenum deoxidized by carbom,
alloys of molybdepum with titanium and zirconium in diverse ratios, and alloys
of molybdenum with the varying content of tungsten, Apart froan that, the same

small cylinders cut out from the forged bar of 25 mm in diameter were sud jected

rd

to upsetting,

The occurrence of a pattern of uneven upsetting, ceusing non-uniformities
of deformation over the testpiece crss section, was ‘estabnshod in examining
the macro- and microstructure of upset testpieces. The meximm deformetion ocourl'
in central horizontal layers of the testpiece, The deformation resistance
is maximel in contact sections, due to the supporting action of friction forces,
as a result of which the deformation 1s negligidle there, The change in form
of grains on nncrosocﬁon of the upset testpiece profile (Fig. 1) shows
that the centrel part of the testpiece is indeed deformed more intensely
than the peripheral part, Examination of the microstructure (Fig. 2) demonstrated

that a fine fibrous structure was formed in the central part, end that boundaries
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of cast grains (with slip lines viaible inside) were preserved on the
periphery,
Testpieces of examined alloys were subjected to upsettinz at temperatures

of 1050, 1300, 1400, and 1600°, The magnitude of critioal destructive

reduction max 788 determined by formula
H, - R
1 2
max ™ . 100%
!

where Hy, is the initial heisht of oylinder (30 mm), and
1 )

HZ is its height upon setting.

Fig. 1. Macrostructure o”~ Axial Section of ups#t Testpieces (ALIdY with Small
Additives of Titanium an! Zirconium; Ubaetﬁ%nq Temperature - 1600°; Deformation
JC P10 - 73%

Fig. 2. Microntrueture of Axia
Additives of Titanium and Airconium; Upsetti

Temperature — 1600°; Deformation
Degree - 73

a - central part of testpiecej b = peripheral part.
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The dependence of criticel destructive reduction on upsetting tempersture (Frige 3)
permits to establish certain regularities, Cast alloys of molybdenun with tungsten,
and then alloys with titenium end zirconium, have the loweat plasticity up to 1306 -
« 1400°%. The elloy with small additives of titanium and zirconium he‘l the highesat
plasticity up to 1300 - 14,00°; at the same time, its plasticity increasas strongly

in the deformed stste,

Fig. 3. Criticel Reduction es & Function of Upsetting Tempereture,
1 - pre-formed alloy with small addi*ives of titanium and zirconium; 2 -« alloys |
of mrlyhienum with tungsten; 2 - 2ast 2llcy with sumsll additives of titanium
and zirconium; 4 - allcys of molybdenum with titanium and zirconium,

The plasticity of molybdenum alloys with titanium end zirconium decreases
abruptly at temperatures upward of 1300 - 1u00°. The decrease in plesticity was
confirmed slso during the experiment on testpieces with 60-mm diamter and §0-mm
height, However, this does not correspond to the behavﬁr of metal in forging,
where the technological plasticity improves and the forming process becomes easier
upon the increase in forming tempereture up to 1600 - 1700°. This non-correspondence
can be explained in the folloWing manner. As was already noted, that degree
. of deformation at which the first crack appeared vas the plasticity neasure

in axperiments conducted, Cracks of the following two types were ohserved,
1. At lov temperatures and in lov-plesticity alloys of molybdenurn with tungsten,
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crecks are of tho shift type (Fig., L); they are oriented at 45° with respect
to the testpiece axis and penstrate deeply into the body of metal, The mdoro-

structure of such a crack is shown in Fig, 5.

Fige 4o Cracks of Deformation Origin (Alloy of Molybdenum with Tungsten; Upsetting
Temperature - 1600°)
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Fige 5. Microstructure of Cracks of Deformatiom Origin (Alloy of Molybdenum
with Tungsten; Tempereture of Upsetting - 1600°)

2, At high temperatures, cracks are located on the side surface of the testpiece,
*outlining® the boundaries of the initial cast grain (Fig. 6). This charecter of *hot*
oracks bears witness to the fact that they are produced as a result of deformation
of intergramular interlayers. The microstructurel analysis of the edge of upset
testpieces shows that these oracks have a somewhat peculiar form; they have
a negligible depth (from 0,5 to 2,0 mm) and oircular bottom, and the boundary
of grain behind the orack is not demaged, Such oracks ean bs observed under micro.
scope also on testpieces that were upset with a small reduction, when the depth
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of disturbances is atill vex.'y shallow (Fig. 7a). When the degree of deformation
increases, these cracks bucoms deepsr and their intevgremular location is more
obvious (Fig. 7b). The analysis of the shape of cracks permitted to assums

that they are caused by oxidation of molybdenum in eir and evaporation of its

oxide, This process has a more intensive course on boundaries of grains, as a result
of a higher intensity and activity of atoms in these zones, Such *slightly torn®
boundaries of grains open durins the deformation., In molybdenum-tungsten alloys,

as well as in forged alloy with smell additives of titanium and zirconium, cracks
of this kind are formed at higher temperatures, which can be explained -- in all

probability -- by a smaller grain of the initial structure of the given alloys,

Fige 6. Cracks Formed through Oxidation of Molybdenum (Alloy with Small Additives
of Titanium and Zirconium; Upsetting Temperature - 1600°)
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Fig. 7+ Microstructure of Cracks Formed through Oxidatiom of Molybdenum (Alloy
with Small Additives of Titanium and Zieconium; Temperature of Upsetting - 1600°)

a - shrinkage 33%; b - shrinkage 73%.

In view of the negligible depth of "hot" cracks and apecificity of their formation,
they cannot characterize the total plasticity of metal, The practice shows that
the attempt to forge molybdenum ingots at 1300° complicates extremely the forging
operation bacause of & high resistance of metal to plastic deformationm. At the same
time, forging with heating-up temperature of 1600° permits to form the ingots quite
successfully, Surface cracks, produced therein, necessitate larpe allowances
for mechining (up to 3 mm per side) and make it difficult to obtain billets

of small cruss sections,

Particular attention must be paid to the fact that the technologicanl plasticity

of alloy with small additives of titsnium and zirconium increases abruptly at high
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toemperatures upon pre~working of cast structure. Testploces made of forged bar
with 25-.mm diameter can be upset to 904 (Fig, 8) without visidble eracks
at a temperature as low as 1100 - 1200", This makes it possible to reduce

the temperature of molybdenum forging in proportion to the increase in ‘metal

deformation degree,

Fig. 8, Outer View of Testpieces Made from Preformed Alloy (Alloy with Small Additives
of Titanium and Zirconium; Upsetting Temperature - 1600°)

One can assume, on the basis of investigation performed and working experience
accumilated, that two phases must he envisaged in the technology of molybdenum ingot
forming. The main purpose in the first phase of forging is crushing the ingot structur
and imparting the necessary technological plasticity to the ingot, The heating
of ingots is accomplished in the resistance furnace with hydrogen atmosphere
up to 1600 - 1700°, Ingotas are formed by drop forging on hammers with 500.kg
of 750=kg weight of drop perts on flat blocks, Crushing of the coarse-grained
structure is achioved by inzot deformation in all directions with repeated turning

and 2 -« 3 heatings (at a tempereture that should not be lower than 1200°) .

As a result of such a treatment, the metal becomes plastic; this is noticeable

through & strong heat effect.
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The ingot surface is sprinkied during the forging wvith fine river sand,
in order to increase the fricticn betwern the mete] and the surface of blocks,
It 1s necessary in drop foruging, inasmuch as the surfece of hot ingot is covered
with oily liquid oxide Ma03, and the ingot may easily slip out from under the hlocks,
Apart from that, & sirong erhaust system near the hammer is necessary in forging
molybdenum ingots to eliminete molytdenum oxide vmpors, Otherwise, the dense
white "sroke® of oxides arcund thn billet mekes it difficult to seo the bHillet

being formed, which also irpedes ths operation,

The purpose of forming in the second phese of forging is imparting specifie
dimensicns snd shape to the billet, as well as improving mechanicel prorerties
of the metal., The heating preperatory to forginy cen be conducted at lower
temperatures (1200 - 1,06°) in gmseous or bydrogem medium, The tehav@.qr of metal .
in drop forging according to the technology described 4s determined, to a ccnsidersdle
extent, by the metallurgical quality of molybden=w ingots, In the ca®e of a good,
dense structure without rores and gas holes, the forming of ingots weighing

up to 16 - 18 kg is satisfactory.

When ingots have flave, and the deoxidation of metel in smelting is not

sufficiontly complete, the drop forging causes the failure of ingots,

Molybdenum elloys with & very high strensth et high temperatures (alloys
with a high content of tungsten, two-rhase alloys of molybdenum with carbide
phase) submit with difficulty to the drop forging; in these cases, it is recommended

to use flashless die extrusion,
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