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EFFECT OF NITRIDING ON THE MECHANICAL
PROPERTIES OF NIOBIUM

5. S. Kiparisov, Yu. V. Levinskiy,
and Yu. D. Strogonov

loblum has a reiatively high strength and plasticity and i
excellent chemical resistance. Yet due vo the low hardness of
the pure metal, items produced from it have poor wear resistance.
In this connection processes for surface hardening of niobium
products and, in particular, a simple and effective nitriding

oDcooes o> 5 o

method 1n a nitrogen atmosphere are subjects of great interest.

Several works [1-6] have been dedicated to a study of
nitriding, yet in most of these attention is given primarily to
studying the kinetics and mechanism of the process.

in this work we have studied the effect of nitriding on
the mec:hanical properties of niobium: short-term tensile strength,
rlasticity, and hardness.

Niobium of an electron-beam melt, rolled without heating
1nto sheets 0.7, 1.6, and 2.0 mm thick with a 97, 94, and 92%
vegree of deformation, respectively, was used as the raw material.
?rum these sheets specimens were cut ror testing tensile strength
ﬂtotul length 50 mm, width of the end 3 mm).

FTD-MT-2U-1431-71 ik



i Lhe original cold=-worked state 0, = 60-63 kg/mmz,
¢ =5 - 13%, and HV = 210-220 kg/mmz. Annealing was conducted
rooa vacuaum of 1-10-5 mm Hg, for ore hour at 1100, 1200, and
1100~ =p to the reduction of o, to 32, 30, and 21 kg/mm2 , an
incres - of § up to 23, 22, and 20%, and a reduction in hardness
' 1.6, 1U9, and 94 HV, respectively.

Annealed as well as cold-worked specimens were subjected to
nitriding. After nitriding at all test regimes,no difference,
~ither In structure or in the properties of these two specimen
batches, was revealed. Evidently, recrystallization annealing
vccurred as the specimens were being heated up to the nitriding
temperature. This theory 15 confirmed by the data oun the
temperature of 940-1050° at the beginning of the niobium recrystal-
lization [7].

ditriding was performed in an atmosphere of pure nitrogen
:ontale.lng less than 0.005% oxygen. The specimens were saturated
LY rnitrogen at 1100-1500° with a holding time of from 15 min to
“* h. PFur the nltriding the specimens were suspended on a
molylucnum wire in the working area of a vacuum furnace with a
Lunguten neater. Prior to heating a vacuum of 1'10.3 mm lig was
created 1in the furnace. After the interlior of the furnace had
beci: flusl,ed three times with nitrogen, a nitrogen pressure equal
"5 ] atm was established, and remained constant throughout the
cnlire experiment. The temperature on the surface of the specimens
was measured by means of an optic pyrometer with an accuracy up

vty 10-20u°,

sver the entire studlied t-mnerature interval during nitriding
LWo processes took place simultareously, but at different rates
and witn different effects on specimen hardness. These were the
saturatlion of nioblum by nitrogen, which increcased hardness,
and tne growtn of brittle nitriage layers, which decreased the

overill strength of Lhe speclimens.
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A welght 9naiyvsts provides a qualitative picture of the
v+ tative partlcipation ~f these processes in changing specimen
trenyth. The u.tlmate solublility ot ‘trogen in niobium at
Laturaticn temperature: according to w « [€] is equal to 0.04
“1.% .. According to data on the quar Ity of absorbed nitrogen
- 2an determine the time during which tne process of saturation
51 the metal by the ~itrogen is terminated ard all the absorbed
nitrogen spent in the growth of nitride layers (table).

Time (hour) necessary for the forma-
tion of 2 maximally saturated solid
solution of nitrogen in niobium.

1, *C P-"Juab=l&nnl=2pxx

1000 =6 . -
1w ) >6 -
120 03 | |
130 x0.1\ 0.23 0.2,

ine nitrided spe ‘lrers were tested for tenslle strength at
room temperature. With an increasc in nitriding time at 1100°
th* strength of the specimens ri_es, which is exp.ained by the
concentration of nitropen in the solid svlutior (Fig. 1). The
thinne:; the specimen, the more rapid wil. ve its saturati:n and
Lhe greater the increas.e in !ts strength. Evidently, o, N the
order of 70 kg/mm2 corresponds U< the ultimate saturation solid
solutlon of N in Nb. The fi.ms of the brittle nitride phases
on the surface of Lthe vre lrens at 1100° are still very small and
Jdo rot play a sienificant role i the overall hardness of the

srecimens.,

At 120L0° (see Fip. .u) nl°'rogern saturation of the solid

s5clut! .1, cccurs more raplily. Jpecimens 0.7 mm thice have a
tarxlma hardness after only .= nocof nitriding, and {1 thls case
the formatior of ol otde layver. has a significant {rfluence on
ercngth.' 3in e the strenyein a2 solld solution after ultimate
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nitrougen savuration remains constant, while the nitride layers
continue to grow, the relative contribution of these layers

to the overall strength of the specimens increases with

an {n.rease in holding. Actually, the strength of specimens

0.7 rm thick declines scmewhat with an increase in nitriding from
" to 6 h.

Fig. 1. Ultimate strength
as < function of nitriding
time of specimens at 1100°
(a), 1200° (b), and 1400°
(c). Specimen thickness
0.7 (1), 1.6 (2), and 2.0
(3) mm.

At 1300° saturation of the solid solution by nitrogen is
completed after only 15 min. Then the formation of nitride
1yers begins to affect the change in strength. The gfeater
the relative thickness of these layers, 1.e., the thinner the
specimens, the greater w!ll be the decline in strength with an

increagse 1 time.

We get a simiiar plcture at 1400° (see Fig. lc), where
strength after nitriding r.r 6 h becomes even less than that of
specamenc 1n an annealed state,

' At all nitriding temperautures the sharp decline in plasticity
is quite nnticeable. At 1100 there is a two-fold decrease in
relative elcengation during the first two hours of nitriding.

f A further increase in the nitriding time dces not result in a

P e
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Sutltuntius uzirease i plasticity. Evidently, 8§ = 10-14%
corrosperads Lo the maximal saturated sclid solution of N in Nb.
It 1¢ interesting te note that the relative clongution of a
maximarly Siturated solld solution of oxygen in nioblum has about
the same value (10%) [8].

x[”
b0
Fig. 2. Relatlive elongation of
Q 1 , spe:imens 0.7 mm thick as a func-
" tion of nitriding time at 1100°
(1), 1200° (2), 1300° (3), and
~ T 1uade (. '
[ e ——en
g A T

After nitriding at 1200 and 1300° plasticity declines more
abrurtly than at 1100°. The constant decrease in plasticity and
{ts fow values after prolonged nitriding at 1300° indicate that
the redustion 1n strenyth after prolonged nitriding at 1300°
1s not caused by the recrystallization processes, which occur
under these conditions along with nitrogen saturation, but by the
growth in trittle niivride layers (Fig. 2). At 1400° after 1 h
of nitriding we observe a virtual britt.e fracture of the
specimenn. The surface hardnesc values for specimens of different
tnicknesses, subjzcted tu nitriding unde:r ldentical conditions,
diftfer little. Thus, Flg. 3 glves the average values for
specimerns of differert. thicknesses.
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flg. 3. Tire change 1in surface
hardness with nitriding at 1100°
(1), 1200° (7)), 1300° (3), and
1400° (4).
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AL niuvrialinye temperatures of 1100-1300° the surface hardness
o fpecimens rema'ns for all temperatures equal to 250-300 kg/mmz.
These values, according to work (9], correspond to a solid
saturaticn solution of N in Nb. A J400 and 1500° surface hardness
rises charply, and in 2 h of nitriding at 1500° reaches 1500 kg/mmz.
‘uch high hardness values correspond to the hararess of the
nit:ide layers. In order to measure hardness at a certain i
distance from the surface of the specimen,a layer 100 um thick was'
remnved. At this depth hardenss, in contrast to surface hardness,:
s less dependent on a change 'n temperature and nitriding time,
and within tne entire studled temperuture range fluctuates within

a 200-"50 HV rarnce (Fig. 4).

. Fig. &. Chuange in hardness
o at a depth of 100 um from sur-
face durling nitridirg at
1100° (1) and 1300° (2).

Thus, the nitrinlnge process can be successfully applied in
the surface haraening of niloblum. The cptimal regime in this
case is nitriding at 1100° ftcor 2-3 h.,  After such processing a
230-.%0 HV surface hardness ic obtalined, and 210-220 at a distance
of 100 um from the surface. A temperature increase in nitriding
3 der-irable In connection with the great plasticity loss, and

for strength lo:s at high temperatures.

Nitriding c¢an be recommended not only to increase surface
hardne:s, but (in the case of small items) to increase overall
strergth. The ultimate tensile strength of nitrided specimens
{s on the 2rder »f the ultimate ctrength ot maximally cold-worred
nlobium - 45-70 Ar/mm:. However, nitrided specirens have a great

advantage over ccid-worked. Whlie the strength resulting from

‘mechanical working declines sharp.y with an increase In temperature,

FT.=T=cb=-1431-71 6
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strengtin resulting f.c.. ..¢ nitrogen saturation of niobium

retains its high values even after annealing at elevated tempera-
tures. Thus, annealing of maximally cold-worked specimens at

1100" ur 1 1 results fn a decrease in o, from €3 to 32 kg/me;
aines dry inoa vnoouum \%1-10-5 mm Hg) at 1700° for 1 h of
speclrens wnlcl nave uncergone nitriding at 1200° for 1 h resulted

2
fi : aecrease In o tron v.-63 to 52 kg/mm°.
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