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EFFECT OF NITRIDING ON THE MECHANICAL 
PROPERTIES OF NIOBIUM 

o. S. Klparlsov, Yu. V. Levlnskly, 
and Yu. D. Strogonov 

! 
Niobium has a relatively high strength and plasticity and    l 

excellent chemical resistance.  Yet due to the low hardness of   ' 

the pure metal, items produced from it have poor wear resistance. 

In this connection processes for surface hardening of niobium 
i 

products and, in particular, a simple and effective nitriding    , 

method in 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 ihe kinetics and mechanism of the process. 

in  this work we have studied the effect of nitriding on 

the mechanical properties of niobium:  short-term tensile strength, 

plasticity, and hardness. 

i 

Niobium of an electron-beam melt, rolled without heating 

into sheeta 0.7, 1.6, and 2.0 mm thick with a 97, 9^, and 92% 

uegrte of deformation, respectively, was used as the raw material. 

Vrom tnt'.sc sheets specimens were cut for testing tensile strength 

(total length 50 mm, width of the end 3 mm). 

. . i 
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2 
iii  Lin   original  jold-worked  state o    *  60-63 kg/nun   , 2    B 

t   *  ^     -     13%, and HV ■  210-220  kg/mm  .     Annealing was   conducted 
:   a  v 1 .uui« of 1-10      nun Hg,    for   ore huur at  1100,   1200,  and 

i'ÜÜ'    ;p  to  the reduction  of o    to  32,  30,  and 21 kg/mm     ,  an 
Increa-»•  of 5  up to 23,  22,  and 20% t  and a reduction in hardness 

' >   UC,   11)9,   and 9^ HV,  respectively. 

Mnneaied as well as  cold-worked  specimens were  subjected  to 
nitriditig.     After nitriding  at all   test regimes, no difference, 

-ither  In structure  or in  the  properties of these two specimen 
batches,  was  revealed.     Evidently,   recrystalllzation annealing 
occurr-.'d as   the specimens  were being heated  up to the  nitriding 
temperature.     This  theory   is   confirmed by  the data on  the 

temperature  of 9^0-1050°  at   the  beginning of the niobium  recrystal- 

llzation  [7j. 

Nitriding was performed  in an atmospher« of pure nitrogen 
-•ontali.Ing  less than O.ÜO^X  oxygen.     The specimens  were  saturated 

b."  i.ltrogen  at   ilOO-lbüO0  with a holding time of from 15 min to 
•'-  h.     Fur the  nitriding  the  specimens  were  suspended  on  a 

molyLJi nun. wire in  the working area  of a vacuum furnace with a 
tungsten noater.     Prior  to  heating a  vacuum  of  I'lO       mm Hg was 
created in the  furnace.     After the  Interior of the  furnace had 
been  flushed  three times with nitrogen, a nitrogen pressure equal 
■ 3  J   atm was  established,  and  remained  constant   throughout   the 
entire  experiment.     The  temperature  on  the  surface  of the   specimens 

was measured  by means  of an  optic  pyrometer with  an  accuracy  up 
to  i0-2u&. 

Over the  entire studied  t'-mperature interval during nitriding 
two processes  took place  simultaneously,  but   at  different   rates. 
ind wltn different  effects  on  specimen hardness.     These  were   the 
saturation  of niobium by  nitrogen,   which  Increased  hardness, 
^nd  thf  growtn uf brittle  nitride   layers, which  decreased   the 
overill  strength of  the  specimens. 

'•ri)-M,i-:-'ii-ii4 3i.7i 



A weight  viaivblü  provides  a qualitative picture  of  the 

:- latlve participation  -f these  proct3ses  In changing specimen 

UfctvLh.     The  ultimate  solubility   ol     Urocen In niobium at 
ituration  temperature:-  according to w     <  [6]  is  equal  to  0.0U 

*i.% :..     According to  lata on  the quai   ity of absorbed nitrogen 

..-   2-i.u   determine  the   time during which  tne process  of saturation 
jl   the metal  by  the  ^.itrogen  Is   terminated and all  the  absorbed 

nitrogen spent  in the  growth of nitride  layers   (table). 

Time   (hj-ir)   necessary   for the   forma- 
tion  of ?  maximally   saturated solid 
solution  of  nitrogen   in  niobium. 

». "C ImtXjMMi-lJSMM 1-^7.0 MM 

1000 
11 (»I 

1XD 
05 

«0.1 

>6 
1 
0.23 

1 
or. 

Ine nltrlded .spe'iners  were   tested   for tensile  strength  at 

room temperature.     With an  Increase   In  nitridlng time  at   1100° 

th.'  strength  of the  specimens   ri^es,  whijh  is  expxained  by  the 
concentration of nitrogen  In  the  solid  solution   (Fig.   1).     The 
thinner the   specimen,   the more  rapid wlK  ue  Its  saturatlm  and 
tht   greater the  Increase  In  Its   strength.    Evidently,  OB   jn  the 
order of 70  kg/mm    corresponds   to   the  ultimate saturation  solid 
soiutljii   of  H  in  Nh.     The   f 1 ims   of  the   brittle  nitride  phases 
on  the  surface  of '.he  ^pe.imet.s   ,tt   ilCO0   are  still   very  small   and 
du not   play   a significant   role   li.   the   overall  hardness   of  the 

rpecimena. 

At   i?fv0c   (see   Klg.   .'■)   nl'rogen   saturation  of  the   solid 

solutl-n  occurs more  raplliy.     .'pe<Tlmens  0.7  mm thick  have  a 
la/.lr.-i;   hardner,:!   »fter  Dnly   .-.    t.  of  nitridlng,   and   1.-.   this   case 
the   formation  ■.?" r.I'rlde   I'ty-r.    has  a  significant   Influence  on 
strength. \  oln •   the  strength      "  a  solid  solution after  ultimate 

r::.-M':-,M-u 31-71 



nltrugen sat.uratlon reraains constant, while the nitride layers 

continue to grow, the relative contribution of these layers 

to the overall strength of the specimens Increases with 

:\n  Increase In holding.  Actually, the strength of specimens 

0.7 fjn thick declines somewhat with an Increase in nltrldlng from 

to 6 h. 

Fig. 
as '- 
time 
(a), 
(c). 
0.7 (1), 
(3) mm. 

1.  Ultimate strength 
function of nitriding 
of specimens at 1100° 
1200° (b), and 1^00° 
Spe.:iT'.^n thickness 

1.6 (2). and 2.0 

At 1300° saturation of the solid solution by nitrogen Is 

completed after only 15 min.  Then the formation of nitride 

. tyers begins to affect the change in strength.  The greater 

the relative thickness of tnese layers, i.e., the thinner the 

^jeclmenb, the greater w!ll be the decline in strength with an 

increait I', time. 

We get a similar picture at 1^00° (see Fig. 1c), where 

strength nfter nltrldlng f ^r 6 h becomes even less than that of 

specimens in an annealed st;ue. 

At all nltrldlng temperaiures the sharp decline in plasticity 

Is quite noticeable.  At 1100° there Is a two-fold decrease In 

relative elongation during the fir^t two hours of nltrldlng. 

A further increase in the nltrldlng time does not result in a 

ITU-MT-2^-l^il-71 



J-L-Ijuiia^ a.-ti'e.ise  ir. plasticity.     Evidently, 6 ■ 10-1^1 
•.on- ;i|>> i.ils   to  the maximal  saturated  solid  solution of N In Nb. 
Ii   \L:  inLer^sting tc note  that  the  relative elongation of a 

maximally  3-iturated solid  solution  of oxygen in niobium has   about 
tht  same  value   (10%)   [8J. 

JA 
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^ I 

It 

0 

\        >>w 

^ 
 ^ -^ 

I 4 h 

Fig.   2.     Relative elongation of 
specimens  0.7 nun thick as  a func- 
tion of nitriding time at   1100° 
(1),   1200°   (2),   1300°   (3),  and 
i^oo0 (n). 

After nitriding at 1200 and 1300° plasticity declines more 

abructly than at 1100°. The constant decrease in plasticity and 

!Lr. I.JW values after prolonged nitriding at 1^00° indicate that 

tne reduction in strength after prolonged nitriding at 1300° 

is not caused by the reorystalllzation processes, which occur 

under these conditions along with nitrogen saturation, but by the 

growth in brxttle nitride layers (Fig. 2).  At 1^00° after 1 h 

of nitriding we observe a virtual brittle fracture of the 

jnecimtn.  The :;urface hardness values f'-'r specimens of different 

tnlw'lcnesses, subjected to nitriding under Identical conditions, 

differ little.  Thus, Fig. 3 gives the average values for 

speL'lmer.s of differer.'. thicknesses. 

i*te 

< ( 

1 
1 

• 1 

/ y 
i * 
1 

1 MS 
y/x 

i. 
t s r  ' i J 

Fig. 3.  Time change in surface 
hardness with nitriding at 1100° 
(1), 1200° {:),   1300° (3), and 
1^00° (-o. 
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AL  nltrl-Ur.^  temperatures  of 1100-1300°   the surface  hardness 
2 

et   specimen;', remains for all temperatures  equal  to 250-300 kg/mm   . 

These  values,   according to work  [9J,   correspond to a  solid 

saturation solution of N  In Nb.     A HOO  and 1500° surface hardness 
rises nharply,.and   in 2 h of nitrid-tng at   1500°  reaches  1500 kg/mm2. 
;uch high hardness   values  correspond  to  the hardness  of the 
nitride   layers.     In  order to measure hardness  at  a certain 1 

distance  from  the  surface of the specimen,a  layer 100  urn thick was1 

removed.     At   this  depth hardenss,  in  contrast  to surface hardness^ 

Is   less  dependent   on a  change  in temperature  and nitriding  time, 
and within  trie  entire  studied  temperature  range   fluctuates within 
a  200-:,50  HV  ran.-e   (Fig.   4). 

Fig.   k.     Change  in hardness 
at  a depth  of 100  um  from sur- 
face during nitriding at 
1100°   (1)   and   1300°   (2). 

Thus,  the  nitriding projess  can be  successfully  applied  in 

the surface haraening of niobium.     The  cptlmal   regime  in  this 
case  Is  nitriding  at   1100°   for 2-j h.     After sucn processing a 
?30-.."4U HV surface  hardness  1^   obtained,   and  210-220  at  a distance 
of 100  UM  

rrom  the   surface.     A temperature  Increase  in  nitriding 
I.T  derlratle   in   connection with  the  great   plasticity   loss,  and 
fur strength  lo".s   at  high  temperatures. 

Nitriding can be recommenJed not only to increase surface 
hardness, but (in the cas^ of small items) to Increase overall 

strength. The ultimate tensile strength of nitrlded specimens 
Is on the order of the ultimate rtrength of maximally cold-wcrke.i 

niobium - 6v-70 ^.t'/mm' . However, nitrlded specimens hnve a great 
advantage over coid-worked. While the strength resulting from 

mechanical  working  declines  sharpiy  with   an  Increase  in  temperature. 

FTi'-MT-«^-1^31-71 



strength  resulting  f. ^...  >...c  nitrogen saturation  of niobium 
rvialns  its high  valuer even after annealing at  elevated tempera- 

turtj.     Thu3,   annealing of maximally  cold-worked specimens  at 
llOC■,   ror  1  h  rt-.-.ults  in a decrease in o     from 63 to  32 kg/mm  ; 

c B 

.nnea.ing  in  a   v.-:-uura   r-i«10       ram Hg)  at   l?00o   for  1  h  of 

•.pei;l::;t'na   wnict 
in 

:iive  uncergone nltriding  at  1200°  for 1 h resulted 

lecrease   In  0     iron 62-63  to  52 kg/mm' 
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