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1 .  In troduction 

Plasaa process ing invol ves the extended exposure of a aetal 
surface to any ionized and dissociated gas in  a glow discharge at 
a teape rat ure suff i c i en t l y  h i gh t o  perai t t he act i ve p l asaa 
species to react with the surface of the t reated speciaen- whi ch 
serves as a cathode of a glow discharge diode .  The al tered sur­
face propert ies such as i ncreased hardness and wear res is t ance 
are a direct resu l t  of the cheaical  changes i n t roduced i n  t he 
surface . In  plasma ni  triding the atomic  n i t rogen i n troduces i nt.o 
the ferrite  phase at the temperatures below the eutect ic teapera­
ture in the b i nary Fe-N system .  The s ingle aost iaportant feature 
of p lasma n i t riding l ies in i ts capab i l i ty to contro l  precisely 
the micros t ruct ure of treated components  produciD'i_ the des i red 
phys ical propert ies to aeet the deaand of services . The ai• of 
work is  lo s tudy t he t ime dependences of d i ffus i on l ayer and 
compound zone thicknesses of plasma n i t rided surface layers . 

2 .  8xperi•en tal condi �ions 

Schemat i c  diagram of the expyrimen tal se tup used _in this work 
is shown, in Fig . I .  I t  coaprises es sent i a l l y  of vacuum chaaber , 
the mechan i cal  vacuua puap , DC powe r s upp ly  un i t , the un i t  t o  
adj us t and con trol  glow discharge parameters and gas supply  and 
cont ro l  un i. t . Treat ed samp l es are connect ed cathodicaly  and 
pos i t ive l y  charged i ons boabard the i r  surfaces s upplying  t he• 
wi th energy . The t eaperat ure o f  workp i eces i s  aeasured b y  an 
insulated chromel-aluael thermocouple . 

S aap l es of  four di fferent i ron based aat er i a l s  have b een 
treated :  ( i ) JUS C . 4732  s t e e l  ( chea i cal  coapos i t i eo :  l , l*C r ;  
0 , 25�Mo ; 0 , 9•Mn ; 0 , 35•S i ;  0 , 4•C ) with the tensi l e  st 1 ength R• = 1
GPa ( the hardness of  3 1 0  RB ) ;  ( i i )  JUS C . 5420 s t ee l ( cheai cal 
coapos i t i on :  1 , 5•cr ;  1 , 4*Ni ; 0 , 7l•Mn ; 0 , 35*S i ; 0 , 1 8*C ) with the 
hardness of about 200 BB ; ( i i i )  pearl i t ic-sorb i t ic nodu lar cast 
i ron JUS NL . 80 ( cheaical coaposi t i on :  3 , os•c ; 2 , 63*S i ;  0 , 42*Mn ; 
0 , 53•Cu)  with the tens ile s t rength of , 86.0 MPa ( the hardness of 
290 BB ) ;  and ( iv )  powder •et al s intered steel ( cheaical composi­
t ion : 7 , 35•c r ;  4 , 32*Mo ; l , 27•c u ;  l , 37•c ) wi th  the hardness of 
about 300 BB • .  The effects of plasaa ni  t riding teaperature , ·· type 
of gas aixt ure and glow discharge paraaeters have been previous ly 
invest igated to  get opt iaua resul ts . Before plasaa n i triding the 
saap l es were hydrogen spu t t e r  et ched for 1/2  h. The n i t r i d ing 
temperature was 520 C ,  the process was perforaed for 3 h ,  5 h,  
7 , 25 h ,  9 , 25 h ,  16  h ,  25 h ,  50 h and 75 h in different gas mix­
tures of N2 , a2 and CB4 at the pressure in the ab ar range t o
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produce aonophase compound layers of o'- Fe4N and f. - 1''e 2-3N .
Evaluat ion of n i t r i ded surfaces was conducted by opt i ca l  micros­
copy, X-ray diffractoaetry , and microhardness measurements . 
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Fig. I .  Scheaat i c  diagraa of the experimental setup ( see text ) .
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Figure 2 .  Microhardness dept h  profi les of plasma n i t rided samp les 
of JUS C . 4732 steel ( corresponds to  D IN 42CrMo4 ) as a funct i on of
n i t r i ding  t iae : working  gas is 80�N2 +20*B2 at  the pressure of
2 , 66 abar,  n i t riding teaperature is 520 C .  
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3 .  Resul ts 

Nitrided layer t h i ckness was measured by microhardness depth 
profi l ing at the cross-sec t i ons along  t he normal to  the surfaces 
of t he s amp l es . The compound  l ayer t h i ckness was measured by  
opt i cal microscopy ; their  phase composit ions have been i dent ified 
by X-ray d i  ffrnc tometry met hods . Bot h  monophase compound l ayer 
types tiave been produced on the samp] es of n l l iron materials . 
Th is fac t is of  great value because these layers are respons ible 
for very good wear res is tance propert ies2 , 3 .

Mi crohardness depth profi le  of p lasma n i trided samples of the 
s teel C . 473 2 for di fferen t n i triding t imes is shown in the · r ig . 2 .
I t  can be seen that nit rided l ayer thi ckness grows with t ime . In 
order to eva l uate  the funct iona l  rel at ion , in Fig . 3 . this depend­
ence is  p l ot ted by taking ( t ime ) l / 2 as the argumen t .  It can �e
seen that the s t ra i ght l ines are good fi t s .  This means that the 
p l asma n i t r ided layer t h i ckness grows according to the di ffus ion 
l aw ,  a� i t  i s  wel l known for the case of the gas n i t ri ding  proc­
ess . In t he same f i gure i t  is shown that the same conc lus ion is 
va l i d  for o t her t ypes of  i ron mat e r i a l s  t reat ed in t h i s  work . 
This conc l us ion is  of great va lue because it  has been shown that 
di ffusi on layer is very important for the i mprovement s  of fat igue
prope rt ies achieved w i t h  pl asma n i trided crankshafts4 .
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�igure 3 .  Nitrided l ayer thickness of JUS C . 4732 and JUS c . 5420 
s teels , nodular cast i ron NL . 80 and powder aetal s intered s teel 
as a funct i on of t iae ; nitriding paraaeters as in  Fig . 2 .  
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Compound zone t h J cknes scs o f  n l l r i ded l ayers us func t i on s  o f  
t ime are shown i n  the l e f t  po r t  o f  F i g . 4 .  I t  can be  s een l h u t t he 
character of t he i r growth l s  d i fferent than the prev i ous on e .  J n  
order ,,!:o s t udy i t  i n  more de t a i l s , t he s u rface m i c rohn rdnesscs
as funct i on s  of t ime ore showra i n  t h e  r i gh t  pttrl  of  F! i g .  4 .  l L cun
be seen that the t ime dependences of the compound l ayer  th i ck ness 
and of surface microhardness are very s i m i J u r ,  i nd i c u t. i ng t ha t  
aft�r s oae t iae the equi l ib r i um between the q uan t i t y o f  n i t rogen 
introduced in the Very surf"nc:c of  Workp .i CCC und t. h crn c  d i  f f"used 
into t he b u l k  and spu t tered back from t he very n u r facc i n t o t he 
vacuum i s  reached . Thi s behuv .i. our i s  val i d  ora l y  l ' o r· p .l 11smu n i -­
t r i ded coapound l a yers . I t  i s  k n own t h a t i n  gns n i t r i d i n g t he 
coapound l ayer grows s t eadi l y  w i t h l i me , l he <:oruwtt U <? nc,? o f  that  
being that in order to produce t h i ck d i f fus ion  l ayer i t  has  to 
produce thick compound l ayer , t oo .  Thi s  i s  unocccpl ub l c  because 
there i s . no con trol  of the l ayer t ype b e i ng the m i x t ure of' two 
con fl i c t i n g  phases  w i  tb bad me,: h u n  i <:u J propur  I. :i <:s . whu  t. uwu n s  
that i t  has to  b e  removed . 
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Fi gure 4 .  C ompound zone t h i ckness  ( l ef"l ) and s urface hardness 
( r igh t ) of ni trided layers of JUS C . 4732 and JUS C . 54 20 steels ,
nodul ar cas t i ron NL . 80 and powder met a l  s i n tered s t ee l  as a 
funct ion of t ime ; n i triding parame ters as in F i g . 2 .

Opt i ca l  phot omi crographs o f  t he cros s - s ect i on s  o f  p l asma 
n i t rided l ayers of the s teels  C . 4732 1 C . 542 0 ,  nodu lar cos t i ron
HL . 80 and powder metal s in tered steel  are shown in Fig . 5 .  These 
are t he raw data used to p l o t  the curves shown in F i g . 4 .  

The para•et ers t o  b e  considered during t he eval uatjon of t he
result s  are0 : the neu t ra l s  i mpingement rat e about 1 0 2 0  cm-2s�l.
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Fi gure 5 .  Opt i cal photoai crographs o f  the cross··sect ions o f  the 
p l asma .n i t r ided layers of  JUS C . 4732 steel ( a ) . JUS C . 5420 steel 
( b ) , nodular cast i ron NL. 80 ( c ) and powder metal  s i ntered s teeJ
( d ) for d i f fe rent p l asaa n i t r i d i ng t imes ( t ime grows from t he
l eft to the right ) ; other n i t ri ding parameters as i n  Yi g . 2 .

427



viscous flow , mean free path 0 , 0 1 cm
1 �onol ayer t i me 10··5 s ,  the

bombarding ions rate  about 10I 6  cm; s- and energet ic part icles
iapingeaent rate about 101 7-18 cm·-2 s-l . The data show that the
mos t n umer ous encount er s  w i t h  surface at oms o re those o f  l ow 
energy neut r a l  gas spec i es , b e i ng ( 2-4 ) o rders o f  11ogn i t ude 
greater than those originat i ng from gl ow di scharge plasma .  The 
relat ionship shown in Fig . 4 . means that the mechan ism of compound 
layer growth is dependent main l y  on the conc:entrat i on of energet­
ic particles that are taking part in  the col l is i ons w i th the very 
surface . This  concl us i on coul d have ser i ous i n fl uence on the 
foraul a t i on of quan t i tat ive descr i pt i on o f  p l asma n i t  r i d i ng
process . 

4 .  Conclusions 

Fro• the data presented in  this  work the fo l lowing conc l u­
sions have been obtai ned :  

( i )  The p las•a nitrided diffusi on l ayer grows foJ owi ng the 
di ffus ion l aw ,  as in the gas n i t r i d i ng process . As d i f fus ion 
layer is  auch thicker than compound l ayer , the same conc l us i on i s  
valid  for .nitrided layer as a whole . 

( i i )  The  c ompou n d  l ay e r  t h i c k n e s s  s hows t h e  s a t u r a t i on 
reached after short n i t riding t ime , indicat ing that there is  an 
equil ibriua between the . quan t i t i es of nit rogen int roduced i n  i t  
and leaving it  by sputtering and d i ffus ion processes . Th is  fac t 
i s  o f  great t echn o logi cal value , enab l i ng the con t ro l  of  lhc  
n i t ri ded l ayer proper t i es being ma i n l y dependen t on compound 
layer propert ies .  

( i i i )  Based on t he data o n  the glow d i scharge pl usmu bas i c · 
paraaet ers it  has been found that the prev i ous conclus ion is  due 
to t he presence o f  energe t i c  part i cl es that i n t �rn�t wi t h  t he 
very surface of plasaa nit rided saaples . Th i s  cou ld  help in  the 
foraulation of  quan t itat ive descript ion of the process . 
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