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The addition to s in te red  ant i f r ic t ion m a t e r i a l s  of substances  acting as solid lubr icants  p r o m o t e s  the 
es tab l i shment  of an in te rmedia te  working layer ,  as  a r e su l t  of which the f r ic t ion  fo rce  and wear  a r e  reduced 
and se i zu re  is p revented .  Solid lubr icants  can be introduced into me ta l -powder  m a t e r i a l s  by var ious  t ech-  
niques,  such as by rubbing in a d ry  addition powder,  impregnat ing  the po res  with liquid suspens ions ,  or  add-  
ing a solid lubr icant  to the charge  before  p r e s s i n g  and s in ter ing.  F r o m  the product ion point of view, the 
l a s t  of these techniques is the m o s t  convenient,  because  it e l imina tes  the opera t ions  of impregnat ion,  r u b -  
bing in, e tc .  and enables  the f r ic t ion  su r f aces  to be machined.  These  p r o c e s s e s  a r e  essen t ia l ly  used fo r  
producing s in te red  m a t e r i a l s  based  on me ta l s  having low s in ter ing t e m p e r a t u r e s ,  at  which additions of sub-  
s tances  acting as sol id lubr icants  do not lose the i r  p r o p e r t i e s .  Bear ings  f r o m  such m a t e r i a l s  cannot opera te  
at high loads or  f r i c t ion-zone  t e m p e r a t u r e s .  

In s e r v i c e  under  such conditions, i r o n - b a s e  s in te red  ant i f r ic t ion m a t e r i a l s  a re  m o r e  re l i ab le .  The 
r e l a t ive ly  high s in te r ing  t e m p e r a t u r e s  of these  m a t e r i a l s  (1000-1200~ however ,  r e s t r i c t  the range  of solid 
lubr icants  which can be introduced into the charge  before  s inter ing.  Suitable subs tances  include zinc and 
i ron sulf ides [1], boron  ni t r ide ,  graphi te ,  synthet ic  m ica s  [2], etc.  The compara t ive ly  sma l l  number  of such 
subs tances  d e c r e a s e s  st i l l  f u r t he r  when s in ter ing  is to be p e r f o r m e d  in reducing envi ronments ,  which a g g r a -  
vate  the p r o c e s s e s  of t he rm a l  decomposi t ion of subs tances  capable of operat ing as solid lubr icants .  

The a im  of the p r e s e n t  invest igat ion was to se lec t  solid lubr icants  which, when introduced into the 
charge  of i r o n - b a s e  powder  m a t e r i a l s ,  do not lose the i r  lubr icat ing p rope r t i e s  in the course  of s in te r ing  in 
a hydrogen a t m o s p h e r e  and enable s in te red  bea r ings  f r o m  these m a t e r i a l s  to opera te  at inc reased  loads 
under  d ry - f r i c t i on  conditions.  Zinc and i ron sulf ides,  boron  ni tr ide,  and ba r ium and ca lc ium f luor ides  were  
chosen for  s tudy.  Some phys ica l  c h a r a c t e r i s t i c s  of these m a t e r i a l s  a re  l i s ted in Table 1 [4, 5]. 

The t e s t  m a t e r i a l s  were  p r e p a r e d  f r o m  PZh lM1 i ron powder  (fine i ron powder  obtained by the r ed u c -  
tion p roces s ) ,  to GOST 9849-61 s tandard ,  with additions of 4, 8, o r  12~0 of the lubr ica t ing subs tances .  Three  
batches  of bear ing  inse r t s  were  made  f r o m  each of these  m a t e r i a l s .  Sintering was conducted in a d r i ed -  
hydrogen a t m o s p h e r e  fo r  2 h, with the inse r t s  packed in calcined a lumina.  The bear ing-produc t ion  techni -  
que has been desc r ibed  in m o r e  detai l  by Fedorchenko and coworkers  [3]. Table 2 l i s ts  data on the influ- 
ence of s in te r ing  on some  c h a r a c t e r i s t i c s  of the m a t e r i a l s  of opt imum composi t ions .  It is c l ea r  f r o m  this 
table  that  the weight loss  of the sulf ide-containing m a t e r i a l s  was 3-5 t imes  higher  than that  of the f luo r ide -  
containing m a t e r i a l s ,  which is evidence of g r e a t e r  t he rma l  s tabi l i ty  of the l a t t e r .  This is conf i rmed by 
data obtained by  subject ing the su r f aces  of s in te red  bear ings  to x - r a y  diffract ion analys is ;  the addition sub-  
s tance  was detected only on the su r f ace  of the f luoride containing m a t e r i a l s .  The amounts  of the sulfides 

TABLE 1 

F o r m u l a  

FeS 
ZnS 
BRF 2 
CaF 2 
BN 

Crys ta l l ine  s t r u c t u r e  

Hexagonal  
Cubic 

Hexagonal  

Dens ity 
g / c m  3 Melting point,  ~ 

4.84 
4.087 
4.66 
3.18 
2.35 

1193 
1850 (150 arm) 
1290 
1418 
3000 (under N2pre s su re  ) 

Heat  of f o r -  
mat ion AH 298, 
kca l /mole  

22.8 
48.4 

287.7 
290.2 

33.5 
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Fig. 1. F i lm  separat ing fr ie t ion su r faces .  On sur face  
of bearing:  a) with CaF2, x 300; b) with ZnS, • 300; c) on 
surface  of shaft operat ing in bear ing containing CaF 2 • 100. 

a b 

Fig. 2. F r i c t i on - su r f ace  prof i le  char t s ,  a) Bearing;  1) with FeS; 
2) with ZnS; 3) with CaF 2. b} Shaft running in bear ing containing; 
F) FeS; 2') Zn8; 3') CaF 2. 

remaining in the surface  layers  of these mate r ia l s  a f te r  s inter ing were  evidently outside the l imi ts  of sen-  
s i t ivi ty of x - r a y  diffraction analys is .  

The effect iveness  of additions designed to act  as solid lubricants  and introduced into the charge before  
s inter ing was evaluated f rom the ant ifr ic t ion p roper t i e s  of a f r ic t ion  pa i r  operating under  dry-s l id ing  f r i c -  
tion conditions.  The f r ic t ion  pa i r  was composed of a r o l l e r  shaft  of quenched s teel  45 and a s in te red  seg-  
ment- type  bear ing  inser t .  The f r ic t ion sur faces  of the shafts and bear ings were  machined and had a Class 
8 finish to GOST 2789-59 standard.  

The tes ts  were  conducted on an Mi-IM fr ic t ion machine under loads of 8 and 25 daN/cm 2. A constant 
sliding veloci ty  of 0.28 m / s e e  was employed.  The coefficients of f r ic t ion  and specif ic  weight losses  of the 
bear ing and shaft  in 4 h of operat ion provided c r i t e r i a  fo r  evaluating ma te r i a l s .  Each f r ic t ion  pa i r  was f i r s t  
rllrl-in. 
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Fig.  3. Phase  composi t ion of su r face  f i lm 
on bear ing  with CaF 2. 

TABLE 2 

Composition, Weight loss [Porosity be-[Porosity af2 
in sintering, fore sim,~r' ]ter sigtering, 

o/o ing, -/o I % _ voI.% 

Fe-~12CaF~ 
Fe-~ 8BaF 2 
Fe-~12ZnS 
Fe-~ 8FeS 
Fe~I2BN 

0 , 9  �84 

0,7 
2,9 
3,8 
1,0 

13,2 
13,3 
13,5 
13,0 
13,0 

12,8 
13,6 
15,0 
15,2 
14,9 

The r e su l t s  of tes ts  on ma te r i a l sw i th  opt imum 
amounts of additions a r e  p re sen ted  in Table 3. As 
can be seen, the leas t  wear  and coefficients  of f r i c -  
tion were  r eco rded  in tes ts  on bear ings  containing 
ca lc ium f luoride.  The l oad -ca r ry ing  capaci ty  of 
these bear ings  was also s ignif icant ly higher .  While 
bear ings  containing ca lc ium fluoride sa t i s f ac to r i ly  
opera ted  under the load of 25 daN/cm 2, other  b e a r -  
ings gave good p e r f o r m a n c e  only under  the load 
of 8 daN/cm 2. 

Examinat ion of the su r face  f r ic t ion  l aye r s  es tab l i shed  that separa t ing  f i lms had fo rmed  on the rubbing 
s u r f ace s  of bear ings  containing CaF 2 and ZnS. The f i lm thickness  in the f o r m e r  case  was 11/2-2 t imes  
g r e a t e r  (Fig. l a  and b) and amounted to 40-70 #. A s im i l a r ,  equally effect ive separa t ing  f i lm had fo rmed  
also  on the su r face  of r o l l e r  shafts  opera t ing  in bear ings  containing CaF 2 (Fig. lc ) .  

The r o l l e r  shafts  a f t e r  the tes t s  genera l ly  exhibited an apprec iab le  weight gain due to the t r a n s f e r  of 
the ca lc ium f luoride onto the i r  su r face  in the course  of rubbing. This was conf i rmed by spec t r a l  analys is  
of the r o l l e r - s h a f t  f r ic t ion  s u r f ace s  before  and a f t e r  test ing.  

A compar i son  of s u r f a c e - p r o f i l e  g raphs  obtained for  the f r ic t ion  su r faces  of bear ing  a f t e r  t es t s  shows 
that,  in the p r e s e n c e  of additions act ing as solid lubr icants  and promot ing  the fo rmat ion  of su r face  f i lms 
effect ively  separa t ing  the f r ic t ion  su r f aces ,  the f inish of the l a t t e r  improves  (Fig. 2). 

The phase  composi t ion of the su r face  f i lm on bear ing  containing CaF z was de te rmined  with a URS-55a 
x - r a y  diffract ion appara tus  in i ron radia t ion.  A spec imen  to be photographed was p repa red ,  in the f o r m  of 
a cyl inder  of 0 ,3-ram d iamete r ,  f r o m  the m a t e r i a l  of the f i lm af te r  the la t te r  had been s t r ipped mechan i ca l -  
ly.  Photography was p e r f o r m e d  in a s tandard  RKD c a m e r a ,  using an exposure  t ime of 18 h. The x - r a y  dif-  
f r ac t ion  p ic tu re  was subjected to pho tomet r i c  analys is  on an MF-4 mic ropho tome te r .  The r e su l t s  of this 
ana lys is  demons t ra t ed  that, in addition to i ron and its oxides,  the su r face  f i lm contained a lso  CaF 2 (Fig. 3). 

In the course  of these  tes ts ,  it was es tab l i shed  that, with increas ing  load, a pa r t i cu l a r l y  sharp  de-  
c r e a s e  in the coeff icient  of f r ic t ion  was exhibited during the opera t ion of bear ings  containing ca lc ium f luo-  
r ide .  This was evidently due to the fac t  that,  as  the t e m p e r a t u r e  in the f r ic t ion  zone rose ,  the r e s i s t a n c e  
to shea r  deformat ion  of CaF 2 dec reased .  

TABLE 3 

Bear ing  m a t e r i a l  

F e +  8% FeS 
F e + B N  
Fe + 8% BaF 2 
Fe + 12% ZnS 
Fe + 12% CaF 2 
Fe  + 12% CaF 2 
Fe + 12% ZnS 

Sp. wea r  Sp. wear  
of ro l l e r ,  of inser t .  

m g / c m 3 / h  m g / c m 3 / h  

4.1 146.6 
P o o r  p e r f o r m a n c e  
0.108 ] 68.1 
0.21 I 117 

Weight gain 141.2536"25 

2.8 ] 214 

Load, 
d a N / c m  2 

8 
8 
8 
8 
8 

25 
25 

Coefficient of 
f r ic t ion  

0.67 

0.56 
0.63 
0.5 

0.28-0.34 
0.43 
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CONCLUSIONS 

1. The antifriction properties of some fluorides of alkaline-earth metals and, for comparison, of zinc 
and iron s t r i de s  were evaluated. 

2. It is shown that, by adding calcium fluoride to the charge, it is possible to formulate iron-base 
sintered materials intended for the manufacture of self-lubricating bearings operating under dry-friction 
conditions. 
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