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Fig. 6. Variation of electr ical  resist ivi ty 
with pressing pressure  for  various iron 
powder fractions: 2) + 0.16-0.25; 3) + 0 .10-  
0.16; 4) +0.05-0.10;  5 ) -0 .05  mm; 1)PZhlS 
powder (Table 1). 

Thus, the electr ical  res is t ivi ty  of cold-pressed compacts f rom i ron - f e r roeh rominm mixtures can be 
decreased by varying the fer rochromium content of the latter ,  raising the pressing pressure ,  and using mix- 
tures containing part ic les  of various sizes.  

The electr ical  resis t ivi ty of compacts from the US-25 alloy powder pressed cold under pressures  of 13 
MN/m 2 (130 kgf/crh 2) and higher did not exceed 10 -4 ~2-cm. 

C O N C L U S I O N S  

1. The length of the cold-pressing stage in the EPSP process  can be limited to 1 sec. 

2. The initial level of cold compact density and electr ical  conductivity required in the EPSP process 
can be reached at p ressures  above 13 MN/m 2 (130 kgf/cm 2) with iron, ferrochrominm, and US-25 alloy powders 
and at p ressures  above 25 MN/m 2 (250 kgf/cm 2) with i r on - f e r roch romium mixtures containing 20% or  more of 
the lat ter  component. 
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EFFECT OF INTERMOLECULAR AND ELECTROSTATIC 

COHESIVE FORCES ON THE PROCESS OF DENSIFICATION 

OF PARTICULATE MATERIALS 

V. D. G r e e h k a  UDC621.762.4 

In order  to be able to exerc ise  control over the process  of cold welding between the particles of a 
powdered material  and al ter  its direction as may be required, i t  is necessary  to know the quantitative and 
qualitative laws governing its initiation and development and its dependence on various factors.  One of the 
more  important factors determining the intensity of cold welding between metal particles rubbing against each 
other is the presence  of strong electrostat ic fields. 
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Fig. 1. D iag ram of c i rcu i t  f o r  m e a s u r i n g  
e l ec t r i c a l  phenomena  in shavings  subjected 
to impulse  load. 

Fig. 2. Typical oscillograms of potential variation in 
shavings during shock. 

To the ca tegory  of i n t e r m o l e c u l a r  and e l ec t ros t a t i c  cohes ive  fo r ce s  belong, e.g.,  a t t r ac t ive  fo rces ,  which 
are  one of the causes  of ins tantaneous adhesion in the fo rma t ion  of a dense solid. These  f o r c e s  have a v e r y  

�9 shor t  range  of action. They account fo r  the a t t rac t ion  of gas  or  v a p o r  molecu les  in adsorpt ion and of solids in 
adhesion. I n t e r m o l e c u l a r  f o r c e s  a re  genera l ly  cons ide red  to be Van der  Waals '  f o r ces ,  which have been c o r -  
r ec t ly  desc r ibed  f r o m  a technica l  standpoint only fo r  nonmetal l ic  m a t e r i a l s .  Never the les s ,  with me ta l s  and 
ce r t a in  ionic m a t e r i a l s ,  too, a def ic iency or  excess  of e l ec t rons  on p a r t i c l e s  p roduces  an inc rease  of e l e c t r o -  
s ta t ic  fo rce  f ields.  

Solids usual ly  r e a c t  in a complex  manner  to the applicat ion of fo rce  impulses .  During f r ic t ion  an addi-  
t ional  compl ica t ion  a r i s e s  as a r e su l t  of the fac t  that  rubbing su r f ace s  a r e  in d i sc re t e  contact  with each other,  
involving individual m i c r o -  and m a c r o i r r e g u l a r i t i e s  of the su r face  l a y e r s  and the i r  s t ruc tu ra l  groups .  During 
the i r  r e la t ive  mot ion rubbing su r faces  exper ience ,  in vary ing  degrees ,  s imul taneous  pu l se - l i ke  c o m p r e s s i o n  
with shear .  This p r o c e s s ,  as is shown by the expe r imen t  desc r ibed  below, takes  p lace  in an e lec t r i c  field and 
is accompanied  by e lec t r i c  d i scha rges  in individual p a r t i c l e s  and s t ruc tu r a l  groups  of of pa r t i c les ;  the poten-  
t ia l s  of the rubbing p a r t s  - e lements  of the par t i cu la te  m a t e r i a l  - exhibit  h igh- f requency  pu l se - l ike  f luc tua-  
t ions.  

The main  unit of the appara tus  used  in the p r e s e n t  work  for  studying e l ec t r i ca l  phenomena  in me ta l  shav-  
ings subjected to an impulse  load (Fig. 1) was a gunpowder impac t  t e s t e r  with a spec ia l  insulated tool. The 
signal  f r o m  a th rus t  support ,  which was in contact  with shav ings ,  was fed to the input of a modified OK-17M 
doub le - t r ace  osci l lograph.  D i a g r a m s  of potent ia l  va r ia t ion  as a function of t ime  were  photographed on h igh-  
sens i t iv i ty  f i lm f r o m  the osc i l lograph  sc reen .  The measu r ing  c i rcu i t  was  ca l ib ra ted  by applying var ious  po-  
tent ia ls  and measu r ing  the deflect ions of the osc i l lograph beam,  so as to obtain a gr id  of values  and enable 
accura te  potent ial  m e a s u r e m e n t s  to be made during impulse  loading. A specia l  check was made  with the gun- 
powder  t e s t e r  without shavings to a s c e r t a i n  that  no e l ec t romagne t i c  noise was p icked up by the c i rcu i t  f r o m  
any p a r t s  with res idua l  magne t i sm.  No s ignals  wha t soever  were  detected by the record ing  osc i l lograph  in the 
m e a s u r i n g  c i rcui t .  Single osc i l lograph  scanning was  employed.  Scanning was pos i t ive ly  initiated before  the 
deformat ion  p r o c e s s  with a spec ia l  contact  pickup. To the second channel of the osc i l lograph  was fed an a l t e r -  
nating vol tage f r o m  a ZG-11 g e n e r a t o r  to obtain a r e co rded  t ime  scale .  

Osc i l l og rams  obtained (Fig. 2) show that  the appl icat ion of a shock is accompanied  by an instantaneous 
change in potent ial  whose magnitude at tains 6.5 MV. The p r e s e n c e  of pu l se - l ike  h igh-f requency potent ial  f luc-  
tuations is evidence fo r  the exis tence,  on the one hand, of continually opera t ing  e l ec t r i ca l  d i scharges  on the 
f r ic t ion  su r face  and, on the o ther  hand, of a sou rce  continually producing e l ec t r i ca l  d i scharges .  The durat ion 
of these  e l ec t r i ca l  pu l ses  l ies  in the range  20-37 #sec .  
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Let  us examine the action of i n t e rmolecu la r  fo rces .  As adhesion depends on the c h a r a c t e r  of the contact  
sur face ,  rough sur faces  ensure  only l imi ted adhesion,  propor t iona l  to the t rue  a r ea  of contact,  even when the 
adhesive fo rce  is ve ry  large .  When the poss ibi l i ty  exis ts  of eas i ly  increas ing  the t rue  a rea  of contact  between 
sur faces ,  as is the case ,  fo r  example,  in the press ing  of waxes and c lays ,  the magnitude of adhesion substan-  
t ia l ly  grows.  A wax has ve ry  smal l  sur face  energy,  but, because  of the above-ment ioned effect,  wax sur faces  
can readi ly  be joined together  at room t empera tu re .  The major i ty  of the strengthening mate r i a l s ,  such as 
c e r a mic  oxides,  have ve ry  large  sur face  energy,  but a re  v e ry  difficult  to compact  owing to t he i r  high r e s i s -  
tance to deformation.  

In a genera l  f o rm  an impor tan t  equation fo r  calculat ing the rup ture  r e s i s t ance  of a compact  is [2, 3] 

�9 9 1  V 
% =  8 ~d ~ KPr (i) 

where  ~p is the rupture  r e s i s t ance  of the compact;  V, volume of the void fract ion;  K, coordinat ion number;  d, 
pa r t i c l e  d iameter ;  and Pc,  cohesive  fo rce  at a point contact .  The coordinat ion number  K, which depends on the 
poros i ty  and the product  KV, can assume a value approximate ly  equal to 3.1 o r  ~. The quanti t ies d and V can 
be calculated by analyzing s ize  dis t r ibut ion and packing density.  

An express ion  for  de termining the cohesive  fo rce  between two spheres  of d i ame te r  d placed at a d i s -  
tance a f rom each other ,  where  a < 1000 A, may be wri t ten  [2, 3] 

A d 
P c ,  24 a 2 " (2) 

Here  A, a constant  depending on the p rope r t i e s  of the mate r ia l  of the spheres ,  has a value of 10-ls-10 -12 ergs .  
In a genera l  case  Eq. (2) can be rep laced  by an equation for  the approximate  calculat ion of the tensi le  s t r e s s  
~vw genera ted  by Van de r  Waals '  fo rces ,  

9 1 - - V  A . K  

Gvw = 8 ~ 24a2d �9 (3) 

A s imi l a r  express ion  can be der ived,  using Coulomb's  law, for  the evaluation of e lec t ros ta t ic  fo rces  
[1, 2l, 

9 1 - -V  3P s 
% =  8 V 1 +  (4) 

where  ~e is the tensi le  s t r e s s  set  up by e lec t ros ta t i c  fo rces  and Ps is the sur face  change in density. 

It is reasonable  to assume that the addition of fine par t i c les  to a compact  brings about more  effective 
filling of voids between the par t i c les  of the powdered mate r i a l  and i nc rea se s  adhesion between these par t ic les .  
Lubricat ing substances dec r ea se  adhesion pe r  unit area,  but substant ial ly  inc rease  the total  a r ea  of contact ,  
resul t ing in s t ronge r  adhesion. Never the less ,  it  should be noted that the p r e sen ce  of lubricant  l ayers  on meta ls  
inevitably reduces  the number  of solid bonds due to the in ternal  p r e s s u r e  in the sys tem.  Thus, pure  contacts  
mus t  be provided between pa r t i c l e s  if effect ive Cold-welding points are  to be obtained. 
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