
s c r a t c h  geome t ry  u l t imate ly  obse rved  on s Jec imeas  is fo rmed  and d i s tu rbances  in continuity take p lace  leading 
to the fo rmat ion  of a b r i t t l e  damage  zone. The lower  the deg ree  of p las t ic i ty  of a ma te r i a l ,  the s m a l l e r  is its 
capac i ty  fo r  s t r e s s  re laxat ion in its m i c r o v o l u m e s  under  an indenter,  the m o r e  pronounced is the e las t ic  a f t e r -  
effect,  the h igher  a r e  the buildups,  and the l a r g e r  is the zone of b r i t t l e  damage.  

The data obtained on the phenomena of su r face  deformat ion  and d is in tegra t ion  of ca rb ides  can be usefttl 
in invest igat ions  into the k ine t ics  of va r ious  p r o c e s s e s  of contact  react ion,  such as fr ict ion,  wear ,  and ab ra s ive  
machining,  involving r e f r a c t o r y  compounds.  
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In P a r t  I [1] models  and methods of calculat ion were  chosen with the aid of which it is poss ib le  to de-  
s c r i b e  the cu rve  of s t r a in  densif icat ion of a porous  body s in tered  f r o m  a plas t ic  meta l  powder  for  a given type 
of s t r e s s e d  state.  The object  of the work  desc r ibed  below was  to c o m p a r e  r e su l t s  of ca lcula t ions  with e x p e r -  
imenta l ly  obtained densif~cation curves .  Expe r imen t s  w e r e  c a r r i e d  out on spec imens ,  with h/d  ~ 1, p r e s s e d  
f r o m  an e lec t ro ly t ic  nickel  powder  and s in tered  for  1 h at 1000~ in a hydrogen a tmosphere .  The spec imens  
had po ros i t i e s  (0) of 0.51, 0.37, and 0.31. I sos ta t i c  vo lume c o m p r e s s i o n  of spec imens  was p e r f o r m e d  in a high- 
p r e s s u r e  c h a m b e r  (using g lycer in  as the working fluid). To insulate them f r o m  the working fluid, the spec imens  
w e r e  p laced in a r ubbe r  bag. Single-ended c o m p r e s s i o n  was effected by densifying spec imens  in a die of the 
s a m e  d i a m e t e r  as in the compact ion.  

In Fig. 1 a r e  shown exper imenta l ly  cons t ruc ted  densif icat ion cu rves  fo r  s intered nickel  spec imens  of 
va r i ous  poros i t i e s  in un i fo rm isos ta t ic  c o m p r e s s i o n  (1) and r e su l t s  of ca lcula t ions  made  with the aid of a sp h e r -  
ical ly s y m m e t r i c a l  model  of a porous  body (2) and concepts  of r m s  s t r a ins  and s t r e s s e s  in a porous  body (3) 
with al lowance for  the s t ra in  s t rengthening of the ma t r i x  ma te r i a l .  It  will be seen that  the exper imenta l  data 
for  all  the c a s e s  examined (different  s t a r t ing  po ros i t i e s  and p r e s s u r e s )  lie well below the calculated resu l t s .  
The d i f fe rence  between the two se t s  of data  g rows  with i n c r e a s e  in s t a r t ing  poros i ty .  The r e s i s t a n c e  to d e f o r m -  
ation of a body with a m a t r i x  s t ruc tu re  is h igher  than that of a porous  body with the s t ruc tu re  of  a s ta t i s t ica l  
mix tu re .  
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Fig. 1. Variat ion of porosi ty  with p r e s s u r e  in uniform isostatic c o m p r e s -  
sion for  e lect rolyt ic  nickel s intered for  1 h at 1000~ to poros i t ies  of 0.51 
(a), 0.37 (b), and 0.31 (c): 1) experimental  curve;  2) curve calculated using 
spher ica l ly  symmet r i ca l  model; 3) curve calculated using m s  s t r e s s e s  
and s t ra ins ,  with allowance for  strain strengthening; 4) as for 3 but with 
allowance for  macrodefec t iveness  of s t ructure .  

Fig. 2. Variation of poros i ty  with p r e s s u r e  in single-ended compress ion  
for  e lec t ro lyt ic  nickel s intered for  1 h at 1000~ to poros i t ies  of 0.51 (a), 
0.42 (b), and 0.33 (c): 1) experimental  curve;  2) curve  calculated using 
r m s  s t r e s s e s  and strains,  with allowance for  strain strengthening; 3) as  
fo r  2 but with allowance for  macrodefec t iveness  of s t ructure .  

The deformation of a porous body is, of course ,  accompanied by the formation of new part ic le  contacts.  
Our ea r l i e r  investigations [2-4], based on measurements  of changes in physical  and mechanical  proper t ies ,  
have shown that during the deformation of a porous body sa t i s fac tor i ly  s intered f rom a plast ic metal  powder 
no rupture of the contacts  produced during s inter ing occurs ,  and that  the maeroscop ica l  picture of the de fo rma-  
tion of a porous  body involves essent ial ly  deformation of the pores ,  in the course  of which they become "f la t -  
tened" and t r ans fo rmed  into quas i - two-dimensional  macrodefec ts .  In [5] a quantitative measu re  of mac rode -  
fect iveness,  0s, is proposed,  represent ing  the relat ive fract ion of the f ree  surface in a d isperse  system.  It is 
expressed  as the ra t io  of the f ree  surface  in a porous body to  the total surface  of the separa te  elements f o r m -  
ing the body. 

Let us at tempt to descr ibe  the densification of a porous body under  conditions of uniform isostatie com-  
press ion  within the f ramework  of concepts  of r m s  s t ra ins  and s t r e s s e s  and with allowance for  the formation of 
maerodefec t s  in the course  of deformation.  To do this, it is n e c e s s a r y  to know the quantitative relationship b e -  
tween the shear  v i scos i ty  ~ of the porous body and the quantity 0s. As we are  using the hydrodynamic analogy 
of the theory  of elasticity,  the express ion V = f(0s, 0) will be analogous to the function'of the elastic modulus 
E = f(0s, 0). To derive such a relationship,  r e s o r t  is made to a device, descr ibed in [5], for  calculating the 
e lec t r ica l  conductivity of a porous body with imperfect  contacts .  

Let  us cons ider  a cube of edge length a, poros i ty  0, and relat ive fract ion of imperfect  contacts  0s sub-  
jected to uniform tr iaxial  compress ion  by a force  P. When the displacement  is equal to An, the l inear s t rain 
of the cube is 

Aa P 
E 

a a~E ' (II-1) 

where  E is the elast ic modulus of a porous body of porosi ty 0. 

We will imagine that the body grows in size uniformly in all three direct ions  while the number  of its p e r -  
fect  contacts  r emains  unchanged, until 0 becomes  equal to 0s. As the "compact"  c ro s s  section of the body will 
not change during this growth, c lear ly  the l inear  displacement  in such a hypothetical body under  the action of 
the force 1 ~ will be the same, i .e. ,  An. Under these conditions the l inear  strain will be 

Aa P '  
e h -- ah a~Eh (II-2) 
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where  a h is the l inear  dimension of the hylcothetical cube, related to a by the express ion 

a (1 - -  O,)Va 
a h -- (1 - -  0)Wa (11-3} 

Equating the express ions  for  Aa f rom Eqs. (II-1) and (I1-2) and taking into account Eq. (II-3), we obtain 

E a h 
Eh = T "  (I1-4) 

Now E h represen t s  the elast ic  modulus of a body of porosi ty  0 s without contact  imperfect ions.  Consequently, if 
the poros i ty  dependence of the elast ic modulus of such a body is expressed by a power function with m~ exponent 
m [ 5 ] ,  

E = Eo (i - -0 )~ ,  (11-5) 

where  E 0 is the elast ic  modulus of the mater ia l ,  then 

Eh ~ Eo (1-- 0s)m. (11-8) 

Substituting Eqs. (11-3) and (11-6) into Eq. (1I-4), we get  

E = E0 (1 - -  0~)m-~/3 ( !  - -  0)1/3 ( 1 I - 7 )  

It can be taken, with reasonable  accuracy,  that m = 2. Then, by analogy, we obtain the following expres -  
sion for  the shear  v iscos i ty  of the body: 

= ~o ( i  - -  0~)5/3 (1 - -  0 ) I /3 .  ( n - s )  

Next, we use the method of calculating rms  s t r e s se s  and s t ra ins  proposed in [5], which cons is t s  in equa- 
ting express ions  for  energy dissipation during deformation in t e rms  of squares  of t rue ra tes  of deformation 
and v i scos i t i es  of the mater ia l ,  on the one hand, and in t e r m s  of macroscopic  ra tes  of deformation and v i s c o s -  
ities of the porous body as a whole, on the other  hand. If  the assumption is made that the local deformation of 
some a rb i t r a r i ly  selected element is reduced to simple compress ion  [5] and k = 3/2,  then for  the case  of uni-  
fo rm isostat ic  compress ion  the express ion for  the rms  rate  of deformation is 

U = 2~to (1 - -  O) l/(1 --0)q3(1-50~) 5y~" (II-9) 

Using the kinetic formula  for  uniform isostatic compress ion  derived in [5], 

d O  3 
dt  ~ 4 (Ii-Z0) 

we obtain the following differential  equation fo r  rms  strains:  

dU 2 ( ~ )  5/~ 
d~- -- 3V'~ dO. ( i i - i i )  

Assuming,  with adequate accuracy  for  all prac t ica l  purposes ,  that 

l_--i-~y-~ / ~ I - - 0  ' ( i i -12)  

we finally have 

0 

2 l �9 
D --  ~ - 5  .) V g  (~ - 0) dO. 

O, 

(II-13) 
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Judging by data on changes in mechanical  p roper t i e s  [4], the mechanical  s trength of contacts forming 
during the deformation p roce s s  is negligible, and because of this the f reshly  formed contact surface can be r e -  
garded as f ree .  At the same t ime, it has been shown that contacts  forming during h igh- tempera ture  sintering 
do not rupture.  Thus, to a f i r s t  approximation the free surface  does not change during deformation and hence 
0 S = 0 .  

Pe r fo rming  a simple substitution of var iab les  and integrating Eq. (II-13), we obtain an expression for 
r m s  strains,  

- 2 (1 -4- V ~ o )  (1 - -  V -O)  
U = T (1 -- 0o) In (1 + V~O)(1 - -  [~o) (It-14) 

True  r m s  viscous  s t r e s s e s  a re  given by the express ion 

2 (1 --o)V(I--O),/3(1~Oo)5/3 ( I I - 15 )  

Neglecting the t e r m  (1 -0)  i/6 as smal l  compared  with (1 -0)  and assuming, to an approximation, that 

(1 - -  0o)~/6 ~ (I - - 0 o ) ,  

we finally obtain a formula  relat ing the yield s t r e s s  of the porous body ~ to the yield s t r e s s  of the mater ia l  ~y, 

2 ( 1 - - 0 ) ( 1 - - 0 o )  
o == 3 V'O- ~'" ( I I - 16 )  

Using this equation, it is possible  to cons t ruc t  a densification curve  for a porous body subjected to uni-  
fo rm isostat ic  compress ion  in the same way as was done in Par t  I (Fig. 1, curve 4). The case  considered con-  
sti tutes the bes t  approximation to experimental  by calculated data, the degree of approximation being the higher  
the more  porous the s tar t ing specimen.  

Let us now calculate the densification of a porous  s intered specimen in a die with the aid of concepts of 
r m s  s t ra ins  and s t r e s s e s  and with allowance for  s t rain strengthening. In the calculation use is made of the 
quantitative cha rac te r i s t i c  of macrodefec t iveness  of mater ia l  0 s. Resor t ing  to the same device as in the case  
of uniform isostat ic  compress ion ,  we can obtain the following express ion for  the elast ic  modulus of the porous 
body, measured  in the direct ion of compress ion  in the die 

E ,, = E o (I - -  0~) ~ (1 --:0) -~. (II-17) 

Following the same procedure  as in the previous  case,  we a r r ive  at an express ion for  rms  s t r esses ,  

2 (1 - -  Oo?P- 
= 31/-0 '~ �9 ( i i - l S )  

The r m s  rate  of deformation is given by the formula  

= ~Vo 
2~h ( 1 - -  00)3/: (IT-19) 

Using the kinetic function of poros i ty  var ia t ion  during single-ended compress ion  and performing a simple 
integration, we get an express ion for  rm s  viscous  s trains,  

3 [ 1 (03n_8319] 
D = 3 (I - -  00)3/2 (0~12 - -  OVa) - -  - U  ( i i - 2 0 )  

In Fig. 2 are  shown experimental  and calculated densification curves  for  s intered porous nickel. As in 
the case  of uni form isostat ic  compreesion,  the bes t  approximation to experimental  resu l t s  is afforded by data 
calculated with the aid of concepts  of r m s  s t ra ins  and s t r e s s e s  and with allowance for  strain strengthening and 
pore  nonisometry  in the deformation of a s intered body. Physical ly,  the contribution f rom pore nonisometry  
cons is t s  in enabling mater ia l  to move tangentially along the pore surfaces  without loss of continuity. 

3 7 2  



It should be noted that for  all the cas ~s investigated there  is a quantitative difference between the exper-  
imental and theoret ical  curves .  The differ ~nce is general ly  slight, but r a the r  more  marked at small  values of 
p r e s su re .  Calculation yields l a rge r  values of p r e s s u r e  required  for  the attainment of a given porosi ty  than are  
needed in pract ice .  Let  us t ry  to d i scover  what br ings  about this difference.  F i r s t  of all let us examine the 
role of nonuniformity of strain,  which is cha rac t e r i s t i c  of the deformation of a porous body. There  exist sev-  
e ra l  types of nonuniformity of strain,  having different causes:  

I. Macroscopic  nonuniformity,  which is linked with differences  in relat ive magnitude between different 
forces  (axial and la teral  p ressures )  acting on any given volume within a porous body and manifests  i tself  in 
poros i ty  var ia t ions  within a compact .  

II. Medium-sca le  nonuniformity of strain,  resul t ing f rom the plast ic  deformation p roce s s  gradual ly  ex- 
tending to new volumes of a porous body, the mean s t r e s s  acting in each such volume being equal to the effec-  
tive yield s t r e s s .  

III. Smal l - sca le  nonuniformity of strain, brought  about by the var ia t ion of s t r e ss  in any given direct ion 
result ing f rom changes in effective c ros s  section. 

Apart  f rom these types,  as in the deformation of nonporous metal, there  is also nonuniformity of s t rain 
on the scale of individual gra ins  and coherent  sca t ter ing regions.  

Nonuniformity of s t rain of type I was f i r s t  observed a long t ime ago, in experimental  investigations into 
the p ress ing  of powder [6-9] which showed that the mean porosi ty  of a specimen may differ f rom the poros i t ies  
of volumes cut f rom var ious  par t s  of the specimen (periphery, center ,  var ious  heights) by up to 20%. It would 
appear  that phenomena of the same c h a r a c t e r  occur  also during the r e - p r e s s i n g  of a sintered porous body, be-  
cause,  as has been demonst ra ted  by the present  authors  in [10], the compress ib i l i ty  of such a body is virtually 
independent of the degree of cohesion between its component elements .  As is well known, nonuniformity of this 
type can be substantially reduced by press ing  specimens f rom both ends and, as was done in the present  work, 
using smal l - s i zed  specimens.  

On the other  hand, at tempts - such as that made in Par t  I - to allow for  nonuniformity of type III with the 
aid of Green ' s  spherical  model [11] fail to yield resu l t s  close to experimental  data. 

In the authors '  opinion, the most  appropria te  for  descr ibing the p roces s  of deformation of a porous solid 
is allowance for  nonuniformity of s t rain of type II. If we divide a whole porous body into equal-s ized volumes 
of l inear  s izes of the o rde r  of severM pore  s izes and measure  the porosi ty  of each such volume, then c lear ly  
we shall have a cer ta in  poros i ty  distribution of the numbers  of volumes of the same porosi ty,  and the mean of 
this distribution, g, will be equal to the mean porosi ty  of the specimen. 

Let us t ry  to a s s e s s  ve ry  roughly the effect of the existence of such a distribution on the position of the 
compress ib i l i ty  curve  of a sintered porous body pressed  in a closed volume. To do this, we must make some 
simple assumptions.  We will r egard  the poros i ty  distribution of the numbers  of volumes of the same porosi ty  
as rec tangular .  We will fu r ther  assume that the type of distribution, like the pore size distribution assumed 
and then experimental ly  conf i rmed by Bockstiegel  [12], does not change in the course  of deformation.  The 
choice of distribution and its p a r a m e t e r s  in this case is entirely a rb i t r a ry .  Our task will be mere ly  to a s c e r -  
tain in principle what contribution nontmiformity of strain of this type makes  to the p roces s  of densification of 
a s intered porous body. 

Using values of rms  s t ra ins  and s t r e s se s  with allowance for s t rain s t ren~hening  and macrodefect iveness ,  
we can calculate and const ruct  a nomogram of compress ib i l i ty  curves  for  var ious s tar t ing porosi t ies  00i on 
the assumption that the distribution considered above is in the fo rm of a delta function, i.e., that all volumes 
have the same porosi ty,  equal to the mean specimen porosi ty,  or, in other  words,  that there  is no nonuniformity 
of s t rain of type II. The volume of a porous body at a given p r e s s u r e  can be found by summating the volumes 
obtained at this p r e s s u r e  for  var ious  s tar t ing porosi t ies ,  multiplied by the s tat is t ical  weight f(00 in the d i s t r i -  
bution of volumes having a given star t ing porosi ty .  Then the total porosi ty  at a given p r e s s u r e  is 

O- ~ y ,  O~ - -  Oz 
1 - - 0 ,  f (0,) .  ( I I - 2 1 )  

In the ease of rectangular  distr ibution f(0i)-= 1)'(b - a), where a and b a re  distr ibution intervals;  in our  
e a s e b - a = 2 p .  Then 

1 - -  O~ " (II-22) 
i 
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Compres s ib i l i t y  cu rves  fo r  e lec t ro ly t i c  nickel  s in te red  for  1 h at  1000 
~ to po ros i t i e s  of 0.5 (a) and 0.4 (b): D cons t ruc ted  exper imenta l ly ;  2) ca l cu -  
lated using r m s  s t r a in s  and s t r e s s e s ,  with al lowance fo r  s t ra in  s t rengthening 
and m a e r o d e f e c t i v e n e s s  of s t ruc tu re ;  3) as for  2 but with al lowance for  non-  
un i formi ty  of s t ra in .  

Fig. 4. Compres s ib i l i t y  cu rve s  for  s in te red  iron powder spec imens  with 
s t a r t ing  p o r o s i t i e s  of 0.39 (a) and 0.30 (b): 1) cons t ruc ted  using exper imen ta l  
data [9] (APZhM powder  s in te red  for  3 h at I200~ 2) calcula ted using r m s  
s t r a in s  and s t r e s s e s ,  with a l lowance for  s t ra in  s t rengthening (data taken f r o m  
[10]); 3) as fo r  2 but with al lowance fo r  m a c r o d e f e c t i v e n e s s  of  s t ruc tu re .  

In Fig. 3 a r e  shown compres s ib i l i t y  cu rves  cons t ruc ted  exper imenta l ly  and calcula ted  both without a l low- 
ance  fo r  nonuniformity  of s t r a in  of type II and taking such nonuniformity  into account  as  desc r ibed  above (p 
was  taken to be  0.15). At the two s ta r t ing  po ros i t i e s  cons idered  (0 = 0.5 and 0.4) nonuniformity of s t ra in  can 
be  seen to mani fes t  i t se l f  at sma l l  va lues  of p r e s s u r e ,  and it can be concluded that  allowing for  it enables  
theore t i ca l  r e su l t s  to be  obtained approx imat ing  m o r e  c lose ly  to exper imenta l  data. 

The method of calculat ion based  on the use  of r m s  s t r a i n s  and s t r e s s e s  and on allowance for  s t ra in  
s t rengthening and m a c r o d e f e c t i v e n e s s  of s t ruc tu re  was employed for  p roces s ing  published compress ib i l i t y  
c u r v e s  fo r  s in te red  porous  iron de fo rmed  in a cons t ra in ing  shell  [13 ]. The spec imens ,  f r o m  APZhM iron pow- 
der ,  had been  p r e s i n t e r e d  fo r  3 h at 1200~ in a conver ted  na tura l  gas  a tmosphe re .  Data on the s t r a in  s t r eng th -  
ening of nonporous iron n e c e s s a r y  fo r  the calculat ion w e r e  taken f r o m  [14]. The exper imenta l  and calculated 
data a r e  shown in Fig. 4. The r e s u l t s  a r e  analogous to those  obtained fo r  nickel: The exper imenta l  data a re  in 
good a g r e e m e n t  with data calcula ted using r m s  s t r a in s  and s t r e s s e s ,  with al lowance fo r  s t r a in  s t rengthening 
and imper fec t ion  of pa r t i c l e  contac ts  fo rming  during deformat ion .  

Thus,  the p roposed  method of cons t ruc t ing  theo re t i ca l  poros i ty  vs  p r e s s u r e  cu rves  can be used with po-  
rous  m a t e r i a l s  of any p las t ic  me ta l  for  which the law of s t rengthening in the nonporous conditions is known. 

C O N C L U S I O N S  

1. An analys is  is made of va r ious  methods  of calculat ing compres s ib i l i t y  cu rves  fo r  porous  bodies s in -  
t e r e d  f r o m  p las t ic  me ta l  powders .  It  is shown that the bes t  approximat ion  to exper imen ta l  r e su l t s  is given by 
the method based  on the use  of r m s  v i scous  s t r e s s e s  and s t r a in s  and on al lowance for  s t ra in  strengthening and 
m a c r o d e f e c t i v e n e s s  of s t ruc tu re .  

2. Taking into account the nonuniformity  of s t ra in  due to densi ty  va r i a t ions  in compac t s  enables  calcula ted 
r e s u l t s  to be  brought  c l o s e r  to expe r imen ta l  data  obtained at low p r e s s u r e s .  
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WEAR-RESISTANT COMPOSITE ELECTROLYTIC 

COATINGS BASED ON NICKEL AND IRON 

I. M. Fedorchenko, V. A. Danilenko, 
and Yu. A. Guslienko 

UDC 621o 762 

Composi te  m a t e r i a l s  and coat ings with a he terogeneous  s t ruc tu re  cons is t ing  of a duct i le  m a t r i x a n d h a r d ,  
w e a r - r e s i s t a n t  inclusions s e e m  to hold cons iderab le  p r o m i s e  fo r  the manufac tu re  of  components  of f r ic t ional  
units  of va r ious  mach ines  and mechan i sms .  In many  ca se s  it is logical  to make p a r t s  in low-cost  cas t  m a t e r -  
ia ls  and apply to the i r  working s u r f ace s  w e a r - r e s i s t a n t c o m p o s i t e  e lec t ro ly t ic  coat ings .  A p r o c e s s  fo r  the ap-  
pl icat ion of n i cke l -  and i r o n - b a s e  coat ings of this type has  been developed at the Inst i tute of Mate r i a l s  Science, 
Academy of Sciences  of the Ukrainian SSR. Essent ia l ly ,  it cons i s t s  of two key operat ions:  1) e lec t ro ly t ic  c o -  
deposit ion of a meta l  (nickel o r  iron) and fine powders  of a meta l  (nickel o r  iron) and fine powders  of m a t e r i a l s  
(meta l s  and nonmetals)  acting as solid lubr icants  o r  alloying additions; 2) heat t r e a t m e n t  of the coatings (an-  
neal ing and sintering).  A detai led study has a l r eady  been c a r r i e d  out at the Inst i tute of Ma te r i a l s  Science of the 
deposit ion of two-  and t h r ee - com ponen t  nickel  and iron coat ings wtih inclusions of fine boron, tungsten carb ide ,  
and ca lc ium fluoride powder  pa r t i c l e s .  

P r o c e d u r e  f o r  t h e  A p p l i c a t i o n  a n d  H e a t  T r e a t m e n t  o f  C o a t i n g s  

The deposit ion of coat ings is p e r f o r m e d  in s tandard n icke l -  and i ron-p la t ing  tanks f rom sulfate and c h l o r -  
ide e lec t ro ly tes  at cu r r en t  densi t ies  of 20-30 A/din 2, ensur ing coating deposit ion ra tes  of 100-150 #/h. It may 
be mentioned fo r  compar i son  that  in fac tory  plat ing shops and l abo ra to r i e s ,  for  example  at the Volga Automobile 
Fac tory ,  nickel  coatings a re  deposited at cu r r en t  densi t ies  not exceeding 10 A/din 2, as at higher cu r r en t  den-  
s i t ies  pass iva t ion  phenomena a r e  obse rved  and poor  quality coatings a re  obtained, as a r e su l t  of which a high 
propor t ion  of plated a r t i c l e s  mus t  be  scrapped .  In the p r o c e s s  under  cons idera t ion  the p r e s e n c e  in the e l e c t r o -  
lyre of a cons iderab le  quantity of d i spe r sed  p~r t i e les  (30-100 g / l i te r )  and intense agitat ion of the e lec t ro ly te  
( n e c e s s a r y  to mainta in  the pa r t i c l e s  being codeposi ted in suspension) enable  good-quali ty deposi ts  to be ob-  
tained at much higher  cu r r en t  densi t ies .  

The anneal ing of coat ings deposi ted by this p r o c e s s  is p e r f o r m e d  in a vacuum or  in nonoxidizing a t m o s -  

Inst i tute  of Ma te r i a l s  Science, Academy of Sciences  of the Ukrainian SSR. Trans la ted  f r o m  Poroshkovaya  
Metal lurgiya,  No. 5(173), pp. 70-72, May, 1977. Original  a r t i c le  submit ted Sep tember  28, 1975. 
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