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©  Electroplating  on  inorganic  powdery  or  granular  materials. 
Metal(s)  is/are  electroplated  onto  an  inorganic  powdery 

or  granular  material  by  first  making  the  particles  of  the 
material  electrically  conductive  and  then  carrying  out  elec- 
troplating  in  a  plating  solution  containing  the  metal(s)  with 
which  the  material  is/are  to  be  plated,  between  an  anode 
made  of  graphite  or  of  the  said  metal(s)  and  a  cathode  made 
of  an  electrically  conductive  net-like  ot  plate-like  material, 
whereby  individual  particles  of  the  inorganic  powdery  or 
granular  material  intermittently  come  into  direct  or  indirect 
contact  with  the  cathode  during  electroplating. 



The  present  invention  relates  to  e lect ropla t ing  on  inorganic  powde ry  

or  granular  m a t e r i a l .  

Elec t ropla t ing   is  a  method  of  forming  a  desired  metallic  coating  on 

the  surface  of  an  e lec t r ica l ly   conductive  material   by  passing  an  e l e c t r i c  

current  between  a  cathode  made  of  the  material   to  be  coated  and  an  anode  

made  of  the  metal  that  is  to  form  the  coating  or  of  graphite  in  a  p l a t i n g  

solution  containing  ions  of  the  metal  to  form  the  coating.  Consequen t ly ,  

e lectroplat ing  is  widely  used  industrially,  e.g.  in  decoration  and  the  a n t i -  

corrosive  field.  When  the  substances  plated  are  electr ically  nonconduc t ive ,  

such  as  glass  or  plastics,  they  can  be  plated  if  electr ical   conductivity  has  

previously  been  imparted  to  their  surface,  e.g.  by  electroless  p la t ing .  

However,  only  an  e lect roless   plating  method  such  as  that  disclosed  in 

Japanese  Patent  Publication  No.  19127/1975  can  be  applied  to  inorgan ic  

powdery  or  granular  material ,   since  the  fine  particles  used  for  a  c a t h o d e  

cannot  be  held  with  a  clip.  This  method  is  expensive  and,  applied  to  such 

substances,  not  part icularly  e f f i c i e n t .  

The  present  invention  provides  a  method  of  electroplat ing  meta l ( s )  

onto  an  inorganic  powdery  or  granular  material ,   character ized  in  t h a t  

electr ic  conductivity  is  first  imparted  to  the  surface  of  the  inorgan ic  

powdery  or  granular  mater ial   and  the  subsequent  e lectroplat ing  is  c a r r i e d  

out  with  the  said  material   suspended  in  a  plating  solution  containing  the  sa id  

metal(s)  between  an  anode  made  of  graphite  or  of  the  said  metal(s)  and  a 

cathode  made  of  an  e lectr ical ly   conductive  net- l ike  or  plate- l ike  m a t e r i a l ,  

and  individual  part icles  of  the  inorganic  powdery  or  granular  m a t e r i a l  

in termi t tent ly   come  into  direct  or  indirect  contact   with  the  cathode  dur ing 

e l ec t rop la t ing .  

By  proceeding  in  accordance  with  the  present  invention,  a  un i fo rm 

metallic  coating  can  be  formed  efficiently  on  inorganic  powdery  or  g r a n u l a r  

materials.   The  products  can  be  light  and  inexpensive  inorganic  powdery  or 

granular  materials  having  metall ic  lustre  and  superior  electric  conduc t iv i t y .  



Although  any  powdery  or  granular  natural   mineral  or  any  a r t i f i c i a l  

inorganic  powdery  or  granular  material   can  be  used  as  the  inorganic  powdery  

or  granular  mater ia l   in  the  present  invention,  powdery  mater ials   such  as  

calcium  ca rbona te ,   barium  sulphate,  wollastoni te ,   clay,  silicic  acid,  s i l i c a t e ,  

basic  magnes ium  carbonate,   quartz  powder,  t i tanium  oxide,  a lumin ium 

oxide,  a luminium  hydroxide,  sirasu  microballoons  and  glass  mic roba l loons  

(sirasu  is  a  ceramic   material   derived  from  volcanic  ash);  flaky  m a t e r i a l s  

such  as  mica,  talc,  sericite,  glass  flake,  s t ra t i f ied  graphite,   v e r m i c u l i t e ,  

bentoni te   and  a t tapulgi te ;   and  fibrous  mater ia ls   such  as  asbestos,  glass  

fibre,  rock  wool  and  ceramic  fibre  having  an  average  length  of  10  mm  or  

less  are  p referab ly   used  for  fillers  added  to  resin.  In  addition,  the  above  

described  flaky  materials   are  preferably  used  as  electr ical ly  c o n d u c t i v e  

inorganic  powdery  or  granular  mater ia ls   for  e l ec t romagne t i c   shielding.  It  is 

desired  that   the  flaky  inorganic  powdery  or  granular  mater ials   have  a n  

average  d iamete r   of  0.1  to  500  µm  and  an  aspect  ratio  of  10  or  more  in 

respect   of  the  moulding  and  e l e c t r o m a g n e t i c   shielding  propert ies .   In 

par t icu lar ,   natural   or  art if icial   minerals  belonging  to  the  mica  group,  
c l in toni te   group  or  chlorite  group  and  glass  flakes  are  preferably  used  for  

flaky  nonmeta l l i c   inorganic  powdery  or  granular  materials  in  the  p r e s e n t  
invention.   More  specifically,  these  mater ials   include  natural  muscov i t e ,  

phlogopite,   bioti te,   vermiculi te,   fluorine  mica,  and  glass  flakes  for  use  in 

flake  l in ing .  

The  provision  of  electric  conduct ivi ty   to  the  surface  of  inorganic  

powdery  or  granular  materials  prior  to  e lec t ropla t ing   in  accordance  with  t h e  

present   invention  can  be  achieved  by  forming  an  electr ical ly  c o n d u c t i v e  

layer  on  the  surface.   Such  a  layer  can  be  formed  by  methods  such  as  

e lec t ro less   plating,  high-vacuum  metal l izing,   sputtering,  ion-pla t ing ,  

e lec t r i ca l ly   conductive  painting  and  coating  with  electr ically  c o n d u c t i v e  

corpuscles .   The  substances  used  for  forming  such  an  e l e c t r i c a l l y  

conduct ive   layer  include  silver,  copper,  iron,  nickel,  aluminium,  t in ,  

chromium,   t i tanium,  zinc,  gold,  platinum  and  palladium,  their  alloys,  and 

graphi te .   It  is  not  always  required  that  the  electr ically  conductive  layer  be  

uniformly  formed  all  over  the  surface  of  the  inorganic  powdery  or  g ranu la r  

ma te r i a l s .   It  is  necessary  only  to  form  such  an  electr ical ly  c o n d u c t i v e  

layer  so  that   the  volume  resistivity  may  be  1  x  1 0  o h m . c m   or  less  a f t e r  

impart ing  e lec t r ic   conductivity  to  i t .  



Although  every  electr ical ly  conductive  metal  having  a  vo lume 

resistivity  of  1  ohm.cm  or  less  can  be  used  for  the  layer  plated  on  t h e  

surface  of  the  inorganic  powdery  or  granular  materials   obtained  by  e l e c t r o -  

plating  according  to  the  present  invention,  silver,  copper,  iron,  n i c k e l ,  

aluminium,  tin,  chromium,  ti tanium,  zinc,  gold  and  platinum  or  t h e i r  a l l o y s  

are  preferably  used  in  respect  of  electr ical   conductivi ty,   adhesion  and  c o s t ,  

with  silver,  copper  a n d  n i c k e l   being  especially  preferred  when  high 

electr ical   conduct ivi ty   is  required.  In  addition,  it  is  desired  that  t h e  

thickness  of  the  layer  plated  be  100 A (10  nm)  to  1  mm,  preferably  0.05  t o  

100pm,  in  respect  of  various  kinds  of  p e r f o r m a n c e .  

The  composit ion  of  the  e lec t ropla t ing  solution  used  in  the  p r e s e n t  

invention  is  not  d i f ferent   in  any  way  from  that  of  an  e lec t ropla t ing   so lu t ion  

used  in  e lec t ropla t ing,  of   general  metallic  products  and  plastics  p r o d u c t s .  

That  is  to  say,  the  e lec t ropla t ing  solution  used  in  the  present  invention  is  an  

aqueous  solution  of .salts  or  acid  compounds  of  the  metals  to  be  plated.  Fo r  

example,  a  copper  sulphate  bath  or  a  copper  pyrophosphate  bath  can  b e  u s e d  

for  copper  p la t ing ,   a  nickel  sulphate  or  nickel  chloride  bath  for  n i c k e l  

plating,  and  a  chromic  acid  bath  for  chromium  plating.  Compounds  fo r  

ionizing  these  metals,  chelating  agents,  buffering  agents,  l u s t r e -g iv ing  

agents,  reducing  agents  and  pH  adjusters  are  added  if  necessary to   p r e p a r e  

the  e lectroplat ing  solut ion.  

Rods  or  plates  of  the  metals  to  be  plated  or  of  graphite  are used  as  

anode  in  the  present  invention,  as  in  conventional   e lectroplat ing  m e t h o d s .  

However,  the  invention  differs  in  that  the  cathode  is  not  a  product  t o  wh ich  

electric  conductivity  has  been  imparted:  e lectr ical ly   conductive  net-l ike  o r  

plate-like  substances  are  used for   cathode.   Although  the  e l e c t r i c a l l y  

conductive  inorganic  powdery  or  granular  materials   are  suspended   in  a  

plating  solution,  the  metals  to  be plated  are  not  stuck  to  the  cathode  bu t  

uniformly  and  eff iciently  stuck  to  the  electr ical ly  conductive  inorgan ic  

powdery  or  granular  materials,   since  an  individual  powdery  or  g ranu la r  

particle  comes  into  direct  contact   with  the  cathode  or  comes  into  i n d i r e c t  

and  in te rmi t ten t   con tac t   with  the  c a t h o d e   through  other  p a r t i c l e s .  

Although  any  e lectr ical ly   conductive  net-like  material   or  plate-like  m a t e r i a l  

can  be  used  for  the  cathode,  such  material   is  preferably  arranged al l   ove r  

the  bottom  surface  of  the  plating  tank  in  order  to  heighten  the  e f f i c i e n c y .  

The  mesh  of  the  net-like  materials  used  for  the  cathode  must  be  s m a l l e r  



than  the  d iameter   of  the  inorganic  powdery  or  granular  mater ia ls .   A  p l a t e -  
like  cathode  is  used  when  the  e lec t r ica l ly   conductive  inorganic  powdery  o r  

granular   mater ia ls   are  in  corpuscular   form.  The  cathode  is  preferably  m a d e  

of  a  co r ros ion - re s i s t an t   metal   such  as  platinum  depending  upon  t h e  

proper t ies   of  the  plating  solution.  However,  stainless  steel  is  most  usual .  

Although  the  surface   of  the  inorganic  powdery  or  granular  m a t e r i a l s  

can  be  uniformly  and  e f f ic ient ly   plated  owing  to  the  above  descr ibed  

mechanism  of  plating,  the  s t ruc ture   of  the  plating  tank  and  the  s t i r r ing  

method  are  also  impor tan t   in  order  to  further  heighten  the  eff iciency.   T h e  

usual  inorganic  powdery  or  granular  materials  have  a  true  specific  g rav i ty  

larger  than  that  of  the  plating  solution,  thereby  being  liable  to  settle  when 

the  plating  solution  is  gently  st irred.   The  above  described  desired  condi t ion  

of  the  inorganic  powdery  or  granular  materials  coming  into  contac t   with  t h e  

ca thode  can  be  achieved  by  suitably  selecting  the  stirring  conditions  w i th  

the  anode  arranged  in  the  upper  portion  of  the  plating  tank  and  immersed  in 

the  plating  solution  and  the  cathode  arranged  in  the  bottom  portion  of  t h e  

plating  tank.  On  the  other  hand,  it  is  necessary  only  to  reverse  the  anode  

and  the  cathode  in  position  for  light  inorganic  powdery  or  granular  m a t e r i a l s  

such  as  sirasu  and  glass  microballoons  and  perlite.   In  addition,  in  the  c a s e  

when  the  plating  solution  is  c i rculated,   the  inorganic  powdery  or  g ranular  

mater ia ls   contained  in  the  plating  solution  are  pressed  against  the  ne t - l ike  

cathode  installed  on  the  bot tom  portion  of  the  plating  tank  by  supplying  t h e  

plating  solution  from  the  upper  portion  of  the  tank  and  discharging  it  f rom 

the  bottom  of  the  tank,  so  that  plating  can  proceed  more  e f f i c i en t ly .  

Although  a  cathodic  current   density  of  2  to  6  ampere / squa re   decimeter   is 

usual,  it  is  desirable  that  the  current   be  reduced  in  the  initial  stage  o f  

e lec t ropla t ing ,   during  which  electric  conductivi ty  is  not  su f f i c ien t ly  

imparted,   and  then  gradually  increased.   It  is  best  to  control  the  current  by 

varying  the  v o l t a g e .  

Although  the  plating  condition  of  inorganic  powdery  or  g ranu la r  

mater ia ls   plated  according  to  the  present  invention  can  be  directly  observed  

by  scanning  e lect ron  microscopy,   its  electric  conduct iv i ty   can  be  measured  

by  determining  its  volume  resistivity  as  follows.  A  cylindrical  c o n t a i n e r  

made  of  insulating  mater ia l s   is  filled  with  the  e lec t r ica l ly   conduc t ive  

powdery  or  granular  mater ia ls   to  be  tested,  the  mater ia ls   are  compres sed  

under  a  definite  load,  a  defini te  strength  of  current   is  passed  between  t h e  



two  outside  electrodes  of  four  electrodes  linearly  inserted  into  t h e  

compressed  electr ical ly  conductive  powdery  or  granular  materials,   and  t h e  

voltage  measured  between  the  two  inside  e l e c t r o d e s .  

The  plated  inorganic  powdery  or  granular  materials  ob ta ined  

according  to  the  present  invention  can  be  blended  with  a  liquid  resin  to  use 

in,  for  example,  e lectrode  materials   of  p iezoelec t r ic   elements,   e l e c t r o -  

magnetic  shielding  coating  to  be  coated  on  the  housing  of  e l e c t r o n i c  

instruments ,   ant is tat ic   materials   of  products  requiring  earthing,  or  in 

heating  resistors  such  as  a  defroster  for  glass,  or  can  be  blended  wi th  

plastics  and  moulded  into  a  computer  housing  to  be  used  as  an  e l e c t r o -  

magnetic  shielding  material ,   since  they  are  uniformly  coated  with  me ta l s ,  

have  a  metallic  lustre,  are  light  and  have  superior  electric  conduc t i v i t y .  

Further,   they  can  be  used  as  a  coating  having  a  metallic  lustre,  to  r e i n fo r ce  

metals,  and  as  radio  scat ter ing  materials  for  r a d a r .  

The  present  invention  will  be  i l lustrated  below  with  reference  to  t h e  

non-limiting  Examples,  in  which  "parts"  are  by  weight  unless  the  contrary  is 

s t a t e d .  

Example  1 

Fine  powdery  or  granular  commercial   barium  sulphate  ( ave rage  

diameter   10 um)  is  thinly  distributed  over  the  base  plate  of  a  vacuum 

metall izer   of  tungsten  coil  heater  type  and  metal l ized  with  copper  under  

vacuum  of  (1.3  mPa).  It  is  subjected  to  vacuum  metal l iz ing  for  15  minu te s  

in  all  with  stirring  about  every  3  minutes.  Then  an  e lectroplat ing  solut ion 

containing  10 g/1  of  copper  pyrophosphate,  27 g/1  of  potassium  pyro-  

phosphate  and  0.5  ml/I  of  20%  aqueous  ammonia  is  prepared.   A  plating  t ank  

is  provided  with  an  anode  made  of  copper  plate  at  its  upper  portion  and  a 

cathode  made  of  stainless  steel  plate  at  its  bottom  portion.  10 g/1  of  t he  

barium  sulphate  to  which  electric  conductivity  has  been  imparted  is 

dispersed  in  the  prepared  e lectroplat ing  solution.  Electroplat ing  is  c a r r i e d  

out  for  200  minutes  at  an  average  cathodic  current  density  o f  

3  ampere/square   decimeter ,   maintaining  the  solution  t empera ture   at  about  

40  °C  and  the  pH  at  about  8.5.  After  washing  and  drying,  the  powdery  or  

granular  copper-plated  barium  sulphate  has  a  coppery  lustre.  The  th ickness  

of  the  copper-pla ted  layer  is  about  0.7 um  observed  by  scanning  e l e c t r o n  

microscopy  and  the  quantity  of  copper  adhering  is  48%  by  weight.  In 

addition,  the  volume  resistivity  under  a  pressure  of  50  g/cm2  is 



10-2  ohm.cm  or  less,  which  shows  superior  e lec t r ic   conduct ivi ty .   Then  a  

pas te- l ike   e lec t r i ca l ly   conductive  adhesive  is  prepared  by  blending  100  p a r t s  
of  the  powdery  or  granular  copper -p la ted   barium  sulphate  with  50  parts  of  a  

two-pack   commerc ia l ly   available  epoxy  resin  containing  amine  as  a  c u r i n g  

agent.   The  prepared  paste-l ike  e lec t r i ca l ly   conduct ive  adhesive  shows 

superior  conduc t iv i ty   when  used  in  an  e lec t rode   t e r m i n a l .  

Example  2 

Phlogopite   powder  having  an  average  d iameter   of  250 pm  and  an  

average  aspect   ratio  of  50  is  coated  with  nickel  by  electroless  plating  t o  

impart  an  e lec t r ic   conductivi ty  to  its  surface.   The  quantity  of  nickel  s t u c k  

to  the  result ing  n icke l -p la ted   phlogopite  powders  is  2.3%  by  weight  and  t h e  

volume  res is t iv i ty   is  3.5  x  102 ohm.cm.  Then  an  e lec t ropla t ing   solut ion 

containing  30  g/1  of  nickel  sulphate,  5  g/l  or  nickel  chloride  and  5  g/1  o f  

boric  acid  is  prepared.   A  plating  tank  is  provided  with  an  anode  of  g r aph i t e  

rod  inserted  in  its  upper  portion  and  a  stainless  steel  net  of  200  mesh  (wire  

d iameter ,   53  um,  sieve  opening,  74 um)  placed  at  the  bottom.  15  g/l  of  

phlogopite  powders  to  which  electric  conduct iv i ty   has  been  imparted  a r e  

dispersed  in  the  prepared  e lect ropla t ing  solution.  Electroplat ing  is  c a r r i e d  

out  for  180  minutes  at  a  cathodic  current   density  of  about  3  a m p e r e / s q u a r e  

dec imete r   mainta ining  the  solution  at  a  t e m p e r a t u r e   about  50 ° C  and  a  pH 

of  4.0.  After  washing  and  drying,  the  n i cke l -p la t ed   phlogopite  powders  a r e  

s i lvery-b lack   in  colour.  It  is  found  from  observat ion  by  scanning  e l e c t r o n  

microscopy  that   the  quantity  of  nickel  stuck  is  39%  by  weight  and  t h e  

thickness  of  the  n ickel -pla ted   layer  is  0.5  µm.  In  addition,  the  vo lume 

resist ivity  is  10-2 ohm.cm  or  less,  which  shows  superior  e l e c t r i c  

conduct iv i ty .   Then  sheet- l ike  test  pieces  3  mm  thick  are  prepared  by 

blending  100  parts  of  the  n ickel-pla ted  phlogopite  powders  with  100  parts  o f  

commerc ia l ly   available  polypropylene  resin,  melting  the  resulting  blend  a t  

250 °C  in  a  kneader   (Labo  Plasto  Mill,  Toyo  Seiki  Seisakusho  Ltd),  and  h o t  

pressing.  The  prepared  test  pieces  are  tes ted  for  e l ec t romagne t ic   shielding 

effect   in  accordance   with  a  method  described  in  "Engineering  Mater ia l s" ,  

29  (12)  38.  The  e lec t romagne t ic   shielding  ef fec t   is  38  db  for  a  frequency  o f  

10  MHz,  35  db  for  a  frequency  of  100  MHz  and 41  db  for  a  frequency  o f  

1  GHz  which  shows  superior  e l ec t romagne t i c   sh ie ld ing .  



1.  A  method  of  e lectroplat ing  metal(s)  onto  an  inorganic  powdery  or 

granular  mater ia l ,   charac ter ized   in  that  e lectr ic   conduct iv i ty   is  f i r s t  

imparted  to  the  surface  of  the  inorganic  powdery  or  granular  mater ia l   and 

the  subsequent   e lec t ropla t ing  is  carried  out  with  the  said  mater ia l   suspended 

in  a  plating  solution  containing  the  said  metal(s)  between  an  anode  made  of 

graphite  or  of  the  said  metal(s)  and  a  cathode  made  of  an  e l e c t r i c a l l y  

conductive  net- l ike   or  plate- l ike  material ,   and  individual  par t ic les   of  t h e  

inorganic  powdery  or  granular  mater ial   i n te rmi t t en t ly   come  into  direct  or 

indirect  con tac t   with  the  cathode  during  e l e c t r o p l a t i n g .  

2.  A  method  as  claimed  in  claim  1,  in  which  the  inorganic  powdery  or 

granular  mater ia l   is  granular,  flaky  or  fibrous  having  an  average  length  of 

10  mm  or  less .  

3.  A  method  as  claimed  in  claim  1  or  2,  in  which  the  inorganic  powdery  

or  granular  mater ial   is  flaky  or  granular  and  has  an  average  aspect   ratio  (a 

ratio  of  d iameter   to  thickness)  of  10  or  more .  

4.  A  method  as  claimed  in  any  preceding  claim,  in  which  the  inorganic  

powdery  or  granular  material   is  a  natural  or  artificial  mineral  belonging  to  

the  mica  group,  the  clintonite  group  or  the  chlorite  group  or  is  in  the  fo rm 

of  glass  f l akes .  

5.  A  method  as  claimed  in  any  preceding  claim  in  which  e l e c t r i c  

conductivi ty  is  imparted  to  the  surface  of  the  particles  of  the  inorganic  

powdery  or  granular  material  by  the  use  of  at  least  one  of  silver,  a lumin ium,  

copper,  nickel,  chromium,  t i tanium,  tin,  antimony,  zinc,  gold,  platinum  and 

iron,  alloys  thereof  and  g raphi te .  

6.  A  method  as  claimed  in  any  preceding  claim,  in  which  the  p la ted  

layer  obtained  on  the  surface  of  the  particles  of  the  inorganic  powdery  or 

granular  material   by  electroplat ing  is  composed  of  at  least  one  of  si lver,  

aluminium,  copper,  nickel,  chromium,  t i tanium,  tin,  antimony,  zinc,  gold, 

platinum  and  iron,  or  an  alloy  t h e r e o f .  
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