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Description 

The  present  invention  relates  to  a  surface-coat- 
ed  article  and  a  method  for  the  preparation  thereof. 
More  particularly,  the  invention  relates  to  a  shaped 
article  provided  with  a  hard  and  transparent 
ceramic-based  coating  film  having  high  abrasion 
resistance  and  decorativeness  without  masking  the 
beautiful  appearance  of  the  substrate  surface  as 
well  as  a  method  for  the  preparation  of  such  a 
surface-coated  article. 

It  is  widely  practiced  that  various  kinds  of 
metal-made  articles  such  as  personal  ornamentals 
including  watch  cases  and  straps,  necklaces,  rings, 
spectacle  frames,  brooches,  bracelets,  earrings, 
medals  and  badges,  orders  and  the  like,  table- 
wares,  music  instruments  and  so  on  are  provided 
on  the  surface  of  a  substrate  body  shaped  of  a 
metal  or  alloy  such  as  stainless  steels,  nickel- 
based  alloys,  copper  and  copper-based  alloys  and 
the  like  with  a  metallic  plating  layer  of  gold,  silver, 
platinum,  rhodium,  palladium,  chromium  and  the 
like  with  an  object  to  impart  an  impressive  appear- 
ance  of  high-class  goods. 

A  serious  problem  in  these  metal-made 
surface-plated  articles  is  that  the  plating  layer  is 
sometimes  subject  to  mechanical  damages,  falling 
and  wearing  during  transportation  and  use  when 
the  article  is  contacted  with  a  hard  body  or  re- 
ceives  a  mechanical  shock  to  greatly  decrease  the 
commercial  value  and  usefulness  of  the  article. 

Accordingly,  it  is  also  a  practice  widely  under- 
taken  in  the  prior  art  that  the  surface  of  personal 
ornamentals,  music  instruments  and  the  like  is  pro- 
vided  on  the  surface  of  the  plating  layer  with  a 
protective  coating  film  formed  by  applying  a  clear 
and  colorless  lacquer  in  order  to  avoid  the  troubles 
mentioned  above  as  far  as  possible.  Such  an  or- 
ganic  coating  film  is  not  quite  satisfactory  in  re- 
spect  of  the  protecting  effect  due  to  the  relatively 
poor  abrasion  resistance,  corrosion  resistance  and 
weatherability. 

It  is  also  proposed  that  metal-plated  surfaces 
are  provided  with  a  transparent  inorganic  coating 
layer  of  a  ceramic  material  such  as  alumina,  silica, 
zirconia,  titanium  dioxide  and  the  like  (see,  for 
example,  Japanese  Patent  Kokai  No.  56-123366, 
No.  56-163266  and  No.  61-165731.  When  such  an 
inorganic  transparent  ceramic  coating  layer  is 
formed  on  the  surface  of  a  metal  or  glass  body  by 
a  conventional  method  such  as  vacuum  vapor  de- 
position,  ion  plating,  chemical  vapor  deposition, 
sputtering  and  the  like,  some  undesirable  phenom- 
ena  are  sometimes  unavoidable  such  as  appear- 
ance  of  an  interference  color,  discoloration  and 
cloudiness  in  the  coating  layer  to  badly  mask  and 
affect  the  beautiful  appearance  of  the  substrate 
surface.  Therefore,  the  applicability  of  these  prior 

art  methods  is  limited.  In  particular,  the  problem 
due  to  the  above  mentioned  undesirable  phenom- 
ena  is  serious  on  the  surface  of  articles  having  a 
three-dimensionally  complicated  configuration  such 

5  as  watch  cases  and  other  personal  ornamentals  so 
that  the  above  mentioned  piror  art  methods  are 
hardly  applicable  to  these  articles. 

Apart  from  the  above  mentioned  methods  for 
forming  transparent  ceramic-based  coating  layers, 

io  ceramic  bodies  having  transparency  are  known  and 
obtained  by  a  sintering  process  of  a  powdery  mix- 
ture  of  aluminum  oxide  with  0.05  to  0.5%  by  weight 
of  magnesium  oxide  (see,  for  example,  U.S.  Patent 
No.  3.026,210).  According  to  the  process  disclosed 

75  therein,  aluminum  sulfate  and  a  magnesium  salt 
are  blended  together  in  such  a  proportion  that  the 
weight  ratio  of  AI203:lvlgO  is  99.95:0.05  to  99.5:0.5 
after  calcination  and  sintering  and  the  powdery 
mixture  is  calcined  first  at  a  temperature  up  to 

20  1100  °C  and  then  at  a  temperature  of  1200  to 
1300  °C  to  prepare  a  calcined  aluminum  oxide 
powder  containing  magnesium  oxide.  The  calcined 
aluminum  oxide  powder  is  then  shaped  and  sub- 
jected  to  sintering  by  a  heat  treatment  first  at  800 

25  to  1200  °C  in  air  and  then  at  about  1800  °C  for  6 
to  10  hours  in  an  atmosphere  of  hydrogen  gas  or  in 
vacuum.  The  principle  by  which  transparency  is 
imparted  to  the  thus  sintered  body  is  that  formation 
of  pores  in  the  grains  and  abnormal  grain  growth 

30  are  prevented  by  utilizing  the  phenomenon  of 
grain-boundary  precipitation  of  spinel  MgAI2Cv 

This  method  for  the  preparation  of  a  transpar- 
ent  alumina-based  ceramic  is  of  course  not  ap- 
plicable  to  the  formation  of  a  ceramic-based  thin 

35  protective  coating  layer  on  a  metal-made  and  plat- 
ed  substrate  article  because  the  process  disclosed 
so  far  gives  only  a  shaped  body  of  the  ceramic 
material  per  se  having  bulkiness  or  a  substantial 
thickness  not  to  meet  the  definition  of  a  thin  coat- 

40  ing  film  and,  moreover,  the  temperature  at  which 
sintering  of  the  ceramic  body  is  performed  is  so 
high  that  not  only  the  metal-made  substrate  body 
but  also  the  layer  of  metal  plating  on  the  substrate 
surface  have  absolutely  no  possibility  to  withstand 

45  the  temperature. 
U.S.  Patent  No.  4517217  describes  coating 

metallic  surfaces  with  a  colourless  film  of  a  se- 
lected  inert  and  non-metallic  material.  This  pro- 
vides  a  durable  abrasion-resistant  protective  cover- 

so  ing  which  is  applied  to  the  surfaces  by  sputter- 
deposition. 

The  present  invention  accordingly  has  an  ob- 
ject  to  provide  a  surface-coated  shaped  article  hav- 
ing  a  ceramic-based  hard  and  transparent  coating 

55  layer  on  the  surface  by  which  protection  is  im- 
parted  against  mechanical  damages,  abrasion  and 
corrosion  to  the  substrate  surface  which  may  be 
liable  to  be  mechanically  damaged  as  in  a  metal- 
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plated  surface  or  subject  to  discoloration  such  as 
the  surface  of  silver,  copper  and  the  like  without 
affecting  the  color  or  beautiful  appearance  of  the 
substrate  surface. 

Thus,  the  surface-coated  shaped  article  of  the 
present  invention  comprises: 

(a)  a  substrate  body;  and 
(b)  a  coating  layer,  formed  by  ion  plating,  having 
a  thickness  in  the  range  from  0.5  to  8u.m  formed 
on  the  surface  of  the  substrate  body  and  made 
of  a  ceramic  composition  comprising  from  5 
ppm  to  40%  by  weight  of  magnesium  oxide,  the 
balance  being  one  or  more  of  other  specified 
oxides. 
The  method  for  the  preparation  of  the  above 

defined  surface-coated  shaped  article  comprises: 
forming  a  coating  layer  on  the  surface  of  a  sub- 
strate  body  by  a  dry-process  plating  method  with  a 
ceramic  composition  comprising  from  5  ppm  to 
40%  by  weight  of  magnesium  oxide  to  such  an 
extent  that  the  coating  layer  has  a  thickness  in  the 
range  from  0.5  to  8  urn. 

It  is  optional  that  the  above  mentioned  dry- 
process  plating  of  a  magnesium  oxide-containing 
ceramic  composition  is  preceded  by  a  process  of 
undercoating  with  a  known  undercoating  material 
such  as  metals,  metal  oxides,  synthetic  resins  and 
the  like.  It  is  further  optional  that  the  above  men- 
tioned  dry-process  plating  of  a  magnesium  oxide- 
containing  ceramic  composition  is  succeeded  by  a 
process  of  top-coating  with  a  known  top-coating 
material  such  as  synthetic  resins  and  the  like. 

The  figure  is  a  graphic  showing  of  the  apparent 
light-absorption  coefficient  of  a  magnesium  oxide- 
containing  alumina-based  coating  layer  as  a  func- 
tion  of  the  thickness. 

As  is  described  above,  the  characteristic  fea- 
ture  of  the  present  invention  is  in  the  unique 
chemical  composition  of  the  ceramic-based  hard 
and  transparent  coating  layer  comprising  magne- 
sium  oxide  as  an  essential  ingredient,  which  layer 
having  a  specified  thickness  and  being  formed  by 
a  dry-process  plating  method.  The  invention  has 
been  completed  on  the  base  of  a  discovery  ob- 
tained  in  the  extensive  investigations  undertaken 
with  the  above  mentioned  object  which  can  be 
achieved  when  the  substrate  surface  is  provided 
with  a  coating  layer  of  a  specified  thickness  formed 
of  a  magnesium  oxide-containing  ceramic  composi- 
tion  by  means  of  a  dry-process  plating  method. 

Different  from  the  above  mentioned  magne- 
sium  oxide-containing  alumina-based  transparent 
sintered  ceramic  body  disclosed  in  U.S.  Patent  No. 
3,026,210,  the  transparent  ceramic-based  coating 
layer  in  the  invention  has  an  amorphous  structure 
in  which  no  grain-boundary  precipitation  of  the 
magnesium  oxide  constituent  takes  place  with  uni- 
form  distribution  thereof  throughout  the  layer  as  a 

result  of  the  method  for  forming  the  coating  layer. 
The  magnesium  oxide-containing  ceramic  com- 

position,  from  which  the  ceramic-based  coating  lay- 
er  is  formed  on  the  substrate  surface  by  a  dry- 

5  process  plating  method,  contains  magnesium  oxide 
in  such  an  amount  that  the  coating  layer  formed 
therefrom  contains  from  5  ppm  to  40%  by  weight 
or,  preferably,  from  10  ppm  to  30%  by  weight  or, 
more  preferably,  from  0.1%  to  15%  by  weight  of 

io  magnesium  constituent  calculated  as  magnesium 
oxide  MgO.  When  the  content  of  magnesium  oxide 
therein  is  too  low,  high  transparency  of  the  coating 
layer  can  hardly  be  obtained.  When  the  content  of 
magnesium  oxide  is  too  high,  on  the  other  hand, 

is  the  coating  layer  has  somewhat  degraded  prop- 
erties  in  respect  of  impact  strength,  corrosion  resis- 
tance  and  the  like. 

As  the  balance  of  magnesium  oxide  which  is 
the  essential  ingredient  in  the  above  mentioned 

20  weight  proportion,  the  ceramic  coating  layer  formed 
on  the  substrate  surface  should  comprise  one  or 
more  of  the  following  inorganic  oxide  materials  ; 
aluminum  oxide,  silicon  dioxide,  germanium  oxide, 
zirconium  oxide,  hafnium  oxide,  titanium  dioxide, 

25  zinc  oxide,  indium  oxide,  tin  oxide,  beryllium  oxide, 
yttrium  oxide,  vanadium  oxide,  tungsten  oxide,  bis- 
muth  oxide,  selenium  oxide,  lanthanum  oxide, 
neodymium  oxide,  tellurium  oxide,  rhenium  oxide, 
and  zirconium  titanium  plumbate  Pb(Zr*Ti)03  of 

30  which  aluminum  oxide,  silicon  dioxide,  titanium 
dioxide,  zirconium  dioxide,  zinc  oxide  indium  oxide, 
tin  oxide,  beryllium  oxide,  ytrium  oxide  and  zirco- 
nium  titanium  plumbate  are  preferred.  The 
vaporization  source  used  in  the  process  of  ion 

35  plating  is  a  powdery  mixture  of  one  or  more  of 
these  oxide  materials  with  magnesium  oxide  al- 
though  it  is  optional  to  use  a  composite  oxide  such 
as  spinel  MgAfeO*  in  place  of  a  powdery  mixture  of 
magnesium  and  aluminum  oxides.  Further,  the 

40  vaporization  source  can  be  a  powdery  mixture  of 
magnesium  oxide  and  a  elementary  metal  such  as 
metallic  titanium  and  the  ion  plating  is  performed  in 
an  atmosphere  containing  oxygen  in  a  limited  par- 
tial  pressure  so  that  the  metallic  ions  are  deposited 

45  in  the  form  of  an  oxide  after  oxidation  in  the  at- 
mosphere. 

The  ceramic-based  hard  and  transparent  coat- 
ing  layer  formed  on  the  substrate  surface  should 
have  a  thickness  in  the  range  from  0.5  to  8  urn. 

50  This  limitation  in  the  thickness  of  the  coating  layer 
has  been  established  as  a  result  of  extensive  ex- 
perimentation.  Namely,  a  coating  layer  having  a  too 
small  thickness  has  limited  abrasion  resistance  and 
is  subject  to  the  appearance  of  an  interference 

55  color.  When  the  thickness  of  the  coating  layer  is 
too  large,  on  the  other  hand,  the  ceramic  layer  is 
somewhat  cloudy  to  have  decreased  transparency. 
This  upper  limit  of  the  thickness  of  the  coating 
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layer  has  been  established  experimentally.  Thus, 
several  glass  plates  as  a  substrate  were  provided 
with  a  ceramic-based  coating  layer  having  a  varied 
thickness  and  composed  of  90%  by  weight  of 
aluminum  oxide  and  10%  by  weight  of  magnesium 
oxide  and  the  intensity  ratios  of  the  transmitted 
light  to  the  incident  light  lt/lo  were  determined. 
Assuming  that  lt/lo  is  given  by  the  equation 

l,/lo  =  e"at  or  a  =  -(1/t)  loge  l,/l0, 

in  which  t  is  the  thickness  of  the  coating  layer  in 
linn  and  a  is  the  apparent  absorption  coefficient  in 
linn-1,  the  value  of  a  was  calculated  as  a  function 
of  t  by  substituting  the  determined  value  of  lt/lo  in 
the  equation.  The  figure  in  the  accompanying  draw- 
ing  is  a  graphic  showing  of  the  thus  obtained 
values  of  a  as  a  function  of  t.  As  is  evident  from 
the  figure,  the  value  of  a  is  no  longer  constant  but 
decreases  as  the  thickness  t  is  increased  with  a 
quasiplateau  region  up  to  a  thickness  of  about  8 
linn  and  rapid  decrease  thereafter  corresponding  to 
the  loss  of  transparency,  presumably,  due  to  in- 
crease  in  the  scattering  of  light. 

The  material  of  which  the  substrate  body  or  the 
surface  layer  thereof  is  formed  is  not  particularly 
limitative  provided  that  the  material  can  withstand 
the  conditions  of  the  dry-process  plating.  Examples 
of  the  materials  to  which  the  inventive  method  is 
applicable  include  precious  metals  such  as  gold, 
silver,  platinum,  rhodium,  palladium  and  the  like 
and  non-precious  metals  such  as  copper,  iron, 
nickel  and  the  like  as  well  as  alloys  thereof.  Any 
shaped  articles  having  a  surface  plated  with  these 
metallic  materials  can  of  course  be  used.  Glassy 
materials  and  plastics  are  also  suitable  with  or 
without  a  metallic  plating  layer  thereon  provided 
that  the  softening  point  thereof  is  high  enough  to 
withstand  the  dry-process  plating. 

In  practicing  the  method  of  ion  plating,  the 
ceramic  composition  as  the  vaporization  source  is 
heated  under  bombardment  with  electron  beams 
and  vaporized  to  form  an  ionized  gaseous  species 
in  the  atmosphere  in  which  the  ions  are  acceler- 
ated  and  deposited  on  to  the  substrate  surface 
under  a  potential  difference.  The  process  of  ion 
plating  is  classified  into  several  types  including  the 
low-pressure  DC  ion  plating  performed  in  an  at- 
mosphere  of  argon  of  a  relatively  low  pressure  of  1 
to  2.5  x  10-2  torr,  high-vacuum  ion  plating  per- 
formed  in  an  atmosphere  of  a  pressure  not  exceed- 
ing  1  x  10-3  torr  and  activated  reactive  vapor- 
deposition  performed  in  an  atmosphere  of  an  active 
gas.  The  method  of  high-vacuum  ion  plating  is 
further  classified  relative  to  the  manners  of  heating, 
ionization,  ion  acceleration  and  the  like  into  the 
Banshah  type,  hollow  cathode  type,  radio-frequen- 
cy  (RF)  type,  clustered  ion-beam  type  and  so  on. 

The  above  mentioned  RF  type  ion  plating 
method  is  referred  in  practicing  the  inventive  meth- 
od  for  forming  the  ceramic-based  coating  layer  in 
respect  of  the  sustainability  of  stable  electric  dis- 

5  charge  without  particularly  controlling  the  operation 
of  the  electron  gun,  possibility  of  stable  vaporiza- 
tion  of  a  substance  having  a  low  vapor  pressure 
under  practicable  conditions  in  a  high  vacuum  and 
possibility  of  giving  a  dense  coating  layer  free  from 

io  pin  holes. 
It  is  optional  according  to  need  to  provide  the 

substrate  surface  beforehand  with  an  undercoating 
layer  having  a  thickness  of,  for  example,  5  to  200 
nm  with  an  object  to  improve  the  reproducibility  in 

is  the  bonding  strength  between  the  ceramic-based 
transparent  coating  layer  and  the  substrate  surface 
and  to  improve  the  abrasion  resistance  and  corro- 
sion  resistance.  Examples  of  suitable  undercoating 
materials  include  metals  such  as  aluminum, 

20  titanium,  chromium,  nickel  and  the  like  and  metal 
oxides  such  as  titanium  dioxide,  silicon  dioxide, 
indium  oxide,  zinc  oxide  and  the  like  as  well  as 
hard  synthetic  resins  curable  by  ultraviolet  irradia- 
tion  or  by  heating.  When  the  substrate  is  made  of 

25  silver,  in  particular,  an  undercoating  treatment  prior 
to  the  ion  plating  is  desirable  because,  different 
from  the  surface  of  gold  and  glassy  materials,  no 
sufficiently  high  and  reproducible  bonding  strength 
can  be  obtained  between  the  ceramic-based  coat- 

30  ing  layer  formed  by  ion  plating  and  the  substrate 
surface  due  to  the  chemical  activity  of  the  silver 
surface  which  is  also  subject  to  blackening  or  ap- 
pearance  of  cloudiness  as  a  result  of  abnormal 
grain  growth. 

35  The  present  invention  is  applicable  to  various 
substrates  including  watch  cases  and  straps,  neck- 
laces,  rings,  spectacle  frames,  medals  and  badges, 
orders,  metal-made  tablewares,  metal-made  music 
instruments  and  the  like  without  particular  limita- 

40  tions  relative  to  the  configuration.  When  the  sub- 
strate  is  an  article  having  a  chance  of  contacting 
with  perspiration,  such  as  watch  cases  and  straps, 
rings,  spectacle  frames  and  the  like,  it  is  advanta- 
geous  that  the  ceramic-based  transparent  coating 

45  layer  is  provided  with  a  top-coating  layer  of  a 
water-resistant  material  such  as  a  poly- 
(tetrafluoroethylene)  resin,  polycarbonate  resin, 
polyethylene,  acrylic  resin,  nylon,  polyacetal  resin 
and  the  like.  The  top-coating  layer  can  be  formed 

50  by  any  known  method  such  as  vapor  deposition, 
application  of  a  liquid  coating  composition  and  the 
like.  If  necessary,  the  top-coating  layer  is  subjected 
to  a  post-treatment  of  curing,  for  example,  by  ul- 
traviolet  irradiation. 

55  As  is  described  above,  the  present  invention  is 
advantageous  in  several  respects.  Thus,  the 
ceramic-based  hard  and  transparent  coating  layer 
is  firmly  bonded  to  the  substrate  surface  without 
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appearance  of  the  interference  color  or  coloration 
of  the  coating  layer  per  se  so  that  any  substrate 
articles  can  be  imparted  with  high  abrasion  resis- 
tance  without  affecting  the  beautiful  appearance  of 
the  substrate  surface.  Therefore,  certain  metallic 
materials,  such  as  silver,  copper,  brass  and  the 
like,  which  hitherto  are  not  used  as  a  material  of 
personal  ornamentals  and  tablewares  due  to  the 
low  hardness  and  chemical  properties  liable  to  me- 
chanical  damages  and  discoloration,  can  be  used 
in  these  applications  when  the  articles  are  provided 
with  the  hard  and  transparent  ceramic-based  coat- 
ing  layer  according  to  the  invention.  Accordingly, 
the  present  invention  is  applicable  to  various  metal- 
made  articles  such  as  personal  ornamentals,  e.g., 
watch  cases  and  straps,  necklaces,  rings,  spectacle 
frames,  medals  and  badges,  orders  and  the  like, 
tablewares,  music  instruments  and  so  on. 

In  the  following,  the  present  invention  is  de- 
scribed  in  more  detail  by  way  of  examples.  The 
hard  and  transparent  ceramic-based  coating  layers 
formed  in  the  following  examples  were  evaluated 
by  conducting  testing  for  the  following  items. 

(1)  Abrasion-resistance  test 

The  ceramic-coated  article  was  rubbed  against 
an  abrasive  #1000  corundum  powder  under  a  load 
of  5  kg/cm2  by  100  times  repetition  of  a  reciprocat- 
ing  movement  over  a  15  cm  span  at  a  velocity  of 
about  10  cm/second  and  examined  visually  with 
the  aid  of  a  magnifying  glass  for  the  appearance  of 
bare  surface  of  the  substrate.  The  results  were 
recorded  as  "good"  for  the  surface  without  bare 
portions  and  "no  good"  for  the  surface  with  ap- 
pearance  of  bare  portions. 

(2)  Accelerated  weatherability  test 

An  apparatus  for  accelerated  weathering 
(Sunshine  Weather  Meter)  was  run  for  500  hours 
under  ultraviolet  irradiation  to  detect  any  changes 
on  the  coated  surface. 

(3)  Thermal  shock  test 

The  coated  article  was  subjected  to  twice-re- 
peated  cycles  of  heating  at  200  °  C  and  then 
putting  into  water  at  0  °  C  to  detect  any  changes 
on  the  coated  surface. 

(4)  CASS  test 

An  aqueous  test  solution  containing  4%  by 
weight  of  sodium  chloride  and  0.02%  by  weight  of 
copper  (II)  chloride  was  sprayed  in  fine  droplets 
against  the  coated  article  for  48  hours  and  then  the 
number  of  the  corrosion  spots  on  the  surface  was 

counted. 

(5)  Bending  test 

5  The  coated  article  held  by  a  vice  was  forcibly 
bent  by  about  90°  and  inspected  for  falling  of  the 
coating  layer  to  give  a  measure  for  the  bonding 
strength  of  the  coating  layer  to  the  substrate  sur- 
face. 

10 
(6)  Resistance  against  artificial  perspiration 

The  coated  article  was  kept  in  contact  with  a 
standard  artificial  perspiration  for  100  hours  at 

is  room  temperature  and  then  visually  examined  for 
the  changes  in  the  appearance. 

(7)  Resistance  against  sulfurization 

20  The  coated  article  was  exposed  to  a  hydrogen 
sulfide-containing  atmosphere  according  to  the  pro- 
cedure  specified  in  JIS  H  8502  and  then  visually 
examined  for  the  changes  in  the  appearance. 

25  (8)  Impact  strength  test 

Measurement  was  performed  according  to  the 
procedure  specified  in  JIS  B  7001. 

30  Example  1  . 

Silver-plated  and  gold-plated  watch  cases  were 
provided  with  a  hard  and  transparent  ceramic- 
based  coating  layer  having  a  thickness  of  about  2 

35  urn  by  the  RF  ion  plating  method  using  a  powdery 
mixture  composed  of  40%  by  weight  of  magne- 
sium  oxide  and  60%  by  weight  of  aluminum  oxide 
as  the  vaporization  source. 

The  procedure  of  ion  plating  was  performed  in 
40  an  atmosphere  of  argon  gas  under  a  pressure  of  5 

x  10_+  torr  for  40  minutes  by  keeping  the  substrate 
at  a  temperature  of  200  °  C  and  heating  the 
vaporization  source  with  an  electron  gun  after  10 
minutes  of  argon-ion  bombardment  treatment  of 

45  the  substrate  with  a  RF  electric  power  supply  of 
500  watts. 

The  thus  formed  ceramic-based  coating  layer 
was  analyzed  by  using  an  electron-probe 
microanalyzer  to  find  that  the  coating  layer  was 

50  composed  of  about  10%  by  weight  of  magnesium 
oxide  and  about  90%  by  weight  of  aluminum  oxide. 

The  thus  formed  ceramic-based  coating  layers 
each  had  high  clarity  without  appearance  of  an 
interference  color  and  the  results  of  the  evaluation 

55  tests  were:  good  in  the  abrasion  test;  no  corrosion 
spots  found  in  the  CASS  test;  no  changes  found  in 
the  weatherability  test;  no  falling  of  the  coating 
layer  in  the  bending  test;  and  no  changes  found  in 

5 
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the  thermal  shock  test. 

Example  2. 

A  silver-plated  bracelet  was  provided  with  a 
ceramic-based  coating  layer  having  a  thickness  of 
about  2  urn  under  substantially  the  same  con- 
ditions  as  in  Example  1  excepting  the  use  of  spinel 
MgAbCU  as  the  vaporization  source  in  place  of  the 
powdery  mixture  of  magnesium  oxide  and  alumi- 
num  oxide.  The  coating  layer  formed  in  this  man- 
ner  contained  about  12%  by  weight  of  magnesium 
oxide.  The  results  of  the  evaluation  tests  of  the 
thus  coated  bracelet  were  as  good  as  the  watch 
cases  in  Example  1  . 

Example  3. 

A  silver-plated,  stainless  steel-made  spectacle 
frame  was  provided  with  a  ceramic-based  coating 
layer  having  a  thickness  of  about  1  urn  under 
substantially  the  same  conditions  as  in  Example  1 
except  that  the  vaporization  source  was  a  50:50  by 
weight  mixture  of  aluminum  oxide  and  steatite 
MgSi03  and  the  length  of  time  for  the  ion  plating 
treatment  was  about  20  minutes.  The  thus  formed 
ceramic-based  coating  layer  was  composed  of  an 
amorphous  mixture  of  magnesium  oxide  MgO,  sili- 
con  dioxide  Si02  and  aluminum  oxide  AI2O3,  of 
which  the  content  of  magnesium  oxide  was  about 
10%  by  weight.  The  beautiful  appearance  of  the 
silver-plated  substrate  surface  was  retained  after 
the  ceramic  coating.  The  evaluation  tests  of  the 
thus  coated  spectacle  frame  gave  substantially  the 
same  satisfactory  results  as  the  watch  cases  in 
Example  1  . 

Example  4. 

A  silver-plated,  stainless  steel-made  tableware 
was  provided  with  a  ceramic-based  coating  layer 
having  a  thickness  of  about  5  urn  under  substan- 
tially  the  same  conditions  as  in  Example  1  except 
that  the  vaporization  source  was  a  powdery  mixture 
composed  of  10%  by  weight  of  magnesium  oxide 
and  90%  by  weight  of  metallic  titanium  and  the  ion 
plating  treatment  was  performed  for  about  60  min- 
utes  in  an  atmosphere  with  a  partial  pressures  of 
argon  and  oxygen  of  3  x  10_+  torr  and  2  x  10_+ 
torr,  respectively.  The  thus  formed  coating  layer 
was  composed  of  an  amorphous  mixture  of  magne- 
sium  oxide  and  titanium  dioxide,  of  which  the  con- 
tent  of  magnesium  oxide  was  about  3%  by  weight. 
The  results  of  the  evaluation  tests  of  the  thus 
obtained  coated  article  were  as  satisfactory  as  in 
Example  1  . 

Example  5. 

A  silver-plated,  brass-made  watch  case  was 
placed  in  an  ion-plating  chamber  and  subjected  to 
an  argon-ion  bombardment  treatment  for  about  10 
minutes  with  application  of  an  electric  field  of  500 

5  volts  DC  in  a  plasma  generated  in  an  atmosphere 
of  argon  gas  under  a  pressure  of  5  x  10_+  torr  with 
supply  of  a  RF  electric  power  of  500  watts.  There- 
after,  the  watch  case  was  provided  with  an  under- 
coating  layer  of  aluminum  having  a  thickness  of 

10  about  0.1  urn  by  evaporating  aluminum  with  an 
electron  gun  in  the  same  chamber.  Further,  the 
watch  case  was  provided  with  a  ceramic-based 
coating  layer  having  a  thickness  of  about  2  urn  in 
substantially  the  same  procedure  as  in  Example  1  . 

15  Finally,  a  top-coating  layer  having  a  thickness  of 
about  0.5  urn  was  formed  thereon  by  evaporating  a 
poly(tetrafluoroethylene)  resin  from  a  resistance- 
heated  boat  installed  in  the  same  chamber.  The 
thus  obtained  multiple-coated  watch  case  retained 

20  the  beautiful  appearance  of  the  silver-plated  sub- 
strate  surface  little  affected  despite  the  undercoat- 
ing  of  aluminum  and  had  much  higher  corrosion- 
resistance,  in  particular,  against  the  artificial  per- 
spiration  than  the  same  silver-plated  watch  case 

25  without  the  coating  treatment. 

Example  6. 

A  silver-plated,  brass-made  watch  case  was 
30  placed  in  an  ion-plating  chamber  and  subjected  to 

an  argon-ion  bombardment  treatment  for  about  10 
minutes  with  application  of  an  electric  field  of  200 
volts  DC  in  a  plasma  generated  in  an  atmosphere 
of  argon  gas  under  a  pressure  of  5  x  10_+  torr 

35  with  supply  of  a  RF  electric  power  of  1  kilowatt. 
Thereafter,  the  watch  case  was  provided  with  an 
undercoating  layer  having  a  thickness  of  about  0.2 
linn  by  evaporating  titanium  with  an  electron  gun  in 
an  atmosphere  of  oxygen  under  a  pressure  of  5  x 

40  10_+  torr.  Further,  the  watch  case  was  provided 
with  a  ceramic-based  coating  layer  having  a  thick- 
ness  of  about  2  urn  in  substantially  the  same 
procedure  as  in  Example  1  .  Finally,  the  watch  case 
was  taken  out  of  the  ion-plating  chamber  and  coat- 

45  ed  with  an  ultraviolet-curable  clear  lacquer  to  form 
a  top-coating  layer  of  a  cured  acrylic  resin  having  a 
thickness  of  about  0.5  urn.  The  thus  obtained 
multiple-coated  watch  case  retained  the  beautiful 
appearance  of  the  silver-plated  substrate  surface 

50  little  affected  despite  the  undercoating  of  aluminum 
and  had  excellent  corrosion  resistance,  in  particu- 
lar,  against  the  artificial  perspiration. 

Example  7. 
55 

The  same  silver-plated  watch  case  as  used  in 
Example  1  was  provided  with  a  ceramic-based 
coating  layer  having  a  thickness  of  about  2  urn 

6 
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under  substantially  the  same  conditions  as  in  Ex- 
ample  1  followed  by  a  top-coating  treatment  to 
form  a  top-coating  layer  of  poly(tetrafluoro-ethyl- 
ene)  resin  having  a  thickness  of  about  0.1  urn  by 
evaporating  the  resin  from  a  resistance-heated 
vaporization  vessel  installed  in  the  same  ion-plating 
chamber.  The  thus  obtained  multiple-coated  watch 
case  retained  the  beautiful  appearance  of  the 
silver-plated  substrate  surface  and  had  excellent 
corrosion  resistance,  in  particular,  against  the  artifi- 
cial  perspiration  and  sulfurizing  atmosphere  in 
about  the  same  degree  as  in  the  watch  case  pre- 
pared  in  Example  5. 

Example  8. 

A  silver-plated,  brass-made  watch  case  was 
first  subjected  to  an  argon-ion  bombardment  treat- 
ment  under  substantially  the  same  conditions  as  in 
example  6  excepting  that  the  RF  electric  power 
was  500  watts  and  then  provided  with  a  ceramic- 
based  coating  layer  having  a  thickness  of  about  2 
linn  under  substantially  the  same  conditions  as  in 
Example  1  except  that  the  vaporization  source  was 
a  powdery  mixture  of  aluminum  oxide  and  about 
0.1%  by  weight  of  magnesium  oxide.  The  thus 
formed  ceramic-based  coating  layer  was  com- 
posed  of  amorphous  alumina  containing  about  5 
ppm  by  weight  of  magnesium  oxide  according  to 
the  results  of  the  secondary  ion  mass-spec- 
trometric  analysis.  The  thus  obtained  watch  case 
retained  the  beautiful  appearance  of  the  silver- 
plated  substrate  surface  and  had  excellent  prop- 
erties  including  relatively  high  abrasion  resistance 
except  that  the  strength  of  the  coating  layer  in  the 
bending  test  was  somewhat  inferior  as  compared  to 
those  containing  a  higher  amount  of  magnesium 
oxide. 

Example  9. 

A  silver-plated  watch  case  was  first  provided 
with  an  undercoating  layer  having  a  thickness  of 
about  1  urn  by  coating  with  an  ultraviolet-curable 
acrylic  resin.  The  undercoated  watch  case  was 
then  subjected  to  an  argon-ion  bombardment  treat- 
ment  under  substantially  the  same  conditions  as  in 
Example  5  except  that  the  radio-frequency  electric 
power  was  increased  to  1  kilowatt  and  further  pro- 
vided  with  a  ceramic-based  coating  layer  having  a 
thickness  of  about  1  urn  under  substantially  the 
same  conditions  as  in  Example  1  except  that  the 
temperature  of  the  substrate  was  controlled  not  to 
exceed  100  °C.  Finally,  the  watch  case  was  pro- 
vided  with  a  top-coating  layer  having  a  thickness  of 
about  1  urn  by  coating  with  and  curing  of  an 
ultraviolet-curable  acrylic  resin.  The  thus  obtained 
watch  case  had  excellent  abrasion  resistance  and 

corrosion  resistance  against  the  artificial  perspira- 
tion  as  well  as  high  impact  strength  of  the  coating 
layer. 

5  Claims 

1.  A  surface-coated  shaped  article  which  com- 
prises: 

(a)  a  substrate  body;  and 
io  (b)  a  coating  layer,  formed  by  ion  plating, 

having  a  thickness  in  the  range  from  0.5  to 
8u.m  formed  on  the  surface  of  the  substrate 
body  made  of  a  ceramic  composition  com- 
prising  from  5  ppm  to  40%  by  weight  of 

is  magnesium  oxide,  the  balance  being  at 
least  one  oxide  selected  from  the  group 
consisting  of  aluminum  oxide,  silicon  diox- 
ide,  germanium  oxide,  zirconium  dioxide, 
hafnium  oxide,  titanium  dioxide,  zinc  oxide, 

20  indium  oxide,  tin  oxide,  beryllium  oxide,  yt- 
trium  oxide,  vanadium  oxide,  tungsten  ox- 
ide,  bismuth  oxide,  selenium  oxide,  lan- 
thanum  oxide,  neodymium  oxide,  tellurium 
oxide,  rhenium  oxide  and  zirconium  titanium 

25  plumbate. 

2.  The  surface-coated  shaped  article  as  claimed 
in  claim  1  wherein  the  coating  layer  is  made  of 
a  ceramic  composition  comprising  from  5  ppm 

30  to  40%  by  weight  of  magnesium  oxide,  the 
balance  being  at  least  one  oxide  selected  from 
the  group  consisting  of  aluminum  oxide,  silicon 
dioxide,  titanium  dioxide,  zirconium  oxide,  zinc 
oxide,  indium  oxide,  tin  oxide,  beryllium  oxide, 

35  yttium  oxide  and  zirconium  titanium  plumbate. 

3.  The  surface-coated  shaped  article  as  claimed 
in  claim  1  which  further  comprises: 

(c)  an  undercoating  layer  between  the  sub- 
40  strate  surface  and  the  coating  layer  of  the 

ceramic  composition. 

4.  The  surface-coated  shaped  article  as  claimed 
in  claim  3  wherein  the  undercoating  layer  is 

45  made  of  a  material  selected  from  the  group 
consisting  of  metals,  synthetic  resins,  titanium 
dioxide,  silicon  dioxide,  indium  oxide  and  zinc 
oxide. 

50  5.  The  surface-coated  shaped  article  as  claimed 
in  claim  3  wherein  the  undercoating  layer  has 
a  thickness  in  the  range  from  5  to  200  nm. 

6.  The  surface-coated  shaped  article  as  claimed 
55  in  claim  1  which  further  comprises: 

(d)  a  top-coating  layer  on  the  coating  layer 
of  the  ceramic  composition. 

7 
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7.  The  surface-coated  shaped  article  as  claimed 
in  claim  6  wherein  the  top-coating  layer  is 
made  of  a  synthetic  resin. 

8.  The  surface-coated  shaped  article  as  claimed 
in  claim  1  which  further  comprises: 

(c)  an  undercoating  layer  between  the  sub- 
strate  surface  and  the  coating  layer  of  the 
ceramic  composition;  and 
(d)  a  top-coating  layer  on  the  coating  layer 
of  the  ceramic  composition. 

eine  Dicke  im  Bereich  von  5  bis  200  nm  hat. 

6.  Der  oberflachenbeschichtete  Gegenstand  nach 
Anspruch  1  ,  der  weiter  aufweist: 

5  (d)  eine  Oberuberzugsschicht  auf  der  Uber- 
zugsschicht  aus  der  keramischen  Zusam- 
mensetzung. 

7.  Der  oberflachenbeschichtete  Gegenstand  nach 
io  Anspruch  6,  wobei  die  Oberuberzugsschicht 

aus  einem  Kunstharz  besteht. 

Patentanspruche 

1.  Ein  oberflachenbeschichteter  Gegenstand,  der 
aufweist: 

(a)  einen  Substratkorper;  und 
(b)  eine  durch  lonenplattierung  gebildete 
Uberzugsschicht  mit  einer  Dicke  im  Bereich 
von  0,5  bis  8  urn,  die  auf  der  Oberflache 
des  Substratkorpers  gebildet  ist  und  aus 
einer  keramischen  Zusammensetzung  mit  5 
ppm  bis  40  Gew.%  Magnesiumoxid  besteht, 
wobei  der  Rest  wenigstens  ein  aus  der 
Gruppe  gewahltes  Oxid  ist,  die  aus  Alumini- 
umoxid,  Siliziumdioxid,  Germaniumoxid,  Zir- 
koniumdioxid,  Hafniumoxid,  Titandioxid, 
Zinkoxid,  Indiumoxid,  Zinnoxid,  Beryllium- 
oxid,  Yttriumoxid,  Vanadinoxid,  Wolfram- 
oxid,  Wismutoxid,  Selenoxid,  Lanthanoxid, 
Neodymoxid,  Telluroxid,  Rheniumoxid  und 
Zirkoniumtitanplumbat  besteht. 

2.  Der  oberflachenbeschichtete  Gegenstand  nach 
Anspruch  1,  wobei  die  Uberzugsschicht  aus 
einer  keramischen  Zusammensetzung  mit  5 
ppm  bis  40  Gew.%  Magnesiumoxid  besteht 
und  der  Rest  wenigstens  ein  aus  der  Gruppe 
gewahltes  Oxid  ist,  die  aus  Aluminiumoxid,  Si- 
liziumoxid,  Titandioxid,  Zirkoniumoxid,  Zink- 
oxid,  Indiumoxid,  Zinnoxid,  Berylliumoxid,  Yttri- 
umoxid  und  Zirkoniumtitanplumbat  besteht. 

3.  Der  oberflachenbeschichtete  Gegenstand  nach 
Anspruch  1  ,  der  weiter  aufweist: 

(c)  eine  Unteruberzugsschicht  zwischen  der 
Substratoberflache  und  der  Uberzugsschicht 
aus  der  keramischen  Zusammensetzung. 

4.  Der  oberflachenbeschichtete  Gegenstand  nach 
Anspruch  3,  wobei  die  Unteruberzugsschicht 
aus  einem  aus  der  Gruppe  gewahlten  Material 
besteht,  die  aus  Metallen,  Kunstharzen,  Titan- 
dioxid,  Siliziumdioxid,  Indiumoxid  und  Zinkoxid 
besteht. 

5.  Der  oberflachenbeschichtete  Gegenstand  nach 
Anspruch  3,  wobei  die  Unteruberzugsschicht 

8.  Der  oberflachenbeschichtete  Gegenstand  nach 
Anspruch  1  ,  der  weiter  aufweist: 

is  (c)  eine  Unteruberzugsschicht  zwischen  der 
Substratoberflache  und  der  Uberzugsschicht 
aus  der  keramischen  Zusammensetzung; 
und 
(d)  eine  Oberuberzugsschicht  auf  der  Uber- 

20  zugsschicht  aus  der  keramischen  Zusam- 
mensetzung. 

Revendicatlons 

25  1.  Article  en  forme  pourvu  d'un  revetement  qui 
comprend  : 

(a)  un  corps  de  substrat  ;  et 
(b)  une  couche  de  revetement  formee  par 
placage  d'ions,  ayant  une  epaisseur  compri- 

30  se  entre  0,5  et  8  urn,  qui  est  formee  a  la 
surface  du  corps  du  substrat,  faite  en  une 
composition  ceramique  comprenant  5  ppm 
a  40%  en  poids  d'oxyde  de  magnesium,  le 
reste  etant  au  moins  un  oxyde  choisi  dans 

35  le  groupe  consistant  en  oxyde  d'aluminium, 
bioxyde  de  silicium,  oxyde  de  germanium, 
bioxyde  de  zirconium,  oxyde  d'hafnium, 
bioxyde  de  titane,  oxyde  de  zinc,  oxyde 
d'indium,  oxyde  d'etain,  oxyde  de  beryllium, 

40  oxyde  d'yttrium,  oxyde  de  vanadium,  oxyde 
de  tungstene,  oxyde  de  bismuth,  oxyde  de 
selenium,  oxyde  de  lanthane,  oxyde  de  neo- 
dyme,  oxyde  de  tellure  oxyde  de  rhenium 
et  plombate  de  zirconium  titane. 

45 
2.  Article  en  forme  pourvu  d'un  revetement  selon 

la  revendication  1  ou  la  couche  de  revetement 
est  faite  d'une  composition  ceramique  compre- 
nant  5  ppm  a  40%  en  poids  d'oxyde  de  ma- 

50  gnesium,  le  reste  etant  au  moins  un  oxyde 
choisi  dans  le  groupe  consistant  en  oxyde 
d'aluminium,  bioxyde  de  silicium,  bioxyde  de 
titane,  oxyde  de  zirconium,  oxyde  de  zinc, 
oxyde  d'indium,  oxyde  d'etain,  oxyde  de  beryl- 

55  Hum,  oxyde  d'yttrium  et  plombate  de  zirconium 
titane. 

3.  Article  en  forme  pourvu  d'un  revetement  selon 
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la  revendication  1  qui  comprend  de  plus  : 
(c)  une  couche  de  revetement  de  base  en- 
tre  la  surface  du  substrat  et  la  couche  de 
revetement  de  la  composition  ceramique. 

5 
4.  Article  en  forme  pourvu  d'un  revetement  selon 

la  revendication  3  ou  la  couche  de  revetement 
de  base  est  faite  d'un  materiau  choisi  dans  le 
groupe  consistant  en  metaux,  resines  syntheti- 
ques,  bioxyde  de  titane,  bioxyde  de  silicium,  10 
oxyde  d'indium  et  oxyde  de  zinc. 

5.  Article  en  forme  pourvu  d'un  revetement  selon 
la  revendication  3  ou  la  couche  de  revetement 
de  base  a  une  epaisseur  comprise  entre  5  et  is 
200  nm. 

6.  Article  en  forme  pourvu  d'un  revetement  selon 
la  revendication  1  qui  comprend  de  plus  : 

(d)  une  couche  superieure  de  revetement  20 
sur  la  couche  de  revetement  de  la  composi- 
tion  en  ceramique. 

7.  Article  en  forme  pourvu  d'un  revetement  selon 
la  revendication  6  ou  la  couche  superieure  de  25 
revetement  est  faite  d'une  resine  synthetique. 

8.  Article  en  forme  pourvu  d'un  revetement  selon 
la  revendication  1  qui  comprend  de  plus  : 

(c)  une  couche  de  revetement  de  base  en-  30 
tre  la  surface  du  substrat  et  la  couche  de 
revetement  de  la  composition  ceramique  ; 
et 
(d)  une  couche  superieure  de  revetement 
sur  la  couche  de  revetement  de  la  composi-  35 
tion  ceramique. 
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