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The  present  invention  relates  to  a  method  of 
preparing  a  plated  shaped  product  of  a  poly- 
amide  having  good  physical  properties  which  is 
characterized  in  that  the  plated  film  at  the  sur- 
face  has  an  excellent  appearance  and  a  high 
adhesive  strength. 

Hitherto,  plated  products  of  ABS  resins  have 
been  widely  used  for  the  manufacture  of  parts  of 
automobiles,  electric  apparatuses,  general  mer- 
chandises,  etc.  Since,  however,  ABS  resins  are 
lot  satisfactory  in  heat  resistance,  mechanical 
strength  and  modulus,  their  plated  products  have 
seen  mainly  employed  for  decorative  purposes, 
n  recent  years,  the  necessity  of  lowering  the 
veight  of  automobiles  is  increased  for  saving  en- 
;rgy  costs  and  the  use  of  plated  products  of  plas- 
ics  having  excellent  heat  resistance,  mechanical 
strength  and  modulus  is  highly  demanded.  In 
'iew  of  such  demand,  the  plating  of  polyamides 
las  been  studied,  but  the  resulting  products  are 
lot  satisfactory  in  appearance  or  adhesive 
trength  of  the  plated  film.  Namely,  the  one  ex- ellent  in  appearance  is  insufficient  in  adhesive 
trength,  while  the  one  excellent  in  adhesive 
trenght  is  unsatisfactory  in  appearance. 

It  has  now  been  found  that  a  specific  produc- 
on  method  is  effective  in  improving  the  appear- 
nce  and  adhesive  strength  of  the  plated  film 
armed  on  a  shaped  product  made  of  wollaston- 
e-filled  polyamide  without  deterioration  of  the 
xcellent  physical  properties  inherent  to  the  poly- mide. 
According  to  the  present  invention,  there  is 

rovided  a  method  of  preparing  a  plated  shaped 
roduct  of  a  composition  comprising  a  poly- mide  as  the  major  component  and  powdery  wol- 
istonite  having  an  average  particle  size  of  not 
tore  than  1  0  u.m  as  a  filler  in  an  amount  of  30  to 
)%  by  weight,  based  on  the  weight  of  the  com- 
osition,  which  product  has  a  film  at  the  surface 
lereof  formed  by  electroplating,  the  adhesive 
xength  of  the  film  being  not  less  than  23.54  N/ 
ti  (2.4  kg/cm),  which  method  comprises  etching 
shaped  product  of  said  composition  with  a  4  to 
5%  by  weight  aqueous  solution  of  hydrochloric 
:id  and/or  sulfuric  acid,  post-etching  the  etched 
oduct  with  a  0.5  to  4%  weight  aqueous  solution :  an  inorganic  acid  and  electroplating  the  prod- 
;t  obtained. 
The  polyamide  as  the  major  component  is  in- 
nded  to  mean  a  high  molecular  weight  polymer 
which  amide  linkages  (CONH)  occur  along  the 
olecular  chain  and  includes  the  self-polycon- 
insation  product  of  a  lactam,  the  polyconden- 
tion  product  between  a  diamine  and  a  dibasic 
id,  the  self-polycondensation  product  of  co-am- 
3  acid,  the  copolymerized  product  of  two  or 
are  chosen  from  the  monomeric  substances  as Jted  above,  etc.  Typical  examples  of  the  poly- 
lide  are  nylon  6,  nylon  11,  nylon  66,  nylon  610 

Any  particular  limitation  is  not  present, 
augh  nylon  6  and  nylon  66  are  favorable  in  view 
their  excellent  heat  resistance,  mechanical 

auengin  ana  moauius.  I  nese  polyamides  may  be 
used  alone  or  in  combination. 

Wollastonite  comprises  mainly  calcium  silicate 
(CaO.Si02).  Advantageously,  a  shaped  product 5  made  of  the  wollastonite-incorporated  poly- amide  does  not  produce  any  considerable  de- 
pression  in  strength  at  the  welding  portion,  and  in 
this  respect,  wollastonite  is  more  favorable  than 
other  fillers  such  as  glass  fibers,  carbon  fibers, 10  talc,  mica  and  uncalcined  clay.  It  is  also  advanta- 
geous  that  a  shaped  product  made  of  the  wollas- 
tonite-incorporated  polyamide  is  apt  to  be  etched' 
appropriately  with  an  aqueous  solution  of  an  in- 
organic  acid. 

'5  The  average  particle  size  of  powdery  wollas- 
tonite  may  be  not  more  than  10  urn,  preferably 
not  more  than  5  u.m.  When  the  particle  size  is 
more  than  10  u.m,  the  roughening  resulting  from 
etching  is  too  much  so  that  a  beautiful  appear- '0  ance  is  hardly  obtainable  at  the  surface  of  the 
shaped  product  after  plating.  The  amount  of 
powdery  wollastonite  to  be  incorporated  into  the 
polyamide  is  from  30  to  60%  by  weight,  preferably from  40  to  50%  by  weight,  based  on  the  weight  of 

5  the  composition.  When  the  amount  is  less  than 
30%  by  weight,  the  resulting  shaped  product  is  in- 
sufficient  in  heat  resistance,  mechanical  strength and  modulus.  When  more  than  60%  by  weight, the  molding  and  processing  property  are  deterio- 

0  rated,  and  a  shaped  product  having  a  uniform 
and  flat  surface  is  hardly  obtainable.  Thus,  the 
appearance  after  plating  is  poor. 

Besides,  the  polyamide  may  be  incorporated 
with  any  conventional  additive  for  improvement 

?  or  modification  of  its  property  such  as  a  heat-re- 
sistant  agent,  an  aging-preventing  agent,  a  wea- ther  resistant  agent,  a  nucleating  agent,  a  lubri- 
cant,  a  pigment  and  an  impact  resistant  agent. The  polyamide  incorporated  with  powdery  wol- 

'  lastonite  and  any  other  optional  component(s) 
may  be  molded  in  any  per  se  conventional  proce- dure  to  make  a  shaped  product.  Usually,  their 
mixture  is  once  pelletized  and  then  molded  in  a 
meltstateof  the  polyamide. 

The  shaped  product  thus  prepared  may  be 
plated  by  a  per  se  conventional  procedure.  A 
typical  example  of  such  conventional  procedure 
comprises  the  following  steps:  surface  adjust- 
ment  —  degreasing  —  etching  —  neutralizing  — 
catalyst-accelerator  (or  sensitizing-activating)  — 
electroless  plating  -~  electroplating  (copper, 
nickel,  chromium).  More  in  detail,  the  typical 
procedure  comprises:  a  surface  adjustment  step for  removing  flaw,  fin,  etc.  on  the  surface  of  the 
shaped  product;  a  degreasing  step  for  removing oil  stain  and  the  like  which  adheres  to  the  surface 
of  the  shaped  product;  a  physical  or  chemical 
etching  step  for  rendering  the  surface  of  the 
shaped  product  hydrophilic;  a  neutralizing  step for  removing  chromium  transferred  from  the 
etching  bath;  a  catalyst  treatment  step  for  depos- 
iting  palladium  or  the  like  on  the  surface  which 
has  been  rendered  hydrophilic;  an  accelerator 
treatment  step  for  activating  the  deposited  palla- 
dium  or  the  like;  an  electroless  plating  step  for 



recipitating  a  metallic  thin  film  ot  nickel  or  cop- 
er  on  the  surface  of  the  shaped  product  by  the 
se  of  palladium  metal  or  the  like  as  a  catalyst; 
nd  an  electroplating  step  with  copper,  nickel, 
hromium,  etc.  After  each  step  as  above,  water- 
ising  is  usually  applied  to  the  treated  product, 
my  of  these  steps  including  water-rinsing  may 
ie  omitted  or  modified  depending  upon  the  pur- 
iose,  situation,  condition,  chemicals,  etc.  Still, 
he  steps  to  be  applied  before  the  electroless 
ilating  are  called  the  pre-treatment  steps. 

In  the  present  invention,  the  etching  step  is  ac- 
lomplished  by  the  use  of  an  aqueous  solution  of 
lydrochloric  acid  and/or  sulfuric  acid  in  a  con- 
:entration  of  4  to  15%  by  weight,  preferably  5  to 
!%  by  weight,  for  assuring  a  higher  adhesive 
trength  of  the  plated  film  to  be  formed  on  the 
ihaped  product.  When  the  concentration  is  less 
han  4%  by  weight,  the  effect  of  etching  is  low  so 
hat  a  long  time  is  needed  for  roughening.  When 
he  concentration  is  more  than  15%  by  weight, 
oughening  is  too  much  so  that  the  appearance 
ind  adhesive  strength  of  the  plated  film  are  de- 
eriorated.  Etching  may  be  carried  out  usually  at  a 
emperature  of  from  around  0  to  30°C  up  to  50°C 
or  a  period  of  1  to  30  minutes.  Since  the  poly- 
imide  absorbs  water  resulting  in  lowering  of  the 
nechanical  strength  and  modulus,  it  is  preferred 
:o  accomplish  the  etching  at  a  lower  temperature 
within  a  shorter  period  of  time  for  suppressing 
:he  water-absorption. 

Immediate  rinsing  of  the  thus  etched  product 
vith  water  sometimes  causes  whitening  so  that 
he  adhesive  strength  of  the  plated  film  formed 
hereon  after  plating  may  be  lowered.  In  order  to 
;olve  this  problem,  a  post-etching  step  is  carried 
jut.  This  post-etching  may  be  effected  by  dip- 
ping  the  above  etched  product  in  an  aqueous  so- 
ution  of  an  inorganic  acid  in  a  concentration  of 
D.5  to  4%  by  weight  for  a  period  of  0.5  to  2  min- 
jtes.  As  the  inorganic  acid,  there  may  be  used 
nydrochloric  acid,  sulfuric  acid,  phosphoric  acid, 
3tc,  though  hydrochloric  acid  can  be  the  most 
Favorably  employed.  By  such  post-etching,  a 
swelling  layer  of  small  strength  at  the  surface 
may  be  selectively  eliminated. 

The  plated  product  obtained  by  this  invention 
is  provided  with  a  plated  film  at  the  surface,  the 
plated  film  having  an  excellent  appearance  and  a 
high  adhesive  strength.  The  adhesive  strength  of 
the  plated  film  is  not  less  than  23.54  N/cm  (2.4  kg/ 
cm).  The  plated  product  has  excellent  physical 
properties  inherent  to  the  polyamide.  Therefore, 

it  can  oe  useu  as  a  suu&uiuie  mi  mciaio  manu- 
facture  of  heat  resistant  accessories,  mirror  sur- 
faces,  housings,  door  knobs,  back  mirror  holders, 
window  handles,  wheel  caps,  etc.  Advantageous- 
ly,  the  wollastonite-incorporated  polyamide  can 
be  molded  more  easily  than  metals  and  shows  a 
higher  heat  resistance  than  ABS  resins. 

Throughout  the  specification,  the  term  "adhe- 
sive  strength"  is  intended  to  mean  the  peeling 

l  strength  of  a  plated  film  formed  on  the  surface  of 
a  shaped  product,  and  the  peeling  strength  may 
be  indicated  by  the  strength  per  unit  width 
(N/cm),  which  is  determined  by  making  a  cut  in  a 
rectangular  form  of  1  cm  wide  on  the  plated  film 

5  and  peeling  off  the  cut  with  a  rate  of  30  mm/min- 
ute  at  an  angle  of  90°. 

This  invention  will  be  explained  more  in  detail 
by  the  following  Examples  wherein  %  is  by 
weight. 

o 
Example  1 

Pellets  of  a  polyamide  containing  a  filler  in  a 
content  of  40%  based  on  the  weight  of  the  com- 
position  were  dried  at  100°C  under  reduced  pres- 

5  sure  for  15  hours,  molded  by  the  use  of  a  molding 
apparatus  having  a  cylinder  temperature  of 
270°C,  a  mold  temperature  of  100°C  and  an  injec- 
tion  pressure  of  588  bar  (600  kg/cm2)  to  make  a 
shaped  product  of  70  mm  x  1  50  mm  x  3  mm  as  a 

■o  test  piece.  The  shaped  product  was  subjected  to 
etching  with  6%  aqueous  solution  of  hydrochloric 
acid  at40°C  for  10  minutes  and  then  to  post-etch- 
ing  with  3%  aqueous  solution  of  hydrochloric  acid 
at  40°C  for  1  minute.  The  etched  product  was  sub- 

15  jected  to  electroless  plating  in  the  manner  as 
shown  in  Table  1  .  The  electroless  plated  product 
was  subjected  to  electroplating  in  a  plating  bath 
comprising  cupric  sulfate  (200  g/l)  and  cone,  sul- 
furic  acid  (96%;  50  ml/I)  at  an  initial  current  densi- 

to  ty  of  0.5  A/dm2  for  10  minutes  and  at  a  current 
density  of  3  A/dm2  for  1  20  minutes  to  make  a  plat- 
ed  film  of  50  u.m  in  thickness.  After  each  of  the 
above  treatments,  the  treated  product  was  rinsed 
with  water.  The  plated  product  was  subjected  to 

ts  determination  of  the  adhesive  strength  of  the 
plated  film. 

The  results  are  shown  in  Table  2,  from  which  it 
is  understood  that  the  practically  acceptable 
adhesive  strength  can  be  achieved  only  when 

50  wollastonite  is  used  as  the  filler,  and  insofar  as 
wollastonite  is  employed,  a  remarkable  adhesive 
strength  is  produced  irrespective  of  the  kind  of 
the  polyamide. 

laDie  i 

Step  Treatment  Treating  solutions  ,.«.au,  M H  conditions 

1  Catalyst  "Catalyst  "  (manutacturea  Dy  zumi/i  w  ^. 
Okuno  Seiyaku  Kogyo  K.K.)  50  ml/l 
cone.  Sulfuric  acid 

2  Accelerator  cone.  Sulforic  acid  20  ml/l  40°C,  2  minutes 

3  Post-accelerator  Sodium  hydroxide  5  g/l  40°C,  2  minutes 



"  b 

Table  1  (cont.) 
Step  Treatment  Treating  solutions  Treating 

conditions 
4  Electroless  Nickel  sulfate  30a/|  4n=r  r  •  ♦ nickel-nlatinn  o„j-  ,  9/1  40  C,  5  minutes nicKei  pianng  Sodium  hypophosphite  20  g/l Sodium  citrate  40  g/l Ammonia  water  25  ml/l 

Table  2 

^ ! ^ !   pylons  Nylon  66  Ny,on6  Ny.onG  Ny.onS  Ny,on6 
Sewage  Wollastonite  Glass  fiber  Taic  M ^  

particle  1d  5  9  1 
size,  urn 

" S S S h .   27'47(2'8)  24'63|2-5)  9-8,"°)  2 ! » M   2.94,0.3)  3.92,0.4) 
N/cm  (kg/cm) 

In  the  same  manner  as  in  Example  1,  a  shaped iroduct  was  prepared  by  the  use  of  pellets  of 
Jylon  6  containing  powdery  wollastonite  as  a  fil- ir  and  subjected  to  etching,  post-etching  and lectroless  plating.  Then,  the  electroless  plated roduct  was  subjected  to  electroplating  in  the 
nanner  as  shown  in  Table  3.  Observation  was lade  on  the  appearance  of  the  thus  plated roduct. 
Separately,  the  said  pellets  were  molded  to lake  test  pieces  according  to  ASTM  (American 

ociety  for  Testing  and  Materials),  and  the  test 

VVC,B  &uujeciea  to  measurement  of  heat 
leformation  temperature,  flexural  strength  and lexural  modulus. 

The  results  are  shown  in  Table  4,  from  which  it 
s  understood  that  the  heat  resistance,  mechani- 
:al  strength  and  modulus  of  the  shaped  product 
ire  lowered  when  the  content  of  the  filler  is  less 
han  30%,  and  the  appearance  of  the  plated iroduct  becomes  poor  when  the  content  of  the 
iller  is  more  than  60%.  It  is  also  understood  that 
he  appearance  of  the  plated  product  is  some- what  deteriorated  in  case  of  the  average  particle ize  of  the  filler  being  more  than  1  0  urn. 

■eating 
editions 

&u.Kepiai,ng  N.ckelsulfate  200  g/l  35°C  05A/dm2 
Cupric  sulfate  olatinn  

Ammonium  chloride,  pH  =  5  30  g/l  5  minutes Cupric  sulfate  plating  Cupncsulfate  250  g/l  35°C,3A/dm2  ' 
^lfur,cacid  50  g/l  30  minutes  ' 

„.  uloss  agent  Small Gloss  nickel  plating  Nickel  sulfatp  mn  n Z  2  u  •!  300  9/'  50°C,3A/dm2, Nickel  chloride  60  g/l  20  minutes Boric  acid  50  g/| 
Glossa9ent  Small Chromium  plating  Chromic  arid  icn  /■ ^nromicacio  250  g/l  45°C,20A/dm2 Sulfur,cacid  2£gyi  2  minutes 

Table  4 
itent  of  filler  (%)  40  ~40~  ~  ~  — 

Jrage  particle  size,  3  R  il  ~k  '  ~ 
m  1J  3  3  3 
Jt  deformation  145  143  -mi 
emperature,  °C  141  118  161  165 

24  N/mm2 
6  kg/cm2) 



3le4  (cont.) 

ntent  of  filler  (%)  4u  •*»  ; ~ _   "  

xural  strength,  llb./p,iBUj  i i / . /u .^uJ   ......  v.,.»w/  —   v  —  /  - 

^ T a T l ' d u l u ?   5296(54,000)  5100(52.000)  5296(54,000)  3727(38,000)  6865(70,000)  7453(76,000} 

S I   Good  Good  Somewhat  Good  Good  Poor 
poor 

ample  3 

In  the  same  manner  as  in  Example  1,  a  shaped 
oduct  was  prepared  by  the  use  of  pellets  of 
rlon  6  containing  as  a  filler  powdery  wollaston- 
■  of  8  urn  in  average  particle  size  in  a  content  of 
%.  The  shaped  product  was  etched  with  aque- 
is  solution  of  hydrochloric  acid  at  40°C  for  10 
inutes,  optionally  followed  by  post-etching  with 
>o  aqueous  solution  of  hydrochloric  acid  at  40°C 

plated  and  then  electroplated  as  in  Example  1. 
The  plated  product  was  subjected  to  determina- 
tion  of  the  adhesive  strength  of  the  plated  film. 

The  results  are  shown  in  Table  5,  from  which  tt 
is  understood  that  the  adhesive  strength  is  much 
enhanced  by  application  of  post-etching.  It  is  al- 
so  understood  that  the  adhesive  strength  is  influ- 
enced  by  the  concentration  of  hydrochloric  acid 
in  the  etching  solution. 

ancentration  of  ° 
fdrochlorid  acid  (%)  . . .  

—   T~~  T ~   ~^~e  fJorie  Not  done  Not  done 
"°73e(,.4,  T O )   26.49(2.7)  15.70(14)  4.90(0.5,  11.77(1.2) 

/cm  (kg/cm) 

:laims 

1.  A  method  of  preparing  a  plated  shaped 
roduct  of  a  composition  comprising  a  poly- 
mide  as  the  major  component  and  powdery  wol- 
jstonite  having  an  average  particle  size  of  not 
riore  than  10  um  as  a  filler  in  an  amount  of  30  to 
0%  by  weight,  based  on  the  weight  of  the  com- 
losition,  which  product  has  a  film  at  the  surface 
hereof  formed  by  electroplating,  the  adhesive 
trength  of  the  film  being  not  less  than  23.54  N/ 
:m  (2.4  kg/cm),  which  method  comprises  etching 
i  shaped  product  of  said  composition  with  a  4  to 
5%  by  weight  aqueous  solution  of  hydrochloric 
icid  and/or  sulfuric  acid,  post-etching  the  etched 
jroduct  with  a  0.5  to  4%  by  weight  aqueous  solu- 
ion  of  an  inorganic  acid  and  electroplating  the 
jroduct  obtained. 

2.  The  method  of  claim  1,  wherein  the  amount 
jf  the  wollastonite  is  40  to  50%  by  weight. 

3.  The  method  of  claim  1  or  2  wherein  the  aver- 
age  particle  size  of  the  wollastonite  is  not  more 
than  5  u.m. 

Revendications 

1.  Un  procede  de  preparation  d'un  produit  fa- 
conne,  plaque  en  une  composition  comprenant 
un  polyamide  comme  composant  principal  et  de 
la  wollastonite  pulverulente  ayant  une  dimension 
moyenne  de  particules  ne  depassant  pas  10  urn 

;  par  rapport  au  poids  de  la  composition,  ledit  pro- 
duit  portant  a  sa  surface  un  film  forme  par  galva- 
noplastie,  la  force  d'adherence  du  film  n'etant 
pas  inferieure  a  23,54  N/cm  (2,4  kg/cm),  ledit  pro- 
cede  consistant  a  decaper  un  produit  faconne 

3  ayant  ladite  composition,  par  une  solution  aqueu- 
se  a  4-15%  en  poids  d'acide  chlorhydrique  et/ou 
d'acide  sulfurique,  a  post-decaper  le  produit  de- 

cape  par  une  solution  aqueuse  a  0,5-4%  en  poids 
d'un  acide  inorganique  et  a  traiter  le  produit  ob- 

5  tenu  pargalvanoplastie. 
2.  Le  procede  de  la  revendication  1,  selon  le- 

quel  la  quantite  de  la  wollastonite  est  de  40  a  50% 
en  poids. 

3.  Le  procede  de  la  revendication  1  ou  2,  selon 
\o  lequel  la  wollastonite  a  une  dimension  moyenne 

de  particules  ne  depassant  pas  5  urn. 

1.  Verfahren  zur  Herstellung  eines  metallbe- 
schichteten  Formkorpers  aus  einer  Zusammen- 
setzung,  die  ein  Polyamid  als  Hauptkomponente 

60  und  pulverformigen  Wollastonit,  der  eine  durch- 
schnittliche  Teilchengrosse  von  nicht  mehrals  10 

\Lm  aufweist,  als  Fullstoff  in  einer  Menge  von  30 
bis  60  Gewichtsprozent,  bezogen  auf  das  Ge- 
wicht  der  Zusammensetzung,  enthalt,  welches 

65  Produkt  an  seiner  Oberflache  einen  galvanisch 
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erzeugten  rum  auTweist,  woDei  die  riarttestigkeit 
des  Films  nicht  weniger  als  23,54  N/cm  (2,4 
kg/cm)  betragt,  bei  welchem  Verfahren  man 
einen  Formkorper  dieser  Zusammensetzung  mit 
einer  4-  bis  15gewichtsprozentigen  wassrigen  L6-  s 
sung  von  Salzsaure  und/oder  Schwefelsaure 
atzt,  das  geatzte  Produkt  mit  einer  0,5-  bis  4ge- 
wichtsprozentigen  wassrigen  Losung  einer  anor- 

ganischen  Saure  nachatzt  und  das  erhaltene  Pro- 
dukt  galvanisiert. 

2.  Verfahren  nach  Anspruch  1,  worin  die  Men- 
ge  des  Wollastonits  40  bis  50  Gewichtsprozent 
betragt. 

3.  Verfahren  nach  Anspruch  1  oder  2,  worin  die 
durchschnittliche  Teilchengrosse  des  Wollasto- 
nits  nicht  mehr  als  5  u.m  betragt. 
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