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©  Zinc-silica  composite  electroplated  steel  sheet  excellent  in  corrosion  resistance  and  spot 
weldability. 

©  A  zinc-silica  composite  electroplated  steel  sheet  excellent  in  corrosion  resistance  and  spot  weldability,  which 
comprises:  a  steel  sheet;  a  first  zinc-silica  composite  plating  layer,  formed  on  at  least  one  surface  of  the  steel 
sheet,  in  which  silica  particles  are  uniformly  dispersed;  and  a  second  zinc-silica  composite  plating  layer,  formed 
on  the  first  zinc-silica  composite  plating  layer,  in  which  silica  particles  are  uniformly  dispersed.  The  first  zinc- 
silica  composite  plating  layer  has  a  content  of  silica  particles  within  a  range  of  from  0.1  to  20.0  wt.%  relative  to 
the  first  zinc-silica  composite  plating  layer;  the  silica  particles  in  the  first  zinc-silica  composite  plating  layer  have 
an  average  particle  size  within  a  range  of  from  20  nm  to  1  .0  ^m;  and  the  first  zinc-silica  composite  plating  layer 
has  a  weight  within  a  range  of  from  over  10  g/m2  to  up  to  90  g/m2  per  surface  of  the  steel  sheet.  The  second 
zinc-silica  composite  plating  layer  has  a  content  of  silica  particles  within  a  range  of  from  1  to  20  wt.%  relative  to 
the  second  zinc-silica  composite  plating  layer;  the  silica  particles  in  the  second  zinc-silica  composite  plating 
layer  have  an  average  particle  size  of  under  20  nm;  and  the  second  zinc-silica  composite  plating  layer  has  a 
weight  within  a  range  of  from  5  to  10  g/m2  per  surface  of  the  steel  sheet. 
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As  far  as  we  know,  there  is  available  the  following  prior  art  document  pertinent  to  the  present  invention: 
Japanese  Patent  Provisional  Publication  No.  54-146,228  dated  November  15,  1979. 
The  contents  of  the  prior  art  disclosed  in  the  above-mentioned  prior  art  document  will  be  discussed 

hereafter  under  the  heading  of  the  "BACKGROUND  OF  THE  INVENTION". 

FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  a  zinc-silica  composite  electroplated  steel  sheet  excellent  in  corrosion 
resistance  as  well  as  in  a  property  of  inhibiting  an  excessive  heat  generation  upon  the  spot-welding  and 

;o  thus  improving  the  service  life  of  electrode  tips  of  a  spot  welding  machine  (such  property  being  hereinafter 
referred  to  as  "spot  weldability"). 

BACKGROUND  OF  THE  INVENTION 

is  There  is  an  increasing  demand  from  the  automobile  manufacturers  and  other  enterprises  for  the 
development  of  an  electroplated  steel  sheet  which  has  an  excellent  corrosion  resistance  and  can  bear  use 
for  a  long  period  of  time  even  under  a  severe  corrosive  environment. 

An  electrogalvanized  steel  sheet  has  widely  been  applied  as  a  steel  sheet  for  automobile.  For  the 
purpose  of  improving  corrosion  resistance  of  the  electrogalvanized  steel  sheet  so  as  to  meet  the  above- 

20  mentioned  demand,  it  has  actively  been  tried  to  improve  corrosion  resistance  of  the  electrogalvanized  steel 
sheet  by  uniformly  dispersing  silica  particles  in  the  galvanizing  layer  thereof. 

For  example,  Japanese  Patent  Provisional  Publication  No.  54-146,228  dated  November  15,  1979 
discloses  a  zinc-silica  composite  electroplated  steel  sheet  having,  on  at  least  one  surface  thereof,  a  zinc- 
silica  composite  plating  layer,  in  which  silica  particles  in  an  amount  within  a  range  of  from  2  to  15  wt.%  are 

25  uniformly  dispersed  (hereinafter  referred  to  as  the  "Prior  Art"). 
In  the  zinc-silica  composite  electroplated  steel  sheet  of  the  Prior  Art,  the  silica  particles  uniformly 

dispersed  in  the  zinc-silica  composite  plating  layer  inhibit  corrosion  of  the  zinc-silica  composite  plating 
layer,  whereby  an  excellent  corrosion  resistance  is  imparted  to  the  zinc-silica  composite  electroplated  steel 
sheet. 

30  The  above-mentioned  Japanese  Patent  Provisional  Publication  No.  54-146,228  describes  that  the  zinc- 
silica  composite  electroplated  steel  sheet  of  the  Piror  Art  has  a  corrosion  resistance  about  two  to  three 
times  as  high  as  that  of  a  conventional  electrogalvanized  steel  sheet  in  a  salt  spray  test. 

In  the  Prior  Art,  however,  no  regard  is  paid  to  spot  weldability.  In  addition,  the  zinc-silica  composite 
plating  layer  of  the  zinc-silica  composite  electroplated  steel  sheet  of  the  Prior  Art  has  a  high  electric 

35  resistance  due  to  the  fact  that  the  silica  particles  uniformly  dispersed  in  the  zinc-silica  composite  plating 
layer  are  electrically  non-conductive. 

When  spot-welding  the  above-mentioned  zinc-silica  composite  electroplated  steel  sheet  of  the  Prior  Art, 
therefore,  the  zinc-silica  composite  plating  layer  produces  much  heat,  thus  resulting  in  serious  wear  of  the 
electrode  tips  of  the  spot  welding  machine  and  hence  in  a  shorter  service  life  thereof. 

40  Under  such  circumstances,  there  is  a  strong  demand  for  the  development  of  a  zinc-silica  composite 
electroplated  steel  sheet  excellent  in  corrosion  resistance  and  spot  weldability,  but  such  a  zinc-silica 
composite  electroplated  steel  sheet  has  not  as  yet  been  proposed. 

SUMMARY  OF  THE  INVENTION 
45 

An  object  of  the  present  invention  is  therefore  to  provide  a  zinc-silica  composite  electroplated  steel 
sheet  excellent  in  corrosion  resistance  and  spot  weldability. 

In  accordance  with  one  of  the  features  of  the  present  invention,  in  a  zinc-silica  composite  electroplated 
steel  sheet,  which  comprises:  a  steel  sheet;  and  at  least  one  zinc-silica  composite  plating  layer,  formed  on 

so  at  least  one  surface  of  said  steel  sheet,  in  which  silica  particles  are  uniformly  dispersed;  there  is  provided 
the  improvement  wherein: 

said  at  least  one  zinc-silica  composite  plating  layer  comprises  a  first  zinc-silica  composite  plating  layer 
formed  on  said  at  least  one  surface  of  said  steel  sheet,  and  a  second  zinc-silica  composite  plating  layer 
formed  on  said  first  zinc-silica  composite  plating  layer; 

55  said  first  zinc-silica  composite  plating  layer  has  a  content  of  said  silica  particles  within  a  range  of  from 
0.1  to  20.0  wt.%  relative  to  said  first  zinc-silica  composite  plating  layer; 

said  silica  particles  in  said  first  zinc-silica  composite  plating  layer  have  an  average  particle  size  within  a 
range  of  from  20  nm  to  1.0  ^m; 
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said  first  zinc-siiica  composite  plating  layer  has  a  weight  within  a  range  of  from  over  10  g/m2  to  up  to 
90  g/m2  per  surface  of  said  steel  sheet; 

said  second  zinc-silica  composite  plating  layer  has  a  content  of  said  silica  particles  within  a  range  of 
from  I  to  20  wt.%  relative  to  said  second  zinc-silica  composite  plating  layer; 

5  said  silica  particles  in  said  second  zinc-silica  composite  plating  layer  have  an  averange  particle  size  of 
under  20  nm,  and  more  preferably,  within  a  range  of  from  3  to  under  20  nm;  and 

said  second  zinc-silica  composite  plating  layer  has  a  weight  within  a  range  of  from  5  to  10  g/m2  per 
surface  of  said  steel  sheet. 

w  DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

From  the  above-mentioned  point  of  view,  extensive  studies  were  carried  out  to  develop  a  zinc-silica 
composite  electroplated  steel  sheet  excellent  in  corrosion  resistance  and  spot  weldability. 

As  a  result,  the  following  findings  were  obtained:  It  is  possible  to  manufacture  a  zinc-silica  composite 
75  electroplated  steel  sheet  excellent  in  corrosion  resistance  and  spot  weldability  by: 

(1)  forming  a  first  zinc-silica  composite  plating  layer  on  at  least  one  surface  of  a  steel  sheet,  and  forming 
a  second  zinc-silica  composite  plating  layer  on  the  first  zinc-silica  composite  plating  layer; 
(2)  limiting  the  content  of  silica  particles  in  the  first  zinc-silica  composite  plating  layer  within  a  range  of 
from  0.1  to  20.0  wt.%  relative  to  the  first  zinc-silica  composite  plating  layer; 

20  (3)  limiting  the  average  particle  size  of  the  silica  particles  in  the  first  zinc-silica  composite  plating  layer 
within  a  range  of  from  20  nm  to  1.0  ^m; 
(4)  limiting  the  weight  of  the  first  zinc-silica  composite  plating  layer  within  a  range  of  from  over  10  g/m2 
to  up  to  90  g/m2  per  surface  of  the  steel  sheet; 
(5)  limiting  the  content  of  silica  particles  in  the  second  zinc-silica  composite  plating  layer  within  a  range 

25  of  from  1  to  20  wt.%  relative  to  the  second  zinc-silica  composite  plating  layer; 
(6)  limiting  the  average  particle  size  of  the  silica  particles  in  the  second  zinc-silica  composite  plating 
layer  to  under  20  nm,  and  more  preferably,  within  a  range  of  from  3  to  under  20  nm;  and 
(7)  limiting  the  weight  of  the  second  zinc-silica  composite  plating  layer  within  a  range  of  from  5  to  10 
g/m2  per  surface  of  the  steel  sheet. 

30  The  present  invention  was  made  on  the  basis  of  the  above-mentioned  findings.  Now,  the  zinc-silica 
composite  electroplated  steel  sheet  excellent  in  corrosion  resistance  and  spot  weldability  of  the  present 
invention  is  described  below. 

The  zinc-silica  composite  electroplated  steel  sheet  excellent  in  corrosion  resistance  and  spot  weldability 
of  the  present  invention  comprises  a  steel  sheet,  a  first  zinc-silica  composite  plating  layer  formed  on  at  least 

35  one  surface  of  the  steel  sheet,  and  a  second  zinc-silica  composite  plating  layer  formed  on  the  first  zinc- 
silica  composite  plating  layer. 

The  first  zinc-silica  composite  plating  layer  has  a  function  of  making  up  corrosion  resistance  of  the 
second  zinc-silica  composite  plating  layer  described  later  having  a  relatively  thin  thickness,  without 
impairing  spot  weldability  of  the  zinc-silica  composite  electroplated  steel  sheet. 

40  The  content  of  the  silica  particles  in  the  first  zinc-silica  composite  plating  layer  exerts  an  important 
effect  on  corrosion  resistance,  spot  weldability  and  workability  of  the  zinc-silica  composite  electroplated 
steel  sheet.  With  a  content  of  the  silica  particles  in  the  first  zinc-silica  composite  plating  layer  of  under  0.1 
wt.%  relative  to  the  first  zinc-silica  composite  plating  layer,  it  is  impossible  to  sufficiently  make  up  corrosion 
resistance  of  the  second  zinc-silica  composite  plating  layer  having  a  relatively  thin  thickness,  and  hence,  to 

45  impart  an  excellent  corrosion  resistance  to  the  zinc-silica  composite  electroplated  steel  sheet.  With  a 
content  of  the  silica  particles  in  the  first  zinc-silica  composite  plating  layer  of  over  20  wt.%  relative  to  the 
first  zinc-silica  composite  plating  layer,  on  the  other  hand,  spot  weldability  and  workability  of  the  zinc-silica 
composite  electroplated  steel  sheet  decrease. 

The  content  of  the  silica  particles  in  the  first  zinc-silica  composite  plating  layer  should  therefore  be 
so  limited  within  a  range  of  from  0.1  to  20  wt.%  relative  to  the  first  zinc-silica  composite  plating  layer. 

The  average  particle  size  of  the  silica  particles  in  the  first  zinc-silica  composite  plating  layer  exerts  an 
important  effect  on  corrosion  resistance  and  spot  weldability  of  the  zinc-silica  composite  electroplated  steel 
sheet.  With  an  average  particle  size  of  the  silica  particles  in  the  first  zinc-silica  composite  plating  layer  of 
under  20  nm,  corrosion  resistance  of  the  first  zinc-silica  composite  plating  layer  is  improved,  whereas 

55  electric  resistance  thereof  increases,  resulting  in  a  degraded  spot  weldability  of  the  zinc-silica  composite 
electroplated  steel  sheet.  With  an  average  particle  size  of  the  silica  particles  in  the  first  zinc-silica  composite 
plating  layer  of  over  1  .0  ^m,  it  is  impossible  to  sufficiently  make  up  corrosion  resistance  of  the  relatively  thin 
second  zinc-silica  composite  plating  layer,  and  therefore,  to  impart  an  excellent  corrosion  resistance  to  the 
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zinc-silica  composite  electroplated  steel  sheet. 
The  average  particle  size  of  the  silica  particles  in  the  first  zinc-silica  composite  plating  layer  should 

therefore  be  limited  within  a  range  of  from  20  nm  to  up  to  1  .0  ^m. 
The  weight  of  the  first  zinc-silica  composite  plating  layer  exerts  an  important  effect  on  corrosion 

5  resistance  and  workability  of  the  zinc-silica  composite  electroplated  steel  sheet.  With  a  weight  of  the  first 
zinc-silica  composite  plating  layer  of  10  g/m2  or  under  per  surface  of  the  steel  sheet,  it  is  impossible  to 
sufficiently  make  up  corrosion  resistance  of  the  relatively  thin  second  zinc-silica  composite  plating  layer, 
and  therefore,  to  impart  an  excellent  corrosion  resistance  to  the  zinc-silica  composite  electroplated  steel 
sheet.  With  a  weight  of  the  first  zinc-silica  composite  plating  layer  of  over  90  g/m2  per  surface  of  the  steel 

io  sheet,  on  the  other  hand,  there  is  a  degradation  in  workability  of  the  zinc-silica  composite  electroplated  steel 
sheet. 

The  weight  of  the  first  zinc-silica  composite  plating  layer  should  therefore  be  limited  within  a  range  of 
from  over  1  0  g/m2  to  up  to  90  g/m2. 

The  second  zinc-silica  composite  plating  layer  has  a  function  of  improving  corrosion  resistance  of  the 
75  zinc-silica  composite  electroplated  steel  sheet  without  degrading  spot  weldability  and  workability  thereof. 

The  content  of  the  silica  particles  in  the  second  zinc-silica  composite  plating  layer  exerts  an  important 
effect  on  corrosion  resistance,  spot  weldability  and  workability  of  the  zinc-silica  composite  electroplated 
steel  sheet.  With  a  content  of  the  silica  particles  in  the  second  zinc-silica  composite  plating  layer  of  under  1 
wt.%  relative  to  the  second  zinc-silica  composite  plating  layer,  corrosion  resistance  of  the  second  zinc-silica 

20  composite  plating  layer  itself  is  low,  and  as  a  result,  an  excellent  corrosion  resistance  cannot  be  imparted  to 
the  zinc-silica  composite  electroplated  steel  sheet.  With  a  content  of  the  silica  particles  in  the  second  zinc- 
silica  composite  plating  layer  of  over  20  wt.%  relative  to  the  second  zinc-silica  composite  plating  layer,  on 
the  other  hand,  spot  weldability  and  workability  of  the  zinc-silica  composite  electroplated  steel  sheet 
decrease. 

25  The  content  of  the  silica  particles  in  the  second  zinc-silica  composite  plating  layer  should  therefore  be 
limited  within  a  range  of  from  1  to  20  wt.%  relative  to  the  second  zinc-silica  composite  plating  layer. 

The  average  particle  size  of  the  silica  particles  in  the  second  zinc-silica  composite  plating  layer  exerts 
an  important  effect  on  corrosion  resistance  of  the  zinc-silica  composite  electroplated  steel  sheet.  With  an 
average  particle  size  of  the  silica  particles  in  the  second  zinc-silica  composite  plating  layer  of  20  nm  or 

30  over,  corrosion  resistance  of  the  second  zinc-silica  composite  plating  layer  itself  is  low,  and  as  a  result,  an 
excellent  corrosion  resistance  cannot  be  imparted  to  the  zinc-silica  composite  electroplated  steel  sheet. 

The  average  particle  size  of  the  silica  particles  in  the  second  zinc-silica  composite  plating  layer  should 
therefore  be  limited  within  a  range  of  under  20  nm,  and  more  preferably,  within  a  range  of  from  3  to  under 
20  nm. 

35  The  weight  of  the  second  zinc-silica  composite  plating  layer  exerts  an  important  effect  on  corrosion 
resistance  and  spot  weldability  of  the  zinc-silica  composite  electroplated  steel  sheet.  With  a  weight  of  the 
second  zinc-silica  composite  plating  layer  of  under  5  g/m2  per  surface  of  the  steel  sheet,  corrosion 
resistance  of  the  second  zinc-silica  composite  plating  layer  itself  is  low,  and  as  a  result,  an  excellent 
corrosion  resistance  cannot  be  imparted  to  the  zinc-silica  composite  electroplated  steel  sheet.  With  a  weight 

40  of  the  second  zinc-silica  composite  plating  layer  of  over  10  g/m2  per  surface  of  the  steel  sheet,  on  the  other 
hand,  there  is  a  decrease  in  spot  weldability  of  the  zinc-silica  composite  electroplated  steel  sheet. 

The  weight  of  the  second  zinc-silica  composite  plating  layer  should  therefore  be  limited  within  a  range 
of  from  5  to  1  0  g/m2  per  surface  of  the  steel  sheet. 

The  zinc-silica  composite  electroplated  steel  sheet  excellent  in  corrosion  resistance  and  spot  weldability 
45  of  the  present  invention  is  manufactured  by: 

electroplating  a  steel  sheet  in  a  zinc-silica  composite  electroplating  solution  containing  silica  Particles  in 
a  prescribed  amount,  which  have  an  average  particle  size  within  a  range  of  from  20  nm  to  up  to  1.0  /*m,  to 
form,  on  at  least  one  surface  of  the  steel  sheet,  a  first  zinc-silica  composite  plating  layer  having  a  weight 
within  a  range  of  from  over  10  g/m2  to  up  to  90  g/m2  per  surface  of  the  steel  sheet,  in  which  the  silica 

so  particles  are  uniformly  dispersed;  and  then,  applying  another  electroplating  treatment  to  the  steel  sheet 
having  the  first  zinc-silica  composite  plating  layer  formed  on  at  least  one  surface  thereof  in  another  zinc- 
silica  composite  electroplating  solution  containing  silica  particles  in  a  prescribed  amount,  which  have  an 
average  particle  size  of  under  20  nm,  to  form,  on  the  first  zinc-silica  composite  plating  layer,  a  second  zinc- 
silica  composite  plating  layer  having  a  weight  within  a  range  of  from  5  to  10  g/m2  per  surface  of  the  steel 

55  sheet,  in  which  the  silica  particles  are  uniformly  dispersed. 
Now,  the  zinc-silica  composite  electroplated  steel  sheet  excellent  in  corrosion  resistance  and  spot 

weldability  of  the  present  invention  is  described  more  in  detail  by  means  of  examples  while  comparing  with 
examples  for  comparison. 
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EXAMPLES 

Each  of  cold-rolled  steel  sheets  having  a  thickness  of  0.8  mm  was  subjected  to  a  known  degreasing 
treatment  and  a  known  pickling  treatment  to  remove  rust  from  the  both  surfaces  thereof.  Then,  the  steel 

5  sheet  after  the  removal  of  rust  was  electroplated  under  the  conditions  shown  in  Table  1  ,  to  form  a  first  zinc- 
silica  composite  plating  layer  on  each  of  the  both  surfaces  of  the  steel  sheet.  Then,  the  steel  sheet  having 
the  first  zinc-silica  composite  plating  layer  formed  on  each  of  the  both  surfaces  thereof  was  subjected  to 
another  electroplating  treatment  under  another  conditions  shown  also  in  Table  1,  to  form  a  second  zinc- 
silica  composite  plating  layer  on  the  first  zinc-silica  composite  plating  layer,  thereby  preparing  samples  of 

w  the  present  invention  Nos.  1  to  15. 
The  plating  weight  per  surface  of  the  steel  sheet  and  the  content  of  silica  particles  of  each  of  the  first 

zinc-silica  composite  plating  layer  and  the  second  zinc-silica  composite  plating  layer  in  each  of  the  samples 
of  the  present  invention  Nos.  1  to  15  are  shown  also  in  Table  1. 

Then,  for  each  of  the  samples  of  the  present  invention  Nos.  1  to  15,  corrosion  resistance  and  spot 
75  weldability  were  investigated. 

More  specifically,  for  each  of  the  samples  of  the  present  invention  Nos.  1  to  15,  a  salt  spray  test  was 
carried  out  to  measure  a  salt  spray  time  before  the  occurrence  of  red  rust,  thereby  evaluating  corrosion 
resistance  of  each  of  the  samples  of  the  present  invention  Nos.  1  to  15  by  means  of  the  above-mentioned 
salt  spray  time.  The  thus  measured  salt  spray  time  are  shown  also  in  Table  1  . 

20  In  view  of  the  fact  that  the  diameter  of  a  nugget  formed  by  the  spot  welding  becomes  smaller  according 
as  the  electrode  tips  of  the  spot  welding  machine  wear  out,  spot  welding  was  continuously  applied,  with  the 
use  of  a  pair  of  electrode  tips,  to  two  sheets  from  among  the  samples  of  the  present  invention  Nos.  1  to  15, 
and  the  number  of  spot  welding  runs,  at  which  an  appropriate  nugget  having  a  diameter  larger  than  a 
prescribed  diameter  could  be  formed  on  the  joint  of  the  above-mentioned  two  sheets,  was  counted.  Spot 

25  weldability  of  each  of  the  samples  of  the  present  invention  Nos.  1  to  15  was  evaluated  by  means  of  the 
above-mentioned  number  of  spot  welding  runs.  The  numbers  of  spot  welding  runs  thus  counted  are  shown 
also  in  Table  1  . 
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J.C  C  3UIT̂   U^<  ,̂   ̂ -crl-e-^s  o  CD  -*  -*  eo  co  t o t o c n  
^2  DUT4PTdOĴ OST3  ^ ^ c j c o c c j c o l c o c o c a c o c o - c o c ^ ^ ^ i ^  
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For  comparison  purposes,  each  of  the  cold-rolled  steel  sheets  identical  with  those  in  the  samples  of  the 
55  present  invention  Nos.  1  to  15  was  subjected  to  a  known  degreasing  treatment  and  a  known  pickling 

treatment  to  remove  rust  from  the  both  surfaces  thereof.  Then,  the  steel  sheet  after  the  removal  of  rust  was 
electroplated  under  the  conditions  shown  in  Table  2,  to  form  a  first  zinc-silica  composite  plating  layer  on 
each  of  the  both  surfaces  of  the  steel  sheet.  Then,  the  steel  sheet  having  the  first  zinc-silica  composite 
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plating  layer  formed  on  each  of  the  both  surfaces  thereof  was  subjected  to  another  electroplating  treatment 
under  another  conditions  shown  also  in  Table  2,  to  form  a  second  zinc-silica  composite  plating  layer  on  the 
first  zinc-silica  composite  plating  layer,  thereby  preparing  samples  for  comparison  Nos.  1  to  13  outside  the 
scope  of  the  present  invention. 

5  The  plating  weight  per  surface  of  the  steel  sheet  and  the  content  of  silica  particles  of  the  zinc-silica 
composite  plating  layer  as  a  single  layer  in  each  of  the  samples  for  comparison  Nos.  1  to  4  and  the  plating 
weight  per  surface  of  the  steel  sheet  and  the  content  of  silica  particles  of  each  of  the  first  zinc-silica 
composite  plating  layer  and  the  second  zinc-silica  composite  plating  layer  in  each  of  the  samples  for 
comparison  Nos.  5  to  13  are  shown  also  in  Table  2: 

w  Then,  for  each  of  the  samples  for  comparison  Nos.  1  to  13,  corrosion  resistance  and  spot  weldability 
were  investigated  by  the  same  method  as  in  the  samples  of  the  present  invention  Nos.  1  to  15.  The  salt 
spray  time  measured  in  the  corrosion  resistance  test  and  the  number  of  spot  welding  runs  counted  in  the 
spot  weldability  test  are  shown  also  in  Table  2. 
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As  is  clear  from  Table  1,  in  each  of  the  samples  of  the  present  invention  Nos.  1  to  15,  the  salt  spray 
55  time  of  at  least  800  hours  was  required  before  occurrence  of  red  rust,  and  the  above-mentioned  number  of 

spot  welding  runs  was  counted  as  many  as  at  least  consecutive  5,000.  Thus,  all  the  samples  of  the  present 
invention  Nos.  1  to  15  were  found  to  be  excellent  both  in  corrosion  resistance  and  in  spot  weldability. 

As  is  clear  from  Table  2,  in  contrast,  none  of  the  samples  for  comparison  Nos.  1  to  13  satisfied  at  the 

8 
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same  time  the  following  two  properties  possessed  by  the  samples  of  the  present  invention  Nos.  1  to  15: 
(1)  requiring  the  salt  spray  time  of  at  least  800  hours  before  occurrence  of  red  rust;  and 
(2)  permitting  the  continuous  spot  welding  of  at  least  5,000  runs  before  decrease  in  the  diameter  of  the 
nugget  formed  by  the  spot  welding  to  under  the  prescribed  diameter. 

5  It  was  therefore  found  that  at  least  one  of  corrosion  resistance  and  spot  weldability  was  poor  in  any  of 
the  samples  for  comparison  Nos.  1  to  13. 

According  to  the  present  invention,  as  described  above  in  detail,  it  is  possible  to  provide  a  zinc-silica 
composite  electroplated  steel  sheet  excellent  in  corrosion  resistance  and  spot  weldability,  thus  providing 
many  industrially  useful  effects. 

w 
Claims 

1.  In  a  zinc-silica  composite  electroplated  steel  sheet,  which  comprises: 

75  a  steel  sheet;  and 

at  least  one  zinc-silica  composite  plating  layer,  formed  on  at  least  one  surface  of  said  steel  sheet, 
in  which  silica  particles  are  uniformly  dispersed; 

20  the  improvement  wherein: 

said  at  least  one  zinc-silica  composite  plating  layer  comprises  a  first  zinc-silica  composite  plating 
layer  formed  on  said  at  least  one  surface  of  said  steel  sheet,  and  a  second  zinc-silica  composite  plating 
layer  formed  on  said  first  zinc-silica  composite  plating  layer; 

25 
said  first  zinc-silica  composite  plating  layer  has  a  content  of  said  silica  particles  within  a  range  of 

from  0.1  to  20.0  wt.%  relative  to  said  first  zinc-silica  composite  plating  layer; 

said  silica  particles  in  said  first  zinc-silica  composite  plating  layer  have  an  average  particle  size 
30  within  a  range  of  from  20  nm  to  1.0  (im. 

said  first  zinc-silica  composite  plating  layer  has  a  weight  within  a  range  of  from  over  10  g/m2  to  up 
to  90  g/m2  per  surface  of  said  steel  sheet; 

35  said  second  zinc-silica  composite  plating  layer  has  a  content  of  said  silica  particles  within  a  range 
of  from  1  to  20  wt.%  relative  to  said  second  zinc-silica  composite  plating  layer; 

said  silica  particles  in  said  second  zinc-silica  composite  plating  layer  have  an  average  particle  size 
of  under  20  nm;  and 

40 
said  second  zinc-silica  composite  plating  layer  has  a  weight  within  a  range  of  from  5  to  10  g/m2  per 

surface  of  said  steel  sheet. 

2.  A  zinc-silica  composite  electroplated  steel  sheet  as  claimed  in  Claim  1,  wherein: 
45 

said  silica  particles  in  said  second  zinc-silica  composite  plating  layer  have  an  average  particle  size 
within  a  range  of  from  3  to  under  20  nm. 

50 

55 
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