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©  Reflectance  reducing  film  and  method  of  forming  same  on  glass  substrate. 

©  The  invention  relates  to  a  reflectance  reducing 
silicon  dioxide  film  formed  on  a  glass  substrate  by 
the  sol-gel  process.  To  make  the  film  minutely 
rough,  at  least  two  sols  are  respectively  prepared 
from  at  least  one  compound  selected  from  the  group 
consisting  of  silicon  alkoxides  and  silicon  ac- 
etylacetonates,  such  that  polymers  of  the  sols  have 
different  average  molecular  weights.  Then,  the  at 

least  two  sols  are  mixed  with  a  solvent  so  as  to 
prepare  a  coating  solution.  The  coating  solution  is 
applied  to  the  glass  substrate  so  as  to  form  a  sol 
film  on  the  glass  substrate.  The  thus  coated  glass 
substrate  is  heated  so  as  to  transform  the  sol  film 
into  a  gel  film.  The  gel  film  which  is  minutely  rough 
is  satisfactory  in  reflectance  reduction. 

F I G . 4  

10 

111 O z < 1- o 111 -I u. Ill tr 

8H 

2-i 

400 

CONVENTIONAL 
/  GLASS  SUBSTRATE 

COMPARATIVE -  ,  EXAMPLE  1 

...  EXAMPLE  2 

^ ^ ^ ^   ÊXAMPLE  — 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  reflectance 
reducing  film,  and  a  method  of  forming  the  film  on 
a  glass  substrate.  The  film-forming  method  belongs 
to  the  sol-gel  process.  The  reflectance  reducing 
film  is  suitable  for  application,  for  example,  to  ar- 
chitectural  window  glasses. 

Hitherto,  there  have  been  various  proposals  to 
form  a  reflectance  reducing  film  on  a  glass  sub- 
strate  surface. 

For  example,  JP-B-41-666  discloses  an  etching 
composition  containing  hydrofluoric  acid  for  the 
purpose  of  providing  a  glass  substrate  with  a  low 
reflectance.  The  glass  substrate  is  etched  with  the 
etching  composition  for  forming  a  reflectance  re- 
ducing  film  or  layer  which  is  lower  than  the  glass 
substrate  in  refractive  index. 

JP-B-2-14300  discloses  a  method  of  producing 
a  reflectance  reducing  glass.  In  this  method,  a 
reflectance-reducing  porous  layer  is  formed  by  se- 
lectively  removing  components  of  a  glass  plate 
except  silica.  This  removal  is  made  by  contacting 
the  glass  plate  with  a  silica-supersaturated  aqueous 
solution  of  hydrosilicofluoric  acid. 

However,  the  above-mentioned  methods  of 
producing  a  reflectance  reducing  glass  are  rela- 
tively  complicated  in  production  process.  There- 
fore,  it  is  necessary  to  spend  a  relatively  long  time 
to  produce  a  reflectance  reducing  glass.  Further- 
more,  in  case  that  a  large  reflectance-reducing 
glass  is  produced,  there  is  provided  a  problem  of 
increased  error  in  optical  characteristics  of  the 
glass.  Still  furthermore,  due  to  the  use  of 
hydrofluoric  acid  which  is  very  hazardous  against 
human  body,  the  production  process  must  be  con- 
ducted  very  cautiously.  This  lowers  the  production 
efficiency. 

Another  example  is  forming  a  reflectance  re- 
ducing  film  on  a  glass  substrate  by  applying  a 
metal  alkoxide  solution  to  which  an  organic  poly- 
mer  is  added.  The  coated  glass  substrate  is  heated 
for  thermally  decomposing  the  organic  polymer, 
thereby  making  the  film  minutely  rough.  However, 
this  method  has  the  following  drawback. 

After  heating  at  a  temperature  not  lower  than 
about  400  °C,  micro-pits  which  make  the  film 
minutely  rough  tend  to  disappear  by  the  densifica- 
tion  of  the  film. 

Still  another  example  is  forming  a  multilayer 
film  on  a  glass  substrate  by  alternately  arranging  at 
least  one  film  having  a  high  refractive  index  and  at 
least  one  film  having  a  low  refractive  index.  How- 
ever,  the  forming  process  is  relatively  complicated, 
thereby  lowering  the  production  efficiency.  Further- 
more,  the  multilayer  film  has  a  relatively  high  re- 
flectance  for  the  light  which  is  obliquely  incident  on 
the  multilayer  film.  Still  furthermore,  the  coated 

glass  substrate  has  a  relatively  high  excitation  pu- 
rity,  thereby  causing  glare. 

JP-B-3-23493  discloses  a  low  reflectance  glass 
having  a  two-layered  film  formed  thereon.  The  two- 

5  layered  film  comprises  a  first  layer  of  a  condensa- 
tion  product  containing  a  metal  oxide  and  a  second 
layer  of  a  condensation  product  of  a  fluorine-con- 
taining  silicon  compound.  After  forming  the  first 
layer  on  a  glass  substrate,  the  first  layer  is  heated 

io  at  a  temperature  ranging  from  200  to  550  °  C.  After 
forming  the  second  layer  on  the  first  layer,  the 
second  layer  is  heated  at  a  temperature  ranging 
from  120  to  250  °C.  With  this  heating  temperature 
of  the  second  layer,  the  second  layer  becomes 

75  insufficient  in  hardness  and  strength. 

SUMMARY  OF  THE  INVENTION 

It  is  therefore  an  object  of  the  present  invention 
20  to  provide  a  reflectance  reducing  film  formed  on  a 

glass  substrate,  which  has  a  minutely  rough  sur- 
face,  a  good  adherence  to  the  glass  substrate,  a 
good  weatherability  and  a  good  abrasion  resis- 
tance. 

25  It  is  another  object  of  the  present  invention  to 
provide  an  improved  method  of  forming  the  reflec- 
tance  reducing  film  on  a  glass  substrate,  which  is 
free  of  the  above-mentioned  drawbacks. 

According  to  a  first  aspect  of  the  present  in- 
30  vention,  there  is  provided  a  method  of  forming  on  a 

glass  substrate  a  silicon  dioxide  film  having  a  thick- 
ness  of  about  60  to  160  nm  and  a  refractive  index 
of  1  .21  to  1  .40  and  being  minutely  rough  such  that 
the  film  has  numerous  micro-pits  and/or  numerous 

35  microscopic  islet-like  land  regions,  at  least  one  of 
each  micro-pit  and  each  islet-like  land  region  hav- 
ing  a  diameter  of  50  to  200  nm,  the  method  com- 
prising  the  steps  of: 

(a)  preparing  at  least  two  sols  respectively  from 
40  at  least  one  compound  so  as  to  disperse  in  said 

at  least  two  sols  at  least  two  polymers  of  said  at 
least  one  compound,  said  at  least  one  com- 
pound  being  selected  from  the  group  consisting 
of  silicon  alkoxides  and  silicon  acetylacetonates, 

45  said  at  least  two  polymers  having  different  aver- 
age  molecular  weights; 
(b)  mixing  said  at  least  two  sols  together  with  a 
solvent  so  as  to  prepare  a  coating  solution; 
(c)  applying  the  coating  solution  to  the  glass 

50  substrate  so  as  to  form  a  sol  film  on  the  glass 
substrate;  and 
(d)  heating  the  glass  substrate  and  the  sol  film 
so  as  to  transform  the  sol  film  into  a  gel  film 
which  has  a  minutely  rough  surface  having  nu- 

55  merous  micro-pits  and  numerous  microscopic 
islet-like  regions. 
According  to  a  second  aspect  of  the  present 

invention,  there  is  provided  a  reflectance  reducing 
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silicon  dioxide  film  formed  on  a  glass  substrate,  the 
film  having  a  thickness  of  about  60  to  160  nm  and 
a  refractive  index  of  1.21  to  1.40  and  being  mi- 
nutely  rough  such  that  the  film  has  numerous 
micro-pits  and/or  numerous  microscopic  islet-like 
land  regions,  at  least  one  of  each  micro-pit  and 
each  islet-like  land  region  having  a  diameter  of  50 
to  200  nm,  the  film  being  prepared  in  accordance 
with  the  above  method. 

Even  if  a  glass  substrate  coated  with  the  reflec- 
tance  reducing  film  is  baked  at  a  high  temperature, 
for  example,  not  lower  than  500  °C,  the  surface 
condition  which  is  minutely  rough  is  stable. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figs.  1  to  3  are  photographs  taken  through  a 
scanning  electron  microscope  (SEM)  of  about 
20,000  magnifications,  showing  surface  conditions 
of  the  reflectance  reducing  films  formed  on  glass 
substrates  in  accordance  with  Examples  1  and  2 
and  Comparative  Example  1  of  the  present  inven- 
tion,  respectively;  and 

Fig.  4  is  a  graph  showing  reflectance  spec- 
trums  with  respect  to  reflectance  reducing  glass 
plates  according  to  Examples  1  and  2,  a  coated 
glass  plate  according  to  Comparative  Example  1 
and  a  conventional  uncoated  glass  plate. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

A  silicon  alkoxide  sol  and/or  a  silicon  ac- 
etylacetonate  sol  is  used  in  the  present  invention 
for  preparing  the  coating  solution  because  of  the 
following  reasons. 

The  average  molecular  weight  of  polymer  of 
each  sol  can  be  relatively  easily  controlled.  Fur- 
thermore,  a  silicon  oxide  film  made  from  a  silicon 
alkoxide  sol  and/or  a  silicon  acetylacetonate  sol  is 
high  in  transparency,  hardness  and  durability.  Still 
furthermore,  a  silicon  alkoxide  and  a  silicon  ac- 
etylacetonate  are  relatively  cheap  in  price  and  easi- 
ly  available. 

A  silicon  alkoxide  of  the  present  invention  may 
be  either  a  simple  alkoxide  having  no  organic 
group  other  than  alkoxyl  group,  such  as  a  methox- 
ide,  an  ethoxide,  an  isopropoxide  or  the  like,  or  an 
alkyl  alkoxide  having  at  least  one  alkyl  group  be- 
sides  alkoxyl  group,  such  as  a  monomethylalkoxide 
or  a  monoethylalkoxide. 

A  silicon  acetylacetonate  of  the  present  inven- 
tion  may  be  either  a  simple  acetylacetonate  having 
no  organic  group  other  than  acetylacetone  group, 
or  an  acetylalkoxyacetonate  such  as  methylalkox- 
yacetonate  or  ethylalkoxyacetonate. 

Examples  of  the  silicon  alkoxides  and  the  sili- 
con  acetylacetonates  are  tetramethoxysilane, 

tetraethoxysilane,  methyltriethoxysilane,  methyl- 
trimethoxysilane,  dimethyldiethoxysilane  and 
dimethyldimethoxysilane. 

In  the  present  invention,  at  least  two  sols  are 
5  used  for  the  purpose  of  making  the  reflectance 

reducing  film  minutely  rough  due  to  the  existence 
of  numerous  micro-pits  and  numerous  microscopic 
islet-like  land  regions.  At  least  two  kinds  of  poly- 
mers  which  are  respectively  dispersed  in  the  at 

io  least  two  sols  have  different  average  molecular 
weights. 

In  the  present  invention,  at  least  one  compound 
selected  from  the  group  consisting  of  silicon  alkox- 
ides  and  silicon  acetylacetonates  is  used  for  pre- 

15  paring  the  at  least  two  sols. 
In  the  present  invention,  it  is  preferable  to  use 

one  sol  containing  the  polymer  having  an  average 
molecular  weight  ranging  from  about  800  to  about 
5,000  and  more  preferably  from  about  2,000  to 

20  about  3,000  and  the  other  at  least  one  sol  contain- 
ing  the  polymer  having  an  average  molecular 
weight  ranging  from  about  50,000  to  about  400,000. 

The  average  molecular  weights  of  the  polymers 
can  be  relatively  easily  controlled  by  adjusting  hy- 

25  drolysis  reaction  or  polycondensation  reaction  of  a 
silicon  alkoxide  and/or  a  silicon  acetylacetonate.  In 
fact,  this  adjustment  can  be  conducted  by  selecting 
a  suitable  catalyst,  for  example,  from  hydrochloric 
acid,  nitric  acid  and  acetic  acid,  and  by  controlling 

30  the  amount  of  the  catalyst,  pH  value,  the  reaction 
temperature,  etc.  It  is  preferable  to  use  a  pH  value 
of  a  silicon  alkoxide  or  silicon  acetylacetonate  sol, 
ranging  from  about  1  to  about  6,  more  preferably 
from  about  2  to  about  4.  The  reaction  temperature 

35  of  hydrolysis  and  polycondensation  preferably 
ranges  from  about  20  °C  to  about  80  °C,  and  more 
preferably  from  25  °C  to  about  70  °C.  It  may  be 
difficult  to  set  fixed  conditions  with  respect  to  the 
type  of  catalyst,  pH  value,  the  reaction  tempera- 

40  ture,  etc.  for  different  combinations  of  sols. 
It  is  preferable  to  mix  the  above-mentioned  one 

sol  with  the  other  at  least  one  sol  in  the  ratio  of 
1:10  to  30:1,  more  preferably  from  1:1  to  20:1,  by 
the  number  of  moles  of  solute  reduced  to  an  oxide 

45  basis. 
According  to  the  present  invention,  the  outer 

surface  of  the  reflectance  reducing  film  is  made 
minutely  rough  such  that  the  outer  surface  of  the 
same  is  scattered  with  numerous  micro-pits  and 

50  numerous  microscopic  islet-like  land  regions.  Each 
islet-like  region  is  defined  between  adjacent  micro- 
pits. 

In  the  present  invention,  the  average  diameter 
of  at  least  one  of  the  islet-like  land  region  and  the 

55  micro-pit  is  in  the  range  from  about  50  to  about 
200  nm,  and  more  preferably  from  about  100  to 
about  150  nm.  If  it  is  less  than  50  nm,  the  reflec- 
tance  reducing  film  is  sufficient  in  strength  but 

3 
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insufficient  in  reflectance  reduction.  If  it  is  larger 
than  200  nm,  the  reflectance  reducing  film  is  mar- 
kedly  lowered  in  strength  and  too  much  lowered  in 
refractive  index. 

In  the  present  invention,  the  thickness  of  the 
reflectance  reducing  film  is  in  a  range  from  60  to 
160  nm.  If  it  is  out  of  this  range,  the  reflectance 
reducing  film  becomes  insufficient  in  strength  and 
is  not  satisfactory  in  reflectance  reduction. 

In  the  present  invention,  the  refractive  index  of 
the  reflectance  reducing  film  is  in  a  range  from 
1.21  to  1.40,  and  more  preferably  from  1.30  to 
1  .40.  If  it  is  lower  than  1  .21  ,  the  reflectance  reduc- 
ing  film  becomes  insufficient  in  strength.  If  it  is 
higher  than  1.40,  the  reflectance  reducing  film  be- 
comes  insufficient  in  reflectance  reduction. 

It  is  preferable  to  adjust  the  relative  humidity 
under  which  the  coating  solution  is  applied  to  the 
glass  substrate,  in  the  range  from  about  40  to 
about  90%.  When  relative  humidities  of  about  40% 
and  about  90%  are  taken  in  the  present  invention, 
the  average  diameters  of  at  least  one  of  the  micro- 
scopic  islet-like  land  region  and  the  micro-pit  be- 
come  about  50  nm  and  about  200  nm,  respectively. 

It  is  preferable  to  have  the  coating  solution 
having  a  concentration  of  a  silicon  alkoxide  and/or 
a  silicon  acetylacetonate  in  an  alcohol  solution,  in 
the  range  from  0.1  to  10  wt%.  If  the  concentration 
is  less  than  0.1  wt%,  it  is  difficult  to  make  the 
reflectance  reducing  film  uniformly  and  minutely 
rough.  If  the  concentration  is  higher  than  10  wt%, 
the  solution  becomes  too  viscous.  This  tends  to 
form  cracks  on  the  surface  of  the  reflectance  re- 
ducing  film.  Examples  of  the  alcohol  solution  are 
isopropyl  alcohol  and  1-butanol. 

It  is  preferable  to  adjust  viscosity  of  the  coating 
solution  in  the  range  from  1  to  10  cP. 

As  the  coating  method,  it  is  usual  to  use  dip 
coating,  spraying,  flow  coating  or  spin  coating. 

It  is  preferable  to  dry  the  sol  film  at  a  tempera- 
ture  not  lower  than  100  °C  for  a  period  not  longer 
than  about  30  min  so  as  to  transform  the  sol  film 
into  a  gel  film  having  a  minutely  rough  surface. 

It  should  be  noted  that  the  minutely  rough 
surface  condition,  i.e.  numerous  micro-pits  and  nu- 
merous  microscopic  islet-like  land  regions,  will  not 
disappear  even  if  the  gel  film  is  baked  at  a  tem- 
perature  not  lower  than  500  °C. 

A  glass  substrate  according  to  the  present  in- 
vention  may  be  colorless  or  colored  as  long  as  it  is 
transparent.  The  glass  substrate  may  be  flat  or 
curved  in  shape,  or  a  tempered  one. 

The  following  examples  are  illustrative  of  the 
present  invention,  but  these  examples  are  not  limi- 
tative. 

Example  1 

A  glass  substrate  was  coated  with  a  reflectance 
reducing  film  in  accordance  with  the  following 

5  steps. 
Firstly,  a  clear  float  glass  substrate  about  100 

mm  square  in  widths  and  about  3  mm  in  thickness 
was  washed  with  neutral  detergent,  then  with  water, 
and  then  dried.  A  methyltriethoxysilane  solution  (a 

io  first  sol)  was  prepared,  such  that  polymer  in  the  sol 
had  an  average  molecular  weight  of  about  3,000 
and  a  concentration  of  about  30  wt%.  A  silicon 
ethoxide  solution  (a  second  sol)  was  prepared, 
such  that  polymer  in  the  sol  had  an  average  molec- 

15  ular  weight  of  about  100,000  and  a  concentration  of 
about  6  wt%.  Then,  about  20.0  g  of  the  first  sol  and 
about  28.6  g  of  the  second  sol  were  mixed  to- 
gether  with  about  150  g  of  1-butanol  in  a  beaker  so 
as  to  make  a  coating  solution.  The  coating  solution 

20  was  stirred  for  about  8  hr,  and  then  aged  for  about 
two  weeks.  In  the  coating  solution,  the  molar  ratio 
of  the  polymer  of  the  first  sol  to  the  polymer  of  the 
second  sol  was  about  3.5. 

The  coating  solution  was  applied  to  both  major 
25  surfaces  of  the  glass  substrate  by  dip  coating  in 

the  atmosphere  of  a  temperature  of  about  23  °C 
and  a  relative  humidity  of  about  60%.  In  fact,  the 
glass  substrate  was  immersed  in  the  coating  solu- 
tion,  and  then  pulled  up  at  a  speed  of  about  2.3 

30  mm/s.  Then,  the  thus  coated  glass  substrate  was 
stationarily  dried  for  about  3  min,  and  then  heated 
at  a  temperature  of  about  270  °C  for  about  10  min. 
With  this,  a  Si02  film  (a  gel  film)  was  formed  on 
the  glass  substrate.  Then,  the  coated  glass  sub- 

35  strate  was  heated  again  at  a  temperature  of  about 
550  °C  for  about  10  min. 

As  shown  in  Fig.  1,  numerous  micro-pits  mak- 
ing  the  film  minutely  rough  and  porous  were  ob- 
served  with  SEM  of  about  20,000  magnifications. 

40  The  diameter  of  the  micro-pit  was  in  a  range  from 
about  100  to  about  150  nm.  The  film  was  about 
1.33  in  refractive  index  and  about  105  nm  in  thick- 
ness. 

As  shown  in  Fig.  4,  the  reflectance  spectrum  of 
45  the  coated  glass  substrate  was  measured  in  accor- 

dance  with  JIS  Z8722.  The  result  was  about  1.1% 
at  a  wavelength  of  about  550  nm.  The  visible  light 
reflectance  (D65  light  -  Y  value)  was  about  1.2%. 
The  coated  glass  substrate  was  satisfactory  in  re- 

50  flectance  reduction  and  strength. 

EXAMPLE  2 

A  coating  process  of  Example  1  was  repeated 
55  except  that  the  glass  substrate  was  pulled  up  from 

the  coating  solution  at  a  speed  of  about  3  mm/s 
and  that  the  coated  glass  substrate  was  heated  at  a 
temperature  of  about  600  °C  for  about  10  min  after 

4 
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heating  at  a  temperature  of  about  270  °  C  for  about 
10  min. 

As  shown  in  Fig.  2,  densification  of  the  film 
somewhat  proceeded  compared  with  the  film  of 
Example  1.  However,  numerous  micro-pits  making 
the  film  minutely  rough  and  porous  were  observed 
with  SEM  of  about  20,000  magnifications.  The  di- 
ameter  of  the  micro-pits  was  about  100  nm.  The 
film  was  about  1.395  in  refractive  index  and  about 
100  nm  in  thickness. 

As  shown  in  Fig.  4,  the  reflectance  of  the 
coated  glass  substrate  was  about  3%  at  a 
wavelength  of  about  550  nm.  The  visible  light  re- 
flectance  (D65  light  -  Y  value)  was  about  3.1%.  The 
coated  glass  substrate  was  satisfactory  in  reflec- 
tance  reduction. 

Abrasion  resistance  was  tested  by  the  Taber 
test.  In  the  test,  the  specimen  was  rotated  100 
times  under  the  abrasive  wheels  (CS-10F)  to  which 
a  load  of  500  gf  was  applied.  The  haze  value  (AH) 
was  about  0.8%.  Therefore,  the  coated  glass  sub- 
strate  was  superior  in  abrasion  resistance. 

COMPARATIVE  EXAMPLE  1 

The  same  glass  substrate  as  that  of  Example  1 
was  washed  and  then  dried  in  the  same  manner  as 
that  of  Example  1  .  A  silicon  ethoxide  solution  (sol) 
was  mixed  with  butanol  so  as  to  make  a  coating 
solution.  In  the  coating  solution,  polymer  had  an 
average  molecular  weight  of  about  100,000  and  the 
solute  concentration  was  about  0.4  mol%. 

The  coating  solution  was  applied  to  both  major 
surfaces  of  the  glass  substrate  by  dip  coating  in 
the  same  atmosphere  as  that  of  Example  1  .  In  fact, 
the  glass  substrate  was  immersed  in  the  coating 
solution,  and  then  pulled  up  at  a  speed  of  about  3.5 
mm/s.  Then,  the  thus  coated  glass  substrate  was 
dried  and  then  heated  in  the  same  manner  as  that 
of  Example  1  . 

As  shown  in  Fig.  3,  the  outer  surface  of  the  film 
was  very  flat  through  the  observation  with  SEM  of 
about  20,000  magnifications.  The  film  was  about 
1.45  in  refractive  index  and  about  95  nm  in  thick- 
ness. 

As  shown  in  Fig.  4,  the  reflectance  of  the 
coated  glass  substrate  was  minimum  at  a 
wavelength  of  about  550  nm.  The  visible  light  re- 
flectance  (D65  light  -  Y  value)  was  about  5.2%. 
Therefore,  the  coated  glass  substrate  was  insuffi- 
cient  in  reflectance  reduction. 

COMPARATIVE  EXAMPLE  2 

A  coating  process  of  Example  2  was  repeated 
except  that  the  glass  substrate  was  pulled  up  from 
the  coating  solution  at  a  speed  of  about  0.5  mm/s. 

The  obtained  film  was  about  1.40  in  refractive 
index  and  about  50  nm  in  thickness.  The  surface 
condition  of  the  film  was  similar  to  that  of  Example 
2.  The  reflectance  of  the  coated  glass  substrate 

5  was  minimum  at  a  wavelength  not  higher  than  400 
nm.  The  visible  light  reflectance  (D65  light  -  Y 
value)  was  about  5.7%.  Therefore,  the  coated  glass 
substrate  was  insufficient  in  reflectance  reduction. 

w  COMPARATIVE  EXAMPLE  3 

A  coating  process  of  Example  2  was  repeated 
except  that  the  glass  substrate  was  pulled  up  from 
the  coating  solution  at  a  speed  of  about  6  mm/s. 

75  The  obtained  film  was  about  1.39  in  refractive 
index  and  about  170  nm  in  thickness.  The  surface 
condition  of  the  film  was  similar  to  that  of  Example 
2.  The  reflectance  of  the  coated  glass  substrate 
was  minimum  at  a  wavelength  not  lower  than  780 

20  nm.  The  visible  light  reflectance  (D65  light  -  Y 
value)  was  about  7.1%.  Therefore,  the  coated  glass 
substrate  was  insufficient  in  reflectance  reduction. 

COMPARATIVE  EXAMPLE  4 
25 

A  coating  process  of  Example  1  was  repeated 
except  that  about  50g  of  1-butanol  was  added  to  a 
coating  solution  according  to  Example  1  so  as  to 
prepare  a  coating  solution  according  to  Compara- 

30  tive  Example  4  and  that  the  glass  substrate  was 
pulled  up  from  the  coating  solution  at  a  speed  of 
about  1  mm/s. 

The  obtained  film  was  about  1.33  in  refractive 
index  and  about  50  nm  in  thickness.  The  surface 

35  condition  of  the  film  was  similar  to  that  of  Example 
1.  The  reflectance  of  the  coated  glass  substrate 
was  minimum  at  a  wavelength  not  higher  than  400 
nm.  The  visible  light  reflectance  (D65  light  -  Y 
value)  was  about  5%.  Therefore,  the  coated  glass 

40  substrate  was  insufficient  in  reflectance  reduction. 

COMPARATIVE  EXAMPLE  5 

A  coating  process  of  Example  1  was  repeated 
45  except  that  the  glass  substrate  was  pulled  up  from 

the  coating  solution  at  a  speed  of  about  8  mm/s. 
The  obtained  film  was  about  1.33  in  refractive 

index  and  about  180  nm  in  thickness.  The  surface 
condition  of  the  film  was  similar  to  that  of  Example 

50  1.  The  reflectance  of  the  coated  glass  substrate 
was  minimum  at  a  wavelength  not  lower  than  780 
nm.  The  visible  light  reflectance  (D65  light  -  Y 
value)  was  about  6.9%.  Therefore,  the  coated  glass 
substrate  was  insufficient  in  reflectance  reduction. 

55 

5 
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Claims 

1.  A  method  of  forming  on  a  glass  substrate  a 
silicon  dioxide  film  having  a  thickness  of  about 
60  to  160  nm  and  a  refractive  index  of  1.21  to 
1.40  and  being  minutely  rough  such  that  the 
film  has  numerous  micro-pits  and/or  numerous 
microscopic  islet-like  land  regions,  at  least  one 
of  each  micro-pit  and  each  islet-like  land  re- 
gion  having  a  diameter  of  50  to  200  nm,  the 
method  comprising  the  steps  of: 

(a)  preparing  at  least  two  sols  respectively 
from  at  least  one  compound  so  as  to  dis- 
perse  in  said  at  least  two  sols  at  least  two 
polymers  of  said  at  least  one  compound, 
said  at  least  one  compound  being  selected 
from  the  group  consisting  of  silicon  alkox- 
ides  and  silicon  acetylacetonates,  said  at 
least  two  polymers  having  different  average 
molecular  weights; 
(b)  mixing  said  at  least  two  sols  together 
with  a  solvent  so  as  to  prepare  a  coating 
solution; 
(c)  applying  the  coating  solution  to  the  glass 
substrate  so  as  to  form  a  sol  film  on  the 
glass  substrate;  and 
(d)  heating  the  glass  substrate  and  the  sol 
film  so  as  to  transform  the  sol  film  into  a  gel 
film  which  has  a  minutely  rough  surface 
having  numerous  micro-pits  and/or  numer- 
ous  microscopic  islet-like  regions. 

7.  A  method  according  to  Claim  1,  wherein  the 
glass  substrate  is  heated  at  step  (d)  at  a  tem- 
perature  not  lower  than  100  °C. 

5  8.  A  method  according  to  Claim  1,  wherein  at 
step  (b)  viscosity  of  the  coating  solution  is 
adjusted  to  1-10  centipoises. 

9.  A  method  according  to  Claim  1,  wherein  at 
io  step  (b)  the  concentration  of  said  at  least  two 

polymers  reduced  to  an  oxide  basis  in  the 
coating  solution  is  in  the  range  from  0.1  to  10 
wt%. 

is  10.  A  method  according  to  Claim  1,  wherein  at 
step  (c)  the  coating  solution  is  applied  to  the 
glass  substrate  in  the  atmosphere  having  a 
relative  humidity  ranging  from  40  to  90%. 

20  11.  A  reflectance  reducing  silicon  dioxide  film 
formed  on  a  glass  substrate,  the  film  having  a 
thickness  of  about  60  to  160  nm  and  a  refrac- 
tive  index  of  1.21  to  1.40  and  being  minutely 
rough  such  that  the  film  has  numerous  micro- 

25  pits  and/or  numerous  microscopic  islet-like 
land  regions,  at  least  one  of  each  micro-pit  and 
each  islet-like  land  region  having  a  diameter  of 
50  to  200  nm,  the  film  being  prepared  in 
accordance  with  the  method  of  claim  1  . 

30 

2.  A  method  according  to  Claim  1,  wherein  one 
polymer  of  said  at  least  two  polymers  has  an 
average  molecular  weight  ranging  from  about  35 
800  to  about  5,000,  and  the  other  at  least  one 
polymer  of  said  at  least  two  polymers  has  an 
average  molecular  weight  ranging  from  about 
50,000  to  about  400,000. 

40 
3.  A  method  according  to  Claim  2,  wherein  said 

one  polymer  has  an  average  molecular  weight 
ranging  from  about  2,000  to  about  3,000. 

4.  A  method  according  to  Claim  1,  wherein  at  45 
step  (b)  said  one  polymer  and  the  other  at 
least  one  polymer  are  mixed  in  the  ratio  of 
1:10  to  30:1  by  the  number  of  moles  reduced 
to  an  oxide  basis. 

50 
5.  A  method  according  to  Claim  1,  wherein  said 

solvent  is  an  alcohol  solution. 

6.  A  method  according  to  Claim  5,  wherein  said 
solvent  is  one  selected  from  the  group  consist-  55 
ing  of  isopropyl  alcohol  and  1-butanol. 

6 
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