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0   Curable  fluorosilicone  resin  composition. 
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0   A  curable  fluorosilicone  resin  composition  is  dis- 
closed,  which  composition  comprises 

(A)  100  parts  by  weight  of  a  fluorosilicone  resin 
obtained  by  cohydrolyzing  a  mixture  of 

(a)  50  to  95  mole  percent  of  a  perfluoroalkyl- 
containing  organosilane  having  the  formula  R- 
CH2  CH2  SiX3  , 
(b)  5  to  50  mole  percent  of  an  epoxy-contain- 
ing  organosilane  having  the  formula  ZwSiX4_w 
and,  optionally, 
(c)  up  to  50  mole  percent  of  an  organosilane 
having  the  formula  R1nSiX4_n, 

wherein  R  is  a  perfluoroalkyl  group  containing  4 
to  15  carbon  atoms,  X  is  a  hydrolyzable  group,  Z 
is  an  epoxy-containing  monovalent  organic  group, 
R1  is  hydrogen  or  a  monovalent  hydrocabon 
group  containing  1  to  15  carbon  atoms,  w  is  1,  2 
or  3  and  n  is  0,  1  ,  2  or  3;  and 
(B)  1  to  50  parts  by  weight  of  a  crosslinking  agent 
selected  from  the  group  consisting  of 

(i)  an  amino  group-containing  organosilicon 
compound  that  contains  at  least  2  nitrogen- 
bonded  active  hydrogens  in  each  molecule 

and 
(ii)  a  fluorine  compound  that  contains  at  least  2 
carboxyl  groups  and  at  least  2  fluorine  atoms 
in  each  molecule. 

When  cured,  the  composition  provides  a  film  that 
is  both  highly  water  repellent  and  highly  oil  repel- 
lent. 
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The  present  invention  relates  to  a  curable 
fluorosilicone  resin  composition  that  has  an  ex- 
cellent  water  repellency  and  an  excellent  oil  repel- 
lency  when  cured. 

A  great  many  organopolysiloxane  resin-based 
compositions  that  cure  to  give  a  water-repellent 
film  are  already  known.  For  example,  Japanese 
Patent  Application  Laid  Open  Sho  55-48245 
(48,245/1980)  introduces  a  composition  consisting 
of  hydroxyl-containing  methylpolysiloxane  resin,  al- 
pha,  omega-dihydroxydiorganopolysiloxane,  and 
organosilane  which  cures  to  form  a  water-repellent 
cured  film  that  has  excellent  release  and  anti-stain 
properties. 

In  addition,  Japanese  Patent  Application  Laid 
Open  Number  Sho  59-140280  (140,280/1984)  intro- 
duces  a  composition  that  is  based  on  the  partial 
cohydrolysis  condensation  product  of  organosilane 
whose  principal  constituents  are  perfluoroalkyl-con- 
taining  organosilane  and  amino-containing  or- 
ganosilane.  The  composition  forms  a  cured  film 
that  has  both  an  excellent  water  repellency  and  an 
excellent  oil  repellency. 

However,  although  these  compositions  exhibit 
water  repellency  or  both  water  repellency  and  oil 
repellency,  they  do  not  possess  a  high  degree  of 
water  repellency  and  oil  repellency  with  the  result 
that  they  cannot  be  employed  in  applications  that 
require  higher  degrees  of  both  water  repellency 
and  oil  repellency.  The  present  inventor  achieved 
the  present  invention  as  a  result  of  research  di- 
rected  at  solving  this  problem.  The  present  inven- 
tion  takes  as  its  object  the  introduction  of  a 
fluorosilicone  resin  composition  that  cures  to  pro- 
duce  a  cured  film  that  has  both  an  excellent  water 
repellency  and  an  excellent  oil  repellency. 

The  present  invention  therefore  concerns  a  cur- 
able  fluorosilicone  resin  composition  comprising: 

(A)  100  weight  parts  of  fluorosilicone  resin  af- 
forded  by  the  cohydrolysis  of  a  mixture  com- 
posed  of 

(a)  50  to  95  mole%  perfluoroalkyl-containing 
organosilane  with  the  general  formula 

R-CH2  CH2  SiX3 

wherein  R  is  a  to  C15  perfluoroalkyl  group 
and  X  represents  a  hydrolyzable  atom  or 
group, 
(b)  5  to  50  mole  %  of  an  epoxy-containing 
organosilane  with  the  general  formula 

ZwSiX4_w 

wherein  Z  is  an  epoxy-containing  monovalent 
organic  group,  X  is  defined  as  above,  and  w 
is  1  ,  2,  or  3,  and 

(c)  0  to  50  mole  %  of  an  organosilane  with 
the  general  formula 

R1nSiX4-n 
5 

wherin  R1  is  the  hydrogen  atom  or  a  C1  to 
C15  monovalent  hydrocarbon  group,  X  is  de- 
fined  as  above,  and  n  is  0,  1  ,  2,  or  3;  and 

(B)  1  to  50  weight  parts  of  a  crosslinking  agent 
10  selected  from  an  amino  group-containing  or- 

ganosilicon  compound  that  contains  at  least  2 
nitrogen-bonded  active  hydrogens  in  each  mol- 
ecule  or  a  fluorine  compound  that  contains  at 
least  two  carboxyl  groups  and  at  least  two  flu- 

15  orine  atoms  in  each  molecule. 
To  explain  the  preceding  in  greater  detail,  the 

fluorosilicone  resin  comprising  the  component  (A) 
used  by  the  present  invention  forms  the  basis  of 
the  composition  of  the  present  invention.  This 

20  fluorosilicone  resin  is  afforded  by  the  cohydrolysis 
of  a  mixture  prepared  from  the  3  types  of  or- 
ganosilanes  specified  above,  i.e.,  a  mixture  of  ei- 
ther  components  (a)  and  (b)  or  of  components  (a), 
(b),  and  (c).  The  perfluoroalkyl-containing  or- 

25  ganosilane  comprising  component  (a)  is  the  essen- 
tial  component  for  imparting  water  repellency,  oil 
repellency,  releasability,  and  a  low  surface  tension 
to  cured  products  from  the  composition  of  the 
present  invention.  R  in  the  preceding  formula  re- 

30  presents  perfluoroalkyl  groups  having  4  to  15  car- 
bon  atoms  and  is  exemplified  by  -C4F9,  -CgFi3, 
-CsFi7,  -C10F21,  and  so  forth.  The  perfluoroalkyl 
group  may  be  straight  chain  or  branched.  X  repre- 
sents  a  hydrolyzable  atom  or  group  and  may  be 

35  exemplified  by  halogen  atoms  such  as  chlorine  and 
bromine;  alkoxy  groups  such  as  methoxy,  ethoxy, 
and  propoxy;  acyloxy  groups  such  as  acetoxy; 
N,N-dialkylaminoxy  groups;  N-alkylamido  groups; 
alkenoxy  groups;  and  so  forth,  alkoxy  being  pre- 

40  ferred.  This  component  (a)  should  comprise  5  to  95 
mole  %  of  component  (A). 

The  epoxy-containing  organosilane  comprising 
component  (b)  is  the  essential  component  for  im- 
parting  curability  and  adherence  to  the  composition 

45  of  the  present  invention.  With  regard  to  the  formula 
given  above,  Z  is  an  epoxy-containing  monovalent 
organic  group,  X  is  defined  as  above,  and  W  is  1  , 
2,  or  3.  The  epoxy-containing  monovalent  organic 
group  is  exemplified  by  3-glycidoxypropyl,  2-(3,4- 

50  epoxycyclohexyl)ethyl,  3-(3,4-epoxycyclohexyl)- 
propyl,  and  3,4-epoxycyclohexyl.  This  component 
(b)  should  comprise  5  to  50  mole  %  of  component 
(A). 

The  organosilane  comprising  component  (c)  is 
55  used  on  an  optional  basis  chiefly  to  adjust  the 

hardness  and  lower  the  cost  of  the  composition  of 
the  present  invention.  With  respect  to  the  formula 
given  above,  R1  represents  hydrogen  or  a  mon- 

2 
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ovalent  hydrocarbon  group  having  1  to  15  carbon 
atoms,  X  is  defined  as  above,  and  n  is  0,  1  ,  2,  or  3. 
R1  is  exemplified  by  alkyl  groups  such  as  methyl, 
ethyl,  tert-butyl,  2-ethylhexyl,  and  dodecyl;  alkenyl 
groups  such  as  vinyl  and  allyl;  cycloalkyl  groups 
such  as  cyclopentyl  and  cyclohexyl;  cycloalkenyl 
groups  such  as  cyclopentenyl  and  cyclohexenyl; 
aryl  groups  such  as  phenyl  and  naphthyl;  aralkyl 
groups  such  as  benzyl,  phenylethyl,  and  xylyl;  al- 
karyl  groups  such  as  tolyl  and  dimethylphenyl;  and 
halogenated  hydrocarbon  groups  such  as 
chloromethyl,  3-chloropropyl,  and  3,3,3- 
trifluoropropyl,  methyl  and  vinyl  being  preferred. 
This  component  (c)  should  comprise  zero  to  50 
mole  %  of  component  (A). 

The  fluorosilicone  resin  comprising  the  compo- 
nent  (A)  used  by  the  present  invention  can  be 
obtained  by  cohydrolyzing  an  organosilane  mixture 
of  components  (a)  and  (b)  or  components  (a),  (b), 
and  (c).  A  number  of  methods  can  be  used  for  the 
cohydrolysis  of  this  organosilane  mixture.  Two  ex- 
amples  in  this  regard  are  as  follows:  (i)  the  addition 
with  stirring  of  a  small  quantity  of  a  condensation- 
reaction  catalyst  to  a  mixture  of  water,  organic 
solvent,  and  the  organosilane  mixture  as  described 
above,  or  (ii)  the  addition  with  stirring  of  water  and 
a  small  amount  of  condensation-reaction  catalyst  to 
the  organosilane  mixture.  Catalysts  known  to  accel- 
erate  the  dehydrative  condensation  of  silanol 
groups  are  effective  as  condensation-reaction  cata- 
lysts  for  use  in  these  methods.  The  condensation- 
reaction  catalyst  under  consideration  is  nonex- 
haustively  exemplified  by  tetraalkyl  titanates  such 
as  tetra-n-butyl  titanate;  the  complex  salts  of  dialkyl 
titanates;  organosiloxy  titanates;  the  tin  salts  of 
carboxylic  acids  such  dibutyltin  acetate,  dibutyltin 
laurate,  dibutyltin  dioctoate,  tin(ll)  octoate,  tin(ll) 
naphthenate,  tin(ll)  oleate,  tin(ll)  isobutyrate,  tin(ll) 
linoleate,  tin(ll)  stearate,  tin(ll)  benzoate,  tin(ll) 
naphthoate,  tin(ll)  laurate,  tin(ll)  o-thymate,  tin(ll) 
beta-benzoylpropionate,  tin(ll)  crotonate,  tin(ll) 
tropate,  tin(ll)  p-bromobenzoate,  tin(ll)  pal- 
mitooleate,  tin(ll)  cinnamate,  tin(ll)  phenylacetate, 
etc.;  and  the  iron,  manganese,  and  cobalt  salts  of 
such  carboxylic  acids.  A  condensation-reaction 
catalyst  should  be  used  that  is  suited  to  the  types 
of  hydrolyzable  groups  present  in  the  or- 
ganosilanes. 

This  cohydrolysis  is  advantageously  carried  out 
using  an  organic  solvent.  As  the  organic  solvent,  it 
is  desirable  to  use  organic  solvent  that  dissolves 
the  aforesaid  organosilane  mixture  of  components 
(a)  through  (c)  as  well  as  the  fluorosilicone  resin 
product.  Such  organic  solvents  are  nonexhaustively 
exemplified  by  ethers  such  as  diethyl  ether, 
tetrahydrofuran,  and  so  forth;  ketones  such  as  ac- 
etone,  methyl  isobutyl  ketone,  and  so  forth;  haloge- 
nated  hydrocarbons  such  as  1  ,1  ,1-trichloroethane, 

dichloroethane,  alpha.alpha.alpha-trifluorotoluene, 
hexafluoroxylene,  1  ,1  ,2-trichlorotrifluoroethane,  and 
so  forth;  and  HCFC  series  solvents  such  as 
CHCI2CF3  and  CH3CCI2F.  The  concentration  in  the 

5  organic  solvent  may  be  chosen  arbitrarily,  on  the 
basis  of  workability,  but  ordinarily  the  concentration 
of  the  fluorosilicone  resin  product  in  the  organic 
solvent  is  regulated  to  10  to  80  weight  %. 

After  an  optional  addition  of  either  organic  sol- 
10  vent  or  water  to  the  fluorosilicone  resin  solution 

obtained  by  cohydrolysis  of  the  organosilane  mix- 
ture,  the  aqueous  layer  is  separated  after  quies- 
cence.  The  organic  solvent  layer  containing  the 
fluorosilicone  resin  is  washed  with  water  to  neutral- 

15  ity.  It  is  also  advisable  to  carry  out  a  water  elimina- 
tion  step.  When  an  organic  solvent  has  been  used 
in  which  water  is  sparingly  soluble,  this  water  elimi- 
nation  step  may  be  run  by  azeotropic  distillation  of 
the  organic  solvent  using  a  water  separation  tube. 

20  The  resulting  fluorosilicone  resin  generally  contains 
0.01  to  10  weight  %  silicon-bonded  hydroxyl 
groups  and  preferably  contains  0.05  to  5  weight  % 
silicon-bonded  hydroxyl  groups. 

The  amino  group-containing  organosilicon 
25  compound  which  can  comprise  crosslinking  agent 

(B)  of  the  present  invention  acts  as  a  crosslinker.  In 
this  case,  the  cured  resin  composition  is  generated 
by  the  reaction  of  the  amino  groups  in  component 
(B)  with  the  epoxy  groups  present  in  the 

30  fluorosilicone  resin  comprising  component  (A). 
Each  molecule  of  this  organosilicon  compound 
must  therefore  contain  at  least  2  nitrogen-bonded 
active  hydrogens.  In  other  words,  this  crosslinking 
agent  molecule  must  contain  at  least  1  primary 

35  amino  group  or  at  least  2  secondary  amino  groups. 
The  amino-containing  compounds  known  as  epoxy 
resin  curing  agents  are  generally  not  compatible 
with  the  fluorosilicone  resin  comprising  the  compo- 
nent  (A)  of  the  present  invention.  As  a  result,  they 

40  fail  to  provide  a  satisfactory  curability  and  cause 
cloudiness  in  the  cured  film  and  therefore  cannot 
be  used  in  the  composition  of  the  present  inven- 
tion.  The  organosilicon  compound  under  consider- 
ation  comprises  amino-containing  organosilanes 

45  and  amino-containing  organopolysiloxanes,  and  is 
specifically  exemplified  by 
3-aminopropyltriethoxysilane, 
3-aminopropyltrimethoxysilane, 
3-(2'-aminoethyl)aminopropyltrimethoxysilane, 

50  3-(2'-aminoethyl)- 
aminopropylmethyldimethoxysilane, 
1  ,3-di(3'-aminopropyl)tetramethyldisiloxane,  and 
3-aminopropyldimethylsiloxy-endblocked  poly- 
dimethylsiloxane. 

55  Alternatively,  crosslinking  agent  (B)  can  com- 
prise  a  fluorine  compound  which  contains  at  least  2 
carboxyl  Groups  and  at  least  2  fluorine  atoms  per 
molecule.  This  component  (B)  is  also  a  crosslinking 

3 
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agent  that  reacts  with  the  epoxy  groups  in  compo- 
nent  (A)  to  produce  the  cured  resin  composition. 
The  carboxyl  groups  in  this  fluorine  compound 
react  with  the  epoxy  groups  in  component  (A),  and 
it  is  necessary  that  there  be  at  least  2  per  molecule 
to  produce  a  crosslinked  structure.  Furthermore,  for 
component  (B)  to  be  compatible  with  component 
(A),  component  (B)  must  have  at  least  2  fluorine 
atoms  per  molecule.  The  carboxyl-containing  com- 
pounds  known  as  epoxy  resin  curing  agents  are 
generally  not  compatible  with  the  fluorosilicone  res- 
in  comprising  the  component  (A)  of  the  present 
invention,  and  either  they  fail  to  provide  sufficient 
curability  or  the  cured  film  is  cloudy.  This  crosslin- 
king  agent  is  specifically  exemplified  by 
tetrafluoroterephthalic  acid  (CGF+(COOH)2), 
tetrafluorophthalic  acid  (CGF+(COOH)2), 
tetrafluorosuccinic  acid  (HOOC-C2F4-COOH),  oc- 
tafluoroadipic  acid  (HOOC-C+F8-COOH),  and  their 
anhydrides.  Furthermore,  this  component  (B)  may 
be  a  siloxane  compound  as  long  as  it  contains  at 
least  2  carboxyl  groups  and  at  least  2  fluorine 
atoms  in  the  molecule. 

Component  (B)  is  added  at  1  to  50  weight 
parts  per  100  weight  parts  component  (A)  and  is 
selected  from  within  the  range  in  which  the  number 
of  moles  of  epoxy  groups  in  component  (A)  is 
approximately  equivalent  to  the  number  of  moles  of 
nitrogen-bonded  active  hydrogens  (i.e.,  amino  ac- 
tive  hydrogen),  or  number  of  moles  of  carboxyl 
groups,  in  component  (B). 

The  composition  of  the  present  invention  can 
be  prepared  simply  by  mixing  component  (A)  and 
component  (B)  to  homogeneity.  The  curable 
fluorosilicone  resin  composition  of  the  present  in- 
vention  is  preferably  diluted  with  organic  solvent 
(for  example,  when  it  is  employed  as  a  coating). 
Organic  solvents  operable  for  this  purpose  are  non- 
exhaustively  exemplified  by  ethers  such  as  diethyl 
ether,  tetrahydrofuran,  and  so  forth;  ketones  such 
as  methyl  isobutyl  ketone  and  so  forth;  haloge- 
nated  hydrocarbons  such  as  1  ,1  ,1-trichloroethane, 
dichloroethane,  alpha.alpha.alpha-trifluorotoluene, 
hexafluoroxylene,  1  ,1  ,2-trichlorotrifluoroethane,  and 
the  like;  and  HCFC  series  solvents  such  as 
CHCI2CF3  and  CH3CCI2F.  The  dilution  ratio  is  ar- 
bitrarily  selected  on  the  basis  of  workability. 

In  addition,  in  order  to  further  improve  adher- 
ence  by  the  composition  of  the  present  invention 
for  various  types  of  materials,  known  silane  cou- 
pling  agents  other  than  component  (B)  may  be 
added  to  the  composition  of  the  present  invention 
as  adhesion  promoters  insofar  as  this  does  not 
interfere  with  the  object  of  the  present  invention. 
Such  a  silane  coupling  agent  should  be  added  at 
approximately  0.01  to  10  weight  %  based  on  the 
composition  of  the  present  invention. 

The  curable  fluorosilicone  resin  composition  of 
the  present  invention  can  be  applied  to  various 
substrates  and  cured  at  ambient  temperature  or  by 
heating.  The  heating  temperature  is  arbitrary  when 

5  the  cure  is  induced  by  heating,  but  is  generally 
chosen  from  the  range  of  50  0  C  to  250  0  C. 

The  composition  according  to  the  present  in- 
vention  as  described  above  cures  to  form  a  film 
that  has  an  excellent  water  repellency  and  oil  repel- 

10  lency  or  oleophobicity,  but  also  an  excellent  stain 
resistance,  heat  resistance,  weather  resistance,  and 
chemical  resistance.  It  can  therefore  be  used  in 
those  applications  where  such  properties  are  criti- 
cal.  For  example,  it  can  be  used  for  preventing  the 

15  adherence  of  such  things  as  water  drops,  snow, 
and  ice,  as  an  anti-stain  coating,  for  nonstick  or 
release  coatings,  and  so  on. 

In  the  following,  the  present  invention  will  be 
explained  using  examples.  In  the  examples,  part 

20  means  weight  part,  and  Me  stands  for  the  methyl 
group.  The  water  repellency  of  the  cured  film  was 
evaluated  by  measuring  the  water  contact  angle. 
The  oil  repellency  was  evaluated  by  measuring  the 
n-hexadecane  contact  angle. 

25 
Example  1 

Into  a  flask  were  introduced  14.7  g  of 
perfluoroalkyl-containing  methoxysilane  with  the 

30  formula  C+FgChbChbSKOMe^,  2.4  g  of  3-glycidox- 
ypropyltrimethoxysilane,  and  0.03  g  of  tetra-n-butyl 
titanate.  This  mixture  was  stirred  at  room  tempera- 
ture  while  dripping  in  a  liquid  mixture  of  1.4  g  of 
water  and  10  g  of  methanol.  After  the  completion  of 

35  addition,  stirring  was  continued  overnight.  The  low 
boilers  were  then  stripped  off  under  reduced  pres- 
sure  to  afford  a  fluorosilicone  resin  in  the  liquid 
state  at  room  temperature.  Fourteen  grams  of  this 
fluorosilicone  resin  were  dissolved  in  15  g  of 

40  tetrahydrofuran.  Into  this  was  then  mixed  1.0  g  of 
1  ,3-di(3'-aminopropyl)tetramethyldisiloxane.  A 
cured  film  was  obtained  by  applying  this  liquid  to 
the  surface  of  an  aluminum  plate  and  heating  for  1 
hour  at  150°C.  The  cured  film  had  a  2H  pencil 

45  hardness.  The  contact  angles  of  this  cured  film 
were  measured.  This  measurement  was  carried  out 
by  the  liquid  drop  method  using  a  contact  angle 
meter  from  Kyowa  Kaimen  Kagaku  Kabushiki 
Kaisha,  Japan,  and  the  contact  angle  was  taken  as 

50  the  average  of  the  measurement  values  for  10 
drops.  The  results  were  1  1  1  degrees  for  the  water 
contact  angle  and  68  degrees  for  the  n-hexadecane 
contact  angle. 

55  Example  2 

Into  a  flask  were  introduced  16.6  g  of 
perfluoroalkyl-containing  methoxysilane  with  the 

4 
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formula  C+F9CH2CH2Si(OMe)3,  1.2  g  of  3-glycidox- 
ypropyltrimethoxysilane,  1  g  of  dimethyldimethox- 
ysilane,  and  0.03  g  of  tetra-n-butyl  titanate.  This 
mixture  was  stirred  at  room  temperature  while  drip- 
ping  in  a  liquid  mixture  of  3.8  g  of  water  and  10  g 
of  methanol.  After  the  completion  of  addition,  stir- 
ring  was  continued  overnight.  The  low  boilers  were 
then  stripped  off  under  reduced  pressure  to  yield  a 
fluorosilicone  resin  in  the  liquid  state  at  room  tem- 
perature.  Fourteen  grams  of  this  fluorosilicone  resin 
were  dissolved  in  16  g  of  tetrahydrofuran.  Into  this 
was  then  mixed  0.6  g  of  3-aminopropyltriethox- 
ysilane.  A  cured  film  was  obtained  by  applying  this 
liquid  to  the  surface  of  an  aluminum  plate  and 
heating  for  1  hour  at  150°C.  The  contact  angles  of 
this  cured  film  were  as  follows:  115  degrees  for  the 
water  contact  angle  and  70  degrees  for  the  n- 
hexadecane  contact  angle. 

Example  3 

Into  a  flask  were  introduced  14.7  g  of 
perfluoroalkyl-containing  methoxysilane  with  the 
formula  C+F9CH2CH2Si(OMe)3,  2.6  g  of  2-(3,4-ep- 
oxycyclohexyl)ethyltrimethoxysilane,  1  g  of 
tetramethoxysilane,  and  0.03  g  of  tetra-n-butyl 
titanate.  This  mixture  was  stirred  at  room  tempera- 
ture  while  dripping  in  a  liquid  mixture  of  1.4  g  of 
water  and  10  g  of  methanol.  After  the  completion  of 
addition,  stirring  was  continued  overnight.  The  low 
boilers  were  then  stripped  off  under  reduced  pres- 
sure  to  provide  a  fluorosilicone  resin  in  the  liquid 
state  at  room  temperature.  Fourteen  grams  of  this 
fluorosilicone  resin  were  dissolved  in  15  g  of 
tetrahydrofuran.  Into  this  was  then  mixed  1.0  g  of 
1  ,3-di(3'-aminopropyl)tetramethyldisiloxane.  A 
cured  film  was  obtained  by  applying  this  liquid  to 
the  surface  of  an  aluminum  plate  and  heating  for  1 
hour  at  150°C.  The  pencil  hardness  of  this  cured 
film  was  H.  The  contact  angles  of  this  cured  film 
were  measured  with  the  following  results:  110  de- 
grees  for  the  water  contact  angle  and  66  degrees 
for  the  n-hexadecane  contact  angle. 

Example  4 

Into  a  flask  were  introduced  14.7  g  of  or- 
ganosilane  with  the  formula  C+FgChbChbSKOMe^, 
2.4  g  of  3-glycidoxypropyltrimethoxysilane,  and 
0.03  g  of  tetra-n-butyl  titanate.  This  mixture  was 
stirred  at  room  temperature  while  dripping  in  a 
liquid  mixture  of  1.8  g  of  water  and  10  g  of  metha- 
nol.  After  the  completion  of  addition,  stirring  was 
continued  overnight  The  methanol  was  then 
stripped  off  under  reduced  pressure.  The  obtained 
reaction  product  was  a  fluorosilicone  resin  in  the 
liquid  state  at  room  temperature.  Fourteen  grams 
of  this  fluorosilicone  resin  were  dissolved  in  16  g  of 

tetrahydrofuran.  A  curable  fluorosilicone  resin  com- 
position  was  then  prepared  by  adding  1.5  g  of 
octafluoroadipic  acid  and  mixing.  A  transparent 
cured  film  was  obtained  by  applying  this  liquid  to 

5  the  surface  of  an  aluminum  plate  and  heating  for  1 
hour  at  150°C.  The  cured  film  had  a  2H  pencil 
hardness.  The  contact  angles  of  the  cured  film  with 
respect  to  water  and  n-hexadecane  were  mea- 
sured.  The  results  were  115  degrees  for  the  water 

io  contact  angle  and  75  degrees  for  the  n-hexadecane 
contact  angle. 

Example  5 

is  Into  a  flask  were  introduced  16.6  g  of  or- 
ganosilane  with  the  formula  C+FgChbChbSKOMe^, 
1  g  of  methyltrimethoxysilane,  1  .2  g  of  3-glycidox- 
ypropyltrimethoxysilane,  and  0.03  g  of  tetra-n-butyl 
titanate.  This  mixture  was  stirred  at  room  tempera- 

20  ture  while  dripping  in  a  liquid  mixture  of  3.5  g  of 
water  and  10  g  of  methanol.  After  the  completion  of 
addition,  stirring  was  continued  overnight.  The 
methanol  was  then  stripped  off  under  reduced 
pressure.  The  obtained  reaction  product  was  a 

25  fluorosilicone  resin  in  the  liquid  state  at  room  tem- 
perature.  Fourteen  grams  of  this  fluorosilicone  resin 
were  dissolved  in  16  g  of  tetrahydrofuran  and  0.6  g 
of  tetrafluorophthalic  acid  was  mixed  in.  A  transpar- 
ent  cured  film  was  obtained  by  applying  this  liquid 

30  to  the  surface  of  an  aluminum  plate  and  heating  for 
1  hour  at  150°C.  The  cured  film  had  a  2H  pencil 
hardness.  The  contact  angles  of  this  cured  film 
were  measured  with  the  following  results:  119  de- 
grees  for  the  water  contact  angle  and  73  degrees 

35  for  the  n-hexadecane  contact  angle. 

Example  6 

Into  a  flask  were  introduced  14.7  g  of  or- 
40  ganosilane  with  the  formula  C+FgChbChbSKOMe^, 

1  g  of  tetramethoxysilane,  2.5  g  of  2-(3,4-epox- 
ycyclohexyl)ethyltrimethoxysilane,  and  0.03  g  of 
tetra-n-butyl  titanate.  This  mixture  was  stirred  at 
room  temperature  while  dripping  in  a  liquid  mixture 

45  of  1.8  g  of  water  and  10  g  of  methanol.  After  the 
completion  of  addition,  stirring  was  continued  over- 
night.  The  methanol  was  then  stripped  off  under 
reduced  pressure.  The  obtained  reaction  product 
was  a  fluorosilicone  resin  in  the  liquid  state  at  room 

50  temperature.  Fourteen  grams  of  this  fluorosilicone 
resin  were  dissolved  in  16  g  of  tetrahydrofuran  and 
1.5  g  of  octafluoroadipic  acid  was  mixed  in.  A 
transparent  cured  film  was  obtained  by  applying 
this  liquid  to  the  surface  of  an  aluminum  plate  and 

55  heating  for  1  hour  at  150°C.  The  cured  film  had  a 
3H  pencil  hardness.  The  contact  angle  results 
were:  118  degrees  for  the  water  contact  angle  and 
69  degrees  for  the  n-hexadecane  contact  angle. 

5 
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Claims 

A  curable  fluorosilicone  resin  composition 
comprising: 

(A)  100  parts  by  weight  of  a  fluorosilicone  5 
resin  obtained  by  cohydrolyzing  a  mixture 
of 

(a)  50  to  95  mole  percent  of  a 
perfluoroalkyl-containing  organosilane 
having  the  formula  R-CH2CH2SiX3,  10 
(b)  5  to  50  mole  percent  of  an  epoxy- 
containing  organosilane  having  the  for- 
mula  ZwSiX4_w  and,  optionally, 
(c)  up  to  50  mole  percent  of  an  or- 
ganosilane  having  the  formula  R1nSiX4_n,  is 

wherein  R  is  a  perfluoroalkyl  group  contain- 
ing  4  to  15  carbon  atoms,  X  is  a  hydrolyza- 
ble  atom  or  group,  Z  is  an  epoxy-containing 
monovalent  organic  group,  R1  is  hydrogen 
atom  or  a  monovalent  hydrocabon  group  20 
containing  1  to  15  carbon  atoms,  w  is  1,  2 
or  3  and  n  is  0,  1  ,  2  or  3;  and 
(B)  1  to  50  parts  by  weight  of  a  crosslinking 
agent  selected  from 

(i)  an  amino  group-containing  or-  25 
ganosilicon  compound  that  contains  at 
least  2  nitrogen-bonded  active  hydrogen 
atoms  in  each  molecule  and 
(ii)  a  fluorine  compound  that  contains  at 
least  2  carboxyl  groups  and  at  least  2  30 
fluorine  atoms  in  each  molecule. 

The  curable  resin  composition  according  to 
claim  2,  wherein  said  amino  group-containing 
organosilicon  compound  is  selected  from  3- 
aminopropyltriethoxysilane,  3-aminopropyl- 
trimethoxysilane,  3-(2'-aminoethyl)- 
aminopropyltrimethoxysilane,  3-(2'-aminoethyl)- 
aminopropylmethyldimethoxysilane,  1  ,3-di(3'- 
aminopropyl)tetramethyldisiloxane,  and  3- 
aminopropyldimethylsiloxy-endblocked  poly- 
dimethylsiloxane. 

The  curable  resin  composition  according  to 
claim  3,  wherein  said  fluorine  compound  is 
selected  from  the  group  consisting  of 
tetrafluoroterephthalic  acid,  tetrafluorophthalic 
acid,  tetrafluorosuccinic  acid,  octafluoroadipic 
acid  and  their  anhydrides. 

2.  The  curable  resin  composition  according  to 
claim  1,  wherein  X  of  each  said  organosilane 
(a),  (b)  and  (c)  is  a  methoxy  radical  and  said  35 
crosslinking  agent  (B)  is  an  amino  group-con- 
taining  organosilicon  compound  that  contains 
at  least  2  nitrogen-bonded  active  hydrogen 
atoms  in  each  molecule. 

40 
3.  The  curable  resin  composition  according  to 

claim  1,  wherein  X  of  each  said  organosilane 
(a),  (b)  and  (c)  is  a  methoxy  radical  and  said 
crosslinking  agent  (B)  is  a  fluorine  compound 
that  contains  at  least  2  carboxyl  groups  and  at  45 
least  2  fluorine  atoms  in  each  molecule. 

4.  The  curable  resin  composition  according  to 
claims  2  or  3,  wherein  Z  of  said  epoxy-contain- 
ing  organosilane  (b)  is  selected  from  3-  so 
glycidoxypropyl,  2-(3,4-epoxycyclohexyl)ethyl, 
3-(3,4-epoxycyclohexyl)propyl,  and  3,4-epox- 
ycyclohexyl  groups. 

5.  The  curable  resin  composition  according  to  55 
claims  2  or  3,  wherein  w  of  said  epoxy-contain- 
ing  organosilane  (b)  is  1. 

6 
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