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HYDROGENATED  THERMOPLASTIC  NORBORNENE  POLYMER,  PRODUCTION  THEREOF,  AND 
OPTICAL  ELEMENT  BASE,  OPTICAL  ELEMENT  AND  LENS  MOLDED  THEREFROM. 

©  A  hydrogenated  thermoplastic  norbornene  poly- 
mer  having  excellent  characteristics  as  an  optical 
material  is  provided  by  reducing  the  amount  of  tran- 
sition  metal  atoms  originating  in  the  polymerization 
catalyst  used  and  remaining  in  the  hydrogenate  be- 
low  1  ppm.  A  desired  reduction  in  the  amount  of 
remaining  metal  atoms  is  attained  by  treating  the 
reaction  mixture  with  an  adsorbent  in  the  course  of 
or  after  the  hydrogenation  of  the  polymer.  The  hy- 
drogenated  polymer  has  a  wide  application  field 
including  the  raw  material  of  optical  products  having 

excellent  characteristics,  such  as  optical  element 
bases  and  lenses. 
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(3.  10/3.09/3.3.4) 
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[TECHNICAL  FIELD] 

The  present  invention  relates  to  the  hydroge- 
nated  product  of  a  thermoplastic  norbornene  poly- 
mer  excellent  in  light  transmittance,  adhesion  to 
metallic  films,  etc.,  a  method  for  producing  them,  a 
substrate  for  optical  elements  obtained  by  molding 
them,  an  optical  element  and  a  lens. 

[BACKGROUND  ART] 

Recently,  materials  having  a  high  light  transmit- 
tance  are  required  as  optical  materials.  Particularly, 
as  to  a  material  for  lenses,  those  having  a  light 
transmittance  of  90%  or  more  over  the  whole 
wavelength  region  of  400  nm  to  700  nm  when 
formed  into  injection-molded  articles  of  3  mm  in 
thickness  are  considered  to  be  desirable.  That  is, 
when  the  material  is  inferior  in  transmittance  to  a 
part  of  visible  rays,  a  lens  produced  from  it  takes  a 
color.  Further,  when  the  lens  is  used  near  to  a 
strong  light  source,  the  energy  of  that  part  of 
visible  rays  of  the  wavelength  is  absorbed  in  the 
lens,  converted  to  heat  in  the  lens,  and  as  a  result 
the  temperature  of  the  lens  becomes  high.  There- 
fore,  there  is  a  danger  of  the  lens  melting  even  if  it 
is  produced  with  materials  which  are  to  some  de- 
gree  high  in  heat  resistance. 

Hitherto  known  resins  used  as  optical  materials 
include  polymethyl  methacrylate  (PMMA)  and  poly- 
carbonate  (PC).  Among  these,  PMMA  is  excellent 
in  transparency,  and  when  formed  into  injection- 
molded  articles  of  3  mm  in  thickness,  its  light 
transmittance  reaches  90%  and  91%  at 
wavelengths  of  430  nm  and  700  nm,  respectively. 
PMMA,  however,  has  a  problem  in  terms  of  heat 
resistance  and  humidity  resistance.  On  the  other 
hand,  PC  is  superior  to  PMMA  in  heat  resistance 
and  humidity  resistance,  but  when  formed  into  the 
same  injection-molded  articles  as  above,  its  light 
transmittance  is  at  most  about  86%  at  a 
wavelength  of  430  nm.  Further,  when  it  is  molded 
into  lenses,  there  is  a  problem  of  birefringence 
being  large. 

Recently,  the  hydrogenated  product  of  a  ther- 
moplastic  norbornene  polymer  has  attracted  atten- 
tion  as  an  optical  material  excellent  in  heat  resis- 
tance,  humidity  resistance  and  low  birefringence. 
However,  the  hydrogenated  product  of  a  thermo- 
plastic  norbornene  polymer  produced  by  the  con- 
ventional  methods  was  only  such  that  when  formed 
into  injection-molded  articles  of  3  mm  in  thickness, 
its  light  transmittance  is  less  than  90%  at  a 
wavelength  of  430  nm,  although  its  light  transmit- 
tance  is  90%  or  more  at  a  wavelength  of  700  nm. 
Further,  when  an  optical  element  for  information 
recording  media  is  produced  by  vapor-depositing  a 
metallic  film  onto  a  substrate  made  of  the  hydroge- 

nated  product  of  a  thermoplastic  saturated  norbor- 
nene  polymer,  there  is  a  case  where  adhesion  of 
the  metallic  film  to  the  substrate  is  not  always 
sufficient  as  can  be  seen  in  the  generation  of 

5  blister  owing  to  the  partial  peeling-off  of  the  metal- 
lic  film  under  high-temperature  and  high-humidity 
conditions.  Improvement  of  such  the  drawback  has 
therefore  been  demanded. 

As  described  later,  the  present  inventors  have 
io  found  that  the  transparency  and  adhesion  to  metal- 

lic  film  of  the  hydrogenated  product  of  a  thermo- 
plastic  norbornene  polymer  can  be  improved  by 
reducing  the  content  of  a  transition  metal  atom 
present  as  polymerization  catalyst  residues  in  the 

75  thermoplastic  norbornene  polymer.  The  methods 
so  far  used  to  reduce  this  content  include  the 
following:  A  method  of  washing  the  polymer  solu- 
tion  with  a  poor  solvent;  a  method  of  adding  a 
small  amount  of  the  poor  solvent  to  the  polymer 

20  itself,  dissolving  the  polymerization  catalyst  in  the 
poor  solvent  and  separating  the  catalyst  solution; 
and  a  method  of  treating  the  polymerization  solu- 
tion  with  an  adsorbent  (e.g.  activated  alumina, 
zeolite,  etc.)  in  the  presence  of  a  compound  having 

25  a  hydroxy  group  (Japanese  Patent  Application 
Kokai  No.  3-66725).  If  the  polymerization  catalyst  is 
removed  by  these  methods,  however,  the  content 
of  the  transition  metal  atom  present  as  polymeriza- 
tion  catalyst  residues  in  the  polymer  treated  as 

30  above  is  about  2  ppm  or  more.  At  present,  there- 
fore,  such  the  hydrogenated  product  that  the  con- 
tent  of  the  transition  metal  atom  is  less  than  about 
2  ppm  also  has  not  been  obtained  from  this  ther- 
moplastic  norbornene  polymer. 

35  A  method  of  using  a  heterogeneous  catalyst  in 
the  hydrogenation  of  the  thermoplastic  norbornene 
polymer  is  disclosed  in  Japanese  Patent  Applica- 
tion  Kokai  No.  1-311120,  No.  3-66725,  etc.  in  which 
carbon,  silica,  alumina,  titania,  etc.  are  used  as  a 

40  carrier.  These  so  far  used  carriers,  however,  are 
too  short  of  pore  volume  and  specific  surface  area 
to  give  an  adsorbing  ability  to  them,  so  that  exam- 
ples  are  not  known  where  a  heterogeneous  catalyst 
comprising  a  catalytic  metal  supported  on  a  carrier 

45  having  a  large  pore  volume  and  specific  surface 
area  was  used. 

[DISCLOSURE  OF  THE  INVENTION] 

50  The  present  inventors  have  extensively  studied 
on  the  transparency  and  adhesion  to  metallic  film 
of  the  hydrogenated  product  as  a  thermoplastic 
norbornene  polymer.  As  a  result,  they  have  found 
that  the  transition  metal  atom  originating  from  the 

55  polymerization  catalyst  remaining  in  trace  amounts 
in  the  hydrogenated  product  exerts  an  adverse 
effect  on  the  transparency  and  adhesion  to  metallic 
film,  and  also  that  in  producing  the  hydrogenated 
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product  by  hydrogenating  the  thermoplastic  norbor- 
nene  polymer  in  the  presence  of  a  solvent  and 
hydrogenation  catalyst,  the  transition  metal  atom 
can  easily  be  removed  from  the  reaction  solution 
by  treating  the  reaction  solution  with  an  adsorbent 
during  or  after  hydrogenation  of  the  thermoplastic 
norbornene  polymer,  whereby  the  hydrogenated 
product  having  good  transparency  and  adhesion  to 
metallic  film  can  be  obtained. 

[BEST  MODE  FOR  CARRYING  OUT  THE  INVEN- 
TION] 

According  to  the  present  invention,  there  is 
provided  a  method  for  producing  the  hydrogenated 
product  of  a  thermoplastic  norbornene  polymer 
having  a  small  content  of  the  transition  metal  atom 
originating  from  the  polymerization  catalyst. 

(Thermoplastic  norbornene  polymer) 

The  term  "norbornene"  in  this  specification  in- 
cludes  norbornene  and  its  derivatives. 

The  thermoplastic  norbornene  polymer  of  the 
present  invention  contains  as  impurities  a  poly- 
merization  catalyst  used  in  polymerizing  the  nor- 
bornene  monomer.  Specific  examples  of  the  poly- 
mer  include  the  ring-opening  polymer  of  the  nor- 
bornene  monomer,  addition  polymer  of  the  norbor- 
nene  monomer,  addition  polymer  of  the  norbornene 
monomer  with  an  olefin,  and  the  like. 

The  norbornene  monomer  includes  for  example 
the  following:  Norbornene,  its  alkyl  and/or  al- 
kylidene  derivatives  such  as  5-methyl-2-norbor- 
nene,  5-dimethyl-2-norbornene,  5-ethyl-2-norbor- 
nene,  5-butyl-2-norbornene,  5-ethylidene-2-norbor- 
nene,  etc.,  and  these  compounds  substituted  with  a 
polar  group  (e.g.  halogen,  etc.);  dicyclopentadiene, 
2,3-dihydrodicyclopentadiene,  etc.;  dimethanooc- 
tahydronaphthalene,  its  alkyl  and/or  alkylidene  de- 
rivatives  and  these  compounds  substituted  with  a 
polar  group  (e.g.  halogen,  etc.)  such  as  6-methyl- 
1  ,4:5,8-dimethano-1  ,4,4a,5,6,7,  8,8a-octahydronaph- 
thalene,  6-ethyl-1  ,4:5,8-dimethano-1  ,4,4a,5,6,7,8,8a- 
octahydronaphthalene,  6-ethylidene-1  ,4;5,8- 
dimethano-1  ,4,4a,5,6,7,8,8a-octahydronaphthalene, 
6-chloro-1  ,4:5,8-dimethano-1  ,4,4a,5,6,7,8,8a- 
octahydronaphthalene,  6-cyano-1  ,4:5,8-dimethano- 
1  ,4,4a,5,6,7,8,8a-octahydronaphthalene,  6-pyridyl- 
1  ,4:5,8-dimethano-1  ,4,4a,5,6,7,8,8a- 
octahydronaphthalene,  6-methoxycarbonyl-1  ,4:5,8- 
dimethano-1  ,4,4a,5,6,7,8,8a-octahydronaphthalene, 
etc.;  the  adducts  of  cyclopentadiene  with 
tetrahydroindene,  etc.;  the  trimer  to  tetramer  of 
cyclopentadiene  such  as  4,9:5,8-dimethano- 
3a,4,4a,5,8,8a,9,9a-octahydro-1  H-benzoindene, 
4,1  1:5,1  0:6,9-trimethano- 
3a,4,4a,5,5a,6,9,9a,1  0,1  0a,1  1,11  a-dodecahydro-1  H- 

cyclopentaanthracene,  and  the  like. 

(Polymerization  method) 

5  Usually,  ring-opening  polymerization  of  the  nor- 
bornene  monomer  is  carried  out  with  a  catalyst 
consisting  substantially  of  a  transition  metal  com- 
pound  and  an  organometal  compound  of  a  metal 
belonging  to  Groups  I  to  IV  of  the  periodic  table. 

io  The  transition  metal  compound  includes  the 
halides,  oxyhalides,  oxides,  etc.  of  transition  metals 
such  as  titanium,  molybdenum,  tungsten  and  the 
like.  Specifically,  there  are  given  TiCk,  TiBr+, 
WBr+,  WCIg.  WOF+,  MoBr2,  M0CI5,  M0OF+  and 

15  the  like.  The  organometal  compound  of  a  metal 
belonging  to  Groups  I  to  IV  includes  or- 
ganoaluminum  compounds,  organotin  compounds 
and  the  like.  Specifically,  there  are  given 
trimethylaluminum,  triphenylaluminum, 

20  ethylaluminum  sesquichloride,  tetrabutyltin,  diethyl- 
tin  diiodide,  n-butyllithium,  diethylzinc,  trimethyl- 
boron  and  the  like. 

Addition  polymerization  of  the  norbornene 
monomer  or  the  norbornene  monomer  with  an 

25  olefin  also  can  be  carried  out  by  ring-opening  poly- 
merization  with  the  known  transition  metal  catalysts 
according  to  the  known  methods.  Usually,  catalysts 
composed  of  a  titanium  or  vanadium  compound 
supported  on  a  magnesium  compound  and  an  al- 

30  kylaluminum  compound  are  used.  The  titanium  or 
vanadium  compound  supported  on  a  magnesium 
compound  is  a  composite  substance  containing  at 
least  magnesium,  titanium  and  halogen.  A  method 
for  producing  the  composite  substance  is  disclosed 

35  for  example  in  Japanese  Patent  Application  Kokai 
No.  48-16986,  No.  51-29297,  No.  52-87489,  No. 
53-2580  and  the  like.  The  vanadium  compound 
includes  VCI4,  VOBr2,  VO(OCH3)2CI,  VO(OC3H7)3, 
VO(OC4H9)Cl2,  etc.  and  mixtures  thereof.  The  al- 

40  kylaluminum  compound  includes  trialkylaluminum, 
dialkylaluminum  halide,  alkylaluminum  dihalide,  etc. 
and  mixtures  thereof. 

The  polymerization  is  stopped  after  it  pro- 
cessed  until  the  desired  molecular  weight  is 

45  reached.  In  order  to  stop  the  polymerization,  the 
polymerization  catalyst  is  deactivated,  after  which  it 
is  removed.  For  deactivating  the  polymerization 
catalyst,  it  will  suffice  to  add  a  catalyst  deactivator 
(e.g.  water,  alcohol  etc.)  to  the  polymerization  solu- 

50  tion.  Thus,  the  polymerization  catalyst  precipitates 
from  the  polymerization  solution.  Since,  the 
precipitated  polymerization  catalyst  becomes  hard 
and  grows  into  a  large  mass  by  refluxing  the  reac- 
tion  solution,  it  can  be  removed  more  easily.  For 

55  removing  the  polymerization  catalyst,  there  may  be 
employed  and  of  the  methods  such  as  for  example 
centrifugation  of  the  deactivated  and  precipitated 
polymerization  catalyst,  filtration  of  the  catalyst  and 

3 
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washing  of  the  polymerization  solution  after  stop- 
page  of  the  reaction  with  large  amounts  of  a  poor 
solvent.  Alternatively,  the  polymerization  solution 
may  be  treated  with  an  adsorbent  (e.g.  activated 
alumina,  zeolite,  etc.)  in  the  presence  of  a  com- 
pound  having  a  hydroxy  group.  In  removing  the 
catalyst  by  these  methods,  the  transition  metal 
atom  originating  from  the  polymerization  catalyst 
remains  in  the  polymer  in  a  concentration  of  about 
2  to  about  10  ppm. 

(Hydrogenation) 

The  thermoplastic  norbornene  polymer  can  be 
converted  to  its  hydrogenated  product  by  saturat- 
ing  the  olefin  unsaturated  groups  contained  in  the 
polymer  molecule,  i.e.  a  double  bond  in  the  main 
chain  and  a  double  bond  in  the  unsaturated  ring. 

The  hydrogenation  catalyst  usable  may  be  any 
of  those  which  are  commonly  used  in  the  hy- 
drogenation  of  olefin  compounds.  For  example, 
there  are  given  Willkinson  complexes,  cobalt  ace- 
tate/triethylaluminum,  acetylacetonatonic- 
kel/triisobutylaluminum  ,  etc.  and  heterogeneous 
catalysts  in  which  a  catalytic  metal  (e.g.  nickel, 
palladium,  platinum,  etc.)  has  been  supported  on 
diatomaceous  earth,  magnesia,  alumina,  synthetic 
zeolite  and  the  like.  As  described  later,  a  preferred 
heterogeneous  catalyst  is  those  in  which  the  carrier 
is  magnesia,  activated  alumina  or  synthetic  zeolite, 
the  pore  volume  is  0.5  cm3/g  or  more,  preferably 
0.7  cm3/g  or  more,  and  preferably  the  specific 
surface  area  is  250  m2/g  or  more. 

The  hydrogenation  is  carried  out  under  a  hy- 
drogen  pressure  of  1  to  150  atm.  at  a  temperature 
of  0°C  to  280  °C,  preferably  20  °C  to  230  °C  ac- 
cording  to  the  kind  of  the  hydrogenation  catalyst. 
For  example,  when  a  catalyst  in  which  nickel  has 
been  supported  on  activated  alumina  is  used,  the 
temperature  is  preferably  200  °C  to  250  °C,  more 
preferably  220  °  C  to  230  °  C.  The  percent  hydroge- 
nation  can  be  optionally  controlled  by  changing 
hydrogen  pressure,  reaction  temperature,  reaction 
time,  catalyst  concentration  and  the  like. 

In  the  present  invention,  hydrogenation  of  the 
thermoplastic  norbornene  polymer  is  usually  car- 
ried  out  in  an  inert  organic  solvent.  Hydrocarbon 
solvents  are  preferred  as  the  organic  solvent. 
Among  these,  cyclic  hydrocarbon  solvents  in  which 
the  formed  norbornene  polymer  is  highly  soluble 
are  particularly  preferred.  Specifically,  there  are 
given  aromatic  hydrocarbons  (e.g.  benzene, 
toluene),  aliphatic  hydrocarbons  (e.g.  n-pentane, 
hexane),  alicyclic  hydrocarbons  (e.g.  cyclohexane, 
decalin),  halogenated  hydrocarbons  (e.g. 
methylene  dichloride,  dichloroethane)  and  the  like. 
These  solvents  may  be  used  in  a  mixture  of  two  or 
more  of  them.  When  the  solvent  is  used,  its 

amount  used  is  1  to  20  parts  by  weight,  preferably 
1  to  10  parts  by  weight  based  on  1  part  by  weight 
of  the  norbornene  polymer. 

5  (Removal  of  catalyst) 

For  removing  the  catalyst  after  finish  of  the 
hydrogenation,  it  will  suffice  to  use  the  usual  meth- 
ods  such  as  centrifugation,  filtration  and  the  like. 

io  Methods  used  for  centrifugation  and  filtration  are 
not  critical,  so  far  as  they  are  carried  out  under 
conditions  where  the  catalyst  can  be  removed.  It  is 
preferred,  however,  that  removal  of  the  catalyst  by 
filtration  is  simple  and  efficient.  Filtration  may  be 

is  carried  out  by  either  of  pressure  filtration  or  suction 
filtration.  Use  of  filtration  assistants  such  as  dia- 
tomaceous  earth,  perlite,  etc.  is  preferred  in  terms 
of  efficiency.  As  described  later,  adsorbents  suit- 
able  for  the  transition  metal  atom  originating  from 

20  the  polymerization  catalyst  may  be  used  as  the 
filtration  assistant. 

When  the  heterogeneous  catalyst,  which  is  the 
hydrogenation  catalyst,  contains  particles  having  a 
particle  size  of  0.2  urn  or  more,  not  substantially 

25  particles  having  a  particle  size  of  less  than  0.2  urn, 
removal  of  the  heterogeneous  catalyst  by  filtration 
is  so  easy  that  use  of  such  the  catalyst  is  pre- 
ferred.  When  the  particle  size  is  too  small,  the 
particle  easily  leaks  through  a  filter  at  the  time  of 

30  filtration,  and  also  removal  of  the  particle  becomes 
difficult  even  by  centrifugation,  as  a  result  of  which 
the  amount  of  the  transition  metal  atom,  which  is 
the  residue  of  the  polymerization  catalyst  and  hy- 
drogenation  catalyst,  contained  in  the  hydrogenat- 

35  ed  product  of  the  thermoplastic  norbornene  poly- 
mer  increases.  When  filtration  is  carried  out  with  a 
filter  having  a  small  mesh  size  in  order  to  prevent 
the  leak,  the  filter  is  easily  blocked  to  lower  the 
operation  efficiency. 

40 
(Adsorption  treatment) 

In  the  present  invention,  the  transition  metal 
atom  originating  from  the  polymerization  catalyst  is 

45  removed  by  treating  the  reaction  solution  of  the 
polymer  with  the  adsorbent  during  or  after  hy- 
drogenation. 

Adsorption  treatment  of  the  reaction  solution  is 
carried  out  by  the  following  methods. 

50  (1)  The  adsorbent  is  added  to  the  reaction  solu- 
tion  at  the  start  of  hydrogenation,  reaction  is 
carried  out  and  then  the  hydrogenation  catalyst 
and  adsorbent  are  removed  at  the  same  time. 
(2)  The  adsorbent  is  added  to  the  reaction  solu- 

55  tion  at  the  start  of  hydrogenation,  reaction  is 
carried  out  and  then  the  adsorbent  is  removed, 
after  which  the  hydrogenation  catalyst  is  re- 
moved. 

4 
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(3)  The  adsorbent  is  added  to  the  reaction  solu- 
tion  in  the  course  of  hydrogenation,  reaction  is 
carried  out  and  then  the  hydrogenation  catalyst 
and  adsorbent  are  removed  at  the  same  time. 
(4)  The  adsorbent  is  added  to  the  reaction  solu- 
tion  in  the  course  of  hydrogenation,  reaction  is 
carried  out  and  then  the  adsorbent  is  removed, 
after  which  the  hydrogenation  catalyst  is  re- 
moved.  Adsorption  treatment  after  hydrogena- 
tion  is  carried  out  by  the  following  methods. 
(5)  The  adsorbent  is  added  to  the  reaction  solu- 
tion  after  the  finish  of  hydrogenation,  stirring  is 
carried  out  and  then  the  hydrogenation  catalyst 
and  adsorbent  are  removed  at  the  same  time. 
(6)  The  adsorbent  is  added  to  the  reaction  solu- 
tion  after  the  finish  of  hydrogenation,  stirring  is 
carried  out  and  then  the  adsorbent  is  removed, 
after  which  the  hydrogenation  catalyst  is  re- 
moved. 
(7)  After  the  finish  of  hydrogenation,  the  reaction 
solution  is  passed  through  an  adsorbent  column, 
after  which  the  hydrogenation  catalyst  is  re- 
moved. 
(8)  After  the  finish  of  hydrogenation,  the  reaction 
solution  is  passed  through  an  adsorbent  column, 
in  order  to  remove  the  hydrogenation  catalyst. 
(9)  After  removal  of  the  hydrogenation  catalyst, 
the  reaction  solution  is  passed  through  an  ad- 
sorbent  column. 
(10)  After  removal  of  the  hydrogenation  catalyst, 
the  adsorbent  is  added  to  the  reaction  solution, 
stirring  is  carried  out  thoroughly,  and  then  the 
adsorbent  is  removed. 

These  methods  may  be  used  in  combination.  The 
method  (8)  may  be  modified,  for  example,  in  such 
a  manner  that  the  hdyrogenation  catalyst  is  re- 
moved  with  the  adsorbent  as  a  filtration  assistant. 

Among  these  methods,  the  methods  (1),  (2), 
(3)  and  (4)  in  which  adsorption  treatment  is  carried 
out  during  hydrogenation  are  preferred  from  the 
standpoint  of  the  efficiency  of  removal  of  the  transi- 
tion  metal  atom  originating  from  the  polymerization 
catalyst,  this  removal  of  the  transition  metal  atom 
being  an  object  of  the  present  invention.  Further, 
the  methods  (1)  and  (2)  are  preferred  in  terms  of 
the  length  of  treatment  time  and  safety  of  opera- 
tion.  Particularly,  the  method  (1)  is  very  good  in 
operation  efficiency  because  the  hydrogenation 
catalyst  and  adsorbent  are  removed  at  the  same 
time. 

The  adsorbent  of  the  present  invention  is  not 
critical,  so  far  as  it  can  sufficiently  adsorb  residues 
resulting  from  the  transition  metal  catalyst  used  in 
the  polymerization  and  hydrogenation.  Preferably, 
however,  the  adsorbent  is  Si02  and  AI2O3  such  as 
synthetic  zeolite,  natural  zeolite,  activated  alumina, 
activated  clay,  etc.  and  crystalline  or  amorphous 
mixed  compositions  of  these  adsorbents.  Further, 

these  adsorbents  must  have  a  specific  surface  area 
of  50  m2/g  or  more,  preferably  100  m2/g  or  more, 
more  preferably  200  m2/g  or  more  and  a  pore 
volume  of  0.5  cm3/g  or  more,  preferably  0.6  cm3/g 

5  or  more,  more  preferably  0.7  cm3/g  or  more.  When 
the  specific  surface  area  and  pore  volume  are 
small,  the  adsorbing  ability  is  inferior.  The  particle 
size  of  the  adsorbent  is  0.2  urn  or  more,  preferably 
10  urn  to  3  cm,  more  preferably  100  urn  to  1  cm. 

10  When  the  particle  size  is  too  small,  removal  of  the 
adsorbent  is  difficult.  While  when  it  is  too  large,  the 
degree  at  which  the  column  is  packed  with  the 
adsorbent  is  small,  and  also  the  degree  at  which 
the  adsorbent  is  brought  into  contact  with  the  tran- 

15  sition  metal  catalyst  residues  present  in  the  solu- 
tion  of  the  hydrogenated  product  is  so  small  that 
the  adsorbent  does  not  adsorb  the  residues  suffi- 
ciently. 

As  described  above,  the  adsorption  treatment 
20  includes: 

(I)  The  reaction  solution  is  passed  through  a 
column  packed  with  the  adsorbent. 
(II)  The  adsorbent  is  added  to  the  reaction  solu- 
tion  and  after  stirring,  the  adsorbent  is  removed 

25  by  filtration  and  the  like. 
(III)  The  adsorbent  is  added  to  the  reaction 
solution  at  the  time  of  hydrogenation. 
As  described  above,  the  method  (III)  in  which 

the  adsorbent  is  added  to  the  reaction  solution  at 
30  the  time  of  hydrogenation  is  most  preferred. 

(I)  A  method  of  passing  the  reaction  solution 
through  a  column  packed  with  the  adsorbent. 

35  The  foregoing  methods  (7),  (8)  and  (9)  cor- 
respond  to  this  method. 

When  the  packing  rate  of  the  column  is  ex- 
pressed  by  p(g/m3),  the  specific  surface  area  of  the 
adsorbent  is  expressed  by  S(m2/g)  and  the  resi- 

40  dence  time  of  the  reaction  solution  is  expressed  by 
t(sec),  it  will  suffice  to  pass  the  reaction  solution 
through  the  column  so  that  p(St(sec/m)  is  109  or 
more.  Usually,  S  is  about  100  to  about  1000  m2/g, 
and  p  is  about  4  to  8  x  105  g/m3,  it  will  suffice  to 

45  control  the  residence  time  so  as  to  be  30  sec  or 
more. 

In  this  case,  treatment  of  a  large  amount  of  the 
hydrogenation  solution  lowers  the  adsorbing  ability, 
so  that  the  treatment  time  needs  to  be  prolonged. 

50  Further,  it  adsorption  of  the  adsorbent  reaches 
saturation,  the  adsorbent  does  not  adsorb  the  solu- 
tion  further  more.  Therefore,  at  a  point  when  the 
concentration  of  the  transition  metal  atom,  the  poly- 
merization  catalyst  residues,  contained  in  the  reac- 

55  tion  solution  after  adsorption  treatment  begins  to 
increase,  the  column  needs  to  be  re-packed  with 
the  fresh  adsorbent. 

5 
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(II)  A  method  of  adding  the  adsorbent  after  hy- 
drogenation. 

The  foregoing  methods  (5),  (6)  and  (10)  cor- 
respond  to  this  method. 

When  the  specific  surface  area  of  the  adsor- 
bent  is  expressed  by  S(m2/g),  the  amount  of  the 
adsorbent  added  is  expressed  by  m(g),  the  stirring 
time  of  the  reaction  solution  is  expressed  by  t(sec), 
the  amount  of  the  reaction  solution  to  be  treated  is 
expressed  by  V(g),  and  the  concentration  of  the 
hydrogenated  product  in  the  reaction  solution  is 
expressed  by  c,  it  will  suffice  to  add  the  adsorbent 
to  the  reaction  solution  and  stir  the  solution  so  that 
Smt/Vc(sec/m)  is  103  or  more,  preferably  10+  or 
more,  more  preferably  105  or  more,  Sm/Vc  is  1  or 
more,  preferably  3  or  more,  particularly  preferably 
5  or  more,  and  t(sec)  is  100  or  more,  preferably 
200  or  more,  more  preferably  300  or  more.  The 
stirring  time  needs  to  be  prolonged  depending 
upon  stirring  efficiency,  but  in  reality  the  stirring 
efficiency  is  so  difficult  to  control  that  it  is  desirable 
to  prolong  the  Stirring  time,  so  far  as  the  overall 
efficiency  of  the  operation  permits. 

Usually,  S  is  about  100  to  about  1000  m2/g, 
and  therefore  when  the  concentration  of  the  hy- 
drogenated  product  in  the  reaction  solution  is  10%, 
it  will  suffice,  for  example,  to  add  the  adsorbent  of 
10  g  or  more  based  on  1  Kg  of  the  reaction 
solution  and  thoroughly  stir  the  solution  for  100 
seconds  or  more. 

(III)  A  method  of  adding  the  adsorbent  at  the  time 
of  hydrogenation. 

The  foregoing  methods  (1),  (2),  (3)  and  (4) 
correspond  to  this  method.  This  method  is  the 
most  preferred  embodiment  of  the  present  inven- 
tion.  In  this  case,  the  adsorbent  adsorbs  impurities 
such  as  gelled  resins,  etc.  at  the  same  time,  so 
that  a  reduction  in  the  catalytic  activity  owing  to 
adsorption  of  impurities  by  the  hydrogenation  cata- 
lyst  is  low.  Therefore,  the  hydrogenation  can  be 
kept  highly  active. 

The  treatment  conditions  are  basically  the 
same  as  those  of  the  method  (II).  However,  in  the 
cases  of  the  methods  (I)  and  (II)  in  which  the 
adsorbent  is  added  particularly  at  the  start  of  hy- 
drogenation,  the  stirring  time  in  the  method  (III) 
becomes  long  because  the  hydrogenation  time  is 
the  stirring  time  at  the  same  time.  Therefore,  it  will 
usually  suffice  to  take  Sm/Vc  alone  into  account. 

In  the  case  of  the  method  (I),  it  is  likewise 
desirable  to  use  as  the  hydrogenation  catalyst  the 
heterogeneous  catalyst  in  which  the  catalytic  metal 
has  been  supported  on  the  adsorbent  of  the 
present  invention.  For  example,  the  heterogeneous 
catalyst  used  in  the  present  invention  includes 

those  in  which  the  catalytic  metal  (e.g.  nickel,  pal- 
ladium,  platinum)  has  been  supported  on  magne- 
sia,  activated  alumina,  synthetic  zeolite  or  the  like 
having  a  pore  volume  of  0.5  cm3/g  or  more,  prefer- 

5  ably  0.7  cm3/g  or  more,  and  preferably  a  specific 
surface  area  of  250  m2/g  or  more.  Particularly, 
activated  alumina  and  synthetic  zeolite  having  an 
excellent  ability  to  adsorb  impurities  are  preferred. 

For  producing  the  heterogeneous  catalyst,  it 
io  will  suffice  to  follow  the  known  methods.  And  also, 

it  will  suffice  to  control  the  adsorbing  ability  of  the 
carrier  according  to  the  conditions  of  drying  and 
calcination  described  in  Japanese  Patent  Applica- 
tion  Kokoku  No.  50-14575,  No.  49-32187,  No.  49- 

15  11312,  No.  51-48479  and  the  like.  For  example,  the 
heterogeneous  catalyst  in  which  nickel  has  been 
supported  on  activated  alumina  is  obtained  as  fol- 
lows:  An  aluminum  hydroxide  powder  is  suspended 
in  a  10  to  20%  aqueous  nickel  sulfate  solution  so 

20  that  its  concentration  is  10  to  20%;  sodium  hydrox- 
ide  is  added  to  the  solution  to  hydrolyze  nickel 
sulfate,  whereby  the  resulting  nickel  hydroxide  is 
supported  on  the  surface  of  aluminum  hydroxide; 
this  aluminum  hydroxide  powder  is  recovered  by 

25  filtration,  hardened  into  a  mass  by  extrusion  and 
calcined  at  350  °  C  to  450  °  C;  the  calcined  mass  is 
brought  into  contact  with  hydrogen  at  100°C  to 
200  °C  to  reduce  the  surface,  and  then  heated  at 
80  °C  to  120°C  in  the  presence  of  oxygen  to 

30  oxidize  the  surface  of  the  metal.  Thus,  an  oxide 
film  is  formed  to  obtain  a  nickel  catalyst  supported 
on  activated  alumina.  In  this  case,  the  surface  of 
nickel  is  covered  with  nickel  oxide,  which  is  how- 
ever  converted  to  nickel  by  reduction  in  the  hy- 

35  drogenation  system  to  function  as  a  catalyst. 
Since  the  fine  structure  of  activated  alumina 

changes  depending  upon  the  extrusion  condition, 
calcination  temperature,  pressure  and  the  like,  the 
above  conditions  need  to  be  selected  so  that  the 

40  pore  volume  is  0.5  cm3/g  or  more,  preferably  0.7 
cm3/g  or  more,  and  preferably  the  specific  surface 
area  is  250  m2/g  or  more.  When  hydrogenation  is 
carried  out  at  a  high  temperature,  it  will  suffice  to 
select  desirable  conditions  by  properly  regulating 

45  the  oxidation  temperature,  oxidation  time  and  oxy- 
gen  concentration,  taking  into  account  that  the  larg- 
er  the  thickness  of  the  oxide  film,  the  higher  the 
heat  resistance  of  the  film.  The  calcined  product 
thus  obtained  is  pulverized  to  obtain  the  heteroge- 

50  neous  catalyst. 

(Hydrogenated  product  of  the  thermoplastic  norbor- 
nene  polymer) 

55  The  hydrogenated  product  of  the  thermoplastic 
norbornene  polymer  of  the  present  invention,  like 
the  conventional  ones,  is  not  only  excellent  in  heat 
resistance,  resistance  to  deterioration  by  heat  and 

6 
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light,  humidify  resistance,  chemical  resistance  and 
the  like,  but  has  a  small  content  of  the  transition 
metal  atom  originating  from  the  polymerization 
catalyst.  Because  of  this,  the  hydrogenated  product 
of  thermoplastic  norbornene  polymer  of  the  present 
invention  is  excellent  in  transparency  as  compared 
with  the  conventional  ones.  And  also,  for  example, 
optical  elements  for  information  recording  medium 
having  a  metallic  reflecting  film  or  metallic  record- 
ing  film  produced  with  the  above  hydrogenated 
product  of  the  present  invention  have  a  good  adhe- 
sion  to  metallic  films,  as  can  be  seen  in  that 
blisters  are  difficult  to  appear  even  in  high-tem- 
perature  and  high-humidity  conditions. 

(Additives) 

The  hydrogenated  product  of  thermoplastic 
norbornene  polymer  of  the  present  invention  can 
also  be  used  as  resin  compositions,  if  necessary, 
by  blending  known  additives.  The  additives  include 
for  example  antioxidants,  light  stabilizers,  ultraviolet 
ray  absorbers,  lubricants,  plasticizers,  flame  retar- 
dants,  antistatic  agents,  heat  stabilizers,  hydroge- 
nated  petroleum  resins,  dyes,  pigments,  inorganic 
and  organic  fillers  and  the  like. 

(Molding) 

The  hydrogenated  product  of  thermoplastic 
norbornene  polymer  of  the  present  invention  can 
be  molded  into  a  substrate  for  optical  elements  by 
the  usual  method.  The  molding  method  is  not  criti- 
cal,  and  the  usual  plastics  molding  methods  such 
as  injection  molding,  extrusion  molding,  compres- 
sion  molding  the  like  can  be  applied. 

Optical  elements  for  information  recording  me- 
dium  are  obtained  by  forming  an  information  re- 
cording  film  layer  on  the  substrate  for  optical  ele- 
ments  obtained  by  molding  the  hydrogenated  prod- 
uct  of  thermoplastic  norbornene  polymer  of  the 
present  invention.  The  information  recording  film 
layer  is  usually  formed  with  a  metallic  film  as  a 
metallic  reflecting  film  or  metallic  recording  film. 
Thus,  optical  elements  for  information  recording 
medium  such  as  discs  for  optical  recording  me- 
dium  and  cards  for  optical  recording  medium  can 
be  produced.  Formation  of  the  metallic  reflecting 
film  is  carried  out  by  vapor-depositing  a  metal 
having  a  high  reflectance  such  as  nickel,  aluminum, 
gold  and  the  like.  Formation  of  the  metallic  record- 
ing  film  is  carried  out  by  vapor-depositing  a  Tb-Fe- 
Co  alloy,  etc.  commonly  used  for  the  formation  of 
magneto-optical  recording  films.  A  method  for  va- 
por-depositing  a  metallic  film  onto  the  substrate  for 
optical  elements  also  is  not  critical,  and  the  usual 
vapor  deposition  methods  such  as  vacuum  deposi- 
tion,  sputtering  and  the  like  can  be  applied. 

Plastic  lenses  can  be  formed  by  the  known 
injection  molding  methods  described,  for  example, 
in  Japanese  Patent  Application  Kokai  No.  60- 
141518,  No.  60-225722,  No.  61-144316  and  the 

5  like. 
Other  optical  elements  such  as  Fresnel  lens, 

etc.  can  be  produced  by  adhering  an  optical  ele- 
ment  pattern  to  the  substrate  for  optical  elements 
by  the  known  methods. 

10 
[WORKING  EXAMPLE] 

The  present  invention  will  be  illustrated  specifi- 
cally  with  reference  to  the  following  referential  ex- 

15  amples,  examples  and  comparative  examples. 

Referential  Example  1 

Sixty  parts  by  weight  of  6-ethyl-1  ,4:5,8- 
20  dimethano-1  ,4,4a,5,6,7,8,8a-octahydronaphthalene 

was  dissolved  in  200  parts  by  weight  of  cyclohex- 
ane,  and  1  part  by  weight  of  1-hexene  was  added 
as  a  molecular  weight-regulating  agent.  To  this 
solution  were  added  10  parts  by  weight  of  a  15% 

25  cyclohexane  solution  of  triethylaluminum  as  a  poly- 
merization  catalyst,  5  parts  by  weight  of 
triethylamine  and  10  parts  by  weight  of  a  20% 
cyclohexane  solution  of  titanium  tetrachloride  to 
start  ring-opening  polymerization  at  30  °  C. 

30  At  a  point  when  the  conversion  of  the  monomer 
to  the  polymer  reached  85%  30  minutes  after  be- 
ginning  of  the  polymerization,  a  5%  cyclohexane 
solution  of  tungsten  hexachloride  was  added.  As  a 
result  of  stirring  for  further  30  minutes,  the  conver- 

35  sion  of  the  monomer  to  the  polymer  reached 
100%. 

To  the  cyclohexane  solution  of  this  polymer 
were  successively  added  0.9  part  by  weight  of 
isopropyl  alcohol  and  7  parts  by  weight  of  ion- 

40  exchanged  water,  and  the  resulting  mixture  was 
refluxed  at  80  °C  for  1  hour.  As  a  result,  the  poly- 
merization  catalyst  was  hydrolyzed  to  turn  het- 
erogeneous  component  which  separated  from  the 
polymer  solution.  This  component  was  removed  by 

45  pressure-filtering  the  solution  with  diatomaceous 
earth  (Radiolite  #800  produced  by  Showa  Kagaku 
Co.)  as  a  filter  layer  to  obtain  a  colorless  and 
transparent  solution.  Volatile  components  were  re- 
moved  from  a  part  of  this  solution  to  obtain  a 

50  polymer  having  a  number  average  molecular 
weight  of  25,000  converted  to  a  polystyrene  basis 
by  gel  permeation  chromatography. 

Ten  parts  by  weight  of  this  ring-opening  poly- 
mer  was  dissolved  in  90  parts  by  weight  of 

55  cyclohexane,  and  the  concentration  of  the  titanium 
atom,  which  is  the  residue  of  the  transition  metal 
catalyst,  was  measured  by  atomic  absorption  ana- 
lysis  to  find  that  the  concentration  was  5  ppm 

7 
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based  on  the  ring-opening  polymer. 

Example  1 

A  heterogeneous  catalyst  having  a  pore  volume 
of  0.8  cm3/g  and  a  specific  surface  area  of  300 
m2/g  in  which  0.35  g  of  nickel  and  0.2  g  of  nickel 
oxide,  each  being  a  weight  per  1  g  of  the  catalyst, 
were  supported  on  activated  alumina  used  as  a 
carrier,  was  sieved  with  a  150-mesh  sieve,  and  a 
fraction  having  a  larger  particle  size  was  selected 
to  obtain  the  catalyst  having  a  minimum  particle 
size  of  0.2  urn  or  more.  The  20%  cyclohexane 
solution  of  the  polymer  obtained  in  Referential  Ex- 
ample  1  was  put  in  a  pressure-proof  reactor,  and 
the  above  catalyst  of  2  wt.%  based  on  the  polymer 
was  added.  Hydrogenation  was  carried  out  at  a 
temperature  of  230  °C  for  3  hours  under  a  hy- 
drogen  pressure  of  45/cm2.  Thereafter,  the  reaction 
solution  was  filtered  through  a  double  filter  layer 
comprising  the  upper  layer  of  diatomaceous  earth 
(Radiolite  #800  produced  by  Showa  Kagaku  Co.) 
and  the  lower  layer  of  diatomaceous  earth 
(Radiolite  #300  produced  by  Showa  Kagaku  Co.). 
The  filtrate  obtained  was  successively  filtered 
through  a  cartridge  filter  having  a  mesh  size  of  0.5 
and  a  cartridge  filter  having  a  mesh  size  of  0.2  urn 
to  remove  the  catalyst.  Thereafter,  volatile  compo- 
nents  in  the  resulting  filtrate  were  removed  with  a 
vertical  cylindrical  concentrator  to  obtain  the  hy- 
drogenated  product  of  the  thermoplastic  norbor- 
nene  polymer.  This  hydrogenated  product  was 
confirmed  to  have  a  percent  hydrogenation  of  near- 
ly  100%  by  1H-NMR. 

Ten  parts  by  weight  of  this  hydrogenated  prod- 
uct  of  the  ring-opening  polymer  was  dissolved  in 
90  parts  by  weight  of  cyclohexane,  and  the  con- 
centrations  of  the  titanium  and  nickel  atoms  were 
measured  by  atomic  absorption  analysis  to  find 
that  both  of  them  were  below  1  ppm,  a  detection 
limit,  based  on  the  hydrogenated  product. 

Example  2 

A  heterogeneous  catalyst  having  a  pore  volume 
of  0.8  cm3/g  and  a  specific  surface  area  of  300 
m2/g  in  which  0.35  g  of  nickel  and  0.2  g  of  nickel 
oxide,  each  being  a  weight  per  1  g  of  the  catalyst, 
were  supported  on  molecular  sieves  used  as  a 
carrier,  was  sieved  with  a  150-mesh  sieve,  and  a 
fraction  having  a  larger  particle  size  was  selected 
to  obtain  the  catalyst  having  a  minimum  particle 
size  of  0.2  urn  or  more.  The  20%  cyclohexane 
solution  of  the  polymer  obtained  in  Referential  Ex- 
ample  1  was  put  in  an  autoclave,  and  the  above 
catalyst  of  2  wt.%  based  on  the  polymer  was 
added.  Hydrogenation  was  carried  out  at  a  tem- 
perature  of  230  °C  for  3  hours  under  a  hydrogen 

pressure  of  45  kg/cm2.  Thereafter,  the  reaction 
solution  was  filtered  through  a  double  filter  layer 
comprising  the  upper  layer  of  diatomaceous  earth 
(Radiolite  #800)  and  the  lower  layer  of  dia- 

5  tomaceous  earth  (Radiolite  #300).  The  filtrate  ob- 
tained  was  successively  filtered  through  a  cartridge 
filter  having  a  mesh  size  of  0.5  urn  and  a  cartridge 
filter  having  a  mesh  size  of  0.2  urn  to  remove  the 
catalyst.  Thereafter,  volatile  components  in  the  re- 

io  suiting  filtrate  were  removed  with  a  vertical  cylin- 
drical  concentrator  to  obtain  the  hydrogenated 
product  of  the  thermoplastic  norbornene  polymer. 
This  hydrogenated  product  was  confirmed  to  have 
a  percent  hydrogenation  of  nearly  100%  by  1H- 

75  NMR. 
Ten  parts  by  weight  of  this  hydrogenated  prod- 

uct  of  the  ring-opening  polymer  was  dissolved  in 
90  parts  by  weight  of  cyclohexane,  and  the  con- 
centrations  of  the  titanium  and  nickel  atoms  were 

20  measured  by  atomic  absorption  analysts  to  find 
that  both  of  them  were  below  1  ppm,  a  detection 
limit,  based  on  the  hydrogenated  product. 

Comparative  Example  1 
25 

A  nickel  catalyst  in  which  nickel  has  been 
supported  on  diatomaceous  earth  used  as  a  carrier 
(N-113  produced  by  Nikki  Kagaku  Co.;  amounts  of 
nickel  and  nickel  oxide  supported,  0.35  g  and  0.2 

30  g,  respectively,  per  1  g  of  the  catalyst;  pore  vol- 
ume,  0.2  to  0.3  cm3/g;  and  specific  surface  area, 
100  m2/g)  was  sieved  with  a  150-mesh  sieve,  and  a 
fraction  having  a  larger  particle  size  was  selected 
to  obtain  the  catalyst  having  a  minimum  particle 

35  size  of  0.2  urn  or  more. 
The  20%  cyclohexane  solution  of  the  polymer 

obtained  in  Referential  Example  1  was  put  in  a 
pressure-proof  reactor,  the  above  nickel  catalyst  of 
5  wt.%  based  on  the  polymer  was  added,  and  then 

40  isopropyl  alcohol  of  2  wt.%  based  on  the  cyclohex- 
ane  solution  was  added  for  activation  of  the  cata- 
lyst.  Hydrogenation  was  carried  out  at  a  tempera- 
ture  of  190°C  for  3  hours  under  a  hydrogen  pres- 
sure  of  45  kg/cm2,  and  thereafter  a  part  of  the 

45  reaction  solution  was  sampled  and  hydrogenated 
for  further  2  hours.  Each  of  the  3-hour  and  5-hour 
reaction  solutions  was  filtered  through  a  double 
filter  layer  comprising  the  upper  layer  of  dia- 
tomaceous  earth  (Radiolite  #800)  and  the  lower 

50  layer  of  diatomaceous  earth  (Radiolite  #300). 
Thereafter,  each  filtrate  obtained  was  successively 
filtered  through  a  cartridge  filter  having  a  mesh  size 
of  0.5  urn  and  a  cartridge  filter  having  a  mesh  size 
of  0.2  urn  to  remove  the  catalyst.  Thereafter,  vola- 

55  tile  components  in  the  resulting  filtrate  were  re- 
moved  with  a  vertical  cylindrical  concentrator  to 
obtain  the  hydrogenated  product  of  the  thermoplas- 
tic  norbornene  polymer.  It  was  confirmed  by  1H- 

8 
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NMR  that  the  percent  hydrogenations  of  the  3-hour 
and  5-hour  hydrogenated  products  were  about 
85%  and  nearly  100%,  respectively. 

Ten  parts  by  weight  of  the  above  hydrogenated 
product  having  a  percent  hydrogenation  of  nearly 
100%  was  dissolved  in  90  parts  by  weight  of 
cyclohexane,  and  atomic  absorption  analysis  was 
carried  out  to  find  that  the  concentrations  of  the 
titanium  and  nickel  atoms,  which  are  the  residue  of 
the  transition  metal  catalyst,  were  2  ppm  and  400 
ppm,  respectively,  based  on  the  hydrogenated 
product. 

Example  3 

The  hydrogenated  product  obtained  in  Exam- 
ple  1  was  molded  into  a  substrate  for  optical  disc 
having  a  thickness  of  1.2  mm  and  a  diameter  of 
130  mm  with  an  injection  molding  machine  (DISK 
Model  S-3M  produced  by  Sumitomo  Heavy  Indus- 
tries,  Ltd.)  at  a  mold  temperature  of  110°C  and  an 
injection  temperature  of  300  °C.  Metallic  aluminum 
was  vacuum-deposited  on  this  substrate,  and  the 
resulting  aluminum-deposited  substrate  was  sub- 
jected  to  a  high-temperature  and  high-humidity  test 
under  conditions  of  70  °C  x  90%  (humidity)  x  24 
hours.  As  result,  abnormalities  such  as  blister,  etc. 
were  not  observed  in  adhesion  of  the  metallic  alu- 
minum  film  to  the  substrate. 

Comparative  Example  2 

A  substrate  for  optical  disc  was  prepared  in  the 
same  manner  as  in  Example  3  except  that  the 
hydrogenated  product  obtained  in  Comparative  Ex- 
ample  1  was  used  in  place  of  the  hydrogenated 
product  obtained  in  Example  1.  Similarly,  metallic 
aluminum  was  vacuum-deposited  on  this  substrate, 
and  the  resulting  aluminum-deposited  substrate 
was  subjected  to  the  high-temperature  and  high- 
humidity  test.  As  a  result,  adhesion  was  a  problem 
as  was  observed  a  blister  between  the  metallic 
aluminum  film  and  substrate. 

Example  4 

The  hydrogenated  product  obtained  in  Exam- 
ple  1  was  molded  into  a  lens  for  projection  TV 
having  a  thickness  of  3  mm  with  an  injection  mold- 
ing  machine  (DISK  Model  5-3M  produced  by 
Sumitomo  Heavy  Industries,  Ltd.)  at  a  mold  tem- 
perature  of  145°C  and  an  injection  temperature  of 
290  °C.  After  injection  molding,  the  lens  was  cooled 
to  90  °C  in  6  minutes.  The  light  transmittance  of 
this  lens  was  measured  with  a  spectrophotometer 
to  find  that  it  was  90%  or  more  over  the  whole 
wavelength  region  of  400  nm  to  700  nm,  being 
90.4%  even  at  the  lowest. 

Comparative  Example  3 

A  lens  was  prepared  in  the  same  manner  as  in 
Example  4  except  that  the  hydrogenated  product 

5  obtained  in  Comparative  Example  1  was  used  in 
the  place  of  the  hydrogenated  product  obtained  in 
Example  1.  The  light  transmittance  of  this  lens  in 
the  region  of  400  nm  to  450  nm  was  88%  or  less, 
being  87.9%  even  at  the  highest. 

10 
Referential  Example  2 

To  a  separable  flask  thoroughly  dried  and  re- 
placed  by  a  nitrogen  gas  in  the  inside  were  added 

is  27  g  of  6-ethylidene-2-tetracyclododecane,  and  1- 
hexene  and  toluene  in  proportions  of  3  mmoles  and 
120  ml,  respectively,  based  on  27  g  of  the  former. 

Further,  3.0  mmoles  of  triethylaluminum,  0.60 
mmole  of  titanium  tetrachloride  and  3.0  mmoles  of 

20  triethylamine  were  added,  and  ring-opening  poly- 
merization  was  carried  out  with  stirring  at  25  °  C  for 
4  hours.  After  adding  140  g  of  distilled  water,  the 
reaction  solution  was  stirred  for  1  hour  to  carry  out 
washing  of  the  solution.  Thereafter,  a  mixed  solvent 

25  comprising  the  same  amounts  of  acetone  and 
isopropyl  alcohol  was  added  to  precipitate  the  ring- 
opening  polymer  which  was  then  filtered  off  and 
dried. 

This  ring-opening  polymer  had  a  molecular 
30  weight  of  24,000  and  a  Tg  of  1  46  °  C. 

Ten  parts  by  weight  of  this  dried  ring-opening 
polymer  was  dissolved  in  90  parts  by  weight  of 
cyclohexane,  and  the  concentration  of  the  titanium 
atom,  which  is  the  residue  of  the  transition  metal 

35  catalyst,  in  the  solution  was  measured  by  atomic 
absorption  analysis  to  find  that  the  concentration 
was  37  ppm  based  on  the  ring-opening  polymer. 

Referential  Example  3 
40 

Ten  grams  of  the  ring-opening  polymer  ob- 
tained  in  Referential  Example  2  and  100  ml  of 
cyclohexane  were  mixed  to  prepare  a  solution,  and 
1  g  of  palladium  carbon  was  added  thereto. 

45  The  resulting  mixture  was  mixed  in  a  stainless 
steel  ampoule,  and  air  in  the  ampoule  was  replaced 
by  hydrogen  to  a  hydrogen  pressure  of  50 
kg/cm2G.  The  ampoule  was  kept  at  10  °C  for  30 
minutes  with  stirring.  Thereafter,  the  temperature 

50  was  raised  to  120°C  and  kept  at  the  same  tem- 
perature  for  18  hours  to  finish  hydrogenation.  After 
adding  100  g  of  distilled  water,  the  reaction  solution 
was  stirred  for  1  hour  to  carry  out  washing  of  the 
solution.  Thereafter,  a  mixed  solvent  comprising 

55  the  same  amounts  of  acetone  and  isopropyl  alcohol 
was  added  to  precipitate  the  hydrogenated  product 
of  the  ring-opening  polymer  which  was  then  filtered 
off  and  dried. 

9 
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This  hydrogenated  product  had  a  percent  hy- 
drogenation  of  99.7%  and  a  Tg  of  140°C. 

Ten  parts  by  weight  of  this  dried  hydrogenated 
product  was  dissolved  in  90  parts  by  weight  of 
cyclohexane,  and  the  concentrations  of  the  titanium 
and  palladium  atoms,  which  are  the  residue  of  the 
transition  metal  catalyst,  in  the  solution  were  mea- 
sured  by  atomic  absorption  analysis  to  find  that  the 
concentrations  were  9  ppm  and  4  ppm,  respec- 
tively,  based  on  the  hydrogenated  product. 

Example  5 

Ten  grams  of  the  polymer  obtained  in  Referen- 
tial  Example  2  and  100  ml  of  cyclohexane  were 
mixed  to  prepare  a  solution,  and  1  g  of  palladium 
carbon  and  0.3  g  of  activated  alumina  (Neo-bead  D 
powder  produced  by  Mizusawa  Kagaku  Co.;  spe- 
cific  surface  area,  320  m2/g;  pore  volume,  0.8 
cm3/g;  and  average  particle  size,  15  urn)  were 
added  thereto.  The  resulting  mixture  was  mixed  in 
a  stainless  steel  ampoule,  and  air  in  the  ampoule 
was  replaced  by  hydrogen  to  a  hydrogen  pressure 
of  50  kg/cm2G.  The  ampoule  was  kept  at  10°  C  for 
30  minutes  with  stirring.  Thereafter,  the  tempera- 
ture  was  raised  to  120°C  and  kept  at  the  same 
temperature  for  18  hours  to  finish  hydrogenation. 
The  reaction  solution  was  filtered  to  remove  the 
palladium  carbon  and  activated  alumina,  and  to  the 
filtrate  was  added  a  mixed  solvent  comprising  the 
same  amounts  of  acetone  and  isopropyl  alcohol  to 
precipitate  the  hydrogenated  product  of  the  ring- 
opening  polymer  which  was  then  filtered  off  and 
dried. 

This  hydrogenated  product  had  a  percent  hy- 
drogenation  of  99.7%  and  a  Tg  of  140°C. 

Ten  parts  by  weight  of  this  dried  hydrogenated 
product  was  dissolved  in  90  parts  by  weight  of 
cyclohexane,  and  the  concentrations  of  the  titanium 
and  palladium  atoms,  which  are  the  residue  of  the 
transition  metal  catalyst,  in  the  solution  were  mea- 
sured  by  atomic  absorption  analysis  to  find  that 
both  of  them  were  below  1  ppm  of  a  detection  limit 
based  on  the  hydrogenated  product. 

Example  6 

Ten  parts  by  weight  of  the  hydrogenated  prod- 
uct  obtained  in  Referential  Example  3  was  dis- 
solved  in  90  parts  by  weight  of  cyclohexane.  A 
column  of  3  cm  in  radius  and  100  cm  in  height  was 
packed  with  activated  alumina  (Neo-based  D  pellet 
produced  by  Mizusawa  Kagaku  Co.;  specific  sur- 
face  area,  350  m2/g;  pore  volume,  0.8  cm3/g;  and 
particle  size,  about  3  mm)  in  a  packing  rate  of  5.0  x 
105  g/m3.  Thereafter,  the  solution  obtained  above 
was  passed  through  the  column  so  that  the  resi- 
dence  time  was  100  seconds.  Using  the  solution 

flowing  out  of  the  column,  the  concentrations  of  the 
titanium  and  palladium  atoms,  which  are  the  resi- 
due  of  the  transition  metal  catalyst,  in  the  solution 
were  measured  by  atomic  absorption  analysis  to 

5  find  that  both  of  them  were  below  1  ppm  of  a 
detection  limit  based  on  the  hydrogenated  product. 

Example  7 

io  Ten  parts  by  weight  of  the  hydrogenated  prod- 
uct  obtained  in  Referential  Example  3  was  dis- 
solved  in  90  parts  by  weight  of  cyclohexane.  A 
column  of  3  cm  in  radius  and  100  cm  in  height  was 
packed  with  synthetic  zeolite  (Mizuka  Sieves-13X 

is  produced  by  Mizusawa  Kagaku  Co.;  specific  sur- 
face  area,  500  m2/g;  pore  volume,  1.2  cm3/g;  and 
particle  size,  about  1  .8  mm)  in  a  packing  rate  of  8.8 
x  105  g/m3.  Thereafter,  the  solution  obtained  above 
was  passed  through  the  column  so  that  the  resi- 

20  dence  time  was  100  seconds.  Using  the  solution 
flowing  out  of  the  column,  the  concentrations  of  the 
titanium  and  palladium  atoms,  which  are  the  resi- 
due  of  the  transition  metal  catalyst,  in  the  solution 
were  measured  by  atomic  absorption  analysis  to 

25  find  that  both  of  them  were  below  1  ppm  of  a 
detection  limit  based  on  the  hydrogenated  product. 

Example  8 

30  Ten  parts  by  weight  of  the  hydrogenated  prod- 
uct  obtained  in  Referential  Example  3  was  dis- 
solved  in  90  parts  by  weight  of  cyclohexane.  Three 
hundred  grams  of  the  resulting  solution  was  put  in 
a  1  -liter  beaker  of  10  cm  in  radius,  and  6  g  of 

35  activated  alumina  used  in  Example  1  was  added 
thereto.  Thereafter,  a  cylindrical  Teflon  stirrer  chip 
of  3  cm  in  length  was  put  in  the  beaker  and  stirred 
at  100  rpm  for  60  minutes  by  means  of  a  magnetic 
stirrer. 

40  Activated  alumina  was  removed  by  filtration. 
Thereafter,  using  the  resulting  filtrate,  the  concen- 
trations  of  the  titanium  and  palladium  atoms,  which 
are  the  residue  of  the  transition  metal  catalyst,  in 
the  filtrate  were  measured  by  atomic  absorption 

45  analysis  to  find  that  both  of  them  were  below  1 
ppm  of  a  detection  limit  based  on  the  hydroge- 
nated  product. 

Example  9 
50 

The  hydrogenated  products  obtained  in  Exam- 
ples  5  to  8  were  each  molded  into  a  substrate  for 
optical  disc  having  a  thickness  of  1.2  mm  and  a 
diameter  of  130  mm  with  an  injection  molding 

55  machine  (DISK  Model  5-3M  produced  by 
Sumitomo  Heavy  Industries,  Ltd.)  at  a  mold  tem- 
perature  of  110°C  and  an  injection  temperature  of 
300  °C.  Metallic  aluminum  was  vacuum-deposited 
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on  these  substrates,  and  the  resulting  aluminum- 
deposited  substrates  were  each  subjected  to  a 
high-temperature  and  high-humidity  test  under  con- 
ditions  of  70  °  C  x  90%  (humidity)  x  24  hours.  As  a 
result,  abnormalities  such  as  blister,  etc.  were  not  5 
observed  in  adhesion  of  the  metallic  aluminum  film 
to  the  substrates. 

Comparative  Example  4 
10 

A  substrate  for  optical  disc  was  prepared  in  the 
same  manner  as  in  Example  9  except  that  the 
hydrogenated  product  obtained  in  Referential  Ex- 
ample  3  was  used  in  place  of  the  hydrogenated 
product  obtained  in  Example  5.  Similarly,  metallic  is 
aluminum  was  vacuum-deposited  on  this  substrate, 
and  the  resulting  product  was  subjected  to  the 
high-temperature  and  high-humidity  test.  As  a  re- 
sult,  adhesion  was  a  problem  as  was  observed  a 
blister  between  the  metallic  aluminum  film  and  20 
substrate. 

Example  10 

The  hydrogenated  products  obtained  in  Exam- 
ples  5  to  8  were  each  molded  into  a  lens  for 
projection  TV  having  a  thickness  of  3  mm  with  an 
injection  molding  machine  (DISK  Model  5-3M  pro- 
duced  by  Sumitomo  Heavy  Industries,  Ltd.)  at  a 
mold  temperature  of  145°C  and  an  injection  tem- 
perature  of  290  °C.  After  injection  molding,  the  lens 
was  cooled  to  90  0  C  in  6  minutes.  The  light  trans- 
mittance  of  these  lenses  was  measured  with  a 
spectrophotometer  to  find  that  it  was  90%  or  more 
for  any  lens  over  the  whole  wavelength  region  of 
400  nm  to  700  nm,  and  also  that  it  was  90.6%, 
90.5%,  90.2%  and  90.4%,  respectively,  even  at  the 
lowest.  Particularly,  the  lens  produced  with  the 
hydrogenated  product  obtained  in  Example  1  had 
the  highest  light  transmittance  over  the  whole 
wavelength  region  of  400  nm  to  700  nm. 

Comparative  Example  5 

resins,  has  an  improved  transparency,  and  also  its 
injection-molded  product  of  3  mm  in  thickness 
shows  a  transmittance  of  90%  or  more  to  a  light  of 
430  nm  in  wavelength,  so  that  this  resin  is  suitable 

5  as  a  material  for  optical  elements  requiring  trans- 
parency.  Further,  the  content  of  any  transition  met- 
al  atom  originating  from  the  polymerization  catalyst 
of  the  resin  is  1  ppm  or  less,  so  that  adhesion  of 
the  optical  element  produced  with  this  resin  to 

io  metallic  film,  etc.  is  good.  Therefore,  it  can  be 
expected  that  this  resin  is  utilized  as  a  material  for 
optical  articles  having  a  high  reliability. 

Claims 
15 

1.  The  hydrogenated  product  of  a  thermoplastic 
norbornene  polymer  of  which  the  content  of 
any  transition  metal  atom  originating  from  the 
polymerization  catalyst  is  1  ppm  or  less. 

20 
2.  A  method  for  producing  the  hydrogenated 

product  of  a  thermoplastic  norbornene  polymer 
by  hydrogenating  the  thermoplastic  norbor- 
nene  polymer  in  the  presence  of  a  solvent  and 

25  a  hydrogenation  catalyst,  which  comprises 
treating  the  reaction  solution  with  an  adsorbent 
during  or  after  the  hydrogenation. 

3.  A  method  according  to  Claim  2,  wherein  the 
30  adsorbent  is  used  in  the  form  of  a  heteroge- 

neous  catalyst  having  a  pore  volume  of  0.5 
cm3/g  or  more  in  which  a  hydrogenation-cata- 
lyzing  metal  has  been  supported  on  the  adsor- 
bent. 

35 
4.  A  method  according  to  Claim  3,  wherein  the 

adsorbent  is  activated  alumina  or  synthetic 
zeolite. 

40  5.  A  substrate  for  optical  elements  obtained  by 
forming  the  hydrogenated  product  of  a  thermo- 
plastic  norbornene  polymer  according  to  Claim 
1. 

A  lens  was  prepared  in  the  same  manner  as  in 
Example  10  except  that  the  hydrogenated  product 
obtained  in  Referential  Example  3  was  used  in 
place  of  the  hydrogenated  products  obtained  in 
Examples  5  to  8.  The  light  transmittance  of  this 
lens  in  the  region  of  400  nm  to  450  nm  was  90% 
or  less,  being  89.0%  even  at  the  highest. 

(Industrial  Applicability) 

The  resin  produced  by  the  method  of  the 
present  invention,  although  its  heat  resistance,  hu- 
midity  resistance  and  the  like  are  not  different  from 
those  of  the  conventional  thermoplastic  norbornene 

45  6.  An  optical  element  for  information  recording 
media  obtained  by  depositing  an  information 
recording  film  on  the  substrate  for  optical  ele- 
ments  according  to  Claim  5. 

50  7.  An  optical  element  obtained  by  depositing  an 
optical  element  pattern  on  the  substrate  for 
optical  elements  according  to  Claim  5. 

8.  A  lens  obtained  by  forming  the  hydrogenated 
55  product  of  a  thermoplastic  norbornene  polymer 

according  to  Claim  1  . 
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A  JP,  A,  1-311120  (Japan  S y n t h e t i c   1 -8  
Rubber  Co.,  L t d . ) ,  
December  15,  1989  (15.  12.  8 9 ) ,  
Line  4,  lower  l e f t   column  t o  
l i n e   17,  lower  r i g h t   column,  page  1 ,  

'  Special  categories  of  cited  documents:  10  "T"  later  document  published  after  the  international  filing  date  or 
"A"  document  defining  the  general  state  of  the  art  which  is  not  priority  date  and  not  in  conflict  wtth  the  application  but  cited  to 

considered  to  be  of  particular  relevance  understand  the  principle  or  theory  underlying  the  invention 
"E"  earlier  document  but  published  on  or  after  the  internationel  "*"  document  of  particular  relevance:  the  claimed  invention  cannot 

filing  date  considered  novel  or  cannot  be  considered  to  involve  an inventive  step L  document  which  mey  throw  doubts  on  priority  claim(s)  or  , . „ . . . .    ̂ ,  ,  ,  .  ,  „  _ which  is  cited-  to  establish  the  publication  date  of  another  Y  **u™!\«  of  particular  relevance:  the  claimed  InventJon  cannot 
citation  or  other  special  reeson  (as  specified)  68  considered  to  involve  an  inventive  step  when  the  document 

,..„  .  is  combined  with  one  or  more  other  such  documents,  such O  document  refemng  to  an  oral  disclosure,  use.  exhibition  or  combination  being  obvious  to  a  person  skilled  in  the  art other  mesne .  &  document  member  of  the  same  patent  family F*  document  published  prior  to  the  international  filing  date  but later  than  the  priority  date  claimed 
IV.  CERTIFICATION 
Date  of  the  Actual  Completion  of  the  International  Search  Date  of  Mailing  of  this  International  Search  Report 
August   10,  1992  (10.  08.  92)  September   1,  1992  (01.  09.  92) 
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FURTHER  INFORMATION  CONTINUED  FROM  THE  SECOND  SHEET 
l i n e s   1  to  10,  upper   l e f t   c o l u m n ,  
page  3  (Fami ly :   n o n e )  

V.i_J  OBSERVATIONS  WHERE  CERTAIN  CLAIMS  WERE  FOUND  UNSEARCHABLE  ' 

This  international  search  report  has  not  been  established  in  respect  of  certain  claims  under  Article  17(2)  (a)  for  the  following  reasons: 
1-1  1  Claim  numbers  .  because  th*»y  relate  to  subject  matter  not  required  to  be  searched  by  this  Authority,  namely: 

2.|  [  Claim  numbers  ,  because  they  relate  to  parts  of  the  international  application  that  do  not  compiy  with  the  prescribed requirements  to  such  an  extent  that  no  meaningful  international  search  can  be  carried  out.  specifically: 

3.  1  I  Claim  numbers  .  because  they  are  dependent  claims  and  are  not  drafted  in  accordance  with  the  second  and  third sentences  of  PCT  Rule  6.4(al. 

VI  □  OBSERVATIONS  WHERE  UNITY  OF  INVENTION  IS  LACKING  2 

This  International  Searching  Authority  found  multiple  inventions  in  this  international  application  as  follows: 

1.  [  |  As  all  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  all  searchable claims  of  the  international  application. 
2.  |  |  As  only  some  of  the  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  only those  claims  of  the  international  application  for  which  fees  were  paid,  specifically  claims: 

3.  |  I  No  required  additional  search  fees  were  timely  paid  by  the  applicant.  Consequently,  this  international  search  report  is  restricted  to the  invention  first  mentioned  in  the  claims;  it  is  covered  by  claim  numbers: 

4.(_J  As  all  searchable  claims  could  be  searched  without  effort  justifying  an  additional  fee,  the  International  Searching  Authority  did  not invite  payment  of  any  additional  fee. 
Remark  on  Protest 

(  |  The  additional  search  fees  were  accompanied  by  applicant's  protest. 
|  |  No  protest  accompanied  the  payment  of  additional  search  fees. 
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