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Description 

[0001]  The  present  invention  relates  to  a  non-aqueous  electrolyte  lithium  secondary  battery. 
[0002]  Recently  lithium  secondary  batteries  using  carbonaceous  materials  as  an  anode  active  material,  which  is 
improved  in  cycle  life,  appeared  in  place  of  lithium  secondary  batteries  using  a  lithium  metal  or  alloys  as  an  anode 
which  have  a  problem  in  cycle  life.  Thus,  the  lithium  secondary  batteries  were  put  into  practical  use,  first,  as  secondary 
batteries  for  portable  electric  apparatuses  such  as  portable  telephone,  portable  video  camera,  etc.  However,  the  electric 
capacity  is  gradually  deteriorated  by  repeating  charging/discharging  and  cycle  life  is  not  long  enough.  Therefore,  further 
improvement  has  been  required. 
[0003]  In  the  lithium  batteries  using  carbonaceous  materials  for  anode,  the  solvent  and  the  solute  for  non-aqueous 
electrolyte  are  consumed  by  a  chemical  reaction  which  forms  compounds  on  the  anode  surface,  resulting  in  an  increase 
of  overpotential.  It  is  considered  that  cycle  efficiency  of  the  lithium  batteries  using  carbonaceous  materials  for  anode 
is  reduced  by  the  accumulation  of  the  compounds  on  the  anode  surface,  a  change  in  structure  of  the  electrode  active 
materials  in  the  battery  and  deterioration  of  adhesion  properties  in  the  electrodes. 
[0004]  In  the  lithium  secondary  battery,  improvements  in  electrolyte  system  have  hitherto  been  conducted  for  the 
purpose  of  attaining  longer  cycle  life.  For  example,  the  cycle  efficiency  can  be  improved  by  containing  ethylene  car- 
bonate  (hereinafter  referred  to  as  "EC",  sometimes)  as  an  ingredient  of  the  electrolyte  solvent  when  using  graphite 
carbon  as  the  anode  active  material,  and  the  improvement  is  put  to  practical  use. 
[0005]  However,  EC  increases  the  viscosity  of  the  electrolyte  and  decreases  the  conductivity,  because  EC  has  a 
melting  point  higher  than  room  temperature.  Therefore,  the  presence  of  EC  can  reduce  the  preferable  properties  such 
as  high-rate  capacity  and  low-temperature  capacity.  The  presence  of  EC  can  also  cause  an  increase  in  overpotential, 
which  leads  to  low  cycle  efficiency  of  battery. 
[0006]  An  object  of  the  present  invention  is  to  provide  a  lithium  secondary  battery  whose  cycle  life  and  high-rate 
capacity  are  improved  without  reducing  low-temperature  capacity. 
[0007]  Under  the  circumstances  mentioned  above,  the  present  inventors  have  intensively  studied  to  improve  cycle 
efficiency  and  high-rate  efficiency  of  lithium  secondary  battery.  As  a  result,  it  has  been  found  that  cycle  efficiency  and 
high-rate  efficiency  of  the  lithium  secondary  battery  can  be  improved  by  using  an  anode  wherein  a  polymer  material 
having  carbonate  group  is  contained.  Thus,  the  present  invention  has  been  accomplished. 
[0008]  That  is,  the  present  invention  includes  the  following  inventions: 

(1)  A  non-aqueous  electrolyte  lithium  secondary  battery,  comprising  a  cathode  containing,  as  active  material,  a 
material  that  can  be  doped/undoped  with  lithium  ions,  an  anode  containing,  as  active  material,  carbonaceous 
material  that  can  be  doped/undoped  with  lithium  ions,  a  separator  interposed  between  the  cathode  and  the  anode, 
and  an  electrolyte  prepared  by  dissolving  a  lithium  salt  in  an  organic  solvent,  wherein  the  anode  contains  a  polymer 
having  carbonate  groups  represented  by  the  structural  formula  [I]: 

said  polymer  having  a  number  average  molecular  weight  of  not  less  than  300  and  not  more  than  200,000; 
(2)  The  non-aqueous  electrolyte  lithium  secondary  battery  described  in  the  above-mentioned  paragraph  (1  ),  where- 
in  50  %  or  more  of  the  total  number  of  the  carbonate  groups  contained  are  in  the  main  chain  of  the  polymer; 
(3)  The  non-aqueous  electrolyte  lithium  secondary  battery  described  in  the  above-mentioned  paragraph  (1  ),  where- 
in  more  than  50  %  of  the  total  number  of  the  carbonate  groups  contained  are  in  the  side  chains  of  the  polymer; 
(4)  The  non-aqueous  electrolyte  lithium  secondary  battery  described  in  the  above-mentioned  paragraph  (2),  where- 
in  the  polymer  contains  a  chemical  structure  represented  by  the  structural  formula  [II]: 

o—  c —   o  —  [ I ]  
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wherein  R-,  ,  R2,  R3  and  R4  independently  indicate  a  hydrogen  atom,  an  alkyl  group  having  not  more  than  1  0  carbon 
atoms,  an  aralkyl  group  having  not  more  than  10  carbon  atoms,  an  aryl  group  having  not  more  than  10  carbon 
atoms  or  a  haloalkyl  group  having  not  more  than  10  carbon  atoms; 
(5)  The  non-aqueous  electrolyte  lithium  secondary  battery  described  in  the  above-mentioned  paragraph  (4),  where- 

5  in  the  polymer  comprises  a  repeating  unit  represented  by  the  structural  formula  [III]: 

10 

H  H 
I  I 
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wherein  R  indicates  an  alkyl  group  having  not  more  than  10  carbon  atoms; 
(6)  The  non-aqueous  electrolyte  lithium  secondary  battery  described  in  the  above-mentioned  paragraph  (4),  where- 
in  R-,,  R2,  R3  and  R4  are  hydrogen  atoms; 
(7)  The  non-aqueous  electrolyte  lithium  secondary  battery  described  in  the  above-mentioned  paragraph  (4),  where- 
in  the  polymer  comprises  a  repeating  unit  represented  by  the  structural  formula  [IV]: 

25 
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[0009]  The  present  invention  will  be  explained  in  detail,  hereinafter. 
[0010]  Firstly,  the  anode  in  the  present  invention  may  be  those  obtained  as  following.  A  carbonaceous  material  is 

35  used  as  active  material  that  can  be  doped/undoped  with  lithium  ions.  The  carbonaceous  material  is  mixed  with  a 
polymer  having  carbonate  groups  represented  by  the  structural  formula  [I]  and,  if  necessary,  a  suitable  binder  (e.g. 
polyethylene,  polypropylene,  fluororesin,  etc.)  and  a  conductive  material.  The  resultant  mixture  is  made  into  a  paste 
and  is  coated  on  a  current  collector,  which  is  then  dried  and  pressed  so  that  the  mixture  is  adhered  to  the  current 
collector. 

40  [0011]  The  number  average  molecular  weight  of  the  polymer  is  preferably  from  300  to  200,000,  more  preferably  from 
1,000  to  150,000. 
[0012]  The  amount  of  said  polymer  is  from  about  0.1  to  15  parts  by  weight,  more  preferably  1  to  12  parts  by  weight, 
and  the  total  amount  of  said  polymer  and  the  binder  is  from  0.1  to  20  parts  by  weight,  more  preferably  from  1  to  15 
parts  by  weight,  based  on  1  00  parts  by  weight  of  the  total  amount  of  the  carbon  powder  used  in  the  anode. 

45  [0013]  As  the  polymer,  those  in  which  50  %  or  more  of  the  carbonate  groups  contained  are  in  the  main  chain  are 
preferred.  Particularly,  those  which  contain  a  chemical  structure  represented  by  the  structural  formula  [II]  are  more 
preferred.  Among  them,  those  wherein  all  R-,,  R2,  R3  and  R4  indicate  a  hydrogen  atom  are  more  preferred. 
[0014]  Moreover,  a  polymer  comprising  a  repeating  unit  represented  by  the  general  formula  [III]  is  preferred.  Above 
all,  polyethylene  carbonate  comprising  a  repeating  unit  represented  by  the  general  formula  [IV]  is  particularly  preferred. 

so  [0015]  The  polyethylene  carbonate  in  the  present  invention  is  obtained,  for  example,  by  a  method  of  alternating 
copolymerization  of  ethylene  oxide  and  carbon  dioxide  using  a  catalyst,  as  described  in  Polymer  Letters,  vol.7,  page 
287  (1969)  or  Makromol.  Chem.,  vol.130,  page  210  (1969). 
[0016]  Examples  of  the  carbonaceous  material  which  can  be  doped/undoped  with  lithium  ions  in  the  present  invention 
include  natural  graphite,  artificial  graphite,  cokes,  carbon  black,  vapour-grown  carbons,  carbon  fibers,  materials  ob- 

55  tained  by  carbonizing  organic  polymer  compounds,  etc.,  and  composite  materials  comprising  these  carbonaceous 
materials  as  main  ingredient  and  mixtures  thereof.  It  is  particularly  preferred  that  a  graphitic  carbonaceous  material  is 
contained  because  the  charge/discharge  capacity  per  unit  weight  is  large  and  the  average  potential  during  charging/ 
discharging  is  low. 

3 
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[0017]  Materials  contained  in  the  graphitic  carbonaceous  materials  may  be  natural  graphite  or  artificial  graphite. 
Examples  of  the  natural  graphite  include  graphite  produced  in  Sri  Lanaka,  graphite  produced  in  Madagascar,  flaky 
graphite  produced  in  Korea,  earthy  graphite  produced  in  Korea,  graphite  produced  in  the  People's  Republic  of  China, 
etc.  The  above  natural  graphites  may  also  be  heated,  processed  or  modified.  Examples  of  the  artificial  graphite  include 

5  a  graphitized  product  of  cokes,  graphitized  product  of  mesocarbon  microbeads,  graphitized  product  of  mesophase 
pitch  carbon  fibers,  etc. 
[0018]  Examples  of  the  active  materials  contained  in  the  cathode  as  the  material  which  can  be  doped/undoped  with 
lithium  ions  in  the  present  invention  include  lithium  transition  metal  oxides  with  layered  structure,  having  a  socalled  a- 
NaFe02  type  structure  in  which  lithium  ions  are  regularly  arranged  in  a  layered  manner,  transition  metal  oxides  or 

10  lithium  transition  metal  oxides  having  a  spinel  structure,  transition  metal  chalcogenides,  etc.  Among  them,  the  lithium 
transition  metal  oxides  with  layered  structure  having  an  a-NaFe02  structure  are  particularly  preferred  because  high 
voltage  and  high  energy  density  are  obtained  and  cycle  property  is  also  excellent. 
[0019]  Examples  of  the  cathode  in  the  present  invention  include  those  obtained  as  following:  A  material  as  the  active 
material  which  can  be  doped/undoped  with  lithium  ions  is  mixed  with  a  suitable  binder  (e.g.  polyethylene,  polypropylene, 

is  fluororesin,  etc.)  and  conductive  material  powder,  and  the  resultant  mixture  is  made  into  a  paste  and  is  coated  on  a 
current  collector,  which  is  then  dried  and  pressed  so  that  the  mixture  is  adhered  to  the  current  collector.  The  conductive 
material  powder  may  be  that  which  has  a  conductive  effect  and  low  chemical  reactivities  with  the  non-aqueous  elec- 
trolyte  used  and  the  cathode  used.  Examples  thereof  include  graphite  powder,  carbon  black,  coke  powder,  conductive 
polymers,  etc. 

20  [0020]  Examples  of  the  lithium  transition  metal  oxides  with  layered  structure  having  an  a-NaFe02  structure  include 
lithium  transition  metal  oxides  which  contain  at  least  one  transition  metal  selected  from  the  group  consisting  of  vana- 
dium,  manganese,  iron,  cobalt,  nickel,  etc.,  more  preferably  the  group  consisting  of  cobalt  and  nickel.  Among  them, 
the  lithium  transition  metal  oxides  with  layered  structure  whose  main  component  is  lithium  nickel  oxide  are  particularly 
preferred  because  of  the  excellent  cycle  property. 

25  [0021]  As  the  lithium  salt  in  the  present  invention,  there  can  be  used  any  one  of  those  which  have  hitherto  been 
known,  and  examples  thereof  include  LiCI04,  LiPF6,  LiAsF6,  LiBF4,  LiCF3S03,  LiN(S02CF3)2,  LiN(S02C2F5)2  etc. 
Among  them,  LiPF6,  LiBF4,  LiN(S02CF3)2  and  LiN(S02C2F5)2  are  preferred  because  of  the  high  electric  conductivity. 
[0022]  The  electrolyte  in  the  present  invention  contains  at  least  one  sort  of  the  above  lithium  salts  and  dissolves  the 
lithium  salt  within  the  concentration  range  from  0.1  M  (mol/l)  to  2  M.  The  concentration  range  from  0.5  M  to  1.5  M  is 

30  particularly  preferred. 
[0023]  Examples  of  the  separator  in  the  present  invention  include  micro-porous  films  of  fluororesin  and  olefin  resin 
(e.g.  polyethylene,  polypropylene,  etc.),  and  nonwoven  fabrics  of  fluororesin,  olefin  resin  (e.g.  polyethylene,  polypro- 
pylene,  etc.)  and  nylon. 
[0024]  The  following  Examples  further  illustrate  the  present  invention  in  detail  but  are  not  to  be  construed  to  limit  the 

35  scope  thereof. 
[0025]  The  cathode  of  the  lithium  secondary  battery  tested  was  obtained  by  the  method  described  hereinafter. 
[0026]  As  a  cathode  active  material,  powder  of  lithiated  nickel  dioxide  containing  gallium  was  prepared  by  mixing 
lithium  nitrate,  basic  nickel  carbonate  and  gallium  nitrate  (Li:Ni:Ga  =  1  .05:0.98:0.02)  and  firing  the  mixture  in  an  oxygen 
stream  at  660°C  for  15  hours.  To  87%  by  weight  of  the  cathode  active  material  powder,  1%  by  weight  of  acetylene 

40  black  having  a  number  average  primary  particle  size  of  40  nm  [manufactured  by  Denkikagaku  Kogyo  Co.,  Ltd.,  trade 
name:  DENKA  BLACK,  50%  pressed  product]  and  9%  by  weight  of  scaly  artificial  graphite  having  a  weight  average 
particle  size  of  7.2  urn  [manufactured  by  Ronza  Co.,  trade  name:  KS15]  were  added  and  mixed.  To  the  resultant  mixture, 
3%  by  weight  of  polyvinylidene  fluoride  [manufactured  by  Kureha  Kagaku  Kogyo  Co.,  Ltd.,  trade  name:  KF#1300]  in 
N-methylpyrrolidone  as  a  solvent  was  added  as  the  binder,  followed  by  sufficiently  kneading  to  form  a  paste. 

45  [0027]  It  was  confirmed  by  X-ray  powder  diffraction  that  the  above  lithiated  nickel  dioxide  containing  gallium  has  an 
a-NaFe02  structure.  After  the  paste  was  coated  on  an  aluminum  foil  having  a  thickness  of  20  urn  as  the  current  collector, 
the  coated  foil  was  dried  and  pressed  to  form  a  sheet,  which  was  cut  into  small  pieces  in  size  of  1  .3  x  1  .8  cm  to  obtain 
cathodes.  The  weight  of  active  material  of  each  of  these  cathodes  is  from  40  to  45  mg. 
[0028]  As  the  separator,  a  micro-porous  polypropylene  film  [manufactured  by  Daiseru  Kagaku  Co.,  Ltd.,  trade  name: 

50  CELLGUARD  #2400]  was  used. 
[0029]  The  carbon  powder  for  anode  was  obtained  using  natural  graphite  powder,  pseudo-graphitic  carbon  black 
powder,  and  silane  coupling  agent,  by  the  method  described  hereinafter.  The  natural  graphite  powder  used  occurred 
in  Madagascar,  which  was  heat-treated  at  3,000°C,  and  have  a  specific  surface  area  of  9  m2/g  according  to  a  nitrogen 
adsorption  method,  a  number-average  particle  size  of  10  urn,  a  true  specific  gravity  of  2.26  kg/dm3,  an  interlayer 

55  spacing  d002  of  3.36  A  in  X-ray  powder  diffraction  and  an  ash  content  of  0.05%  by  weight.  The  pseudo-graphitic  carbon 
black  powder  used  was  manufactured  by  Tokai  Carbon  Co.,  Ltd.,  whose  trade  name  is  TB3800,  which  was  graphitized 
at  2,800°C,  and  has  a  specific  surface  area  of  30  m2/g  according  to  a  nitrogen  adsorption  method,  a  true  specific 
gravity  of  2.04  kg/dm3  and  a  number  average  primary  particle  size  of  66  nm.  To  95  parts  by  weight  of  the  natural 

4 
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graphite  powder,  5  parts  by  weight  of  the  pseudo-graphite  carbon  black  powder  was  added  and  mixed  to  obtain  a 
mixed  carbon  material.  To  the  mixed  carbon  material,  1  part  by  weight  of  silane  coupling  agent  [manufactured  by  Nippon 
Yunicar  Co.,  Ltd.,  trade  name:  A186]  which  was  previously  dispersed  in  high  purity  water  was  added,  followed  by 
sufficiently  mixing  and  further  vacuum-drying  at  150°C  to  obtain  a  silane  coupling-agent  treated  carbon  powder. 

5  [0030]  The  cycle  efficiency  and  the  high-rate  efficiency  of  the  discharge  capacity  of  a  resultant  battery  were  examined 
by  alternatively  repeating  the  following  experiments  (1)  and  (2)  at  room  temperature. 

(1)  A  constant  current  and  voltage  charging  was  conducted  under  the  condition  of  a  current  density  of  3.3  mA/ 
cm2,  a  charging  maximum  voltage  of  4.24  V  and  a  charging  time  of  3  hours,  and  then  discharging  was  conducted 

10  under  the  condition  of  a  current  density  of  0.66  mA/cm2  and  a  final  voltage  of  2.75  V.  This  charging/discharging  is 
conducted  consecutively  two  times. 
(2)  A  constant  current  and  voltage  charging  was  conducted  under  the  condition  of  a  current  density  of  3.3  mA/ 
cm2,  a  charging  maximum  voltage  of  4.24  V  and  a  charging  time  of  one  hour,  and  then  discharging  was  conducted 
under  the  condition  of  a  current  density  of  3.3  mA/cm2  and  a  final  voltage  of  2.75  V.  This  charging/discharging  is 

is  conducted  consecutively  20  times. 

[0031]  Cycle  efficiency:  A  value  obtained  by  dividing  a  discharge  capacity  in  the  90th  charging/discharging  by  that 
in  the  second  charging/discharging  was  taken  as  the  cycle  efficiency.  The  higher  the  cycle  efficiency,  the  longer  the 
cycle  life. 

20  [0032]  High-rate  efficiency:  A  value  obtained  by  dividing  a  discharge  capacity  in  the  3rd  charging/discharging  by  that 
in  the  second  charging/discharging  was  taken  as  the  high-rate  efficiency.  The  higher  the  high-rate  efficiency,  the  higher 
the  high-rate  capacity. 

Example  1 
25 

[0033]  To  90%  by  weight  of  the  above  silane  coupling  agent-treated  carbon  powder,  2%  by  weight  of  polyethylene 
carbonate  (hereinafter  referred  to  as  "PEC",  sometimes)  having  number  average  molecular  weight  of  50,000  dissolved 
in  N-methylpyrrolidone  as  a  solvent  and  8%  by  weight  of  polyvinylydene  fluoride  dissolved  in  N-methylpyrrolidone  as 
a  solvent  were  added  as  the  binder,  followed  by  sufficiently  kneading  to  form  a  paste. 

30  [0034]  After  the  paste  was  coated  on  a  copper  foil  having  a  thickness  of  10  urn  as  the  current  collector,  the  coated 
foil  was  dried  and  pressed  to  form  a  sheet,  which  was  cut  into  small  pieces  in  size  of  1  .5  x  2  cm  to  obtain  an  anode 
containing  PEC. 
[0035]  A  non-aqueous  electrolyte  was  prepared  by  dissolving  LiPF6  as  the  electrolyte  salt  in  dimethyl  carbonate 
(hereinafter  referred  to  as  "DMC",  sometimes)  as  the  electrolyte  solvent  to  1  mol/liter.  The  above  cathode  and  the 

35  anode  containing  PEC  obtained  as  described  above  were  sandwiched  with  a  separator.  The  non-aqueous  electrolyte 
and  the  sandwiched  electrodes  with  separator  were  put  in  a  container  made  of  stainless  steel  to  produce  a  battery  A1  . 
The  charging/discharging  of  this  battery  was  conducted  under  the  condition  as  described  above. 
[0036]  The  observed  results  of  cycle  efficiency  and  high-rate  efficiency  are  shown  in  Table  1  . 

40  Comparative  Example  1 

[0037]  To  90%  by  weight  of  the  above  silane  coupling  agent-treated  carbon  powder,  1  0%  by  weight  of  polyvinylydene 
fluoride  dissolved  in  N-methylpyrrolidone  as  a  solvent  was  used  as  the  binder,  followed  by  sufficiently  kneading  to  form 
a  paste.  After  the  paste  was  coated  on  a  copper  foil  having  a  thickness  of  10  urn  as  the  current  collector,  the  coated 

45  foil  was  dried  and  pressed  to  form  a  sheet,  which  was  cut  into  small  pieces  in  size  of  1  .5  x  2  cm  to  obtain  an  anode 
containing  no  PEC. 
[0038]  The  above  cathode  and  the  anode  containing  no  PEC  were  sandwiched  with  a  separator.  A  non-aqueous 
electrolyte  having  the  same  composition  as  that  of  Example  1  and  the  sandwiched  electrodes  with  separator  were  put 
in  a  container  made  of  stainless  steel  to  produce  a  battery  R1  .  The  charging/discharging  of  this  battery  was  conducted 

so  under  the  same  condition  as  that  of  Example  1  . 
[0039]  The  observed  results  of  cycle  efficiency  and  high-rate  efficiency  are  shown  in  Table  1  . 

Example  2 

55  [0040]  A  non-aqueous  electrolyte  was  prepared  by  dissolving  LiPF6  as  the  electrolyte  salt  in  a  mixed  solvent  of  DMC 
and  ethyl  methyl  carbonate  (hereinafter  referred  to  as  "EMC",  sometimes)  (volume  ratio:  1  :1  )  as  the  electrolyte  solvent 
to  1  mol/liter.  The  cathode  and  the  anode  containing  PEC  prepared  according  to  the  same  manner  as  that  described 
in  Example  1  were  sandwiched  with  a  separator.  The  non-aqueous  electrolyte  and  the  sandwiched  electrodes  with 
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separator  were  put  in  a  container  made  of  stainless  steel  to  produce  a  battery  A2. 
[0041]  The  charging/discharging  of  this  battery  was  conducted  under  the  same  condition  as  that  of  Example  1  . 
[0042]  The  observed  results  of  cycle  efficiency  and  high-rate  efficiency  are  shown  in  Table  1  . 

5  Comparative  Example  2 

[0043]  The  cathode  and  the  anode  containing  no  PEC  prepared  according  to  the  same  manner  as  that  described  in 
Comparative  Example  1  were  sandwiched  with  a  separator.  A  non-aqueous  electrolyte  having  the  same  composition 
as  that  of  Example  2  and  the  sandwiched  electrodes  with  separator  were  put  in  a  container  made  of  stainless  steel  to 

10  produce  a  battery  R2. 
[0044]  The  charging/discharging  of  this  battery  was  conducted  under  the  same  condition  as  that  of  Example  1  . 
[0045]  The  observed  results  of  cycle  efficiency  and  high-rate  efficiency  are  shown  in  Table  1  . 

Example  3 
15 

[0046]  A  non-aqueous  electrolyte  was  prepared  by  dissolving  LiPF6  as  the  electrolyte  salt  in  a  mixed  solvent  of  EC, 
DMC  and  EMC  (volume  ratio:  30:35:35)  as  the  electrolyte  solvent  to  1  mol/liter.  The  cathode  and  the  anode  containing 
PEC  prepared  according  to  the  same  manner  as  that  described  in  Example  1  were  sandwiched  with  a  separator.  The 
non  -aqueous  electrolyte  and  the  sandwiched  electrodes  with  separator  were  put  in  a  container  made  of  stainless  steel 

20  to  produce  a  battery  A3. 
[0047]  The  charging/discharging  of  this  battery  was  conducted  under  the  same  condition  as  that  of  Example  1  . 
[0048]  The  observed  results  of  cycle  efficiency  and  high-rate  efficiency  are  shown  in  Table  1  . 

Comparative  Example  3 
25 

[0049]  The  cathode  and  the  anode  containing  no  PEC  prepared  according  to  the  same  manner  as  that  described  in 
Comparative  Example  1  were  sandwiched  with  a  separator.  A  non-aqueous  electrolyte  having  the  same  composition 
as  that  of  Example  3  and  sandwiched  electrodes  with  separator  were  put  in  a  container  made  of  stainless  steel  to 
produce  a  battery  R3. 

30  [0050]  The  charging/discharging  of  this  battery  was  conducted  under  the  same  condition  as  that  of  Example  1  . 
[0051]  The  observed  results  of  cycle  efficiency  and  high-rate  efficiency  are  shown  in  Table  1  . 

<Table  1> 

Battery  PEC  in  anode  Electrolyte  solvent  Cycle  efficiency  High-rate  efficiency 

Example  1  A1  Contained  DMC  0.83  0.76 

Comparative  Example  R1  Not  contained  DMC  0.80  0.70 
1 

Example  2  A2  Contained  DMC  +  EMC  0.87  0.71 

Comparative  Example  R2  Not  contained  DMC  +  EMC  0.68  0.45 
2 

Example  3  A3  Contained  EC  +  DMC  +  EMC  0.76  0.64 

Comparative  Example  R3  Not  contained  EC  +  DMC  +  EMC  0.77  0.60 
3 

[0052]  As  is  apparent  from  Table  1  ,  when  the  electrolyte  solvent  contains  no  EC,  the  batteries  A1  and  A2  of  the 
present  invention  are  remarkably  superior  to  the  batteries  R1  and  R2  in  cycle  efficiency.  When  the  electrolyte  solvent 
contains  EC,  the  cycle  efficiency  of  the  battery  A3  of  the  present  invention  is  almost  the  same  with  that  of  the  battery 
R3.  Furthermore,  the  batteries  A1  and  A2  have  higher  cycle  efficiencies  than  the  batteries  A3  and  R3.  The  batteries 
A1,  A2  and  A3  of  the  present  invention  are  improved  in  high-rate  efficiency  in  comparison  with  the  batteries  R1,  R2 
and  R3,  respectively. 
[0053]  In  a  lithium  secondary  battery  using  a  conventional  anode  which  contains  no  PEC,  the  cycle  efficiency  at 
room  temperature  is  good  (battery  R1)  when  using  DMC  as  the  electrolyte  solvent.  However,  it  can  not  be  used  prac- 
tically  because  the  electrolyte  is  solidified  at  the  low-temperature  range  within  a  normal  operation  range  of  the  battery. 
It  is  possible  to  make  it  difficult  to  solidify  the  electrolyte  by  adding  an  asymmetric  non-cyclic  carbonate  such  as  EMC 
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to  DMC.  Thereby,  the  practicality  can  be  improved.  On  the  other  hand,  the  battery  wherein  the  above  asymmetric  non- 
cyclic  carbonate  is  added  as  an  ingredient  of  the  electrolyte  solvent  has  lower  cycle  efficiency  (battery  R2).  It  is  possible 
to  reduce  the  loss  of  cycle  efficiency  by  further  adding  EC  to  the  electrolyte  (battery  R3).  However,  preferable  properties 
such  as  high-rate  capacity,  low-temperature  capacity,  etc.  are  reduced  by  adding  EC  because  the  melting  point  of  EC 
is  high  and  the  viscosity  is  high. 
[0054]  In  the  anode  according  to  the  present  invention  and  lithium  secondary  battery  using  the  same,  the  cycle 
efficiency  and  the  high-rate  efficiency  are  improved  in  comparison  with  a  lithium  secondary  battery  using  a  conventional 
anode  when  the  liquid  electrolyte  contains  no  EC.  In  the  anode  according  to  the  present  invention  and  lithium  secondary 
battery  using  the  same,  when  the  liquid  electrolyte  contains  EC,  the  cycle  efficiency  is  not  reduced  and  the  high-rate 
efficiency  is  improved  in  comparison  with  a  lithium  secondary  battery  using  a  conventional  anode  and  containing  EC 
as  an  ingredient  of  the  electrolyte  solvent. 
[0055]  Thereby,  there  can  be  provided  a  lithium  secondary  battery  having  a  long  cycle  life  and  excellent  high-rate 
capacity,  and  an  industrial  value  thereof  is  extremely  large. 

Claims 

1.  A  non-aqueous  electrolyte  lithium  secondary  battery,  comprising  a  cathode  containing,  as  active  material,  a  ma- 
terial  that  can  be  doped/undoped  with  lithium  ions,  an  anode  containing,  as  active  material,  a  carbonaceous  ma- 
terial  that  can  be  doped/undoped  with  lithium  ions,  a  separator  interposed  between  the  cathode  and  the  anode, 
and  an  electrolyte  prepared  by  dissolving  lithium  salt  in  an  organic  solvent,  wherein  the  anode  contains  a  polymer 
having  carbonate  groups  represented  by  the  structural  formula  [I]: 

—  O—  C—  O —   [ I ]  
II 
o  

said  polymer  having  a  number  average  molecular  weight  of  not  less  than  300  and  not  more  than  200,000. 

2.  A  non-aqueous  electrolyte  lithium  secondary  battery  according  to  claim  1  ,  wherein  50  %  or  more  of  the  total  number 
of  the  carbonate  groups  contained  are  in  the  main  chain  of  the  polymer. 

3.  A  non-aqueous  electrolyte  lithium  secondary  battery  according  to  claim  1,  wherein  more  than  50  %  of  the  total 
number  of  the  carbonate  groups  contained  are  in  the  side  chains  of  the  polymer. 

4.  A  non-aqueous  electrolyte  lithium  secondary  battery  according  to  claim  2,  wherein  the  polymer  contains  a  chemical 
structure  represented  by  the  structural  formula  [II]: 

R l f 3  
—   c—  c —   o—  c—  o  —  r  i n  

I  I  ll 
R2  R4  O 

wherein  R-,  ,  R2,  R3  and  R4  independently  indicate  a  hydrogen  atom,  an  alkyl  group  having  not  more  than  1  0  carbon 
atoms,  an  aralkyl  group  having  not  more  than  10  carbon  atoms,  an  aryl  group  having  not  more  than  10  carbon 
atoms  or  a  haloalkyl  group  having  not  more  than  10  carbon  atoms. 

5.  A  non-aqueous  electrolyte  lithium  secondary  battery  according  to  claim  4,  wherein  the  polymer  comprises  a  re- 
peating  unit  represented  by  the  structural  formula  [III]: 
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/  H  H 

—  C—  C—  O—  C—  O- 
i  1  I  k  
\  H  R  O 

[HI ]  

wherein  R  indicates  an  alkyl  group  having  not  more  than  10  carbon  atoms. 

6.  A  non-aqueous  electrolyte  lithium  secondary  battery  according  to  claim  4,  wherein  R1  ,  R2,  R3  and  R4  are  hydrogen 
atoms. 

7.  A  non-aqueous  electrolyte  lithium  secondary  battery  according  to  claim  4,  wherein  the  polymer  comprises  a  re- 
peating  unit  represented  by  the  structural  formula  [IV]: 

/  H  H  \  
M l   | 
—  c—  c —   o—  c—  o -  
l  1  1  k  
\  H  H  O  /  

[ I V ]  

o  

Patentanspriiche 

1.  Lithiumsekundarbatterie  mit  nicht  waBrigem  Elektrolyt,  umfassend  eine  Kathode,  die  als  aktives  Material  ein  Ma- 
terial  enthalt,  das  mit  Lithiumionen  dotiert/nicht  dotiert  sein  kann,  eine  Anode,  die  als  aktives  Material  ein  kohlen- 
stoffhaltiges  Material  enthalt,  das  mit  Lithiumionen  dotiert/nicht  dotiert  sein  kann,  eine  Trennvorrichtung,  die  zwi- 
schen  der  Kathode  und  der  Anode  angebracht  ist,  und  einen  Elektrolyt,  der  durch  Losen  von  Lithiumsalz  in  einem 
organischen  Losungsmittel  hergestellt  ist,  wobei  die  Anode  ein  Polymer  mit  Carbonatgruppen  der  Strukturformel 
(I)  enthalt: 

-o—  c—  0  —  
II 
o  

[ I ]  

wobei  das  Polymer  ein  Zahlenmittel  des  Molekulargewichts  von  mindestens  300  und  hochstens  200000  aufweist. 

2.  Lithiumsekundarbatterie  mit  nicht  waBrigem  Elektrolyt  nach  Anspruch  1  ,  wobei  von  der  Gesamtzahl  der  enthalte- 
nen  Carbonatgruppen  50%  oder  mehr  in  der  Hauptkette  des  Polymers  sind. 

3.  Lithiumsekundarbatterie  mit  nicht  waBrigem  Elektrolyt  nach  Anspruch  1  ,  wobei  von  der  Gesamtzahl  der  enthalte- 
nen  Carbonatgruppen  mehr  als  50%  in  den  Seitenketten  des  Polymers  sind. 

4.  Lithiumsekundarbatterie  mit  nicht  waBrigem  Elektrolyt  nach  Anspruch  2,  wobei  das  Polymer  eine  chemische  Struk- 
tur  der  Strukturformel  (II)  aufweist: 
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R . R 3  

■c—  c —   o—  c—  o  —  
1  I  I  
R2  R4  O 

[ n ]  

in  der  R-,,  R2,  R3  und  R4  unabhangig  ein  Wasserstoffatom,  einen  Alkylrest  mit  hochstens  10  Kohlenstoffatomen, 
einen  Aralkylrest  mit  hochstens  10  Kohlenstoffatomen,  einen  Arylrest  mit  hochstens  10  Kohlenstoffatomen  oder 
einen  Haloalkylrest  mit  hochstens  10  Kohlenstoffatomen  bedeuten. 

5.  Lithiumsekundarbatterie  mit  nicht  waBrigem  Elektrolyt  nach  Anspruch  4,  wobei  das  Polymer  eine  wiederkehrende 
Einheit  der  Strukturformel  (III)  umfaBt: 

H  H  \ 

—  c—  c —   o—  c—  o  

\  H  R  O  /  

[ H I ]  

in  der  R  einen  Alkylrest  mit  hochstens  10  Kohlenstoffatomen  bedeutet. 

6.  Lithiumsekundarbatterie  mit  nicht  waBrigem  Elektrolyt  nach  Anspruch  4,  wobei  R-,  ,  R2,  R3  und  R4  Wasserstoffato- 
me  bedeuten. 

7.  Lithiumsekundarbatterie  mit  nicht  waBrigem  Elektrolyt  nach  Anspruch  4,  wobei  das  Polymer  eine  wiederkehrende 
Einheit  der  Strukturformel  (IV)  umfaBt: 

/  H  H \  

—  c—  c —   o—  c—  0 - \ -  [ I V ]  

/  

Revendications 

1.  Batterie  secondaire  au  lithium  et  a  electrolyte  non  aqueux,  comprenant  une  cathode  contenant,  comme  materiau 
actif,  un  materiau  qui  peut  etre  dope/dedope  par  des  ions  lithium,  une  anode  contenant,  comme  materiau  actif, 
un  materiau  carbone  qui  peut  etre  dope/dedope  par  les  ions  lithium,  un  separateur  interpose  entre  la  cathode  et 
I'anode,  et  un  electrolyte  prepare  en  dissolvant  un  sel  de  lithium  dans  un  solvant  organique,  caracterisee  en  ce 
que  I'anode  contient  un  polymere  ayant  des  groupes  carbonates  representes  par  la  formule  structurelle  [I]  : 

-o—  c—  o —  
II 
0  

[ I ]  

ledit  polymere  ayant  une  masse  moleculaire  moyenne  en  nombre  qui  n'est  pas  inferieure  a  300  et  qui  n'est  pas 
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superieure  a  200  000. 

Batterie  secondaire  au  lithium  et  a  electrolyte  non  aqueux  selon  la  revendication  1,  caracterisee  en  ce  que  50% 
ou  plus  du  nombre  total  des  groupes  carbonates  contenus  sont  dans  la  chaTne  principale  du  polymere. 

Batterie  secondaire  au  lithium  et  a  electrolyte  non  aqueux  selon  la  revendication  1,  caracterisee  en  ce  que  plus 
de  50%  du  nombre  total  des  groupes  carbonates  contenus  sont  dans  les  chaTnes  laterales  du  polymere. 

Batterie  secondaire  au  lithium  et  a  electrolyte  non  aqueux  selon  la  revendication  2,  caracterisee  en  ce  que  le 
polymere  contient  une  structure  chimique  representee  par  la  formule  structurelle  [II]  : 

R . R 3  

—   c - c —   o—  c - o —   [  n i  
I  I  ji 
R2  R4  0  

dans  laquelle  R-,,  R2,  R3  et  R4  independamment  indiquent  un  atome  d'hydrogene,  un  groupe  alkyle  n'ayant  pas 
plus  de  10  atomes  de  carbone,  un  groupe  aralkyle  n'ayant  pas  plus  de  10  atomes  de  carbone,  un  groupe  aryle 
n'ayant  pas  plus  de  10  atomes  de  carbone  ou  un  groupe  haloalkyle  n'ayant  pas  plus  de  10  atomes  de  carbone. 

Batterie  secondaire  au  lithium  et  a  electrolyte  non  aqueux  selon  la  revendication  4,  caracterisee  en  ce  que  le 
polymere  comprend  une  unite  recurrente  representee  par  la  formule  [III]  : 

H  H 

- c - c —   o - c - o -  

H  R  0  

[ H I ]  

dans  laquelle  R  indique  un  groupe  alkyle  n'ayant  pas  plus  de  10  atomes  de  carbone. 

Batterie  secondaire  au  lithium  et  a  electrolyte  non  aqueux  selon  la  revendication  4,  caracterisee  en  ce  que  R-,,  R2, 
R3  et  R4  sont  des  atomes  d'hydrogene. 

Batterie  secondaire  au  lithium  et  a  electrolyte  non  aqueux  selon  la  revendication  4,  caracterisee  en  ce  que  le 
polymere  comprend  une  unite  recurrente  representee  par  la  formule  structurelle  [IV]: 

/  H  H 
U c - c - o - c - o -  
r   1  1  i  
\  H  H  °  

[ I V ]  
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