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SUBSTANCE 

(57)  In  the  method  of  decomposing  halogenated  aro- 
matic  compounds,  halogenated  aromatic  compounds 
and  alkalis  are  contacted  in  a  non-proton  polar  solvent 
at  a  temperature  ranging  from  about  150  0  C  to  about 
300°  C  for  about  1  to  about  10  hours.  The  blending  ratio 
of  alkalis  with  respect  to  the  whole  reaction  system  when 
the  reaction  starts  is  set  at  5,000  mg/kg  or  more. 
Whereby,  the  halogenated  aromatic  compounds  can  be 
decomposed  certainly  and  safely. 
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Description 

Technical  Field 

5  The  present  invention  relates  to  a  safe  method  for  decomposing  halogenated  aromatic  compounds  such  as  poly- 
chlorinated  biphenyl  (hereinafter  "PCB")  using  alkalis  in  a  polar  solvent. 

Background  Art 

10  Since  it  is  extremely  difficult  to  treat  halogenated  aromatic  compounds  such  as  PCB,  considerable  efforts  have  been 
made  to  remove  or  decompose  halogenated  aromatic  compounds  for  more  than  twenty  years.  Methods  for  accomplishing 
this  using  a  reaction  process  that  takes  place  in  the  presence  of  an  alkali  include  the  alumina-alkali  process  disclosed 
by  U.S.  Patent  No.  2,951,804.  U.S.  Patent  No.  4,532,028  discloses  a  method  of  reacting  alkali  and  a  PCB  content  of  up 
to  50,000  ppm  at  a  temperature  of  200°  C  or  below  in  a  mixture  of  alkyl  or  alkylene  sulfoxide  and  polyole,  thereby  reducing 

15  the  content  to  several  ppm.  Other  examples  include  Canadian  Patent  No.  1  ,  1  81  ,771  which  discloses  a  method  employing 
melted  sodium,  and  Italian  Patent  No.  1  ,206,508  which  disclose  a  method  using  alkaline  earth  metal  on  which  polyeth- 
ylene  glycol  is  adsorbed. 

Though  each  of  the  prior  art  techniques  has  its  good  points,  it  is  not  possible  to  further  remove  halogenated  aromatic 
compounds  from  samples  having  a  low  concentration  thereof,  so  that  the  halogenated  aromatic  compound  content  is 

20  further  reduced  to  the  extent  that  the  inclusion  thereof  is  substantially  not  recognizable;  it  is  not  yet  possible  to  reduce 
the  halogenated  aromatic  compound  concentration  to  1  ppm  or  below.  In  addition,  heating  the  solvent  used  in  the  prior 
art  methods  to  a  high  temperature  of  150°  C  or  over  in  the  presence  of  an  alkali  or  alkali  metal  has  a  chemically  desta- 
bilizing  effect  that  promotes  solvent  decomposition  and  polymerization,  therefore  these  methods  cannot  be  carried  out 
industrially. 

25  Furthermore,  a  reduction  method  using  paraffin  as  a  hydrogen  source  which  has  been  studied  recently  is  also 
defective  in  that  about  1  ppm  of  PCB  remains  and  the  reaction  temperature  is  high. 

Disclosure  of  Invention 

30  The  inventor  of  the  present  invention  investigated  various  ways  of  eliminating  such  drawbacks  and  discovered  a 
highly  effective  method  of  decomposing  halogenated  aromatic  compounds.  In  accordance  with  the  method,  in  a  non- 
proton  polar  solvent  which  has  a  high  boiling  point  and  good  high-temperature  stability  with  respect  to  alkalis,  halogen- 
ated  aromatic  compounds  are  contacted  at  a  high  temperature  with  such  an  amount  of  alkalis  that  cannot  be  dissolved 
into  the  non-proton  solvent. 

35  Thus,  in  the  method  of  the  present  invention  for  decomposing  halogenated  aromatic  compounds  by  contacting 
halogenated  aromatic  compounds  with  alkalis  in  a  non-proton  polar  solvent,  the  contact  is  carried  out  at  a  temperature 
ranging  from  about  1  50°  C  to  about  300°  C,  for  1  to  1  0  hours,  and  the  blending  ratio  of  alkalis  to  the  whole  reaction 
system  when  the  reaction  starts  is  5,000  mg/kg  or  more. 

In  particular,  it  is  preferred  that  the  blending  ratio  of  alkalis  to  the  whole  reaction  system  when  the  reaction  starts 
40  be  7,000  mg/kg  or  more. 

The  halogenated  aromatic  compounds  to  be  decomposed  include  one  halogenated  aromatic  compound  selected 
from  a  group  consisting  of  polychlorinated  biphenyl,  polychlorinated  terphenyl,  polybrominated  biphenyl,  and  analogous 
compounds  thereof,  or  a  mixture  of  two  or  more  halogenated  aromatic  compounds  selected  from  this  group. 

With  respect  to  the  method  in  accordance  with  the  present  invention,  it  is  not  yet  possible  to  explain  theoretically  as 
45  an  essential  reaction  mechanism  through  what  chemical  reactions  halogenated  aromatic  compounds  are  decomposed. 

After  repeatedly  investigating  the  decomposition  method  in  accordance  with  the  present  invention,  it  is  confirmed  that 
halogenated  aromatic  compounds  are  decomposed  to  such  an  extent  that  halogenated  aromatic  compounds  are  sub- 
stantially  undetectable.  The  method  is  generally  used  in  which,  of  chemicals  that  react,  a  less  expensive  chemical  is 
added  excessively  to  complete  the  chemical  reaction.  In  the  method  of  the  present  invention,  however,  the  amount  of 

so  alkalis  is  determined  depending  on  the  amount  of  the  non-proton  polar  solvent  serving  as  a  solvent.  That  is  to  say, 
according  to  the  present  invention,  it  is  to  be  noted  that  the  action  of  the  non-proton  polar  solvent  is  promoted  by  making 
the  amount  of  the  alkalis  larger  than  that  of  the  non-proton  polar  solvent  rather  than  by  making  the  amount  of  the  alkalis 
larger  than  that  of  the  halogenated  aromatic  compounds. 

In  the  present  invention,  whether  the  starting  material  is  100  %  halogenated  aromatic  compounds  or  halogenated 
55  aromatic  compounds  diluted  to  several  ppm,  it  was  confirmed  that  the  halogenated  aromatic  compounds  are  decom- 

posed  to  such  an  extent  that  the  halogenated  aromatic  compounds  are  substantially  undetectable.  Therefore,  according 
to  the  present  invention,  it  is  possible  to  treat  not  only  100  %  halogenated  aromatic  compounds  but  also  halogenated 
aromatic  compounds  diluted  to  the  concentration  ranging  from  2  ppm  to  80  %  by  hydrocarbon  oil,  for  example,  the 
principal  component  of  which  is  non-aromatic  hydrocarbon. 
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In  the  method  in  accordance  with  the  present  invention,  as  alkalis,  one  alkali  selected  from  a  group  consisting  of 
sodium  hydroxide  (NaOH),  potassium  hydroxide  (KOH),  calcium  hydroxide  {Ca{OH)2)  and  magnesium  hydroxide 
(Mg(OH)2),  or  a  mixture  of  two  or  more  alkalis  selected  from  this  group  can  be  used.  Calcium  hydroxide  (Ca(OH)2)  and 
others  may  be  added  to  the  reaction  system  in  the  form  of  the  alkalis  being  oxides  such  as  calcium  oxide  (CaO). 

5  According  to  the  present  invention,  there  are  found  to  be  slight  differences  in  the  halogenated  aromatic  compound 
decomposition  effect  of  the  various  non-proton  polar  solvents.  Under  any  conditions,  1  ,3-dimethyl-2-imidazolidinone, 
tetramethylene  sulfone,  or  a  mixture  of  1  ,3-dimethyl-2-imidazolidinone  and  tetramethylene  sulfone  are  effective  non- 
proton  polar  solvents. 

Industrially  these  non-proton  polar  solvents  are  used  relatively  extensively,  and  the  solvents  are  marketed  and  easily 
10  available.  It  is  to  be  noted  that  these  non-proton  polar  solvents  can  dissolve  a  large  quantity  of  halogenated  aromatic 

compounds  as  well  as  the  solvents  have  low  toxicity  and  risk.  In  the  prior  art  techniques,  it  was  clear  that  when  the 
amount  of  halogenated  aromatic  compounds  was  decreased  to,  for  example,  in  the  order  of  parts  per  million,  the  reaction 
speed  of  halogenated  aromatic  compounds  and  alkalis  remarkably  lowered.  When  the  above-mentioned  non-proton 
polar  solvents  were  used,  it  was  confirmed  that  halogenated  aromatic  compounds  were  decomposed  to  the  concentration 

15  of  several  ppm,  and  further  to  below  the  detection  limit  value  (0.5  ppb  or  less),  and  that  the  compounds  were  substantially 
eliminated. 

As  non-proton  polar  solvents,  a  mixture  the  principal  component  of  which  is  a  solvent  selected  from  a  group  con- 
sisting  of  1,3-dimethyl-2-imidazolidinone  (hereinafter  DMI),  tetramethylene  sulfone,  and  a  mixture  of  1  ,3-dimethyl-2- 
imidazolidinone  and  tetramethylene  sulfone,  and  which  contains  one  polar  solvent  selected  from  dimethyl  sulfoxide,  N- 

20  methyl  pyrrolidone,  tetramethyl  urea,  diethylene  glycol  and  polyethylene  glycol  dimethyl  ether,  or  two  or  more  polar 
solvents  selected  from  this  group  at  a  concentration  of  35  %  or  less,  can  be  used  to  effectively  decompose  the  halogen- 
ated  aromatic  compounds. 

Best  Mode  for  Carrying  Out  the  Invention 
25 

Table  1  shows  the  treatment  conditions  and  the  remaining  PCB  amount  after  the  treatment  in  the  examples  according 
to  the  present  invention  and  the  comparative  examples.  Note  that  in  Table  1  when  the  remaining  PCB  amount  is  below 
the  detection  limit,  it  is  represented  by  "N.D."  in  the  column  of  the  remaining  PCB  amount. 

30  Example  1 

As  listed  in  Table  1  ,  after  50  g  of  insulating  oil  (hydrocarbon  oil  the  principal  component  of  which  is  non-aromatic 
hydrocarbon)  containing  about  80  ppm  of  PCB,  1  00  g  of  DMI  and  2  g  of  powdery  NaOH  were  mixed  in  af  lask,  the  mixture 
was  stirred  briskly  while  being  maintained  at  a  temperature  of  200°  C  for  about  6  hours.  After  cooling  the  mixture  to 

35  room  temperature,  the  lower  layer  of  DMI  was  removed.  Then  the  PCB  in  the  oil  layer  was  analyzed  by  a  gas  chroma- 
tography  mechanical  spectrometer  (hereinafter  GC-MS),  whereby  it  was  confirmed  that  the  PCB  content  had  decreased 
to  below  the  detection  limit  value  of  the  GC-MS,  that  is,  0.5  ppb  (0.5  |xg/kg)  or  less.  Under  the  conditions  of  this  example, 
the  initial  blending  ratio  of  alkalis  with  respect  to  the  whole  reaction  system  corresponds  to  13,000  mg/kg,  and  the  ratio 
of  alkalis  with  respect  to  the  chlorine  amount  in  the  PCB  (the  number  of  moles  of  alkalis  /  the  number  of  moles  of  chlorine) 

40  corresponds  to  800  in  terms  of  mole  ratio. 
Note  that  after  the  treatment  was  carried  out  for  about  2  hours  under  the  same  conditions,  it  was  confirmed  that  the 

concentration  of  the  PCB  in  the  oil  layer  had  decreased  to  70  ppb. 

Example  2 
45 

As  listed  in  Table  1  ,  after  50  g  of  insulating  oil  containing  about  80  ppm  of  PCB,  50  g  of  DMI  and  2.5  g  of  powdery 
KOH  were  mixed  in  a  flask,  as  in  Example  1  ,  the  mixture  was  stirred  briskly  while  being  maintained  at  a  temperature  of 
200°  C  for  about  6  hours.  After  cooling  the  mixture  to  room  temperature,  the  lower  layer  of  DMI  was  removed.  Then  the 
PCB  in  the  oil  layer  was  analyzed  by  a  GC-MS,  whereby  it  was  confirmed  that  the  PCB  content  had  decreased  to  below 

so  the  detection  limit  value  of  the  GC-MS.  Under  the  conditions  of  this  example,  the  initial  blending  ratio  of  alkalis  with 
respect  to  the  whole  reaction  system  corresponds  to  25,000  mg/kg,  and  the  ratio  of  alkalis  with  respect  to  the  chlorine 
amount  in  the  PCB  corresponds  to  720  in  terms  of  mole  ratio.  Note  that  after  the  treatment  was  carried  out  for  about  2 
hours  under  the  same  conditions,  it  was  confirmed  that  the  concentration  of  the  PCB  in  the  oil  layer  had  decreased  to 
90  ppb. 

55 
Example  3 

As  listed  in  Table  1,  after  50  g  of  insulating  oil  containing  about  80  ppm  of  PCB,  100  g  of  DMI,  1.5  g  of  powdery 
NaOH  and  1  .0  g  of  powdery  CaO  were  mixed  in  a  flask,  as  in  Example  1  ,  the  mixture  was  stirred  briskly  while  being 
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maintained  at  a  temperature  of  210°  C  for  about  6  hours.  Note  that  CaO  also  functions  as  an  alkali.  After  cooling  the 
mixture  to  room  temperature,  the  lower  layer  of  DMI  was  removed.  Then  the  PCB  in  the  oil  layer  was  analyzed  by  a  GC- 
MS,  whereby  it  was  confirmed  that  the  PCB  content  had  decreased  to  below  the  detection  limit  value  of  the  GC-MS. 
Under  the  conditions  of  this  example,  the  initial  blending  ratio  of  alkalis  with  respect  to  the  whole  reaction  system  cor- 

5  responds  to  1  7,000  mg/kg,  and  the  ratio  of  alkalis  with  respect  to  the  chlorine  amount  in  the  PCB  corresponds  to  90  in 
terms  of  mole  ratio.  Note  that  after  the  treatment  was  carried  out  for  about  2  hours  under  the  same  conditions,  it  was 
confirmed  that  the  concentration  of  the  PCB  in  the  oil  layer  had  decreased  to  80  ppb. 

Example  4 
10 

As  listed  in  Table  1  ,  after  50  g  of  insulating  oil  containing  about  8,000  ppm  of  PCB,  1  50  g  of  DMI  and  2.5  g  of  powdery 
KOH  were  mixed  in  a  flask,  as  in  Example  1  ,  the  mixture  was  stirred  briskly  while  being  maintained  at  a  temperature  of 
210  °  C  for  about  4  hours.  After  cooling  the  mixture  to  room  temperature,  the  lower  layer  of  DMI  was  removed.  Then  the 
PCB  in  the  oil  layer  was  analyzed  by  a  GC-MS,  whereby  it  was  confirmed  that  the  PCB  content  had  decreased  to  below 

15  the  detection  limit  value  of  the  GC-MS.  Under  the  conditions  of  this  example,  the  initial  blending  ratio  of  alkalis  with 
respect  to  the  whole  reaction  system  corresponds  to  12,500  mg/kg,  and  the  ratio  of  alkalis  with  respect  to  the  chlorine 
amount  in  the  PCB  corresponds  to  7  in  terms  of  mole  ratio.  Note  that  after  the  treatment  was  carried  out  for  about  2 
hours  under  the  same  conditions,  it  was  confirmed  that  the  concentration  of  the  PCB  in  the  oil  layer  had  decreased  to 
50  ppb. 

20 
Example  5 

As  listed  in  Table  1  ,  after  50  g  of  insulating  oil  containing  about  8,000  ppm  of  PCB,  50  g  of  DMI,  2.8  g  of  powdery 
CaO  and  2.0  g  of  powdery  NaOH  were  mixed  in  a  flask,  as  in  Example  1  ,  the  mixture  was  stirred  briskly  while  being 

25  maintained  at  a  temperature  of  1  90°  C  for  about  5  hours.  After  cooling  the  mixture  to  room  temperature,  the  lower  layer 
of  DMI  was  removed.  Then  the  PCB  in  the  oil  layer  was  analyzed  by  a  GC-MS,  whereby  it  was  confirmed  that  the  PCB 
content  had  decreased  to  below  the  detection  limit  value  of  the  GC-MS.  Under  the  conditions  of  this  example,  the  initial 
blending  ratio  of  alkalis  with  respect  to  the  whole  reaction  system  corresponds  to  48,000  mg/kg,  and  the  ratio  of  alkalis 
with  respect  to  the  chlorine  amount  in  the  PCB  corresponds  to  16  in  terms  of  mole  ratio.  Note  that  after  the  treatment 

30  was  carried  out  for  about  3  hours  under  the  same  conditions,  it  was  confirmed  that  the  concentration  of  the  PCB  in  the 
oil  layer  had  decreased  to  40  ppb. 

Example  6 

35  As  listed  in  Table  1  ,  after  50  g  of  insulating  oil  containing  about  80  ppm  of  PCB,  150  g  of  DMI  and  3.8  g  of  powdery 
NaOH  were  mixed  in  a  flask,  as  in  Example  1  ,  the  mixture  was  stirred  briskly  while  being  maintained  at  a  temperature 
of  210°  C  for  about  5  hours.  After  cooling  the  mixture  to  room  temperature,  the  lower  layer  of  DMI  was  removed.  Then 
the  PCB  in  the  oil  layer  was  analyzed  by  a  GC-MS,  whereby  it  was  confirmed  that  the  PCB  content  had  decreased  to 
below  the  detection  limit  value  of  the  GC-MS.  Under  the  conditions  of  this  example,  the  initial  blending  ratio  of  alkalis 

40  with  respect  to  the  whole  reaction  system  corresponds  to  19,000  mg/kg,  and  the  ratio  of  alkalis  with  respect  to  the 
chlorine  amount  in  the  PCB  corresponds  to  1500  in  terms  of  mole  ratio.  Note  that  after  the  treatment  was  carried  out 
for  about  2  hours  under  the  same  conditions,  it  was  confirmed  that  the  concentration  of  the  PCB  in  the  oil  layer  had 
decreased  to  30  ppb. 

45  Example  7 

As  listed  in  Table  1  ,  after  50  g  of  insulating  oil  containing  about  8,000  ppm  of  PCB,  1  50  g  of  DMI  and  5.5  g  of  powdery 
KOH  were  mixed  in  a  flask,  as  in  Example  1  ,  the  mixture  was  stirred  briskly  while  being  maintained  at  a  temperature  of 
200  °  C  for  about  3  hours.  After  cooling  the  mixture  to  room  temperature,  the  lower  layer  of  DMI  was  removed.  Then  the 

so  PCB  in  the  oil  layer  was  analyzed  by  a  GC-MS,  whereby  it  was  confirmed  that  the  PCB  content  had  decreased  to  below 
the  detection  limit  value  of  the  GC-MS.  Under  the  conditions  of  this  example,  the  initial  blending  ratio  of  alkalis  with 
respect  to  the  whole  reaction  system  corresponds  to  27,500  mg/kg,  and  the  ratio  of  alkalis  with  respect  to  the  chlorine 
amount  in  the  PCB  corresponds  to  16  in  terms  of  mole  ratio.  Note  that  after  the  treatment  was  carried  out  for  about  2 
hours  under  the  same  conditions,  it  was  confirmed  that  the  concentration  of  the  PCB  in  the  oil  layer  had  decreased  to 

55  20  ppb. 
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Comparative  Example  1 

As  a  first  comparative  example  with  respect  to  Examples  1  to  7,  the  following  investigation  was  carried  out.  As  listed 
in  Table  1  ,  after  50  g  of  insulating  oil  containing  about  80  ppm  of  PCB,  100  g  of  DMI  and  0.3  g  of  powdery  NaOH  were 

5  mixed  in  a  flask,  as  in  Example  1  ,  the  mixture  was  stirred  briskly  while  being  maintained  at  a  temperature  of  210°  C  for 
about  6  hours.  After  cooling  the  mixture  to  room  temperature,  the  lower  layer  of  DMI  was  removed.  Then  the  PCB  in  the 
oil  layer  was  analyzed  by  a  GC-MS,  whereby  it  was  confirmed  that  4,000  ppm  of  PCB  had  remained.  Note  that  after  the 
treatment  was  carried  out  for  about  4  hours  under  the  same  condition,  it  was  confirmed  that  5000  ppb  of  PCB  had 
remained. 

10  Although  the  ratio  of  alkalis  with  respect  to  the  chlorine  amount  in  the  PCB  is  120  in  terms  of  mole  ratio,  which  is 
the  same  as  or  higher  than  that  in  Examples  1  to  7,  a  high  concentration  of  PCB  remained.  The  reason  for  this  is  that 
although  the  amount  of  NaOH  is  larger  than  that  of  PCB,  the  initial  blending  ratio  of  alkalis  with  respect  to  the  whole 
reaction  system  is  2,000  mg/kg  and  is  much  lower  than  that  in  Examples  1  to  7. 

15  Example  8 

In  Examples  1  to  7,  50  g  of  insulating  oil  containing  PCB  was  added  to  the  reaction  system.  In  Examples  8  to  10, 
an  extremely  small  amount  of  insulating  oil  containing  PCB  was  added  to  the  reaction  system.  In  these  cases,  since  the 
quantity  of  the  insulating  oil  is  small,  the  insulating  oil  itself  dissolves  in  the  DMI  layer.  Therefore,  the  concentration  of 

20  the  PCB  in  the  DMI  layer  was  analyzed  by  a  GC-MS  after  the  reaction. 
As  listed  in  Table  1  ,  after  3  g  of  insulating  oil  containing  PCB,  90  g  of  DMI  and  13  g  of  powdery  NaOH  were  mixed 

in  a  flask,  as  in  Example  1  ,  the  mixture  was  stirred  briskly  while  being  maintained  at  a  temperature  of  200°  C  for  about 
5  hours.  After  cooling  the  mixture  to  room  temperature,  the  PCB  in  the  DMI  layer  was  analyzed  by  a  GC-MS.  Thereby 
it  was  confirmed  that  the  PCB  concentration,  which  had  initially  been  70,000  ppm  with  respect  to  the  whole  reaction 

25  system,  had  decreased  to  below  the  detection  limit  value  of  the  GC-MS.  Under  the  condition  of  this  example,  the  initial 
blending  ratio  of  alkalis  corresponds  to  1  30,000  mg/kg,  and  the  ratio  of  alkalis  with  respect  to  the  chlorine  amount  in  the 
PCB  corresponds  to  3  in  terms  of  mole  ratio.  Note  that  after  the  treatment  was  carried  out  for  about  2  hours  under  the 
same  conditions,  it  was  confirmed  that  the  PCB  concentration  had  decreased  to  70  ppb. 

30  Example  9 

As  listed  in  Table  1  ,  after  3  g  of  insulating  oil  containing  PCB,  90  g  of  DMI  and  16  g  of  powdery  KOH  were  mixed  in 
a  flask,  as  in  Example  8,  the  mixture  was  stirred  briskly  while  being  maintained  at  a  temperature  of  200°  C  for  about  4 
hours.  After  cooling  the  mixture  to  room  temperature,  the  PCB  in  the  DMI  layer  was  analyzed  by  a  GC-MS.  Thereby  it 

35  was  confirmed  that  the  PCB  concentration,  which  had  initially  been  70,000  ppm  with  respect  to  the  whole  reaction 
system,  had  decreased  to  below  the  detection  limit  value  of  the  GC-MS.  Under  the  condition  of  this  example,  the  initial 
blending  ratio  of  alkalis  corresponds  to  1  60,000  mg/kg,  and  the  ratio  of  alkalis  with  respect  to  the  chlorine  amount  in  the 
PCB  corresponds  to  2.6  in  terms  of  mole  ratio.  Note  that  after  the  treatment  was  carried  out  for  about  2  hours  under  the 
same  conditions,  it  was  confirmed  that  the  PCB  concentration  had  decreased  to  25  ppb. 

40 
Example  10 

As  listed  in  Table  1,  after  0.3  g  of  insulating  oil  containing  PCB,  99  g  of  DMI,  1.5  g  of  powdery  KOH  and  1.0  g  of 
powdery  CaO  were  mixed  in  a  flask,  as  in  Example  8,  the  mixture  was  stirred  briskly  while  being  maintained  at  a  tem- 

45  perature  of  210°  C  for  about  5  hours.  After  cooling  the  mixture  to  room  temperature,  the  PCB  in  the  DMI  layer  was 
analyzed  by  a  GC-MS.  Thereby  it  was  confirmed  that  the  PCB  concentration,  which  had  initially  been  7,000  ppm  with 
respect  to  the  whole  reaction  system,  had  decreased  to  below  the  detection  limit  value  of  the  GC-MS.  Under  the  condition 
of  this  example,  the  initial  blending  ratio  of  alkalis  corresponds  to  25,000  mg/kg,  and  the  ratio  of  alkalis  with  respect  to 
the  chlorine  amount  in  the  PCB  corresponds  to  4  in  terms  of  mole  ratio.  Note  that  after  the  treatment  was  carried  out 

so  for  about  2  hours  under  the  same  conditions,  it  was  confirmed  that  the  PCB  concentration  had  decreased  to  60  ppb. 

Example  1  1 

In  Examples  1  to  10,  insulating  oil  containing  PCB  was  added  to  the  reaction  system.  In  Examples  1  1  to  14,  on  the 
55  other  hand,  instead  of  PCB  being  added  to  the  reaction  system  directly,  insulating  oil  was  not  added.  In  these  cases 

too,  the  concentration  of  the  PCB  in  the  DMI  layer  was  analyzed  by  a  GC-MS. 
As  listed  in  Table  1,  after  100  g  of  DMI,  1.9  g  of  powdery  NaOH  and  PCB  of  10,000  ppm  of  concentration  to  the 

whole  reaction  system  were  mixed  in  a  flask,  as  in  Example  8,  the  mixture  was  stirred  briskly  while  being  maintained  at 
a  temperature  of  200°  C  for  about  5  hours.  After  cooling  the  mixture  to  room  temperature,  the  PCB  in  the  DMI  layer  was 

5 
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analyzed  by  a  GC-MS.  Thereby  it  was  confirmed  that  the  PCB  concentration  had  decreased  to  below  the  detection  limit 
value  of  the  GC-MS.  Under  the  conditions  of  this  example,  the  initial  blending  ratio  of  alkalis  corresponds  to  19,000 
mg/kg,  and  the  ratio  of  alkalis  with  respect  to  the  chlorine  amount  in  the  PCB  corresponds  to  3  in  terms  of  mole  ratio. 
Note  that  after  the  treatment  was  carried  out  for  about  2  hours  under  the  same  conditions,  it  was  confirmed  that  the  PCB 

5  concentration  had  decreased  to  35  ppb. 

Example  12 

As  listed  in  Table  1  ,  after  1  00  g  of  DMI,  2.6  g  of  powdery  KOH  and  PCB  of  1  0,000  ppm  of  concentration  to  the  whole 
10  reaction  system  were  mixed  in  a  flask,  as  in  Example  8,  the  mixture  was  stirred  briskly  while  being  maintained  at  a 

temperature  of  200°  C  for  about  4  hours.  After  cooling  the  mixture  to  room  temperature,  the  PCB  in  the  DMI  layer  was 
analyzed  by  a  GC-MS.  Thereby  it  was  confirmed  that  the  PCB  concentration  had  decreased  to  below  the  detection  limit 
value  of  the  GC-MS.  Under  the  conditions  of  this  example,  the  initial  blending  ratio  of  alkalis  corresponds  to  26,000 
mg/kg,  and  the  ratio  of  alkalis  with  respect  to  the  chlorine  amount  in  the  PCB  corresponds  to  3  in  terms  of  mole  ratio. 

15  Note  that  after  the  treatment  was  carried  out  for  about  2  hours  under  the  same  conditions,  it  was  confirmed  that  the  PCB 
concentration  had  decreased  to  30  ppb. 

Example  13 

20  As  listed  in  Table  1  ,  after  100  g  of  DMI,  1  .0  g  of  powdery  NaOH,  1  .0  g  of  powdery  CaO  and  PCB  of  concentration 
of  1  0,000  ppm  to  the  whole  reaction  system  were  mixed  in  a  flask,  as  in  Example  8,  the  mixture  was  stirred  briskly  while 
being  maintained  at  a  temperature  of  200°  C  for  about  6  hours.  After  cooling  the  mixture  to  room  temperature,  the  PCB 
in  the  DMI  layer  was  analyzed  by  a  GC-MS.  Thereby  it  was  confirmed  that  the  PCB  concentration  had  decreased  to 
below  the  detection  limit  value  of  the  GC-MS.  Under  the  conditions  of  this  example,  the  initial  blending  ratio  of  alkalis 

25  corresponds  to  20,000  mg/kg,  and  the  ratio  of  alkalis  with  respect  to  the  chlorine  amount  in  the  PCB  corresponds  to  2.8 
in  terms  of  mole  ratio.  Note  that  after  the  treatment  was  carried  out  for  about  2  hours  under  the  same  conditions,  it  was 
confirmed  that  the  PCB  concentration  had  decreased  to  40  ppb. 

Example  14 
30 

As  listed  in  Table  1  ,  after  100  g  of  DMI,  39  g  of  powdery  KOH  and  PCB  of  concentration  of  10,000  ppm  to  the  whole 
reaction  system  were  mixed  in  a  flask,  as  in  Example  8,  the  mixture  was  stirred  briskly  while  being  maintained  at  a 
temperature  of  200°  C  for  about  3  hours.  After  cooling  the  mixture  to  room  temperature,  the  PCB  in  the  DMI  layer  was 
analyzed  by  a  GC-MS.  Thereby  it  was  confirmed  that  the  PCB  concentration  had  decreased  to  below  the  detection  limit 

35  value  of  the  GC-MS.  Under  the  conditions  of  this  example,  the  initial  blending  ratio  of  alkalis  corresponds  to  390,000 
mg/kg,  and  the  ratio  of  alkalis  with  respect  to  the  chlorine  amount  in  the  PCB  corresponds  to  4.5  in  terms  of  mole  ratio. 
Note  that  after  the  treatment  was  carried  out  for  about  1  hour  under  the  same  conditions,  it  was  confirmed  that  the  PCB 
concentration  had  decreased  to  100  ppb. 

40  Comparative  Example  2 

As  a  second  comparative  example  with  respect  to  Examples  8  to  1  4,  the  following  investigation  was  carried  out.  As 
listed  in  Table  1,  after  100  g  of  DMI,  0.4  g  of  powdery  NaOH  and  PCB  of  concentration  of  10,000  ppm  to  the  whole 
reaction  system  were  mixed  in  a  flask,  as  in  Example  8,  the  mixture  was  stirred  briskly  while  being  maintained  at  a 

45  temperature  of  200°  C  for  about  6  hours.  After  cooling  the  mixture  to  room  temperature,  the  PCB  in  the  DMI  layer  was 
analyzed  by  a  GC-MS.  Thereby  it  was  confirmed  that  2,000  ppm  of  PCB  had  remained.  Note  that  after  the  treatment 
was  carried  out  for  about  2  hours  under  the  same  conditions,  it  was  confirmed  that  8,000  ppb  of  PCB  had  remained. 

The  reason  why  such  a  high  concentration  of  PCB  remained  was  that  the  initial  blending  ratio  of  alkalis  with  respect 
to  the  whole  reaction  system  is  4,000  mg/kg  and  is  much  lower  than  that  in  Examples  8  to  14,  rather  than  that  the  ratio 

so  of  alkalis  with  respect  to  the  chlorine  amount  in  the  PCB  is  as  low  as  0.6  in  terms  of  mole  ratio. 

Effects  of  the  Examples 

As  is  clear  from  the  above  examples,  it  was  confirmed  that  in  Comparative  Examples  1  and  2  the  PCB  concentration 
55  had  not  decreased  to  1  ppm  or  less,  while  in  Examples  1  to  14  PCB  had  been  decomposed  to  the  extent  that  the  PCB 

concentration  might  decrease  to  1  ppm  or  less,  and  further  to  below  the  detection  limit  value. 

6 
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Other  Examples 

The  conditions  under  which  PCB  was  decomposed  by  contacting  PCB  and  alkalis  in  a  non-proton  polar  solvent,  in 
addition  to  those  in  the  above  examples,  were  investigated  by  varying  the  alkaline  amount  when  the  reaction  started, 
the  contact  temperature  of  PCB  and  alkalis,  and  their  contact  time.  Thereby  it  was  confirmed  that  PCB  could  be  decom- 
posed  with  certainty  to  the  extent  that  the  PCB  concentration  might  decrease  to  below  the  detection  limit  by  contacting 
PCB  and  alkalis  at  a  temperature  ranging  from  about  150  0  C  to  about  300°  C  for  about  1  to  about  10  hours,  and  by 
making  the  blending  ratio  of  alkalis  with  respect  to  the  whole  reaction  system  when  the  reaction  started  5,000  mg/kg  or 
more.  It  was  further  confirmed  that  by  making  the  blending  ratio  of  alkalis  with  respect  to  the  whole  reaction  system 
when  the  reaction  started  7,000  mg/kg  or  more,  it  was  possible  to  decompose  PCB  with  more  certainty  to  the  extent 
that  the  PCB  concentration  might  decrease  to  below  the  detection  limit. 

Halogenated  aromatic  compounds  other  than  PCB  can  be  decomposed  in  the  same  method,  and  polychlorinated 
terphenyl,  polybrominated  biphenyl  and  analogous  compounds  thereof,  for  instance,  can  be  decomposed  to  the  extent 
that  the  content  may  decrease  to  below  the  detection  limit. 

In  the  techniques  according  to  the  present  invention,  as  alkalis,  NaO,  Mg(OH)2  and  others  may  be  used  as  well  as 
NaOH,  KOH,  CaOH  and  CaO. 

In  the  above  examples,  as  a  non-proton  polar  solvent,  DMI  was  used,  but  tetramethylene  sulfone  or  a  mixture  of 
DMI  and  tetramethylene  sulfone  may  be  employed  as  well.  It  is  possible  to  use  a  mixture  of  these  solvents  and  dimethyl 
sulfoxide,  N-methyl  pyrrolidone,  tetramethyl  urea,  diethylene  glycol  or  polyethylene  glycol  dimethyl  ether.  In  this  case, 
considering  the  alkali  resistance  at  a  high  temperature,  it  is  preferred  that  the  blending  ratio  of  dimethyl  sulfoxide,  N- 
methyl  pyrrolidone,  tetramethyl  urea,  diethylene  glycol  or  polyethylene  glycol  dimethyl  ether  be  35  %  or  less. 
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Industrial  Applicability 

As  described  in  the  foregoing,  in  accordance  with  the  present  invention,  halogenated  aromatic  compounds  and 
alkalis  are  contacted  in  a  non-proton  polar  solvent  at  a  temperature  ranging  from  about  1  50°  C  to  about  300°  C  for  about 
1  to  about  10  hours,  and  the  blending  ratio  of  alkalis  with  respect  to  the  whole  reaction  system  when  the  reaction  starts 
is  set  at  5,000  mg/kg  or  more.  Therefore,  in  accordance  with  the  present  invention,  it  is  possible  to  remove  halogenated 
aromatic  compounds  such  as  PCB,  which,  even  in  small  quantities,  are  directly  hazardous  to  the  human  body  with 
certainty  and  safely,  to  the  extent  that  such  compounds  are  rendered  substantially  harmless.  Accordingly,  it  is  possible 
to  treat  hydrocarbon  oil  containing  PCB  and  others  to  the  extent  that  such  compounds  are  rendered  substantially  harm- 
less. 

Claims 

1  .  A  method  of  decomposing  halogenated  aromatic  compounds  using  alkalis  by  contacting  the  halogenated  aromatic 
compounds  and  the  alkalis  in  a  non-proton  polar  solvent,  wherein  the  halogenated  aromatic  compounds  and  the 
alkalis  are  contacted  at  a  temperature  ranging  from  about  150°  C  to  about  300°  C  for  about  1  to  about  10  hours, 
and  the  blending  ratio  of  said  alkalis  with  respect  to  the  whole  reaction  system  when  the  reaction  starts  is  5,000 
mg/kg  or  more. 

2.  The  method  of  decomposing  halogenated  aromatic  compounds  using  alkalis  according  to  claim  1  ,  in  which  the 
blending  ratio  of  said  alkalis  with  respect  to  the  whole  reaction  system  when  the  reaction  starts  is  7,000  mg/kg  or 
more. 

3.  The  method  of  decomposing  halogenated  aromatic  compounds  using  alkalis  according  to  claim  1  ,  in  which  said 
halogenated  aromatic  compounds  are  one  halogenated  aromatic  compound  selected  from  a  group  consisting  of 
polychlorinated  biphenyl,  polychlorinated  terphenyl,  polybrominated  biphenyl,  and  analogous  compounds  thereof, 
or  a  mixture  of  two  or  more  halogenated  aromatic  compounds  selected  from  said  group. 

4.  The  method  of  decomposing  halogenated  aromatic  compounds  using  alkalis  according  to  claim  1  ,  in  which  said 
halogenated  aromatic  compounds  are  added  to  said  non-proton  polar  solvent  after  being  diluted  by  hydrocarbon 
oil,  the  principal  component  of  which  is  non-aromatic  hydrocarbon,  to  the  extent  that  the  concentration  of  the  com- 
pounds  ranges  from  2  ppm  to  80  %. 

5.  The  method  of  decomposing  halogenated  aromatic  compounds  using  alkalis  according  to  any  one  of  claims  1  to  4, 
in  which  said  alkalis  are  one  alkali  selected  from  a  group  consisting  of  sodium  hydroxide,  potassium  hydroxide, 
calcium  hydroxide  and  magnesium  hydroxide,  or  a  mixture  of  two  or  more  alkalis  selected  from  said  group. 

6.  The  method  of  decomposing  halogenated  aromatic  compounds  using  alkalis  according  to  any  one  of  claims  1  to  4, 
in  which  said  non-proton  polar  solvent  is  a  solvent  selected  from  a  group  consisting  of  1  ,3-dimethyl-2-imidazolidi- 
none,  tetramethylene  sulfone,  and  a  mixture  of  1  ,3-dimethyl-2-imidazolidinone  and  tetramethylene  sulfone. 

7.  The  method  of  decomposing  halogenated  aromatic  compounds  using  alkalis  according  to  any  one  of  claims  1  to  4, 
in  which  said  non-proton  polar  solvent  is  a  mixture  the  principal  component  of  which  is  a  solvent  selected  from  a 
group  consisting  of  1,3-dimethyl-2-imidazolidinone,  tetramethylene  sulfone,  and  a  mixture  of  1  ,3-dimethyl-2-imida- 
zolidinone  and  tetramethylene  sulfone,  and  which  contains  one  polar  solvent  selected  from  dimethyl  sulfoxide,  N- 
methyl  pyrrolidone,  tetramethyl  urea,  diethylene  glycol  and  polyethylene  glycol  dimethyl  ether,  or  two  or  more  polar 
solvents  selected  from  said  group  at  a  concentration  of  35  %  or  less. 
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