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(54)  Mecanochemical  process  for  treating  plastic  materials 

(57)  Process  for  grinding  plastic  materials,  charac- 
terised  in  that  it  is  carried  out  in  the  presence  of  carbon 
dioxide  in  a  liquid  state  inside  the  grinding  vessel.  The 
invention  can  be  used  to  completely  destructure  plastic 
materials  at  a  molecular  level,  and  to  ensure  the  com- 
patibility  of  heterogeneous  polymer  materials.  The  proc- 

ess  according  to  the  invention  makes  feasible  the  prep- 
aration  of  new  materials  as  well,  promoting  chemical  re- 
actions  by  mechanical  activation.  The  figure  shows  the 
polyethylene  terephthalate  extreme  destructuring,  as 
resulting  from  a  comparison  of  the  DSC  (Differential 
Scanning  Calorimetry)  plotting  prior  to  (a)  and  after  (b) 
the  grinding  process  according  to  the  invention. 
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Description 

[0001]  The  present  invention  relates  to  a  process  for 
grinding  plastic  materials  -  in  presence  of  carbon  dioxide 
in  a  liquid  state  inside  the  grinding  vessel  -  capable  of 
destructuring  the  plastic  materials  and  to  ensure  the 
compatibility  of  heterogeneous  plastic  materials  in  order 
to  allow  the  recovery  thereof  from  urban  and  industrial 
waste. 
[0002]  As  it  is  known,  the  possibility  of  subjecting  the 
plastic  materials  to  a  mechanical  treatment  was  exam- 
ined  in  recent  years  by  Shaw  and  co-workers  (1). 
[0003]  These  researchers  demonstrated  that  grinding 
with  the  Ball  Grinding  technique  at  a  temperature  lower 
than  the  glass  transition  temperature  of  the  plastic  ma- 
terials,  it  is  possible  to  crush  such  materials  in  a  way 
wholly  analogous  to  that  carried  out  on  the  metallic  or 
ceramic  materials. 
[0004]  The  present  invention  provides  a  process  for 
grinding  plastic  materials  having  characteristics  that  are 
radically  innovative  with  respect  to  this  process,  and 
technical  effects  that  are  as  much  unexpected  as  ad- 
vantageous. 
[0005]  The  process  for  grinding  plastic  materials  ac- 
cording  to  the  present  invention  is  characterised  in  that 
it  is  carried  out  in  presence  of  carbon  dioxide  in  a  liquid 
state  inside  the  grinding  vessel,  preferably  at  room  tem- 
perature. 
[0006]  The  grinding  vessel  can  be  selected  from  the 
group  comprising  the  vibrating  mills,  the  ball  mills,  and 
the  attrition  means  provided  of  grinding  bodies.  The 
grinding  bodies  are  preferably  ball-shaped. 
[0007]  The  weight  ratio  between  the  carbon  dioxide 
and  the  plastic  materials  can  be  comprised  within  the 
range  5-50. 
[0008]  The  weight  ratio  between  the  carbon  dioxide 
and  the  grinding  bodies  can  be  comprised  within  the 
range  0.01  -  10,  preferably  within  the  range  0.05  -  1.5. 
[0009]  The  grinding  times,  depending  on  the  chemical 
nature  of  the  plastic  materials  to  be  ground,  anyhow  are 
longer  than  one  minute. 
[001  0]  A  further  subject  of  the  present  invention  is  rep- 
resented  by  the  materials,  in  a  fibrous  or  in  a  powdery 
state,  obtainable  from  the  above  described  grinding 
process. 
[0011]  The  grinding  process  according  to  the  inven- 
tion  finds  important  applications  in  the  mechanochem- 
istry  and  in  the  environmental  protection  fields. 
[0012]  In  fact,  the  mechanical  energy  developed  and 
transferred,  and  the  destructuring  at  a  molecular  level 
carried  out  in  the  course  of  the  grinding  process  accord- 
ing  to  the  invention,  allow  the  synthesis  of  new  poly- 
mers,  or  of  polymeric  matrix  compounds,  having  pecu- 
liar  properties  in  the  mechanochemistry  field,  and  -  in 
the  field  of  the  environmental  protection  -  the  compati- 
bilization  of  heterogeneous  plastic  materials  and,  there- 
fore,  the  recycling  of  plastic  waste  of  urban  or  industrial 
origin. 

[001  3]  Taking  into  account  the  fact  that  the  processing 
times  are  extremely  short  and  that  the  high  solvent  pow- 
er  of  the  carbon  dioxide  is  capable  of  solubilising  the 
additives  of  the  polymer  products  on  the  market,  the 

5  process  according  to  the  invention  can  be  effectively 
used  in  the  field  of  the  recovery  of  the  plastic  materials 
deriving  from  urban  and  industrial  waste. 
[0014]  The  mechanisms  underlying  the  process  ac- 
cording  to  the  invention  are  not  yet  completely  clarified. 

10  However,  the  following  working  hypotheses  can  be 
made.  Under  the  operational  conditions  defining  the 
grinding  process  according  to  the  present  invention  the 
carbon  dioxide  is  probably  to  be  found  in  a  dynamic 
equilibrium  state,  not  far  from  the  liquid-vapor  transition 

is  zone. 
[0015]  Under  such  conditions,  it  is  highly  probable 
that  during  a  collision  between  the  grinding  body  and 
the  grinding  vessel  wall  (2,  3),  due  to  the  sudden  energy 
transfer,  the  carbon  dioxide  trapped  in  the  event  under- 

go  goes  an  instantaneous  "microexplosive"  vaporisation, 
with  disruptive  effects  on  the  material  that  is  trapped  as 
well,  which  in  turn  result  in  the  crystal  structure  destruc- 
turing.  Moreover,  as  the  possibility  of  producing  free  rad- 
icals  into  the  polymers  by  the  mechanochemical  way  is 

25  well  known  (4),  it  is  assumed  that  the  combination  of  a 
deep  destructuring  of  the  molecular  order  with  a  high 
free  radicals  concentration  during  the  process,  and  the 
consequent  possibility  of  crosslinks,  might  be  advanta- 
geously  exploited  in  the  formulation  of  new  polymer  mix- 

30  tures. 
[001  6]  So  far  only  a  general  description  of  the  present 
invention  has  been  given.  A  more  detailed  description 
of  its  embodiments  will  be  given  hereinafter,  making  ref- 
erence  to  the  figures  and  to  the  examples,  aimed  at 

35  making  apparent  the  objects,  characteristics,  advantag- 
es  and  operation  modes  thereof. 
[0017]  Figure  1  shows  a  microphotography  of  the  ma- 
terial  obtained  through  a  10-minutes  grinding  in  a  vibrat- 
ing  mill  of  the  heterogeneous  plastics  deriving  from  ur- 

40  ban  solid  waste  with  the  process  according  to  the  inven- 
tion. 
[0018]  Figure  2  shows  the  comparison  between  the 
Differential  Scanning  Calorimetry  (DSC)  plotting  of  pol- 
yethylene  terephtalate  (PET)  prior  to  (plotting  a)  and  af- 

45  ter  (plotting  b)  the  grinding  process  according  to  the  in- 
vention. 
[0019]  Figure  3  shows  the  X-ray  diffraction  spectrum 
of  the  polystyrene  (PS)  prior  to  (plotting  a)  and  after 
(plotting  b)  having  been  subjected  to  the  grinding  proc- 

so  ess  according  to  the  invention. 
[0020]  Figure  4  shows  the  X-ray  diffraction  spectrum 
of  the  low-density  polyethylene  (PELD)  prior  to  (plotting 
a)  and  after  (plotting  b)  having  been  subjected  to  the 
grinding  process  according  to  the  present  invention. 

55 
Example  1 

[0021]  1  g  heterogeneous  plastics  recovered  from  ur- 
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ban  solid  wastes  (mainly  consisting  of  fragments  of  poly- 
propylene,  polythene,  polyethylene  terephtalate  and 
other  plastic  residues  from  household  use),  was  sub- 
jected  to  the  grinding  process  according  to  the  invention, 
for  7  minutes  in  a  vibrating  mill.  The  reaction  vessel  con- 
tained  150  g  of  tungsten  carbide  balls  having  8mm  and 
12mm  diameter,  and  15  g  carbon  dioxide  introduced 
therein  in  a  solid  state.  The  vessel  seal  was  not  lower 
than  60  atm  and  the  final  temperature  of  the  process 
was  30°C.  Figure  1  microphotography  (10x)  shows  that 
the  material  obtained  is  completely  destructurated  and 
that  the  starting  heterogeneous  plastics  are  completely 
homogenized. 

Example  2 

[0022]  1  g  polyethylene  terephthalate  (PET)  was  sub- 
jected  to  the  grinding  process  according  to  the  invention 
for  10  minutes  in  a  vibrating  mill.  The  reaction  vessel 
contained  200  g  of  tungsten  carbide  balls  having  8mm 
and  1  2mm  diameter  and  30  g  carbon  dioxide  introduced 
therein  in  a  solid  state.  The  vessel,  having  copper  rings, 
ensured  a  seal  up  to  a  pressure  of  1  00  atm  and  the  final 
temperature  of  the  process  was  30°C.  Figure  2  shows 
the  DSC  (Differential  Scanning  Calorimetry)  plottings  of 
the  PET  prior  to  (plotting  a  of  figure  2)  and  after  (plotting 
b  of  figure  2)  the  grinding  process.  The  comparison  of 
the  two  plottings  highlights  the  extreme  destructuring  of 
the  polymer  order  after  the  grinding.  In  fact,  the  plotting 
(a)  exhibits  the  signals  related  to  the  polymer  glass  tran- 
sition  (point  1)  crystallisation  (point  2)  and  fusion  (point 
3).  On  the  contrary,  the  plotting  (b),  related  to  the  product 
after  grinding,  does  not  exhibit  any  glass  transition, 
showing  that  the  crystallisation  peak  overlaps  (and  is 
greater  than)  the  one  related  to  the  melting.  Such  char- 
acteristic  indicates  that  the  yielded  amorphous  product 
has  a  degree  of  stability  so  high  as  to  require  a  molecular 
mobility  equal  to  that  of  the  liquid  polymer  for  the  ar- 
rangement  process  of  the  amorphous  product,  which  is 
however  concurrent  with  the  melting  process. 

Example  3 

[0023]  2  g  polystyrene  (PS)  deriving  from  a  foodstuff 
wrapper  were  subjected  to  the  grinding  process  accord- 
ing  to  the  invention,  for  10  minutes  in  a  vibrating  mill. 
The  steel  reaction  vessel  contained  200  g  of  tungsten 
carbide  balls  of  8mm  and  1  2mm  diameter  and  20  g  car- 
bon  dioxide  introduced  therein  in  a  solid  state.  The  steel 
vessel  was  provided  with  an  insulation  jacket  with  a 
cooling  circuit  set  at  a  temperature  of  20°C.  The  high 
destructuring  rate  resulting  from  the  process  is  highlight- 
ed  by  the  comparison  between  the  X-ray  diffraction 
spectrum  of  the  PS  prior  to  and  after  the  grinding.  In  fact, 
while  in  the  plotting  a  of  figure  3  the  peaks  related  to  the 
crystalline  fraction  can  be  seen,  the  X-ray  spectrum  after 
the  grinding  of  the  material  (see  plotting  b  of  figure  3) 
does  not  exhibit  any  crystalline  peak. 

Example  4 

[0024]  2  g  low-density  Polyethylene  (PELD)  were 
subjected  to  the  grinding  process  according  to  the  in- 

5  vention,  for  5  minutes  in  a  vibrating  mill.  The  reaction 
vessel  contained  1  00  g  of  tungsten  carbide  balls  of  8mm 
and  1  2mm  diameter  and  1  5  g  carbon  dioxide  introduced 
therein  in  a  solid  state.  The  vessel  seal  was  not  lower 
than  60  atm  and  the  process  final  temperature  30°C. 

10  The  high  destructurating  rate  resulting  from  the  process 
is  highlighted  by  the  comparison  between  the  X-ray  dif- 
fraction  spectrum  of  the  PELD  prior  to  (plotting  a  of  fig- 
ure  4)  and  after  (plotting  b  of  figure  4)  having  been  sub- 
jected  to  the  grinding  process.  In  this  case  as  well,  it  can 

is  be  remarked  that  after  the  grinding  the  X-ray  spectrum 
does  not  exhibit  any  crystalline  peak  anymore. 
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Claims 

1.  A  process  for  grinding  plastic  materials,  character- 
's  ised  in  that  it  is  carried  out  in  the  presence  of  carbon 

dioxide  in  a  liquid  state  inside  the  grinding  vessel. 

2.  The  process  for  grinding  plastic  materials  according 
to  claim  1,  wherein  the  grinding  vessel  is  at  room 

40  temperature  at  the  moment  of  the  carbon  dioxide 
introduction. 

3.  The  process  for  grinding  plastic  materials  according 
to  claim  1  or  2,  wherein  the  grinding  vessel  is  se- 

45  lected  from  the  group  comprising  the  vibrating  mills, 
the  ball  mills  and  the  attrition  means  provided  with 
grinding  bodies. 

4.  The  process  for  grinding  plastic  materials  according 
so  to  claim  3,  wherein  the  grinding  bodies  are  ball- 

shaped. 

5.  The  process  for  grinding  plastic  materials  as  in  any 
one  of  the  preceding  claims,  wherein  the  weight  ra- 

55  tio  between  the  carbon  dioxide  and  the  plastic  ma- 
terials  is  comprised  in  the  range  5  -  50. 

6.  The  process  for  grinding  plastic  materials  according 

3 
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to  any  one  of  claims  1  to  5,  wherein  the  weight  ratio 
between  the  carbon  dioxide  and  the  grinding  bodies 
is  comprised  in  the  range  0.01  -  10. 

7.  The  process  for  grinding  plastic  materials  according  s 
to  claim  6,  wherein  the  weight  ratio  between  the  car- 
bon  dioxide  and  the  grinding  bodies  is  comprised  in 
the  range  0.05  -  1  .5. 

8.  The  process  for  grinding  plastic  materials  according  10 
to  any  one  of  claims  1  to  7,  wherein  the  grinding 
times  top  one  minute. 

9.  Materials,  in  a  fibrous  or  powdery  state,  character- 
ised  in  that  they  are  obtainable  from  the  grinding  15 
process  according  to  claims  1  to  8. 

1  0.  Use  of  the  process  for  grinding  plastic  materials  ac- 
cording  to  claims  1  to  8,  in  mechanochemistry  for 
the  synthesis  of  new  polymers,  new  polymer  com-  20 
positions  or  compounds  having  a  polymer  matrix. 

1  1  .  Use  of  the  process  for  grinding  plastic  materials  ac- 
cording  to  claims  1  to  8,  in  the  field  of  the  environ- 
mental  protection  for  the  compatibilisation  and  the  25 
recycling  of  heterogeneous  plastic  materials  recov- 
ered  from  urban  or  industrial  wastes. 
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