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Summary

Mechanical  degradat ion and mechanochemical  react ion in  het -
erogeneous and homogeneous systems of  po ly(v iny l  ch lor ide)
and poly(acry lon i t r i le-co-butadiene)  polymer have been stu-
d ied by u l t rasonic  i r rad iat ion at  30 °C.  The rates of  de-
crease in  the number-average molecular  weights  of  the de-
graded poly(v iny l  ch lor ide)  and poly(acry lon i t r i le-co-buta-
d iene)  polymer in  the swel led poly(v iny l  ch lor ide)  − po ly(
acry lon i t r i le-co-butadiene)  polymer so lut ion were much fas-
ter  than the homogeneous so lut ion system and the f ina l  av-
erage chain lengths led to  the smal ler  va lues than those in
the la t ter  system. On the other  hand,  mechanochemical  re-
act ion occurred by polymer radica ls  produced f rom the chain
sc iss ions of  both po lymers by u l t rasonic  i r rad iat ion.  The
changes in  the composi t ion of  the to ta l  b lock copolymer,  the
unreacted poly(v iny l  ch lor ide) ,  and the unreacted poly(ac-
ry lon i t r i le-co-butadiene)  polymer in  both react ion systems
were  obta ined.

In t roduct ion

In order  to  obta in a h igh ly  ef f ic ient  po ly(v iny l  ch lor ide) ,
the reforming in  the d i rect ion of  the thermoplast ic  e lasto-
mers of  po ly(v iny l  ch lor ide)  was studied (1−3) .  For  exam-
ple,  the b lending systems of  po ly(v iny l  ch lor ide)  and the
chlor inated acry lon i t r i le−butadiene rubber  (1)  or  par t ly
cross- l inked acry lon i t r i le−butadiene rubber  (3)  have been
carr ied out .  As noted above,  the development  of  the ther-
moplast ic  e lastomers of  po ly(v iny l  ch lor ide)  is  per formed
through the polymer b lend technique,  but  mechanochemical
synthes is  o f  the thermoplast ic  e lastomer of  a l l  i ts  own by
ul t rasonic  i r rad iat ion was only  the author 's  invest igat ion
at  the react ion systems of  po ly(v iny l  ch lor ide)  and poly(
ethy lene-co-propylene)   po lymer  (4) .
The present  paper  is  concerned wi th  u l t rasonic  mechanochem-
ica l  react ions in  heterogeneous and homogeneous systems of
poly(v iny l  ch lor ide)  and acry lon i t r i le−butadiene rubber
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that   is   excel lent   in   o i l ,   abras ion,   and  ag ing  res is tances.

Exper imenta l

Mater ia ls
Suspension polymer ized poly(v iny l  ch lor ide)  sample PVC (Kane
Viny l  XS-4000,  Kanegafuchi  Chemical  Indust ry  Co. ,  L td. )  was
pur i f ied by ext ract ion wi th  hot  pure benzene and methy l  a l -
cohol  for  80 hr .  The average par t ic le  d iameter  of  PVC and
the poros i ty  in  the PVC-gra in par t ic le  were 150 µ m and 0.640
ml Hg/g PVC. The number-average molecular  weight  M n o f  PVC
determined by gel  permeat ion chromatography was 1.  72x l05.
Acry lon i t r i le−butadiene rubber  NBR (N241H, JSR Co. ,  L td.  )
was pur i f ied by the use of  o-xy lene−methy l  a lcohol  system.
The molar  ra t io  of  acry lon i t r i le  and butadiene bonded in  NBR
was 0.29 vs.  0 .  71 and the number-average molecular  weight  M n

was 1.  70x105.  Pur i f ied o-xy lene was used as the react ion
solvent  by cons ider ing the so lub i l i ty  o f  NBR. Pur i f ied tet -
rahydrofuran THF was used as the react ion so lvent  and the
solvents  for  the determinat ions of  the so lut ion turb id i ty
and the M n o f  po lymers.  Pur i f ied methy l  a lcohol  was used
as  a  prec ip i tat ing  agent .

Apparatus and Procedures
Two types u l t rasonic  generator  (Model  USV-150V and UE-200Z
26S-1A,  Cho-Onpa Kogyo Co. ,  L td. )  have been used for  mechan-
ica l  degradat ions and mechanochemical  react ion of  PVC and
NBR. The USV-150V generator  was equipped wi th  a s tepped
horn of  s ta in less s teel  on a magnetost r ic t ive n ickel  v ibra-
tor  o f  25 kHz and the UE-200Z26S-1A generator  was equipped
wi th an e lect rost r ic t ive PZT v ibrator  o f  26 kHz.  The output
powers of  these generators  had respect ive ly  the in tens i t ies
of  150 wat ts  and 200 wat ts .  When an u l t rasonic  waves f rom
the upper  par t  o f  the react ion system was i r rad iated,  the
USV-150V generator  has been used and the s tepped horn of
s ta in less s teel  on the v ibrator  was contacted on the sur-
face of  the react ion so lut ion.  On the other  hand,  the PZT
vibrator  o f  the UE-200Z26S-1A generator  has been used for
the i r rad iat ion f rom the lower  par t  o f  the react ion system
and the center  o f  the bot tom of  the react ion vessel  was con-
tacted  on  the  sur face  of   the  v ibrator .
The exper iments of  two k inds for  mechanica l  degradat ions and
mechanochemical  react ion of  both PVC and NBR were carr ied
out   in   the  fo l lowing  manner .
Exper iment  No.  I  :  Swel led PVC−NBR solut ion system
In th is  react ion system, the mixture so lvent  o f  o-xy lene/
THF (1.  0  vo l .  vs .  1 .  0  vo l . )  has been used for  the purpose
of   swel l ing  o f   the  PVC  par t ic le .
In  a typ ica l  run for  mechanica l  degradat ion,  2 .00 g of  PVC,
80.  0  ml  o f  NBR−o-xy lene/THF solut ion (NBR: 0.  800 g) ,  and
1.  60 g of  p-benzoquinone inh ib i tor  were poured in to a 300
ml specia l  g lass react ion vessel  and the so lut ion was per-
mi t ted to  s tand for  2  hours at  30 °C.  The or ig ina l  PVC par-
t ic le  expanded consequent ly  by a factor  o f  2 .  4 .  Ul t rasonic
i r rad iat ion was carr ied out  for  60,  120,  180,  240,  300,  and
360 min at  the same t ime f rom the upper  and the lower par ts
of  the react ion so lut ion under  one atmospher ic  pressure of
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dry n i t rogen at  30 ± 0.  1  °C.  Af ter  the react ion,  the so lu-
t ion was poured in to a large amount  of  methy l  a lcohol  con-
ta in ing p-benzoquinone inh ib i tor .  The prec ip i ta ted polymer
was f i l tered,  washed,  and dr ied in  vacuo at  40 °C.  The de-
graded PVC and NBR were f ract ionated by the use of  o-xy lene
at  80 °C.  The number-average molecular  weights  M n o f  PVC and
NBR at  var ious stages of  mechanical  degradat ion were deter-
mined  by  ge l   permeat ion  chromatography.
On the other  hand,  mechanochemical  react ion of  both PVC and
NBR was carr ied out  by the i r rad iat ion of  the swel led PVC−
NBR solut ion in  the absence of  p-benzoquinone.  The react ion
products were f ract ionated by the use of  o-xy lene at  80 °C.
Inf rared spectra of  the o-xy lene− inso luble and the o-xy-
lene−soluble polymers were determined by the cast  f i lm
technique f rom THF solut ion wi th  a Shimadzu FTIR-8600PC
spectrophotometer .  The composi t ions of  the b lock copolymer,
the unreacted PVC, and unreacted NBR in  the f ract ionated
polymers  were  determined  by  turb id imetry   (4 ,   5) .
Exper iment  No.  I I  :  Homogeneous so lut ion system
In th is  react ion system, THF has been used as a common sol -
vent  o f  both PVC and NBR. Fur ther ,  mechanica l  degradat ions,
mechanochemical  react ion of  both PVC and NBR, and the ex-
t ract ion separat ions of  the polymers were carr ied out  in  a
s imi lar  manner  as above procedures.

Determinat ion of  the Number-Average Molecular  Weights
The number-average molecular  weights  M n o f  PVC and NBR at
var ious s tages of  mechanica l  degradat ion were determined by
gel  permeat ion chromatography (Model  HLC-8020,  Tosoh Co. ,
Ltd. )  a t  40 °C.  Two G2000HXL TSK gel -co lumns and one each
of  G3000HXL and G4000HXL were connected to  ser ies in  th is
order .  THF was used as a so lvent  and a f low rate was 1.  0
ml /min.  Molecular  weights  of  PVC and NBR were cal ibrated
wi th   po lystyrene  s tandards.

Determinat ion of  Turb id i t ies
The so lu t ion turb id i t ies  o f  PVC, NBR, and the f ract ionated
polymers were determined wi th  a turb id imetr ic  t i t rator  (
Model  NT-301H, Kotak i  Works Co. ,  L td. )  a t  30 °C.  In  the case
of  the o-xy lene− inso luble polymer,  the so lvent  and the pre-
c ip i tat ing agent  were THF and d is t i l led water .  The polymer
concentrat ion  was  0 .  050  g /L.
On the other  hand,  the so lvent  and the prec ip i ta t ing agent
for  the o-xy lene−soluble polymer were THF and methy l  a lco-
hol .  The polymer concentrat ion was 0.  030 g/L.
In  preference to  the above determinat ions,  the turb id i t ies
of  var ious k inds of  the d i lu te  so lut ions of  PVC and NBR were
determined and the ca l ibrat ion curves to  both polymers were
made up f rom the polymer concentrat ion and the area under
the peak of  the turb id imetr ic  t i t rat ion curve (4,  5) .  The
propor t ions of  the unreacted PVC, unreacted NBR, and the
block copolymer were ca lcu lated by the use of  these ca l i -
brat ion  curves.

Resul ts  and Discuss ion

Mechanica l  Degradat ion
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The changes in  the number-average molecular  weights  M n o f
PVC and NBR wi th  respect  to  the i r rad iat ion t imes on me-
chanica l  degradat ion are shown in  F igure 1 and 2.  The val -
ues of  M n o f  PVC and NBR decreased wi th  i r rad iat ion t imes
and these resul ts  show that  the chain sc iss ions of  PVC and
NBR occurred at  each react ion system. The rates of  decrease
in M n o f  the degraded polymers in  the swel led PVC−NBR so-
lu t ion system were much faster  than the homogeneous so lu-
t ion system and the f ina l  average chain lengths led to  the
smal ler  values than those in  the lat ter  system. In  general ,
mechanica l  degradat ion of  po lymers in  so lut ion by u l t rason-
ic  i r rad iat ion is  known that  po lymer chain in  good so lvent
is  much more subject  to  sc iss ion than that  in  poor  so lvent
(4,  6) .  However ,  the exper imenta l  resul t  d isp layed the op-
posi te  phenomenon.  This  is  thought  that  the v iscos i ty  o f
the homogeneous so lut ion system is  increased as compared to
the swel led PVC−NBR solut ion system and the at tenuat ion of
u l t rasonic   waves  was  caused  by  i ts   v iscos i ty   e f fect   (7) .

Mechanochemical   React ion
The end radica ls  of  PVC and NBR resul ted f rom mechanical
degradat ion are responsib le for  the format ion of  mechano-
chemical   PVC−block−NBR  copolymer.
In f rared spectra of  the o-xy lene− inso lub le and so lub le
polymers in  the react ion product  on the swel led PVC−NBR
solut ion  system  are  shown  as  examples  in   F igure  3   and  4 .
The absorpt ion spectra due to the -CN group at  2237 cm- 1

and the -CH=CH- groups at  912,  968,  and 1437 cm- 1 wi th  re-
spect  to  the o-xy lene− inso lub le po lymer in  F igure 3 are
respect ive ly   recognized.    On
the  o ther   hand,   the spectrum
of   the  C-Cl   bond at  619 cm- 1

wi th   respect   to   the  o-xy lene−
solub le  po lymer  in  F igure 4  is
conf i rmed.       A  s imi lar   resul t
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was observed for  the absorpt ion spectra of  the o-xy lene−
inso luble and the o-xy lene−solub le po lymers in  the homoge-
neous solut ion system. These resul ts  ind icate that  the PVC−
block−NBR copolymers are present  as the mixtures together
wi th  an unreacted PVC in  the o-xy lene− inso lub le po lymer and
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an  unreacted  NBR  in   the  o-xy lene−solub le  po lymer.
The composi t ions of  the to ta l  b lock copolymer,  the unreacted
PVC, and the unreacted NBR in the react ion products wi th  re-
spect  to  the i r rad iat ion t ime in  the ind iv idual  react ion
systems were obta ined f rom the turb id imetr ic  t i t rat ion
curves.  Those resul ts  are shown in  F igure 5.  In  the swel led
PVC−NBR solut ion system, the weight  propor t ion of  the to ta l
b lock copolymer increased rapid ly  at  the in i t ia l  i r rad iat ion
t ime,  and then s lowly  approached the constant  ord inate.  I ts
va lue af ter  360 min was 62 %. On the other  hand,  the pro-
por t ions of  the unreacted PVC and NBR decreased rapid ly  at
the in i t ia l  t ime,  and then s lowly  approached the constant
ord inates.  I t  is  thought  that  these resul ts  are at t r ibuta-
b le to  the v igorous sc iss ions of  PVC and NBR at  the in i t ia l
i r rad iat ion t ime (by reference to  F igure 1 and 2) .  In  the
homogeneous so lut ion system, the weight  propor t ion of  the
tota l  b lock copolymer was undoubtedly  lower  than the swel led
PVC−NBR solut ion system and i ts  va lue af ter  300 min de-
creased  a  l i t t le .
On the other  hand,  the propor t ions of  the unreacted PVC and
NBR decreased wi th  increas ing the t ime,  but  the value of  the
unreacted NBR af ter  300 min increased s l ight ly .  This  resul t
suggests that  the acry lon i t r i le-butadiene (NB) chain of  the
block copolymer underwent  the sc iss ion at  the pro longed i r -
radiat ion and the unreacted NBR is  formed consequent ly .  In
th is  instance i t  may be sa id that  a  long NB chain of  the
block copolymer was much more subject  to  the sc iss ion than
the v iny l  ch lor ide (VC) chain of  i ts  copolymer.  This  is  be-
cause mechanica l  degradat ion of  NBR in the homogeneous so-
lu t ion system would not  be so much caused (by reference to
Figure 2)  and the long NB chain was concerned wi th  the for -
mat ion of  the b lock copolymer in  the next  mechanochemical
react ion.
These resul ts  suggest  that  the synthes is  of  the PVC−block−
NBR copolymers is  no necess i ty  for  pro longed i r rad iat ion,
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that  t ime suf f ices in  120 min,  the swel led PVC−NBR solut ion
system is  preferred over  the homogeneous so lut ion system,
and the VC and the NB segments in  the b lock copolymer can be
made  to   vary  by  changes  in   the  exper imenta l   condi t ions.
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