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Head to Head Polymers 
26. Blends of Head to Head and Head to Tail Polyisobutylene 
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ABSTRACT 

Blends of head to head po ly isobuty lene and amorphous head to tai l  
po ly isobuty lene  were prepared by cast ing fi lms of the polymer mix tures from 
o-d ich lorobenzene.  The glass t rans i t ion  behavior  of the polymer blends was 
studied by DSC analys is .  Two glass t rans i t ion  temperatures were observed 
over  almost the en t i re  composition range which indicates that  the two s t ruc -  
t u r a l l y  simi lar head to tai l  and head to head po ly isobuty lenes are not miscible 
even in the molecular weight  range of  3000 to 5000. 

INTRODUCTION 

Polymers w i th  head to head (H-H) l inkages have recent ly  become avai l -  
able by ind i rec t  syn the t i c  routes.  Consequent ly ,  the character izat ion of 
t he i r  chemical s t r uc tu re  has been car r ied out and the specif ic charac ter is -  
t ics of  the H-H l inkages has been studied (MALANCA, et al. 1982). 

The b lend ing behavior  of  selected H-H polymers has also been inves t i -  
gated, p r imar i l y  by DSC, to determine the misc ib i l i ty  of  these H-H polymers 
w i th  the cor respond ing  regu lar  head to tai l  (H-T)  r)olymers. By DSC, i t  was 
establ ished that  H-H po lypropy lene  and H-T poly.~ropylene of moderate mo- 
lecular weights  are miscible (VOGL, YOSHIDA 1980; GROSSMAN, et al. 
1981; GROSSMAN 1980). The two glass t rans i t ion  temperatures ( T )  are 
about 25~ apar t .  The misc ib i l i ty  of H-H (INOUE et al. 1977) a n d g H - T  
po lys ty rene  has not been studied because the T ' s  of these two polymers 
are only one degree apar t .  H-H and H-T p o l y ( ~ n y l  ch lor ide)  (PVC),  by 
DSC, were also found to be miscible over the ent i re  range of composition 
(KONDO et al. 1982) a l though it was indicated that  some broadening of the 
temperature range of the C step was found in one composition range. 

P 

Misc ib i l i t y  comparisons were also made of  H-H polymers w i th  o ther  
polymers that  were known to be miscible w i th  the cor respond ing regu lar  H-T 
polymers.  H-H PVC as well as H-T PVC were found to be miscible over the 
ent i re  range of  blend composit ions w i th  poly(~-capro lactone)  (KONDO et al. 
1982). H-H po lys ty rene  (PSt) was found miscible wi th  po l y (2 ,6 -d ime thy l -  
1 ,4-pheny lene oxide) (PPO) (KRYSZEWSKI et al. 1982), the complete misci- 
b i l i t y  of  H-T PSt and PPO is the classical example of  polymer misc ib i l i t y .  

Compat ib i l i t y  o f  polymers often requi res in teract ion of  specif ic s t ruc -  
tu red  un i t s  of the polymers as, for  example, the pheny l  groups in PSt and 
in PPO. Polymers w i th  on ly  hydrocarbon un i t s  in the polymer chain do not 
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show polymer m isc ib i l i t y ;  i t  is even known that  some polyo le f ins  of  widely  
d i f f e ren t  molecular weights  are not miscible. 

I t  was the purpose of  th is  work  to s tudy  by DSC the misc ib i l i t y  behav-  
ior of  H-H po ly isobuty lene  (PIB) and H-T PIB of  similar bu t  moderate molec- 
u la r  weight ,  hydrocarbon polymers wi th  wide ly  d i f f e ren t  f l e x i b i l i t y  of  the 
polymer chains.  
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EXPERIMENTAL PART 

H-T po ly isobuty lene  (PIB) (Polysciences, Inc . )  of  M of  5200 was used 
as received, n 

H-H po ly isobuty lene  (PIB) was prepared by polymer izat ion by Gr ig -  
nard coup l ing of  2,2, 3, 3 - te t ramethy l -1 ,4 -d ib romobutane  wi th  copper complex 
cata lysts  and had a M n of 3600 (MALANGA 1982). 

The thermal t rans i t ions  in the polymer samples and blends were inves-  
t igated on a Perk in-E lmer  Model DSC-2 D i f fe ren t ia l  Scanning Calor imeter.  
The temperature scale of  the ins t rument  was ca l ibrated wi th  the t rans i t ion  
temperature of  indium (m.p.  429.78~ and acetone (m.p.  178.70~ The 
weight  o f  each sample was t yp i ca l l y  10-30 mg and a heat ing rate of 20 deg/ 
min and a range of  2 mcallsec were genera l ly  employed. 

The DSC scans were used to calculate the glass t rans i t ion  temperatures 
(Tg)  by determin ing  the mid-po in t  o f  the t rans i t i on .  

To prepare blends of  H-H and H-T PIB,  both polymers (3000 to 5000 
MW) were f i r s t  d issolved in the solvent  (o -d ich lo robenzene) .  The blends 
were then cast from the warm solvent tak ing precaut ions against the H-H 
PIB p rec ip i ta t i ng  from solut ion and dr ied at 0. I ram. 

The DSC traces are shown in F igure I and the T data presented in 
Table I .  g 

Thermograv imet r ic  analyses were performed on a DuPont 900 and 950 
analyzer  thermobalance. The samples were measured under  helium atmos- 
phere w i th  a f low rate of  40 ml/min.  Heat ing rates were 20 deg lmin  and gen-  
e ra l l y  2.5 to 3.0 mg of  samples was used. 
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RESULTS AND DISCUSSION 

The thermal behavior  of  a series of blends of  H-H PIB with H-T PIB 
were invest igated by DSC in the temperature range of -90~ to 130~ The 
DSC scans of the blends show a classical du~l T system over almost the en- 
t i re  composition range which is symptomatic of a~ incompatible polymer-  
polymer blend (Table I ) .  

TABLE I 

Glass Trans i t ion Data for Blends of H-H 
and H-T Poly isobuty lene 

Blend Sample Tg I (H-T) (~ Tg 2 (H-H) 

100% H-H - -  85 

80%120% (H-H IH-T)  -55 48 

60%140% (H -H /H -T )  -57 48 

40%160% (H-H /H-T )  -57 45 

20%180% (H-H /H-T )  -59 43 

100% H-T -61 - -  

Some lowering of the value of T ~ H-H PIB was noticed in the blend wi th 
20% H-T PIB. This  "plasticizati~r~" of the H-H polymer is e i ther  real or 
could be caused by a small amount of low molecular weight material in the 
H-T sample. A f te r  this in i t ia l  decrease, the T of  the H-H PIB level led 
o f f  (F igure I ) .  g2 
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Figure I :  DSC scans for blends of H-H wi th H-T po ly isobuty lene;  (a) 100% 
H-H; (b) 80:20, H - H : H - T ;  (c) 60:40, H - H : H - T ;  (d) 40:60, H - H : H - T ;  (e) 
20:80, H - H : H - T ;  (f) 100% H-T.  Scans from -90 to +I00~ at 20~ 
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Fi~lure 2: T vs. weight percent H-H polyisobuty- 
lene in the b~end. Ill 100% H-H;~ 80:20, H-H:H-'r; 

60:40, H-H:H-T;A 40:60, H-H:H-T; o 20:80, 
H-H:H-T; �9 100% H-T. 

.... Experimental 
Calculated by Fox-Flory equation. 

Figure 2 shows the 
plot  o f  T as a func t ion  of  
we ight  peq~cent H-H PIB 
in the blend.  The broken 
l ines indicate the expe r i -  
mental resu l ts  of the 
s tudy ,  whi le the solid 
l ine shows the values cal -  
culated from the Fox-  
F lory equat ion.  The 
theory  (FOX, FLORY 
1948) pred ic ts  that  for  a 
completely compatible sys-  
tem a single T wi l l  be 
found for  the golend, the 
posi t ion of  the T is based 
on the weight  percent  of  
each component. 

The TGA s tudy  of 
the thermal degradat ion 
of  the blends of  H-H PIB 
and H-T PIB also i nd i -  
cates immisc ib i l i ty  (F igure  
3). The two homopoly- 
mers degrade independ-  
en t ly  o f  each other  and 

also do not cause a de- 
crease of  the degrada-  
t ion temperatures.  The 
resul ts  can be i n te r -  
preted by assuming 
that  the degradat ion 
(MALANGA 1982) occurs 
p r imar i l y  t h rough  te r -  

t i a ry  radicals and on ly  a few pr imary  radicals are invo lved in the degrada-  
t ion.  

When both the DSC and TGA studies of the blends for  H-H and H-T 
PIB are taken together  a s t rong case for  the incompat ib i l i t y  of  H-H PIB and 
H-T PIB can be made. I t  is in te res t ing  that  an example is found where two 
polymers of  ident ical  chemical composit ion and even moderate molecular 
we igh t  but  w i th  somewhat d i f f e ren t  chemical s t r uc tu re  do not in teract  w i th  
each o ther  favorab ly  enough to form a single phase. 

Our  inves t iga t ions  of  the proper t ies  of  H-H PIB and H-T PIB have 
shown large d i f fe rences in thermal proper t ies  and c r y s t a l l i n i t y  by  s imply 
a r rang ing  the geminal d imethy l  subs t i t uen ts  in the polymer backbone in 1,2 
ra ther  than 1,3 posi t ion.  Th is  s t r uc tu re  caused H-H PIB to have a much 
s t i f fe r  chain and to be incompatible w i th  H-T  PIB. 
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TGA for blends of H-H with H-T polyisobuty!ene. 
(a) 80:20, H-H:H-T,  (b) 60:40, H-H:H-T;  (c) 40:60 H-H: 
H-T; (d) 20:80, H-H:H-T.  Heating Rate, 20~ flow 
rate of 40 mllmin helium. 
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