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S.mm~ 
Random bicomponent networks were prepared from 50/50 wt % mixtures 

of hydroxyl-terminated polyisobutylene (H0-PIB-OH) and 
polytetrahydrofuran (M0-PTHF-0H) by the use of triphenylmethane 
t r i i socyanate  (TTI) endlinking agent. Different ia l  scanning calorimetry 
(DSC) and dynamic mechanical techniques were employed to study the 
networks. The glass t rans i t ion  temperature (Tg) of HO-PIB-0H was found 
to increase upon network formation. This Tg increment was used to 
estimate the molecular weight between crosslinking points (Mc). 
H0-PIB-OM/H0-PTHF-0H mixtures are immiscible and exhibit an upper 
c r i t i c a l  solution temperature, however, the 50/50 network in a two-phase 
regime for  the precursors gives a single Tg si tuated between the T~s of 
the component networks. The single-phase-network may be due to Yapid 
nondiscriminatory endlinking and to an increase of the single-phase 
region of the phase diagram because of crosslinking. 

Introduction 
In the course of our studies on the preparation and characterizat ion 

of novel multicomponent networks, we became aware of the significance of 
misc ib i l i ty  of the precursors on the morphology of such networks (1,2). 
Depending on the re la t ive  rates of crosslinking and phase separation, 
phase-separated or single-phase networks may arise which would exhibit  
s igni f icant ly  d i f ferent  network character is t ics .  In our previous paper 
(2), we have defined a phase diagram for HO-PIB-OH/HO-PTHF-OH mixtures 
and have found an upper c r i t i c a l  solution temperature. Subsequently, the 
kinet ics  of phase separation was explored to gain be t te r  insight of the 
network structure.  

This paper concerns bicomponent networks prepared by crosslinking 
50/50 HS-PIB-0H/H0-PTHF-0H mixtures with stoichiometric amounts of TTI, 
and the i r  characterization by DSC and dynamic mechanical methods. The 
molecular weight between crosslinking points are estimated by Nielsen's 
empirical equation (3). The ef fec ts  of crosslinking on the misc ib i l i ty  
phase diagram and on the resul t ing network structure are discussed. 

F~erimental  
Polytetrahydrofuran (HO-PTHF-OH) with Mn = 2,000, i . e . ,  DPn ~ 28, 

was purchased from Scient i f ic  Polymer Product Co. Hydroxyl-terminated 
polyisobutylene (HO-PIB-OH) was synthesized by l iving cationic 
polymerization_and subsequent functionalizat ion (4-6); ~ = 1,500, i . e . ,  
DPn 27, M~w/Mn = 1.16, and number average terminal funct ional i ty  ~ = 2 

0.1. Triphenylmethane t r i i socyanate  (TTI, Desmodur R) was obtained 
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from Mobay Chemical Co. 
The bicomponent networks were prepared under a dry N2 atmosphere in 

a dry box. Preweighed mixtures of ~O-PIB-OH and HO-PTHF-OH were prepared 
in 125 ml erleumeyer f l a sk  and dr ied in a vacuum oven at  50 ~ u n t i l  
weight constancy. A s to ich iomet r ic  quant i ty  of TTI r e l a t i v e  to  t h e t o t a l  
hydroxyl content  was added to the d iol  mixture and the system was d i lu t ed  
with t e t r ahydro fu ran  (THF) to  30-35 wt % sol id  content .  The system was 
s t i r r e d  manually by ro t a t i ng  the f l a sk  u n t i l  i t  reached a honey l ike  
v i s c o s i t y  (30-45 min). The viscous l iqu id  was poured in to  the cav i ty  of 
an open Teflon mold (10 x 10 x 0.5 cm). The bicomponent network f i lms 
were allowed to  cure f o r  one day at room temperature in the dry box, then 
fo r  one day at  ambient temperature in a vacuum oven~ and f i n a l l y  f o r  3-4 
days at 60 ~ in a vacuum oven. The amount of soluble (sol)  f r a c t i o n s  
were determined by ex t r ac t i on  of two samples each with benzene and TUF, 
both good solvents  f o r  HO-PIB-OH and 90-PTHF-OH. Thus two preweighed 
samples of known dimensions (~1.0 x 0.5 x 0.04 cm) were immersed in 
benzene or THF at room temperature and the swollen samples were b lo t  
dr ied  and weighed every 24 hrs u n t i l  weight constancy was reached. Then 
the samples were dr ied  in a vacuum oven at ambient temperature (weight 
constancy in about 2 days) and t h e i r  dry weights were determined. Sol 
f r a c t i o n s  f o r  both solvents  were less  than 2 %. 

DSC thermograms were obtained on a Du Pont 9900 Thermal Analyzer in 
the -120 to 100 ~ range. An indium standard was used fo r  temperature 
c a l i b r a t i o n .  The samples were preheated to IO0~ fo r  a few minutes to  
remove thermal h i s t o r y .  The heat ing r a t e  was 20 ~ Dynamic 
mechanical experiments were conducted on a Dynamic Mechanical Thermal 
Analyzer (DMTA, Polymer Laborator ies  Inc . )  in the -120 to 100 ~ range at  
a heat ing  r a t e  of l~ The specimens were 10 mm long, 3 mm wide, and 
500 #m th ick .  

Results  and Discussion 
A commonly used c r i t e r i o n  to cha rac te r i ze  blend m i s c i b i l i t y  is  the 

glass t r a n s i t i o n  temperature of the mixtures (7).  Immiscible mixtures 
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Fig. I. DSC thermograms of HO-PIB-OH and PIB network. 
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usually exhibit two Tgs, whereas miscible systems yield a single Tg. 
This c r i te r ion  is valid only i f  the Tgs of the components are 
su f f i c ien t ly  separate. Figure 1 shows the thermograms of HO-PIB-OH and 
the network prepared from i t .  While the Tg of the HO-PIB-OH appears at 
~ -47"C, i t  moves to ~ -19"C upon crosslinking. This increase in Tg is 
due to the res t r ic ted  mobility of HO-PIB-OH chain ends upon network 
formation. In tu i t ive ly ,  the increase of Tg is expected to be larger for 
shorter precursors than with longer ones. According to Nielsen (3) th is  
Tg sh i f t  is inversely proportional to the molecular weight between 
junction points,  i . e . ,  the larger the chain length, the lesser  effect  of 
crosslinking on the Tg increment, 

Tg - Tgo = K/M-'~c (1) 

where T~ o and Tg represent the glass t rans i t ion  temper.~atures of 
uncrossl~nked and-crosslinked networks, respectively,  and Mc is the 
molecular weight between crosslinks. This equation with an empirical 
value of K = 3.9 x 104 was found to be valid for a number of thermosets 
(3). The data _ for Figure 1, and Nielsen's equation with the above 
constant, give Mc of the FIB network. This value is very close to the 
Mn = 1,500 for the HO-PIB-OH precursor, which suggests that  endlinking 
was v i r tua l ly  complete, i . e . ,  ~n ~ ~ .  Obviously, the network cannot be 
perfect because i t  must contain some dangling chains which do not 
contribute to the Tg increase and the contribution of the endlinking 
agent TTI was neglected. Chain entanglement is expected to be absent 
because the Mn of HO-PIB-OH precursor is appreciably lower than ~ 8,000, 
the c r i t i c a l  entanglement molecular weight of PIB networks (8). Hence, 
the observed Tg enhancement is a t t r ibuted to crosslinking. 

Similar observations have been made with the PTHF system: whereas 
the Tg of the HO-PTHF-OH was ~ -80 ~ that of the PTHF network increased 
to ~ -65 'C. This Tgincrement is less dramatic than that measured with 
the PIB system, possl~bly because of the higher molecular weight of the 
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Fig. 2. DSC thermograms of PIB network, PTHF network, and 50/50 
bicomponent network. 
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PTHF. Figure 2 contrasts DSC traces of PIB, PTHF homogeneous networks, 
and 50/50 bicomponent network. Interestingly the bicomponent network 
exhibits a single Tg in between those of the homogeneous networks, 
although the uncrossl~nked HO-PIB-OH/HO-PTHF-OH mixture is immiscible at 
room temperature (2). 

The presence of a single phase bicomponent network was further 
confirmed by dynamic mechanical studies. According to the data in Figure 
3, the 50/50 bicomponent network shows a single loss tangent intermediate 
between those of the homogeneous networks. The formation of single-phase 
50/50 PIB/PTHF network is due to rapid random endlinking of 
HO-PIB-OH/HO-PTHF-OH mixtures by TTI in homogeneous THF solution. 
Evidently the triisocyanate is nondiscriminatory and sufficiently 
reactive with the primary hydroxyl groups (-CH2OH) of either precursors 
to cause random endlinking. 
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for PIB network, PTHF network, and 50/50 bicomponent network. 
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Single-phase bicomponent network formation can also be explained by 
the ef fec t  of crosslinking on the phase diagram. In the context of mean 
f i e ld  approximation, de Gennes (9) predicted that the Flory-Huggins 
in teract ion parameter at spinodal (Xs) is inversely proportional to the 
degree of polymerization between crosslinks (Nc). The mean f i e ld  
assumption gives X ~ l/T; thus, decreasing the chain length between 
crosslinks widens the miscibi l i ty  window, i . e . ,  the single-phase region 
of the phase diagram increases. This prediction was recent ly confirmed 
by Briber and Bauer (10) who studied the effect  of radiat ion crosslinking 
on the misc ib i l i ty  phase diagram of polystyrene/poly (vinyl methyl ether)  
blends. As predicted by de Gennes (9), the authors found that the 
spinodal temperature varies inversely with the radiat ion dose and Nc, 
which resul ts  in a large increase in the single phase region. The shi f t  
of the lower c r i t i c a l  solution temperature curve to higher values was 
a t t r ibuted to radiat ion crosslinking between dissimilar  chains. These 
findings are in good agreement with our observation of single-phase 
network formation upon cross-linking which in turn may be due to the 
widening of the miscibi l i ty  window of HO-PIB-OH/BO-PTHF-OB mixtures. 

Conclusion 
A single-phase random bicomponent network was obtained upon 

crosslinking 50/50 HO-PIB-OH/HO-PTHF-OH with TTI at ambient temperature. 
The temperature of crosslinking was within the two-phase region of the 
phase diagram of the uncrosslinked precursor mixture. As predicted by de 
Gennes crosslinking causes an increase in the single-phase region. 
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