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Abstract 

Quantitative analysis of the differential of heat capacity with temperature, dCL/dt, signal from modulated-temperature 
differential scanning calorimetxy (M-TDSC) allows the extent of phase mixing to be calculated for interpenetrating polymer 
networks (IPNs). A new characterisation method for interpenetrating polymer networks is proposed in which the dCP/dT 
signal was used to analyse phase structure and composition. It is believed that the dCk/dT with temperature signal wil1 
become a useful tool and a powerful complement to solid-state NMR, scattering and direct nonradiative energy-transfer 
methods for analysing the morphology of IPNs. 0 1997 Elsevier Science B.V. 
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1. Introduction 

Polymers continue to play an ever-increasing role in 
the modem world. As a result of the increased volume 
and variety of materials currently available, and the 
diversity of their application, characterisation has 
become an essential requirement of industrial and 
academie laboratories involved with polymerie mate- 
rials. These requirements may come from polymer 
specialists, engaged in the design and synthesis of new 
materials, who require a detailed understanding of the 
relationship between the precise molecular architec- 
ture and the properties of the polymer in order to 
improve its capabilities and range of applications. 
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Optica1 and electron microscopes are useful tools to 
characterise the morphology of polymerie materials, 
especially multi-phase materials [ 11. Scattering tech- 
niques are generally superior as far as the quantifica- 
tion of microstructure is concemed. Interfacial 
thickness, which is an important structure parameter 
for multi-phase materials, can be studied by means of 
scattering techniques [2]. The methods involve either 
the best fitting of experimental scattering profiles with 
theoretical profiles [3] or analyses of the systematic 
deviation of small-angle scattering curve at the large- 
angle tail from the Porod tule due to finite interfacial 
thickness [4-61. The latter method is useful to deter- 
mine the narrow interfacial thickness, but is not 
appropriate for systems with a broad interfacial region 
that invokes a significant reduction of the scattered 
intensity in the angular region where the Porod rule is 



336 M. Song et al./Thermochimica Acts 3041305 (1997) 335-346 

applicable. For systems with a broad interfacial 
region, the former method is more appropriate than 
the latter and becomes very powerful, especially when 
the scattering curves exhibit a number of scattering 
maxima [3,6]. However, the experimental difficulties 
of the methods, competing effects and practica1 appli- 
cations to multi-phase materials have been discussed 
fully by a number of authors [7,8]. 

In studying multi-phase materials, dynamic 
mechanica1 data can be modelled by assuming an 
interfacial profile [9], but this method requires large 
interface volume fractions and highly ordered sys- 
tems. Obviously, its application is very limited. 

It is difficult to obtain weight or volume fractions of 
each component in multi-phase polymerie materials 
by means of aforementioned technique. If a charac- 
teristic method, which determines weight fraction and 
gives information on the concentration distribution 
in multi-phase polymerie materials, can be found, 
this would provide very valuable information about 
heterogeneous polymer systems. 

1.1. Theoretical background to M-TDSC analysis in 
the glass transition region 

A differential equation to describe the kinetics of 
enthalpy (H) relaxation for conventional differential 
scanning calorimetry (DSC) has been suggested 
UOI. 

d6/dt = AC,q - 6/r(T, 6) (1) 

In this equation, S(= H - H,) is the excess enthalpy 
relative to the equilibrium value (H,), AC, the 
differente between the liquid (CL) and glassy (C,) 
specific heat capacities, q the heating rate and t the 
time. 

The single relaxation time 7 depends [ 101 upon both 
Tand 6, according to Eq. (2). 

7 = Tsexp [-O(T - T&]exp [-( 1 - .x)&Y/AC,] 

(2) 

Here, 7g is the relaxation time at equilibrium at the 
glass temperature Tg, x the nonlinearity parameter 
(0 I x 5 l), and 19 a constant defining the temperature 
dependence of t. It is obtained by using the following 
approximation: 

0 = Ah*/(RT;) (3) 

where Ah* is an apparent activation energy. Eqs. (1) 
and (2) define the response of the glass to any 
prescribed thermal history. For simplicity, the follow- 
ing approximate equation wil1 be used in this paper 
for the relaxation time 7. 

7 = T8exp [-B(T - Tg)] (4) 

The basic principle is to superimpose upon the 
conventional DSC heating rate a periodically varying 
temperature modulation. In M-TDSC, this modula- 
tion is sinusoidal, giving a time-dependent tempera- 
ture as follows [ 111: 

T = To + qt + ATsin (ut) (5) 

TO is the initial temperature of the DSC scan, AT the 
amplitude of temperature modulation, and w the 
frequency of modulation. 

Using the variable 7 = S + TAC,, Lacey et al. [12] 
made approximations to Eq. (l), which lead to the 
following equation [ 121: 

dq/dt=exp [Ah*/(Z?Ti)(T-T,)](TAC,-q)/r, 

= [AC,qt + ATAC, sin (ut) - 71 

x exp [Kqt + KATsin (wL)]/q (6) 

~-0 = exp (Ah*/(RT,))T, (7) 

For M-TDSC, Lacey et al. [ 121 proposed that 
q = (q) +A~Re{@exp (iwt)}. (7) is the underlying 
part of q and satisfies 

d(q)/dt = [AC,qt - (q)lexp W@)/~o (8) 

where 4 is the ‘complex amplitude’ [12]: 

iw4exp (iwt) = exp (iwt)[K(ACPqt - (7)) 

+ ACJexp (Kqt)/To 

- exp (W)/~0&xp (iwt) (9) 

Then 

(v) = Aexp [-eK4’/(Kq70)] + qtAC, 

- qACPexp [-e 

and 

x exp [eKq’/(Kq70)]dt’ (10) 

#J = i{K((rl) - @AC, - Ac,]/ 
[ 1 + iwtoexp (-Kqt)] (11) 
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For M-TDSC [ 131, can be obtained: 

dQ/dt = CP, dT/dt +f(t, T) = qC,, + (f(t, T)) 

+ wA& cos (wt) + C sin (ut) (12) 

dQ/dt is the heat flow into the sample, Cr, the 
reversing heat capacity of the sample due to its 
molecular motions at the heating rate 9, flt,r) is the 
heat flow arising as a consequente of a kinetically 
retarded event, (f(t, T)) is the average of flt,T) over 
the interval of at least one modulation and C is the 
amplitude of the kinetically retarded response to the 
temperature modulation. 

Consider the complex heat capacity, CG 

C; = Am& (13) 

AHF and A, are the amplitudes of heat flow and heating 
rate, respectively. 

CL = A+BT+AC,(l - exp (-Ah*T/(RTi))/ 

(1 + w2rlexp (-2Ah*/(RTi)(T - Tg))) 

(19) 

CP = ACpwrsexp (-Ah*/RTi)(T - Tg)) 

x (1 - exp (-Ah*T/(RTi))/ 

(1 + w2riexp(-2Ah*/(RTg)(T - Tg))) 

(20) 

Figs. 1-3 show the CP, Ci and Tg vs. frequency for 
polystyrene. For this theoretical analysis, the follow- 
ing parameters were used: AC, = 0.3 J gg’“C-’ 
(from [lol); Ah’ = 300 kJ mol-’ (assumed value): 

The complex heat capacity is out of phase with the 
heating rate, and a real part, Cb, and an imaginary part, 
CP may be assigned [13]: 

c; = cpcos, 

Ci = Cisina (14) 

CP = CP - iCp (15) 

ct: is the phase angle between heat flow and heating 
rate. 

Also, we have [13] 
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dQ/dt = C,,dT/dt +f(t, T) = qC,, + (f(t, T)) 

+ WA&,~COS (ut) + sin (wt) (16) 

CP, is the reversing heat capacity at the frequency 
W. 

Since dQ/dt = C,,dT/dt + dv/dt, we have 
LI21 

Temperature (“C) 

Fig. 1. Theoretical CL vs. frequency curves for polystyrene at 
different frequenties. 

&,t + (f(t,T)) = 4% +d(rl)ldt (17) 

and 

WATC~COS (wt) + Csin (wt) 

= [(CP, - Im(4)cos (wt) - Re(4)sin (wt)] 

(18) 

‘Re’ and ‘Im’ refer to the real and the imaginary parts, 
respectively. Temperature (“C) 

Assuming Ch = A + BT + F(T) during the glass 
transitions, according to Lacey et al. [12], CL and CP 

Fig. 2. Theoretical Cg vs. temperature curves for polystyrene at 
different frequenties. 
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Fig. 3. Theoretical T, versus frequency for polystyrene. 

Fig. 4. Comparison of the dCL/dT vs. temperature data for 
theoretical (solid line), experimental (square points) and a Gaussian 
function (dots) for polystyrene. 

A = 0.8 J gg’“C’ (assumed value); B = 0.002 J 

g -“C2 (assumed value) and ra = 100 s (from 

[lol). 
Figs. 4 and 5 give the comparison of the dCL/dT vs. 

temperature data for experimental (square points), 
theoretical (solid line) and a Gaussian function (dots) 
for polystyrene and a 50/50 by weight blend of 
poly(methy1 methacrylate) and poly(styrene-coacrylo- 
nitrile) (50/50) [ 141. Obviously, the experimental 
data can be described by theory, and also wel1 by a 
Gaussian function at the glass transition. For simpli- 
city, in this paper, we use a Gaussian function to 
describe the variation of dCk/dT vs. temperature at 
the glass transition. 

1 

'0 

Temperature (“C) 

Fig. 5. Comparison of the dCk/dT vs. temperature data for 
theoretical (solid line), experimental (square points) and a Gaussian 
function (dots) for PMMA/SAN(50/50). 

2. Experimental 

2.1. IPN sample preparation 

The polyurethane component hard segment was 
composed of the aliphatic diisocyanate 1,1,3,3,-tetra- 
methylxylene diisocyanate (TMXDl) and the chain 
extender/cross-linker trimethylol propane. The soft 
segment was made up of polyoxypropylene glycol 
units of a molar mass of 1025. Stannous octoate was 
used as the PUR catalyst. The polystyrene was cross- 
linked with divinylbenzene (DVB) and radical poly- 
merisations were initiated with azoisobutyronitrile 
(AIBN). The required amount AIBN was added to 
the TMXDI diisocyanate and the components were 
mixed for five minutes at high speed. Degassing for 
1 min under vacuum was conducted to remove 
entrapped air. The mixture was tast into stainless steel 
spring-loaded 0-ring moulds, which had been pre- 
treated with CIL Release 1771 E release agent. The 
curing cycle consisted of three stages of 24 h at 60°C 
24 h at 80°C and 24 h at 90°C. Symbols used in the 
study for the PUR/PS IPN series are shown in Table 1. 

2.2. Instrumentation 

A TA modulated-temperature differential scanning 
calorimeter was used. An oscillation amplitude of 1.5 
and an oscillation of period 60 s were used with a 
heating rate of 3”C/min. The calorimeter was cali- 
brated with indium and sapphire standards. 
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Table 1 
Symbols for the PUR/PS IPN series 

Symbol PUR/PS Diol/triol DVB 

IPNl 
IPN2 
IPN3 
IPN4 
IPN9 
IPNS 
IPNó 
IPN7 
IPNI 

60/40 7: 1 5 mol% 
60140 3: 1 5 mol% 
60/40 1 : 1 5 mol% 

60140 3: 1 5 mol% with 1 wt% of TMIa 
60/40 3:1 5 mol% with 2.5 wt% of TM1 
60/40 3: 1 5 mol% with 5 wt% of TM1 
60/40 3: 1 5 mol% with 10 wt% of TM1 
60/40 3: 1 5 mol% standard polymerisation 
60/40 3:l 5 mol% with 10 wt% of 

compatibilise? 

a TM1 - benzene-1-( 1-isocyano-1-methyl ethyl)-3-(2-methylethe- 
nyl). 
s Compatibiliser - a PPE1025 molecule terminated at both ends 
with TM1 units is incorporated in the PS network. 

The dynamic mechanica1 properties of the IPN 
samples were measured with a Polymer Laboratories 
MKII Dynamic Mechanica1 Analyser in the bending 
mode (single cantilever). The temperature programme 
was run from -60 to 200°C using a heating ramp of 
3”C/min at a fixed frequency of 10 Hz. 

2.3. Curve synthesis and analysis of overlapping 
spectra1 features 

A new signal, the differential of heat capacity, 
dCL/dT, was developed in this work. Fig. 6 gives 
an example for the change of dCk/dT (square points) 
with temperature for IPN7. Obviously, the signal in 
glas+transition region is quite complex. Analysing the 
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Fig. 6. Untreated dCk/dT and smoothed dCk/dT vs. temperature 
data for IPN7. 

signal needs curve synthesis and multi-peak resolution 
techniques. 

Nearly al1 data systems provide a facility to smooth 
the data. Such an operation must be carried out with 
care and this section is concerned with the effect that 
smoothing has upon data and suggests how smoothing 
might be carried out in the most effective and least 
distorting way. In general, it is always much better to 
use unsmoothed data, since any smoothing procedure 
is bound to introduce some sort of distortion to the 
curve. However, when the dCb/dT signal is used, there 
is significant noise. There are many cases where some 
smoothing is required. Smoothing is a process that 
attempts to increase the correlation between points 
while suppressing uncorrelated noise. Smoothing is 
achieved by convolution of data with a suitable 
smoothing function in an appropriate way. The 
least-squares centra1 point techniques proposed by 
Savisky and Golay [15] were used in this work. 
Fig. 6 (solid line) shows how the method can be 
successfully applied to typical dCL/dT data for a 
multi-component polymer system (IPN 7). Compared 
with the raw data, the smoothed spectrum contains no 
new information. The smoothed curve makes some 
curve features more evident and so is more useful than 
the unsmoothed spectrum. 

3. Results and discussion 

3.1. Model 

The real part of the heat capacity of polymers in the 
glass transition region can be considered as follows: 

C; = A + BT + F(T) (21) 

A and B are constants and F(T) is a function of 
temperature. Outside the transition region, 
F(T) = 0. For dCL/dT, the following relation holds. 

dC;/dT = B + dF(T)/dT = B ff(T) (22) 

Dotted curves shown in Figs. 4 and 5 can be 
described by a Gaussian function: 

f(T) = ACr,/[Wd(~/2)“2]exp[-2(T - Tg)2/~d] 

(23) 

where wd is the half width of the Gaussian function. 
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For a multi-phase system, we consider j(7) as a 
multiple Gaussian function in the transition region: 

f(T) E Cfi(T, Tsi, ‘JJdi, AC,i) 

= a’Cr,i/[Udi (*/2)1’2jexp[-2(T - T~I)~/ 

&i] + AC,&-&(~/2)1’2] 

x ex&2(T - Ts2j2/~d21 

+ &&‘d3(~/2) 112 ] 

x exp[-2(T - Tg3)‘/wi3] + . . (24) 

wherefi(7’) is related to the ith phase of the multi-phase 
system. 

For a multi-phase polymerie system, the total AC, 
is the linear addition of AC Pi of each phase [ 141. 

ACr=CACri (25) 
i 

For a multi-phase system of two polymers, consider 
the pol mer 1-rich phase. Its glass-transition tem era- 
ture, Tg’), 7 UP and increment of heat capacity, AC, , are 
as follows: 

$1) = W(ia)Tgl + W(ia) 
s I 2 Tg2 

AC@) = w(lo)AcPl + w(20) 
P 1 2 AC,2 

Then, the weight fraction of polymer l-rich phase, 
w(l), is given by Eq. (26) 

,,,(i) = AC+Cp’O) (26) 

where +vil’) and w;‘) are the weight fractions of 
polymer 1 and polymer 2, respectively, in the polymer 
1-rich phase, assuming they are fully miscible. ACp”) 
is the heat capacity increment of polymer 1 -rich phase, 
also assuming full miscibility. From Eq. (27), the 
weight fractions of other phases can be obtained: 

wi = ACp’)/ACp) (27) 

To evaluate the model, a four-phase model system 
was devised. This system was a mixture of poly- 
(methyl acrylate)/poly(vinyl acetate) (PMA/PVAc) 
blends. A PMA/PVAc (80/20)+PMA/PVAc 
(60/40) +PMA/PVAc (40/60) +PMA/PVAc 
(20/80, wt/wt) combination was used. PMA is mis- 
cible with PVAc [ 161. The open square points shown in 
Fig. 7 represent the change of experimental dCL/dT, 
plotted against temperature. The differente between 

mi irnrrdl” 

o.oo(-J LLILI_I_LL ..IL_L i--JL 1_-- 

5 10 15 20 25 30 35 40 45 

Temperature ( "C) 

0 

Fig. 7. Comparison of experimental data with peak-resolution 
results for a four-component physical blend of PMA/PVAc 
(80/20) +PMA/PVAc (60/40)+PMA/PVAc (40/60)+PMA/ 
PVAc (20/80). 

Table 2 
Comparison of experimental with calculated compositions’ 

System Experimental (wt%) 

PMA-20 30 
PMA-40 23 
PMA-60 25 
PMA-80 22 

’ Average error is about 8%. 

Calculated (wt%) 

27.8 
21.1 
22.9 
19.7 

the glass-transition temperatures of PMA and PVAc is 
about 35°C. The glass-transition signal of the four- 
phase system shows an overlapping transition peak. 
The solid lines shown in Fig. 7 are peak resolution 
results. The conditions for peak resolution are as 
follows. 

1 : AC,(fitting) = AC,(experimental) 

2 : AT, = wlATgl + w2ATs2 

Here, AT, is the transition width and AT,, and AT,, 
are the glass-transition widths of pure polymer 1 and 
polymer 2, respectively. 

Table 2 gives the comparison of the results for the 
experiment by weighing and by calculation. The 
average error is about 8%. 

3.2. Glas+transition behaviour of the IPNs 

Almost al1 IPNs are multi-phase materials. This 
results in a complicated glass-transition behaviour 
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Fig. 8. Heat capacity vs. temperature for IPNl, IPN2, IPN3, IPN4, 
IPNS, IPNó, IPN8 and IPN9. 

[17]. Fig. 8 shows that the heat capacities change with 
temperature for IPNl to IPN9. 

Fig. 9((l)-(7)) show the changes of the differential 
of heat capacity, dCb/dT, with temperature for IPNl, 
IPN2, IPN4, IPNS, IPNó, IPN8 and IPN9. Obviously, 
it is hard to obtain detailed information from the heat 
capacity signals in Fig. 8. However, the dCL/dT signal 
is very different, being much more sensitive to the 
transition. The dCL/dT vs. temperature signals for 
these IPNs show obvious nonlinear changes between 
the Tg5 of two pure network polymers. 

Fig. 10 shows a comparison of the dCb/dT vs. 
temperature plots for a 40% PS+60% PUR physical 
blend (solid line) and IPN3. It is obvious from this 
figure that the morphologies of these IPN samples are 
quite complex. The transition regions are very broad. 
The total temperature range covered by the transitions 
is ca. 18O”C, covering the transition regions of both 
pure PUR and PS. 

At ca. -36, 70 and llO”C, there are three obvious 
transitions for IPNl and IPN2. There are two transi- 
tions, for IPN3 at ca. -25 and 110°C. There is also a 
broad shoulder on the high-temperature side of the 
lower transition for this sample. In these IPNs, the 
PUR network is being tightened by altering the diol/ 
trio1 ratio. The transitions at ca. -36, 70 and 100°C 
correspond to the soft and the hard segment transitions 
of the PUR and to the PS glass transition. The shift and 
broadening in these IPNs are consistent with increas- 
ing cross-linking in the PUR component. (See Table 3 
for further details). 
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Fig. 9. dCb/dT vs. temperature plots for IPNl, IPNZ, IPN4, IPNS, 
IPN6, IPN8 and IPN9. 

In IPN4, IPNS, IPNó and IPN9, TM1 has been 
incorporated into the PUR network as grafting sites 
for the PS networks. As has been found with IPNs, 
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Fig. 10. dCb/dT vs. temperature plots for a 40% PS+60% PUR 
physical blend and for IPN3. 

increasing inter-network grafting leads to eventual 
miscibility. This is seen in a single transition for 
IPNó, which contains 10 wt% TMI. 

The effect of the variation of the cross-link leve1 in 
the PUR has also been studied by DMTA for IPNl, 
IPN2 and IPN3. Data are shown in Fig. ll. With 
increasing PUR cross-linking, the PUR transition 
broadens and the PS transition remains at the same 
location. This is in agreement with the M-TDSC 
results. 

IPN8 has polypropylene glycol units incorporated 
into the PS network in an attempt to generate partial 
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Fig. 11, DMTA data for different PUR network cross-link hels: 
(a) - IPNl; (b) - IPN2; and (c) - IPN3. 

miscibility. Comparison with IPN2 indicates that the 
PUR hard segment transition is no longer obvious, 
indicating that the strategy may have been partly 
successful. 

These simultaneous PUR/PS IPNs were synthe- 
sised by the one-shot route. The IPN topology can 
restrict phase separation and result in materials with a 
broad transition region. By variation of the cross-link 
leve1 in both polymer networks, the controlled intro- 
duction of inter-network grafting and the incorpora- 
tion of compatibilising segments into the PS network, 
the compatibility of two polymer networks was 
improved. 

With simultaneous IPNs, it was found [18] that the 
network that is first formed represents the continuous 
phase. Hourston and Schäfer [ 191 investigated the rate 
of network formation of IPN7 by means of FT-IR 
spectroscopy using a Unicam spectrometer coupled 
with a heated cel1 unit. The conversion curves of both 
networks were monitored by following integrated 
peak areas against time. The integration limits 
for the respective functional groups were (2330- 
2160) cm-’ for the isocyanate and (1637- 
1622) cm-’ for the vinyl group. This study confirmed 
that under the present reaction conditions, the PUR 
network was formed first. In such a situation, it is 
believed that three possible morphologies could 
result: (a) the two networks could be miscible, 
yielding homogeneous materials; (b) the first- 
formed network is uniformly distributed in space, 
but the second-formed network is heterogeneously 
distributed; and (c) both networks could be hetero- 

geneously distributed in space, but with an inter- 
facial zone containing a mixture of the two networks. 
Obviously, for the first situation, a single glass- 
transition temperature would be obtained. For the 
second situation, the glass-transition temperature 
of the PUR wil1 shift to higher temperatures and 
the PS Ts wil1 shift to lower temperatures. For the 
third situation, the glass-transition temperature wil1 
broaden. 

The dCL/dT signal shows nonlinear change over a 
broad temperature range between the glass transitions 
of PUR and PS. Obviously, these M-TDSC results 
indicated the third situation. This implies that, during 
synthesis, a phase separation occurs and an inter- 
penetrating morphology is formed. 

3.3. Phase structure and weight fraction 

IPNs comprise two components of different syn- 
thetic origin; one of step growth and the other by 
radical polymerisation. These two components form 
several kinds of separated domains, which have dif- 
ferent segment concentration distributions at the 
microstructural level. We can consider that this system 
can be divided into several phases: polymer 1-rich( l), 
polymer 2-rich( l), polymer 1 -rich(2), polymer 2- 
rich(2) and interfacial phases and so on. It is 
difficult to separate the polymer-rich and interfacial 
phases for these samples. So, we have to consider the 
interface in these IPNs as a phase which has an 
average concentration. Fig. 12((l)-(5)) show the peak 
resolution results for IPNl, IPN2, IPN6, IPN8 and 
IPN9. The open square points are the experimental 
ones. Fig. 13 gives a comparison of the dCL/dT vs. 
temperature plots for the 40% PS+60% PUR physical 
blend and peak resolution for IPN3. For IPNl, three 
transition peaks were obtained with a three-phase 
structure. For IPN2, IPN3, IPN8 and IPN9, four 
transition peaks were obtained with a four-phase 
structure. 

DMTA measurements showed that the glass-transi- 
tion temperature of the PS-rich phase in the IPNl, 
IPN2 and IPN3 were the same, 133°C. However, M- 
TDSC raw data for the same three IPNs showed that 
the glass-transition temperature of the PS-rich phases 
were different. However, peak resolution gives the 
same glass-transition temperature value, again 113°C 
for the PS-rich phase in IPNl, IPN2 and IPN3. The 
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Fig. 12. Comparison of experimental data with peak-resolution results for IPNl, IPN2, IPNó, IPNI and IPN9. 

differente may result from the effect of interface 
which results in the shift of the dCb/dT peak. Table 4 
gives the peak resolution results for IPNI, IPN2, IPN3, 
IPN8 and IPN9. 

4. Conclusions 

The dCL/dT vs. temperature signal from M-TDSC 
can be used to study morphology of IPNs. The transi- 
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Fig. 13. Comparison of experimental data for the 40% PS+60% 
PUR physical blend and peak resolution results for IPN3. 

Table 4 
Phase T, and weight fraction for selected IPNs 

T,(C) Weight fraction (%) 

IPNl -31 59 
70 14 
113 30 

IPN2 -35 48 
-15 16 
70 15 
113 20 

IPN3 -23 19 
-15 30 
75 31 
113 16 

IPN8 -33 45 
-10 14 
46 21 
90 19 

IPN9 -33 32 
-17 23 
50 30 
90 19 

tion function is a Gaussian function of temperature in 
glass-transition region for polymers. These parameters 
in the transition function have clear physical meaning. 
The transition function of multi-phase polymerie sys- 
tems is the linear sum of the transition function of each 
phase: 

f(T) E Cfi(r, Tgir wdi, AC pi) 

= Ac,l/[% (7r/2) 112 1 
x exp[-2(T - ~,I)~/~~,] 
+ Acp,/[w2(+)1’2] 
x ex+2(T - T,2)‘/4,1 
+ Acp,/[w(@)1’2] 
x exp[-2(T - Tss)*/w&] + . . . . 

The transition function can be used to fit experi- 
mental results and calculate the number of phases 
present, the weight fraction and the transition tem- 
perature of each phase. A model experiment showed 
that the error in calculating the weight fraction of each 
phase is ca. 8%. As examples of the application of this 
new mode of analysis, polystyrene/polyurethane IPNs 
were analysed. 
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