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Evaluation of Initiators and Fillers in Diallyl 
Phthalate Resins by Differential Scanning Calorimetry 

PAUL E. WILLARD 

FMC Corporation 
Princeton, New Jersey 08540 

A B S T R A C T  

Seven organic peroxide initiators for the polymerization of 
diallyl-o-phthalate prepolymers were studied using differ- 
ential scanning calorimetry. Included were t-butyl 
perbenzoate, dicumyl peroxide, c y , ~ '  -bis (t-butyl peroxy) 
diisopropyl-benzene, 2,5-dimethyl- 2,5-di (t- butyl peroxy ) 
hexane, 2,5-dimethyl-2,5-di(t-butyl peroxy)hexyne-3, di- 
t-butyl peroxide, and t-butyl hydroperoxide. Heats of re- 
action and reaction rate constants a re  presented for each 
initiator at 1, 2, 3, and 4 phr of diallyl-o-phthalate pre- 
polymers. The differences in reaction temperature and 
rate are discussed. Effects of four types of commonly 
used fillers (asbestos floats, ground quartz, calcium 
silicate, and clay) on the heats of reaction of diallyl-o- 
phthalate prepolymers using t-butyl perbenzoate and 
dicwnyl peroxide initiators show the large inhibiting effect 
of untreated kaolinite clays on this polymerization. 
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34 WILLARD 

I N T R O D U C T I O N  

Doehnert and Mageli [ 11 measured the decomposition of organic 
peroxide initiators in  benzene and acetone solutions. Their  method 
allowed the calculation of activation energies and r a t e  constants for  
the decomposition of these init iators in dilute solutions. The 
technique had not been extended to studying the actual decomposition 
kinetics of these initiators in  polymeric mater ia ls ,  although such 
work was proposed in their  paper. 

and azobisisobutyronitrile in  solutions of di-n-butyl phthalate. H i s  
method, based on differential scanning calorimetry (DSC), allowed 
the calculation of kinetic constants for  thermal decomposition from 
a single DSC curve. 

The present work involves the study of seven commercial  per- 
oxide initiators in diallyl phthalate prepolymer. The seven initiators 
studied we re: 

Barret t  [ 21 studied the thermal decomposition of benzoyl peroxide 

t-butyl perbenzoate 
Di-Cup (regis tered trademark, Hercules, Inc. ) (dicumyl peroxide) 
Vul-Cup (regis tered trademark, Hercules, Inc. ) ((Y,Q' -bis (t-butyl 

Lupersol 101 (regis tered trademark, Lucidol Division, Pennwalt 

Lupersol 130 (regis tered trademark, Lucidol Division, Pennwalt 

di - t - but yl per oxide 
t -  butyl hydroperoxide 

Table 1 summarizes  the properties of the catalysts used in this 
study and gives 1 min half-life data i n  dilute solution in benzene. 

These seven initiators were studied at four different concentra- 
tions in Dapon 35 (regis tered trademark, FMC Corp. ), a prepolymer 
of diallyl-o-phthalate. 

The data presented herein are in t e r m s  of initiator ( o r  catalyst ,  
as it is known in the industry) as pa r t s  pe r  hundred of r e s in  (phr).  
This convention is widely used in diallyl phthalate compounding. 

The effect of four commonly used fillers was also determined 
with both t-butyl perbenzoate and Di-Cup initiators. 

peroxy )diisopropyl- benzene ) 

Corp. ) (2,5-dimethyl-2,5-di(t-butyl peroxy)hexane) 

Corp. ) (2,5-dimethyl- 2,5-di(t-butyl peroxy )hexyne-3) 

E X P E R I M E N T A L  

DSC curves were taken with a Du Pont Model 900 Thermal  
Analyzer with a DSC cell. This  instrument was  interfaced t o  an 
analog to digital converter and punched paper tape generated as the 
scan was carr ied out as described previously [ 31. 
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36 WILLARD 

Using the method of Barrett ,  activation energies and rate constants 

All samples were prepared by ball milling the initiators into the 
were determined for each of the concentrations of initiators. 

powdered prepolymer. Replication of tests showed the homogeneity of 
the mixtures. All DSC curves were taken in  a nitrogen atmosphere at 
a heating rate of 10”C/min. Sample weights were approximately 30 
mg  and consisted of preforms made by cold pressing the prepolymer- 
initiator mixtures at p res su res  of 100,000 psi  at room temperature in  
a 1/4-in. pellet p re s s  die. This procedure insured that all samples 
had the same  density and surface volume relationships regardless  of 
particle size. This technique is also applicable to  the study of 
molding compounds where granular size can influence the resul ts  
obtained by DSC. 

R E S U L T S  A N D  D I S C U S S I O N  

Figure 1 presents the DSC curves f o r  seven commercial  peroxide 
init iators at a concentration of 1 pph of Dapon 35 prepolymer. There 
is a wide range in temperature activity of these peroxides, ranging 
from 169°C for t-butyl perbenzoate up to as high as 224°C for  t-butyl 
hydroperoxide. The peak temperatures  indicated on the figure are 

0 
X 

i 
“i; B 
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FIG. 1. Effect of catalyst type. 
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FIG. 2. Catalyst type and level vs  heat of reacjion. 

the peaks in  the DSC curve, representing the temperature  a t  which the 
reaction is proceeding at its maximum rate. These f igures  can be 
used to compare the activity of the various peroxides in the diallyl 
phthalate prepolymer. 

The data from the DSC curves,  as punched paper tapes,  were 
analyzed by computer program [ 31 and the total heat of reaction 
( a r e a  under the DSC curve) was determined as a function of concen- 
tration for  each initiator. 
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Figure 2 shows the data obtained and indicates the steep con- 
centration dependence of these initiators, Note that for Lupersol 130 
at 4 parts  of initiator phr, the thermal output is approximately 47 
cal/g. At 1 phr, the thermal  output is only 33 cal/g. Similar con- 
centration dependencies are shown for the other initiators. This 
finding is important t o  the manufacturer of commercial  molding 
compounds since lowering catalyst concentration may give very 
low degrees  of cure  in the compound. 
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FIG. 3. Catalyst type and level v s  reaction r a t e  constant. 
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DIALLYL PHTHALATE RESINS 39 

There is also a wide difference in the total heat of reaction obtain- 
able with the various initiators, and this initiator efficiency should be 
known i f  such catalyst systems are to be used in commercial  com- 
pounds. Thus t-butyl perbenzoate (TBP),  which is a commonly used 
commercial  material ,  is much more efficient than t-butyl hydroperoxide 
o r  di-t-butyl peroxide. 

action rate constants at 160°C in sec-' as a function of concentration. 
With the exception of t-butyl hydroperoxide (TBPH), t he re  is not as 
large a concentration dependency in the case of reaction rate constant 
k as there  is in the case of heat of oreaction AH. However, since these 
data in Fig. 3 are presented at 160 C, a commonly us'ed molding tem- 
perature  fo r  diallyl phthalate, the activity of the init iators covers  
almost two decades of reaction rate constant. Thus the compounder 
who uses t-butyl hydroperoxide at  conventional molding temperatures  
will find the reaction proceeding almost 100 t imes slower than that of 
TBP. 

Solomon [ 4, 51 has  found that cer ta in  kaolinite clays ser iously 
degrade the performance of peroxide initiators in polymerization re- 
actions. He found that kaolinite clays were particularly effective in 
decomposing organic peroxide initiators because of the high acidity of 
the clay surface. 

In order  to t e s t  these effects in  diallyl phthalate prepolymers,  
mixtures of four common f i l lers  at the 50% level were made with 
Dapon 3 5 using two different organic peroxide initiators. Four mater ia ls  
used were: asbestos 7 TF-  1 floats (Johns-Manville), silica 219 (ground 
quartz) (Harshaw Chemical Co. ), Wollastonite T- 1 (natural  calcium 
sil icate) (Cabot Corp.), and an untreated kaolinite clay (ASP 400) 
(Georgia Kaolin Co. ). These mater ia ls  were added at equal weights to 
Dapon 35 catalyzed with 3 phr of t-butyl perbenzoate giving a 50% by 
weight filler loading. DSC curves were then run on these compositions. 
As shown i n  Fig. 4, total heat of reaction was least affected by the 
ground quartz (silica 219) which gave a AH value of 20.6 cal/g, which 
is exactly half the value obtained for  Dapon 35 and 3 par t s  t-butyl 
perbenzoate with no filler. Wollastonite reduced the total heat reaction 
slightly, as did asbestos. The clay reduced the value to 13.1 cal/g o r  
64% of the value obtained with s i l ica  219. 

50% fil ler loading with these fillers, the effect of the untreated kaolinite 
clay, ASP 400, was extremely high. Figure 5 shows the DSC curves 
using Di-Cup initiator. Here the s i l ica  value is lower than that ob- 
tained with t-butyl perbenzoate (which we mould expect from the relative 
reactivit ies of T B P  and Di-Cup). However, in the case of ASP 400 clay, 
total heat of reaction drops to  0.3 cal/g which is 1.6% of the value 
obtained with s i l ica  219 in this initiator system. 

resul t  in mater ia ls  which will not cure  due to decomposition of the 
initiator by the acidic clay surface. 

Reaction r a t e  constants were calculated, and Fig. 3 presents the re- 

When Di-Cup (dicumyl peroxide) initiator was used i n  the s a m e  

Obviously, the use of ASP 400 clay in Di-Cup initiated systems may 
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FIG. 4. Effect of fillers on cure-TBP. 
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FIG. 5. Effect of fillers on cure-Di-Cup. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



DIALLYL PHTHALATE RESINS 41 

The use of DSC to  measure activity of init iators for the diallyl 
phthalate system and to  determine the effects of fillers on total heat 
of reaction allows rapid screening of initiator systems and compound- 
ing ingredients t o  determine their  activities in the polymerization. By 
using small  quantities of mater ia ls  to obtain DSC curves,  it is possible 
to survey large numbers of compositions which would be impossible 
to study using conventional compounding molding and physical testing 
techniques. DSC allows the rapid and inexpensive screening of these 
systems t o  allow predictions of polymerization performance. 
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