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Effects of Heat and Ultraviolet Radiation on the 
Stability of a Polypropylene-Polyisobutylene Alloy 

By ROBERT K. O’LEARY, WALLACE L. GUESS, and JOHN AUTIAN* 

Polypropylene and blends of polypropylene are or may be utilized in medical items 
of equipment, containers, and various devices. Changes in properties of the material 
may ne ate its value when used for these purposes. This paper deals with the assess- 
ment ofthe stability of a polypropylene- olyisobutylene alloy when ex sed to heat 
and ultraviolet radiation. Evaluation of stability was based upon (aydifferential 
thermal analysis, (b )  tensile roperties, and (c) infrared spectroscopy. Results of 
the study revealed that consi&rable degradation of the material had occurred when 
exposed to a combination of heat and radiation, but relatively little degradation when 

the plastic was exposed to heat only. 

RESENTLY, polypropylene is enjoying wide- P spread use in many applications in phar- 
macy, dentistry, and medicine as such items as 
disposable syringes, various types of containers, 
protective sheets, and a host of other devices. 
Addition of relatively small concentrations of a 
second polymer, polyisobutylene, gives added 
advantages for certain applications, the chief of 
which is a reduction in water vapor transmission. 

Polypropylene is generally less stable to heat 
than polyethylene, for the most part due to the 
methyl side groups attached to every other car- 
bon in the polymer (1). These tertiary carbons 
serve as active sites for oxidative degradations 
Icading to chain scission and embrittlement. 
Incorporation of small quantities of antioxidants 
or combinations of antioxidants with other 
agents into the polymer increases the long-term 
stability of the final item. 
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In  recent years, the authors have become in- 
terested in various man-made polymeric mate- 
rials as protective barriers against harmful 
chemicals. It has become clear, however, that 
depending upon the inherent properties of the 
polymeric material and the types of stabilizers 
employed, the shelf-life of the plastic will be afunc- 
tion of time and the environmental conditions 
imposed upon the item. A protective coating 
which is initially found to prevent the penetration 
or permeation of a chemical poison might be- 
come, depending upon its storage conditions, 
suficieritly altered to permit the passage of thc 
contaminating agent. 

To gain some knowledge as to the stability of 
polymeric materials which might be used in 
medical items, containers, and various devices, a 
study was initiated to evaluate the properties of a 
specific material, polypropylene-polyisobutylene 
alloy, when exposed to heat and ultraviolet 
radiation. 

EXPERIMENTAL 
Materials and Apparatus-Polypropylene-poly- 

isobutylene alloy’ (Pro-Fax N400), 10 mil thick- 
. - 

I Five perceul pulyisobutylcnc. 
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ness (Hercules Chemical Co., Wilmington, Del.); 
Differential thermal analysis instrument, model KA- 
2-HD (Rogert L. Stone, Austin, Tex.); Instron 
apparatus, model TM (Instron Engineering Corp., 
Canton, Mass. ); Infrared spectrophotometer, model 
337 (Perkin-Elmer Corp., Norwalk, Conn.). 

Heat and Ultraviolet Radiation-Samples of 
polypropylene alloy were exposed to  heat alone 
and to a combination of heat and ultraviolet radia- 
tion. Figure l shows a diagram of the system em- 
ployed t o  supply the heat and radiation. A G. E. 
sunlamp which emits only light rays greater than 
2800 8. was used for both heat and radiation sources. 
The temperature a t  the surface of the plastic samples 
was continually monitored and was found to  average 
82 f 2". In the case of heat treatment alone, a 
thin cardboard 0.5 mm. thick (0.02 in.) was inserted 
above the sample, thus effectively shielding the 
plastic from the radiation without diminishing the 
heat intensity striking the plastic. The sunlamp 
was approximately 20 cm. above the samples. 

At 24-hr. intervals or at other time periods, de- 
pending upon the experiment t o  be performed, 
samples were removed from both the heat-treated 
and heat-ultraviolet treated conditions for analysis, 
utilizing three techniques: ( a )  differential thermal 
analysis, (b) tensile properties, and (c) infrared 
spectroscopy. 

Differential Thermal Analysis @TA)-The DTA 
apparatus used in this study has been described in 
a previous paper (2). In this study, DTA was 
employed to characterize the thermal behavior of 
the plastic prior to any type of treatment, and at 
various time periods under the two types of treat- 
ment. 

Initial experiments were conducted on 10 samples 
of plastic in order to establish the temperature at 
which transitions occurred. Samples were heated in 
the DTA instrument at a programmed rate of 
12.6"/min. until a temperature of 200" was reached. 
The sample weight was approximately 1.5 mg., while 
the alumina (AlzO,) reference weight was 3.0 mg. 
To prevent oxidation of the samples during any 
DTA run, a nitrogen atmosphere was maintained. 
Figure 2 represents a typical thermogram on an 
untreated polypropylene-polyisobutylene alloy. In  
this case, both a heating and a cooling sequence were 
used, giving rise t o  an endothermic melt starting at 
140" and peaking at 167O. The cooling curve 
demonstrates a n  exothermic peak (crystallization) 
beginning at approxiniately 119", and peaking a t  
107" 

Fig. 1-Diagram showing method of heat and ultra- 
violet radiation treatment of plastic samples. Dis- 
hnce between samples exposed to radiation and ex- 

posed 10 heat i s  approximutely 20 cm. 

A t  the various time periods and for each of the 
treatments (heat and radiation), at least three sam- 
ples of plastic were examined by the procedure 
described above. Only the DTA heating sequence 
was employed. From the various thermograms, 
the onset temperature and peak temperatures were 
recorded. The areas under the curve representing 
the melt were converted to standard heats of fusion 
(AH).  Table I incorporates the temperature values 
and constants obtained from the DTA experiments. 
Figure 3 demonstrates the influence time and treat- 
ments have on the peak temperature (melt), while 
Fig. 4 is a similar relationship except heat of fusion 
values are plotted against time. 

Tensile PropertiekTest specimens were pre- 
pared from the samples of plastic taken from the 
hood a t  the various time periods and stress-strain 
curves obtained using an Instron instrument, follow- 

I 

Fig. 2-Typical thermogram of untreated polypropy- 
lene-polyisobutylene alloy. A heating and cooling se- 
quence i s  shown. The curve at the left represents the 
melt area; the curve at right represents the area asso- 

ciated with crystallization (on cooling.) 

TABLE I-SUMMARY OF DTA DATA FROM HEAT- 
TREATED (82') POLYPROPYLENE ALLOY AT VARIOUS 

TIME PERIODS 

Hr. Melt Onset, Melt Peak, AH' 
Exposed O C .  OC. cal./g. 

0 
48 
96 
120 
192 
240 
264 
288 

122.4 
128.1 
130.9 
132.6 
130.9 
131.3 
129.8 
131.8 

165.0 
164.5 
166.7 
165.3 
164.2 
165.3 
165.1 
165.1 

16.1 
16.4 
14.7 
14.6 
16.6 
15.5 
16.5 
16.1 

"An average of 10 samples used at zero time with a 
standard deviation of fl.1 cal./g. All other values based 
upon an average of three samples with an average deviation 
falling within f1.5 cal./g. 

\- 
A 

I . . . . .  . . . . . . . . .  
I 11 I ,  11 I 111 I,, 111 111 111 111 1 1  Ill 111 111 

iw  tuiui IHW- 

F ~ E .  .?--Comparison of DTA melt peaks of heat- 
treated and heat-radiation treated samples. Key: A, 

heat trealed; XI heal and U V treated. 
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wavelength region (corresponding to carbony1 band). 
Figure 6 includes three spectra representing the 
carbonyl band of samples removed at several time 
periods from the heat-radiation treatment. 

RESULTS AND DISCUSSION 

Figure 2 illustrates a typical thermogram for the 
polypropylene-polyisobutylene alloy and includes 
the peak area for the melt and the peak area repre- 
senting the crystallization phase after cooling. The 
two are89 should theoretically correspond, but as is 
evident from the thermogram, this was not the case. 
The area under the curve for the crystalline phase 
was slightly larger than for the melt area. More 
dramatic, perhaps, is the peak temperature differ- 
ence for the melt (167") as compared to  the crystal- 
lization peak (107'). Heat history plays an ex- 
tremely important role on transition temperatures, 
and this, no doubt, was the case with what has been 
reported here. In  one case (melt area), the sample 
has had a heat history quite different from that of 
the plastic after it is heated above its melting point 
and then cooled down in a short time period in the 
DTA instruments. I n  the melted state the poly- 
mers are all in a random motion with little orienta- 
tion, but as the sample is cooled the chains start  
sorting out in a fashion to  favor orientation with 
subsequent crystallization. Even though the degree 
of crystallization is slightly greater for the sample 
after the cooling treatment (in DTA instrument), 
the size of the individual crystallites are much 
smaller, reflected by the much lower onset and peak 
temperatures. For the purposes of this study, it was 
felt more advantageous to  examine the area corre- 
sponding to  the endothermic melt (heating se- 
quence). 

Stability studies on polypropylene by several 
workers have shown that this plastic is quite sus- 
ceptible to  oxidative degradation (3-5). The 
tertiary carbons in the molecule are active sites for 
the formation of hydroperoxides which then de- 
compose into alkoxy and hydroxy free radicals. 
Chain scission takes place when the alkoxy radical 
a t  the tertiary carbon atom s t a b i l i i  through dis- 
proportionation into an alkyl radical and a ketone 
as shown below (6): 

CHa 
I 
I 

R-CH2-C-CH2-R 

0 

I 14 4 1  11 II 111 Ill 1 0  I l l  111 1u 211 211 I l l  1 1  
ll.r 11"SI ,11111, - 

Fig. 4-Comparison of DTA A H of heat-treated and 
heat-radiation treated samples. Key: A, heat treated; 

X I  heat and UV treated. 

TABLE 11-SUMMARY OF DTA DATA FROM HEAT- 

VARIOUS TIME PERIODS 

Hr. Melt Onset, Melt Peak, AH", 
Exposed O C .  O C .  cal./g. 

~<ADlATION TREATED POLYPROPYLENE ALLOY AT 

0 
24 
48 
72 
96 
120 ~~ 

144 
168 
192 
2 16 
240 
264 
288 

122.4 
126.9 
127.0 
104.9 
109.8 
96.9 
99.2 
96.1 
87.5 
94.5 
96.4 
95.8 
91.8 

165.0 
164.9 
163.8 
152.0 
150.3 
148.8 
144.4 
144.0 
141.1 

141.7 
139.8 
141.6 

149.0 

16.1 
16.9 
17.7 
21.8 
22.5 
26.8 
23.8 
24.1 

23.0 
21.9 
22.4 
23.7 

a3.2 

"An average of 10 samples used at zero time with a 
standard deviation of fl.1 cal./g. All other values based 
upon an average of three samples with an average deviation 
falling within 3~1.5 cal./g. 

ulll U,lIlI " I I t I m l I I  IWml 

Fig. 5-Eflect of heat-radiation treatment on tensile 
properties of polypropylene-polyasobutykne alloy. 

Key: 0, tensile strength; A, yo elongation. 

ing the standard ASTM method." Prom the 
various curves, tensile strength and pcrcerit eloiiga- 
tion were evaluated. Three samples were used for 
each run for any one period and condition Table I1 
includes the results while Fig. 5 is a plot of the 
data. 

Infrared Spectroscopy-The appearance of car- 
bony1 bands and the intensity of these bands are 
indications of oxidation of the oleofinic polymers 
such as polypropylene, and for these reasons infra- 
red spectra were taken of samples of plastic exposed 
to  the two treatments at various time periods. 
Prior to IR analysis, the films were mounted 
between KBr salt disks. These spectra were exam- 
ined and the salient features noted in the li50 cm-l  

2 Die is No. ASTM 1708-59T. determinations made at  25", 
52% RH on a full load of 10 lb., 23 mm. (0.9 in.) gauge length, 
drive speed of 12.7 mm. (0.5 in.)/min. and a chart speed of 
127 cm. (50 in.)/min. 

I 
0 

1 
I 

H 

CHz 
I 

HO + R-CH~A-CH~-R 
I 

R-CH2- + R-CHZ-C-CHI O 7 - J  

The reaction continues until two radicals com- 
bine, terminating chain scission. Other possible 
reactions are occurring during the degradation, and 
one or more of these can lead to cross-linking. It is, 
however, believed that the chain scission is most 



Vol. 57, No. 9, September 1968 i 553 

TABLE 111-TENSILE PROPERTIES OF HEAT-TREATED 
AND HEAT-RADIATION TREATED SAMPLES OF 

POLYPROPYLENE ALLOY AT VARIOUS TIME PERIODS 

I I V I  
1ooo 1m 

TREOUENCY Irrn-1 J 

Fig. 6-Efect of heat radiation on 
I R  absorption curve of oly ro 
pylene-polyisobutylene a l t y  (a,: 
bony1 formation observed at 1750 
crn.-l) .  Key:  A, 24 hr.; B, 48 

hr.; C ,  72 hr. 

likely favored over the cross-linking, at least in the 
initial phases of oxidative degradation. 

Table I ,  Figs. 3 and 4 reveal that heat treatment 
alone has very little effect on the property of the 
alloy, Combined heat and radiation, however, 
has a dramatic effect on the material. As may be 
noted in Table I1 and Figs. 3 and 4, there is an 
appreciable drop in both the melt peak temperature 
and the heat of fusion ( A H )  during the time the 
plastic is exposed to  the combined heat and radiation 
condition. A decrease in tcnsile properties (Table 
I11 and Fig. 5) also suggests that polymer alteration 
is occurring. Infrared studies (Fig. 6), in fact, 
confirm that oxidative degradation has taken place 
in the alloy and that this effect increases with time. 

Figure 3 shows that the peak temperature (melt) 
decreases with time for the heat-radiation treated 
samples of plastic while Fig. 4 shows an increase in 
the heat of fusion ( A H )  with time. These results 
may be interpreted in the following manner: with 
chain scission there is a decrease in molecular weight; 
these short chains, as well as the possible broad 
molecular weight distribution of the polymers, 
create smaller crystallite regions which are more 
susceptible to melting at lower temperatures. 

The increase in the heat of fusion (AH),  demon- 
strated in Fig. 4, may be attributed to the formation 
of more crystallite regions in the previously amor- 
phous zones, due to either rearrangements of the 
existing polymer chains into a more ordered system 
or to the degraded polymer chains forming new 
crystallites. Evidence from Fig. 3 (decrease in 
melt temperature), Fig. 5 (decrease in tensile 
properties), and Fig. 6 (decrease in carbonyl func- 
tion favors the formation of new crystallite regions 
from the degraded polymers. Oswalt and Turi have 
also noted that  density (crystallinity) increases with 
oxidative degradation for polypropylene (6). 

The decrease in tensile properties (Table I11 and 
Fig. 5) with time for the heat-radiated samples of 
alloy may be interpreted as beiig due to chain 
scission occurring in the amorphous regions of the 
material. The polymers in the amorphous region 
essentially "tie" the various crystallites into a 
unified structure having various degrees of tough- 
ness and elasticity. Any altering of these ties, such 
as cham scission, will help collapse the structure with 
eventual breaking or shattering of the material. It 
is also possible that a point of degradation may 
occur where cross-linking in the amorphous zone 

7% 
Tensile Elongation 

Time, hr. Treatment Strength" at Break- 

0 
24 

50 

72 

91.5 

117 

None 
Heat 
Heat and radiation 
Heat 
Heat and radiation 
Heat 
Heat and radiation 
Heat 
Heat and radiationb 
Heat 
Heat and radiationb 

4.380 f 271 
3,830 f 281 
3.207 f 291 
3,646 It 622 
2.578 f 86 
3,817 f 194 
2,688 f 36 
3,718 f 674 - 
3,860 * 544 - 

746 f 37 
649 f 35 
475 f 100 
654 f 70 
121 f 101 
550 f 7 .8  

4 f 0 . 3  
575 f 96 

592 f 101 
- 
- 

OTensile properties based upon the average of three 
samples f the difference between the lowest and highest 
values. Tensile properties could not be determined due to 
brittlenew of samples. 

becomes important and adds to the destruction of 
the material when some minor force is applied. 

In this particular study, i t  was not possible to 
assess to  what extent the relatively small concen- 
tration off,polyisobutylene (5%) took part in the 
degradation. It is felt that this specific polymer 
would follow the same general chain scission reac- 
tion as is the case for polypropylene. 

One important aspect of the study reported here 
is that storage of a protective barrier such as a 
plastic film may become altered sufficiently to mal- 
function, causing possible harm or damage to 
personnel or equipment. It appears that conditions 
of storage should be established for items to be used 
as protective devices and that this same concept 
should extend to  all items to be used to protect health 
and l ie ,  as is the case for vaxious devices used in 
medical and para-medical applications. 

SUMMARY AND CONCLUSION 

Polypropylene and alloys of polypropylene are 
being used with greater frequency for a number of 
applications in medical and @ra-medical applica- 
tions. When the polypropylene alloy is used as a 
protective film to prevent harm to medical equip- 
ment, even slight alterations of the properties of the 
material due to storage may negate the value of the 
item. The results reported here for one alloy of 
polypropylene demonstrate that heat alone (82") 
had no significant effect upon the material up to 300 
hr. Under similar conditions, except in the presence 
of ultraviolet rays, the alloy was rapidly destroyed 
as measured by (a) DTA, (b) tensile properties, and 
(c) infrared. There appears to  be a need for the 
establishment of storage profiles for certain plastic 
items if the value of the item is not to  be lost with 
subsequent injury or damage to  personnel or equip- 
ment. 
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Characterization of Complex Formation Between 
Small Molecules by Membrane 

Permeation Measurements 
4 

By RICHARD H. REUNING* and GERHARD LEVYt 

A membrane permeation technique is described which permits characterization 
of complex formation between small molecules. The method is applicable if the 
components of the complex diffuse across a nonporous membrane at markedly 
different rates. The procedure may be used (a) to determine the stoichiometry 
and stability constant of a complex, (b) to verify values of stability constants ob- 
tained by other methods, (c) to check assumptions concerning the stoichiometry 
of a complex, and d) to determine the degree of complexation of a compund in 

other methods of determination may fail or be very time consuming. The mem- 
brane permeation technique has been applied to the characterization of the complex 
formation between salicylamide and caffeine at concentrations where appreciable 

self-association of cdeine OCCUTS. 

systems complicate 6 by the existence of two or more simultaneous equilibria, where 

ANY TECHNIQUES have been developed in re- M cent years for the characterization of drug 
complexes. Among the methods which have 
been most commonly used for the analysis of 
drug interactions are partitioning (I), spectro- 
photometric (2), equilibrium dialysis (3), dialysis 
rate (4, 5), and solubility techniques (6). All of 
the methods available for the study of complex 
formation are subject to certain limitations 
peculiar to the particular technique. Some of 
these limitations which were encountered in the 
present study are: the partitioning method rc- 
quires that at  least one of the uncomplexed species 
does not partition into one of the two solvent 
phases; the spectrophotometric method cannol 
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be applied to systems involving relatively weak 
molecular interactions and to those which do not 
manifest a pronounced change in spectral char- 
acteristics upon complex formation; the dialysis 
techniques are limited to the study of interac- 
tions between drugs which diffuse across a dialysis 
membrane and macromolecules which do not; 
the solubility method does not permit a de- 
termination of the stoichiometry of the complex 
with respect to the less soluble component, if the 
complex itself is very so1uble.l Connors and 
Mollica (8) have recently pointed out that some 
of the experimental approaches mentioned above 
may not always yield the same values for an 
equilibrium constant and that comparative 
studies with several techniques may yield val- 
uable information concerning the nature of a 
complex. 

Complex formation between salicylamide and 
caffeine has been detected recently in this labora- 
tory. The salicylamide-caffeine complexing sys- 
tem was used in studies concerning the effect of 
complex formation on drug absorption, which are 

1 It is sometimes possible to reverse the system nod thereby 
determiuc the stoichioluetric ratio of the complex (7) .  


