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Synopsis 

Crosslinking of polypropylene glycol with divalent metal salts of mono(hydroxyethy1) phthalate, 
anhydride, and bisepoxide is investigated. The anhydride and bisepoxide were hexahydrophthalic 
anhydride and bisphenol A diglycidyl ether. The metal carboxylate groups catalyzed the crosslinking 
reactions. The Mg carboxylate group showed higher catalytic activities than the Ca carboxylate 
group. The rubbers containing Mg showed much better physical properties than those containing 
Ca, due to higher interionic attraction of Mg++ and better homogeneity. In addition, tensile strength 
of the cured rubbers a t  about the same soft block contents depended largely upon that of the hard 
block. Resistances to water and chemical attack, stress-relaxation, and thermal behavior are also 
discussed. 

INTRODUCTION 

Divalent metal salts of mono(hydroxyethy1) phthalate (HEP) are considered 
useful starting materials for preparation of ionic polymers in which metal is firmly 
incorporated. Recently, we reported the preparation of metal-containing cured 
rubbers by crosslinking hydroxyl-terminated liquid polybutadiene (HTPB) with 
(HEP-)zM, anhydride, and bisepoxide,l as shown by eq. (1). The metal-con- 
taining cured rubbers obtained consist of two main blocks: a soft block based 
on HTPB and a crosslinked hard block from (HEP-)2M, anhydride, and bise- 
poxide. This synthetic route is an extension of studies on the synthesis of 
metal-containing cured resins by the (HEP-)2M-anhydride-bisepoxide re- 
actions.2 

Polypropylene glycol (PPG) could be used as the soft block in eq. (1) instead 
of HTPB. Therefore, the preparation of novel metal-containing cured rubbers 
by crosslinking of PPG with (HEP-)zM, anhydride, and bisepoxide was in- 
vestigated. As the bisepoxide, bisphenol A diglycidyl ether (BADG) was used; 
hexahydrophthalic anhydride (HPA) was the anhydride used. Properties of 
the cured rubbers are discussed. 

EXPERIMENTAL 

Materials 

Polypropylene glycols PPGl  and PPG2 (molecular weights 1025 and 2055, 
respectively, as determined by the endgroup analysis) were used, as received. 
(HEP--)ZM salts were prepared according to the method reported in a previous 

Journal of Applied Polymer Science, Vol. 27,3877-3892 (1982) 
0 1982 John Wiley & Sons, Inc. CCC 0021-8995/82/103877-16$02.60 



3878 MATSUDA AND MIYOSHI 

I 
0=g 

E: 

- + 

E: 

+ 
z 
0 

I 
I 0 
0 8-U-X-  g-g-X- o l u -  2 Z  

2 

o=u 
s o=u I 

B o=u 

o=u 

2 o=u 
I 

s 
I cz o=v 

I 

I 
g s  5,% 

%V x vN-u--x-u z -80% U 

I 

I cz 
I o=u 

0 z o=u 9: 
U 0 i5 0=0 

o=u 
0 

0 0 

o=u 
I 0 3  

I 
0=0 

0 r 
o=u 

cz I 

I 
0, 0 

3 

I o=u o=u 
Z L X/% 

O=7 I% 
O = i  

0-u-x-u 
0 

0 

I 



CROSSLINKING OF PP GLYCOL 3879 

paper.3 HPA was extra pure grade and was used as received. BADG, Epomik 
R 139, [epoxide value was 5.461 eq/kg (calcd = 5.875 eq/kg)] a product of Mitsui 
Petrochemical Epoxy Co., was used. 

Curing Reactions 

Given amounts of (HEP-)zM and HPA were heated together with stirring 
a t  140-160°C for 20-90 min. After adding a given amount of PPG, the mixture 
was heated and stirred a t  100°C for 30-120 min. After cooling, a given amount 
of BADG was added, and the mixture was placed in a 18 X 180 mm test tube. 
The tube was placed in a constant temperature bath, and the mixture was stirred 
with a glass rod until gelation occurred. After a desired time, the mixture was 
analyzed acid and epoxide. 

Rubber sheets for determining physical and other properties were prepared 
as follows: given amounts of (HEP-)zM and HPA were heated together as 
above, and, then, a given amount of PPG was added; the mixture was heated and 
stirred a t  140°C for 60 min. A given amount of BADG was added; the mixture 
was stirred until it became homogeneous, poured into molds, and cured a t  fixed 
temperatures for fixed periods. 

Analytical Methods 

Epoxide values were determined by the HBr m e t h ~ d . ~ . ~ - ~  Acidities and in- 

Also, thermogravimetric (TGA) and differential thermal analyses (DTA) were 
frared spectra were determined as reported ear1ier.l 

conducted by the same methods as in the previous paper.l 

Determination of Physical and Other Properties 

The following properties were determined as in the previous p a p e r ~ l , ~ :  tensile 
strength, elongation, Shore hardness, effects of water on weight change and 
physical properties, resistances to chemical attack. 

Tear strengths were determined using a Shimazu Autograph IS-5000 a t  a strain 
rate of 100 mm/min. 

Stress relaxation was determined on: dumbbell-shaped specimens strained 
to 50%, using the above autograph a t  a strain rate of 50 mm/min. When the 
elongation a t  break was below loo%, the specimens were strained to 50% of the 
elongation a t  break. The strained specimens were allowed to stand for 3 min, 
followed by determining the initial stress. The stress was recorded periodi- 
cally. 

RESULTS AND DISCUSSION 

Curing Reactions 

Figure 1 shows typical curing results for the system (HEP-)zMg- 
PPG2-HPA-BADG at  a mole ratio of 4:6:40:20. The bath temperature was 
140°C. The reaction is exothermic in the initial stages. The acidities shown 
were determined by nonaqueous titration and are due to anhydride and carboxyl 
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Time( rn in )  

Fig. 1. Curing reaction of (HEP-)*Mg-PPG2-HPA-BADG system (46:4020). (0 )  Acidity; 
( 0 )  epoxide value; bath temp = 14OOC; G = gel point. 

groups. The reaction proceeded smoothly a t  140°C. Gelation occurred when 
the conversion reached 75-76%. The decrease in epoxide value is consistently 
slightly greater than the decrease in acidity. Thus, etherification of epoxide 
groups as side reactions appears less serious in the present study. 

Also in the above curing system, the main reactions2 are: reaction of a carboxyl 
group with epoxide group to form an OH group; reaction of the OH group with 
an acid anhydride group to form a terminal carboxyl group; and reaction of an 
acid anhydride group with an epoxide group to form an ester linkage. The 
tendency for the metal carboxylate groups based on (HEP--)2M to reequilibrate 
with any of the free carboxylic acids of the hexahydrophthalic group might also 
be possible. 

Table I shows the curing reactions of various systems. Increase in temperature 
from 120°C to 140°C reduces the gel time and increases the exotherm peak 
temperature. Further, it is advantageous for the metal carboxylate groups to 
catalyze the curing  reaction^.^,^,^,^ In comparing the cure of the systems a t  the 
same mole ratio of components, at the same temperature, the systems containing 
Mg showed shorter gel times and higher exotherm peak temperatures than those 
containing Ca. Thus, the Mg carboxylate group has higher catalytic activity 
than the Ca carboxylate group. 

In most systems, the final conversions were 92-99%, and differences between 
acidity and epoxide value were generally very small. However, curing a t  120°C 
of the systems containing Ca resulted in lower conversions because of the lower 
curing temperature and the lower catalytic activity of the Ca carboxylate 
group. 

For systems containing Ca, a considerable number did not become homoge- 
neous during the curing reaction, especially for the PPG2-containing systems. 
Also, the curing systems containing Mg were generally homogeneous. Therefore, 
cure properties were further investigated of the Mg-containing systems over a 
wide range of compositions at 140°C. Figure 2 shows the effect of Mg content 
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A PKil-containing systems B m2-conta in ing  systems 

- 180 180 

l50tA'/ 

0.2 0.4 0.6 0.8 0.2 0.4 0.6 
Mg content (%) in system 

Fig. 2. Effect of Mg content in system on exotherm peak temperature for (HEP-)zMg- 
PPG-HPA-BADG systems a t  dio1s:HPABADG mole ratios of (0 )  10:30:15; ( 0 )  1040:20; ( A )  
1060:30; (A) 10:8040; (- - - - - -) bath temp. 

on the exotherm peak temperature. Exotherm peak temperature increases 
markedly with increase in the Mg content, again indicating the clear catalytic 
activity of the metal carboxylate group. In addition, PPG1-containing systems 
show higher exotherm peak temperatures. Naturally, the concentrations of 
anhydride and epoxide groups at  specific compositions of diols increase, de- 
pending on the dio1s:HPA:BADG mole ratio, in the order: 10:30:15 < 10;40:20 
< 10:60:30 < 10:80:40. Thus higher concentrations of these functional groups 
exhibited higher exotherm peak temperatures at  specific Mg concentrations, 
especially at higher Mg levels. Thus, the curing reaction also depends on the 
concentrations of these functional groups. Further, Figure 3 shows the effect 
of (HEP-)2Mg content in diols on gel time at  140°C. Gel time decreases with 
increase in the (HEP-)2Mg content in diols, due to the increase in the reaction 
rates. Moreover, the PPG1-containing systems show considerably shorter gel 
times. 

The curing reactions were further examined by determining infrared spectra. 
Absorption bands at 1850 and 1780-1790 cm-l (characteristic of the anhydride) 
and 860 cm-l (epoxy ring) are of particular interest. In spectra of cured rubbers, 
these bands have disappeared, indicating that polyest.erification had pro- 
ceeded. 

A PPGI-containing systems 6 PPG2-containing systems 

50 1- 

h LA 
20 30  40 50 60 20 30 40 50 60 

(HEP-hMg content (mole%) in (HEPXMg-PPG 

Fig. 3. Effect of (HEP-)*Mg content in (HEP-)PMg-PPG on gel time at  140°2 for 
(HEP-)zMg-PPG-HPA-BADG systems at  dio1s:HPA:BADG mole ratios of (0 )  10:30:15; ( 0 )  
10:40:20; (A) 10:60:30; (A) 10:8040. 
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Curing reactions were also carried out under the following conditions: 100°C 
for 30 min, 120°C for 1 h, and 140°C for 5 h. 

Physical Properties 

Physical properties of the metal-containing cured rubbers of various combi- 
nations of components are summarized in Table 11. Reference cured rubbers 
were also prepared from PPG, HPA, and BADG, using N,N-dimethylbenzyla- 
mine as a catalyst. The variation in the mole ratio of components brings about 
considerable changes in metal content and concentration of the PPG part in the 
cured rubber. The concentration of the PPG part might be regarded as that of 
the soft blocks. Since (HEP-IzM and PPG are regarded as diol, for example, 
the (HEP-)zM-PPG-HPA-BADG system a t  a mole ratio of 3:7:40:20 cor- 
responds to the diols-HPA-BADG system a t  a mole ratio of 10:40:20. I t  is 
apparent that increasing the (HEP-)2M content in diols a t  the same diols: 
HPABADG mole ratios results in an increase in the overall crosslinking density; 
similarly, increasing the concentrations of HPA and BADG relative to that of 
diols leads to an increase in the crosslinking density of the hard block. 

Generally, the systems containing Mg gave acceptable homogeneous cured 
rubbers. Many of the systems containing Ca gave unacceptable cured rubber 
sheets because of the inhomogeneity caused by mutual incompatibility of the 
components, especially for the PPG2-containing systems. Hence, the number 
of acceptable samples was limited for the Ca-containing systems and the obtained 
rubber sheets were generally semitransparent. Such was the case also with the 
reference cured rubbers. As is obvious in comparing the metal-containing cured 
rubbers a t  the same mole ratios, those containing Mg have much better physical 
properties than those containing Ca, due to higher interionic attraction of Mg++, 
and better homogeneity of the Mg-containing systems. In metal-containing 
HTPB-based cured rubbers, the range of variation of compositions was not wide 
because of limited mutual compatibility of components.' 

Figure 4 shows the effect of (HEP-)2Mg content in diols on tensile strength 
and elongation of the cured rubbers. Tensile strength increases markedly with 
increase in the (HEP-)zMg content due to the decrease in the soft block content 
and also to the increase in the ionic crosslinking and overall crosslinking density. 
Further, higher concentrations of HPA and BADG give higher tensile strengths 
a t  specific (HEP-)zMg contents in diols. This is probably due to lower soft 
block content and to higher crosslinking density of the hard block. On the other 
hand, for ordinary vulcanizates tensile strength shows a peak a t  a low crosslinking 
density, and then decreases rapidly with increase in the crosslinking density; 
elongation at break decreases with increase in the crosslinking density.&l0 In 
the cured rubbers (Table 11), a t  about the same soft block contents, the rubbers 
with higher concentrations of HPA and BADG exhibited higher tensile strengths, 
due to higher crosslinking density of the hard block. For example, the cured 
rubbers a t  (HEP-)zMg:PPG2:HPA:BADG mole ratios of 6:4:40:20 and of 3: 
7:80:40 have the same soft block content of 33.7%. The tensile strengths were 
lower (121 kg/cm2) for the former with the lower HPA and BADG contents and 
higher (187 kg/cm2) for the latter with the higher HPA and BADG contents, 
though the former contains higher Mg content than the latter. A similar trend 
is also observed when comparing the PPGB-based rubbers a t  the ratios of 5:5: 
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(HEPhMg content(mole%) in  (HEP-hMg- PPG 

Fig. 4. Effect of (HEP-)2Mg content in (HEP-)ZMg-PPG on tensile strength and elongation 
for cured rubbers of (HEP-)ZMg-PPG-HPA-BADG at  dio1s:HPA:BADG mole ratios of ( 0 )  
10:30:15; (0 )  10:4020; ( A )  10:60:30; (A) 10:80:40. (-) PPG1-containing systems; (- - - - -) 
PPGB-containing systems. 

40:20 and of 3:7:6030. Thus, with the same soft block contents, tensile strength 
depends upon the crosslinking density of the hard block to a larger extent than 
upon the metal content. Naturally, higher crosslinking density of the hard block 
leads to higher overall crosslinking density of the rubber. 

The previous study2 indicated that the (HEP-)2M-anhydride-BADG- 
cured resins in which the mole ratio of (HEP-)zM:anhydride:BADG was 1:20:10 
showed higher tensile strength than those in which the ratio was 1:10:5, due to 
higher crosslinking density of the former resins. Thus, higher crosslinking 
density results in higher tensile strength. These three components constitute 
the hard block of the cured rubbers in the present study. I t  follows from the 
above that tensile strength of the above-cured rubbers a t  about the same soft 
block contents depends upon that of the hard block to a larger extent. Similar 
tendencies were also observed for Shore hardness. 

On the other hand, elongation a t  break generally increases with increase in 
the (HEP-)ZMg content in the diols. For some of the cured rubbers, elongation 
has a peak. The appearance of the peak might be due to shifting of rubbery state 
to glassy state with increase in the (HEP-IzMg content. A t  specific 
(HEP-)ZMg contents, lower concentrations of HPA and BADG exhibited higher 
elongation. The PPG1-containing cured rubbers a t  a dio1s:HPA:BADG mole 
ratio of 10:30:15 showed highest elongations. 

Figure 5 shows the effect of soft block content on tear strength for the cured 
rubbers. Interestingly, the data for the respective PPG1- and PPGB-containing 
series lie upon a curve which decreases markedly with increase in the soft block 
content. In addition, the PPG2-containing series showed considerably higher 
tear strengths than the PPG1-containing series a t  specific soft block contents. 
Thus, the soft block with the longer chain length imparts higher tear strength 
to the rubber. 

Figures 6 and 7 show stress-strain curves of the representative Mg-containing 
cured rubbers. Tensile modulus, tensile strength, and elongation a t  break de- 
pend strongly on the composition of the rubber. With increase in the 
(HEP-)zMg content and/or in the concentrations of HPA and BADG, tensile 
modulus and tensile strength generally increase, while elongation a t  break de- 
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t B 

Soft blockcontent (%) in wred rubber 

Fig. 5. Effect of soft block content on tear strength for cured rubbers of (HEP-)zMg-PPG- 
HPA-BADG a t  dio1s:HPA:BADG mole ratios of (0) 1030:15; ( 0 )  1040:20; (A) 10:6030; (A) 10: 
8040. (A) PPG1-containing systems; (B) PPG2-containing systems. 

creases, especially for the PPG1-containing series. Further; the curves of the 
cured rubbers with low soft block content and high overall crosslinking density 
show a deviation from the behavior of usual vulcanizates; the (HEP-)2Mg- 
PPG1-HPA-BADG (2:86030) rubber shows a yield point in the curve. The 
tendency for the curves to become steeper at  high elongations might be due to 
molecular orientation. For normal vulcanizates, the tendency for stress-strain 
curves to become steeper at  higher elongations would be due to crystallization 
caused by molecular orientation or non-Gaussian behavior of molecular chain 
segments extended to their limit of extensibi1ity.ll 

Figure 8 shows temperature dependence of tensile strength of the represen- 
tative cured rubber. Tensile strength decreases markedly with increase in 
temperature and at  90°C the strength approaches that of the reference rubber. 
However, the effect of introducing metal on the strength still remains at 90°C, 
especially for the (HEP-)2Mg-PPGl-HPA-BADG (4:6:40:20) rubber. 

m 

Q-/ 
100 200 300 400 

Strain ( O h )  

Fig. 6. Stress-strain curves for cured rubbers of (HEP-)2Mg--PPGl--HPA--BADG at  mole 
ratios of (a) 3:7:30:15; (b) 4:6:30:15; (c) 284020;  (d) 3:7:40:20 (e) 4:6:40:20; (f) 2:8:6030. 
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Strain ( % )  

Fig. 7. Stress-strain curves for cured rubbers of (HEP-)zMg-PPG2-HPA-BADG a t  mole 
ratios of: (a) 64:3015; (b) 37:40:20; (c) 464020; (d) 554020; (e) 6:4:4020; (f) 37:6030; (g) 466030; 
(h) 3:7:8040. 

Water Resistance of Cured Rubbers 

Figure 9 shows the effect of water on weight change of representative cured 
rubbers. Increasing the HPA and BADG concentrations resulted in a decrease 
in water absorption, due to the increase in the hard block content and also its 
crosslinking density. However, with an increase in the (HEP-)zMg content 
in the diols at the same dio1s:HPA:BADG mole ratio, water absorption increased 
in spite of the increase in the hard block content, due to the increase in the ionic 
links. Thus, the effect of the ionic links on the water absorption is evident in 
this case. The above-cured rubbers showed considerably higher water absorption 
than the previously reported Mg-containing cured rubbers based on HTPB.I 
This is due to the increased hydrophylicity by the ether oxygens of PPG. 

Tensile strength decreased with water absorption (Fig. 10). In the PPG1- 
based rubbers, the decrease was greater for those with low hard block contents. 

240 . 
160 

I- 
40 

Temperature ( 'C ) 

Fig. 8. Temperature dependence of tensile strength of cured rubbers: (0) (HEP-)ZMg- 
PPG1-HPA-BADG (4:6:40:20); ( 0 )  (HEP-)zMg-PPG2-HPA-BADG (5:5:6030); (0) 
(HEP-)zMg-PPG2-HPA-BADG (3:7:80:40); (e) PPG1-HPA-BADG (10:4020). 
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- 2 '  ' ' ' ' ' ' ' 

4 2 1 6 a I 0  li I 4  
Immersion t ime (day) 

Fig. 9. Effect of water on weight change of cured rubbers. (A) (HEP-)zMg-PPGl-HPA- 
BADG at mole ratios of: (0) 2:83015; (0 )  2:8:40:20; (0) 4:6:40:20; (A) 0:104020 (PPGl- 
HPA-BADG a t  104020); (A) 2:86030. (B) (HEP-)zMg-PPG2-HPA--BADG a t  mole ratios 
of (A) 2:8:4020; (e) 2:8:6030; (0) 556030; (m) 3:7:8040. 

Meanwhile, the reference cured rubbers whose water absorption was low showed 
little decrease in tensile strength; however, the strength was already very low 
(18 kg/cm2). 

Resistance of Cured Rubbers to Solvents 

Table I11 shows the resistance of representative cured rubbers to solvents. 
They show much higher weight gains in benzene and dioxane than in n-hexane. 
As is obvious on comparing the cured rubbers at  the same (HEP-)zMg:PPG: 

20 p 

- 6 0 ; ' " ' " '  2 4 6 8 10 12 14 
Immersion t ime(day)  

Fig. 10. Effect of water on tensile strength of cured rubbers. (A) (HEP-)zMg-PPGl- 
HPA-BADG a t  mole ratios of: (0) 2:8:30:15; ( 0 )  2:8:40:20; (0) 4:64020; (A) 010:4020 
(PPG1-HPA-BADG a t  1040:20); (A) 2:86030. (B) (HEP-)zMg--PPG2-HPA-BADG a t  
mole ratios of: (A) 2:8:4020; (0) 286030; (0) 556030; (B) 37:8040. 
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0.8 I . O F -  

20 40  60 80 too 0.4; " " " " " 

T i m e ( r n i n )  

Fig. 11. Stress-relaxation of cured rubbers of (HEP-)zMg-PPGl-HPA-BADG at  mole ratios 
of: (a) 2:830:15; (b) 3:7:30:15; (c) 5:5:3015; (d) 2:8:40:20; (e) 3:7:40:20; (f) 4:6:40:20; (g) 2:8:60:30. 

HPABADG mole ratios, the rubbers based on PPGl show generally lower weight 
gain than those based on PPG2. The former have higher overall crosslinking 
densities than the latter. Generally, benzene- and dioxane-soluble fractions 
were very small, and most of the polymer molecules took part in the cross- 
linking. 

Stress Relaxation 

Figures 11-13 show stress relaxation behavior of the representative cured 
rubbers. A t  first considerable relaxation occurred, and then it gradually mo- 
derated. At the same dio1s:HPA:BADG mole ratios, increasing the (HEP-)2M 
content resulted in an increase in stress-relaxation, probably due to  the increase 
in the hard block content, and ionic crosslinking. Ionically crosslinked rubbers 
have a tendency to slowly relax because of reorganization of metal carboxylate 
bonds. In comparing the rubbers with similar soft block contents, those with 
higher ionic links contents showed higher stress relaxation. For example, the 
(HEP-)zMg-PPG2-HPA-BADG rubbers a t  mole ratios of 5:5:40:20 and 
of 3:7:60:30 have similar soft block contents (=40%) (Table 11); however, (Fig. 
12) the former with the higher Mg content (0.47%) showed higher stress-relax- 
ation than the latter with the lower Mg content (0.20%) (curve d vs. curve f). A 

20 40 60 80 100 0.4; " " I '  " " 

Fig. 12. Stress-relaxation of cured rubbers of (HEP-)zMg-PPG2-HPA-BADG at  mole ratios 
of (a) 2:8:40:20; (b) 3:7:40:20; (c) 4:6:4020; (d) 5:5:40:20; (e) 2:8:60:30; (f)  3:7:60:30; (g) 4:6:6030; 
(h) 5:5:60:30; (i) 3:7:8040. 

T i  m e ( m i n )  
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0 20 40 60 80 100 
T i  me (mi n )  

Fig. 13. Stress-relaxation of Ca-containing cured rubbers. (A) (HEP-)&a-PPGl-HPA- 
BADG a t  mole ratios of (a) 3:7:3015; (b) 5:5:30:15; (c) 37:40:20; (d) 4:6:4020. (B) 
(HEP-)zCa-PPG2-HPA-BADG a t  mole ratios of: (a) 6:4:40:20; (b) 4:6:60:30; (c) 5:5:60:30. 

similar tendency was also observed when comparing the curves c with f, and f 
with g (Fig. 11). 

At the same (HEP-)2Mg:PPG:HPA:BADG mole ratios, the PPG2-based 
rubbers with the lower overall crosslinking density showed lower relaxation than 
the PPG1-based ones, due to a higher soft block content of the former. Thus, 
the ratio of soft block to hard block contents has a greater effect on the stress- 
relaxation of the cured rubbers than the overall crosslinking density. As for the 
influence of the metal species, when comparing the same PPG-based rubbers 
a t  the same mole ratio, Mg imparted higher relaxation than Ca to the rubbers, 
a tendency also observed in the previous ~ t u d i e s . l , ~ J ~  

Thermal Behavior 

Figure 14 shows TGA and DTA-curves in air of the representative metal- 
containing cured rubber and the reference one. In the TGA curves, they are 
thermally stable up to about 240°C, above which gradual weight loss begins. 
Above about 350°C destruction proceeds rapidly. The DTA curve of the 
metal-containing rubber showed sharp exothermic peaks at 51O-53O0C, probably 
due to degradation occurring via oxidative modes. Moreover, the DTA curves 
showed no sharp endothermic peak below 300°C, indicating that both the soft 
block and the hard block domains in the polymer matrix have no melting 
point. 

u 51 ...* 

I00 200 360 400 2 '. 600 700 
Temperature ( " C )  

Fig. 14. TGA and DTA curves of cured rubbers. (-) (HEP-)zMg-PPG1-HPA-BADG a t  
mole ratio of 284020;  (- - - - -) PPG1-HPA-BADG at  mole ratio of 10:40:20. 
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Other metal-containing cured rubbers showed similar TGA and DTA curves. 
However, the PPG2-based rubbers are thermally slightly less stable than the 
PPGI-based ones. 

NOMENCLATURE 

HEP = mono( hydroxyethy1)phthalate = HOCH,CH,OOC dooH 
(HEP-),M = divalent metal salts of HEP 

= HOCH,CH,OOC COOMOOC COOCH,CH,OH 

M M  
where M = divalent metal (Mg or Ca). 
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