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SYNOPSIS 

An attempt is made to develop a novel series of cable sheathing compounds with variation 
in chlorine content and sufficient fire retardance and unique low-smoke characteristics. 
These are prepared by blending PVC and functionalized polyolefins in different composi- 
tions. PE and EPDM have been functionalized by grafting dibutyl maleate (DBM) using 
DCP as initiator. FRLS compounds made from PVC-functionalized polyolefin blends possess 
the special characteristics of low-smoke, low-acid-gas generation, increased fire retardance, 
and improved volume resistivity, which are much better in comparison with a typical PVC 
sheathing compound. Thermoplastic elastomer (TPE) based nonhalogen FRLS compounds 
are also reported. The mechanisms for grafting, polymer-polymer and polymer-filler in- 
teractions have been presented. 

I NTRO DUCT10 N 

The widespread use of electric cables in a large 
number of areas often causes outbreaks of fire either 
by accidental short circuit condition or by burning 
of some extraneous matter that subsequently ignites 
the cables. For many years many halogen-containing 
polymers have been used as the base material for 
fire-resistant sheathing compounds in the manufac- 
ture of electric cables. Because poly (vinyl chloride ) 
(PVC ) has good flame resistance properties coupled 
with other desirable properties such as good me- 
chanical properties and easy processing, it is the ob- 
vious choice for cables of such applications for a 
long time. However, recently it has been recognized 
that conventional cable sheathing compounds based 
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on PVC can present serious problems in the event 
of fire due to the formation of large amounts of dense 
black smoke together with acidic and toxic fumes. 
This becomes a serious concern particularly when 
a large number of people gather in a confined areas 
such as underground railways, hotels, exhibition 
halls, ships, factories, etc. Moreover, the formation 
of highly acidic and corrosive fumes can damage 
costly equipment such as computers, electronic sys- 
tems, telephone exchanges, etc.' 

So, it is highly desirable to have a sheathing 
(protective or jacketing) compound that will be fire 
resistant on one hand and will have reduced or no 
hazards from generation of smoke, toxic, and cor- 
rosive In 1981, the US. Navy Shipbuilding 
Program Office initiated work for replacement of 
multiconductor PVC-jacketed cables with low- 
smoke/low-toxicity (LS/LT) jacketed cables5 

This has led to the development of nonhalogen 
fire-retardant thermoplastic compounds with an aim 
to manufacture cables that generate only very low 
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amounts of smoke and toxic fumes during fire.'s2s4 
But in most of the cases the formulations are not 
disclosed. 

A set of properties such as electrical, mechanical, 
weather resistance, and very low smoke generation 
on burning possessed by polyolefins combined with 
fire retardance properties of PVC are expected to 
provide better combination of properties such as ca- 
ble sheathing compounds having significant tech- 
nological importance. Polyolefins are not compatible 
with PVC,' however; blending of these polymers re- 
sults in poor mechanical properties. 

The improved performance of olefinic thermo- 
plastic elastomers along with its processing advan- 
tages have made possible their wider acceptance in 
the wire and cable industry, and currently they are 
being used in flexible cables, control cables, welding 
cables, e t ~ . ~  

In the present investigation efforts are made to 
develop nonhalogen and low-halogen FRLS ther- 
moplastic elastomer compounds based on function- 
alized polyolefins. Attempts have also been made to 
develop a set of compounds for sheathing applica- 
tions based on functionalized polyolefins-PVC 
blends having sufficient fire retardance and low- 
smoke properties to meet the required specification. 

EXPERIMENTAL 

Materials. Low-density polyethylene ( LDPE ) 
(NESTE Polyethylene DFDS, 4445 of Neste Poly- 
eten AB, Sweden) of density 0.915 g/cm3 and MFI 
2.0 g/10 min (ASTM-D 1238) , ethylene propylene 
1,4 hexadiene terpolymer (EPDM) (Nordel2760 of 
DuPont) , PVC (Indovin of IPCL, India) of K value 
65, acrylonitrile butadiene copolymer (NBR) (Kry- 
nac 3450 of Polysar, Canada) were used. Dibutyl 
maleate (DBM ) , dicumyl peroxide (DCP ) , and 
other ingredients were of standard laboratory grade. 

Graft Modifications and Blending. Grafting of di- 
butyl maleate (DBM) on PE and EPDM was carried 
out in a Brabender Plasticorder (PLE 330) using a 
cam-type mixing head N 50H. Different blend com- 
positions were made in the same mixer. PVC was 
used always in stabilized and plasticized form with 
the formulation as PVC-100; tribasic lead sulphate 
(TBLS) , 6; calcium stearate (C.S.), 1; and trioctyl 
trimellitate (TOTM) , 50. 

Infrared Spectroscopy. Infrared spectroscopy was 
carried out in Shimadzu IR-420 using thin film of 

polymer. Free DBM was removed by acetone ex- 
traction of the film. 

Differential Scanning Calorimetry. A Mettler DSC- 
20 of TA-3000 System was used. Heating rate was 
10"C/min. 

Mechanical Properties. Tensile properties were 
studied by Zwick UTM (Model 1445) using dumb- 
bell specimen ( ASTM D 412-80). 

Limiting Oxygen Index (LOI).  LO1 of the samples 
was determined according to ASTM-D 2863-81 
specification. 

Smoke Density Test. The specification D-2843-81 
and NBS Specification ASTM-E-662-83 were fol- 
lowed for smoke density measurement. 

HC1 Gas Generation Test. This test was performed 
according to the specification IEC 754-1. 

Scanning Electron Microscopy (SEM) .  SEM was 
carried out in Hitcachi SEM Model S145A. Samples 
were prepared by extraction with cyclohexanone. 

Volume Resistivity. Volume resistivity was mea- 
sured by a Hewlett-Packard 4329A high-resistance 
meter, according to the specification ASTM D 
257-78. 

Static Thermal Stability. The sample (10 g) was 
taken in a long test tube and heated to a constant 
temperature of 200°C in a silicone oil bath. Congo 
red paper was hung from the mouth of a closed tube 
with cotton. Stability time was taken as that time 
when the Congo red paper turned brown. 

Thermograuimetry. A Mettler TG 50 of a TA 3000 
system with TC-1OA microprocessor was used 
throughout the study. The heating rate was 
BO"C/min. 

RESULTS AND DISCUSSION 

Functionalization of Polyolefins 
and I ts  Characterization 

Both polyethylene (PE ) and ethylene propylene 
diene terpolymer (EPDM) were functionalized by 
grafting dibutyl maleate (DBM) using dicumyl per- 
oxide (DCP) as initiator a t  the temperature range 
of 140-200°C. Optimization of the reaction condi- 
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Figure 1 Infrared spectra of ( a )  PE, ( b )  PEgDBM, ( c )  EPDM, and ( d )  EPDMgDBM. 

tions and reactant concentrations was also done. 
The optimum concentration of DBM is 10% for both 
polymers. The results are in good agreement with 
that obtained by Greco et al. for ethylene propylene 
copolymer (EPR)  .' The optimized concentration of 
DCP is 0.2% for EPDM and 0.5% for PE. Beyond 
this concentration of DCP, crosslinking of the re- 
spective polymers takes place. The conditions for 
graft modification reactions are 20 min at 160°C. 

IR spectra of starting and functionalized PE  and 
EPDM are reported in Figure 1. Both functionalized 
polymers show a typically strong absorption band 
at 1738 cm-' associated with stretching absorption 

of C = 0 in the ester groups of the attached maleate 

units. In general, the resulting degree of function- 
alization is high for both the polymers. However, a 
higher degree of graft modification for PE  is obtained 
due to the absence of unsaturation and high chain 
mobility. This result is also in line with that obtained 
by Benedetti et al. for diethyl maleate grafting.g The 
graft modification reactions of PE and EPDM in 
the presence of DCP may be visualized in Schemes 
1 and 2 (Fig. 2 ) .  

\ 
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Figure 2 Schematic representation of the graft modi- 
fication reactions. Scheme 1 for PE and scheme 2 for 
EPDM. In the case of EPDM grafting may also take place 
at  the allylic position. 
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Table I Comparison of Properties between TPEg and TPE 

Peak 

Fraction Strength Resistivity Properties Point 
Gel Tensile Volume Thermal Melting 

(%o) ( M P 4  EB% (Q-cm) LO1 (% Crystallinity) ("C) 

TPEg 41 8.6 505 1.027 X 1017 17.2 8.1 104.0 
TPE 42 7.5 350 2.5 x 1017 17.0 8.4 104.5 

Preparation and Properties of Thermoplastic 
Elastomer from Functionalized Polyolefins 
and Nonhalogen FRLS Compound 

Two types of thermoplastic elastomers have been 
made. The compound made by simultaneous grafting 
and dynamic curing technique is designated as 
TPEg. The formulation used for making this com- 
pound is PE-25 + EPDM-75 + DBM-10 + DCP 
0.35. Grafting and dynamic curing was done at 
16OoC. To compare the properties at similar gel 
fraction, another thermoplastic elastomer has also 
been made using the composition PE-25 + EPDM- 
75 + DCP 0.25 designated as TPE. The physical 
properties of these compounds are tabulated in Ta- 
ble I. 

It is observed from Table I that TPEg has higher 
tensile strength and percent elongation at break 
than that of TPE due to the higher interaction be- 
tween the two components in the presence of the 
grafted maleate group. Both the compounds have 
similar volume resistivity and LO1 values. The per- 
cent crystallinity and melting point are also almost 
similar for both compounds. 

Table I1 Formulation of FRLS Compound 

TPEg or TPE 100 
Sb203 10 

5 
Pentabromodiphenyl oxide 6 
Ethylene bistetrabromodiphenyl oxide 6 
ATH 50 
Zinc magnesium sulfate 2 

Fire-retardant properties of the compounds dis- 
cussed are very poor as indicated by their low LO1 
value (Table I ) .  Both the thermoplastic elastomers 
could, however, be made FRLS compounds by mix- 
ing with some common fire-retardant additives such 
as aluminium trihydrate ( ATH) , molybdenum 
trioxide ( Mo203), antimony trioxide ( Sb203), and 
special additives such as brominated compounds. As 
a smoke suppressant zinc magnesium sulfate was 
added. Through a series of experiments the formu- 
lation was selected in such a way so that the FRLS 
compound made from TPEg could reach an LO1 
value of 30, which is generally accepted as the min- 
imum value required to meet the fire test according 
to specification IEE 383, BS 4066 Part 3, and IEC 
332 Part 3. In order to compare the performance, 
TPE was also made into a FRLS compound using 
the same formulation. The typical formulation is 
given in Table 11. 

The mechanical and electrical properties, smoke 
properties, and resistance to fire of both the low 
halogen containing FRLS compounds are given in 
Table 111. It is observed from Table I11 that the 
TPEg FRLS compound possesses significantly 
higher tensile strength and percentage elongation 
at break, higher LOI, and better low-smoke prop- 
erties compared to the TPE FRLS compound. Un- 
like the TPE FRLS compound, the TPEg FRLS 
compound achieves the LO1 value of 30.3, which 
meets the specification mentioned earlier. These dif- 
ferences in tensile and fire resistance properties be- 
tween the two types of FRLS compounds arise due 
to compatibilization of ATH with the polymer ma- 
trix of the TPEg FRLS compound. The compati- 

Table I11 Comparison of Properties between TPEg FRLS and TPE FRLS Compounds 

Tensile Volume Minimum % 
Strength Resistivity Smoke of Light 
(MPa) EB% (Q-cm) LO1 Density Transmission 

TPEg FRLS 8.4 240 8.2 x 1015 30.3 108 81 
TPE FRLS 6.4 140 8.4 x 1015 27.2 125 75 
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Figure 3 
ATH and maleate group of PEgDBM. 

Schematic representation of H bond formation between the hydroxyl group of 

bilization presumably involves the reaction of the 
pendant ester groups with the hydroxyl groups of 
the ATH. The interaction between the maleate 
moieties and ATH hydroxyl group can be depicted 
as shown in Figure 3. 

The decomposition characteristics of TPEg and 
TPE as well as the FRLS compounds made from 
them were studied by thermogravimetry (TG) under 
nitrogen atmosphere at  a heating rate of 20"C/min. 
The TG traces are presented in Figure 4. The de- 
composition characteristics of both the TPEg and 
TPE are almost identical. But in the case of FRLS 
compounds the TPEg FRLS compound possesses 
higher stability in terms of onset of decomposition 
and loss in weight. The first peak is mainly due to 
the loss of H,O from ATH. The lower loss in weight 
in the case of the TPEg FRLS compound may be 
due to the increased interaction between ATH and 
the polymer matrix through DBM moiety as de- 
scribed earlier. Hence, it can be concluded that the 
developed nonhalogen FRLS compound meets the 
requirements of the cables (specification IEE 383 
and IEC 332 Part 3 ) .  

Preparation of low-Halogen FRLS Compounds by 
Blending PVC with Functionalized PE and EPDM 

The properties of the blends of PVC with PE and 
EPDM are given in Table IV. PVC shows a tensile 
strength of 20 MPa. With the introduction of PE, 
the tensile strength drops gradually. Similar results 
are obtained for EPDM systems. The elongation at 
break also shows a similar trend in both cases. The 
decrease in strength and elongation may be ascribed 
to the incompatibility of these polymeric systems. 

McGrath et al. reported the incompatibility of these 
two systems.6 The SEM photographs of the pure 
polyolefins and PVC blends after cyclohexanone 
extraction are shown in Figure 5. The phase (layer) 

_ _ - - -  TPEg ond TPE 
T F€g FRLS 
T PEFRLS 

I 

1 1 1  I I l I ! I  I I l l  ( I  I I I I I I I 1 !  1 1  1 1  
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Tomporolure 'C --L 

Figure 4 
TPEgFRLS, and TPE FRLS compounds. 

Thermogravimetric traces of TPEg, TPE, 
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Table IV Comparison of Properties between PVC and PVC-Polyolefins Blends 

Static 
Tensile Elongation Volume HC1 Gas Thermal 
Strength at Break Resistivity Generation Stability 

Blend System ( M W  (%) (a-cm) LO1 (%) (min) 

PVC-100 20 250 
PVC-85 + PE-15 5.5 62 
PVC-75 + PE-25 4.0 48 
PVC-85 + EPDM-15 5.9 68 
PVC-75 + EPDM-25 5.1 60 

separation and nonuniform dispersion of the blends 
are apparent from the micrographs. 

As expected, the results also show the gradual 
improvement of volume resistivity, HCl gas gener- 
ation, and static thermal stability by blending PE 
or EPDM. However, a decrease in LO1 values is ob- 
served with the decrease in the PVC content. Smoke 
density test could not be precisely done due to the 
excessive smoke generation. However, both LO1 and 
smoke generation can be improved by the addition 

(b) 

Figure 5 SEM photographs of PVC-PE (75 : 25) 
blends: ( a )  phase (layer) separation, ( b )  nonuniform dis- 
persion. 

~ 

3 x 1013 25.5 32.0 96 
7 x 1013 24.8 27.5 103 
2 x 1014 24.5 26.0 108 

7.5 x 1013 24.8 27.6 103 
2.4 x 1014 24.5 26.2 110 

of flame retardants and smoke suppressants. But, 
the major constrain of these blend systems for its 
application in the cable manufacture is the very poor 
mechanical properties. The mechanical properties 
could be enhanced by improving the physical or 
chemical compatibility. These are reported for var- 
ious polymer blends.lO-'* In order to make PVC 
compatible with PE or EPDM, experiments have 
been carried out in two ways: ( i )  Blending func- 
tionalized PE or EPDM with PVC (Table V )  and 
(ii) adding functionalized PE or EPDM ( 5  parts) 
as compatibilizing agents. Various properties of such 
blends are reported in Tables V and VI. It may be 
observed from Table V that the blends containing 
functionalized PE and EPDM result in considerable 
improvement in tensile properties over pure blends. 
Static thermal stability also increases, but other 
properties remain more or less the same. This im- 
provement in tensile properties is due to the uniform 
dispersion of the modified blends as shown in Figure 
6. Better compatibility is also evident from the lower 
melting temperature and melting endotherm of 
functionalized PE in its blends with PVC (Fig. 7) .  
This observation is similar to the PE-EPDM 
blends l3 reported earlier. 

Similarly, a few compositions were studied to ob- 
serve the role of functionalized polyolefins to make 
PVC-polyolefins blends compatible. It is observed 
from Table VI that though the properties are con- 
siderably better than normal PVC-polyolefins 
blends (Table IV), they are almost similar when 
compared with the properties of PVC-functionalized 
polyolefin blends. But this comparison suggests that 
about 5 parts of functionalized polyolefins are suf- 
ficient for compatibilization of the PVC-polyolefins 
blends, a t  least up to the ratio studied here. 

However, the mechanical properties reported in 
the Tables V and VI are far below the industry 
norms. As such for further improvement the blend 
systems were modified with the help of dynamic 
crosslinking. In a few cases small portion of acry- 
lonitrile butadiene rubber (NBR) was also added 
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Table V Various Properties of PVC-Functionalized Polyolefins Blends 

I 1 1  

Static 
Tensile Elongation Volume HC1 Gas Thermal 

Strength at Break Resistivity Generation Stability 
Blend System (MPa) (%) (Q-cm) LO1 (%) (min) 

PVC-85 + PEgDBM-15 8.4 93 6.8 X l O I 3  24.7 24.2 107 
PVC-75 + PEgDBM-25 7.5 88 1.5 x loi4 24.5 22.9 116 
PVC-85 + EPDMgDBM-15 9.8 105 7.6 x 1013 24.8 23.6 108 
PVC-75 + EPDMgDBM-25 9.1 98 2.6 x loi4 24.4 22.0 118 

Table VI Properties of the PVC-Polyolefins Blends Compatibilized with Functionalized Polyolefins 

Static 
Tensile Elongation Volume HCl Gas Thermal 

Strength at Break Resistivity Generation Stability 
Blend System (MPa) (%) (0-cm) LO1 (%) (min) 

PVC-85 + PEgDBM-5 
+ PE-10 8.5 86 6.9 X 10l3 24.7 24.6 105 

+ PE-20 7.7 80 1.5 x 1014 24.4 23.4 111 

+ EPDM-10 9.6 104 7.7 x 1013 24.7 23.9 106 

+ EPDM-20 9.0 94 2.8 x 1 0 1 ~  24.3 22.4 112 

PVC-75 + PEgDBM-5 

PVC-85 + EPDMgDBM-5 

PVC-75 + EPDMgDBM-5 

for better compatibility. NBR was selected because 
it forms compatible blends with PVC.14 The tensile 
properties of a few optimized systems are given Ta- 
ble VII. Significant improvement in tensile prop- 
erties has been achieved. The grafting of DBM on 
PE and EPDM gives rise to interaction mainly 
through a hydrogen bond between the carbonyl 
group of DBM and methine H of PVC. Besides, di- 

pole-dipole interactions of the type > C=O - - - 

Cl-C may also exist. This kind of interaction has 
been evidenced on the basis of a progressive shift 
toward lower frequencies and broadening of the car- 
bony1 band as a function of PVC concentration: 
The NBR act as co-compatibilizer and increases the 

_ _ _ _ _ _  DSC TRACES OF PVC-PEg-DBM 

BLENDS. 
DSC TRACES OF PVC-PE BLENDS. 

Figure 6 
of PVC-PEgDBM (75 : 25) blends. 

SEM photograph showing uniform dispersion 
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Table VII 
Prepared by Dynamic Vulcanization Techniques 

Comparison of Tensile Properties for Different Blend Systems 

Tensile Elongation 
Strength at Break 
(MPa) (%) 

PVC-85 + XLPE-10 + PEgDBM-5 
PVC-75 + XLPE-20 + PEgDBM-5 
PVC-85 + XLPE-10 + PEgDBM-5 + NBR-2 
PVC-75 + XLPE-20 + PEgDBM-5 + NBR-4 
PVC-85 + XLEPDM-10 + EPDMgDBM-5 
PVC-75 + XLEPDM-20 + EPDMgDBM-5 
PVC-85 + XLEPDM-10 + EPDMgDBM-5 + NBR-2 
PVC-75 + XLEPDM-20 + EPDMgDBM-5 + NBR-4 

10.5 
9.8 

13.5 
12.2 
11.6 
11.0 
14.5 
13.8 

107 
100 
135 
120 
125 
115 
150 
140 

XLPE and XLEPDM are crosslinkable PE and EPDM containing two parts of DCP. 

adhesion between functionalized polyolefins-PVC 
interface during mixing, enabling further improve- 
ment in dispersion. Finally the morphology devel- 
oped during mixing by chemical and mechanical 
compatibilization becomes permanent by dynamic 

crosslinking, resulting in significant improvement 
in tensile properties. The modified morphology de- 
veloped by adding NBR and dynamic crosslinking 
is shown in Figure 8. The compatibilization be- 
tween the polymers may be visualized as shown in 
Figure 9. It may be concluded that using the method 
of compatibilization and dynamic crosslinking, the 
tensile properties could meet the level of require- 
ment. 

The blends optimized for tensile properties do 
not, however, meet the fire resistance properties. 
Thus, FRLS compounds were made by mixing with 
some common fire-retarding additives, such as al- 
uminium trihydrate ( ATH ) , molybdenum trioxide 
(Mo203) ,  and antimony trioxide (Sb203). As a 
smoke suppressing ingredient zinc magnesium sul- 
fate was also used.15 A typical formulation is given 
in Table VIII, and the base polymer-polymer blends 
studied for FRLS compound are given in Table IX. 

2 -  - C H z - C H  I - C H 2 - C H Z - C H 2 - C ~  I - C H  

HC - C H 2  HC I t  - C H I  

I I  
I II 

BUO-C C-OBU BuO-C C-OBU 

II u 
0 0  0 0  

P E - g - D B M  

H C I  

I I 
I I 

2 -  -H2C-C-CH2-CH -CH2-C - CH 

CI CI 

(b) 
P V  c Figure 8 SEM photographs showing interpenetration 

and uniform dispersion of ( a )  PVC-75 + XLPE-20 Figure 9 Mechanism of compatibilization between 
+ PEgDBM-5 + NBR-4 and ( b )  PVC-75 + XLEPDM- PEgDBM and PVC through H bonding and dipole-dipole 
20 + EPDMgDBM-5 + NBR-4 blends. interactions. 
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Table VIII Formulation of FRLS Compound 

Base polymer-polymer blends 
Molybedenum trioxide (Mo203) 
Antimony trioxide (Sb203) 
Aluminium trihydrate (ATH) 
Zinc magnesium sulfate 

100 
8 
6 

45 
2 

Mechanical Properties 

The mechanical properties of FRLS compounds and 
their percentage change after heat air aging at 100°C 
for 7 days are given in Table X. It is observed from 
the results that the mechanical properties of the 
PVC drop marginally [ 21% of tensile strength (TS ) 
and 28% for elongation break (EB ) ] on addition of 
ATH and other ingredients. But in the case of blends 
containing functionalized polyolefins, there is little 
improvement in tensile properties. This improve- 
ment may result from the compatibilization of ATH 
with polymer systems. The compatibilization pre- 
sumably involves the reaction of the pendant ester 
group with the hydroxyl groups of the ATH as de- 
scribed earlier (Fig. 3 ) . 

Note also that the tensile strength and elongation 
at break meet the industry norms even after the 
addition of flame retardants. The aging resistance 
properties are also satisfactory and almost the same 
for all compounds. 

Fire Resistance, Smoke Density, and Acid Gas 
Generation Properties 

The limiting oxygen index (LOI) values, smoke 
density, HC1 gas generation, and thermal stability 
for the different compounds are given in Table XI. 
The results show that LO1 values of all the low- 
halogen FRLS compounds made from PVC- 
PEgDBM and PVC-EPDMgDBM blends are higher 
than PVC FRLS compound. The most remarkable 

Table IX 
Polymer Blends Used for Making 
FRLS Compounds 

Compositions of the Base Polymer- 

AF PVC-100 
BF PVC-85 + XLPE-10 + PEgDBM-5 + NBR-2 
CF PVC-75 + XLPE-20 + PEgDBM-5 + NBR-4 
DF PVC-85 + XLEPDM-10 + EPDMgDBM-5 + NBR- 

2 

4 
EF PVC-75 + XLEPDM-20 + EPDMgDBM-5 + NBR- 

Suffix F denotes FRLS compounds made according to the 
formulation given in Table VIII. 

Table X 
FRLS Compounds 

Mechanical Properties of Different 

Percentage 
Change on 

Aging 
FRLS TS 

Compounds (MPa) EB (%) TS E B ( % )  

AF 15.8 180 +2.0 -3.5 
BF 14.0 150 +1.5 -3.0 
CF 13.1 143 +2.5 -4.0 
DF 15.1 160 +2.0 -3.0 
EF 14.3 153 +3.0 -4.5 

TS = tensile strength and EB = elongation at  break. 

improvement is observed for the compounds D p  and 
EF,  i.e., for PVC-EPDMgDBM blends. In general, 
LO1 decreases with the decrease in PVC content, 
but here this improvement in flame retardancy oc- 
curs probably through the enhanced interaction of 
the maleate groups with the flame-retardant addi- 
tives ATH, Sb203, and Mo203. The rapid propa- 
gation of a fire occurs through the formation of very 
high energy H' and OH' radicals.16 The maleate 
groups may also act as the scavenger of these radicals 
and suppress the propagation of the flame. In PVC- 
PEgDBM blends crystallites may be melted in the 
presence of high heat and flame, though PE is cross- 
linked. This may generate fresh surface by dripping 
for flame propagation. But for PVC-EPDMgDBM 
blends there is no such possibility of dripping. Prob- 
ably due to this reason PVC-EPDMgDBM blends 
result in such an improvement in flame retardancy. 

It is also observed from Table XI that minimum 
percent light transmission significantly increases, 
i.e., smoke generation on burning decreases, by the 
replacement of PVC with functionalized polyolefins. 
These compounds were also tested in the NBS- 
Smoke Chamber. The data obtained also support 
the preceding result. 

It is very interesting to note from the results given 
in Table XI that acid gas generation significantly 
decreases with the partial replacement of PVC, the 
potential source of liberated HC1. The decrease is 
above 50%. Static thermal stability of all the com- 
pounds increases with the addition of fire-retardant 
ingredients. Moreover, this property further in- 
creases with the partial replacement of PVC in the 
blends. 

Electrical Properties 

Initial volume resistivity of the compounds and its 
change after water immersion are plotted in Figure 
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Table XI The Limiting Oxygen Index (LOI), Smoke Density, HC1 Gas Generation, and Thermal 
Stability of the Different FRLS Compounds 

Static 
Minimum % Smoke Thermal 

Light Density % HCl Stability 
Compound LO1 Transmission (Dm) Generated (min) 

33.0 
34.0 
34.0 
35.0 
36.5 

41.0 
50.5 
58.4 
51.7 
60.6 

388 
350 
327 
348 
317 

15.3 
7.5 
6.8 
7.3 
6.6 

116 
133 
155 
135 
158 

10. It is observed that initial volume resistivity in- 
creases with the increase in proportion of function- 
alized PE and EPDM in PVC blends. This is due 
to the nonpolar nature of PE and EPDM. The vol- 
ume resistivity measured after immersion of the 
compound in water decreases with the time of im- 
mersion due to the diffusion of water into the sys- 
tems. The decreasing trend is almost similar for all 
the blends. 

Tbermogravimetric Analysis 
The decomposition characteristics of PVC unfilled 
compound, PVC FRLS compound, and the other 
FRLS compounds made by the blends of PVC and 
functionalized polyolefins were studied by thermo- 
gravimetry under nitrogen atmosphere at a heating 

I 

' I  
v D F  : P V C - 8 5  + X L E P D M - 1 0  + E P D M - g - D B M - 5  

+ N B R - 2  

A EF : P V C - 7 5 + X L E P D M - 2 0 + E P D M - g -  D B M - 5  

NBR-  4 

-I 
0 > 

0 48 9 6  144 192 

T I M E ,  H r s .  

Figure 10 Variation of volume resistivity of different 
FRLS compounds with time of immersion in water. See 
Table VIII for FRLS formulation. 

rate of 20"C/min. The TG traces are presented in 
Figure 11, and the results calculated by the built-in 
software are given in Table XII. The theoretical 
weight loss due to volatilization and decomposition 
of different components (ingredients) in the cor- 
responding step is given in the remarks column of 
Table XII. 

I 
. - PVC unfilled 

*F 
------ 

I 

I l l 1  I I l l 1  I I I I I I  I l l  I I I I I  I I I I I  

100 200 300 Loo 500 600 

Temperature 'C - 
Figure 11 Thermogravimetric traces of PVC unfilled, 
PVC filled, and other FRLS compounds. For formulation 
and composition see Tables VIII and IX. 
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In step 1, HC1 elimination occurs by the dehy- 
drochlorination of PVC, and the plasticizer TOTM 
is lost due to volatilization. Water elimination also 
takes place in this step from the ATH of the FRLS 
compounds ( AF to EF) by the reaction 

Part of this paper was presented at  the Thirty Eighth 
International Wire and Cable Symposium held at  Atlanta, 
New Jersey, on November, 1989. 
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