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Abstract. The polymer materials are being used in severalicpns. In buildings, the rigid poly(vinyl chliole) is
extensively used since it has self-extinguishahbracter and is able to be mixed with a lot of &des and then result
in materials with different mechanical, thermal dlagnmability characteristics. However, besidesrigmognized self-
extinguishable behavior, the poly(vinyl chlorideleases smoke in burning conditions. Considerihgt the use of
these materials has increased, the study of tlenmhability characteristics becames important far industries and
the scientific community. The aim of this work © $tudy the flammability properties of the rigid €\naterials.
Vertical and horizontal burning, limit oxygen inddbash ignition temperature, self-ignition tempera and density of
smoke tests were performed. The good flammabilityperties of PVC were observed in vertical and Zunial
burning tests, and the materials didn’t allowed ftaeme propagation. For the tests of limit oxygadeax (LOI), self-
ignition and flash ignition temperature and smolemgity, the materials with flame retardant or smekpressant
showed improvements on the properties. The PVCitB, flame retardant and smoke supressant presenéetest
results in LOI and index of smoke releasing tests.
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1. INTRODUCTION

PVC is compatible with a wide range of additivesdats behavior can be modified to suit many market
requirements at reasonable cost. Many of the ocgadditives are flammable and affect the fire tasise of
formulated PVC. The largest volume uses for rigilCRinclude pipe and fittings, window profiles, cost moldings
such as computer housings and electrical junctox@$, outdoor products such as decking, and themmei parts and
containers (Coaker, 2003).

The burning of polymers involves several stepsjrivegg with the cleavage of chemical bonds to givelecules
with some volatility and their escape into the vapbase. Further degradation of these speciesdbeuwrs to give
small radicals which actually make up the flamenalily, the feedback of energy from the flame to sheface of the
polymer continues the process. Fire retardantsfonagtion by interfering with any of these threepst€Wilkie, 1999).

Polyvinyl chloride does not exist as the pure satst other than at a polymerization site. Neat P\C, rigid or
unplasticized PVC, is difficult to ignite, and widkase burning as soon as the source of heatroe flaremoved. Neat
PVC has 56.8 % chlorine content and an oxygen iradmut 47 %, compared to most non-halogen polynvengh
have oxygen indices ranging from 17.4 % (polyprepgl or polymethyl methacrylate) to 26 % (polycadieh
Because of its high content of chlorine, which imx@n-contributor to the heat of combustion, thethedease
characteristic of unplasticized PVC is the lowelstalb commodity plastics. However, the smoke depehb index of
rigid PVC tends to be poor, unless smoke supprésshiitives are used (Waedl al., 2006).

This study will characterize the flammability propes of different PVC formulations containing flametardant
(ShO3), smoke suppressant (molybdenum compound) andvaufation with both additives.

1.1 Flame Retardant

Antimony oxide (antimony trioxide, $05), although usually not effective as a flame regatdn the absence of
halogen, is a powerful synergist in halogenated/mpels such as PVC. It is typically used in the sof 3—7 phr
(rarely as much as 12 phr). The use of antimongein PVC generally elevates the smoke level ragdatib the mass
burned in small-scale tests, but on the other hdredfotal smoke may be lowered in a large-scaledein an actual
fire because of the reduction in the amount or o&olymer burning (Weiét al., 2006).

1.2 Supressant additive
Molybdenum compounds are regarded as the standaitivas for low-smoke formulations, the leadingldide

being ammonium octamolybdate (AOM) for vinyl applions. Studies have shown that molybdates wotkensolid
phase as most of the molybdenum is found in the refsiddue (Weikt al., 2006).
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2. EXPERIMETAL SECTION
The tab. 1 shows the PVC formulations, and tabv@sgthe samples’ dimensions used for tests.

Table 1. Formulations in phr (parts in each a hedgrarts of resin).

PVC - standard PVC LPVC-2| PVC -3 Observations
PVC resin 100 100 100 100
Thermal stabilizing 3 3 3 3
CaCQ 15 15 15 15
TiO, 2,5 2,5 2,5 2,5 White pigment
SbG; 0 5 0 2,5 Flame retardant
Charmax LS100 0 0 5 2,5 Smoke suppressant

Table 2. Samples’ dimensions.

Test Dimensions (mm) Mass (g)
Vertical burning 125x 13 x 3 Not applicable
Horizontal burning 125x 13 x 3 Not applicable
LOI 125x 13 x 3 Not applicable
Flash ignition temperature 20x20x 3 Enoughsfample ignition
Self-ignition temperature 20x20x3 Enough fanpée ignition
Smoke density 25x25x3 3todg

2.1 Vertical Burning

The test was performed according to ASTM D3801. fitnmer remote was adjusted to produce a blue f2nam
high. The ignition source was placed centrally unithe lower end of the test specimen. It was remdrthe total
flaming time (the length of time for which a matdrtontinues to flame, after the ignition source baen removed).

2.2 Horizontal Burning

The horizontal burning of samples was done accgrtinASTM D635. Specimens were marked with twodine
perpendicular to the longitudinal axis of the 2&,and 100 mm from the end that would be ignitdte Burner remote
was adjusted to produce a blue flame 20 mm higle ighition source was applied and the time of flaane the
burning extension were observed.

2.3 Limit Oxygen Index

A mixture of commercial nitrogen and oxygen gaseaswused. The guide for this test was the
ASTM D2863. The gas velocity through the glass tulaes 40 mm/s. It was set an initial oxygen conegiun. The
burner was adjusted and the visible flame was egpio the end face of the specimen and also, tepdhdof
approximately 6 mm. If neither the period nor extehburning exceeded the relevant limit specifiedASTM D2863
for the applicable specimen, the oxygen concepmatias increased.

2.4 Flash ignition temper ature and self-ignition temperature

The flash ignition and self-ignition temperatursttewere performed using an oven with hot air. preceedings
were followed according to the ASTM D1929. An et current of 20 A (responsible for the heatindex) and an
air flow of 5 L/min (responsible for oxygen supplyere used. The air temperature inside de oventlmdample
temperature were recorded until the flash ignitiwnself-ignition temperatures were reached. Forflhgh ignition
temperature test, an ignition source was used.



2.5 Smoke density

This test was done according to the ASTM D 2843eghests were performed for each kind of mateaiad] the
results are the average of these. Consideringhkanass and the geometry of the samples are elyrémportant for
the test, the samples were carefully cut.

The sample was placed on the support and the flaaseadjusted to be positioned directly under tmepda. It was
recorded the percent light absorbed at 15-s inkefea 4 minutes.

3. RESULTSAND DISCUSSION
3.1 Vertical and horizontal burning

All the formulations tested showed the same existtable behavior. For vertical burning tests, tleangé was
applied twice during 10 s, and after flame was resdo the fire propagation ceased.

During the horizontal burning tests, the flame aglied once for 30 s, and fire propagation ceasedediately
after that.

This PVC behavior was previously expected for eeftiand horizontal burning tests. According to Watilal.
(20086), rigid or unplasticized PVC is difficult tgnite, and will cease burning as soon as the soofteat or flame is
removed.

3.2 Limit oxygen index

Coaker (2003) showed the limit oxygen index (LOisome thermoplastics. According to him, it is clézat PVC
has a big advantage over ABS, PS, and polyolefittis property. Also, the author affirms that rétey from a higher
initial LOI, PVC is easier to flame retard than masther thermoplastics. The advantage is increédssduse the
chlorine in PVC works synergistically with manyrfie retardants. The studies show a LOI of 45-49 #4ifpd PVC
and a LOI of 60-70 % for chlorinated PVC.

In this work, the standard PVC showed a LOI of 52Te others formulations showed higher LOI numtikas
the standard. These results suggest the improvewiefiammability properties by flame retardant asthoke
suppressant additives.

The fig. 1 shows the results obtained on LOI tests.
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Figure 1. Limit oxygen index.

3.3 Flash Ignition Temperature

For this test, samples with flame retardant andpsasnwith smoke suppressant showed similar reséilsn, the
flash ignition temperatures for these materialsewsst much higher than the standard material. Tgleeh result was
observed for PVC 3, the material with both addgive

The studies of Gallo and Agnelli (1998) show aHlagnition temperature for PVC of 390 °C. This ststhowed a
flash ignition temperature, for neat PVC (witholgnfie retardant or smoke suppressant), higher thariterature
result.

Figure 2 shows the flash ignition temperaturedP/dC formulations.
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Figure 2. Flash Ignition temperature.

3.4 Self-ignition temperature

The samples with flame retardant or with smoke seggant showed self-ignition temperatures muchemigan
the standard material. However, the PVC 3 presealtedst the same behavior of standard PVC.

Gallo and Agnelli (1998) cited the self-ignitionmperature for some polymer materials, and in theiew the
temperature for PVC is 450 °C. Therefore, the prestidy shows that the standard formulation hauiélar behavior
of Gallo and Agnelli (1998). Formulations with aties had improvements in this property.

Figure 3 illustrates the results of the self-ignittemperature test.
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Figure 3. Self-ignition temperature.

3.4 Smoke density

The index of smoke releasing was calculated bygttaghics of light absorption. For this test, the@¥ and 2
showed lower index of smoke than the standard matév/C 3 presented the lowest result for this.tes

According to Innes and Cox (1997) studiefhere are a number of smoke suppressants avail@bky are
frequently based on molybdenum or zinc compounds iarhas been demonstrated that molybdenum acta as
flame/smoke suppressant in the solid phase. lalssbeen shown that the difference between thervaipase action
of antimony oxide, Si);, and the solid state action of molybdenum is basetheir reactivity with halogen acid gas.
Antimony oxide reacts with hydrogen chloride, H&lyroom temperature and this antimony chloride viaps at below
100 °C while molybdenum oxide reacts but does apbvize below 265 °C.



The possibility of different actions of flame redant and smoke suppressant in PVC formulationdeaited as an
important reason for the positive result of indésmoke releasing. Also, it can explain the positsynergetic action to
improve the index of smoke releasing for the PVC 3.

Figures 4 and 5 illustrate the average of lighbatson for materials. The fig. 6 shows index ofod® releasing.
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Figure 4. Light absorption for PVC standard andA®C 1.
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Figure 5. Light absorption for PVC 2 and for PVC 3.
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Figure 6. Index of smoke releasing.
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4. CONCLUSIONS

On the vertical and horizontal burning tests, tlané was extinguished immediately after ignitiouree was
removed, what means that all formulations showdideséinguishable character. Although these tests/@ the good
flammability properties of poly(vinyl chloride), ¢y were not useful to differentiate the rigid PV@tarials.

The PVC formulations containing flame retardant antbke suppressant showed, when compared withastand
material, higher LOI, higher flash ignition temper& and higher self-ignition temperature. Alsoe tAVC with
additives presented lower indices of smoke relegasin

The PVC 3 presented the highest LOI, and the srdekeloped index was lower than to the other fortinia.

Analyzing the different tests performed, it's pbdsito affirm that the addition of flame retardaamd smoke
suppressant in rigid PVC shows a positive synergetiion to improve the materials’ flammability pesties.
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