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Abstract. The properties, sth as high chemical and corrosive resistance, easlelability and the possibility to desic
complex parts, allowing the polymers to be extatgiapplied in many products. However, in spedafiplications,
some properties of the polymers need to be modifiedit the material for the mandatory requirenseritheionizing
radiation process, which uses electron beam equipnrepresents a valuable alternative to convergiochemical
methods, with the purpose to improve the charasties and properties of the polymers. Electron Lt (E-beam)
irradiation can modi§ the molecular structure of the polymers, resgltimainly in current branching and crosslinkir
These phenomena cause changes in the physicaljagthemechanical and thermal properties of the podys. This
research aimed to analyze the influencE-beamionizing radiation on mechanical and thermal profies of sample
of polypropylene/glass fibeszomposite dogbone tensile bars samples. The sarhples been subjected to differ
doses of E-beamadiation and were evaluated for mechanical proms (tensile strength) and thermal (resistanc
an incandescent wire) properties. The results werepamed to no-irradiated samples. The tensile strength was
modified by the different doses of ionizing radiatapplied to the samples. The resist: to the glow wire had a goc
performance in irradiated samples.
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1. INTRODUCTION

Polymeric materials are widely used for variousieegring purposes. Polypropylel(PP) is one of the most
versatile thermoplastics available for applicatiomgh or without additions of charges. This polynea material witt
good properties such as low density (0.95 g ®), high melting temperature (160C), low electriconductivity,
chemical inertia, low water absorption (0.02%) &oev cost (Maddah, 201¢

PPis the second most traded polymer in the world aftdyethylene (PE The dobal demand for polymers is abc
218 million tons wherein theolypropylen: share consumption i@bout 25%. Among the various types of Ithe
homopolymer is commonly used in injection mold g®sdor sever: applications being partsof components for
automobiles, appliances, electrical and otherss{@taart, 2014)This broadly rangesf applicationsmakes the PP an
important polymer for researchesd developmes in the industry and universitieghcluding thos glass fiber
reinforced grades.

The effects of the ionizing irradiation prior on the mcular structure of the polymers, h as crosslinking and
degradation are widely studie@Harlesby, 1985Goel, et al., 2013). lonizing radiation (gamma ray<£-beam) has
been used as a very effective means of improvingestharacteristics of the final parts. Tk-beam irradiation process
offers several advantages when compared to otpestgf radiation, e.gy-rays and xays. The l-beam is faster and
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more accurately controlled. Radioactivity is notmpanent in the E-beam process, since the principlae machine
works by electron acceleration, what differs frommgna rays, which emitted constant radiation by dioeative
element (BGS, 2017).

The E-beam irradiation process is practically foferesidues, conferring a great appeal to sustdityabThe
radiation absorbed by the part treated may col#ege changes in the properties of stable polyntrs,to crosslinking
and degradation of molecular chains. Irradiatiosedocan adjust the level of crosslinking. An imaottdifference
between E-beam and gamma rays is that E-beam lagea radiation penetration in the thickness oftpdreated,
which needs to be carefully calculated to assueegtiality of the process. A mean dosage can beeappl seconds
using electron accelerators, whereas several harergequired in the gamma radiation plant (Drot2803; BGS,
2017). Electron beam irradiation interacts with pledymers transferring energy to the atoms of thigrper chain and
causing changes in its structure, altering its moghemical properties. Studies show that theseiffnations result in
crosslinking and degradation involving the radiatimocess (Kabanov et al., 2009).

The uses of ionizing radiation in polymers are gajrthe industry attention, for economic reasomgdpction costs
and product lifetime. These improvements of thepprties depend on the polymer used and the dodagadiation,
since each material has a specific behavior. ftoissible to irradiate food packaging, medical appulées, automotive
products and a wide range of other applicationg@rski, 2013). Several studies showed that no aéditare needed
for ionizing polypropylene to have an effectiveiedin (Krause, et al., 2006).

The purpose of this study is to analyze the madaliioe in mechanical and thermal properties of aglber
reinforced PP based composite treated by eleceamb ionizing radiation.

2. EXPERIMENTAL PROCEDURE

A glass fiber reinforced polypropylene based corntpowas used for this study due to the good meclni
properties and low costs when compared to othgmpais. The material used this study is a PP r&§i#h glass fiber
reinforcement, halogenated flame retardant andtadsilizer for injection molding.

Samples were produced according to ASTM-D638, typ&STM, 2014) by injection molding an Arburg 420C
1000-250 machine and were submitted to E-beam psodée irradiation was performed in50, 100, 150 200 kGy
doses. The E-beam machine used for this procesa bapacity up to 10 MeV, 60 kV and 5 mA. A compan was
made between samples with and without irradiationdifferent doses, evaluating the mechanical aretnithl
properties.

The mechanical evaluation was performed in a usdleM TS test machine, model E45.305, by tensilestesn
extensive video was used for measuring the speainstrain, a 300 kN load cell and 1 mm/m speedédsavspeeds
were tested, and the best fitted was 1mm/m). Boh eondition, ten specimens were evaluated. Yeumgdulus,
yield, tensile strength and strain values wererdgtesd.

The thermal properties were determined by a tedied resistance to an incandescent wire, which deagloped
specifically to verify the irradiated samples. Tiest consists in heating an incandescent wirectip temperature of
180+ 5 °C and applies to the samples for 10 secdfigs 1 illustrates the schematic representatfotne device and
method for checking irradiated samples.

Figure 1.llustration of the device and method for checkimgdiated samples.

The tip leaves an impression on the surface ofsgeximen, and the diameter of the impression wassuned
throughof a three-dimensional coordinate measuring macthidC Crysta Plus M 574, Mitutoyadnd tip penetration
assessed through a 3D multi-sensor (Optiv Perfocmanwith PC-DMIS Vision Measurement Software, HEXQS
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Manufacturing Intelligence). The sample was congdepproved when the impression on its surfacelthameter of

less than 3 mm and does not pierce its thickndss.sdmple fails the test if the impression onutfage has more than
3 mm or perforates its thickness.

3. RESULTSAND DISCUSSION

The samples evaluated were irradiated at diffedleses up to 200 kGy. By comparing the visual asmestightly
yellowish region could be observed, which inteesifivith increasing radiation doses, how can bealimed in the Fig.
2. This yellowish is a result of a series of matiifions in the polymer, like chains scissoring. @ding to Clough et
al. (1996), the ionizing radiation can cause charaeolor in polymers, conferring two different égof color centers.
Have two reasons for this: the permanent ones,hwticrespond to a static aeration of the molecsttarcture of the

material, and the unstable ones, which are assacisith free radicals trapped in the polymer stitetand that may
disappear in some conditions.

0 kGy

50 kGy

100 kGy

150 kGy

200 kGy

Figure 2. A slightly yellowish region could be elpged samples.

Tab. 1 shows the values found for tensile teste rBisults of the tests showed a small decreasnsilé strength
(UTS) at the dose of 200 kGy, around 4.83% andrselg an increase in its Young Modulus (E) whichs\2208%.

The greatest difference found was that elongatstraif)) varied from 3.01% for a sample without diiedion and
1.55% for a 150 kGy sample, what represents a tiatuof 48.50%. A significant reduction, when congzhwith the

2% value defined in the data sheet, showed byuppler. The material without irradiation presengetigher value of
elongation.

Table 1. Mechanical Properties of non-radiatedradiated polypropylene/glass fiber composite Hiedint doses.

Dose (kGy) | E [MPa] UTS[MPa]| Yield [MP Strain [%
0 7586 62 47 3.01
50 7791 62 48 2.49
100 7831 62 48 2.38
150 7813 61 48 1.55
200 7817 59 48 1.72

Fig. 3 shows a comparison of the tensile strengghlts (stresgs. strain curves) from non-irradiated up to 200 kGy

irradiated samples of polypropylene/glass fiber posite (PP30% GF). It is observed in the figurd tha elongation
decreases when the irradiation doses increase.
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Figure 3.Comparison between tensile tests results Stresatnan for each sample.

Fig. 4 is a graphic displaced on the y-axis fore#tdy visualization of the difference Btress vs. Straigurves.
There is clearly seen a reduction in elongatiothasirradiation dose increases. Comparing the gatiained in the
tests carried out in this paper and a polypropyleitkout fiber and without flame retardancy studi®dSouza, et al.
(2009), it can be evidenced that there were noifgsignt changes and that the additives and reiefments contribute
to material to maintain its mechanical propertiesyever with a decrease in the elongation.
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Figure 4. Comparison between tensile tests regsitess vs. Strain) for different irradiation dases
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In the results in the resistance to the incandesgia test, the irradiated samples presented terbe¢rformance at
180 °C comparing to the non-irradiated sample (§)k@thin doses of 50 and 100 kGy. In the non-iiaéed sample (0O
kGy) was observed that there a greater displaceafehe material occurs around the tip, upward altne surface of
the sample, during the thermal test performedhAtend of the test, this fact is assimilated toldinger diameter of the
impression in the sample. Regarding penetration, gample without irradiation presented a lower llefthis
phenomenon occurs due to the non-irradiated matega greater flowability and ease movement efctiains during

it is melting, due to no crosslinking between itslacules are presented. The values found for thetpeion depth of
the non-irradiated and irradiated samples are shiowiab. 2.

Table 2. Depth of penetration for the differenadiation doses.

Dose (kGy) | Penetration [mmn]
0 1.480
50 1.578
100 1.667
150 1.675
200 2.206

As the radiation increases to 50 kGy and 100 kGgreater crosslinking and some degradation ocoyraving
the temperature resistance of this material, reftbin the result. At doses of 150 and 200 kG ihdticed that the
penetration of the tip were deeper the values fomnthis study. This effect is due to degradatiatwred in the
material by the excess exposure of the materiahtmnizing radiation, (Buttafava et al., 2002) the present paper, it
is possible to determine the optimized dose ofatamh for best crosslinking and the degree of diafian of this
polymeric material. Furthermore, degradation rasmta reduction of the molecular mass and decrefe physical
properties of the polymer (Charlesvy, 1985). Witthe established rules for the test, all the iaddh samples were
approved, as observed in Fig.5. The penetrationthensamples were compared through a 3D multi-sef@ptiv
Performance, with PC-DMIS Vision Measurement Sofayaln Tab. 3 are the values found for the petietra
diameter of the samples without irradiation andnsitted to radiation.

Table 3. Penetration diameter for different irréidia doses.

Dose (kGy) | Penetration [mm]
0 1.25
50 1.20
100 1.20
150 1.47
200 1.55

In Fig. 5, it is possible to view that the penatmatdiameter in the sample without irradiation igher than in
samples irradiated with 50 and 100 kGy. It is ndteat the diameter of the penetration increaseti@agradiation dose
increased. The degradation may cause this ince@zered during the irradiation process in whiciteracted with
the polymer matrix and the glass fiber, in additiorthe interaction with additives, such as flar&ardants which are
acting on the polypropylene/glass fiber compound.
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Figure 5. @mparing Glow Wire different irradiation doses.
4. CONCLUSIONS

The samples were subjected to different doses loédin irradiation, and the mechanical and thermapenties
were compared to the non-radiated samples.

The mechanical properties of the polypropylene&lffser composite are little affected by exposwreslectron
beam radiation. The greatest difference found Wwasetongation for the 150 kGy sample, which pre=gtat reduction
of 48.50%. A significant reduction is comparingtwihe theoretical value offered by the supplierchitis about 2%.

In the thermal tests, the samples had a good mesface in the resistance to the incandescent wategeggesting
that the radiation. In addition to crosslinkingtbé polymer chains of the composite, could somehawve interacted
with the glass fiber and possibly with the flam&rdants. Théest results were found for 100 kGy samples
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