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Abstract. Some of the polymers largely ussuch as Polypropylene (PPhave poor superficial properties maki
necessary a préeatment before coating the paint film. There isumber of pr-treatments related to t PP surface
improvementthe most known at the industry is the flame pBsdeecause it is possible to achieve the necessaai
of surface energy in a shoprocessing timeThe flame process applied @olypropylene <bstrates increases the
adhesionfor painting films. Thus, the main objective insthiiork was to produce PP samples treated by fl
treatment angerform morphological, chemical a surface tension characterizations. ScanrElectron Microscope
(SEM), Fourier Transform Infrared Specscopy (FTIR) and Dyne Test Inks were employed dtuate thc material
properties.The morphological analysis presented a superficialdification andthe chemical analyses showed
formation of new functional groups after the flatneatmeni This treaiment increased the surface tension of
samples by approximately 20%hese results proved the efficad the flametreatment in the irrease of the surface
energy andn the adherence of the coatings applied to thesBistrate:
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1. INTRODUCTION

The polypropylene (PP) is a polymer largely uindustrially due to its good general properties and low
(Maddah, 2016). HowevePP suffers due to its surface properties, whichenit a polymer with low surface adtion,
paint and biocompatibility, reducing its Lin some applications (Ryntz and Yaneff, 2Q08)fact, the coating adhesi
at polymeric substrates is still a big issThe adhesion depends of the surface wettalglibprieties and free surfa
energy (Mazzola, 2011)or the PP, the lack of adhesion is due to theratgsef polar groupand this can result in
coating failings Chashmejahanbin, 2014; Wanke, 2(. Thus, in order to improve the PP coating city, chemical
pre-treatments came employed on the surface of the polymer aimingdcease the adhesion of the coa(Ryntz and
Yaneff, 2003; Lima and Santos, 20. Flame treatment is a low cost optiontlwgood efficiency (Garbasset al,
1987; Sutherlandet al, 1991; Strobelet al, 1996).The flame treatment consists in material surfageosure to a
oxidant flame generated through a hydrocarbon cetitru The resultant thermal oxidation allows tltdap groups
introduction at the surface by a pal break in the molecular chairfgtienne, 2011). The surface activation
polyolefins by flame treatment is based on the fradical degradation mechanism. The polypropylerielation
process involves the 8-bonding break through the polymer surface the high temperature generated for
combustion process and the inclusion of oxygendaseups making available new hydrophilic pointsifderaction
between coating and substrate (Fagisl, 2010), as can be seen in Fig. 1.
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Figure 1 PP thermical oxidation reaction by flame treatment.
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It is of extreme importance to study the influentdélame treatment on the performance of paintegigiefins with
respect to adhesion of the applied coating. Thezethe main objective of this work was to prodacel evaluate the
influence of surface treatment by flame on polygtepe substrates in improving adhesion propertfesoatings for
industrial applications. The characterization teghes that were used to evaluate this treatmeng¢ W Dyne Test
Inks in order to analysis the wettability of thédstrate surface, the Fourier Transform Infraredc8pecopy in order to
analysis the chemical modifications of the surfat¢he material and the Scanning Electron Microgcwporder to
verify the morphological changes.

2. EXPERIMENTAL PROCEDURE

2.1. Materials

Polypropylene high impact copolymer containing 18&mineral filler (Hifax TYC 900P) supplied by thgondell
Basell Industries was the selected polymer usethtoproduction of the samples. The materials fisethe coating of
the samples were polymers based on polyester aglicgmlyurethane being that the set of coatingsexcomposed by
primer, base-coat and clear-coat all supplied leyRRG Industries Inc. All products used hold sditechnology. In
the primer and clear-coat products was added dystta promote the cure of these polymers.

2.2. Preparation of Polypropylene Samples

The samples were produced by the injection mol@irmgess. After injection, the samples were cut ating to the
dimensions required for each test and charact@iz&chniques. Then, the samples were painted-diocpto a series
of well-defined operations ranging from substrateparation to application of a coating assemblye HBurface
preparation of the samples was performed by surfdeening with isopropyl alcohol to remove oils agdme,
followed by an ionized air curtain to neutralize ttatic loads and finally the flame treatmenticréase the energy of
surface of the substrate. The flame treatment aik goating were applied in a robotized industpaint line. The
process steps were the manual cleaning, ionizeduwafain passage, pre-treatment of flame, apptinatf primer,
application of base, application of varnish andistof cure. A burner from Ipros with 200mm of flanvalth supported
by a robot was used to carry out the flame procafswing to control the process parameters thatinfluence the
flame treatment efficiency. The treatment was pemnf in the samples under a scanning speed of 658.m

2.3. Scanning Electron Microscopy Analysis

The morphologies of the samples were charactebige8EM. The SEM analysis were performed with a Sltinu
SS-550 microscope. The PP samples with and wittheulame treatment were placed on an aluminumaugnd the
surface was covered with a layer of gold arounch®0with the Shimadzu IC-50 lon Coater device. Adumtive tape
was added at the top of the samples to do contdbttie metal support and the electrons were acatelg with a
voltage of 10 kV.

2.4. Fourier Transform Infrared Analysis

As a result of the flame process, a variety of dieahgroups containing oxygen are formed on thdaser of the
polymer, phenomena such as cross-linking can b&epteThe FTIR test is used to identify chemicahposition and
functional groups. So, the samples were analyze# TR to verify the chemical modifications. The IRThnalyzes
were carried out using a Thermo Nicolet (Avatar /BAUGS) equipment. The analyzes were performed \6ith
readings for each measurement.

2.5. Wettability Analysis

To characterize the wettability of the samples Ehae Test Inks was applied, which is composed skt of
standard paints that allow to control the effeaidgs of the surface activation media. Pens witbocetive liquid were
used in different surface tension scales. The perd were of the Polymix brand with tensions ragdiom 30 to 54
dynes/cmz. In this test were used a group of petts kmown surface tension values. The liquid waplied to the
surface with the tip of the pen by drawing a camtims strip with a minimum length of 7cm on the aoef of the
material to be analyzed. After application, thedsadr of the liquid film on the surface was obsehfer 3 seconds.
The wettability was related to which the ink fillamained intact. The surface tension evaluationhgyDyne Inks
method was performed in samples of PP without aitid flame treatment.
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3. RESULTSAND DISCUSSION
3.1. SEM Evaluation

Scanning electron microscopy analyzes were perfortoeverify the change in the roughness of the $esng-or
this, sample of PP with and without flar treatment were analyzed. Mazzo#, al, 2011 found variations in tf
morphology of the samples after buckling when obsérin the SEM at an increase of 20x. Ferris,et al, 2010
analyzed samples with different initial roughnesd they observed a reduction in roughness, although |ggsfisiant
for samples with smalleinitial roughnes: Analyzing the micrographs obtained BEM, it is possible to observe
morphological differences in the surface ce samples with and without the flaimeatment, s can be seen in Fig. 2.

It is possible to observe higher poty in thesamples without treatment Fig. 2 (a), whereas ¢n Fi(t), samples
that received the flameeatment, a more homogeneous surcan be observe@onsidering the anezes presented by
Farris,et al, 2010that for totally smooth samples the uction of roughness wawt very accentuated, a correlat
can be performed with the samplsalyzed in this study, whe samples wer@jected in a mold without texture, tt
is, extremely smoothThis fact justifies a not significant change in therghology of sample after flame treatment.
Another factor to be considered is that the equitnised for the microscopic analysis did not altovobtain image
with quality and magnification necessary to analiyzmore detail the morphological alterati of the samples.

(a) (b)

Figure 2. Microgaphs obtained from SEM. In) - PP without flaméreatmenand in
(b) PP with flame treatment.

3.2. FTIR Evaluation

Fourier Transform Infrared Spectroscopy analyzesevperformed on samples without flame treatment \aitkl
flame treatment. Untreated and treated samples measured under three different regions. This cbalnainalysis ca
verify by infrared spectrospy the specific functional groups formed in the ens, therefore it would be possible
know the new functional groups formed on the tr@a@mple after the flame treatment. Faet al, 2010 showed that
PP parts treated by flame contain oxyge the form of hydroxyl groups, with approximately 8 30% and othe
groups such as carboxyl and carbonyl. So, it isetqal to find these groups in the samples aftefldinee treatmeni
The PP samples without flame treatment were takehebasis fothe analyzes on the effect of flame treatmenthé&
spectrum that refers to the sample of untreatecaPétyrding to Fig. 3, the bands are identifiedpgraximately 1000
1500 and 3000 cth which indicate the group-CHs, C-C and C-H, respectively (Wanlet,al, 2012).
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Figure 3. FTIR spectrum of the PP sample withcarn treatment.

The samples with flame treatment were measureldraetdifferent samples and no variations were @lsein the
spectra present, as shown in Fig. 4. After the dlaneatment the spectra indicate the formationef fiunctional
groups due to the appearance of new bands in tha$Pan be observed in Fig. 4 in the absorpti@kpef 1600
[C=0] and 3200 [O-H]. Thus, FTIR analyzes showesl ftirmation of new groups functional groups for B¢ sample
after the flame treatment and the groups create®@ warbonyl [C=0] and hydroxyl [O-H]. The formatiai these
groups confirms the theory that the flame treatnisrthtased on the oxidation of the substrate surfdd means,
inclusion of oxygen for the formation of new pofmoups increasing the surface tension of the safilestihe results
obtained are consistent with other studies onltdrad treatment.
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Figure 4. FTIR spectrum of the PP sample with flaraatment.
3.3. Wettability Evaluation

The wettability (surface tension) of the samples warified through the Dyne Test Inks, which penthwctive
surfactant at different levels of surface tensi@rewsed. The surface tension was evaluated irstages, PP samples
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without the flame treatment and PP samples withfldrae treatmeniThe Dyne Testrliks performed on the sample
without flame treatment, Fig. 5, shows that thedrédentified as B, 38 dynes, presented the most homogene
behavior. Acording to the Dyne Inks methodology, it is pokestio verify tha the traces A and C are dot, this means
thatthe substrate has a different surface tencomparedo the liquid used of 36 and 40 dynes, respectivThus, it is
possible to infer that the surface temsad the PP, before the flame treatmwasof 38 dynescmz.

Figure 5. Results of the Dyrieest Ink: in the PP sampéewithout flame treatment. The pens with teactive
liquids were used in (A) 36 dynes, (B) 38 dynes @40 dynes.

The surface tension was evaluated afterflame treatment. Figs presents the results of surface tension afte
treatment with a speed of 650 mm/s it is verified that the film of 46 dines (trace A@mains continuous while that
48 dires (trace B) shows discontinuiti So, the surface tension reached by PP with theeftreatment was of 46
dynest¢mz. If we compare this value with the surface imm®f the PFwithout this treatment, 38 dyncmz2, we can
prove the efficacy of the flam#eatmentdue to the increased surface tension, which ithedcn increase @8
dynes/cm?. Farriset al, 2010 measured surface tension values for samples ofolediy material using different
processing conditions of tHlme treatmenand found values ranging from 40 to 52 dyosg/ with gains between !

and 30% in surface tension depending on the tredtamplied. These results are in agreement witketiound in this
research.

Figure 6.Results of the DynTest Inks after flame treatmeii8) 46 dynes and (B) 48 dyn

Through asimple and rapid evaluation of the surface tensignmeans of the DynTes Inks, it was possible to
prove the efficacy of the flameeatment in order to increase the PP surfacsion. Therefore, Dyne Testks is a
practical tool to control this property of the sthte, since it allows to determine the minimunface tension that tr
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substrate must reach to ensure a good adhesitw twoating to be applied. Gains of the order of 208¢e achieved
with flame treatment.

4. CONCLUSION

Regarding the morphological aspect of PP, SEM aimabhowed slight differences in the morphologyeen PP
samples with and without flame treatment, espgciallrelation to the porosity of the samples. It leeen found that
the flame treatment alters the morphology of théeni. FTIR analyzes have shown that the flamatinent is able to
introduce new functional groups on the surfacehef $ubstrate through oxidation. In the analyzedethiout in this
work were identified the formation of hydroxyl andrbonyl groups after the flame of PP. Howeves Hghavior was
not very accentuated as found by other authors flah®e treatment proved to be effective in impravthe wettability
of PP, which was verified by the increase in thdame tension of the samples that suffered therresat, achieving a
gain in the order of 8 dynes/cm? which correspandsn increase of 20%. These results demonstratgdite surface
treatment of PP can improve its surface properéirabling the use of this material in applicatitimet require coating
anchoring, such as the painting of automotive parts
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