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OPTIMIZATION OF LASER CUTTING
CONDITIONS OF POLYPROPYLENE
AND POLYPROPYLENE WITH TALC

Laser cutting of materials requires the executiigoracessing tests and the selection
of the most favourable variant from the point cwiof the adopted criteria of pro-
cess quality assessment. This paper presents dnepéex of a preparatory process,
which shows that cutting polypropylene and polygtepe with 5 mm thick talc is
not an easy process of material handling. A GBer was used and by varying the
utilized power from the laser and the beam spekdive to the material, cuts of
varying quality were obtained. Criteria were alsogmsed for the selection of the
best processing variant. It was concluded thaatidition of talc to polypropylene
can be a factor facilitating laser cutting of thiaterial.
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1. INTRODUCTION

Plastics (polymers) are a group of ubiquitous construction mataridloften
used by manufacturers. Their widespread use is determinedibyrterties, in
particular their low density (usually less than 2 g)¢cchemical resistance, flam-
mability, moisture absorption, and lack of electrical condugtivihe properties
of a given polymer depend on its structure, thus it is possible to findtéeciteat
is resistant to acids, for example, as well as the ondsthat. Despite a number
of advantages, plastics are characterized by low creeparess significant ther-
mal expansion, and low resistance to UV radiation [5, 19].

Although the characteristics listed above with regard to dés#telges pre-
clude the use of plastics in many situations, they find many arkare they can
be applied successfully.

In order to allow the usage of polymeric plastics in varioudicgijpns,
a variety of additive ingredients are used, introduced iiotegity altering the
properties of the materials [4]. These ingredients can be divitetivo groups:
the first consists of fillers and reinforcing carriers,sbeond consists of auxiliary
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agents, i.e. stabilisers, plasticisers, impact modifiers, dapadditives, flame
retardants, anti-electrostatic agents, lubricants and others [17].

Fillers and reinforcing compounds are most often added to theneoli
reduce material cost, reduce shrinkage occurring in thdiojenolding process,
modify hardness, impact strength, bending strength and compressingtistr
[18]. The fillers can be natural (wood flour, flax fibre, celkédibres), inorganic
(chalk, kaolin, quartz, talc, mica, silica), and synthetic (gldms ficarbon fibres,
graphite fibres, glass beads) [6, 18]. They occur in various faaspowder
fillers — spheres, flakes, short chopped fibres, and as fibiltars,fin the form
of long fibres, strands, and sheets (such fillers are ushd manufacture of lam-
inates) [18].

Plastics are subject to varying degrees of degradati@anitoccur due to
factors such as radiation, living organisms, presence ofsn&alCO, NQ, NHs,
SO, H.O, molecules; stress, temperature, and water [14]. Various awliali-
tives are used to modify the properties of polymers. One methogpodving the
resistance to the aforementioned factors is to add stabit@a¢he polymer. Due
to the fact that stabilizers can affect the final propgudfehe polymer in different
ways, and their mixtures are frequently used in synergy [8]stEidizers include
UV absorbers, screening stabilizers (to reduce the permegadfilitadiation in
a filter-like manner), free radical deactivators, antiortdathermal stabilizers (to
prevent the release of, e.g. hydrogen chloride or bromine, whisHesate the
degradation process).

Additional substances changing mechanical properties are atsifield as
auxiliary agents. These are, e.g. plasticizers, whose presegcmfluences the
reduction of brittleness and glass transition temperature, hardiessile
strength, and impact modifiers which increase the impaistaese of plastics [3,
16, 18]. The addition of other extra materials facilitates toiolsigecific operat-
ing conditions of the plastic components:

e colorants and pigments provide the desired colour; colorardsn ret

transparency of the polymer and are added in the amount of &gtw

%, whereas pigments provide opaque colour and are added in the amount
of 0.4+1.2 weight % [4]. The added chemical compounds do not change

electrical and mechanical properties of the polymer and theyJsfr
resistant, nontoxic and water resistant, they do not changer eaoidar
the influence of temperature [18];

« flame retardants — due to the flammability of polymers, addeatelay,

prevent or reduce flammability, influencing the combustion process

chemically and/or physically. [13];

* lubricants — added to improve the processing, to give gloss, smoothness,

to reduce adhesion to mould walls, to reduce internal frictioprdtect

against overheating and thermal decomposition during extrusion or

injection [4, 12, 18];
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e anti-electrostatic agents — added to reduce, e.g. fire hazairdes¢éation
of pollutants on the plastic surface, harmful effects omdivorganisms
caused by static electricity [1, 20];

« fillers and reinforcing carriers — included in the compositioplastic due
to the need to reduce manufacturing costs, shrinkage reduction during
injection moulding, modification of hardness, impact strength, bending
and compression strength, heat resistance, etc. [18].

2. LASER CUTTING OF PLASTICS

There are many ways of shaping plastic products in manufachroongsses.
These may include pre-processing such as mixing, drying, grinding,nprmi
of semifinished products, basic processing, called forming, argrposssing
(4, 19].

Secondary processing includes technological operations aimed at shaping
a finished product from a previously prepared semi-finished prodbete are
joining techniques - welding, welding, gluing, machining techniquesnirtg,
cutting, drilling, and others. For the processing of plasticstibtatechniques and
laser treatment are also used [9, 11].

Laser is characterised by its unique properties. LaserafegEnerate elec-
tromagnetic radiation in the wavelength range from infratedugh visible light
to ultraviolet, or even to X-rays.

The radiation beam is monochromatic, directed, temporally aniclbpao-
herent and enables high power density [7, 10]. From a techralpgiat of view,
it is a non-wearing, non-contacting, easily controllable todldha be automated
and robotised. Due to the falling cost of purchase and their enaimte, lasers
have become common in the manufacture of various products, includsig p
products.

Laser cutting of plastics can be carried out by melting andiiptie liquid
material, by evaporation (ablation) or by chemical degradation [15].

Melting and blowing cutting is common for thermoplastics. Moltestlas
blown away by a gas stream, which aims to prevent oxidatioonobwstion [9].
As a result of the beam's action, a crack of a certaithws formed, varying
according to the type of the material and its thickness. Dabtajive cutting, the
material changes from solid to gaseous state and it evaqdbatiéng processing,
gas is also used to remove vapours from the processing areastoyl tiee solid-
ification and condensation of the material [9]. Chemical deg@datitting, on
the other hand, is used in most cases to process thermoset plastidal segiar
ration occurs as a result of plastic disintegration undemfheshce of radiation
beam. The processing is accompanied by the formation of smokeatndyser
around the edges [15]. Different lasers are used to cuicgtasiolecular laser
CQ,, solid-state Nd:YAG, depending on the method.
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From the point of view of processing effects, technical parmmetre im-
portant - the width of input and output slots, parallelism ofciléing surface
(expressed by the angle of the cutting surface in relation taotineal to the ma-
terial plane), extent of the heat affected zone. Viighr help it is possible to assess
the quality of laser cutting [15].

3. COMPARATIVE ANALYSISOF THE EFFECTSOF LASER
CUTTING ON SELECTED PLASTICS

Due to the variety of chemical substances added to @asiattheir specific
influence on properties, experimental studies have been caui¢d determine
their influence also on the laser cutting process. Polypeapydnd polypropylene
with 30% addition of talc were chosen for the tests.

In the cutting tests, a GQaser with a power of 70W and a wavelength of
10.6 pum was used. The device has a focusing lens with 20 mm diandte
a focal length of 101.6 mm, and the laser beam is approximatelyrd.@ide.
The controlled parameters were the laser power and the speed ofrthmbea-
ment in relation to the material surface. The position of dfigration focus was
established inside the material and it was a constant value [2].

4. CHARACTERISTICSOF THE CHOSEN MATERIAL

Polypropylene is a thermoplastic transparent material with gogxhdt
strength, significant tensile strength, high hardness and rigltlig/resistant to
water, acids, alcohols, solvents and salt solutions. The additidrenfically neu-
tral talc to a medium degree improves compressive strengtbases the modu-
lus of elasticity, reduces thermal expansion, reduces processiimgage, in-
creases thermal conductivity, increases electricaltaggis, abrasion resistance
and rigidity. It does not change the chemical resistanceeoftterial, while it
affects the reduction of product manufacture costs [18]. Plates of 5 ckndbs
in both variants were used in the study.

5. EXPERIMENTAL STUDIESAND RESULTS

To determine the technological parameters of (&@er cutting of polypro-
pylene, pre-cuts were performed. They allowed to choose the raibgarfspeed
in relation to the material and to determine the appropriate laser powier thehi
cut quality was the criterion for the selection of technaaigbarameters. Laser
plotter used in the experiment and the possibility to control dedyning lines
and their respective laser operating parameters in the RBW®programme are
shown in Fig. 1.
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Fig. 1. CQ laser plotter (a) and cutting programming (b)

The following criteria were taken into account to assess the cutiéag ar

e separation of the material throughout the thickness (the achiaverme
the machining aim),

» obtaining of the narrowest gap, meaning minimal machining overheads
and material saving,

* parallelism of the cut edges (maintaining accuracy and rdifoeal
tolerances for both plate planes),

» lack of beading and scorching, classified as product defects¢dhe
necessity of additional processing and, in case of its absdmee, t
impossibility of achieving accuracy and desired appearancs; dbs
aesthetic features).

The examples of cuts considered defective in the presentednespeare

shown in Fig. 2.

To determine the best processing variant, the position of cutt@sgol-

served. Fig. 3+5 shows the effects of cutting.
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Fig. 2. Various cuts classified as defective: apmplete, b) resealed, c) with uneven edges,
d) scorched, e) with excessive protrusion, f) disth

Table 1. Processing options and joint widthsngim)

Laser Speed,
power, mm/s 20 25 30 35 40 45 50 55 6(
w
PP * 0,5 0,5 * | 045 * 045 | 045 0,6
35
0,
PP+30% 0,4 * * 0,2 0,25 * 0,5 0,5 0,45
talc
Laser Speed,
power, mm/s 1 2 3 4 6 8 10 15 20
w
* * * * * *
ap- PP 05 | 05 | 045
prox.
0,
52 | PP¥30%| . | 45| 045| 04| 03 | * * * *
talc
* * * * * * *
ap- PP 04 | 035
prox.
0,
70 | PP¥30%)| . | 545 | 045| 04 035 | * * * *
talc
* no intersection
Grey box - best option for aesthetic reasons
Values in bold - narrowest gap
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Fig. 3. Polypropylene (a-c) and polypropylene witle (d-f) cut at speeds (from the left):
20, 25, 30, 35, 40, 45, 50, 55, 60 mm/s at laserepof 35W
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Fig. 4. Polypropylene (a-c) and polypropylene witle (d-f) cut at speeds (from the left):
1,2, 3,4,6,8, 10, 15 and 20 mm/s at laser pofvapprox. 52W
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a) from the top d) from the top

b) from the front

Fig. 5. Polypropylene (a-c) and polypropylene witte (d-f) cut at speeds (from left):
1,2, 3,4,6,8, 10,15 and 20 mm/s at laser pofvapprox. 70W

The cutting operation was carried out at three laser poweesaB5W, ap-
prox. 52W and approx. 70W (which gives the laser power of 50%, 75% and 99%,
respectively), successively cutting the material dediht speeds. As a result of
the different beam exposure conditions, the cutting gap either didrmobr var-
ied in width. The gap size mmwas determined by measuring it with a gap gauge.
The treatment variants and the results obtained are shown inIlable

It was found that the narrowest gaps were obtained in the cases:

« for polypropylene: 35W power and speeds: 40, 50 and 55 mm/s, approx.

52W power and speeds of 6 mm/s, approx. 70W power and 8 mm/s;

« for polypropylene with talc: 35W power and speed of 35 mm/s, approx.

52W and approx. 70W power, speed of 6 mm/s in both cases.

The slits considered the narrowest in most cases werehald®st for aes-
thetic reasons, except for laser treatment of polypropylene at approx. 524 pow
and approx. 70W power. Choosing the most aesthetic slit is assosidienb-
taining a slightly wider slit gap (by 0.05 mm in both cases).

Processing with other parameters also showed a deterioratpality ac-
cording to other criteria: in many cases the materialveaseparated, the edges
of the cracks with larger widths were generally not palaéind in the case of
polypropylene with talc additive, surface carburisation could natvoeled, but
this proved to be easily removed when processing with the ofimeselected)
parameters.
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6. CONCLUSIONS

Based on the analysis of the results, it can be concluded they therjusti-
fied to carry out preliminary tests of the planned machining procetssgr pro-
cessing of plastics. In the investigated cutting operation with slee ¢d the low-
est power (35W - 50%), no unambiguous relation between the beam spéael and
optimum gap width can be indicated. In addition, many of the assumedtsar
are inefficient (the material was not separated).

By increasing the power and at the same time reducing thettsaghspeed
relative to the material, and thus extending the time foctimeentrated energy
beam on the material, better results can be obtained. Both furles of approx.
52W (75%) and approx. 70W (99%), a range of effective speeds dadideted.

It is therefore already possible to think of azd&3er for cutting 5 mm thick plastic
in production conditions.

A dilemma may arise during the selection of the best variahether
to choose a variant giving the narrowest gap or the smoothestA&diifference
of 0.05 mm may be irrelevant to ensure economic accuracy {hafaconcept
in machine technology). The manufacturer may decide to takeghalgllarger
allowance for chiselling, but will receive an aestheticallyasing product that
does not require finishing. This was the case when cutting polyeraaywhen
using a laser of approx. 52 W power and 4 mm/s (not 6 mm/s) amplodx.
70 W and 6 mm/s (not 8 mm/s), the aesthetically pleasing edgesobined.
The criterion of aesthetics was not the same as the critafrigsving the use of
the material.

Another important finding of the result analysis is that tala beneficial
additive to polypropylene also for laser processing. For thienah variant,
a wider range of effective cutting speeds was obtained, andcalldgpendence
of the slit width on this speed is also apparent — the ldveespeed, the wider the
slit. This may be influenced by the properties obtained dfteatidition of talc,
which had the effect of reducing expansion and increasing theamalictivity.
Thus, changes in the form of the material during laser processutg be more
predictable.

In conclusion, it can be said that the processing of the sglBatam thick
material is not as easy as one might expect. It is jaiskHito carry out preliminary
tests on the material before starting the actual manufa¢tueselapt the laser in
possession, or to purchase a new one, taking into account the obseraations
after choosing the criteria that determine the processing parameters
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