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ARTICLE INFO ABSTRACT

Substandard and/or falsified medicines are a growing global threat for health and they cause serious social and
economic damage. In low- and middle-income countries the failure rate of these medical products is approxi-
mately 10.5%. 50% of medicines purchased over the Internet may be fake.

According to Directive 2011/62/EU as regards the prevention of falsified medicines from entering into the
legal supply chain, a unique identification should be put on each box of drugs in the EU from 9th February 2019.

The current project is focusing on the development of a laser technology to mark an individual traceable code
on the surface of the tablet. Usually, coatings contain titanium dioxide for sufficient coverage, which makes
precision laser coding more difficult. New naturally coloured films do not include those excipients. In this re-
search, we would like to compare the physical-chemical properties of conventionally and naturally coloured
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coatings after the laser marking procedure by using two types of lasers.
This unique identification technology can be used for marking personalized medicine with the doses tailored

for each patient, too.

To sum up, the present findings may contribute to efficient and reliable laser marking solutions in the unique
identification procedure. Based on our measurement results, it can be stated that excimer UV lasers are pro-
mising candidates as marking instruments for the polymer film in both conventionally and naturally coloured

coatings.

1. Introduction

Substandard and falsified (SF) medicinal products are a growing
problem, as they damage patients’ health, the society and the economy.
The World Health Organization, (WHO) adopted the name SF for the
medical products that fail to meet either national or international
quality standards or specifications at its 70th World Health Assembly in
2017 (WHO, 2017a; World Health Assembly, 2017).

According to the reports from WHO (2017), in low- and middle-
income countries the failure rate of SF medical products is approxi-
mately 10.5% (WHO, 2017b, 2017c), which means that due to SF
medicines each year 72,000 to 169,000 children may die of pneumonia,
or 64,000-158,000 additional deaths of malaria could be caused ac-
cording to the estimations of the University of Edinburgh and London
School of Hygiene and Tropical Medicine, respectively (WHO, 2017d).
In 2013 an estimated 122,350 (IQR: 91,577-154,736) under-five deaths

were associated with the consumption of poor-quality antimalarials
only in 39 sub-Saharan African countries, which suggests that these
poor-quality medicines are important contributors to child mortality
(Renschler et al., 2015) and may help the spread of growing resistance
geographically. The number of drugs is also growing in the global
marketplace, especially sales on the Internet (Nayyar et al., 2019),
which has become an accepted, and more and more popular way to
purchase medications in high-income countries since the establishment
of the first Internet pharmacies (Gallagher and Colaizzi, 2000; Ghinea
et al., 2006). Unfortunately, by now about 50% of medicines purchased
over the Internet are falsified because of the increase of illegal activities
(UNICRI, 2012; WHO IMPACT, 2006; Wilczynski, 2015), as they can
easily circumvent regulatory oversight (Siva, 2010), and globalization
makes it harder to regulate the medical products that are sold in this
way (Bichell, 2017).

Most of the counterfeiters produce and print packaging in different
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countries, shipping components to the final destination, where they are
assembled and distributed (WHO, 2017d). Parallel imports also pose a
significant risk to the safety of patients, especially when the product has
to be repackaged, which is generally not allowed, but sometimes it is
objectively necessary, e.g., to suit the target country’s national language
(European Commission, 2003; Said et al., 2011). Nevertheless, the re-
moval of blister packs from their original external packaging and their
insertion with one or more original packages into new external
packaging, or their insertion into another original package, the inser-
tion of new user instructions in national languages, or the fixing of self-
stick labels on original external packaging or blister packs is considered
as an activity which shall not affect the condition of the medicinal
product inside the packaging. The necessity of repackaging must be
justified by the parallel distributor in the course of a notification pro-
cedure (European Medicines Agency, 2019).

Managing illicit drug trafficking and limiting access to potentially
counterfeit medicines should be a priority for governments and drug
delivery systems (Vida et al., 2017). Recently, global pharmaceutical
supply chains have been developing stricter regulatory requirements. In
the USA, the FDA’s Drug Supply Chain Security Act sets out the ne-
cessary steps to implement an electronic, interoperable system to
identify and trace prescription drugs distributed in the US (FDA, 2014).

To prevent falsified medicines from entering the legal supply chain,
the European Union adopted Directive 2011/62/EU (European
Commission Staff Working Document, 2015; The European Parlament
and the Council of the European Union, 2011). The EU Commission
gave additional technical details for the further design of security fea-
tures with the Delegated Regulation (EU) 2016/161. From 9th February
2019 serialization, traceability and verification for prescription-only
medicines are obligatory requirements in the EU. This requires a new
safety feature, a unique 2D data matrix barcode, which should be put on
each box of drugs (European Comission, 2016).

To protect medical products, a large number of security technolo-
gies can be used for authentication. The choice of technology depends
on the available financial resources, security level, feasibility, etc. It is
recommended to use more than one technology at the same time to
provide an effective protection against counterfeiting. The technologies
that can be used include, but are not limited to the following: Printing
technologies (offset lithography, flexography, gravure, screen printing,
laser printing, pad printing, embossing and debossing, laser engraving,
inkjet printing), security labels (adhesive, frangible, security cuts and
perforation, void labels, holograms) and/or tracking technologies (se-
rial numbers, linear bar codes, matrix codes, radio frequency identifi-
cation (RFID)) may be used on the packaging of the medicines(Davison,
2011). Furthermore, various methods such as unique coating colours,
shapes, tooling, texture, sizes, physical feature, unique tablet designs,
logos, texts, pearlescent film, printing etc. may be used for on-dose
visual identification, while physical-chemical identifiers (PCIDs) in-
clude inks, pigments, flavours, and molecular taggants. For example,
TruTag’s on-dose authentication (TruTag Technologies, 2019), Mi-
crotag (Nogaja, 2013), may be incorporated into solid oral dosage
forms as in-dose features. Some PCIDs could require the use of instru-
mental detection.

The final aim of the present project is to extend the regulation
provided by the Directive and to develop a technology for marking
individual traceable 2D codes directly on the surface of the tablet. With
this process, it would be easier to provide tablet authentication and to
avoid illegal repackaging. As most existing anti-counterfeit technolo-
gies are on the drug packaging, it is easy for unscrupulous traders to
exchange quality drugs (You et al., 2016). The QR code on the surface
of the tablet is an excellent opportunity because of its high-capacity and
error-correctability, its comprehensive reading ability, and its rapid and
easy generation (Fei and Liu, 2016).

Besides anti-falsification, this unique identification technology is
also suitable to label personalized medicines with codes tailored for
each patient on each tablet. This information is increasingly needed for
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older persons following a prolonged complex drug regimen as they
make mistakes when taking their medication (Mira et al., 2015), or
when dose flexibility is needed for specific patient groups depending on
age, gender, weight and genetic background (Edinger et al., 2018;
Vakili et al.,, 2015). Coding could have benefits in terms of remote
monitoring like tracking of medicine, or medicine reminder and mon-
itoring system (Zanjal and Talmale, 2016). Furthermore, in hospitals, it
is important to have a method to keep track of individual medicines
dispensed to patients to avoid severe health risks. When the medicine
leaves its packaging, it becomes impossible to identify the drug unless
the leaflet remains accessible. The problem is the lack of information on
the medicine itself (Kato et al., 2010).

Other research groups are also investigating alternative techniques
for the direct marking of dosage forms. You et al., applied a fluorescent
3D QR code consisting of three different colour layers directly printed
on the surface of the drug capsules. By using the multilayer printing and
splitting technology, where each layer encodes information of different
aspects of the drug and may be decoded by a specific smartphone ap-
plication, the information storage capacity per unit area increases (You
et al., 2016). Another study reports the interface between 3D printing
and 2D inkjet printing technologies in order to fabricate a drug-loaded
3D printed tablet with a unique track-and-trace measure in a single step
process. 2D codes were printed onto the surface of polymeric based
printlets for scanning using a smartphone device and were designed to
encode tailored information pertaining to the drug product, patient and
prescriber. Plus, a novel anti-counterfeit strategy was designed, which
involved the deposition of a unique combination of material inks for
detection using Raman spectroscopy (Trenfield et al., 2019). In a third
case, CO2 laser engraving was used to achieve roughness over different
surfaces causing a difference in the grey levels on tranFslucent mate-
rials. This effect and the micro mold process was used to achieve micro
pattern of the QR code and to obtain drug-laden biodegradable label
(Fei and Liu, 2016).

In the present study laser ablation has been chosen for marking
because it overcomes the drawbacks of the most popular printing
methods (like offset-, ink-jet-, and pad printing), where the clear
printing pattern may easily be affected by the environmental conditions
of the process room, uniformity, temperature, and drying of the ink
(Hosokawa and Kato, 2011). Printability is also affected by ink viscosity
and surface tension, the size of the nozzle (Daehwan et al., 2009), the
surface roughness of tablets, which may cause problems such as mottled
appearance, blur, or dirt of the inks (Kato et al., 2010). Most of the ink
printing requires contact between the substrate and some form of ink
carrier, toner reservoir, or stamp so that could be a source of con-
tamination (Davison, 2011). In addition, organic solvents which are
harmful to the employees’ health and the environment are often used
for the inks (Kato et al., 2010). In contrast, laser ablation is a non-
contact method that avoids the problems of the above-mentioned ink
printing technologies and eliminates the cost of consumables using ink.

The final plan is to put two coatings on the tablet surface in different
colours, a functional one and a second one for marking. After the laser
ablation of the upper film layer, the differently coloured code could be
read even by the patient using a mobile phone with the appropriate
application. In the literature, there are several studies on mobile phones
as a device capturing image and processing data for the authentication
of fake drugs (Edinger et al., 2018; Fei and Liu, 2016; Karen
Langhauser, 2013; Mackey and Nayyar, 2017; Ur Rehman et al., 2011).
This coding process could have benefits for tracking drugs across the
distribution chain and for adding information for personalised medi-
cines. However, the 2D code on the surface of the medicine could have
an impact on the visual appearance and affect the acceptance of med-
ication by patients (Trenfield et al., 2019).

Preliminary studies (Ludasi et al., 2018) have shown that the use of
conventional coatings, containing titanium dioxide and talc to achieve
better surface coverage, could make precision laser coding more diffi-
cult. Therefore, as a response to the growing demand for natural



K. Ludasi, et al.

materials, and since new naturally coloured film formulations do not
include the excipients mentioned above, the current research is fo-
cusing on the comparison of the physical-chemical properties of con-
ventionally and naturally coloured coatings after the laser marking
procedure by two different types of lasers.

The selection criteria for lasers were the comparison of completely
different types of instruments to provide a broader overview of the
effects of different lasers. The pulsed mode excimer laser works with
photochemical ablation, which seems to have a more gentle effect on
the structure of the coating. However, it uses gas mixtures, usually
noble gas and halides, and the running costs are high due to the
maintenance and equipment costs (E. Kannatey-Asibu Jr., 2009; Steen
and Mazumder, 2010). In contrast, the continuous mode semiconductor
(diode) laser ablates by the photothermal effect and has the advantages
of being compact, efficient, with a quick modulation response and re-
liability. It is relatively small in size and easy to fabricate by mass
production, thereby it has a low cost. In addition, they operate at dif-
ferent wavelengths.

2. Materials
2.1. Coating materials

HPMC based ready-to-use coating formulas: Sepifilm PW Red, PW
Green, PW White and naturally coloured Sepifilm NAT Pink and NAT
Green (Seppic S.A., Paris La Defense, France) were used dispersed in
distilled water.

3. Methods
3.1. The plastic ball coating procedure

In this study, experiments were done on coating films, sprayed on
the surface of polyethylene balls (Primary Balls Kft., Budadrs, Hungary)
with an outer diameter of 2.5cm under the same conditions as pre-
viously used on tablets. Thereafter the film was removed from the ball,
marked by laser and examined.

The aqueous HPMC coating solutions consisting of 15% w/w dry
substance in the case of SEPIFILM™ NATurally COLoured coatings
agents, and 20% w/w dry substance in the case of Sepifilm™ PW coating
systems, according to the supplier’s recommendation, were prepared by
dispersing them in distilled water. The total mixing time lasted for
45 min, followed by passing the dispersion through a 0.5 mm sieve.

4 M8 Pancoat (ProCepT, Zelzate, Belgium) perforated coating pan
was used for spray coating. 35 pieces of balls were coated at the same
time in four stages. The coating parameters are shown in Table 1. A
0.8 mm spray nozzle was used for the application of the atomised spray
coating solution for 55 min, with an atomising air pressure of 2.0 bars
and an air flow rate of 0.70 m®/min. The drying and cooling process
lasted for 15 min each.

3.2. Irradiation of coating films with 2 types of laser

In the first step the coating films were irradiated with a LLG
TWINAMP type ArF excimer laser (wavelength: 193 nm, energy:

Table 1
The coating parameters of balls.

Step Inlet air Exhaust air Ball temperature  Drum

temperature (°C) temperature (°C) Q) speed

(rpm)
Warm-up 60 N/A Until 50 3
Coating 50-55 40-42 45 9
Drying 40 30 27 3
Cooling 25 25 25 3
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3 + 0.2mJ, fluence: 444 mJ/cm2, FWHM: 20 ns, spot size: 375 um),
using a simple square-shaped mask, which has resulted in a 1 mm?
square-shaped ablation hole, to study the effect of the laser on the
coating film. The extension of the ablation procedure to achive the
planned 2D imaging requires the combination of the laser with a precise
CNC stage.

The effect of a CW semiconductor laser (wavelength: 405 nm, spot
size: 73 pm, power: 1000 mW, irradiation time: 15-20 ms) on the
quality of the coating films was also tested. In this case a full QR code
was generated using online ZXing (“Zebra Crossing”) code generator
software, an open-source, multi-format 1D/2D barcode image proces-
sing and code generator library implemented in Java. The standard QR
code was generated (ISO/IEC 18004:2015) with 8 numerical characters
using 300 dpi resolution and lowest error correction (Level L). For
reading the QR code, the same software application was used by a
mobile phone. The 3D geometric correction has not yet been applied to
the 2D images, since it was projected to the coating film, which has a
negligible curvature compared to the real tablet surface.

3.3. Digital microscope

The surface morphology of the ablated film was observed by using a
Digital Microscope (KEYENCE, VHX-6000). This instrument is equipped
with a newly developed REMAX VI High-Performance Graphics Engine
and D.F.D. 2.0 image processing engine. This enables the creation of a
precise 3D image by analysing small changes in texture after capturing
numerous images at different heights and different angle positions,
HDR and image-stitching. Through line roughness and surface rough-
ness measurements, reliable evaluation of surfaces can be performed
and converted to a figure.

Data was evaluated by HDR playback / measurement / stitched
image playback software developed by KEYENCE.

3.4. Surface profilometer

Profilometry measurements were performed on a Veeco, Dektak 8
Advanced Development Profiler®. The tips employed had a radius of
curvature ~2.5 um, and the force applied to the surface during scanning
was ~30 uN. The horizontal resolution was 0.1-0.13 pym. The vertical
resolution was 40 A. Data was evaluated by Dektak software (Microsoft
® Windows XP ®: interactive data acquisition) and Vision ® 32 software
(data processing, 2-D and 3-D image analysis) (Veeco Instruments Inc.,
New York, USA)

3.5. Raman spectra

Films treated by a laser were investigated by Raman spectroscopy.
Spectra were acquired with a Thermo Fisher DXR Dispersive Raman
(Thermo Fisher Scientific Inc., Waltham, MA, USA) equipped with a
CCD camera and a diode laser operating at a wavelength of 780 nm.
Raman measurements were carried out with a laser power of 12 and 24
mW at 25 um slit aperture size. Spectra of the individual films and films
treated by two different lasers were collected using an exposure time of
6 sec. The data were collected in the spectral range of 3407-24 cm ™!
using automated fluorescence corrections. OMNIC 8 software was used
for data collection, averaging the total of 20 scans and making the
spectral corrections. For the removal of cosmic rays, a convolution filter
was applied to the original spectrum using Gaussian kernel.

3.6. Thermal gravimetric analysis (TGA)

The thermal gravimetric analysis of the samples was carried out
with a Mettler-Toledo TGA/DSC1 instrument (Mettler-Toledo GmbH,
Switzerland). The start temperature was 25 °C, the end temperature was
500 °C, the applied heating rate was 10 °C/min. Nitrogen atmosphere
was used (cell gas: 50 ml/min, method gas: 70 ml/min). 5 + 1mg of
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Fig. 3. Microscopic picture of untreated films (first column: a, d, g), films
treated by excimer laser (second column: b, e, h) and films treated by semi-
conductor laser (third column: ¢, f, i). Sepifilm PW Red (a, b, c), PW White (d, e,
f), and Sepifilm Naturally Coloured Pink (g, h, i).

samples were measured into aluminium pans (40 pl). The peak areas
were evaluated with Mettler-Toledo STARe Software.

4. Results and discussion

The present study is focusing on the comparison of conventionally
coloured and naturally coloured coatings that are talc- and titanium
dioxide-free, to clarify how the titanium dioxide particles interfere with
laser ablation. Films were sprayed on the surface of polyethylene balls,
removed and marked with 2 different types of lasers. After marking the
polymer films, a detailed quality analysis was made to check if there
occurred any change during the laser intervention in different films.

4.1. Surface

Laser marked films were examined first by a 3D digital microscope.
The investigated lasers had different effects on the films. The excimer
laser’s material removal mechanism is photochemical ablation. The
energy of the ultraviolet photon is between 3.5 and 6.5 eV, which is
similar to the molecular bonding energy for many organic materials
(the energy associated with the C—C bond is roughly 4.6 eV, while that
of the C—H bond is about 4.2 eV and 6.42eV in our case). When an
organic material is irradiated with an ultraviolet beam, the compounds
efficiently absorb the beam’s energy in a very thin layer of the order of
submicron, near the surface. This breaks molecular bonds, causing
ablative decomposition of the irradiated area. The process occurs al-
most instantaneously, there is no time for any heat transfer. The re-
sulting edges are well defined, with minimal thermal damage to the
surrounding area, which is why the process is also called cold ablation.

In contrast, semiconductor lasers ablate material by a photothermal
effect. Heat flows by thermal conduction and material evaporates by
boiling after prior melting or burning. However, this thermal heating
may cause material removal by routes other than straight boiling. By
the sufficient heating of the material, the vibrations can break the
weaker bonds, and the boiling point of the broken structure may be
lower than that of the original structure and evaporation occurs without
the reaching of the melting point, which is of particular relevance to
polymers (Kannatey-Asibu Jr., 2009; Steen and Mazumder, 2010).

The effects of the different lasers on the ablated polymer films are
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Fig. 4. Typical untreated tablet surface roughness measured with profilometer.
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Fig. 5. Surface analysis by KEYENCE 3D microscope of the excimer laser treated region of Sepifilm PW Red coating. A — 3D surface graph, B — top view with original
colours of the ablation hole, C — profile analysis. The white titanium dioxide particle is marked with a yellow circle.

seen in Figs. 1 and 2, showing the holes ablated by the excimer laser, Green, containing titanium dioxide and talc, are seen in Fig. 1 A and B,
and the markings achieved by the semiconductor laser, repectively. where white and black particles are visible. The is no similar phe-
During the excimer laser ablation, the square-shaped holes on the film nomenon on the laser treated surface of the naturally coloured NAT

returned the shape of the mask used. The ablations of the differently Pink and NAT Green coatings (Fig. 1C and D). The resulted shape is

coloured coatings were considerably different: coatings PW Red and PW much sharper, and the surface is much smoother in this type of coating
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Fig. 6. Surface analysis by 3D microscope of the excimer laser treated region of the Sepifilm NAT Pink coating. A — 3D surface graph, B — top view with original

colours of the ablation hole, C — profile analysis.

Table 2

The compositions and Raman spectroscopic references of conventionally (PW) and naturally (NAT) coloured coatings.

PW coloured films Literature background Raman activity of

components

HPMC (Romann et al., 2010) HPMC
PEG (Romann et al., 2010) glycerine
Talc (Szostak and Mazurek, 2002) MCC
Titanium dioxide (Kato et al., 2010)

Pigments  white: -

red: iron oxide (Li et al., 2012)

NAT coloured films

Literature background Raman activity of
components

(Romann et al., 2010)

(Romann et al., 2010)

(Fechner et al., 2003)

Colouring food agents

pink: beetroot
extract

(de Oliveira et al., 2010)

green: chlorophyll (Koyama et al., 1986)

green: algae extract (Weiss et al., 2010)

films due to the lack of the disturbing particles.

The result of the treatment by semiconductor laser is black burst
signals or the fading of the colour of coatings, which may be seen in
Fig. 2A-C or D and E, repectively. To clarify the nature of changes on
the treated surface, further investigations were made.

The microscopic pictures of the untreated, excimer laser treated and
semiconductor laser treated films may be seen in the first (Fig. 3a, d,
g.), second (Fig. 3b, e, h) and third (Fig. 3c, f, i) columns of Fig. 3 re-
spectively. Arrows are pointing at the little white titanium dioxide
particles. However, in the square shaped ‘print’ both black and white
particles are seen in Fig. 3b, e.

This phenomenon may be connected to the three existing crystal
structures of titanium dioxide, rutile, anatase, and brookite (Hosokawa
and Kato, 2011). By the laser treatment of titanium dioxide, apart from
ablation, three main events are expected to occur: reduction, phase
transition and melting. These can be qualitatively graded according to
the respective characteristic temperatures of 500°C, 750°C, and

1870 °C. It was reported by Robert et al. that the irradiation of titanium
dioxide by KrF excimer UV pulsed laser at wavelength 248 nm induced
a colour change from white to dark blue, which was the phase transi-
tion of anatase to rutile indicating surface reduction (Robert et al.,
2003). Furthermore, Kato et al. were studying the mechanism of
printing film-coated tablets containing titanium dioxide by using a
tripled Nd: YVO4 UV laser printing machine (wavelength of 355 nm).
They marked clear numbers and letters on the surface of the tablet by
turning the colour of the film from white to grey, as a result of the
appearance of many black particles in the coloured part of the film. The
black particles are formed by the agglomeration of the greyed oxygen-
defected titanium dioxide by the UV laser irradiation (Kato et al.,
2010). It was assumed that in the present case the white and black
points in Fig. 3b and e are also associated with the laser irradiated ti-
tanium dioxide, since the reactions of titanium dioxide to laser ablation
differ significantly from other ingredients of the coating material. Each
material has its characteristic ablation threshold. This value is specific
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Fig. 7. Raman spectra of film coatings treated with different lasers (a) Sepifilm
PW White, (b) Sepifilm PW Red, (c) Sepifilm PW Green, (d) Sepifilm NAT Pink,
(e) Sepifilm NAT Green (A - original, B — excimer laser, C — semiconductor
laser). Raman measurements were carried out with a laser power of 12 mW and
in the case of Sepifilm NAT Green 24 mW.
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to the material, to the type of laser, to the ablation method and to the
wavelength and the fluence (Kannatey-Asibu Jr., 2009; Steen and
Mazumder, 2010). In the studies of Laude et al., the ablation of talc
started at 250 mJ/cm? fluence at 248 nm wavelength, so it is likely that
talc has been ablated during the laser treatment (Laude et al., 1997).
The ablation of titanium dioxide requires higher fluence than other
ingredients of the coating material, and it is likely to require higher
fluence than our laser can provide. In the present case the excimer laser
was used at 193 nm wavelength and 444 mJ/cm? fluence, whereas lit-
erature data about the ablation threshold of titanium dioxide is avail-
able only at 248 nm wavelength and 1.44J/cm? (Van Overschelde
et al., 2006) or 910 mJ/cm? fluence (Robert et al., 2003). The threshold
value in this study was still below the ablation threshold of titanium
dioxide and was not enough for its removal, but it was enough for the
removal of the rest of the coating. Therefore the presence of these ex-
cipients makes precision laser coding by the excimer laser more difficult
as particles remain, increasing overall surface roughness and degrading
the uniform colour distribution. In the case of the titanium dioxide-free
naturally coloured coatings (Fig. 3g and h), those black and white
particles are not visible.

The QR code requires a certain spatial resolution when encoding the
desired amount of data. The required (RMS-Root mean squared) surface
roughness of the treated region should be less than 10 um. In most
cases, the untreated tablet surface fulfils that criterion, see Fig. 4.

The previously discussed titanium dioxide enrichment can disturb
the 2D code recognition by increasing surface roughness. The re-
maining particle size can be about half of the ablation depth, as shown
by the results of the excimer laser treated PW Red film as an example
(Fig. 5). The designated line where the measurement was taken is
passing through the ablation hole (Fig. 5A and B) and the corre-
sponding profile of the ablation hole is shown in Fig. 5C.

The metal oxide and pigment ratio also changed during the ablation
procedure. This effect modifies the treated coating colour and, as a
result, degrades the 2D code contrast. In contrast, no disturbing white
particles are seen in the case of NAT Pink coating (Fig. 6), and the
lasered surface is found to be smoother.

According to the literature, it was supposed that the thermal effect
of pulsed UV radiation of 193nm is negligible, only rapid photo-
chemical reactions take place in the irradiated volume “exploding” the
molecules from the surface (photoablation), and there is no time for any
heat transfer. This hypothesis was supported by the microscopic pic-
tures where no sign of thermal degradation or modification of the film
structure were visible. In contrast, the 404nm wavelength diode
(semiconductor) laser has a higher wavelength, greater heat effect, and
operates with continuous irradiation, where there is enough time for
heat transfer, heat propagation and heat accumulation, which can lead
to thermal degradation. The signs of melting and burning, causing
structural changes and modified porosity of the films are well visible in
Figs. 2 and 3c, f, i.

4.2. Raman investigations

As it was discussed above, the 2 types of lasers have a completely
different effect on the coatings, which was displayed in the microscopic
pictures (Fig. 3). The semiconductor laser seemingly burned or faded
out the films. To find out what kind of chemical changes happened,
Raman investigations were carried out. Nevertheless, the complex
composition of the coatings, - especially the ones that contain natural
colourings (e.g., extracts of fruits, vegetables, plants or algae) -, where
the exact composition is not known, makes analysis difficult.

The components and the related relevant literature for Raman
spectroscopic examinations are listed in Table 2.

The fingerprint region of Sepifilm is 1800 cm™'-500 cm ™. The
spectra of raw free films and films treated by different lasers are sum-
marized in Fig. 7. In all cases, the spectra of the films treated by the
semiconductor laser changed the fingerprint region of Sepifilm, while
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Table 3

Decomposition behavior of the raw polymer film and the film treated by laser.

International Journal of Pharmaceutics 570 (2019) 118665

TG data Sepifilm® NAT. P. film Sepifilm® NAT. P. film treated with excimer laser Sepifilm® NAT. P. film treated with semiconductor laser
First step

Thermal range (°C) 25-120 25-120 25-120

Mass loss (%) 2.85 4.05 491

Second step

Thermal range (°C) 290-430 290-430 290-430

Mass loss (%) 58.26 59.98 68.94

TG data Sepifilm® PW R film Sepifilm® PW R film treated with excimer laser Sepifilm® PW R film treated with semiconductor laser
First step

Thermal range (°C) 25-120 25-120 25-120

Mass loss (%) 1.07 1.15 1.80

Second step

Thermal range (°C) 290-440 290-440 290-440

Mass loss (%) 51.88 52.11 55.12

TG data Sepifilm® PW W film Sepifil® PW W film treated with excimer laser Sepifilm® PW W film treated with semiconductor laser
Thermal range (°C) 25-500 25-500 25-500

Mass loss (%) 56.06 54.80 65.63

the excimer laser did not cause considerable alteration in the coatings.

Firstly, it should be emphasized that the polymer films containing
the extract of colouring foodstuffs, Sepifilm PW Green, NAT Pink and
NAT Green (Table 2) exhibited severe fluorescence during the mea-
surement (Fig. 7c—e). This effect could not be corrected by photo-
bleaching, and it has made the analysis difficult or impossible. In the
case of PW Green, fluorescence disappeared after marking it by the
semiconductor laser, presumably because of a change in the structure of
chlorophyll, which resulted in the change of the colour of the coating
(Fig. 2).

Among the listed components, titanium dioxide is one of the most
important that had an effect on the lasering results, which has already
been discussed above. In the corresponding articles, the peaks of the
Raman spectra of titanium dioxide may be found at 396, 516 and
638 cm ™, which characteristic peaks were found in the Raman spectra
of Seppic PW films (Fig. 7a—c). These peaks exhibited a minor decrease
in films treated by the excimer laser, and a more considerable decrease
in intensity when they were lasered by the semiconductor laser, in the
same way as Kato et al. have reported (Kato et al., 2010). In the same
spectra, considerable fluorescence was detectable in the region of
1700 cm ™' to 1200 cm ™~ ! in the case of the semiconductor laser treated
films, which is likely due to the product degradation that had occurred
during the laser treatment.

4.3. Thermal gravimetric analysis (TGA)

To reveal the effect of the assumed chemical changes on the struc-
ture of the films, TGA measurements were performed. The main char-
acteristics of the samples derived from TG curves as corresponding mass
loss values (Table 3) were used to define the thermal behaviour and
combustion characteristics of films. It is seen that mass loss in Sepifilm
NAT Pink and Sepifilm PW Red coating comes in two stages. The first
mass loss occurred between 25 and 120°C with both coatings, the
second stage between 290 and 430 °C in the case of NAT Pink film, and
between 290 and 440 °C in the case of PW Red. The mass loss of Se-
pifilm PW White film was observed between 25 and 500 °C.

The TG curves revealed that the decomposition occurred sooner in
Sepifilm NAT Pink, PW White, and PW Red coatings if they were
marked by a semiconductor laser, as it may be seen in Fig. 8. These
results correlate with the results of our previous research (Ludasi et al.,
2018). It may be seen from the microscopic mosaic picture of the pre-
and post-lasered films that in contrast with the untreated intact films
(Fig. 3a, d, g), the semiconductor laser treated films (Fig. 3c, f, i) exhibit
damaged structures. Holes may be seen, especially on the Sepifilm PW
White film (Fig. 3f) surrounded by a wide range of melted area. A da-
maged structure and larger pores appeared, suggesting that water can
escape more easily from the internal parts of the material as a result of

the heat effect. Therefore, it can be concluded that the weight loss seen
in the first step of the TG curve may show the water loss of the films
(Fig. 8a and c). The visual signals of the damage (Fig. 3c, f, i) and the
corresponding TG curves of semiconductor laser treated films, - where
all of these curves reveal that decomposition occurred sooner -, all in-
dicate that the decomposition process had already started during the
laser marking process. In contrast, in the micrographs of the excimer
laser treated films (Fig. 3b, e, h) it is seen that the ablated surface of the
sample exhibits no considerable destruction, the structure of the film is
relatively intact. The TG curves of the excimer laser marked films run
together with the curves of the original, untreated film. Overall, the
earlier the mass loss of TG curves began, the more damaged the surface
of semiconductor laser-coded coatings was, and the lack of these signs
on the excimer laser treated ones indicates well the different effects of
different lasers on the films.

5. Conclusion

In this study, the behaviour of conventional coating compared to
ones containing natural colourings was examined during marking with
different lasers. The results demonstrated that the excimer laser could
be the right instrument for marking functional coatings, since it caused
no structural damage in the treated films. However, the laser treatment
of the naturally coloured material can be performed more accurately,
with greater precision due to the lack of remaining particles disturbing
the reading of the ablated codes. It can also be concluded that laser
ablation differentiates the ingredients of the conventional coating as the
white titanium dioxide particles stay in place and they change the
overall surface colour, which can affect drug identification. Marking
pills by excimer laser could be a promising solution for pharmaceutical
companies that would like to have additional protection against drug
counterfeiters or to mark personalized medicines. It is also an important
conclusion that, despite the resulting chemical modifications, semi-
conductor lasers may be useful and cheaper alternative for tablet coding
if marking is performed on non-functional coating which is thick en-
ough to avoid heat transfer into the tablet core, and if no harmful by-
product is formed as a result of the heat. These technologies would not
be mandatory, but the option is there to use them as they could have
several useful features, too.
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Fig. 8. TG curves of Sepifilm (a) NAT Pink, (b) PW White, (c) PW Red film treated with different lasers (A - original, B — excimer laser, C — semiconductor laser).
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