




 

251 

5. Colour laser marking 

illuminated. The bluish colours were more intense than those corresponding to the 

red part of the spectrum. The resolving power according to the eq. (5.3) (taking into 

account that approximate 40 mm of grooves were illuminated and the observation 

was done on the first diffractive order) was R = 5970. Thus, the grating was able to 

separate 0.1 nm of adjacent wavelengths. By contrast, figure 5.13.c showed the disc 

under the illuminant D50 (yellowish/white light; point source of light). In this case, 

the yellow/red colours dominated. The resolving power (taking into account that 

approximate 10 mm of grooves were illuminated and the observation was done on the 

first diffractive order) was R = 1493, allowing to resolve wavelengths higher than 0.5 

nm. 

�
Figure 5.13. Images of the grating created on a disc of white-c ABS at two 

processing speeds, 13 mm/s and 7 mm/s. a) Front view of the ABS disc marked; b) 

Angular view of the disc illuminated with a diffuse source of light based on 

illuminant D65; c) Angular view of the disc illuminated with a point source of light 

based on illuminant D50. 
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Thus, the grating created allowed to observe the entire spectrum of visible light 

although the observation of consecutive orders depends on the angle of view and the 

distance between the observer, the light source and the sample. Figure 5.14 shows an 

example of two consecutive orders. Theoretically, the number of diffractive orders of 

the grating created was high. However, their intensity decreased when the m factor 

increased, so experimentally it was difficult to observe more than six orders. 

Therefore, considering the case where the sample is illuminated at an angle of 45° and 

six diffractive orders are visible, the observation of the diffractive phenomena will be 

possible for angles ranging from 55° to 16°. 

 
Figure 5.14. Image of a grating observed at 45° under a point source of light 

showing two consecutive diffracted orders. 

The number of diffractive orders and their observation angles can be tuned 

changing the angle formed by the two laser beams. For example, the increase of that 

angle would cause the reduction of the grating period. Thus, the number of diffracted 

orders would be reduced while the angle diffraction of each wavelength and the 

resolving power would be increased. Visually, it would not be possible to observe the 

entire visible spectrum on the same observer position; the viewer should move to see 

the colour change (always considering the same distance between the light source, the 
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sample and the viewer of the photographs showed before). On the opposite, the 

reduction of the angle between the beams would induce the increment of the grating 

period. This grating would present an increment of the diffractive orders since the 

angle between the diffracted wavelengths and the resolving power would decrease. In 

this case, the observation of the different diffractive orders might possible. However, 

since the intensity decays with each diffractive order, the angles where the iridescence 

colours are visible would be reduced and consequently hampering its observation. 

 

5.3.2. Example of application 

A photomask was used to overcome the limitations of the experimental setup to 

apply this laser marking technique. This mask was prepared by IR laser using 

cardboard to obtain the brand logos of Balay and Siemens. The approximate 

dimensions of the logos were 60x15 mm. The logos were adapted to accommodate the 

internal parts of the letters like the “B” or the “a” in the Balay logo. This system can 

be improved for example employing adhesive masks. 

Therefore, both logos were marked using the interferometric system utilising the 

same laser parameters. Figure 5.15 displays different views of the Balay logo where it 

was possible to observe the diffractive effect. The iridescence colours appeared in all 

the extension of the logo using a diffuse light source. Thus, it was even possible to 

observe in some cases two consecutive diffractive orders. The observation at front 

view only allowed observing a grey mark typical of a conventional laser marking. 

Similarly, figure 5.16 shows the Siemens brand logo exhibiting the same iridescence 

effect. Again the use of a diffuse light source permitted to saw the visible spectrum 

covering almost the entire logo. 
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Figure 5.15. Balay brand logo seen at different positions. a) Front view; b-d) 

observation at different angles. 

 
Figure 5.16. Siemens brand logos created by the holographic system. 

 

5.3.3. Conclusions 

The interferometer technique employing two laser beams was used to create a 

periodical modification of the visual appearance of the polymeric material due to the 

created diffractive grating. This microstructure gives rise to iridescence colours that 

were observed from different angles. Furthermore, it was possible to perform the 

marking process of logos (or others) with iridescent effects using a photomask. 

However, this technology cannot be used to marking with a specific colour. 

Consequently, its final purpose cannot be to replace the traditional decorative 

techniques but the creation of new styles of decoration based on iridescence effects. 
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6. General conclusions 

At the beginning of this thesis, two objectives were proposed. The primary goal 

was to study the interaction of three different laser wavelengths (1064 nm, 532 nm 

and 355 nm) with ABS materials to produce high-quality aesthetical marks. The 

results were depended on the colour pigment used on the ABS material: TiO2 or CB. 

On the one hand, the TiO2 molecule suffered a reduction process under 

irradiation with the green and the UV lasers while negligible changes were detected 

using the IR laser. The formation of reduced species like Ti2+ or TiC gave rise to a 

black colouration in the laser treated area. More energy was needed to produce the 

high contrasted marks with the green wavelength than with the UV laser. This fact is 

directly related to the increment of the cycle time of the process. Additionally, the 

green laser produced a light brownish colouration of the marks, probably due to a 

partial polymer carbonization. Consequently, the UV laser is a better choice to 

produce aesthetical marking on the white ABS. Furthermore, the increment of the 

pigment content did not improve the marking process. 

On the other hand, the ABS with CB exhibited a thermally induce foaming effect 

under irradiation with the green or the IR lasers leading to white marks. Again, a 

brownish colour was observed, probably due to polymer carbonisation, in the marks 

made with the green laser, while this effect was reduced using the IR laser. 

Furthermore, a lower DPI was needed to produce the highest contrast on each CB 

compound employing the IR laser than using the green laser. The UV laser produced 

marks by a photochemical effect although the final contrast achieved was worse than 

the obtained using the other two lasers. Consequently, the IR laser is the preferred 

option to mark the black ABS. Moreover, the increment of CB content did not 

improve the marking process.  
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As a second objective, functional marks to control the wettability of ABS 

samples were proposed using three different approaches. Firstly, direct laser ablation 

made with the UV laser was employed to create two types of topographies, one based 

on truncated cones and the other in a regular arrangement of holes. The minimum 

period achieved for these structures was 60 µm. The experimental CA can be 

approximate to either Wenzel or Cassie-Baxter models depending on the structure 

dimensions. However, no superhydrophobic or superhydrophilic surfaces stable in 

time were found. Better results were obtained utilising the roughness control by green 

laser marking. Both, superhydrophobic and superhydrophilic surfaces were obtained 

being also temporally stable. This wettability behaviour was related to the surface 

topography measured that was dependent on the laser fluence deposited on the 

surface. Finally, DLIP technique employing UV laser wavelength also enabled to alter 

the wetting behaviour. The structures created were one order of magnitude less in 

size than those made by direct ablation, achieving a period of around 7 µm. The 

Cassie-Baxter model predicted their behaviour. Nevertheless, the highest CA 

achieved was 99°, far from a superhydrophobic behaviour. 

Finally, a preliminary study of producing colour marks, beyond the grey scale, 

was performed. Three different approaches were considered. The use of additives, 

based on diacetylenes and leucodyes activated under UV laser irradiation, together 

with the IML technique proved to be a solution for colour marking. However, their 

long-term stability to UV light and the range of colours should be improved for a 

commercial purpose. Other alternative proposed was the use of structures exhibiting 

SPR (surface plasmon resonance) on the visible spectrum. Specifically, the structures 

were based on self-assembled PS spheres covered with Ag and Al. A green laser was 

employed to induce a reshaping of their metallic layer causing a modification of their 

optical response The magnitude of the changes was directly related to the laser 

parameters like the deposited fluence. Nevertheless, the cycle time of this technology 
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is still low and is too complex to be scaled up. Finally, DLIP was used to create 

iridescence colours. However, this effect seemed to be an additional decorative 

technique of colour marking; it was not possible to achieve non-angle-dependent 

colour marks using DLIP. 

As a concluding remark, during the development of this thesis aesthetic laser 

marking on ABS was successfully implemented on an industrial scale. At least five 

different factories of the BSH home appliances group around the world are now 

employing the laser marking on ABS (mainly on white polymer) manufacturing a 

total of 2.5 million of pieces. This thesis has contributed to understanding the 

laser/ABS interaction phenomena and humbly helping to implement this promising 

technology in the industrial world. 
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7. Conclusiones generales 

Para la elaboración de esta tesis se plantearon dos objetivos principales. En 

primer lugar, se propuso el estudio de la interacción entre tres láseres de longitudes 

de onda diferentes (1064 nm, 532 nm y 355 nm) con el termoplástico ABS para 

producir un marcaje estético de alta calidad. Los resultados obtenidos dependieron 

del pigmento de color incorporado al polímero TiO2 o CB. 

Por un lado, la molécula de TiO2 (empleada como aditivo blanqueante) sufría un 

proceso de reducción bajo la radiación láser verde (532 nm) y ultravioleta (355 nm) 

mientras que los cambios químicos observados empleando el láser infrarrojo (1064 

nm) fueron despreciables. En concreto, se detectaba la formación de especies 

reducidas como el Ti2+ o el TiC que provocaban una coloración negra en el área 

tratada por el láser. Sin embargo, empleando el láser verde era necesario depositar 

mayor energía para producir el mejor contraste de color que con el láser ultravioleta, 

y este hecho está directamente relacionado con el incremento del tiempo de ciclo del 

proceso. Además, el láser verde producía marcas con una ligera coloración marrón, 

probablemente causada por una carbonización parcial del polímero. De este modo, se 

considera que el mejor láser para producir el marcaje estético en el ABS blanco es el 

UV. Además el incremento del porcentaje de TiO2 no mejoraba el marcado en ningún 

caso. 

Por otro lado, el ABS con CB (pigmento negro) presentaba un efecto de 

espumado cuando era irradiado por los láseres verde o IR produciéndose marcas 

blancas. De nuevo, el láser verde producía un efecto de carbonización en el polímero 

asociado a una ligera coloración marrón en las marcas, mientras que empleando el 

láser IR este fenómeno era muy reducido. Además, el mayor contraste en el caso del 

láser IR fue obtenido a valores de DPI menores que empleando el láser verde. Por el 
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contrario, el láser UV producía marcas por efecto fotoquímico causando una posible 

degradación del pigmento (blanqueamiento) aunque daba lugar a un menor contraste 

final que empleando los otros dos láseres. Así pues, en este caso se prefiere el uso del 

láser IR para conseguir las mejores marcas estéticas en el ABS negro. Del mismo 

modo se estudió el efecto de la cantidad de pigmento y al igual que en el caso del 

TiO2, los mejores resultados se obtuvieron empleando la menor cantidad de CB de 

entre todas las estudiadas. 

Como segundo objetivo se propuso la creación de marcas funcionales en el ABS 

de tal modo que se modificara la mojabilidad del material empleando tres diferentes 

métodos. En primer lugar, mediante ablación láser directa usando el láser UV se 

crearon dos tipos diferentes de topografías en la superficie, una basada en conos 

truncados y la otra en una distribución regular de agujeros. En ambos casos el 

periodo mínimo obtenido fue de 60 µm. Experimentalmente se midieron ángulos de 

contacto que se aproximaban o bien al model de Wenzel o al de Cassie-Baxter 

dependiendo de las dimensiones de la estructura creada. Sin embargo, empleando esta 

técnica no se consiguieron superficies que mostraran comportamientos superhidrófilos 

o superhidrófobos estables en el tiempo. Mejores resultados se alcanzaron utilizando 

el láser verde mediante el control de la rugosidad superficial. Esta técnica se basaba 

en realizar un calentamiento de la superficie controlado dando lugar a una topografía 

definida por la fluencia total laser depositada. Mediante esta técnica fue posible 

obtener tanto superficies superhidrófilas y como superhidrófobas estables en el 

tiempo. Finalmente, empleando la técnica DLIP con un láser ultravioleta se consiguió 

también modificar el comportamiento de mojabilidad del ABS. Las topografías 

creadas eran un orden de magnitud menor que aquellas hechas por ablación directa, 

obteniéndose estructuras con periodos de alrededor de 7 µm, prediciéndose su 

comportamiento de mojabilidad mediante el modelo de Cassie-Baxter. No obstante, el 
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mayor ángulo de contacto obtenido fue de 99°, lejos de un comportamiento 

superhidrófobo. 

Finalmente, se exploraron de una manera preliminar diferentes aproximaciones 

para conseguir un marcaje en color más allá de la escala de grises utilizando la 

tecnología láser. En concreto se consideraron tres posibles alternativas de marcado 

láser en color. En primer lugar se utilizaron aditivos químicos (leucodyes y 

diacetylenes) que bajo la luz UV del láser y empleando la tecnología de inyección de 

IML (in-mould labelling) demostraron ser una solución factible para obtener marcas 

en color. Sin embargo, para un uso comercial se debería mejorarse su estabilidad a 

largo plazo a las condiciones de luz ambiental y ampliarse el rango de colores 

disponible. Otra de las alternativas propuestas fue el empleo de estructuras que 

presentaran resonancias de plasmones superficiales (SPR) en el espectro visible. En 

concreto, se emplearon esferas de PS auto-ensambladas cubiertas a su vez con una 

fina capa de aluminio o plata. Mediante un láser verde se inducía un cambio en esa 

capa metálica eliminando el material progresivamente de tal modo que se modificaba 

su respuesta óptica. La magnitud de los cambios estaba directamente relacionada con 

los parámetros láser como la fluencia depositada. Sin embargo, el tiempo de ciclo del 

procesado era lento además de ser una técnica muy compleja de ser implementada a 

escala industrial. Finalmente, se empleó de nuevo la técnica DLIP para crear un 

efecto de colores iridiscentes en el material, un fenómeno que es dependiente del 

ángulo de observación. Pese a ser posible conseguir este efecto para un amplio rango 

de ángulos, no era posible obtener colores independientes del ángulo y por lo tanto se 

considera una técnica complementaria para la decoración estética del material. 

Como observación final, durante el desarrollo de esta tesis el marcado estético 

láser sobre el ABS fue implementado satisfactoriamente a escala industrial. Al menos 

cinco factorías del grupo BSH electrodomésticos alrededor del mundo emplean ahora 

el marcado láser en ABS (principalmente sobre el polímero blanco) fabricando un 
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total de 2.5 millones de piezas. Esta tesis ha contribuido a entender los fenómenos de 

interacción entre el láser y el polímero y humildemente a implementar esta 

prometedora tecnología en el mundo industrial. 


