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APRESENTAÇÃO

A obra Meio Ambiente, Sustentabilidade e Agroecologia vem tratar de um conjunto 
de atitudes, de ideias que são viáveis para a sociedade, em busca da preservação dos 
recursos naturais.

Em sua origem a espécie humana era nômade, e vivia integrada a natureza, 
sobreviviam da caça e da colheita. Ao perceber o esgotamento de recursos na região 
onde habitavam, migravam para outra área, permitindo que houvesse uma reposição 
natural do que foi destruído. Com a chegada da agricultura o ser humano desenvolveu 
métodos de irrigação, além da domesticação de animais e também descobriu que a 
natureza oferecia elementos extraídos e trabalhados que podiam ser transformados 
em diversos utensílios. As pequenas tribos cresceram, formando cidades, reinos e até 
mesmo impérios e a intervenção do homem embora pareça benéfica, passou a alterar 
cada vez mais negativamente o meio ambiente.

No século com XIX as máquinas a vapor movidas a carvão mineral, a Revolução 
Industrial mudaria para sempre a sociedade humana. A produção em grande volume 
dos itens de consumo começou a gerar demandas e com isso a extração de recursos 
naturais foi intensificada. Até a agricultura que antes era destinada a subsistência 
passou a ter larga escala, com cultivos para a venda em diversos mercados do mundo. 
Atualmente esse modelo de consumo, produção, extração desenfreada ameaça não 
apenas a natureza, mas sua própria existência. Percebe-se o esgotamento de recursos 
essenciais para as diversas atividades humanas e a extinção de animais que antes 
eram abundantes no planeta. Por estes motivos é necessário que o ser humano adote 
uma postura mais sustentável.

A ONU desenvolveu o conceito de sustentabilidade como desenvolvimento 
que responde as necessidades do presente sem comprometer as possibilidades das 
gerações futuras de satisfazer seus próprios anseios. A sustentabilidade possui quatro 
vertentes principais: ambiental, econômica, social e cultural, que trata do uso consciente 
dos recursos naturais, bem como planejamento para sua reposição, bem como no 
reaproveitamento de matérias primas, no desenvolvimento de métodos mais baratos, 
na integração de todos os indivíduos na sociedade, proporcionando as condições 
necessárias para que exerçam sua cidadania e a integração do desenvolvimento 
tecnológico social, perpetuando dessa maneira as heranças culturais de cada povo. 
Para que isso ocorra as entidades e governos precisam estar juntos, seja utilizando 
transportes alternativos, reciclando, incentivando a permacultura, o consumo de 
alimentos orgânicos ou fomentando o uso de energias renováveis.

No âmbito da Agroecologia apresentam-se conceitos e metodologias para estudar 
os agroecossistemas, cujo objetivo é permitir a implantação e o desenvolvimento de 
estilos de agricultura com maior sustentabilidade, como bem tratam os autores desta 
obra. A agroecologia está preocupada com o equilíbrio da natureza e a produção de 
alimentos sustentáveis, como também é um organismo vivo com sistemas integrados 
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entre si: solo, árvores, plantas cultivadas e animais.
Ao publicar esta obra a Atena Editora, mostra seu ato de responsabilidade com 

o planeta quando incentiva estudos nessa área, com a finalidade das sociedades 
sustentáveis adotarem a preocupação com o futuro. Tenham uma excelente leitura!

Tayronne de Almeida Rodrigues
João Leandro Neto

Dennyura Oliveira Galvão
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CAPÍTULO 5
doi

TOPOSLICER® SOFTWARE FOR BIOINSPIRATION USING 
DOD INKJET PRINTING: FROM AFM IMAGE OF LEAFS 

TEMPLATES TO A PVB REPLICA OF 
NON-WETTING SURFACES

Rosely Santos de Queiroz
Universidade Federal de Pernambuco, 

Departamento de Química Fundamental, Recife-
PE

Elibe Silva Souza Negreiros
Universidade Federal de Pernambuco, 

Departamento de Química Fundamental, Recife-
PE

Sílvio Barros de Melo
Universidade Federal de Pernambuco, Centro de 

Informática, Recife-PE

Severino Alves Júnior
Universidade Federal de Pernambuco, 

Departamento de Química Fundamental, Recife-
PE

Petrus d’Amorim Santa Cruz Oliveira  
Universidade Federal de Pernambuco, 

Departamento de Química Fundamental, Recife-
PE

ABSTRACT: In this work, we present 
a homemade software to convert AFM 
micrographs in a set of 2D images as slices to 
print 3D bioinspired structures through a layer-
by-layer process in a DoD inkjet materials printer. 
The characteristics of the non-moistening and 
self-cleaning surfaces of some leaves, resulting 
from the evolution of nature, are interesting 
to be explored in bio-inspired materials. As 
a proof of concept of the software we named 
TopoSlicer®, micrographs of C. esculenta 

leaves cultivated in our lab by hydroponics 
were used. A printable fluid was produced, and 
its parameters were adjusted for our materials 
printer. Here, a comparison between MEV and 
AFM micrographs was performed to choose the 
best starting image as input. The contact angle 
of water droplets over the printed structures was 
taken as hydrophobicity parameter.
KEYWORDS: Bioinspired material, Non-wetting 
surface, Images conversion software

1 |  INTRODUCTION

Bioinspired materials are synthetic 
materials, which mimics or are inspired in 
natural properties of living organism, for 
example structures, mechanisms of reactions or 
molecular arrangements. From these materials 
it is possible develop devices with enhanced 
properties, such as sensors, adhesives, structural 
color or coatings with super-hydrophobic and 
self-cleaning properties, for example (SOUSA, 
2017). The superhydrophobic property of some 
plants known as lotus effect exists due to the 
presence of hierarquical structures (nano/
micro) at the surface of the leaves.  The micro 
hierarchy is created by the papillae recovered 
by a layer of epicuticular wax crystals, where 
those crystals are responsible by the nano 



Meio Ambiente, Sustentabilidade e Agroecologia 4 Capítulo 5 39

hierarchy.  In spite of the materials that constitutes the leaf surface have a hydrophilic 
behavior, the special Cassie-Baxter wetting state created by the hierarchical structure, 
makes the surface of these material be water repellent due to the increased surface 
tension (WANG & JIANG, 2007).  A good example of this kind of plant is the Colocasia 
esculenta (L.) Schott which is a native plant from tropical regions and widely available 
in Brazil. The C. esculenta is one of the plants with non-wetting behavior most similar 
to lotus leaves, presenting static contact angles of 165° (Figure1). 

Figure 1. Hierarchical structure of C. esculenta (L.) Schott

Considering the surface properties of these plants, it is proposed here to produce 
a polymeric surface with Polyvinyl Butyral (PVB), bioinspired by the leaf surface of 
C. esculenta (L.) Schott, using micrographs as a digital template in a Layer-by-Layer 
(LbL) process using a DoD inkjet materials printer. For that, a homemade software 
was developed, named here TopoSlicer® (SANTA-CRUZ et al., 2018). The TopoSlicer® 
scans the 2D AFM micrographs obtained from the leaves of C. esculenta L. Schott to 
generate the slices. Those slices are created based on the difference of the gray level 
of the pixels while the image is scanned.

As the darkest level of gray corresponds to the bottom and the lighter to the 
top, the darkest level of gray is used to produce to the first slice, and the lighter ones 
generate the upper layers, according to the height, which we named here quota. The 
algorithm says that each pixel with a level of gray equal or lower than the darkest level 
should be printed at first quota, for the second quota, each pixel with a level of gray 
equal or lower than the second darkest level should be printed at second quota and 
successively as presented at Fig 2. At the same time that each quota is generated, for a 
surface with micrometric dimensions, a mosaic of this quota is formed in order to cover 
the area that the operator choose for printing. 

In summary, the presented software allows to use a micrograph as a biotemplate, 
converting it in a set of 2D images as slices produced as a function of the gray scale 
linked to the Z-axis values (quotas), allowing to print through LbL, 3D bioinspired 
structures. To convert the 2D (x,y) images set in 3D (x,y,z) structure, it is necessary a 
linear relationship between the image contrast established by the grayscale levels and 
the z values of the material topology.
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Figura 2. TopoSlicer® software proposal. To slice 2D images in a set of images divided by quotas 
for 3D LbL production in a 2D materials printer.

The images obtained from AFM and SEM were used as input in order to compare 
their real and virtual depth. The 3D image obtained is cut in horizontal parallels 
plans (quotas). Each quota is finally combined among their copy to form a mosaic 
corresponding to a printable pattern with larger area. Those mosaics are then printed 
using a materials printer and the superposition of the layers printed correspond to the 
3D replica of the bioinspiring structure.

2 |  EXPERIMENTAL PROCEDURE 

Images of Scanning Electronic Microscopy (SEM) and Atomic Force Microscopy 
(AFM) of the surface of C. esculenta were obtained in order to compare their virtual 
depth and their linearity of gray scale to be used as input for the TopoSlicer®. While 
editing the images with the software Gwydion, the AFM image presented better linearity 
at the gray scale, being chosen to be converted by the TopoSlicer®. The images (quotas) 
generated were printed by a Dimatix Materials Printer DMP-2831 through the layer-by-
layer method. The fluid prepared had its printing parameters calculated according to 
the composition and the printer conditions, as proposed by Derby (DERBY, 2010). 
This calculation involves the Weber, Reynolds and Ohnesorge number and relates it 
with the Z factor (Z=1/Oh). In order to have a good quality of printing, the drop jetted 
should have the composition optimized to avoid a fluid with a viscosity too high or 
too low. The optimized composition can be observed when the Z factor is a value 
between 1 and 10. Based on this, the fluid used presented a Z factor equal to 6.4, 
which corresponds to a 0.7% PVB solution in ethanol, which was prepared through 
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30min of sonication (180W, 40Hz), followed by the addition of PVB/Ethanol:ethylene 
glycol  at the proportion of  95:5.The cartridge used ejects drops of 1pL from 16 noozles 
by vibration of piezoelectric crystals of silicon, jetting in a rate of 12 kHz.  A tension 
of 20V was applied simultaneously to the 16 noozles of the cartridge containing the 
printable fluid, in order to obtain a proper drop jetting. The settings of the printer and 
printing parameters were adjusted, which are presented at the table 1 (SOUSA, 2016).

Settings Printable fluid ( PVB/Ethanol:Ethylenegicol)

Firing Voltage [V] 20

Maximum jetting frequency [kHz] 12

Cartridge Temperature [°C] 30

Cleaning Cycles Purge 2 
Purge 0.3

Run every 300 sec

Platen Temperature [°C]

Number of printed layers

Interlayers delay [sec]

35

144

1-8 layers, 180 sec
> 8 layers, 270 sec

> 24 layers, 360 sec
> 40 layers, 410 sec
>56 layers, 500 sec
>72 layers,  590 sec
>80 layers, 600 sec

Table 1 Optimized printing settings for PVB:Ethanol:Ethyleneglycol fluid

The PVB bioinspired printed replica and the smooth PVB surface had their static 
contact angle measured by the optical tensiometer Biolin Scientific attension, using 
10μL of distilled water.

3 |  RESULTS AND DISCUSSION

The Gwiddion software was used to test and compare the linearity of the 2D image 
contrast with the Z-axis depth values. The AFM and SEM images were compared with 
the software Gwiddion, as shown at the Figure 3. The AFM image (Figure 3a) shows 
a perfect relationship between  the contrast scale and z depth values, since in AFM, 
the color scale is generated digitally using the Z-axis the probe displacement, resulting 
in true (x,y,z) 3D coordinates, allowing to produce a perfect 3D projection (Figure 
3b). On the other hand, the SEM micrograph (Figure 3c) presents a bad relationship 
between the contrast gray scale and z depth values (Figure 3d). It is observed that the 
nanohierarchy shown in the micrograph has the same scale in Z as the microhierarchy; 
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showing the non-linearity mentioned between the gray levels of the2D image and the 
values of z-axis (quotas). The best result of the AFM image was expected, since the 
AFM is a topological technique, which provided quantitative values for the Z axis. 
The non-linearity of the gray scale observed in the images converted from a SEM 
micrography is explained due the fact, for instance, different electronic densities for 
different materials at the same quota will result in different z values. For the use as an 
input in the Toposlicer® software, a linear relationship between the micrograph contrast 
and the z-axis values is very important. As shown in Fig.a, we need to introduce values 
data information such as the absolute images size size of area to be printed, print density 
(resolution), maximum printed surface height, ejected drop volume, concentration of 
the fluid and the diameter of the nozzle. Figure 4 shows the set of images to be printed, 
generated by the software, with satisfactory performance 2D images to be used in the 
LbL process in a DoD materials printer.

Figure 3: AFM and SEM images of C. esculenta used as input for TopoSlicer®. (a) AFM image 
(b) 3D projection created from AFM image (a). (c) SEM image (d) 3D projection created from 

SEL image (c).

Figure 4: TopoSlicer®. (a) Software interface; (b) Quotas generated from the AFM image.

The static contact angle of the bioinspired printed replica is 83 °, while the smooth 
surface of the PVB shows a static contact angle of 75.7 °. The increase of 8 ° in 
the surface of the printed PVB indicates that the reproduction of the roughness on 
the surface of the polymer contributed to increase the water repellency. This increase 
can be confirmed by the AFM images (Figure 5) where the printed replica (Figure 5a) 
shows a roughness when it is compared with the smooth printed surface (Figure 5b).
 



Meio Ambiente, Sustentabilidade e Agroecologia 4 Capítulo 5 43

Figure 5. (a) AFM micrograph of printed smooth surface; (b) 3D projection of AFM from smooth 
surface; (c) AFM micrograph of printed replica of C. esculenta L. Schott; (d) (b) 3D projection of 

AFM from printed replica

The small increase at the static contact angle proves that a hardware limitation 
is the main reason that prevents the reproduction of those structures. According to the 
results presented here, a printer capable of ejecting drops with volume around 10-15 L, 
would be necessary to reproduce structures preserving its hydrophobic properties. A 
new family of single nozzle inkjet printers - Superinkjet printer (SIJ), based on super-
fine inkjet technology (SIJTechnology, Inc.), allows to produce subfemtoliter droplets, 
and will be the best choice to the best use the Toposlicer® software.

4 |  CONCLUSIONS 

The TopoSlicer® presented a good performance to convert AFM images, being 
considered a useful tool to reproduce biomimetic structures using a DOD inkjet printer 
by the Layer-by-Layer method. The increased contact angle due to the roughness 
confirm the proof-of-concept proposed here. Despite of the hardware limitation, which 
does not allow the faithful reproduction of the bioinspired structure, the software is 
ready to be used, mainly in new subfemtoliter-based inkjet systems.
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