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The article analyzes the influence of geometric and morphological parameters of
the surface of materials used in printing. The article also talks about the possibility of
combining MetalFX (or Color-Logic) with Maxwell Render — a material editor that
provides a special approach to the creation of materials with a complex structure. In
particular, layers are used that allow not only to mix two different materials but also to
plan material from two or more components, taking into account their geometric relief,
texture, transparency, and degree of reflection of these layers. The object of the study
is the functional capabilities of the program «Material editory and the main groups
of parameters of geometric surface structures. The practical use of metal pigments
with features of surface geometry of printing materials makes it possible to predict and
optimize the creation of various optical combinations. The practical use of parametric
estimation of geometric surface structures (GSS) opens up the possibilities of spatial
evaluation for us and makes it possible to more correctly substantiate the kinetics of
the processes that occur during the polymerization of paints. In addition, using the
“Materials Editor”, a 3-D printer and fractal geometry is the possibility of obtaining
printing materials with a strong structure.
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Problem statement. The physical properties and microgeometry characteristics of
rough surfaces are of paramount importance for the service optical characteristics of
metallized printing coatings. One of the properties of metallized surfaces is the change
in their tone and color. For example, depending on the lighting “gold” paint can be “light
gold”, “dark gold”, “red-gold” etc., so for predictable and correct reflection in the print run
one need to apply parametric assessment of geometric surface structures (GSS), where
the presence of the “metal” is justified by marketing and advertising techniques. The
special meaning of the problem of support on the long-term level of the “metallization”
effect, which is stipulated by the spectrum of different optical combinations.

Given this, the problem of maintaining the “metalization” effect at the proper level,
due to the spectrum of various optical combinations, is of particular importance.

Analysis of recent studies and publications. Many works, both domestic and fo-
reign [2-7, 9] are devoted to the study of the influence of surface topography on the real
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light through which it passes, is reflected, dissipated, etc. The large number and variety
of publications attest to the complexity of the subject matter.

However, despite the breadth of theoretical and practical developments, significant
difficulties lie not only in their particular but, above all, in their understanding, the validity
of the theory of reflection of light waves from a surface with a random distribution of
irregularities, which in turn have different morphological characteristics. Further deve-
lopment of such works took place in connection with the solution of important practical
problems, especially in printing industry.

The relevance of the work is because:

— By adjusting the reflectivity of various surfaces (foil of hot and cold stamping,
various metallized materials), one can get different pseudoholographic effects,
hidden images that can be used as counterfeit protection in the manufacture of
securities and certificates;

— creation of “nano-text” in holographic compositions, which is caused primarily by
the defective surface, the roughness of which is formed by dislocation steps.

The purpose of the article. The purpose of the studies, the results of which are given
in the article, is the analysis of structural surface defects and parameters of geometric
structures.

Results of the research. Metal pigments used in the manufacture of metallized
paints, are powders that are obtained by mechanical grinding of metals and their alloys.
Aluminum powder is usually used to produce silver pigments, and bronze powder is
used for golden pigments, which is obtained from an alloy of copper and zinc. The shade
of “gold” depends on the ratio in the alloy of copper and zinc: the higher the copper
content, the redder the shade. These ratios are presented in Table 1.

Table 1
Color shades of metallized pigments
name Color hue Copper (cuprum) Zinc
Richgold Greenish tint 70% 30%
Richpalegold Yellowish tint 80% 20%
Palegold Reddish tint 90% 10%

The initial material — aluminum or copper-zinc alloy is first melted and then passed
through a pneumatic nozzle. The resulting grains of sand are sifted and ground in ball
mills into bronze powder, which is then washed, dried and polished. Thus, extremely
thin shiny metal scales are obtained. With a large increase, it is clearly visible that each
metal pigment or grinding particle is not a lump, but an irregular shape flat sheet, scales,
a plate of finely flattened metal. Figure 1 shows particles of metallic pigment in an
enlarged form [1].
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Figure 1. Metal pigment particle (241 times increase)
MetalFX technology produces millions of color shades with metallic luster and helps
to hide the hidden image, readable codes, and codes contained in the hologram. For this
purpose, special diffraction pigments can be used to produce simple holographic images
by incorporating the ferromagnetic layer into pigment particles and applying a magnetic
field at the time of printing to orientate particles. When the printed object is returned
before the viewing device, the degree of shimmering of the diffraction effect will be
different, and if printed with two different pigments separately, the appearance will vary
from a dark image on a light background to a light image on a dark one. In another way,
the pseudo-holographic effect can be achieved by reducing the concentration of main
silver in special areas or completely eliminating it, keeping the triadic color unchanged.
First, apply a MetalFX gold or silver paint, which has a metallic gloss, high fastening
speed, abrasion resistance, and then triad paints. Pigments of high purity and transparency
guarantee minimum blackout at application, which is the main condition for transfer of
high shine translucency MetalFX Silver Base or MetalFX Gold. The base’s own paint
color is selected so that it is as neutral as possible (without chromatic coloring). This
combination of properties guarantees a high gloss and minimizes the loss of metallic
luster during the subsequent application of process paints.

New possibilities for describing the processes occurring on the surface of printed
materials in initial contact with metallized paint, gives parametric estimation of geo-
metric surface structures (GSS) in the 3D system. Research in the 3D system opens up
new possibilities of spatial-volume estimation of GSS, as well as a more correct subs-
tantiation of kinetics of ongoing processes in the polymerization of paints. Figure 2
shows the main characteristics by which the surface structure can be analyzed [8].

The basis for the objective analysis of the GSP is formed using the Hausdorf-
Kolmogorov dimension. Lapidary in the 3D system, this volumetric (or fractal) dimen-
sion can be represented as a dependence:

N(e)
e 1 (1)
D=lim——&——>lg—,
x—0 & &

where D is the fractal size (for GSS, the S parameter); € is an elementary cubic volume;
N(e) is the minimum set of elementary cubic volumes required to cover the entire surface
volume.

The paper surface roughness exhibits fractal characteristics with a Hausdorff dimen-
sion of less than 1.05 for linear profiles [8, 10].
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Main groups of parameters of geometric
surface structures
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Figure 2. Main groups of parameters
of geometric surface structures

Where S, — the RMS slope of surface irregularities, um/um,
q

S  — arithmetic mean curvature of the vertex, 1/um,

S . — surface development, %

S,.— indicator of carrier property,

S, — indicator of lubrication retention by the root of irregularities;

S . —indicator of lubrication retention by residual depressions,

S,, — carrier property indicator;, at an arbitrally given height relative to the highest
vertex, %o,

Sy~ the height of the support zone, yum;

S —material volume indicator, mm’/mm?;

mmr

S — cavity volume indicator, mm?*/mm?’;

S, — the density of the distribution of local vertices between the arbitrally given
levels C1 and C2, the number of vertices, mm?;

S, —vertex density; number of vertices, mm?;

S — coefficient of decay of the autocorrelation function,

S i fractal dimension,

S, - roughness height, Mm,
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S_— height of inequalities at ten points, Mm;

Sq — standard deviation of ordinates, yum;

S, — maximum height of the vertices (from the middle plane), ym;
S — maximum depth of the cavity (from the middle plane), um;
S —ordinate mean deviation (from the middle plane), ym,

S  —displacement coefficient, um,

S, — density coefficient, um.

But it should be noted that due to the rapid development of printing this technology
is outdated. And replaced Metal FX new company Color Logic. Color-Logic® is a new
company developing color communication systems creating special effects for print.
The first Color-Logic system launched, the Color-Logic Process Metallic Color System,
encompasses a completely new, patent pending, fully chromatic process spot color space,
fully accounting for ink saturation limits, transparency, and intercoat adhesion between
the process inks and the new range of Color-Logic metallic inks. This new system also
brings the industry new image separation algorithms to create a much more natural
and photorealistic range of metallic images. Today Color-Logic is also developing other
decorative effects systems for the design and print industry. We also recommend com-
bining Color-Logic with Maxwell Render. Despite being a new company, it is rapidly
gaining popularity and deserves attention [11].

MetalFX can be combined with Maxwell Render, a material editor that provides a
special approach to creating materials with a complex structure. In particular, layers are
used, allowing not only to mix two different materials, but also to plan a material of two
or more components, taking into account their geometric relief, texture, transparency,
degree of reflection of these layers. The program allows one to get a different level of
mixing of these layers, which is especially important for use in printing processes, where
the printed materials have a primer and a varnishing operation is planned. At the same
time it is possible to adjust the optical parameters of layers and sublayers: reflection of
color at a certain angle, inversion of light through the thickness of the object, influence of
surface roughness on the reflection brightness, control of angle of anisotropic reflection,
the use of a black-and-white texture with a circular gradient from black to white is the
construction of almost any light source by the user. The special block of this program
“Image Properties” contains settings that are responsible for the image of the texture
as a whole and allow adjustment: inverting, filtering, brightness, contrast, saturation,
possibility of image sequencing for texture animation (Figure 3). The functionality of
this program is shown in Figure 3.

From http://mographplus.com/40-learn-how-to-create-metal-materials-in-maxwell-
render-for-cinema-4d/

Also interesting is using metalized surfaces on such a printing material as fractal
paper. The proposed method of making fractal paper is based on the fractal structure and
the use of 3D printing. Fractal — any of various extremely irregular curves or shapes for
which any suitably chosen part is similar in shape to a given larger or smaller part when
magnified or reduced to the same size.
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Parameters for real surface properties

Attenuation allows you to specify the distance that light will
pass through the obiect before losing half of its enerey

Reflectance describes the color displaved from the object at
different viewing angles

Transmittance determines the colour of the rays in the
material

u light —
g Reflect determines the degree of display that depends on the
brightness of the specified color

M Glossy affects the level of reflection blur

Addmitter adds an emitter to the selected layer, allowing the
H object to emit light according to the specified settings.

_I Luminance determines the radiation intensity ciTia |

-I Roughness indicator of surface roughness |

Opacity (f) Transparency value of the material (pixels with
M white color f=100 - absolute opacity. pixels with black color
f=0 - absolute transparency)

Indicator Ny is responsible for refractive index |

— 1 T

Abbe is responsible for the degree of light dispersion |

] surface 1| Anisotropy - glow direction associated with artificial texture

_I Angle controls the direction of the anisotropic reflection |

H Bump Responsible for geometrical relief

Adddisplacement Is responsible for the geometrical relief
of the material surface

H Addcoat — shell thickness

Coating — very thin shell, which allows the formation of
color patterns on the surface of the shell.

-I Scattering — subsurface colour |

color options ||

Coef asymmetry — an indicator of the density of particles
inside the material

-I Invert inverts texture

-I Contrast adjusts texture contrast

L| texture ~| Brightness adjusts texture brightness |

-I Saturation regulates texture saturation

Figure 3. Features of the “Material Editor” program
Figure 4 shows the screenshots of the editor.
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Figure 4. Maxwell Render

Conclusions. It should be noted that in order to optimize the formation of protective
elements on any surface (especially metalized), the designer should pay attention to
the possibility of combining MetalFX (or Color-Logic) and Maxwell Render (material
editor), allowing the user to apply settings, reflecting the real properties of surfaces. The
possibility of using artificially constructed defective structure on the surface of printed
materials as a basis for special microrelief, where appropriate is presented.
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Ilpoananizoeano eniue eeomempudHux i MOpghoNoiYHUX napamempie NOBEPXHI Mma-
mepianie, 3acmocogysanux 6 noniepagii. Ilokazana modcnugicms NOEOHAHHS NPOSPAMU
MetalFX (abo Color-logic) 3 npocpamoro Maxwell Render — pedaxmop mamepianis, sixutl
3abesneyye cneylanbHull nioxXio Ol CMBOPEHHs. Mamepiaié i3 CKAAOHOW CMPYKNYpor.
3oxpema, guxkopucmogyiomvcs wapu, SKi 0aroms 3mMo2y He MiNbKU 3MIuy8amu 068a pisHux
mamepiany, a il CHAGHY8amu Mamepian iz 060X yu Oiibuie CKIA00BUX 3 YPAXYBAHHAM IX 2€0-
MempUUHO20 penvedhy, mekcmypu, npo3opocmi, cmynens giooumms yux wapie. 00 exkmom
00CTI0IHCEHHS € PYHKYIOHANLHI MONCIUBOCI npocpamu « Pedakmop mamepianie» ma ocHos-
HI 2pYnU napamempie 2eoMempudHux CmpyKkmyp nosepxti. Ilpaxmuune uKopucmanus me-
MANesux NieMeHmie 3 0COONUBOCMAMU 2eOMEeMpii NOBEPXHI noriepaghiunux mamepianie dae
3MO2Y NPOSHO3Y8AMU A ONMUMIZY8AMU CIEOPEHHS PISHUX ONMUYHUX KOMOIHayill. Pe3ynb-
Mamu nPo8edeHUx OOCTIONCEHb CEIOUAMb, U0 HOBE MONCTUBOCTI OJI5L ONUCAHHS NPOYECIB, SIKI
8i00Y6a10OMbCAL HA NOBEPXHI 3A0PYKOSYSAHUX MANEPIATIB 30 NOYAMKOBO20 KOHMAKNTY 3 Me-
manizo6anor Gapooro, 0ae napamempuine OYiHIO8AHHs 2COMEMPUYHUX CIPYKIYD NOGEPX-
i (I'CI1) 6 cucmemi 3D. Hasederno npunyunosi Mosicaueocmi uMoSIpHOCII GUKOPUCAHHS
WMYYHO CMBOPEHOT 0eeKmHOi CmpyKmypu Ha NOGEPXHI 3a0PYKO8Y8AHUX MAMEPIANi6 K
OCHOBY OJIsL CNeYiaIbHO20 MIKpOpenbeqy y mux eunaokax, oe ye oopeuxo. llpu ananisi eeo-
MEMPUUHUX CIMPYKMYP NOBEPXHI 6CIAHOBNIEHO, WO 3ATYYEeHO NORYIAPHUL HANPIM, NO8 -
3anuil i3 hpakmansHo eeomempiero, 0CHO8U AKOL 6 cepeouni XX cm. 3aknag gpanyy3vkull
mamemamuk b. Manoenvopom. Hatlbinbu 00 €kmusHo (hpakmanbHull aHaiz npoeooumsCs
3a donomozor m.H. posvipy 1 aycoopgha-Konmozoposa. Ilodanvuii 0ocriodcernts nompeoy-
10Mb, HA OYMKY A6MOPI6, GUKOPUCAHHS NeGHUX MATNEMATNUYHUX MEMO0i8, SKI came Onucy-
H0Mb MONOSPaito NOBEPXHI, A MAKOHC BeKMOPI3AYiio il KaHAIE.

Knrouosi cnosa: nosepxmni mamepianis, MetalFFX, Color-Logic, Maxwell Render,
Memanesi niemenmu, Gpaxmaii.
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