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APRESENTACAO

Vocé ja percebeu a importancia dos materiais na sua vida diaria? Os materiais
estdo provavelmente mais imersos na nossa cultura do que a maioria de nés imagina.
Diferentes segmentos como habitacéo, saude, transportes, segurancga, informacgéao/
comunicacéo, vestuario, entre outros, séo influenciados em maior ou menor grau pelos
materiais.

De fato a utilizagcdo dos materiais sempre foi tdo importante que os periodos
antigos eram denominados de acordo com 0s materiais utilizados pela sociedade
primitiva, como a ldade da Pedra, Idade do Bronze, Idade do Ferro, etc.

A humanidade esta em constante evolugcéo, e os materiais ndo sdo excecoes.
Com o avancgo da ciéncia e da tecnologia a cada dia surgem novos materiais com
caracteristicas especificas que permitem aplicagbes pormenorizadas e inovacédo nas
mais diferentes areas.

Todos os dias centenas de pesquisadores estdao atentos ao desenvolvimento
de novos materiais e ao aprimoramento dos existentes de forma a integra-los em
tecnologias de manufatura economicamente eficientes e ecologicamente seguras.

Estamos entrando em uma nova era caracterizada por novos materiais que podem
tornar o futuro mais facil, seguro e sustentavel. O campo da Ciéncia e Engenharia
de Materiais aplicada estad seguindo por novos caminhos. A iminente escassez de
recursos esta exigindo inovacgdes e ideias criativas.

Nesse sentido, este livro evidencia a importancia da Ciéncia e Engenharia de
Materiais, apresentando uma coleténea de trabalhos, composta por quatro volumes,
que permitem conhecer mais profundamente os diferentes materiais, mediante um
exame das relagdes entre a sua estrutura, as suas propriedades e o seu processamento.

Considerando que a utilizacdo de materiais e os projetos de engenharia mudam
continuamente e que o ritmo desta mudanca se acelera, ndo hd como prever os avangos
de longo prazo nesta area. A busca por novos materiais prossegue continuamente...

Boa leitura!

Marcia Regina Werner Schneider Abdala
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CAPITULO 7

EVALUATION OF THE COLOR CHANGES IN ARTIFICIALLY

Tiago Hendrigo de Almeida

Universidade de Sao Paulo, Escola de Engenharia
de Sao Carlos, Departamento de Ciéncia e
Engenharia de Materiais, Sao Carlos — S&o Paulo.

Diego Henrique de Almeida

Universidade Federal de Séo Carlos,
Departamento de Engenharia Civil, Sdo Carlos —
Sao Paulo.

André Luis Christéforo
Universidade Federal de Sao Carlos,

Departamento de Engenharia Civil, Sado Carlos —
Sao Paulo.

Francisco Antonio Rocco Lahr

Universidade de Sao Paulo, Escola de Engenharia
de Sao Carlos, Departamento de Engenharia de
Estruturas, Séo Carlos — Séo Paulo.

ABSTRACT: Pine wood is widely used in civil
construction due to its physical, mechanical and
organoleptic properties, and the reforestation.
Woods are often used in buildings subject to
weathering actions such as ultraviolet light,
rainfall and humidity, and may cause changes
in the color of the material evidencing some
chemical attack. Artificial weathering machines
are commonly used for accelerated aging of
materials, aiming the study of their performance
in outdoor use. The objective of this work was
to evaluate the color change in the CIELAB
standard of samples of Pine wood subjected to
artificial weathering for 96, 192 and 384 hours

Ciéncia e Engenharia de Materiais 3

AGED PINE

in relation to the control. Results of AE and
coefficient of variation were 79.92 and 0.91%,
69.52 and 1.54%, 70.27 and 1.95%, 70.50 and
0.87% for the controls and the three treatments,
respectively. According to the results of the
tests, as well as of the statistical analyses, it was
possible to conclude that the treated samples
were darkened in relation to the control, but the
equivalence of colors of the aged samples.

KEYWORDS: Aging; Color; Weathering; Wood.

11 INTRODUCTION

Pine wood is appreciated for its workability
and performance when used in civil construction
(Almeida, 2016). According to the code,
NBR7190:1997 - Design of Wood Structures,
woods of this genus belong to the strength classes
of the conifers being C20, C25 and C30 - that
represent characterized batches of wood with
characteristic value of the strength in compression
parallel to the grain equal to 20 MPa, 25 MPa and
30 MPa, respectively.

Wood is commonly used in buildings where
it is exposed to weathering, and it must undergo
some alteration in its property over time.

There are some equipment that simulates
weathering in materials and has been used to
evaluate the changes in the characteristics of
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the woods over time, but due to the robustness of the treatment, these are performed in
time intervals in the order of hours, which expedites this evaluation (Barreto & Pastore,
2009).

Color of the wood is an important parameter because it is the most appreciated
organoleptic property of this material. With the aging of the material, the attack of lignin
occurs initially on surfaces most affected by ultraviolet light (Mohebby & Saei, 2015).
This attack can cause changes in the color of the material.

Determination of the color can be done using the CIELAB (International
Commission of lllumination) method, the result being a numerical value (vector) in
which the coordinates are as follows: L: represents the scale between white and black
(ranging from 0 to 100); a*: represents the scale between green and red (“a*” represents
red and “-a*” is green); and b*: represents the scale between yellow and blue (“b*”
represents the yellow color and “-b *” the blue color) (Janin et. al, 2001, Barcik et al,
2015).

Thus, this work aims to evaluate the color change with Pinus wood resulting from
artificial aging.

2| EXPERIMENTAL PROCEDURES

A batch of Pine wood was characterized and classified as belonging to the class
C25 and submitted to the treatment in Artificial Aging Chamber of type Equv-RC-
EQUILAM. Figure 1 shows the equipment cited.

Figure 1 — Aging chamber.

Specimens were divided into 4 groups of 6 units each, representing 0, 96, 192
and 384 hours of treatment (T, A1, A2 and A3, respectively). Aging occurred according
tothe ASTM G154 (2006) “Standard Practice for Operating Fluorescent Light Apparatus
for UV Exposure of Nonmetallic Materials”, with the following cycle: 8 hours of UV
irradiation at 60 °C; 15 minutes of water spray; and 3 hours and 45 minutes of steam at
50 °C, totaling 12 hours/cycle. The mean irradiance was 0.71 W/m?/nm, UVB lamps of
313 nm wavelength.
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Color determination was performed according to ASTM D 2244 (2011) “Standard
Practice for Calculation of Color Tolerances and Color Differences from Instrumentally
Measured Color Coordinates”, using the Konica Minolta CR-400 equipment shown in
figure 2. The AE parameter was used to determine the color of each sample (in relation

to (L=0, a* =0, b*=0).

()
L] '0-(9‘”7 9

L

Figure 2 — Spectrophotometer. Source: Konica Minolta, 2016.

3 | RESULTS AND DISCUSSION

Performing the treatments as well as determining the colors of the samples, it was
possible to build the table 1 summarizing the data. Figure 3 shows the boxplot of the

results.
T Al A2 A3
Mean 79.92  69.52 70.27 70.50
C.V. [%] 0.91 1.54 1.95 0.87

Minimum 79.18 68.51 68.53 69.55
Maximum 80.98 71.19 72.62 71.04
Count 6.00 6.00 6.00 6.00

Table 1 — Results Summary. (C.V. represents the Coefficient of Variation).

Ciéncia e Engenharia de Materiais 3 Capitulo 7
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Figure 2 — Boxplot of the data.

ANOVA was performed to evaluate the color change of Pine wood samples
treated. The normality test of Shapiro-Wilk was performed for the four groups presenting
P-values 0.4143, 0.3716, 0.7182, 0.2732, respectively, accepting the null hypothesis
that the groups present normal distribution. Bartlett test was performed and the P-value
was 0.3090, indicating the homogeneity of variances among the groups, validating the
ANOVA test.

P-value of the ANOVA was significant (P-value = 0.000) and the Tukey test was
performed to determine the differences between each group. Table 2 presents the
Tukey test results.

T Al A2 A3
Mean A B B B
79.92 69.52 70.27 70.50

Table 2 — Tukey test Results (Different letters represent a significant difference).

As shown in table 2, as well as shows the figure 2, the untreated group (T) differs
from the others, presenting a higher value of the AE.

4 | CONCLUSIONS

According to the results it is possible to conclude that there was decrease of the
AE, evidencing a darkening of the Pine wood samples due the aging process. Such
an effect may evidence of chemical attack of the samples subjected to weathering.
It should be noted that among the aged groups there was no significant difference in
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color.
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