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APRESENTACAO

A obra “Estudos Interdisciplinares: Ciéncias Exatas e da Terra e Engenharias
3 oferece uma importante fonte de conhecimento pluridisciplinar, com o selo de
qualidade em publicagdo proveniente da Atena Editora. No seu terceiro volume, 18
capitulos dedicados as Ciéncias da Terra, Engenharias, Ciéncias Agrarias, Ciéncias
Sociais, Educacgéao e Tecnologia sé&o explorados.

A utilizacdo de abordagens e metodologias que possibilitem alcancar resultados
decorrentes da participagcdo de varias disciplinas, em diferentes niveis e formatos
configura-se como premissa fundamental para o desenvolvimento do conhecimento
moderno. A génese do conceito de contemporaneidade nas ciéncias nada mais é (em
grande medida) que o resultado de inUmeras e diversificadas formas de interacédo
entre saberes, que geram um complexo sistema de relagdes interdisciplinares.

Nesse terceiro volume da obra “Estudos Interdisciplinares: Ciéncias Exatas e da
Terra e Engenharias 3’ oferecemos uma forma especial de aquisicao de conhecimentos
que permeiam diversas nuances envolvidas com percepcéo e estratégias de avaliagao
da saude da familia, manipulagdo tecnologica de materiais de origem vegetal, como
a celulose, casca de banana, madeira de pinus, extratos de erva-mate e sementes
de trigo, além de abordagens sobre residuos sélidos, aterros sanitarios, géneros
alimenticios manufaturados, antioxidantes, propriedades ceramicas, argilas, ensino
de ciéncias ambientais, responsabilidade social e sustentabilidade, drenagem urbana,
recursos minerais, saude publica, extensdo universitaria, geologia e mineracéo,
qualidade de vida no trabalho e sua produtividade, aprendizagem sobre Mobile
Learning, softwares educacionais e etc.

A perspectiva de aquisicao amplificada de um conjunto de conhecimentos e
ideias é relevante, pois possui potencial de promover uma relagcdo mais harménica
entre o Ser Humano com a Natureza que o cerca. Essa amplificada tomada de
decisao reflete um olhar com carater de importancia para o cotidiano da humanidade,
pois abre possibilidades da sociedade tomar decisbes e compreender as aplicagoes
dos conhecimentos sobre a dindmica natural, seja ela geoldgica, vegetal ou animal,
na melhoria da qualidade de vida. Portanto, a formagcdo de cidadaos criticos e
responsaveis com relacdo a ocupacao do seu espaco fisico-natural e, dessa forma,
utilizacédo de seus diversos recursos, oriundos de diferentes fontes, cria mecanismos
essenciais para minimizar negativos impactos ambientais das atividades econémicas
tdo necessarias atualmente e, de forma concomitante, busca providéncias para
problemas ja existentes de degradacdo ambiental e dilemas sociais, acarretando em
inevitaveis avancos tecnolégicos.

Finalmente, aguarda-se que o presente e-book, de publicacédo da Atena Editora,
em seu segundo volume da obra “Estudos Interdisciplinares: Ciéncias Exatas e
da Terra e Engenharias 3’, represente a oferta de conhecimento para capacitacao
de méo-de-obra através da aquisicdo de conhecimentos técnico-cientificos de



vanguarda praticados por diversas instituicbes brasileiras; instigando professores,
pesquisadores, estudantes, profissionais (envolvidos direta e indiretamente) com

um olhar interdisciplinar no tocante a resolugcado de problemas e dilemas atuais da
sociedade.

Alexandre Igor Azevedo Pereira
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CAPITULO 12

X-RAY DIFFRACTION ON Pinus WOOD SAMPLES

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 Rondbnia, Departamento
de Engenharia Civil, Porto Velho — Rondénia.

Mauro Sardela

Frederick Seitz Materials Research Laboratory,
University of lllinois at Urbana-Champaign,
Urbana - lllinois.

Francisco Antonio Rocco Lahr

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

ABSTRACT: Pinus wood is widely used on
several segments of the civil construction
industry. Wood characterization is the most
important activity for better use of this material,
contributing for increasing its performance. New
technologies on wood characterization are the
focus of researches carried out lately. X-ray
Diffraction (XRD) is a very useful technique for
microstructure characterization of wood. This
paper aims to investigate the measurement
beam direction (Parallel and Perpendicular to
grain) influence on Pinus wood Crystallinity,
and estimate this parameter based on the
Segal crystallinity. According to results, there
is no significative difference between wood

Estudos Interdisciplinares: Ciéncias Exatas e da Terra e Engenharias 3

the different
directions considered, and linear regression

crystallinity in measurement
model performed for Crystallinity estimation
by Segal crystallinity presented coefficient of
determination equal to 0.9621.

KEYWORDS: Characterization; Pinus; Wood;
XRD.

11 INTRODUCTION

Wood is a very abundant material, presenting
several uses in civil construction and furniture
industries, for example (Calil Junior at al., 2003).
Pinus from planted areas is widely commercialized
in Brazil, used as timber structures and as raw
material in panel industries (Almeida et al., 2018).
Pinus presents good mechanical properties
(despite the low apparent density) and good
finishing, being fully treatable with preservative
chemical products (Bertolini et al., 2013). For
better using wood material, it is necessary to
characterize its physical, chemical and mechanical
properties (according to ABNT NBR 7190:1997),
besides new technologies for easily characterize
wood have been lately studied.

X-ray diffraction (XRD) can be applied
for microstructure characterization of wood.
Crystallinity values resulted from XRD analysis
can demonstrate changes in wood when it goes
through a chemical process (Ju et al.,, 2015).
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Crystallinity in XRD analysis can be determined by fitting the diffractogram and calculating
the peak areas using a mathematical model. Another way to calculate the wood crystallinity
is the Segal method, using the equation 1.

1 oo Imin

Segal cristallinity = ZI— (1)
200

Where 1,,, is the maximum intensity (26 angle around 22°) and /_is the minimum
intensity (206 angle around 19°) (Ahvenainen et al., 2016).
This paper aims to investigate the measurement beam direction influence on Pinus

wood Crystallinity, and estimate this parameter using the Segal Crystallinity.

2| EXPERIMENTAL PROCEDURES

According to Brazilian code, three strength classes of Pinus wood were
considered: C20, C25 and C30. Nominal sample dimensions were 20mm x 20mm
x 60mm, the largest one in grain direction. PANalytical/Philips X’pert MRD system
Radiation/wavelength: Cu K-alpha, 0.15418 nm was used for XRD analysis.
Measurements were carried out in this equipment operating at 40kV, 30mA, 20 range
4° to 60°, step size 0.05°, time per step 2s, and a Nickel filter was used. Jade software
was used for Crystallinity calculation, being considered pseudo-Voigt function.

Figure 1 shows the two measurement beam directions performed, being them
parallel (PAR) and perpendicular (PER) to grain. One measurement by wood sample
by beam direction was performed, resulting six determinations. R software was used
for statistical analysis at 5% significance level.

20mm

N

]
M
| H

i
PXI;EAM PER

80mm

Figure 1 — Directions of XRD measurements.
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3 | RESULTS AND DISCUSSION

Figure 2 illustrates the diffractograms resulted for C20 Pinus wood sample in
the two beam directions considered. Blue and Green colors represent PAR and PER
directions, respectively.

Determining Crystallinities and Segal crystallinities for the three Pinus wood
samples was possible to compare the results for PAR and PER directions. Table 1
presents the results summary. According to these values, the big is the strength class,
the big is the Crystallinity and Segal Crystallinity values.

S

s

2 —— C20_par

2 —— C20_per

o]

IS

0 10 20 30 40 50 60
20 (degree)
Figure 2 — XRD diffractograms.
Direction Segal (%) Crystallinity (%)

Cc20 PAR 59.32 20.80
C25 PAR 67.90 27.10
C30 PAR 69.59 29.50
C20 PER 57.12 19.30
C25 PER 67.78 26.00
C30 PER 70.39 28.40

Table 1 — Summary of results.

Figures 3 and 4 show boxplots, ANOVA and Bartlet [Bt] (homogeneity of variances
test) tests for Crystallinities and Segal crystallinities, respectively. Shapiro-Wilk
normality tests were performed resulting non-significative P-values for both cases.

According to ANOVA results for Crystallinities and Segal crystallinities, there is
average values equivalence for two measurement beam directions.

A linear regression model was performed aiming to estimate the Crystallinity by
the Segal crystallinity values. Figure 5 shows the adjusted model.
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ANOVA's P-value: 0.7590
Bt's P-value: 0.9512

£ = -
= —
-
= 5 4
o
(3] —]
=
O &

Figure 3 — Crystallinity comparison.

ANOVA's P-value: 0.9260
Bt's P-value: 0.7585

— - r

58 62 66 7O

Segal Crystallinity (%)

Figure 4 — Segal crystallinity comparison.

Y =X*0.7270 -22.3281
P-value = 0.0003
R2 =0.9621

— =
SN

= . "
-

= 5 4

&

(3] —]

=

O &

1 T T T T T
58 62 66 70

Segal Crystallinity (%)

Figure 5 — Correlation between crystallinities.
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According to figure 5 there is good correlation between crystallinity and
Segal crystallinity values, resulting a significative model, presenting coefficient of
determination 0.9621.

41 CONCLUSIONS

Performing the two directions XRD measurements on Pinus wood samples
covering the three strength classes according to the Brazilian code it is possible to
conclude that:

-Crystallinity and Segal crystallinity values seem to increase with the Pinus wood
strength class increasing;

-there is no significative difference between crystallinities determined on parallel
and perpendicular beam directions;

-there is high correlation between Crystallinity and Segal crystallinity values for
the Pinus wood samples considered, and the linear model adjusted for these values
was significative, presenting coefficient of determination equal to 0.9621.
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