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APRESENTAÇÃO

A engenharia de materiais, vem cada vez mais ganhando espaço nos estudos 
das grandes empresas e de pesquisadores. Esse aumento no interesse se dá 
principalmente pela escassez de matérias primas, a necessidade de novos materiais 
que possuam melhores características físicas e químicas e a necessidade de 
reaproveitamento dos resíduos em geral.

Neste contexto o tema socioambiental pode ser inserido, visto que devido à 
redução nas disponibilidades de matérias primas, a elevação de custos de descarte 
dos materiais, sua reciclagem vem ganhando cada vez mais destaque a nível 
mundial. Hoje optar por produtos reciclados bem como sustentáveis se torna uma 
vitrine as vendas.

Neste livro são apresentados trabalho teóricos e práticos, relacionados a área 
de materiais e de sustentabilidade, dando um panorama dos assuntos em pesquisa 
atualmente. A caracterização dos materiais é de extrema importância, visto que 
afeta diretamente aos projetos e sua execução dentro de premissas técnicas e 
econômicas. Pode-se dizer que a área de reciclagem está intimamente ligada ao 
estudo dos materiais, para que possam ser desenvolvidas técnicas e processos para 
um eficiente aproveitamento.

De abordagem objetiva, a obra se mostra de grande relevância para graduandos, 
alunos de pós-graduação, docentes e profissionais, apresentando temáticas e 
metodologias diversificadas, em situações reais.

Aos autores, agradecemos pela confiança e espirito de parceria.
Boa leitura

Henrique Ajuz Holzmann
Ricardo Vinicius Bubna Biscaia
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INFLUENCE OF LIGNIN CONTENT IN MACADAMIA 
NUTSHELL ON THE MECHANICAL PROPERTIES OF 

HDPE BIOCOMPOSITES

CAPÍTULO 10
doi

Bruno Chaboli Gambarato
Centro Universitário de Volta Redonda – UniFOA
Programa de Mestrado Profissional em Materiais

Volta Redonda – RJ – Brasil 

Heitor Buzetti Simões Bento
Escola de Engenharia de Lorena – Universidade 

de São Paulo
Departamento de Engenharia Química

Lorena – SP – Brasil 

Ana Karine Furtado de Carvalho
Escola de Engenharia de Lorena – Universidade 

de São Paulo
Departamento de Engenharia Química

Lorena – SP – Brasil 

ABSTRACT: In this study, HDPE composites 
reinforced with macadamia nutshell containing 
different lignin contents were produced. The 
biomass was treated with acetic acid under reflux 
at different times in order to obtain composite 
reinforcements with distinct contents of lignin. 
Composites were evaluated for their mechanical 
tensile and flexural properties, which presented 
an increase of 23 and 40%, respectively. The 
lignin content in biomass presented significant 
quadratic effect on the mechanical properties 
and was validated by analysis of variance.
KEYWORDS: Composites; Biomass; Analysis 

of Variance; Mechanical Properties.

INFLUÊNCIA DO TEOR DE LIGNINA 
NA CASCA DE NOZ MACADÂMIA NAS 

PROPRIEDADES MECÂNICAS DE 
BIOCOMPÓSITOS COM PEAD

RESUMO: Neste trabalho, foram prouzidos 
compósitos com PEAD reforçados com 
biomassa de casca de noz macadamia contendo 
diferentes teores de lignina. A biomassa foi 
tratada com ácido acético sob refluxo em 
diferentes tempos, de modo a se obter materiais 
com distintos conteúdos de lignina. Foram 
avaliadas as propriedades mecânicas em 
tração e flexão, que apresentaram um aumento 
de 23 e 40%, respectivamente, com a adição da 
biomasa. O teor de lignina no reforço mostrou-
se estatisticamente significante com efeito 
quadrático validado por análise de variância.
PALAVRAS-CHAVE: Compósitos; Biomassa; 
Análise de Variância; Propriedades Mecânicas.

1 | 	INTRODUÇÃO

Biomass-based composites offer to the 
industry the opportunity to produce a material 
with lower content of oil byproducts, add value 
to a waste from agroindustry and decrease 
the generation of solid waste. Moreover, such 
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materials generally have higher mechanical properties than pure polymers (KASEEM 
et al, 2015). Brazil is a major producer of macadamia nut and its processing 
generates nutshell as main residue, a lignocellulosic material that can be applied as 
reinforcement in biocomposites (ZHANG et al, 2018).

One of the most relevant structural aspects in the development of biocomposites 
is the interaction amongst the polymer matrix and its fibrous reinforcement, since the 
mechanical properties respond proportionally to the magnitude of this physicochemical 
interaction. Therefore, strategies that aim to compatibilize the phases of the composite 
promote an improvement in mechanical properties (ZHANG et al, 2018).

Lignin is a natural compatibilizer present in the lignocellulosic ultrastructure. It is 
a polyphenolic macromolecule of complex structure that can chemically interact with 
the apolar structure of the polymer and the polar cellulosic fibers in the reinforcement. 
In this study, the influence of the lignin content on the macadamia nutshell on the 
mechanical properties of HDPE biocomposites was evaluated.

2 | 	EXPERIMENTAL

2.1 Biomass Processing and Characterization

The macadamia nutshell was received directly from the producer of the city of 
Barra do Piraí - RJ. The material was ground to 50 mesh and oven dried at 105 ° C for 
5 h. In order to obtain different lignin content materials, delignification was performed 
during 30 and 60 min via organosolv treatment in a 1L reaction flask containing 40 g 
of dry biomass and 400 mL of 85% v/v acetic acid solution. The treatment was carried 
under reflux, at a temperature of approximately 102 ° C. After the reaction, solid 
material (pulp) was washed with deionized water to neutral pH, dried and stored. Raw 
biomass and the pulps obtained at 30 and 60 min were characterized by their lignin 
content, according to ASTM D-1106/96.

2.2 Biocomposites Preparation 

Composites were processed in a thermokinetic homogenizer (Dryzer - MH 
Equipamentos) using High Density Polyethylene SHA7260 (Braskem®) as matrix. In 
order to evaluate the influence of lignin content on the biomass and the mechanical 
properties of the composites, a complete factorial design was performed considering 
two factors (biomass content and lignin content on fiber), as shown in table 1. Lignin 
contents were obtained from the characterization described in section 2.1.
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Biomass content
(%)

Lignin content on biomass
(%)

5 32,6

10 32,6

20 32,6

5 20,4

10 20,4

20 20,4

5 7,9

10 7,9

20 7,9

Table 1. Factorial design of experiments

2.3 Mechanical tests

Tensile and flexure tests were performed respectively according to ASTM 
D638-03 and ASTM D790-03 on an EMIC 10000 equipment. 10 specimens were 
produced by injection at 270 °C for each composition.

3 | 	RESULTS AND DISCUSSION

The response surfaces contained in figure 1 show the influence of the evaluated 
variables on tensile (Young's Modulus) and flexural (Flexural Modulus) strength of 
the composites. It has been found that an increase in biomass content promotes 
an increase in both mechanical properties. Composites containing 5% of raw 
macadamia nutshell (32.6% lignin content) showed tensile and flexural modulus and 
of 177 ± 9 and 828 ± 26 MPa, respectively. Best results were obtained in samples 
containing 20% of macadamia nutshell and lignin content in the biomass of 20.4%, 
which reached Young's modulus of 217 ± 14 MPa and Flexural Modulus of 1156 
± 32 MPa, characterizing an increase of respectively 23% and 40% compared to 
untreated biomass.
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Figure 1. Response surfaces of mechanical behavior of composites

Regarding the lignin content in the biomass, it is possible to verify that a soft 
delignifi cation promotes a signifi cant increase in the mechanical properties. However, 
when the lignin content in the biomass is greatly decreased, the improvement in the 
mechanical properties is not so signifi cant. This is because organosolv treatment 
promotes better access of the matrix to the fi bers mediated by the chemical infl uence 
of lignin. Once the treatment persists for a longer time, the amount of lignin present 
in the biomass is no longer able to effi ciently compatibilize phases. Such behavior 
characterizes a quadratic effect, as shown in Tables 2 and 3.

Table 2. Analysis of Variance - Young's Modulus

Table 3. Analysis of Variance - Flexural Modulus
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ANOVA showed that both factors evaluated were significant (p-value <0.05) 
and, therefore, exerted influence on mechanical properties of the biocomposites. The 
increase in those properties observed in composites containing treated biomass is 
reported by other authors. However, the quadratic behavior observed in the effect of 
lignin in biomass contributes to support the hypothesis that soft treatments contribute 
more to an increase in mechanical properties than severe treatments.

4 | 	CONCLUSIONS

The lignin content of the macadamia nutshell influences significatively the 
mechanical properties of HDPE composites. Lignin promotes a better interaction 
amongst the polymer matrix and the biomass and contributes, after a soft organosolv 
treatment, to an increase in the mechanical properties of the composites. Best results 
were obtained for compositions containing 20% of biomass, with lignin content of 
20.4%. Therefore, in this study were obtained biocomposites with lower contents of 
oil byproducts and with superior mechanical properties.
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