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RESUMO

O jupati (Raphia Taedigera) € uma palmeira abundante na floresta Amazodnica com alto
potencial de reaproveitamento. Na regido norte do Brasil, a principal finalidade da palmeira é a
extracao de seu 0Oleo e a utilizacdo do peciolo para producdo de moveis comerciais. Avaliando
a quantidade de peciolo descartado, surgiu-se um interesse do seu estudo “in natura” a fim de
avaliacdo das suas propriedades quimicas e microestruturais e possivel potencial para aplicacao
em diferentes matrizes. O objetivo desta pesquisa é, neste contexto, a verificacdo da viabilidade
do uso de particulas do peciolo do jupati em trés diferentes materiais compositos: painel
aglomerado de baixa densidade, compdsito a base de gesso e compdsito polimérico. Em ambos
0s compositos foram avaliadas as propriedades fisicas, mecanicas e microestruturais. Um dos
principais comportamentos desses compdsitos foi 0 bom desempenho térmico e aclstico. Novas
pesquisas precisam ser realizadas, entretanto, submetendo as particulas ao pré-tratamentos
visando melhorar as propriedades do material.

Palavras-Chave: Biossistemas. Fibras Vegetais. Matriz. Reforco.



ABSTRACT

The jupati (Raphia Taedigera) is an abundant palm in the Amazon Forest with high potential
for reuse. In the north of Brazil, the main purpose of the palm tree is to extract its oil and use
the petiole to produce commercial furniture. Evaluating the amount of petiole discarded, an
interest in its study "in natura" arose in order to evaluate its chemical and microstructural
properties and possible potential for application in different matrices. The objective of this
research is, in this context, to verify the feasibility of using particles from the petiole of the
jupati in three different composite materials: low-density particleboard, gypsum-based
composite and polymeric composite. In both composites, the physical, mechanical and
microstructural properties were evaluated. One of the main purposes of these composites was
the good thermal and acoustic behavior. New research needs to be carried out, therefore,
subjecting the particles to pre-treatments in order to improve the material's properties.

Keywords: Biosystems. Plant Fibers. Matrix. Reinforcement.
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12 PARTE - INTRODUCAO, REFERENCIAL TEORICO E CONCLUSAO

1-INTRODUCAO

A area de vegetacdo do Brasil equivale a 64,30 % de seu territorio. Considerando
exclusivamente as florestas, a cobertura é de 57,30% do pais, cobrindo uma area de 487.991.966
hectares em 2019. A Amazdnia apresenta quase 79,50 % de seu territdrio coberto por floresta
tropicais, enquanto a Mata Atlantica e o Pampa apresentam apenas 13,00 % cada (SERVICO
FLORESTAL BRASILEIRO- SNIF, 2020).

A preservacdo de areas de vegetacdo tem sido realizada através do aproveitamento de
recursos agricolas e florestais; por isso cientistas estao realizando pesquisas com esses recursos:
casca do coco (NARCISO et al., 2021), bagaco de cana aclcar (SOARES et al., 2017),
endocarpo café (SCATOLINO et al., 2017), casca do arroz (AYRILMIS et al., 2012), peciolo
de jupati (VELOSO et al., 2020), residuos trigo (GOMES et al., 2022) , residuos feijdo (DE
NOVAIS MIRANDA et al., 2022) dentre outros. Por tanto uma opcdo para tais gargalos é estar
realizando adigdo ou substituicdo na matriz buscando as seguintes finalidades: consciéncia
ambiental, baixo custo de producdo e atrativos na combinacao de propriedades quimica, fisica,
mecanica (KUQO; MAI, 2021).

Os materiais compdsitos sdo materiais confeccionados pela juncdo de uma matriz e um
reforco oriundo do aproveitamento de materiais vegetais que assim sdo criados produtos que
apresentam melhores desempenhos das propriedades quimica, fisica e mecéanica. (JAUHARI et
al., 2015).

Um dos recursos com potencial para aplicacdo como reforco, presente de forma
abundante na regido da floresta amazénica, é o peciolo de jupati, uma parte da planta que é
liberada com as folhas. Por isso surgiu a possibilidade avaliacdo deste material em diferentes
matrizes na producdo dos seguintes materiais compdsitos: 1) painel aglomerado, 2) compésito

de gesso e 3) compdsito polimérico.



2-ORGANIZACAO DA DISSERTACAO

A presente dissertacdo apresenta varios topicos a ser abordados e todos os contetdos presentes
estdo organizados nas partes abaixo:

e 12 parte - Introducdo, Referencial Tedrico e Concluséo: Nesta parte serd abordado de
maneira geral as diferentes matrizes que foram utilizadas e assim a aplicacdo com material
reforco. E também um levantamento de trabalhos existentes na literatura e conceitos sobre
matriz e reforco.

e 22 parte — Producéo de painéis aglomerados de baixa densidade com peciolos de jupati
(Artigo 01): Nesta parte da dissertacdo sera determinada de forma especifica a producédo de
painéis aglomerados utilizando o peciolo. Assim podendo estar realizando a avaliacdo em
diferentes porcentagens.

e 22 parte — Producdo compdsitos de gesso com diferentes porcentagens do peciolo de
jupati (Artigo 02): Nesta parte da dissertacdo sera avaliado o efeito de particulas de baixa
densidade nos compositos de gesso assim tendo a avaliacdo das propriedades fisicas e
mecanicas em diferentes porcentagens.

e 22 parte — Avaliacdo das particulas de baixa densidade na producédo de compdsitos
poliméricos (Artigo 03): Nesta parte da dissertacdo sera avaliado o comportamento das
particulas de baixa densidade quando entram em contato com a matriz polimérica assim

podendo ser avaliado as diferentes porcentagens avaliando propriedades fisicas e mecanicas.
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3-REFERENCIAL TEORICO

3.1- IMPORTANCIA DA FLORESTA AMAZONICA.

A floresta amazo6nica é um dos biomas de grande importancia ecoldgica devido a sua
alta diversidade da fauna e flora. Em determinados periodos do ano de 2019 tivemos um
aumento do consumo de produtos a base de celulose. Essa floresta possui uma vasta extensdo
de mais de 4 milhdes de quilémetros quadrados, ocupando 49,29 % do territdrio brasileiro,
segundo dados (INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA- IBGE,
2020).

O setor florestal no ano de 2020, representavam mais de dois milhGes de postos de
trabalho diretos e indiretos, sendo assim foram ageis na promog¢do de mudancas de operacéo,
principalmente, frente a pandemia Covid-19, ja que essa forma de trabalho teve que ser
reformulado nas industrias visando preservar a saide dos funcionarios (HARTUNG, 2020). Na
analise de Cordeiro et al. (2020), os derivados da celulose foram impactados de forma
diferenciada na pandemia Covid-19, principalmente, com relacdo a producdo de papeis para
utilizagdo da higiene pessoal.

Algumas das premissas da floresta amazoénica e na producdo de um fluxo continuo de
produtos e servicos demandados pela sociedade gerando produtividade futura e preservacéo dos
recursos. (INTERNATIONAL TROPICAL TIMBER ORGANIZATION- ITO, 2020). No
entanto, esse manejo desses recursos ainda carece de modelos analiticos facilmente
interpretaveis, principalmente, devido ao grande nimero de espécies amazo6nicas ainda para ser
descoberta as espécies. (NASCIMENTO, 2016).

3.2- PALMEIRA DE JUPATI (RAPHIA TAEDIGERA)

Uma das espécies contidas na floresta amazonica € o jupati. Essa espécie esta presente
também nos seguintes continentes: América do Sul, América Central e Africa. Na América do
Sul essa espécie tem maior presenca na floresta amazoénica, local que apresenta clima tropical
para o desenvolvimento de diversas palmeiras. Essas palmeiras sdo ecossistemas importantes
para a protecdo da flora e fauna. Por isso ainda estdo em estudos melhores maneiras de
aproveitar esses materiais vegetais. (DARGIE et al., 2017; STAUFFER et al., 2017).


https://www-sciencedirect.ez26.periodicos.capes.gov.br/science/article/pii/S0378112720311026#b0130
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A palmeira de jupati (Figura 01) possui as seguintes caracteristicas: altura maior que 3
metros, folhas pinadas, presenca de actleos nas margens e nervura central dos foliolos.
(STAUFFER et al., 2017). A reproducdo ocorre de forma mondica, com flores masculinas e
femininas e sdo hapaxanticos, o que significa que os estipes individuais morrem apds um unico
evento de floragdo com isso a formacéo dos frutos (VALKENBURG et al, 2008). Os frutos,
por exemplo, apresentam 6leo em pequena escala, este produto é de baixa qualidade (alta
acidez). (CONCEICAO et al., 2011).

O peciolo é regido da planta que deve ser utilizada para substituicdo da madeira
convencional e reforgos de materiais compositos. A tala é o revestimento externo do peciolo
(Figura 01), constituida por fibras duras, utilizada na fabricacdo de diversos produtos
(JARDIM, 2013). Ja Santos (2019) discorre que a se¢do circular da superficie fina das células
do peciolo é empacotada e apresenta um comportamento similar ao de espumas flexiveis com

relacdo a agdo de deformacdo no sentido transversal as fibras.

Figura 1 — Partes da Palmeira Jupati

REVESTIMENTO EXTERNO PECIOLO

=
FOLHA

PECIiOLO

Legenda: Primeira imagem mostra a palmeira de Jupati, depois e detalhado a parte da folha e
do peciolo, na Gltima imagem podemos ver o revestimento externo do peciolo.
Fonte: Adaptado: HELMSTETTER et al., (2020) e Jardim, (2013).

Essa matéria prima, abundante na regido da floresta amazonica, € comumente utilizado
para confeccdo de bancos. De acordo com Santos (2019), utiliza-se, neste sentido, o peciolo,
cortado em forma de trapézio, para aperfeicoamento do encaixe das pecas, fixando-as com cola.
O banco tem a forma de espiral e a altura dos peciolos ¢é reduzida a medida que os raios das

circunferéncias diminuem, proporcionando economia de material (Figura 2).
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Figura 2 - Confecgdo dos bancos com peciolo

Fonte: Santos, (2019).

A utilizacdo deste material da Figura 02, desse modo, gera valor agregado a matéria
prima. Assim é capaz de aumentar a competitividade das empresas de compdsitos e painéis
aglomerados contribuindo com menos matéria prima nobre para produgdo dos produtos.
(STAUFFER et al., 2017).

3.3- MATERIAIS COMPOSITOS

Os elementos de um composito podem ser organicos ou inorganicos, de forma regular
ou irregular, fibroso ou nao, com fragmentos ou como fibras curtas. Sendo que os parametros
estruturais afetam o desempenho dos compositos, tais como a concentracao da fibra, adesao a
matriz e 0s espagos vazios entre as particulas ou fibras. (PAULA; SILVA, 2016).

Os compdsitos apresentam a unido de dois ou mais materiais tendo uma matriz e um
reforgo. A fase continua é denominada matriz e possui a funcéo de proteger o reforco. Nos
compdsitos particulados a matriz e colocado de forma aleatoria ou orientada assim esse reforco
tem a finalidade de melhorar as propriedades fisicas, mecéanicas e microestruturais trazendo um
bom desempenho do material. (JAUHARI et al., 2015).
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3.3.1- PAINEIS DE MADEIRA AGLOMERADA

Um dos materiais compdsitos mais consumidos no mundo s&o os painéis aglomerados.
De acordo com (INSTITUTO BRASILEIRO DE ARVORES- IBA,2020), o consumo destes
painéis no Brasil no ano de 2020 foi cerca de 2,8 milhGes de metros cubicos. Apesar destes
nUmeros, outros paises ainda estéo a frente desta producdo como a China, que produz cerca de
50,00 % de todos painéis de madeira no mundo, enquanto que o Brasil produz apenas 3,00 %
(FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS- FAO,
2019).

A utilizacdo de madeira, principal matéria-prima dos aglomerados, nos Gltimos anos
vem sofrendo rigorosas fiscalizacbes em relacdo a realizacdo de corte; consequentemente o
custo por metro cubico do material apresentou alto assim surge a necessidade do estudo de
painéis de madeira aglomerada com a insercdo de residuos agricolas e agroflorestais
contribuindo com uma menor utilizacdo de madeira em pé. O mesmo aconteceu na Alemanha
no inicio da década de 1940, como forma de viabilizar a utilizacdo de residuos de madeira,
devido a dificuldade de obtencdo de madeiras de boa qualidade para a producdo de painéis
devido ao isolamento da Alemanha na 2° Guerra Mundial. (IWAKIRI, et al., 2020).

Os painéis aglomerados de particulas (Pinus oocarpa e Eucalipto grandis) a unido
acontece com adesivo sintético termoendurecedores (uréia-formaldeido, melanina-
formaldeido, fenol-formaldeido, resorcina-formaldeido e tanino-formaldeido) seguido do
processo de prensagem a quente sob pressdo. (GUIMARAES JUNIOR, et al., 2017). A
utilizacdo das particulas acontece com o processamento da madeira e nesta parte vem sendo
utilizado subprodutos para substituicdo da madeira macica por particulas lignoceluldsicas
agricolas e agroindustriais originando produtos com melhor desempenho a diversos setores.
(FARIA, et al., 2020, IWAKIRI, et al., 2020; VELOSO et al., 2020; RIBEIRO, 2019, SILVA,
2016).

As resinas mais utilizadas que compde os painéis de madeira sdo produtos provenientes
da reacdo entre ureia, melamina ou fenol com formaldeido. A resina de ureia-formaldeido (UF)
- produzidas em solucéo aquosa, com teor de solidos entre 60 e 70 %, coloracdo branca leitosa,
pH na faixa de 7,4 a 7,8 e viscosidade na faixa de 400 a 1000 cP a 25 °C; fenol-formaldeido
(FF)- que apresenta coloragdo marrom avermelhado, teor de sélidos entre 48 e 51 %, pH na
faixa de 11 a 13, viscosidade entre 300 e 600 cP e temperatura de cura na faixa de 130 a 150

°C; e melanina-formaldeido — que apresenta coloracdo branca leitosa, possui maior resisténcia
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a dgua que a ureia formaldeido e cura mais rapida com relacdo a fenol formaldeido (IWAKIRI,
etal., 2020).

Uma das propriedades mais importantes para avaliacdo destes painéis aglomerados é a
razdo de compactacdo, relacdo existente entre a massa especifica do painel e da madeira
utilizada. Esta razdo apresenta o grau de densificacdo do material. A espécie de madeira para
obter boa razdo de compactacdo deve possuir baixa densidade. O valor adequado da razéo de
compactacao para a producéo de painel particulado encontra-se na faixa de 1,3 a 1,6 e, por isso,
as espécies de menor densidade sdo as mais recomendadas (KELLY, 1977; MALONEY, 1993).
Os valores acima de 1,6 melhoram as propriedades de resisténcia, no entanto, o inchamento em
espessura serd maior pelo fato de um maior volume de material que sofre a compresséo na fase
de prensagem (IWAKIRI, et al., 2020).

Com relacdo as propriedades fisico-mecanicas dos painéis aglomerados, varios outros
fatores sdo essenciais para um produto final adequado, dentre eles destacam: umidade das
particulas, tipo e teor de adesivos, temperatura e pressdo na hora da prensagem. (VILELA,
2016).

Devido a grande demanda de materiais pela inddstria novos painéis de madeira vém
sendo estudado e assim particulas lignocelulosicas sdo incorporadas e maneiras de substituir o
adesivo por fontes naturais também vem sendo desenvolvida. Podemos destacar os seguintes
estudos na utilizacdo de residuos na producdo de painéis: peciolo de jupati (VELOSO et al.,
2020), casquilho de soja (GUIMARAES et al., 2019), bagaco de sorgo (GUIMARAES
JUNIOR et al., 2017); pergaminho do grdo de café (SCATOLINO et al., 2017); madeira do
(DA SILVA CESAR et al., 2014); bagago cana aglcar (MENDES et al., 2012) e dentre outros

presentes na literatura.

3.3.2- COMPOSITOS DE GESSO

Outro importante composito existente sdo as matrizes obtidas pelo gesso. A matéria
prima basica para obtencdo do gesso é a gipsita. Esse mineral é encontrado em estado natural e
possui uma estrutura cristalina prisméatica monoclinica. O processo de obtengédo do gesso ocorre
a extracdo do minério gipso conformado por anidrita, gipsita e algumas impurezas. Em seguida
consiste na trituracdo do minério por britagens, moagens e peneiramento, para ser uniformada
a partir da sua granulometria e posteriormente estocada para ser comercializada (PINHEIRO,
2011; OLIVEIRA, 2009).
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Para extracdo de aglomerantes da natureza temos um impacto ambiental em todas as

etapas. No processo produtivo do cimento o forno funciona em altas temperaturas (1400 °C —

2000 °C) liberando altos teores de gas carbénico. Na calcinacdo da gipsita, o calor varia (140°C-
150°C), neste processo temos uma perda de agua e o material forma di-hidratada. Para ter a
reacdo inversa deve ser adicionado &gua ocorrendo a reacdo exotérmica da pasta. (PINTO,
2016).

Durante a preparacdo da pasta no inicio da pega temos um aumento da temperatura e
juntamente a concentracGes de cristais esse transcurso ocorre até na fase de endurecimento. Os
primeiros periodos de secagem temos uma reducdo do volume de agua, densidade aparente
baixa, porosidade material, conformac&o dos cristais e quando ndo e bem aderido na pasta tem
o0 aparecimento de fissuras. Com decorrer destas fases temos atingimento da resisténcia a tracdo
que varia, aproximadamente de 0,7 a 3,5 MPa e a compressao entre 5,0 e 15 MPa. (SILVA et
al., 2016, SOPHIA et al., 2016).

Os materiais de gesso em combinacdo com fibras vegetais de baixa densidade apresenta
bons desempenhos na condutividade térmica e acustica. Determinadas fibras precisam de
tratamento para a remocao de extrativos, com isso o compdsito apresenta melhor formacéo dos
cristais e menores presencas de fissuragdes. (DE NOVAIS MIRANDA et al., 2022, SILVA et
al; 2016).

O potencial destes produtos vegetais esta sendo produzidos compdsitos de matriz de
gesso reforcado em formato de fibras ou particulas. Devido a presenca destes recursos pesquisas
foram realizadas utilizando os seguintes subprodutos: residuo do cacau (VELOSO et al., 2020),
particulas de trigo (GOMES et al., 2022), particulas de feijdo (DE NOVAIS MIRANDA et al.,
2022), fibra de palmeira (BRAIEK et al., 2017), dentre outros.

3.3.4- COMPOSITOS POLIMERICOS

Umas das solucGes é a reciclagem com a finalidade de obter: economia de energia,
preservacdo das fontes ndo renovaveis, reducdo de custos nos novos produtos poliméricos e
melhores propriedades dos materiais compositos formados (PAULA; SILVA, 2016). O
composito polimérico (Wood Plastic Composite -WPC) é um material constituido por uma
matriz polimérica reforcado com particulas ou fibras vegetais. (LIUKKO et al.; 2007). A
composigdo do WPC varia geralmente entre 30 -70% de material lignocelulosico, 30-55%
polimero e 0,5- 15% aditivos. (TAYLOR et al.; 2009).
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Os polimeros sdo 100 % reciclaveis e quando descartados de maneira incorreta no meio
ambiente, podem causar poluicdo e levar varios anos para serem decompostos nos aterros
sanitarios. A producdo global de polimeros ainda é crescente, podendo chegar a 550 milhdes de
toneladas; a medida dos anos, o nimero de descarte também estd crescendo. (GEYER;
JAMBECK; LAW, 2017; MARKETS et al.,2014).

O Brasil é um dos paises que mais gera polimeros, ocupando o 4° lugar no maior gerador
deste residuo no mundo. A producdo destes compostos em 2016, por exemplo, foi de 11,3
milhdes de toneladas, deste total, apenas 1,28 % foram encaminhados para reciclagem, um dos
menores indices do mundo e abaixo da média global, que é de 9 % (KAZA et al., 2018,
LIUKKO et al.; 2007).

A madeira convencional com passar do tempo tem o seu desgaste e 0 Seu processo
vegetativo leva anos para se ter o produto final de qualidade. O compdsito polimérico em
relacdo a madeira convencional e bastante resistente aos organismos xil6fagos, alta
impermeabilidade podendo ser empregado: pisos, decks, brises, escadas, esquadrias, pieres,
cercas, entre outros. (COLETTI et al., 2021; CHAUDEMANCHE et al., 2018).

Este assunto ja foi explorado por diversos pesquisadores na producdo de compoésitos
poliméricos com fibras ou particulas: fibra de bambu (GOMES et al., 2021) e casca de améndoa
de cacau (VELOSO et al., 2021).

4-CONCLUSAO

O reforgo de compdsitos pode ser utilizado variados materiais lignocelulésicos oriundos
da floresta amazénica, por isso tem a finalidade de estar utilizando esses recursos na producao
de materiais. Umas das alternativas e a utilizacdo de particulas do peciolo de jupati “in natura”
e assim estar fazendo a avaliagdo em diferentes matrizes.

O painel aglomerado, houve aumento da razdo de compactacdo influenciando no
aumento da higroscopicidade, e também na reducéo da resisténcia. Considerando as variaveis
analisadas, a inclusdo de 100 % de peciolo jupati em substituicdo a madeira de pinus tiveram
grandes variagdes nas propriedades fisicas e mecanicas em relacdo ao painel aglomerado de
pinus.

O composito de gesso, os reforcos adicionados resultaram em um produto final mais
leve e também apresentando bons comportamentos termicos e acusticos. Para as propriedades

mecanicas, houve diminuicdo de valores de modo que, para atendimento normativo.
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O compésito polimeérico, a adi¢do de residuo na matriz de polietileno de baixa densidade
reciclado resultou um produto de maior densidade isto estd relacionado com a razdo de
compactacdo. Houve pequeno aumento da umidade e absorcdo de dgua. Constatou-se também
diminuicdo da resisténcia a tracdo e do alongamento indicando maior rigidez do material. Em
relacdo ao comportamento ao fogo maiores porcentagens de peciolos foram mais inflaméaveis.

Por isso esta pesquisa teve a finalidade de estar avaliando as propriedades do peciolo de
jupati bastante abundante nas florestas tropicais. Gerando a preservacao da fauna, flora e
desenvolvendo materiais com maior desempenho em diversas matrizes, assim podendo ser

aplicado em diversas areas da sociedade.
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The low density of the Amazon jupati palm (Raphia taedigera) motivates the production
of low-density particleboards (LDF) with attractive insulating properties. If the products
show unsuitable performance, jupati-wood-blended particleboards are an alternative.
Therefore, this work aimed to develop low-density particleboards with various levels of
jupati particles (0%, 25%, 50%, 75%, and 100%) combined with Pinus cocarpa
(pinewood) particles. A full characterization of jupati waste was performed with electron
dispersion spectroscopy (EDS), apparent density, moisture content, and chemical
composition. Particleboards were produced with urea-formaldehyde at 10% and a
target density of 600 kg/m®. Physical and mechanical tests provided their performance,
and scanning electron microscopy (SEM) revealed their microstructure. Jupati
characterization revealed outstanding low density (120 kg/m?®) and suitable content of
extractives (6.90%), i.e.. below 10% for producing LDP. its drawbacks were silicon
occurrence (1.02%) and high contents of ashes (13.90%). The LDP's water absorption
and thickness swelling decreased with increased levels of jupati. Mechanical properties
of all LDP containing jupati reduced compared with 100%-pinewood particleboards but
met the standardized requirements. Thermal conductivities were similar among all
particleboards, but 100%-jupati particleboards showed superior sound isolation. Alone
or combined with pinewood, jupati can keep or improve the LDP's thermal and acoustic
isolations while keeping mechanical strength suitable. Future works should focus on
overcoming the inability of jupati particleboards to stand in highly humid environments
by adjusting production.
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ABSTRACT - The low density of the Amazon jupati palm (Raphia taedigera) motivates the
production of low-density particleboards (LDP) with attractive insulating properties. If the
products show unsuitable performance, jupati-wood-blended particleboards are an alternative.
Therefore, this work aimed to develop low-density particleboards with various levels of jupati
particles (0%, 25%, 50%, 75%, and 100%) combined with Pinus oocarpa (pinewood) particles.
A full characterization of jupati waste was performed with electron dispersion spectroscopy
(EDS), apparent density, moisture content, and chemical composition. Particleboards were
produced with urea-formaldehyde at 10% and a target density of 600 kg/m3. Physical and
mechanical tests provided their performance, and scanning electron microscopy (SEM)
revealed their microstructure. Jupati characterization revealed outstanding low density (120
kg/m3) and suitable content of extractives (6.90%), i.e., below 10% for producing LDP. Its
drawbacks were silicon occurrence (1.02%) and high contents of ashes (13.90%). Water
absorption and LDP thickness swelling increased with increasing levels of jupati. The
mechanical properties of all LDP containing jupati were reduced compared to 100% pine wood
particleboard, but met standardized requirements. Thermal conductivities were similar among
all particleboards, but 100%-jupati particleboards showed superior sound isolation. Alone or
combined with pinewood, jupati can keep or improve the LDP’s thermal and acoustic isolations
while keeping mechanical strength suitable. Future works should focus on overcoming the
inability of jupati particleboards to stand in highly humid environments by adjusting

production.

Keywords: Adhesion, Low-density panels, Microstructure, Urea-formaldehyde.
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HIGHLIGHTS
Pinewood and jupati waste were combined to produce low-density particleboards
Jupati waste has outstanding low-density required for low-density particleboards
Adding jupati waste in the particleboards kept mechanical strength feasible

Adding jupati waste improved sound insolation of low-density particleboards

GRAPHIC SUMMARY

P. Oocarpa (PINE) FORMING BOX
g g MICROSTRUCTURE

R. Taedigera (TUPATI)

HOT PRESSING

e ——

: AGGLOMERATED PANEL
PARTICLE WITH ADHESIVE

INTRODUCTION

Pinus oocarpa and Eucalyptus spp. are the main wood species to supply the industry of
reconstituted panels, which consumes 40% of such available raw materials. The furniture
industry and others are the target destinations of wood panels. Given the high consumption of
these and other woody resources, scientists and industry claim that lignocellulosic wastes are
potential substitutes (Guimaraes et al., 2019; Soares et al., 2017; Leite et al., 2014).

Brazil exports many wood panels, such as particleboards, plywood, and medium-density
fiberboard (MDF). Moreover, agricultural commodities play a substantial role in Brazil's
national economy, raising great interest in the potential of the derived wastes. Some of these
agroforestry resources may totally or partially substitute the wood in the particleboard sector.
Previous works investigated the potential of sorghum bagasse (Guimaraes Junior et al., 2016),
coconut husk (Narciso et al., 2021), sugarcane bagasse (Soares et al., 2017), coffee endocarp
(Scatolino et al., 2017), rice husk (Ayrilmis et al., 2012), jupati petiole (Veloso et al., 2020) to
produce particleboards.
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The jupati (Raphia taedigera) stands out among other bioresources because it is a palm
tree that grows slowly and has several trunks that can reach 3 m in height. It is a species native
to Asia, China, and northern Brasil that widely occurs in tropical forests. Interior decoration
and crafts produced from the leaves, fibers, seeds, and bark of jupati are typical in Brazilian
culture. Besides, this species is essential in the wetland ecosystem (Helmstetter et al., 2020;
Veloso et al., 2020). According to Veloso et al. (2020), jupati may replace up to 15% of the
wood in particleboards.

Despite the many environmental, economic, and social advantages of avoiding the
wastage of valuable biomass for producing versatile particleboards, whenever non-wood
biomass replaces wood, the final product's performance is unpredictable. For instance,
sugarcane bagasse particleboards' physical and mechanical properties were comparable to those
of eucalyptus and pinus (Bekhta et al., 2021). However, another study reported that, regarding
mechanical strength, wood particleboards overcame core bark, rattan bark, and corn stalk
particleboards (Astari et al., 2019). Solutions to optimize the application of alternative
lignocellulosic materials in particleboards lay on fully understanding how their unique traits
affect the product’s final quality. Blending the target raw material with woods suitable for this
purpose is an additional possibility.

Despite wide variability, the usually low natural density of agricultural wastes compared
to wood motivates the production of low-density particleboards with attractive insulating and
thermal performance because of a proper compaction ratio, e.g., a higher volume of low-density
particles is necessary to full fill a fixed volume. The presence of voids in low-density
particleboards is related to the low density of the particles (Santos et al., 2021).

Therefore, this research aimed to characterize jupati petiole and to investigate the
physical and mechanical properties of low-density particleboards produced with different

replacement levels of Pinus oocarpa wood by jupati petiole (25, 50, 75, and 100%).

MATERIAL AND METHODS

PREPARATION AND CHARACTERIZATION OF THE PINE WOOD AND JUPATI
WASTE

Wastes from the petiole of Raphia taedigera (jupati) were collected in Abaetetuba-Para-
Brasil. The 25 years-old wood of Pinus oocarpa (pine) was obtained from a trial crop at the

Federal University of Lavras (UFLA). The pine logs were immersed in a tank with water at
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60°C for 24 h to avoid possible attacks by xylophagous. Afterward, the logs were veneered,
generating veneers with nominal thicknesses of 2 mm. The pine veneers and the jupati waste
were dried at room temperature until they reached a moisture content of 8%.

The raw materials were milled in a high-speed hammer mill, and the particles retained
between the 40 and 60-mesh sieves were used to produce the particleboards. After sieving, the
particles of both materials were dried in a laboratory oven at a temperature between 50-75°C

up to a particle moisture content between 3-4%.

CHARACTERIZATION OF THE RAW MATERIALS

The raw lignocellulosic materials were characterized through the following tests:

e Basic density (p) — adapted from NBR 11941 standard (ABNT, 2003);

e Total extractives - NBR 14853 (ABNT, 2010);

e Acid-insoluble lignin - NBR 7989 (ABNT, 2010);

e Ash content - NBR 13999 (ABNT, 2017).

With the data from the characterization of extractives, lignin, and ash content, the
holocellulose (H) content, referring to the sum of the structural carbohydrates of biomass,
cellulose, and hemicelluloses, was calculated according to Equation 1.

H (%) = 100 (%) - total extractives (%) - lignin content (%) - ash content (%) (1)

The electron dispersion spectroscopy (EDS) assay was also performed in an SEM Zeiss
EVO 40 device (Oberkochen, Baden-Wirttemberg, Germany) belonging to the UFLA
Department of Plant Pathology. Therefore, particles of jupati waste were subjected to a carbon
bath. Secondary electrons and backscattering detectors were used, and the microscope was

operated under an accelerating voltage of 15 kV and probe current of 2 nA.

PARTICLEBOARD PRODUCTION

The particleboards were formulated to have a nominal density of 600 kg/m3. The
proportion of adhesive applied was 10% (adhesive’s solid mass based on the oven-dried particle
mass) of the particleboards. The urea-formaldehyde adhesive was characterized by a solid

content of 63.50%, viscosity of 1810 cP, pH of 6.86, and gelatinization time of 53 s.
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The components were mixed in a rotatory blender until complete homogenization, and
the urea-formaldehyde adhesive was added by pressure spraying. Different blend formulations
were tested regarding the proportions of jupati and pine wood (Table 1). Afterward, a mattress-
forming box with dimensions of 30cm x 30cm x 1.50 cm was filled with the wood-adhesive
mixes. The mixtures were pre-pressed in a hydraulic press at a pressure of 0.4 MPa for 8 min
at room temperature forming mattresses. Subsequently, the mattresses were hot-pressed at
160°C and 4MPa for 10 min, according to Soares et al. (2017).

Table 1: Raw materials’ proportions of the particleboards

Treatments Pine (%) Jupati (%)
1 100 0

2 75 25

3 50 50

4 25 75

5 0 100

The pressed panels were square-cut according to normative dimensions; these samples
were kept in a controlled environment (20+ 2°C and 65+ 5% RH) until the physical and
mechanical tests were carried out following NBR 14810-2 (ABNT, 2018).

PHYSICAL PROPERTIES OF PARTICLEBOARDS

The specimens were evaluated regarding their following physical properties: 24-h water
absorption (WA) - ASTM D1037 (ASTM, 2012); Thickness swelling (TS) after 24 h - ASTM
D1037 (ASTM, 2012); Moisture content (M) - NBR 14810-2 (ABNT, 2018); Apparent density
(pd) - NBR 14810-2 (ABNT, 2018); Thermal conductivity (K) - adaptation to the JIS 1412-2
standard (JSA, 2016); Acoustic insulation — adapted from 1SO 10534-2 (1SO,1998); and
Compression ratio (CR) - calculated by Equation 2.

pd

RC= pf * (fp%) + pp * (pp%)

(2)

Where:
° pd is the apparent density of the particleboards (g/cm?®);
° pf is the apparent density of jupati wastes (g/cmq);
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° fp% is the content of jupati wastes (%);
° pp is the apparent density of pine wood (g/cm?®);

° pp% is the pine wood content (%).

MECHANICAL PROPERTIES OF THE PARTICLEBOARDS

In addition to the physical characterization, the particleboards were subjected to the
following mechanical tests:

e Static bending — to obtain the modulus of elasticity (MOE) and rupture (MOR) — ANSI
A208 (ANSI, 1999);

e Perpendicular tensile strength perpendicular (PTS) to the plane of the board — ANSI
A208 (ANSI, 1999).

MICROSTRUCTURAL PROPERTIES OF THE PARTICLEBOARDS

The scanning electron microscopy (SEM) test was also performed on the particleboards
to verify the interaction between adhesive and particle in the specimens ruptured in static
bending using an SEM Zeiss EVO 40 device (Oberkochen, Baden-Wirttemberg, Germany).
The samples were previously gold-plated. Secondary electrons and backscattering detectors
were used in the tests, and the microscope was operated under an accelerating voltage of 15 kV
and probe current of 2 nA. No tilt was used, and images were obtained at different

magnifications.

EXPERIMENTAL DESIGN AND STATISTICAL ANALYSES

The experimental design was completely randomized with five treatments (proportions
of wood jupati) and three replications (particleboards produced by formulation). Data was first
evaluated by variance analysis. A regression was fitted for the particleboards’ properties
significantly affected by the different levels of jupati wastes. Tukey’s test (& = 0.05) was

applied to test significant differences between the traits of the raw materials.
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RESULTS AND DISCUSSION
CHARACTERIZATION OF LIGNOCELLULOSIC MATERIALS
Jupati and pinewood significantly differed in basic density and contents of ashes and

holocellulose. On the other hand, the contents of extractives and lignin were statistically equal
(Table 2).

Table 2
Basic density and chemical composition of the lignocellulosic materials.
Material Basic density Extractives Lignin Ashes Holocellulose
(kg/m?3) (%) (%) (%) (%)
Pine 480 %" 3 6.18 724 29.28 0145 12500 63290814
Jupati 120 10 6.90 103 33,52 (1165 13.90 *27 3 45.68 139 b

*Standard deviation of means.
**Means followed by the same letters in the columns do not differ according to Tukey’s test (a

= 0.05).

Veloso et al. (2020) found a higher density (500 kg/m?3) for the petiole of jupati. The
lower value found for the raw particles in this work is possibly related to the plant life cycle,
age, and harvest time. Jupati is desirable for manufacturing particleboards as a low-density
material because the pre-determined particleboard density is achieved with more particles for a
given volume, increasing its compaction (lwakiri and Trianoski, 2020; Veloso et al., 2020;
Protéssio et al., 2012). However, the possible drawback of such a low density is the requirement
of a higher amount of adhesive to cover a higher surface area of particles. Therefore, jupati is
specifically promising for low-density particleboards produced with a lower mass of particles
instead of medium or density particleboards (MDP and HDP).

Although statistically equal, both feedstocks had advantageous extractive contents
below 10%. Above this limit, extractives usually cause problems in particleboards’ production
and quality by increasing the adhesive consumption, decreasing strength, increasing water
absorption, and favoring the occurrence of bubbles during hot pressing (Iwakiri and Trianoski,
2020). The content of total extractives of jupati found by Veloso et al. (2020) was 7.46%, which
is close to that found herein. Compared to other lignocellulosic wastes, jupati presented lower
extractive values. For instance, Soares et al. (2017) found 19.59% of extractives for sugarcane

bagasse, and Martins et al. (2018) reported 26.72% for soybean pod waste.
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The insoluble lignin content of pine was consistent with that obtained by Furtini et al.
(2021) of 29.20%. Meanwhile, jupati’s content was consistent with that found by Veloso et al.
(2020) of 29.28%. However, other wastes, such as coffee parchment (28.32%, Scatolino et al.,
2017), and bagasse sugarcane (15.72%, Soares et al., 2017), showed higher levels of this
component.

Higher levels of lignin are desirable for the production of reconstituted wood panels. It
leads to better adhesion of lignocellulosic constituents and helps to obtain better mechanical
properties of particleboards (Bufalino et al., 2012; Khedari et al., 2004).

The ash content of jupati was 13.90%, far higher than the 3.17% found by Veloso et al.
(2020) for the same waste. Besides, other agriculture wastes also showed comparable lower ash
contents, including bamboo fiber (0.22%, Gomes et al., 2021), coffee parchment (0.57%,
Scatolino et al., 2017), sugar cane bagasse (1.89%, Soares et al., 2017) and beans waste (16%,
Miranda et al., 2022).

Lower values of this property are attractive for particleboard production because these
components harm wood veneering by wearing the cutting knives. Pinewood particles also
showed high ash proportion compared to other woods from literature, such as those of Andrade
et al. (2019), who found 0.20%.

The amount of holocellulose (cellulose + hemicelluloses) was 63.29% for pinewood and
45.68% for jupati. Mendes et al. (2014) found a similar value of 66.50% for pinewood. Veloso
et al. (2020) reported a holocellulose level of 60.11% for jupati, above the observed herein.

Cellulose is a structural component of the wood cell wall and occurs as semi-crystalline
microfibrils; hence, a higher content of this component can benefit the mechanical properties
of particleboards (Baharoglu et al., 2013). However, both cellulose and hemicelluloses increase
wood hygroscopicity; that is, free hydroxyl groups available in carbohydrate fractions that can
adhere to water (lwakiri and Trianoski, 2020), which may negatively affect the physical
properties of particleboards.

The Electron Scatter Spectroscopy (EDS) revealed the occurrence levels of many

elements in jupati waste (Table 3).

Table 3
The elemental chemical constitution of the jupati petiole revealed by EDS
Element (%)

0] Al F Si K Ca Cl S

20.52 9.58 1.69 1.02 0.76 0.53 0.36 0.17
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Silicon occurs in certain plants' stem and leaf tissues in large amounts and small amounts
in the grains. In 99.00% of the plants, it occurs as polymerized silicon acid, a complex formula
to solubilize (Manegale et al., 2015). Jupati presented a small percentage of silicon compared
to piassava fiber, which has a silicon content ranging from 6.60% to 9.60% (Rebelo, 2016). The
growth environment of the jupati palm is the probable cause of such a small amount of silicon.

Potassium, which occurred at a 0.76% level, inhibits fungi and insects on wood
particleboards. It reacts with the urea-formaldehyde adhesive accumulating phenolic
composites (Silveira, 2000).

The jupati petiole also presented a large amount of aluminum and oxygen, which

increased the interfacial bond and thus contributed to the composite's thermal stability.

PHYSICAL PROPERTIES OF THE PARTICLEBOARDS

Particleboard composition did not affect significantly apparent density (p-value =
0.1955), and thermal conductivity (p-value = 0.0718) of the particleboards. On the other hand,
the moisture content (p-value = 0.0006), compression ratio (p-value = 0.000), water absorption
(p-value = 0.0001), and thickness swelling (p-value = 0.0001) consistently increased with the
partial or total replacement of pinewood by jupati (Fig. 1).



33

10 0.70
9 4
0.60
8 t E\‘\'_H
2l e ¥ F—3 0.50
_— 6 ) /?’!_\
g5 % 0.40
s ] =0.30 -
4 2
31 0.20 -
2 M =-0.0002i +0.0155) + 73517 0.10 - pd=1.12367-0.0013j + 0.5755
14 F=04144 ) ri=10.8992
Fe=129110 Fe=1.8530
0 — - : : . 0.00 ~— . . . .
0 25 50 75 100 0 25 50 75 100
@ % jupati (j) @ % jupati (j)
50 T ooms , 250 : :
CR = 0.0005]7 - 0.01455 + 1.2982 WA = - 0.0084f + 1.9505] + 86.1781
4.5 1 F;fﬁggﬁm 225 - #7=0.9998
Biiie Fe=19.1140
4.0 200 - c
35 175
33.0 ’\?1 50 |
& 25 S12s
20 2 100 -
151 754~
1.0 5 |
0.5 25 |
0.0 1 — ; . : :
0 25 50 75 100 0 " - -
% jupati (j) 0 25 . 50' ' 75 100
© @ T
100 T57="0 00437 + 0.7488) + 24 2368 40
90 7 =0.9426
Fe=18.6310 35 4
80
70 R
~ 60 225
= E
=~ 50 =20
7 40 X
Z 15
30 4 10
20 K = 0.00003j2 - 0.0019j + 28.5659
10 | 51 #2=0.7101
Fe=3.010
0 - ; . 0 : ! : .
0 25 50 75 100 ] 25 . 50‘ ) 75 100
% jupati (j) % jupati (j)

* Significant Regression Analysis at 5% Significance.
Figure 1. Physical properties of the jupati and pinewood particleboards: (a) moisture content
(M), (b) apparent density (pd), (c) compression ratio (CR), (d) water absorption (WA), (e)
thickness swelling (TS) and thermal conductivity (K).

A significant moisture content difference among particleboards was not desirable since
they were acclimatized before testing under the same air temperature and relative humidity
conditions. However, a low moisture content range of 7.1 £ 0.1% (100% pinewood) to 8.3
0.3% (25%-jupati) was found (Fig. 1a). All values were within the 5-11% range required by the
NBR 14810-2 standard (ABNT, 2002). Longo et al. (2015) reported moisture contents of
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angelim and cambara wood particleboards of 7.6% and 8.8%, both similar to the particleboards
of this work.

The apparent density did not statistically differ among particleboards and ranged from
540 £ 20 kg/m3 (25% and 75%-jupati particleboards) to 580 + 20 kg/m3 (100%-jupati), with an
average of 550 kg/m3 (Fig. 1b). Such similiratity was expected because all particleboards were
produced with the same target density. According to CS 236-66 (CS, 1968) and ANSI A208.1-
99 (ANSI, 1999) standards, all particleboards were classified as low density since values were
below 600 kg/m3 and 650 kg/m3, respectively. (Figure 1b).

The compaction ratio increased from 1.21 (100%-pinewood) to 4.62 (100%-jupati),
meaning 3.8 times increase by completely replacing pine wood with jupati in the particleboards
(Fig. 1c). Other authors have observed this trend in particleboards (Bekhta et al., 2021; Veloso
et al., 2020; Scatolino et al., 2017; Guimaraes Janior et al., 2016). Compared with pinewood,
the lower density of some agricultural residues increases the compaction ratio (Guimarées
Junior et al., 2016; Scatolino et al., 2017) since the density is pre-determined. According to
Maloney (1993), the recommended compression ratio is between 1.30 and 1.60. The optimal
replacement ratio for optimizing the compression ratio based on the fitted regression is between
18.20 and 27.58%.

The minimum water absorption of 87 + 9.9% was found for 100%-pinewood
particleboards. In comparison, the maximum of 196.7% * 15.4 was found for 100%-jupati
particleboards (Fig. 1d). The water absorption of particleboards occurs through the cellulose
hydroxyl sites (OH) of the lignocellulosic materials that raise the affinity with water (Guimaraes
Junior et al., 2016). However, jupati had lower holocellulose content than pinewood; hence, the
exceptionally low density of jupati particles supports they contain many voids within individual
particles for uptaking free water and explains the increased water absorption with increasing
jupati proportions. Moreover, a higher compaction ratio means more particles per volume
within the boards, hence more lignocellulosic material for water adsorption.

Regarding water absorption, the pinewood particleboards showed similar values to
Mendes et al. (2012). With the inclusion of jupati in higher percentages, the values were higher
than those of Veloso et al. (2020), who also produced low-density particleboards substituting
wood with jupati up to 15%. The normative requirements for particleboards do not specify
targets for 24-h absorption properties (Guimarées et al., 2019).

Increasing the proportions of jupati also increased the swelling of the particle board
thickness swelling from 26.5 = 0.9% (100%-pinewood) to 55.8 = 7.4 (100%-jupati).
Nonetheless, the 50%-jupati particleboards exhibited the highest thickness swelling (Figure 1e).
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This effect is related to its higher compaction ratio acquired during pressing, which is released
more intensely when the particleboards are immersed in water (Guimaraes et al., 2019). Veloso
et al. (2020) also observed that the more significant the addition of waste, the greater the
swelling in thickness. This trend is the main disadvantage of using agricultural by-products on
a large scale in particleboards. In the work of Soares et al. (2017), however, sugarcane bagasse
was added at levels of 10-30%, and all treatments met the standard. The CS 236-66 standard
stipulates a maximum value of 35% for thickness swelling for low-density particleboard
produced with urea-formaldehyde adhesive. Only the standard product of pine wood and 25%
jupati met the standard.

There was no significant statistical variation in thermal conductivity among the samples
of this study, and values ranged from 27.2 + to 0.04 kW/km (25%-jupati) to 29.25 + 0.11
kW/km (75%-jupati), as observed in Fig. 1f. Still, the all-pinewood sample particleboards
absorbed slightly more heat than those containing jupati. Aluminum, which was detected in
jupati, possibly reduced the thermal conductivity. The values of this work were below those
reported by Raim et al. (2021) because lighter materials show better thermal properties. The
thermal conductivity of wood fiber is 42kW/(mK).

Concerning acoustic insulation (Figure 2a), all particleboards isolated the sound more
than the reference. Moreover, sound intensities were lower by replacing pinewood with jupati
petiole wastes. At the lowest frequency of 250 Hz, the sound intensities varied less, ranging
from 78.50 dB (75%-jupati particleboards) to 77.03 dB (25%-jupati particleboards). For the
remaining frequencies, 100%-pinewood particleboards had the highest sound intensities (500
Hz - 78.80 dB, 1000 Hz - 46.70 dB, and 2000 Hz - 78.23 dB). At 125 Hz, 25% and 50%-jupati
particleboards had the lowest sound intensity (77.3 dB). At 500 Hz, 100%-jupati particleboards
had the lowest sound intensity (76.03 dB). At 1000 Hz, 25%-jupati particleboards had the
lowest sound intensity (43.93 dB), while at 2000 Hz, the 50%-jupati particleboards showed the
lowest value (76.47 dB), as observed in Fig. 2a.

Despite average differences among particleboards, there was no significant interaction
between the jupati proportion and frequency factors (p-value = 0.0000, Fig. 2b). Concerning
isolated factors, a significant effect of the frequency on the average acoustic intensity was

observed, oppositely from the jupati proportion (p-value = 1.0000, Figure 2c).
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Figure 2. Sound intensity of the jupati and pinewood particleboards: (a) averages of all

treatments, (b) averages for frequency factor, and (c) averages for jupati proportion factor.

According to the averages for each frequency, jupati contributed to greater acoustic
insulation of the particleboards. Sound transmission represents the behavior of low-density
particleboards. The materials must be well-filled with low-density material such as jupati, to

present better behavior to sound activity (Santos et al., 2021).
MECHANICAL PROPERTIES OF PARTICLEBOARDS
The MOE (p-value = 0.0053) and the MOR (p-value = 0.0083) in static bending, and

the perpendicular tensile strength (p-value = 0.0019) data were significantly affected by the

increasing addition of jupati wastes (Figure 3).
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Figure 3. Mechanical strength of the jupati and pinewood LDP: Modulus of elasticity (MOE)

(@), modulus of rupture (MOR) (b), and perpendicular tensile strength (PTS) (c) of the panels.

According to the A208 standard (ANSI, 1999), the modulus of rupture, modulus of

elasticity, and perpendicular tensile strength of all treatments met the recommended minimum
values: 3MPa (MOR), 550MPa (MOE), and 0.10 MPa (RTP).

Placing the minimum values required by the standard in the regression equation, e.g.,
550 = 0.1638j% — 22.1650j + 1302.3 for MOE, we obtain the maximum replacement proportions
(j) of jupati petiole of = 67% (MOE), = 95% (MOR) and = 38% (PTS). The perpendicular
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tensile strength found here was lower than that of particle boards from other agricultural
residues, such as coffee endocarp (Scatolino et al., 2017) and jupati petiole (Veloso et al., 2020).

A general tendency for properties to decline as the waste levels increase is common in
other literature, as observed in particleboards of sugarcane (19.59%, Soares et al., 2017) and
soybean pod wastes (26.72%, Martins et al., 2018).

According to Guimardes Janior et al. (2016), the decrease in the mechanical properties
of conventional particleboards relates to ash and holocellulose and the low density of the waste
that increases the compaction ratio too much, resulting in less adhesive per particle. This
reduction is also related to the lower values of lignin and higher values of extractives found in
the particles of this agricultural element (Iwakiri and Trianoski, 2020; Neutelings, 2011).

MICROSTRUCTURAL PROPERTIES OF THE PARTICLEBOARDS

Figure 4 presents scanning electron microscopy (SEM) images of 25%-jupati, and

100%-jupati particleboards ruptured in static bending.
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H WD= 130 mm PhotoNo. =49018  Time:11:21.09 m

EHT=2000kV Signat A= SE1 Date :27 Jon 2022 1SS
WD = 12.0 mm Photo No. = 48997 Time :10:49:51

Figure 4. SEM of the samples containing 25.00% (a) and 100.00% of jupati(b).

Figure 3b showed that replacing pine wood with 100% jupati, a material of lower density
increased voids and thus presented a smaller amount of adhesive per particle due to the higher
volume of jupati particles. The tests with 100%-jupati particleboards did not present suitable
thickness swelling and water absorption (Figures 1d and 1e) due to the voids and high ash levels
in the jupati particles' chemical composition (Santos, 2021; Barros Filho et al., 2011). Jupati’s
high extractive and ash contents possibly harmed the mechanical strength of the particleboards.
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Furthermore, the adhesive should have been applied in a higher percentage and with a
higher viscosity to present a better adhesion on the 100%- jupati particleboard. Santos (2021)
and Barros Filho et al. (2011) stated that the voids and the insufficient resin resulted in low
adhesion between the reinforcement and matrix because of the reinforcement's low density.
According to Cesar et al. (2017), more adhesive enables better adhesion between the particles

and thus improves physical and mechanical properties.

CONCLUSION

The evaluation of the feasibility of producing low-density particleboards with different
levels of replacement of Pinus oocarpa wood by jupati petioles (25, 50, 75 and 100%).

The characterization of jupati revealed low density (120 kg/m3). This low density
favored the particleboard's insulation properties but decreased the adhesive spread per particle.
The content of suitable extractives (6.90%) is below 10% for the production of particleboards.
Its drawbacks were the occurrence of silicon (1.02%) and high ash content (13.90%), thus
presenting difficulties with the adhesion of the adhesive.

The water absorption and swelling thickness increasing levels of jupati. The mechanical
properties of all jupati-containing panels have been reduced compared to 100% pine wood
particle board, meeting standardized requirements. Thermal conductivities were similar among
all particle boards, but 100% jupati particle boards showed superior sound insulation. Alone or
combined with pine wood, jupati can maintain or improve the thermal and acoustic insulation
of the panels, maintaining adequate mechanical strength.

Future work should focus on overcoming the inability of jupati particle boards to remain
in highly humid environments by fine-tuning production. The possibilities include increasing
the adhesive content of the panels and performing the calculation of materials in volumes, and

carrying out the pre-treatment of jupati particles to remove impurities.
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HIGHLIGHTS
Importancia das matérias-primas presentes na floresta Amazoénica;
Avaliacdo do desempenho fisico-mecéanico da matriz de gesso na producdo de compositos
biodegradaveis;
Valorizagao do peciolo de jupati para producdo de compositos de baixa densidade;
Os peciolos de jupati apresenta baixa densidade e por isso auxiliam nas propriedades térmicas

e acusticas;

RESUMO
O objetivo deste trabalho foi avaliar o reforco peciolo de jupati (Raphia taedigera) em
matrizes de gesso. Para tanto, foram confeccionados corpos de prova com 0, 2.5, 5.0, 7.5 e
10.0% de peciolo em substituicdo e a relacdo agua/gesso de 0.6. Foram avaliadas propriedades:
fisicas, mecénica e microestruturais. Os resultados demonstraram que a insercdo do peciolo
ocasionou uma diminuicdo da densidade do compdsito devido a elevada porosidade das
particulas gerando bom desempenho térmico e acustico. Em relagdo ao modulo de ruptura, ndo

se observou um bom desempenho devido a baixa interagdo conforme as imagens do SEM.

Palavras-Chave: Densidade, Microestrutura, Produtos de menor Impacto Ambiental,

Propriedades acusticas, Propriedades térmicas.
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INTRODUCAO

Diante da nova tendéncia social de ampliacdo dos processos de menor impacto
ambiental nos diversos ramos de atividades econdmicas humanas, a construcdo civil,
responsavel por cerca de 21 % do consumo de energia e 6,8 % da emissdo de gases
intensificadores do efeito estufa do mundo, vem sofrendo algumas modificacbes para
adequacdo a nova realidade social (Gencel et al. 2022; Yu et al., 2020; Janjua et al., 2019).

Um dos produtos mais comuns produzidos pela industria é o gesso, um mineral
aglutinante, produzido pelo aquecimento da gipsita. O gesso é conhecido por algumas
caracteristicas importantes que incluem baixa densidade e facil manipulagdo. Os compdsitos
formados por este elemento se destacam ainda como um dos principais materiais,
principalmente, de construcdo de interiores, por causa de seu custo relativamente baixo e suas
propriedades de isolamento térmico e acustico (Goncalves et al. 2022; Park et al., 2019).

Uma das op¢Bes de baixo impacto para aperfeicoar propriedades fisico-mecanicas é
através da sua substituicdo parcial por fibras vegetais. Tais elementos tém constituicdo quimica
bésica de extrativos, lignina, cinza, pectina e holocelulose, que podem sofrer alteracéo devido
as condicdes de crescimento e a idade da planta (Dalmay et al., 2010). A maioria das fibras atua
como um auxilio para a resisténcia a tracdo, mas também temos fibras com menores densidades
que apresentam melhor desempenho nas propriedades térmicas e acusticas (Gomes et al, 2022,
Xie et al., 2022; Bake et al., 2021; Huang et al., 2019).
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Diante disto, novos estudos vém buscando a substituicdo parcial deste componente por
fibras vegetais. Varios autores, neste contexto, ja estudaram essa interacdo a partir do uso de
fibras de tab6a (Typha angustifolia) (Muntongkaw et al., 2021), de planta marinha (Posidonia
oceanica) e pinus (Pinus sylvestris) (Kugo e Mai, 2021), de l1a e de coco (Guna et al., 2021),
capim (Gomes et al., 2021), residuo trigo Gomes et al. (2022), residuos feijdo Miranda et al,
(2022) e com particulas de cacau (Veloso et al., 2021), dentre outras.

Um dos materiais em constantes estudos séo as palmeiras como reforco. Um exemplo e
a bainha do peciolo Mauritia flexuosa sdo materiais que podem ser utilizados na producéao de
compdsitos e paneis de madeira. Essa palmeira é encontrada principalmente no bioma
Amazonia, Cerrado e Pantanal no Brasil. (Faria et al.; 2022).

Outro material renovavel, ainda ndo estudado nesta matriz, semelhante a Mauritia
flexuosa é a palmeira de jupati, uma espécie nativa da Asia e China e que se faz presente também
em florestas tropicais, como na floresta Amazonica. Esta palmeira muitos troncos e pode atingir
até 3 metros de altura em regime de crescimento lento. As folhas, fibras, sementes e cascas de
jupati sdo comumente usadas para decoracdo de interiores, artesanato e também na producao
de biodiesel, na regido Norte do Brasil. A area de ocorréncia desta palmeira se estende por
2.400 km2 e assim a producdo de dleo de jupati pode chegar a 10.800 t/ano sem destruir as
florestas tropicais (Stauffer et al., 2017; da Conceido et al.,2011).

Devido ao grande nimero de plantac@es de jupati para a producdo de 6leo, apresenta-se
assim a necessidade de um maior aproveitando da parte interna do peciolo (caule que liga a
lamina foliar ao ramo), que é, na maioria das vezes, subutilizada. (Stauffer et al., 2017; Da
Conceigdo et al., 2011). Nos ultimos tempos, estudos vem tentando o reuso da parte deste
material para producdo de compdsito de gesso (Veloso et al., 2020).

Por isso, 0 objetivo desta pesquisa foi avaliar as propriedades quimico-fisico-mecanicas
de compositos de gesso produzidos com substitui¢do parcial do gesso por peciolo de jupati (O,

2.5, 5.0, 7.5 e 10 %) para verificacdo da viabilidade de producdo deste produto.
METODOLOGIA
Obtencéo e preparo das matérias-primas
O gesso utilizado para a producdo dos compdsitos foi adquirido no comércio local da

cidade de Lavras - Minas Gerais, Brasil, (Figura 01 a) apresentando propriedades de acordo

com as especificagdes da norma em EM 14496 (CEN, 2017). Os peciolos do jupati foram
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obtidos da floresta Amazonica na cidade de Abaetetuba - Pard, Brasil, localizada na latitude
1°38°52’S e longitude 48°49°18” W.

Para obtencdo das particulas, o material lignocelulésico foi processado em um moinho
de martelos de alta rotacdo e posteriormente peneirado em um conjunto de peneiras. As
particulas selecionadas para a producéo dos compdsitos foram as particulas passantes na peneira
de 40 mesh e retidas na peneira de 60 mesh. (Figura 01 b). Tais particulas foram entdo secas
até a umidade de ~3-4 %.

Fig. 1: Gesso fino comercial (a), particulas de jupati (b), composito (c).

Anélises para caracterizacdo do material lignoceculdsico

As particulas de jupati foram caracterizadas através dos seguintes ensaios: densidade
aparente, com adaptacdo da norma NBR 11941 (ABNT, 2003), total de extrativos - NBR 14853
(ABNT, 2010), lignina insoltvel em &cido - NBR 7989 (ABNT, 2010) e teor de cinzas - ABNT
NBR 13999 (ABNT, 2017). Todos os ensaios foram realizados em triplicata. O teor de
holocelulose (H) também foi calculado através da Equacdo 1.

H (%) = 100 (%) - total de extrativos (%) - teor de lignina (%) - teor de cinzas (%) 1)
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Por fim, as particulas “in natura” de jupati foram caracterizadas por microscopia
eletronica de varredura (MEV) e espectroscopia de raios X por energia dispersiva (EDS) a fim
verificar sua superficie e elementos quimicos constituintes. As amostras foram revestidas com
ouro, parao MEV e com carbono, para o EDS, e elétrons secundarios e retrodifusores detectores
foram usados. O aparelho utilizado foi o0 SEM Dispositivo Zeiss EVO 40, sendo operado sob
tensdo de aceleragdo de 15 kV, corrente de sonda de 2 nA, com uma distancia de trabalho

variavel, sem inclinacédo e diferentes ampliaces.

Processo de producdo dos compdsitos

Os compositos foram confeccionados com a insercdo gradual da massa de gesso pelo
material lignocelulésico, sendo ao todo cinco composicdes (Tabela 1). A escolha do nivel de
substituicdo nos tratamentos foi baseada no trabalho de Oliveira et al. (2020).

A relacdo agua/gesso utilizada para a producdo dos compositos foi de 0,6. Tal relacdo
foi escolhida por apresentar boa trabalhabilidade mesmo com o acréscimo das fibras, boa
homogeneidade e facilidade para moldagem (OLIVEIRA et al., 2020).

Tabela 1: Diferentes composicdes dos compdsitos produzidos com gesso e particulas de jupati

(relacdo massa/massa).

Tratamento Gesso (%0) Jupati (%)
T1 100.0 0

T2 97.5 2.5

T3 95.0 5.0

T4 92.5 7.5

T5 90.0 10.0

Visando a posterior avaliagdo das propriedades, os corpos de prova foram produzidos
com o auxilio de uma forma feita de fibras de média densidade (MDF), fabricada com fundo
em madeira, de forma a garantir que suas dimensdes fossem de 40 x 40 x 160 mm, conforme
especificacbes da EN 13279-2 (CEN, 2014) (Fig 2). Para cada tratamento foram moldados seis

corpos de prova.
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Fig. 2: Corpos de prova nos moldes (a).

Depois de 24 horas da moldagem, os corpos de prova ja solidificados foram retirados
dos moldes e colocados em local bem ventilado e livre da acdo de intempéries (Figura 3).
Posteriormente, foram encaminhados para uma sala climatizada 22 + 2°C, onde permaneceram
durante seis dias, a fim da realizacdo de uma cura homogénea. No sétimo dia, 0s corpos de

prova foram preparados para 0S ensaios.

Fig. 3: Corpo de prova desmoldados.

Avaliacdo das propriedades dos compositos

Foram realizados os ensaios para determinacdo de umidade na base seca (W) - NBR
7190 (ABNT, 1997); densidade aparente (p) - NBR 45 (ABNT, 2006); absorcao de agua (WA)
- adaptacdo da norma ASTM D570-98 (ASTM, 2018); condutividade térmica (K) - adaptacdo
da norma JIS 1412-2 (JSA, 2016) e isolamento acustico - adaptagdo da norma 1SO 10534-2
(1S0O,1998).

Para avaliacédo das propriedades mecanicas, foram realizados os ensaios de resisténcia
a flexdo e a compressao em maquina universal de ensaios, de acordo com a norma EN 13279-
2 (CEN, 2014). Com os resultados obtidos em ambos os ensaios foi possivel calcular o mddulo
de elasticidade (MOE) e médulo de ruptura (MOR) dos corpos de prova.

Ap0s sofrerem ruptura no ensaio de flexdo, os corpos de prova foram encaminhados
para analise em MEV com o intuito de verificar o tipo de fratura ocorrida e a interagdo entre as
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particulas de gesso e de jupati. Os parametros da analise foram os mesmos adotados para o
MEV / EDS das particulas “in natura”.

Analise estatistica dos resultados
A fim de verificar os efeitos do acréscimo das particulas de jupati na qualidade dos

compositos, os resultados foram avaliados utilizando delineamento inteiramente casualizado e

submetidos a analise de regressao linear e variancia (ANOVA) a 5% de significancia.

RESULTADOS E DISCUSSOES

Caracterizacdo do material lignocelulésico

Na Tabela 2 podem ser encontrados os resultados para as propriedades fisicas e quimicas

das particulas do peciolo de jupati.

Table 2: Physical and chemical properties of the lignocellulosic material.

Density Extractives Ashes Holocellulose
Lignin (%)
(9/cmd) (%) (%) (%)

Jupati 0.11 +0.02 6.90+101 3352+1165 13.90+1.27 45.68+13.93

O valor encontrado para a densidade foi (0.11 g/cm3), valor baixo segundo o instituto
de Pesquisas Tecnoldgicas (IPT, 1985) (<0.50 g/cm3). Esse baixo valor de densidade do jupati
é bom para o melhoramento das propriedades térmicas e acusticas do compésito de gesso e foi
ainda menor que a densidade dos residuos de feijdo apresenta densidade de (0,24 g/cm3), que
ja apresentaram um bom resultado quanto a estas propriedades. (Miranda et al.; 2022).

A densidade dos peciolos de jupati foi também inferior a densidade do gesso 0,80
g/cm?), e dessa forma, a utilizagdo este material torna se atrativo por tornar um composito mais
leve e com mais ganho produtivo (EN 13.279-1 (CEN 2008).
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O teor de lignina encontrado no peciolo foi de 33,52%, valor proximo ao encontrado
por Veloso et al.; (2021), para 0 mesmo material (29.28 %) e ao encontrado por Scatolino et
al.; (2017) para o pergaminho de café (28.32 %). Esse componente hidrifébico pode causar
retardamento da hidratacdo do gesso. Assim com o pré-tratamento temos a melhora das
propriedades fisicas e mecénicas do compdsito. (Fonseca et al., 2020; Martins et al., 2018).

O peciolo apresentou ainda um teor de extrativo, outro componente relacionado ao
retardo na hidratacdo do cimento, de 6,90%. Esses valores foram inferiores em relacéo a outros
materiais lignoceluldsicos bagaco da cana de acucar (16,59%); Protasio et al. (2012); cacto
(17,64 %) e Pinus taeda (5,28%) Miranda, et al.; (2022); bambu 23,25% Gomes, et al (2021)
residuos lenhosos café (15,53%) Santos, et al (2021) e peciolo de jupati (7,46%) Veloso et al.,
2021. Os valores do peciolo foram menores que 10% por isso compativeis em relacdo ao estudo
de Veloso et al., 2021 e Pinus taeda. Miranda, et al (2022).

Para o teor de cinzas, 0 material apresentou teores mais altos do que encontrado por
Veloso et al.; (2021) foi (3,17%) para 0 mesmo material. Em relacdo aos outros materiais
vegetais foi encontrado: residuo de feijdo (16,94%) Miranda et al., (2022), pinus oocarpa
(1,25%) Furtini et al, (2022), Mauritia flexuosa (5,25%) Faria et al, (2022), pergaminho do
café (4,92%) (Soares, et al. 2017), residuo da colheita do milho (6,83%) (Protasio et al., 2012),
bambu (0,22%) Gomes, et al.; (2021). O peciolo de jupati apresentou valores semelhantes ao
estudo de Miranda et al, (2022), mais valores bem mais alto em comparacdo aos peciolos de
jupati de Veloso et al. (2021) foi (3,17%). Essa diferenca dos valores de cinza esta relacionada
devido os materiais lignocelulosicos possuirem variacdes devidas as diferentes condicdes de
cultivo e colheita por isso em alguns casos pode ser contaminado por agentes inorganicos.
(Selamat et al., 2019).

Ja o teor de holocelulose encontrado foi de 45,68%. O peciolo de jupati apresentou
menores valores em relacdo aos seguintes estudos: pistachio shell 51,71% Brito et al (2021),
Pinus Oocarpa (63,29%), Furtini et al (2022), residuo do feijdo (56,25%) Miranda et al, (2022),
residuo trigo (60,10%) Gomes et al, (2022). Baixos niveis de holocelulose sdo favoraveis para
ser ter menor umidade e absor¢do de agua no composito, visto que a holocelulose possui grupos
hidroxila (OH) altamente hidrofilicos (Selamat et al., 2019, Guimaraes Junior et al., 2016). Isto
dificulta, na maioria das vezes, 0 uso desses materiais em diversas aplicacfes pelo impacto em

algumas propriedades fisicas dos materiais compadsitos (Iwakiri; Trianoski, 2020).
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Caracterizacdo fisica dos compdsitos

A densidade aparente dos compositos e apresentada na (Fig., 04), por isso os resultados
mostram gque houve uma reducdo significativa na densidade aparente dos materiais compositos
apos a substituicdo parcial do gesso pelo material lignocelulésico, variando de 1,52 g/cm3 da
amostra de referéncia a 0,93 g/cm?3 na amostra com 10,0% de jupati. Essa reducéo da densidade

era esperada ja que foi constatada uma menor densidade no material lignocelulésico em relagéo
a0 gesso.
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Fig. 04: Densidade Aparente.

Essa reducdo da densidade era esperada, devido as particulas serem volumosas. Assim
foi constatada uma menor densidade no material lignocelul6sico em relagdo ao gesso. Sendo
gue a maior porcentagem de particulas apresentou densidade aparente 1,00 g/cm3, tendo um
composito mais leve. De acordo com Merino (2022), em seu trabalho composto de residuos
mistos de agregados ceramicos pode ser considerado como gesso leve, pois atinge densidade
interior 1,00 g/cm3.

Os compdsitos com a presenca das particulas de jupati, tiveram aumentos significativos

da absorc¢éo de agua e umidade, quando este material foi inserido na matriz de gesso (Fig. 05).
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Fig. 05: (a) Absorcédo agua 2h, (b) Absor¢édo agua 24h, (c) umidade
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A maior absorcdo de agua em ambos os compositos foi nas primeiras duas horas.

Durante este periodo tem uma relacdo com agua de cristalizacdo em decorréncia da insercéo de

fibras hidrofobicas provoca 0 maior aumento da absor¢éo de dgua principalmente nas primeiras
horas. Lanzon, (2022).

Depois deste periodo o indice de absorcdo apresentou um pequeno aumento. A

absorcéo dos compdsitos a 24h de imersédo teve uma variacao de 25 % na amostra referéncia a

53% na incorporacgéo de 10%. Os resultados apresentados por Oliveira et al. (2020), ao produzir



55

compositos utilizando gesso como matriz e fibras de madeira de eucalipto como material de
reforgo, também indicaram uma tendéncia semelhantes com um aumento na absor¢do de 4gua
dos compdsitos a 24h de imersdo, que variou de 19,48% na amostra de referéncia a 26,14%,
apos a incorporacao de 10% do residuo lignocelulésico.

Conforme apresentado na figura 05 C, os compdsitos com maiores incorporagdes
apresentaram também um maior teor de umidade, tendencia que semelhantemente a absor¢éo
de agua, esta relacionada ao alto valor de holocelulose. (Guimardes Janior et al., 2016). Fatores
de porosidade e cavidades nos compdsitos tem grande interferéncia na absorcdo de agua e na
umidade do compdsito. Xie et al. (2022).

Os valores de umidade até 2,50% apresentaram valores semelhantes, maiores inser¢des
tiveram uma amplificacdo dos valores, sendo assim 0 gesso ndo apresenta boa afinidade com
agua neste caso ao inserir material hidrofobico tem maiores absorcéo de agua no compasito. De
acordo com Miranda (2022), uma reducdo dos valores de umidade em até 5% de insercéo de
fibra de feijdo foi apresentada. Os diferentes materiais lignocelul6sicos apresentam diferentes
composicdes quimicas em sua estrutura vegetal, e por isso, diferentes valores das porcentagens
hidrofobicas. (lucolano et al., 2019).

Com relagdo a propriedade de condutividade térmica (Fig. 06), entretanto, os resultados
indicam que, em geral, a incorporacao de jupati no gesso nao alterou a condutividade térmica
do material compésito. No entanto, houve uma pequena diminui¢cdo, a amostra padrdo com
valor 0,32 W/mK e a maior incorporacao 0,28 W/mK, essa pequena reducdo pode ser atribuida
a densidade aparente do compadsito apés a substituicdo parcial do gesso por jupati, pois quanto
menor a densidade, maior o nimero de espacos vazios e menor sua condutividade térmica,
devido a baixa propagacéao de calor dentro do material (Bake et al., 2021; Srinivasaraonaik et
al., 2020).
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Fig. 06: Condutividade Térmica

De acordo com Miranda et al. (2022) os comp0sitos com maior incorporacao tiveram
valor de 0,28 W/mK. Neste caso apresentaram valores semelhantes ao encontrado com peciolo
de jupati na matriz de gesso. Essa compatibilidade esta relacionada devido o gesso apresentar
baixa condutividade em seus poros, o que faz com que o material seja resistente a passagem de
calor assim tendo maior condutividade. (Gomes et al, 2023, Srinivasaraonaik et al., 2020;
lucolano et al., 2019).

De acordo ainda com Marinho et al. (2013), ao avaliarem as propriedades termofisicas
de compdsitos de gesso com fibras de coco, observaram que os compdsitos produzidos com 8
mm e 10 mm de fibras de coco, apresentaram uma reducdo de aproximadamente 13% e 22%,
respectivamente, nos valores de condutividade térmica, quando comparados com corpos de
prova de gesso sem fibras. Os peciolos de jupati pode ter tido uma menor variacdo desses
valores devido a disposicdo e espessura da camada das particulas, por isso apresenta uma
diferenciacéo devido a espessura em relagdo a dimenséo das fibras citadas.

Os compdsitos apresentaram uma tendencia decrescente com incorporagdes em maiores
teores de peciolo tendo o valor de condutividade de 0,34 W/mK. Valores semelhantes com a
adicdo de diatomita do gesso este material tem alta porosidade e a menor densidade aparente o
mesmo acontece com o0 composito em estudo. Xiaoqui (2022), Liuzzi, 2018.

O comportamento a atividade sonora jupati, entretanto, apresenta uma menor frequéncia
na faixa de 1000 Hz e com uma maior disparidade a 500 Hz (Fig., 07). De acordo com Novais
et al. (2021) e Pedrefio-Rojas et al. (2017) quando comparamos a placa de gesso e outros

aditivos juntamente temos um melhoramento acustico sendo a menor taxa de frequéncia de 250
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e 2000 Hz, com maior disparidade em 500Hz. No caso estudo o compdsito de gesso com jupati

apresentou comportamento semelhante sem a adi¢do de aditivos.
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Fig. 07: Frequéncia sonora

Quando sdo incorporadas particulas de menores dimensdes, como no caso do jupati,
apresentou um aumento do seu volume e por isso traz um impacto positivo para a atividade
sonora principalmente nas maiores porcentagens. Em semelhanca a isso, no estudo de Novais
et al. (2021), os autores utilizaram granulos de menores dimensdes, e a tendéncia de um
aumento do volume de cortica também foi positiva para aumento do isolamento acustico.

A utilizacdo de compositos com melhor desempenho térmico e acustico tem varios
beneficios principalmente quando sdo utilizados materiais de menor densidade. Gera-se assim
maior valor agregado para os materiais de vedagédo da construcéo civil. (Xie et al., 2022; Jia et
al., 2021; Marinho et al., 2021).

Caracterizacdo mecanica dos compositos

Os resultados de Mddulo de Elasticidade (MOE) e M6dulo de Ruptura (MOR), advindos
dos ensaios de compressdo e da flexdo estaticas estdo apresentados na (Fig. 08). Em ambos
ensaios, os maiores valores de propriedades mecanicas foram obtidos nos compositos sem a

presenca de reforco fibras; apos o reforco, tais propriedades obtiveram uma reducéo
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significativa proporcional ao aumento do teor de particulas de jupati nas amostras, confirmando

tendéncias apresentadas na literatura (Gongalves et al., 2022; lucolano et al., 2019).
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Fig. 08: Modulo de Elasticidade (MOE) (a) e Médulo de Ruptura (MOR) (b) da resisténcia a
compressdo de compdsitos e Modulo de Elasticidade (MOE) (c) e Modulo de Ruptura (MOR)

(c) de resisténcia a flexao.

Os compdsitos com maiores porcentagens de fibras apresentam uma caracteristica mais

quebradicas e isso € decorrente da reducédo de aglomerante gesso e 0 aumento do nimero de
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particulas de jupati. A tendéncia de reducédo das propriedades mecénicas com o uso de maiores
quantidades de reforco pode estar relacionada ainda a uma fraca interacé@o entre o reforco e a
matriz devido a porosidade. (Bake et al., 2021). Todos os compositos produzidos ultrapassaram,
no entanto, o valor minimo de 2,00 MPa exigido pela norma EN 13279-1 (CEN 2008) para o
MOR a compressédo do gesso (Fig; 7 b).

Para ser ter uma melhora das propriedades mecénicas deveria ter realizado pré
tratamento nas particulas antes da moldagem do compdsito. Em estudo realizado por Olivares
(2020), o pré-tratamento de fibras do bagaco de cana de actcar com hidrdxido de célcio permite
a vedacdo dos poros e por essa razdo e notdvel que os compdsitos apresentaram melhor
desempenho atingindo os valores MOR de flex&o e compresséo maiores que 3 MPa.

De acordo com Srinivasaraonaik et al. (2020), ao adicionarem maiores porcentagens de
particulas com tratamento obtiveram uma reducdo da compressdo do gesso. Para o MOR da
flexdo (Fig; 8 d), porém, a norma preconiza um valor minimo de 1 MPa, valor ndo atingido
para amostras a partir de 8,71 % de peciolo de jupati de acordo com a andlise linear. Essa
ocorréncia da maior porcentagem ndo ter atingindo pode estar relacionado com a distribuicao
das particulas dos compositos. (Goncalves et al., 2022; Srinivasaraonaik et al., 2020; Tichi et
al., 2020).

O MOE de flex&o foi abaixo de 3MPa. De acordo com Ngah (2020) matrizes de gesso
reforcada com tecido de juta tiveram a resisténcia acima de 3 MPa. Os valores de MOE e MOR
de flexdo (Fig 8 c, d) dos compdsitos de jupati tiveram uma reducdo nas maiores porcentagens
isso esta relacionado com a densidade aparente e valores elevados de porosidade e area
superficial presente entre a fibra matriz como mostra na (Fig 08 a), esse acumulo de tensdes
causa a ruptura. O mesmo aconteceu com o trabalho de Xiaoqui Li (2022), quando adiciona
deatomita este produto tem baixa densidade aparente e alta porosidade e com decorréncia disto
temos menos resisténcia a flexdo devido pela alta concentracdo de diatomita que causa a

concentracdo de tensdes no compasito.

Caracterizacdo microestrtural dos compositos

As imagens da Fig. 9 mostram as microscopias de Microscopia Eletronica de Varredura
(MEV) das particulas de jupati nos diferentes tratamentos.
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Fig. 9 SEM images of: (a) jupati, (b) gypsum matrix, (c) composite with 2.5 % of jupati fibers,

(d) composite with 5.0 % of jupati fibers, (e) composite with 7.5 % of jupati fibers, (f) composite

with 10 % of jupati fibers.

No composito de referéncia (Fig. 9 b), observam-se cristais de gesso, tipicos de sua

morfologia cristalina e auséncia poros visiveis. Portanto observarmos nas imagens dos

compositos com incorporacao de jupati que todos apresentam defeitos internos em formato de

agulhas. (Conceicéo et al., 2021; Nghan 2020, Srinivasaraonaik et al., 2020).

Esses defeitos sdo decorrentes do grande volume de particulas de jupati e assim

representam locais que ndo foram totalmente hidratados com gesso devido a falta de liquidez
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da pasta devido a absorcéo de dgua ocorrida nas fibras. (Miranda et al.; 2022; Gongalves et al.,
2022; Oliveira et al., 2020; Carvalho et al., 2008; Vimmrova et al., 2011).

Observa-se também nas imagens da microestrutura do gesso com maior presenca de
particulas de jupati apresentam mais frageis que podem ter afetado as propriedades mecanicas
apresentadas (Fig 08). Analisa-se também que as particulas ndo foram dispersas uniformemente
na matriz de gesso, ou seja, a ligagdo gesso-jupati nédo foi a ideal, e isso pode ajudar a entender
novamente as baixas propriedades mecanicas encontradas em tais compositos. (Gongalves et
al., 2022; Tichi et al., 2020; Veloso et al., 2021; lucolano et al., 2019).

Para os compositos produzidos com reforgo de fibra (Fig. 9c, d, e, f), no entanto, vazios
sdo notados, o que pode ter contribuido para as boas propriedades térmicas e acusticas
demonstradas na Figura 6 e 7; eles podem ter ocorréncia devido a estrutura porosa das fibras
“in natura” (Figura 9 a). Além disso, ndo foi observado preenchimento de poros e essa auséncia
pode ter causado as grandes cavidades observadas, o que pode significar uma reducdo na
estabilidade dimensional e densidade dos compdsitos. (Gomes et al. 2022, Gencel et al. 2022,
Tichi et al., 2020; Veloso et al., 2021).

CONCLUSAO

Os resultados mostraram que a medida que se aumenta o teor do material na matriz, ha
uma diminuicdo da densidade aparente dos compositos e uma melhora na condutividade térmica
e isolamento acustico.

Além disso, houve aumento na absorcdo de agua principalmente nas primeiras duas
horas de submersdo em agua e umidade fatores relacionados a caracteristica hidrofilica do
peciolo de jupati.

Em relacdo as propriedades mecénicas, houve reducdo da resisténcia de flexdo e
compressdo. O compdasito que apresentou melhor comportamento em relacédo a insercao foi com
0s niveis de substituicdo de 2,5% e os demais tendo um decréscimo de sua resisténcia. Esses
resultados sdo atribuidos principalmente a fraca interacdo das particulas com a matriz,
verificada pelas imagens SEM.

Em futuros estudos tem a necessidade de estar fazendo pré-tratamento das particulas de
jupati para assim ser testado em diferentes granulometrias e maiores porcentagens de peciolo

jupati trazendo bom desempenho das propriedades: mecénicas, fisicas e microestruturais.
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HIGHLIGHTS
Use of Amazonian biomass for the development of polymeric composites.
Application of low-density particles in the extrusion process.
Physical-mechanical evaluation of recycled and biodegradable composites.
Satisfactory compaction contributed to the absence of porosity of the composites.

The influence of the parameters of the production process on the properties of the composites.

ABSTRACT
The research aimed to evaluate the effects of different contents of jupati particles on the
properties of composites with a matrix of recycled low-density polyethylene (LDPE). The
composites were produced with 0, 5, 10 and 15% of jupati particles inserted in the LDPE matrix,
and the moisture, bulk density, water absorption, flammability and mechanical resistance were
determined. The inclusion of the lignocellulosic material caused an increase in the density,
indicating absence of pores, and in the other properties of the composites, except the modulus
of rupture. These results were related to its chemical characteristics and the low interaction with
the matrix, which can be verified in the scanning electron microscopy images. The work results
are interesting and propitiate the development of further questions related to the production
parameters, different particle sizes and use of compatibilizing agents to verify the possible

effects on the composites.
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INTRODUCTION

The use of polymeric materials, especially disposables, has been increasing in recent
years due to the pandemic of COVID-19 and consequently, polymeric waste also undergoes an
increase in generation. Between the years 1950 and 2015, approximately 8,300 million metric
tons of virgin plastic were produced; furthermore, by the year 2050, 12,000 million metric tons
of plastic waste is projected to be disposed of in landfills and natural environments (GEYER;
JAMBECK; LAW, 2017). The sectors that use plastic materials the most are the construction
industry (19%) and the packaging sector (42%) (ACUNA-PIZANO et al., 2022).

In the recent years, North America, China and Europe have been the top three production
hubs for these products. In China, for example, the production of polymeric composite parts
tripled between 2010 and 2012. Among the common everyday materials produced with
thermoplastic matrices are: pergolas, cladding, decking, furniture, decorative items, brises,
skirting boards, plastic car parts, etc. (CHAUDEMANCHE et al., 2018; COLETTI et al., 2021).

The thermoplastic products, in this context, are the materials that cause more

degradation in the environment, due to the solid waste generated after the disposal of products.
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To minimize this impact, these wastes can be recycled for the creation of new materials,
including polymeric composites, taking advantage of its high generation and low cost (NAJAFI,
2013). However, recycling rates are still low. Brazil, for example, is the 4th largest generator
of this plastic waste but only 1.8% is recycled (KAZA et al., 2018). This reinforces the need to
value these materials in order to encourage their recycling and utilization.

Another point related to the theme is the fact that the production of these polymeric
materials comes from non-renewable sources, derived from petroleum. Due to all the problems
surrounding this raw material and the effects caused on the environment, new materials are
being developed with insertion of lignocellulosic materials in polymeric matrices, thus
generating biodegradable products (KAZA et al., 2018; ZIMMERMANN; ZATTERA, 2013).
However, he incorporation of these materials must be careful since the density and volume can
hinder the production of the composites (FRIEDRICH, 2021; VAISANEN et al., 2016).
Therefore, studies related to this topic are still needed to understand the properties and
responses of the material.

Among the raw materials used for the production of polymer composites is low-density
polyethylene (LDPE). This is considered a material of high strength to density ratio, high
chemical resistance, and other advantages (JORDAN; CHESTER, 2017). Its use and
valorization in recycled state, as previously discussed, rises as a possibility for reducing
environmental impacts (KAZA et al., 2018; KAZEMI; FINI, 2022; SANTOS et al., 2021).

Regarding the plant raw material for the production of composites, wood has already
been used (AYRILMIS; KWON; HAN, 2012). However, it is understood that any
lignocellulosic material may be able to be incorporated into polymeric matrices for production
of composites (BHASKAR et al., 2021). Thus, it becomes interesting to verify other viable
sources for use to expand the supply of raw material.

This subject has already been explored, as can be seen in works with the production of
composites with LDPE matrix reinforced with banana pseudostem fibers (JORDAN;
CHESTER, 2017) and with cocoa almond husk (Veloso et al., 2021), composites with coffee
waste in polypropylene matrix (GARCIA-GARCIA et al., 2015), among others. New research
seeks alternatives for the use of materials from different agricultural and forestry crops that are
not used and thus have the effect of preserving planted forests and preserving the use of non-
renewable resources (AYRILMIS; KWON; HAN, 2012; FRIEDRICH, 2021; KAZEMI; FINI,
2022).

The Amazon rainforest has a large abundance of palm species. One of the Amazon

Forest products used for oil and biodiesel production are the fruits of the jupati palm (Raphia
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taedigera) (Bastos et al., 2020; Conceigéo et al., 2021). This palm tree has slow growth, several
trunks, and can reach up to three meters in height. It is a native species of Asia and China and
has much occurrence in tropical forests, such as in the northern region of Brazil. The leaves,
fibres, seeds and bark of jupati are commonly used for interior decoration and handicrafts, being
a species of great importance in the wetland ecosystem (Veloso et al., 2021; Helmstetter et al.,
2020).

The jupati has been already studied previously by Veloso et al. (2021) in the production
of agglomerated panels at maximum replacement levels of up to 15% of the reference wood.
Bastos et al. (2020) and Conceido et al. (2011) also used it for biodiesel production. However,
studies related to the evaluation of this lignocellulosic material for application in polymeric
matrices and production of composites have not been found. In this context, this work aimed to
evaluate the effects of the gradual inclusion of jupati petiole particles in a matrix of recycled
LDPE from analysis of the physical, mechanical and microstructural properties of these
composites produced.

MATERIAL AND METHODS

Obtaining and preparation of the lignocellulosic materials

The jupati petioles were collected from the Amazon Forest located in Abaetetuba, Pard,
Brazil (latitude 1°38'52" S and longitude 48°49'18" W). The recycled low-density polyethylene
(LDPE) was purchased from a recycling industry located in the city of Lavras, Minas Gerais,
Brazil. To homogenize the size of the particles, the petioles were sieved, and the particles
retained on the 60 mesh sieve were used (Fig.01A). The polymeric material was homogeneous
with particles of 1.5 x 4.0 cm (Fig. 01B). Both materials were in sufficient quantities to feed
the extruder without the need for pre-treatment.

These raw materials were sent to the laboratory oven at a temperature of 75°C where
they remained until they reached a moisture content between 3 and 4%. Soon after drying, the
particles were packed in airtight containers in order to avoid contact with the environment

humidity.

Characterization of the lignocellulosic material
To perform the physical and chemical analyses, the jupati particles were ground in a
Willey mill and classified on 40 mesh (0.420 mm) and 60 mesh (0.250 mm) sieves. The fraction

retained on the 60 mesh sieve was selected and stored in an environment with relative humidity
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of 65 £ 3% and temperature of 21 = 2°C. Subsequently such particles were characterized
through the following tests:
Moisture (W) - NBR 14810-2 (ABNT, 2018);
Basic density (p) - adaptation of the standard NBR 11941 (ABNT, 2003);
Total extractives - NBR 14853 (ABNT, 2010);
Lignin insoluble in acid - NBR 7989 (ABNT, 2010);
Ash content - NBR 13999 (ABNT, 2017).
With the characterization data of extractives, lignin and ash content it was also possible

to calculate the holocellulose content (H) (Equation 1).

H (%) = 100 (%) - total extractives (%) - lignin content (%) - ash content (%) 1)

To evaluate the degradation temperatures of the chemical components of the material, a
thermogravimetric analysis (TGA) was performed on the particles. The test was performed in
an open alumina crucible and the samples were heated from 25 to 500°C in nitrogen flowing at
20 mL/min with a heating rate of 10°C/min. The degradation temperature was determined from
the baseline inflection in the differential thermogravimetric (DTG) curve).

In addition, electron dispersive spectroscopy (EDS) was performed in a SEM Zeiss EVO
40 (Oberkochen, Baden-Wirttemberg, Germany) equipment belonging to the Department of
Plant Pathology of UFLA. For this purpose, the jupati particles were submitted to a carbon bath.
Secondary electron and backscattering detectors were used, and the microscope was operated

under an accelerating voltage of 15 kV and probe current of 2 nA.

Production of the polymeric composites

The polymeric composites were produced with the gradual replacement of the recycled
low-density polyethylene (LDPE) mass by the jupati mass, totalizing four treatments (described
below). The choice of the degree of substitution was made based on an adaptation to the work
of VELOSO et al., 2021 due to the characteristics of the lignocellulosic material, such as its
low density, in order to avoid large volumes of the material.
LDPE_100: 100% polyethylene and 0% jupati
LDPE_95/JUP_5: 95% polyethylene and 5% jupati
LDPE_90/JUP_10: 90% polyethylene and 10% jupati
LDPE_85/JUP_15: 85% polyethylene and 15% jupati
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After the raw materials were mixed according to the specified compositions, a 600 g
mass of each treatment was processed in a twin-screw extruder (Fig. 1C), with manual feeding.
During the extrusion process, the material went through six heating zones, 138°C - 144°C -
142°C - 146°C - 152°C - 158°C (Fig. 1D), forming a cord at the extruder exit that was then cut
in a machine into small pellets (Fig. 1E).

Metallic molds with dimensions 120x12x3 mm (length, width and thickness) were used
to produce the samples for the physical and mechanical tests, which were completely filled with
the granules in order to avoid voids. The molds with the material were forwarded to an
automatic hydraulic press MA 098 with pressing cycle of 135°C, 5 MPa for 15 minutes
(Veloso et al., 2021).

After the fusion of materials in the pressing process, the samples were cooled, demolded
and sent to an acclimatized room with temperature of 22 + 2°C and relative humidity of 65 +
5% for total curing of the composite, for a period of 7 days. Ten samples were produced per

treatment to perform the tests (Fig. 1F).
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Fig. 1. Raw materials used for the production of the composites and production process, being:
A) Jupati particles, B) Low density polyethylene (LDPE), C) Extruder, D) Detail of the

temperatures used in the extrusion process, E) Pellets of the mixtures after extrusion and F)

Samples for testing.

Evaluation of the composites

The influence of the incorporation of the jupati particles in the polymer matrix was
analyzed from the results of the physical tests of moisture on a dry basis (W) (Veloso et al.,
2021); water absorption in 24h of immersion (WA24h) based on ASTM D570-98 (ASTM,
2018); flammability test, according to adaptations of UL-94 (UL, 1986); and bulk density (p),

measured by the ratio between mass and volume of the samples.
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A mechanical tensile test was performed in a universal testing machine following the
parameters described in ASTM D638-01 (ASTM, 2002). From this test were obtained the
properties of modulus of elasticity (MOE) and modulus of rupture (MOR) of the samples.

Scanning electron microscopy (SEM) images were taken in the region of the traction
rupture to evaluate the interaction between the particles and the matrix. For this, the samples
were subjected to gold plating and subsequently were analyzed in a Zeiss microscope Model
DSM 9402 with the same parameters adopted for the EDS of the particles.

RESULTS AND DISCUSSIONS

Characterization of the lignocellulosic material

Chemical and physical characterization

The moisture content found in the jupati particles was 5.28%. This content is considered
low and is adequate, since moisture contents above 15.00% can impair the properties of
composites by the presence of possible bubbles arising from the evaporation of gases during
the extrusion/pressing process (BARBOSA et al., 2019; SOARES et al., 2017). Similar values
were found for other lignocellulosic materials such as cocoa almond husk (3%) (Veloso et al.
(2021) and coffee bean parchment (4%) (SCATOLINO et al., 2017).

The apparent density found in the lignocellulosic material was 120 kg/m3. This value,
according to the Institute for Technological Research (IPT, 1985), characterizes the jupati as a
material of low density. For the production of polymeric composites are desirable raw materials
of lower density because the composite becomes a lighter material, generating a gain in the
logistical process (IWAKIRI; TRIANOSKI, 2020).

Regarding to the chemical properties of the material it was observed that 6.90 % of its
composition is of extractives and 33.52 % of lignin. The values found for lignin were higher
than those obtained for soybean waste (22.04 %) (BORGES et al., 2022) and coffee waste
(29.28 %) (DOS SANTOS et al., 2022). The extractives data were lower than those obtained in
sugar cane bagasse (19.59 %) (SOARES et al., 2017) and soybean wastes (13.69 %) (BORGES
et al.,, 2022). The variations presented were expected considering that each lignocellulosic
material presents specific chemical structure (GRAUPNER et al., 2014).

The ash content of the material was 13.90 %, higher than that found for cocoa waste
(3.17 %) (Veloso et al., 2021), coffee parchment (0.57 %) (SCATOLINO et al., 2017), bamboo
fibers (0.22 %) (GOMES et al., 2021b) and lower than that found by bean waste (16.94 %)
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(Miranda et al., 2022). The ash is the inorganic fraction of the material and, thus, this variation
iIs related to the different conditions of cultivation and harvesting of lignocellulosic materials
(IWAKIRI; TRIANOSKI, 2020).

The holocellulose content was 45.68%, lower than that found in corn cob studied by
Scatolino et al. (2013) (76.70%) and for bean wastes studied by Miranda et al. (2022) (56.55%).
Lignocellulosic materials are highly hydrophilic due to the hydroxyl (OH) groups present in
holocellulose. This can hinder the use of these materials in various applications due to the
possible increase of water and moisture absorption (Guimaraes Janior et al., 2016). In this sense,
low levels of holocellulose are favorable to help control hydrophobicity (FURTINI et al., 2021;
OLIVEIRA et al., 2017).

Characterization by thermogravimetry

The result of the thermogravimetric analysis of the jupati petiole particles can be
analyzed by means of the TGA and DTG curves (Fig. 2).
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Fig. 2. Resulting TGA and DTG curves.

In the TGA plot an absorbed water loss of 10.18 % can be observed under ~ 120 /160 °C
(DOMINGUEZ et al., 2017). Even though the material is oven dried, the total elimination is
hindered by their hydrophilic character (AZADEH; GHAVAMI, 2018). Also, according to Das
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et al. (2021), in the period from 100 to 300°C, besides the loss of absorbed water, other
impurities present in the lignocellulosic material are decomposed.

Between 200 and 400 °C there is a region of decomposition of hemicellulose and
cellulose of 51.70 % in jupati particles. This process is associated with depolymerization of
hemicellulose, pectin and the cleavage of glycosides and cellulose bonds (AZADEH,;
GHAVAMI, 2018; DAS et al., 2021; LEI et al., 2019).

The lignin finally decomposes between 400 and 500 °C (28.04 %), and after this
temperature the mass loss is negligible (ACCHAR; DULTRA; SEGADAES, 2013; LEl et al.,
2019; SAI REVANTH et al., 2020). The decomposition of these lignocellulosic components
reported in literature is compatible with the chemical characterization of jupati.

Electron Dispersive Spectroscopy — EDS

The information obtained by EDS indicates a large presence of the oxygen element,
being consistent with the organic nature of cellulose, holocellulose and lignin of the jupati
(Fig. 3). Inorganic elements were observed in significant amounts, such as Al, which may have
contributed to the high ash content found in jupati (13.91 %). These inorganic elements were

also found in the bean waste presented in the work of Miranda et al. (2022).
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Fig. 3. EDS obtained from the lignocellulosic material.
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Physical characterization of the composites

Apparent density

The density of the composites increased as the lignocellulosic material particles were
added (Figure 4A). The observed increase was approximately 14.67 kg/m? for each 1% of jupati
added. It was expected that there would be a reduction of density in the composites with the
gradual inclusion of jupati since its density is lower than that reported for LDPE (912.00 to
925 kg/m3 (COUTINHO; MELLO; DE SANTA MARIA, 2003).

Moreover, this trend is usually found in works such as that of Veloso et al. (2021) who,
after incorporating cocoa waste in LDPE matrices, verified a density reduction in the order of
4.50 kg/ms3 for each 1% of material inserted in the composites and that of Talgatti et al. (2017)
who, by including wood particles, observed a reduction of up to 28% in the density of polymer
matrix composites.

However, it is known that the density of a material is changed when its mass or volume
is modified. Thus, in addition to the influence of the density of the raw material used, authors
also point out, as a factor of reduction of the values, the formation of pores from the composites
and samples production process, also reporting that, when in high quantities, make the
production unfeasible (Veloso et al., 2021; Mertens et al., 2017).

An effective way to avoid the formation of pores is to ensure the compaction of the
material in the production process. In this sense, the molding of composites with high pressures
is beneficial, because it causes considerable compaction in the material making it less porous
(BENTHIEN; THOEMEN, 2012). The author also points out that the higher the temperatures
in the pressing, better physical and mechanical properties will be obtained, however, these
temperatures should not exceed 210 °C to avoid the degradation of the lignocellulosic material.
This relationship between the pressing parameters and the material properties is mainly due to
the structural quality of the composites surface because it will impact directly on the water
absorption and consequently on the tensile strength, as it will be seen below.

Considering what was presented, the result found in the work is interesting because it
allows assessing that the pressing process contributed by mitigating or even avoiding the
formation of pores in the samples, resulting in a cohesive material, and not impacting in the
density reduction. The absence of pores can also be checked considering that even the lowest
density value found in the composites is higher than that observed in other studies, such as
Veloso et al. (2021) where the values did not exceed 810 kg/m3.
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The reduction or absence of pores generates benefits for the other properties of the

material. This is because it is known that porosity is directly related to increased water

absorption by capillarity, reduced stress transfers impairing mechanical strengths, among other
negative effects (BENTHIEN; THOEMEN, 2012; MERTENS; GURR; KRAUSE, 2017;

PEREIRA et al., 2019).
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Fig. 4. Physical properties of composites produced: A) Apparent density, B) moisture and C)

water absorption in 24 h of immersion. * = Significant regression analysis at 5 % significance.

Moisture and water absorption

The equilibrium moisture content between the relative humidity and room temperature

of the composites varied as the lignocellulosic material was added, being increased in relation
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to the treatment consisting of 100% polymer (Fig. 4B). This trend is like that found by Veloso
etal. (2021), in which the moisture of the composites produced varied from 0.03 % in the LDPE
reference sample to 2.68 % in the sample with 40 % cocoa waste.

The LDPE, as well as other plastic materials, according to the literature, is highly
hydrophobic (GOMES et al., 2021). Thus, the variations of moisture present in the composites
may be related to the greater affinity of the lignocellulosic material with water due to its
chemical composition. Lignocellulosic materials are, in this context, hydrophilic due to the
hydroxyl groups (OH) present in the holocellulose (Guimardes Junior et al. (2016). However,
although the moisture content of the composites present higher values with higher
incorporations of jupati, it is observed that it is lower than the moisture found in the particles
of the pre-processing material (5.28 %). This can be explained by the production process that,
both in the extrusion of the material and in the molding of the samples, high temperatures were
used, resulting in the decrease of moisture of the material.

In relation to the water absorption in 24 hours of immersion, there was an increase of
1.67% from the first to the last treatment (Fig. 4C). However, there was no linearity in relation
to the increase in absorption with the inclusion of lignocellulosic material, and the treatment
with 10% of jupati particles reached a significantly higher content than the others.

One of the points that can be pointed out to explain this phenomenon is the possible
uneven distribution of the particles in the matrix at the time of extrusion, causing samples with
varied compositions. Another factor, pointed out by Friedrich (2021) is that the amount of water
absorbed by a polymeric composite with lignocellulosic elements will depend on the quality of
its surface, if it is smooth or has voids, scratches, or porosity in general. According to the author,
these defects in the surface propitiate the entrance of the water inside the composite, reaching
the lignocellulosic material. Still, another aspect related to the composite surface is exposed by
Boeglin et al. (1997) reporting that the polymer creates a hydrophobic protection layer in the
material, providing also beneficial effects in the reduction of the swelling in thickness of the
material.

In view of these aspects presented, it can be said that the variable response of the
absorption found in the work can be explained by the possible differences in the arrangement
of the particles in the samples and their surfaces, which were in contact with water. It is
understood that, in most treatments, the polymer coated the samples, preventing the water from
having direct contact with the lignocellulosic material particles. However, in the samples with
high absorption, it can be inferred that either the lignocellulosic material was on the surface in

direct contact with water or some defect in the surface facilitated the absorption of water.
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Thus, it can be said that the differences related to water absorption along the treatments
are more related to the sampling and the uneven dispersion of the jupati particles in the polymer
matrix than the inclusion content itself. In any case, it can be concluded that the high
hydrophobicity of the polymer acted as a protector against water absorption, but there was still
the influence of the intrinsic hydrophilicity of the lignocellulosic material, given the variations
found (FRIEDRICH, 2021).

Flammability

Assuring anti-flame protection is one of the ways to expand the range of uses of
polymeric composites according to their composition. The damage of flammability with
combustion caused by oxygen, by the polymer presenting hydrocarbons, is the decomposition
of the matrix, formation of cracks and displacement of the particles when it is in contact with a
temperature higher than ambient (KIM; DUTTA; BHATTACHARYYA, 2018).

The result of the flameproofing protection in polymer composites of these two materials
combined is related to the time spent until they have their structures damaged by delamination
and carbonization (DEMIR; BALKOSE; ULKU, 2006; KIM; DUTTA; BHATTACHARYYA,
2018). In this regard, for LDPE_100, LDPE_95/JUP_5, LDPE_90/JUP_10 and
LDPE_85/JUP_15 composites, the times to self-extinction of 405, 300, 211 and 294 seconds
were observed, respectively.

As seen in the thermogravimetric analysis, when the burning of the composite occurred
at a temperature of 100°C, there was a loss of water absorbed by the particles and by other
impurities present in the lignocellulosic material (Tu et al., 2022). In the degradation period,
the composites with higher percentages of jupati particles showed higher amount of dripping,
higher degradation and consequently impacted the time to self-extinguish to fire. This may be
associated with the amount of oxygen present in the material (Figure 3), meaning that such
materials are more flammable than the polymer and therefore impair its flame spread resistance
(UL-94, UL 1986; Tu et al. (2022).

However, it should be noted that all treatments showed equal classification by UL 94
(UL, 1986): H-B - Highly combustible. In this sense, it is concluded that the changes related to
flammability were not significant to make the production of composites unfeasible, since
alternatives are already used to solve this factor as the application of flame-retardant additives.

As an example, aluminum hydroxide is an additive that acts in the formation of an endothermic
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reaction, absorbing heat during the first periods of combustion and is also a smoke inhibiting
agent, and can be used in the particles previously (ROCHA; MULINARI, 2011).

Mechanical characterization of the composites

Firstly, it is discussed that the MOE for virgin LDPE varies from 102 to 240 MPa, while
the MOR of this material is reported with values between 6.9 and 16 MPa (COUTINHO;
MELLO; DE SANTA MARIA, 2003). These values are consistent with those found for the first
treatment, where only the recycled polymer was used, with emphasis on the MOR that was
higher (Fig. 5A).

Regarding the composites, it was observed that for the MOR, the insertion of jupati
impacted in its decrease, being of almost 8 MPa from the sample with 15 % material to the
sample with 0 % (Fig. 5A). Lower values of tensile properties can be attributed to the weak
interaction and poor dispersion of the particles in the matrix and to factors such as size, shape
and type of the filler material (DAS et al., 2021; MACEDO; E SOUZA; NETO, 2012).
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Fig. 5. Tensile test results of composites: (A) MOR and (B) MOE. * = Significant regression

analysis at 5% significance.

The poor interaction between the particles and the matrix can be proven by observing
the formation of voids in the samples after traction (Fig. 6B, 6C and 6D). These voids indicate
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the places where the particles were before being pulled out in the test. A difference can be seen
in Fig. 6A, where, without the presence of particles, the surface presents less deformation.
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| mm

Jupati
particle

Fig. 6. SEM of composites: (A) 0% jupati, (B) 5% jupati, (C) 10% jupati and (D) 15% jupati

Therefore, it is understood that the interaction between the jupati particles and the
polymer occurred only superficially, with no anchorage between the materials. This caused the
creation of weak points in the interfaces between the raw materials, facilitating the rupture. This
result indicates that the particles act as filler material and not as reinforcement for the matrix.

For the result of the MOE, it is observed that the insertion of jupati petiole led to an
increase in the values, from 117 MPa to 138 MPa of the sample with 0% to 15% of
lignocellulosic material (Fig. 5B). This result indicates that the inclusion of jupati particles
caused an increase in the composites stiffness, reducing the elongation. It is noteworthy that the
variations found between the treatments, both for the MOR and the MOE, can be attributed to
the distribution of the particles in the samples, since the high volume of the lignocellulosic
material hindered the flow and homogenization in the extrusion process. This heterogeneity in

the particle distribution can also be measured in the SEM images where, in Fig. 6C a large
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amount of particles was observed while in Fig. 6D parts constituted only by the polymer can be
seen.

Nevertheless, results of reduction of the MOR and increase of the MOE are common
for polymeric composites with inclusion of lignocellulosic materials. Veloso et al. (2021) for
example, working with cocoa waste, found an increase in MOE from 158.42 MPa in the
reference sample to 172.30 MPa in the sample with 40% of the waste. For the values of MOR,
the authors found a significant decrease from 13.36 MPa in the reference sample to 3.47 MPa
in the sample with higher content of lignocellulosic material.

Georgopoulos et al. (2005) also obtained increased values for the MOE with larger
amounts of eucalyptus and corn cob particles in composites with LDPE (115 to 145 MPa and
110 to 150 MPa, respectively). Bhaskar et al. (2021) found a tensile strength of 1,253 MPa for
composites reinforced with pine wood (in 40% content), lower values than with the maximum
incorporation presented in this research.

To overcome negative results in the mechanical properties, some authors search
alternatives to help the process of interaction and distribution of the particles or fibers with the
matrix of the composite. Wolcott and Englund (1999) emphasize that the vegetable materials
have polar nature, which difficult the interaction with the thermoplastics that, in turn, are non-
polar. In this sense, the authors advise the use of additives and methods for activating the surface
of the particles in order to promote better adhesion with the matrix. Benthien and Thoemen,
(2012) confirm that compatibilizers, called coupling agents, significantly improve the
properties of composites by obtaining a better bond between the polymer and the particles,
making them hydrophobic.

Another possibility, which was studied by Oliveira et al. (2017), is the use of deaerating
additive to reduce bubbles and defects from the production and molding process. The authors
observed lower presence of voids and bubbles in composites of epoxy matrix with fiberglass
and consequently a better performance in tensile tests. In addition, variables such as particle
size, substitution content, distribution, and volume of the material in the matrix and pressing
parameters are pointed out as influencing the strengths of the composites (BENTHIEN;
THOEMEN, 2012; FRIEDRICH, 2021).

CONCLUSIONS

The objective of this study was to analyze the influence of the incorporation of

different percentages of jupati particles in a recycled polymeric matrix. An interesting result
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was observed with the increase of the composites density, contrary effect to that reported in the
literature, indicating that there was good compaction and absence of pores in the samples.
Furthermore, there was an increase in moisture and water absorption in 24 hours of immersion,
factors related to the hydrophilic characteristic of biomass.

Regarding the mechanical properties, there was a reduction in strength and an increase
in the modulus of elasticity. These results are attributed mainly to the weak interaction of the
particles with the matrix, verified by the SEM images. There was an increase in the
flammability of the composites compared to the 100% polymer treatment. However, all
treatments fall into the same classification, and flame-retardant additives can be used to meet
the standards of use.

In general, it can be said that the compaction process was efficient to avoid the formation
of pores in the samples, which would be harmful to the physical and mechanical properties of
the composites. However, the chemical characteristics of the jupati and the difficulty of
guaranteeing the homogeneous distribution of the particles in the matrix were factors that
caused significant interference in the results.

Following this line, future research is recommended to evaluate the effects of different
granulometries of the lignocellulosic material and different temperatures and pressures in the
composites production process to verify the influences on the physical and mechanical
properties. Also, it is recommended to analyze the feasibility of using additives to optimize the
results. Further in-depth characterization studies on the jupati petiole and on the resulting

polymeric composite are also recommended.

APPENDICES
Treatments LDPE Jupati
(%) (%)
LDPE_100 100 0
LDPE_95/JUP_5 95 5
LDPE_90/JUP_10 90 10
LDPE_85/JUP_15 85 15

Table 1. Compositions of the produced composites (mass/mass).
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Figure. 1. Physical and chemical properties of jupati particles.

Time to self-extinction

Treatments (s) Dripping Classification UL 94
LDPE_100 405 Yes H-B
LDPE_95/JUP_5 300 Yes H-B
LDPE_90/JUP_10 211 Yes H-B
LDPE_85/JUP_15 294 Yes H-B

Table 2. Results of the flammability test of the composites produced.
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