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O Desenvolvimento Do E-Commerce No Brasil: Um Estudo Pré, Durante E Perspectivas P6s Pandemia Do COVID-19

Resumo:0 presente estudo teve como objetivo descrever a histéria e o desenvolvimento do e-
commerce no Brasil e no mundo associado aos seus marcos. Além de descrever os pontos positivos e
negativos e um paralelo com o comércio fisico, destacando as diferencas entre os dois e que sdo
complementares e nao concorrentes. O comércio digital surgiu com o avango tecnoldgico, a difusao
do acesso a internet e a necessidade de simplificar o processo de compras. A pandemia do Covid-19
forgou diversas empresas a investirem no comércio online por conta das medidas restritivas que
fecharam o comércio fisico e tornou o e-commerce uma alternativa valiosa. Deste modo, o e-
commerce obteve um grande desenvolvimento em um curto periodo. Diversas andlises descrevem
que o e-commerce ja era uma tendéncia e com a crise sanitdria houve uma necessidade de
investimento para que o comércio sobrevivesse e desenvolvesse a economia. Como tendéncia para os
proximos anos, ha pesquisas que mapeiam o padrao de consumo de cada regido de modo a contribuir

e explicar o préximo passo do e-commerce na realidade pds-covid.

Palavras-Chaves: Comércio eletronico, Covid-19, Brasil, Internet.




O Desenvolvimento Do E-Commerce No Brasil: Um Estudo Pré, Durante E Perspectivas P6s Pandemia Do COVID-19

1. INTRODUGAO

O padrdo de consumo mudou muito com o passar dos anos, hoje, com o advento da internet e a
difusdo da tecnologia é muito mais facil adquirir um produto ou servico pois ha diversas empresas que
estdo presentes no e-commerce. O e-commerce é uma extensdo do comércio convencional e que com
o passar do tempo as fronteiras serdo quebradas. O comércio eletrénico é uma forte tendéncia que
deve ser considerado um aditivo do comércio convencional que ajuda a impulsionar as vendas e
quebrar barreiras geograficas por ser um canal de vendas dinamico, versatil e personalizado (DUARTE,

2020).

O e-commerce, também conhecido como comércio eletrénico ou comércio online, é o ato de comprar
e vender um produto ou servigo através da internet englobando a transferéncia de dinheiro e de dados
para que a venda seja concretizada (HINTO, 2020). O comércio eletronico se tornou uma das maneiras
mais eficazes de lucrar e, segundo Morrish (2020), é uma excelente oportunidade para os que almejam

investir em algum tipo de negdcio.

“O comércio, que comegou como uma simples troca de mercadorias, se aperfeicoou com o tempo,
internacionalizou, sendo hoje usado até como arma de guerra.” (CURADO, 2019, p. 1). O comércio
existe desde o tempo das cavernas com barganhas das cacas e se desenvolveu junto com a
humanidade. Aperfeicoamentos foram precisos com o passar do tempo como aprender a calcular
(CURADO, 2019). Silva (2019) explica que o sistema de trocas foi a primeira forma de comércio da
humanidade, o escambo foi criado para suprir as necessidades de cada familia e assim trocar o que

era excedente.

Ainda segundo Curado (2019), a histéria do comércio caminha concomitantemente com grandes
marcos da civilizacdo, como as Guerras Punicas entre Roma e Cartago de 264 a.C. a 146 a.C., conflitos
por causa do Mar Mediterraneo, uma grande rota comercial. Outro grande exemplo sdo as Grandes
Navegacdes que se desencadearam porque os europeus n3o conseguiam acesso a India pelo caminho

tradicional, pois foi tomado pela Constantinopla.

“0O e-commerce faz com que os consumidores facam transacdes eletronicamente a qualquer momento
independente do dia, horario e lugar.” (MENDONCA, 2016, p. 2). O comércio online surgiu em 1991

com o uso da internet comercial.

Mazeto (2016) lista diversas vantagens do e-commerce, como: informar o maximo possivel de um

determinado produto, funcionamento em tempo integral, flexibilidade de vendas, entre outras. O
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comércio eletrénico pode ser considerado como um aditivo do comércio convencional, porém é

possivel alcangar um publico diferente sem limite de tempo ou distancia (ORFAO, 2019).

O mercado digital auxilia em uma avaliacdo mais detalhada, como um melhor controle do fluxo de
caixa, ja que todos os dados sdao armazenados automaticamente. A loja virtual permite alcangar
qualgquer publico além de possuir uma disponibilidade de horario, ja que é possivel acessa-la a
qualquer instante de qualquer lugar. Além da plataforma do site poder se tornar uma vantagem

competitiva para facilitar o acesso a informag¢ao do consumidor com o produto (MARQUES, 2020).

Segundo Tassabehji (2003) apud Mendes (2013), um bancdrio inglés, chamado Michael Aldrich, em
1979 inventou o sistema de compras online, ele utilizou uma televisdo ligada a uma linha telefénica
para conseguir executar sua ideia. De inicio o comércio eletronico era apenas para pequenos produtos

e depois evoluiu para volumes maiores.

No Brasil, a empresa Booknet foi a pioneira no e-commerce em 1996. A empresa era voltada para a
venda de livros nacionais e estrangeiros, além de CD’s e videos. Trés anos depois, foi vendida para a
Submarino.com que em 2005 faturou RS 574,2 milhdes. Outra empresa conhecida, e que foi uma das
primeiras a investir em compras online, € a Americanas.com que em 2000 era a maior loja virtual

brasileira (LIMEIRA, 2007).

A pandemia do Covid-19 afetou com a economia de diversos paises e fez com que o comércio sofresse
adaptacBes para que conseguisse sobreviver. Os periodos de isolamento social fizeram com que as
compras online crescessem 47% no primeiro semestre de 2020, que foi impulsionado pelo aumento
de 39% no numero de pedidos em relagdo ao mesmo periodo do ano anterior (SCHNAIDER, 2020). Os
principais setores sdo hobby & livrarias com evolucdo de 110% e drogarias com 88,7%, esses aumentos

estdo associados aos novos habitos adquiridos durante a pandemia. (VILELA, 2021).

Este trabalho teve como objetivo demostrar os rumos do comércio eletrénico no Brasil e o impacto de
forma geral da pandemia do Covid-19 para a necessidade do seu desenvolvimento durante a
pandemia. Abrangendo a histéria do comércio eletronico no Brasil e no mundo, analisando a evolugao

do e-commerce brasileiro e os impactos para o seu desenvolvimento e a contextualizacdo das

diferencas, das vantagens e das desvantagens do comércio fisico e digital.
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2. BIBLIOMETRIA

Andlises bibliométricas, ou bibliometria, sdo andlises estatisticas dos dados bibliograficos, como a
frequéncia de determinados termos, citacdes, palavras-chaves, além da contagem de documentos

publicados e seus autores, em um determinado periodo (CAUCHICK, 2019).

A bibliometria é considerada uma técnica que aplica métodos matematicos e estatisticos a toda a
literatura de cardter cientifico e aos autores que a produzem, com o objetivo de sintetizar, descrever

e analisar a atividade cientifica associada a um determinado tema de interesse.

Este trabalho utilizou como base a pesquisa CAPES com a palavra-chave e-commerce, delimitando-se
ao periodo de 2000 a 2020 com 146.778 publicacdes. Esta analise possibilita visualizar os principais

autores e os principais tépicos, assim como a média de publica¢cdo por ano deste tema.

Na sequéncia, no Grafico 1, é possivel observar os dez principais autores neste periodo, pode-se
destacar David Moin com 318 publicacdes, o maior nimero de publicacdes por autor, e Klas Hjort com

o menor volume, 8 publicagdes.

Gréfico 1 - Principais autores.
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Fonte: Elaboracdo prdpria com base nos dados publicados CAPES (2021).

Em relacdo as dreas de estudo concluem-se que as principais sdo Electronic Commerce, E-commerce,

Business e Internet, que correspondem respectivamente a 12%, 12%, 10% e 10% das areas totais,

conforme é possivel observar a seguir, no Grafico 2.
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Grafico 2 — Principais areas de estudo
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Fonte: Elaboragdo prépria com base nos dados publicados CAPES (2021).

A andlise da evolucdo do niumero de publicacdes obteve um grande desenvolvimento nos anos 2000
que é possivel associar com a difusdo do acesso a internet comercial, e nos anos seguintes, o tema
possui uma média consideravel 5.500 publica¢des por ano, conforme abaixo no Grafico 3. Tal retracdo
pode ser explicada pela popularizagao do e-commerce no dia a dia das pessoas e que se tornou algo

natural.
Gréfico 3 - Evolugao das publicages.
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Fonte: Elaboragdo prépria com base nos dados publicados CAPES (2021).
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3. VANTAGENS E DESVANTAGENS DO E-COMMERCE

O investimento em um comércio eletronico possui diversas vantagens, porque pode representar mais
uma forma de atrair clientes e até mesmo de se economizar. Em um espaco virtual ndo ha restricao
de horario, dia e nem barreira geografica. Se o comércio for totalmente online ndo ha custos com
aluguel de um espaco fisico para o lojista e possivelmente menos funcionarios contratados (TURCHI,

2019).

Bernardes (2020) explica que outras vantagens do e-commerce é que a propria loja funciona como
ponto de conversdo para anuncios, porém também ha pontos negativos. Juste (2021) declara que a
implantacdo para um comércio online possui um custo baixo, mas ndo deixa de ser trabalhoso. Esta
implantacdo trata-se da compra de um dominio e hospedagem de um site que possui valores baixos e
ha empresas para este tipo de servico. Além de poder utilizar a prdpria residéncia como local para
montagem sem a necessidade de um ponto comercial e a maioria desse tipo de lojista se enquadra

como Microempreendedor Individual (MEI).

As compras online ainda possibilitam melhores ofertas aos clientes, que conseguem realizar consulta
de precos de uma forma muito mais pratica, além de ndo ter o incOmodo de carregar sacolas pesadas
ou itens volumosos. Entretanto, ha suas desvantagens, a falta de confianga em disponibilizar os dados
pessoais, o valor do frete e demora na entrega, sdo estes alguns motivos para certas pessoas

preferirem o comércio fisico (SANTOS, 2020).

Outro motivo é a falta de contato com o cliente, ndo ha um vendedor para sanar as duvidas e nem
poder sentir e experimentar o produto. Por esse motivo, as descricdes nos sites devem ser a mais
completa possivel, com fotos em diversos angulos, dimensdes, modo de uso, indicacdo e
contraindicagdao. Em alguns segmentos ha uma forte concorréncia, o que agravou ainda mais com a

grande procura causada pela pandemia (EUGENIO, 2020).

Os atrasos nas entregas é um fator preocupante para os clientes e para os lojistas, porque é um fator
decisivo na compra, ja que algumas pessoas até preferem pagar mais caro para receber sua
encomenda antes (E-COMMERCE BRASIL, 2020). Considerado um dos principais problemas, no
primeiro semestre de 2020 a Procuradoria de Protegdo e Defesa do Consumidor de Sao Paulo (Procon-

SP) afirma que esse foi o lider em reclamagdes em compras online (LEWGOY, 2020).

No grafico 4 ha os principais receio de compras na internet de acordo com a Procuradoria de Protecao

e Defesa do Consumidor de S3o Paulo (Procon-SP).
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Grafico 4 — Receio ao realizar uma compra online.
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Considero a compra pela Internet muito dificl e comphexa 2%
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Fonte: Procon-SP

4. COMERCIO ELETRONICO VERSUS COMERCIO FiSICO

O rapido desenvolvimento do comércio eletrénico ndo significa que o comércio tradicional ird acabar,
mesmo com o impacto da quarentena alguns tém resistido, significa apenas que o comércio fisico
deverad se adaptar a alguns pontos. “O desafio é fazer o varejista ser mais barato e ter custos menores,
proporcionando um ambiente centrado na descoberta e na novidade e criando alternativas atraentes

para grandes marcas nas quais os clientes confiam.” (EXAME, 2020, p. 2).

Alguns consumidores ainda preferem o comércio fisico por conta da experimentacdo do produto, por
conta disso o conceito omnichannel esta crescendo cada vez mais. A ideia é que as pessoas adquiram
o produto no ambiente online e retirem pessoalmente ou vice-versa, desta forma possibilita que o
usudrio conheca o produto antes de finalizar a compra. Os lojistas precisam realizar um estudo
minucioso da sua area de atuacdo para que possam ter bem estruturado o seu publico-alvo e assim
tomar as decisdes que melhor o atendam, porque o setor varejista nunca mais sera o mesmo (ARAUJO,

2021).

O futuro do comércio é hibrido, mesclagem entre o mundo online e offline, ha diversos desafios,
porém o percurso deve se iniciar o mais breve possivel para acompanhar o avango tecnolégico e as
necessidades dos clientes (MAGNANI, 2021). Tal realidade ja é possivel de se observar, como o avanco
da vacinagdo e abertura do varejo fisico as compras digitais diminuiram e as fisicas retomaram.
Entretanto, hd clientes que atendem os dois nichos e comportamentos da pandemia n3do serdo
perdidos t3o rapidamente, por isso a necessidade de negécios mesclados (ESTADAO CONTEUDO,
2021).
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5. E-COMMERCE NO BRASIL

5.1. CRESCIMENTO DO E-COMMERCE NO BRASIL

Ainda segundo Martinez (2021) em comparagao ao ano de 2020 houve um crescimento de 1,5 milhdo
de sites ativos no Brasil, isso significa que o pais ultrapassou 1,5 milhdo de opg¢des disponiveis para o
consumidor, sendo 9,4% representados por pequenas redes nacionais. Os dados do BigDataCorp
mostram que o e-commerce estd crescendo mais rapido do que a prépria economia do pais, conforme

grafico 5 (MARTINEZ, 2021).

Grafico 5 — Evolucdo do e-commerce brasileiro versus a economia do pais
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Fonte: Show me tech (2021)

O ano de 2020 obteve o maior crescimento até o momento, ndo se tem estatisticas oficiais do peso
de do comércio eletrénico no total. Com base na pesquisa anual do comércio do Instituto Brasileiro
de Geografia e Estatistica (IBGE) e dados da Receita Federal, a CNC estimam que o comércio online
representou, pelo menos, 6% do comércio total em 2020. Porém é possivel mensurar a evolucdo com
o0 mesmo periodo do ano anterior més a més para entender o impacto da pandemia neste setor,

Grafico 6 (ALVARENGA, 2021):

. A
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Grafico 6 — Participacdo do comércio eletrénico nas vendas totais no Brasil (%)
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Fonte: Adaptado de ABComm (2021)

5.2. PERFIL DO CONSUMIDOR BRASILEIRO

O e-commerce foi a alternativa encontrada para o comércio sobreviver durante o periodo de
isolamento, algumas pessoas ainda tinham receio de compras online, porém com os investimentos
realizados a populacdo tem uma outra perspectiva. Os beneficios, comodidade e maior confianca nas

compras online resultaram na seguranca do brasileiro em apostar neste tipo de compra (WINK, 2021).

Um levantamento realizado pela Confederacdo Nacional de Dirigentes Lojistas (CNDL) e Servico de
Protecdo ao Crédito (SPC) Brasil, aponta o novo perfil do consumidor brasileiro no e-commerce. Quase
97% dos brasileiros pesquisam informagdes sobre algum produto de interesse na internet antes de

efetivar a comprar e 50% desse publico é feminina (AMERICANAS MARKETPLACE, 2021).

J4 uma pesquisa realizada pelo Sebrae, expde que de acordo com o nivel de escolaridade os clientes
sdo divididos em: (i) 3% com o ensino fundamental; (ii) 22% com ensino médio completo; (iii) 23% com
ensino superior incompleto; (iv) 32% com ensino superior completo; e (v) 20% com pds-graduacao.
Em relacdo a faixa etdria: (i) os consumidores de 18 a 24 anos representam 11%; (ii) 25 a 34 anos com
32%; (iii) 35 a 49 anos com 36%; (iv) 50 a 64 anos com 16%; e (v) acima de 64 anos com 11%.
(AMERICANAS MAKETPLACE, 2021).

O grafico 7 demostra as principais categorias nas compras online do brasileiro:

. ' A
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Grafico 7— Ranking de categorias de produtos mais compradas no e-commerce brasileiro
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Fonte: Conversion (2020)

No Grafico 8, é possivel notar o crescimento no volume de vendas no e-commerce no Brasil desde o

primeiro semestre de 2010 a 2021 e a evolug¢dao em relagdo ao mesmo periodo do ano anterior:

Gréfico 8 — Vendas em bilhdes de RS no e-commerce brasileiro
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Fonte: 442 ed. Webshoppers (2021)

De acordo com a regionalidade, Sao Paulo possui 64% de crescimento, Amapa 53%, Rio de Janeiro e
Sergipe 52% (AMERICANAS MARKETPLACE, 2021). O comércio online ainda é predominante em Sao
Paulo, e em outros estados como Rio de Janeiro, Minas Gerais e Parand houve um crescimento
proporcional (MARTINEZ, 2021). Uma pesquisa realizada pelo Fecomércio, concluiu que o foco de
compras online do paulista durante a pandemia é de itens domésticos para facilitar o dia a dia no
home-office (E-COMMERCE BRASIL, 2021). A seguir, a Grafico 9 demonstra a distribuicdo geografica

do e-commerce no Brasil.
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Grafico 9 — Distribuicdo geografica do e-commerce no Brasil.
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Fonte: Show me tech (2021).

Um estudo intitulado Life Reimagined: motiva¢Ges para consumidores, desenvolvido pela Accentura
Strategy e Accenture Interactine, concluiu que 71% dos entrevistados se enquadram no perfil de
“consumidores reimaginados”. O objetivo desse estudo foi desvendar a motivagdo por tras das
compras ja que o mundo passou uma grande crise econdmica e sanitdria e como o novo perfil de

consumo se transformou (OLIVEIRA, 2021).

Ainda segundo Oliveira (2021) pandemia afetou a motivagdo de pelo menos 50% dos entrevistados
com a maioria das compras além de repensar as prioridades de consumo. O prec¢o e qualidade ainda
sdo requisitos relevantes, porém, surgiram outros como saldde e seguranga, servicos e cuidados

pessoais, facilidade e conveniéncia.

5.3 EXPECTATIVAS DO E-COMMERCE NO BRASIL POS PANDEMIA

Em outubro de 2020, o diretor geral da Aliexpress no Brasil assegurou que a China é como um espelho
para o Brasil quando se fala em e-commerce. Tal afirmacdo tem dois pontos de vista, pelo lado

positivo, o Brasil estd no caminho certo e com grande potencial de crescimento. Ja pelo lado negativo,
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significa que o pais estd atrasado, o que demostra a preocupacdo do setor varejista em evoluir e

aumentar os lucros (FREITAS, 2021).

Uma das maiores preocupacoes é o futuro do e-commerce no periodo pds-pandemia e o perfil do
consumidor para os proximos anos. Com base na analise dos clientes do comércio online é possivel se
preparar para as principais caracteristicas do novo consumidor em 2022, que é mais conectado por
isso se torna mais exigente e se baseia em grandes marketplaces para sua experiéncia no e-commerce

(PALIS, 2021).

A Fundacdo Getulio Vargas (FGV) declarou que 49,7% das empresas ndo realizavam nenhuma venda
online antes da pandemia, em julho de 2020 esse numero caiu para 28,4% e em junho de 2021 recuou
para 20,2%. Com o avanco da vacinacdo e a reabertura da economia haverd uma estabilizacdo nas
vendas online, mas ainda é possivel que o ano de 2021 possa fechar com um market share de 10%
(ESTADAO, 2021). O que ainda pode influenciar na circulagdo de notas, ja que hd previsdo de que as
transacgoes fisicas com dinheiro diminuam por conta das tecnologias desenvolvidas para pagamento

(TERRA, 2021).

A Worth Global Style Network (WGSN), empresa que mapeia tendéncias, considera que 2020 é o inicio
da década conectada, por conta dos diversos avangos tecnoldgicos durante o periodo de pandemia
para tornar a vida em home-office mais agradavel. Para 2022 é preciso entender os sentimentos do
consumidor para, assim, conseguir identificar as suas classificacées. Pode-se citar medo, ansiedade,

incerteza econOmica, dessincronizacgado social, resiliéncia equitativa, entre outros (WGSN, 2021).

Ainda segundo a pesquisa da WGSN, o consumidor do futuro esta dividido em trés grupos: (i) os
estabilizadores; (ii) os comunitarios; e (iii) novos otimistas. Os estabilizadores, formado em sua maioria
por Millenials e Geragao X, eles priorizam a estabilidade, possuem um sentimento de incerteza com o
futuro e frustrados com a otimizacdo. Sendo assim, o comércio deve focar na simplicidade e calma

com comunicac¢Oes unificadas para alcancar os estabilizadores (WGSN, 2021)

O segundo grupo, chamado de os comunitarios, também é constituido, principalmente, por Millenials
e Geragdo X. Esse grupo quer criar raizes, mas ndao no meio profissional e sim em suas comunidades,
ou seja, pessoas que estabelecem limites entre suas vidas pessoal e profissional. Para atingir esse tipo
de pessoa, é necessario revisitar arquivos, quer dizer, outros tipos de vendas com orienta¢des para
sustentabilidade e bem da comunidade, prioridade em comércio local e foco em cidades do interior

(WGSN, 2021).
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E o dltimo grupo, é denominado de novos otimistas, composto por todas as geracdes, mas com
caracteristicas comuns como o impulso pela felicidade, altamente aventureiros e socidveis, além da
praticidade. Para alcanca-los é preciso focar no comércio de livestream (transmissdes ao vivo),
evolugao dos servigos e produtos sob demanda e o poder para comprar em coletivo, com mais

descontos e promogdes (WGSN, 2021).

Ha seis tendéncias para o e-commerce brasileiro que foram descritas pelo Mercado Pago baseadas na
evolugcao do comércio online durante a pandemia e que precisam de aten¢do para os préoximos anos.
A primeira é a digitalizacdo do consumo, comprovou que ndo ha barreiras geograficas e nem excesso
de informagdo para uma compra online e que 83% dos consumidores de uma pesquisa declararam
que realizaram pesquisas na internet antes de fecharem a compra na loja fisica (MERCADO PAGO,

2021).

A segunda, é o comércio realizado pelo celular, ou e-commerce que representa 70% das vendas
digitais. A terceira é a experiéncia de compra perfeita, segundo o relatério Customer Experience
Trends 2020, 75% dos consumidores estdo dispostos a gastar mais por uma empresa que tem uma
boa reputacdo e 50% mudariam para a concorréncia apés uma ma experiéncia. O atendimento
humano, presenca em multicanais, frete gratis e produtos personalizados contribuem para a

experiéncia do cliente (MERCADO PAGO, 2021).

A quarta, é o consumo mais consciente, os consumidores estdo interessados no viés social e
sustentdvel das empresas. Uma pesquisa realizada pela Toluna aponta que 75% dos consumidores
brasileiros mudaram seus habitos de consumo por conta de questdes éticas e sustentdveis. Um bom
exemplo desta pratica, € o recommerce, que se trata da revenda de produtos de luxo, que cresceu

12% no ultimo ano em vista dos produtos novos que cresceu apenas 3% (MERCADO PAGO, 2021).

A penultima sdo as novas formas de pagamento online, cada vez mais a praticidade é vista como uma
aliada, pagamentos por Pix, QR Code, carteiras digitais e reconhecimento facial para nao se perder
nenhuma oportunidade de compra. A Ultima que é como uma extensao da anterior, é a “Buy now, pay
later” (BNPL), traduzindo para o portugués compre agora, pague depois. Como o proprio nome ja

explica, é possivel efetuar a compra e pagar posteriormente (MERCADO PAGO, 2021).

Mesmo apds a vacinagao, 95% da populagao brasileira pretende permanecer com o habito de compras
online, o que contribui para uma projecao de que o e-commerce cresca 26% no ano fechado de 2021.
Tal previsdo é baseada pelo aumento de consumidores, confianga no e-commerce e nas marcas,

investimento no omnichanel e aumento da eficiéncia logistica. (ARAUJO, 2021).
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Um estudo realizado pela Nielsen em 2020, apontou que as necessidades/perfil de consumo variaram
conforme as etapas de propagacao do virus. Na época de maior contaminagdo as vendas de produtos

de saude e itens alimentares dispararam no e-commerce (FILHO, 2021).

Paises emergentes, como Brasil, india e China, estdo com o crescimento do comércio eletrénico
expressivo o que os tornam como grande potencial de investimento. Estima-se 3 bilhGes de novos
compradores online em paises emergentes que terdo acesso a internet em 2022 (JORNAL DE BRASILIA,

2021).

O e-commerce ja era uma tendéncia para os brasileiros antes mesmo da pandemia, um levantamento
realizado pela NZN Intelligence apontou que 74% das pessoas ja tinham preferéncia por compras
online (SILVEIRA, 2021). O comércio B2C ja era tendéncia no meio digital por conta do acesso a internet
cada vez maior, porém o B2B decolou. A pandemia coagiu as transacdes online, o que facilitou a
entrada e adaptacdo deste tipo de transacdo com processos digitais que facilitam ambos os lados e

que dificilmente ird retornar para o fisico (JORNAL DE BRASILIA, 2021).

5. CONCLUSAO

O objetivo geral desse trabalho foi demostrar o comércio eletrénico no Brasil e no mundo e os
impactos sofridos durante a pandemia do Covid-19. Deste modo, foi realizada uma pesquisa acerca do
surgimento do e-commerce paralelamente com o desenvolvimento do comércio de modo a explicar

gue o comércio online é uma extensdao do comércio fisico.

O isolamento social contribuiu de diversas formas para a mudanca de habitos da populagdo mundial,
assim como gerar uma confianca nas compras virtuais. As compras por necessidade ou por
consumismo, forcaram o rdpido desenvolvimento do e-commerce para atender este publico que
estava recluso em casa. No primeiro més de lockdown percebeu-se a evolucdao que com o passar dos

meses continuou crescente.

Como supramencionado alguns estudos afirmam que o e-commerce ja era uma tendéncia, mas em
escala menor, a pandemia sé acelerou o que levaria um tempo maior para se desenvolver e alcancar

o patamar de 2020 e 2021.

Diversos comércios fisicos fecharam, alguns migraram para o ramo digital e outros, infelizmente, ndo
sobreviveram a crise econdmica impulsionada pela pandemia e pelo lockdown. O comércio fisico
possui suas vantagens e desvantagens, assim como o online e por essa razao a melhor forma de se

obter um comércio completo é utilizar as duas ferramentas, sendo um complemento da outra.
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O periodo pds-covid é um grande desafio porque os consumidores estdo com novos hdabitos de
consumo, alguns sdao passiveis de deixar de existir com o avan¢o da vacina¢do e reabertura do
comércio e outros ndo. Para entender melhor o consumidor que foi modelado durante esse periodo,
ha estudos que mapeiam tendéncias e entendem melhor a iniciativa da compra para alcangar o publico

desejado.
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Analise Epidemioldgica Em 10 Anos De Tumor De Wilms Na Infancia Na Cidade De Goiania/Goids

Resumo: Anualmente, mais de 160.000 criangas sdo diagnosticadas com cancer em todo o mundo,
sendo esse, a principal causa de dbitos infanto-juvenis por doenca. O tumor de Wilms (TW) é o cancer
renal mais comum em criangas (95%), resultante de uma falha no desenvolvimento celular durante a
formacao glomerular do rim. O progndstico positivo depende do estadiamento da doenga, enquanto
o tratamento é variavel. No Brasil, estudos epidemioldgicos sobre o TW sdo escassos, e desta forma,
esse trabalho objetiva tracar um panorama por meio da andlise de prontudrios arquivados e dados do
Registro de Cancer de Base Populacional da Associagdao de Combate ao Cancer em Goias, no periodo
de 1999 a 2009. Dos 407 casos analisados, 31 foram de TW. A média de idade dos pacientes foi de 2,8
anos (0,25 —12 anos) e 58,1% eram do sexo masculino, com etnia predominantemente parda (54,8%).
Foi realizada a estratificacdo dos pacientes quanto ao tratamento e a ocorréncia de metdstases. A
quimioterapia foi a intervengdo terapéutica mais comum nos pacientes (83,9%), seguida de cirurgias
(51,6%) e radioterapia (32,3%). Quanto as metdstases, 25,8% foram a distancia, e 3,2% linfonodal.
Aproximadamente 51,6% de todos os pacientes com TW vieram a ébito. Assim, conclui-se que a
distribuicdo e caracteristicas da populacdo observada ndo demonstraram semelhanca completa aos

dados de outros estudos epidemioldgicos de TW.

Palavras-chave: Epidemiologia, Cancer infantil, Tumor de Wilms.




Analise Epidemioldgica Em 10 Anos De Tumor De Wilms Na Infancia Na Cidade De Goiania/Goias

1 INTRODUGAO

Atualmente, o cancer é considerado um problema de saude publica mundial (OMS, 2020). Tal fato
deve-se a, aproximadamente, 18,1 milhdes de novos casos e 9,6 milhdes de ébitos, no ano de 2018,
em todo o mundo (IARC, 2020). De acordo com a Agéncia Internacional de Pesquisa em Cancer (IARC,
2020), estima-se que a patologia acometa entre 29 e 37 milhdes de pessoas, até 2040. Calcula-se um

aumento médio de 60% de individuos com algum tipo de tumor maligno.

O cancer infantil ndo se distancia dessa realidade epidemioldgica. Aproximadamente, 300.000 criancas
entre 0 e 19 anos sdo diagnosticadas com cancer por ano (STELIAROVA- FOUCHER et al., 2017). O
cancer pediatrico representa entre 0,5% e 4,6% de todos os canceres (WHO, 2020). Desconsiderando
as causas externas, como acidentes e violéncia, o cancer passa a ser a principal causa de ébitos infantil

(STELIAROVA-FOUCHER et al., 2017).

Segundo o Instituto Nacional de Cancer (INCA, 2020), o cancer infantil afeta, principalmente, as células
sanguineas e os tecidos de sustentacdo, sendo que as neoplasias mais frequentes, na infancia, sdo: as
leucemias, os tumores do sistema nervoso central e os linfomas. Porém, tumores sélidos abdominais,
com destaque, neste estudo, para o tumor de Wilms, entram nessa estimativa com porcentagem de

incidéncia préxima a dos linfomas (HOSPITAL A.C.CAMARGO, 2020).

O tumor de Wilms é a neoplasia maligna renal mais comum em criancas e surge por meio de falha no
desenvolvimento de algumas células durante o amadurecimento para a formacao glomerular dos rins
(XIE et al., 2019). Estima-se que a faixa etdria, mais comum, para o aparecimento do tumor de Wilms,
é de 3 a 5 anos de idade, com predominio no sexo feminino, e na etnia negra. Normalmente, o
aparecimento ocorre em apenas um rim, mas em 5% dos casos pode ocorrer de forma bilateral,

havendo comprometimento dos dois rins (LESLIE; SAJJAD; MURPHY, 2019).

Por meio de estudos clinicos randomizados, feitos por grupos e institui¢des, como o National Wilms’
Tumor Study Group (NWTSG) e o International Society of Pediatric Oncology (SIOP) (HOSPITAL
A.C.CAMARGO, 2020), os indices de cura sdo altos, podendo chegar a 88%, contudo, nos estagios mais
avancados, a mortalidade pode chegar a 50%. O tratamento de tumor de Wilms é feito por
quimioterapia, retirada completa ou parcial do tumor, podendo ocorrer concomitantemente a
retirada do rim acometido, e, dependendo do estdgio da doenca, hd indicacdo para radioterapia

(LESLIE; SAJJAD; MURPHY, 2019).
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N3do obstante, nota-se que é de grande valor epidemiolégico a andlise da evolucdo progndstica desta
doenca em Goidnia/GO. Desta forma, o presente trabalho teve como objetivo descrever aspectos
epidemioldgicos do tumor de Wilms dentre todos os canceres infantis analisados entre 1999 e 2009,

em um hospital de referéncia para o tratamento de cancer, em Goiania, Goias.

2 MATERIAIS E METODOS

Trata-se de estudo epidemiolégico, retrospectivo, de pacientes diagnosticados com qualquer tipo de

cancer na faixa etdria entre 0 (zero) a 19 (dezenove) anos incompletos, no periodo de 1999 a 2009.

Para isso, as informacgdes foram coletadas, por meio do acesso ao banco de dados do Registro de
Cancer de Base Populacional, de um hospital de referéncia no tratamento de cancer em Goiania, Goias.
Quando necessario, os casos que também faziam parte do Registro de Cancer de Base Hospitalar

foram avaliados, mediante andlise de prontuario.

As informacdes necessarias para a realizacao do presente estudo foram: idade, data do diagndstico,
data de 6bito (se houvesse), qual o tipo de tratamento realizado e presenga ou ndo de metdstases. Os
dados referentes aos tumores de cada caso foram caracterizados segundo a CID-O (Classificacdo

Internacional das Doencas para Oncologia), morfologia, topologia e o tipo de tratamento.

Os dados foram tabulados em planilhas, visando os cdlculos estatisticos. Foi realizado estatistica
descritiva, com calculo das frequéncias, absoluta e relativa percentual, média e amplitude. O presente
estudo foi planejado e executado de acordo com as diretrizes da Resolu¢do 466/12, do Conselho
Nacional de Saude, apds ser submetido a um Comité de Etica em Pesquisa e receber aprovacdo (CAAE:

00518912.6.0000.0037).

3 RESULTADOS

Entre os anos de 1999 e 2009, foram identificados 659 casos elegiveis ao estudo. Destes, 407
prontudrios foram localizados pelo Registro de Cancer de Base Hospitalar, e, assim, analisados. Dentre
todas as neoplasias analisadas, um total de 31 casos era de tumor de Wilms, contabilizando, portanto,
7,6% dos casos. A média das idades foi de 2,8 (0,3 — 12) anos de idade e houve predominio da doenca
no sexo masculino (58,0%). Em relagao a etnia destes pacientes, foram caracterizados como sendo:

55,0% parda e 45,0% branca.

Os pacientes foram estratificados quanto ao tratamento realizado: a quimioterapia (83,9%) foi a

modalidade terapéutica mais frequente, seguida da intervengdo cirurgica e, finalmente, da
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radioterapia. Adicionalmente, quando a evolucdo, percebeu-se que a maioria evoluiu para o 6bito

(51,6%), seguida de metastase a distancia e, finalmente, metastase linfonodal (Figura 1).

Figura 1. Frequéncia percentual do total de casos de cancer da infancia estratificados por tipo de

tratamento, metastase e dbito. Goiania, Goias.
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4. MATERIAIS E METODOS

Os casos de tumor de Wilms totalizaram 7,6% de todas as neoplasias malignas da infancia levantadas
no periodo de 1999 e 2009. Este achado mostrou-se superior ao previsto pela American Cancer
Society, de 5% (AMERICAN CANCER SOCIETY, 2020). Ressaltando ainda que todos os casos de tumores
renais observados foram confirmados como tumor de Wilms, estando, assim, também superior ao

indice de 90% da literatura (CUNNINGHAM et al., 2020).

Para os demais dados, no Brasil, as bases populacionais sdo poucas e ndo estdo bem estabelecidas
para essa malignidade, porém segundo o Grupo Cooperativo Brasileiro para o Tratamento do Tumor
de Wilms (GCBTTW), os indices epidemioldgicos seguem préximos aos dados americanos, nas varidveis
idade e sexo. Desta forma, a média da idade de 2,8 anos encontra- se abaixo dos 5 anos esperados e
a prevaléncia discreta do sexo masculino/feminino (1,4) destoa da distribuicdo semelhante prevista

(STELIAROVA-FOUCHER et al., 2017).

Nao foi observado nenhum caso de tumor de Wilms na etnia negra, embora, segundo a literatura, este
€ um fator de risco importante no surgimento da doenga (LESLIE; SAJJAD; MURPHY, 2019). Contudo,

a etnia parda teve predominio sobre a branca na razdo de 1,2.
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Quanto ao tratamento, ndo ha consenso entre SIOP e NWTSG (LESLIE; SAJJAD; MURPHY, 2019). Nas
criangas tratadas no hospital onde nossos dados foram coletados, 83,9% foram submetidas a sessdes
de quimioterapia e 32,3% a radioterapia. No presente estudo, ndo foi possivel avaliar a distribuicdo
dos tumores em seus estagios (I, I, lll e IV), porém mais da metade dos casos foi submetida a algum
procedimento cirurgico (51,6%) e as metdstases a distancia (25,8%) e linfonodal (3,2%) estiveram
presentes, sinalizando gravidade. A mortalidade, neste levantamento, traduziu-se em 51,6%, o que
inicia um alerta para novas pesquisas, haja vista que a cura pode chegar a indices de 88%, segundo

estudo (SMITH et al., 2014).

Conclui-se, portanto, que o presente estudo embora confirme a baixa incidéncia desta neoplasia em
comparativo as leucemias e aos tumores do sistema nervoso central (WHO, 2020), sinaliza também
que o tumor de Wilms possui grande importancia devido a alta taxa de dbitos, mesmo estando em

centro de referéncia nacional de tratamento ao cancer.

Logo, auxiliar e estimular estudos ainda mais detalhados, sobre o tumor de Wilms, também foi um
intuito desta pesquisa, pois os panoramas epidemioldgicos, nacional e regional, desta doenca, ainda
sdo bastante obscuros, os resultados sdo divergentes e as analises ainda sdo feitas em comparacao
com estudos de populagdes internacionais. As instituices nacionais ainda tém duvidas sobre qual
protocolo prosseguir e a letalidade, aqui levantada, demonstra a necessidade de criteriosa

investigacao.

Diante disso, prevé-se assim a necessidade de melhora na capacitacdo da equipe multidisciplinar
(médico da atencdo primaria, oncologista, pediatra, cirurgido, radioterapéuta e assistentes sociais e
demais profissionais), colaborando para o diagndstico precoce, com melhores possibilidades

tratamento, cura e reabilitacdo da crianca.
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Thermochemical Hydrogen Production Of The Steam Reforming Of Methane In A Packed Bed Membrane Reformer: Mathematical

Modelling And Computer Simulation

Abstract: This paper presents an one-dimensional isothermal modelling for a CFBMR (H. permeable).
The work has been developed to simulate the SRM to produce H;. The dynamic simulation for molar
flow rates of H; was analyzed in the permeation side and shell side zones at different temperatures at
the exit of the proposed system. The model has allowed the validation for the conversion of CH4 by
comparing of optimized values. Additionally, the molar flow rates for chemical species CHs, H,O, Ha,

CO and CO; were analyzed along of the CFBMR (permeation side and shell side) at different times.

Keywords: Hydrogen, Thermochemical, Modelling, Steam Reforming.
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1. INTRODUCTION

Hydrogen is widely used as an important chemical feedstock and it is also regarded as a promising
future clean fuel. Currently, many chemical, petrochemical and petroleum refining industries and well
perceived as a pollution-free primary energy carrier for future transportation fuel as well as electricity
generation. The steam reforming of methane (SRM) is the primary hydrogen production route on
industrial scale. Methane (CH4) is the main component of conventional natural gas (NG) which can
also be obtained from associated gas, stranded NG and shale gas. It was previously determined that
three reactions are predominant (Xu and Froment, 1989), the (SRM), water gas shift (WGS) and overall

steam reforming of methane (OSRM).

- Reaction of the SRM;

CH4+H20<—>CO+3H2;AH298K — 205.8kJ mol 1)

- Reaction of the WGS;

CO + H,0 <> CO, + Hy: AHoggy = ~4L.1kJ mol @

- Reaction of the OSRM.

CH, +2H,0 ¢> CO, + 4Hy: AHogg, = 164.9kI mol " @3)
The steam reforming process of methane (SRPM) for the hydrogen production can be studied using
various reactor configurations such as fixed be reactors, fluidized bed reactors and membrane reactors
(fixed bed membrane reactors or fluidized bed membrane reactors). The use of a permeable
membrane reactor offers the potential for a compact unit in combining both the reaction and
separation in a simple unit. Several studies have been carried out over SRPM for separating H> from a
reaction mixture using Pd-based membrane reactors. The most of these researches have been
experimentally and numerically investigated to produce H; at high temperature. The main focus of the
experimental studies was to develop the robust catalysts which are resistant to carbon deposition.
The numerical works have been used to simulate the hydrogen production using Pd-based membrane

in a packed bed membrane reformer.

The catalytic fixed bed membrane reactors (CFBMRs) can significantly improve the production of
thermodynamically limited reactions. Hydrogen-selective membranes permit hydrogen produced by
reactions to escape under the influence of the difference in the hydrogen partial pressures to the

permeate side where an inert gas such as nitrogen can be used to purge hydrogen. This type reactor
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is promising for thermodynamically limited reactions such as steam reforming. In this CFBMRs, the
effect of the interphase transport by considering diffusion inside the catalyst pellets on both sides of
the coupled CFBMR. The Fickian diffusion model has been used for the reactants for assuming the
diffusion process through a stagnant bulk phase with the diffusivities of components in the reacting

mixture along the radial direction inside catalyst pellets.

The commercial hydrogen separation by metallic membranes is mainly focused on palladium alloys.
Palladium (Pd) membranes have been proposed for application in hydrogen separation for many years
due to their exclusive selectivity for hydrogen. Pd is known to be highly soluble for hydrogen and it
can tolerate hydrocarbon containing streams. Pd-based membranes also put forward the possibility
of hydrogen separation at high temperature aiming at combining a separation process with a chemical
reaction in one unit. Membrane application in the chemical, petrochemical and petroleum industries

for separation and reaction processes were recently reviewed.

The objective of this study is to theoretically investigate the SRM to produce H; (permeation side and

shell side) in the CFBMR at different temperatures at the exit of the system in study

2. MATERIALS AND METHODS

A conceptual schematic of the integrated CFBMR was developed to investigate the SRM according to
the Figure 1. The inner is the tube is the supported membrane and the outer one is the non-permeable
shell. The catalyst (Ni/y-Al,O3) is packed in the shell side where the reactants (methane and steam) are
introduced. The sweep gas (nitrogen or steam) is fed into the tube side in the co-current flow mode.
In this system, three reforming reactions occur in the non-permeable shell by producing light gases

(H, CO and CO).
Catalyst
pellets
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Figure 1 Schematic representation of the CFBMR for the SRM.
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2.1 KINETIC MECHANISM

The kinetic models treat the mechanism, rates of chemical reactions and the resulting concentrations
of species at any point in time and space of a CFBMR. These models are generally related to specific
processes, providing important considerations for relating to the mechanisms of reactions and ways
to increase the rate of a reaction or process. The process discussed here has involved the main
reactions of SRM. In normal operation, the reaction (1) is the SRM, the reaction (2) shows water-gas
shift and the reaction (3) presents the overall SRM. Reactions (1), (2), and (3) are reversible
(equilibrium). Thermodynamically, reactions (1) and (3) are strongly endothermic. On the other hand,
the reaction (2) is exothermic. Components of reactions (1), (2) and (3) are defined like methane (CHa),
water (H20), carbon monoxide (CO), hydrogen (Hz) and carbon dioxide (CO3). The stoichiometric

coefficients of components were presented in Table 1 below.

Table 1: Stoichiometric coefficients o for components of reactions

Reactions CHas H20 CO Hz CO2
1 -1 -1 +1 +3 0
2 0 -1 -1 +1 +1
3 -1 -2 0 +4 +1

2.2. KINETIC MODELLING

The kinetic mathematical model applied here considers only three homogeneous reactions (1), (2) and

(3) according to Langmuir-Hinshelwood concept (Xu and Froment, 1989).

3
k1o g Ph, Feo
Fﬁ's CH, "H,0 Keq.,l
2
in in
F F K P
H H H,0 "H,0
2 2 2 2
1+ nton ot Keco Peo + KH2 PH2 + KCH4 PCH4 + T
Fen, Fen, 2
Py P
ko [p b Hp, CO,
Py CO "H,0 Keq )
2 ]
Ry = (5)
in in 2
F F K P,
H,0 "H, H,0 "H,0
Fen, Fen, 2
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4
235 Fer, PHL0 , o,
Py 4 Mo Keq.,3
s = in in 2 2 ©
F F Ky o P
1+ ';Inzo +% + Keo Peo + Ky, Pu, + Ken, Pen, + 7H2F? H20
Fen, Fen, He

Where Rj (j = SRM, WGS, and OSRM) are the rates of reactions (1)-(3). The reaction rate coefficients
(kj, j = SRM, WGS and OSRM) and the adsorption constants of gases (Kcna, Kn20, Knz, and Kco) have an
Arrhenius type dependence with temperature. On the other hand, P; (i = CHs, H20, CO, H; and CO;) are
the partial pressures of the respective components within the catalyst. The Arrhenius expressions for
the reaction rate coefficients, adsorption constants for the components CH4, H20, H2 and CO and the

equilibrium constants are listed below and can be reported by Xu and Froment (1989).

- Arrhenius expressions;

K, = 9.490x10"° exp (_ 28.5{9 K ] | kmoll( giaO.s -
4 8074.3K ) kmol kPaO'5

k, = 4.390x10 " exp (— T j kgh (7b)
16 29.336 K | kmol kPa\o'5

ky = 2.290x10" " exp (— T ] kgh (7¢)

— Adsorption coefficient constants;

-4 4604.20K -1
KCH4 =6.650x10 exp (Tj kPa (8a)
3 10666.35 K -1
KH2O =1.770x10 exp[—T], kPa (8b)
Ky = 6.120x10 exp (M] kPa * (8¢)
2 Tg
Keo = 8.230x10 " exp [%j, kPa * (8d)
- Equilibrium constants.
26.830K 2
Keq,1 =10266.76 exp[—T + 30.11], kPa (9a)
4400K 2
Keq,2 = exp[ T - 4.063], kPa (9b)
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S TS

Keqa = {10266.76 exp[— 26'?” K+ 30.11) exp(MOO K_ 4.063J}, kPa® (9c)
The net rates for each component (consumption and formation) type of reactions (1), (2) and (3) have

been obtained by using the following equation (Oliveira and Silva, 2012).
n
£= Y o R; (10)

Where riare the net rates of that species (i) in reactions (R)), ojj are the stoichiometric coefficients of

species and R;j are the reaction (1), (2) and (3) rates.

The effectiveness factors (n;) are used to account for the intraparticle transport limitation. Thus, the

Equation (10) was rewritten as given below.

rr =

i = 2 1j%ijRj (11)
j

1

M=

. N ( f f f .
The Equation (11) can be used to obtain CH4 ) HZO, H, , fco and €02 The details of these net rates

have given by Oliveira and Silva (2012).

2.3 MATHEMATICAL MODELLING OF THE MEMBRANE REFORMER

The mathematical modelling and computer simulation for the CFBMR are in continuous development
aiming to improve the knowledge of the phenomenological processes for this simple unit (combining
both the reaction and separation). According to its applications, the CFBMRs are applied in the
chemical, petrochemical and oil refining industries. For this work, an one-dimensional mathematical
model without axial dispersion taking into account diffusional limitations in the solid porous network
was developed. This model has been projected like isothermal dynamic pseudo-homogeneous model.

The mass balance equations are given by the following partial differential equation system.

2.3.1 BALANCE EQUATIONS FOR THE SHELL SIDE

The differential balances of the molar flow rates (F;) for the model components i (i = CHa, H20, H,, CO

and CO;) in the reaction side (shell side) are given as follows.

u oF 41Qq oF 2 (1-5,) 3
i 9 “Ni _ b S. . s B
S —-_—= ﬁRShe” Ps LT 2177] O'IJ R] -2 RSheII JI ; when |¢H2,thUS JI " H2 =0 (123)
j=

S
-+
g ot 2
4dspen

— The initial and boundary conditions for the Equation (12a) are given as:

Al o

. A

=Ro: forall z;F~|t =0=F|’0 for reactants and F'|t _o0~ 0 for products (12b)
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F'|z ot = R Ent. s for t=0 (12¢)
oF;

L =0; fort>0 (12d)
oz Sl

2.3.2 BALANCE EQUATION FOR THE PERMEATION SIDE

The mass balance equation for the molar flow rate (Fu2) of Hz in the permeation side zone (inner tube

of CFBMR) is written as follows:

OF 47Q oF 0.5 05
ug “'H, g H, -12 _767.38 A S 3 t
_g a +4dz w 1.0061x10 exp — s PH2 PH2 (13a)
inner tube

— The initial and boundary conditions for the Equation (13a) are given as:

FHZ‘ ~0: forallz (13b)
t=0
OF,
H, =0; fort>0 (13d)
oz
z=1L

2.3.3 SOLUTION OF THE MODEL EQUATIONS

The Laplace transform methodology was applied for changing the set of the partial differential
equations (PDFs) into a set of ordinary differential equations (EDOs). Then, the new set of EDOs has
been integrated by a subroutine based on the Runge-Kutta Gill with automatic step size and double

precision to ensure accuracy (Silva and Oliveira, 2013).

3. RESULTS AND DISCUSSIONS

The mathematical modelling was developed to analyze the molar flow rates of chemical species (CHa,
H,0, Hz, CO and CO;) on the shell side zone as well as the molar flow rate of H; into the permeation
side zone. The proposed model for this work has been used to relate the evolution of the molar flow
rates over space (z) along the CFBMR (shell side zone and permeation side zone). For this simulation,

the computational code was fed with parameters shown in Table 2 as follows.
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Table 3: Parameters for the modelling involved in steam reforming of methane.

Modelling And Computer Simulation

Categories Properties Nu. values References
Oper. conditions Shell side feed inlet temp., Tshell (K) 800 Jietal., (2003)
Per. side feed inlet temp., Tper. (K) 800 Jietal., (2003)
Shell side pressure Pshel, (kPa) 1250 Ji etal., (2003)
Permeation side pressure, (kPa) 300 Ji etal., (2003)
Feed compositions  Inlet flow rate of CHa, Fcra (kmol s1) 2.5x106 Jietal., (2003)
Inlet flow rate of H20, Fr2o (kmol s1)  3.5x106 Jietal., (2003)
Inlet flow rate of Hz, Fr2 (kmol s1) 0 Jietal., (2003)
Inlet flow rate of CO, Fco (kmol s1) 0 Jietal., (2003)
Inlet flow rate of CO2, Fcoz (kmol s2) 0 Jietal., (2003)
CHa/H20 ratio 25 Jietal., (2003)
Inlet partial pres. of CHa, pchs (kPa) 5.46 Pantoleontos et al.,(2012)
Inlet partial pres. of H20, pH2o (kPa) 18.34 Pantoleontos et al.,(2012)
Inlet partial pres. of Hz, pr2 (kPa) 0.68 Pantoleontos et al.,(2012)
Inlet partial pres. of CO, pco (kPa) 0.00 Pantoleontos et al.,(2012)
Inlet partial pres. of COz2, pcoz (kPa) 0.31 Pantoleontos et al.,(2012)
Gas solid Porosity of catalyst bed, &b (-) 0.43 Jietal., (2003)
Catalyst density, ps (kg m) 2100 Jietal., (2003)
Effect. Factors (n) for Egs. 1, 2, 3 0.07,0.07,0.57  Xu and Froment, (1989)
Shell side radius, Rshen (M) 3.00x103 Jietal., (2003)
Thickness of dense membrane, (m) ~ 5.0x10° Jietal., (2003)

3.1 VALIDATION AND SIMULATION

Thermochemical Hydrogen Production Of The Steam Reforming Of Methane In A Packed Bed Membrane Reformer: Mathematical

Figure (2a) shows a validation before simulating the CFBMR, the main program which is used to

simulate the conventional CFBMR has been checked with data of the literature. The simulation results

for conversion of CHs and data for different authors were validated by comparison (Tong and

Matsumura, 2006). Figure (2b) reports the profiles of CHs, H,O, H,, CO and CO; versus the space

variable along the CFBMR (shell side zone).
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Figure 2: (a) Validation of the model, (b) Profiles of chemical species (CH4, H,0, H2, CO and CO;) along
the CFBMR

3.2 EVOLUTION OF THE MOLAR FLOW RATES IN PERMEATION REGION

Figure (c) shows the evolution of the molar flow rates in the permeation side and shell side zones
versus the time variable at the exit of the CFBMR. Figure (d) presents the evolutions of the molar flow

rates of H; at different temperatures (1250K, 1150K and 950K) in the permeation side and shell side

Zzones.
(c)
0.6
1070K
1070K
T, 0.4 1
S
1]
=
~
L 0.2
Permeation side zone
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0.0 T T T T
(6] 6 12 18 24 30
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Figure 3: (c) Evolutions of molar flow rates in the permeation side and shell side zones and (d) Evolutions of

molar flow rates in the permeation side and shell side zones at different temperatures.

3. CONCLUSIONS

Conducted in the context of reforming of the line of chemical components, this research will resort
numerical methodology in order to carry out the process development in an isothermal catalytic
membrane reactor dynamics of fixed bed. In conditions allowed for this research, the method of

Runge-Kutta Gill was used to predict the model components (CHs, H2,O, Hz, CO and CO;). The
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development of computer code to process and analyze the behavior of the variables in this research

allowed the lead the following conclusions:

The validation confirmed by comparing which the results of this research and the results

obtained by different authors are good agreement;

- Consumption and production have shown the profiles of chemical species (CHs, H,0, H,, CO

and CO;) along the CFBMR;

- The molar flow rates of H, at 1070K shown an evolution with the time. Once, The amount of

H is most in the permeation side zone than in the shell side zone;

- The molar flow rates of H; at different temperatures (1250K, 1150K and 950K) have shown a
evolution with the time. Once, the amount of H; is most in the permeation side zone than in

the shell side zone.
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Computer Simulation Of A Monolayer Enzymatic Amperometric Biosensor: An Application Of The Finite Difference Method (Fdm)

Approach

Abstract: Biosensors are a class of sensors aimed at carrying out measurements involving organic
substances. These sensors have many advantages for use, ranging from miniaturization to portability
of the equipment, thus enabling their use in an easy way and in a very wide range of locations. This
work has the focus of evaluating the functioning of a monolayer enzymatic amperometric biosensor
through a process of mathematical modeling of its working principle from Partial Differential Equations
(PDEs) and the boundary/initial conditions that govern and characterize this type of equipment, the
systems of equations created were solved based on the Finite Difference Method (FDM) techniques
and with the aid of a computer code to provide the solution for the evaluated system. Finally, tests
were simulated to evaluate the impacts that each factor plays on the system response, sensitivity tests
were performed for each of its parameters, by means of a monolayer enzymatic amperometric
biosensor. With the results, it was possible to observe the great impacts that factors such as the
maximum enzymatic rate (Vwmax), the enzymatic layer thickness (d) and the initial concentration of the

substrate (So) have on the system response, which are considered crucial in a project of biosensors.

Keywords: Amperometric biosensor, Finite difference method, Modelling.
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INTRODUCTION

Biosensors are sensors that use biological components, usually enzymes, which catalyze reactions for
a specific analyte, and the transducer, that translates the changes in the biomolecule into an electrical
signal. Biosensors exhibit exceptional performance capabilities, which include simplicity, high
specificity and sensitivity, rapid response, low cost, portability, relatively compact size, user-friendly
operation, and continuous real-time analysis (Gao et al., 2018; Uno, 2019; Haritha, Kumar, Rakhi,

2022).

Biosensor applications include the areas of medicine (Parthasarathy & Vivekanandan, 2019; Uno,
2019), environment (Kaffash, Rostami, Zare, 2019), public safety and food safety (Semenova et al.,
2018). For medical applications, there are: clinics (Haritha, Kumar, Rakhi, 2022), pharmaceuticals
(Yoetz-Kopelman et al.,, 2017); devices; and manufacturing and research. Rapid biosensor-based
diagnosis can facilitate patient triage, improve early detection rates and prognoses. Such technology
can be of great use to improve the delivery of health care in community settings and to the neediest
populations. Environmental applications may include spill cleanup; monitoring (Modha, Castro,
Tsutsui, 2021); and regulatory bodies. For public safety applications include the activity of civilian and
military first responders, as well as autonomous monitoring of the population. Food safety applications
include monitoring food production (Yoetz-Kopelman et al., 2017); regulatory monitoring; and
diagnosis of food poisoning. Biosensors enable multi-target analysis, automation, and reduced testing

costs.

Modeling, due toits nature, proves to be extremely useful for the creation and manipulation of specific
systems, given the use of the general model created and using the desired data, with the physical and
mathematical model of the same, we can assign specific values in order to study and evaluate the

behavior of the system in different scenarios (Kaffash, Rostami, Zare, 2019).

Regarding the functioning of biosensors, they are analytical devices that operate by the chemical
reaction between substances and some transducer that will translate this reaction into some
manipulable and detectable signal (Baronas; Ivanauskas; Kulys, 2021). Biosensors use substances such
as enzymes, antibodies, tissues, or tissue subdivision in their functioning (Baronas; Ivanauskas; Kulys,

2021).

In this work, a numerical model will be developed to analyze the mono layer enzymatic amperometric

biosensor amperometric response with respect to its parameters. The model is based on diffusion
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equations containing a non-linear term related to enzyme kinetics. The simulation of the biosensor

response will be performed using finite difference techniques.
a) Modelling

The modelling of the biosensor system was made using the Fick’s law equation for diffusion, the
Michaelis and Menten equation for enzymatic reaction, and the Faraday’s law for electrochemical
current. The biosensor modeled was of an amperometric mono-layer type with the layer being an
enzymatic/diffusion one. The modelling process was divided in two parts, a diffusion one, and an
electrical response one. In Erro! Fonte de referéncia nao encontrada. is shown the representation of

the model used.

Figure 1: Physical model of the biosensor system.

2.1 DIFFUSION MODEL

For the modelling of the diffusion part of the system were used the combination of the Fick’s second
law of diffusion,

0p(2.1) _ . 0°0(z.1)
ot 0z°

Where @(z, t) is the concentration of element along time t and the axial distance z; and D is the

1)

diffusing coefficient for ¢.

The Michaelis and Menten equation for enzymatic reaction,
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Vi S
V (S) = X 2
(S) K, +5 2

Where V(S) is the enzymatic reaction ratio, Kv is the Michaelis and Mentee constant and S is the
substrate of the reaction, were used coupled to Fick’s second law of diffusion to perform the

consumption and creation of substrate and product.

In this context, Eq.(1) and Eq.(2) are used to build an equation system and this system can be generated

to model the behavior of the substrate and product according to above Fig.1.

() _p 0°S(2,1)  VuaxS

ot S a2 Ky +S "
Pt _ 02P(z,t) VxS

ot o2 Ky +S

Where S is the concentration of the substrate, P is the concentration of the product, Ds is the diffusion

coefficient of the substrate and Dy is the diffusion coefficient of the product.

In Eqg. 3, the upper side equation the Michaelis and Menten equation (Eq.(2)) is subtracted since the
substrate is consumed and in the lower side one of the Eq.(3) summed due to opposite fact, the
product is generated.

For the diffusion model, using the Fig.1 the following boundary conditions were used:

P(O,t) = 0; P(d,t) = 0; S(0,t) = 0; Sdy=So  t>0 (4)

Where d is the enzymatic layer thickness and So is the initial concentration of substrate.
For the initial conditions, the following were used:

S(z,0) =0; S(d,0) = So; z e [0,d). P(z,0) =0; P(d,0)=0 (5)

2.2 ELECTRICAL RESPONSE

The electrical model was modeled according to an electrical response of a metallic electrode. For that

type of electrode, the response is:

oP

R(t)=C —
0=C— (6)

z=0

Using the Faraday’s law,
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I(t)=nAFJ(t) (7)

Where I(t) is the electrical current response; n is the number of electrons in the electrochemical
reaction; F is the Faraday number; A is the facial area of the electrode; and J(t) is the diffusion flux,

and Fick’s first law of diffusion,

1) =—DF @®
0z

We modelled the electrical response of the system being:

oP

() =nAFD, — ©)

z=0
Normalizing Eq.(9) for its area, the final response of the system is:

oP

() =nFD, — (10)

z=0

3. SIMULATION

The system of equations present on Eq.(3) and Eq.(10) were solved using the Finite Different Method
(FDM). The specific method used was the semi-implicit one due to its better stability criterion and
better accommodation to the non-linear term in the equations. The solution of the system using the
Simi-Implicit FDM ran on a computer program created by the authors using the MATLAB language. All

data were stored and used in the ORIGIN 2018 to create graphics and statistical analysis.

4. RESULTS

4.1 VALIDATION

The model created in section 2 was validated based on the values described by Baronas (Baronas,
Ivanauskas, Kulys, 2021). For this purpose, some points were plotted on the graph provided by Baronas

and their approximate values were used.

Table 1- Input parameters Used

Data Value Unit References
So 1 ( ,ul\/l) (Baronas, lvanauskas, Kulys, 2021)
Po 0 ( ,ul\/l) (Baronas, Ilvanauskas, Kulys, 2021)
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Data Value Unit References
Ds 300 ,umz /s (Baronas, Ilvanauskas, Kulys, 2021)
De 300 /sz /S (Baronas, Ilvanauskas, Kulys, 2021)
Vmax 100 ,ul\/l/ S (Baronas, Ilvanauskas, Kulys, 2021)
Kwm 100 ( ,ul\/l) (Baronas, Ivanauskas, Kulys, 2021)
d 100 ( ,um) (Baronas, Ilvanauskas, Kulys, 2021)
n 2 (—) (Baronas, Ivanauskas, Kulys, 2021)

In Table 1 are shown the values given in Baronas (Baronas, Ivanauskas, Kulys, 2021) study and use as

an input data base for the model validation in this work.
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05 S

0.2 5
01 5
—— This Work r
00 L ] # BARCNAS, IWVANAUSKAS, KUILYS, 2021
] g T ¥ T " T ' J '
0 3 B g9 12 15

t(s)
Figure 2: Response current of the system.

In Fig.2 are demonstrated the results obtained by the simulation of the system using the values in
Table 1 in the black line, the red bullets are the results Baronas obtained in his work. This figure shows

that the results obtained in this work are very close of the results Baronas.

The graphic in Fig.3 shows the parity graphic for current output between this work and the values
Baronas obtained in his work. The graphic compares how close this work values are from the Baronas
work. It compares the values at the same point in time for both works. Values of a and b being 1 and

0 consecutively indicates the values in both works are identical, so close values of 1 and O foraand b
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indicates how close the values are. The statistics values of Person’s s and R-SQUARE are very close to

1, showing the fact that what was mentioned before are true and valid.

- 0.8 * T * T * T * T * T
[ |
]
[ ]
E- 0,5 L
il
-
* 0,4 -
w
=T
5
] 0,3 -
=T
=
=T
=024 L
. y=hb+a*x
<
Z 01 Pearson’s r 029882 (|
o R-S0UARE 099747
% b 0.00525 +0 00571 ||
o a 1.02352 £ 001378
I:I-I:I M I i I i I i I i I i
0,0 0,1 02 0,3 04 0,5 05
This Work
Figure 3: Parity graphic.
4.2 SENSITIVITY TESTING

The sensitivity tests were performed to evaluate the sensitivity of the system response to its relative
variables. For those tests were used the values presents in Table 1, only the variable tested in each

run was different.
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Figure 4: Current x DP

Fig.4 shows the system output sensitivity with respect to Dp. It is possible to see the fact that Dp has

no effects in ia for values greater than 0.

In Fig.5 demonstrate the system output sensibility with respect to Ds, and different from before, the
output current is sensible to Ds and has a tendency to saturation. Higher values of Ds increase the

output for values lower than saturation value.
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Figure 5: Current x DS
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Fig.6 demonstrates an inverse behavior than Fig.5 for Kv, where high values of Ky decrease the system
output current, still, it has a saturation value. The optimum value for this configuration is 40 uM, given

an output of 57.74 nA/mm?.
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Figure 6: Current x KM.

Fig.7 demonstrate a similar behavior than Fig.8, however, it reaches the saturation point faster. The

optimum value for this configuration and the saturation point was at Vimax = 200 uM/s.
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Figure 7: Current x VMAX.
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Fig.8 demonstrates the sensitivity of the system output with respect to d. In this graphic is shown two
areas with an inflexion point and maximum value when d is equal to 40 um and the current is equal to
104.45 nA/mm?2. High values of d, higher than 1600 um stabilize the output at the value of 0 (zero)
nA/mm?2.
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Figure 8: Current x d.

Fig.9 is demonstrated the behavior of the output with respect to the variation of the initial
concentration of the substrate. That graphic shows the fact that the output current has a linear like
region and a tendency for saturation on high Sp values (in this case, higher than 6,000 uM). For values
of So between 0 and 1,000 uM it has a linear behavior, for values between 1,000 and 6,000 uM it has

a transitional behavior. At the linear region it can be approximated to a curve ia = 4.5877 + 0.5482-So

with x?and Person’s r values of 0.99959 and 0.9998 respectively.
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Figure 9: Current x SO.

5. CONCLUSIONS

The product diffusion, DP, has no significant impact on the output, so its values are negligible when
analyzing the system output. On the other hand, the substrate diffusion, DS, has an important impact
on the output, leading to the fact that choosing the composition of the substance in the enzymatic or
any other layer is important to biosensors projects. As expected, Michaelis-Menten constant, KM, has
an important impact on the electrical current of a biosensor, high values of KM lead to low values of
the current, indicating that choosing the enzyme for a biosensor is very important. In this study the
optimum value for the schematic shown is the value of 40 uM, even though it may not be possible due
to a non-existence of such enzyme. VMAX has a similar conclusion of DS, showing that enzyme
concentration inside the enzymatic layer is very important, low concentration of enzyme lead to a low
output current module, but oversaturate do not amplify the output. For VMAX, the optimum value is
200 uM/s, that can be design due the fact that VMAX ~ E (enzyme concentration). Substrate initial
concentration, SO, is not only the main goal of a biosensor, but also shows that the biosensor has a
linear region that is suitable for measuring systems and a saturation region that should be avoided.
For a measuring region, the biosensor can work for a range between 0 and 1,000 uM and having a its
SO calculated according to the equation iA = 4.5877 + 0.5482-S0 and measuring its output current.The
results obtained in this work lead to a need of further investigation about the relation between VMAX

and its effects, DS and its effects, and physical test with its values.
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Biomass-Derived Carbohydrate Thermochemical Conversion To Produce Monosaccharaides: Assessment Of A Heterogeneous

Kinetic Model

Abstract: Recent technology developments done in the scope of the biorefinery concept have
emerged as alternatives to remove economic obstacles, thus making production of chemicals from
ligno-cellulosic feedstocks become a reality. Biomass conversions employing hydrolysis and
pretreatments of hemicellulose and lignin, and acid hydrolysis of cellulose were carried out to break
the polymeric structures. The saccharide components obtained were processed into value added

polyols by subsequent hydrogenations

Keywords: Biomass, Biorefinery, Kinetic Model, Biomass Conversions, Lignocellulosic
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INTRODUCTION

Lignocellulosic biomasses (LCB) such as energy crops and agro-industrial residues have been
investigated over the last decades as sources for the sustainable production of a myriad of chemicals.
LCB consists of three major components: cellulose, hemicelluloses and lignin. These polymers and
macromolecules comprise approximately 90% of the dry material, the rest consisting of ash, soluble

phenolics, fatty acids and other minor components.

The surprising strength of plants is to a large extent due to cellulose, the most plentiful organic
substance in the biosphere. Cellulose is a high molecular weight linear hexose unbranched
homopolymer of D-glucose molecules. The building blocks are bound to each other by B-1,4-glucosidic
linkages in chains of up to 15000 glucose units. Cellulose polymers associate through H-bonds. These
strong interactions result in the aggregation of parallel chains forming microfibrils, which are further
combined to larger subunits, forming a fibrous crystalline structure. Even though cellulose
polysaccharide is highly ordered, some regions are less crystalline, so-called amorphous, which are

more susceptible to degradation (Fan et al., 1980).

Hemicellulose is the linking polysaccharide material between cellulose and lignin. They are composed
of a variety of sugars including xylose, arabinose, and mannose in shorter molecular chains. The type
and ratio of the different sugars in the hemicellulose is depending of the source of the plant.
Hemicelluloses are also defined chemically as cell wall polysaccharides that are structurally
homologous to cellulose presenting a backbone composed of 1,4-linked B-D-pyranosyl residues.
Hemicellulose molecules are often branched and very hydrophilic, becoming highly hydrated to form
gels. Different plants contain the same basic xylan structure but different arrangements with other
sugar residues, such as L-arabinose, D-glucuronic acid and 4-methyl-ether. Hemicelluloses include
xyloglucan, glucomannan, mannan, xylan, arabinoxylan, and arabinogalactan. Hemicelluloses
comprising primarily xylose and arabinose are referred to as xyloglucans, arabinoglucans and

arabinoxylans (Selvendran and O'Neill (1985); Wilkie, 1979).

Lignin is a complex, three-dimensional, cross-linked macromolecule of phenylpropane units, held
together by ether and carbon-carbon bounds. The main building blocks present in lignin are guaiacyl,
syringyl and p-hydroxyphenylpropane. Lignin cements and anchors the cellulose and hemicellulose
fibres together and at the same time stiffens and protects them from physical and chemical damage.
Its chemical structure “in natura” is strongly aromatic and contains metoxile, hydroxyl, phenolic, and

aliphatic groups.
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Carbohydrates and lignin from vegetable biomasses may be depolymerized to oligosaccharides and
lignin compounds solubles in aqueous medium. In the presence of homogeneous or heterogeneous
catalysts the oligomeric mixtures selected may be processed in order to produce value added
chemicals [7,8]. Through catalytic hydrogenation, hydrogenolysis or oxidation these mixtures can be
converted to polyols, glycols, monoalcohols, aldehydes and organic acids (Araujo et al., 2010; Sales, et
al., 2006). The saccharide molecules present a wide variety of functional groups, which allow the

formation of compounds with different chemical structures.

Intending to develop technologies of the vegetal biomass valuation in the energy and industrial sector,
a hemicellulose extractive process of sugarcane bagasse was employed in order to obtain conversion
of the xylose and arabinose (Baudel et al., 2005). Using the phenolic nature of organic components
existing in lignin, many heterogeneous catalysts have been employed for the treatment of effluents
from pulp and paper mills. The catalytic oxidation with air and supported catalysts was also suggested
as an alternative for effluents treatment, products and by-product of biomass processing industry
(Zhang, et al., 1998; Hamoudi et al. 1999, Fargues et al., 1996; Lee et al., 2012). The valorization of the

ligninic effluents by catalytic oxidation or hydrogenolysis has been used as an alternative technology.

2. CARBOHYDRATES FROM BIOMASS

Biomass processing of plants for chemical valorizations, taking advantage of the structural
characteristics of the plant species, was developed via functional and degrading reactions to obtain

intermediate products with industrial interests.

The main components of the plant tissue, as cellulose, hemicellulose, lignin, and starch consist
basically of carbon, hydrogen, and oxygen, besides some minor components as minerals and other
species. The natural polymers, which are rich in oxygen, may be also be converted to oxygenated
compounds through catalytic hydrogenation, which under more drastic conditions of temperature and

pressure, leads to cleavage of the carbon chain.

The processing of raw materials rich in saccharides (sugarcane, starch) and their derivate (molasses,
sugarcane bagasse), to obtain products with industrial application as polyols and organic acids, has

been the object of several studies (Lichtenthaler, 1991; Baudel, et al., 2005).

Carbohydrate hydrogenations (saccharides - monosaccharides = polyols) have been studied before
using nickel catalysts, having kieselguhr, alumina, and activated carbon as the metal support. Several

heterogeneous processes employed supported catalysts based on nickel, chromium and copper to
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hydrogenate glucose, fructose and sucrose to sorbitol and mannitol (Abreu et al., 1995; Maranhdo et
al., 2004). The major part of the industrial production of polyol from carbohydrates employs nickel, or
Raney nickel as catalyst. However, this creates an additional cost for the separation of the catalyst
dispersed in the solution. The use of nickel catalysts for carbohydrate hydrogenation with industrial
development scopes was studied before by Turek et al. (1983), having silica as the metal support.
Although ruthenium presented higher yields than nickel, nickel turned out to be a more economical

option.

The development of the saccharide hydrogenation process was achieved having in mind the polyol
production in a batch three-phase reactor (Sales et al., 2006).The nickel catalyst (14.75 %
weight)/activated carbon presented an activity, reaching conversions of 85% with a selectivity in
sorbitol of 99.05% at 413K, under 24 bar, after 3 hours of reaction in the slurry reactor. At the same
conditions, saccharose was processed, producing glucose and fructose and sorbitol and mannitol,

reaching a conversion of 52% after 3 hours of reaction.

Based on the surface interactions at different sites of a catalyst for glucose, fructose, saccharose and
polyols production in relation to hydrogen, the following assumptions were made to formulate a
heterogeneous mechanism for carbohydrate hydrogenations: occurrence of acid (metal) and basic
(support) sites on the catalyst surface; hydrogen adsorption on the basic sites of the support where it
is dissociated; saccharide adsorption at the acid sites through the C = O bond; interactions of hydrogen
dissociated with the monosaccharides with polyol productions or its action on the glucosidic bond of
saccharose with monosaccharide productions. Under more drastic temperature and hydrogen
pressure conditions the polyols obtained from hydrogenations can be hydrogenolysed to produce
other polyols, glycols and alcohols. In hydrogenolysis processes with the metal catalysts, very low
selectivities were identified. By the action of supported catalysts based on noble metals (Pt, Pd, Ru)
saccharides may be selectivetly converted to different mixtures of polyols, glycols and monoalcohols.
Hydrogenolysis of the saccharidic mixtures from biomass over noble metal catalysts (Ru, Pd) results in
the splitting of carbon-carbon and carbon-oxygen carbohydrate bonds generating polyols and

alcohols.

2.1. HETEROGENEOUS HYDROGENATION KINETICS

promotes the solubilization of oligosaccharides in aqueous phase come up with a view to hydrolysis

saccharification monosaccharides. Constituting an alternative to homogeneous hydrolytic processes,
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operations with solid catalysts are situated in favorable conditions as the phases produced separately.
Based on experimental evidence, such as the occurrence of hydrolysis of oligosaccharides (OL) only
when the presence of hydrogen in the liquid medium (OL (l) + H2 (g) + Cat. (S) = Mo (l) + Cat. (s)), the
following assumptions are made: the contact gas-liquid-catalyst in the liquid phase interacts
saccharide such as hydrogen adsorbed onto the solid. This acts on the glycosidic linkage of saccharide,
continuing the formation of monosaccharides products. The considerations set converge to the
application of a Langmuir-type model Hinshelwood, aimed at kinetic representation of the evolution
of the consecutive hydrolysis and hydrogenation process.

KsacKH, KsacCH, ; Csac)

1)
(1+ KHZCHz(s))

rSaC(S)

The available biomass carbohydrates as monosaccharides may be subject to subsequent changes in
order to their chemical valuations. Via catalytic hydrogenation are practiced such procedures. Via a
heterogeneous mechanism arises proposal showing the kinetics of catalytic hydrogenation of
monosaccharides from biomass (Mo (l) + Hz (g) + Cat.(s) = E (g) + Cat. (s)), with specific indications
hydrogenate second validation processes. The formulation of a heterogeneous Langmuir Hinshelwood
type model with mechanistic bases, was undertaken in a typical hydrogenation dehydrogenation
mechanism, considering the following assumptions: occurrence of metallic sites and basic sites
(support) on the catalyst surface; saccharide adsorption sites on the metal through the C= 0 bond and
H. in the basic sites and interact with consequent formation of polyol. Considering the different
surface adsorptive interactions and hydrogen plant biomass of monosaccharides (glucose, fructose,
xylose, arabinose), assuming catalyst occur in different sites for the saccharide, and in relation to

hydrogen, the rate of consumption reagent thus expresses itself:

kMOKHZ KMOCHZ(S)CMO(S)

O]

" 0 ) | |
1+ KHZCHZ(S) 1+ KMOCMO(S) + KPOCPO(S)

Where rMO catalytic reaction rate, ka constant speed, NH2, KMO, KPO and the equilibrium constants
for adsorption of hydrogen, the monosaccharides and polyols, respectively, and CH2 (S), BMC (s) and

DMF (S) concentrations on the surface of the solid.

3. MATERIAL AND METHODS

The operations delignification and alkaline hydrolysis were carried out in slurry bed reactor made of
glass, with a capacity of 3000 ml, under magnetic stirring and weight of pulp on a dry basis of 50 grams,

maintaining a solid-liquid ratio of 1:25. Analysis of the liquid phases, at levels of carbohydrates, were
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performed via liquid chromatography with an Aminex HPX-87 column BioRad, having H2S04-0,001N
as the mobile phase, in the pre-hydrolysis was chosen by the use of hydrochloric acid solutions 1% by
mass temperature of 702C. The liquid phase (filtered or liquor hydrolysis) was analyzed for content of
total reducing sugars and components via liquid chromatography. The solid phase (residual or pre-

hydrolyzed bagasse) was analyzed for the content of pentosans and degradation products (Furfural).

The delignification was conducted with the bagasse from the process of pre-hydrolysis, with a solution
of 1 mass% content by weight NaOH of 70 ° C to 80 ° C for 3 hours. The final material was vacuum
filtered and quantized residual mass. The liquid phase (filtered or black liquor) was analyzed for total
solids and soluble lignins. The solid phase was analyzed to determine insoluble lignin. Samples were
subjected to liquid phase treatment with hydrochloric acid (37 wt %) to precipitate and subsequent

quantification of the solubilized lignin.

The extraction of the hemicelluloses solid material was carried out with a mixture of H2504 to 1% by
weight at temperatures of 90°C for 2 hours. After the operation the material was filtered under
vacuum and quantified. The solid phase was analyzed for content of pentosans and furfural. The liquid
phase was analyzed by high performance liquid chromatography (HPLC) with the content of

monosaccharides (xylose and arabinose) and decomposition products (furfural).

The cellulosic fraction from the previous procedure was subjected to hydrolysis by the introduction of
HCl solution (20 mass%) containing the catalyst-additive 8 wt% LiCl2 at 160 ° C for 3 hours. After the
end of the operation, the material was filtered under vacuum and quantified. The liquid phase was
analyzed and quantitated through high performance liquid chromatography with respect to the
extracted carbohydrates. The solid phase was analyzed for solids content for subsequent completion

of the mass balance.

4. RESULTS AND DISCUSSIONS

The evolutions of the hydrolytic processing of biomass led to its division into its macro structures,
showing the dispositions of monosaccharides and oligosaccharides. In the intermediaries of a
biorefinery process aqueous solutions of the saccharides were hydrogenated leading to formation of
polyols. Considering the pre-hydrolysis aimed to promote interference on the structure of biomass,
particularly on lignin, making it more susceptible to attack by alkalis in the subsequent process of
delignification, their participation in the biorefining process bagasse constituted a step with semi-

guantitative characteristics.
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In Figures 1a and 1b, it depicts the changes in the concentrations of xylose and arabinose produced at
80 °C, operating with three different concentrations of hydrochloric acid. Whereas the hemicellulose
present in the plant tissue prepared in two different ways, such as pentosan hydrolysis and easy as
pentosan hydrolysis difficult, it is indicated that the pre-hydrolysis steps the amount of easy hydrolysis
was predominant. In mild conditions adopted, deterioration of arabinose and xylose, particularly

dehydration occurred at low levels.
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Figure 1 Developments concentrations of xylose (a) and arabinose (b) pre-hydrolysis of biomass.

Influence of the acid concentration. Conditions: 80 ° C, 50g mb =VL=1.5L.

4.1. DELIGNIFICATION OF BIOMASS PRE-HYDROLYZED

Following fractionation of biomass process, bagasse cane sugar from pre-hydrolysis step with
hydrochloric acid was subjected to treatment with sodium hydroxide at three different temperatures
(702C, 802C and 909C). The base acts on lignin which is positioned as a protective barrier saccharide
fraction, reducing its resistance. For each of the experiment isotherms of 180 minutes duration were

performed.

The evolution of the mass fractions of bagasse soluble, holocellulose and lignin were measured as a
function of time during the process of delignification could be observed removals of holocellulose
(glucan + xylan) and lignin (soluble + insoluble Klason). It was found that weight loss bagasse was
favored with increasing temperature and in function of time. The maximum amount of solubilized
material, after 180 minutes was approximately 30 wt% of the initial value brought into contact with

the alkaline solution. The rise in temperature between 70 ° C and 90 ° C favors the delignification but
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less influences the loss of glucans and xylans. Kinetic evaluations are deployed in the operation of

delignification at 802C (Figure 2), detailing the evolution of removals of the two types of lignin.
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Figure 2 Trends in Klason lignin content of (a) and soluble (b) of pre-hydrolyzed biomass. Influence of
temperature. Conditions: NaOH (1% by weight) = mb 50g, VL = 1.5L.

4.2 DILUTED ACID HYDROLYSIS OF HEMICELLULOSE FROM DELIGNIFIED BIOMASS

Aiming at the fractionation of biomass in its hemicellulose fraction, with consequent depolymerization
of its structure, was considered to operate with minimal degradation of saccharides produced. Thus,
the delignified pulp was subjected to an acid hydrolysis step at low concentrations, so that the
hydrolyzing agents reached the saccharide fraction, promoting high hydrolyzing decomposition and

removal of hemicelluloses. The effects of temperature and acid concentration were evaluated as

follows.
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Figure 3 Evolutions of the concentrations of monosaccharides and derivatives of the hydrolytic
processing of delignified biomass. Effect of temperature. Conditions: mb = 50g, (a) 90 ° C, (b) 100 ° C
H2S04 (1 wt%).

5. CONCLUSIONS

Proceeded fractionation of biomass, according to the reaction steps of pre-hydrolysis, alkaline
delignification and acid-diluted hydrolysis were produced macro lignin fractions, hemicellulose and
cellulose, composed by his linguino derivatives and saccharide. Gearing up for the saccharide
derivatives, there was already available as part soluble Middle - hydrolyzed hemicellulose - and parts
available - hydrolyzed cellulose. The cellulosic fraction was subjected to acid hydrolysis moderate
(hydrochloric acid) additives for the actions of metal ions - lithium chloride. Hydrolytic effects on

cellulosic fibers were promoted via swelling with salt, with the consequent willingness to hydrolysis of

oligosaccharide fractions.
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