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APRESENTACAO

Inovagdes tecnologicas surgem a todo o momento, em todo o mundo, sendo
utilizadas como uma ferramenta estratégica para manutencéo e crescimento dos
negocios nas industrias. A Engenharia Quimica foi uma das carreiras que mais
contribuiu para a evolugao da Era Industrial para a Era Moderna.

A preocupacdo em desenvolver produtos e processos de producao torna a
Engenharia Quimica responsavel por pesquisas e projetos em relagdo aos materiais
gue passam por mudancas fisicas e quimicas, adquirindo outras caracteristicas.

A Engenharia Quimica trabalha com a manipulagdo de compostos e substancias
para se criar novos produtos. Estes produtos proporcionam uma melhoria na qualidade
de vida humana, pois além de pesquisas relacionadas, existe a preocupacdo em
viabilizar as invengdes, criar métodos baratos e eficientes de fabricacdo em massa,
implementando processos quimico-industriais cada vez melhores, mais econémicos e
mais ecoldgicos.

Neste primeiro volume, organizado para vocé, apresentamos o papel do
Engenheiro Quimico no mercado de trabalho, pois este aplica conhecimentos
adquiridos no estudo de Quimica e de Engenharia para criar solugdes voltadas a
producdo ou ao uso de substancias quimicas. E o profissional que constréi um elo
entre a ciéncia e a manufatura. Cabe ao engenheiro quimico lidar com a formulagéo
e a solucdo de problemas associados a industria quimica, bem como trabalhar na
operacao e manutencéo de sistemas. Também sao expostos, neste volume, trabalhos
relacionados ao ensino tedrico e pratico de Engenharia Quimica.

Além disso, encontram-se trabalhos relacionados com aplicagdes estatisticas,
simulacdes e otimizacdo de processos para melhoria de utilizacdo de produtos e
subprodutos. Assim como sao expostos trabalhos de caracterizacdo de materiais e
alteracées em processos quimicos utilizando novas técnicas de analise de produto,
avaliando comportamento, caracteristica de sistemas, propriedades fisico-quimicas e
alteracédo de composicéo de produtos ja utilizados no mercado.

Baseado nestes trabalhos, convidamos vocé a aperfeicoar seus conhecimentos
na area da Engenharia Quimica. Os trabalhos selecionados oportunizam uma nova
visdo de materiais, processos e técnicas na area, mostrando o impacto tecnolégico no
desenvolvimento da industria e sua relacéo direta com a sociedade e meio ambiente.

Boa leitura.

Carmen Lucia Voigt
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CAPITULO 19

CENTRIFUGATION STEP CONTROL OF CELLULOSE
NANOCRYSTALS SUSPENSION BY PH AND
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ABSTRACT: In this study, hydrolyses of 3 g
of cotton fiber with 65% sulfuric acid (m/v),
biomass to acid ratio 1:20 (g/mL), temperature
50°C, and times 50 and 70 min were performed
to obtain cellulose nanocrystals suspensions.
The objective of this work was to evaluate the
suspension stage of the nanocrystals in the

Impactos das Tecnologias na Engenharia Quimica

TURBIDITY MEASUREMENTS

centrifuge by means of the supernatant pH and
turbidity of each centrifugation cycle. With this,
achieve a more efficient washing, with reduction
of materials loss and much diluted suspensions.
The nanocrystals characterization of each cycle
was performed through hydrodynamic diameter
and the surface charge measurements of
the nanoparticles by dynamic light scattering
and zeta potential, respectively. For 70 min of
hydrolysis time, the results showed that the
cellulose nanocrystals began to suspend at pH
values around 1.0 reaching the maximum at pH
2.0, according to the turbidity results, 10 NTU
and 300 NTU, respectively. After 300 NTU, the
pH and turbidity of the suspensions behaved
inversely. Similar results were found for 50 min
of hydrolysis time. There was no significant
variation in the zeta potential results between
the third (-50 mV) and the fifth cycle (-55 mV)
for the 70 min, and between the third (-51 mV)
and the fourth cycle (-54 mV) for the 50 min
time. The centrifugation control for cellulose
nanocrystals suspension with pH-meter and
turbidimeter was efficient. In addition, these
equipments are characterized by being easy to
operate and having a low cost.

KEYWORDS: Cellulose
Nanocrystals; Process control; Biorefinery.

Nanotechnology;

RESUMO: Normalmente, na metodologia
convencional para producao de nanocristais de

Capitulo 19
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celulose, o consumo de agua e de energia e a gerag¢ao de efluentes acidos estao em
desacordo com o conceito de sustentabilidade. Assim, um dos objetivos deste trabalho
foi avaliar a fase de suspensao dos nanocristais na centrifuga por meio de medidas
de pH e de turbidez do sobrenadante de cada ciclo da etapa de centrifugagdo. Com
isso, espera-se aumentar a eficiéncia da etapa de lavagem, com reducéo de perda de
materiais e obtenc&o de suspensdes de nanocristais de celulose mais concentradas.
Neste estudo, utilizou-se fibra de algodao in natura, &cido sulfurico 65% (m/v), comrazéo
biomassa acido 1:20 (g/mL), temperatura 50°C, sob agitagao constante, com variagao
do tempo de hidrélise de 50, 70 e 90 minutos. A caracterizagcao dos nanocristais apos
cada ciclo de centrifugacéo foi realizada através da medida do diametro hidrodinamico
e da carga superficial das nanoparticulas por meio da técnica de espalhamento
dindmico da luz e do potencial zeta, respectivamente. Para o tempo de hidrélise de
70 minutos, os resultados mostraram que os nanocristais de celulose comegaram a
suspender a partir de valores de pH por volta de 1,0, alcangando o maximo em pH
2,0, de acordo com os resultados de turbidez, 20 NTU e 317 NTU, respectivamente.
Apo6s 317 NTU, os valores de pH e de turbidez das suspensdes comportaram de
maneira inversa. Resultados similares foram obtidos para tempo de hidrélise de 50 e
90 minutos. N&o houve variagao significativa nos resultados de potencial zeta entre o
terceiro (-51 mV) e o quinto ciclo (-56 mV) para o tempo de hidrélise de 70 minutos,
entre o terceiro (-52,3 mV) e o quarto ciclo (-54,2 mV) para o tempo de 50 minutos,
e entre o terceiro (-52,2 mV) e o quinto ciclo (-56,1 mV) para o tempo de 90 minutos.
O controle de centrifugacdo para suspensdes de nanocristais de celulose através de
medidas de pH e de turbidez se mostrou eficiente. Além do que, os equipamentos de
medicéo para esses parametros sdo de facil operacéo e possuem baixo custo.
PALAVRAS-CHAVE: Nanotecnologia; Nanocristais de celulose; Controle de processo;
Biorrefinaria.

11 INTRODUCTION

Cellulose nanocrystals are the crystalline domains of cellulosic sources, as shown
in the Figure 1 (KAUSHIK et al.,, 2015). These nanoparticles, when isolated, have
been evaluated as reinforcement material in polymeric matrixes due to their potential
to improve, among others, the mechanical, optical, and dielectric properties of these
matrixes (SILVA and D’ALMEIDA, 2009; SOUZA LIMA and BORSALI, 2004).

Although there is a relatively large number of studies investigating the conditions
for obtaining nanocrystals, some aspects of the isolation steps still need to be clarified
in order to contribute to the economic viability of the production process of these
nanomaterials at the commercial level. Normally, in the conventional methodology,
the consumption of water and energy, and the generation of acidic effluents are in
disagreement with the sustainability concept.

Impactos das Tecnologias na Engenharia Quimica Capitulo 19
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Figure 1 - Photomicrograph of cellulose nanocrystals from cotton fiber.

Photomicrograph source of: LABPIM (Laboratory of Industrial Processes and Materials)

Another important aspect would be that, during the centrifugation step, big
amount of low concentration suspension, composed by suspensions of the various
cycles, is generally obtained in three to five cycles. Thus, the objective of this work
was to evaluate the nanocrystals suspensions in the centrifugation step by measuring
the supernatant pH and turbidity of each centrifugation cycle, in order to try to achieve
a more efficient washing, with reduction of materials loss or obtaining of very diluted
suspensions.

2| MATERIALS

Sample of Brazilian cotton fibers, from Minas Gerais State textile industry, was
used in this study.

31 METHODOLOGY

The fibers were pretreated prior to initiating the hydrolysis. A cleaning step was
taken to remove foreign materials. The fibers were then pretreated with 2% NaOH for
60 min at 70 ° C in an oven under frequent stirring. The fibers were then washed with
distilled water and centrifuged in household equipment for 10 minutes to remove free
water. The sample was then left in desiccator for 24 hours to remove remaining water.
The time was enough to reach constant mass. All fiber samples to be hydrolyzed were
subjected to the same procedure. The yield of the alkaline treatment was close to 97%.

Conventional hydrolysis methodology performed in the LAPIM, was adopted.
Hydrolyses of 3 g dry of cotton fiber with 65% sulfuric acid (m/v), biomass to acid
ratio 1:20 (g/mL), temperature 50°C, and times 50 and 70 min were performed. The
centrifugation step was evaluated after each wash cycle generating 6 supernatants with
different pH and turbidity values. This procedure was performed for the two hydrolysis

Impactos das Tecnologias na Engenharia Quimica Capitulo 19




times under study.

4 | RESULTS AND DISCUSSION

The results show that each centrifugation cycle presents different pH and turbidity
characteristics for each supernatant, as shown in the figure 2. As the hydrolysate is
washed (centrifugation cycles), the pH of the suspensions increases, the sulfonic
groups present on the nanocrystals surfaces are ionized and they behave like colloidal
nanoparticles. In this case, it can be seen that the nanoparticles null charge point was
between 1 and 2.

pH <1 pH ~2 pH ~3 pH ~3,5 pH ~4
~5 NTU ~280 NTU ~80 NTU ~70 NTU ~30 NTU

——

Laser
beam

£ g

1stand 3~ 4th 5th pth
2M cicles cicle cicle cicle cicle

Figure 2 - values of pH and turbidity of the supernatant as a function of the spin cycle.
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2 250
" Higher
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0 n A :
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Figure 3 - Turbidity behavior in relation to pH.

For both hydrolysis times, the highest turbidity value was around pH 2, as shown
in the figure 3. For 70 min of hydrolysis time, the results showed that the cellulose
nanocrystals began to suspend at pH values around 1.0 reaching the maximum at
pH 2.0, according to the turbidity results, 10 NTU and 300 NTU, respectively. After
300 NTU, the pH and turbidity of the suspensions behaved inversely. Similar results
were found for 50 min of hydrolysis time. It was also observed that there was increase
in cellulose nanocrystals size with the increase of pH for the two times of hydrolysis
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studied.

ltwas also observedthatthere wasincreasein cellulose nanocrystals hydrodynamic
diameter with the increase of pH for the both times of hydrolysis studied (Figure 4).
There was no significant variation in the zeta potential results between the third (-50
mV) and the fifth cycle (-55 mV) for the 70 min, and between the third (-51 mV) and the
fourth cycle (-54 mV) for the 50 min time (Figure 5).

600
£ B 70 min
£ 500
= B 50 min
s
@ 400
E
5
© 300
E
[}
£ 200 -
B
2 100 |
0,

Cycle

Figure 4: Cellulose nanocrystals hydrodynamic diameter as a function of the centrifugation
cycle.
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Figure 5: Cellulose nanocrystals hydrodynamic zeta potential as a function of the centrifugation
cycle.

51 CONCLUSION

The centrifugation control for cellulose nanocrystals suspension with pH-meter
and turbidimeter was efficient and has a potential to be applied at larger scale. In
addition, these equipments are characterized by being of easy operation and of low
cost. Higher turbidity value was found for pH values close to 2 for both hydrolysis times.
pH and turbidity measurements may help in deciding which supernatants should be
chosen to obtain a single suspension without high volume generation.
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