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COMPROVAGAO DE CAPACIDADE TECNICA OBRIGATORIA

1. Experiéncia no desenvolvimento de materiais utilizando biopolimeros (alginato e/ou quitosana)

1.1 Na sequéncia, o primeiro e segundo certificado apresentados nesse documento atestam que
a candidata tem experiéncia no desenvolvimento de materiais a base de alginato com o
certificado de orientagao de projetos tipo PIBITI e PIBIC financiados pelo CNPq.

1.2 Na sequéncia, o terceiro e quarto certificado apresentados nesse documento comprovam
gue a candidata tem experiéncia no desenvolvimento de materiais a base de quitosana com o
certificado de apresentagao dos resultados em congresso internacional e regional.

2. Experiéncia em operacéo de equipamentos de determinagdo de poluentes (espectrofotdmetro
de UV-Vis e/ou espectrofotdmetro de absorgédo atdbmica e/ou cromatdgrafo gasoso)

21 Na sequéncia, o quinto (verificavel no
link: https://repositorio.animaeducacao.com.br/handle/ANIMA/27070), sexto
(https://repositorio.animaeducacao.com.br/handle/ANIMA/26664), sétimo
(https://repositorio.animaeducacao.com.br/handle/ANIMA/26652) oitavo
(https://repositorio.animaeducacao.com.br/handle/ANIMA/49854) e nono

(https://doi.org/10.1016/j.ijbiomac.2018.02.096 ) documentos apresentados comprovam que a
candidata possui experiéncia na operacao de espectrofotometro UV-Vis e de
espectrofotometro de absorcao atomica. Ja o décimo documento comprova sua experiéncia
tedrica com cromatografia gasosa.

3. Comprovar experiéncia em técnicas de caracterizagdo como o infravermelho e o microscopio
confocal.

3.1 Todos os documentos apresentados no item 2.1 comprovam experiéncia da candidata na
técnica de caracterizagao por espectroscopia no infravermelho, além de outras técnicas como
analise dinamico-mecéanica, viscosidade, microscopia eletrénica de varredura, angulo de contato,
entre outras.

4. Comprovar experiéncia em processos de adsor¢ao de poluentes (corantes ou metais).

4.1 Na sequéncia, o décimo primeiro documento apresentado comprova experiéncia no
desenvolvimento de processos de adsorgao de poluentes sendo parte integrante da equipe do
projeto Sanear 4.0 financiando pelo FINEP cujo objetivo era tratamento de efluentes via adsor¢ao
de poluentes mediada pelo combinagao de grafeno e criptomelano.
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Filmes a base de alginato e hialuronato de sédio contendo extrato de jambolao para moni-
toramento de infecgées em feridas

Autores

Medeiros, Kellen Marcon

N/D Orientador

Zepon, Karine Modolon

Resumo

Este trabalho teve por objetivo desenvolver filmes a base de algi-
Arquivos nato (ALG) e hialuronato de sodio (HS) contendo extrato seco do
@ TCC Il Jovana e Kellen.pdf (965.49 KB) fruto do jambol&o (JAMB) para o monitoramento de infecgdes
@ TermoAutorizacaoTCCMultiplaAutori- bactefianasiemiferidas) O fruto do jamboldo colhido fresco, foi
a.pdf (189.01 KB) moido, filtrado e liofilizado. O extrato liofilizado do fruto do jambo-

lao mostrou uma coloragao pH-dependente e atividade antibacte-
Data riana em concentragdes superiores a 3,75 mg/mL. Os filmes fo-
2022-11-29 ram preparados usando 5% (HS:ALG@J-5%), 10% (HS:ALG@J-
10%) e 20% (HS:ALG@J-20%) do extrato liofilizado do jambol&o.
Com excecao do filme HS:ALG@J-20%, ambos os filmes
Artigo Cientifico HS:ALG@J-5% e HS:ALG@J-10% exibiram uma mudanga na sua
coloracé@o quando expostos a uma superficie in vitro contaminada
com modelo de bactéria Gram positiva e Gram-negativa. Além dis-
Ciéncias da Saude s0, os filmes HS:ALG@J-5% e HS:ALG@J-10% apresentaram ativi-
dade antibacteriana e mecano-compatibilidade com a pele. Os re-
sultados ex-vivo confirmaram a mudanca da coloragéo dos filmes
Acesso fechado quando expostos a pele contaminada, confirmando o potencial de
uso dos filmes HS:ALG@J-5% e HS:ALG@J-10% no monitoramen-
to de infecgOes bacterianas em feridas. Escrever um final contri-
buindo para grande area.
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Desenvolvimento de hidrogéis a base de alginato/acido hialurénico embebido com nanoe-
mulsao de PCL-T contendo lidocaina incorporada para anestesia dérmica local
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2.pdf (1.51 MB)

Data
2021-12-03
Tipo

Artigo Cientifico

Area do conhecimento

Ciéncias da Saude

Modalidade de acesso

Acesso fechado

Ni._fi_ - _.a_._:_ A ANAr

Autores

Darella, Danilo Pereira
Joaquim, Thalia Viscardi

Orientador

Zepon, Karine Modolon

Resumo

Esse estudo desenvolveu um filme hidrogel para liberagao termor-
responsiva de lidocaina visando aplicacgao topica. Para tanto, na-
noparticulas (NPs) a base de poli (caprolactonatriol) e contendo
diferentes concentragdes (1%, 1,5% e 2%) de lidocaina foram pre-
paradas a partir do método de nanoprecipitagao e posteriormente
embebidas no hidrogel de alginato e hialuronato de sédio. As na-
noemulsdes foram caracterizadas por espalhamento de luz dinéa-
mico, andlise de eficiéncia de encapsulagao, infravermelho com
transformada de Fourier e ensaios de liberagdo in vitro. 0s'hidre*
géis embebidos com as nanoemulsdes foram caracterizados por
microscopia eletronica de varredura, infravermelho com transfor-
mada de Fourier, dngulo de contato, anélise mecanica, ensaios de
liberagaalinvitro'e'de'citotoxicidade) As nanoemulsdes mostra-

ram-se homogéneas, estdveis, com eficiéncia de encapsulagao
superior a 99% e capaz de liberar a lidocaina em resposta a altera-
¢do da temperatura (37 e 43° C). Quando incorporadas ao hidro-
gel, foi obtido um filme transparente, sem fraturas ou heterogenei-
dades macroscopicas e com propriedades mecanicas similares
as da pele. A andlise microscopica revelou um aumento na porosi-
dade estrutural dos filmes com a adigao das NPs. Os ensaios de
citotoxicidade confirmaram a natureza biocompativel dos filmes
preparados nesse estudo. Finalmente, os ensaios de liberagao da
lidocaina a partir as NPs embebidas nos Filmes mostraram nao
haver diferenca significativa na quantidade liberada em resposta a
alteragdo da temperatura, provavelmente em decorréncia das inte-
ragdes entre a lidocaina (farmaco positivamente-carregado) com
o alginato ou hialuronato de sddio (polissacarideos negativamen-
te-carregados).
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Investigacao do efeito da despolimerizagao decorrente da sintese in situ de nanoparticu-
las de prata ou ouro em hidrogéis de carragenana: estudo das propriedades fisico-quimica,
bacterioldgica e citotoxica

Autores

Burato, Gilmar Sorato

N/D Orientador

Zepon, Karine Modolon

Resumo

Este estudo avaliou os efeitos da despolimerizagao ocasionada
Arquivos pela sintese in situ de nanoparticulas de prata (AgNPs) e ouro
@ KMZ_TCC GILMAR_1911 (1).pdf (1.79 (AuNPs) em hidrogéis de kappa-carragenana (kC). AiCinética'de

MB) sintese das nanopartéculas metdlicas foi determinada através de
espectofotometria de UV-vis, durante a fabricagdo dos hidrogeis.
Data 0 material obtido foi caracterizado através de espalhamento de
2021-12-03 luz dindmico, determinagéo de massa molecular, determinagéo de
. pH e espectofotometria de infravermelho com transformada de
Tipo Fourier) Posteriormente, a atividade antibacteriana e atividade ci-

Artigo Cientifico totdxica dos hidrogéis foram avaliadas pelos métodos de dilui¢cdo
e contato indireto, respectivamente. Os espectros de ultravioleta
revelaram com sucesso a sintese das AgNPs e AuNPs, apresen-
Ciéncias da Saude tando bandas com picos em 400 e 450 nm, referentes ao padrao
das AgNPs, e 600 e 650 nm, referentes ao padrdo das AuNPs . A
andlise visual das amostras de AgNP e AuNP revelaram uma mu-
Acesso fechado danca de coloracao, alterando-se de transparente para amarelo
escuro e roxo azulado, repectivamente, confirmando a sintese das
NPs. A determinagdo da massa molecular mostrou que a sintese
de ambas as NPs levou a uma redugdo da massa molecular, mui-
to mais pronunciada para as amostras contendo AuNPs sintetiza-
das in situ, indicando a despolimerizagdo da kC. Os espectros de
FTIR revelaram a presenca de bandas de absorgéo de grupos C=0
na regido de 1500 a 1750 cm-1, confirmando a oxidacéo de gru-
pos OHe possivel despolimerizagao da kC. As analises antibacte-
rianas revelaram que a KC, apds passar por tratamento térmico
sem a adicdo de sais metalicos, apresentou uma atividade bacte-
riostatica, sendo essa mais pronunciada para as bactérias gram-
positivas. As amostras de kC contendo AuNPs mostraram uma
atividade antibacteriana dose-de cpendente e inferior as amostras
de kC contendo AgNPs. A avaliagao citotoxica das amostras de
KC submetida a tratamento térmico sem a adicdo de sais metali-
cos, mostraram que a mesma ndo apresenta citotoxicidade contra
células HaCat, ao passo que as amostras de kC contendo AuNPs
e AgNPs mostraram uma toxicidade dose-dependente. Entretanto,
a toxicidade das amostras de kC contendo AgNP foram, na sua
maioria, maior se comparada com as amostras contendo AuNPs.
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AEROGEIS A BASE DE CARRAGENANA CONTENDO TETRA-CARBOXI-FTALOCIANINA DE
FERRO COMO CATALISADOR PARA FOTODEGRADAGCAO DE FARMACOS EM EFLUENTES

Autores
CORREA, Katya Amabili

N/D Orientador
CUBAS, Anelise Leal Vieira

Coorientador

ZEPON, Karine Modolon
Arquivos

Dissertacao Katya..pdf (1.2 MB) Resumo

A preocupagdo com as causas ambientais tem sido amplamente

Data discutida, especialmente em relagédo a qualidade da agua, um dos
2024-12 principais objetivos dos Objetivos de Desenvolvimento Sustenta-

. vel (ODS) da ONU. Os estudos cientificos visam mitigar os impac-
Tipo tos negativos da industrializagao e da globalizagéo, que tém resul-
Dissertagao tando em uma enorme quantidade de aguas residuais industriais

sem tratamento adequado. No Brasil, apenas cerca de 50% dos

efluentes sdo tratados, resultando em grandes descargas de eflu-

Acesso aberto entes brutos na natureza. Entre os diversos tipos de efluentes in-
dustriais, os da industria farmacéutica sdo especialmente proble-
maticos devido a ineficacia dos tratamentos convencionais na re-
mogao completa de fdrmacos. Consequentemente, tem-se investi-
do em pesquisas para remediar as aguas contaminadas pela in-
dustria farmacéutica, destacando-se os processos oxidativos
avangados como uma abordagem promissora devido a sua alta
eficiéncia na remocgéo de contaminantes. A fotodegradagao, uma
dessas técnicas, tem se destacado pelo seu potencial e baixo cus-
to econdmico. As ftalocianinas, similares as porfirinas e com alta
capacidade de degradagao de compostos organicos, tém sido
amplamente estudadas para esse fim. Este projeto visa desenvol-
ver aerogeis a base de kappa-carragenana incorporando tetra-car-
boxi-ftalocianina de ferro (Ill) (FeC4Pc), com o objetivo de promo-
ver a fotodegradagédo de farmacos como o paracetamol e a cafei-

na. Os aerogeis contendo FeC4Pc foram caracterizados por mi-
croscopia eletronica de varredura, espectroscopia de infraverme-
Iho'eranalise termogravimeétrica) evidenciando a incorporagéo da
FeC4Pc. A eficiéncia da fotodegradacéo foi analisada matemati-
camente com base em dados de absorgéo obtidos por UV-vis,
confirmando a degradacg&o do paracetamol e da cafeina, que apre-
sentaram taxas de degradacdo de 81% e 80%, respectivamente.
Isso demonstra que o método é eficaz para a fémogao de'conta:
minantes farmacéuticos em dguas residuais.
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This manuscript was focused on introducing a facile, green and scalable method to produce kappa-carrageenan
(kC) hydrogel membranes containing in situ synthesized silver nanoparticles (AgNPs). In a typical protocol, kC
hydrogels were obtained by heating (sol phase), followed by cooling (gel phase) the polysaccharide solution,
which enabled the simultaneous synthesis of AgNPs during the heating time. The as synthesized AgNPs were
characterized spectrophotometrically, and by dynamic light scattering and transmission electron microscopy.
The swelling properties at different pH and the antimicrobial activity of KC-AgNP hydrogel were investigated.
AgNPs were mostly spherical in shape, crystalline in nature and measuring ca. 27 nm in diameter. The in situ syn-
thesis of AgNPs changed the swelling properties of kC hydrogel and also reduces its viscosity and gelling temper-

Keywords:
Green synthesis
Silver nanoparticles

Wound dressing ature. The AgNPs were continuously released from kC hydrogel for up to 48 h in a concentration sufficient to
prevent the bacterial growth as confirmed by antimicrobial tests. The simplicity involved in the AgNPs synthesis
combined to the good spreadability of kC hydrogel makes this method suitable for scale-up to manufacturing
quantities of wound dressing.

© 2018 Published by Elsevier B.V.

1. Introduction negatively to the wound healing process, taking longer time to heal

To date, silver nanoparticles (AgNPs) have attracted considerable in-
terest as a promising nanomaterial because of their broad-spectrum an-
timicrobial activity, and mainly their low toxicity towards mammalian
cells [1-3]. The antimicrobial property of the AgNPs is mostly related
to their large surface area, which provides a better interaction with
pathogens [2,4]. Moreover, the AgNPs function as a reservoir of silver
ions that show antimicrobial activity against >650 types of pathogens,
including bacteria, viruses, fungi, and several antibiotic-resistant strains
[3,5,6]. By exploiting the antimicrobial activity of silver ions, the AgNPs
have found wide application as nanomaterials used in products
intended for the treatment of acute and chronic wounds, emerging as
a promissory strategy for combating bacterial resistance [7]. Moreover,
recent studies have demonstrated that besides the antimicrobial
activity, AgNPs could also inhibit the inflammatory reaction and, there-
fore, accelerate wound healing [8,9]. It is well known that bacterial
wound infection and prolonged inflammatory response contribute

* Corresponding author.
E-mail address: karine.zepon@unisul.br (K.M. Zepon).

https://doi.org/10.1016/j.ijpiomac.2018.02.096
0141-8130/© 2018 Published by Elsevier B.V.

than expected [10].

Alongside a better understanding of the wound healing phases and
the factors that could interfere with this process, AgNP-based dressings
have been designed and are commercially available as Aquacel®Ag,
Acticoat®Flex, Tegaderm™Ag, Silvercel™, among others. Nonetheless,
designing an ideal AgNP-based wound dressing remains a challenge
till now. Indeed, there is a limited number of AgNP-based dressings
that are able to address all the aspects of ideal dressing, i.e., maintain a
moist wound environment, prevent bacterial infection, provide a
conformal skin contact, and be biocompatible and non-toxic [11,12].
Hydrogels, among other polymeric materials, are regarded as promising
materials for wound repair because of their capability of retaining large
amounts of water and their tunable mechanical properties [13,14].
Particularly, polysaccharide-based hydrogels, which include, but is not
limited to, chitosan [15,16], alginate [17], and carrageenan [18-20]
have been employed as part of ideal dressing, showing biocompatibility,
biodegradability, and similarity to body macromolecule properties [21].

Recently, the so-called green synthesis that uses, for instance, poly-
saccharide-based hydrogels as a reductant and stabilizer agent for the
synthesis of metal nanoparticles has been tested [22]. Synthesizing
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AgNPs by using a completely green method was reported for the first
time in the pioneering study conducted by Raveendran et al. in the
early 2000s [23]. Accordingly, the use of green solvents and an eco-
friendly material as a reductant, and a nontoxic material as a stabilizer
are the three key issues that merit attention in a green synthesis proto-
col [23,24].

Carrageenan, a high molecular weight sulphate polysaccharide ob-
tained from certain species of red seaweeds, played a significant role
as a major component of wound dressings [25]. Besides the biodegrad-
ability, biocompatibility, and notable swellability [26,27], carrageenan
exhibits high ductility that allows a better skin contact [28]. Addition-
ally, the incorporation [29,30] or chemical synthesis of AgNPs into
bulk hydrogel can endow hydrogels with antimicrobial properties
[20,31]. However, up to now, studies reporting the green chemical syn-
thesis of AgNPs by using carrageenan as reductant and stabilizer agent
are scanty and restricted to the ultrasonic or UV-irradiation method
[20,31].

Even though such methods have shown effective outcomes in
synthesizing AgNPs, the large-scale synthesis might be limited due to
its complexity and cost. Therefore, herein, we have demonstrated, for
the first time, a facile and cost-effective green protocol for large-scale
in situ synthesis of AgNPs simultaneously with the «C hydrogel
membranes production. The synthesized AgNPs were characterized by
ultraviolet-visible spectroscopy, transmission electron microscopy,
and dynamic light scattering. Swelling capability, antimicrobial activity
against Gram-positive and Gram-negative bacteria, and silver ions re-
leased from KC hydrogel were evaluated as well.

2. Experimental
2.1. Materials

KC was kindly donated by CP Kelco (Limeira, SP, Brazil). Silver nitrate
(99+ purity) was obtained from Plat-Lab (Guarulhos, SP, Brazil) and
used as received. Glycerol bidistilled (GB), potassium chloride (KCl),
and sodium hydroxide (NaOH) were purchased from Audaz (Sdo
Paulo, SP, Brazil), Vetec (Duque de Caxias, R], Brazil), and Nuclear
(Diadema, SP, Brazil), respectively, and used as received. Miieler-Hinton
was obtained from Becton, Dickison and Company (Franklin Lakes, USA)
and Tryptic Soy Broth was purchased from Himedia Laboratories
(Mumbai, India). Staphylococcus aureus (ATCC 25923 ) and Pseudomonas
aeruginosa (ATCC 0027) were obtained from Newprov (Parand, Brazil).

2.2. In situ synthesis of silver nanoparticles

Briefly, 2 g kC was firstly dissolved in 100 mL deionized water to pre-
pare a 2% (w/v) kC solution. Then, 50 puL NaOH (0.01 mol L™') was
added to the kC aqueous solution and heated up to 90 °C under constant
stirring for about 60 min. Subsequently, a 1 mL newly prepared silver ni-
trate (0.1 mol L™!) aqueous solution was added to the C solution and
stirred for 90 min. Finally, 0.15 g KCl and 5 g GB were progressively
added to 2% (w/v) KC solution to increase the hydrogel crosslinking
density and flexibility.

2.3. Structural characterization

Synthesis of silver nanoparticles was evaluated by ultraviolet-visible
spectroscopy (LGS 53, Bel Photonics, Brazil), and the resultant KC-AgNP
hydrogel was dispersed in deionized water to get a diluted suspension.
The spectra were recorded between 200 and 700 nm, and the surface
plasmon resonance (SPR) scrutinized for kC-AgNPs and kC solution
(used as control).

The apparent hydrodynamic size of kC-AgNPs was determined by
obtaining autocorrelation function (g2—1), using an ALV/CGS-3 com-
pact goniometer equipped with 22 mW red helium neon linearly polar-
ized laser (633 nm wavelength) and an ALV 7004 digital correlator with

a 120 ns initial sampling time. A diluted suspension of KC/AgNP hydro-
gel was placed in 10-mm-diameter glass cells, and then immersed in a
thermostated toluene. The scattered light intensity was acquired at a
scattering angle of 90° with a counting time of 300 s. The zeta potential
of 2% «C was measured using an Anton Paar Litesizer™ 500 equipped
with an omega-shaped cuvette.
Transmissionelectronmicroscopy’(TEM) and high-resolution trans-
mission electron microscopy (HR-TEM) images of the synthesized
AgNPs into KC hydrogel were achieved with a JEOL Titan 80-300 kV.
KC-AgNP hydrogel was dispersed in deionized water, and the resultant
suspension casted on a carbon-coated copper grid.
Fouriertransformrinfrared'spectroscopy (FTIR) was carried out by
using a spectrophotometer Shimadzu IR Prestige-2 equipped with ATR
(attenuated total reflectance) accessory, and ZnSe crystal. Spectra of
pure kC and kKC-AgNPs were recorded in the range of 4000 cm~! to
600 cm ™! by accumulating 32 scans at a resolution of 4 cm™".
Viscosity measurements were made using a Brookfield type viscom-
eter Visco Star-R (Fungilab, Spain), equipped with a spindle type R3.
Each beaker containing 150 mL of 2% kC (control) or KC-AgNP hydrogel
was placed in a water bath at 90 °C, and then slowly cooled until it
reached the gelation point. The hydrogel temperature in the beaker
was assessed using a digital thermometer. The spindle was turned off
between the readings in order to minimize the viscosity error that
could occur due to the shear around the spindle boundary. The viscosity
was plotted as a function of temperature.
Scanningrelectron'microscopy (SEM) was performed using a JEOL
JSM-6360LV microscope operating at an accelerating voltage of 10 kV.
The KC-AgNP hydrogel was swollen in the pseudo-extracellular fluid
at pH 7.4 and 8.5 following the same procedure as described in the
swelling test, prior to SEM imaging. After 90 min, the hydrogel was
taken out from the pseudo-extracellular fluid and immediately im-
mersed in liquid nitrogen and fractured before being lyophilized. Subse-
quently, the cross-section of the freeze-dried hydrogel was coated with
a thin layer of gold.

24. Swelling test

A gravimetric method was utilized to investigate the equilibrium
swelling behavior of 2% kC (control) and KC-AgNP hydrogel. Briefly,
dried hydrogel pieces (1.5 cm x 1.5 cm) were weighted (wp, g) and
then allowed to hydrate in pseudo-extracellular fluid [32] at pH 7.4 or
pH 8.5, imitating the pH of non-contaminated and bacteria-contami-
nated wounds, respectively. In order to maintain the mechanical integ-
rity of the swollen hydrogels, the dried pieces were put onto a cellulose
acetate membrane (0.45 pm mesh size), which was mounted on a foam
placed on a Petri dish with pseudo-extracellular fluid pH 7.4 + 0.5 and
pH 8.5 &+ 0.5 with equal ionic strength. At a predetermined time, the
swollen hydrogel pieces were taken out from the cellulose acetate
membrane, wiped superficially to remove loosely bound surface
water, weighted (ws, g), and then put again on the cellulose acetate
membrane. Finally, the pieces were oven-dried until constant weight
(wg, g). Swelling ratio (SR, g/g) and weight loss (WL, %) values were cal-
culated following the Eq. (1) and Eq. (2), respectively:

SR (s/g) = () 1)
WL (%) = <W°W;0Wd> x 100 2)

2.5. Silver release test

The silver release tests were run using horizontal diffusion cells.
Briefly, KC-AgNP hydrogel was placed in the donor compartment
(6.8 cm? diffusion area) and exposed to the acceptor compartment
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Fig. 1. (a) UV-visible spectra for 2% pure KC (—) and KC-AgNP hydrogel (—). (b) Apparent hydrodynamic radius of KC-AgNP hydrogel as studied by DLS.

containing 6 mL of pseudo-extracellular fluid pH 7.4 or pH 8.5 as a re-
ceptor solution. A membrane of cellulose acetate (0.45 um mesh size)
was used to separate the donor and acceptor compartments. The cell
diffusion was maintained at 37 & 0.5 °C in darkness, and shaken hori-
zontally in a Dubnoff bath (Quimis SA, Brazil) at the rate of 35 rpm to
minimize the boundary effect. Atjpredeterminedrtimerintervalsythe
total acceptor solution was withdrawn and replaced by fresh solution,
and analyzed by inductively coupled plasma-atomic emission spec-
trometry (Agilent 240FS AA).

2.6. Antimicrobial studies

The in vitro antimicrobial activity of the KC/AgNP hydrogel was
investigated against Staphylococcus aureus (S. aureus) ATCC 25923
and Pseudomonas aeruginosa (P. aeruginosa) ATCC 0027 using the
disk diffusion method. Each bacteria strains was incubated overnight
at 37 £ 0.5 °Cand the turbidity of bacterial suspension was determined
with ultraviolet-visible spectroscopy (LGS 53, Bel Photonics, Brazil) at
625 nm with the cell density of each bacterial strain being approxi-
mately 108 colony-forming units per mL. Subsequently, the standard-
ized bacterial suspension was inoculated on Miiller-Hinton agar plates
using a sterile swab. The discs of 2% pure KC hydrogel (control) and
KC-AgNP hydrogel (10 mm diameter), previously sterilized by UV
light (254 nm), were placed on the inoculated agar and incubated at
37 °Cfor 24 h.

(a)

50 nm

3. Results and discussion

Green synthesis of AgNPs using polysaccharides has received enor-
mous attention given its safe and eco-friendly nature, which is better
than chemically synthesized AgNPs [33]. In this method, the first step
is to select an eco-friendly solvent, followed by the selection of non-
toxic and benign reductant and capping agents [34]. Despite in situ
synthesis of AgNPs in KC by using sonochemical or photochemical pro-
cesses had been previously reported [20,31], the synthesis of AgNPs in
KC mediated solely conventional heating has not yet been studied. The
main advantage of conventional heating over other sonochemical or
photochemical processes lies on their simplicity and feasibility of indus-
trial translation, as shown (supplementary Fig. S1). Therefore, knowing
that the temperature can play a significant role on the time required for
AgNP synthesis [35], tests were carried out by varying the temperature
of solvent media in the range from 70 °C to 90 °C and the results are
presented in the (Supplementary Fig. S2). Based on UV analysis, AgNP
synthesis was faster with higher temperature reaction probably due to
the KC expansion, which facilitates the interaction between Ag™ ions
and the available functional groups on the polysaccharide [36]. Thus,
the AgNP synthesis by in situ reduction of silver nitrate in presence of
KC polysaccharide was further carried out at 90 °C, and the spectrum re-
corded is depicted in Fig. 1 (a).

UV-visible spectroscopy is widely used for monitoring AgNP synthe-
sis, which absorbs visible light due to their surface plasmon resonance

Fig. 2. (a) TEM image of AgNPs (scale bar, 50 nm) and (b) HR-TEM image showing the lattice fringes (scale bar, 1 nm), and selected area electron diffraction patterns obtained from AgNPs.
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ANEXO 6

TERMO DE OUTORGA DE SUBVENGCAO ECONOMICA
(Lei n° 10.973/2004 e Decreto n© 9.283/2018)

FINANCIADORA DE ESTUDOS E PROJETOS — FINEP
INSTRUMENTO CONTRATUAL CODIGO N.°

03.21.0059.00

FINANCIADORA DE ESTUDOS E PROJETOS - Finep, empresa publica federal,
vinculada ao Ministério da Ciéncia, Tecnologia e Inovacdes — MCTI, com sede em Brasilia, Distrito
Federal e servicos nesta cidade, na Avenida Republica do Chile, n.° 330, inscrita no CNPJ sob o n.°
33.749.086/0001-09, doravante denominada Finep, na qualidade de SECRETARIA-EXECUTIVA DO
FUNDO NACIONAL DE DESENVOLVIMENTO CIENTIFICO E TECNOLOGICO — FNDCT;

ATTEND AMBIENTAL S/A, com sede em Barueri, SP, Av. Pirarucu, 3.889, bloco I, Bairro
Nova Aldeinha, CEP 06440-185, inscrita no CNPJ sob o n.© 13.039.389/0001-20, doravante denominada
BENEFICIARIA DA SUBVENCAO;

NANOPLUS INDUSTRIA E COMERCIO LTDA, com sede em Campo Bom, RS, Alameda
da Inovagdo, 45, 2° andar, Zona Industrial Norte, CEP 93700-000, inscrita no CNPJ sob o n.°
24.143.465/0001-60, doravante denominada BENEFICIARIA DA SUBVENCAO;

por seus representantes legais, tém justo e contratado o seguinte:

CLAUSULA PRIMEIRA
OBJETO

1. Concessdo de subvencdo econdmica pela Finep 8 BENEFICIARIA DA SUBVENCAO,
para a execucao do PROJETO "Sanear 4.0 doravante denominado PROJETO, conforme PLANO DE
TRABALHO aprovado pela Finep e anexo a este Termo de Outorga.

1.1. O PLANO DE TRABALHO contera a descricao do projeto de pesquisa, desenvolvimento

tecnoldgico e inovacao a ser executado pela empresa, dos resultados a serem atingidos e

das metas a serem alcancadas.

1.2. O PLANO DE TRABALHO somente podera ser modificado segundo os critérios e as

formas definidos pela Finep.
VHES
1 dejl5
I\ffi‘r'_n_.
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[ A.3. pADOS DO PROIETO
A.3.1. DESCRICAO DO PROJETO
Titulo do Projeto: Sigla:
Sanear 4.0 Sanear

Prazo Execugao:
24 Meses

Objetivo Geral (Objeto da Proposta):

operacional, atendendo demandas existente de clientes.

O projeto Sanear 4.0 visa desenvolver um novo processo de pré-tratamento, que tornara viavel técnico e economicamente a tratabilidade da
classe de efluentes nocivos EACs (elevadissimos niveis de acidos e organicos volateis), habilitando-os de forma inédita para destinagdo a
rede de esgoto em substituigdo a incineragdo. A tecnologia encontra-se em TRL 4, e com diferencial inovador de nova aplicagdo para o
grafeno, combinando-o "in situ" de forma inédita com criptomelano, gerando um aditivo formulagées (AGENTE 4.0), composto por grafeno
como agente potencializador da descontaminacdo e criptomelano como agente especifico. Ha alto risco tecnoldgico, no projeto pela
adequacdo de infraestrutura, alteragao de parametros de processos e manuseio de nanotecnologia na cadeia de saneamento, responsavel
por abastecer os centros urbanos. Em curto prazo, através de parcerias com ICTS e Startups, objetiva-se levar o processo a escala

Metas Fisicas:

1 - 4 - Demonstragao do Sanear 4.0

2 - 1 - Teste em Escala Reduzida dos Agente 4.0/Sanear4.0

3 - 2 - Teste em Escala Piloto dos Agente 4.0/Sanear4.0

4 - 3 - Protétipo em Teste dos Agente 4.0/Sanear4.0

Justificativa Resumida:

intranetjava.ad.finep.gov.br:8081/61_va_acao_regional/impressao/impressao.jsp?paTelas=1,4,5,6,7,8,
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EQUIPE EXECUTORA

= . = Tipo N©° de ~_| Rec.
CPF Nome Fungao Titulagao Equipe Meses Hrs/Semana|Hrs/Més Adic.
000.000.000-00 |A contratar 01 |PESQUISADOR Doutor NULO 24 40 N
279.279.178-03 |Flavio Santos ANALISTA TECNICO Graduado [NULO 24 12 N
384.360.628-50 |Jessica Oliveira |ANALISTA TECNICO Pos- NULO 24 12 N
Graduado
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328.858.028-47 |Regiane Oliveira |APOIO ADMINISTRATIVO  [POS™ NULO 24 12 N
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EQUIPE CIENTIFICA

Projeto ndo possui equipe cientifica.
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