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PORQUE NANO?

e NanoOuro: mudanca
de cor em fung¢ao do
tamanho da particula
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Adaptado de:
http://www.nano.gov/nanotech-101/special
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CONCEPCAO DE NANOPRODUTO

NANOMATERIAIS NANOINTERMEDIARIOS NANOPRODUTOS
Estruturas Produtos
em nanoescala intermediarios
nao processadas com componentes
em nanoescala
Nanoparticulas, nanotubos, Revestimentos, tecidos, chips, Celular, Automovel, Roupas,
pontos quanticos, fulerenos, de memoéria, componentes Cosméticos, Remédios, etc
dendrimeros, materiais oticos, materais
nanoporosos,etc biocombustiveis, fios
\ supercondutores, etc }
NANOFERRAMENTAS

Equipamentos e software usados para visualizar,
manipular e modelar matéria em nanoescala

Adaptado de: Fabricacdo, Monitoramento de Qualidade, Software de
The Nanotech Report, 51" Edition. LuxResearch, 2007. MOde'ﬁg em
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TIPOS DE NANOESTRUTURAS

Camputer resserng of 8 POSS componte

PPG uses ttanium dioxide nanoparticles to create se¥
cleanng windows
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Teanum dowde nancparticle’s photocatalytc abity
Titanum dhomde nancpartices can be used for a vanety of appiicaton brvak down det

NANOPARTICULA CERAMICA e I
FULERENO METAIS NANOESTRUTURADOS

g
¢ Ei

Rustration of a POSS polymer composite

Fullreme powder Irom NanoC

Metal nancoarticles come i a range of shapes

Liquid H,0

Many metal nancparticles are used in catalysis Metal nancpartcles can have dferent optical Electron microscope image of a nanoporous aerogel
Dropertes dependn on sze

NANOPARTICULAS METALICAS R

Nanoporous materials can have remarkable insuiating properties.

Electron microscope image of kposomes Computer model of a micelle

NANOENCAPSULADOS

>

Electron microscope image of zinc seleride nanowres

Carton nanotubes are made of hexagorally amanged
carbon atoms

Electron microscape image of carbon nanctubes

Carbon nanotubes are used i camposites by frms
ke Zyver Nanowires grown by the ULS. National Instihte of Standards and Technology Model of memory architecture based on siicon

. NANOTUBOS DE CARBONO Ze—— F
e Fapr, ko s 2607 NANOFIOS METALICOS N
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ABORDAGENS PARA SIiNTESE

Cima Para Baixo Baixo Para Cima

“Top-down” “Botton-up”
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PREPARACAO DE NANOENCAPSULADOS

Electron microscope mage of kposomes
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PREPARACAO DE NANOENCAPSULADOS

Nanoparticulas

para
Liberacédo Controlada
De Ativos

| | 1
-

. _ . Materiais

Emulsificantes Lipideos Polimeros Inorganicos
1 1 | 1

Micelas Microemulsdo Lipossomas Copolimeros Homopolimeros

Nanoparticulas

Sélidas L)

Nanotubos de
Carbono

k v

~ ' ™ ~,
Nanocompositos
Micelas Polimersomas Nanocapsulas com

Fosfato de Calcio

Complexos Complexos Nanoparticulas de
Lipidicos Poliméricos Silica

~
Nanoparticulas
Lipidicas Micelas Nanoesferas
o

LETCHFORD, K.; BURT, H. A review of the formation and classification of amphiphilic block copolymers nanoparticulate structures: micelles, nanospheres, nanocapsules and polymersomes. European
Journal of Pharmaceutics and Biopharmaceutics. v. 65, p. 259-269, 2007.
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PREPARACAO DE NANOENCAPSULADOS

« POLIMEROS PRE-FORMADOS

« POLIMEROS FORMADOS DURANTE O PROCESSO DE ENCAPSULACAO
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PREPARACAO DE NANOENCAPSULADOS
MATERIAIS ENCAPSULANTES

« Proteinas (gelatina, caseina, albumina, outros)

« Carboidratos (amido, maltodextrina, ciclodextrina);

« Gomas (goma arabica, gomas extraidas de algas, como alginato de sddio, agar,

carragena);
« Derivados de celulose (carboximetilcelulose, etilcelulose, outros);
« Lipidios (parafina, gordura vegetal hidrogenada, cera de carnauba, outros).
¢ Poliuretanos
« Poliamidas
« Poliesteres(PLA, PLGA, PHAs, etc)
« Poliacrilatos

¢ QOutros
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PREPARACAO DE NANOENCAPSULADOS

METODOS CLASSICOS DE PREPARACAO DE ENCAPSULADOS

Metodos Fisicos Metodos Fisico-Quimicos Metodos Quimicos
(empregando polmero pre- (empregando polimero pre-
formado) formado)
“Spray-dryimg” Coacervagao Simples Polimenzacao interfacial
“Spray-chillmg ” Coacervagio Complexa Polimerizagdo “m-situ”
Leito flmdizado Emmlsificagio e evaporagao de
solvents
Deposigao eletrostatca Gelificagio 10nICa termica
Extrusao centrifuga Incompanbilidade polimero-
polmero
Separagio rotacional de
suspensoes
Centrifugagio multionficio

Revesumento em turbinas

Dessolvatagio em meio liquido
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PREPARACAO DE NANOENCAPSULADOS

METODOS PRATICOS PARA PREPARACAO DE NANOENCAPSULADOS

» polimerizacao em emulsao (inversa ou aquosa)
» polimerizacao radicalar interfacial

» policondensacéao interfacial

» emulsao/evaporacao de solvente

» deslocamento de solvente

» deposicao interfacial

> “salting-out”

» emulsao/difusao de solvente

» dessolvatacdo de macromoléculas
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PREPARACAO DE NANOENCAPSULADOS

Available online at www.sciencedirect.com
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Pharmacology

Nanoencapsulation 1. Methods for preparation of drug-loaded
polymeric nanoparticles

Catarina Pinto Reis, PhD.? Ronald J. Neufeld, PhD,>*
Antonio I. Ribeiro, PhD, Francisco Veiga, PhD?

fLabaratorio Tecnologia Farmacéutica, Faculdade de Farmdacia, Universidade de Coimbra, Coimbra, Portugal
b : : : S T : - :
Chemical Engineering Department, Queen’s University, Kingston, Ontario, Canada
“Departamento Tecnalogia Farmacéutica, 1 8.C S.N., Gandra, Paredes, Portugal

Received 21 August 2005; Accepted 200 December 2005

Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica-1V
26 de setembro de 2016 Comissio de Cosméticos




PREPARACAO DE NANOENCAPSULADOS

EMULSIFICACAO E EVAPORACAO DE SOLVENTE

Oreanic solution: ” e ,
. f =
Polymer + Dmgin 1 ~ 11 . A
= ) O O Solvent

waler non-rmscibie 'S O ) _

sodvent o O Evaporation E) falme .:f‘f ,1;?—_-; -
O O 5:,'".:::?%3'( A ,:_:,‘E

| i | k" ¢fop 0 ©

qeoussontbnn | o | sip2”” Poboo®es

Adquenus selution: O O oo !?,‘}?:;'Ej'ﬂ'l.a‘:’f: r_}ﬂ

Slabilizer in waler L O () (3 4 J;':' g:;;'JE'E':':' :,_.-'_'-Iij

Fig 1. Schematic representation of the emulsification-evaporation technique.
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PREPARACAO DE NANOENCAPSULADOS

DESLOCAMENTO DE SOLVENTE

] o !
Organic solution: \ d '__i;f' . 5- Solvent and
- i SR Y«
Polymer + Drug | |8 —9-CGogo) residual | o 0sensiiose
| 1 ! pirs o L
e F = [ 1L {'--\.
Polar solvent + l :I IE'".*KNI {:lﬂ III > ELC&:—I@'-"J :”?_ I::-:PL.CI
e ] 350
Surfactant®* + Lo On 0. ® | water Fff;.ﬁuﬁﬁ,,u
o e evaporation |[o_Soo Yoo
i+ O @ Uy o P ta obo )

Aqueons solution:
Atabilizer in water
(surfactant)

Fig 2. Schematic representation of the solvent displacement technigue.
**Suractant 15 optional. ***In interfacial deposmion method, a fifth
compound was miroduced only on prepamtion of nanocapsules.
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PREPARACAO DE NANOENCAPSULADOS

EMULSIFICACAO E DIFUSAO DE SOLVENTE

Organic solution:

L1 Polymer + Dmg in
A=, partially waler u:-luhle Salvent -
| solvent & | Elimimation <

.- - 'c::' ol ..::. Hﬂ
> | S (oS|I M) Bt
L~ 3

'
-, %,_—ru.- o
1m— w.-,_. -

\ ——— H :i:_'_"':lc "'.--m_gi
i - : - =3 =k il t
L Agueous solution: ﬂl:] On S EE':. Do 0
Stabilizer in water .~ O 90 e

Fig 3. Schematic illustration of the ESD techmque.
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PREPARACAO DE NANOENCAPSULADOS

“SALTING-OUT”

Organic solution:
r"':'- i

Palymer + Drug in it . '1
AlCeione O =

., ':'G I: ':' E{ DifTusion 'ﬂ -..- l!:n'- l::l'r_:- ?
I.-: A Reivl B I__ II:I acelone ton > Yool ﬁg"-'_“

p "—G o Y agueous Fl}ﬂa:;'. -;:-cﬂ 3
'- i [ I

Agqueous solution: | “o o ] I B EH;'EE'* "-_'1:1

Stabilizer and
Saltine-outl agent

i wealer

Fig 4. Schematic of the salting-out techmique.
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PREPARACAO DE NANOENCAPSULADOS

GELATINIZACAO

Aqueous solution:

Alginate + Encapsulant 4+ Insoluble calcium salt

\
3
-~
./-
-
48 .
S

> Oilsoluble Acid + Oil g Ty
] : E‘ Acid .’ Acid
- = | .
- O | = \<Cazo
g O C). » CI\( Pwapwlant
o0 O Ol : | Alginate \
3 ! A il \Imeluble uluum) oil
O - | P“l : Ca / salt «
\Cp O ®) /| - Ackd
Organic solution:
Oil + Surfactant

Fig 5. Schematic representation of the emulsification-internal gelation technique using algmate.
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PREPARACAO DE NANOENCAPSULADOS

EMULSIFICACAO DE ALTA ENERGIA

Chitosan + Drug in oil +

0
OO

| 2
Op

S —— <=
@)
®)
O
i)
————
\ Q_J

Surfactant O

<
O O o O
W/0O emulsion

\\'— o
NaOH in oil + Surfactant

Fig 6. Schematic representation of chitosan nanoparticles preparation by the emulsification technique.
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PREPARACAO DE NANOENCAPSULADOS

Mecanismo de Polimerizacéao Interfacial

oil ( Al 4{monomers)/{ v |
interfacial
polymerisation
\\ @ o | Aqueous
\ o — "
substrate » - product
oil in water e wall formation
emulsification /Al 0
Al = Active Ingredients
\ NGO N . NM, -
o8 + HO —p o i ~ocoM ol il — e e 0
drapiet )_\NCO ~ droplet \‘NCG‘ —— droplet ~NCO deoplet '_\nk
Sem |_ : ~ i v
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PREPARACAO DE NANOENCAPSULADOS

COMPARACAO ENTRE TECNICAS

Polymeric nanoparticles: general advantages and drawbacks of the preparation methods

Method Simplicity MNeed Facility EE Safety

of procedure for punification scaling-up (%) of compounds

Polymerization of monomers
Emulsion polymerization

Organic Low High NR Low Low
Aqueous High High High High Medium
Interfacial polymerization Low High Medium High Low
Preformed polymers
Synthetic
Emulsification/solvent evaporation High Low Low Medium Medium
Solvent displacement and High NR NR High Medium
mnterfacial deposition
Salting out High High High High Low
Emulsion/solvent diffusion Medium Medium High High Medium
Natural
Albumin NR High NR Medium Low
Gelatin NR High NR Medium Low
Polysaccharides
Alginate High Medium High High High
Chitosan High Medium High High High
Agarose Medium High NR NR High
Desolvation NE High NR Low Low

EE, encapsulation efficiency; NR, no reference available.
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UMA ABORDAGEM DA ENGENHARIA DE PROCESSO
NO ESCALONAMENTO DE EMULSIFICACAO E

EXTRACAO DE SOLVENTE

u
VARORLIACK

OPERAGOES UNITARIAS

Almentag |
Seciode |
aotmnents | 122o0ok Fluido de Aguecmento s

8 S Utilidade f

_/ | Refervedor Entrada Equipamentos | PO, |

L rea 1 L Equagdes de velocidade ” DA

nal =
i 0k e e oty

ofleblefneo

Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica—1V (87
26 de setembro de 2016 Comisséo de Cosméticos (&




PROCESSOS QUIMICOS
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ESCALONAMENTO DE PROCESSOS QUIMICOS

~ N

Seguranca Qualidade

Bar
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OPERACOES UNITARIAS

v' Bombeamento de Liquidos

v' Troca de Calor

v Transporte de Sélidos

v Redugfo de Tamanho

v’ Peneirag&o 3 51“

v Filtraggo .

v Mistura

v' Destilacao —=sied = | =

v' Evaporacao e i | ﬂ

v' Absorgéo de Gas o .‘1 :j:u
v Extragéo - — - - 1

v' Processos de Separagéo Fonte: intornet
v’ Secagem
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PROCESSOS DE INTERESSE

Emulsificacdao e Difusao de Solvente

Fase externa: Fase interna:
Agua+Emusulsificante Solvente+ Polimero + emulsificante
(+Ativo )

Emulsificacdo

Ultraturrax 1min

R0 i Fase de diluicio aquosa
Extracao do solvente g Temperatura e Vacuo
Reator 400 rpm 40 minutos
2
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PROCESSOS DE INTERESSE

* Nanocarreadores poliméricos coloidais (NPCs): plataforma para nanoencapsulacao

de ativos hidrofilicos.

Fase externa: . Fase intema:
Siliconet+Emusulsificante  Agua + Polimero + Ativo
AT AT
e M

,f"_'d_—'“"a

R —
]

— ~—

F"ré-emulsiﬁc:{n;me

Manocemulsificacio

Ciclos continuos

Nanoemulsao inversa

(A/O)

Seminario: A Nanotecnologia Aplicada a Cosmética
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Particulas poliméricas
rigidas suspensas em
dimeticone (silicone)

Extracdo de agua

Temperatura e Vacuo
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ESTADO DA ARTE

Published in Pharmaceutical Research, Vol. 26, N° 5, 1025-1058 DOI: 10.1007/s11095-008-9800-3

Expert Review

Methods for the Preparation and Manufacture of Polymeric Nanoparticles

Christine Vauthier' and Kawthar Bouchemal!

Received September 17, 2008: accepted December 1, 2008

Abstract. This review summarizes the different methods of prepara
including nanospheres and nanocapsules. The first part summarizes the be
nanoparticle preparation. It presents the most recent innovations and pr
decade and which were not included in previous reviews on the subject.
nanoparticles with controlled in vivo fate are described in the second p
summarizing scaling up of nanoparticle production and presenting

considered m the third part of the review. Treatments of nanoparticles.
described in the next part including purification. sterilization. Iyophiliza
methods to obtain labelled nanoparticles for in vitre and in vivo investi
part of this review.

Processing and Scale-up of Polymeric
Nanoparticles

Christine Vauthier and Kawthar Bouchemal

Available online at www.sciencedirect.com

EUROPEAN JOURNAL OF

screncs (@oineer: PHARMACECUTICAL

www.elsevier.com/locate/ejps

European Journal of Pharmaceutical Sciences 25 (2005) 357-367

Comparative scale-up of three methods for producing
ibuprofen-loaded nanoparticles

Sergio A. Galindo-Rodriguez®® ¢, Francois Puel ¢, Stephanie Briangon®,
Eric Allémann®!, Eric Doelker®, Hatem Fessi®*

* Pharmapeptides, Centre Interuniversitaire de recherche et d ‘enseignement, 74166 Archamps, France
® School of Pharmacy, University of Geneva, 1211 Geneva 4, Switzerland
1horatoire d ' Automatigue et de Génie des Procédés, UMR-CNRS 5007, Université Claude Bernard Lyon I,
ESCPE-Lyon Bat. 308G, 43 Bd. du 11 Novembre 1918, 69622 Villeurbanne cedex, France

Received 11 November 2004; received in revised form 23 March 2005; accepted 23 March 2005
Available online 23 May 2005

Abstract This chapter presents methods of nanoparticle processing based on
the use of preformed polymers. It will discuss the basic principle of the different

methods, the scale up and the methods for preparing the polymer nanoparticles for
storage including purification, drying sterilization and eventually concentration.
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ESTADO DA ARTE

Métodos de Emulsificacao
Ultrasounds (Vila et al. An ultrasound probe is used to mix together the oil and water

2002: Perez et al.

2001 Freitas

et al. 2005)

phases of the emulsion.

Feed
coarse emulsion

thin emulsior

The polymer and drug containing phase is extruded through a

Extrusion through
porous membrane into the continuous phase placed on the other

porous materials
(Charcosset
and Fessi 2005)

side of the membrane.
Although this method is suitable to prepare simple emulsions,
double emulsions can also be prepared from simple emulsions

extruded into a new continuous phase.

Thin
emulsion of
well
calibrated
dropplets

Dispersed phase

Conselho Regional de Quimica—- IV
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ESTADO DA ARTE

Métodos de E Isifi -~ Microfluidic systems The two phases are mixed together through a well organized
€todos ae tmuisiticagao (Abate and Weitz circulation in a microfluidic device composed of nanochannels.
2009) Emulsion droplets of well define diameter are formed.

This method is suitable to produce double emulsion by adding
more channel in the microfluidic device.
Continuous phase

l

Thin
. emulsion of
Dispersed
I F:;m—b O mmp Well
P calibrated
dropplets
Co-solvent assisted The polymer, the drug and a small amount of oil are dissolved in I
emulsification: an organic solvent miscible with water. By mixing this ordani¢inuous phase
Ouzo effect (Vitale phase with water under gentle conditions. oil droplets form
and Katz 2003; while the solvent diffuses in the aqueous phase.
Ganachaud and Katz
2005)
Interdiffusion of the water Thin calibrated emulsion
phase and miscible organic
solvent,of the organic,phase
Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica—- IV
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ESTADO DA ARTE

Métodos de Emulsificacao

Microfluidizer
lagang 1990:; a2l

Hl \gang 0900° Thin emulsion
Desgouilles et al. “

2003)

inl ' |
et Interaction chamber Outiet
High pressure Atmospheric pressure

Drop of pressure

Colloidal mill (Stork )
et al. 2003: Coarse emulsion

Mabile et al.
2003)

Deformation
until
breakage

Seminario: A Nanotecnologia Aplicada a C

o2 2| wellccalibratedgional de Quimica- v :
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ESTADO DA ARTE

Métodos de Emulsificacao

High pressure Inlet outlet
homogenizer High pressure — Orop of pressure atmospheric pressure
(Shegokar et al. Coarse Thin
2010) emulsion 0%, emulsion

- -
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ESTADO DA ARTE

Métodos de Emulsificacao

Table 3. Main characteristics and differences between major dispersed systems used to prepare nanoparticles by two

steps methods (69.70).

Type Macroemulsion Miniemulsion Microemulsion
Principal Non thermodynamically Non thermodynamically stable Thermodynamically stable System
characteristics | stable system system with an interfacial tension oil/water

Stability seconds to months

Droplet size 1-10 pm

range Large polydispersity

(diameter)

Equipement Simple mechanical stirrer

requirements | (ultraturrax. )
Membrane contactor
Optional:
High pressure
homogenizeur
Ultrasounds
Colloidal mills

Stability hours to months
Droplet growth is limited by
suppression of Oswald ripening
of the droplets

Oil/water interfacial tension
much above zero

20 to 200 nm
Narrow size distribution

Required

High pressure homogenizeur
Ultrasounds

Colloidal mills

Or spontancous emulsification
process

close to zero
Infinite stability upon constant
storage conditions

~10 nm
Narrow size distribution

Form spontaneously
Simple mechanical stirrer

Seminario: A Nanotecnologia Aplicada a Cosmética
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ESTADO DA ARTE

Piloto de Emulsificacao e Evaporag¢ao de Solvente

- o {hl :.:l:‘_i'i_.:-;.';‘ {1'5 I-‘]
bt v
Tamanho de Particula: 562 a 230 nm E , ' 'B .
Agitagdo: 1.000 rpm gl Y

* C(6or15L)
Purification of ., =
nanoparicles

Fig. 12. Pilot set up proposed for the scaling-up of
nanoparticle production by the emulsification—solvent
diffusion method (Adapted from 202).
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ESTADO DA ARTE

Piloto de Emulsificagao Sauting-Out E E
C3L) A(3L)
Water for Agqueons
dilution phase
- R
e
B{3L)
Organic phase
Tamanho de Particula: 557 a 174 nm
Agitacao: 790 a 2.000 rpm Purification of
nanoparticles

Fig. 13. Configuration of the pilot set up proposed for the
scaling-up of nanoparticle production by the reverse salting-
out technique (Adapted from 202).
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OPERACOES UNITARIAS PROCESSOS INTERESSE

v Bombeamento de Liquidos

v" Troca de Calor

v’ Transporte de Sélidos v' Bombeamento de Liquidos

v' Reducdo de Tamanho ¥’ Troca de Calor

v Peneiracio v’ Transporte de Sélidos

v’ Filtracdo v" Redugdo de Tamanho

v' Misturagéo v’ Filtragdo

v’ Destilacdo v’ Misturagdo

v Evaporacio v Destilagdo

v Absorcao de Gas

v’ Extracéao

v Processos de Separacéao

v' Secagem

Fonte: internet =

Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica~1V /57 CrQ-1
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OPERACOES UNITARIAS PROCESSOS INTERESSE

UltraTurrax:

Eletricidade

Impelidor Rotor-Estator

Alto cisalhamento a 7.000 rpm

'““m;..
Eletricidade
- Refrigeracdo a agua
. - Pressdo de ate 2.000 bar
Operacgdo em ciclos

Tanque de Apoio:
- Temperatura
- Agitagdo Mecanica

Impelidor Pas ou Turbina

Destilagao Simples
- Resfriamento
- Vacuo (>600 mmHg

Reator Principal
Destilagao
Agitacdo Mecanica
Impelidor Ancora
Temperatura

Tanque de Apoio:
- Sem Temperatura
- Agitacao Turrax

Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica—-IV /3
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OPERACOES UNITARIAS PROCESSOS INTERESSE

Tanques de Apoio Funcao: Preparo de Fase Organica ou Fase

Controles:
Operacao com Solventes Organicos

Temperatura: 25 a 70° C
Agua/Vapor/Oleo/Elétrico

jj L Agitacao Mecanica
Impelidores Metalicos ou Revestidos Polime

- ' e Q‘i / 2 “:‘é;::g.,\.':'wlh:\.;,f
Sc:";l-;:'l;-,lu. movairi logia Apucaua a wosiilélica Conselho Regionar ae wuvmica— IV [/ CRQ-IV
8 8/ Cre
. Fonte: internet, . z
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OPERACOES UNITARIAS PROCESSOS INTERESSE

Reator Principal

Funcéo: Preparo do Nanoencapsulado

controles:

Operacao com Solventes Organicos

Agitacdo Mecanica
Impelidores Metalicos ou RP

. Fonte: internet, .
Comissao c}% osmeticos (&
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OPERACOES UNITARIAS PROCESSOS INTERESSE

Dispersores de Alta Energia

A

Batch size max. Rotor rotational Motor power, Tip
(H20) speed standard speed
m (rpm) (KVY) {mis)
UTC 80VKT 150 3000 15 10
UTC a0/KD 130 3000 1.5 10
UTC 115/KT 500 3000 3 15
UTC 115/KD S00 3000 3 15
UTC 150WKT 1700 3000 5.5 21
UTC 150WKD 1700 3000 55 21
UTC 2200KT 2500 1500 75 15
UTC 2200KD 2300 1500 7.5 15
UTC 2800KT 3500 1500 185 20
UTC 280WKD 3500 1500 185 20
UTC 300KT 4000 1500 30 1
UTC 3000KD 4000 1500 30 21
UTC 3300ET 5000 1000 2 15
UTC 330WKD 5000 1000 X2 15 T
UTC 350/KT G000 1000 il 17
UTC 350WKD G000 1000 32
Seminario: A Nanotecnologla Aplicada a Losmet/ca Conselho Regional de Quimica A%
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OPERACOES UNITARIAS PROCESSOS INTERESSE

Dispersores de Alta Energia

EBatch zize max. (H20) Process pressure (max.) Motor power, standard Tip speed

{1y (bar) (KVW) (mis)
UTE &0 i 10 1.85 23
UTE 115 400 16 2.5 15
UTE 150 750 16 55 21
UTE 220 1200 16 11 15
UTE 230 2500 16 22 20
UTE 300 4000 30 21

Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica—- IV
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OPERACOES UNITARIAS PROCESSOS INTERESSE

Dispersores de Alta Energia

Semind e: e e
26 de setembro de 2016

. . Cosmética

Motor | Piametro dos bocais | Vazao com agua
Modelos
V) Entrada Saida litros/min
am 1.5 1 1 250
405 5 2 1
410 10 21 2 905
425 25 3 27 1325
430 30 4 3 221
450 50 5 4 3444
475 75 6 5 5640
100 8 (]

Conselho Regional de Quimica— IV

onte Im s: interpet
Comissao a%g%%smgﬂcos




OPERACOES UNITARIAS PROCESSOS INTERESSE

Homogeneizadores de Alta Pressao

PRODUTO
HOMOGENLILZAL]

e
ety k]l NUICLED DA
Tl VALVLILA
e ¥

Capacidades de até 30.000 L/h

Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica— IV
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FLUXOGRAMA DE PROCESSO

Emulsificacdao Inversa e Evaporac¢ao de Solvente: Ativos Hidrofilicos

Polimero
Co-polimero

BELICR PHOPLLIN (VAVAL) HELICE TURRBINA (XUSHTON REUCS CAULES

Ativo
NacCl
Agua destilada

Y

Yyvy

HELICE KETRATL

ME PETD

(PALM !Tu— CLIXADAS

n N

25-50°C
760 mmH

Misturador 1

Emulsificante Condensador .
—_—_— Bomba de vacuo
ég Agua @
L L vk v % S " Condensador Bomba de vicuo
) B 2
|Agua_
53 5-10°C
£8%
Se
50-70°C
HAP 580 mmHg
1000 bar
(6 ciclos) Valvula redutora

Nisturador 2 ~
de pressao

Bomba

Misturador 3 Prouuwu

(Nanocarreadores)

Conselho Regional de Quimica—- IV
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FLUXOGRAMA DE PROCESSO

Emulsificacao e Difusao de Solvente: Ativos Hidrofdbicos

Polimero

Solvente organico

Ativo

Agua destilada

Oleo BELICE PHOPILIN (MAVAL)  WELICE TURKIA CXUBHTON REXUOS CAUTSS

Emulsificante

FYVYY

25°C
760 mmHg

MELICE P
(PALMETAS [NOLINADAS

ke

Misturador 1
Misturador 3

Agua destilada
Emulsificante @

Condensador
Bomba de vacuo

¥ i i 5-10°C Condensador

Bomba de vacuo

Solvente orgéanico .
5-10°C

7000 rpm 9

‘ﬁ Bomba
it

/ Misturador 4 -
(Nanocapsulas)

Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica—- IV
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PILOTO

> EMULSIFICACAC o Fﬁ;
»  EMULSIFICAGAC 3 oo

Reator: 50 Kg

angues de 20 Kg,

mbas de Vacuo

as de Alimentacao

role de Pressao e
Temperatura

- . [
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ASSOCIANDO PROCESSOS

il
4 3.
A
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CARACTERIZACAO DE NANOENCAPSULADOS

Electron microscope mage of kposomes

Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica— IV
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CARACTERIZACAO DE NANOENCAPSULADOS
QUAIS TECNICAS???

Tamanho

Morfologia

Area Superficial
Composicao Quimica
Potencial Zeta
Porosidade
Densidade

Prop. Térmicas |
Prop. Oticas /\
Prop. Elétricas

Prop. Magnéticas
Prop. Mecanicas

Prop. Radiotivas
Prop. Toxicoldgicas

INDUSTRIAL

cQ

Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica- IV
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DISTRIBUICAO DE TAMANHO DE
PARTICULAS

Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica~ 1V /§/CRQ1Y
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VARIEDADE DE TECNICAS ANALITICAS

Particle size range 0. 1nm 10mm
Laser Diffraction
Dynamic Light Scattering
Electrophoretic Light Scattering
Sedimentation
Electrozone Sensing
Seiving
Technigue Size Shape Zeta Dynamic Rapid Resolution Sampling Wet Dry
potential range
Laser Ditfraction = o980 oe® o0 o8® L o
Dynamic Light Scattering & o8® o8® L 1 ] e
Electrophoretic Light Scattering ] eee eee o0 o0 ]
' ——

Sadimentation e LT ® LY ] L Y ) ®

1y . W
Seiving ® ® ® L] L ® o]
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REPRESENTACAO GRAFICA DOS RESULTADOS

* Curva de distribuicao de frequéncias

Mode
Mean 80% ‘
E" Median m%_ | T
g 1 10 100 500
g Particle Size (um)
- Particle Size Distribution
Particle size ]
= ' D10 D50 D90
1l Estatistica !!!
Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica— IV /870
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REPRESENTACAO GRAFICA DOS RESULTADOS

* \Volume versus NUmero

Diam. médio volume D(4,3):  0.396 microns Diam. médio de Sauter D(3,2): 0.311 microns
Span: 1329 Uniformidade: 0417 Size Numberof | % by % by
D(0.10) : 0.19 um D(0.50) : 0.36 pm D(0.90) : 0.66 ym
Fariicle Size DIsEBUTon {c m} 0 hiects Number Mass
12 100
10 1%
g 10-1000 | 7000 0.2 99.96
E 4 60
3 | 40 1-10 17500 05 0.03
4
2 1% 0.1-1.0 3500000 99.3 0.01
% 0
.01 0.1 1 10
Barticle S| Total 3524500 100.00 100.00
article Size (pm)
Diam. médio volume D(4,3):  0.396 microns Diam. médio de Sauter D(3,2): 0.311  microns Diadm. médio volume D(4,3):  0.396 microns Diam. médio de Sauter D(3,2):  0.311  microns
Span: 1387 Uniformidade:  0.441 Span: 1387 Uniformidade:  0.441
D(0.10) : 0.09 ym D(0.50): 0.16 ym D(0.90) : 0.32 pm D(0.10) : 0.09 ym D(0.50) : 0.16 pm D(0.90) : 0.32 pm
Particle Size Distribution Particle Size Distribution
12 100 . 12 100
£
_ 10 1 80 E 10 1 80
g 8 ey 8
> { 60 i 4 60
g e g o
5 [0}
z 4 140 = . { 40
g
2 120 s 5 4 20
VX 0.1 7 i0° %67 0.1 T 10°
Particle Size (pm) Particle Size (um)
- ” - - - > -
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TECNICAS DE ESPALHAMENTO DE LUZ

Nanoparticle range
-

771 Laser Diffraction |
I LS |
01 1.0 10 100

10-10 10-° 10-# 10-7 10-f 10-° 10-* 10-* 10+ 10-! 10-°

t t t t

nanometer micrometer millimeter meter
nm Micron or um mm m
ngstrom

() S
. Proteins ¢ &~

g

A, 7 Dendrimers

f———
Polymeric nanoparticles

-
%

¥

Liposomes
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DIFRACAO DE LASER (LALLS)

* Principio de Operacao

O A interacao de um feixe de laser (fonte de radiacao
eletromagnética) com as particulas em movimento ocasiona o
espalhamento da luz segundo multiplos angulos.

O Prevalece uma relacao que estabelece uma proporcao inversa entre
o tamanho da particula e o angulo de espalhamento (ex. quanto
menor o tamanho da particula maior o angulo de espalhamento e
vice-versa).

Incident light Incident light

f mall angl rin
‘ Small angle scattering & Large angle scattering

Semindrio: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica~ IV /&/Cro
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DIFRACAO DE LASER (LALLS)

* Vantagens
O Medicao absoluta que nao requer calibracao
O Versatilidade (40 nm —2.000 um)
O Velocidade de aquisicao de dados

eDesvantagens

O Custo

O Necessidade de diferenca dos indices de refracao entre as fases
dispersas e o meio de dispersao

O Pardmetros de Entrada (indice de Refrac3o)

Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica-1V /
26 de setembro de 2016 Comissdo de Cosméticos




ESPECTROSCOPIA DE CORRELACAO DE FOTONS (PCS)

* Principio de Operacao

O A interacdgo de um feixe de laser (fonte de radiacao
eletromagnética) com objetos em movimento promove uma
flutuacao na intensidade de luz espalhada cuja taxa de variagao no
tempo é dependente da dimensao caracteristica do objeto.

O A analise destas flutuacoes de intensidade resulta na mobilidade dos
objetos, expressa através da velocidade inerente ao movimento
Browniano, que serve de base de calculo para uma dimensao
caracteristica (emprego da equacao de Stokes-Einstein).

Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica~1V /&/Croy
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A EQUACAO DE STOKES-EINSTEIN

* Fundamentos
n— KT _
6nR

D = coeficiente de difusao translacional
k = constante de Boltzmann

T = temperatura

N = viscosidade da solugao

R = raio hidrodinamico das particulas

O A velocidade estabelecida com a acao do movimento Browniano €
definida por intermédio de uma propriedade conhecida por
coeficiente de difusdo translacional (D).

Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica~ IV /&/Cro-r
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ESPECTROSCOPIA DE CORRELACAO DE FOTONS (PCS)

* Montagem Experimental

Incident light

Scattered light

Laser
; w \l Digital
f -

] /s 4 ) cormelator
Particlez in PMT Amplifier
Brownian motion

1) R ===/

Attenuator @
o—[ :03 7
i 2/ Detector
‘ B Detector
" Side detector (PMT) 9_$74 m @ Digital Signal Processor
A . Vil Correlator 1 @
Laser light sourcs . Transmittad light monitor (PD) Cell

Reference beam

Particls m
\ .. _ Forward detector (PMT)
Modulator i \
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REPRESENTACAO DE RESULTADOS

:—Deak Avg. (nm) —
09.2+£36.3
ayg. Residual —
S5.119E-003
—&vg. Errar (%) ——
0.3

W’

Nanotecnologia A,

:—Deak Avg. (nm) ——
B6.4+£23.8
iyg. Residual ——
S.119E-003
—AvQ. Error (%) ——
0.3

1smética Conl

26 de setembro de 2016

75 75
5
10
= Zl| » g | g 0
; RS 3| 2
z Ell 2 50> 3 502
= o B £ k| 2
g E E & [ E
g HIR: 5| ¢ §
S
= =
10 6.0 359 215.1 1200.0 10 6.0 35.9 215.1 1200.0 1.0 6.0 3.9 215.1 1200.0
Diameter (nm) Diarmeter (nm) Diamater (nm)
Distribution Results Distribution Results Distribution Results
~Peak Vaua (hm) — —Peak vaue (nm) — —Peak vaue (hm) —
1,992 383 1. 66,4 £23.8 1,520%133

:—Peak #vg. (nm) —
5Z2.0%13.3

—Avg, Residual ——
5. 119E-003

—&wg, Error (%) ——
0.3

Quimica- IV
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REPRESENTACAO GRAFICA DE RESULTADOS

Number Violume Intensity
A 1 1 ) 1,000 A 1,000,000
4] %] o
T = <
+ = =
o (1 i
= = =
o o o
W w W
[ ) [ a8 . )
*
5 10 50 100 5 10 50 100 5 10 50 100
Diameter (nm) Diameter (nm) Diameter (nm)
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REPRESENTACAO DE RESULTADOS

Polydispersity index

« 0to 0.05 -only normally encountered w/ latex standards
or particles made to be monodisperse

« 0.05to0 0.08 — nearly monodisperse sample
« 0.08to0 0.7 — This is a mid-range polydispersity

« >0.7 —Very polydisperse. Care should be taken in
iInterpreting results as the sample may not be suitable for
the technique (e.g., a sedimenting high size tail may be
present)

Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica— IV /&/Crox
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ESPECTROSCOPIA DE CORRELACAO DE FOTONS (PCS)

* Vantagens
O Medicao absoluta que nao requer calibracao
O Especifico para aplicacao sub-micrométrica
O Velocidade de aquisicao de dados

eDesvantagens
O Custo
O Preparagcao de amostra critica
O Restrito para amostras dispersas em meio liquido
O Pardmetros de entrada (Indice de refracdo, Viscosidade)

Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica-1V /
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ASPECTOS DE SUPERFICIE — POTENCIAL
ZETA

Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica—1V /&7 CrQ-N
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ESTABILIDADE FiSICA DE SISTEMAS DISPERSOS

stable | = < *'*\‘\
T BB
RN E AN -~ ..x'“‘n o]
e e ARSapie
;E o 3 \'\:\ L P; g 0 \l\iu- n oo
= n] ¥, \‘\“a
i \\‘ ............................................. A
stable { = . S .
= Yy
Example of a stable Example of an
colloid unstable colloid
- - Surface potential
- @ @ ” o Stern potential
@ (&) s — C potential
@ o ® | e A 0
0 Distance from particle surface .. e 50 4 \~ ®
o ¢ olN %
. ?
(] o0 .‘
°°® %% BowodfSo o
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ESTABILIDADE FiSICA DE SISTEMAS DISPERSOS

Electrical double layer

I.'I
"'I
5
"'|
&
'I‘h 'E
Y chuged chuged r
. ..VR pa.mcle cle

"o _ \g—' qumd \g/
: T total Pnte“tml A) No overlsp = no repulsion
s 1 EHerZY
i et
: e
s —_— e :
& et T I Distance hetween
g s
'E i secondary minimum surkaees
- 2
J Va
;  primary minimum
,: B) Overlap = repulsion
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ASPECTOS MORFOLOGICOS

Semindrio: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica— IV /&/Cro1v
26 de setembro de 2016 Comisséo de Cosméticos (& © (o




TECNICAS DE MICROSCOPIA

e A capacidade de resolucao de qualquer microscopio é
limitada pela comprimento de onda da radiacao empregada.

Elétrons 0,005
Raios-X 0,01-15
Ultravioleta 15 - 400
Luz visivel 400 - 700
Infravermelho 700 - 860
Seminario: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica— IV
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TECNICAS DE MICROSCOPIA

Escala Dimensional

Human har
e 10-50 pm
wicle

DHA

~2-102 nm

5 Atoms of silicon
1 nm

Seminario: A Nanotecnologia Aplicada a Cosmética
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1

—-

1

11

== =— The Willizcale

1+

1H

g

1

1]

- TheManoscale — == - The Microscale

1011

___ 1w
10 mm

1 millinwire

| 01
100 pm

0.l nm
[ 10 pm

M \isible
B =pectrum

L 01 pm
1000

| 0. pm
10 nm

I
=
—
g

Head of a pin
1-2mmm

Micro Electro Mechanical
Devices
10 -100 pm wide

Pallen
grain

P L

Celulose nanofibrils
20-100nm wide

Stacks of clay mineral
platelets, each platelet
with ~ 1nm thickness

Carbon
nanotube
~2 nin diameter
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TECNICAS DE MICROSCOPIA

“ Macroestrutura Mesoestrutura Microestrutura Nanoestrutura

Ampliagdo tipica x 102

Microscopia 6ptica

Técnicas Inspecdo visual

Microscopia eletrénica
de varredura

Grdo e tamanho de

. . articulas
Defeitos, porosidade, P

Aspectos caracteristicos : . ~
trincas e inclusGes

Morfologia das fases e
anisotropia

Seminario: A Nanotecnologia Aplicada a Cosmética
26 de setembro de 2016

x 10%

Microscopia eletronica
de varredura

Microscopia eletrénica
de transmissao

Microscopia de forca
atémica

Discordancias

Gr3os e contornos de
fase

Fendbmenos de
precipitagao

Conselho Regional de Quimica—- IV
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Microscopia de
tunelamento

Microscopia eletronica
de transmissao de alta
resolugao

Microscopia eletronica
de varredura de alta
resolugao
Microscopia de forga
atomica
Cristal e estrutura das

interfaces

Defeitos pontuais




MICROSCOPIA ELETRONICA DE VARREDURA (SEM)

* Principais caracteristicas
— Faixa de ampliacao util: de 20 a 400.000x
— Resolucao: > 1 nm
— Elevada profundidade de campo (efeito 3D)
— Andlises quimicas pontuais (EDS / WDS / EBSD)
— TensoOes de aceleracao do feixe de elétrons: 10 a 30 kV

* Interacoes elétrons-amostra
— Elétrons secundarios
— Elétrons retroespalhados

S GIONA

- s e » > e g@_‘;"\ o
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PROFUNDIDADE DAS INTERAGOES GERADAS

Electron beam

_—10A Auger electrons
50-500A Secondary electrons

Backscattered
electrons

)

o
4/

/]
)
/. /I I/

177k
/ (’/ / / /, éé/\/,

\

Continuum X-rays

Secondary fluorescence
/_ b?‘/I continuum and
d characteristic X-rays
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MICROSCOPIA ELETRONICA DE VARREDURA (SEM)

Fracture swriace of recrystalizss ghins

JEOL SE1 5.0kV

AN e e
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MICROSCOPIA ELETRONICA DE TRANSMISSAO (TEM)

* Principais caracteristicas
— Faixa de ampliacao util: até 1.000.000x
— Resolucao: <1 nm

— Tensoes de aceleracao do feixe de elétrons: 60 a
300 kV

— Analise cristalografica (Difracao

* Interacoes elétrons-amostra
— Elétrons transmitidos
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PRINCIPIO DE FUNCIONAMENTO (TEM)

* Geracao do feixe de elétrons
* Aceleracao do feixe de elétrons

* Deflexdao eletromagnética (lente
condensadora) para controle do
aumento da imagem

* Projecao dos elétrons sobre
uma tela fluorescente e geracao
de imagem
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MICROSCOPIA ELETRONICA DE TRANSMISSAO (TEM)
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MICROSCOPIA ELETRONICA

* Vantagens
O Distincao de particulas primarias e aglomerados
O Distribuicdo de tamanhos (base numérica)
O Fator de forma (morfologia)

eDesvantagens
O Custo
O Preparacao de amostra critica
O Baixa representatividade
O Efeitos de borda (d <3 um)
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MICROSCOPIA DE FORCA ATOMICA (AFM)

 Medicao das deflexdes de um suporte Detector and
(100 a 200mm de comprimento) em —
cuja extremidade livre esta montada a hotediode

sonda. p e

* Deflexdes causadas pelas interacoes
das Forcas de Van der Waals que S Vcoeveraio

Sample Surface

dagem entre a sonda e a amostra. T
PZT Scanner

 Modos de varredura (operacao)
— Modo contato
— Modo contato intermitente
— Modo nao-contato
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Latex
Sistemas Coloidais
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GOVERNO DO ESTADO

SAOPAULO

1 l INSTITUTC DE
PESQUISAS

TECNOLOGICAS

OBRIGADO!!

Adriano Marim
E-mail: amarim@ipt.br

Semindrio: A Nanotecnologia Aplicada a Cosmética Conselho Regional de Quimica— 1V /8¢
26 de setembro de 2016 Comissdo de Cosméticos




