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MORAES, J. R. . Avaliacio Reoldogica de Nanoemulsdes para Sistema
Transdérmico de liberacdo de Farmacos. 2008, 58 f. Dissertacdo (Mestrado em
Engenharia Mecanica) — Faculdade de Engenharia do Campus de Guaratingueta,

Universidade Estadual Paulista.

RESUMO

A Nanotecnologia € hoje um dos principais focos das atividades de pesquisa,
desenvolvimento e inovacido em todos os paises industrializados. O uso da pele como
alternativa para a administracdo sist€émica de firmacos constitui motivagdo e defini¢do
no investimento de novas pesquisas. Assim, veicular um firmaco pela via
transdérmica apresenta inimeras vantagens em relacdo a outras vias de administragdao
de agentes terapéuticos. Muita atencdo tem sido dada aos sistemas micro e
nanoestruturados de tensoativos, por sua capacidade em aumentar a eficécia
terapéutica de farmacos, permitindo a redu¢do da dose administrada e minimizando os
efeitos colaterais potenciais dos farmacos. A avaliacdo reoldgica e do comportamento
fluidodinamico de nanoemulsdes tem sido pouco descrita na literatura, contudo, esta
propriedade reveste-se de especial importancia no seu desenvolvimento, pois pode
representar uma limitacdo na administracdo de farmacos. Este trabalho pretende servir
de fomento aos estudos de comportamento de nanofluidos, visando aplicagdes nessa

interface de ciéncias farmacéuticas e engenharia.

PALAVRAS-CHAVE: Nanoemulsdes, Reologia, Avaliagdo Reoldgica, Sistema

Transdérmico.
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MORAES, J. R. Rheology Evaluation of Nanoemulsions Transdermal for the
System of release of drugs. 2008, 58 f. Dissertation (Masters degrre in Mechanical
Engeneering) — Faculdade de Engenharia do Campus de Guaratinguetd, Universidade

Estadual Paulista.

ABSTRACT

Nanotechnology is today one of the main focus of the activities of research,
development and innovation in all industrialised countries. The use of the skin as an
alternative to the systemic administration of drugs is motivation and definition of the
investment of new researches. Thus, vehicular a drug by Transdermal administration
offer numerous advantages in relation to other routes of administration of therapeutic
agents. Much attention has been given to micro and nanostructure systems of
tensoactives, by its capacity in increasing the therapeutic efficacy of drugs, allowing
the reduction in the dose administered and minimizing the potential side effects of
drugs.

The evaluation rheological and behavior hydrodynamics of nanoemulsions has been
little described in the literature, however, this property is of particular importance in
their development, because it may represent a limitation in the administration of drugs.
This work intends to serve to promote studies behavior nanofluidos, aiming at

applications interface of pharmaceutical sciences and engineering.

KEYWORDS: Nanoemulsions, Rheology, Rheology Evaluation,

Transdermal System.
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1 INTRODUCAO

A Nanotecnologia € hoje um dos principais focos das atividades de pesquisa,
desenvolvimento e inovacdo em todos os paises industrializados. Os investimentos na
area tém sido crescentes e atingiram, mundialmente, um valor de 5 bilhdes de ddlares
em 2002. Ja ha alguns produtos industriais nanotecnolégicos e o seu niimero aumenta
rapidamente. Estima-se que, de 2010 a 2015, o mercado mundial para materiais,
produtos e processos industriais baseados em nanotecnologia serd de 1 trilhdo de

dolares.

A tecnologia associada a modificacdo da liberacdo de ‘“ativos”, ou outras
substincias bioativas a partir de preparacdes farmacé€uticas sofreu um incremento
notério nas ultimas décadas na tentativa de maximizar as vantagens inerentes as

formas farmacéuticas de liberacdo controlada.

O interesse na aplicacdo das microemulsdes como veiculos de preparagdes
farmacéuticas se deve a capacidade desses sistemas de solubilizar substancias
hidrofilicas e lipofilicas a0 mesmo tempo, e, também, de melhorar a solubilidade e
estabilidade dos farmacos. A presenca de emulsionantes aumenta a permeabilidade da
membrana celular, o que facilita a absor¢dao do farmaco, possibilitando uma maior

biodisponibilidade.

Estas formulagdes vém sendo utilizadas como sistemas de liberacao de fairmacos
devido a inumeras vantagens, tais como: aumento da capacidade de solubilizacdo de
farmacos, estabilidade termodindmica, aumento da biodisponibilidade do farmaco e

diminui¢do dos efeitos adversos.

A permeabilidade da pele e a absor¢do percutanea t€ém sido objeto de numerosos
estudos para estabelecer os principios bdsicos e otimizar a liberagc@o transdérmica de

farmacos.
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Os sistemas transdérmicos facilitam a passagem de quantidades terapéuticas de
farmacos através da pele, com o objetivo de atingir a circulagdo sangiiinea, para

exercer efeitos sistémicos.

Os beneficios terapéuticos de alguns dos novos sistemas de liberacdo de
farmacos incluem otimizacdo da duragdo da acd@o, diminuicao da freqiiéncia de dose e

manuten¢do constante dos niveis do fairmaco.

Os beneficios econdmicos dos novos sistemas de liberacdo de farmacos incluem
a simplificacdo do sistema de administracdo, melhorando a adesdo do paciente e a

reducgdo geral dos custos de atencao a sadde.

Este trabalho tem como objetivos comportamento fluidodinamico de nanofluido,
visando aplicacOes nessa interface de ciéncias farmacé€uticas e engenharia; uma vez
que, a avaliacdo reolégica de nanoemulsdes tem sido pouco descrita na literatura e esta
propriedade reveste-se de especial importancia no seu desenvolvimento, pois pode

representar uma limitagdo na administracdo de farmacos.
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2 DESENVOLVIMENTO

2.1 NANOTECNOLOGIA

A nanotecnologia € o estudo e a manipula¢do da matéria numa escala sumamente
pequena, na faixa entre 1 e 100 nandmetros. Constitui numa &drea emergente de
cruzamento disciplinar da quimica, fisica e da biologia, para obter produtos em escala
bilionésima do metro. Sua aplicag@o a industria farmacé€utica busca construir vetores
capazes de atingir exclusivamente o tecido enfermo, maximizar as acdes e minimizar
os efeitos indesejados, como a quimioterapia contra o cancer. Atualmente, 0s
medicamentos atuam sobre os tumores, mas intoxicam as células saudaveis do

organismo.

“A nanotecnologia é uma drea emergente de cruzamento disciplinar da quimica,
fisica e da biologia, para obter produtos em escala bilionésima do metro”, assinalou a
especialista. No caso especifico dos farmacos, hd uma sinergia também com a quimica

. . .. 4
industrial e a medicina’.

As primeiras tentativas de obter moléculas nano ocorreram de 1904 a 1914, nos
laboratérios coordenados por Paul Erlich sob o conceito “a bala maégica do
organismo”. Nos anos 60, foram iniciados os estudos fundamentais sobre a aplicacdo
nanotecnolégica nos farmacos. Primeiramente foram utilizadas as estruturas em
lipossomas ou vesiculas fosfolipidicas, como carreadores de farmacos hidrofilicos ou

lipofilicos®.

Esta inovacdo inclui as noc¢des de fabricagdo molecular como, por exemplo,
modificacdes moleculares em polimeros condutores, nanotubos de carbono (forma
tubular de carbono com diametro tdo pequeno quanto 1 nm, que possui extraordindrias
propriedades mecanicas como tensao de ruptura 2000 GPa (Giga) contra MPa (Mega)
em acgos, complexidade em sistemas nanoestruturados (auto-organiza¢do, como as

estruturas de uma asa de borboleta, auto-replicacio (sistemas capazes de copiarem a si
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proprios e de, mais do que isso, construirem outros produtos), comportamento fractal,
reconhecimento molecular (p. ex. receptores de importancia na drea biomédica),

nanodispositivos eletronicos e optoeletronicos (KAZUHIRO, 1989; GOMES, 2002).

A nanotecnologia e a nanociéncia ganharam impulso a partir da década de 90,
quando surgiu no mercado potentes microscopicos que permitiram a visualizacio e a
manipulacdo de particulas na escala “nano”. O prefixo “nano” vem do grego e
significa “ando” e corresponde a bilionésima parte do metro ou milionésima do

milimetro ( SILVIA, 2002).

A nanotecnologia aplicada a indudstria farmacéutica busca construir vetores
capazes de atingir exclusivamente o tecido enfermo, maximizar as acdes e minimizar
os efeitos indesejados, como a quimioterapia contra o cancer. Atualmente, os
medicamentos atuam sobre os tumores, mas intoxicam as c€lulas saudaveis do
organismo. O objetivo principal da nanotecnologia aplicada a farmacologia é carrear a
substancia diretamente no local da acdo do medicamento e manter a parte sauddvel

intacta.

O emprego de nanoparticulas como sistemas carreadores de farmacos torna-se
uma boa opg¢do para vencer estes desafios devido a sua capacidade de proteger o ativo

contra a degradacao e de liberd-lo em seus sitios especificos de agao.
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2.2 PELE

A pele, ou citis, é um Orgdo de revestimento complexo e heterogéneo, de
grande extensdo, responsdvel por diversas fungdes como: protecdo fisica, exercendo
funcdo barreira entre 0 meio externo e interno; regulacio térmica; percep¢ao sensorial
através da ocorréncia de uma vasta rede de estruturas muito especializadas que
permitem a sensagdo de calor, frio, dore pressdo. Ainda participa de diversas
funcdes biologicas como a resposta inflamatéria e imune, pigmentagao, crescimento

piloso, cicatrizagdo e sintese da vitamina D (HEGEDUS et al., 2006).

E composta, basicamente, de trés camadas de tecidos: uma superior - a epiderme;
uma intermedidria — a derme; e uma profunda — a hipoderme (Figura 1).

(LEONARDI, 2004).

Camada comea =
camada granulosa [ 22

camada mucosa

camada basal [

melandeito célula de
Langerhans

Veia e glindula sudoripara

Figura 1 - Camadas da pele e estrutura da epiderme”.
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2.2.1 Epiderme

A epiderme é um epitélio pavimentoso multiestratificado, composto por cinco
camadas, desde a mais profunda, o estrato basal ou germinativo, em dire¢do a
superficie, seguido pelo estrato espinhoso, o estrato granuloso, o estrato licido

(presente somente na pele espessa) e o estrato corneo, o mais superficial.

(LEONARDI, 2004).

As células desta camada constituem um sistema dinamico, pois se encontram em
constante renovacdo, desde sua jun¢do com a derme até a superficie cutanea, onde se

efetua uma permanente descamacdo. (LEONARDI, 2004).

A espessura da epiderme varia de 0,04 a 150 um, segundo a localizagdo. E
composta por células importantes como os queratindcitos, células de Langerhans,
células de Merkel e melandcitos; além de terminacdes nervosas capazes de captar
estimulos térmicos, misculo eretor de pélo, fibras elasticas (elasticidade), fibras

coldgenas (resisténcia) e vasos sangiiineos. (LEONARDI, 2004).
A epiderme penetra na derme e origina os foliculos pilosos, glandulas
sudoriparas e sebdceas’.
2.2.2 Derme
A derme estd localizada imediatamente sob a epiderme, conforme figura 2. E um

tecido conjuntivo que contém fibras protéicas (coldgeno e elastina), vasos sangiiineos,

raizes dos pélos, terminagdes nervosas, 6rgaos sensoriais e glandulas.
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Figura 2 - Camadas da pele e estrutura da derme e epiderme.

E um tecido resistente que nutre a epiderme e protege o corpo contra lesdes mecanicas
e possui espessura varidvel ao longo do organismo, desde 1,0 a 4,0 mm (LEONARDI,
2004).

2.2.3 Hipoderme

E a camada mais profunda da pele, com espessura varidvel, amplamente vascularizada,
composta por células de gordura denominadas adipdcitos, separadas entre si por um
intersticio seroso, o qual contém 4cidos polissacarideos que atuam como lubrificantes.
(LEONARDI, 2004). Por sua constituicdo, funciona como depdsito nutritivo de
reserva, participa do isolamento térmico, na protecdo mecanica do organismo as
pressdes e traumatismos externos e facilita a motilidade da pele em relacdo as

estruturas subjacentes.
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2.3 PERMEACAO CUTANEA (PERCOLACAO)

A denominagdo permeacdo percutinea de substincias em um sistema
transdérmico ou em preparagdes dermatoldgicas, representa o caminho destas através
das camadas da pele até a corrente linfética e sangiiinea, que lhes transportardo até os

orgdos os quais as reterdo de acordo com suas respectivas afinidades (JATO, 1997).

Em média, na superficie cutanea existem 40-70 foliculos pilosos e 200-250
ductos sebdceos por metro quadrado de area de pele e por eles a absorcdo cutinea é
muito intensa (CHIEN, 2005, JATO, 1997), entretanto, estes apéndices da pele
representam apenas 0,1% da superficie cutanea total, e desta maneira, a absor¢do
percutanea pela via transepidérmica se torna a principal via de permeacao de absor¢ao
de farmacos (ANSEL; POPOVICH; ALLEN, 2000).

As vias seguidas pelo farmaco na permeagdo percutanea sdo descritas e ilustradas na

Figura 3:

a) por difusdo através das células — penetracdo transcelular (através dos
cornedcitos e matriz lipidica intercelular);

b) por difusdo entre as células — penetracdo intercelular (por entre os
cornedcitos e pela matriz lipidica);

c¢) por difusdo através dos foliculos pilosos, glandulas sudoriparas e sebaceas, e
anexos pilossebdceos — penetracdo transanexal (ANSEL; POPOVICH;
ALLEN, 2000).



25

Via Via
imerceluar transcelulas

—
~ S i
¥
Membrana Citgplasma Acidos
plasmatica celular graxos

Espaco
ntercelular

S 2310233 333333 333 13 133 .

Lipideos Regiao Colesteral/sulfate Lipideos Cueratina  Lipideose

] aquosa de colesterol :
T L I L N L T L R L RN NN N SISy

L IR ER R P AN SRR RS ERE RSN AN SR RN R

Figura 3: Esquema representativo das vias de penetra¢do do farmaco através do estrato corneo (via transcelular e
via intercelular) Fonte: MARTINS; VEIGA (2002)

Em quaisquer dos caminhos que a permeacgdo possa ocorrer, a estrutura do estrato
corneo obriga o fairmaco a se difundir através das bicamadas lipidicas intercelulares

(ROUGIER, 1983).

Estes passos determinantes para a absorc@o cutanea sao afetados por fatores
como tipo, condicdo e a presenca de umidade na pele (ANSEL; POPOVICH; ALLEN,
2000) a natureza do farmaco (propriedades fisicas e quimicas) e do veiculo utilizado

(CAMPOS, 1994, JATO, 1997).

As particulas do farmaco inicialmente precisam ser solubilizadas para que entdo
possam sofrer particdo e se difundir passivamente para a interface veiculo/estrato
coérneo. Algumas substancias podem se ligar ou ficar retidas em determinados locais
deste, ou entdo sofrer nova particdo para uma segunda interface estrato

corneo/epiderme vidvel (ALLEN; POPOVICH; ANSEL, 2007).
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O processo de difusdo ocorre espontaneamente sendo acompanhado de perda de
energia livre (G) do sistema. A difusdo pode ser definida como, a transferéncia
espontanea de um componente de uma regido com alto potencial quimico, para uma
regiio com potencial mais baixo, sendo o gradiente de concentracdo a for¢a condutora

neste processo (AULTON, 2005).

As leis que descrevem o fendmeno de difusdao, normalmente sdo expressas em
termos de gradientes de concentragdo como, por exemplo, a primeira Lei de Fick, que
indica que a taxa de difus@o é proporcional ao gradiente de concentracdo, conforme a

equacao (2.1):

J=dm/dt =-D dC /dx 2.1)

O fluxo J do farmaco expresso em termos de quantidade (dm) transportada em
determinado tempo (df) através de um plano por unidade de area (dC/dx) fornece o
gradiente de concentracdo D que € o coeficiente de difusdo expresso em unidades de

area por unidade de tempo (AULTON, 2005).

A segunda Lei de Fick é geralmente empregada em experimentos onde se
emprega uma membrana permeante separando dois compartimentos, tendo-se num
deles a maior concentracdo do farmaco (compartimento doador) e no outro
(compartimento receptor) a concentracdo zero (sink conditions) mantendo assim o
gradiente de concentracdo, a quantidade acumulada do fairmaco (m) que passa através
da membrana, por unidade de drea e como fun¢do do tempo até alcancar o estado de

equilibrio pode ser expressa na equacao (2.2) a seguir:

(dm/dt) =DCyK |/ h (2.2)
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Quando plotados em um grafico o tempo de absorcdo (t) e a quantidade
acumulada absorvida (m) por unidade de drea de membrana como func¢do do tempo, o
equilibrio € verificado quando o gréifico se torna linear, e os dados desta por¢ao linear,
extrapolados, de modo a obter o intercepto da curva quando m = 0 fornecem o lag time

(tempo que leva para comecar a ocorrer a absor¢ao) (AULTON, 2005).

Sendo o fluxo do soluto proporcional ao gradiente de concentracido através das
membranas, entdo para um maximo de fluxo é necessirio que a solucdo doadora seja
saturada, e isto pode ser conseguido otimizando-se a solubilidade do firmaco através
da melhor composicao do veiculo, e da escolha da solu¢do no compartimento receptor
pela experimentacdo com uma série de solventes apropriados (ALLEN; POPOVICH;
ANSEL, 2007, AULTON, 2005, JATO,1997, MARTINS; VEIGA, 2002).

O coeficiente de particdo é fator importante para estabelecer o fluxo do firmaco
através da membrana. Quando a membrana é a maior fonte de resisténcia difusional no
processo, a magnitude do coeficiente de particio € muito importante, e isto
freqlientemente ocorre na permeacdo percutinea, quando a impermeabilidade do
estrato cérneo € o passo limitante na absorcdo, sendo entdo o coeficiente de parti¢ido
estrato corneo/veiculo crucialmente importante para o estabelecimento da alta
concentracdo inicial do fiarmaco na primeira camada da membrana (ALLEN,

POPOVICH, ANSEL, 2007; AULTON, 2005; JATO,1997).

Embora a concentracdo diferencial do fairmaco entre as duas fases, doadora e
receptora, seja a forca condutora para o processo de difusdo, o gradiente quimico
potencial ou gradiente de atividade é o parametro fundamental. A atividade
termodinamica do firmaco na fase doadora ou a membrana pode ser radicalmente
alterada por mudancas no pH, forma¢do de complexos ou a presenca de tensoativos,
ou co-solventes. Tais fatores também modificam o coeficiente de particao efetivo

(AULTON, 2005).
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O efeito do uso dos tensoativos na pele é relatado como sendo no abaixamento da
tensdo interfacial e mudancas na conformacao protéica do estrato corneo. A formacgio
de complexos afeta a permeacdo do farmaco de maneira semelhante a solubilizacdo
micelar. Quando o complexo se forma ocorre mudangas na aparente solubilidade e

aparente coeficiente de particao do farmaco (AULTON, 2005).

O dinamico processo de absor¢do percutinea sofre variacOes de fatores
bioldgicos tais como idade e a condi¢do e a localizacdo da pele. A literatura relata que
peles do feto e de tecido jovem sdo mais permedveis que as de tecido adulto. A
condi¢do da pele € importante uma vez que muitos solventes rompem ou modificam a

complexa estrutura da camada cdérnea intacta. Em estados doentis, onde ha a

(N

caracteriza¢do de modificacdo na camada cérnea, uma maior permeacao percutanea
verificada. A espessura e a natureza da camada cdrnea promovem variagdes na
permeabilidade cutanea, assim como a densidade dos apéndices cutaneos. Peles de
diferentes animais diferem largamente na espessura, densidade de glandulas e de
foliculos pilosos e ainda no suprimento sanguineo, entre outros fatores, os afetam as
rotas de penetracdo e a resisténcia a permeacdo. Estudos comparativos demonstraram
que as peles de macacos e porcos sdo mais proximas a humana sendo embora mais
permedveis que esta, a pele de ratos sem pé€los tém algumas caracteristicas similares a

humana, sendo também mais permedveis que esta (AULTON, 2005).

As interagdes farmaco/pele e a hidratacdo da pele sdo fatores importantes na
absor¢do percutinea. Quando a 4gua satura a pele, sua permeabilidade aumenta
acentuadamente. Muitos compostos podem possibilitar esta fungcdo, como &4cidos
graxos livres, pirrolidonas, uréia, soédio, célcio, potdssio, lactato, complexos entre
proteina-acucar ou misturas destes compostos. Pode ser particularmente importante, a
interacdo do firmaco com a pele, resultando em reservatério do firmaco na camada
cornea, como acontece com os filtros solares e produtos topicos contendo esterdides

(AULTON, 2005, MARTINS; VEIGA, 2002).
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Igualmente importantes sdo as interagdes veiculo/pele. O veiculo pode modificar
o estado e a permeabilidade da pele: alterando sua hidratacdo, veiculos oclusivos,
como Oleos e gorduras, reduzem ou previnem a perda de 4gua, aumentando a umidade
da pele e assim promovem a penetracdo; grande variagdo na temperatura pode
aumentar a taxa de penetracdo na pele humana até dez vezes, veiculos oclusivos
aumentam a temperatura da pele em alguns graus, mas seu efeito sobre a
permeabilidade cutanea é pequeno se comparado ao efeito da hidratacdo; uso de
promotores de absorcdo (meios quimicos), substiancias que podem temporariamente
diminuir a impermeabilidade da pele, e sendo seguros e ndo téxicos, podem ser usados
clinicamente para aumentar a penetracio de firmacos (FEMENIA-FONT et al., 2005).
Um promotor de penetracdo cutanea ideal, segundo Femenia- Font al. (2005), logo
apos sua remogao deve permitir a rdpida recuperagcdo da propriedade barreira da pele;
deve ter outros atributos como, ser compativel com o firmaco e demais excipientes;
ser um bom solvente para o firmaco aumentando a efetiva concentracdo do farmaco
no veiculo e deve possibilitar boa espalhabilidade da formulagdo e agraddvel sensacdo
na pele; deve possibilitar sua incorporacdo em todos os tipos de preparacdes usadas
topicamente além de nd@o possuir cheiro, odor, cor e ser economicamente vidvel,
alguns exemplos de promotores com estas caracteristicas sdo o miristato de isopropila,
ésteres do dcido nicotinico; fosfolipidios hidrogenados de soja; dleos essenciais,
etanol; n-octanol e decanol e terpenos (NOKHODCHI, 2003). Dificilmente uma sé
substancia possuird todas estas propriedades desejadas (AULTON, 2005, MARTINS;
VEIGA, 2002).

As interacdes farmaco/veiculo sdo também muito importantes na absor¢do
percutanea, quando a impermeabilidade do estrato cérneo nao € o fator determinante, e
sim € a libera¢do do farmaco no veiculo, o passo limitante para a penetragdo cutanea.
Isto acontece quando a difusdo do fairmaco no veiculo é excepcionalmente baixa ou
quando o veiculo possui a capacidade de controlar a liberagdo do farmaco (sistemas de

liberacdo de farmacos com taxa controlada). (AULTON, 2005).
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2.4 SISTEMA DE LIBERACAO DE FARMACO

O desenvolvimento de sistemas transdérmicos tem suscitado interesse crescente
nas ultimas décadas, uma que alguns farmacos foram desenvolvidos com sucesso,
utilizando esta via, quer direcionados para uma ag¢do quer para urna acdo sist€mica

(FLYNN, 1990).

A base para o desenvolvimento dos sistemas de liberacdo transdérmica de

farmacos envolve absorc¢do cutanea (ANSEL, POPOVICH, ALLEN, 2000).

A melhoria no desenvolvimento de sistema de liberacdo modificada depende
estritamente da selecdo de um agente apropriado capaz de controlar a liberacao do
farmaco ou ativo, sustentar a acdo terapéutica ao longo do tempo e/ou de liberar o
farmaco ao nivel de um determinado tecido ou 6rgdo alvo. Dentro das vdrias opg¢des,
os polimeros sdo agentes versdteis e promissores para exercer tal fun¢do (LOPES,

LOBO, COSTA, 2005).

A liberagcdo transdérmica de farmacos pode ter finalidade de acdao local ou
sisttmica. Os objetivos da ultima sdo: evitar administracdes repetidas, ter liberacao
prolongada e manter as concentracdes plasmadticas constantes (MARTINS, VEIGA,

2002).

As vantagens da via transdérmica de administracdo de fairmacos sdo: diminuir as
variagdes plasmadticas de farmaco; diminuir a freqiiéncia de administracdo; anular
variabilidade da absor¢cdo oral; anular o metabolismo pré-sist€émico; possibilidade
imediata de interromper a administracdo e constituir-se em boa alternativa a via

intravenosa (MARTINS, VEIGA, 2002).
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O novo sistema de liberacdo de farmacos € largamente baseado na promocado do
efeito terap€utico do farmaco, minimizando seus efeitos téxicos por meio de aumento
de sua quantidade e persisténcia na vizinhanca de uma célula-alvo e reduzindo a

exposicdo das células que ndo sdo alvos (ANSEL, POPOVICH, ALLEN, 2000).

Os mecanismos dos novos sistemas de liberagdo de farmacos incluem aqueles
baseados em mecanismos fisicos e bioquimicos. Os mecanismos fisicos sao também
designados sistemas de liberacdo controlada de farmacos, incluindo osmose, difusio,
erosao, dissolucao e eletrotransporte. Os sistemas bioquimicos incluem anticorpos
monoclonais, terapia génica, sistemas de vetoriza¢do, polimeros seqiiestradores de

farmacos, microemulsdes e lipossomas (ANSEL, POPOVICH, ALLEN, 2000).

Novos sistemas de libera¢do de farmacos incluem, também, mecénica, eletronica
e componentes computacionais; sendo a iontoforese e a fonoforese, alguns dos

exemplos destes mecanismos (ANSEL, POPOVICH, ALLEN, 2000).

A iontoforese ¢ um método eletroquimico que melhora o transporte de algumas
moléculas soliveis, por meio da criagdo de um gradiente de potencial na pele pela
aplicacdo de uma corrente elétrica ou voltagem, induzindo a um aumento da migragao
de farmacos i0nicos dentro da pele, por meio da repulsdo eletrostitica do eletrodo

(ANSEL, POPOVICH, ALLEN, 2000).

A fonoforese € o transporte de farmacos através da pele utilizando ondas sonoras
produzidas por ultra-som: combinando a terapia de ultra-som com a terapia topica para
a obten¢do de doses terapéuticas em locais da pele (ANSEL, POPOVICH, ALLEN,
2000).
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2.5 EMULSOES

Emulsdes sao misturas heterogéneas e sistemas termodinamicamente instaveis,
compostas de dois liquidos imisciveis, convencionalmente descritos como dgua e dleo,
cada qual disperso em finas goticulas sobre o outro por meio de interfase, constituida
por agentes emulsivos, que retornam para as fases de dgua e 6leo separadamente,
através da fusdo ou coalescéncia de goticulas, a menos que sejam cineticamente
estabilizadas por um terceiro componente, o agente emulsificante. A fase interna ou
dispersa apresenta-se como pequenas goticulas e o liquido dispersante é chamado de
fase externa ou continua. As emulsdes sdo classificadas como 6leo em dgua (O/A) ou
dgua em OGleo (A/O), dependendo da localizacdo da fase continua ou externa. No
entanto, emulsdes farmacéuticas sdo freqiientemente compostas por sistemas
multicomponentes, de fases sélidas ou cristais liquidos (lamelares) (ANSEL et al,

2000; ECCLESTON, 2002; FLORENCE, ATWOOD, 2003).

As unidades estruturais das emulsdes sao as micelas, que sdo formadas pela
dispersdo em goticulas da fase de menor proporc¢do, as quais sdo envolvidas por uma
camada de agente emulsificante, com sua parte da molécula de mesma caracteristica
de solubilidade voltada para a goticula. Desse modo, no interior das micelas encontra-
se a fase interna dispersa de modo descontinuo, isto €, goticulas fracionadas e
separadas entre si e em relacdo a fase externa de maior propor¢do. Quando essas
micelas apresentam-se com diametro médio uniforme e distancia intermicelar regular
(sistemas

monodispersos) as formulagdes apresentam maior estabilidade, e quando as
micelas apresentam-se em tamanhos e distdncias pouco regulares (sistemas
polidispersos) ocorre menor estabilidade devido a tendéncia de separacdo das fases

(VOIGT, 1982).

As emulsdes sdo a forma farmac€utica que conseguem transpor a barreira

superficial epidérmica, carreando farmacos. (SAMPAIO, 1996).
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2.5.1 Microemulsoes e nanoemulsoes

Microemulsdes podem ser definidas, de forma geral, como sistemas
termodinamicamente estdveis, isotropicos, opticamente transparentes, de baixa
viscosidade, contendo dgua, 6leo, tensoativo e, freqiientemente, um co-tensoativo , ou
seja, uma fase dispersa constituida por goticulas de tamanho nanométrico em uma fase
continua, formando um sistema micro-heterogéneo, apesar de visualmente

homogéneo. (MENDONCA, 2005).

Estes sistemas diferem das emulsdes simples por apresentarem tensdo interfacial
bem menor, cujo didmetro das goticulas estd em torno de 100 A, ja que as moléculas
do co-emulsionante se intercalam entre as moléculas do emulsionante na interface

6leo-4gua afetando a curvatura do glébulo (TENJARLA, 1999).

Segundo Benita (1998), as nanoemulsdes , sob o ponto de vista farmacéutico, sdo
definidas como sistemas termodinamicamente instdveis formadas por goticulas de 6leo
com diametro menor ao micrometro (geralmente entre 100 e 300 nm) uniformemente
dispersas, numa fase aquosa, estabilizada por um tensoativo adequado. Apresentam-se
como liquidos de aspecto leitoso e baixa viscosidade (SONNEVILLE-AUBRUN,
SIMONET, L’ ALLORET, 2004)

Devido a baixa tensao interfacial, normalmente menor que 1,0 x 10° N/m, estes
sistemas sdo capazes de dissolver um elevado nimero de substancias (SCHWUGER;
SCHOMACKER, 1995).

As propriedades condutoras podem ser conferidas a este sistema pelo surfactante
ou pela adicdo de um eletrdlito suporte. Quando as propriedades das microemulsdes
estiverem adequadamente ajustadas, estas podem solubilizar simultaneamente

compostos apolares e polares (NITSCHKE; PASTORE, 2002).

Entretanto, a possibilidade de formar microemulsdo depende do balanco entre as
propriedades hidrofilicas e lipofilicas do tensoativo, determinada nao somente pela sua

estrutura quimica, mas também por outros fatores como temperatura, for¢a idnica e a
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presenca de co-tensoativo. A mistura de tensoativos com equilibrio hidréfilo-lipéfilo
adequado proporciona a condicio méaxima de "solubilizacdo" do 6leo e da dgua

(MENDONCA, 2005).

Assim, a formagdo da microemulsao geralmente envolve a combinagdo de trés a
cinco componentes, tais como tensoativo, dgua, 6leo e, quando necessirio, 0 co-
tensoativo (LAWRENCE, REES 2000; OLIVEIRA et al., 2001; DALMORA,
OLIVEIRA,1999; CRUZ, UCKUN, 2001), sendo que a orientagdo para sistemas O/A
ou A/O ¢é dependente das propriedades fisico-quimicas do tensoativo e do dleo, da
relacdo entre as proporcdes tensoativo/co-tensoativo e entre as proporgdes dgua/dleo
(CONSTANTINIDES et al., 1996; OLIVEIRA; SCARPA, 2001; CRUZ, UCKUN,
2001).

Segundo Sirotti et al (2002), as microemulsdes podem formar vdrias estruturas,
tais como goticulas de 6leo em 4gua, goticulas de dgua em Oleo, misturas randomicas
bicontinuas, goticulas ordenadas e misturas lamelares com ampla faixa de equilibrio
entre elas e com excesso de fase oleosa e/ou aquosa, sendo que a formacgao dessas
estruturas depende do tensoativo, do co-tensoativo e da natureza do 6leo. Portanto, a
escolha adequada e as concentragdes desses componentes tornam-se extremamente
importantes para a orientacdo desses sistemas. Deve-se ressaltar que tensoativos nao-
10nicos e zwiterionicos (ndo idnicos) sdo mais aceitdveis para aplicacdes farmacéuticas
e formulacdes microemulsionadas porque sdo menos afetados pelas mudancgas de pH e

for¢a idnica e contornam problemas de toxicidade (CRUZ, UCKUN, 2001).

Microemulsdes também apresentam grande potencial como veiculos de liberagao
de farmacos lipofilicos via intravaginal e retal, tais como, microbicidas, esterdides e
hormonios, porque aumentam a capacidade de solubiliza¢do de firmacos, aumentam

absorcao e melhoram a eficiéncia clinica (CRUZ, UCKUN, 2001).

Do ponto de vista microestrutural, as microemulsdes podem ser do tipo d4gua em

6leo (A/O), 6leo em dgua (O/A) (CRUZ, UCKUN, 2001). Nas microemulsdes do tipo
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A/O, o componente hidrofilico € disperso na forma de goticulas coloidais no
componente lipofilico. J4 nas do tipo O/A, o componente lipofilico € disperso na
forma de goticulas coloidais no componente hidrofilico (MO et al., 2000; CRUZ,
UCKUN, 2001) e ambas podem ser invertidas de A/O para O/A ou vice-versa ao
variar as condi¢des de emulsificacio (MO, ZHONG, ZHONG, 2000). Em relacdo ao
ultimo tipo de sistema microemulsionado, os componentes hidrofilicos e lipofilicos
formam microemulsdo com estrutura bicontinua, com canais adjacentes alongados
com goticulas na faixa de 1-100 nm (CRUZ, UCKUN, 2001), como uma rede de tubos
aquosos em matriz oleosa ou rede de tubos oleosos em matriz aquosa (MO, ZHONG,
ZHONG, 2000), e contendo volumes relativos aproximadamente iguais entre a fase
aquosa e oleosa (LAWRENCE, REES, 2000; MO et al., 2000; CRUZ, UCKUN,
2001). Se a microemulsdo apresentar tal estrutura, essa poderd ser utilizada como

sistema transportador de farmacos hidro e lipossoliveis (CRUZ, UCKUN, 2001).

Microemulsio ASO Microemulsio (/A
A
e Oleo
o i F 1
s

Estrutura bicontinua

Figura 4: Representacdo esquematica da organizag¢do das microemulsdes. Fonte: CASTILLO, (2002)
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Microemulsdes lipidicas do tipo O/A s@o alternativas interessantes como
sistemas de liberacdo de farmacos (Figura 5). A estrutura bdsica da microemulsdao
lipidica € um lipidio neutro na regido interna, como, por exemplo, um trigliceridio
liquido, estabilizado por lipidios anfifilicos, como os fosfolipidios.

Esse sistema pode solubilizar quantidade considerdvel de fairmacos lipossoliveis
no dominio hidrofébico da fase interna oleosa e, portanto apresenta potencial de
aplicacdo terapéutico como transportadores de farmacos lipossoliveis (LUNDBERG,

MOTIMER, REDGRAVE, 1996).

Farmaco

Fase oleosa

Figura 5 — Estrutura bésica da microemulsao. Fonte:

A literatura mostra que quando os farmacos sdo incorporados em sistemas
microemulsionados, o transporte € maior do que em cristais liquidos. Esse fato pode
ser atribuido as diferencas estruturais desses sistemas, 0s quais restringem o
movimento das moléculas do farmaco, e as interagdes soluto-solvente no ambiente
anisotropico e isotrépico, visto que os cristais liquidos apresentam alta energia de
ativacdo de difusdo de farmacos e baixa difusividade de farmaco (GABBOUN et al.,

2001).

2.5.2 Tensoativos

Tensoativos sdo moléculas anfifilicas caracterizadas por possuirem ambas as

regides estruturais hidrofilica e hidrofébica (figura 6), que dinamicamente se associam
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espontaneamente em solugdo aquosa a partir de uma determinada concentracdo
denominada concentragdo micelar critica (CMC). Acima dessa concentragdo, as
moléculas do tensoativo formam grandes agregados moleculares de dimensdes

coloidais (MORAES; REZENDE, 2004).

Figura 6 — Estrutura bésica do tensoativo.

A esses agregados, que geralmente contém 60 a 100 moléculas do tensoativo, d4-
se 0 nome de micelas®. Geralmente, em solu¢do aquosa, as moléculas do tensoativo
agregam-se formando uma esfera com caudas hidrofébicas voltadas para o seu interior
e os grupos hidrofilicos ou carregados, voltados para fora. Abaixo da CMC, o
tensoativo estd predominantemente na forma de monomeros. A CMC depende da
estrutura do tensoativo (tamanho da cadeia do hidrocarboneto) e das condicdes do
meio (concentracdo id0nica, contra-fons, temperatura etc.). As micelas sdo
termodinamicamente estdveis e facilmente reprodutiveis (MORAES; REZENDE,
2004).

Um tensoativo tipico possui a estrutura R-X, onde R € uma cadeia de
hidrocarboneto variando de 8 3418 dtomos (normalmente linear) e X € o grupo cabecga,
polar (ou id6nico). Dependendo de X, os tensoativos podem ser classificados como nao-

i0nicos, catidnicos, anidnicos ou anféteros (PELIZZETTI; PRAMAURO, 1985).
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2.5.3 Co-tensoativos

Os co-tensoativos sdo responsdveis pela reducdo adicional da tensdo interfacial
necessdria para a formacdo e estabilidade termodinamica das microemulsdes, além de
promoverem fluidificacdo do filme interfacial formado pelo emulsionante, o que

impede a elevagdo significativa da viscosidade do sistema obtido (GASCO, 1997).

Os principais co-tensoativos utilizados no preparo de microemulsdes sdo alcoois
e glicdis de baixa massa molecular e que apresentam uma cadeia carbOnica entre dois e
dez carbonos. Uma avaliacdo criteriosa da toxicidade ocular do co-emulsionante a ser
empregado no preparo de uma microemulsdo ¢é considerada de fundamental
importancia na elaboracdo de uma formulagcdo desse tipo de sistema, tendo em vista
que essas substancias podem apresentar efeitos irritantes significativos, como por

exemplo, os dlcoois de baixa massa molecular (GASCO, 1997).

A literatura mostra que a adicdo de um co-tensoativo diminui o tamanho das
goticulas e amplia as regides de microemulsdes, como ilustra a figura 7 (KUNEIDA,
UMIZU, YAMAGUGHI, 1999). Dessa forma, o tamanho da goticula é fortemente
afetado pela mistura de tensoativo no sistema, havendo tendéncia a diminui¢do do
tamanho das goticulas com o aumento da concentracdo de tensoativo, gerando sistema
opticamente transparente ou translicido (LUNBERG, MORTIMER, REDGRAVE,
1996). Isso ocorre porque a mistura de tensoativo com um co-tensoativo € mais

eficiente em reduzir a tensdo interfacial entre 6leo-dgua, proporcionado a reducio

maxima do tamanho das goticulas da fase interna (TROTTA , 1999).

agua Microemulsio
? in VETSsa 0-)’
,J‘o Tensoativo

ult'n

a—fé \‘b * Cotensoativo
.u-u
Microemulsio f

direta

Figura 7 — Estrutura de microemulsdo O/A e A/O.
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2.5.4 Fase oleosa

Os principais parametros relacionados com a escolha da fase oleosa a ser
empregada no preparo de uma microemulsdo estdo relacionados, principalmente, a
possibilidade de obtencdo do préprio sistema e das caracteristicas de solubilidade da
droga a ser veiculada. Assim, os 6leos de elevada cadeia carbdnica ndo permitem a
obtencdo de microemulsdes e aqueles de natureza polar (triglicérides, principalmente)
permitem a dissolu¢do de maiores concentracdes de drogas lipossoliveis (GASCO,

1997).

2.5.5 Fase aquosa

Para composi¢do da fase aquosa pode ser necessdria a adi¢do de tampdes e agentes

isotonizantes, no sentido de obter e manter um pH favordvel ndo s6 a via de

administracdo como também a estabilidade do farmaco empregado (GASCO, 1997).

2.6 REOLOGIA

O termo reologia, do grego rheos (fluxo) e logos (ciéncia), foi sugerido por
Bingham e Crawford, segundo Martin (1993), para descrever as deformagdes de

solidos e a fluidez de liquidos.

Reologia é a parte da fisico-quimica que investiga as propriedades e o
comportamento mecanico de corpos que sofrem uma deformacao (sélidos eldsticos) ou
um escoamento (fluido: liquido ou géds) devido a acdao de uma tensdo de cisalhamento
num corpo sujeito a uma forga cortante, forca por unidade de drea da secao transversal

do corpo (SHAW, 1975).
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A reologia tem sido assunto de extrema importancia para a drea farmacéutica
uma vez que devem ser mantidas as caracteristicas reoldgicas (como a consisténcia)
dos produtos de lote para lote, assegurando a qualidade tecnolégica do produto
acabado e durante o tempo que permanecem em prateleira (LEONARDI, MAIA
CAMPOS, 2001).

Segundo Lopez, Lacarrere, Pulpeiro (2002), atualmente, a reologia oferece
diversas possibilidades no campo farmacéutico e cosmético, como por exemplo:
controle da qualidade fisica do produto, medida da elasticidade, efeito da formulacao
na consisténcia e viscosidade, entre outras. Portanto, seu entendimento € o controle das
propriedades reoldgicas é de fundamental importancia na fabricagdo e no manuseio de

farmacéuticos e cosméticos.

Nos estudos de reologia, os fluidos recebem classificacdo (figura 8), que
compdem os sistemas denominados Newtonianos e os ndo-Newtonianos. As
formulagdes que possuem particulas assimétricas, como a maioria dos produtos
cosméticos e farmacéuticos, apresentam fluxo ndo Newtoniano, que normalmente é

representado por 3 tipos de curvas: plastica, pseudopldstica e dilatante (ANSEL,

POPOVICH, ALLEN, 2000).

Figura 8 — Classificagdo reoldgica dos fluidos.
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Os fluidos ndo-newtonianos nao apresentam uma relacdo linear entre a tensio de
cisalhamento e a taxa de cisalhamento, isto €, os valores da viscosidade mudardo com
a variacdo nos valores da taxa de cisalhamento. Esses valores de viscosidade sdo
considerados como viscosidade aparente, podendo aumentar ou diminuir, de acordo

com as caracteristicas de cada fluido (BARNES, HUTTON, WALTERS, 1989).

Em relacdo a mudanca da viscosidade com o tempo, existem dois tipos de
fluidos, o tixotrépico e o reopético. Os fluidos tixotrépicos apresentam uma
diminuicdo da viscosidade com o tempo, quando submetidos a uma taxa de
cisalhamento constante. J4 os fluidos considerados reopéticos apresentam um aumento
da viscosidade com o tempo. No processamento mineral, esse tipo de comportamento,
nas suspensdes, € bastante inconveniente, devido as constantes mudancas na

viscosidade (BARNES, HUTTON, WALTERS, 1989)..

O comportamento pseudopldstico caracteriza-se pela diminui¢do dos valores da
viscosidade com o aumento da taxa de cisalhamento. Entre as vdrias causas para esse
comportamento, Shaw (1975) cita, para o caso de um sistema agregado, que a
diminuicdo da quantidade de liquido retido pelos agregados, devido a quebra desses
agregados, através da agitacdo, provoca uma diminuicdo da viscosidade (BARNES,

HUTTON, WALTERS, 1989).

Os fluidos tixotrépicos apresentam uma diminui¢do da viscosidade com o tempo,
quando submetidos a uma taxa de cisalhamento constante. Ja os fluidos considerados
reopéticos apresentam um aumento da viscosidade com o tempo. No processamento
mineral, esse tipo de comportamento, nas suspensoes, € bastante inconveniente, devido

as constantes mudancas na viscosidade (BARNES, HUTTON, WALTERS, 1989).

De acordo com Barnes, Hutton, Walters(1989), o estudo da deformacdo e fluxo
da matéria, os quais envolvem fendmenos de elasticidade, plasticidade e viscosidade,

constitui-se no principal objetivo da reologia.
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Para as formulagdes dermocosméticas, o fluxo pseudoplastico é o mais comum.
Esses materiais t€ém sua viscosidade aparente diminuida gradualmente, a medida que
aumenta a tensdo de cisalhamento, e portanto sua viscosidade nao pode ser expressa

por um tnico valor (SCHOTT, 1995).

Em seu trabalho, Borghettiknorst (2006), mostrou que a avaliacdo das
caracteristicas reoldgicas de cremes e lo¢gdes € de fundamental importancia, pois serve
como auxilio no progndstico dos efeitos da formulacdo e do processamento nas

caracteristicas do produto e na avaliacdo de sua qualidade e estabilidade.

A maioria das emulsdes, com excecdo das muito fluidas, ndo apresenta fluxo
newtoniano simples, exibindo comportamento de fluxo pléstico e pseudopldstico. O
escoamento, a espalhabilidade e a injetabilidade de uma emulsdo sdo determinados

diretamente pelas suas propriedades reolégicas (FLORENCE , ATTWOOD, 2003).

A subdivisdo das fases em goticulas e a formagcdo da emulsdao traz como
principais vantagens a maior facilidade de espalhamento, a possivel potenciagdo da
penetracdo, absor¢do e conseqiiente atividade dos componentes em fun¢do da acdo
emoliente de seus constituintes, a possibilidade de separacio de compostos
incompativeis, de mistura de elementos imisciveis e protecdo a compostos

quimicamente instaveis (LACKMAN, LIEBERMAN, KANING, 2001).

A determinagdo do comportamento reoldgico de fluidos, como polimeros e
outros liquidos, € feita sem grandes dificuldades, podendo ser utilizados vérios tipos de
viscosimetros, como viscosimetros capilares, viscosimetro de tubo e de rotacdo

(BARNES, HUTTON, WALTERS, 1989).
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2.7 ENSAIOS REOLOGICOS
2.7.1 Viscosidade

A viscosidade de um liquido mede a resisténcia interna oferecida ao movimento
relativo das diferentes partes desse liquido (resisténcia ao fluxo). Conhecer e controlar
essa propriedade € muito importante na formulagcdo e preparacdo de emulsdes, cremes,

géis, solugdes, etc. (DANIELS, WILLIAMS, BENDER, 1956).

A viscosidade é chamada de newtoniana quando a tensao de cisalhamento, T, ou
seja a forca F por unidade de drea, aplicada paralelamente a direcdo do fluxo,
necessdria para iniciar o fluxo de uma camada molecular, for proporcional ao
gradiente de velocidade dv/dx entre as camadas, denominada de equacdo de fluxo de

Newton, equacao 2.3:

(2.3)

A unidade de viscosidade € o poise, definido como a forca de cisalhamento
requerida para produzir uma velocidade de 1 cm s-1 entre dois planos moleculares
paralelos, de 1 cm” de drea separados por uma distancia de 1 cm. Na prética, € comum
0 uso da unidade centipoise cP (1cP = 0,01 poise). O inverso de n é chamado de
fluidez (¢). E freqiiente expressar a viscosidade em termos da chamada viscosidade
cinemadtica, N, (a unidade de N, € 0 Stoke (s), sendo comum o uso do centistoke (cs),
que resulta do quociente da viscosidade pela densidade (massa especifica), p, segundo

a equacdo 2.4:
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n
ncin = 24
0 (24)

O coeficiente de viscosidade de um liquido pode ser determinado através da
velocidade de vazdo do fluido por um tubo capilar. Neste caso, o coeficiente de

viscosidade é dado pela equacdo (2.5) de Hagen-Poiseuile,

_Portt

~ 8\VL
(2.5)

Onde P € a pressdo hidrostitica sobre o liquido (P=p.g.h) em N/m2, V € o
volume em m’, do liquido que flui em t segundos através do capilar de raio r e de

comprimento L, em metros. (DANIELS, WILLIAMS, BENDER, 1956).

Sistemas com elevada viscosidade, também podem conter erros experimentais no
tamanho das goticulas (ABOOFAZELI, BARLOW, LAWRENCE, 2000), em razao de
que a técnica de determina¢do € fundamentada no movimento Browniano das goticulas
em dispersdo, sendo o coeficiente de difusdo das goticulas no meio o principal

parametro levado em consideracio (ORTHABER, GLATTER, 2000).

Correa e colaboradores (2005) mostraram que a viscosidade aparente de sistemas
microemulsionados e emulsionados é dependente do volume de fase e da natureza da
fase oleosa, visto que o aumento do volume de fase interna oleosa provocou aumento
da viscosidade aparente e que microemulsdes com estruturas bicontinuas apresentam

valores de viscosidade mais baixos.

A diminuicdo da viscosidade da fase continua ou dispersa, aumenta a
probabilidade de coalescéncia no impacto, principalmente nas macroemulsdes. Em

condi¢Oes estaciondrias, pode-se esperar que a diminui¢do da viscosidade leve a maior
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elevacdo ou sedimentacdo, de acordo com os preceitos da lei de Stokes (TADROS,

VINCENT, 1983).

Os sistemas microemulsionados e emulsionados se comportam na maioria das
vezes, como sistemas ndao-Newtonianos, 0s quais se caracterizam por mudanga na
viscosidade com o aumento da velocidade de cisalhamento, em que a relacdo entre
tensdo e velocidade de cisalhamento ndo € constante e os graficos apresentam-se como
uma curva (SONNEVILLE-AUBRUN, SIMONNET, L’ALLORET, 2004; SCOTT,
1995). Freqiientemente, as microemulsdes também estdo associadas a tixotropia

(CERA, 2001).

2.7.2 Densidade (Massa especifica)

A densidade é uma propriedade fisica importante e pode ser utilizada para
distinguir um material puro de um impuro (ou de ligas desse metal), pois a densidade
dos materiais que ndo sdao puros (misturas) € uma fungdo da sua composi¢do. Uma
alteracdo relativamente pequena na temperatura pode afetar consideravelmente o valor
da densidade, enquanto que a alteracdo de pressdo tem que ser relativamente alta para

que o valor da densidade seja afetado.

A densidade absoluta ou massa especifica () de uma substincia é definida como

a relacdo entre a sua massa (m) e o seu volume (V), equacdo 2.6 :

<13

S/ (2.6)

A densidade relativa é também uma propriedade especifica, isto é, cada
substincia pura tem uma densidade prdpria, que a identifica e a diferencia das outras

substancias, equacao 2.7:
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P 2.7)

Por um longo tempo o picndmetro foi o inico método preciso para determinagdo
da densidade e por este motivo muitas normas ainda referenciam em suas linhas este
método. Picndmetros sdo sempre utilizados com balangas para determinar a massa de

uma amostra volumétrica.

2.8 ESTABILIDADE

Estabilidade é definida como a extensdo com que um produto retém, dentro dos
limites especificados e dentro do periodo de armazenagem e de uso (isto é, prazo de
validade) as mesmas propriedades e caracteristicas que possuia na ocasido em que foi

fabricado.

Com relagdo ao objetivo, os estudos de estabilidade podem ser classificados, de
acordo com sua duragcdo, em estudos acelerados e de longo prazo ou de
envelhecimento natural. Os estudos acelerados, por sua vez, podem ser classificados
em testes acelerados de curto prazo e testes acelerados de longo prazo (ou de baixas
condi¢Oes de estresse) (SAMPAIO, 1999; D’LEON, 2001).

Os estudos de estabilidade devem abranger, sempre que apropriado, a
estabilidade quimica, fisica, biofarmacéutica, microbiolégica e toxicoldgica. Os
resultados obtidos e, consequentemente, a estabilidade do medicamento, podem ser
afetados por fatores extrinsecos, como por exemplo, fatores ambientais (temperatura,
radiagdo, luz, ar, umidade) ou intrinsecos, isto € relacionados com o medicamento
(propriedades fisicas e quimicas da(s) substancia(s) ativa (s), excipientes, forma

. ) . . 3
farmacéutica, processo de fabrico, tipo de acondicionamento, etc.) ~.
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A estabilidade quimica estd relacionada a integridade quimica da substancia ativa
presente, e é importante para selecionar as condi¢des de armazenagem (temperatura,
luz, umidade), escolha do recipiente adequado (vidro, plastico claro, ambar ou opaco),
tipo de tampa e para prever as interagdes ao misturar fairmacos e excipientes (ANSEL,

POPOVICH, ALLEN, 2000).

A estabilidade fisica das formulacGes visa manter as propriedades fisicas
originais e pode ser detectada em alguns casos, por uma mudanca na aparéncia
(textura) e o estudo cientifico desse tipo de estabilidade vem sendo feito
principalmente por meio da reologia (ANSEL, POPOVICH, ALLEN, 2000).

Diversos fatores podem influenciar na estabilidade das formulagdes. Os fatores
extrinsecos ou externos considerados no estudo da estabilidade de cosméticos sdo:
processos de envelhecimento que ocorrem em conseqiiéncia do tempo, temperatura de
armazenamento e de exposi¢cdo a luz (fotossensibilidade dos componentes), oxigénio
(geracdo de radicais livres e reacdes de oxi-reducdo), umidade, além do material de
acondicionamento, contaminac¢ao microbioldgica e vibragdo relacionada ao transporte

(ANVISA.CATEC, 2004).

Dentre os fatores intrinsecos encontramos as incompatibilidades fisicas e
quimicas. Estes fatores estdo relacionados a natureza das formulacdes e principalmente
a interacdo das substincias entre si ou com o material de acondicionamento. As
incompatibilidades fisicas sdo observadas quando ocorrem alteragdes no aspecto fisico
da formulacdo, como: precipitacdo, separacao de fases, cristalizacdo, entre outros.

As incompatibilidades quimicas, dizem respeito as reagdes quimicas

propriamente ditas que podem ocorrer entre os componentes da formulagdo e

relacionam-se com a integridade e seguranga dos ativos.

A estabilidade de uma emulsdo relaciona-se principalmente a viscosidade da fase
interna. Particulas pequenas dispersas em um liquido (ou gés), estdo em constante
choque devido ao movimento browniano. Diversas instabilidades podem ocorrer no

sistema devido a estas movimentacdes e interagcdes entre as fases (Figura 9): inversdo
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de fases, coalescéncia, formacdo de creme ou cremacdo e até a quebra total da emulsao

(FLORENCE e ATWOOD, 2003).
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Figura 9 - Representacdo esquemadtica dos processos de instabilidade de uma emulsdo

(ECCLESTON, 2002).

Uma outra etapa critica é que as gotas podem coalescer logo apds sua formagao.
O mecanismo de coalescéncia e o complexo sistema de formagao de emulsdes ainda
ndo sdo bem conhecidos, de modo que nao € possivel prever com precisdo se ocorrera
e de que modo (WALSTRA, 1983).

O surfactante € de suprema importancia, pois determina qual serd a fase continua,
comumente aquela na qual ele € solivel (Lei de Bancroft). A taxa de coalescéncia das
gotas da fase dispersa € varidvel e depende de muitos fatores, mas principalmente da
natureza e da concentracdo do surfactante. As gotas podem também flocular durante a
emulsificacdo, mas os fléculos sdo, em sua maioria, rompidos novamente em curto

espacgo de tempo.
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Sleicher (1962) afirma que a coalescéncia numa drea turbulenta pode ser
desconsiderada, se a fase dispersa representar menos que 0,5%, em volume, da fase
continua. Collins e Knudsen (1970), no entanto, ndo observaram o fendmeno da
coalescéncia numa tubulacdo com fluxo em regime turbulento, para concentracdes da
fase dispersa acima de 10% em volume, com nimero de Reynolds variando entre

90.000 e 130.000.

Os agentes de consisténcia presentes nas fases oleosa e aquosa das emulsoes,
além dos tensoativos emulsificantes e antioxidantes, desempenharam um papel

fundamental na estabilidade das formulagdes (PROENCA et al, 2006)

De acordo com a Lei de Stokes, a velocidade de sedimentagdo ou formacdo de
creme de uma particula esférica (n) em um meio fluido, pode ser obtida pela equacdo

2.8 (FLORENCE e ATWOOD, 2003):

294 (p1p 2)

9n
(2.8)

Todos os liquidos apresentam baixa energia livre de superficie devido ao
fendmeno da tensdo superficial. A tensdo interfacial pode servir como medida do grau
de interacdo entre as fases (PRISTA, ALVES, 2002).

A grande drea interfacial de particulas pequenas estd associada ao estado de
energia elevado, e o sistema tende ao estado de energia mais baixo, isto €, a separacdo
completa. A medi¢do da mudanca no tamanho ou nimero de particulas indica a
poténcia das forgcas que resistem a separacdo ou seja, das forcas que se opdem a

coalescéncia (PRISTA, ALVES, 2002).
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Segundo Martin (1967), a dispersao de 1,0 mL de 6leo em glébulos de 0,01 mm
de didmetro, em 1,0 mL de 4gua, formard uma emulsdo em que a superficie da fase
interna € aumentada significativamente. Considerando esférica a geometria dos
glébulos e relacionando-se o didmetro, tem-se que a drea de superficie e o volume sdo

representados, matematicamente, pelas expressoes 2.9 e 2.10:

S=md (2.9)
V=nd (2.10)
6

Neste caso, a relagdo superficie/volume ocupada pela fase interna pode ser

representada pela equacgao 2.11:

S/IV=_1 2. 11)
d/6

Para que a dispersdo seja realizada € necessario despender certa quantidade de
energia, denominada, por Prista e Alves (2002), de fator mecanico, representado pela

equacao 2.12 :

W=7.AA 2.12)

O segundo principio da termodinamica afirma que todo o sistema fisico tende a
perder energia quando se encontra em nivel energético superior ao inicial. O emprego
de agentes emulsificantes tem a finalidade de reduzir a tensdo interfacial a valores

muito pequenos, aumentando a estabilidade do sistema (PRISTA, ALVES, 2002)
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Bonadeo (1988), descreve a relacdo energia de tensdo superficial e angulo de
contato. A estabilidade dos glébulos ou particulas é proporcional ao deslocamento de

energia da interfase, que varia fortemente com o angulo de contato.
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3 METODOLOGIA

3.1 AMOSTRAGEM

O universo amostral do trabalho corresponde a dez amostras de nanoemulsio e
dez amostras de macroemulsio analisadas uma a uma, sendo, desta forma, uma

amostragem intencional aleatéria simples.

3.2 METODO

Para a realizacdo dos ensaios, verificou-se a temperatura ambiente e a umidade

relativa do ar.

3.2.1 Viscosidade

A viscosidade foi medida em um viscosimetro rotacional do tipo Brookfield
modelo LVDV-III-Ultra, nimero série RY78385, com acessorio dispositivo para
pequenas amostras (Small Simple Adapter) e sensor de cisalhamento n°18 (ULA),
com geometria cilindrica co-axial (ANEXO A) e SDC 34. A ele estava acoplado um
banho termostitico num sistema de circulacdo externo de dgua, modelo TC-

SD2PG39537, como mostrado na figura 10.

Figura 10 — Viscosimetro rotacional do tipo Brookfield com banho termostético.
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O viscosimetro Brookfield é um dispositivo que obriga um cilindro coaxial,
imerso no fluido a ensaiar, a exercer um movimento de rotacdo em torno do seu eixo,
sujeito a velocidades angulares constantes distintas. Assim cada valor da velocidade
angular corresponde a um determinado gradiente de velocidade ao qual estd associado
um momento torsor. O cilindro imerso no fluido esta ligado a um transdutor através de
uma haste rigida (spindle ou sensor). Durante a rotacdo, o atrito do fluido sobre o
cilindro faz com que se desenvolva um momento torsor que € registrado pelo
transdutor. Quando se atinge o equilibrio, a for¢a que se opde ao movimento € igual a
viscosidade aparente, que € registrada pelo viscosimetro e que estd associada a
velocidade angular imposta. Ou seja, para cada velocidade angular, o viscosimetro
Brookfield registra a respectiva viscosidade. O torque é medido em escala de 0 a 100%
e convertido em viscosidade através de fatores de multiplicacdo determinados pela
Brookfield levando-se em consideragdao a drea superficial do sensor de cisalhamento
(SDC), a velocidade rotacional (rpm) e o torque especifico de cada mola. O erro
relativo da leitura de viscosidade depende da porcentagem de torque exibida no
display do viscosimetro digital. Em geral, este erro é menor se préoximos a 100% de
torque. A exatiddo declarada pela Brookfield € igual a +1% do fundo de escala, ou
seja, € a viscosidade maxima encontrada numa determinada condi¢do SDC /
velocidade. O valor da viscosidade maxima € obtido através de um modelo
matematico, equacdo 3.1:

100 x Fator = Viscosidade em cP (mPa.s) 3.1)

Por estes motivos recomenda-se que os valores de torque estejam entre 10 e
80%, pois ao realizar o controle de qualidade em produtos que sofrem alteracdo em
sua viscosidade ao longo da vida de prateleira, a faixa limite serd maior, ndo
possibilitando a ocorréncia de erro por exceder o valor maximo de porcentagem de
torque. E se tomar medidas abaixo de 10% o erro potencial na viscosidade serd
relativamente grande quando comparado a leitura do instrumento (ANEXO B), pois a
faixa de medicdo do aparelho é de 1,0 a 2.000 cP. O limite inferior de uma medida
efetiva, onde se situa a turbuléncia, € 1,0 cP, considerando a velocidade de, até,

100 rpm para os modelos utilizados nos ensaios. Nao se considerando estas faixas,
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especificadas pelo fabricante (Brookfield), incorre-se em medi¢cdes com erros muito
altos, conseqiientemente, gerando resultados nao confidveis e garantidos pelo
equipamento.

Assim, as tomadas de ensaio estavam de acordo com as especificacdes do
aparelho para que se obtivesse confiabilidade de resultados (ANEXO C). Baseado
nisto, tanto a taxa de cisalhamento Yy, como a tensdo de cisalhamento T, foram
calculadas usando as equacdes 3.2 e 3.3, respectivamente:

y=SRC x V (3.2)

t=TK x SMC x 10.000 (3.3)
A\

Sendo os valores da SRC (1,223), que € a &drea superficial do sensor de
cisalhamento; TK (0.09373), a constante fornecida pelo fabricante Brookfield com
base no funcionamento do equipamento; e da SMC (0,64) constantes e especificadas
pelo fabricante do aparelho. Estas constantes apresentadas pelo fabricante estdo na
forma fisica dos sensores que entram em contato com a amostra.

As medidas reoldgicas foram feitas com as amostras nas temperaturas de 25, e
40,5 e 60 °C, controladas pelo banho termostdtico acima citado. A escolha das
temperaturas foi baseada na temperatura corpdrea e de armazenamento. Utilizaram-se
velocidades de rotacdo de 3, 4, 5, 6, 7, 8 rpm para as amostras de macroemulsdo e
velocidades de rotacdo de 30, 40, 50, 60, 70 e 80 rpm para as amostras de
nanoemulsdo e da dgua. A diferenca de velocidades se deu em funcdo da caracteristica
de cada fluido compativeis com a capacidade de medi¢cdo do equipamento, seguindo as
especificacdes do fabricante. As medi¢des foram realizadas em volumes de,
aproximadamente, 8,0 mL para a macroemulsao e 16,0 mL para a nanoemulsio,
valores estes compativeis com a condi¢ao de volume oferecida pelo equipamento que
estd diretamente relacionada ao sensor a ser utilizado para que se consiga obter a

leitura da viscosidade, como mostrado na figura 11.
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Figura 11 — Viscosimetro rotacional do tipo Brookfield as amostras, a esquerda ULA com 16,0 mL de

nanoemulsdo e, a direita, o SDC 34 com 8,0 mL de macroemulsio.

Cabe ressaltar que no viscosimetro de Brookfield sdo efetuadas leituras de
viscosidade automaticamente a cada temperatura, variando-se a velocidade de rotacdo
do cilindro (torque) até o limite maximo estabelecido, e ao atingir o valor de topo desta
varidvel, medidas sdo efetuadas com o decréscimo desta. Em outras palavras, os
valores de viscosidade reportados neste trabalho referem-se de fato a valores médios,
obtidos por triplicata de leitura do equipamento em cada valor de velocidade de

rotagdo especificada.

3.2.2 Massa especifica

A massa especifica foi determinada usando o picndmetro e realizada em triplicata
para cada tomada de ensaio. Primeiramente, pesou-se o picndmetro vazio, em balanca
analitica marca Shimadzu, modelo AX 200; logo apds, pesou-se 0 mesmo com agua
destilada e depois com as amostras. A partir de entdo, foi feito o cdlculo da massa

especifica da dgua e das amostras (RESENDE, 2004).

3.2.3 Estabilidade

3.2.3.1 Floculagao
O ensaio da floculacdo foi realizado numa centrifuga marca Sppencer, modelo
80-2B (figura 12), a temperatura ambiente (22,0 + 0,5 °C) com duragdo de 30 minutos

a 3.000 rpm, utilizando-se, em cada, tubo de ensaio, 5,0 mL das amostras.



(LACKMAN, LIEBERMAN, KANING; 2001) .

melhor evidenciada no item 4.3, pagina 63.

Figura 12 — Centrifuga utilizada no ensaio de floculag@o.

4 RESULTADOS E DISCUSSAO

4.1 VISCOSIDADE
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A justificativa deste ensaio estd

Os resultados obtidos apds os ensaios reoldgicos foram dispostos na forma de

tabelas, as quais seguem:

Tabela 1 — Resultado de analise da Nanoemulsdo a 25°C — Sensor ULA.

Velocidade Torque Y T v Erro
(rpm) (%) ) (Dyna/cm®) (cP) Analitico

(xcP)

30 10,1 36,7 0,74 2,02 0,20
40 13,3 48,9 0,98 2,01 0,15
50 16,3 61,2 1,20 1,97 0,12
60 10,5 73.4 1,43 1,95 0,10
70 22,6 85,6 1,66 1,94 0,09
80 25,8 97,8 1,89 1,93 0,08
70 22,6 85,6 1,66 1,95 0,09
60 19,4 73.4 1,42 1,94 0,10
50 16,3 61,2 1,20 1,96 0,12
40 13,3 48,9 0,98 1,98 0,15
30 10,1 36,7 0,74 1,98 0,20




Tabela 2 — Resultado de analise da Nanoemulsio a 40,5°C — Sensor ULA.
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Velocidade Torque Y T 7 Erro
(rpm) (%) ) (Dyna/em?) (cP) Analitico

(£cP)
40 10,0 48,9 0,98 1,50 0,15
50 12,3 61,2 1,20 1,50 0,12
60 14,7 734 1,43 1,47 0,10
70 17,0 85,6 1,66 1,46 0,09
80 19,3 97,8 1,89 1,45 0,08
70 17,0 85,6 1,66 1,47 0,09
60 14,7 73,4 1,42 1,48 0,10
50 12,3 61,2 1,20 1,50 0,12
40 10,1 48,9 0,98 1,51 0,15

A partir desta temperatura aconteceu uma restricdo, apresentada no item 3.2.1

da pagina 51, de utilizacdo das mesmas velocidades empregadas, inicialmente, em

funcdo das especificacdes do viscosimetro (ANEXO C), em fun¢ido do comportamento

que o nanofluido apresentou.

Uma maior restricao se observou no ensaio, com o nanofluido, a 60°C, onde se

pode medir as viscosidades em 60, 70 e 80 rpm, respectivamente, também pela mesma

razdo, como apresentado na tabela 3 a seguir.

Tabela 3 — Resultado de analise da Nanoemulsdo a 60°C — Sensor ULA.

Velocidade Torque Y T T Erro
(rpm) (%) s (Dyna/em?) (cP) Analitico

(xcP)

60 9,5 73,4 1,43 1,0 0,10

70 17,0 85,6 1,66 1,0 0,09

80 19,3 97,8 1,89 1,08 0,08

70 17,0 85,6 1,66 1,0 0,09

60 14,7 73.4 1,42 1,0 0,10

As viscosidades apresentadas pela nanoemulsdo demonstram um

comportamento muito semelhante a um fluido Newtoniano. E, se considerarmos,

aproximacoes baseadas no erro analitico que o viscosimetro apresenta, observa-se que

a viscosidade se torna constante, independentemente da variac@o da tensdo e da taxa de
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cisalhamento aplicadas, ou seja, um comportamento Newtoniano. O que condiz com a
Lei de Newton da Viscosidade, que a relacdo entre a tensdao de cisalhamento (forca de
cisalhamento x drea) e o gradiente local de velocidade € definida através de uma
relacdo linear, sendo a constante de proporcionalidade, a viscosidade do fluido
(BARNES, HUTTON, WALTERS, 1989). Ao efetuar a plotagem destes resultados,

isto fica melhor evidenciado, como mostrado na figura 13 abaixo:

Andlise da Nanoemulsdo - Sensor ULA

2o —=—25°C —9-40,5°C 60 °C

0,8 1

Tensao de cisalhamento (Dyna cm?)

0.6 T T T T T T T T T T T T T T
30 40 50 60 70 80 90 100

Taxa de cisalhamento (S™)
Figura 13 —Taxa de cisalhamento em fun¢do da tensio de cisalhamento obtida com o sensor ULA as diferentes

temperaturas empregadas para a nanoemulsao

E ao se relacionar a viscosidade com a velocidade obteve-se o grafico mostrado na

figura 14:
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Andlise da Nanoemulsao - Sensor ULA

20 ~m-25°C e 405C 60°C
2,5
N _
o
8 204
'g ’ [ ] = = = n
°
‘» ]
o
1]
K]
> 1,54 L N N NS
1,0 1
T T T T T T T T T T T 1
30 40 50 60 70 80
Velocidade (rpm)

Figura 14 —Viscosidade em fungdo da velocidade obtida com o sensor ULA as diferentes temperaturas

empregadas para a nanoemulsao.

Importante, ainda, ressaltar que o comportamento do nanofluido permaneceu
linear apds ter sofrido o cisalhamento. Isto é, manteve suas caracteristicas mesmo
depois de sofrer a deformagdo provocada pela forga aplicada, visto que as tensodes de
cisalhamento sdo grandezas que comunicam informagdes dinamicas de uma camada de
fluido para outra. Isto € a caracteristica propria do fluido, pois aceita n + k
deformacgdes sem se desestruturar.

Analisando o comportamento apresentado pelas amostras da macroemulsdo,
observou-se um comportamento ndo-Newtoniano, isto €, a relacdo entre a taxa de
deformagdo e a tensdo de cisalhamento ndo foi constante; como evidenciaram os

resultados mostrados nas tabelas 4, 5 € 6:



Tabela 4 — Ensaio da Macroemulsio a 25°C — Sensor de cisalhamento 34.

60

Velocidade Torque Y T 1) Erro
(rpm) (%) s (Dyna/em?) (cP) Analitico
(£cP)
3 67,5 0,84 1134 13.497 200
4 71,8 1,12 120,8 10.768 150
5 75,2 1,40 126,3 9.034 120
6 78,4 1,68 131,7 7.838 100
7 81,2 1,96 136,6 6.967 86
8 83,9 2,24 141,1 6.299 75
7 81,5 1,96 136,6 6.984 86
6 78,8 1,68 131,7 7.878 100
5 75,7 1,40 126,3 9.082 120
4 72,3 1,12 120,8 10.843 150
3 68,4 0,84 113,4 13.677 200
Tabela 5 — Ensaio da Macroemulsido a 40,5°C — Sensor de cisalhamento 34.
Velocidade Torque Y T T Erro
(rpm) (%) s (Dyna/em?) (cP) Analitico
(£cP)
3 163,5 0,84 113,4 12.677 200
4 66,8 1,12 120,8 10.018 150
5 69,7 1,40 126,3 8.362 120
6 72,2 1,68 131,7 7218 100
7 74,6 1,96 136,6 6.393 86
8 76,7 2,24 141,1 5.744 75
7 74,7 1,96 136,6 6.393 86
6 72,4 1,68 131,7 7.238 100
5 69,9 1,40 126,3 8.398 120
4 67,2 1,12 120,8 10.078 150
3 64,0 0,84 113,4 12.797 200

Quando compara-se as viscosidades da macroemulsdo, nas temperaturas

ambiente e 40,5°C, verifica-se que estas ndo apresentam uma variacdo significativa,

demonstrando boa estabilidade, uma vez que sao temperaturas a que comumente estao

submetidas, pois os pacientes as utilizam nesta faixa.
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Tabela 6 — Ensaio da Macroemulsio submetida a 60°C — Sensor de cisalhamento 34.

Velocidade Torque Y T 1) Erro
(rpm) (%) s (Dyna/em?) (cP) Analitico

(£cP)

3 549 0,84 1134 10.958 200

4 57,1 1,12 120,8 8.563 150

5 529 1,40 126,3 7.102 120

6 61,0 1,68 131,7 6.089 100

7 62,7 1,96 136,6 5.373 86

8 64,4 2,24 141,1 4.821 75

7 62,7 1,96 136,6 5.373 86

6 61,0 1,68 131,7 6.099 100

5 59.1 1,40 126,3 7.090 120

4 56,8 1,12 120,8 8.533 150

3 54,4 0,84 1134 10.858 200

~

A temperatura de 60°C, observa-se uma variacdo maior de viscosidade em
relacdo as anteriormente apresentadas, porém com linearidade depois de sofrerem o
cisalhamento, indicando excelente estabilidade. Ao plotar os resultados obteve-se o

gréfico, figura 15:

Ensaio da Macroemulsao - Sensor de cisalhamento 34

145 —m—25°C ——40,5°C 60 °C
140 /”
135 //’

7

130 4 /

125 - /-
-
120 - .
115 /
-
"M+ 7+
0,8 1,0 12 14 16 18 20 22 24

Taxa de cisalhamento (S™)

Tens&o de cisalhamento (Dyna cm?)

Figura 15 —Taxa de cisalhamento em func¢do da tensdo de cisalhamento obtido com o sensor de cisalhamento 34

as diferentes temperaturas empregadas para a macroemulsao.
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Fica evidenciado como a viscosidade de um fluido diminui com o aumento da

temperatura, figuras 14 e 16.
Ao se relacionar as velocidades de rotagdo com as viscosidades obtidas para as

amostras de macroemulsdo, chega-se a um gréfico caracteristico de um fluido no-

Newtoniano.

Ensaio da Macroemulséo - Sensor de cisalhamento 34

144 —=25°C —e—40,5°C 60°C
13 4

. X§

10 1

Viscosidade (cP)
[{e]
1

Velocidade (rpm)

Figura 16 — Viscosidade em fungéo da velocidade obtida com o sensor de cisalhamento 34 as diferentes

temperaturas empregadas para a macroemulsdo.
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4.2 MASSA ESPECIFICA

Figura 17 — Amostras: a) macroemulsdo e b) nanoemuls3o.

Os resultados de massa especifica obtidos experimentalmente pelo método do

picnometro estdo tabulados abaixo:

Tabela 7 —Massa especifica média obtida pelo Picndmetro.

Temperatura (°C) Agua Nanoemulsoes Macroemulsoes
(g/mL) (g/mL) (g7mL)
24 1,0303 1,0265 1,2010
40 1,0230 1,0259 1,2034
60 1,0193 1,0228 1,1337
80 1,0180 1,0135 1,1330

As massas especificas, tanto da 4dgua, como da nanoemulsdo, sofreram um
ligeiro decréscimo com o aumento da temperatura, pois a variacdo de volume ocorre
devido a dilatagdo térmica. Outro fato é a proximidade da massa especifica da

nanoemulsido com a da dgua.
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4.3 FLOCULACAO

Neste ensaio, nenhuma das amostras, tanto de nanoemulsdo, quanto de
macroemulsdo, manifestaram qualquer alteracdo fisica. Este método é considerado
uma ferramenta bastante ttil de avaliacdo na previsdo da estabilidade das emulsoes,
segundo Lackman et al (2001), resultado verificado com as amostras, como mostra a

figura 18.

Figura 18 — Amostras: a) macroemulsio e b) nanoemulséo.
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5 CONCLUSAO

O comportamento apresentado do nanofluido, durante as andlises realizadas neste
trabalho, mostrou-se satisfatério, uma vez que, em termos industriais, a producao se
torna economicamente vidvel, pois €, matematicamente, menos complexo de se
modelar e diminui o custo na estruturagdio da linha de produgdo e de
acondicionamento.

A percolacdo de um fluido com um comportamento Newtoniano, pela pele,
sugere proceder com maior eficicia, tanto em quantidade, quanto em qualidade de
fluxo e isto favorece a acdo do firmaco, promovendo efetividade no tratamento, uma
vez que a alta viscosidade, propriedade de fluidos ndo-Newtonianos, favorece maior
tempo de permanéncia, do ativo, no local de aplicacdo (ALLEN, POPOVICH,
ANSEL, 2007).

A estabilidade apresentada pelo nanofluido demonstra como a nanomicela o
caracteriza como tal, uma vez que se mostra de forma perfeita como parte integrante
do veiculo, ndo permitindo a separagdo das fases e mantendo sua nanoestrutura.

A maior estabilidade da nanoemulsao permite uma maior eficicia do ativo, tanto
pela diminuicdo significativa da interferéncia dos fatores que desencadeiam a
decomposicdo do mesmo, como também na forma de carred-lo, funcionando como um
escudo protetor da possivel degradacdo que poderia sofrer em outras circunstancias.

Um outro fator importante do nanofluido apresentar este comportamento € que a
caracteristica lipofilica de um farmaco passa a n@o ser mais um obsticulo de
utilizacdo para as vias que ndo suportariam um veiculo oleoso, como € o caso das vias
parenterais, em especial, a via endovenosa.

Com o comportamento Newtoniano, o nanofluido se mostra como um veiculo
muito vantajoso para carrear ativos transdermicamente, uma vez que esta caracteristica
aumenta a percolacdo pela pele, o que implica numa enorme facilidade de utilizagdo
do medicamento, eliminando desconfortos gerados pela utilizagdo, principalmente, da
via oral.

Atualmente, as ciéncias farmacé€uticas passaram a considerar a enorme

2.

importancia que a reologia apresenta para o desenvolvimento da nanobiotecnologia. E



66

evidente que hd a necessidade de se realizar mais estudos interfaceados nestas areas e,
com certeza, antes da virada da préxima década, teremos desenvolvido medicamentos

mais eficazes.
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rials such as pastes, gels, waxes and slurries.
Brookfield Rheo 2000 software with soft solids mod-
ule is required.

2.12 Non-Flowing Sample Materials

Non-flowing or slow-flowing sample materials such
as pastes, creams, and gels present special problems
in viscosity measurement. Conventional rotating
spindles tend to “channel” (push the sample material
aside), resulting in a continuously decreasing Viscom-
eter reading that is of little value. Several alternatives
address this problem.

2.12.1 Helipath Stand

The Helipath Stand is a motorized stand to which
any Brookfield Viscometer can be attached. The
Stand slowly raises and lowers the Viscometer (at
a rate of 7/8-inch per minute) while a special T-bar
spindle rotates in the sample material. The cross-
bar of the spindle thus continuously cuts into fresh
material, describing a helical path through the
sample as it rotates. The “channeling” effect of con-
ventional spindles is completely eliminated permit-
ting meaningful viscosity/consistency measure-
ments to be made. A set of six T-bar spindles and a
special coupling are included with the Helipath
Stand.

2.12.2 Spiral Adapter

The Brookfield Spiral Adapter accessory is a
pump-type sensor that directly measures viscosity
of pastes, including applications such as solder
paste, foods, cosmetics and pharmaceuticals. The
Spiral Adapter has an inner, threaded spindle sur-
rounded by a concentric outer cylinder. This com-
bination causes the sample to be continually
pumped up through the Spiral Adapter. The mate-
rial reaches a steady state of flow during which vis-
cosity is measured. The steady-state measurement
is less sensitive to sample handling and minor ma-
terial variations than other viscosity measuring meth-
ods.

2.12.3 Vane Spindles

Vane Spindles immerse directly into the sample
material without causing disturbance. The material
trapped between the vanes will move as the spindle
rotates. The net effect is that a virtual cylinder of
sample material, in which the vane spindle is in-
scribed, will flow at defined rotational speeds,
thereby providing complete flow curve data for vis-
cosity analysis. Vane spindles can be used with
standard Brookfield Viscometers/Rheometers and
R/S-SST Rheometer.

2.13 Special Accessory Items
The following items can be purchased for use with
Brookfield Viscometers/Rheometers.
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2.13.1 Quick Connect

The Brookfield Quick Connect accessory is de-
signed to quickly attach or remove a spindle from a
Brookfield Viscometer/Rheometer resulting in time
savings and elimination of cross threading. The
Quick Connect accessory is made of stainless steel
and can be used with LV, RV/HA/HB disk spindles,
cylindrical spindles, as well as T-bar couplings.

2.13.2 Spindle Extensions

Spindle extensions are suitable for applications
utilizing standard disc or cylindrical spindles where
distance between the Viscometer and the sample
material must be increased (up to 6 feet maximum).
Type D extensions are installed between the Vis-
cometer and the spindle, and are suitable for appli-
cations where depth of the spindle immersion can
be observed. Type S extensions include the im-
mersed portion of the spindle and are used where
depth of immersion is not observable.

2.14 Fumes and Hazardous Locations

Whenever fumes and vapors are present that could
enter the Viscometer, care should be taken to prevent
such entry. When the fumes are explosive or flam-
mable, special precautions are required not only for
protection of the Viscometer, but for the safety of nearby
personnel.

2.14.1 Purge Fittings

A purge fitting may be provided on the pivot hous-
ing of any Viscometer. An inert gas such as nitro-
gen is introduced under low pressure through the
purge fitting, creating a positive pressure inside the
Viscometer housing which prevents entry of fumes
and vapors.

Purge fittings are also available for sample cups
of the Wells-Brookfield Cone/Plate Viscometer to
provide a controlled atmosphere for the sample
being tested.

2.14.2 Explosion-Proof Construction
(Dial Viscometer Only)

When the danger of explosion is great due to
the presence of flammable fumes or other factors,
use of approved explosion-proof equipment may be
required. Brookfield dial-reading Viscometers (ex-
cept cone/plate types) are available in Underwrit-
ers’ Laboratory (UL) approved explosion-proof ver-
sions. These instruments are approved for Class |,
Group D hazardous locations. The Digital Viscom-
eters and Rheometers are not available with explo-
sion-proof construction.

Electrically operated Brookfield accessories,
such as the Helipath Stand and the Thermosel, are
not available in explosion-proof versions. They can
be used with explosion-proof Viscometers (some-
times requiring special adapters), but only in non-
hazardous environments.
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2.15 Process Control

Practical application of viscosity data obtained in the
laboratory often involves use of on-line process vis-
cometers and viscosity controllers. Brookfield manu-
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factures a complete line of instrumentation that has
been applied to a wide variety of process contral ap-
plications. Please contact Brookfield Engineering Labs
for more information.

CHAPTER 3

3.1 Why You Should Read This Chapter

The purpose of this chapter is to provide the Vis-
cometer user with information necessary to make
meaningful viscosity measurements. It will describe
the mechanical components of the Brookfield Viscom-
eter and suggest some useful operational techniques.

Those adhering strictly to the Pragmatic school of
viscosity measurement may not wish to read any fur-
ther than this chapter. Allusers, however, should read
it before moving on; a good grounding in basic Vis-
cometer operation will facilitate advancement to more
sophisticated techniques.

3.2 How the Brookfield Viscometer Works

The Brookfield Viscometer is of the rotational vari-
ety. It measures the torque required to rotate an im-
mersed element (the spindle) in a fluid. The spindle is
driven by a motor through a calibrated spring; deflec-
tion of the spring is indicated by a pointer and dial (or
a digital display). By utilizing a multiple speed trans-
mission and interchangeable spindles, a variety of vis-
cosity ranges can be measured, thus enhancing ver-
satility of the instrument.

For a given viscosity, the viscous drag, orresistance
to flow (indicated by the degree to which the spring
winds up), is proportional to the spindle’s speed of ro-
tation and is related to the spindle’s size and shape
{geometry). The drag willincrease as the spindle size
and/or rotational speed increase. It follows that for a
given spindle geometry and speed, an increase in vis-
cosity will be indicated by an increase in deflection of
the spring. For any Viscometer model, the minimum
range is obtained by using the largest spindle at the
highest speed; the maximum range by using the small-
est spindle at the slowest speed. Measurements made
using the same spindle at different speeds are used to
detect and evaluate rheological properties of the test
fluid. These properties and techniques are discussed
in Chapters 4 and 5.

The Viscometer is composed of several mechanical
subassemblies. See Figure 3-1 for a schematic view
of the major components of a basic dial-reading Vis-
cometer.

The stepper drive motor (which replaced the syn-
chronous motor and multiple-speed transmission) is
located at the top of the instrument inside the housing
to which the nameplate is attached. The Viscometer
main case contains a calibrated beryllium-copper
spring, one end of which is attached to the pivot shaft,
the other end is connected directly to the dial. This
dial is driven by the motor drive shaft and in turn drives
the pivat shaft through the calibrated spring. In dial-
reading models, the pointer is connected to the pivot
shaft and indicates its angular position in relation to
the dial. In Digital models, the relative angular posi-
tion of the pivot shaft is detected by an RVDT (rotary
variable displacement transducer) and is read out on
a digital display.

SYNCHRONOUS

é % re—— HOUSING
MOTOR

rGEAR TRAIN
CLUTCH —b%

POINTER

DIAL

CALIBRATED
SPIRAL SPRING

PIVOT SHAFT
FIVOT CUP

L JEwWELLED
BEARING
GUARDLEG ————~

SPINDLE

SAMPLE
CONTAINER

Figure 3-1

Below the main case is the pivot cup through which
the lower end of the pivot shaft protrudes. A jewel
bearing inside the pivot cup rotates with the dial or
transducer; the pivot shaft is supported on this bear-
ing by the pivot point. The lower end of the pivot shaft
comprises the spindle coupling to which the
Viscometer's spindles are attached.
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3.3 Spring Torque
There are four basic spring torque series offered by
Brookfield:

Brookfield Spring Torque
Jerminology dvne-em milli Newton - m
LV 673.7 0.0673
RV 7.187.0 0.7187
HA 14,374.0 1.4374
HB 57,496.0 5.7496

The higher the torque calibration of your instrument,
the higher the viscosity measurement range for a spe-
cific spindle. The viscosity measurement range for
each torque calibration and spindle combination may
be found in Appendix B.

There are many variations of the standard spring
torques. Please consult Brookfield Engineering Labo-
ratories or your dealer with your special requirements.

3.4 Viscosity Measurement Techniques

As with any precision instrument, proper operating
technigues willimprove effectiveness of the Brookfield
Viscometer. A step-by-step procedure for Viscometer
aperation can be found in the Instruction Manual sup-
plied with each unit, and is not repeated here. Instead.
we present recommendations and advice gleaned from
over 70 years of customer experience. They form a
sound foundation for a viscosity testing procedure and
a starting point from which more advanced techniques

ran he avnlarad
Can ot SXpioired.

3.4.1 Record Keeping

We recommend that the following information
always be recorded when making a viscosity mea-
surement; viscometer model, spindle (or acces-
sory), rotational speed, container size or dimensions,
sample temperature, time of spindle rotation, sample
preparation procedure (if any), and whether or not
the spindle guardleg was used. Test Report Forms
supplied in the instruction manual with each Vis-
cometer are convenient for this purpose.

3.4.2 The Spindle and the Guardleg

Examine each spindle before using it. If it is
corroded or damaged to the extent of changing its
dimensions, a false viscosity reading may result.
Since all spindles are brightly polished when new,
any sign of pitting, dulled edges, or other obvious
damage should dictate the purchase of a new
spindle. Ifyou have an unusual prablem along these
lines, corrosion-resistant 316 series stainless steel
and Teflon-coated spindles are available. Also, spe-
cial spindle materials can be employed.

When attaching a spindle, remember that it has
a left-hand thread and must be screwed firmly to
the coupling. Always lift up on the spindle coupling
when attaching a spindle to avoid damage to the
instrument’s pivot point and jewel bearing. After at-

tachment, do not hit the spindle against the side of
the sample container since this can damage the
shaft alignment. A good procedure to follow is to
immerse and position the spindle in the sample fluid
before attaching it to the Viscometer.

The spindle guardleg (supplied with some mod-
els) protects the spindle from damage and is sig-
nificant to the Viscometer’s calibration when using
the #1 or#2 spindle. The guardleg should be used
at all times. If it proves necessary or desirable to
operate the Viscometer without the guardleg, this
fact should be noted when reporting test results. It
may be desirable to recalibrate the Viscometer to
compensate for the absence of the guardleg. Re-
fer to Section 3.3.10 for this procedure.

Note: spindle guardlegs are provided only on
LV and RV models of the dial-reading and Digital
Viscometers with standard spindles. HA and HB
models, as well as Cone/Plate models, do not re-
quire a guardleg. The guardleg is also not used in
conjunction with most accessories.

3.4.3 Selecting a Spindle Speed

When performing a test according to an existing
specification or procedure, use the spindle and
speed specified (after confirming that you have the
correct Viscometer model). When conducting an
original test, the best method for spindle and speed
selection is trial and error. The goal is to obtain a
Viscometer dial or display (% torque) reading be-
tween 10 and 100, remembering that relative error
of measurement improves as the reading ap-
proaches 100 (see Section 3.3.7). If the reading is
over 100, select a slower speed and/or a smaller
spindle. Conversely, if the reading is under 10, se-
lect a higher speed and/or a larger spindle.

If the approximate viscosity of the sample fluid
is known, a faster method for honing in on the right
spindle/speed combination is available by referring
to the Factor Finder supplied with the Viscometer.
The goal is to select a combination whose range
brackets the estimated viscosity of the sample.

For any given spindle/speed combination, the
maximum range available is equal to the spindle
Factor multiplied by 100. This maximum is also
called “Full Scale Range” or “FSR". For Digital Vis-
cometers that have the AUTORANGE key, select-
ing a speed and spindle and then depressing and
holding the AUTORANGE key will cause the screen
to display FSR in cP (mPa-s).

The minimum recommended range equals the
Factor multiplied by 10. For example: a #2 spindle
on an VT Viscometer at 12 RPM has a Factor of
25. The maximum range of this combination is 25
times 100, or 2500 c¢P. The minimum recommended
viscosity that should be measured is 25 times 10,
or 250 cP. Therefore, if the viscasity of the sample
fluid is estimated to be 4000 cP, another spindle/
speed combination must be selected in order to
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make the measurement. If the sample fluid is around
2000 cP, however, this spindle and speed would be
suitable. With a little practice, a quick glance at the
Factor Finder will suffice to make an appropriate
selection of spindle and speed.

When conducting multiple tests, the same
spindle/speed combination should be used for all
tests. When a test must be performed at several
speeds, select a spindle that produces on-scale
readings at all required speeds. This may necessi-
tate using a dial or display reading less than 10,
which is acceptable as long as the reduced accu-
racy of such a reading is recognized.

3.4.4 Sample Container Size

For measurements with standard Viscometer
models we recommend a container with an inside
diameter of 3 1/4 inches (83 mm) or larger. The
usual vessel for this purpose is a 600 mL low form
Griffin beaker. Use of a smaller container will result
in an increase in viscosity readings, particularly with
the #1 and #2 spindle.

When utilizing a smaller container, the simplest
approach is to report the dimensions of the con-
tainer and ignore the probable effect on calibration.
As long as the same size container is used for all
subsequent tests, there will be no correlation prob-
lem.

Alternatively, the Viscometer can be recalibrated
to compensate for the smaller container as outlined
in Section 3.3.10. Also, use of the Small Sample
Adapter should be considered. See Section 2.6.1.

3.4.5 Sample Conditions

The sample fluid should be free from entrapped
air. Air can be removed by gently tapping the
container on a table top or by careful use of a
vacuum apparatus.

The sample should be at a constant and uni-
form temperature. This can be verified by checking
the temperature at several different locations within
the container. Be sure to bring the sample, spindle,
and guardleg to the same temperature before tak-
ing a viscosity reading. Temperature uniformity can
often be maintained by agitation prior to a measure-
ment, but first determine that such agitation won't
affect viscosity of the sample fluid (see Section
4.7.5). Factors used to calculate viscosity values
from the Viscometer readings are independent of
temperature.

A constant temperature water bath is used to
maintain the desired temperature. Refer to Section
2.5 for information on recommended baths.

High temperature work (up to 300°C) may re-
quire use of the Thermosel accessory. See Section
2.81.

Homogeneity of the sample is also quite impor-
tant, especially in dispersed systems where settling
can occur. In many cases, simple stirring just prior
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to the test will keep the components dispersed.

3.4.6 Spindle Immersion

The spindle should be immersed up to the middle
of the shaft indentation. Failure to do so could re-
sult in incorrect viscosity readings.

In some cases the sample fluid may change its
rheological structure during the act of spindle im-
mersion. To avoid this, we recommend inserting
the spindle in a different portion of the sample than
the one intended for measurement. The spindle may
then be moved horizontally to the center of the
sample container. This must be done before at-
taching the spindle to the Viscometer.

3.4.7 Sensitivity and Accuracy

Brookfield Viscometers are guaranteed to be
accurate to within £ 1% of the full-scale range of the
spindle/speed combination in use (this percentage,
expressed in centipoise values, is equal to the
spindle Factor; accuracy of a spindle/speed combi-
nation with a factor of 25 would therefore be within
+ 25 cP). Repeatability is to within + 0.2% of the full
scale range.

The relative error of a particular viscosity read-
ing is dependent upon the actual dial or display (%
torque) reading. In general, relative error of the vis-
cosity value will improve as the reading approaches
100. This is because the tolerance of £ 1% of full-
scale viscosity applies to all readings, and repre-
sents a smaller percentage of measured viscosity
as the actual reading increases. Consider the fol-
lowing example:

An LVT Viscometer, when used with a#1 spindle
at a speed of 60 RPM, has a spindle Factor of 1
(obtained from the Factor Finder supplied with each
instrument). Since the full-scale range of any
spindle/speed combination is equal to the Factor
multiplied by 100, the full-scale viscosity range in
this case is 100 cP. The accuracy tolerance is + 1%
of this range, or 1 cP. irrespective of the Viscometer’s
dial or display reading. Refer to the following table
to see how this affects the accuracy of various read-
ings taken with this spindle/speed combination:

Viscometer Possible Relative
Reading Viscosity Error Error
100 100 cP 1cP 1%
50 50 cP 1cP 2%
10 10 cP 1cP 10%

The same principle applies to the repeatability
of the reading. As with accuracy, the potential error
introduced by the repeatability tolerance becomes
less significant as the dial or display reading in-
creases.

3.4.8 Obtaining a Viscometer Reading
Before operating the Viscometer, be sure that it
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If the Viscometer is physically damaged or fails the
Oscillation Test in Section 3.3.9, it should be returned
for repair to Brookfield Engineering Laboratories or to
the dealer from whom it was purchased.

The need for periodic preventative maintenance var-
ies with the conditions of use. Under normal circum-
stances, a yearly service should be sufficient to keep
the Viscometer in top working order. More severe use
will necessitate more frequent service. The instru-
ment should be returned to Brookfield or one of its
dealers for this service.

3.6 Viscometer Troubleshooting

Specific fault diagnosis procedures are detailed in
the instruction manual that is provided with each Vis-
cometer. The chart below lists some of the more com-
mon problems that you may encounter while using your
Viscometer, along with the probable causes and sug-
gested cures.

Spindle Does Not Rotate

1 Make sure the viscometer is plugged in.

1 Check the voltage rating on your viscometer
{115V, 220V): it must match the wall voltage.

1 Make sure the power switch is in the ON posi-
tion.

1 Make sure the speed selection is set properly
and securely at the desired speed.

Spindle Wobbles When Rotating or Looks Bent

1 Make sure the spindle is tightened securely
to the viscometer coupling.

1 Check the straightness of all other spindles;
replace them if bent.

1 Inspect viscometer coupling and spindle cou-
pling mating areas and threads for dirt: clean
threads on spindle coupling with a 3/56-inch
left-hand tap.

1 Inspect threads for wear; if the threads are
worn, the unit needs service.

1 Check to see if spindles rotate eccentrically
or wobble. There is an allowable runout of
1/32-inch in each direction (1/16-inch total)
when measured horizontally from the bottom
of the spindle rotating in air.
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1 Check to see if the viscometer coupling is
bent; if so, the unit is in need of service.

d  Check that the instrument is level. Be sure
that the bubble is in the center of the target
in the level indicator.

If you are continuing to experience problems with
your viscometer, follow this diagnosis section to help
isolate the potential problem.

Perform an Oscillation Check

1 Remove the spindle and turn the motor OFF.

1 Gently push up on the viscometer coupling.

1 Turn the coupling until the red pointer reaches
5-10 on the Dial Viscometer or the torque
readings reach 5-10% on the Digital
Viscometer.

J  Gently let go of the coupling.

1 Watch the pointer swing freely and finally
rest within £0.2% of zero on the Dial Vis-
cometer or the torque reading returns to
within +0.2% of zero on the Digital Viscom-
eter.

If the pointer sticks or the torque reading does not
return to zero, the unit is in need of service.

Perform a Calibration Check

a  Verify spindle, speed and model selection

d  Verify test parameters: temperature, container,
volume, method.

4 Perform a calibration check in accordance with
the procedures from the viscometer operat-
ing manual
& Verify tolerances are calculated correctly.
& Verify calibration check procedures were
followed exactly

If the unit is found to be out of tolerance, the unit is in
need of service. Please contact Brookfield or an au-
thorized dealer for service.

CHAPTER 4

4.1 Coming to Grips with Rheology

Rheology is defined by Webster's Dictionary as “the
study of the change in form and the flow of matter,
embracing elasticity, viscosity, and plasticity.” We con-
cern ourselves in this chapter with viscosity, further
defined as “the internal friction of a fluid, caused by
molecular attraction, which makes it resist a tendency
to flow.” Your Brookfield Viscometer measures this
friction, and therefore functions as a tool of rheoclogy.
The purpose of this chapter is to acquaint you with the
different types of flow behavior and use of the

Brookfield Viscometer as a rheological instrument to
enable you to conduct a detailed analysis of virtually
any fluid. This information is useful to all Viscometer
users, particularly those adhering to the Theoretical
and Academic schools of thought on viscosity mea-
surement.

4.2 Viscosity

Viscosity is the measure of the internal friction of a
fluid. This friction becomes apparent when a layer of
fluid is made to move in relation to another layer. The
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greater the friction, the greater the amount of force
required to cause this movement, which is called
“shear.” Shearing occurs whenever the fluid is
physically moved or distributed, as in pouring,
spreading, spraying, mixing, etc. Highly viscous fluids,
therefore, require more force to move than less viscous
materials.
|dv7‘
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Figure 4-1

lsaac Newton defined viscosity by considering the
model represented in Figure 4-1. Two parallel flat ar-
eas of fluid of the same size “A” are separated by a
distance “dx” and are moving in the same direction at
different velocities “V1" and “V2.” Newton assumed
that the force required to maintain this difference in
speed was proportional to the difference in speed
through the liquid, or the velocity gradient. To express
this, Newton wrote:

F dv

A - "Mdx
where 1) is a constant for a given material and is called
its “viscosity.” "

The velocity gradient, 3y , is a measure of the change
in speed at which the intermediate layers move with
respect to each other. It describes the shearing the
liquid experiences and is thus called “shear rate.” This
will be symbolized as * ¥ " in subsequent discussions.
Its unit of measure is called the “reciprocal second”
(sec™).

The term F/A indicates the force per unit area re-
quired to produce the shearing action. Itis referred to
as "shear stress” and will be symbolized by "7.” lts
unit of measurement is “dynes per square centimeter”
(dynesicm?) or Newtons per square meter (N/m?).

Using these simplified terms, viscosity may be de-
fined mathematically by this formula:

T _ shear stress
Y ~ ‘shearrate

The fundamental unit of viscosity measurement is
“poise.” A material requiring a shear stress of one
dyne per square centimeter to produce a shear rate of
one reciprocal second has a viscosity of one poise, or
100 centipoise. You will encounter viscosity measure-
ments expressed in “Pascal-seconds” (Pars) or “milli-
Pascal-seconds”™ (mPass); these are units of the In-
ternational System and are sometimes used in prefer-
ence to the CGS designations. One Pascal-second is
equal to ten poise; one milli-Pascal-second is equal to
one centipoise.

Newton assumed that all materials have, at a given

n = viscosity =

temperature, a viscosity that is independent of the
shearrate. In other words, twice the force would move
the fluid twice as fast.

As we shall see, Newton was only partly right.

4.3 Newtonian Fluids

This type of flow behavior which Newton assumed
for all fluids is called, not surprisingly, ‘Newtonian.” It
is, however, only one of several types of flow behavior
you may encounter. A Newtonian fluid is represented
graphically in Figure 4-2. Graph A shows that the re-

lationship between shear stress () and shear rate (y)
is a straight line. Graph B shows that the fluid’s vis-
cosity remains constant as the shear rate is varied.

Typical Newtonian fluids include water and thin motor
oils.

)
>

>
Figure 4-2

What this means in practice is that at a given tem-
perature the viscosity of a Newtonian fluid will remain
constant regardless of which Viscometer model,
spindle or speed you use to measure it. Brookfield
Viscosity Standards are Newtonian within the range
of shear rates generated by Brookfield equipment.
Newtonians are obviously the easiest fluids to mea-
sure - just grab your Viscometer and go to it. They are
not, unfortunately, as common as that much more com-
plex group of fluids, the non-Newtonians, which will
be discussed in the next section.

4.4 Non-Newtonian Fluids

A non-Newtonian fluid is broadly defined as one for
which the relationship 1/ is not a constant. In other
words, when the shear rate is varied, the shear stress
doesn't vary in the same proportion (or even neces-
sarily in the same direction). The viscosity of such
fluids will therefore change as the shear rate is varied.
Thus, the experimental parameters of Viscometer
model, spindle and speed all have an effect on the
measured viscosity of a non-Newtonian fluid. This
measured viscosity is called the “apparent viscosity”
of the fluid and is accurate only when explicit experi-
mental parameters are furnished and adhered to.

Non-Newtonian flow can be envisioned by thinking
of any fluid as a mixture of molecules with different
shapes and sizes. As they pass by each other, as
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happens during flow, their size, shape, and cohesive-
ness will determine how much force is required to move
them. At each specific rate of shear, the alignment
may be different and more or less force may be re-
quired to maintain motion.

There are several types of non-Newtonian flow be-
havior, characterized by the way a fluid's viscosity
changes in response to variations in shear rate. The
most common types of non-Newtonian fluids you may
encounter include:

PSEUDOPLASTIC: This type of fluid will display a
decreasing viscosity with an increasing shear rate,
as shown in Figure 4-3.

-
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Figure 4-3

Probably the most common of the non-Newtonian
fluids, pseudo-plastics include paints, emulsions,
and dispersions of many types. This type of flow
behavior is sometimes called “shear-thinning.” An
easily understood model is to imagine that in the
moment of turning the spindle in the sample, the
structure of molecules of the sample will be
temporarily changed, and the molecule formation
will be orientated more parallel to the spindle
surface. So the hindering of the spindle rotation will
decrease. The faster the rotation will become, the
more the structure is destroyed and the less the
structure of molecules slide in together, the lower
the viscosity will be.

DILATANT: Increasing viscosity with an increase
in shear rate characterizes the dilatant fluid; see Fig-
ure 4-4.

-

" = ¥

Figure 4-4

Although rarer than pseudoplasticity, dilatancy is fre-
quently observed in fluids containing high levels of
deflocculated solids, such as clay slurries, candy
compounds, corn starch in water, and sand/water
mixtures. Dilatancy is also referred to as “shear-
thickening” flow behavior.

PLASTIC: This type of fluid will behave as a solid
under static conditions. A certain amount of stress
must be applied to the fluid before any flow is in-
duced; this stress is called the “yield stress” (f'). To-
mato catsup is a good example of this type fluid; its
yield value will often make it refuse to pour from the
bottle until the bottle is shaken or struck, allowing
the catsup to gush freely. Once the yield value is
exceeded and flow begins, plastic fluids may dis-
play Newtonian, pseudoplastic, or dilatant flow char-
acteristics. See Figure 4-5.

g ' 3 T >
Figure 4-5

So far we have only discussed the effect of shear
rate on non-Newtonian fluids. What happens when
the element of time is considered? This question
leads us to the examination of two more types of
non-Newtonian flow: “thixotropic” and “rheopectic.”

4.5 Thixotropy and Rheopexy

Some fluids will display a change in viscosity with

time under conditions of constant shear rate. There
are two categories to consider:

THIXOTROPY: As shown in Figure 4-6, a thixotro-
pic fluid undergoes a decrease in viscosity with time,
while it is subjected to a constant shear rate.
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Figure 4-6
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RHEOPEXY: This is essentially the opposite of
thixotropic behavior, in that the fluid's viscosity in-
creases with time as it is sheared at a constant rate.
See Figure 4-7.

M
A

Figure 4-7

Both thixotropy and rheopexy may occur in combi-
nation with any of the previously discussed flow be-
haviors, or only at certain shear rates. The time ele-
ment is extremely variable; under conditions of con-
stant shear, some fluids will reach their final viscosity
value in a few seconds, while others may take up to
several days.

Rheopectic fluids are rarely encountered. Thixot-
ropy, however, is frequently observed in materials such
as greases, heavy printing inks, and paints.

When subjected to varying rates of shear, a thixo-
tropic fluid will react as illustrated in Figure 4-8. A plot
of shear stress versus shear rate was made as the
shear rate was increased to a certain value, then im-
mediately decreased to the starting point. Note that
the “up” and “down” curves do not coincide. This “hys-
teresis loop” is caused by the decrease in the fluid's
viscosity with increasing time of shearing. Such ef-
fects may or may not be reversible; some thixotropic
fluids, if allowed to stand undisturbed for a while, will
regain their initial viscosity, while others never will.
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Figure 4-8

The rheological behavior of a fluid can, of course,
have a profound effect on viscosity measurement tech-
nique. In Section 4.8 we will discuss some of these
effects and ways of dealing with them. Chapter 5 will
present advanced mathematical technigues used in
analyzing flow behavior under a wide variety of condi-
tions. First, however, we will discuss the effects of
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laminar and turbulent flow on viscosity measurement.

4.6 Laminar and Turbulent Flow

The very definition of viscosity implies the existence
of what is called “laminar flow™: the movement of one
layer of fluid past another with no transfer of matter
from one to the other. Viscosity is the friction between
these layers.

Depending on a number of factors, there is a certain
maximum speed at which one layer of fluid can move
with relation to another, beyond which an actual transfer
of mass occurs. This is called “turbulence.” Molecules
or larger particles jump from one layer to another and
dissipate a substantial amount of energy in the process.
The net result is that a larger energy input is required
to maintain this turbulent flow than a laminar flow at
the same velocity.

The increased energy input is manifested as an
apparently greater shear stress than would be
observed under laminar flow conditions at the same
shear rate. This results in an erroneously high viscosity
reading.

The point at which laminar flow evolves into turbulent
flow depends on other factors besides the velocity at
which the layers move. A material's viscosity and
specific gravity as well as the geometry of the
Viscometer spindle and sample container all influence
the point at which this transition occurs.

Care should be taken to distinguish between turbu-
lent flow conditions and dilatant flow behavior. In gen-
eral, dilatant materials will show a steadily increasing
viscosity with increasing shear rate; turbulent flow is
characterized by a relatively sudden and substantial
increase in viscosity above a certain shear rate. The
material's flow behavior may be Newtonian or non-
Newtonian below this point.

Due to the relatively low shear rates at which most
Brookfield Viscometers operate, it is unlikely that you
will encounter turbulent flow unless you are measur-
ing viscosities lower than 15 cP with an LV series Vis-
cometer or 85 cP with other models. The higher the
viscosity of a fluid, the less likely it is to experience
turbulence. If turbulence is observed while measur-
ing low viscosity fluids, it can often be eliminated by
using the UL Adapter accessory.

4.7 Yield Behavior

Situation 1: medical ointment will not easily squeeze
out of the tube when moderate pressure is applied.

Situation 2: salad dressing comes gushing out of the
bottle with only a slight pressure squeeze.

The fundamental quality control problem plaguing
both of the above products is a scientific term known
as “yield stress”. Simply put, this is the amount of force
required to get a fluid to begin flowing. For tubes and
squeeze bottles, this translates into how easily or how
hard a customer must squeeze to get fluid to begin
squirting or pouring out of the nozzle.

There are several ways to measure this yield stress
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ume of particles) where there is insufficient liquid to
fill completely all the voids between the particles re-
sults in a three-phase mixture (i.e. solids, liquids,
and usually air). Due to the presence of air, the
mixture is compressible, and therefore, the more
you compress it, the greater the resistance to flow.

4.8.6 Previous History

What has happened to a sample prior to a vis-
cosity measurement can significantly affect the re-
sult, especially in fluids sensitive to heat or aging.
Thus, storage conditions and sample preparation
techniques must be designed to minimize their ef-
fect on subsequent viscosity tests. Thixotropic ma-
terials in particular are sensitive to prior history, as
their viscosity will be affected by stirring, mixing,
pouring, or any other activity which produces shear
in the sample.

4.8.7 Composition and Additives

The compaosition of a material is a determining
factor of its viscosity. When this composition is al-
tered, either by changing the proportions of the com-
ponent substances, or by the addition of other
materials, a change in viscosity is quite likely. For
example, the addition of solvent to printing ink re-
duces viscosity of the ink; and additives of many
types are used to control the rheological properties
of paints.

4.8.8 Special Characteristics of Dispersions
and Emulsions

Dispersions and emulsions, which are
multiphase materials consisting of one or more solid
phases dispersed in a liquid phase, can be affected
rheologically by a number of factors. In addition to
many of the factors discussed previously, charac-
teristics peculiar to multiphase materials are also
significant to the rheology of such materials. These
are discussed below.

One of the major characteristics to study is the
state of aggregation of the sample material. Are
the particles that make up the solid phase separate
and distinct, or are they clumped together; how large
are the clumps, and how tightly are they stuck to-
gether? Ifthe clumps (flocs) occupy a large volume
in the dispersion, viscosity of the dispersion will tend
to be higher than if the floc volume was smaller.
This is due to the greater force required to dissipate
the solid component of the dispersion.

When flocs are aggregated in a dispersion,
reaction of the aggregates to shear can result in
shear-thinning (pseudoplastic) flow. At low shear
rates, the aggregates may be deformed but remain
essentially intact. As the shear rate is increased,
the aggregates may be broken down into individual
flocs, decreasing friction and therefore viscosity (For
more information on pseudoplastic flow, see Section
4.4).

If the bonds within the aggregates are extremely
strong, the system may display a yield value (see
Section 4.4 about plastic flow). The magnitude of
the vyield value depends on the force required to
break these bonds.

If a material’s flocculated structure is destroyed
with time as it is sheared, a time-dependent type of
flow behavior will be observed (see Section 4.5).

If the shear rate is decreased after destruction
of some or all of the flocculated structure, the
material's viscosity may be lower than it previously
was at the same shear rate. Since flocs begin to
link together after destruction, the rate at which this
occurs affects the time required for viscosity to at-
tain previous levels. If the relinking rate is high, vis-
cosity will be about the same as before. If the
relinking rate is low, viscosity will be lower. This
results in the rheological behavior called “thixotropy”
(see Section 4.5).

The attraction between particles in a dispersed
phase is largely dependent on the type of material
present at the interface between the dispersed
phase and the liquid phase. This in turn affects the
rheological behavior of the system. Thus, the intro-
duction of flocculating or deflocculating agents into
a system is one method of controlling its rheoclogy.

Shape of the particles making up the dispersed
phase is also of significance in determining a
system’s rheology. Particles suspended in a flowing
medium are constantly being rotated. If the particles
are essentially spherical, rotation can occur freely.
If, however, the particles are needle or plate-shaped,
the ease with which rotation can occur is less
predictable, as is the effect of varying shear rates.

The stability of a dispersed phase is particularly
critical when measuring viscosity of a multiphase
system. If the dispersed phase has a tendency to
settle, producing a non-homogeneous fluid, the
rheological characteristics of the system will change.
In most cases, this means that the measured vis-
cosity will decrease. Data acquired during such con-
ditions will usually be erroneous, necessitating spe-
cial precautions to ensure that the dispersed phase
remains in suspension.
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CHAPTER 5

5.1 Advanced Methods for Rheological Analysis

As mentioned in Chapter 1, those who follow the
Academic school of thought on viscosity measurement
have more complex needs than those who follow the
Pragmatic or ‘Theoretical” schools. They need
viscosity data that are defined in rheological terms.
This usually requires a complete mathematical
description of the Viscometer’s operating parameters
and an analysis of the rheological behavior of the fluid
being studied.

Previous chapters have described various types of
fluid behavior and their relationship to measurements
made with Brookfield Viscometers/Rheometers and
accessories. The Appendix details the significant
operating parameters of this equipment and presents
simplified formulas for abtaining shear rate and shear
stress values. However, for many this information is
still inadequate to perform the type of analysis they
require. Having identified a particular flow behavior
and defined it mathematically, these people need more
information to understand how the fluid will react in a
certain situation, and how to control that reaction. Ifis
for these people that this chapter is provided.

In it you will find basic formulas from which the
simplified shear rate and shear stress information in
the Appendix was derived. Also, various methods for
analyzing Newtonian and non-Newtonian fluids are
presented. The information presented here represents
a cross-section of the most useful methods developed
both by Brookfield Engineering Laboratories and by
others. Other specific methods, usually applicable to
a particular rheological problem, are sometimes
available. Please inquire if you need more information.

5.2 Defining Operating Parameters of Various
Spindle Geometries

In this section we present equations that define the
operating parameters of spindle geometries found on
various Brookfield Viscometers/Rheometers and ac-
cessories. These are organized according to the type
of geometry being discussed. Definitions and values
not listed may be found in the Appendix A.

5.2.1 Cylindrical Spindles
The following equations apply to cylindrical
spindles only, on any Brookfield Viscometer/Rhe-

ometer.
§H E?R RATE 2R 2Ry ’
(sech v o= — e )
¥ (Re2 — Rp2)
SHEAR STRESS M
( fem2): = _— (2
(dynesfcm2): 1 2 7 Ryl 2
VISCOSITY _
(poise): n = - (3)
4
Definitions: ® = angular velocity of spindle
(rad/sec)
[=(5)N. N = RPM
Re = radius of container (cm)
Rp = radius of spindle (cm)
X = radius at which shear rate
is being calculated (cm)
M = torgue input by
instrument {dyne-cm)
L = effective length of
spindle {cm)
(see Appendix A.4)
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¥ (0]
—= \‘--/ —
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Note: R, should not exceed 2R, for well defined
shear rates.
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5.2.2 Coaxial Cylinders 5.2.3 Cone and Plate
Coaxial cylinder geometry is found in the UL These equations may be used with all models
Adapter, Small Sample Adapter, Thermosel System, of the Wells-Brookfield Cone/Plate Viscometer/Rhe-
DIN Adapter, Spiral Adapter, PVS Rheometer and ometer, CAP Viscometer/Rheometer and R/S-CPS
R/S Rheometer. Rheometer.
(SSZEAE RATE ¥ = (72R02 ) w 4) SHEAR RATE ®
[ RZ _ R.Z : -1y T = ’ )
c b (sec-1) b {7
sy - M (5 SHEARSTRESS " _
21 Ry (dynesicm2): T = 7 3 (8)
Zqr
?-ggigSSITY N = T 6) VISCOSITY
b { (poise): n o= _;L (9)
Definitions: ¥ = shear rate at surface of Definitions 0 = coneangle (degrees)
spindle (sec!) " r = coneradus (cm)
1S
F (0] c
NI one ® Plate
Tl
H H
H H
L[ A
i s
E =]
— Ro (o]
R, -
See Section 5.2.1 for other definitions See Section 5.2.1 for definitions of other variables.

5.2.4 Disc and T-Bar Spindles

The standard disc-type spindles provided with
most Viscometer models and the T-bar spindles
used with the Helipath Stand accessory, as well as
spindles with special shapes other than cylindrical
or cone configurations, do not have directly defin-
able shear rate and shear stress values. You may
occasionally see the Viscometer's rotational speed
referred to as a “shear rate,” particularly when T-
bar spindles are used. This is incorrect, as math-
ematical models are not available for calculating vis-
cosity functions using T-bar spindles. However,
models are available for the disc spindles. Referto
Technical Paper AR-82, available from Brookfield
Engineering Laboratories.

5.2.5 Spiral Adapter Spindle
The Spiral Adapter has an inner, threaded
spindle surrounded by a concentric outer cylinder.
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This combination causes the sample to be continu-
ally pumped up through the Spiral Adapter cham-
ber. The material reaches a steady state of flow
during which viscosity is measured. The primary
assumption is to think of the screw-shaped spindle
as a cylinder rotating inside of the cylindrical cham-
ber. The approximate shear rate in reciprocal sec-
onds is .667N, where “N” is spindle speed in RPM.

5.2.6 “Paddle” | “Paste” Spindles

The Brookfield KU-1+ Viscometer uses a
‘paddle” spindle to measure the reaction torque
when rotated at 200 RPM. Unlike “regular” viscom-
eter spindles, the resultant viscosity is in KU (Kreb
Units) and g (grams). Because of the unique spindle
shape, no shear rate calculation is possible.

The Brookfield KU-2 Viscometer provides the
same measurement capability as the KU-1+ and
also converts the Krebs reading into a centipoise
viscosity value. Since the spindle geometry is
unique, the centipoise reading taken with the KU-2
does nat correlate with centipoise measurements
from a standard Brookfield Viscometer using disc
or cylindrical spindles.

A paste spindle is available as an option to the
paddle spindle. This spindle is similar to the paddle-
type. The design consists of off-set rod-type vanes,
approximately 22 mm x 19 mm long. The resultant
viscosity is recorded in units of g (grams). It is suit-
able for use with high consistency materials such
as roller mill pastes.

5.2.7 Vane Spindles

The vane spindle can be treated as a virtual cyl-
inder with radius and length equal to the equivalent
dimensions of a single vane. The equations in Sec-
tion 5.2.1 may apply for low rotational speeds be-
low 10 RPM. Eddy currents at higher rotational
speeds could give falsely higher viscosity values.

5.2.8 Other Special Spindles

Brookfield can produce special spindles upon
request. This activity is coordinated through the
Sales Department at Brookfield. Spindles that have
come out of this type of activity include modifica-
tions of the Helipath Stand T-bars (i.e. multiple tines),
very large spindles for low viscosity liquids and spe-
cial materials of construction.

5.3 Analyzing Time-Independent Non-Newtonian
Fluids

The equations we have presented thus far will yield
precisely defined viscosity data for both Newtonian and
non-Newtonian fluids. With Newtonian fluids, this is
all the analysis that is necessary, since variations in
shear rate will have no effect on viscosity of the fluid.

When the fluid is non-Newtonian, however, the situ-
ation is more complicated. While the equations per-

mit complete definition of a reading made with a cer-
tain spindle at a certain speed, the numbers obtained
with another spindle and/or speed will most likely be
different. Which set of numbers is the ‘right” one? Both,
and neither! These differing numbers are part of the
rheological description of the fluid, and therefore must
be considered in the course of its analysis. In this
section we will outline several methods for doing this
on time-independent fluids as defined in Section 4.4.

5.3.1 Ratio Methods

A common method for characterizing and quan-
tifying non-Newtonian flow is to figure the ratio of
the fluid's viscosity as measured at two different
speeds (with the same spindle). These measure-
ments are usually made at speeds that differ by a
factor of 10 (for example, 2 and 20 RPM, 10 and
100 RPM, etc.), but any factor may be established.

In constructing the ratio, the viscosity value at
the lower speed should be placed in  the numera-
tor, the one at the higher speed in the denominatar.
Therefore, for pseudoplastic (shear thinning) fluids,
the ratio will exceed 1.0 as the degree of
pseudoplastic behavior increases. Conversely, for
dilatant (shear thickening) fluids, the ratio will be less
than 1.0 as the degree of dilatancy increases.

This procedure is commonly known as the “thixo-
tropic index.” The name is misleading since this
ratio quantifies time-independent non-Newtonian be-
havior, not thixotropy, which is a time-dependent
phenomenon. Analysis of time-dependent
properties is detailed in Section 5.4.

A similar method eliminates calculation of vis-
cosity and simply utilizes dial/display torque read-
ings to derive what is known as a “viscosity ratio™

| Mx o
-e Miox) (19

VISCOSITY RATIO

Definitions:  Mx = \Viscometer torque reading
at speed x
M10x = Viscometer torque reading

at speed 10x (other ratios
may be used)

5.3.2 Graphic Methods

The most basic graphic method of analyzing
non-Newtonian flow is constructing a plot of viscos-
ity versus spindle speed (using the same spindle
for all readings.). Generally, viscosity is plotted along
the Y-axis and speed (RPM) along the X-axis.
Slope and shape of the resulting curve will indicate
the type and degree of flow behavior. For examples
of this type graph, see the illustrations accompany-
ing the discussion of non-Newtonian flow types in
Section 4.4.

Another method is to plot Viscometer reading
(on the X-axis) as a function of speed (on the Y-
axis). If the graph is drawn on log-log paper, the
result is frequently a straight line. When this hap-
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Aee T

T Tz M2

where B = T-T,] *In K
=
A= yee \T

Definitions: Ty = Temperature at which
viscosity 1y was measured
Temperature at which

viscosity n, was measured

T, =

5.7 Math Models

The analysis of viscometer data may be enchanced
through the use of mathematical models. Non-
Newtonian behavior can be simply expressed through
an equation, and in some cases, the coefficients of a
model can be used to infer performance of a fluid un-
der conditions of use.

Newtonian flowis defined by a proportional response
in shear stress for a change in shear rate (a linear
relationship). Non-Newtonian fluids will exhibit a non-
linear stress/rate relationship. Newton's equation for
viscosity has been modified many times to attempt to
characterize non-Newtonian behavior. Some of the
more widely used equations include Bingham, Casson,
NCA/CMA Casson and Power Law.

Bingham
T=To+MNY

Casson

VT =VT+ VY

NCA/CMA Casson
(l+anfT=2

Power Law
1= kY

To 1 (1 +a)VTy

Herschel Bulkley
T=To+AkV"

where: T = shear stress
Y = shear rate
N = viscosity
To = yield stress
k=
n =
a =

consistency index
flow index
aspect ratio

The chocolate industry utilitzes the NCA/CMA ver-
sion of the Casson equation to evaluate chocolate prior

to final processing. This equation closely approximates
the plastic behavior of chocelate. In addition, experi-
ence shows that the slope term,  (plastic viscasity),
indicates the chocolate's response to being moved in
processing (mixing, pumping). Also, the *y” intercept,

(yield stress or zero shear viscosity), indicates
the force required to start/stop flowing (molding,
enrobing). Aparticular batch of chocolate can be modi-
fied to achieve the specific performance characteris-
tics required for the next processing step.

The oil drilling industry in the United States utilizes
the power law equation to evaluate the performance
of drilling mud and fracturing fluid. The latter is a ma-
terial forced into a non-performing well to allow for ad-
ditional il recovery. The power law equation has been
found to closely approximate its pseudoplastic behav-
jor. In addition, experience shows that the power term
(n. flow index) indicates the ability of the fluid to be
maoved down into the well. The coefficient (£, cansis-
tency index) indicates low shear rate flow behavior of
the mud once it is at the far reaches of the well. A
fracturing fluid can be modified in its storage vessel to
obtain the appropriate flow characteristics prior to be-
ing pumped into the well.

In both cases described above, the successful use
of the math model will prevent the utilization of im-
proper fluid, and ultimately, poor performance or re-
jected material. The math model should be utilized as
a tool to better understand and interpret viscometer
data.

The utilization of math models normally requires
viscosity data collection under defined conditions of
shear rate and shear stress. Many spindle geometries
are available for use with your Brookfield Viscometer/
Rheometer which will provide shear stress and shear
rate data. In addition, Brockfield offers several soft-
ware packages and some instruments with the em-
bedded capability to analyze data sets using a variety
of mathematical models. Our brochure “Technical
Papers on Viscosity Measurement and Control” lists
available papers on specific application areas as well
as general-interest experimental techniques. If you
don't have the current edition, let us know and we’'ll
send one to you. Ask for Data Sheet 091-C.

5.8 Brookfield Application Software

Brookfield offers various software programs which
work in conjunction with viscometers/rheometers to
allow for automatic data collection, analysis including
use of math models and the creation of permanent
test records:
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Software Instrument Required
RHEQCALC32 DV-III Ultra Rheometer

DV-llI+ Rheometer

DV-lI+ Pro Viscometer

DV-lI+ Pro Viscometer

DV-l1+ Programmable
Viscometer

DV-lI+ Viscometer

WINGATHER32

CAPCALC32 CAP+ series Viscometers
RHEQVISION PVS Rheometer
RHEQO 2000 R/S+ Rheometer

5.9 Miscellaneous Methods

There are many other techniques available for ana-
lyzing the rheological behavior of fluids under a vari-
ety of conditions. Space doesn't permit a detailed dis-
cussion here, but more information can be obtained
from Brookfield Engineering Laboratories on these and
other advanced methods:

& Approximation of shear rate and shear stress
values using disc type spindles (AR-82).

& Techniques for determination of extremely low-
shear viscosity and leveling behavior of
coating materials using “spring relaxation”
procedures (AR-84).

& Computer analysis of certain rheclogical
characteristics.

CHAPTER 6

The following methods provide various ways to obtain
information on the viscosity behavior of your material
using a Brookfield Viscometer or Rheometer. Choose
the appropriate method to suit your requirements.
Contact Brookfield or our authorized dealer if you re-
quire additional assistance.

6.1 Single Point Viscosity Test
Choose a spindle.
Select a rotational speed or shear rate.
Control temperature if required.
Specify how long the spindle rotates before making
the measurement.
Make sure the torque reading is = 10%.
Record the viscosity value in ¢cP or mPa-s.
Record sample temperature in °F or °C.

6.2 Controlled Rate Ramp
Choose a starting rotational speed or shear rate.
Choose a maximum rotational speed or shear rate.
Choose in-between speeds or shear rates as ap-
propriate.
Specify how long the spindle rotates before making
the measurement.
Record data at each speed or shear rate, similar to
the method defined above in “SINGLE POINT”.
Try to keep the torque readings above 10%, if pos-
sible.

} ozzmm ) e

n

RPM or Y

TIME RPM or

Figure 6-1

This method shows one example of how viscosity can
change as a function of rotational speed or shear rate.

6.3 Up-Down Rate Ramp
Use the same method defined above in “CON-
TROLLED RATE RAMP” to create the “UP RAMP".
Upon reaching the maximum rotational speed or
shear rate, reverse direction and return to the start-
ing speed or shear rate. This creates the ‘DOWN
RAMP”.
Record viscosity and torque data at each speed or
shear rate.
Try to keep the torque readings = 10% if possible.
For each specific speed or shear rate, observe
whether the viscosity value on the “UP RAMP” is
different from the viscosity value on the "DOWN
RAMP™. Different viscosity values indicate that the
material is “time sensitive” to shearing action.

Figure 6-2

This method shows how viscosity can change as a
function of both rotational speed/shear rate and time.

6.4 Time Sensitivity Test
Choose a rotational speed or shear rate.
Choose a time interval to record viscosity data.
Observe whether the viscosity or torque values
change as a function of time.
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A.7 UL Adapter

UL Adapter Spindle Factors and Shear Rates

Spindle Factors are listed as constants related to the Viscometers rotational speed. Spindle Factors are
traditionally used to convert the torque value on a Dial Reading Viscometer to a centipoise value. Divide
the given constant by the speed in use to obtain the Spindle Factor for that spindle/speed combination.

This Spindle Factor is then multiplied by the Viscometer’s dial reading to obtain viscosity (in centipoise).

For example: the Spindle Factor for the UL spindle on an LV Viscometer is given as 6/N (see the following UL
Adapter Spindle Factors and Shear Rates Table). The Viscometer's rotational speed (RPM) is represented by
N. If the measurement is being made at 60 RPM, the Spindle Factor is 6/60, or 0.1. Multiply all Dial Viscom-
eter readings made with this spindle/speed combination by 0.1 to obtain viscosity in centipoise.

LV RV HA HB S“&a"cﬁ}"‘e
UL B/N* B4/N 128/IN| 512N 1.224N
DIN-UL 11.44/N 122.N 244N 976/N 1.29N
*N=RPM Sample size 16.0 mL (end cap on).
i

[

2.5725 (30.74) 3.6366 (92.37)
SIDE LEMGTH EFFECTIVE LENGTH
10,9002 {26.15)
SPINDLE ©.D.
1.0875 (27.62)
CHAMBER |.D.

spindle

Effective | Actual Length |  Diameter C"BI;'I‘:::';:'“
Length*

3.6366 (92.30) | 3.5725 (90.74) | 0.0002 (25.15) | 1.0875 (27 62)

Dimensions are in inches (mm}).

"Effective length includes correction for end effect and should be used in manual calculations for
shear rate/shear stress equations when using Dial Reading Viscometers. Actual length is given for reference only.
Digital Viscometers/Eheometers have a correction factor built-in to the firmware of the instrument; no
additional calculations are required.
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A.8 Thermosel System
SC4 Series Spi E Shear R

Spindle Factors are listed as constants related to the Viscometers rotational speed. Spindle Factors are
traditionally used to convert the torque value on a Dial Reading Viscometer to a centipoise value. Divide
the given constant by the speed in use to obtain the Spindle Factor for that spindle/speed combination.

This Spindle Factor is then multiplied by the Viscometer’s dial reading to obtain viscosity (in centipoise).

For example: the Spindle Factor for the an SC4-27 spindle with 13R chamber on an RV Viscometer is given
as 2500/N (the following SC4 Series Spindle Factors and Shear Rates Table). The Viscometer’s rotational
speed (RPM) is represented by N. If the measurement is being made at 50 RPM, the Spindle Factor is 2500/
50, or 50. Multiply all Dial Viscometer readings made with this spindle/speed combination by 50 to obtain
viscosity in centipoise.

Spindlet | Sample |y RV HA Hp | ShearRate
Size (sec”)
SC4-18 8.0 30N'| 320N 640N| 2860N| 132N
sc4-21 80 | 46.88N | soo/N| 1000M| 4000N| 0.93N

SC4-27/BS 10.5 234.4/N | 2500/N| 5000/N | 20M/N 0.34N
SC4-28/BS 11.5 | 468.8/MN | 5000/N T0MIN [ 40MIN 0.28N
SC4-29/BS 13.0 937.5N 10MINT - 20MIN[ - 80NN 0.25N
SC4-31/BS 10.0 300/N | 3200/N|  B400/N | 25.6MIN 0.34N
SC4-34/BS 95 GOO/MN | 8400/N| 12.8MIN | 51.2M/IN 0.28N

‘N=RPM  M=1000
1. The "BS" designation indicates that the spindle is also available in a solid shaft
configuration
2. DIN geometry for the Thermosel is also available. See Appendix A.S.

SC4 Series Spindle Dimensions

Diameter Side Length | Effective Length

il 1
Spindle inches (mm) | inches (mm) inches (mm)*
L SC4-18 0.688 (17.48)] 1.249 (31.72) 1.399 (35.53)
i sC4-21 0.680 (16.768)| 1.230(31.24) 1.384 (35.15)

sc4-27Bs | 0463 (11.78)] 1.300 33.02)| 1547 (39.29)
sca28iBs | 0.3709.39)] 1.260 (32.00)| 1.480 (37.59)
sca29es | 0300 7.62)] 1070 @718 1.250 (31.75)
sca-31/Bs | 0463 (11.76)] 0.000 (25.15)| 1.208 (30.68)
sca34Bs | 0.370(9.39)] 0.054 24.23)| 1156 (20.36)

SIDE LENGTH

- -— DIAMETER

Dimensions are in inches (mm}.
*Refer to Section 5.2.1
1. The "BS" designation indicates that the spindle is also
available in a salid shaft configuration
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HT-2 Sample Chamber Dimensions

Diameter

Depth

0.750 (19.05)

3.082 (T7.77)

Disposable HT-2DB chambers for use with Thermosel are
available from Brookfield or an authorized dealer.

A.9 DIN Adapter

DIN Spindle Factors and Shear Rates

Spindle LV RV HA HB Shear Rate

HT-DIN-81 242N T30/M 2,920/ 1.2

SC4-DIN-82 34.2/M T30/M 1.29M

SCA-DIN-83 1124/ 1,213 2426/M 9704/M 1.29M

ULA-DIN-85 11.44/H 122N 244N 1.29M

ULA-DIN-86 34.2/M T30/N 1.29M

ULA-DIN-87 112400 1,213 2426/M 1.29M

N=RPM
DIN Spindle Dimensions
Spindle No. A B-Diameter C-Diameter D E

A B HT-DIN-81 6.086 (154.84) ) 125 (3.18) BHE (17.56) | 1.05373 (26 35) | 1.237 (31.42)
40IN-e2 | 5219 (12zE6 ] 125 (318 B915 (17.56) | 1.0373 (26.35) | 1.237 (3142
SC4-DIN-83 | 4.526 (114.98) 125 (3.18) 4617 (11.73) 826 (20.98)
ULA-DIN-85 | 6.066 (154.08) ) 1.00; 7l 1.504 (38211 £.54)
E b ULA-DIN-86 391190243 125 (3.18) BOEZ (17.66) | 1.0428 (26400 1.244 (31.6)
ULA-DIN-87 3,600 (28.9) AE64(11.82) i (17.73) B33 (21.16)

Dimensions are in inches (mm)
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DIN Chamber Dimensions

10850 0.7540 DIA.

DIA
Spindle No. | Chamber No. | Chamber ID | Accessory Used With...
HT-DIN-81 HT-2] .7500 (19.05) Thermosel
SC4-DIN-82 SC4-12R | .7500 (19.05) Small Sample Adapter
SC4-DIN-83 SC4-TR 500 (12.7) Small Sample Adapter
ULA-DIN-85 DAA-1] 1.0875 (27.62) DIN Adapter
ULA-DIN-86 ULA-DIN-8Y | .7540 (19.15) DIN Adapter

05048 DIA ULA-DIN-87 ULA-DIN-8Y | .5048 (12.82) DIN Adapter
ka} @ Dimensions are in inches (mm)
DAA-1 ULA-DIN-BY
DIN CHAMBER DIN CHAMBER

A.10 Helipath Stand with T-Bar Spindles

I-Bar Spindle Factors

Spindle Factors are listed as constants related to the Viscometers rotational speed. Spindle Factors are
traditionally used to convert the torque value on a Dial Reading Viscometer to a centipoise value. Divide
the given constant by the speed in use to obtain the Spindle Factor for that spindle/speed combination.

This Spindle Factor is then multiplied by the Viscometer's dial reading to obtain viscosity (in centipoise).

For example: the Spindle Factor for a T-C spindle on an RV Viscometer is given as 10,000/N (see the follow-
ing T-Bar Spindle Factors Table). The Viscometer's rotational speed (RPM) is represented by N. If the
measurement is being made at 50 RPM, the Spindle Factor is 10,000/10, or 1,000. Multiply all Dial Viscom-
eter readings made with this spindle/speed combination by 1,000 to obtain viscosity in centipoise.

Maximum recommended rotational speed for spindle: 10-12 RPM.

Travel Speed for Helipath drive motor which moves rotating spindle downward into sample:
7/8 inch (22.2 mm) per minute.

There is no defined shear rate for T-bar spindles.

Spindle Lv RV HA HB
T-A 187.5/N" | 2000/N | 4000/N 16M/N
T-B 374.4IN 4000/N | 8000/MN 32MIN

T-C 936/MN 10MIN 20MIN BOMI/N

T-D 1872/N 20MIN A0M/N | 160M/N

T-E 4680/N 50M/N | 100MIN | 400MIN

T-F 9360/N | 100NM/N | 2000M/N | 800M/N

*N = RPM M = 1000

MORE SOLUTIONS TOSTICKY PROBLEMS Page 41 Brookfield Engineering Labs., Inc.



1Bar Spindle Dimensions

4172

CROSSBAR

LENGTH

A.11 Spiral Adapter

piral Spindle Factors and Shear Rate

Spindle Crossbar Length
T-A 1.894 (48.1)
T-B 1435 (36.4)
T-C 1.085 (27.1)
T-D 0.804 (20.4)
T-E 0.604 (15.3)
T-F 0.403 (10.9)

Dimensions are in inches (mm)

Spindle Factors are listed as constants related to the Viscometers rotational speed. Spindle Factors are
traditionally used to convert the torque value on a Dial Reading Viscometer to a centipoise value. Divide

the given constant by the speed in use to obtain the Spindle Factor for that spindle/speed combination.
This Spindle Factor is then multiplied by the Viscometer's dial reading to obtain viscosity (in centipoise).

For example: the Spindle Factor for a Spiral spindle on an RV Viscometer is given as 10,500/N (see the
following Spiral Spindle Factors Table). The Viscometer's rotational speed (RPM) is represented by N. If the
measurement is being made at 30 RPM, the Spindle Factor is 10,500/30, or 350. Multiply all Dial Viscometer
readings made with this spindle/speed combination by 350 to obtain viscosity in centipoise.

Spindle

Lv

RV

HA

HB

Shear Rate

Spiral

984N

10.5MIN

210N

S4M/N

WGETN

N=RPM M=1,000
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.825

—— 250 DIA.
Spindle Diameter Length
250 825

A.12 Vane Spindles

Vane Spindle Factors

500
! L )
.275 DIA.
Diameter Length
275 500

Spindle Factors are listed as constants related to the Viscometers rotational speed. Spindle Factors are
traditionally used to convert the torque value on a Dial Reading Viscometer to a centipoise value. Divide
the given constant by the speed in use to obtain the Spindle Factor for that spindle/speed combination.

This Spindle Factor is then multiplied by the Viscometer’s dial reading to obtain viscosity (in centipoise).

For example: the Spindle Factor for a V-72 spindle on an RV Viscometer is given as 1,100/N (see the follow-
ing Vane Spindle Factors Table). The Viscometer's rotational speed (RPM) is represented by N. If the mea-
surement is being made at 1,100 RPM, the Spindle Factor is 1,100/10, or 110. Multiply all Dial Viscometer
readings made with this spindle/speed combination by 110 to obtain viscosity in centipoise.

Spindle LV RV HA HB
24.56/M 262/IN 524N 460N
7z 104N 111N 2.22MN 8.88MN
] S0UM | 5.350M/N 10.7MN 42 80N
-T4 SO09MIM | 5430 | 108 BRIN | 434 40N

N=RPM M=1,000

Possibility of turbulence at speeds above 10 rpm may give artificially higher viscosity readings.
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Vane Spindle Dimensions

Vane Length Vane Diameter
Spindle inches cm inches  cm

.4(-'3.

Mota: Sample containar diamatar should ba twica (2x) tha vane diamatar
when Eosslhla. Sample container depth should provide clearance
at the bottom equivalent to vane spindle diametar when pessible.

(9]

SPECIAL PURPOSE INSTRUMENTS
A.13 KU-2 (Krebs) Viscometer

Spindle Dimensions
Standard Krebs Spindle Paste Spindle
KIJ1-10 KU1-75Y
B B
A A
D
E E D
] —_
T
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The KU-2 (KU-1+, KU-1) Viscometer measures viscosity in Krebs units and grams. The KU-2 Viscometer
also reports the viscosity reading in centipoise. The measurement is made by rotating the spindle at 200

rpm.

Spindle No. A B-Diameter Cc D E
KU1-10 3.562 (90.47) 188 (4.77) | 2.125(53.98) | .312(7.92) | 1.625 (41.28)
KU1-T5Y 3.562 (90.47) 188 (4.77) | 1.688 (42.88) | .078 (1.98) | 1.625 (41.28)

There is no defined shear rate for the Krebs and Paste Spindles.

A.14 YR-1 Yield Stress Rheometer

The YR-1 uses a unique method to apply a controlled torque ramp to the vane spindle in order to measure
yield stress behavior in the sample material. Standard torque ranges available for the YR-1 Rheometer are:
1/4RV, RV, HB, and 5xHB.

YR-1 Spindle Shear Stress Ranage Data
Torque Shear Stress Range
Spindle Range Pa dynelem?
W7 1/14RY 125-1.25 1.25-12.5
W72 114RY 5-5
W73 TR 25-250
VT4 1/4RY 250-2500
W71 RV 5-50
VT2 RV 20-200
V73 RV 10-100 100-1000
V-7 BV 100-1000 1000-10000
VT HB 4-40 40-400
W72 HEB 16-160 160-1800
W73 HE 80-800 800-8000
W74 HB 800-8000 8000-80000
W7 5xHBE 20-200 200-2000
W72 5xHB 80-800 800-8000
W73 5xHE 400-4000 4000-40000
W74 5xHBE 4000-40000 40000-400000
Mote: 1 Pa = 10 dynef’cm?®
Vane Spindle Dimensions
Spindle Vane Length Vane Diameter
V-T1 2708 in. / 6.878 cm J1.354 in. / 3.439 cm
A V-72 1.708 in. / 4338 cm J0.833 in./ 2.167 cm
V=73 0.998 in. / 2.535 cm | 0.499 in./ 1.267 cm
V-74 0463 in. / 1.176 cm 0232 in. / 0.589 cm
C

MORE SOLUTIONS TOSTICKY PROBLEMS

Page 45

Brookfield Engineering Labs.,

Inc.



Opticnal Stator/Cup Geometry TAS Used for Low Viscosity Fluids 1

Triple Annulus Dimensions

Quter Annulus 2.44(61.98) ID x 2.12 (53.85) OD
Intermediate Annulus 1.99 (50.55) ID x 1.73 (43.94) OD
Inner Annulus 1.45 (36.683) ID x 1.259 {31.98) OD

%: :;,l

Shaded area depicts Stationary
Stator, Skirt and Cup
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APPENDIX B: Spindle Entry Codes and Range Coefficients

The Range Coefficient is a convenient tool for quickly determining the maximum viscosity that can be
measured with a specific spindle/speed combination. ldentify the spindle in use and the torque range (LV,
RV, HA, HB) of the Viscometer/Rheometer. Look up the Range Coefficient in the following table. Divide the
Range Coefficient by the spindle speed to determine the maximum viscosity in centipoise that can be
measured.

E.g. RY Viscometer with RV3 spindle: Range Coefficient is 100,000, At 50 rpm, the maximum viscosity
that can be measured is 100,000/50 or 2,000 cP,

The Entry Code is the two digit number used to identify the spindle in use when operating a standard digital
Viscometer/Rheometer.

Entry

Spindle Codo LV RV HA HB
RV1 01 937 10,000 20,000 80,000
RV2 02 3,750 40,000 80,000 320,000
RV3 03 9,375 100,000 200,000 800,000
RV4 04 18,750 200,000 400,000| 1,600,000
RV5 05 37,500 400,000 800,000| 3,200,000
RV6 06 93,750 1,000,000 2,000,000| 8,000,000
RV7 07 375,000| 4,000,000 8,000,000 32,000,000
HA1 01 937 10.000 20,000 80,000
HA2 02 3,750 40,000 80,000 320,000
HAS 03 0,375 100,000 200,000 600,000
HA4 04 18,750 200,000 400,000| 1,600,000
HAS 05 37.500 400,000 800,000|  3.200,000
HAG 06 93,750 1,000,000| 2,000,000 8,000,000
HA7 07 375.000|  4.000,000] 8.000.000| 32,000,000
HB2 02 3,750 40,000 80,000 320,000
HE3 03 9.375 100,000 200,000 800,000
HB4 04 18,750 200,000 400,000| 1,600,000
HB5 05 37.500 400,000 800,000| 3,200,000
HB6 06 93,750 1,000,000 2.000,000| 8,000,000
HB7 07 375.000| 4,000,000| 8,000,000| 32.000,000
Lv2 62 30,000 320,000 640,000| 2,560,000
Lv3 63 120,000 1,280,000| 2,560,000 10,240,000
Lv4 64 600,000 6,400,000 | 12,800,000 51,200,000
V5 65 1.200,000| 12,800,000 25,600,000 102,400,000

LV-3C 67 120,000 1,280,000 2,560,000 10,240,000

(Table continued on next page)
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Spindle oy LV RV HA HB
TA o1 18,750 200,000 400,000 1,600,000
T8 92 37,440 400,000 800,000 3,200,000
TC 93 93.600| 1.000000] 2,000,000] 8,000,000
TD 94 187.200| 2,000,000 4,000,000| 16,000,000
TE 95 468,000|  5.000.000| 10,000,000| 40,000,000
T-F 96 936,000 10.000,000| 20,000,000| 80,000,000
Spiral 70 08,400 1,050,000] 2,100,000  8400,000
DIN-61 81 3,470 37,000 74,000 296,000
DIN-82 82 3,520 37,500 75,000 300,000
DIN-83 83 11,330 120,900 241,800 967,200
ULA 00 500 6,400 12,800 51,200
ULA-DIN-81 81 3,420 36,500 73,000 292,000
ULA-DIN-82 82 3420 36,500 73,000 292,000
ULA-DIN-83 83 11,340 121,300 242.600 970,400
ULA-DIN-85 85 1144 12,200 24,400 97,600
ULA-DIN-86 86 3,420 36,500 73,000 292,000
ULADIN-87 87 11,340 121,300 242,600 970,400
SC4-14/6R T4 117,200 1.250,000]  2,500,000] 10,000,000
SC4-157R 15 46,880 500,000| 1,000,000| 4,000,000
SC4-16/8R 16 120,000] 1.280.000| 2.560,000] 10,240,000
SCa-18/13R T8 3.000 32,000 62,000 256,000
SC421/13R 21 4,688 50,000 100,000 200,000
SC4-2513R 25 480,000| 5120,000| 10.240,000| 40,960,000
SC4-27/13R 27 23,440 250,000 500,000| 2,000,000
SC4-28/13R 28 46,880 500,000| 1,000,000| 4,000,000
SC4-29/13R 29 93750 1,000,000 2,000,000] 8,000,000
SC4-3113R 31 30,000 320,000 640.000| 2,560,000
SC4-34/13R 34 60,000 640,000| 1.280,000| 5,120,000
CPE-40/CP-40 | 40 307 5,270 6,540 26,160
CPE41/CP-41 | 41 151 12,280 24,560 98,240
CPE-42/CP-42 | 42 500 6,400 12,800 51,200
CPE51/CP-51 | 51 4854 51.780 103.560 414.240
CPE-52/CP52 | 52 9.300 99,220 198440 793.760
VT 71 2456 26,200 52,400 459,600
V72 72 10,404 T11.000 222,000 888,000
V73 73 50.146 535.000] 1,070.000] 4,280,000
V74 74 508.054|  5430,000| 10,860,000 43.4440.000
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APPENDIX C: ASTM Specifications

The following ASTM specifications describe the use of Brookfield Viscometers and accessories. Copies of
these documents are available from Brookfield upon request.

C 965-96

C 1276-84

D 115-03

D 562-81

D 789-91

D 1076-88

D 1084-97

D 1417-80

D 1439-83a

D 1824-90

D 2196-86

D 2364-85

D 2393-86

D 2556-97

D 2669-87

Practices for Measuring Viscosity of
Glass Above the Softening Point
(Reapproved 2002)

Standard Test Method for Measuring
the Viscosity of Mold Powers Above
their Melting Paint Using a
Rotational Viscometer

Methods of Testing Varnishes Used
for Electrical Insulation

Standard Test Method for
Consistency of Paints Using the
Stormer Viscometer

Test Methods for Determination of
Relative Viscosity, Melting Point,
and Moisture Content of Polyamide
(PA)

Specification for Rubber-
Concentrated, Ammonia Preserved,
Creamed and Centrifuged Natural
Latex

Test Methods for Viscosity of
Adhesives

Methods of Testing Rubber Latices-
Synthetic

Methods of Testing Sodium
Carboxymethyl-cellulose

Test Method for Apparent Viscosity
of Plastisols and Organosols at Low
Shear Rates by Brookfield
Viscometer

Test Methods for Rheological
Properties on Non-Newtonian
Materials by Rotational (Brookfield)
Viscometer

Standard Methods of Testing
Hydroxyethyl-cellulose

Test Method for Viscosity of Epoxy
Resins and Related Components

Test Method for Apparent Viscosity
of Adhesives Having Shear Rate
Dependent Flow Properties

Test Method for Apparent Viscosity
of Petroleum Waxes Compounded
With Additives (Hot Melts)

D 2983-03

D 3232-88

D 3236-88

D 3468-99

D 3716-99

D 3791-90

D 4016-81

D 4287-94

D 4402-87

D 4883-93

D 5018-89

D 5133-01

Test Method for Low-Temperature
Viscosity of Automotive Fluid
Lubricants Measured by the
Brookfield Viscometer

Method for Measurement of
Consistency of Lubricating Greases
at High Temperatures

Test Method for Apparent Viscosity
of Hot Melt Adhesives and Coating
Materials

(Reapproved 1999)

Standard Specification for Liquid-
Applied Neaprene and
Chlorosulfonated Polyethylene Used
in Roofing and Waterproofing

Method of Testing Emulsion
Polymers for Use in Floor Polishes

Standard Practice for Evaluating the
Effects of Heat on Asphalts

Test Method for Viscosity of
Chemical Grouts by the Brookfield
Viscometer (Labaratory Method)

Standard Test Method for High-
Shear Viscosity Using the ICI Cone/
Plate Viscometer

Standard Method for Viscosity
Determinations of Unfilled Asphalts
Using the Brookfield Thermosel
Apparatus

Standard Test Methods for
Polyurethane Raw Materials:
Determination of Viscosity of Crude
or Modified Isocyanates

Standard Test Method for Shear
Viscosity of Coal-Tar and Petroleum
Pitches

(Reapproved 1999)

Standard Test Method for Low
Temperature, Low Shear Rate,
Viscosity/Temperature Dependence
of Lubricating Oils Using a
Temperature-Scanning Technique
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. INTRODUCTION

The Brookfield DV-1I1 Ultra Programmable Rheometer measures fluid parameters of Shear Stress
and Viscosity at given Shear Rates. Viscosity is a measure of a fluid’s resistance to flow. You will
find a detailed description of the mathematics of viscosity in the Brookfield publication “More
Solutions to Sticky Problems”, a copy of which was included with your DV-1I1 Ultra.

The principle of operation of the DV-I1I Ultra is to drive a spindle (which is immersed in the test fluid)
throughacalibrated spring. The viscousdragofthe fluid against the spindle is measured by the spring
deflection. Spring deflection is measured with arotary transducer. The viscosity measurement range
of the DV-III Ultra (in centipoise or cP) is determined by the rotational speed of the spindle, the size
and shape of the spindle, the container the spindle is rotating in, and the full scale torque of the
calibrated spring.

The DV-III Ultra can also measure yield stress (in Pascals or Pa). See Section 1.3 for more
information on yield stress.

.1 Torque Measurement

There are four basic spring torque modelsoffered by Brookfield:

Spring Torque
Model dvnescm mNe+m
LVDV-1II Ultra 673.7 0.0673
RVDV-III Ultra 7.187.0 0.7187
HADV-III Ultra 14,374.0 1.4374
HBDV-I11 Ultra 57.496.0 5.7490

The higher the torque calibration, the higher the viscosity measurement range. The viscosity
measurement range for each spring torque model may be found in Appendix B.

.2 Viscosity Units of Measurement
All units of measurement are displaved according to either the CGS system or the SI system.

1. Viscosity appears in units of centipoise (shown as *¢P™) or milliPascal-seconds (shown
as mPass).

2. Shear Stress appears in units of dynes/square centimeter (“*D/cm?*”) or Newtons/square
meter (“N/m?").

3. Shear Rate appears in units of reciprocal seconds (“1/SEC™).

4. Torque appears in units of dyne-centimeters or Newton-meters (shown as percent “%4™ in

both cases).

Theequivalent units of measurement in the S1systemare calculated using the following conversions:

Sl CGS
Viscosity: I mPass = 1lcP
Shear Stress: 1 Newton/m2 = 10 dyne/cm?
Torque: 1 N*m = 10/ dynescm

References to viscosity throughout this manual are done in CGS units.
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1.3 Yield Stress Measurement
Another feature now available in the DV-III Ultra Rheometer is the yield stress test.

The yield point is the pointat which a material begins to flow. The associated properties are the vield
stress and yield strain. The yield stress is the critical shear stress, applied to the sample, at which the
material begins to flow as a liquid. The yield strain is the deformation in the material, resulting from
the applied stress prior to the start of flow.

Many materials are designed to have a yield point, so that the behavior of their products satisfies
various customer needs. Foods often have yield points. Ketchup in particular must flow out of a
bottle when shaken or squeezed, but then solidify on the targeted food such as french fries. Shaking
or squeezing the bottle stresses the ketchup so that it flows; after the ketchup settles on the fries, its
structure rebuilds so the ketchup “sits™ in place rather than flowing off the fries like water. Puddings
have yield points, as well. The “body™ of the pudding appeals to consumers — it is solid at rest, yet
it’s easily spooned out ofits cup and is easy to eat. Thus, the yield behavior of many foods contributes
to the food texture that we like.

Many paints have low yield stresses. Many latex house paints, for example, are easily stirred or
poured. Brushing or spraying provides enough stress so that the paint flows easily and smoothly over
a painted wall. However, a thin layer of applied paint (if a good one!), allowed to rest undisturbed
on the surface, regains its structure quickly so that there is very little unsightly “dripping™ afterwards.
The smooth appearance of the painted surface is very appealing to the homeowner.

The operating principle is to drive a vane spindle through the calibrated spiral spring connected to
amotordrive shaft (see FigureI-1). The vanespindleisimmersed

in the test material. The resistance of the material to movement Motor
is measured by observing increasing torque values as the DV-III
Ultra motor rotates. The amount of shaft rotation is measured by _
the deflection of the calibrated spiral spring inside the instrument Calibrated
L. ) . o SE g 1h i : «+— Spiral Spring
Spring deflection is measured with a rotary transducer.
Dirive
- . . . Shaft
IT the vane spindle did not move at all, the data would look like
the graph in Figure 1-2. The data often looks like the graph in
Figure I-3 because there is usually some deformation of the test
material due to the increasing force imparted by the vane spindle.
The maximum torque value is the yield point. The straight line
in Figure I-3 is a repeat of what was shown in Figure 1-2. An *—'gahe”
algorithm in the firmware converts the maximum ftorque value Spindie
i a yield stress value. .
into a yield stress value Figure I-1
A A

e

Y
Y

TIME TIME

Figure [-2 Figure [-3
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The shear stress measurement range ofthe DV-I11 Ultra (in Pascals) is determined by the size and shape
of the vane spindle and the full scale torque range of the calibrated spring.
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1.4 Components

Component Part Number
DV-I1I Ultra Rheometer depends on model
Powerbase DVP-2Y
includes:
Leveling Screws (3) VS-3
Upright Rod VS-20
Jam Nut VS-21
Clamp Assembly VS-27Y

Spindle Set with Case

LVDV-I11 Ultra set of four spindles or SSL
RVDV-III Ultra set of six spindles or SSR
HA/HBDV-II1 Ultra set of six spindles SSH
Optional Vane Set of three spindles SSVANE

For Cone/Plate versions: a spindle wrench, one cone spindle and sample cup Part No.
CPE-44Y replace the spindle sel.

Power Cord

for 115 VAC DVP-65
for 230 VAC DVP-66
RTD Temperature Probe DVP-94Y
Ribbon Cable DVP-145
Guard Leg:
LVDV-III Ultra B-20Y
RVDV-III Ultra B-21Y
Carrying Case DVP-71Y
RHEOLOADER Software, EZ-Yield Software CD-PROGA
Cable (DV-III Ultra to Computer) DVP-80
Operator Manual M/98-211

Please check to be sure that vou have received all components, and that there is no
damage. If vou are missing any parts, please notify Brookfield Engineering or vour local
Brookfield agent immediately. Any shipping damage must be reported to the carrier.

Brookfield Engineering Laboratories, Inc. Manual No. M/98-211-B0104
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ANEXO C
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