Aula 7 - Experimentos em

reologia




Diferentes tipos de escoamento em medidas reologicas

v Escoamento cisalhante v Escoamento cisalhante v' Escoamento extensional

rotacional oscilatorio

il
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v’ Viscosidade (“shear”) v' Comportamento viscoelastico v’ Propriedades de escoamento
absoluta (ou aparente) v’ Viscosidade complexa extensional
v’ Diferencas de tensdo normal v’ Estabilidade
v' Comportamento de tens3o v Transicdes de fase

inicial (yield stress)

v’ Tixotropia



Experimentos de reologia
(i) Video: Redmetro AR2000 (TA Instruments)/ Geometria (moodle)

(i) https://www.youtube.com/watch?v=kHLAeLREmgU (geometria placa-placa, curva de fluxo)

(iii) Video: Andlises reoldgicas (curvas de fluxo/ ensaios oscilatérios): amostras solucdo e/ou blendas
gelatina/quitosana

(iv) https://www.youtube.com/watch?v=dz8TTrTCCjw
Determinacao da tensao limite; tensao inicial, tensao critica — Mostarda e maionese!

(v) https://www.youtube.com/watch?v=VcldMHnjz4Y
Determinacdo da tensao normal e da curva de fluxo (dleo de silicone e gel de pectina). Andlise reoldgica com

microscopica (emulsao)

(vi) https://www.youtube.com/watch?v=JwRIgECvMsc (6 min 30 s) — varios instrumentos



https://www.youtube.com/watch?v=dz8TTrTCCjw
https://www.youtube.com/watch?v=VcIdMHnjz4Y
https://www.youtube.com/watch?v=kHLAeLREmqU
https://www.youtube.com/watch?v=VcIdMHnjz4Y
https://www.youtube.com/watch?v=JwRIqECvMsc

Experimentos de reologia

(vii) https://www.youtube.com/watch?v=3eqtuQvQlH4&t=130s
Brookfield

https://www.youtube.com/watch?v=YBblv83UMEs
https://www.youtube.com/watch?v=gIZRT98qtGY (*)

https://www.youtube.com/watch?v=zsXArhpFSRI

Funcionamento de um viscosimetro Brookfield DV2T
https://www.youtube.com/watch?v=nt1CMXSQVkg (4 min) Bostwich and Brookfield

(viii) https://www.youtube.com/watch?v=7BS30 ilFng
https://www.youtube.com/watch?v=6WW,iEhddoal
Viscosimetro Hoppler — 5 min

(ix) https://www.youtube.com/watch?v=l0aYfmbGmSA
https://www.youtube.com/watch?v=J2jC199viIAg
Viscosimetro capilar



https://www.youtube.com/watch?v=zsXArhpFSRI
https://www.youtube.com/watch?v=7BS3O_i1Fng
https://www.youtube.com/watch?v=6WWjEhddoaI
https://www.youtube.com/watch?v=3eqtuQvQIH4&t=130s
https://www.youtube.com/watch?v=YBbIv83UMEs
https://www.youtube.com/watch?v=gIZRT98qtGY
https://www.youtube.com/watch?v=I0aYfmbGmSA
https://www.youtube.com/watch?v=J2jC199vlAg
https://www.youtube.com/watch?v=nt1CMXSQVkg

(x) https://www.youtube.com/watch?v=jWOKEOqyJMw (MATERIAL CIMENTICIO), 5 MIN
https://www.youtube.com/watch?v=iS69BUR6Ltc (MATERIAL CIMENT[CIO), 6 MIN,
https://www.youtube.com/watch?v=bzbIGLTMuXI| (MATERIAL CIMENT[CIO), 7 MIN

https://www.youtube.com/watch?v=3yESKHN1 b4
Palestra sobre reologia de cimento!
https://www.youtube.com/watch?v=0-ep7kiUvYA 18 min)



https://www.youtube.com/watch?v=3yESkHN1_b4
https://www.youtube.com/watch?v=O-ep7kiUvYA
https://www.youtube.com/watch?v=jWOKE0qyJMw
https://www.youtube.com/watch?v=iS69BUR6Ltc
https://www.youtube.com/watch?v=bzblGLTMuXI

Tensoes Normais: Coeficiente de tensao Normal
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Oleo de Silicone (Servico de teste)

1000cP oil ramp DHR 25C 40mm PP
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Experimentos de escoamento

v’ Tens3o ou taxa de cisalhamento constante (ou Peak hold)

v' Rampa continua de tens3o/ taxa de cisalhamento de subida e descida
v’ Stepped flow (ou flow swee)

v Escoamento em estado estacionario

v’ Rampa de temperatura no escoamento



Tensao/taxa de cisalhamento constante (Peak hold)

= Constant rate vs. time

= Constant stress vs. time

Stress /Rate

time (min)

Taxa de cisalhamento constante = teste Stress Growth

Uso:
v’ Teste de ponto Unico
v" Definir o tempo para o estado estacionario sob

determinada taxa de cisalhamento
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Rampa Continua - flow curve

Stress (Pa)

Uso:

Deformation

m =Stress rate
(Pa/min)

time (min)

v Limite de escoamento (Yield stress)

v viscosidade
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Loop Tixotropia Rampa continua de subida e de descida

Run in Stress Control

Deformation 500.0 -
- 400.0
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- - 1
time g Red: First cycle
% ] Blue: Second cycle
200.0
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® — Down step
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or

or

Stepped or Steady-state flow

Deformation ) L , e
Tensao é aplicada na amostra. A viscosidade é calculada quando é atingido

! o0 escoamento em estado estaciondrio. A tensao é aumentada (modo

M

() Data point saved

logaritmico) e o processo é repetido para obter as “Flow curves”

Delay time Uso:

== Ti
Y v" Curva de viscosidade X |Te

Steady State Flow X
5 v' Medidas de Yield stress
: yor o= Constant n=06 /(d'Y/dt)

time
o



Stepped or Steady-state flow

Shear
Thinning

iscosi

vV

Shear Rate, 1/s \

1: Flow Sweep

Environmental Control
Temperature 25

Soak fime 0

Test Parameters

Loganthmic sweep
Shear rate 01
Puoints per decade B

T [7] Inhent set point
hh:mm-ss [T] Wait for temperature

-

to 100.0 s = e

|| Steady state sansing

Max equilibration time 03:00
Sample penod 30

% tolerance 50
Consecutive within 3

7| Scaled time average

Variaveis controle
hh:mmss (velocidade, torque,
hh:mmss tensdo/taxa de cisalhamento)

‘\

.
\ E'

\
n = o /(dy/dt)

w | Controlled Rate Advanced

# | Data acquisition
+| Save point display
Save image
w | Step termination

Algoritmo do estado estacionario



Comparacao entre dois xaropes para tosse

0.8000 @  sample 1-Flow step
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Rampa de temperatura para escoamento

Dependéncia da viscosidade com a temperatura (a tensdo ou taxa de

cisalhamento é mantida constante
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Consideracoes em experimentos de escoamento

v’ Gaps pequenos resultam em altas taxas de cisalhamento
v Aquecimento por cisalhamento e compensacdo por temperatura (erros medidas)
v' Recomendacdo 0,5a 2 mm
v Escoamento secundarios pode aumentar a viscosidade (curva)
v’ Cuidado com a interpretacdo dos dados a baixa taxa de cisalhamento
v’ A tens3o superficial pode afetar medidas de viscosidade, especialmente em meio
aquoso

v’ Falha de borda —amostra sai ou deixa lacuna devido a for¢as normal

(alternativa usar regra de Cox-Merz 77(7/) — 77'{: ((0)



Agua a 25 °C — escoamento secundario
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Escorregamento na pa rede Medidas de Yield stress em pasta de dente

1.0E7 =

1 06D < T, =18P0

/ T -105P0

1.0E5 +

1000 +

Viscosity (Po.s)

- Sooth piate

1009 — Crosshaiched plate

10

.
10 100 100 1000
Shear Stress (Pa)

v’ Escorregamento na parede “limite de escoamento” impreciso
v’ Pode ser verificado com corridas no mesmo teste em diferentes gaps

770)
v’ Por ex., se a amostra ndo escorrega, os resultados serdo independentes do gap CTA | anstaunents cou



Experimentos oscilatorios

v’ Varredura de tensdo ou deformacéo
v’ Varredura de tempo

v’ Varredura de frequéncia

v Rampa de temperatura

v’ Sobreposicdo de tempo e temperatura (rampa de temperatura)



Parametros da reologia dinamica (ou testes oscilatdrios)

Parameter Shear Elongation Units
Strain Y = Y, Sin(wt) € = g, sin(wt) e
Stress G = oysin(wt + 8) T = Tsin(wt + ) Pa

Storage Modulus
" G’ = (o,/y,)cosd E’ = (t,/g,)cosb Pa
(Elasticity) (So/vo) (/€
Loss Modulus
G” = ind E” = (Ty/€,)sind Pa
(Viscous Nature) (GofYolsin (/o)
Tan 8 G"/G’ E"/E -
Cnmplex MDdUIUS G- — (G:2+Gﬂ2][].5 E" — (E!E_I_EME}D.E Pa
Complex Viscosity n" =G6*/w N =E/w Pa-sec

Cox-Merz Rule for Linear Polymers: n'(w) =n(y) @ y = w



Viscoelasticidade linear

Storage modulus G (Pa) =
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Varredura de frequéncia ...
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Varredura de frequéncia

Linear response to a sinusoidal excitation

is sinusoidal and represented by the

e
-\._\_\_\_\_-‘

\//E fundamental in the frequency domain

G (Pa) &

i ng-n—._._._‘._
i
e

NPE\Y/

g ‘..-..‘ a
. . . SeaitA
Nonlinear response to a sinusoidal ~
excitation is not sinusoidal and \
represented in the frequency domain by A
the fundamental and the harmonics

Osciltation strasn § (%)
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Exemplo da aplicacao regra de Cox-Merz — LDPE a 190 °C

0

107
'_’—'—.——o—.._,_*k ( 5 ) bl ( )
| T~ n(y)=n"(o
; ¥ b a ‘\.“\
. R
\ R - 100
/ .‘ .
. Ny e
. e = 1
Flow instability -
e \ >
e . ”
. Pl 3 i »
e e N 3
: 107 < Y f
g 3
a - 104

LDPE Freq sweep 2mm gap — Cox Merz
LDPE shear rate imm gap L 10°
LDPE Shear rate 2 mm gap

107

v v . . 107
10" 109 10" 102 109

Shear rate y (1/s)

‘--...‘l
(TA | TAINSTRUMENTS.COM



Varredura de tempo — Cura de uma epoxi “5 min”
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Experimentos transientes

v’ Experimentos de relaxacdo de tensdo

v’ Experimentos de Creep recovery



Stress

Experimento de relaxacao de tensao

Deformation
£
S
N
%  time
Response of Classical Extiremes
Elastic Viscous
Hookean Solid Newtonian Fluid
(7))
stress for @ stress for t>0 is 0
t=0 “—
is constant w
0 time 0 time

= This function is a material property known as the
STRESS RELAXATION MODULUS, Gft)
G(t) = o(t)/y

Response of ViscoElastic Material

Stress decreases with time @
starting at some high value £
and decreasing to zero. @
0 time
TTA



Relaxac¢ao de tensoes do PDMS

Git)
M 2009 strain
M B0% strain
M 10% strain

200% strain is outside the linear region
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Experimento de Creep recovery

Deformation

Stress

t, time t,
Response of Classical Extremes

Elastic Viscous
Stain for t>t1 is constant «  Stainrate for t>t1 is constant

Strain for t >t2 is 0 . Stra!n for t>t1 increa_se with time
« Strainrate fort>t2is 0

Strain
Strain




Experimento de Creep recovery — material viscoelastico

Creepo >0 . Recovery o =0 (after steady state)

G/n I

Less Elastic

Strain

More Elastic

Creep Zone Recovery Zone

t-| tE
time



Experimento de Creep recovery — material viscoelastico

more elastic
1/m
JE
p— CreeP Zone prory Jo = Equilibrium recoverable compliance
e —_—
Recovery Zone
time time
Creep Compliance Recoverable Compliance
t —y(t
](t) — y(t) (1) = [y, — (D]
o o
The material property obtained from Where 1y, = Strain at unloading
Creep experiments: ¥(t) = time dependent
Compliance = 1/Modulus (in a sense) recoverable strain

Mark, J., et. al., Physical Properties of Polymers, American Chemical Society, 1984, p. 102.




Resumo: testes com aplicacao de deformacao ou taxa de deformacao

f(t) . ]"21(':': t) Tn(ﬂ
I
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1
b. Stress Yo Vo
Growth
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Resumo: strain based
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