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Soft glassy Materialsg y
 Soft glassy Materials fail to reach equilibrium due to 

structural arreststructural arrest
 Soft glasses show a strong time dependent 

viscoelastic (thixotropic) behavior
 Common examples: Polymer nanocomposites, p y p ,

highly filled polymeric systems, paints, 
toothpaste hair gel shaving foam concentratedtoothpaste, hair gel, shaving foam, concentrated 
suspensions, emulsions, variety of foodstuff, etc.



Jamming Phase DiagramJ g g
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Temperature dependent volume recovery in p p
polymeric glass
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• Poly vinyl acetate
• Volume recovery observed after cooling from well above Tg .

Figure is adapted from Kovacs, J. Polym. Sci. (1958).
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Laponite p
Na+

0.7[(Si8Mg5.5Li0.3)O20(OH)4]–0.7
1 nm

 Thermal motion is restricted
P ti l d i i

25-30 nm

 Particles undergo microscopic 
dynamics of structural rearrangement
so that its energy decreasesso that its energy decreases

  tw (under weak deformation 
or stress field)or stress field)

 In practice power law dependence
is obser edis observed: 
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Aging under Oscillatory Shear g g y
Experimental Protocol
3 2 weight % Laponite3.2 weight % Laponite
5 weight % Laponite + 0.5 weight % PEO (Mw = 200)

70 Pa

e

Shear Melting

A
m

pl
itu

de

Aging 
Creep 
5 Pa, 15 Pa 

St
re

ss
 A g g

0.1 Pa 
,

Waiting time (idle)
2 Weeks

time

T=1 10 20 30°C2 Weeks T=1, 10, 20, 30 C



Temperature dependence (3.2 weight % Laponite)p p
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Aging experimentsg g p
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Aging Dynamicsg g y

 Cage diffusion timescale can be defined as:

 expm E kT 

 Arrested particle undergoes microscopic 
d i i hi h d f h

 pm

dynamics within the cage and prefers those 
states that lower its energy
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E
n

e 0 exp /m m U kT 

 Therefore barrier height (E) is a function of 
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Aging Dynamics (Cont.)g g y ( )

  3
 If b is Characteristic length-scale,
 Assumption: b does not change with waiting time tw

  3
w mG E t b 

p g g w
 Temperature dependence of Modulus is given by:

 G G 

Th f hifti p t a(T) i i b

 w mG G t  

 Therefore, shifting parameter a(T) is given by:
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Shift Parameters
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Aging time dependence (3.2 weight % Laponite) g g p
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Creep Behaviorp
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PEO+Laponite, 15 Pa, 30°C9
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Maxwell Model Prediction 
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In the limit of  t << tw
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Creep time – Aging time Superposition
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Variation in  with Temperature p
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Relaxation time and Shift rate 
 Two expressions for the Relaxation time dependence on age 

expressed as:



expressed as:
1 &m wt
       3exp expm mE kT G b kT    

are equivalent by considering
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Variation in  with Temperature p
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Time-Aging Time-Temperature Superposition
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Time-Aging Time-Temperature Superposition
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Time superpositionp p

 Effect of aging time on relaxation time: 
 Therefore normalized time (~t/ showed creep time-aging 

time superposition.
 By same analogy: 
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Sift factor for Time-Temperature Superposition
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Conclusions
 Evolution of structure (or aging) depends on waiting time 

(age) normalized by microscopic timescale(age) normalized by microscopic timescale
 Therefore, faster microscopic motions at higher 

temperatures shift the aging process to lower agetemperatures shift the aging process to lower age
 Although aging gets shifted to lower age, rate of structural 

evolution () decreases with increase in temperatureevolution () decreases with increase in temperature
 Irrespective of waiting time and temperature, process 

(creep) time normalized by dominating relaxation mode(creep) time normalized by dominating relaxation mode 
intrinsically affects the rheological behavior

 This procedure can be used to predict the long time This procedure can be used to predict the long time 
viscoelastic behavior of pasty materials from short time 
experimentsexperiments
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