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State diagram
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State diagram

5= — ,8 ln( 1—x5— Bxg ) i xstgl-,s + kxwtgi'w
M, "1—x,—Bx;+ Rx, gt — xs + kx,,
Describes ice formation Describes Glass transition
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2. Nature of the Glass transition

Glassy state is a second order thermal-phase transition. Which
IS common for carbohydrates, proteins, polymers and non-
organic materials, even metal alloys.




2. Nature of the Glass transition

olla ana orittie like a Crysta

Disordered structure

both crystallization and
o|ass transition



2.1 The difference between first and

second order transitions C TesTg
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2.2. Main theories explaining the glass
transition

. Free volume theory

J Kinetic theory

J Thermodynamic theory
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2.2.1 Free volume theory
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2.2.2 Kinetic theory

long-amplitude molecular motion A
Cp—liquid —
p—Vibr. + Cp—hole:

function of temperature

Heat capacity

rate corresponds to freezing a
different amount of holes. Hysteresis

T,-slow cooling

event as a result. 4 T,-fast cooling .
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2.2.3 Thermodynamic theory
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2.3.1. Characteristics of the glassy state:

VISCOSIty

BT,
Ny = noeT~To)

C1(T —Ty)

log (nT/T]Tg) = C, + (T _ Tg)

B, C1 and C2 — empirical constants

Viscosity, log n (Pa*s)

Brittle HgFPLOIS

propertieg

Area of application:

Ductile properties

Temperature, K

12

@ NTNU




2.3.2 Characteristics of the glassy state:
Rheological properties

1. Liquid flow -
2. Rubbery flow
3. Rubbery plateau

. . Brittle
4. Glass transition region Q Ductile properties,
5 Prf)pert|es Rubbery structure
5. Glassy state Crispy
structure
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2.3.3 Characteristics of the glassy state:
Reaction rate in foods
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2.3.4 Characteristics of the glassy state:
Aging. The relaxation during storage

Free volume at time O Free volume after storage

Enthalpy
relaxatlon

Free volume
decreasing

The process depends on the structure of material, storage
temperature and time
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2.3.4 Characteristics of the glassy state:
Aging. The relaxation during storage

Enthalpy

material’s structure

T storage

appears at 50 K
below T,




3.1. Factors influencing the glass
transition in foods: molecular weight:1

A
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3.1. Factors influencing the glass transition in
foods: molecular weight:2

Material ____________|Glass transition, °C

Ethanol -183..-177
Water -135..-142
Glucose 20..30
Sucrose 67
Starch 151..215

the water content
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3.2. Factors influencing the glass
transition in foods: Plasticizers

M ; by 10K and more T, of solids
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3.3. Factors influencing the glass transition in
foods: Rate of freezing

Most of the foods crystallizes
before glass transition
T, at higher

Sugar crystal temperatures,

formation (kinetic theory)
Fast cooling can help

to avoid that

T, at lower
temperatures,
(Gordon-Taylor

dependence)

Ice formation




3.4. Factors influencing the glass transition in
foods: Maximal freeze concentration

Maximal freeze concentration
& & (& &
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Low viscosity Increasing of viscosity Viscosity is high,
during water removing process | 107..10% Pa*s
(freezing or drying) Ice formation is stopped, T'm

Maximal freeze concentration depends on the food composition, between 10 and 40 % w.b.
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3. Glass transition in foods

Can be obtained by:

Rapid cooling (candies, starch products etc.)

Evaporation of water or other plasticizer until reaching the maximal freeze
concentration

Freezing of water until reaching the maximal freeze concentration
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4.1 Glass transition in foods: dried foods

particles surface, the viscosity is low
enough for adhesion

Temperature, K

Water fraction, kg/kg

low, that can not support the structure
All processes are above T,

of the food.




4.2 Glass transition in foods: stickiness and

caking (

ow moisture foods)

T<T,

T>Tg T>Tg T>Tg T<Tg

Free ﬂOWing Plasticized Attraction Agglomeration COOIing and/Or

particles

surface dewatering

and/or moisture content
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4.3 Glass transition in foods: collapse

Plasticized tissue
Plasticized tissue

T>>Tg T>>Tg

- | temperature dependent.
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4.4 Glass transition in foods: freeze drying

& & @ @ | Holes after ice
a2 oles a
o MO U MG o crystal evaporation

ﬁf ao;%v aei%

Fresh product  Frozen product Dried product,
below T'm below T,

is cause the defect of structure due to
collapse.




4.5 Glass transition in foods: volatiles entrapping

volatiles=> conserved flavor

\"

Diffusion and evaporation of
the volatiles during air-drying

ey

Volatiles are trapped by the
freeze-consentrated matrix
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4. Conclusions
? Any ideas ?

How would you apply state diagram in freeze drying, drying
freezing?
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