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HYSTERESIS

• Sorption onto a glassy solid below the glass 
transition temperature

• At Tg hysteresis disappears
• Hysteresis arises due to adsorption and 

desorption into/out of a material in different 
states

• Matrix relaxation is the reason for this
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Study
• Scots pine 
• (1) Unmodified
• (2) Densified using 6 Mpa open press 150oC 

steam
• (3) Thermal modification – 200oC with 

injected steam for 2h
• (4) Densified and thermally modified
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Isotherms
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Hysteresis

0 20 40 60 80 100
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

 

 

M
C

 (%
)

RH (%)

 unmodified
 densified
 thermal
 HD

Absolute 
hysteresis



17

SORPTION KINETICS
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SORPTION KINETICS
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PEK MODEL

• MC = MC0 + MC1(1  – e-t/t1)+ MC2(1  – e-t/t2)
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PEK MODEL
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KELVIN-VOIGT

• Mechanical interpretation using Kelvin-Voigt 
viscoelastic model

• Rate limiting step of sorption process is 
polymer relaxation
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KELVIN-VOIGT MODEL

= ( 0 /E)[1 – exp(-t/ )]
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= ( 0 /E)[1 – exp(-t/ )]

MC = MC0 + MC1(1  – e-t/t1)+ MC2(1  – e-t/t2)

0 = - ( /M)RT.ln(pi/pf)
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Modulus
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Viscosity
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CONCLUSIONS

• A ‘mechanical’ interpretation gives results that 
are reasonable

• Need an independent way of determining the 
polymer relaxation characteristic times

• Fast = reinforcement? slow = matrix?
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