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Wood Rheology

Rheology: Study of the flow and deformation of materials.

Reflecting chemical structure, molecular
and supramolecular ordering
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Instrumentation

Modern instrumentation requires a choice between:
«  Strain controlled machines

. Stress controlled machines

Strain Control: Apply displacement, and
use a load cell to measure the stress.

Stress Control: Apply a force, and use an interferometer to
measure the displacement.
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Sample Preparation

1. Machine a geometry that suits your needs.
» Grain orientation
= Specimen size

= Clamp modes & clamp sizes

3-point bending cantilever bending parallel plate

2. Hygro-thermal history (Solvent extraction?) is
extremely important.
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Moisture Cont

As always, moisture control during analysis is critical.
We have 3 choices:

1. Completely dry

= Simple

» Reveals weak, secondary relaxations

= Thermal decomposition may be a concern
2. Completely saturated

=  Somewhat simple to dificult

» Reveals strong, primary relaxations

» Thermal decomposition of less concern
3. RH control

= Difficult and very expensive
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Storage modulus (Pa)
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Linear Viscoelastic Resp

The response (e.g. strain) is directly proportional
to the mechanical input (stress).

Within the LVR, polymer packing is not altered and
the response is independent of the input level.

Data within the LVR is easiest to describe
mathematically.

Experiments are generally performed at the highest
stress/strain within the LVR, optimizing signal/noise
ratio without causing an erroneous response.
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Example D

pMDI analysis

l T
WD= 7mm EHT= 500K/ Signal A= InLens
Mag= X000 KX Pheta Ms, = M1 Date & Sep 2005




Species Dependence of pMDI
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Normalized Compliance

Now... Ethylene Glycol (EG) Pla
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pMDI-treated and control specimens
(impregnations as before but resin
concentration 13% for poplar, 20%
for pine).

Post-cure resin content 5.5% for
poplar, 5.3% for pine.

Saturated in EG and subjected to 3
hour creep at 50°C (initially heated

90°C for 30 min., cooled (20°C/min)
to 50°C; held at 50°C for 30 min).

S replications each.

D(t)=D, +(D, - D,)x {1 - exp{— G)l H
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Composite Specimens with

Adhesive
Wood
Wood

Adhesive
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Storage Modulus (Pa)
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Influence of Resol Fortifiers o

10”3
] —o—PVAc-AICI, Films

] —&—PVAc-AICI-PF
10°{ —o— W-PVAC-AICI,

Temperature (°C)
20 40 60 80 100120140

Compliance (Pa'1)
S
.l\l

_E%%
_ : B
10°4 U8 n
E A @
T A
121 DIZI
10° 10" 10" 10" 10" 10™ 10" 10" 10%

Time (s)
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Influence of Resol Fortifi

Weathered PVAc-AICI;-50k x Weathered PVAc-AICI;-PF-50k x

Eon A . e
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Mag= S000KX  Photo Mo. = 237 Date :9 Sep 2005 Mag= S000KX  Photo Mo. = 240 Date :9 Sep 2005




Summary

Wood rheology deals with amorphous wood polymer
relaxations.

These relaxations reflect chemical structure, and
morphology, as well as changes caused by chemical,
thermal and other treatments.

Such methods require a significant investment of funds
and time, but they're worth it.
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