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One of the chief disadvantages of wood in use 
is its inability to retain its shape with the change in 
the moisture content. It shrinks and swells as water is 
desorbed or adsorbed in the cell wall of the wood fibre 
which is composed primarily of cellulose 'mnicrof ibrils.
The hydroxyl groups—of—the e. e ll.ulose c.hain-exhibi^t—strong...- 
affinity for water molecules* The hygroscopisity of wood

-- is due to-- these--water loving hydroxyl groups. In the swollen 
state water is adsorbed to the easily ■ accessible--hydroxyl- — - 
groups of the less^ordered..amorphous--region^--With-the loss 
of water, on .Jurying 3 surface tension forces pull the adjacent 
cej, ] n In sebcha i ns together causing shrinkage of the fibres 
equal to the volume of water removed.

The phenomenon of shrinking and swelling of wood 
is reversible if the fibre s remain relatively in the stress 
free condition. Because of the hygroscopic gel character of 
cellulosic material of which wood is composed, water is 
adsorbed spontaneously in the microscopic capillaries of the 
cell wall forming sdlid “solution accompanied by a corresponding 
change in the dimension. The orienta-tion. of.,, .ceiiulo-se 
microfibrils in the cell wall is such that shrinking and 
swelling take place mostly in the radial and tangential 
directions. Non-uniformity in directional shrinking and 
swelling, because of varying fibrillar orientation in the 
multilayered structure of the cell wall, is responsible for

* such defects as warping, cupping, surface checking, end 
spliting, honeycombing etc. during drying of wood. These 
defects, due to moisture changes in the wood-, constitute 
its most troublesome physical property from the users’ 
viewpoint.
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Unfortunately, the amount’of dimensional stability 
that nature has provided is not enough for most applications. 
The subject of dimensional- stabilization of woo.d has, therefore, 
received considerable attention by Wood Scientists for many 
years. The research results in this area reported in the 
literature are voluminous. Many processes have been evolved 
out of thissresearch effort, but they have met with only 
partial success. No full-proof method of dimensional 
stabilization of wood has yet been found. The dimensional 
stabilized wood is used for the manufacture of specialty 
items which can be r the increased cost of the process.

Nature has provided considerable degree of 
dimensional stability in the wood fibre itself by providing 
fibril wrappings around the main layer of the secondary 
wall which restrain normal shrinking and swelling, in the 
lateral direction. The inaccessible crystallitie regions 
of the cellulose microfibrils and the cementing middle lamella 
lignin which binds the adjacent fibres together also add to 
the nature’s dimensional stability, of wood. Without these 
provisions, the shrinking and swelling of wood would have 
been many times greater than what we normally encounter.

The present paper attempts to review the historical 
development of various methods employed for imparting +_• 
dimensional stability of wood, their advantages and .•<*
disadvantages and discusses the current method on which-• 
intensive investigation is being made during the recent 
years. The field of dimensional stabilization of wood is 
important enough to warrant further discussion on the .sub ject,
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Cross-laminating :

In plywood, odd number of plies are cross-laminated* 
The outer plies oriented in the fibre direction provide

Cross-linking the cellulose chains of the 
component fibres with various cross-linking 
agents which produces strong inter fibre chemical 
bond and prevents separation of fibre by water.

Bulking the fibre with non-volatile material 
so as to reduce the fibres1 capacity for water.

Replacing hygroscopic hydroxyl groups with less 
hygroscopic groups such as acetyl groups or 
reducing hygroscopicity by thermal treatment.

Cross-laminating thin sections of veneer which 
produces dimensional stabilization by exerting 
mechanical restraints.

The various methods of imparting dimensional 
stability fall into one or more of the following categories(3) :

External and internal moisture resistant 
coatings which reduce rate of moisture adsorption, 
but do not reduce equilibrium shrinking and

as the success of competing wood with other building 
materials depends to a large extent on finding out a 
method of dimensional stabilization of wood.
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•necl anical restraint to shrinking and swelling of inner 
cross plies.
externally,

' - Coatings can be classified into external (surface) 
and internal coatings, Surface coatings with water resistant 
■chemicals reduce the rate of shrinking and swelling, but do 
not reduce the ultimate equilibrium shrinking and swelling as 
they are not entirely impervious to moisture. Aluminium 
powder dispersed m oil paints, varnishes or enamels is the 

"most effective external coatings, With the application of..
two to three coats of aluminium paint, moisture excluding 
efficiency of upto 95 percent has been reported (1).

Instead of shrinking or swelling being visible 
it occurs internally towards the cell lumen of 

inner plies due to mechanical restraint offered by the 
outer’plies. As a result, the overall shrinking or swelling 
of a piece of plywood become s less than 25 percent of the 
solid wood of same thickness. The method of achieving 
dimensional stability by c ross-laminating, however, suffers 
from the disadvantage that it produces more face checking as 
compa-red to the solid wood, dome compression failures are 
formed in the fibre-"direction of* the plies during swelling. 
These compression failures develop into minute surface checks 
on subsequent drying when compression is relieved.

■ Cross-laminating will, therefore ,’give dimensional 
stabilization with the possible risk of face checking. This 
can, however, be avoided by treating the face plies with fibre 
penetrating resin such as phenolformaldehyde or bulking agent 
like polyethylene glycol.
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Reduction in Hygroscopicity :

nater repellants fall into the category of internal 
coatings. They are not as effective as surface coatings, 
because they are usually applied by a simple dip treatment. 
Natural'resins, v/axes or drying oils dissolved m a light 
petroleum solvent are examples of water repellants. Prior to 
dip treatment, some toxic chemicals are normally added to 
these vater repellants. In East Pakistan, water repellants 
may not find any commercial acceptance as they are effective 
only in shedding liquid water during short spells of rain. 
They do not have any significant effect upon preventing 
dimen-slonal changes due. to seasonal variation.

rtenS/sScf is heated'ife'~€Ae'’absence of air under 

drastic conditions of temperature and time, it results in 
the loss of water of constitution accompanied by dimensional 
stabilization. The loss of water of constitution is due to 

•permanent chemical changes in the wood substance. It is 
believed that hygroscopic hemicelluloses are converted to 
less hygroscopic sugar polymers of furfural during thermal *

If the hygroscopic hydroxyl groups of both cellulose 
and lignin can be replaced by non-^ygroscopic hydrogen atoms 
by such process as hydrogenationr wood-can be made permanently 
stable to dimensional changes; but all the present known 
methods of hydrogenation of wood results in the breakdown of 
both, cellulose .and lignin to soluble products. If* specific 
catalysts could be found which would initiate the hydrogen 
to react only with the hydroxyl groups without causing degrade 
to the wood substance, an effective method of dimensional 
stabilization could have been achieved.
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Bulking Treatments :

treatment which account for the reduction in hygroscopicity 
of heat stabilized wood (1). Unfortunately, the heat treatment 
embrittles, the wood to such a degree that this simple method 
of dimensional stabilization has not found commercial 
acceptance. *

Dimensional stabilization of wood can be accomplished 
by bulking the wood fibres with non-volatile substances like 
water soluole salts and sugars(2). Prior to drying, wood is 
treated with concentrated solutions of these chemicals. Upon 
drying, water is first lost from the coarse capillary•structure 
thereby increasing the concentration of. the solute which 

„ . • \ * *• a:

diffuses into the cell wall m order to‘‘equalize the ‘
concentration. At the end of drying, the non-volatile chemicals 
are left deposited within the solid structure of the cell wall 
thus bulking the wood fibre. Due to bulking, shrinkage is . . 
reduced by an amount equal to the partial specific . volume of 
the solute occupying the cell walls. Treatment with bulking 
agents-‘keeps the wood more nearly in the swollen state. Both 
salts and sugars introduce undesirable properties such as 
lowering the relative vapor pressure- rW.causing .the wood 
surface to remain constantly damp at higher relative humidities. 
Salts: corrode tools and metal fastenings and their’ water 
solubility properties are low. Sugars are highly susceptible' 
to attack by various organisms requiring further treatment 
by preservatives thus increasing the treatment cost. On account 
of these difficulties water soluble salts and sugars have not 
oeen favoured as satisfactory bulking agents.
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The undesirable properties of water soluble bulking 
agents led to the trial of water insoluble waxes by the 
application of a two step replacement process involving an 
intermediate solvent such as ethylene glycol monoether 
possessing both alcohol and ether properties. The two step 
replacement process is more laborious and consequently 
expensive as compared to the simple one step process. Also, 
the replacement is not as nearly complete as that of the 
water soluble bulking agent because of the lack of affinity 
of wood for the wax. Hence thjLs_method_is__less efficient.

A more satisfactory method of bulking has-been 
found by impregnating wood with a water soluble resin-.ancL 
subsequently converting it in situ to water insoluble 
resin by applying heat which transforms the soluble monomer 
into insoluble polymer. Water soluble phenolformaldehyde 
resin has_been used with considerable success for this 

----- "purpose. ’’Imnreg**"—a reisiJi_.impregna.ted plywood made from 
veneer treated with resin forming chemicals was developed 
in the United States following the above principle. ’’Imp re gn 
is suitable for the manufacture cf die models and •
extensively in Western countries- UcsLin^jimpregnSited wood 
exhibits marked improvemtni -i-rt-iirri’kicss and compressive 
strength properties. Its decay resistance, electrical 
resistance and acid resistance are also significantly 
increased, but its toughness strength is somewhat reduced. 
Thermosetting, fibre penetrating resin treatment imparts 
high degree of dimensional stability. As much as 75 percent 
reduction in shrinking can be expected out of this treatment. 
Face checking of resin treated plywood is materially reduced 
under outdoor exposure conditions.
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Bulking treatments with water soluble ,• fibre' 
penetrating resins, though effective in achieving dimensional 

-stabilization of wood, require relatively elaborate methods 
of application. Polyethylene glycols having molecular weights 

-.• ■of 1000 or less are a class ©ypolyethers that are highly water 
. soluble. They are excellent bulking agents for wood - far 

superior to salts and sugars discussed earlier. As’polyethylene 
gl'yc'ols are miscible with water in all proportions, they can 
be'readily applied to wood by a simple one step replacement

.. ■ process. Polyethylene glycol has been -found to bet-very effective 
in '-restoring old relics that are found in water saturated

•• -.condition beneath the water surface, v.ood carvings manufactured, 
.in green condition are treated with polyethylene glycol.' The 

. .‘ treatment prevents face checking, of the carved material
during subsequent drying. Gun stocks can be prepared defect 
free by precarving the green wood prior to polyethylene 
glycol treatment follov.’ed by drying. Strength properties 
of polyethylene glycol treated wood remain practically

The pheno 1-forma Idehyde resin forming chemical 
acts as-an excellent plasticizer for wood. v«ihen resin 
treated plies are assembled in a hot press into crossbanded 
.plywood panels, they tend to compress under pressures of 
500 p.s.i. to half of their original thickness resulting 

" in resin treated densified wood known as nCompreg”. This 
. compressed wood possesses dimensional stability similar 

to ” Imp reg”, but has better strength properties in tension, 
-compression, bending, hardness and toughness. '’Compreg” has 

: found its use for the manufacture of die models, shuttles 
.and picker arms for the weaving industries and othe'rr'specialty 
-items such as cutlery handles.
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unaffected. Because of its relatively simple method of 
application and lack of undesirable properties of the 
treated material, dimensional stabilization of wood by 
polyethylene glycol treatment has bhown promise.

Vapour phase acetylation of v/ood has been tried which 
raquires less_ chemical to attain a given degree of ttr-il' Lutiu-i 
stabilization- The vapour phase stabilization treatment of 
wood using polymerizable vapour of ethylene oxide as reactant 
with or without, t rime thy lamine as catalyst has been investigated 
and as much as't>5 percent reduction in volumetric swelling 
is reported to have been achieved(4). The deposition of 
polymerized product in the cell lumen is avoided in the vapour 
phase treatment. Also, problems related to solvent carriers 
and removal of excess catalysts are greatly simplified.

The method of dimensional stabilization of wood by 
acetylation falls into the category of both bulking as well 
as reduction in hygroscopicity. The more hygroscopic hydroxyl, 
groups are replaced by less hygroscopic acetyl groups having 
considerably larger volume. The acetyl groups apart from 
being chemically bound also bulk the wood fibres. Acetylation 
of wood has the disadvantage of using more chemical as 
150 percent of acetic anhydride is lost in the reaction in the 
form of acetic acid and the former being highly corrosive to 
iron and steel* requires, .special reaction equipment.
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Formaldehyde Cross-linking :
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a new ap proach to the dimensional stabilization 
of wood by impregnation with a suitable vinyl monomer and 
initiating polymerization of the monomer in situ has 
received considerable attention during the past few years 
(3,5,0). The process offers new possibilities of achieving 
dimensional stabilization by altering physical and mechanical 
properties of the wood which will extend its use to many 
new applications.

Formaldehyde in the presence of an acid catalyst 
acts as a cross-linking agent for cellulose. This method has 
the unique advantage of requiring far less chemical (three 
to four percent of the-dry weight of the wood) than that 
used in the bulking processes where as much as 30 percent 
of the dry weight of wood of chemical may be required to 
attain a satisfactory degree of dimensional stabilization, 
wood treated with a cross-linking agent has the Siime dry 
volume as the control, but smaller swollen dimensions. 
Dimensi mal stabilization with bulking agents keeps the wood 
more nearly in the swollen condition, rather than keeping the 
wood in the dry condition as in the case for cross-linking. 
The acid catalyst used in the formaldehyde cross-linking 
hydrolyzes the hemicelluloses resulting in an appreciable 
loss in toughness and abrasion resistance properties. The 
cross-linking enbrittles the wood to such a degree that this 
otherwise favourable method could not be exploited commercially. 
Other cross-linking agents that will form stable, reaction 
products without the use of degradive catalysts should be 
explored.

Radiation Polymerization with Vinyl Monomer :
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The solvent displacement method though appears 
theoretically sound for more“effective penetration of the 
monomer within the cell wall, does not look very pro mi si ng- 
on account of the difficulty in getting complete exchange 
of solvent and the time and number of exchanges involved 
particularly for large specimens. On this basis it is 
doubtful if bulking and grafting with polystyrene is any

Wood can be impregnated with various monomer-solvent 
systems using solvent displacement and vacuum-pressure method. 
The impregnated wood is then subjected to a high energy 
ionizing radiation such as gamma ray at varying dose rates 
upto a total radiation dose of usually two to four mega rads. 
The ionizing radiation produces free radicals in the cellulose 
chain to which the monomer is grafted. Besides grafting of 
the monomer to the wood substrate, a large amount of 
homopolymer is formed by polymerization of the monomer. The 
success of achieving dimensional stabilization of wood by 
means of radiation initiated grafting of vinyl monomer to 
the wood substrate depends upon minimizing the formation of 
homopolymer and maximizing the production of grafted copolymer. 
Various types of monomer-solve nt combinations such as

• styrene-dioxane-water, styrene-methanol-water5 styrene^ethand­
water and other vinyl monomers'like methyl acrylate, ethyl 
acrylate, methyl ua^thanrylate, vinyl acetate, acrylonitrile 
etc. have been tried (3). Of these, styrene has been used 
most extensively. The styrene stabilized wood combines the 
principle of internal coating, bulking and some reduction 
in hygroscopicity due to grafting when a swelling agen^t is 
used as an impregnating medium.
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As an alternative to solvent displacement method, 
.vapour phase impregnation with such monomer as vinyl chloride 
offers the possibility of eliminating the problem of.filling 
the cell lumen and localizing the impregnant in the cell wall. 
If filling up of the cell lumen could be completely avoided, 
only 30 percent polymer retention in the cell wall should 
theoretically result in 100 percent antishrink efficiency 
assuming that the bulked material has the s; me density as 
water. • '

Radiation initiated polymerization of wood with 
vinyl type monomers as a means of achieving dimensional 
stabilization of wood has to date met with only limited 
success. A high amount of polymer retention is usually 
required to attain a given order of dimensional,, stability. 
The chief• difficulty experienced is that most of the monomers 

mdo'not swell the wood. The treatment results in deposition 
of a large amount of homopolymer in the cell lumen without 
producing any grafting unless a swelling agent is used.isven 
with a swelling: agent although some grafting can be obtained, 
the deposition of the homopolymer in the cell lumen cannot 
be completely avoided. There is usually more than 100 percent 
weight increase of the treated material with the unproductive

more economical than bulking by polyethylene glycol. If, 
however, a monomer could be found which would swell the 
wood directly without the addition of any solvent, then 
the time element involved in the solvent displacement 
method could be significantly reduced.



use of uionomer which polymerizes in the cell lumen, borne 
swelling agents swell the wood beyond normal swelling by 
vzater and, therefore, result in lowering the mechanical 
property;

The success of achieving effective dimensional 
stabilization of wood-polymer system using high energy 
ionizing radiation as the initiator depends upon finding - 
a suitable monomer that is capable of swelling the wood to 
a limited extent but not beyond the swelling attained by 
water, developing a method of impregnation of the monomer 
into the cell wall without leaving any deposition in the 
cell lumen and finally radiation polymerizing the "included” 
monomer in situ to produce more frequent grafting with 
short side chains.

At the present time it is, therefore, difficult 
to see any real advantage of achieving dimensional 
stabilization by grafting using ionizing radiation over the 
phenolformaldehyde or polyethylene glyco11treatment(5). 
The phenolformaldehyde treatment has the advantage of 
utilizing a water soluble resin that is capable of swelling 
the wood directly without the need for cumbersome solvent 
exchange process. Also, phenolformaldehyde is polymerized 
thermally which is cheaper than the gamma radiation. The 
temperature range used for thermal polymerization does not 
have any deleterious' effect on the mechanical property of 
the treated material. However, phenolformaldehyde treatmant 
suffers from the disadvantage tliat it darkens the wood and 
lowers the toughness property to some extent although not 
seriously and to a much lesser extent in the resin treated 
"Compreg.” The disadvantages of the polyethylene glycol

39
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treatment are that the bulking operation is s nnewhat slow 
and the treatment gives rise to"a finishing problem which 
can, however, be overcome by applying polyurathane varnishes. 
On the?' otherhand .styrene stablized wood has the advantage 
of being able to preserve the; aesthetic quality of the natural 
wood.

’• Unfortunately, all the successful methods of 
dimensional stabilisation described in this paper require 
treatment with chemicals which are to be imported from 
abroad. Unless the basic chemical manufacturing industries 
in Pakistan are sufficiently developed at a faster rate, 
the application of presently known methods of improving the 

. wood quality and thus, extending its uses to new applications, 
where dimensional requirem nts are more exacting, will be 
quite slow. The dimensional stabilization of wood can, 
however, be imparted to specialty items that can bear the 
increased cost of the treatment.
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