CHEMICAL SEASONING

By W. KARL LOUGHBOROUGH*

AS A result of the preliminary ar-
ticle on the Forest Products Lab-

oratory method of seasoning wood with
chemicals, which appeared in BARREL
AND Box AND PACKAGES, September, 1936,

considerable interest has been mani-
fested in the subject by the lumber
industry. The available information

evidently needs to be focused so that,
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Research Studies by Forest Products Laboratory Point to
the Value Of Chemically Seasoning Wood to Prevent
Checking and Shrinking

Douglas fir timbers. Above—Afterair seasoning

the industry can judge the commercial
possibilities of the process.

to a moisture content
Below — Afterchemical seasoning to a moisture content of six per cent

When normal wood is subjected long
enough to a given constant temperature
and relative humidity, it will attain a
moisture content that is in equilibrium
with the surrounding atmosphere. This
moisture condition is known as the
equilibrium moisture content and with
minor exceptions is the same for all
native species of wood. When wood at-
tains an equilibrium moisture content,
its contained moisture has the same
vapor pressure as the surrounding at-
mosphere. If, however, the hygroscopic
moisture acts as a solvent for a chemical
its vapor pressure will be reduced vary-
ing degrees depending upon the charac-
teristics of the dissolved chemical. Con-
sequently, in a given temperature and
relative humidity, chemically treated
wood will have a higher equilibrium
moisture content than normal wood.

Fig. 1 shows the equilibrium moisture
content of natural wood and wood treat-
ed in a saturated solution of sodium
chloride. The significance of these curves
as applied to chemical seasoning is that
during a subsequent kiln drying or air
drying in a given relative humidity the
surface fibers of salt-treated wood have
a higher moisture content than the
untreated wood just beneath the chemi-
cally treated zone.

Chemical Seasoning Always
Dries Wood from Inside Out

For example, by drying wood properly
treated in a saturated solution of
sodium chloride in air maintained at a
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oratory is maintained at Madison, Wis., in cooper-
ation with the University of Wisconsin.



constant temperature of 70° F. and at a
constant relative humidity of 75 per cent,
one can prevent the surface of the wood
from shrinking and yet ultimately dry
the interior untreated portion of the
timber to a moisture content of 15 Per
cent. By chemical seasoning methods,
therefore, it is possible to dry from the
inside out and to prevent the surface
fibers from becoming sufficiently dry to
induce them to shrink. In this way
surface checking is avoided because the
surface fibers are not stretched as they
inevitably are when kiln dried or air
dried without chemical treatment.

The chemical is diffused into the wood.
If the moisture content of wood is not
high enough to provide a continuous
film of water into which the chemical
can diffuse, the action of diffusion is
impeded. The area in which diffusion
can take place increases with the mois-
ture content of the wood. Consequently,
the amount, rate, and depth of penetra-
tion at which a chemical diffuses into
wood are directly associated with its
moisture content. In species like oak,
for example, there is enough moisture
present to support diffusion at a fairly
rapid rate for a long time. On the other
hand, Douglas fir heartwood, when
green, has but little more moisture than
is necessary to saturate its cell walls.
Consequently, Douglas fir fibers do not
have to dry very much before they
lose their free water, leaving all the
remaining moisture confined to the cell
walls. While a chemical will diffuse in
hygroscopic moisture the rate is very
slow. Thus while Douglas fir is soaking
in a chemical solution the chemical
diffuses into the water in the wood and
the water just beneath the treated zone
diffuses outward in the opposite direc-
tion toward the surface and eventually
is lost to the chemical solution. Owing
to its original low moisture content,
Douglas fir, when steeped in a hot
chemical solution having a relatively
low vapor pressure, soon dries enough to
slow up the rate of diffusion materially.
It has been discovered that 12 by 12-inch
Douglas fir timbers have almost the
same salt distribution when soaked 1Y,
months as they have when soaked for a
much longer period.

Experience has shown that surface
checking control can be accomplished
by permitting the chemical to diffuse
no deeper than from 4/, to s/; in. This
can be accomplished in from four to 10
days depending on the chemical used
and the strength of the solution.

The rate at which Douglas fir timbers
dry in a saturated solution of sodium
chloride is about the same as that for
matched timbers that are not in a bath
but are subjected to the attained bath
temperature and a relative humidity
of 75 per cent. In view of the fact that
the drying rate increases with increas-
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Fig. 1. Equilibrium moisture content d natural wood and wood treated with a saturated solution
of sodium chloride. Surface fibres of salt-treated wood have a higher recorded moisture content

ing temperature, everything else being
equal, it follows that when it is desired
to obtain a considerable amount of dry-
ing while the timbers are in the solu-
tion, the bath should be heated.
Theoretically, the rate at which a
chemical will diffuse into wood contain-
ing free water is proportional to the ab-
solute temperature of the bath. Since,
however, the range in absolute tempera-
ture encountered in chemical seasoning
is comparatively small, the rate at which
a chemical will diffuse into green Doug-
las fir may be considered a constant.
Therefore, with the exception of increas-
ing the drying rate during the soaking
process, elevated bath temperatures
serve no useful purpose, and due to
their deleterious effects on wood should
be avoided in treating refractory items.
The maximum safe bath temperature
which may be used varies with the size
and the nature of the item being treated.

Laboratory Technic and Results

The foregoing presents a rough con-
cept of the basic principles involved in
the Forest Products Laboratory method
of chemical seasoning. The following
paragraphs give specific processes with
respect to Douglas fir that have resulted
satisfactorily.

Flat-sawed Douglas fir planks that are
wide and thick require careful kiln dry-
ing if surface checking is to be avoided.
The expense of this process operates
against its general adoption as a com-
mercial practice. Moreover, this class of
material will most surely check and split
during normal air seasoning. Owing to
these seasoning difficulties it is not sur-
prising that wide planks are often
shipped green. Chemical seasoning
methods are helpful in either kiln dry-

ing or air drying such items. After steep-
ing in a saturated solution of sodium
chloride maintained at 160" F. for two
days, 3 by 12-in. flat-sawed planks of
Douglas fir were satisfactorily kiln dried
to an average moisture content of 14
per cent in four days by the following
schedule:

Temp. °F. % Rel. Humidity No. of Days
160 70 2
170 60 1
180 50 1

One lot of flat-sawed 3 by 12-in. Doug-
las fir planks was boiled in a saturated
solution of sodium chloride for four
days during which time they dried with-
out degrade to an average moisture con-
tent of 12 per cent. At the same time
the cores of these planks had an aver-
age moisture content of 16.5 per cent.

Another lot of flat-sawed 3 by 12-in.
Douglas fir planks was steeped in a
40 per cent solution of invert sugar at
120" F. for two days and kiln dried
with the salt-treated planks. (See pre-
vious drying schedule.) When removed
from the Kiln, these planks had an aver-
age moisture content of 16 per cent, and
were free from any seasoning defect.
When treated two days in a saturated
solution of sodium chloride 3 by 12-in.
planks were air dried in an unheated
shed at Madison, Wis., without check-
ing. Matched material when treated
with a 40 per cent solution of invert
sugar checked under identical drying
conditions. The better behavior of the
salt-treated planks during air seasoning
is, of course, due to the lower vapor
pressure of the salt solution.

Side-Cut Timbers
Fig. 2 shows the moisture-time curve
of salt-treated 6 by 12-in. timbers and
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Fig. 2. Moisture-time curve for salt-treated and kiln-dried 6 by 12-in. side-cut Douglas fir timbers

also shows the drying conditions used.
In two previous experiments after a two-
day and 15-day treatment in a satur-
ated solution of sodium chloride, re-
spectively, each group was Kiln dried in
a constant temperature of 160° F. and a
relative humidity of 60 per cent without
the development of seasoning degrade
other than some end checking. As all
three groups dried at about the same
rate, drying with an initial relative hu-
midity of 70 per cent seems the safer
and consequently better practice.

Little drying should be permitted un-
til a reasonable amount of chemical has
diffused into the timbers if end check-
ing in the bath is to be entirely pre-
vented. The 3-day chemical treatment
was planned with this in mind. It con-
sisted of adding sufficient salt to cold
water containing the timbers to bring
the solution to about 30 per cent of sat-
uration (in equilibrium with about 93
per cent relative humidity) after which
it was allowed to stand 24 hours during
which time the bath was well agitated.
Next the solution was increased to
about 70 per cent of saturation in (equi-

librium with about 84 per cent relative
humidity) and the bath was left for
another 24 hours. The solution was
then saturated (equilibrium at 75 per
cent relative humidity) and the tem-
perature gradually elevated to 160" F.
where it was maintained from six to
eight hours. If it is necessary to dry
timbers of this size perfectly free from
end checks, some such treatment as the
foregoing must be given. The amount
of end checking that occurs when 6 by
12-inch side-cut Douglas fir timbers are
treated at room temperatures in a sat-
urated solution of sodium chloride per-
haps is not large enough to warrant the
additional expense of gradually increas-
ing the solution strength of low vapor
pressure solutions. Experiments have
shown that when certain end coatings
are applied to timbers prior to treatment
the hazard of end checking is greatly
reduced. Therefore, under certain cir-
cumstances perhaps end coatings can
be profitably used in chemically season-
ing timbers of this kind.

To date, air seasoning experiments
following chemical treatment have not

included large side-cut timbers. How-
ever, the kiln conditions used in drying
the foregoing three groups of timbers
were more severe than would be nor-
mally found in any part of the United
States except the arid Southwest. It is
reasonable to infer, therefore, that side-
cut Douglas fir timbers up to 6 by 12 in.
in size can be successfully air seasoned
after treating in a chemical solution
which has approximately the same vapor
pressure as a saturated solution of so-
dium chloride. It is suggested, however,
that for best results the air seasoning
should be accomplished in an open shed.

Commercial Aspects

The experiments conducted so far at
the Forest Products Laboratory on
chemical seasoning have been directed
toward only one problem; namely, the
drying of large timbers and refractory
items of wood without seasoning de-
grade. The experiments have been so
satisfactory as to make it desirable to
give serious consideration to the com-
mercial application of the results. For
example, thought should be given (a)
to the best type of equipment and the
ultimate cost of the treatment, (b) to
means of preventing the surface of tim-
bers from becoming damp when exposed
to high relative humidities, (¢) to means
of controlling the loss of electric current
in items which demand high electrical
insulation, (d) to the matter of con-
trolling the corrosion of metal fasten-
ings used in the assembly of salt treated
wood.

The experiments indicate that the cost
of the absorbed chemical is low. In gen-
eral, a satisfactory chemical treatment
is one in which the weight of the ab-
sorbed chemical is equal to two per cent
of the weight of the oven-dry wood. In
timbers as large as 12 by 12 in. in size
this amount of chemical is somewhat
excessive, but for purposes of cost esti-
mation the two per cent value may be
considered as a constant for all sizes.
If the cost of chemical treatment and
subsequent kiln drying is assumed to
be 30 cents a thousand board feet per
day, it is easy to estimate the cost of
drying various sized timbers by this
process.
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