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Introduction 
As It comes from the fill II freshJy cut and green. wood contains excess moisture 

which must he removed before it is suitable for most articles of manufacture. The 
process of removing this mOisture is referred to as seasoning and constitutes one of 
the most Important steps in converting raw wood into finished products. Green 
tim her may contain very sizeable amounts of water Rletz (1957) points out that a 
southern pine log 16 feet long and 15 mches in diameter may contain 70 gallons of 
water: a white oak log 16 feet long and 18 inches in diameter with 3 inch sapwood 
may contain 126 gallons or 1,050 pounds of water This latter figure represents 56.7 
percent of the total weight of the 10g1 

Seasoning IS a cosUy and time consuming process and would not he employed 
except 10 special cases unless there were valid reasons why it IS required. A few of 
the more Important reasons (RieLZ, 1957) are that seasoning reduces gross weight 
and thereby subsequent ShlpplOg and handling costs, unparts dimensional stability, 
mcreases most strength properties, increases fastener holdmg power and thereby 
jomt strength, incre,,-,"s electrical resistance, improves pamtability and g1ueahility, 
and finally, improves the thermal properties of wood. In addnion to these advan­
tages, drymg wood below the fiber saturanon point renders it impervious to biologi­
cal degradation so long as it is not re-wetted. Attack by wood destroymg fungi, 1fl 

particular, is prevented. 

Effect of Seasoning on Wood Properties 
Whether artificially seasoned or left to dry naturally in place, wood in 
service will ultimately assume a moisture content level that is consistent 
with the relative humidity of its surroundings. i.e., it will adsorb or desorb 
moisture from or to the atmosphere until the. vapor pressure of the water m 
the wood just balances the partial pressure of the water vapor in the sur­
roundmg air. ThiS e4uilihnum value, or equilibrium moistun: content 
varies with climatic as well as seIVice conditions and muy easily range from 
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4 percent for furniture in a heated house to 12 percent for timber in 
covered but unheated buildings 

Removal of so·called free water, 0..- sap, from cell cavities has little 
effect on wood other than to lighten it. but removal of " imbibed", or 
.... hygroscopic .. , moisture from the cell walls materially affects its 
physical and mechanical propenies Free water is removed first 
during seasoning since energy needed to break hygroscopic bonds is 
fully utilized evaporating free water from the wood surface The 
moisture content level at which all free water has been removed from 
the cell cavities but none of the hygroscopic moisture from the cell 
walls is referred to as the "fiber saturation point " For most species 
the fiber saturation point exists at a moisture content level of about 25-
30 percent (where moisture content is expressed as a percentage of the 
oven dry weight of the wood) . 

Shrinking and Swelling 
When dried below the fiber saturation point, wood becomes 
dimensionaJly unstable and its volume, area, and length become a 
function of its moisture content This functional relationship is 
different along each of the three natural axes of wood Table I 
(Rasmussen. 1961) gives average shrinkage values for a number of 
commercial woods along the radial, tangential . and longitudinal axes 
based on dimensions when green As can be seen. tangential 
shrinkage is greatest. ranging from about 4 to 14 percent as wood dries 
from the green to the oven dry condition Comparable values for 
radial and longitudinal directions are 2 to 8 and 0.1 to 0.3 percent. 
respectively. Since wood in most of its uses will eventually come to 
an equilibrium moisture content considerably less than the fiber 
saturation point, it will, if placed in service while green, shrink as it 
dries. Such shrinkage is undesirable and often unacceptable . 

Bender (1964) points out that in the furniture industry. shrinking and 
swelling cause "sticking drawers and doors; sunken glue·joints in 
veneered par1icJeboard panels, loosening of dowelled, moniseci . and 
various other types of Joints, splitting of solid wood components such 
as chair seats, end splits. in the cores of veneered lumber panels which 
are not end-banded. warping of doors and other panel components 
which are not firmly held by a rigid frame, and development of fine 
cracks and checks on the surface of highly finished veneered panels" 
Peck (l955) Slates that in building construction "shrinkage may cause 
loosening of fastenings and settling of the building with resulting 
plaster cracks, uneHn floors , and unsightly openings around 
moldings Shrinking of studs, sheathing and Siding decreases 
weathertightness of walls, loosens fastenings, and reduces the 
mechanical strength and stifTness of walls " 
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Table! 2 Moislur.e contdlt 81 u.hlch 
propo:nie!s clwtgc: due 10 dt)'ing for 

selecl .... >d sp«ics 
Spt.'Cic:s MOisture Cont..:nt 

(pt..'1\:..:nt ~ 

Ash white! 24 
BIrch. }ellow 21 
Ch~\Jt. Amo::ncan 24 
Do~lllS-flr 24 
Ikmlock. wcsk'1ll lR 

Larch. "e.sh .. '1ll lR 
PiDe. loblolly 21 
Pmc. logJeaf 21 
Pin!!.. red l4 
Redwood 21 
Sprucc:.red 21 
Spruce. Sitka 21 
Tamarack 24 
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Mechanical Propenies 
Reduction of moisture contenl below the 
fiber saturation point with but few 
exceptions increases the mecha nica l 
strength propel1ies of the wood Cell walls 
become more compact, fibers thereby 
become stronger and stiffer, and strength 
properties increase accordingly (Wangaard. 
(950). Molecularly, reduction of moisture 
content below the fiber saturatIon point 
promotes hydrogen bridge cross-bonding 
between adjacent cellu lose chai ns in 
regions of low spatia l order which are 
primarily respons ible for fiber stiffness and 
rigidity (Wakeham, 1955). The moisture 
content level at which the mechanical 
properties of a number of species begin to 
change is given in Table 2, (Anon 5, 1974). As can be seen, these 
levels are slightly below the fiber saturation point The Wood 
Handbook (Anon. 1, 1955) gives the following values, Table 3, for 
average increase or decrease in strength properties for a one percent 
moisture content change Two of the most critical properties, modulus 
of rupture and shear parallel to the grain, increase four and three 
percent respectively for each percent decrease of moisture content 
below the fibe r saruration point One strength property that does not 
increase with decreased moisture content. however, is toughness . 
Toughness is a measure of the ability of the wood to absorb shock or 
impact loads and is a function of both strength and pliability. Drying 
wood makes it less pliable, and hence toughness is reduced . 



Electrical Resistance 
The electrical resistance of wood also increases as it dries below the 
fiber saturation point. Table 4 (Rasmussen, 1951) gives the average 
electrical resistance in megohms (megohm = I million ohms) 
measured at 80 of. between two pairs of needle electrodes 1 I;' inches 
apan driven 5/16 inches into the wood Under these conditions and at 
a seven percent moisture content. black walnut has a resistance of 
51,300 megohms, at twenty-five percent its resistance drops to 0.38 
megohms - a sizeable reduction! Above the fiber saturation point, 
however. the relationship beh¥een resistivity and moisture content is 
unpredictable Wet wood conducts electricity readily. The resistance 
of wet wood to the passage of electricity, for example, is actually less 
than tbat for pure water. The functional relationship of resistivity to 
moisture content is of particular interest in the study of wood 
seasoning since several resistance type moisture meters utilize this 
property. Since resistance changes little above twenty-five percent 
moisture content and tends toward infinity below seven percent, such 
meters perfonn well only between these limits . 

Strength of Mechanical Fasteners 
Wet wood will not make as strong ajoint with mechanical fasteners as 
will dry wood. Furthermore., the shnnkage whicb occurs as the wood 
dries will cause the joints to become loose. Timbers used in heavy 
construction, in particular, are often not dried before they are put into 
service Drying large timbers requires an excessive amount of time, 
and often the seasoning defects which occur in the drying process 
more than offset the increase in strength gained by drying Thus when 
bolts are used with large timbers, it is necessary to periodically tighten 
the nuts as the wood dries . Joints made with other fasteners such as 
nails and screws in wet wood will also not have the holding power of 
joints made with seasoned material One reference (Rietz, 1957) states 
that panels made with green lumber and allowed to seaSOn indoors one 
month before being tested were found to be about one~half as rigid as 
similar panels made of seasoned malenal and tested immediately The 
same source points out that boxes made of green lumber will dry in 
service, and the resulting shrinkage results in loss of nailholding 
power and consequent loss in strength of the bo:'< . Tests showed thac 
boxes made with green material and allowed to dry to a ten percent 
moisture content may bave only one-founh the strength of similar 
bo)(es made of dry lumber 
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Glue Ilonds 
The ability of wood to form glue bonds is dependent on its moisture 
content For some glues, the moisture content of the wood must he 
quite low before a good bond can be fomled Thus. d·sening urea 
resins form a better bond with wood at eight 10 ten than al five to six 
percent while hot pressed urea-formaldehyde resins will fonn bonds at 
a moisture content of two to twenty-six percent (Brown, Panshin. and 
Forsaith, 1952). Other glues which dry by evaporation of moisture 
will vary in their mOisture requirements, but in general the moisture 
content should be low. If large internal stresses are (0 be avoided in 
bonded assemblies , the moisture content of the wood after it is bonded 
should be at an equilibrium moisture content consistent with the 
atmosphere surrounding it. Since glues whiL __ dry by loss of moisture 
add water to the wood, the initial moisture contenl of the wood should 
be below the equilibrium moisture content if the final moisture content 
of the wood is not to exceed the equilibrium moisture content 

The strenb>th and durability of a glue bond are also dependent on the 
moisture content. Strong bonds formed with animal or vegetable 
glues at a low moisture content are weakened if the moisture content 
of the wood rises , and adhesives of natural origin are destroyed if the 
moisture content rises to a poim where molds can grow Other 
adhesives, such as melamine, will form truly waterproof bonds. and 
these maintain a high proponion of their strength at any moisture 
content. 

Resistance to Decay 
One of the most imponant reasons for seasoning wood is to reduce its 
susceptibility to fungal anack: Fungi are responsible for three types of 
infest~tion in wood- molds. blue-stain, and decay (Rasmussen, 1961). 
Wood which has been well seasoned can be stored indefinitely in 
protected and covered sheds without danger of fungal damage. but 
green wood cannot Sapwood, in particular. is vulnerable to anack. 
especially in mild or warm weather Of the three types of fungi, 
molds are perhaps the least serious. but even light attacks can be 
harmful It has been found that Infections from molds and sapstains 
markedly increase the p _____ eability of wood Lindgren (1952). for 
example, found that southern pine heavily infected with Trichoderma 
viride absorbed 8 [0 9 times more preservative oil during a cold 
soaking treatment than did uninfec[ed wood. The infected wood also 
absorbed about 4 times more water during a simulated rain shower 
than did uninfected wood Such wood, when exposed to the weather, 
soaks up excessive anl0unts of rain so that it suppons decay and as a 
consequence may be seriously damaged 

Molds develop. for the most pan. on the surface of the wood ahhough 
the mycelium may penetrate deeply The mold is set!n as a nuffy or 
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conony growth on the surface which may range in color from white 
through all shades of gray to black It may also appear as a blue­
green. green yellowish. or reddish powder Discoloration of the wood 
is due to the spores which are abundantly produced (Boyce. 1961) 
Mold has little effect on the strength properties of the wood but is 
usually objectionable because of its appearance (Hunt and Garran. 
1953). It cannot be allowed in material to be used in food containers, 
however Generally, the mold can be brushed or planed from the 
surface of the wood so that the value of the wood is little reduced. In 
kiln drying timber species which require low initial drying 
temperatures and high humidities, molds may grow so luxuriantly that 
they are able to block the air passageways between boards This is a 
particular problem in kilns which are improperly designed or are 
operating imperfectly so that cold spots develop Rasmussen (l956). 
for example, cites a case in which this occurred in drying a charge of 
green, 3-inch thick white oak bending stock-a cold zone with a 
temperature only 3°F . below that desired resulted in development of 
mold so thick that the air passageways between the courses of lumber 
were practically closed When temperatures are raised, the molds are 
finally killed, but the presence of the mold may cause the wood to 
surface check owing to uneven drying Mold growth in kilns is 
usually caused by the common black mold (Mucor spp and Phizopus 
spp.) Lumber is most frequently infected by the green molds 
(penicillium, Trichoderma. and Glioclodium opp.) and also 
Aspergillus spp which cause black discolorations (Boyce, 1961) 

Blue stain is another fungal defect which like molds may seriously 
reduce the value of wood even though it may not seriously weaken it. 
The stain appears as a blue-gray discoloration which is most obvious 
on ·8 planed cross section and less so on a longitudinal section 
(Kollman, 1936) It is known the world over and may occur in the 
sapwood of practically all timber, but conifers are more susceptible 
than are hardwoods White and yellow pines, red gum and yellow 
poplar are listed as being especially susceptible (Boyce. 1961) Blue 
stain is caused by the mycelium of several fungi which belong to the 
genera Ceratocystis among others Ceratocystis spp are the most 
frequent cause of blue stain in logs and lumber in the United States 

Wood may be infected by spores carried by the wind In warm humid 
weather, they germinate and send out hypha which penetrate the cell 
walls or pit pores in search of food (Henderson, 195 I) Blue stam 
fungi typically ulihze the contentS of the cell cavities rather than the 
cell walls themselves as in the case of wood destroying fungi 
Consequently. the mycelium develop for the most part in the wood 
rays and parenchyma since this IS where mOSt of the food which they 
utilize is stored The heartwootl is not affected Although th~ hypha 
do not utilize the cell walls, they are able to attack it to a limited 
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extent, and the ray cells may be seriously damaged Few hypha 
develop in vessels. tracheids, and other cells (Boyce, 1961). Hypha 
pass from one cell to the next through pit openings although they may 
also form bore holes. This characteristic is of considerable diagnostic 
value in distinguishing blue stain from other fungi under the 
microscope. 

The moisture content of the wood is a critical factor in the 
development of blue stain Green and well seasoned wood are not 
attacked Boyce (1961) points out that blue stain may occasionally 
panialiy infect the heartWood of some species such as ponderosa pine, 
sitka spruce, and southern pines, and may even develop in the 
heartwood of some living trees such as northern white cedar. It may 
also develop in the heartwood of trees that are dying At)O percent 
moisture content, the growth of the fungus is greatly retarded, and 
below 20 percent growth practically ceases Optimum moisture 
content for growth lies between )) and 74 percent moisture content, 
and above 143 percent all growth ceases. Optimum temperatures lie 
between 75 and 95 OF. Above 100 to 110 OF. and below 40 to 45 OF. 
all growth practically ceases (Henderson, 1951) The above values are 
Quoted for C. coerulea on Scotch pine Conditions for other species 
will vary, but in general, optimum temperatures appear to lie between 
75 to 85 OF. and a moisture content of 20 percent is set for the lower 
limit of staining. 

The strength properties of wood are usually not seriously affected by 
blue stain, and infected wood may be used for most purposes if its 
appearance is not objectionable Losses in bending strength for 
stained conifers are commonly below 5 percent but may occasionally 
reach 10 percent Toughness is seriously affected, however, and may 
be reduced by 30 percent Tests have shown that staining of 
hardwoods produces similar small reductions in strength (Campbell, 
1959) 

The most damaging of the three types of fungi are those which cause 
decay The weakening effect of decay on wood is far out of 
proponion to any loss of weight noted in the wood Furthermore, 
even a slight infection is enough 10 make the wood brash or brittle so 
that it is apt to break suddenly under load (Scheffer, 1973). 

Wood may be infected either by air-borne spores or by coming into 
contact with infected material Once infected, the fungus sends out 
thread-like hypha which penetrate the wood in all directions. These 
hypha secrete extracellular enzymes which depolymerize the various 
cell wall components into water soluble molecular fragments 
(Cowling, 1961) These fragments dltTuse back to the hypha where 
they are assimilated and metabolized by the fung.us Fungi are usually 
descnbt:d as being either a brown rot type or a white rot type 
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depending on the nature of the constin s in the wood hich they 
attack Brown rot fungi attack the cellulose in the wood and leave the 
brown colo lignin. White rots on the other hand, attack the lignin 
primarily and leave the cellulose which gives a whitish color to the 
wood There are a great many fungi which cause wood decay A 
common fungus responsible for brown rot is Poria Monticala: a 
common fungus causing white rot is Polyporus versicolor (Cowling, 
1961). An extensive list of wood-destroying fungi is given by Duncan 
and Lombard (1965). Excellent illustrations of discoloration and 
decay in living northern hardwood trees are given by Shigo and 
Larson (1969) 

At least a small amount of free water is necessary for diffusion of the 
extracellular enzymes away from and the partial degradation products 
to the hypha Thus. dried wood IS protected against attack so long as it 
remains dry (Cowling, 1963). 

Factors Complicating Seasonil 
If all trees v e alike and no variation existed in wood composition 
aJ 'structure, seasoning could likely be reduced to a simple standard 
proc~ 're Wood is quite variable, however, and consequently a 
unique set of drying conditions is needed for nearly every species 
Two major factors complicate the drying process-lack of uniform 
moisture content in the material to be dried and lack of a uniform rate 
at which it dries. 

Initial Moisture Content 
The moisture content of green wood is not a constant value. It varies 
among species, within species, and within individual trees Individual 
species differ greatly in moisture content Average moisture contents 
(Rasmussen. 1961) of green soft woods and hardwoods are given in 
Table.5. Extreme high and low values for hardwoods are 162 percent 
for black cottonwood and 31 percent for osage orange Maximum and 
minimum values for softwoods are 149 percent -,r red cedar and 3.5 
percent for Atlantic white cedar respectively. Using data extracted 
from Markwardt and Wilson. (1935) Brown et al (1952) found the 
average moisture content of all North American hardwood species to 
be about 80 percent with a standard deviation of 28 percent compared 
to an average of 74 percent and standard deviation of 33 percent for 
softwoods 

Moisture distnbution in an individual living tree may also be quite 
varied and hence the position in the tree fn.. .. . which a log is cui will 
have a beari ... on its moisture content. Brown et al. (1952) stale that 
root wood is wetter than branch wood, branch wood wetter than slem 
wood. and lower stem wood wetter than that from the upper stem 
Rietz (1957) writes that the heartwood of a number of green redwood 
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1I ; examined decreased in moisture content from 160 percent at the 
stump to 60 percent at a height of about 100 feet He points out in 
contrast, however, that the moisture content of sapwood increased, but 
only shghtly. wi.h heigh. 

Variation in trees of the same species also exists, and material cut 
from logs of several trees of a single species may show considerable 
variation in moisture content. Lumber cui from a single tree of almost 
any species will also vary in moisture content depending on whether it 
is cut from sapwood or heartwood In ~ :ral there is less difference 
in moisture content between sap and heartwood in hardwoods than in 
softwoods Omining those species in Table 5 for which both sap and 
heartwood values are not given, for hardwoods the average moisture 
content of sapwood is 86 6 percent compared to 89 I percent for 

rtwood. In softwoods comparable values are 1489 percent for 
sapwood and 58 5 percent for heanwood The average moisture 
content of sapwood in ... _ softwood group (148.9 percent) is thus 
greater than the average moisture content in the hardwood group (86.6 
percent) whereas with respect to heartwood the opposite is true-54.5 
percent for the softwood group versus 89 1 percent for the hardwoods. 
It is also notable that the sapwood of Western red cedar (249 percent), 
sugar pine (219 percent), redwood (210 percent). and incense cedar 
(21 0 percent) all attain moisture contents in excess of 200 percent. 
w eas black cottonwood ()62 percent) and water tupelo (150 
percent) heanwood are the only hardwood species listed which equal 
or exceed even 150 percent 

Another factor which adds to the complications caused by differences 
of moisture content is the difference in drying rate of heanwood and 
sapwood of even the same species For example, the sapwood of red 
gum dries easily and quickly whereas the heartWood dries much more 
slowly and with a greater degree of difficulty. Funhermore, there is 
also a difference in the rate at which the heartwood of different species 
dries Thus the heartwood of oak is very difficult to dry as is also that 
of redwood, whereas the heartwood of basswood may be dried easily 
In general, however, it will be found that hardwoods are more difficult 
to dry than softwoods 

'1 



I 'P«~ ".",,", ' , 
, N.m, 

~ ~ 
:.::. , ... 

m Po. I '0, I P,~ Po 

I C.d~ A>h, 

" ~ 
03 

W .... m' "9 , I 

~ 72 

Bolum JK 1<0 

I 

-ffi- ~' 
~. I I 

.... m I 
,I 

~ 
I 
I " I 

I 
I 

~. 
72 

~ 11 0 

~,I .. JJ "" I .h" 
I" " 

I.' 
Slph JO 100 " .... 
,.'u "9 I , 

I ' 

:fu ~ ~ 
I . 

~, R,d I 

~ l:E 
12 

http:spo!ct.es


Material Size 
\"anatlon in size of material being dried also complicates the 
seasonlOg procedure since thick lumber must be dried much more 
slowly to avoid defects than thin stock of the same species. As an 
e'(ample (McMillen, 1956c), in one series of tests, 4/4 hickory was 
"lin dried in 12 days whereas 8/4 stock required 22 to 41 days 
B«ause of these and otber variations and also because these variations 
drpend to a large extent upon the moisrure content of the stock being 
dried which in turn is continuously changing, drying procedures have 
o~er been entirely reduced to a simple systematic set of rules 
Operator skill and experience has been and will likely continue to be 
In Important factor in the efficient drying of lumber 

Methods of Seasoning Wood 
Air Drying 

Of the methods available for seasoning wood, air drying is the oldest 
and simplest Air dried lumber is suitable for e"terior use, and green 
umber is also frequently allowed to partially air dry prior to kiln 
drying Since the effectiveness of the drying process depends upon 
""cather conditions which control the drying rate and the final 
moisture content which can be reached, air drying has been replaced 
by kiln drying in many areas but is still an important process Most air 
seasoned material is dried in flat piles with stickers placed between 
layers, but when it is essential to have rapid drying to prevent sap 
stain, end piling may be used In humid areas this may be necessary if 
a dry kiln is not available Such end racking promotes good air 
Circulation aod consequent rapid drying which eliminates the staining 
problem but often causes end surface checking and warping of the 
material Another method of piling once used to promote rapid drying 
was edge piling (Tiemann, (938). 

Although it is generally thought that air drying is a genlle method of 
seasoning timber, it is often severe depending on the time of the year 
and the species involved Matenal cut rrom the oaks, sycamore, 
beech, maple, and other woods which have large rays will surface 
check readily and consequently thick material cut from these trees is 
given special treatment To eliminate rapid end drying, the ends are 
rrequently coated with a material such as paraffin or tar to retard 
evaporation, but often this is nol enough protection, and it is necessary 
to place the material in what are known as semi-kilns in which the 
drying rate IS still more retarded Semi-kilns are often nothing more 
than covered sheds in which the material is plied, but they may often 
be large enclosed bUildings in which low heal and controlled humidity 
are used to slow the drying process. Ln semi-kilns where the 
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temperature is maintained at 110 of . to 120 of . and fans are used to 
circulate the air, gl __ .. stock may be dried to 8 to 12 percent mOisture 
content in J months (Henderson, 1951). 

Air seasoning has been extensively treated in the literature Among 
those publications which cover the subject in some detail are papers by 
Fullaway and Hill (1928), Mathewson (1930), Peck (1956), and Rietz 
and Page (1971). 

Kiln Drying 
Kiln drying of lumber is perhaps the most effective and economical 
method available Drying rates in a kiln can be carefully controlled 
and defect losses reduced to a mimmum Length of drying time is also 
greatly reduced and is predictable so that dry lumber inventories can 
onen be reduced Where staining is a problem. kiln drying is onen the 
only reasonable method that can be used unless chemical dips are 
employed 

Kilns are usually divided into two classes-progressive and 
companment (Thelen, 1923) In the progressive kiln, timber enters 3t 
one end and moves progressively through the kiln much as a car 
moves through a tunnel Temperarure and humidity differentials are 
maintained throughout the length of the kiln so that the lumber charge 
is progressively dried as it moves from one end to the other 
Progressive kilns may be further subdivided into natural draft kilns in 
which heated air is allowed to rise through the material by natural 
convection, and forced draft kilns in which fans are employed to force 
the air through the wood (Rasmussen. 1955). 

Compartment k.ilns differ from progressive kilns in that the timber is 
loaded into (he kiln and remains in place throughout the drying 
process Compartment kilns are usually smaller than progressive 
kilns, and because of their construction the temperature and humidity 
conditions within them can be closely controlled Consequently, they 
are often used to dry expensive material or woods which are difficult 
to dry e iL __ .ation may be either forced or natural just as with 
progressive kilns Drying conditions cannol be controlled as closely in 
natural draft compartment kilns, however, as in forced draft kilns, and 
the rate of drying is also slower For these reasons kilns built today 
are of the forced draft type and many of the old natural draft types 
have been converted 

Dehumidification Drying 
Although dehumidification drying is relatively new compared to 
conventional kiln drying. it is now used by si~ ' ''-Icant numbers of 
manufacturers Reasons for its popularity include low capital 
investment relative to that for conventional kilns and simplicity of 
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operation The process is ba'ied on refrigeration technolgy which is 
both reliable and cost efficient 

A refrigerat ion-based dehumidifer is used to remove water from the 
kiln chamber Heal generated by the dehumid ifier is returned to the 
kiln 10 provide the energy needed for evapo ___ . .Jn of moisture from the 
wood Since refrigeration units will not operate efficie.. .. y at high 
temperatures, maximum temperature are limited to about 160 OF. 
although most units operate at lower t ~ratures Electric strip 
heaters or small capacity electric or gas fired steam boilers may be 
used to bring the kiln to these higher temperatures Drying conditi ons 
are generally milder than those used in conventional steam kilns SO 

that drying times may be somewhat longer Because of the milder 
conditions, there is less tendency for drying degrade, and shrinking 
and warping are reduced Inspection during the course of drying is 
enhanced since operators are able to move freely in and out of the kiln 
at the temperatures commonly used. There is no provision for 
relieving drying stresses, however, unless steam can be introduced into 
the kiln 

Special Methods 
There are many other methods available for drying wood, but for 
various reasons, chiefly economic, none of these has ever achieved the 
popularity of air seasoning or kiln drying Among these "special" 
methods are chemical seasoning (McMillen, 1960); high frequency 
di-electric beating (McMillen and James, 1961), resistance heating; 
emersion in hot liquid metal , boiling in o ily liquids (McMillen, 
1956a). infra-red radiation (Anon 2, 1965); vacuum drying (Anon 3, 
1956). vapor dry ing (. ' n 4). solvent seasoning (McMillen. 1956b); 
high _. __ lperature drying by solar radiation (peck, 1962) and forced air 
drying with unheated (Stevens, 1965) and heated air (Kimbal and 
Torgeson, 1959) A few of these methods are of commercial 
importance; some are apparently impractical ; others at presenl are 
uneconomical Whether these methods are impractical and 
uneconomical today should not eliminate them from our thinking. 
however Many improvements in wood seasoning are yet to be made. 
and it is only by inquisitive thinkmg into newer and less perfected 
ways of drying that improvements in the drying process can be 
achieved. 

Objectives of Seasoning 
Regardless of the method used the objectives of any seasoning process 
are to dry the matenal to a low uniform moisture content with a 
minimum amounl of degrade in a minimum amount of time with a 
minimum cost for operating expenses and equipment These 
objectives aft: not all compatible with one another, and one must often 
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be sacrificed to satisfy another The conditions of each situation must 
necessarily determine the relative emphasis placed on each objective 
Thus rate of d ry ing must often be retarded to allow the wood to dry 
with a minimum of degrade. If walnut is being dried , this is almost 
certainly true . If cordwood were being dried for firewood, however, 
drying defects would make little difference, and drying the wood in a 
minimum of time at a minimum cost would be the only considerations 
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