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This invention relates to a wood drying method and 
more particularly to a method for accelerating the drying 
rate of green lumber which is susceptible to damage if 
subjected to rapid arti?cial drying by ?rst subjecting the 
lumber to freezing. The invention is of particular in 
terest with respect to California redwood both because 
the process is very effective with redwood and the species 
is of great commercial importance. For this reason the 
invention is described with particular reference to red 
wood but it has equal application in the treatment of 
other green softwoods having relatively high moisture 
content and which are slow drying and in which damage 
has been demonstrated to occur if they are subjected to 
rapid drying. The method is also applicable to other 
woods which are susceptible to damage from drying. 
These woods are characterized by high moisture content 
and high extractive content and a relatively low vapor 
diffusion rate. Exemplary of such other woods are 
Western red cedar, incense cedar, cypress, black walnut, 
madrone, tan oak, true mahoganies, Philippine mahog 
any, Eucalyptus species, etc. 
Data published by the U.S. Department of Agricul 

ture Forest Service in 1958 gives the annual conversion 
of redwood sawtirnber into lumber at 980 million board 
feet. The greatest portion of this material has end use 
requirements that necessitate drying the rough sawn 
lumber down to a moisture content of 8 to 10 percent. 
Since redwood is a slow drying species, requiring the long 
est drying time of any commercial softwood species, this 
represents a major problem in the industry. 
As early as 1925 studies were made which were con 

cerned primarily with ?nding a pro?table balance be 
tween the drying time required and the losses occuring 
from degrade due to drying defects. The large number 
of investigations since that time have focused basically 
upon this same objective. 

If redwood lumber could be kiln dried green from the 
saw the total drying time could, of course, be reduced. 
The basic problem in this approach is once again that of 
obtaining a pro?table balance of drying time and losses 
due to degrade of the stock. The principal problem in 
kiln drying green redwood lumber is “collapse,” a drying 
defect in which the water saturated wood cells literally 
collapse. In severe cases of collapse the Wood cells on the 
interior of the board are torn apart, resulting in the dry 
ing defect called “honeycomb.” A honeycombed board 
is useless, as can be easily determined by simply cross 
cutting it. The cross cut surface will reveal from one to 
several lenticular shaped ruptures, which will often run 
the entire length of the board. In less severe cases of col 
lapse the surfaces of the board take on an irregular con 
tour, and this generally requires additional removal of 
material during surfacing in order to surface out the 
defect. Here again, the irregularities can be of su?icient 
depth to eliminate the board from any commercial use. 

Collapse in redwood is extremely temperature de 
pendent. Collapse may occur if the drying temperature 
is raised above the critical value, which ranges from 
110° F. to 120° F., while the moisture content of the 
wood is still above 30 percent. Much of the redwood 
dried has an initial moisture content of from 150 to 200 
percent, and a certain amount will even greatly exceed 
200 percent. Once the outer surfaces of a board have 
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reached an equilibrium with the drying conditions, water 
from the interior moving outward must subsequently 
diffuse through this increasingly deepening drier layer of 
Wood surrounding the interior portions. The diffusion 
rate through this dried layer of wood is extremely tem 
perature dependent, increasing greatly with an increase 
in the drying temperature. This cannot be taken advan 
tage of, however, for increasing the temperature above 
110° F. to 120° P. will cause that portion of collapse 
susceptible boards still above 30% moisture content to 
collapse. Therefore, the drying rate is limited to that 
obtained with a diffusion rate corresponding to a maxi 
mum of 110° F. to 120° F. Once the moisture content 
at the very center of the board has dropped below 30% 
it is possible to increase the temperature, and thereby in 
crease the di?'usion rate. The extended periods during 
which kiln temperatures must be maintained at 110° F. 
to 120° F. or less makes the cost of kiln drying from the 
green condition prohibitive for the majority of redwood 
lumber. 

Presently the drying practice of all large redwood mills 
is to segregate the lumber on the basis of drying charac 
teristics, which are recognized by weight and appearance. 
Usually it is segregated into two classes-light and heavy. 
The light segregation is kiln dried to the desired moisture 
content in a comparatively short period of time. The 
heavy segregation is air dried to an average moisture 
content of from 30% to 50%. Even after air drying the 
initial kiln temperature must not exceed the critical tem 
perature cited previously. Surveys show that the amount 
of redwood ?rst air dried and then kiln dried represents 
between 51% and 75% of a mill’s production. The air 
drying takes from 6 to 12 months and this is followed by 
6 to 20 days of kiln drying. The wide range in kiln 
drying time is due to the variation in moisture content 
of lumber going into the kilns, and the fact that almost 
every mill uses a di?erent kiln schedule. 

Air drying followed by kiln drying keeps the required 
kiln capacity to a minimum but a large air drying yard 
is required and a huge capital investment in stored lum 
ber is maintained. Insurance cost on the material stored 
in air drying yards is in itself quite signi?cant. Even 
with a large inventory, however, mills cannot always be 
in a position to ?ll an order promptly. In other words, 
under existing methods, ?exibility in response to changing 
market conditions leaves something to be desired. 

In summary then, investigations pertaining to ?nding 
means for increasing the drying rate of redwood have 
been going on from the early l900’s up to the present. 
The most recent known work in this regard prior to the 
present invention was done by Resch and Ecklund at the 
University of California Forest Products Laboratory, and 
is published in Bulletin 803 of the California Agricultural 
Experiment Station entitled, “Accelerating the Drying of 
Redwood Lumber,” July 1964. 

i The process of the present invention to be subsequent 
ly described in detail has as its purpose the desired effect 
of greatly increasing the drying rate of redwood and 
other wood species of high moisture content from the 
green condition Without incurring any substantial losses 
in degrade directly attributable to the accelerated drying. 

Basically the process ‘consists of applying a freezing 
treatment to lumber in the green condition, and then 
rapidly drying the treated material under initial condi~ 
tions of high temperature and low relative humidity with 
a marked reduction in the occurrence and amount of col 
lapse or honeycomb, or, preferably, without any drying 
defects. At the same time, shrinkage due to drying is sub 
stantially reduced. 
The salient feature of the present invention is that the 

lumber is ?rst pretreated by thoroughly freezing it. This 
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may be accomplished by subjecting the lumber to a tem 
perature below about 15° F. (—l0° C.) for a period of 
about eight hours Preferably the lumber is subjected to 
a lower temperature between about +5° F. and —l5° F. 
(—l5° C. to —25° C.). Freezing may desirably be for 
1a longer period of from about 2 to 3 days. The freezing 
duration required at a given temperature to obtain the 
optimum effect upon subsequent drying behavior is a 
function of many variable factors. Among these are 
variations in the size of the wood pieces as well as varia 
tion in moisture content, density and extractive content, 
all of which will affect the freezing rate. The principal 
requirement is thorough freezing of the liquid fraction 
present in the wood, which may be accomplished with 
many combinations of freezing temperature and freezing 
duration. For example, at --—25° C. substantially equiv 
alent results were obtained with respect to shrinking and 
drying defect with freezing duration of eight hours as 
with longer freezing duration at the same temperature. 
The lumber may be kiln dried immediately after freezing 
or after thawing at ambient or other conditions. 
The pretreated green lumber is then dried at an elevated 

temperature and under low relative humidity conditions. 
The elevated drying temperature is substantially higher 
than the critical temperature range, preferably, for ex 
ample, between 150° F. and 300° F. Because the rate at 
which moisture is diffused increases exponentially, rather 
than linearly, with increase in temperature, substantial 
savings are effected if the lumber is dried at a temperature 
of only 30° or 40° above the critical temperature range. 
Redwood lumber is ordinarily dried to an average 

moisture content of from 8% to 10%. The time required 
for reducing the moisture to this level depends upon a 
number of factors including the initial moisture content 
of the lumber, the temperature and relative humidity em 
ployed, the tightness with which the lumber is stacked and 
with which the kiln is loaded, and the like. Heretofore, 
commercial drying of heavy segregation redwood has re 
quired 6 to 12 months of air drying followed by 6 to 20 
days of kiln drying. With the disclosed process the air 
drying requirement is eliminated and the period of kiln 
drying is reduced to the range of from 1 to 10 days. Kiln 
drying time is dependent upon the initial temperature of 
the wood when put into the kiln and the operating charac 
teristics of the kiln. The relative humidity is maintained 
at the minimum obtainable with the available equipment. 
The invention is further illustrated by the following 

examples. 
EXAMPLE 1 

The drying process was carried out on a laboratory 
scale using a one inch thick California redwood board. 
The board had a moisture content between 180% and 
190%. End matched samples were cut from the board. 
A coating was applied to the end grain of both samples so 
that moisture loss during drying would take place primari 
ly from the side grain. Both samples were then individ 
ually wrapped in plastic ?lm in order to maintain them 
at their existing moisture content. One ‘of the samples 
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was placed in a household freezer maintained at a tem 
perature of approximately —5° F. (—20° C.) and left 
there for two days. The other sample, which served as 
a control, was stored in a household refrigerator at about 
38° to 40° F. (4° C.) for the same length of time. 

Both samples were removed from the respective units 
at the same point in time and while still wrapped in plas 
tic ?lm were exposed to normal room temperature of ap 
proximately 75" F. (24° C.) for about 24 hours. At this 
time the plastic ?lm was removed from the samples, which 
were then weighed to establish that essentially no weight 
loss had taken place for either sample. 

Both samples were then dried in a forced air circula 
tion laboratory oven at a temperature of approximately 
260° F. The samples were dried for 24 hours at which 
time they had reached constant weight and were removed 
from the oven, Less drying time is required for small 
samples than for larger masses of lumber. 

There was a visible external difference in the two sam 
ples after drying. The large drying surfaces of the control 
sample which was not frozen exhibited the sunken ap 
pearance of collapsed wood. Upon closer comparison 
with the prefrozen sample, the control was also noticeably 
smaller in cross section. A dramatic difference in the 
two samples was immediately apparent when comparison 
was made of their cross cut surfaces. The untreated 
control sample had several of the lenticular shaped rup 
tures in the interior of the piece. The matched sample 
which was pretreated by freezing had more nearly its 
original cross section both in dimension and geometry 
and the wood in the interior of the piece had not been rup 
tured. No visible degrade was observed as the result of 
the accelerated drying of the prefrozen redwood sample. 

EXAMPLE 2 

A further laboratory test was made with a heavy seg 
regation California redwood board taken directly off the 
green chain of the Simpson Timber Company sawmill 
at Korbel, California. This board was somewhat greater 
than two inches in thickness and its moisture content was 
approximately 250%. End matched samples were cut 
from this board and subjected to accelerated drying as in 
the previous example. The samples were individually 
wrapped in plastic ?lm to prevent moisture loss during 
the pretreatment. One was frozen in a household freezer 
for about three days, during which time the other control 
sample was stored in a refrigerator. Both were returned 
to normal room temperature over a period of one day. 
Both were dried in a forced air circulation oven main 
tained at a temperature of about 220° for a drying time 
of about 48 hours. Results similar to Example 1 were 
obtained. The unfrozen control sample exhibited evidence 
of severe collapse and shrinkage. The pretreated frozen 
sample showed signi?cantly ‘less evidence of deterioration 
due to accelerated drying and more nearly maintained its 
original dimensions than did the control. 
The results of other accelerated drying experiments 

are summarized in the accompanying table. 

Freezing Conditions Drying Conditions for Control and Remarks 
Ex. GrecnMoisture Pretrozen 
No. Wood Species Content 

Temp, ‘‘ F. Time Temp, ‘‘ F. Time Controls Prel'rozen 

140° dry bu1b____ N o drying detects. 
165° dry bulb____ _ Volumetric 

3 ____ __ Black Walnut." 28%_(Partlally —13° F ____ __ 16 hrs_.___ 180° dry bulb N0 drying defects. shrinkage 24% 
dried). to 6% mois- less than for the 

ture. controls. 
4_ _____ Incense Ccdar_._ Not determined. To thorough freezing of 212° to 0% ________________ -. Severe collapse Slight collapse and 

liquid fraction of moisture. and honey- honeycomb. 
wood. comb. Shrinkage re 

duccd. 
125° F., 70% 8 days _________ __ Collapse and 

1251211"3 ' 07 10 d gonegcmiibirel , __ o <., 0 - ays ________ __ uce . on 
5 ____ __ Tan oak __________ __do _________ __ 13 F ____ _- 40 hrs_____ R_H_ .-__do ___________ -_ metric shrimp 

215° F., to oven 4 days _________ __ age 15% less 
dry condition. than for the 

controls. 
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Freezing Conditions Drying Conditions for Control and Remarks 
Es. Green Moisture Prefrozen 
No. Wood Species Content 

Temp., “ F. Time Temp., ° F. Time Controls Prefrozcn 

6 ____ -_ California red- 174.3% ________ __ —-13° F ____ _. 2 days.-.” 190° F., 0% R. 69 hrs _________ __ Severe collapse Slight collapse 
wood. H. to 2.2% and honey- and no l1oney~ 

average comb. comb. (M ate 
moisture. rial very col 

lapse susceptible 
as evidenced 
from behavior of 

' the controls.) 
7. _____ ____.do _________ __ 170.1% ________ __ —13° F _________ __do"-.. 190° F., 0% R. 44 hrs ______________ __do ___________ _. Do. 

H. to 9.5% 
average 
moisture. 

8 _________ “do _________ __ 159.5% ________ __ —13° F _________ __do"..- 190° F., 0% R. 44 hrs _________ __ No evidence of No evidence of 
H. to 4.2% collapse. collapse. 
average Thickness 
moisture. shrinkage 30% 

less than for the 
controls. 

9-.---. _____do _________ .. 91.6% _________ -_ —13° F _________ __do...“ 190° F., 0% R. 69 hrs _________ _. Severe collapse____ Slight collapse. 
H. to 6.7% 
average 
moisture. 

10 ________ __do _________ __ 155% __________ _. __-0° F _________ __do___._ 110—115° F. Less than 2 Very severe col- Moderate collapse. 
Forced air days to 0% pse. 
oven; no hu- moisture. 
midity con 
trol. 

_____do _________ __ Moderate collapse- Slight collapse. 
_ do _____do Severe collapse____ Do. 

13 ________ __do _________ -_ 65—150% _______ __ —17° F _________ __do..." 175° F. R.H. 143 hrs ________ __ Moderate to se- Slight collapse in 
65% to 7.55% vere collapse in but 2 of the 8 
average all 8 control prefrozen hoards. 
moisture. boards. Per- Percent shrink 

cent shrinkages ages to approxi 
to approxi- mately S%M.C. 
mately 8%M. Width: 2.61. 
C. Width: 4.34. Thickness: 3.46. 
Thickness: 6.73. Width, 40% less 

than controls. 
Thickness, 49% 
less than con 
trols. 

14.--“ _____do _________ _- 65—150% _______ __ ~17“ F _________ __d0_--.. 150° F., RH. 306 hrs ________ __ Collapse in 6 of No collapse in any 
65% to 5.46% the 8 control of the 8 pre 
average boards. Per- frozen boards. 
moisture. cent shrinkage Percent shrink 

to approxi- ages to approxi 
mately 8%M. mately 8% MD . 
C. Width: 2.78. Width: 1.97. 
Thickness: 4.58. Thickness: 221. 

Width, 29% less 
than controls. 
Thickness, 49% 
less than con 
trols. 

About 200%.._._ —13‘’ F ____ _. 1 hr _____ __ 212° F., 0% To oven dry- Three samples of 12 ruptured during 
R.H. ness. freezing; overall reduced shrinkage as 

_____do _________ __ —-13° F .... ._ 3hrs ____ __ 212° F.,0% _____do __________ __ compared with samples prel'rozen at 
R.H. 23° F. — 0.); little additional 

_____do -—13° F ____ __ 7 hrs ____ __ 212° F., 0% _____do _________ __ bene?t from freezing for more than 8 
.11. hours at this temperature. All 

___._do _________ __ —13° F ____ __ 25 hrs-.." 212° F., 0% samples contained honeycomb‘ but 
1111. honeycomb and collapse was visibily 

_____do _________ __ -—13° F ____ _- 49 hrs"-.- 212° F., 0% less for samples of 53.5 hours duration 
‘ R.H. and more; reduction in shrinkage sub~ 

_____do _________ ._ —13° F ____ __ 73 hrs---“ 212° F., 0% stantially less than when preireezing 
RH. is'at lower temperature. ' 

_____do 5.5 hrs".-- 212° F., 0% 

7 h 2 2R '11‘; ' 0'7 ._ do .5 IS.___- 1 ° ., 0 

RH. 
__..__(10 11 hrs_____ 212° F., 0% 

' RH. 

_____do 53.5 hrs_-._ 212“ F., 0% 
RH. 

_____dn 77.5 hrs_.-_ 212° F., 0% _____do _________ __ 
EH. 

1 Lithocarpus densi?orus. 

Examples 3, 4, 5, 10, 11, 12, 15 and 16 report results 
obtained with comparatively small samples. In general 
the length of the samples along the grain ranged from 
about 11 inches on down to approximately 5 inches. 
Sample thickness was generally in the range of one to 
1.5 inches while the Width varied from about 2 to 6 inches. 
Drying was performed in forced air laboratory ovens 
without attempting to control the relative humidity. 

In Examples 6, 7, 8, 9, 13 and 14 there Was an attempt 
to make the experimental conditions simulate the in 
dustrial situation. Small board sized samples were em 
ployed, ranging in length from 2 to 4 feet. They were 
one inch thick and from 3 to 6 inches in width. These 
boards were always sawn as near to quartersawn as pos 
sible, and 2 coats of end coating were applied just prior to 

70 

kiln dryino. The experimental allocation of material al 
lowed a face matched control board for each prefrozen 
board. 

The’ boards were dried in a 1000 bd. ft. capacity 
Standard dry kiln equipped with a Foxboro recorder 
controller. It is steam heated and the vapor is supplied 
in the form of live steam. The direction of air circula 
tion within the kiln is automatically reversed every 12 
hours. 

It is in the ?eld of economics that an industrial proce 
dure receives the supreme test, and it is in the area of cost 
reduction that the process of this invention can make its 
most signi?cant contribution. 
Under existing technology kiln drying heavy segrega 

tion redwood from the green condition is not economically 
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competitive with the procedure of air drying followed by 
kiln drying. Kiln drying green lumber in 27 days to an 
average moisture content of about 8% costs an estimated 
$21.65 per 1000 bd. ft. The minimum cost for air drying 
California redwood followed by kiln drying is $14.58 per 
M bd. ft., based on data taken from the report by Resch 
and Ecklund, supra. This assumes 300 days as the aver 
age time in the air drying yard and 3 cents per day as the 
drying yard cost per M bd. ft. The cost of transporting 
by large fork lift the lumber to and from the air drying 
yard is estimated to be approximately 60 cents per M bd. ft. 
for the round trip. The air seasoning cost thus amounts 
to $9.60 and the remaining amount of $4.98 is attributable 
to kiln drying. Kiln drying cost per day for a M bd. ft. 
is about 80 cents. This means that under optimum drying 
conditions approximately six days of kiln drying are 
required for lumber that has been air dried for 10 
months. 

Prefrozen redwood in many cases can be kiln dried 
from the green condition in a period of less than seven 
days. Thus, the minimum saved in drying costs is that 
achieved through the elimination of air drying. This 
amounts to an initial saving of approximately $10.00 per 
M bd. ft. dried. The difference between the cost of 
operation of freezing chambers and the eliminated air . 
drying cost represents the basic savings to the industry. 
Other savings'can be achieved. The reduced shrinkage 
of the prefrozen material means that the lumber can be 
cut thinner from the log. This results in a higher log 
yield. The heat removed during the freezing treatment 
may be utilized as a portion of that heat required in the 
kiln. 

There are additional areas of potential saving which 
are difficult to quantify in terms of dollars. Most im 
portant is the elimination of the inevitable degrade that 
occurs under existing practice. During 10 months of 
air drying considerable contamination of the stacks from 
sawmill smoke and dust takes place, and the stacks are 
surface wetted frequently by the numerous rains in the 
redwood region. The net result is that much of the 
material when surfaced has to be dropped to the next 
lower grade due to the presence of a stain on the lumber. 
There is an approximate 3.5 percent loss in value during 
the air drying operation. 

Also, the stacks are generally brought in for kiln dry 
ing when the average moisture content of the stacks is 
about 45%. The redwood tree population is subject to 
the same individual variation present in other biological 
populations, and consequently many of the individual 
boards in the air drying stack have a moisture content 
far removed from the average. Those at the high end 
of the range are likely to collapse when exposed to the 
conditions designed to dry material at a moisture content 
of 45 %. Consequently a certain number of boards are 
lost during kiln drying of the previously air dried 
material. 7 

Another potential area for saving is that of the light 
segregation which is presently kiln dried from the green 
condition. Prefreezing this material enables a signi?cant 
reduction in the drying time and a reduction in the 
shrinkage. 

10 

30 

60 

0 
An important advantage derives to the industry from 

the process of this invention in terms of greater ?exibility 
to market changes, and in effect “bringing the market 
closer to the saw.” 
The elimination of air drying yards, which by necessity 

are located close to the sawmill, would release a large 
land area for other possible uses. 
A very rough and perhaps conservative estimate of 

total annual direct saving to the redwood industry as a 
result of using the described process would be measured 
in millions of dollars. 

It is apparent that many modi?cations and variations 
of this invention as hereinbefore set forth may be made 
without departing from the spirit and scope thereof. The 
speci?c embodiments described are given by way of ex 
ample only and the invention is limited only by the terms 
of the appended claims. 

I claim: 
1. A method of accelerating the drying rate of lumber 

Which is normally susceptible to damage if subjected to 
rapid drying at elevated temperatures and upgrading the 
lumber by minimizing occurrence of collapse and honey 
combing and reducing shrinkage, which method comprises 

(A) pretreating lumber in green condition by sub 
jecting to freezing conditions to thoroughly freeze 
the liquid fraction therein, and then 

(B) rapidly drying the prefrozen lumber by subjecting 
to conditions of high temperature above the critical 
temperature at which damage normally occurs and 
low relative humidity. 

2. A method of drying according to claim 1 further 
characterized in that said lumber is pretreated by sub 
jecting to a temperature of below about 15° F. (—10° C.) 
for a period of at least about eight hours. 

3. A method of drying according to claim 1 further 
characterized in that said lumber is maintained under 
high temperature conditions for a period of time until 
the average moisture content has been reduced to about 
8 to 10%. 

4. A method according to claim 1 further charac 
terized in that the lumber is redwood having an initial 
moisture content in excess of about 30% and said lumber 
is dried at a temperature in excess of the critical tem 
perature range of 110 to 120° F. at which collapse can 
normally occur. 

5. A method according to claim 4 further charac 
terized in that said lumber is dried at a temperature in 
the range of about 150° F. to 300° F. for from one to 
ten days. 
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