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1. Clains. 

1. 
This applicationis made under the act of March 

3, 1883, as amended by the act of April 30, 1928, 
and the invention herein described, if patented, 
may be manufactured and used by or for the Gov 
ernment of the United States of America for gov 
ernmental purposes without the payment to us 
of any royalty thereon, 
This invention relates to the seasoning of 

wood, and particularly to the use of hygroscopic 
pastes in the seasoning process. The proceSS Con 
sists essentially of completely coating the Wood to 
be dried with a hygroscopic paste and then ex 
posing said wood to a drying atmosphere until 
the desired degree of dryness is reached. 
The principal object of our invention is to 

eliminate, or minimize, seasoning defects during 
the drying of refractory items of Wood, such as 
occur with ordinary seasoning methods. 

Other objects of our invention are to permit, 
for various woods, faster drying than can be ob 
tained with ordinary seasoning methods and/or 
to permit less exacting control of humidity con 
ditions than is required in other seasoning proc 
eSSES 
When unseasoned wood is exposed to a drying 

atmosphere, the moisture content of the Outer 
zone soon becomes less than the moisture con 
tent of the interior. This difference in moisture 
is relied upon to produce transfusion of the mois 
ture from the center to the surface and is known 
as a moisture gradient. Wood shrinks when it 
dries below its fiber saturation point, and the 
wood in the outer zone begins to shrink during 
the natural course of drying before the interior 
dries enough to shrink. It follows that, by 
shrinking, the outer Zone of a piece of wood be 
comes too small to go around its green interior, 

- and the Wood is stressed and stretched. When 
the amount of stretch exceeds the inherent ability 
of the wood to stretch, the wood fails by checking. 
During the period of drying immediately before 
checking occurs, the wood takes on a set in the 
stretched condition, and because of this Set, the 
exterior Zone does not ultimately shrink as much 
as it would if the wood in the exterior Zone had 
dried without restraint. When a checked piece 
begins to shrink as a whole, during a later stage 
of drying, the checks may close at the Surface, 
because of the surface being set in the expanded 
condition, while they continue to enlarge in the 
interior. Thus, honeycomb checks are formed. 

Various means have been used to eliminate 
checking and honeycombing during the drying 
of wood. For non-refractory Species, and even 
for thin boards of some refractory species, such 
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2 
defects can be eliminated by drying the wood 
under the mild conditions of air seasoning, 
using proper piling methods and roofing the piles 
to protect the wood from rain and direct sun 
light. The same may be accomplished by sub 
jecting Such non-refractory items of wood to 
Controlled temperature and relative humidity 
conditions in a dry kiln. It is impossible, how 
ever, With Such Ordinary methods to season thick 
items of most Woods, and especially thick items 
of refractoiy Woods, without formation of checks 
and honeycombing. 
We are aware that a process known as chemi 

cal SeaSoning has been used to eliminate, or mini 
rinize, the Seasoning defects in thick items of re 
fractory Woods. The chemical seasoning process 
consists, essentially, of depositing hygroscopic 
and antishrink chemicals within the outer zone 
of a piece of green wood and then subjecting the 
treated Wood to a drying atmosphere. The chemi 
cals tend to keep the wood in the outer zone in 
a SWollen condition and thus tend to prevent 
the formation of checks or the enlargement of 
checks that do form. It is not possible, however, 
With any of the known chemical-seasoning agents 
to completely eliminate checking of thick items of 
the most refractory woods, such as the oaks. 
We are also aware that a process consisting 

of coating the Wood to be dried with a moisture 
retardant coating aid tilen exposing the wood 
to a drying at Enosphere has been used to elimi 
nate Cilecking and honeycombing during the dry 
ing of Wood. While this latter process is very 
effective in preventing checking, its effectiveness 
depends upon materially slowing down the rate of 
moisture loSS from the wood, so that it may take 
many years to Season. Some items, and the process 
is not practical except for such uses as the sea 
SOning of museum pieces. 
Our invention obviates to a large extent the 

deficiencies of the prior art by utilizing a paste 
that, when applied to the exterior of the piece 
of Wood to be dried, largely remains upon the sur 
face of the Wood during the first stages of dry 
ing and provides a layer of material that pro 
tects the wood from direct exposure to the dry 
ing atmosphere. The essential attributes of such 
pastes are that they have a loose heterogeneous 
Structure, provided by the thickening agent and 
any chemical in the paste that joins with it, 
through which structure water can diffuse from 
the Wood to the drying atmosphere. When first 
applied to the wood, the paste has a sufficient 
concentration of hygroscopic chemicals in it to 
maintain in the paste a suitable relative water 
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vapor pressure, that is, a vapor pressure Which is 
somewhat less than that of pure water, so as to 
promote diffusion of water from the wood to the 
paste, but is not low enough to cause excessive 
loss of water and consequent checking of the 
wood. When the moisture of the air in which 
the wood is being dried has a lower relative vapor 
pressure than the water in the paste, Water 
evaporates from the paste to the air. The Water 
which has diffused into the paste from the WOOd 
tends to increase the water-vapor pressure in the 
paste adjacent to the wood. The loss of water 
from the paste to the air tends to lower the vapor 
pressure of the water in the portion of the layer 
of paste which is adjacent to the air. As a re 
sult, a vapor-pressure gradient is set up in the 
paste with a consequent diffusion of Water 
through the paste from the side adjacent to the 
wood to the side adjacent to the air. The net 
result is that drying is accomplished in an en 
vironment not conducive to checking of the WOOd. 
Such a paste allows the wood to dry at a much 
faster rate than is permitted by a coating Sufi 
ciently water resistant to be effective in prevent 
ing checking of refractory items of wood in the 
practice of the prior art. 

It is essential that the components of the paste 
be such that a major portion of the paste re 
mains in a water-swollen gel condition on the 
surface of the Wood as long as the Wood has an 
average moisture content high enough to require 
such protection. Such moisture content Values 
are usually in the neighborhood of 30 to 35 per 
cent, based on the oven-dry Weight of the Wood. 
A part of the chemicals dissolved in the water 
of the paste may diffuse into the wood where 
they may act as chemical seasoning agents, a S 
sisting in the control of checking, but it is essen 
tial that the major portion of the chemicals 
remain in the layer of paste, so as to maintain 
suitable relative vapor pressure conditions. After 
the critical period for check formation has been 
passed, it is desirable that as much as possible 
of the paste disappear. This is partially ac 
complished by further diffusion of the chemicals 
into the wood, and with the lowering of the rela 
tive vapor pressure of the paste and loss of 
water to the drying atmosphere during the last 
stages of drying, the past loses its moisture, and 
only a small residue of thickening agent and 
dry chemical remains on the surface, Chemi 
cals and thickening agents, as well as drying 
conditions, can be selected so as to set up with 
any particular kind of wood an ideal set of equi 
libria, whereby the wood can be dried at as fast 
a rate as is possible, consistent with the inherent 
rate of moisture diffusion through that particular 
wood, without the occurrence of drying defects. 

It is not necessary, however, to start out with 
“ideal’ conditions, or to maintain such conditions 
throughout the drying period. The use of a Suit 
able hygroscopic paste permits Wide latitude in 
the initial drying conditions. If the vapor pres 
sure of the drying atmosphere is low, the chemi 
cals will become more concentrated and thus 
lower the vapor pressure of the paste adjacent 
to the air, so that evaporation will not be too 
rapid. Always, the paste maintains a diffusion 
gradient within itself, protecting the Wood from 
the atmosphere. The paste can shrink or swell 
in a direction perpendicular to the Surface of 
the wood, but does not impose any Structural 
stress upon the wood itself. 
A further advantage of the process is that it 

adjusts itself to fluctuations in drying condi 
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4 
tions Such as occur during the air SeaSOning of 
Wood. When the vapor pressure of the air is 
excessively low, as during the hot part of the 
daytime, the paste protects itself as described 
above. When the vapor preSSure of the air rises 
above the vapor pressure of the Water in the 
paste, as during the cooler part of the night 
time, the paste absorbs moisture from the air 
and returns to its normal condition, or may even 
become wetter. Except during extended periods 
of complete drouth or Saturated humidity, the 
vapor pressure in the paste adjacent to the Wood 
remains about the same and tends to keep the 
Wood drying at a steady, slow rate. In extended 
rainy, humid weather, the paste would tend to 
dilute itself considerably, thus raising the vapor 
pressure so that drying Would slow up consider 
ably until normal Weather again appeared. In 
extended dry weather, the paste might become 
so concentrated that it would tend to cause too 
rapid drying, thus itself causing the wood to 
fail. When such weather conditions ultimately 
change the desired relative vapor pressure of 
the paste adjacent to the wood, the change is 
much less and the rate of change much slower 
than such changes in the atmosphere; thus the 
Wood is protected from excessive damage. 
Chemicals can be selected that Will polymerize 
and precipitate out of solution before the vapor 
pressure of the solution becomes too low. In 
the event that the paste dries up completely 
under very severe drying conditions, such poly 
merized chemicals may form a coating resistant 
to the passage of water. 
While the effectiveness of the pastes in con 

trolling drying defects is greatest when the 
pastes are applied to the Wood before any sea 
soning has taken place, the process also is ap 
plicable to wood which has been permitted to 
dry partially before the paste can be applied. 
The properties desirable in chemicals or com 

binations of chemicals suitable for this inven 
tion are that they lower the vapor pressure of 
the water in which they are dissolved to a vapor 
pressure that will dry wood slowly without the 
formation of checks. Experience has indicated 
that the relative vapor pressures suitable for 
use in this process lie between 65 and 90 per 
cent, but it is conceivable that in some instances 
relative Vapor pressures outside of this range 
might be useful. The most useful relative vapor 
pressures lie within the range of 75 to 85 per 
cent. 
The hygroscopic chemicals and the thicken 

ing agents should be compatible with each other. 
The chemicals should have large enough mole 
cules, or should combine with each other to 
form large enough molecules, so as to prevent 
rapid diffusion into the wood from the paste, 
or should form with the thickening agent a gel 
that tends to maintain itself upon the surface 
Without diffusing to any great exterit into the 
wood during the early stages of drying. The 
chemicals must not combine too readily with 
themselves and form polymers lacking in hygro 
scopic properties or having too rigid a struc 
ture during the early stages of drying. It is 
necessary that the pastes maintain themselves 
in a wet paste or soft gel condition for a period 
of time somewhat longer than that required for 
the wood to dry beyond the stages of moisture 
distribution when the stresses are the greatest 
and where checking is likely to be most severe. 
It is desirable that, when the paste is subjected 
to very low humidities, a soft crust forms over 



2,546,162 
5 

the surface of the paste to resist moisture loss 
from the paste. The paste underneath the 
crust then remains relatively unchanged. 

It is desirable, but not always necessary, for 
the chemicals to eventually form a non-hygro 
scopic polymer within the outer layers of the 
wood or over the surface. It is contemplated 
that the formula can be varied, depending upon 
the kind and size of the wood and the nature of 
the drying conditions, so as to achieve the fast 
est possible drying without incurring drying de 
fects and yet leave a minimum of residue upon 
the Surface of the wood. 

Urea-formaldehyde-borax-starch pastes pos 
sess these properties to a high degree. Other 
hygroscopic resinoids, such as phenol-formalde 
hyde, can be used in the process. Such resin 
forming compounds ultimately polymerize to 
form non-hygroscopic resins, so that wood treat 
ed with them and dried does not sweat in humid 
weather. Under some circumstances, non-resin 
forming chemicals, Such as urea, and mola SSes, 
or urea and invert sugar when combined in a 
paste, would possess enough properties to be use 
ful in this process, although such combinations 
maintain their hygroscopic properties at the end 
of the drying period and must be removed if the 
wood is to be made suitable for use in damp 
climates. 
In carrying out the invention, any thickening 

agent, which will increase the viscosity of the 
solution can be used; for instance, cornstarch, 
methylcellulose, bentonite, or a combination of 
such agents. Any other hydrophilic thickening 
agent may be used. 

. The borax in the above-mentioned COInbina 
tion serves a dual purpose; it acts as a buffer 
in holding the mixture in the pH range of about 
8 to 10.5 and also acts as a gelatinizing agent 
to increase the swelling of the thickening agent 
over that which would occur if no gelatinizing 
agent were used. Other buffering agents and 
other gelatinizing agents could be used, Sepa 
rately or in combination, to accomplish the same 
resultS. 
Dimethylourea, is a condensation product of 

urea, and formaldehyde in a convenient form 
for use in preparing urea-formaldehyde pastes. 
Uncombined urea and formalin solutions, or any 
other forms of urea, or formaldehyde, also are 
suitable for preparing the pastes. The relative 
amounts of any urea-formaldehyde chemicals 
used can be expressed in terms of the Irelative 
equivalent amounts of urea, and formaldehyde, 
regardless of the forms used. The presence of 
methyl alcohol as a stabilizing agent in formalin 
solution may require slight modifications of the 
formula, and technique of forming the paste. 
The paste which we have found to be the most 

effective in practicing this invention consists of 
an aqueous buffered urea-formaldehyde solution 
thickened with cornstarch. The Solution con 
sists of approximately 50 percent by Weight urea, 
and formaldehyde in the proportions of 6 mols 
of urea, to 4 mols of formaldehyde buffered to 
a pH of about 9. A formula for making the 
solution is as follows: 

Parts by 
weight 

Water.------------------------------------------------- 422 
Borax (Na2B4O7.10H2O).------------------------- 39 286 

253 
IDinnethylourea (containing 11 percent by Weight Wa. 
Urea----------------'...-------------------------------- 
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6 
Dissolution of the chemicals is facilitated by 

heating the Water to not more than 160° F. and 
Stirring. To thicken the solution, cornstarch is 
added to a small portion of the Solution which 
has been removed and cooled to 100° F. Com 
mercial-grade constarch, which may have a 
moisture content of approximately 10 percent, 
can be used. An amount of starch equivalent to 
2.5 percent of the total weight of solution plus 
Starch is dispersed in the cooled portion of the 
Solution. The starch suspension is then trans 
ferred, With rapid stirring, into the main por 
tion of the Solution, which is maintained at a 
temperature of 150°F, for five minutes, or longer, 
after the addition of the starch. The resulting 
paste is cooled to room conditions. 
Althouh. We have found the above-described 

paste to be the most useful one for the drying 
of refractory items of lumber, some changes in 
the physical or chemical properties of the paste 
Inay be desirable to use the process most econom 
ically by Suiting only the minimum requirements 
of the lumber and the drying conditions. The 
composition of a number of urea-formaldehyde 
boraX-Starch pastes is given in Table I. Infor 
mation on the physical characteristics of these 
pastes When freshly made is given in Table E.I. 
The behavior of the pastes when exposed in glass 
dishes to various relative humidities at 80° F is 
given in Table III. 
When the pastes are applied to unseasoned 

Wood, moisture is Supplied by the Wood to the 
portion of the paste adjacent to the wood, poly 
merization of the resin-forming chemicals is de 
layed considerably, and many of the pastes re 
main jelly-like for a much longer time than when 
they are exposed in open dishes. Table IV gives 
information on the behavior of the pastes when 
applied On unSeaSoned redwood slats and exposed 
to various relative humidities at 80° F. One of 
the pastes was still moist at the end of a 3A 
month exposure period, and Several were appar 
ently in good enough condition to absorb mois 
ture during periods of high humidity and to pro 
vide Some protection for lumber at the end of the 
114-day period. The pastes retained their desir 
able properties longest When exposed continuous 
ly to 80 percent relative humidity, or alternative 
ly to high and low relative humidity conditions. 
Pastes continuously exposed to 90 percent relative 
humidity or above tended to dilute themselves 
and become Watery, and if exposure to such high 
humidities were prolonged, the pastes would be 
cone fluid enough to ruin off of Vertical Surfaces, 
though they would remain fairly weli on hori 
Zontal faces, even doWinWard-facing Surfaces. 
Pastes having the greatest amounts of fortraide 
hyde had the lowest relative vapor pressures and 
tended to absorb the most moisture and drip the 
most when continuously exposed to high relative 
humidities; but after a few days of eXposure to 
alternate low and high relative humidities, such 
pastes were best able to withstand high relative 
humidities without dripping. Pastes with less 
than 4 mols of formaldehyde to 6 mols of urea, 
tended to diffuse readily into the Wood. Al 
though the pastes with Small amounts of formal 
dehyde thus would not be as Satisfactory for check 
prevention during the drying of thick items of 
refractory woods, they provide enough protection 
to be of assistance in drying less refractory items 
and leave the surface of the wood in better con 
dition for surfacing and painting. 
The greater the consistency of the paste, the 

greater the thickness of the layer of paste that 
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can be applied to the wood, and consequently, the 
greater the amount of paste that will cling to a 
piece of lumber dipped in the paste. Also, the 
greater the consistency, the longer the paste will 
remain soft and effective. The Smoother the 
paste, the more effective its protective action. 
Smoothpastes are obtained by following the mix 
ing procedure described above. 
A non-resin forming combination which We 

have found to have properties Suitable for use in 
this process consists of a paste made by thicken 
ing a solution containing water 30 per cent, borax 
3 percent, molasses (80 percent solution) 30 per 
cent, and urea, 37 percent with cornstarch, the 
amount of starch used being 2 percent of the 
total weight of the paste. This paste remained 
moist, or wet, for 3 months when exposed continu 
ously, on unseasoned redwood and hard maple 
slats, to 65 or 80 percent relative humidity at 80 
F. When continuously exposed to 30 percent rel 
ative humidity at 20 F., it remained moist for a 
month. When alternately exposed to 30 and 90 
percent relative humidity, the paste maintained 
its ability to regain moisture at the end of the 
3-month exposure period. 
In practicing this invention, the paste is ap 

plied to the lumber or other items of Wood by 
dipping in the paste, by brushing, or Spraying, or 
by other means. After any exceSS. paste has been 
allowed to drain, the treated lumber is piled On 
stickers and exposed to a drying atmosphere. 
Other means of supporting and separating other 
items of wood for drying may be used, such as 
trays or self-stickering, and Short, blocky items 
Such as shoe lasts may be bulk piled. The eXpo 
sure may consist of piling the treated lumber in 
the open as in ordinary air Seasoning; exposure 
in a roofed but otherwise open shed; exposure in 
a dry kiln; or exposure in rotation to a combina 
tion of any of the above-describ&d conditions. 
When exposed to the weather, the piles of treated 
lumber are protected from the rain by roofing 
the pile. It may be particularly advantageous to 
pile the treated lumber on stickers on kiln trucks: 
allow the lumber to stand in a shed for a Week to 
allow the resin-forming chemicals to enter the 
first stage of condensation at normal air ten 
peratures and relative humidities; and then to 
move the lumber into a dry kiln and complete 
the drying. The lumber is left in the drying at 
mosphere until it has dried to the desired mois 
ture content. Customary practices of using con 
ditioning periods at the end of the drying period 
to equalize the hoisture distribution, in the lun 
ber may be employed. 
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In the present invention, the wood is preferably 

exposed to the drying at hosphere immediately 
after treatment, whereas in previously disclosed 
chemical seasoning processes, the paste-treated 
wood is stored in a solid pile for several days be 
fore being exposed to the drying atmosphere. 
The present invention eliminates the solid piling 
step, and most of the paste remains on the sur 
face as a protective layer between the wood and 
the atmosphere; whereas in the chemical season 
ing, the hygroscopically active chemicals diffuse 
into the Wood where the protective action takes 
place, in the outer Zone of the Wood itself. Be 
sides eliminating one step in the Seasoning proc 
ess, the present invention prevents the formation 
of numerous very Small checks which occur on 
the Surface of Wood Which has been treated with 
urea-formaldehyde by the processes ordinarily 
used in chemical Seasoning. 

Table I.-Coin position of various aqueous urea 
formaldehyde-bordiac-Starch pastes 

Concentration (percentage 
by weight) of chemicals Concentra 
in solution AIolal ratio, tion (per 

Paste of formal centage by 
No. dehyde to weight) of 

Dimethylol- la starchin 
lurea (11%. Urea Borax paste 

water) 

Per Per 
Per cent cent cent Percent 

14.3 31, 6 3.9 2:6 1.75 
2.5 28.5 3.9 3:6. 1.75 
28.6 25.3 3.9 4:6 75 
28.6 25.3 3.9 4:6 2.00 
28.6 25.3 3.9 4:6 2.25 
28.6 25.3 3.9 4:6 2.50 
35.7 22. 3.9 56 1.75 

Table II.-Fhysical characteristics of urea-form 
aldehyde-bordiac-Starch pastes 

Wiscosity at 80° F.1 
- Retention Yifty 

Paste - of paste on Relative 
No. Time vis- Time vis- surface of ER. Apparent cosity cosity stays unseasoned ESE viscosity remains below 60 lumber 0 PSC 

unchanged seconds 

Pounds per 
Seconds Days Days. 1,000 sq. ft. Percent 

22 >9 >9 120 84.5 
23 >9 >9 135 S2.0 
23 3. >9 30 80.4 
26 2 5 80 - 
36 K1 3. 265 - - 
-58. K1 Kl 260- - 
29 <l K1 270 - 

Stormer viscometer, submerged paddle modification, 150 grain 
weight, 100 revolutions. 

Table III-Behavior of various urea-formalde 
hyde-bordac-Starch pastes when eacposed in open 
dishes to various humidity conditions at 80° F. 

General condition of paste after 14 days of exposure to a relative Moisture loss (-) or gain (+) 
per day during first 4 days 

humidity of - of exposure to a relative 
humidity of - 

Paste No. 
30% 65% - 80% 90% 

30% 65% 80% 90% - 
Percentage of original mois 

ture of paste 

l---------- Crust over soft gel----- Watery gel -- Watery gel -- Watery gel -- - 16.7 -7. 6 -1.4 2.-- ----d -- Soft gel.---- Soft gel-----------E" -3.3 : ; ; ; ; 
8---------------do---------------------- do------------ do------------ do - -21. 1 -7, 6 -0.5 --6. () 
; -20.6 -7.6 -0.5 --6.5 
6 3: E. E.: E: 7. Semisolid Senisolid -----38...I is: Si: E3 gel. gel. 
t" ---------- 
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Table IV-Behavior of various urea-formalde 
hyde-bordiac-starch pastes applied to unsea 
SO1zed reduood and eacposed to various humidity 
conditions 

Length of time 80 per cent or more of surface area of paste remained Percentage of surface 
moist when exposed area of paste retain 

ing ability to absorb 
moisture at the end 

To kiln Continuously in a Alternately in hu. of 114 days of ex 
Paste No To drying at humidity room at midity rooms at posure alternately 

winter 1 90°F. 80° F. to a relative 80° F, to relative to relative humid 
alr and 40 humidity of - humidities of - ities of 

Seasoning per cent 
condi- relative tions humid- 30 per 65 per 80 per 30 and 80 30 and 90 30 and 8030 and 90 ity cent cert cent per cent per cent per cent per cent 

Days Days Dags Days Dags Days Days Pet cent Percent 
7 6 4. 4 2 2 O 0. 

24. 3 17 7 17 8 13 O 0 
24 4. 10 24 17 17 15 75 0. 
60-- 6 17 45 45 52 7 100 95 
60-- 17 6 45 60 52 32 100 100 
60-- 10 10 52 114-- 78-- 49. 100 100 
60-- 10 24 52 52 52 13 100 100 

Specific examples of how our invention may lumber. The ends of the pieces were coated with 
be practiced are as follows: 

Eacample I 
A paste Was made by adding 0.18 pound of 

commercial grade cornstarch to the following 
Solution, using the technique described above: 

Pounds 
Water -------------- - - - - - - - - - - - - - - - - - - - - 4.19 

Borax ---------------------------------- .3. 
Dimethylolu rea, (13 percent water) ------ 2.94 
Urea ----------------------------------- 2.56 

Eight unseasoned white oak boards, 1 by 6 
inches by 2% feet, were coated with the paste 
at the rate of 210 pounds of solid ingredients 
per thousand board feet of lumber. The lumber 
WaS piled on Stickers in a dry kiln in which a 
temperature of approximately 90° F. was main 
tained and the relative humidity was kept at 
38 percent for 5 days; then at 52 percent for 
5 days more; then at 65 percent for 3 days; then 
at 70 percent for 3 days; and then at 41 per 
cent for the rest of the drying period. 
In two Weeks the boards that had been treated 

with the buffered urea -aldehyde paste dried to 
25 percent moisture content without checking. 
When the boards were allowed to dry to a mois 
ture content of approximately 12 percent under 
the final humidity conditions, no checks were 
found. Eight unseasoned white oak boards, closely 
matched to those described above and of the 
same size, were similarly coated with a urea 
borax-starch paste and exposed at the same time 
to the same drying atmosphere. Within two 
days the paste had dried and left a deposit of 
crystalline urea, and starch on the surface. With 
in 2 weeks, seven of the eight boards checked; 
the length of checking of the seven boards varied 
from 2 to 33 inches per board. 

Eacample II 
A paste was made by adding 0.62 pounds of 

commercial grade cornstarch to the following 
Solution, using the technique described above: 

POUnds 
Water --------------------------------- 10.30 
Borax --------------------------------- .95 
Dimethyloiurea, (11 percent Water) ------- 6.98 
Urea ---------------------------------- 6.15 

Five unseasoned white oak planks, 3 by 8 by 
26 inches, were coated with the paste at the rate 
of 160 pounds of paste per thousand board feet of 
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a water-resistant coating to limit end checking. 
The boards were exposed to the Weather at Mad 
ison, Wisconsin, during late winter and spring 
in a roofed pile until they had dried to a moisture 
content of approximately 28 percent, Well be 
yond the moisture content of maximum check 
ing. The average length of checking per piece 
is given in Table W, along with the results for 
matched untreated pieces and matched pieces 
treated with urea by the dry spreading, Solid 
piling method, at the rate of 100 pounds of urea. 
per thousand board feet of lumber, and matched 
pieces which had been Soaked 9 days in a buf 
fered urea-formaldehyde Solution as in ordinary 
chemical Seasoning. 
Table V.--Moisture content and surface checking 

of 3- by 8- by 26-inch white oak specimens 

Moisture con- Total length 
tent at the end of surface 

Treatment of 179 days of checking per 
air Seasoning specimen 

Percent Inches 
Buffered urea-formaldehyde paste--. 28.9 85 
Buffered urea-formaldehyde Solu 
tion------- 29.7 1240 

Urea------ 27.4 295 
Untreated.-------------------- 26.9 265 

1 Much of this checking consisted of very small short checks. 
This application contains, in part, subject mat 

ter disclosed in Loughborough application Serial 
No. 581,821, filed March 9, 1945, now Patent Num 
ber 2,455,427. 
Having thus described our invention, we claim: 
1. A process for drying wood, comprising 

applying, to the Surface only of the WOOd, a 
hygroscopic aqueous paste which minimizes dry 
ing and shrinking of the exterior of the wood be 
fore the interior dries, the paste remaining in a 
water-swollen gel condition on the Surface of the 
wood as long as the wood has an average moisture 
content of 30 percent or higher, calculated upon 
the oven-dry weight of the wood, said paste com 
prising a mixture of hydrophilic thickening 
agent, and an unpolymerized resin-forming ma 
terial which in the last stages of the drying forms 
a non-hygroscopic resin, the paste having a 
water vapor pressure, relative to pure water, of 
65 to 90 percent and then open piling and Sub 
stantially immediately kiln drying the coated 
wood without waiting for the paste to impregnate 
the Wood, whereby diffusing of the paste into the 
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wood before the drying operation and during the 
early stages of the drying operation is avoided 
and minimized, the drying being to a moisture 
content of no more than about 25 percent. 

2. The process of claim 1 in which the resin 
forming material is a mixture of dimethylolu rea 
and urea. 

3. The process of claim 1 in which the resin 
forming material is a mixture of urea and 
formaldehyde. 

4. The process of claim 1 in which the resin 
forming material is a mixture of urea and form 
aldehyde in the proportion of 1 to 5 mols of 
formaldehyde equivalent to 6 mols of urea, 
equivalent. 

5. A process for drying wood, comprising 
applying to the surface only of the wood a paste 
comprising an aqueous mixture of starch, a 
buffer to hold the mixture in the pH range of 
about 8 to 10.5, and an unpolymerized resin 
forming material capable of forming a non 
hygroscopic resin, the paste having a water vapor 
preSSure, relative to pure water, of 65 to 90 per 
cent and then open piling and immediately kiln 
drying the paste covered wood without waiting 
for the paste to impregnate the wood, whereby 
diffusing of the paste into the wood before kiln 
drying and during the early stages of drying is 
minimized, the drying being to a moisture con 
tent of no more than about 25 percent. 

6. The process of claim 5 in which the buffer 
is borax and the resin-forming material is a 
urea-and-formaldehyde containing material. 

7. The process of claim 5 in which the resin 
forming material is a mixture of dimethylolu rea, 
and urea, - 

8. A process for drying wood, comprising coat 
ing the surface only of the wood with a paste 
comprising an aqueous mixture of cornstarch, a 
buffer to hold the paste in the pH range of about 
8 to 10.5, and a material comprising urea, and 
formaldehyde in the proportion of about 1 to 5 
mols of formaldehyde to 6 mols of urea, the paste 
having a Water vapor pressure, relative to pure 
water, of 65 to 90 percent, and open piling and 
drying the treated wood without waiting for the 
paste to impregnate the wood. 

9. The process of claim 8 in which the buffer 
is borax. 

O 
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10. The method of drying wood comprising 50 
coating the Surface only of the wood with an 
aqueous paste comprising a concentrated solu 

12 
tion of urea and formaldehyde, the formaldehyde 
being present in the proportion of 4 molecules 
per 6 molecules of urea, the solution buffered with 
borax to a pH of about 9, the whole solution 
thickened with starch, the paste having a water 
vapor pressure, relative to pure water, of 65 to 
90 percent and containing about 50 percent by 
Weight of urea and formaldehyde, and open pil 
ing and immediately exposing the open-piled 
Wood in a kiln to a drying atmosphere to dry it 
to a moisture content of no more than about 
25 percent drying atmosphere without Waiting 
for the paste to impregnate the wood, whereby 
diffusing of the paste into the wood before dry 
ing and during the early stages of drying is 
minimized. 

11. A process of drying wood at a controlled 
rate comprising subjecting the Wood to a drying 
atmosphere while maintaining upon the surface 
of the Wood an aqueous paste that protects the 
Wood from direct exposure to the drying atmos 
phere, the water in the wood diffusing into the 
paste, the Water in the paste diffusing into the 
atmosphere, the paste remaining in a Water 
SWollen gel condition upon the Surface of the 
Wood as long as the wood has an average mois 
ture content of 30 percent or higher, calculated 
on the oven-dry weight of the wood, the paste 
being buffered to the pH 8 to 10.5 and compris 
ing an unpolymerized material capable of form 
ing a urea-formaldehyde resin and having a 
Water vapor pressure relative to pure water of 
65 to 90 percent, the coated wood being open 
piled and dried without waiting for the paste 
to impregnate the Wood. 

WILLIAM KART, LOUGHBOROUGH. 
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