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not lower than the extent desired, and the sample 
should be subjected to the compression treat 
ment of step II as quickly thereafter as possible 
and while the wood is still substantially at the 
maximum temperature developed in the moisture 
reducing treatment. In other words, the de 
gradation of the lignin may be considered theo 
retically to be advanced in accordance with the 
product of (1) the time of exposure at, or asso 
ciation with, a moisture content reduced below 
that of the green wood, and (2) the extent of 
reduction of the moisture content below its nor 
mal “green wood” value. Since the moisture 
must necessarily be reduced to the range speci 
?ed for the compression treatment,‘ the only 
opportunity of capturing the native reactivity of 
the lignin with a minimum of degradation is to 
accomplish the moisture reduction process as 
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quickly as possible and to no greater extent than, n 
necessary, and then to apply the pressure of the 
compression treatment in quick sequence. A 
third factor which undoubtedly in?uences the 
degradation of the native lignin is the subjection 
thereof to heat, particularly at reduced moisture 
‘content. It is accordingly desirable to avoid all 
excess heat in the moisture reduction step and 
to minimize the time of exposure to heat. How 
ever, since it is desirable, and facilitates the 
compression step, to‘ apply the pressure under 
heat, it‘ is accordingly advantageous to utilize all 
‘the heat absorbed by the wood in the moisture 
reducing step in order further to conserve time 
and reduce the total amount of heat absorbed. 
In the second step of the process, which is con 

ducted as quickly as possible after step I, as ex 
plained above, the wood is compressed under the 
influence of suf?cient heat and pressure until its 
volume has been reduced to a fraction of ‘its orig 
inal volume, and then cooled while maintaining 
pressure. This step has for its objective the ob 
yious result of increasing the density, andL also 
to utilize the lignin, in the presence of the ap 
propriate moisture content, as a combined plas 
'ticizer and resin to permanently bind the cellular 
tissues of the compressed ?brous materialin its 
compressed condition to the maximum extent 
possible. It is believed that the lignin, or a wood 
substance generally regarded as lignin or as asso 
ciated with the lignin, has thermoplastic proper 
ties and that the thermoplasticity is much im 
proved by the presence of water. Whether for 
mechanical or chemical reasons, the optimum 
range of moisture content has been found by ex 
perience to be from about 15% to the ?ber sat 
uration point. _ 
f It is further believed that the lignin or a wood 
substance vgenerally regarded and considered as 
lignin, also functions during this process step, 
somewhat in “ the manner of the condensation 
product of a thermosetting resin so that it ?rst 
?ows, and then cures, as the polymerization ad 
vances under the action of heat and the passing 
of time. The greater the extent to which this 
theoretical action of the lignin is accomplished, 

.~ the more eifective will be the resistance of the 
compressed wood to subsequent swelling or 
shrinking by Water, and the more permanent will 
be its dimensional stabilization. 
In the drawing, Figures 1 and 2 illustrate 

schematically the two steps of the process car 
ried' out in a hot press. 
‘‘ ‘While it is ideally preferred to carry out both 
steps of the process in a continuous operation in 
a single machine, physical limitations of the ap 
paratus, when using conventional presses, make 
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4 
it expeditious to carry out the process in two 
distinct phases using a different apparatus for 
each step. The ?rst of these phases of the 
process is identical with step I described above, 
and the second phase is identical with step II 
described above. 
The process is typically illustrated in the 

treatment of a one-inch thick board of either 
flat or edge grain green wood having a moisture 
content far in excess of the ?ber saturation 
value. The ?rst phase of the process comprises 
the rapid heating of this green board in a, high 
frequency dielectric ?eld between metallic con 
denser plates to a uniform temperature slightly 
above 212° F. in order to reduce the moisture con 
tent to a value between 15% and the ?ber sat 
uration point in the shortest possible time. The 
moisture content at ?ber saturation, of course, 
varies with the speci?c gravity of the wood, and 
the above value of 30% therefore represents the 
commonly accepted average value. The rate of 
heating is adjusted in accordance with the rate 
of moisture loss from the wood to produce the 
desired moisture content at the end of the ?rst 
phase by the time the temperature reaches ap 
proximately 220" FL, by controlling the electrical 
power output from a high frequency oscillator 
which is absorbed by the wood as a dielectric 
body. The driving oif of the moisture is accom 
panied by formation of a cloud of steam, with 
the size of the cloud diminishing as the moisture 
content is reduced below the ?ber saturation 
point. 
The moisture content of the wood during the 

practice of step I may be conveniently deter 
mined by the variation in voltage across the con 
denser plate electrodes on opposite sides of the 
wood. Inasmuch as the power factor and ca 
pacitance decrease as the wood loses its moisture, 
the voltage across the plates for constant power 
input increases as i the wood dries. Thus, by 
keeping the power inputrconstant, the voltage 
readings may provide a direct indication of the 
moisture content. The ?ber saturation point is 
very easily determined in this manner because 
of the electrical conductivity characteristics of 
wood containing free water in its grosser capil 
lary structure. The electrical conductivity char 
acteristics of Wood do not vary as much with 
varying amounts of moisture content above the 
?ber saturation point, as they do in response to 
varying amounts of moisture content below the 
?ber saturation point. As completely or partially 
water ?lled wood is dried, the electrical conduc 
tivity changes ratherslowly until the ?ber sat 
uration point is reached, the conductivity change 
for the entire range from completely water ?lled 
condition of the wood to ?ber saturation point 
being only about 20 fold. As the wood dries from 
?ber saturation point, at about.30% moisture 
content to 7% moisture content, there is an ap 
proximately linear relationship between the 
moisture content and the logarithm of the elec 
trical conductivity which produces a conductivity 
change over this range of over 100,000 fold. The 
break in the conductivity-moisture content rela 
tionship is thus so sharp that such variables as 
species, speci?c gravity of wood and variations 
in ash content, all have but slight effect on the 
conductivity in comparison with the effect of the 
moisture content. The rapid change in conduc 
tivity from 30% down to 7% moisture content 
also makes it relatively easy to determine the 
moisture content at any point in the range be 
tween 30% and 15% with which the present in 
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cility for quick heating of the platens by steam 
or electrical resistance to avoid loss of heat from 
the wood between the two steps of the process. 
In this procedure it is not necessary to handle 
the wood in hot condition; there is a minimum 
elapse of time between the completion of step I 
and the beginning of step II; and there is no po 
tential across the plates to damage thevwood 
while it is under high pressures. 
Figures 1 and 2 illustrate how the two steps 

of the process may be carried out expediently in 
a single apparatus such as an electrically heated 
hot press, as described hereinabove. In Figure '1 
light pressure is applied to the unheated platens 
and the wood is dried rapidly to the desired 
moisture content by the action of the high fre 
quency heating circuit. Figure 2 illustrates the 
second step wherein heavy pressure is applied 
while the platens are heated by resistance ele 
ments in the platen heating circuit. The high 
frequency circuit is deenergized at this time. 
Douglas fir boards compressed in the manner 

described above develop unexpected strength 
properties. As has been hereinabove mentioned, 
the strength properties of wood in general have 
heretofore been considered to be roughly propor 
tional to the density of the wood regardless of the 
kind of wood. This principle has also been ex~ 
tended to apply to compressed wood treated ac 
cording to prior art processes. However, using 
the process of the present invention, a green, flat 
grained, Douglas fir board one inch thick having 
an original speci?c gravity of when corn 
pressed to double its speci?c gravity, develops on 
the average a modulus of rupture in bending and 
a toughness by impact test of nearly two and one 
half times the corresponding values of the orig» 
inal wood, and a compressive strength in a direc 
tion radial to the grain 16 times that of the orlg~ 
inal wood. The percent of swelling, as de?ned 
by change in thickness with respect to the orig 
inal compressed thickness, for a number of 
samples, amounted to only 3 to 12% after 24 
hours submersion in water. On the other hand, 
samples of Douglas ?r boards compressed without 
regard to the critical conditions of the present 
process, to a speci?c gravity twice that of the 
original wood quickly swell to approximately the 
original thickness (90 to 100%) when immersed 
in water. 
Douglas ?r treated in accordance with the 

process of the invention is somewhat darkened, 
and its natural beauty is enhanced. When the 
compressed wood is sawed across the grain, the 
sawed end exhibits a ?ne, natural dark polish. 
Microscopic examination of a section perpendicu 
lar to the grain reveals that the spring wood is 
almost completely collapsed, the cells of the sum 
mer wood are partially collapsed, and the rays 
telescoped accordion fashion. The tendency to 
check and split is substantially reduced, and its 
wearing qualities, particularly for use as flooring 
material or the like, are greatly improved as indi 
cated by the above comparisons with natural 
wood. 
Western red cedar is more di?icult to treat by 

the present process and its response to the treat 
ment is not as uniform as that of Douglas ?r, but 
does respond satisfactorily to the treatment with 
remarkable results. Cedar is lighter in weight 
and softer than Douglas ?r and hence compresses 
more under the same conditions of pressure and 
temperature. For instance, under pressure and 
temperature conditions effective to reduce Douglas 
?r to about .4 of its original thickness'the cedar 
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8 
is compressed to .2 of its original thickness. Good 
results have been produced with cedar compressed 
from an original speci?c gravity of .35 to a com 
pressed speci?c gravity of 1.21, which is some 
what in excess of a 3.5 fold increase in density 
after allowing for therloss of moisture. Speci 
mens have thus been produced having as low as 
1% swelling de?ned by change in thickness after 
24'hours submersion with respect to the original 
compressed thickness. The most remarkable im 
provement, however, is shown in the compressive 
strength in a radial direction with respect to the 
grain Where strengths have been vdeveloped 45 
times that of the original Wood. 

Since the speci?c gravity of wood substance it 
self is about 1.46, the exceptionally high strength 
properties developed by the present treatment 
cannot be accounted for merely on the basis of 
proportionality with respect to speci?c gravity 
according to the heretofore generally accepted 
rule. On this basis the strength properties of 
Douglas ?r (original speci?c gravity ——.59) could 
not be increased beyond an ultimate limit of 
about two and one-half times its original strength 
and Western red cedar could not be improved 
beyond four or ?ve times its original strength, 
even if the wood were compressed to a solid con 
dition with all the capillary spaces completely 
collapsed. It is, therefore, believed that the pres 
ent process not only compresses the wood perma 
nently to a denser condition with less energy than 
prior art processes, but also effects a marked 
change inthe nature of the Wood substance itself 
by the utilization of the plasticizing and the bind 
ing or resinous properties of the lignin or other re 
active wood substances in the form nearest its 
original constitution or composition of its native 
state where its reactivity has been least altered, 
and it is this discovery that accounts for the 
greatly improved strength properties imparted to 
the wood, particularly in regard to its compres 
sive strength. 
The present process is particularly advanta 

geous to increase the utilization of small pieces of 
wood which might otherwise be discarded as 
waste material or converted into material of less 
intrinsic value. Although wood thus treated is 
exceedingly hard and tough it may nevertheless 
be sawed and worked with the usual woodworking 
tools. When the surfaces are sanded they display 
a dark, almost lustrous ?nish, as though they had 
been stained and shellacked, making the wood 
particularly attractive as well as durable. 

It is to be understood that the invention is not 
limited to the specific apparatus mentioned here 
in for carrying out the process, for various heat 
ing and pressing equipments may ‘be devised by 
those skilled in the art to accomplish the general 
objectives stated in the speci?cation. Neither'is 
it intended that the invention be limited by the 
explanations of theory expressed herein should 
subsequent investigation show them to require 
alteration' It is to be further understood that 
various modi?cations of the process may be neces 
sary in order to apply best the broad principles of 
the invention to different types of Wood of di?er 
ent thicknesses and surface areas. 
What is claimed is; 
1. The method of treating green wood com 

prising rapidly heating the wood to reduce the 
moisture content to a predetermined amount in 
a range between 15% and the ?ber saturation 
point and for plasticizing the native lignin in 
the presence of the remaining moisture, and im 
mediately thereafter, before loss of a substantial 
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amount of the heat applied to the wood for re 
ducing the moisture content, applying pressure 
to compress the wood to a predetermined thick 
ness dimension. 

2. The method of improving the structural 
properties of wood comprising rapidly heating 
green wood to reduce the moisture content there 
of to a predetermined value within the range 
from 15% to the ?ber saturation point for plas 
ticizing the native thermoplastic and thermo 
setting substances in the wood in the quickest 
possible time in order to reduce to a minimum 
the degrading effects on said native thermoplas 
tic and thermosetting substances of heat and 
time and existence in association with less than 
the moisture content of green wood, and im 
mediately thereafter, with a minimum lapse of 
time and drop in temperature of the wood, ap 
plying pressure to the wood in hot condition to 
compress the same to a reduced volume, cool 
ing the wood while maintaining the pressure to 
produce stable, permanent densi?cation of the 
wood. 

3. The method of improving the structural 
'properties of wood comprising rapidly heating 
green wood to reduce the moisture content 
thereof to a predetermined value within the 
range from 15% to the fiber saturation point for 
plasticizing the native thermoplastic and thermo 
setting substances in the wood in the quickest 
possible time in order to reduce to a minimum 
the degrading e?ects on said native thermo 
plastic and thermosetting substances of heat and 
time and existence in association with less than 
the moisture content of green wood, and im 
mediately thereafter, with a minimumlapse of 
time and drop in temperature of the wood, ap 
plying pressure to collapse and partially collapse 
the wood cells and to flow the native thermo 
plastic and thermosetting substances in the wood 
under the’ in?uence of the remaining original 
moisture content, cooling said wood to substan 
tially room temperature while maintaining the 
pressure to set said substances and hold the 
wood cells permanently in said collapsed and 
partially collapsed condition and then removing 
said pressure. 

4. The method of permanent densi?cation of 
wood involving the utilization of a part of its 
original moisture content as a plasticizer for 
thermoplastic and thermosetting substances in 
the wood, comprising rapidly heating green wood 
uniformly throughout its mass to a temperature 
su?'iciently high to plasticize native thermoplas 
tic and thermosetting substances in the wood 
and to reduce the moisture content of the wood 
to a moisture content ranging from about 15% 
to the ?ber saturation point, then immediately 
subjecting the heated wood to a pressure and 
temperature su?icient to compress the wood and 
?ow said substances, and thereafter cooling the 
wood under pressure. , 

5. The method of improving the structural 
characteristics of wood comprising rapidly heat 
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10 
ing green wood to approximately220° F. while 
retaining from 15% to 30% of the original mois 
ture content of the wood, immediately subject 
ing said wood to a pressure of from 800 to 2000 
pounds per square inch at a temperature of from 
300° F. to 375° F., then reducing the wood to 
room temperature, and then removing said pres 
sure. 

6. The method of permanent densi?cation of 
wood comprising rapidlyheating green wood 
containing its original moisture in an alternat 
ing electrostatic ?eld to a temperature slightly 
in excess of 212° F. and thereby reducing the 
moisture content to a value within the range of 
from 15% to ?ber saturation, immediately sub 
jecting the wood to pressure for a time suf?cient 
to flow the native thermoplastic and theroset 
ting substances in the wood, and then cooling 
the wood under pressure. 

7. The method of permanent densi?cation of 
wood comprising rapidly heating green wood 
containing its original moisture in an alternat 
ing‘ electrostatic ?eld to a temperature of ap 
proximately 220° F. and reducing the moisture 
content to a value in the range between 15% to 
30%, immediately heating the wood to a tem 
perature in the range between 300° F. and 375° F. 
and compressing the wood at a pressure in the 
range between 800 and 2000 pounds per square 
inch, and then cooling the wood under pressure. 

8. The method of permanent densi?cation of 
wood comprising rapidly heating green wood con 
taining its original moisture in an alternating 
electrostatic ?eld to a temperature slightly above 
212° F. while reducing the moisture content to 
a value in the range between 15% and 30% at 
atmospheric pressure, then heating the wood 
to a temperature in the range between 300° F. 
and 375° F. and compressing the wood at pres 
sures of from 800 pounds to 2000 pounds per 
square inch for approximately 14 to 20 minutes, 
then cooling the wood under pressure to ap 
proximately room temperature, and thereafter 
reducing the pressure to atmosphere in not less 
than five minutes. 

CLARK C. HERITAGE. 
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