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(57) ABSTRACT

Matenals variously treated with sodium silicate were studied
until enough 1information was obtained to find a way to solve
the problems that have prevented sodium silicate from being
the used as a fire retardant. These problems are: 1) water
solubility (miscible with water), which results 1n extensive
leaching when exposed to water, 2) cracking, chipping and
peeling of treated surfaces, and 3) surface granulation. Dur-
ing tflame tests 1t was discovered that sodium silicate formed
a foam-like material, and this material was found to have
become water insoluble, vet 1ts elemental composition had
remained virtually 1dentical to that of the unmodified sodium
silicate. This mvestigator proposes that under the influence
of heat and dehydration, sodium silicate undergoes a poly-
merization process resulting in particles sizes too large to
dissolve 1n water, and then developed a mechanism to
explain how the process could occur. The temperature and
moisture conditions 1n treated samples were then manipu-
lated to cause the polymerization process to occur while
protecting the wood from damage. Thus samples were pre-
pared that were both water insoluble, and possessed effective
fire retardant properties. These samples also proved to be
stronger than untreated wood, thus providing an improved
product that was fire retardant and moisture resistant. Since
aqueous sodium silicate can be combined with other inor-
ganic {ire retardants, this technique 1s a potential method for
making any inorganic fire retardants moisture resistant. This
represents a potential breakthrough 1n fire retardants that has
been sought for approximately 100 years. In addition,
sodium silicate treated samples were made moisture resis-
tant by the application of a micro-thin layer of silicon mon-
oxide to the surface of samples. This technique, also never
tried before, represents a second method for providing mois-
ture resistant, fire retardant substances.

11 Claims, 4 Drawing Sheets
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ENHANCING THE STRENGTH, MOISTURE
RESISTANCE OF WOOD, TIMBER, LUMBER,
SIMILAR PLANT-DERIVED CONSTRUCTION

AND BUILDING MATERIALS, AND OTHER

CELLULOSIC MATERIAL

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE 10O RELATED
APPLICATIONS

This application claims domestic priority of U.S. Provi-
sional Application Ser. No. 60/040,709, filed Mayr. 14, 1997,
and is a continuation-in-part of U.S. application Ser. No.
08/818,195, filed Mar. 14, 1997, now U.S. Pat. No. 6,303,
234, which, in turn, claims benefit of U.S. Provisional Appli-
cation Ser. No. 60/013,452, filed Mar. 15, 1996 and U.S.
Provisional Application Ser. No. 60/040,709, filed Mar. 14,
1997.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The purpose of this invention 1s to provide 1) impregnated
wood materials introducing a fire retardant property to wood
products, 2) impregnation of other cellulosic materials, such
as paper and cloth, and other organic compounds 1n such a
way as to allow their intended functions while reducing the
risk of flammability, 3) impregnated wood materials intro-
ducing increased strength to wood products, and 4) impreg-
nated wood materials introducing decreased solubility of the
constituents of the final product thereby providing moisture
and leachate and weather resistant products.

Alkali metal silicates, applied to various products can be
used to impart fire retardant properties, and this fire retardant
property can be maintained and enhanced by simultaneous
or subsequent treatment to cause the alkali metal silicates to
become water insoluble, thus greatly increasing the applica-
bility and utility of products treated with alkali metal
silicates, and also providing a product with improved
strength and durability.

2. Description of Related Art

I studied fire retardants and found a new approach for
creating water isoluble fire retardants by carefully observ-
ing and mvestigating my burn tests!

In my early work I learned that we really live 1n a tinder-
box surrounded by flammable maternials. This became most
obvious to me when my own house caught fire two years
ago. This 1s what originally got me interested in fire retar-
dants.

Many organic and inorganic substances for fire retardants
have been studied (Lyons 1970, Grayson, 1985). For organic
fire retardants two of the major approaches are: 1) converting
flammable substances such as common solvents into intlam-
mable substances by reacting them with chemicals such as
halogens (e.g., bromine), which are then infused into the
wood, and 2) using similar approaches to chemically modify
the flammable material such as plastic resin and render the
material less tlammable. Both of these techniques are expen-
stve and produce toxic fumes. There are many inorganic
substances studied for fire retardant properties.

For some fire retardant methods good results are reported
in literature. A simple trip to the local lumberyard showed
however, that there are apparently very few fire retardants for
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2

wood 1n widespread consumer use. All samples I tested that
were purchased at random from local lumber vards burned
rapidly.

I chose to study the alkali metal silicate, sodium silicate,
because it 1s relatively cheap, 1t 1s inherently nonflammable,
there 1s no discoloration displayed by sodium silicate, and 1
telt that the adhesive properties of sodium silicate would be
useiul 1n some way. Using sodium silicate as a {ire retardant,

which seemed to me an excellent 1dea, was apparently not
shared by others 1n the field of fire retardants.

Sodium silicate 1s only of historical interest 1n the litera-
ture and 1s not studied at present due to the following facts:
1) sodium silicate 1s highly water soluble and leaches
readily, 2) i1f you apply 1t to wood, within a few months 1t
will have completely peeled and chipped away, 3) with air
exposure 1t will form a granular powder that 1s very 1rritating
to the eyes and hands.

The scientific consensus of sodium silicate 1s best
summed up by Lyons (1970):

“The processes . . . (as protective coating or immersion
baths) . . . and 1ts results are principally physical, not
chemical in nature and thus no detailed chemical dis-
cussion 1s warranted here.”

This was the extent of the knowledge in the field, research

studies 1n the field turned to other materials and to a few
combinations with other substances such as tar.

SUMMARY OF THE INVENTION

The purpose of this invention 1s to provide 1) impregnated
wood materials introducing a fire retardant property to wood
products, 2) impregnation of other cellulosic materials, such
as paper and cloth, and other organic compounds 1n such a
way as to allow their intended functions while reducing the
risk of flammability, 3) impregnated wood maternials intro-
ducing increased strength to wood products, and 4) impreg-
nated wood materials introducing decreased solubility of the
constituents of the final product thereby providing moisture
and leachate and weather resistant products.

Alkal1 metal silicates, applied to various products can be
used to impart fire retardant properties, and this fire retardant
property can be maintained and enhanced by simultaneous
or subsequent treatment to cause the alkali metal silicates to
become water insoluble, thus greatly increasing the applica-
bility and utility of products treated with alkali metal
silicates, and also providing a product with improved

strength and durability.
DETAILED DESCRIPTION OF THE INVENTION

The purpose of this invention 1s to provide 1) impregnated
wood materials introducing a fire retardant property to wood
products, 2) impregnation of other cellulosic materials, such
as paper and cloth, and other organic compounds 1n such a
way as to allow their intended functions while reducing the
risk of flammability, 3) impregnated wood maternials intro-
ducing increased strength to wood products, and 4) impreg-
nated wood materials introducing decreased solubility of the
constituents of the final product thereby providing moisture
and leachate and weather resistant products.

It 1s a further purpose of this mvention to provide a vitri-
fied product where the vitrification 1s achieved through par-
tial or total infiltration with, exposure to, or infusion with, or
application by any appropriate means, ol an aqueous compo-
sition containing but not limited to an alkali metal silicate
which upon heating will be converted into a composition
which, upon cooling, 1s msoluble, and resistant to pressure
and heat.




US RE40,517 E

3

It 1s a further purpose of this invention to provide a vitri-
fied product where the vitrification 1s achieved through par-
t1al or total infiltration with exposure to, or infusion with, or
application by any appropriate means, of an aqueous compo-
sition containing an alkali metal silicate and containing
added constituents including but not limited to a detergent,
an accelerant and elasticizers which upon heating will be
converted into a glass-like composition which, upon cooling,
1s 1nsoluble, and resistant to pressure and heat.

It 1s a further purpose of this invention to provide a vitri-
fied product where the vitrification 1s achieved through par-
tial or total infiltration with exposure to, or infusion with, or
application by any appropriate means, of an aqueous compo-
sition containing an alkali metal silicate and which may con-
tain one or more added constituents including but not limited
to one or more of a detergent, an accelerant and elastacizers
which upon heating will be converted into a composition

which, upon cooling, 1s msoluble, and resistant to pressure
and heat.

It 1s a Turther purpose of this invention to incorporate com-
positions by any appropriate means 1nto such products other
including other alkali metal silicates, inorganic compounds,
organic compounds, and combinations thereol that may
become trapped, incorporated, combined, bound, and the
like 1n the matrix during the process of vitrification and thus
be retained 1n the final product, further enhancing properties
including but not limited to fire retardant properties, msect
resistance, strength, hardness, durability, texture and color.

It 1s a tfurther purpose of this ivention to incorporate such
compositions either simultaneously, sequentially, or both
simultaneously and sequentially by any appropriate means
into such products other including other alkali metal
silicates, mmorganic compounds, organic compounds, and
combinations thereof that may become trapped,
incorporated, combined, bound, and the like 1n the matrix
during the process of vitrification and thus be retained 1n the
final product, further enhancing properties including but not
limited to fire retardant properties, insect resistance,
strength, hardness, durability, texture and color.

It 1s a further purpose of this invention to accomplish the
desired improvements 1n strength and reduced solubility by
infusion of energy into the product. Such energy infusion
includes but 1s not limited to radiant heat, electrical current,
microwaves, lasers, convection ovens, dehydration, spot

heating to high temperatures for short periods of time, and
the like.

It 1s a further purpose of this invention to accomplish the
desired improvements 1n strength and reduced solubility by
techniques that achieve the desired improvements without
substantial destruction of the interior structure of the wood,
cellulosic or other substance as the 1nitial starting material.

It 1s a further purpose of this invention to accomplish the
desired improvements 1n strength and reduced solubility by
techniques that achieve the desired improvements while in
the process causing substantial alteration, destruction, or
change, combination of starting materials and treatment
substances, so as to achieve a final product possessing the
desired improvements i strength, reduced solubility, fire
retardant properties, nsect resistance, strength, hardness,
durability, texture, color and the like.

It 1s a further purpose of this invention to provide
improved products of wood, timber, lumber, similar plant
derived construction and building materials, other materials
of cellulosic origin, other materials of organic origin, and
other materials containing constituents including wood,
lumber, similar plant derived, cellulosic and/or organic
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materials that are impregnated with alkali metal silicate, by
any desired means including pressure treating, soaking,
spraying, painting, washing, dipping, rubbing, mixing,
blending, infusion and the like, and rendered impervious to
water by the application of heat in such a way as to avoid
substantial adverse effects of heat or other energy source.

It 1s a further purpose of this invention to provide
improved products of wood, timber, lumber, similar plant
derived construction and building materials, other materials
of cellulosic origin, other materials of organic origin, and
other materials containing constituents including wood,
lumber, similar plant derived, cellulosic and/or organic
materials that are impregnated with sodium silicate, by any
desired means including pressure treating, soaking,
spraying, painting, washing, dipping, rubbing, mixing,
blending, infusion and the like, and rendered impervious to
water by the application of heat in such a way as to avoid
substantial adverse effects of heat or other energy source.

It 1s a further purpose of this mvention to accomplish the
desired change 1n properties of sodium silicate by applying
heat to at high enough levels to effect the change to insolu-
bility of sodium silicate 1n a short enough period of time that
the water content of wood or other cellulosic maternals pro-
vides a localized cooling effect of the water thus providing
both protection against destruction and at the same time in
some cases participating in the vitrification process.

SUMMARY OF THE EMBODIMENTS

The method of embodiment includes methods for modify-
ing wood and other cellulosic material to produce an
improved product that 1s stronger, fire retardant, moisture
resistant, insect resistant, utilizing approaches that do not
damage the wood. The can be variously accomplished
through the use of heating sodium silicate treated wood or
other materials to cause the conversion from the soluble
form of sodium silicate to the insoluble form thus providing
an 1nsoluble matrix which also captures any other desired
substances present at the time of conversion to mnsolubility.

When a high enough temperature (in the form of heat) was
applied to sodium silicate, a foam was formed which, upon
testing, proved to be water insoluble. From this observation,
it was hypothesized that a sodium silicate treated sample
could be heated 1n a fashion that would produce a moisture
resistant form of sodium silicate, that would not effect the
wood structure and the burn characteristics of the sample.

The strategy was to use the cooling effect of water to cool
and protect the wood while the sodium silicate transforma-
tion was occurring at higher temperature on the surface, and
in the case of microwave heating, the water 1n the interior 1s
converted to steam, which 1s much higher in temperature
than the boiling point of water, and this higher temperature
would cause the conversion of sodium silicate from the
water soluble to the water insoluble form.

EXAMPLES OF THE EMBODIMENTS

Pieces of “1x4” pine, 12 inches 1n length, soaked in a 300
g/kg aqueous sodium silicate solution followed by air drying
at ambient conditions for one day, were thermally treated as
follows:

Pressed with a hot metal plate (200° C.) over a thin layer
of mica,

Pressing a hot metal plate directly on the surface of the
sample, 60 sec

Holding a hot metal plate (200° C.) 1 mm above the sur-
face of the sample
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Baked 1n an industrial convection oven at 260° C. for five
minutes,

Heated for five minutes 1n a microwave,

Quickly dipped 1n water (5 sec), then placed 1 an oven
preheated at 260° C. for five minutes.

Heated for five minutes in a microwave, wet sample, no
prior air drying
Baked 1n an industrial convection oven at 260° C., wet
sample, no prior air drying
Pieces of “1x4” pine, 12 inches 1n length, soaked in a 300
g/kg aqueous sodium silicate solution followed by air drying

at ambient conditions for two weeks, were thermally treated
as follows:

Baked 1n a standard oven at 150° C. for an 1.5 hours,

Dipped 1n distilled water for 5 seconds, baked 5
min{@260° C.
Pieces of “1x4” pine, 12 inches 1n length, soaked 7 days in
a 300 g/kg aqueous sodium silicate solution, were immedi-
ately thermally treated (while “wet™) as follows:

convection oven@>500° F., 6.5 min.

microwave 11 minutes, 1n 34 minute intervals, with 1
minute cooling periods

microwave 11 minutes, 1n one interval

Pieces of freshly cut (green) pine, soaked 7 days 1n a 300
g/kg aqueous sodium silicate solution, were immediately
thermally treated (while “wet™) as follows:

size 2 cm”, microwave 5 min

size 1x4x12 inches, microwave 24 min 1n 4 min 1ncre-
ments
Pieces of pine, 12 inches 1n length, soaked 4 days in a 400
g/kg aqueous sodium silicate solution, were dried under
ambient conditions for two (@) weeks, and thermally treated
as follows:

craft sticks, broiled 5 min@260° C., then foam scraped
from surface

1x4x12 inch pine, broiled 5 min@260° C., then foam
scraped from surface
Each of these samples was then tested for water solubility
to determine the best methods for Imparting moisture resis-
tance throughout the sample. Table 1, below shows the
results of the solubility tests and provides information on the
surface appearance of each sample.

TABL.

(L]

1

Sodium Silicate Treatment Methods -Solubility After Treatment

Surface Sodium Silicate
Test Appearance After  Solubility After
No. Sample Type Treatment Treatment
6 300 g/kg, soaked 4 days, Dark brown, 0 g/kg
dried, ambient conditions, 2 many surface
weeks, baked 1.5 hr splits and cracks,
@ 200° C. NUmMerous pine
resin beads
present
7 300 g/kg, soaked 4 days, dried Slightly darker 0 g/kg
ambient, 1 day, microwave 5  yellow color,
minutes some sodium
silicate bubbles
8 300 g/kg, soaked 4 days, dried Slightly darker 20 g/kg
ambient, 1 day, baked 5 min yellow color,
in industrial convection some sodium
oven (@ 500° F. silicate bubbles
9 300 g/kg, soaked 4 days, dried Moderate 4 g/kg
ambient, 1 day, 400° L. hot scorching

plate, 60 sec
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TABLE 1-continued

Sodium Silicate Treatment Methods -Solubility After Treatment

Surface Sodium Silicate
Test Appearance After  Solubility After
No. Sample Type Treatment Treatment
10 300 g/kg soaked 4 days, dried Slight 4 g/kg
ambient, 1 day, 1/16 inch scorching
above 400° F. hot plate,
60 sec
11 300 g/kg, soaked 4 days, dried Moderate 100 g/kg
ambient, 1 day, 400° L. hot scorching
plate, over mica plate, 60 sec
12 300 g/kg, soaked 3 days, dried Virtually 0 g/kg
ambient conditions, 2 weeks, unchanged
soaked 1n water for 5 seconds,
baked 5 min @ 300° C.
13 300 g/kg, soaked 7 days, wet = Moderate 1 g/kg
(no drying), convection oven  darkening,
@ 500° F., 6.5 min. moderate foam
formation, very
slight resin
beading
14 300 g/kg, soaked 7 days, wet  Slightly darker 0.0004 g/kg
(no drying), microwave 11 yellow, some
minutes, 1 3-4 minute protruding foam
intervals, with 1 minute from ends, slight
cooling periods amount of blister-
ing of surface
15 300 g/kg, soaked 7 days, wet  Moderately 1 g/kg
(no drying), microwave 11 darker, protruding
minutes foam from ends,
large cracks
present
16 300 g/kg, green pine, 2 cm Some sodium 0 g/kg
cube, soaked 1 week, no silicate protruding
drying, microwave 5 min from ends, much
harder material
17 300 g/kg, 1 x 4 green pine, Sodium silicate 0.4 g/kg
soaked 1 week, no drying, oozing from cut
microwave 24 min 1n 4 min ends, still
increments obviously wet
18 400 g/kg, 1 x 4, soaked 4 Moderately 4 g/kg
days, dried, ambient brown, powdery
conditions, 2 weeks, broiled 3 appearance due to
min (@ 260° C., then foam foam scraping
scraped from surface
19 400 g/kg, craft stick, soaked 4 Moderately 1 g/kg

days, dried, ambient
conditions, 2 weeks, broiled 5

min (@ 260° C., then foam
scraped from surface

brown, powdery
appearance due to
foam scraping

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 compares the sodium silicate solubility obtained
alter treatments 6—19 of Table 1 were applied to 1x4
samples. The y-axis of FIG. 1 presents a solubility scale, as
determined by microscopic comparison (g/kg). Along the

x-axis, solubility for vapor deposition samples 1s presented
in treatment method numbers 1-5, and sodium silicate solu-
bility for treatment methods 6—19 of Table 1 is presented in
treatment method numbers 6-19. The results obtained for
three samples are emphasized 1n FIG. 1, sample 12 treated
by sodium silicate soaked, thoroughly dry, water dip, and
baked 5 minutes at 260° C. (20), sample 7 treated by sodium
silicate soaked, dried 24 hours, and then treated by micro-
wave for 5 minutes (21), and sample 16, green wood that
was treated by sodium silicate soaked, and then treated by
microwave for 5 minutes (22).

FIG. 1 presents the solubility for example embodiments,
graphed on a logrithmic scale. The 1nitial solubility for all
samples was the fully soluble form of sodium silicate, which
1s miscible with water. The data show samples 6, 7, 12, 14,
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16, 1dentified 1n Table 1, above, to have become totally
insoluble, and 7 additional samples to have solubility
reduced to 4 g/kg or below. In many applications, a reduction
to this lower level of solubility would be sufficient to be
suitable for many applications.

FI1G. 2 compares the weight loss profiles 1n moisture resis-
tant 300 g/kg sodium silicate treated samples. The y-axis
presents a scale (0-100) of the percent (%) of samples
remaining unburned after burn tests were conducted. Burn

duration scale 1n minutes (0-22) 1s presented along the
x-axis. FIG. 2 shows the weight loss profiles of an untreated
wood control (23) and the following five wood samples
treated with sodium silicate: (24): thoroughly dried, 5 sec-
ond water dipped, and broiled for 2.5 minutes; (25): sample
air dried 1 day, microwaved for 5 minutes; (26): 300 g/kg
sodium silicate unmodified; (27): soaked 1n 300-g/kg
sodium silicate, treated while wet by microwave for 11 min-
utes 1n 3 minute increments, and (28): thoroughly dried,
baked at 300° F. for 1.5 hours. All the sodium silicate treated
samples exhibited a lower per cent weight loss than the
untreated control. Poorest results among the treated samples
was obtained with the thoroughly dried, baked sample (28).
In comparison to the thoroughly dried sample, percent

improvement of 50% and greater was obtained with samples
that were not thoroughly dried.

FIG. 3 compares fire retardance achieved in water
insoluble sodium silicate treated samples. All treated
samples were 1x4 yellow pine samples, each treated with
sodium silicate by soaking for 4 days 1 a 300 g/kg aqueous
sodium silicate solution. Burn duration scale in minutes
(0—20) 1s presented along the y-axis. The z-axis presents a
scale (0—100) of the percent (%) of samples remaining
unburned after burn tests were conducted. The x-axis, pre-
sents the results for each sample tested. FIG. 3 shows 1n
ribbon-plot format the weight loss profiles of the unmodified
sodium silicate 1n water soluble form as a control (26) and an
untreated wood sample as a control (23) and three sodium
silicate samples treated to become insoluble: 1) insoluble
sodium silicate sample—water dipped, and broiled (24); 2)
insoluble sodium silicate sample—dried 24 hours and
subsequent, microwave (23); and 3) insoluble sodium sili-
cate sample prepared by treating the wet sodium silicate
soaked sample by microwave treatment for 3 each, four
minute intervals (29). Best results (30) were obtained from
the msoluble sodium silicate sample—dried 24 hours and
subsequent, microwave (23); and from the 1nsoluble sodium
silicate sample—water dipped, and broiled (24).

FIGS. 2 and 3 show the results of flame tests conducted on
samples treated with alkali metal silicates. Each of these
samples had been treated to provide an insoluble form of
sodium silicate, thereby imparting moisture resistance to the
sample. The samples were replicated and subjected to burn
tests to determine whether five retardant properties were
retained. The data show that 1t was possible to provide
example embodiments possessing the desired isolubility
level and also retaining the desired flame retardant proper-
ties. The data also show that through the application of the
principles of the instant invention, improved tlame retardant
properties were achieved.

FIG. 4 contains eight figures (a—h) that are presented side
by side to compare the hardness in sodium silicate treated
1x4 pine samples as measured by cone penetration tests.
FIG. 4 presents both depth of penetration (depression) (dark
gray bar) and hole diameter (light gray bar) for each of the
eight samples (a—h). FIG. 4a shows depth of penetration and
hole diameter for a 1x4 greenwood sample treated with
sodium silicate solution (300 g/kg) that was subjected to
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microwave treatment. FIG. 4b shows depth of penetration
and hole diameter for a 1x4 sample treated with sodium
silicate solution (300 g/kg) that was subjected to drying fol-
lowed by soaking briefly and then baking. FIG. 4¢ shows
depth of penetration and hole diameter for a 1x4 sample
treated with sodium silicate solution (300 g/kg) that was
subjected to microwave treatment 1n 3 minute intervals. FIG.

4d shows depth of penetration and hole diameter for a 1x4
sample treated with sodium silicate solution (300 g/kg) that
was subjected while still wet, to microwave treatment for 11
minutes. FIG. 4e shows depth of penetration and hole diam-
cter for a 1x4 sample treated with sodium silicate solution
(400 g/kg) that was subjected to baking. FIG. 41 shows depth
ol penetration and hole diameter for a 1x4 sample treated
with sodium silicate solution (300 g/kg) that was subjected
while still wet, to baking 1n a convection oven. FIG. 4g
shows depth of penetration and hole diameter for a 1x4
sample treated with sodium silicate solution (300 g/kg) that
was subjected to drying for 1 day followed by microwave
treatment for 5 minutes. FIG. 4h shows depth of penetration
and hole diameter for an untreated 1x4 sample as a control.
The y-axis presents a scale (0—8) representing the depth of
penetration (height) and hole diameter 1n mm.

FIGS. 4a—4h also present the increase 1n hardness for each
sample when compared to the untreated control. The
increase in hardness for each sample was as follows:

1 x 4 greenwood sample treated with sodium 50% 1mprovement (30)
silicate solution (300 g/kg) that was
subjected to microwave treatment (FIG. 4a):
1 x 4 sample treated with sodium silicate
solution (300 g/kg) that was subjected to
drying followed by soaking briefly and then
baking (FIG. 4b):

1 x 4 sample treated with sodium silicate
solution (300 g/kg) that was subjected to
microwave treatment in 3 minute intervals
(FIG. 4¢):

1 x 4 sample treated with sodium silicate
solution (300 g/kg) that was subjected while
still wet, to microwave treatment for 11
minutes (FIG. 4d):

1 x 4 sample treated with sodium silicate
solution (400 g/kg) that was subjected to
baking (FIG. 4¢):

1 x 4 sample treated with sodium silicate
solution (300 g/kg) that was subjected while
still wet, to baking in a convection oven
(FIG. 41):

1 x 4 sample treated with sodium silicate
solution (300 g/kg) that was subjected to
drying for 1 day followed by microwave
treatment for 5 minutes (FIG. 4g):

an untreated 1 x 4 sample as a control

(FIG 4h):

25% 1mprovement (31)

25% 1mprovement (32)

18.75% i1mprovement (33)

18.75% i1mprovement (34)

6% 1mprovement (35)

6% 1mprovement (36)

For each sample tested there was an increase in hardness
when compared to the untreated control. The values ranged
from 6% for a sample dried 1 day followed by microwave
treatment (36), to 50% for a sample of green wood soaked in
sodium silicate solution and 1immediately treated by micro-
wave radiation (30).

To test durability and ability to use 1n many ways that
dimension lumber is used, sodium silicate treated wood, 1.9
cmx3.7 cmx30.5 cm yellow pine samples that had been
soaked 1n 300 g/kg sodium silicate solution and allowed to
air dry, were subjected to normal construction type activities
including hammering, sawing, drilling and nailing. The
samples were cut by band sawing, and with an electric band
saw. The samples in combination with other non-treated
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materials were used 1n an exterior construction project, and
observed over a one year time period. No difference was
observed between treated and untreated samples, 1n terms of
normal construction activities. No splitting of wood was
found; no loosening of nails was found.

To test for hardness 1n moisture resistant sodium silicate
samples, samples that were found to be both water insoluble
and highly fire retardant were tested for hardness according
to ASTM method C870 Al, Consistency by Cone Penetra-
tion Test Method. This test measures 1n millimeters the pen-
etration of a conical plunger into a mortar sample. Depth of
penetration measured 1n millimeters the resistance of the
material to permanent deformation be an indenter of specific
s1ze and shape under a known load. A 200 g cone, held inside
a vertical plexiglas tube, was dropped from a height of 100
cm, and allowed to plunge into the sample. The depth of
penetration was measured by marking the wood-cone inter-
face on the cone, removing the cone from the samples and
measuring the distance from the mark to the tip of the cone.
The width of the depression was also measured.

The results were compared to that obtained for untreated
pine controls and are presented in FIG. 4. Hardness data
obtained for a sample that combined metal alkali silicate
infusion with microwave heating was also obtained. Under
conditions tested that produced the results shown in FIG. 4,
no indentation was made 1n the sample from a height of 100
cm. This indicates that by manipulating treatment conditions
a wide range of hardness was achieved and that this allows
wood samples to be designed for the desired hardness as
well as water solubility and flammabality.

S10 growth occurs by condensation (polymerization). As
each S1 unit 1s linked, water 1s lost. However, 1n basic
solution, hydrogens are removed from each terminal oxy-
gen. Process 1s accelerated as water 1s removed from the
system, shifting equilibrium toward larger networked struc-
tures. Thus a possible explanation for the observed change in
solubility properties 1s that the water insoluble form of
sodium silicate has undergone a condensation type of poly-
merization process that has caused the silicate 1ons to
become too large to dissolve 1 water. Silicon and oxygen
atoms from two sodium silicate 1ons covalently bond, form-
ing a S1,0,—1on and releasing one molecule of water. The
flame provides the energy for this reaction to occur. As water
molecules evaporate due to the heat, the sodium silicate 10n
continues to condense with other sodium silicate ions and
grow 1n size; as it grows, 1t’s overall negative charge 1s dis-
persed over ever increasing size and becomes weaker. 11 this
process continues to occur, at some point the ions become
too large and the overall negative charge becomes too weak
to dissolve 1n water, and water isolubility occurs. And in
that difference I found the key to a possibly important new
approach to fire retardant materials.

This 1s the exciting part, because I thought, “I think this
mechanism suggests a way to solve the problem of water

insoluble. I just needed to find a way to do this before hand
without destroying the wood.

I tried many approaches, I used wood treated with sodium
silicate completely dry, partially dry, and completely wet. 1
applied heat by pressing hot plates onto the wood, baking at
many temperatures, micro waving, and applying radiant
heat. The best techniques found are: treating wood with
sodium silicate, drying thoroughly, dipping 1n water for 5
seconds, and heating 2V2 minutes at 260° C. In this
technique, the outer layer 1s found to be completely
insoluble, with a fine surface. The other excellent technique
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1s to treat wood with sodium silicate, let it dry for 24 hours,
then microwave for 5 minutes. The sodium silicate 1s
insoluble throughout the wood.

The flame tests for these methods are spectacular. In some
ways, these tests are even better than sodium silicate alone.

There are added benefits of using sodium silicate: the
wood 1s stronger, lighter, less compressible, termites hate 1t,
and 1n the 1nterior of the wood acts like reinforced cement.

—
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We claim:

1. A process of imparting fire retardant and moisture resis-
tant properties to a cellulosic material comprising applying,
and 1nfusing a material consisting of an alkali metal silicate
solution, applying energy to said material under suificient
conditions to thereby cause the alkali metal silicate to
become water insoluble.

2. The process of claim 1 wherein the solution application
step 1s selected from the group consisting of soaking and
pressure treating.

3. The process of claim 1 wherein the alkali metal silicate
1s sodium silicate.

4. The process of claim 1 wherein the cellulosic material
1s subjected to complete or partial drying following the
application step.

5. The process of claim 4 wherein the drying 1s selected
from the group consisting of microwaves, lasers, and radiant
heat.

6. The process of claim 3 wherein the sodium silicate
solution has a concentration of 0.04—400 g of sodium silicate
per kilogram of water.

7. The product produced by the process of claim 1.

8. The product produced by the process of claim 4.

9. The product of claim 1 wherein the product possesses
the property of increased hardness and durability.

10. The product of claim 1 where the product possesses
the property of increased fire retardance.

11. The product of claim 1 wherein the product possesses
the property of improved resistance to chipping and peeling.
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