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My invention relates to board or sheet prod-
ucts. of ligno-cellulose which has been subjected
to high temperature and pressure in the presence
of moisture. Under this treatment the material
undergoes hydrolysis and the easily hydrolyzable
components are converted to water-soluble or
watber-dispersible compounds, and largely re-
moved, and the balance of the material converted

to a predominantly plastic state, The new board -

is made of the predominantly plastic material so
derived from ligno-cellulose. The present appli-
cation is a continuation-in-part of my prior co-
pending application Serial No. 104,780, filed Oct.
9, 1936, now Patent No. 2,140,189. .

With one form of my invention such predomi-
nantly plastic ligno-cellulose is formed into a
sheet from a suspension thereof in water and
dried, as by drying in an oven-dryer, which ac-
complishes the drying without application of pres-
sure. Such oven-dried board of predominantly
plastic ligno-cellulose is suitable for wall boards
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and other uses, such as for being processed into .

the denser board referred to below, and is of a
specific gravity which is well under 1 but still
quite high, as approximately .7 specific gravity.

The second and preferred board of predomi-
nantly plastic ligno-cellulose which is embraced
within the present invention is a denser board.
This denser board may be produced in the same
way as the oven-dried board just referred to,
but in addition it is consolidated. By pre-con-
verting the ligno-cellulose into a predominantly
plastic condition, it becomes possible to effect
permanent consolidation of the board of this
material by making a very short or momentary
application of pressure thereto, and this not-
withstanding the pressure is released practically
immediately after its application has been com-
pleted.

Thus the board can be consolidated rapidly
and progressively, as between rolls for example,
giving a roll-consolidated board with two finished
surfaces, and the usual platen press can be dis-
pensed with. _

The board is immediately ready for use when
cooled and preferably humidified to contain ap-
proximately the normal water content of board,
after long time exposure to the atmosphere.

The main objects of the invention are the pro-
vision of the boards or sheets referred to above.
Purther objects will appear from the following
description. : .

In order to put the ligno-cellulose material
into such state that it can be permanently con-
solidated substantially momentarily by means of
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pressure rolls or other means for making sub-
stantially momentary application of sufficient
pressure, it is first largely converted to a pre-
dominantly plastic state by high temperature
heat treatment carried out in the presence of
moisture and applied for a time suited to the
temperature used, and to the particular source
of ligno-cellulose material. )

The heat-treated material, preferably after
being subdivided and reformed into desired for-
mation, as sheet formation, for example, is dried,
and the dry material superheated, and when in
the dry, superheated and predominantly plastic
state it can be permanently consolidated prac-~
tically momentarily.

The heat treatment for hydrolyzing is prefer-
ably carried out by means of steam. When the

_ligno-cellulose material made use of is wood,

which is preferable, the wood is desirably - air-
dried down to a substantially uniform water con-
tent, as for instance about 30% of water -con-
tent. Avoidance of presence of water in undue
qudntities in this or other ways is of advantage
in securing uniform control of the time for heat
treatment by means of the high temperature

steam. In order that all parts of the ligno-cel-

lulose material may be heat-treated substantially
alike, the wood is preferably reduced to smail
chips preparatory to the heat treatment, as for
instance, chips which pass through a one-inch -
screen.

" Ligno-cellulose material which has been heat- .

treated by means of steam at 350 lbs. pressure

. per sq. in. (225° C.) for an unduly long time, is

largely devoid of material in fibrous-appearing
state and not well adapted for being readily de-
watered and felted into sheets, whereas with a
shorter time, preferably about 5 minutes, at this
pressure and temperature, a predominantly pias-
tic ligno-cellulose material is obtained which is
well adapted for use in making my new boards.
As the pressure and temperature are increased,
however, the time at the maximum pressure (after
an initial period of pressure rise) can be de-
creased and relatively more of the fibrous-ap-
pearing ligno-cellulose material obtained withous
sacrificing the plasticity characteristics. For
exampie, at 600 Ibs. per sq. in. (255° C.), the
time at full pressure for heat treatment of hard-
wood, such as gum, can be approximately 45
seconds, and for soft wood, such as pine, can
be approximately 60 seconds; and at 1000 lps.
per sq. in. (285°°C.), it can be approximately 10
seconds for gum to 15 seconds for pine. The time
and/or temperature is somewhat less for woody
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growths, such as corn stalks, cane bagasse, etc.,
which can be used if desired, These times are
subject to modification by various operating con-
ditions, such as size of gun or other treating
apparatus, rate at which the steam is admitted,
water content of chips, and the like. It is to be
noted that in making a predominate conyersion
of the ligno-cellulose material into plastic state
as herein described, the time in the gun at full
pressure is considerably longer than heretofore
required for making relatively coarse fiber for
manufacture of fiber boards.

The heat-treated ligno-cellulose material is re-

duced to a state of relatively fine subdivision, per- .

mitting reforming into desired shapes, as for ex-
ample into sheets. The subdivision may be ac-
complished in various ways, but is preferably
accomplished by carrying on the hedt treatment
in a closed container or gun such as described in
my Patent No. 1,824,221, and, when the heat
treatment has been carried on for the predeter-
mined period of time, & small outlet is opened
whereby the heat-treated material is explosively
discharged into a state of relative fineness, and
the heat treatment is terminated. The heat
treatment may be carried out in other ways, as
in an autoclave, and in such case the heat treat-
ment may be terminated, after a suitable time
has elapsed, as by flooding with water, and the

material may be reduced to fineness by means :

of a rodmill or the like after the autoclave is
emptied.

The fibrous hgno—cellulose wood or woody start-
ing material should contain a sufficient portion

of the fiber-encrusting substances containing 3:

lignin to impart self-bonding properties. Cellu-
lose fiber made by chemical digestion, such as
soda pulp, for example, from which the non-
-cellulose constituents have been removed, is not
adapted for the making of the board. Preferably
the material taken for treatment is raw wood
with the natural encrustants retained, which is
the most readily available source of fibrous ligno-
cellulose substance, and contains (together with
the cellulose), the lignin and other natural non-
cellulose, i. e., constituents other than cellulose.

I discovered that if the ligno-cellulose material,
which has been rendered predominantly plastic
by high temperature heat treatment in presence
of H20, which is considered to effect an action
of hydrolysis, is dried completely dry, and further
heated, such dry, hot material can be perma-
nently consolidated into a dense board or sheet
of high specific gravity by application of suffi-
cient pressure thereto, even though the pressure
application is momentary, that is to say applied
for a short time and released substantlally imme-
diately.
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these parts, however, are predominantly plastic,
and exhibit this characteristic when the mate-
rial is put through the various steps of making
the board of my invention. The fibrous-like ma-
terial present is of advantage in that it enables
the materia] to be dewatered and felted into sheet
form for making wetlap sheets.

The heat-treated material usually contains
about 20% or more of water solubles which are
removed or substantially reduced, preferably re-
duced to about 5% by washing in water, or by
squeezing out with rolls, opposed screws and the

- like apparatus, or both, thereby making the final

product more water-resistant. .

Sizing materials may be incorporated for fur-
ther enhancing the naturally high water resist-
ance, as for example 2% of petrolatum or par-
affin sizing is useful for this purpose.

The heat-treated and finely divided material,
largely freed from the water solubles, and pref-
erably sized, is preferably formed from water into
wetlap sheet formation, and excess water re-
moved as by passing through squeeze rolls, and
the sheet is dried completely dry. The drying
(and heating in dry state referred to below) is
preferably effected by means of heated gases,
preferably air with the oxygen largely replaced
by products of combustion, in order to reduce
the likelihood of burning at the high tempera-
ture made use of. If the operation is interrupted
at this point and the sheets stored temporarily
before proceeding with further treatment de-
scribed below, the sheets will absorb moisture.
This moisture should be dried out before pro-
ceeding with the further treatment.

As already stated, the dried sheet, which is
usually of about .7 sp. gr., can be taken for use
as a wallboard if desired, instead of being put
through the further treatment as hereinafter
described.

After the material is dry, it is further heated to
over 150° C. and preferably to over 180° C. Con-
stituenits which are converted into gaseous form
at such temperature, and might produce blisters
during later application of pressure, can be elim-
inated during such heating operation. The sheet
after being so dried and heated can be consoli-
dated by immediate application of sufficient pres-
sure, and the consolidation so effected is per-
manent, even though the pressure bhe a,pphed for
a very short time and then released.

While such pressure application may be made
in various ways, the most convenient mode con-
sists in passing the sheet through between a
pair of press rolls forced toward one another at
high pressure, as by means of hydraulic rams,

The rolls are not primarily relied upon to

. supply heat to the sheet since the sheet when

While the dense board is preferably made from -

a wetlap formed from water, such as a wetlap
34"’ to 1’’ thick, for example, it may be made
by applying said steps of drying dry, and heating,
and momentary permanent densifying, to a sheet
or a plurality of superposed sheets of relatively
thin paper formed by ordinary paper-making
procedure from the ligno-cellulose material which
has been rendered predominantly plastic by heat
. treatment.

When using tlmes for heat treatment of the
ligno-cellulose material as above described, espe-
cially from about 255° C. to about 285° C., the
ligno-cellulose material as discharged from the
gun appears to largely lose its fibrous structure.
With such fibrous material as remains there is
a quantity of quite finely divided material. Both
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delivered to the rolls is at high temperature as
above described.

However, the rolls are preferably hedted to a
temperature which may somewhat exceed the
temperature of the sheets being rolled. In this:
way the rolls of steel or the like serve to prevent
the sheet from cooling during the rolling opera-
tion, and impart. additional heat at the surface,
giving improved surface qualities.

The rolls are preferably smooth cylindrical
rolls, thus making a sheet which is finished
smooth, preferably on both surfaces. If desired,
one or both of the roll surfaces may contain pat-
terns which will appear upon the sheet after
rolling.

The roll speed can he varied throughout a fairly
wide range, as indicated in the examples given
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below. When the holls are heated materially -
above the temperature at which the sheet is de-
livered to the rolls, low roll speeds, as for example
roll speed below about 2 feet per minute, should -
be avoided because the additional heat delivery g
to the sheet from the slowly turning rolls tends
to produce formation of gases and resulting blis- . -
ters in the product sheet. The sheet is prefer-

- ably formed continuously, and may not be cut

into lengths until it has passed through the rolls, 1o

or it may be cut into desired lengths either before-
or after the drying and/or heating treatment.

Ing a modulus of elasticity dry over 900,000 Ibs.

" per square inch, and a modulus of rupture dry

over 6,000 1bs.. per square inch, Such board prod-

. ucts after being soaked in water for a period of

24 hours have & modulus of rupture wet equal
to 60% of the dry modulus of rupture, or higher.
If the material is sized, as for example with 2%
of parafliin during the manufacturing process, the

. final product will not absorb water in excess of

15% upon 24 hours soaking in water.
The following table gives representative condi-
tions and the results obtained:

inches.. ) 150 150 200 300

Roll speed per min

Roll diameter. 3 [ S, 36 36 36 - 36 36

ROl Presstlre. e ccacaceca-n, pounds per linear mch.. 3, 260 4,600 3,800 4,500 3,800

Roll temperature 200 226 270 270 270

Sheet drying and superheating time..... mlnutes.. 25 17 -23 23 - 4

‘I'emperature of superheated sheets...._...__.... °C.. 20 225 200 200 200

Specific gravity of product - L2 1,22 116 1,16 1,14

Modulus of rupture dry. ...pounds per square meh._ 8,300 = 6,066 ' 6,600 7,00 7,365
- Modulus of elasticity. 1,022,000 1,101,000 910,000 962,000 922, 500

Water absorption in 24 hours....._...._..__ per cent-- 6.3 6.1 . -8.1 9.3 7.2

Residual strength (ratio of modulus of rupture after o -

24 hr. soaking in water to miodulus of rupture dry)
percent. ocemmea-- . 88.8 72,8 e 61.4

As an illustrative example, gum wood was air
dried to about 30% water content and. hogged
into chips. The chips were screened, and those
passing through a one-inch screen taken for use. 25

A gun was charged with chips and closed.

Steam was admitted and the pressure raised to
600 Ibs. per sq. in. (225° C.) and held at thls pres-
sure for 45 seconds,

A small outlet was opened and the contents of 30
the gun exploslvely discharged through the open-
ing.

With the heat-treatment and dlsmtegratlon
regulated in this way, the resulting relatively
finely divided material was in part fibrous in ap-
pearance, with the remainder of finely divided
material.

This subdivided ligno-cellulose material was
put into water and lightly beaten in a beater of ,,
the Jordan type to make a pulp containing abput
959% water. It was found that the exploded ligno-
cellulose material contained about 20% of water
soluble materials, and the water soluble content
was reduced to -about 5% by being dissolved out &5
by the water. ’

The water and fiber mixture was heated above
the melting point of paraffin, and molten paraffin
added in an amount gbout equal to 2% of dry
ligno-cellulose material by weight, and the paraf- go
fin was taken up by the ligno-cellulose material.

The resulting ligno-cellulose material, repre-
senting about 60% of the weight of the chips,
was felted into sheet form from the water. The
stock was somewhat “slow” due to its fineness gg
but sufficient fibrous material was present to per-
mit egress of water and to form felted sheets.

Water was pressed out of the sheet, bringing
the water content down to about 50% (100% on
weight of the dry ligno-cellulose material). 60

The resulting sheets, which were about 33’’
thick, were dried until completely dry as indi-
cated by the fact that there was no further loss
of weight, and were further heated for several
minutes with indications of evolution of gaseous gz
material. During the drying and further heating
the sheef( s had shrunk to less than ¥; inch in
thickness and were about .7 sp. gr., and as already
stated, could be used for wall boards if desired.

These sheets were converted into the board yq
product about ¥’ thick by passing same in dry,
hot state immediately between hot pressure rolls.
The board products thus prepared are quite dense
having a specific gravity of about 1 to 1.25. The
products are also relatively stiff and strong hav- 75
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This new board having high dry and wet

. strength can be used for practically all the pur-

poses to which boards of coarse flber material
are adapted, as for building purposes and for
myriad uses in industry.

The new momentarily-consolidated, preferably
roll-consolidated, board is dependent primarily
for its strength and stiffiness upon the bonding
effect obtained from the predomunantly plastic
make-up of its seli-bonding. material, produced
as hereinabove described, rather than being de-
pendent primarily for strength and stifiness upon
fiber length and strength of fiber.

Products having the characteristic' properties
hereinabove describéd are preferably made di-
rectly from the heat-treated ligno-cellulose mate-
rial alone, without incorporation of extraneous
bonding or filler constituents. However, addi-

.tions of binders, fillers, pigments and other mate-

rials, while unnecessary, may be made to the
heat-treated ligno-cellulose material and will be
embraced within the invention so long as the .
principles hereof are utilized.

I claim:

1. That improvement in roll-consolidated
board products having two finished surfaces,
which improvement consists in that -the board
product is composed essentially of extensively hy-
drolyzed ligno-cellulose material in predom-
inantly plastic state and containing water solu-
bles from hydrolysis only in relatively small pro-
portions, and in that the board product is largely
without fibrous structure and is principally de-

" pendent for strength and stifiness upon the pre-

dominantly plastic character of its constituent
material rather than upon fiber length or

‘'strength, said board having g specific gravity of.

about 1 to 1.25 and a modulus of rupture of about
6,000 to 8,300 pounds per square inch.

2. Product as claimed in claim 1, and contain-
ing waterproofing material, said board having a
water absorption of less than 15% on 24 hours
soaking.

3. Product as claimed in claim 1; and in which

‘the ligno-cellulose material is wood.

4. Product as claimed in claim 1, and in which
the ligno-cellulose material is wood; and con-
taining waterproofing material, said boar4 having
a water absorption of less than 15% upon 24
hours soaking,
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