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(57) ABSTRACT 

The present invention provides a building material derived 
from Straw, Such as rice Straw, that has significantly 
improved fire-resistance properties over traditional cellu 
lose-based materials. In one embodiment, the invention 
provides a method of fabricating a board from milled rice 
straw. The milled rice straw is blended with a binder to form 
a mixture. The mixture is then formed into a mat with 

Sufficient size to achieve a predetermined board thickneSS 
and density. The mat is then pressed into the board. In 
another embodiment, the present invention provides a fire 
resistant board that includes milled rice Straw, a resin binder, 
and a fire retardant material Such as an organic phosphate, 
Zinc borate, aluminum trihydrate, Sodium Silicate, or even 
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FIRE-RESISTANT MATERIAL AND METHOD OF 
MANUFACTURE 

TECHNICAL FIELD OF THE INVENTION 

0001. The present invention relates generally to the field 
of building materials in general, and in particular to the 
introduction of Straw, Such as rice Straw, as a means of 
increasing the fire retardant qualities of Such materials. 

BACKGROUND OF THE INVENTION 

0002 Straw is the above ground part of cereal and grass 
Seed plants remaining after the grain or grass Seed has been 
removed. Species of cereals and grasses providing Straw 
include wheat, rice, rye, oats, barley, fescue, annual and 
perennial ryegrass, bluegrass and bentgrass. Although Straw 
has been available in Substantial quantities Since the dawn of 
agriculture, only recently have Straw-based cellulosic mate 
rials been considered Suitable for use in modern building 
materials. In many areas, the use of Straw as a building 
material was not permitted due to a common perception that 
Straw is an inherently inferior building material. Unlike 
wood-based cellulosic materials, which have been used 
Successfully for centuries, Straw has not generally been 
considered useful because of the perception that Straw 
lacked Strength, durability, or fire retardance. 
0.003 Contrary to conventional wisdom, however, recent 
experience with Straw as a building material has shown that, 
employed correctly, Straw can be used very effectively in 
modern construction. One current method of the use of Straw 
in construction involves the incorporation of entire Straw 
bales into the walls of a house. Experience with this method 
has shown that Sufficiently dense packing and size can 
provide the necessary Strength and structural Support 
required for home construction. 
0004 Another current straw-based building material is a 
thin panel of compressed Straw combined with a resin 
binder. Such panels have been shown to be useful as a core 
layer or core Stock in a plywood laminate. These panels are 
then incorporated with Stronger wood laminate layerS for the 
production of plywood. The cellulose fibers used in the 
production of the plywood may be derived from pulp, waste 
paper, Spoiled paper, pulp sludge, linter, bagasse, and other 
Such materials in addition to those derived from Straw. 

0005. There remains the problem, however, with the 
inherent flammability of cellulose-based materials. Tradi 
tional cellulose-based flame retardant materials have inher 
ent drawbacks owing to the fire-retardant additives incor 
porated therein. For example, an addition of 15 to 25% 
borate or boric acid can be added to the cellulosic Stock to 
make the material flame retardant. The inclusion of these 
fire-retardant additives renders the material highly hydro 
Scopic, or water-absorptive. In addition, these materials tend 
to absorb more moisture over the course of time, which can 
cause Significant dimensional changes in Structures built 
with Such materials. 

0006 Other additives are known to improve the fire 
retardance of cellulose-based materials, including con 
densed ammonium phosphate. During processing, these 
chemicals are generally added to the composition before 
thermal curing, causing the chemical to react with or adhere 
to the Surface of the molecules and fibers of cellulose. 
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Although Some of these materials have reduced water 
absorption characteristics as compared to materials using 
borate, concerns over the additive and waste material costs, 
including disposal costs, make the use of large quantities of 
Such additives undesirable. 

0007 Furthermore, these chemical additives have not 
demonstrated a Sufficient improvement in the fire retardance 
of cellulose-based materials to justify the use of these 
fire-retardant materials in high-risk and industrial environ 
ments. For example, these fire-retardant materials have not 
had Sufficient fire resistance to qualify for ratings at the 
higher end of the classifications, such as the “45 minute” 
rating for doors. 
0008 Accordingly, there is a need for an inexpensive, 
relatively lightweight fire-retardant building material 
capable of qualifying for the higher end fire resistance 
classifications which is not excessively water absorptive, 
and which does not require large quantities of chemical 
additives for its manufacture. 

SUMMARY OF THE INVENTION 

0009. The following summary of the invention is pro 
Vided to facilitate an understanding of Some of the innova 
tive features unique to the present invention, and is not 
intended to be a full description. A full appreciation of the 
various aspects of the invention can be gained by taking the 
entire Specification, claims, drawings, and abstract as a 
whole. 

0010. The use of straw and other waste materials as a 
Substantial constituent of construction materials provides 
Significant benefits with respect to both economy and ecol 
ogy. Straw, as a by-product of food production, has tradi 
tionally been viewed as a waste material with no commercial 
value. In fact, it was not uncommon to burn Straw as a means 
of disposing of it. But an increasing concern for the envi 
ronment has meant that burning of Such materials has 
become a much leSS attractive option, and has been banned 
in many areas. 
0011. The present invention provides a building material 
derived from Straw, Such as rice Straw, which has signifi 
cantly improved fire-resistance properties over traditional 
Straw-based materials. The present invention uses Straw, 
Such as rice Straw, in the place of comparable cellulosic 
materials to provide a material having a much higher level 
of fire resistance. The increased fire resistance of the mate 
rial is significant enough that the Volume of fire-resistance 
additives required can be reduced or even eliminated in 
Some cases. In various embodiments, a fire retardant panel 
according to the present invention may be incorporated into 
a fire door capable of qualifying as a 45-minute, 60-minute, 
or 90-minute door, all of which are higher performance 
levels than previously available with prior designs. 

0012. In one embodiment, the invention provides a 
method of fabricating a board from milled straw. The milled 
straw is blended with a binder to form a mixture. The 
mixture is then formed into a mat with Sufficient size to 
achieve a predetermined board thickness and density. The 
mat is then pressed into the board. In another embodiment, 
the present invention provides a fire resistant board that 
includes milled rice Straw, a resin binder, and a fire retardant 
material Such as an organic phosphate, Zinc borate, alumi 
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num trihydrate, Sodium Silicate, or even rice hulls. In yet 
another embodiment, the present invention provides a fire 
resistant door having an inner door core and a doorframe. 
The inner door core is made of milled rice straw fiber in a 
cured resin matrix. The doorframe is made of a fire-resistant 
material. 

0013 The novel features of the present invention will 
become apparent to those of skill in the art upon examination 
of the following detailed description of the invention or can 
be learned by practice of the present invention. It should be 
understood, however, that the detailed description of the 
invention and the Specific examples presented, while indi 
cating certain embodiments of the present invention, are 
provided for illustration purposes only because various 
changes and modifications within the Spirit and Scope of the 
invention will become apparent to those of skill in the art 
from the detailed description of the invention and claims that 
follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.014. The accompanying figures, in which like reference 
numerals refer to identical or functionally-Similar elements 
throughout the Separate views and which are incorporated in 
and form part of the Specification, further illustrate the 
present invention and, together with the detailed description 
of the invention, Serve to explain the principles of the 
present invention. 

0015 FIG. 1 is a schematic view of the process of 
manufacture of the rice Straw panel of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0016. As described above, the present invention provides 
a building material derived from rice straw which has 
Significantly improved fire-resistance properties over tradi 
tional Straw-based materials. The present invention useS rice 
Straw in the place of comparable cellulosic materials to 
provide a material having a much higher level of fire 
resistance. The increased fire resistance of the material is 
Significant enough that the Volume of fire-resistance addi 
tives required can be reduced or even eliminated in Some 
cases. In certain embodiments, a fire retardant panel accord 
ing to the present invention may be incorporated into a fire 
door capable of qualifying as a 45-minute, 60-minute, or 
90-minute door, all of which are higher performance levels 
than previously available with prior designs. Although the 
present invention is described in reference to the use of rice 
Straw, the present invention may be practiced using other 
types of Straw, especially those having a relatively high 
Silica content. 

0.017. The method of manufacture of the rice straw panel 
of the present invention is shown schematically in FIG. 1. 
AS can be seen in this figure, rice Straw panels manufactured 
according to the present invention are prepared by first 
shredding the rice straw bales 10 and milling the rice straw 
to the desired fiber size range 12. After shredding 10 and 
milling 12, the milled rice Straw may be Screened So as to 
remove fines 14 and dried to a desired moisture content 16. 
Finally, the milled and dried straw is blended with an 
uncured resin binder 18, formed into a resin/straw mat of a 
Suitable thickness 20, and cured at a Suitable pressure and 
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temperature 22. In certain embodiments, the process further 
comprises Sanding and trimming the cured panel to a desired 
final thickness 24. 

0018. The straw used in the present invention is derived 
as a by-product of rice production. Transverse cutting or 
chopping of the rice Straw is generally accomplished by 
using a forage harvester. The cut rice Straw is then "baled,” 
or combined into easily-manageable bound chunks. After 
transportation to the processing plant, the Straw bales are 
broken down in a bale Shredder. This proceSS is represented 
in FIG. 1 by block 10. 
0019. Although some degree of breakage and cutting of 
the rice Straw stems will generally occur during harvesting, 
baling, and bale Shredding, the Straw will usually be too long 
to be used in preparing the board in accordance with the 
present invention and will have to be shortened prior to 
blending. The pieces of Straw exiting the bale shredder are 
generally 0.75 inches or greater in length, and commonly 
exceed 3 inches. Strands of this length are generally too long 
to produce boards and must be reduced in size by Some form 
of milling process. The moisture content of the rice Straw 
may or may not be modified prior to milling. For example, 
milling Straw which is too dry may cause thermal deterio 
ration in the cellulose fibers. 

0020. The milling process, represented in FIG. 1 by 
block 12, can be accomplished using any milling device 
capable of reducing the length of the Straw stem, Such as a 
hammermill. The average length of the Straw segments 
recovered from milling can be controlled by Selecting appro 
priate milling conditions. Longitudinal Straw cracking/split 
ting and node crushing can be accomplished by using 
grooved rollers, Such as those found in grain roller mills and 
hay macerators, by using a Sander having Shear action, a disk 
waferizer, a ringflaker, a hammermill, or any other device 
capable of cutting the rice Straw into Short Segments. The 
length of the milled Straw Segments will vary from Segment 
to Segment. 

0021. The optimum degree of milling and size reduction 
is determined by making panels and testing for those per 
formance characteristics most desired. In most embodiments 
of the present invention, the average Straw segment size, not 
including fines, is between approximately 0.125 inches and 
approximately 1.5 inches, not including fines. In certain 
embodiments, the milling is performed under conditions 
designed to minimize the production of fines. But a certain 
amount of fines may be acceptable as part of the milled 
StraW. 

0022 Testing has shown that a certain degree of fines 
present in the milled Straw will not degrade panel perfor 
mance. If the amount of fines present in the Straw after 
milling is So great as to lower the desired performance 
characteristics of the panel, the fines may either be partially 
or Substantially removed from the milled Straw by Screening, 
aeration, fractionation or other means of classification and 
separation well known to those skilled in the art. The 
Screening proceSS can be performed either before or after 
milling, and is represented in FIG. 1 by block 14. 

0023 The rice straw may, in certain embodiments, be 
Split to ensure that all Surfaces, exterior and interior, of the 
hollow rice Straw stem core are Substantially coated with 
resin prior to curing. In addition, the rice Straw may, in 
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certain embodiments, be treated with a solvent wash or other 
proceSS in Such a manner as to Strip Some or all of the wax 
on the outside of the stem. 

0024. In certain embodiments of the present invention, an 
intermediate orientation process may be provided by which 
the majority dimension of the Strands of Straw are Substan 
tially oriented in a parallel fashion. For Strands longer than 
approximately 0.04 inches, a Specified degree Straw Strand 
orientation control can be achieved with minor modifica 
tions to commercially available equipment traditionally used 
for orienting wood Strands. This may also be accomplished 
by vibrating the Strands on a corrugated panel. In certain 
embodiments, the panel may be tilted. Alternatively, the 
Straw Strands can be dropped on parallel vertical bars placed 
in the form of a Spaced grid with a distance less than the 
strand length. Shaking will then allow the straw to fall 
through. For Strands shorter than approximately 0.04 inches, 
the Straw can be aligned by dropping the Strands between 
Vertical oppositely charged electric condenser panels. The 
dipole on the falling Straw particles will align the particles 
parallel to the electric field. 
0.025 The drying/moisture control process represented in 
FIG. 1, block 16 provides a consistent level of quality for 
any boards produced with the rice Straw. In certain embodi 
ments, Straw moisture content is controlled to between 3 
percent and 8 percent of weight on an oven dry basis. This 
can be accomplished using any method commonly used in 
the art for adding and/or removing moisture from materials. 
Although in certain Situations it may be necessary to 
increase the moisture content of the rice Straw, it will 
generally be necessary to reduce the moisture content of the 
rice Straw in order to bring the moisture content to the proper 
level. For example, the moisture content may range up to 12 
percent by weight of the Straw prior to drying. 

0026. In some situations, it may be more economical to 
conduct the drying process in a shorter period of time at a 
higher temperature rather than at a lower temperature for a 
longer period of time. In one embodiment of the present 
invention, the milled rice Straw fibers are dried convection 
ally under hot air at a temperature in the range of from about 
200 degrees to 450 degrees Celsius. Depending on the 
temperature used, the drying time may range between 
approximately 20 Seconds and approximately 10 minutes. 
Drying may be carried out in any conventional method, 
using any Suitable heating device or devices either alone or 
in combination, including batch type heat circulators, tunnel 
type heat circulators, counter current convey type dryers, 
Screw type heat conductive dryers, far-infra red radiation 
type dryers, and electrically heated rotary dryers. 

0027. After drying, the rice straw fiber is blended with a 
binder (typically a resin binder), as represented in FIG. 1 by 
block 18. The resin binder may be any binder capable of 
providing a thin panel having Satisfactory performance 
characteristics. One binder Suitable for use in the present 
invention is a polyisocyanate Such as polymeric diphenyl 
methane diisocyanate, also referred to as MDI (Diphenyl 
Methane Diisocyanate) isocyanate resin. Examples of this 
type of resin binder are RUBINATE 1840TM, a polymeth 
ylene polyphenylene ester of isocyanic acid manufactured 
by ICITM, and PAPI-94TM manufactured by DOW CHEMI 
CALTM. In other embodiments, the resin binder may com 
prise phenol or a urea formaldehyde. In certain embodi 
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ments, the resin binder is added to the mixture at a rate of 
2% to 10% of fiber weight on an oven-dried basis. The 
milled Straw weight can be measured by a Scale with a 
feedback control mechanism to regulate the rate at which the 
binder and the organic phosphate are added. 
0028. The blending process can also involve the addition 
of a fire retardant material Such as an organic phosphate, a 
borate (Zinc borate and/or boric acid), Sodium silicates, 
aluminum trihydrate, or even rice hulls. For example, a 
DPMA (DipropyleneGlycol MonomethylEtherAcetate) 
extender can be used, Such as DOWANOLTM manufactured 
by DOW CHEMICALTM. Other substances may be added to 
achieve the desired board properties. One Such Substance is 
wax, Such as paraffin wax, is used. One example of a wax 
found to be useful with the current invention is CASCO 
WAX EW-403HMTM manufactured by Borden Chemical, 
Inc. Other Substances (chemicals) may be added to prevent 
the adhesion of the product to manufacturing equipment. 
One Such release agent found to be useful with the current 
invention is MONO-COATE304TM manufactured by Chem 
Trend, Inc. 
0029. After blending, the resonated rice straw fiber is 
then formed into a mat having a thickness and weight 
Suitable for achieving a Specified board thickness and den 
sity, as represented in FIG. 1 by block 20. The formed mat 
is then pressed and cured into a panel or board to a thickness 
usually thicker than the specified finished thickness. The 
curing process is represented in FIG. 1 by block 22. One 
example of equipment useful for curing is a hot press. AS 
appreciated by those skilled in the art, the ideal process 
parameters will vary from one application to another. In one 
embodiment of the present invention, the resin/straw mat is 
cured at a pressure ranging between approximately 300 and 
approximately 500 psi, a temperature of between approxi 
mately 250 and approximately 400 degrees Fahrenheit, and 
for a period of time ranging between approximately one to 
approximately three minutes. 
0030. As described above, the final panel thickness can 
be achieved either by forming the panel at the desired 
thickness or by forming the panel at a greater thickness and 
Sanding one or both planar faces to remove enough material 
to achieve the desired thickness. Sanding to thickneSS may 
in certain embodiments be preferred. For embodiments for 
which the cured mat is thicker than the desired panel, the 
cured board may be then Sanded to a desired thickness after 
curing. This process is represented in FIG. 1 by block 24. 
The cured panel may require trimming, as shown in block 
24, to remove rough edges consisting of unpressed material. 
0031. The panels thus manufactured can be used either 
independently, as represented by block 30, or incorporated 
into a fire-retardant door, as represented by blocks 26 and 28. 
One embodiment of a panel useful in fire-retardant doors has 
a thickness of approximately 1.5 inches. Panels used for 
general construction and other applications tend to be thin 
ner, in certain embodiments approximately 0.1 inches to 
0.25 inches. An additional general distinction between the 
rice Straw panels used for miscellaneous applications as 
compared to rice Straw panels used in fire doors is that the 
rice Straw panels used in fire doors may not require the 
addition of an organic phosphate or borates (Zinc borate 
and/or boric acid), Sodium silicates, aluminum trihydrate, or 
even rice hulls in order to achieve desired levels of fire 
retardancy. 
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0032. As represented in FIG. 1 by block 26, the rice 
Straw fire door cores of the present invention can be 
assembled into doorframes made of a fire-resistant material, 
for example, TECTONITETM which is manufactured by and 
available from Warm Springs Composite Products of Warm 
Springs, Oreg., U.S.A. Any one of a variety of other mate 
rials commonly used in the construction industry in fire 
resistant applications would also be Suitable for manufacture 
of the doorframes. In other embodiments, the fire doors may 
include one or more door skins disposed on one or more 
surfaces of the fire door, as represented in FIG. 1 by block 
28. The door skins may be constructed from any of the 
materials commonly used in the construction of fire doors. 
0.033 AS manufactured and assembled as described 
above, certain embodiments of fire doors according to the 
present invention have been demonstrated to exhibit a level 
of fire retardance Sufficient to qualify as 45-minute, 
60-minute and 90-minute doors, levels which are well above 
that traditionally associated with cellulose-based fire doors. 
Additionally, certain embodiments of fire retardant panels 
according to the present invention have been shown to 
exhibit a level of performance Sufficient to qualify as Class 
1 fire retardant materials, which is higher than that tradi 
tionally associated with cellulose-based materials. 
0034. The embodiments and examples set forth herein are 
presented to best explain the present invention and its 
practical application and to thereby enable those skilled in 
the art to make and titilize the invention. Those skilled in the 
art, however, will recognize that the foregoing description 
and examples have been presented for the purpose of 
illustration and example only. Other variations and modifi 
cations of the present invention will be apparent to those of 
skill in the art, and it is the intent of the appended claims that 
Such variations and modifications be covered. The descrip 
tion as set forth is not intended to be exhaustive or to limit 
the Scope of the invention. Many modifications and varia 
tions are possible in light of the above teaching without 
departing from the Spirit and Scope of the following claims. 
It is contemplated that the use of the present invention can 
involve components having different characteristics. It is 
intended that the Scope of the present invention be defined 
by the claims appended hereto, giving full cognizance to 
equivalents in all respects. 

What is claimed is: 
1. A method of fabricating a board from milled straw 

comprising the Steps of: 
blending the milled straw with a binder to form a mixture; 
forming the mixture into a mat with Sufficient size to 

achieve a predetermined board thickness and density; 
and 

pressing and curing the mat into the board. 
2. The method as recited in claim 1, wherein the milled 

Straw is rice Straw. 
3. The method as recited in claim 1, further comprising 

the Step of removing a portion of fines from the milled Straw 
prior to blending. 

4. The method as recited in claim 1, further comprising 
the Step of milling Straw. 

5. The method as recited in claim 1, wherein the milled 
Straw has an average longitudinal length of approximately 
0.125 inches to 1.5 inches. 
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6. The method as recited in claim 1, further comprising 
the Step of controlling the moisture content of the milled 
straw from approximately 1% to 12% of the milled straw 
weight. 

7. The method as recited in claim 6, wherein the moisture 
content is controlled with an oven. 

8. The method as recited in claim 1, further comprising 
the Step of blending the mixture with a fire retardant material 
comprising one or more of organic phosphates, borates, 
Sodium Silicates, aluminum trihydrates, or rice hulls. 

9. The method as recited in claim 8, wherein the binder 
and the fire retardant material are added at a rate of approxi 
mately 2% to 20% of the milled straw weight on a dried 
basis. 

10. The method as recited in claim 8, wherein the milled 
Straw weight is determined by a Scale with a feedback 
control mechanism to regulate the rate of the binder and the 
fire retardant material. 

11. The method as recited in claim 1, wherein the blending 
is performed in a high-Speed blender. 

12. The method as recited in claim 1, wherein the board 
is attached to one or more door skins. 

13. A fire resistant board comprising: 

milled rice Straw; 

a resin binder; and 

a fire retardant material comprising one or more of an 
organic phosphate, aborate, Sodium Silicate, aluminum 
trihydrate, or rice hulls. 

14. The board as recited in claim 12, wherein the milled 
rice Straw has an average longitudinal length of about 0.125 
inches to about 1.5 inches. 

15. The board as recited in claim 12, wherein the resin 
binder is an isocyanate resin. 

16. The board as recited in claim 12, wherein the resin 
binder comprises between about 2% and about 10% of the 
weight on an oven dry basis. 

17. The board as recited in claim 12, wherein the fire 
retardant material comprises between about 2% and about 
20% of the weight on an oven dry basis. 

18. The board as recited in claim 12, wherein the board is 
attached to one or more door skins. 

19. The board as recited in claim 12, wherein the board is 
attached to a doorframe. 

20. A fire resistant door comprising: 

an inner door core comprising milled rice Straw fiber in a 
cured resin matrix; and 

a doorframe comprising a fire-resistant material. 
21. The door as recited in claim 20, wherein the milled 

Straw fiber has an average longitudinal length of approxi 
mately 0.125 inches to 1.5 inches. 

22. The door as recited in claim 20, wherein the door core 
further comprises a fire retardant material comprising one or 
more of: an organic phosphate, a borate, Sodium Silicate, 
aluminum trihydrate, or rice hulls. 

23. The door as recited in claim 20, further comprising 
one or more door skins. 


