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An Endotherm'ic Heat Shield Composition And A Method For Tbe Preparation 
Thereof 

Field of Invention 

The present invention relates to an endothermic heat shield composition and a method for­

the preparation thereof. More specifically, the present invention provides an endothennic heat shield 

composition, comprising at least 50 wt/v.'t% hydrated salt and at least one filler material, wherein 

the salt is in the form of hydrated salt particles which are fused to each other. 

Background of the Invention 

· Prior art publications disclose intumescent and/or endothermic heat shield compositions 

containing hydrated salts. However, the hydrated salts therein are in aggregate form and do not have 

a chemical relationship (a fused relationship), with the surrounding salts. In order to contain the 

hydrated salts within these compositions, the prior art utilizes various binder materials for holding 

the hydrated salt aggregates together, thereby forming a solid composition. Furthennore, since the 

hydrate salt aggregates do not have a fused relationship, the grain size of the hydrated salts disclosed 

by the prior art is of importance. Moreover, as will become evident from the discussion below, the 

prior art does not disclose beating the hydrated salts during preparation to a temperature at which 

they become liquid. 

US. Patent 5,082,877 discloses an ablative protective composition containing a polymeric 

binder component and an ablative component. The above patent requires the presence of a binder 

in addition to limiting the temperature at which the process of preparation is carried out In column 

6 , lines 54~60 of this patent, it is stated "When preparing the novel heat/fire protective material, it 

is critical that the temperatures employed during preparation do not result in the decomposition of 

the aluminum sulfate hydrate. As stated earlier, according to CRC Handbook of Chemistry and · 

Physics, 57m ed., aluminum sulfate hydrate decomposes at 86.5 °C. As such, if processing 
' . 

temperatures exceed 86.5 ° C, the heat/fire protective properties of the resulting composition will 

significantly djminish." In contrast to U.S. 5,082,877, the present invention utilizes temperatures 

exceeding 86 ° C (in the case of aluminum sulfate hydrate), and does not require binders for holding 

the salt grains together. 

U.S. Patent 4,632,865 describes and claims an insulation material for use in heat protective 
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devices which comprises a structure having two or more layers, a:rranged so that the external layer 

has a higher m~lting tt!mperature or [empcrature of dehydration than any layer. the external layer 

comprising: 

• an inorganic salt selected from the group consisting of Al2(S04) 3 • 16-1 &H:P. Kal(S04}f l 2H20, 

and ivlgS04·7H20, and 

• a binder selected from the group consisting of natural rubber, neoprene rubber, silicone rubber, 

polyester resin, epoxy resin, phenolic resin and hydraulic cement 

U.S. No. 4,632,865 specifies that the temperature for preparing the above material should not 

exceed the hydration temperature 

U.S. Patent 4,462,831 discloses a non-refractory ablative, fire- and heat-protection material 

for a one time use, comprising an organic binder selected from the group consisting of natural and 

synthetic polymers, rubbers, natural and synthetic resins, natural and synthetic asphalts and bitumens 

including latexes, solutions of the above substances or mixtures thereof, and a filler consisting of 

hydrated aluminum sulfate of the general formula Al2(S04)J'nH20 wherein n=l4-18 in an amount 

of more than 75% by weight of the material, the filler being free of any cementitious material. 

U.S. Patent 4, 122,059 discloses a composition of matter, including a mixture of fire-resistant 

materials. which mixture comprises a hydraulic cement and an inorganic salt hydrate selected from 

the group consisting of aluminum Sl.llfate hydrate and ferrous sulfate hydrate and which mixture has 

been wriformly distributed in a synthetic, organic polymer and which mixture comprises from about 

5% to about 80% by weight of said hydrated salt, from about 1 % to about 10% by weight of a 

hydraulic cement, and about 1 % to about 10% of aluminum silica, the i>ercentages being based upon 

the total weight of said mixture. 

The above patent states that 11The powders when exposed to flame or heat convert to 

refractory substances. Water from the hydrate is driven off into contact with the cement with the 

resulting setting of the cement ... ". U.S. 4,122,059 requires the cement to act as a binder since there 

is no chemical relationship between the inorganic salt hydrates. Furthermore, it should be noted that 

the conversion of the powders into refractory substances does not occur during the manufacturing 

process, but rather during an event of fire. 

In U.S. patent 5,104,917 heat ablative compositions are described and claimed which 
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comprise a binder and a filler, including a combination of aluminum sulfate hydrate and aluminum 

ammonium sulfate hydrate. The combination produces a synergistic effi:!ct on the fire protection 

rating ofthe composition. The binder maybe chosen from inorganic or organic binders. Examples 

of binders according to the above patent are natural and synthetic rubbers. 

The above patent further states that "The acidic character of aluminum sulfate hydrate has 

numerous consequences on the performance of the heat ablative composition. The acidity may cause 

the destruction of the binder, which results in decreased F .P .R.'s. Aluminum sulfate hydrate's acidity 

may also result in cracking, brittleness and total loss of impact resistance of the binder, and loss of 

tensile strength, compressive strength or bending strength in the finished ablative product. The 

excess acidity may result in erosion or destruction by oxidation of the substructure to which the 

ablative composition is applied. 11 

In contrast to the above, the stability of the composition according to the present invention 

is based on the mechanical strength, which results from the bonds within the crystal/fused structure 

of the hydrate salt. The filler component of the present invention is stable and does not chemically 

react with the hydrate salt. 

Canadian patent 2,228,479 describes and claims a fireproof sealing system based on molten 

adhesives, containing a) a rnolte11 adhesive; b) binders; c) substances forming a carbon structure in 

the event of a fire; d) flame-protecting agents; and e) a component which swells in the event of a.fire; 

and a process for the flameproof sealing of objects or apertures by the application of such sealing 

systems. 

The above patent utilizes heat to melt the thermoplastic components which function as 

binders. 

As shown above, the prior art does not teach a heat shield material in which the hydrated salt 

particles are fused to each other. Thus, in accordance with the prior art, binder materials are needed 

for holding the hydrated salt particles together. 

It is therefore an object of the present invention to provide a new and improved heat shield 

composition and method for producing the same which overcomes the disadvantages of the prior art 

which necessitate the utilization of binder materials. 1n contrast to the prior art, the present invention 

utilizes the crystal formation of the hydrated salt in combination with waste products. The 
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elimination of binder materials significantly reduces the manufacturing cost of the heat shield 

composition. 

Thus, according to the present invention, an endothermic heat shield composition is provided, 

comprising at least SO wt/wt% hydrated salt and at least one filler material, wherein the hydrated salt 

particles are fused to each other, wherein said fused state is formed as a result of the heating of the 

hydrated salt to at least the temperature at which said salt is in liquid form and the subsequent 

cooling thereof. 

According to the presert invention, the hydrated salts are selected from the group consisting 

of Al2(S04)• l 6·18H20; NH4Fe(S04)2• 12H20; Na2B40 7 • l OH20; NaAl(S04) 2• l 2H20; 

AINH4(S04) 2• 12-24H20;. NaiS04• l OH20; MgS04•7E(iO; {NH4) 2S04• 12H20; KAl(S04)a• 12H20; 

N~Si03•9H20; Mg(N02) 2•6H20; NaN02; NaiC03•7H20: and mixtures thereof. 

In a further preferred embodiment, the present invention provides an endothermic heat shield 

composition, wherein at least 50% of the hydrated salt is hydrated aluminum sulfate. This sulfate 

is easy to obtain and is relatively inexpensive. 

In a preferred embodiment, the filler material is a material selected from the group consisting 

of an organic componem and an inorganic compo11ent and mixtures thereof. 

In an even further preferred embodiment, the organic component is a solid cellulose-based 

component. Specifically, the solid cellulose-based component is selected from the group consisting 

of wood particles and paper particles. 

In the present invention; the solid cellulose-based component prefer~bly present in an amount 

ranging from about S wt/"Wt°/o to 30·wtfwt%. 

In another preferred embodiment, the inorganic component is inert, highly porous and light 

weight. Specifically, the inorganic component is Vermiculite or Perlit and is preferably present in 

an amount ranging from about 5 wt/wt% to 30 wt/wt%. It should be nc:>ted that other porous solid 

volcanic materials can be used in accordance with the present inven~on. 

The present invention also provides an endothermic heat shield composition wherein the 

organic component is sugar molasses preferably present in an amount of up to 20 wt/wt%. 

In a further preferred embodiment, the inorganic component may be glass fibers or ceramic 
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;:. fibers which are preferably present in an amo.unt of up to l O wt/wt%. 

In another pref~rred embodiment. the inorganic \;Omponenl i:::> sdectecl from the group 

consisting·oftitanium diox.ide, magnesium oxide and aluminum oxide which is preferably present 

in an amount of up to 30 wt/wt%. 

In another aspect of the present invention, a method is provided for preparing an endothermic 

heac shield composition, which comprises at least _50 wt/wt% hydrated salt and at least one filler 

material, the method comprising the steps of: 

a) heating the hydrated salt to the temperature at which it liquefies; 

b) adding at least one filler material; and 

c) cooling the mixture to form a composition wherein the hydrated salt particles are fused to 

each other. 

In this aspect of the present invention, there is provided a method, wherein the hydrated salt 

is selected from the group consisting of A12(S04)• l 6-l 8H20; NH4Fe(S04.h• 12H20; NazB40 7• l OH20; 

NaAl(SOJ2• 12H20; AlNH4(S04)2• 12-24HzO; NazS04• lOH20; MgS04 •7H20; (NH..)2S04• 12H20; 

K.Al(SOJ2• 12H20; N82Si03•9H20; Mg(NO:zh•6H20; NaN02; N&zC03•7H20: and mixtures thereof. 

In a most preferred embodiment of this aspect of the present invention, at least 50% of the 

hydrated salt is hydrated aluminum sulfate. 

In a preferred method of this aspect of the present invention, the filler material is a material 

selected from the group consisting of an organic component and an inorganic component. 

In another preferred method of this aspect of the present invention, the organic component 

is a solid cellulose-based component. Specifically, the solid cellulose-based component is selected 

from the group consisting of wood· particles and paper particles. The cellulose-based component is 

preferably present in an amount ranging from about 5 wt/wt«>/o to 30 wt/wt%. 

In another preferred method according to this aspect of the present invention, the inorganic 

component is inert, highly porous and light weight. Specifically, the inorganic component is 

Vermiculite or Perlit and is preferably present in an amount ranging from about 5 wr/wt% to 30 

wt/wt%. 

In an even further preferred method of this aspect of the present invention, the organic 

component is sugar molasses preferably present in an amount of up to 20 wt/wt%. 

In a further preferred embodiment method of this aspect of the present invention, the 
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inorganic component may glass fibers or ceramic fibers which are preferably present in an amount 

of up to l 0 ""11""1%. 

In another preferred embodiment method of this aspect of the present invention, the inorganic 

component is selected from the group consisting of titaniwn dioxide, mag.'lesium oxide and 

aluminum oKide which is preferably present in an amount of up to 30 wt/wt%. 

Jn a preferred method of this aspect of the present invention> a further step is provided for 

adding up to about I 0 wt/wt% of water to the hydrated salt prior to heating. 

The composition of the present invention contains a filler which is trapped within the fused 

structure of the hydrated salt. The function of the filler is important when the composition is 

exposed to high temperatures, since the filler assists the composition in retaining its solidified state 

and not reverting back to the liquid state it possessed during preparation. 

In the present invention, preferable filler-s are cellulose· based, such as wood or paper particles 

since they exhibit high absorption propercies 

Most of the compositions of the material of the present invention also have intumescent 

properties, in addition to endothermic properties. 

An intumescent composition, when heated to the temperature at which the agent intumesces, 

results in the composition expanding many times its original volume, forming a charred layer which 

provides a protective barrier from the source of the heat, as well as from the heat itself. 

The combiration of intumescent and endothermic properties is important since the 

intumescent characteristics of a composition allows the expansion thereof, whereby upon exposure 

to heat an outer protective barrier is formed allowing the isolation of the inner part of the 

composition. The endothermic characteristics significantly increase the difference in temperature 

between the inner and outer parts of the composition, thereby isolating the object contained within 

the composition from fire and heat. 

The composition of the material also includes fillers which enhance the composition's 

expansion and the fo~ation of the outer protective layer'. An example of such a filler is sugar 

molasses, which is a by-product of sugar production. Furthermore, the fillers of the present invention 

promote the viscosity characteristics of the composition, thereby inhibiting the composition from 

changing into the liquid phase 
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A theoretical disadvantage of the intumescent, endothermic composition of the material of 

the present invention i~ its dependency on temperature. As rhe temperature rises, the :;omposition 

shifts/moves towards its liquid state. Presumably, the above dependency contradicts the 

composition's role of protection at high temperatures. However, the composition, in fact, does act 

as a p.cotective material. 

The powder/particles which are a pari of the composition of the· present invention play a key 

role in retaining the composition in a semi-liquid state. Two types of temperature elevation at high 

temperatures are to be considered. One is a gradual, uniform elevation in which the composition may 

revert to the semi-liquid state it had during productiont but not reaching a liquid state. The second 

is a quick elevation, such as would occur in the case of a fire in wbJch the outer section of the 

composition becomes rigid and dry, thereby protecting the inner segment from liquefying. 

The organic components.of the present invention include waste products produced from 

filing plywood and wood. MDF and ground paper can also be used as the organic component. The 

porosity characteriStics of the above components appear to play a key role in the absorption of the 

liquid hydrated salt by these components. The present inventor also found that the small size of the 

above components is important in enhancing the isolation provided by the heat shield composition 

of the prest!nt invention. In addition to the_above components being inexpensive, a further advantage 

e~ists in using them since it is difficult to discard them since they are dispersed by the wind 

The present invention demonstrates that the use of small cellulose particles having low 

specific weight and high absorption potential permits their use in small amounts in the composition. 

Apparently, the small cellulose particles promote the formation of bubbles in a homogeneous 

manner. 

The inorganic components of the present invention· include vermiculite and PerUt which 

enhance the composition's theisdue to their low molecular weight, which is a result of high porosity 

and their stability at relatively high temperatures. · 

The present invention utilizes the small waste particles which are the waste products of 

processes utilizing Venniculite and Perlit. As described in relation to the organic components, the 

small size of the components and their use are advantageous for the present invention. 

The method the present invention for preparation of a solid heat shield composition allows 
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the solidification and cr1sta11ization of the hydrate salt. 

The composition of the present invention has a molecular structure which is different from 

known isolation materials. According to the present invention, the components (hydrate salt and 

filler material) are heated to a temperature at which a liquid is produced. On the other hand, 

according to the prior art, no heat is utilized to promote bonds between the hydrate salt and therefore 

various binders are required to maintain the salts in close vicinity to each other. 

Some of the hydrated salts of the present invention, such as aluminum sulfate, decompose 

when exposed to a temperature at which they liquefy, and then become soluble in the water released. 

Other hydrated salts of the present invention, such as magnesium nitrate hexahydrate, liquefy without 

the step of decomposing. 

As can be seen, the present invention achieves a fused structure formed by the interactions 

between the hydrated salts. The above structure allows for the ~tability of th~ composition without 

the utilization of binders which increase the cost. In addition, the use of binders may reduce over 

time the stability of the solid material due to the aging of the organic binder in the presence of the 

hydrate fillers. 

The simplified method of preparation according to· the present invention also allows for a 

rapid solidification period of the \;Omposition enabling its use thereof shortly after the preparation 

process has been completed. 

The uses of the composition according to the present invention are nwnerous. The 

composition can be used in the construction of buildings, safes.- airplanes, auto.mobiles, ships and 

the like. 

In a preferred method of using the above described endothermic material, a modular fire 

protector can be constructed. In such a c~e, a method for producing a modular frre protector, in 

accordance with the present invention, comprises the steps of: providing a double metal wall; and 

prov~ding a plurality of therm.al protective layers associated with the double metal wall, the plurality 

of them:tal protective layers having at least one layer of intumescent material. Preferably, holes 

internally covered by a plastic sheet of material are provided for permitting the intumescent material 

to traverse the double metal wall after the plastic sheet has melted during a period when the 

environment surrounding the double metal wall becomes heated. More preferably, a major portion 
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of the intumescent material is present in the vicinity of the holes. Most preferably, a step is provided 

in the double metal wall. 

Furthermore, according to the present invention, apparatus for producing a modular fire 

protector comprises: a double metal wall; and a plurality of thermal pro tee ti ve layers associated with 

the double metal wall, the plurality of thermal protective layer~ having at least one layer of 

intumescent material. Preferably, the double metal wall includes holes internally covered by a plastic 

sheet of material for permitting the intumescent material to traverse the double metal wall after the 

plastic sheet has melted during a period whe:n the environment surrounding the double metal wall 

becomes heated. More j)referably, a major portion of the intumescent material is present in the 

vicinity of the holes. Most preferably, the double metal wall includes a step. 

Brief Description ofthe Drawings 

Embodiments of the present invention are described by way of example with reference to the 

accompanying drawing wherein the Figure is a flow.chart diagram representing, an embodiment of 

the present invention. 

Fig. 2 is a schematic diagram of apparatus for producing a modular fire protector in 

accordance with one embodiment of the p1·esent invention; 

Fig 2A is a schematic diagram of a connector according to one embodiment of the present 

invention associated with the embodiment of the modular fire protector shown in Figs. 1 and 6 

according to one embodiment of the present invention; 

Fig. 3 is a cross-section diagram of apparatus for producing a modular fire protector in 

accordance with an embodiment of the present invention; 

Fig. 4 is a diagram of a side view of apparatus for producing a modular fire protector in 

accordance with an embodiment of the present invention; 

Fig 5. is a diagram of a pin/connector connection made in accordance with an embodiment 

of the present invention; 

Fig. 6 is a di3gram of a screw connector. or apparatus for producing a connection in 

accordance with- an embodiment of the present invention; 

Fig. 7 is a further diagram of apparatus for producing a connection in accordance with an 
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embodiment of the present invention. 

Like reference numerals and designations in the various drawings refer to like elements. 

Detailed Description Qfthe Drawin2: 

Fig. 1 is a schematic illustration of a manufacturing line in accordance with the present 

invention. 

Referring now to the figure. hydrated salts I 0 are placed in a melting container 16 and heated 

by a heat source 12 to the temperature at which the solid salts become liquid. A liquid, water-based 

solution 14 may be added into container 16 prior to the application of heat. 

When the contents of container 16 are in liquid form, the hot, liquid solution 22 is transferred 

to a second ~ontainer 20 in which mixing means (not shown), combine said hot liquid solution with 

a solid, cellulose-based, organic component 18. which is preferably a waste product and with a solid 

inorganic granular component 22. Component 22 may include materials which promote intwnescent 

characteristics, as well as including glass fibers (other fibers may also be used) which can increase 

the strength of the end product. 

The contents of container 20 are then transferred in semi-liquid state 26 to a predetermined 

form of application. The form of application is dependent on the shape of the end product More 

specifically, the mixture 26 can be applied by hand 28, spraying 30, casting 32, plate rolling 34, or 

by plate pressing 36. 

As will be realized, mixture 26 can be applied onto or into numerous items.·once mixture 

26 is applied and allowed to cool 38 it is in the form of a solid fmal product 40 which is ready for 

use. 

Referring now to Fig. 2, reference numeral 110 designates an embodiment of apparatus for· 

producing a modular fire protector in accordance with the present invention. As can b.e seen from 

the drawing, the apparatus comprises metal walls 112 and 114 as well as connectors 116 provided 

for coilllecting the apparatus to the required set up. Thus, in such a manner, apparatus 11 0 can be 

positioned in the required location. 
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Turning to Fig. 3, numeral 120 designates an embodiment of apparatus for producing a 

modular fire protector in accordance with the presenc invention wherein a cross-::;ectionill view· i.s 

shown. Metal walls 112 and 114 designate external and internal walls respectively and are provided 

with connectors l 16A and l 16B, while active insulating layer 22 comprising 

intumescent/endothermic material is covered by passive insulating layers 124 and 126. As can be 

seen from Fig. 3, perpendicular active insulating layers 128A and 128B comprising 

in tumescent/ endothermic material are provided and traverse holes or bores l 30A and l 30B provided . . 
in walls 132A and 132B respectively. Preferably, the present embodiment of the present invention 

is provided with a step wall member l 34A and 134B at its ends respectively for facilitating 

positioning the modular fire protector. Thus, according to the present invention, holes or bores 130A 

and l 30B are provided in step wall members 134A and l 34B. 

Fig. 4 provides a side view of the embodiment shown in Fig. 3. As can be seen from the 

figure, cover or seal 136 comprising thermo-plastic material, etc. is provided in accordance with the 

present invention for p~oviding support and ensuring that the intumescentlendothermic material stays 

within the modular fire protector. 

Various connectors can be used to connect the modular fire protectors to required structures 

or to position the modular fire procectors in a certain location. Fig. 5 shows pin/connector 

arrangement for use to connect the modular fire protectors in a certain location. Pin 142 is inserted 

in the hole or bore 144 or connector 146 as well in the bore or hole of connector 148 thus securing 

the modular fire protector 159 into position. Usually, the pin/connector arrangement is used internal 

to the volume to which protection is provided. 

Figs. 6 and 7 show embodiments of screw connectors, submerged screw connectors 152 

surrounded by intumescent/endothermic material 154 and screw connector channel 162 respectively. 

Screw connector channel 162 is lined with thermo-plastic material adjacent to which is 

intumescent/endothermic material layer 164. 

\Vhen an occurrence of high temperature takes place, for example, the out-break of a fire or 

other production of heat or high temperature gases or environment, covers or seals 36 melt. This 

pennits the intumescent/endothermic materiaJ to exit the modular fire protector 110 by traversing 

or flowing out of holes or bores l 30A or l 30B. The intumescent/endothermic material that exits 
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modular fire protector i I 0 fills spaces or deformations that are produced by onset of the high 

temperatures. Furthem10n:. thermo-plastic material lining channel 162 mdLs and 

intumescent/endotherrnic material present in layer 164 substantially seals the screw and channel 162. 

In such a manner, the protection provided by the modular fire protector can substantially be 

maintained. 

Additionally, standard components can be used together with the modular fire protectors. 

Usually, suitable drilled holes or bores will be produces. in the modular fire protectors to 

accommodate the use of the standard components. 

The modular fire protectors and their use permit protected areas to be simply constructed and 

facilitate their disassembly and construction. 

In addition, it should be noted that means mentioned in this specification refer to suitable 

means for carrying out the present invention. 

Furthermore, it should be pointed out that the present invention includes as well the method 

for operating the apparatus disclosed with reference to the above-described figures. 

ltjs believed that the advantages and improved results furnished by the method and apparatus 

of the present invention are apparent from the foregoing description of the invention. Various 

changes and modifications may be made without departing from the spirit and scope of the invention 

as described in the claims that follow the Examples. 

While the invention will now be described in connection with certain preferred embodiments 

in the following examples so that asp·ects thereof may be more fully understood and appreciated, .it 

is not intended to limit the invention to these particular embodiments. On the contrary, it is intended 

to cover all alternatives, modifications and equivalents as may be included within the scope of the 

invention as defined by the appended claims. Thus, the following examples which include preferred 

embodiments will serve to illustrate the practice of this invention. It is understood however, that the 

details shown are by way of example and for purposes of illustrative discussion of preferred 

embodiments of the present invention only and are presented for providing what is believed to be 

the most useful and readily understood description of formulation procedures as well as of the 

principles and conceptual aspects of the invention. 
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Example! 

87 wt/we% of aluminum sulfate hydrate was heated to about 95 ° C-105 ° C. Once a liquid state 

was achieved, the following components were added while mixing: 

13 wt/wt% chipboard and MDF particles powder (waste product). 

The resulting semi-liquid mixture was rolled into a plate and cooled for 10 minutes.· 

Example 2 

74 wr/wt% of aluminum sulfate hydrate was combined with 4 wt/wl:°/o of sugar molasses, S 

wt/wt% water and heated to about 95°C-105cC. Once a liquid state was achieved, the follQwing 

components were added while mixing: 

14 wt/wt% wood particles (\.vaste product) 

3 wt/wt% NazB40 7•108i0. 

The resulting semi-liquid mixture was pressed into a plate and cooled for 10 minutes. 

Example 3 

85 wt/wt% of potassium aluminum sulfate hydrate was combined with 2 •Ntlwt % of wate1· 

and heated to about 95°C-105°C. Once a semi-liquid state was achieved, the following solid 

components were added while mixing: 

11 wt/wt% MDF powder (waste product) 

2 wt/wt % glass fibers. 

The resulting semi-liquid mixture was pressed into a plate and cooled for I 0 minutes .. 

Example4 

83 wt/wt% ofNaiC03•7H20 was combined with 7 wt/wt% water and heated to about 60°C. 

Once a liquid state was achieved, 8 wt/wt% wood particles were added. The semi-liquid mixture was 

poured into a box. Cooling was carried out at around -20°C. The resulting composition does not 

have intumescent characteristics, however acts as an insulator at relatively low temperatures 
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Example 5 

85 wt/wto/o of magnesium nitrate hexahydrate was combined with 4 wt/wto/o of water and 

heated to about 95°C. Once a semi-liquid state was achieved, 11 wt/wt% paper powder (waste 

product) was added. 

The resulting semi-liquid mixture was pressed into a plate and_ cooled for 10 minutes. 

Example 6 

60 wt/w %t of aluminum sulfate 18 hydrate was combined with 3 wt/wt% of sugar molasses, 

3 wt/wt% water, 5 wt/wt% of borax Na.zB40 7•10H20 and 5 wt/wt% of magnesium nitrate 

hexahydrate which were all mixed and heated to about 9S°C-105°C. On~e a semi-liquid state was 

achieved, the following components were add_~d. while mixing: 

10 wt/wl°/o chip-board and MDF powder/particles (waste product) 

5 wt/wt% of vermiculite waste powder 

5 wt/'Wt°/o of magnesium oxide 

2 wt/wt% oftitanillm oxide 

2 wtiVv't % glass fibers. 

The resulting mixture was pressed into a mold and cooled for 10 minutes 

It will be evident to those skilled in the art that the invention is not limited to the details of 

the foregoing illustrative examples and that the present invention may be embodied in other specific · 

forms without departing from the essential attributes thereof, and it is therefore desired that the 

present embodiments and examples be considered in all respects as iilustrative and not restrictive, 

reference being made to the appended claims, rather than to the foregoing description, and all 

chances which come within the meaning and range of equivalency of the claims are therefore 

intended to be embraced therein. 
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WHAT IS CLAIMED IS: 

1. A method for producing a modulur fire protector comprising the steps of: 

a) providing a double metal wall; and 

b) providing a plurality of thermal protective layers associated with said double metal 

wall: said plurality of protective layers having at least one layer of intumescent material. 

2. A method according to claim 1 including providing holes internally covered by a plastic 

sheet of material for permitting the intumescent material to traverse said double metal wall after the 

plastic sheet has melted· during a period when the environment surrounding said double metal wall 

becomes heated. 

3. A method according to claim· 2 including the provision that a major portion of the 

inrumescent material is present in the vicinity of said holes. 

4. A method according to claim 2 including providing a step in the double metal waH. 

5. Apparatus for producing a modular fire protector comprising~ 

a) a double metal wall; and 

b) a plurality of thermal protective layers associated with said double metal wall, said 

thermal protective layers having at least one layer of intu.mescent material. 

6. Apparatus according to claim 5 wherein said double metal wall includes holes internally 

covered by a plastic sheet' of material for permitting the intumescent material to traverse said double 

metal wall after the plastic sheet has melted during a period when the environment surrounding said 

double metal wall becomes heated. 

7. Apparatus according to claim 6 wherein a major portion of the intumescenc material is 

present in the vicinity of the holes. 

8. Apparatus according to claim 6 wherein said double metal wall includes a step. 
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