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MORGAN, LEWIS & BOCKIUS LLP

(A Pennsylvania Limited Liability Partnership)
502 Camegie Center

Princeton, NJ 08540

(609) 919-6600

(RW 6063)

IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF NEW JERSEY

CLAUDE Q. C. HAYES,
Civil Action No.

Plaintiff, 04-3084 (JLL)
V.
FIRST AMENDED
PENNY & GILES CONTROLS, LTD., COMPLAINT FOR PATENT
CURTISS-WRIGHT CORPORATION, INFRINGEMENT

BELL HELICOPTER TEXTRON, INC,, and
SIKORSKY AIRCRAFT CORPORATION,

Defendants.

For his First Amended Complaint against defendants Penny & Giles Control, Ltd.
(“Penny & Giles™), Curtiss-Wright Corporation (“Curtiss-Wright”), Bell Helicopter Textron, Inc.
(“Bell™) and Sikorsky Aircraft Corporation (“Sikorsky”), plaintiff Mr. Claude Q. C. Hayes
(“Hayes”), by his attorneys, Morgan Lewis & Bockius, LLP, alleges as follows:

PARTIES

1. Plaintiff Hayes is an individual residing at 3737 Third Avenue, No. 308, San

Diego, CA 92103 and is the named inventor on United States Patent No. 6,264,854 (the **854

patent™) and United States Patent No. 6,793,844 (the “844 patent™).

2. Defendant Penny & Giles is an English corporation having its principal place of

business at 6 Airfield Way, Christchurch, Dorset BH23 3TT United Kingdom. Penny & Giles is
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a wholly owned subsidiary of Curtiss-Wright and conducts continuous and systematic business

activities within the State of New Jersey.

3. Defendant Curtiss-Wright is a Delaware corporation having its principal place of
business at 4 Becker Farm Road, 3rd floor, Roseland, New Jersey 07068. Curtiss-Wright

conducts continuous and systematic business activities within the State of New Jersey.

4. Defendant Bell is a Delaware corporation having its principal place of business at
600 E. Hurst Blvd., Hurst Texas 76053. Bell conducts continuous and systematic business

activities within the State of New Jersey.

5. Defendant Sikorsky is a Delaware corporation having its principal place of
business at 6900 Main Street, Stratford, Connecticut 06616. Upon information and belief,
Sikorsky conducts continuous and systematic business activities within the State of New Jersey.

JURISDICTION AND VENUE

6. This is a civil action for patent infringement arising under the patent laws of the

United States, 35 U.S.C. § 271 ef seq.

7. Jurisdiction and venue are proper in this judicial district pursuant to 28 U.S.C.

§§ 1331, 1338(a), 1391(b) and 1400(b).

1-NY/1765884.3 2
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FIRST CAUSE OF ACTION
INFRINGEMENT OF UNITED STATES
PATENT NO. 6,264,854

8. On July 24, 2001, the ‘854 patent entitled “Heat Absorbing Temperature Control
Devices and Method” was duly and legally issued to Claude Q. C. Hayes. A true and correct

copy of the ‘854 patent is attached hereto as Exhibit A. Hayes is the owner of the ‘854 patent.

0. Defendants have infringed claims 1 and 4 of the ‘854 patent by making, using,
importing, offering for sale and selling flight data recorders that use a heat control system

embodying the patented invention, and will continue to do so unless enjoined by this Court.

10. Upon information and belief, defendant Penny & Giles has had knowledge of the
‘854 patent, but nonetheless has continued its infringing activities, and thus its infringement has

been willful, warranting a finding that this case is “exceptional” pursuant to 35 U.S.C. § 285.

SECOND CAUSE OF ACTION
INFRINGEMENT OF UNITED STATES
PATENT NO. 6,793,844

11. On September 21, 2004, the ‘844 patent entitled “Heat Absorbing Temperature
Control Devices and Method” was duly and legally issued to Claude Q. C. Hayes. A true and
correct copy of the ‘844 patent is attached hereto as Exhibit B. Hayes is the owner of the ‘844

patent.

12.  Defendants have infringed the ‘844 patent by making, using, importing, offering
for sale and selling flight data recorders that use a heat control system embodying the patented

invention, and will continue to do so unless enjoined by this Court.

13.  Upon information and belief, defendant Penny & Giles has had knowledge of the
‘844 patent, but nonetheless has continued its infringing activities, and thus its infringement has

been wiliful, warranting a finding that this case is “exceptional” pursuant to 35 U.S.C. § 285.

1-NY/1765884.3 3
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WHEREFORE, plaintiff demands judgment:
1. Holding that defendants Penny & Giles Controls, Ltd., Curtiss-Wright
Corporation, Bell Helicopter Textron, Inc., and Sikorsky Aircraft Corporation have willfully

infringed United States Patent No. 6,264,854 and United States Patent No. 6, 793, 8§44,
2. Holding that this case is “exceptional” pursuant to 35 U.S.C. § 285;

3. Awarding plaintiff preliminary and final injunctions enjoining defendants Penny
& Giles Control, Ltd., Curtiss-Wright Corporation, Bell Helicopter Textron, Inc. and Sikorsky
Aircraft Corporation and their officers, agents, employees and privies from infringement of

United States Patent No. 6,264,854 and United States Patent No. 6, 793, 844, and

4. Awarding plaintiff his costs, expenses, reasonable attorneys’ fees and such other

and further relief as this Court may deem just and proper.

Dated: February 22, 2005 Res tfully submitted, .
(- d - /h/,é,‘:@

“Robert A. White, Esq.(6063)
MORGAN, LLEWIS & BOCKIUS LLP
(A Pennsylvania Limited Liability Partnership)
502 Camegie Center
Princeton, NJ 08540
(609) 919-6600

James M. Bollinger

Edward M. Reisner

Jeffrey M. Gold

Miriam A. Levin

MORGAN, LEWIS & BOCKIUS LLP
101 Park Avenue

New York, NY 10178

(212) 309-6000

Attorneys for Plaintiff
Claude Q. C. Hayes
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L. CIV. RULE 11.2 CERTIFICATION

The matter in controversy is not the subject of another action pending in any court, or of

any pending arbitration or administrative proceeding.

Dated: February 22, 2005 Wﬂ ‘ /Z[/ﬁQ—

Robert A. White

1-NY/1765884.3 5
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EXHIBIT A
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tiop of heat, by providing Boric acid in a0 swount sufficient
to offect the requircd beal absorption. Where the beal
geoeniting condilions are gencrsied by a heat gencralor,
separate and distinet from the beatl sensitive deviee, Ihe

Boric acid is supported in 1 position between the beat

sensitive device and the heal gemeraine. Where the beat
sensitive device is itscll the beat generator, the Boric acid is
contacted 1o tbe heal seasitive deviee eilher directly or
indirzcily.

4 Claims, 7 Drawing Sheets

Eopy provided by USPTO irom the PIRS iImage Database on 03/26/2004
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HEAT ARBSORBING TEMPFERATURE
CONTROL DEVICES AND METHOD

RELATED AFPLICATIONS

This applicatiop js & Contimustion-in-Pant of its pareqt
applicatian Ser. No. 08/709,516, filed oo Sep. 6, 1996, now
abandoned which in turn claim the bepefis of U.S. Provi-
sional application Ser. Mo. 60/003,896 filed on Sep- 18,
1995,

BACKGROUND OF THE INVENTION

The present invention relates (o beat absarbing devices
and 2 methad for constructing same. Said heat absorbing
devices have heat absorbing chemicals, ie. endotherms,
which use lbeir sespective beats of reaction 10 cool and
maintain and contro! the temperature and beat of heat
sensitive devicss, These endotherms comprise certain acids
apd their salts, cortain bases and their saits, and certain
ofpanic compounds, which have never belore been used in
the mamner described, discinsed and cluimed below.

Oficn, active cooling of electronic components, particur
larly deliciie TR modules, Impau diodes, dala recordem,
comairers fur chemicals apd munitions, balleries and ibe
like, & net feasiblc; and even whep it is feasible, if requires
continuous kigh energy cooling, which taxes other ancillary
cogineering systems typical in missiles, airsrafis, railroads,
trucks, aulomobiles, guos, auclear reactor systems, related
combal sysiems, as well a5 commercial systems and tech-
nology. :

The heal sinks of the prior an generslly employ phase
change maierial compositions (PCMSs) for the sbsorption
a0d dissipation of heat, The conventional PCM materials are
largety solid ar fluidic in aature, i €. liquids, quasi-liquids, ar
solids such as waxes of other meltable compozitions.
Howevee, these convensioma] PCMs have proven 1o suffer
from many techoical problems, as well as problems in their
use and application. These problems include relatively low
lalent heats of fusion, the inabijlity to conirel the shape and
form of such Buid PCM materials, as well as (he unevenoess
of healing dad cooling, Other problems inchude the need to
provide a contafnment housing and the stress placed on the
bousing, resulting in frequent mupture aod spillage of the
PCM,; the hazard to life and property due to PCMs® high beat
contcnl and flammability; and lastly, the upeven eooling
hysleresis.

In addition, the kpown PCMs can spill bot fluids onto 2
buman's skin, resulting in serious 1bird degree bures due to
the sticky contact eature of many hot wax and polymer or
plastic phasc change matcrials (PCMs) and the high beal and
sticky adberence to (b skia. Ruptured aoo-Composile Fab-
ric Endothermic Material (CFEM) or liquified bulk PCM
disks spill ibeir conlent and cause flash fires, which spread
as the PCM pours out ddring bealing in ovens and wax-Glled
disks are prone 1o fires, which cap spread and flow out of
stoves.

Applicant bas addressed seme of these and otber FUM
problems ip his U.S, Pat. No. 4,446,916, Applicant bas
disclosed what he calls & composite fabric endothermic
materdal {CFEM), providing devices sspecinily suitable &y
heat sipks for actospace and military vse, The patenied
CFEM provides an improved beal ink that absortis heu at
the melting tempenatures of & compound embedded within 8
fibrous mesh or mawrix, The CFEM preferably comprises &
phase change matorial, which is beld by eapillary action and
chemical adbesion to the fbers of the matrix. As a result &
greatly jnereased surface area for beat transfer is oblained;
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thus prowiding for controlied melting and thérmal dissips-
tion of the {usicn cooling agent.

Applicapt has also sddreased some of the PCM problems
in bis pending U.S. paicat application S¢1. No. 08/153,199,
now U.S. Pat. No. 5,709,914, (be disclosure and contents of
which are incorporaied berein zs if more fully set farth. Such
applicstion addresses the peed for an improved recyclable
endothermic/exotbermic thermal storage method for use iu
many commercial snd clvilian applications, particularly for
food, bome and commercial packaging operations. lo this
application, improved CFEMs are disclcsed, capable of
being employed i a varicty of commereial applications such
a3 in the food industry where a peed bas anisen for beat
retaining or beat ipsulaling containers, packages end thermal
storage dovices.

However, the aclive agents suggesicd in Applicant's
pending U.S. pateat application Scr. No, 08/183,199, pow
U.S. Pat. No. 5,709,914 are not useful in 1be present inven-
tive heat abaorbing deviees, as they are concomitantly both
endotherms and exotherms. (j.¢. first, they absorb heat and
thep they give off heat 1o the llem in connection with which
they are baing used, fof the purpose of waigtaining it warm.)

While they can accomplish saow proection from high
iempenatures through the physical phemomenan of the
absorgtion of their latent best of fusion, wherein the sppro-
priate crystalline substance absorbe 2 quantity of beat to meli
withoul a [emperature rise to its sumoundings, they are
toially unsuitable for applications relatiog 10 the absolule
proteeiion of beat sensitive devices from bigh beat, After all,
the heal they have absorbed, they must release. In otber
words, not only do lhey absorb heat bul they also reicasc
heat, particulasly when confined it a closed envirooment.

Anather problemn with the active agents of Applicant's,
U.S. pending paietil application Ser, No. 08/183,199, now
V.5, Pat. No. 5,709,914 and the prior art PCM3 is that they
A% Dot capable of absorbing more than 200 caljgm. Thus,
they can remove heal for only a short period of time relative
to mass and only at tcmperatures oo! exceeding 326° F.
Copsequently, they are nof effective for applications requir-
ing oooting a1 very high lemperatures and for loug periods
of tims as would he peeded, for cxample, in airplane and
raifroad crash recorders, missile clectronics, spacecralt
devices, power supplics, data recorders employed as aircraft
and raiiroad components and combat devices, and in com-
mercial usce such a6 oven séasors, fire walls, nuclear
reaclors, mupitions’ boxes, chemical ¢ontainees, batlerics
and sutomobile exhaust systems.

Finally, these latent beat of fusion ageats (PCMs) tcod 1o
burn at relstively bigh temperatures raisiog ibe overall beat
content of the sysiem, In addition, the reversibility of the
phenomena virtually guarantees that these agents will also
transfer heat into the heal sensitive devices oove said devices
AT at 3 Jower lemperature than the sespective temperatures
of the agents. Consequently, not oaly do these agents operaie
15 heal absorbing sgents, but in closed ¢ovimomenis they
also operate as Beat tansfer ageots 1o cause the very damage
10 the beat sensitive devices that these agents were inteaded
1o protect in the first place. This they do by re-releasing the
abaorbed heat 10 the beat sensitive devicr, thereby increasiag
the lime vt duralion ihal ibe beat seasitive dévice is exposed
10 2 high beat eavironment.

It is, therefore, the object of ihe present inventice lo
overcome ibe disadvantages st forth above and, in
particular, to provide for ponreversible beat shsorbing sppli-
catios,

It is a furtber object of the present jovention 10 provide
improved coolant media for use in beay sensilive devices

Capy provided by USPTO from the PIRS Image Database on 03/26:2004
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such ax airplane apd railrosd crash recorders, missile
¢Jectronics, munitions hoxes, clothiog, firewalls, safe boxes,
nuclcar reactors, laser shiclds, thermal pulse shinlds, space-
cTaft devices, puwer mipplics, daix recorders employed as
afrcraft and rilroad components, combat devices, as well as
in coatmerdial uses such as oven sensors and the like.

It is another object of the preseat invention o provide heat
absorbing agents Tor vse in heat seositive devices, said beas
absorbing sgenis being capable of absorbing heat al tem-
peratures ahave 300° F

Ii is another object of the present invention (o provide bext
absorbing devices with mechanisms that utilize the chemical
reactions of latent heat of formation, decomposition or
dehydration in such rechanisms.

These objects as well as others will be found in detail in
the disclosure that follows below.

SUMMARY OF THE INVENTION

According o the present inveniion a heat absorbing
deviee and method are provided comprising endotbermic
agcnis capable of absorbing beat for the cooling and main-
woance of the lemperamre of best sensitive devices al
acceprable levels, Such endothermic agents comprise eenain
acids and their salis, certain bases and their salis, ceflain
bydrale saits and certeio organic compounds. This means
that they absorb larpe quantities of heal 10 decompose ar to
debydrate to either pew and simpler, chemically suble
chemical compounds, or 10 their individual composent
tlements.

This ability to absorb heat and imeversibly decompose
makes them ideal (ot Lhe thermal prolection of beal sensitive
devices in applications where the integrity of the heal
seogilive devices mugt be mainlained, under exposure 10
specified conditions of extreme high hent.

The shaps, size and physical characteristics of the beat
absorbing devices and likewise the sleps of Ibe method are
dictated by the Iype of the beat sensitive device being
protected, the beat seositive device’s spacial limitations, the
heat sepsitive device’s phiysieal enviranment and ihe heat
penerating conditions, to which the heat sensitive device
will be subjected.

Sicnilarly, the type and the amount of endotherms used in
the heat absorbing device and in tbe method are dictated by
the hoat sensitivity of the heat zensitive device; the maxi-
mum lempsralure al which the heal sensitive device can
continue 16 be viable af; Lhe extreme wmperatures, 1o which
the beat scositive deviee will ultimaiely be subjecicd; the
titme for which the beal semsitive device will be exposed (o
said exireme heal geocraling conditivas; and the total ther-
ma) flux ar thermal Joad, to which the heat sensitive device
will be subjected.

Preferably, the eodotherms can be borc acid; metal
hydroxides and their mixmres; carbonates and bicarbonates
and their mixturcs; salts of sectic seid, salts of formic acid,
salts of boric acid, and their mixtures; paraldchyde,
paraformuldchyde, apd trioxane and ibeir mixtures; and
hydrate salis and their mixweres. Further such endolberms
¢an be supporied within the device, via a{n) retaining matrix,
packaging, cocapsulation, micrococapsulation, enclosure or
structum o form a beal absorbing surface, device or sruc-
e,

The heal sensitive devices can be embedded within the
codotharms; or they can be surroundsd by the cndotherms;
of the ¢ndotherms can line the walls (ianer or outer) of the
closed contsiner within which the heatl sensitive device is

w0
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placed; or in the altomative, Lhe ¢ndotherms ean be ulbered
lo a substrale (flexible or noo-fiexible) capable of beiog
adapied to Whe size apd shape pecsssary fof usc with said
beal sepsitive deviczs.

DESCRIFTION OF THE DRAWINGS

FIG. 1 is ap illustrative sche matic grapb of the fows phases
of the heat absorption exhibited by Lithivm Hydroxide and
the phenomena observed during sich phases, when Lithium
Hydroxide is used as an eodotherm, io accordance with the
present igvention;

FIG. 2 is an illustrative schematic graph of the four phases
of the beat absorption exhibited by Sodium Hydroxide and
the phenomena obeerved during such phases, when Sodium
Hydroxide is wsed as ag endotborm, 1o sceordapes with the
Present iovention;

F1G. 3 is ap illustrative schematic graph of at Jeast two
phates of the heat absorption exhibiled by Aluminum
Hydroxide and the phenomena observed during such phases,
when Aluminum Hydroxide is used a5 an endotherm, in
accerdance with the presept invantion;

FICQ. 4 is an illustralive schematic graph of at least two
phases of the beat absorption ¢xhibired by Cakiv Carbon-
ate and the phenomena observed during such pbascs, when
Calcium Carbonule is uscd as an endotherm, in accordance
with the present iDvention;

FIG. § aod € are graphs showing the nalural delay in
Lemperature rise for Lithjum Formaie apd Lithivm Acetate
thermal decomposition reactioos;

FIG. 7 and FIG. 8 arc graphs showing the natural risc in
temperature of couventional beryllium or wax heat sink
when used with a flipht data recorder, as compared to the
same Right data recorder's bermal performance with & boric
acid heat absorbing shield formed in accordince with 1be
presol invedlion; and

FIG. 9 is a graph showing the e of 2 hydraled salt, i,
Magnesium Sulfae Heptabydrate, in accordanee with the
present inventics.

DETAILED PESCRIFTION

The features of the present invention will bereinafier be
deseribed in detail.

The present invention utilizes non-recyclable, non.
reversible, endothemie chemical reactions, which make use
of the latent beatl of decomposition and debydrativa reac-
tioas 10 provide new, improved and particularly, efficacious
endothermic enoling sysicms.

‘What makes these pon-recyclable, pon-reversible, sadots
bermic chemical reactions particularly appropriate for use in
tbe inventive beat absorbing device and method, isthat these
reactions bave lemyperahires of reaclion that coreespond (&
the temperature ranpes [aken inlo consideration by tbe
design of heat sensitive devices such as Hight data recorders,
clectronics and relaied devices. Accordingly, the presence of
these reactivns io lhe hea: absoching devices isurcs that
said heat absorhing devices act only rs heat absorbers and
pot a5 heal peneraton; (therely beiog capable of maintainiog
the inleroal icmperature of the beat sensitive davices at »
Tange hetween 100° (. and 300" ., while said heat sensitive
devices are being exposed 10 an external 1¢opeeature range
of 600° C. 10 1100" C,

The compounds developed in the preseot ipvention pro-
vide endotbermic chemical reactions, which are extremely
stable in divemse eovironments, have long shelf life and high
latent beats of reaction. Preferably, the cotnpovads coolgm.
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plated by ithe prescol invegtiop ipclude: boric acid and some
borate salis; salie of acetic acid and formic acid; hydroxides
of lithium, calcium, alumisum apd sodium; carbonate sals
of magnesium, Lithinm and silicon; paraldehyde, paraform-
aldehyde and trioxane; and bydrated salts.

Specifically, the present invention makes a broad claim to
1 device and method using endolbe ric agems which ther-
mally decompose ss follows:

1. Hydrated salis eodothermically decompose to waler

and salt;

2. Paraldehyde, paraformaldehyde and rioxaae eadother-
mically decompose to formaidebyde and thercafter 10
ameorphous carbon, waler, carbon dioxide and ethane;

3. Low molecular weight acids endothermically decom-
posc ioto water and oxides; and

4. Carboaite salts endothermically decompose into car-
bon dioxide snd an oxide.

Generally, the inventive method {pvolves taking an
amouni of endotherm sufficient o ¢ffect (he raquired beat
absorption and either comtacting said eadothemn to ibe beal
sensitive device, or supporting said eodothern between the
heat sensitive device and the heat generator so as to absorb
the beat and prevent any increass in the wmperuture of the
beat seositive device. In cither ¢ase, the amount of
codotherm, the 1ype of endotherm, and the location of
the{0a%S Jndotberm can be determined on the basis of the
disclosure set forth below.

1, The following ilustraies the sndothermic reaction and
heat sheorptinn of the aforementioned hydmzxides whea
subjected 1o 3 temperature of reaction below 1100° C.

(s) LITHTUM HYDROXIDE: Lithium Hydroxide's use
as 8y endotherm at tempenatures below and up to 1100° C.
is charactetized by at least four phascs of heat absarptinu.
FIG. 1 shows thest four phases of heat absorption, i, A, B,
€ and D, and the phenomens observed during such phasas.
1 i5 poted that the slopes of the graph arc oeitber accurate
noT precise but are only intended 10 be illustrtive in patre.

Theorstically, the total amount of heat in calories
ahsorbed bry LiOH when cxposed to emperalures below and
up to 1100* C. caa be mathematically represenied by the
following formmula:

A+BHC+Delxz

where

Amthe emount of beat in cxlonies sbsarbed by LiOH prior
to melting,

Bathe amounl of beat in calorics absorbed during actual
mehing phase of LiOH;

Cuthe amount of heat in calories absorbed by LiOH once
meling is complete apd it begins approaching its
temperature of decomposition; sod

D=the actual amount of beat of decomposition af LIOH in
calories,

() Calculating the Hrx for LIOH:

‘Ibe amount of beat in calories absorbed during Phase A
15 LiOII's temperature begins to rise from room temperature
ie. 25° C. 1o its Melting Point temperature of 462° C. is
limited only by the specific heat of LIOH (i.c. he amount of
calories absotbed hy 1 mole of LIOH to change 1 degree
Celsius). Consequently, one can theoretically caloulate the
Phsse A beat absorpticn by using LiOH's specific beat of
11.87 cal/deg mol ur 11.87/23.9484{g/mol)w0 4956 cal/deg
g (see CRC. HANDBOOK OF CHEMISTRY & PHYSICS,
53rd EDITION. P. 74 (1982-1983)) as follows:(462°
C.-25* C)X 0.4956 caldeg g =217 cal/g. Thus, A=217
cal/g.

10

15

50

35

)

]

When the temperatune of LiOH reaches its melting poinl
i 462* C, LiOH begios 1o mell. This begine Phase B.
While the meliing is going on and unti! LiOH is completely
liquid (bere is oo change in lemperarwre (erge the fat line at
Phuss B). The amount of beat in calories sbsorbed during
such phase B a1 462* C. it 103.3 cal/g. see CRC. HAND-.
BOOK OF CHEMISIRY & PHYJICS 63RD EDITION, P.
B-252 (1982-1983)

Opce LiDH has cotapletely meded, its temperature begins
1 rise. This beging phase C in FIG. 1, Just as i phase A, the
smount of beat absorbed during phase C is limited enly by
LiOH’s specific heat of 04956 calideg g. Thui, one can
theoretioa)ly caloulate the Phase C beat abzorption 35 fol-
Jows: (1100° C.=462* C)x0.4956 calkleg g=316 calig, ie.
Ca=316 calfg.

When the temperature of the melted LiOH reaches ils
tempersiure of decomposition, approximately 1100° C
LiOH begins 10 decompose, ic.,

2LIOH docompuses to—+Li,Ov2H,0

This begios phase D, While the decomposilion it £0ing o
and until LiOlf i completely décompased there is practi-
cally no change in l¢mperature (srgo the flat line at Phase D).
The amoupt of beal in calories absorbed dhiring such phase
D ar approximately 1100° C. is approxioately 600 cal'g.

Therefore, based oa the discustion above, the theoreiical
smovunt of heat absorbed by LiOH when used as an
endotberm, is:

217 olige1033 aligeI16 calip+600 caligrl36.3 wlip,

1t is scca from the foregoing that when LiDH decomposes
at iis specified wwmperature of resclion w form Lithive
Ozide, it sbsorbs 3 large quantity of Jatent heat of reaction.
Morc importanily, however, a higher amouni of laieat beat
is absorbed by the meliing of LiCH and its heat capacity up
to 1000° C. The above suggests that LiOH should be very
good at sbsorbing 686 cal/g far the decomposilion, an cxlra
316 cal/g for is beat capacily up to 1100° €, 1033 calig for
ils mclting a1 462° C, and 217 cal/g for its beat capacity to
462° C.

In fact, when LiOH was actually used a5 ap ¢odotherm in
the beat absombing device of the preseol invenlion it was
detecmined that it acrually absorbed 1207 calis.

(b} SODIUM HYDROXIDE: Sodium Hydroxide's usc as
an endotberm i lemperatures below and up to 1100° C. s
similarly charscterized by at least four phases of beat
absorption, FIG, 2 shows these four phases of heal
absotption, i.c. A, B, Caod D, and the phenomena obacrved
during such phases. Tt is noted that the slopes of the graph
arc oeether aceurate aor precise but are only intended 10 be
fllusirative jn nature.

Theoretically, the 1ot1al amoum of heat in caloties
absorbed by NaOH when cxposed (o temperaiures below
#0d up io 1100° C. can be matbemaucally represented by the
following formula:

A+B4LamHex

where

Amthe ampunt of beat in calories absorbed by NaOH prior
to melting;

Bathe amount of heat ip calories absarbed ducing acnal
melling phase of NaOH;

Cwthe aciouat of beat (o calories absorbed by NaOH once
melting is complele and it begins approaching its
temperature of decomposilion; and
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Dwthe actusl amount of beat of decomposition of NaOH

in cajories.

(i} Calculating Hrx for NaOH:

The amount of beal in calorics atworbed during Phase A
{FIG. 2) 15 NaOH’s 1emperamre begins to ris¢ from room
temperature (i.e., 257 C.) to iis Melting Point iemperatore of
192" C. see CRC, HANDBOOK OF CHEMISTRY & FHYS-
ICS. 63RD EDITION, P. B-253 {1982} 943) is limited ouly
by the specific beat of NaOH, whea NaOH is a solid; i.e., the
amount of calorics sbsorbed by 1 mole of NaOH 1o chaoge
1 degree Celsius. Consequently, one can theorctically cul-
culate the Phase A heat absorption by using NaOH’s specific
heat of 14.23 cal/deg mol or 14.23/30.9972(g/mol)=03538
calider ¢ se¢ CRC, HANDBOOK OF CHEMISIRY &
PUYSICS, 63rd EDITION, P. D-86 (1982-1983) as follows:
(322* C-25° C)X 03558 calidep p=105.6 calig. Thus,
Am=105.6 callg.

Whea the temperarore of NaOH reaches its melting point
je. 329° €. NaOH begins 1o mell. This begins Phasc B
(FIG. 2). While the mehting is going on end anti] NaOH is
completely liquid there is ao change in iempersmure (ergo the
fat line a1 Phasc B). The amount of beal in calories sbsorbed
during such phise B at 322° C. is 50.0 calig. sec CRC.
HANDBOOK OF CHEMISTRY & PHYSICS G3RD
EDITION, P. B-253 (1952-1983).

Once NiOH has completely melted, its temperature
begins lo rise. This beging phase C (FIG. 2). Just as in phase
A, the amount of beat absorbed diribg phass C is limiwd
only by NaQH's specific heat of 0.3558 cal/deg g Thus, one
can theoretically ¢alculate the Phase C heat absorption as
follows: (1100° C. ~322° C.)x03558 calideg g 276.8 calig
i.e. C=276.8 calig.

When the temperature of the melicd NaOH reaches its
temperature of decomposition, approximately 1100° C
MNaOH begins to decomposg, i.¢.,

2NaOH decomponca 1o X NuO+2H, 00

This begins phage D (FIG. 2). While the decomposition is
going o0 and until NaOH is completely decomposed Lherr is
practically no change ia temperature (ergo the Dat line at
Phase D), The amount of beat in calories absorbed during
suck phase D at approximately 1100° C, is approximately
324 calig.

Therefore, based oo the discussion above, the theoretical
amount uf beal absorbed by NaOH when used as an
exdntherm, i5:

1086 cal/ps50 ealigs276.8 ealig+224 callg=T564 aalig

It is scen from the foregoing bat when NaOH decom-
poscs at jts specificd iemperature of reaction to form Sodium
Oxide, it absorbs a large Quantity of Taient heat of reaction.
More importantly, bowever, a higher amouni of patent beat
is absorbed by 1be melting of NaOH and iis hedl capacity up
tn 1000° C. The above suggests that NaOH should be very
good st absorbing 324 calfg for the decomposition, o exira
276,8 cal/g for its beal capacity up to 1100° C., 50.0 cal/g for
sts-meciting at 322° C. uod 105.6 cal/g for its heat capacity to
anc

1o fact, when NaQH was aciually used a8 an endotherm in
the beat absorbing device, il was delermined thal il actually
absorbed 585 cal/g.

{C) ALUMINUM HYDROXIDE: Aluminum Hydrox-
iie's use 45 aD endotherm at temperatures below and up to
1100° C., vo the other band, is characterized by at least two
Phases of heat absorptivn, FIG. 3. shows these rwo phases of
heat sbscrption, i-¢- A and B, and the pheosmena observed

20

E 1]

50

L3

during such phases, It is noted that the slopes of the graph
arc ocither accurate nor precise but are only intended to be
illusirative i oature,

Theoretically, the total amount of heat in calories
absarbed by AI(QH), whe exposed to temperarufes txlow
#5d up 10 11007 C. ¢4n be mathematically represcnted by the
following formula:

A+fiwHn

where

Awlhe amount of heat i calories absorbed by AI(OH),

pricr 1o decomposing; and

Bulbe amouni of beal in calories absorbed by AlLO, oncr

the decomposition is complete.

(i) Caleulating Hrx for AJ(OH),

The amouat of heal in calories absorbed during Phasc A
(FIG. 3) s AI(OH);'s temperature begios w rise from toom
temperaturs i.c. 25% €. 1o its temperature of Decomposition
of approximately 200° C. has been [ound 10 be approxi-
mately 324 cal/g Aluminum Hydroxide decomposes as
foliows:

LANOH), dccompoes lo X ALD,+3H,0

While the decomposition {s going oo and until AHOH), is
compleiely decomposed there is practically oo change io
tempernture (ergo the flat line at phase A} The amount of
heat in calories absorbed during such phase A is A-324

cal/g.

Onee ALOH), & completely decomposed 0 AlO,,
AlLO,'s lemperanre begins to rise. This begins phase B in
FIG. 8. The amount of heat absorbed during pbase B is
limited only by Al,O, s specific heat of 1.1853 caldeg . see
CRC. HANDBOOK OF CHEMISIRY & PHYSICS G3RD
EDITION, P. D-53 (1982-1943).

Thus, one can Ibsorctically calculate tbe Pbase B heat
absorpiivn 23 {ollows: (1100 C.~200° C)&33 0.1853 cal/
dep g=166.77 calig i.c. B=166.77 cal/g.

Thertfare, based on the discussion sbove, the theoretical
amount of beal absoabed by AI(OH), when used as ap
epdotherm, is:

324 calyg 418677 callg =490.77 calfg.

1t is secn from ihe foregoing 1hat when Al(QH), decom-
poses at its specificd lempenature of reaction to form Alu-
minkm Oxide, it absorbs # jarge quantity of latent beat of
reaction. More imporanily, however, 3 higher amouat of
speaific beat is absorbed due o the heat capacity of ALO,
up 10 1100° C. The above sugpests that AI{OH); should be
very good al absorbing 324 cal/g for ihe decomposition, aod
an exin 166.77 cal/g for ALO,'s heal capacity up lo 1100°
C.
1n fact, when A(OH), was actually used as an endotherm
in a beat siok it was deferminesd thal it actuglly sbsorbed 510
calfg.

11, The following illustrates the ndothermic reaction and
heat absarption of e aforementioned catbomate salts, when
they are subjecied 10 a tempersture of reaclios below 1100°

o

(a) CALCIUM CARBONATE: Calciuny Carbonaie's vse
a3 a0 codotbens # tomperatures below and up to 1100° C.,
is characterized by at lcast two phases of heat ahsorption.
Fiti. 4 shows these two phases of beat absorphion, ie. A aod
B, 18d the phecomena obscrved during such pbases It is
owled that the slupes of the grapb are neither securate nar
precise hul are oply intended to be illustrative in mature.
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Theorenically, the 10fal amount of beat in calories
absorbed by Calcium Carbonate when txposed to i¢mpera-
tures below and wp lo 1100° C. ¢in be mathematically
represented by the loliowing formula:

A~z

where

Awuthe amount of beat in calorics absorbed by CalQ, af

its emperature of &composition;

Buthe amougt of beat in calorics sbsorbed by CaO as iis
temperatire Tises.

() Calculating Hrz for CaCO,

The amonnt of beat ip calories absorbed during Phase A
(F1G. 4) by CaC0, at the tempersture of Decomposilion of
approximately 825° C. hae been found io be approximately
425.6 cal/g, see MERCK INDEX, TENTH EDITION, F. 228
{1983). Calcium Carbonate decomposes as Sullows:

OO0y decompases 13 wCaO-C0,

While the decomposition is going oo and until CaCO, is
completely decomposed there is practically no change in
leroperature {ergo the fiat line at phase A). Thus, Aw425.6
cal/g. It is noted that ip the present theoretleal caleulations
{be amount of beat absorbed by CaCO, as ils temperature
begins io rise from room temperature i.e. 25* C. to its actual
femperature of decomposition bas betn omitted, for sim-
plicity’s purposcs.

QOnce CaCO, is compietely decompased to Ca0, now
Ca0’s iwmperature begins lo rise. This begins phuse B in
FIG. 4, The amount of heat absorbed during phase B is
Limited only by Call's specific heat of (19.57 calideg mal)/
(100,082 gt./mul)=0.1824 cal/deg g. see CRC, HFANDBOOK
OF CHEMISIRY & PHYSICS G3RD EDITION. P. D-59
(1942-1943), ‘

Thus, one can theoretically calculate the Phase B heat
absorplion as follows: (11007 C—$25* C) X 0.1824 calideg
g =50.16 calig, i.e. B=50.16 calig.

Therefore, based on the discuseion dbove, the theorelical
imoun! of bext sbeorbed by CaCO, when used as an
endotherm, is:

435,68 calig +50,15 callp w475.76 al/y.

It is seen from the foregoing that when CaCO, decorm-
poses a1 its specified temperature of reaction 1o form Cal-
civm Oxide, it absorbs a large quantity of latem heat of
rexction. More importanily, however, a higher amoum of
latept heat is absorbed by the hest capacity of CaQd up ta
1100* C. The above suggests that CaCD, should be very
good a1 absorbing 425.6 cal'g for the decomposition, and xp
extra 50.16 cal/g for Cx0's beal capicity up wo 1100° CC.

In fact, when CaCO, was actually used a5 sp ¢ndotherm
in a beat absorbing device (beai shicld) it was determined
that il actually absorbed 725.60 cal/g. This amount of beat
is sigoificantly higher than the amount of beat thecretically
calculated above. This is Jogical wheo oae considers ibat (1)
the theoretical calculations above did pot uke inin conside
cration ihe heat absarbed by CaCO,, during the time (hat its
lemperature was risiog from room temperature up o its
wmpersture of decompositivn (spevilic beat); and {if) mote
likely than not, the CaC'(; was probably contasinaled wilb
small amounts of water, which has its beat of vaporization;
thereby adding to the toul endethermic cfect observed
during the testing of CaC’0,,

{b) SILICON CARBONATE (SiC0,): Oa the basis of the
discussion get forth sbove in connection with CaCO,, it was

'

n

13

o

60

&5

10

theorized that Silicon Carbooate should exhibil the same
type of encdothermic absorption efects. 1n facy, whep Silicos
Carbonaic was used as an c0doibermic malesial it was found

that:
(S1000,) decompents 10 ~+SiDC0; ot 11007 C,

and that jt ahsorhs 380 eal/pm for decompesition.

() MAGNESIUM CARBONATE (MgCO,): Similarly,
when Magoesium Carbonate was used a5 endothermic mate-
rial #1 was forad that the slarting eodothermic maietial is
composed of Mapoesium Carbooate (MgCO,). Magnesinm
Hydroxide (Mp(OH),) 2od Wuter (H0). i<., o MgCOyp
Mg(CH):n H,0; and that

o MgCO;:n Mp(OH).o 11,0 decomposes 10 —aMgO+
nC0, and oH;0 xt 20G° C. The amnunt of heat absorbed
during such decompeosition was 285 cal/gm.

10. Other reactions which van provide endoibérmic ooal-
ing of beat sepsitive devices, other surfaces and structures
via heat absorption i.e. endotbermic mechaniems similar 1o
those described above are as follows:

(a) SODIUM BICARBONATE: Tbe Thermal Decompo-
sition of soditm bicarbonate absorbs in cxcess of 350 caligm
betwern 120" C. apd 310" C. ic.

2 NsHCO4wNaCO,+H1,0+C0,

. T=20* C.

AH-363 callg :

(b) SODIUM BICARBONATE: The Thermal Decompo-
sition of sadium bicarbopate absorbs in excess of 320 calgm
between 200° C., wnd 375° C. j e,

MW = B4 0
2 MaBCO, — Na + H, 0+ CO; AN = 3045
Kﬂl}l‘lﬂ * mﬂ £ I
& H* -226.5 =107 -B4.05
4 Wy = (30,450 al/moly(i4 pimol) = 363 g

() BORIC ACID: In particular, it bas been found that
haric scid absorbs lutge amouos of beat when decomposing,
because boric acid decomposes in stages over & rangs of
lmperafures to produce horon oxide and water while
absorbing nearly 400 calig. Borate silts acl similarly for
effective heat absorpiion resulls,

Specifically, the Thermal Becomposition of Borie Acid
abeorbs in cxccas of 400 calygm between 120° C. and 350*
C. ie.

MW = £2

168 C, 00" C
1H,BO, -~ (ZHBO, + 2H0) = B, + .0
AHg »260 mp = 236° . -307 ~57.K
Kaalimol

A H = 536 Kaal2 mol 11,B0,
A& Hy = {53,600 Kaal/2 mol) (2(62) p/1 mal & 432 aalig

IV. The fullowing illustrate the endothermic reaction and
heat absorption of bydrated salis for the cooling of beat
sensitive devices, other sucfaces and structures vis hest
absorption mechanisms similar tn those described above
whep subjecied to a temperature reaction below 11007 C.
Specifically the following bydrate salis provide clective
endothermic cooling from 80* C. through 200° C.:

(#) HYDRATED SALT OF LITHIUM CHLORIDE: This
reaction will provide endothermic cooling of electronic
devices and other surfaces and strucivres by the themal
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decompasition of lithium chlonde trihydrate absorbing in
excess of 440 cal’g betweon 50 C. and 150* C_ i,

L. IR0~  LiQs 0w C
Am 3135 -5 (=373) Ezal

AH, » 42.4 Koalimol

MW » 96,39

(AL KeaVmely96.39 = 440 calig

(b) HYDRATED SALT OF MAGNESIUM CHLORIDE:

MyCl, +
(~258)

GHL

MCL . 61,0 —
(454 (-385.8)

AH, ix negative.

a B’

(¢} HYDRATED SALT OF MAGNESIUM SULFATE:
This reaction will provide endothermic cooling of hem
sensitive devices and other surfaces and suuctures by the
tbermal decomposition of magpesium sulfate heptahydrute
absorbiog in excess of 350 cal/g between 120° C. and 250°
C Le.,

Lo
(~404.6)

MgS0, . TILO —~

{-808.7)

AH, - UB.& Kealimal
MW = 24637

{BE.6 Keal/male)248.37 = 400.2 calig

MgSC, +

A B (-305.5)

(d) HYDRATED SALT OF SGDIUM SULFATE:

10

15

0

12

=contioued

MW = 13798
{64.7 Keal/mola)/137.98 = 468.9 calig

{8) HYDRATED SALT OF ALUMINUM NITRATE:

. ALNCy)y . OH,0 =  ALKD), +  PHO
& He": (=897, 34} ’ (-273.89) {~$30.2)
AM, - 105,48 Keal/mol
MW - 32501

(103.49 Koalinole)375.01 w 27598 exliy

A sdditional endobermic cffect way be oblained by the
further decomposition of Al,(NC,)s.

(i) HYDRATED SALT OF LITHIUM NITRATE: This
reaction Fill provide endothermic enoling of heat sensitive
devices and other surfaces and structures by the Lhermal
decomposition of Lithium nitrste tribydrate absorbing in
excess of 320 val/g between 50° C, and 120° C, ik,

LiNQ, . JH,0—~  LiNQy+ IOt 61°C.
AHS (=320.5) (-115.3)  (-57.8)
. aH, = 3.9 Foslimel
MW = 123

(29.9 Kolmole 123 « 3244 aalig

() HYDRATED SALT OF S0OIMUM CARBONATL:
This reaction will provide codothermi¢ cooliog of heat

3¢ sensitive devices and other surfaces nod structures by the
thermal decomposition of sodium carbonate decahydraie
sn {hllfg‘aoa".u)m"wo - (N-."’:ﬂ?‘;; %f‘f_;g ?btarbi.ug in excess of 320 cal/g between 20° C. and 80° C.
AH, = 124.58 Kealjmol &,
MW » 354,12
{12458 Kealimolel384,12 = 351.8 onlig 40
Na,CO, . 10,0 =  Na,CO, 100,0, iL,0
(c) HYDRATED SALT OF ALUMINUM OXIDE: s gy [0S Tl e secat ™
AH, = 127.6 Keabimol
MW = 156
4% (127.6 Kaal/male)ith = 440 culip
ALDY, . AHL0 — AL, - AH,0
AL (=611 (-384.84) (-<173.4)
”\’L - 5.’;;6 Kealfmol (k) HYDRATED SALT OF SODIUM BORATE: This
MW - 155.9%

{5546 Kcalimole)/155.96 = 355.6 cally

() HYDRATED SALT OF ALUMINUM $SULFATE:

AL50,), - 18I0 =~  AL{30,,, + 18M,0

& Ht {-2118.5) {52098} (~1040.4)
8K, » 257,12 Kealmol
MW = G6.14

{25712 Koalmole)/866.14 = 395.98 calsg

{(g) HYDRATED SALT OF ALUMINUM FLUORIDE:

ATFy . 30 —~ AIF, » W0
AR (+Ho3) (=31 (a373.4)
AN, = §4.7 Kealmal

50

55

4]

reaction will provide endothermic cooling of beal scnsitive
devices and other surfaces and structures by the thermal
decomposition of sodivm borate decabydrate absorbing in
excess of 350 calfg between 200° C. and 375° C. ie.,

NayB0,  JOHO — Ny B0, + 10H,C. & 3207 C.
SRS (m1a9T) I (3%

AH, = 341.3 Xoml/mp!

MW « 31

(1413 Kaalfmohy3aZ = 370 calig

() ITYDRATED SALT OF BERYLLIUM SULFATE:
This reaction will provide eadothermic cooling of hsat
scositive devices and other surfaces and structures by the
thermal decomposition of beeyllivm sulfaie quatrobydrate
absorbing in exesss of 300 callg between 90* C, and 450° C,

ic.,

600
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BeS0O, . 4H;0 ~  BcS0, . MO+ ZH0; 83007
&R (-5763) (-433.2) (-57.8)
Bes50,  ZH 0 —  BeSO, 4 IHC; AH # 316
{-433.2) (1962 (~FTE) AH" = 318
AH, = 4%,53 Koalrmot
MW = 1711

{85.53 Kaalimole)177.] = 37 alig

(m) HYDRATED SALT OF SODIUM PHOSPHATE:
This reaction will provide endothermic cooling of heat
semiilive devices and other surfaces and structures by the
thermal decomposition of sodium phosphate dodecabydrate
abeorbing in excess of 300 calig between 80° C. and 150° C,
ie.,

NuPU, . 12H,0=  NaFO,+ 1ZH0
AN {-1309) )

AH, = 156.4 Koalmo)

MW = 377

(156.4 KalYmale)/377 = 412 iy

{n) HYDRATED SALT OF CALCIUM CHLORIDE:
This reaction will provide emdoihermic cooling of heal
sensitive devices and other surfaces and struciures by Lhe
thermal decomposition of calcium chlonde hexahydrate
‘l:bsmbing in excess of 300 cal/g between 2207 C. and 350°

\ L

CaCly 6HD = CaClye  SHOu 20 C
a Hy: (-623.7) (-190)  {-578)

AH, - 6.4 Kalmel

MW = 219

(864 Kealimols)/239 = 395 calfy

(0) HYDRATED SALT OF ZINC SULFATE: This reac-
ton wil] provide codothermic coolicg of beal sensitive
devioes and other sarfaocs and strvetures by the thermal
decomposilion of zinc sullaie heprahydrale sbsorbing in
excess of 300 cal/g between 220° C. and 350" C. ie.,

2250, . THO = ZaSO, v TH.O, al 2807 C
& (-7383) (-2338)  (-5%.6)

AH, w 967 Kral/mol

MW - 288

(96.7 Kealrmole)/ 188 = 335 oaliy

TV. Other epdothermic reactions that have beeo found
suilable for use in the present inventive beal absorbiog
devices on the basis of the principles set farth above, arc the
decomposition of paraidebyde, paraformaldehyde wod triox-
ane which, likewise, result in relatively lamge scale endot-
hermies.

Several of the reaction products of the combination of the
aforementioned materials such as Lithinm acelate, lithium
fornnie aod \beir hydraies may also be used, The graphs 5
and 6 show the naturzl delay in temperature riss for lithivm
formate and Jithjum scetate thermal decomposition reac-
ok,

It has alzo been found Lbat the salts of agetic acid and
formic acid and their hydrates result in large scale endoi-
bermic reactions and absorptions of lape quantilies of heat.
Accordingly, ‘these formic and acelic acid salis are ako
suitable for use in the present inventive heat absorbicg
devices,

5

L}

45

-
"

14

1V. The vompounds of the presept iovention may be
supporied withio the inventive beat absorbing deviee via
composile fabric ¢arriers of matrices of ibe type discussed in
Applicant’s aforementioned applicstion and i the prior
aoted paiedts, to form as eadothermic structure,
Additionafty, the compounds can be supporfed up against the
hea! zensjlive device as an endotbertnc slructupe via 4
reteining matrix, packagiog, cencapsulating,
micreescapsulation, coclosure, or siUctUre or by heing
suspended in other mediz; o they themselves may be used
in bulk to form the endothermic struciure. Irespective of the
support or whether they themselves fonm the endothe mic
strocture, said eadotbermic strocrure can be measured, cul
and fit te form (1) & beat absortnog swface up agaimnst the heat
sensitive devies; (1) an enclosure or container, within which
the heal senmsitive device can be placed: o (iil) 1 thermal
barrier structure or shield between a best geozrator and the
heat scosilive device. I the componnds bave not been
formed into an endothermic structute, supported or
otherwise, they could be simply depositcd amund the beat
sensilive device. Another embodiment, the relaining strue.
fuee can be made of a low thermal conduclivity material (or
a thermal insulator) such as a plastic or polyamide.

‘Thus, i enc cmbodiment of & beat absorbing device
desigaed to protee! a beat sensitive device from exiernal

.heat, the endutbermi¢ compounds are enclesad within the

walls of ac enclosure. As used berein the lorm eoclosure
inciudes containers or box-like structures of oy size of
shape. In anotber embodiment of a similar beat absorbing
device, the compounds line the inoer surface of the walls of
the enciosure. 1o » third embodimest of said beat absorbing,
device, the endotbermnic compounds line 1he outer surface of
the walls of the enclosure, 1o yel another embodimeni of said
device, the endothermic compounds are packed arouad the
beat sensiijve device, surrounded with a retaining siructure
30 that it stays packed around the heat sensitive deviee, apd
the wrapped device is then placed in the coclosure, The
retaining structure can, if desired, be a thermally conductive
structure.

On the other band, in a0 embodiment of a heat seositive
device designed to protect a heat sensilive device from jts
own sell-geperaied iolernal heat, be endothermic com-
pounds arc poured inly a contamer of supponed by a
structure and the beat sensilive device is embedded therein.
Of course, if the beal sensiuve device is embedded within
the endothermic compound, it is imperative to choose an
endothermic compound whose tempecature of reaction is
suitable for the particular application, and whose decompo-
sition andfor dehydration products will sol affect the heal
sensitive devices. :

It is clear from the abave (bat tbe posilion or kocatioa of
the endothermic compounds is aol fixed relalive o the heat
scosalive device, amy puler stclure supportive o its insw-
Lation. Rather such posiyen or location is Sependent on 1be

# application and the beil sensitive device's design specifica-

tions aod beat lolerance, Similarly, be vaclosure's shape is
not limited. In fact, the shape and dimensions ihercof may of
may ool be linited by the application and the beat sensitve
davice’s design specifications.

When the heat ahsorbing device comprises endnthermic
compounds within or liping its walls (citber ouler or inper),
as is in the case of 4 beat absorbing device desigoed
protect from exiemal heal (scc discussion sbove), the heat
seasilive device cap be placed within the enclosure either
suugly, with no space between it and the walls of said
enclosure; or loosely 5o that thers is a defined space of & gap
between i1 and the enclosure’s walls.

Copy provided by USPTO from the PIRS Image Database on 0/26/2004
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If the heai sensitive deviee is placed =o that it fits sougly
within the enclosure, then the eaclosure oill be scaled 1o
praet the beat scasitive devics from the extornal high heat
combitions, aod the entire package can be furtber wrapped in
inculation o further protect the heat sensitive devies from
the cutside high tomperatires.

On the other band, if the hex sensitive devics is placed so
that it fits ¢o form a gap between il and the beat absocbing
coclosurs, a layer of insulation can be placed in the gap
between the beat sensitive device and the enclosure’s walls.
This adds another tayer of protection against the outside
hest. The epclosure is then sealed and if desired oao be
further wrapped in anether layer of insulation to further
protect the heat seositive device from the ouiside high beat.

10 a prefepred embodiment, bowever, of the beat absorb-
ing device designed 10 protect from extemal beal, said
device i placed adjacent to the heat sensitive devies;
thereafier insulation is wrapped or swrounded sbout the
device and heat absorber and tbe entire package may be
placed i a housing,

In one application using the present iovention, » Sight
data recorder is provided with a bsat sbsortog shick!. The
shield ie in essence 3 single, Hai, rectangular block very
similar 1o a small brick It is sized in length, height and width
so that it could e right up against and contact the surface of
the fight data reconder circuit board, which requires protec-
1ion. The shield consists of wafers of boric acid beld together
and tetamed with metal or plastic, The botic scid wafers are
formed by compresgion inlo rectanpular cakas, which 81
ncatly into the shield’s meta) or plastic relainer.

The boric acid shield is then laid up against the cireuit
board of the memory coutrol system of the flight daa
recorder. The accompanying graphs 7 and B show the pateral
rise in temperature of & conventions) beryfium or wax beat
sink wWhen used with the Sight data recorder, 1s compared (o
the same flight recorder’s thermal performance with & boric
acid heat absorbing shield formed in socordance with 1be
prescat invention described above.

In other applications of the iaveation, the flight recorder
is placed within borie acid box-like straciures; each differing
ouly in the location of the boric acid, as described above,
The siruciures arc tbeo scaled to protect the Dight data
recorder from the extermal bigh heat conditions and sub-
jected to thermal load in excess of Gfty thousand watls per
voe bour (1 wau=3600 joules; 1 cal=4,1850 joules), which
is the present govemment atandard for testing flight record-
et

Again it was foupd that the flight recorder’s thermal
performance after it was sealed within aay of the boric acid
structures laught sbove, was substantially better than the
thermal performance of the same Right recorder applying &
conventions] beryllium or wax heal sink thermally proiets
tive structure,

Graph 9 shows the use of & hydrsied sah, ie. MgS0O,
TH,0 in aecardance with the teachings set forth sbove, and
how such usc resulied in a sicong cooling effect as apphed
to the Bight recorder of Graph 7.

V, The witimate sbape, size and physical characteristics of
the beat absorbing device, as well us the type and amount of
endothermic material used, ar¢ dictated by many factors.,
These factors include the type of heal sensitive device bemg
protecied; the lime period for which e heat sensitive device
will be exposed to high heat; the wmparatures to which the
heat seositive dewvice will be ultimately exposed; and the
thermal sensitivity of the heal sensitive device.

‘Ihus, for example, if 3 fiigh recarder contains electronics
wade of taterials that are panicularly seasitive (o high heat,

16
ope might choase 10 enclose the electronics completely
withitt an ¢epdothermic and insulaed coclosure, as described
abave. On the other hand, if tbe clectopics ane le3s sensitive
1 high heat, one might opt for the use of a single thin
endothermic compound “shield”, & ¢ hermal control sys-
tem.

Similurly, if the fight meonder will be exposed 10 very
bigh emperaturcs, as for example 500* C, throygh 1100° C.
for mare than just a few mioules, one would oot only chooss
io eoclose the flipht recorder wilhin an codothermic com-
pound “box”, but one would use ap eodotherm from those

- described sbove that decompose within thal temperature

35

+

a5

sa.

0

65

range ie. Lithium Hydoxide, Sodium Hydroxide or Aln-
minum {iydroxide; or use more inslation within the “box™
and pick apy of te codothermic compounds disclosed
above; or use multiple layers or mixmres of differsat
cndotherms, 52t 1o reacl at differeni temperatures. More
imponantly, bowever, ooe wounld bave 10 calculate, on the
basis of the formulas sat forth above, the amounl of the
endotherm(s) that would actually have (o be contained
within (he “box® so that it could efficiently and completely
absotb the damaging thermal Joad, 1w which the Qight
recorder will be subjected.

On tbe otber hand, if the fight recorder is gaiog @ be
exposed O emperatures beiween 120° C. and 350° C., one
can cbooss to coclose B within & boric acid “box.™ The
amount of boric acid withio the walls of the “box™ or the
amount of barie acid surrounding the Hight recorder either
thraugh ils being poured onto the flight recorder, or through
its being lined onto the iner surface of the “box” caa be
calculated on the basis of AH =(53,600 Kcal/2 mol) {2(62)
£/2 Mol 432 callg. Specifically, ooe would have o calcus
late the amount of heat that the Hipht reconder would be
exposed Lo over time. The metbod of said caleslation is well
known in the art. Thus, if the smovnt of damaying beat to
which the fiight recorder will be exposcd over len minuies
will be 432000 cal, then the ummount of beric acid surround-
ing the fight recorder in the box should be equal 1o or more
thaa one thousand prams.

VI, Aluminum Hydroxide (AKOH);) devices work best as
bigh temperature endothermic iemperature contro] devices,
Wher aluminurg hydroxide decomposes, {1 leaves behind a
strong thermal insulation layer of alumipum oxide (sec
above), which further abates & temperature rise through its
decompasition products, whrich is deposiied within the beat
absorbing device,

Other applications of the present iovention preseated, by
way of exsmple and pot a5 3 Limitstion include: temperature
control coalinps, wraps and litees, as well as thermal peo-
teclion for metal and plastic structures; coaling for
elecironics, oven sensors, missile skins, exbausi pipes, ther-
mal protection in race cars, fire walls, emergency cooling for
muclear reactors, guns, munitions boxes, batierics and
relaed equipment; and in structures designed 10 shield life
from thermal barm.

Unlike salt bydrates discussed above, bydroxides or car-
hanates may he stored almost indefinitely provided tbey are
nol exposed 1o lemperatures al or above the lemperature of
reaction. Wheo exposed to reduced pressure and some heat,
hydrates wend 1o lase water, making them less likely 1o be
fully effective as couling agenls o some wircrall
applicatiops, unless properly bermetically sealed, with
allowance 10 permit venling of water vapor at the eoipera-
ture of reaciion.

All of 1be endotbemmic compounds listed and discussed
abave ae commercially available and inexpcasive, They
may be casily incorporated in and integraied in CFEMS,
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miedal mesh matrices, silicon or carbon fiber or microencap-
sulated in porous silicat, porous carbon bodies, or sus-
peoded in plastics such as Auproelasiomers, 1¢flon, metals or
other maierials. The egenis may be shaped in the form of
eoclosures, chips, or cakes which can be incorporaed ig
shaped bodies, and thus, can be formed in shape and
dimension as required. In some 1pplications the agenis may
be formed into gels and pastes.

The special compounds of the present iovention provide
unforeseen, critical bepefits in ihat they readily absorb
massive quantitics of heal, in a unidirectional reaction. And
that omee they absorb it, they do not rel=ase ji, they do not
reverse, and therefore caneot act as hear generating com-
pounds. Thus, proiection for beat sensitive deviees is sig-
nificant and substantial withiv a closed covironment.

Furthermore, all of these compounds produce environ-
weotally barmless vapor products during decompaosition and
¢ven at clevated temperatures. In addition, sioce ihese
compounds are per 3¢ generally non-texic (as compared o
Beryllium, & material used io prior art heat sinks and which
is extremely [oxic) they are easier and less expensive 10 use
in the manufacturing process of (e beat absorbing devices.

Various modificstions and changes have been disclosed
herein, and otbers will be apperent to those skilled in this ant.
Therefor, it is 1o be undersiood that 1be present disclasure
is by way of illusiyation an oot litaitation of the presen
ipvention,

What is claimed 1s:

1. A method for prevectiog the inciease of temperature in
beat sensitive devices through the absorption of heat during
beat geperating conditions comprising the steps of:

H

0

X

18

() providing an amauot of haric aid sufficicat to efect

the required heat absorption;

{b) supponing said boric acid in 8 position between the

heai sensitive device and a beat geoermior,
50 a5 10 absorh the heal and prevent apy increase in the
wiemperature of the beat gensitive device,

2_ A method for prevestieg the increase of wmperature io
 beat sensitive device through the absorprion of the beat
sensitive device's sel{-penerated heat, during heat generat.
ing conditions, comprising the sieps of:

(a) providing an amount of boric atid suficient to effect

the required heat absorption;

(b) contacting said boric acid o the heat sensitive device;
50 as 1o absorh the heal semsitive deviee's self generating
heat and prevent any increase in (8 (Cmperaure.

3. A owibod for preventing 1be increase of twmperature in
a heat sensitive device through the absorption of the beat
sensitive device's self-penetated beat, during heal generat-
ing cenditions, comprising the steps of:

{a) providing ap amounl of borig acid suficient 10 ¢fect

the required heat absormption;

{b) indirectly coptacting said boric acid 10 the beat sen-

sitive devics;
20 a8 10 absorb the beal sensitive device's self gencratiog
beat and prevent any incresse in ils temperature.
4, Amethod of using boric acid in sn smousnt s Fclent 1o
absorb a predetermived amount of heat comprisiog the siep
of directly or indirectly contacting the bocic acid 10 1 beat
sensitive device,
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HEAT ABSORBING TEMPERATURE
CONTROL DEVICES AND METHOD

RELATED APPLICATIONS

This application is a divisional of U.S, patent application
Ser. No. 09/546,361 filed on Apr. 10, 2000, now U.S. Pat.
No. 6,264,854, which in turn was a Contimration-In-Part of
U 8. patent application Ser. No. 08/709,516 filed on Sep. §,
1996, now abandoned, which in tum claims the benefit of
U S. Provisional Application Serial No. 60/003,387 filed on
Sep. 7, 1995,

BACKGROUND OF THE INVENTION

The present invention relates 1o heat absorbing devices
and a method for constructing same. Said heat absorbing
devices have heat absorbing chemicals, i.c. endotherms,
which use their respective heats of reaction to cool and
maintain and control the temperature and heat of heat
sensitive devices, These endotherms comprise certain acids
and their salts, certain bases and their salts, and certain
organic compounds, which have never before been used in
the manner described, disclosed and claimed below.

Often, active cooling of such clectronic components,
particularly delicate TR modules, Impatt diodes, data
recorders, containers for chemicals and munitions, batterics
and the like, is not feasible; and even when it is feasible, it
requires continuous high energy cooling, which taxes other
ancillary engineering sysicms typical in missiles, aircrafls,
raifroads, trucks, avtomobiles, guns, nuclecar reactor
systems, related combat systems, as well as commercial
systems and technology.

The heat sinks of the prior art generally employ phase
change material compositions (PCMs) for the absorption
and dissipation of heat. The conventional PCM materials are
fargely solid or fluidic in nature, i.¢. liquids, quasi-liquids, or
solids such as waxes or other meltable compositions.
However, these conventional PCMs have proven to suffer
from many technical problems, as well as problems in their
use and application. These problems include relatively low
latent heats of fusion, the inability to contro] the shape and
form of such fluid PCM materials, as well as the unevenness
of heating and cooling. Other problems include the need to
provide a containment bousing and the stress placed on the
housing, resulting in frequent rupture and spillage of the
PCM; the hazard 1o life and property due to PCMs’ high heat
content and Aammability; and lasily, the uneven cooling
hysteresis.

In addition, the known PCMs can spill hot fluids onto a
human’s skin, resulting in serious third degrec burms due to
the sticky contact nature of many hot wax and polymer or
plastic phase change materials (PCMs) and the high keat and
sticky adherence (o the skin, Ruptured non-Composite Fab-
ric Endothermic Material (CFEM) or liquificd bulk PCM
disks spill their content and cause flash fires, which spread
as the PCM pours out during heating in ovens and wax-filled
disks are prone o fires, which can spread and flow out of
sloves.

Applicant has addressed some of these and other PCM
problems in bis, U.S. Pat. No. 4,446,916, Applicant has
disclosed what he calls a composite fabric endothermic
material (CFEM), providing devices especially suitable as
heat sinks for aerospace and military use. The patented
CFEM provides an improved heat sink that absorbs beat at
the melting temperatures of a compound embedded within a
fibrous mesh or malrix. The CFEM preferably comprises a
phase change material, which is beld by capillary action and
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chemical adhesion to the fibers of the matrix. As a resull a
greatly increased surface area for heal transfer is obtained;
thus providing for controlled melting and thermal dissipa-
tion of the fusion cooling agent.

Applicant has also addressed some of the PCM problems
in his pendiag U.S. patent application Ser. No. 08/811,106,
now U.S Pat. No. 5,709,914, the disclosure and contents of
which are incorporated herein as if more fully set forth. Such
application addresses the need for an improved recyclable
endothermic/exothermic thermal storage method for use in
many commercial and civilian applications, particularly for’
food, home and commercial packaging operations. In this
application, improved CFEMs are disclosed, capabie of
beiog employed in a variety of commercial applications such
as in the food industry where a need has arisen for heat
relaining or heat insulaling containers, packages and thermal
storage devices,

However, the active agents suggested in Applicant’s
pending U.S. patent application Secr. No. 08/811,106, now
U.S. Pat. No. 5,705,914 are not useful in the present inveo-
tive beal absorbing devices, as they are concomitantly both
endotherms and exotherms. i.c. first, they absorb heat and
then they give off heat to the jtem in connection with which
they are being used, for the purpose of maintaining it warm.

While they can accomplish some protection from high
temperalures {hrough the physical phenomenos of the
absorption of their latent heat of fusion, wherein the appro-
priate crystalline substance ebsorbs a quantity of heat to melt
without a temperature risc to its surroundings, they are
totally unsuitable for applications relating to the absolute
protection of heat sensitive devices from high heat. After all,
the beat they have absorbed, they must releasc. [n other
words, oot only do they absorb heat but they also release
heal, particularly when confined in a closed covironmeot.

Another problem with the active agents of Applicant’s,
U.S. pending patent application Ser. No. 08/811,106, now
U.S. Pat. No, 5,709,914 and the prior art PCMs is that they
are not capable of absorbing more than 200 cal/gm. Thus,
they can remove heal for only a short period of time relative
to mass and only al temperatures nol exceeding 326° F.
Consequeantly, they are not effective for applications requir-
ing cooling at very bigh temperatures and for long periods
of time as would be needed, for example, in airplane and
railroad crash recorders, missile clectronics, spacecraft
devices, power supplics, data recorders employed as aircraft
and railroad components and combat devices, and ie com-
mercial vses such as oven sensors, fire walls, nuclear
reactors, munitions’ boxes, chemical containers, batteries
and automobile exhaust systems.

Finally, these latent heat of fusion agents (PCMs) lend to
bum at relatively high temperatures raising the overall heal
content of the system. In addition, the reversibility of the
phenomena virtually guarantees that these agents will also
transfer heat into the heat sensitive devices once said devices
are ai a lower temperature than the respective temperatures
of the agents. Consequently, not only do these agents operatc
as heat absorbing sgeots, but in closed environments they
also operate as beat transfer agents (o cause the very damage
1o the heat sensitive devices that these agents were intended
to protect in the first place. This they do by re-releasing the
absorbed heat to the heat sepsitive device, thercby increasing
the time or duration that the heat seositive device is exposed
10 a high beat environment.

It is, therefors, the object of the preseal invenlion to
overcome the disadvantages set forth above and, in
particular, to provide for nonreversible heat absorbing apphi-
cations.
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It is a further object of the present invention to provide
improved coolant media for use in heat sensitive devices
such as airplane and nailroad crash recorders, missile
electronics, munitions boxes, clothing, firewalls, safe boxes,
auclear reactors, laser shiclds, thermal pulse shields, space-
craft devices, power supplies, data recorders cmployed as
aircraft and railroad components, combat devices, as well as
in commercial uses such as oven sensors and the like.

It is another object of the preseat invention to provide heat
absorbing agents for use in beat sensitive devices, said heat
absorbing agents being capable of absorbing beal at tem-
peratures above 300° F.

It is another object of the present inveation (o provide heat
absorbing devices with mechanisms that utilize the chemical
reactions of latent heat of formation, decomposition or
dehydration in such mechanisms.

Thesc objects as well as others will be found in detail in
the disclosurc that follows below.

SUMMARY OF THE INVENTION

According ta the present invention a heat absorbing
device and method are provided comprising endothermic
agents capable of absorbing heat for the cooling and main-
tenance of the temperature of heat sensitive devices at
acceptable levels. Such endothermic agents comprise certain
acids and their salts, certain bases and their salts, certain
hydrate salts and certain organic compounds. This means
that they absorb large quantities of heat lo decompose or lo
dehydrate to cither new aod simpler, chemically stable
chemical compounds, ot to their individual component
elements.

This ability to absorb heat and irreversibly decompose
makes them ideal for the thermal protection of heat sensitive
devices in applications where the integrity of the heat
sensitive devices must be maintained, under exposure 1o
specified conditions of extreme high heal.

Tue shape, size and physical characteristics of the heat
absorbing devices and likewise the steps of the method are
dictated by the type of the heat sensitive device being
protected, the heat seasitive device’s spacial limitations, the
heat sensitive device’s physical environment and the heat
generating conditions, 1o which the heat sensitive device
will be subjected.

Similarly, the type and the amount of endotherms used in
the heat absorbing device and in the method arc dictated by
the heat sensitivity of the heat sensitive device; the maxi-
mum temperature at which the heat scnsitive device can
continue to be viable at; the extreme temperatures, to which
the heat sensitive device will ultimately be subjected; the
timne for which the heat sensitive device will be exposed to
said extreme heat generating conditions; and the total ther-
mal flux or thernal load, to which the heat sensitive device
will be subjected.

Preferably, the endotherms can be boric acid; metal
hydroxides and their mixtures; carbonates and bicarbonates
and their mixtures: salts of acetic acid, salts of formic acid,
salts of boric acid, and their mixtures, paraldebyde,
paraformaldehyde, and trioxane and their mixtures; and
hydrate salts and their mixtures. Further such endotherms
can be supported within the device, via a(n) cetaining matrix,
packaging, encapsulation, microencapsulation, enclosure or
siructure to form a heat absorbing surface, device or struc-
ture.

The heat sensitive devices can be embedded within the
endotherms; or they can be surrounded by the endotherms;
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or the endotherms can line the walls (inner or outer) of the
closed container within which the heat sensitive device is
placed; or in the alternative, the endotherms can be adhered
to a substrate (fexible or nen-flexible) capable of being
adapted to the size and shape necessary for use with said
heat sensitive devices.

BRIEF DESCRIPTION QF THE DRAWINGS

FIG. 1 is an illustralive schematic graph of the four
phrases of the heat absorption exhibited by Lithiurn Hydrox-
ide and the phenomena obscrved during such phases, when
Lithium Hydroxide is used as an endotherm, in accordance
with the present invention;

FIG. 2 is an illustrative schematic graph of the four phases
of the heat absorption exhibited by Sodium Hydroxide and
the phenomena observed during such phases, when Sodium
Hydroxide is used as an endotherm, in accordance with the
present invention;

FIG. 3 is an iliustrative schematic graph by Aluminum
Hydroxide and the phenomena observed during such phase,
when Alumioum Hydroxide is used as an endotherm, in
accordance with the present invention;

FIG. 4 is an illusteative schematic graph of at least two
phases of the heat absorplion exhibited by Calcium Carboa-
ate and the phenomena observed during such phases, when
Calcium Carbonate is used as an endotherm, in accordance
with the prescnt invention;

FIG. 5 and FIG. 6 are graphs showing the natural delay in
temperature rise for Lithium Formate and Lithium Acetate
thermal decomposition reactions;

FIG. 7 and FIG. 8 are graphs showing the natural rise in
temperature of conventional beryllium or wax heat sink
when used with a flight data recorder, as compared 10 the
same flight date recorder’s thermal performance with a boric
acid heat absorbing shield formed in accordance with the
present invention; and

FIG. 9 is a graph showing the usc of a hydrated salt, i.e.,
Magnesium Sulfate Heptahydrate, in accordance with the
present invention.

DETAILED DESCRIPTION

The features of the present invention will hereinafter be
described in detail.

The present iovention utilizes non-recyclable, nop-
reversible, endothermic chemical reactions, which make use
of the latent beat of decomposition and dehydration reac-
tions to provide new, improved and particularly, efficacious
endothermic cooling systems.

What makes these non-recyclable, non-reversible, endot-
hermic chemical reactions particularly appropriate for use in
{he inventive heat absorbing device and method, is that these
reactions have temperatures of reaction that correspond (o
the temperaturc ranges taken into consideration by the
design of heat sensitive devices such as flight data recorders,
electronics and related devices. Accordingly, the presence of
these reactions in the heat absorbing devicss insures that
said heat absorbing devices act only as heat absorbers and
nol as heat gencrators; thereby being capable of maintaining
the internal temperature of the heat sensitive devices al a
range between 100° C. and 300° C., while said heat sensitive
devices are being exposed to an external temperature range
of 600° C. 1o 1100° C.

The compounds developed in the present invention pro-
vide endothermic chemical reactions, which arc extremely
stable in diverse environments, have long shelf life and high

1 e e i e
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latent heats of reaction, Preferably, the compounds contem-
plated by the present invention include: boric acid and some
borate salts; salts of aceli¢ acid and formic acid; hydroxides
of lithivm, calcium, aluminum and sodium; carbonate salts
of magnesium, lithium and silicon; paraldehyde, paraform-
aldehyde and trioxane; and hydrated salts.

Specifically, the present invention makes a broad claim to
a device and method using endothermic agents which ther-
mally decompose as follows:

1. Hydrated salts endothermically decompose lo water
and salt;

2. Paraldehyde, paraformaldehyde and trioxane endother-
mically decompose to formaldehyde and thereafler to
amarphous carbon, water, carbon dioxide and cthane;

3. Low molecular weight acids endothermically decom-
pose into water and oxides; and

4, Carbonate salts endothermically decompose into car-
bon dioxide and an oxide.

Generally, the inventive method involves laking an
amount of endotherm sufficient to effect tbe required heal
absorption and either contacting said endotherm to the heat
sensitive device, or supporting said endotherm between the
heat sensitive device and the beal generator so as to absorb
the heat and prevent any increase in the temperature of the
heat semsitive device. In either case, the amount of
endotherm, the type of endotherm, and the location of the
endotherm can be determined on the basis of the disclosure
set forth below.

. The following illustrates the endothermic reaction and
heat absorption of the aforementioned hydroxides when
subjected to a temperature of reaction below 1100° C.

{a) LITHIUM HYDROXIDE: Lithium Hydroxide’s use

as an endotherm at temperatures below and up to 1100°
'C. is characterized by at least four phases of heat
absarption. FIG. 1 shows these four phases of heat
absorplion, i.. A, B, C and D, and the phenomena
observed during such phases. It is noted that the slopes
of the graph are neither accurate nor precise but arc
only intended to be illustrative in nature.

Theoretically, the total amount of heal in calories
absorbed by LiOH when exposed to temperatures below and
up to 1100* C. can be mathematically represented by the
following formula:

A+B+C+Dmirx

where

Asthe amount of heat in calories absorbed by LiOH prior
o melting;

Bethe amount of beat in calorics absorbed during actual
melting phase of LiOH;

Cuthe amount of heal in calories absorbed by LiOH once
melting is complete and il begins approaching ils
temperature of decomposition; and

Da=the actual amount of heat of decomposition of LiOH in
calories.

(i) Calculating the Hrx for LiOH

The amount of heat in calories absorbed during Phase A

as LiOH’s temperature begins to rise from room temperaturs
ie. 25° C. to its Mclting Point temperature of 462° C. is
limited only by the specific heat of LIOH i.c. the amount of
calories absorbed by 1 mole of LiOH to change 1 degree
Celsius. Consequently, one can theoretically calculate the
Phase A heat absorption by using LiOH’s specific heat of
11.87 cal/deg mol or 11.87/23.9484(g/mol)=0.4956 calideg
g (see CRC, HANDBOOK OF CHEMISIRY & PHYSICS.
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63rd EDITION, P. D-74 (1982-1983)} as follows: (462°
C.~25° C)x0.4956 cal/deg g=217 cal/g. Thus, A=217 cal/g.

When the temperature of LiOH reaches ils melting point
ie. 462° C., LiOH begins to melt. This begins Phase B.
While the melting is going on and until LiOH is completely
liquid there is no change in temperature (ergo the flat lin at
Phase B). The amount of heat in calories absorbed during
such phase B at 462° C. is 103.3 calig. see CRC, HAND-
BOOK OF CHEMISTRY & PHYSICS 63RD EDITION. F.
B-252 (1982-1983)

Once LiOH kas completely melted, its iemperature begins
to rise. This begins phase C in FIG. 1. Just as in phase A, the
amount of heat absorbed during phase C is limited cnly by
LiOH's specific heat of 0.4956 cal/deg g. Thus, one can
theoretically calculate the Phase C heat absosption as fol-
lows: (1100° C.—462° C.)x0.4956 cal/deg g=316 calig ic.
C=316 cal/g.

* When the temperature of the melted LiOH reaches its
temperature of decomposition, approximately 1100° C.
LiOH begins to decompose, ie.,

2LiOH decomposes to seLi,0+2H,0

This begins phase D. While the decomposition is going on
and until LiOH is completely decomposed there is practi-
cally no change in temperature (ergo the flat line at Phase D).
The amount of heat in calories absorbed during such phase
D at approximately 1100° C. is approximately 600 cal/g.

Therofore, based on the discussion above, the theorelical
amount of heat absorbed by LiOH when used as an
endotherm, is:

217 calig+103.3 cal/g+316 cal/g+600 calig=1236.3 cal/g.

1t is secn from the foregoing that when LiOH decomposes
at its specified temperature of reaction to form Lithium
Oxide, it absorbs & large quantity of latent heat of reaction.
More importantly, however, a higher amount of latent heat
is absorbed by the mekting of LiOH and its heat capacity up
io 1000° C. The above suggesis that LiOH should be very
good at absorbing 686 calig for the decomposition, an exira
316 cal/g for its heat capacity up to 1100° C., 103.3 cal/g for
its melting at 462° C. and 217 cal/g for its heat capacity to
462° C,

In fact, when LiOH was actually used as an endotherm in
the heat absorbing device of the present invention il was
determined that it actually absorbed 1207 cal/g.

{b) SODIUM HYDROXIDE: Sodium Hydroxide's use as
an endotherm 2t temperatures below and up to 1100° C. is
similarly characterized by at least four phases of heat
absorption. FIG. 2 shows these four phases of heat
absorption, i.c. A, B, Cand D, and the phcoomena observed
during such phascs. It is noted that the slopes of the graph
are neither accurate nor precise but arc only intended (o be
illustrative in nature.

Theoretically, the total amount of heal in calorics
absorbed by NaOH when exposed to temperalures below
and up to 1100° C. can be mathematically represented by the
following formula:

A+B+C4+DmHrx

where

A=the amount of heat in calories absorbed by NaOH prioc
to melting;

Bathe amount of heal in calories absorbed during actual
meliing phase of NaOH;

C=the amount of heat in calories absorbed by NaOH once
melting is complete and it begins approaching its
temperature of decomposition; and
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Dathe actual amount of heat of decompasition of NaOH

in calories.

(i) Calculating Hrx for NaOH

The amount of heat in calories absorbed during Phase A
{FIG. 2) as NaOH’s temperaturc begios to rise from room
temperature i.c. 25° C. to its Mejting Point temperature of
322° C. see CRC. HANDBOOK OF CHEMISTRY &
PHYSICS, 63RD EDITION, P. B-253 (1982-1983) is limited
only by the specific heat of NaOH, when NaOH is 2 solid i.e.
the amount of calories absorbed by 1 mole of NaOH to
change 1 degree Celsius. Consequently, one can theoreti-
cally calculate the Phase A heat absorption by using NaOH's
specific heat of 14,23 cal/deg mol or 14.23/39.9972(g/mol)=
0.3558 cal/deg g se¢ CRC. HANDBOOK OF CHEMISTRY&
PHYSICS, 63rd EDITION, P. D-86 (1982-1983) as follows:
(322° C-25° C)x0.3558 calideg g=105.6 cal/g. Thus,
A~=105.6 calig.

When the temperature of NaOH reaches its meiting point
i.e. 322° C., NaOH begins to melt. This begins Phasc B
(FIG. 2). While the melting is going on and until NaGH is
completely liquid there is no change in temperature (ergo the
flat line at Phase B). The amount of beat in calories absorbed
during such phase B at 322° C. is 50.0 cal/g. sec CRC,
HANDBOOK OF CHEMISTRY& PHYSICS 63RD EDI-
TION. P. B-253 (1982-1983).

Once NaQH has completely melted, iis lemperature
begins to rise. This begins phase C (FIG. 2). Just as in phase
A, the amount of heat absorbed during phase C is limited
only by NaOH’s specific heat of 0.3558 cal/deg g. Thus, one
can theoretically calculate the Phase C heat absorption as
follows: (1100° C.-322° C.)x0.3558 cal/deg g=276.8 cal/g
i.e. C=276.8 cal/g.

Whep the temperatuce of the melted NaOH reaches its
temperature of decomposition, approximately 1100° C.
NaOH begins 1o decompose, ..,

2Na0H decomposes o & Na;O+2H,0.

This begins phase D (FIG. 2). While the decompasition is
going on and until NaOH is completely decomposed there is
practically no change in temperature (ergo the flat line at
Phase D). The amount of heat in calodies absorbed during
such phase D at approximately 1100° C. is approximately
324 calig.

Therefore, based on the discussion above, the theoretical
amount of heat absorbed by NaOH when used as an

endotherm, is:
105.6 cal/g+50 cal/g+276.8 cal/g+324 calig=756.4 calig.

I is seen from the foregoing that when NaOH decom-
poses at its specified temperature of reaction to form Sodium
Oxide, it absorbs a large quantity of latent heat of reaction.
More importantly, however, a higher amount of latenl beat
is absorbed by the melting of NaOH and its heal capacity up
to 1000° C. The above suggests that NaOH should be very
good at absorbing 324 cal/g foc the decomposition, an extra
276.8 cal/g for its heat capacity up to 1100° C., 50.0 cal/g for
its melting at 322° C. and 105.6 cal/g for its heat capacity to
3z C

In fact, when NaOH was actually used as an endotherm in
the heat absorbing device, it was determined that it actually
absorbed 585 cal/g.

{C) ALUMINUM HYDROXIDE: Alumioum Hydrox-
ide’s use as an endotherm at temperatures below and up to
1100° C., on the other hand, is characterized by at least two
phascs of beat absorption. FIG. 3. shows these two phases of
heal absorption, i.c. A and B, and the phenomena observed
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during such phases. It is noted that the slopes of the graph
are neither accurate nor precise but are only intended to be
illustrative in nature.

Theoretically, the total amount of heat in calories
absorbed by AJ(OH), when exposed to temperatures below
and up to 1100° C. can be mathematically represented by the
following formula: e

A+B=Hrx

where
A=the amount of heat in calories absorbed by Al(OH);
prior to decomposing; and
B=the amount of heat in calories absorbed by Al, O, once
the decomposition is complete.
(i) Caleulating Hrx for AI{OH)3
The amount of heat in calories absorbed during Phase A
(F1G. 3) as AL(OH),’s temperature begins to rise trom room
temperature i.e. 25° C. to its temperature of Decomposition
of approximaicly 200° C. has been found to be approxi-
mately 324 cal/g. Alumipum Hydroxide decomposes as
follows:

2AI{OH), decompose to =ALO,+3H0

While the decomposition is going on and uatil AI{OH), is
completely decomposed there is practically no change in
temperature {¢rgo the flat line at phase A). The amount of
heat in calories absorbed during such phase A is A=324
cal/g.

Once Al(OH), is completely decomposed to AlLO,,
ALO,'s temperature begins to rise. This begins phase B in
FIG. 8. The amount of heat absorbed during phase B is
limited only by Al,O,’s specific heat of 0.1853 cal/deg g. sex
CRC HANDBOOK OF CHEMISTRY & PHYSICS 63RD
EDITION, P. D-53 (1982-1983),

Thus, one can theoretically calculate the Phase B heat
absorption as follows: (1100° C~200° C.) %0.1853 cal/de g
166.77 calig i.e. B=166.77 cal/g.

Therefore, bascd on the discussion above, the theorelical
amount of heal absorbed by AI{OH), when used as an
endotherm, is:

324 calig+166.77 calig=490.77 cal/g.

It is seen from the foregoing that when Al(OH), decom-
poses at its specified temperature of reaction to form Alu-
minum Oxide, it absorbs a large quantity of latent heat of
reaction. More importantly, however, 2 higher amount of
specific beat is absorbed due to the heat capacity of AL,O,
up 1o 1100° C. The above suggests that Al(OH), should be
very good at absorbing 324 cal/g for the decomposition, and
an extra 166.77 calig for AL,O,’s heat capacily up to 1100°
C.

In fact, when AL(OH), was actually used as an endotherm
in a heat sink it was determined that il actually absorbed 510
cal/g.

IIg. The following illustrates the endothermic reaction and
hicat absorption of the aforementioned carbonate salts, when
they are subjected to a temperature of reaction below 1100°
C

(a) CALCIUM CARBONATE: Caleium Carbonate’s use
as an endotherm at temperatures below and up to 1100°
C., is characterized by at least two phascs of heat
absorption. FIG. 4 shows thesc two phases of heat
absorplion, i.e. A and B, and the phenomena observed
during such phases. It is noted that the slopes of the
graph are peither accurate por precise but are oaly
intended to be illustrative in nature.
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Theoretically, the total amount of heat in calories
absorbed by Caleium Carbonate when exposed [o tempera-
tures below and up to 1100° C. can be mathcmatically
represented by the following formula:

A+B=Hrx

where

A=the amount of heat in calories absorbed by CaCO; at

its temperature of decomposition;

Bethe amount of heat in calories absorbed by CaQ as its

temperatute rises.

(i) Calculating Hrx for CaCO,

The amouat of heat in calories absorbed during Phase A
(FIG. 4) by CaCO, at the temperature of Decomposition of
approximately 825° C. has been found to be approximately
425.6 cal/g. sec MERCK INDEX, TENTH EDITION, P. 228
(1983). Calcium Carbonate decomposes as follows:

CaCO, decompases o 8 CaO+00,

While the decomposition is going on and until CaCO, is
completely decomposed there is practically no change in
temperature (ergo the flat line at phase A). Thus, A=d25.6
cal/g. It is noted that in the present theoretical calculations
the amount of heat absorbed by CaCO, as its temperature
begins to rise from room temperature i.c. 25° C. 10 ils actual
temperature of decomposition has been omitted, for sim-
plicity’s purposes.

Once CaCO, is completely decomposed to CaO, now
CaQ’s temperature begins to rise. This begins phase B in
FIG. 4. The amount of heat absorbed during phase B is
limited only by CaO's specific heat of (19.57 calideg mol)/
(100.089 gr./mol)u0.1824 cal/deg g. see CRC, HANDBOOK
OF CHEMISTRY & PHYSICS 63RD EDITION. P. D-59
(1982-1983). :

Thus, one can theoretically calculate the Phase B heat
absorption as follows: (1100° C.-825° C.)xD.1824 cal/deg
g=50.16 cal/g i.c. B=50.16 cal/g.

‘Therefore, based on the discussion above, the theoretical
amount of heat absorbed by CaCO, when used as an
endotherm, is:

425.6 cal/g+50.16 cal/g=475.76 callg.

It is seen from the foregoing that when CaCO, decom-
poses at its specified temperature of reaction to form Cal-
cium Oxide, it absorbs a large quantity of latent heat of
reaction. More importantly, however, a higher amount of
latent heat is absorbed by the heat capacity of CaO up to
1100° C. The above suggests that CaCO; should be very
good at absorbing 425.6 cal/g for the decomposition, and an
extra 50.16 cal/g for CaQ’s heat capacity up 1o 1100° C.

In fact, when CaCO, was actually uscd as an endotherm
in a heat absorbing device (beat shicld) it was determined
that it actually absorbed 725.60 cal/g. This amount of heat
is significantly higher than the amount of heat theoretically
calculated above, This is logical when one considers that )
the theoretical calculations above did not take into consid-
cration the heat absorbed by CaCO;, during the time that its
temperatute was rising from room lemperature up to its
temperature of decorposition (specific heat); and (i) more
likely than not, the CaCO; was probably contaminated with
small amounts of water, which bas its heat of vaporization;
thereby adding to the total endothermic effect observed
during the testing of CaCO;.

(b) SILICON CARBONATE (SiCO,): On the basis of the
discussion set forth above in connection with CaCQ,, il was
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theorized that Silicon Carbonate should exhibit the same
type of endothermic absorption effects. In fact, when Silicon
Carbonate was used as an endothermic material it was found
that:

(SiCO,) decomposes 10 »Si0+CO, at 1100° C,, and that
it absorbs 380 cal/gm for decomposition.

(c) MAGNESIUM CARBONATE (MgCO,): Similarly,
when Magpesium Carbonate was used as endothermic mate-
ral it was found that the starting endothermic material is
composed of Magnesium Carbonate (MgCO,), Magnesium
Hydroxide (Mg(OH);) and Water (H,0). ie., n MgCO;: 0
Mg(OH): n H,O; and that

n MgCO,: n Mg(OH),: n H,0 decomposes to =»nMgO+

nCO, and oH,0 at 700° C. The amouot of heat
absorbed during such decomposition was 285 cal/gm.

111. Other reactions which can provide endothermic cool-
ing of heat seasitive devices, other surfaces and structures
via heat absorption i.e. endothermic mechanisms similar to
those described above are as follows:

(s) SODIUM BICARBONATE: The Thermal Decompo-
sition of sodium bicarbonate absorbs in excess of 350 cal/gm
between 120° C. and 310° C. i.e.

2 NaHCO,mN1,C0,+H,0+CO,

T=270° C.

&H, =363 calig

(b) SODIUM BICARBONATE: The Thermal Decompo-
sition of sodium bicarbonate absorbs in excess of 320 cal/gm
between 200° C. and 375° C. ic.

MW=84.0

Kealmel  2NaHCOs m NayCOy + HzO + CO24H° = 30.45

oMy ~2265 102 -9408

oH,=(30,450 calimal)/(84 g/mol)=363 calig

{¢) BORIC ACID: In particular, it has been found that
boric acid absorbs large amounts of heat when decomposiag,
because boric acid decomposes in stages over a range of
temperatures to produce boron oxide and water while
absorbing nearly 400 cal/g. Borale salts act similarly for
effective heat absorption results.

Specifically, the Thermal Decomposition of Boric Acid
absorbs in excess of 400 cal/gm between 120° C. and 350°
C.ie.

MW=52
169 C. 3000 C,
IH,BC; = (2HBO; +2H;0) = B;O3+ IH,0
Hpi=200 mp= 236" C. =302 =578 Kcal/mol

<H=53.6 Kcal/2 mol HyBO,

JH=(53,600 Kcal/2 mol)(2(62) g/2 molZ432 calig

IV. The following illustrate the endothermic reaction and
heat absorption of hydrated salis for the cooling of heat
sensitive devices, other surfaces and structures via heat
absorption mechanisms simitar 10 those described above
when subjected to a temperature reaction below 1100° C.
Specifically the following hydrate salis provide effective
cadothermic cooling from 60° C. through 200° C..
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{a) HYDRATED SALT OF LITHIUM CHLORIDE: This
reaction will provide endothermic cooling of electronic
devices and other surfaces and struclures by the thermal
decomposition of lithium chloride trihydrate absorbing in
excess of 440 cal/g between 90° C. and 150° C, iec.

LiCl -3H:0 = LiCl +3H,0 at 98° C.

sHyt (3138 (-9} (=173} Keal

sH,=42.4 Kcal/mol

MW=96.39

(42.4 Keal/mole)/96.39=440 cal/g

(b) HYDRATED SALT OF MAGNESIUM CHLORIDE:

MgCl,-éH;O = MgCh +6H20

ey (-454) (~266) (-346.8)

sH, is negative.

{c) HYDRATED SALT OF MAGNESIUM SULFATE:
This reaction will provide endothermic cooling of heat
sensitive devices and other surfaces and structures by the
thermal decomposition of magnesium sulfate heptahydrate
absorbing in excess of 350 cal/g between 120° C. and 250°
C.ie.

MsS0,-THO0 =
eHy: (-3087) (=309

MgSO, +7H,0
(-404.6)

sH,=98.6 Kcal/mol
MW=246.37

(98.6 Kcal/mole)/246.37=400.2 cal/g
(d) HYDRATED SALT OF SODIUM SULFATE:

NasSO¢ 10H20 Nl2504 + 1aH,0

(—1033.48) (-330.9) (-578)

N
sHy:

oH,=124.58 Kcal/mol
MW=354.12

{124.58 Kcal/mole)/354.12=351.8 cal/g
(¢) HYDRATED SALT OF ALUMINUM OXIDE:

A0y 30 == ALO: +3H0

Hyr  (-6137) (~38484) (1734

oH,=55.46 Kcal/mol
MW=155.96

(55.46 Kcal/mole)/155.96=355.6 calig
(f) HYDRATED SALT OF ALUMINUM SULFATE:

Alz{S04)y - 1BH0 == Al3(SO4)y + 18H20

(-2118.%) {~520.98) (- 1040.4)

6H}:

&H,=257.12 Kcal/mol
MW=656.14
(257.12 Kcal/male)/666.14=385.98 cal/g
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() HYDRATED SALT OF ALUMINUM FLUORIDE:

AlFy 3H,0 = AlF +3H0

Hyt (=391 (=311 (-1734)

JH =64.7 Kcal/mol
MW=137.98

(64.7 Kcal/mole)/137.98=468.9 cal/g

(h) HYDRATED SALT OF ALUMINUM NITRATE:

Aly(NOs); - SH0 AL(NO3), +5H,0

Hp (89734 (-27363) (5202

4H,+103.49 Kcal/mol

MW=375.01

(103.49 Kcaljmole)/375.01=275.98 calg

An additional endothermic effect may be obtained by the
further decomposition of A1,(NO,)s.

(i) HYDRATED SALT OF LITHIUM NITRATE: This
reaction will provide endothermic cooling of heat sensitive
devices and other surfaces and structures by the thermal
decomposition of lithium nitrate trihydzate absorbing in
excess of 320 cal/g between 50° C. and 120° Ciie.

LiNQy - 3H;0 = LiINO; +3H;0 at 61° C.

Mt (=3286) (~lI53 (-57.8)

«H,=39.9 Kcal/mol

MW=123

(39.9 Kcal/mole)/123=324.4 cal/g

(i) HYDRATED SALT OF SODiUM CARBONATE:
This reaction will provide endothermic cooling of heat
sensitive devices and other surfaces and structures by the
thermal decompasition of sodium cacbonate decahydrate
absorbing in excess of 320 cal/g between 20° C. and 80° C.
Le.

NaiCOj - L0H;0 = NagOs + LOH,0; loses Hz O at 34° C.

sHP L (-575.4) (-270) (~-57.8)

¢H,=127.6 Kcal/mol

MW=266

(127.6 Kcal/mole)/266=480 cal/g

(¥) HYDRATED SALT OF SODIUM BORATE: This
reaction will provide endothermic cooling of heat sensitive
devices and other surfaces and structures by the thermal
decomposition of sodium borate decahydrale absorbing in
excess of 350 cal/g between 200° C. and 375° C. ie.

NagB, 07 - 10H;0 = Na;Bi Oy + 10H; O at 34° C.

§HP:  (=l49M (=TI (578

sH,=141.3 Kcal/mol
MW=382

(141.3 Kcal/molc)/382=370 cal/g
() HYDRATED SALT OF BERYLLIUM SULFATE:
This reaction will provide endothermic cooling of beat
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sensitive devices and other surfaces and structures by the
thermal decomposition of beryllium sulfate quatrohydrate
absorbing in excess of 300 cal/g between 90° C. and 450° C.

ie.

BeSO; -4H0 = BeSOy - 2H,0 + 2H,0; a1 100° C.
sHP T (=5763) (-4332) (-57.8)

BeSO, - 2H;0 = BeSO, + 2H: O, ¢H° =316

(—4332) (~286) (-57.8) sH° =316

¢H,=65.53 Kcal/mol

MW»177.1

(65.53 Kcal/mole)/177.1=370 cal/g

(m) HYDRATED SALT OF SODIUM PHOSPHATE:
This reaction will provide endothermic cooling of heat
sensitive devices and other surfaces and structures by the
thermal decomposition of sodium phosphate dodecahydrate
absorbing in excess of 300 cal/g between 80° C. and 150° C.
Le.

Na3PO, - 12i1,0 = Nay PO, + 12H,O

H L (=309 (-d60)  (-57.8)

oH,=156.4 Kcal/meol

MW=377

(156.4 Kcal/mole)/377=412 cal/g

{n) HYDRATED SAIT OF CALCIUM CHLORIDE:
This reaction will provide endothermic cooling of heat
sensitive devices and other surfaces and structures by the
thermal decomposition of calcium chioride hexahydrate
absorbing in cxcess of 300 cal/g between 220° C. and 350°
C.ie

CaCl; -6H;0 = CaCly + 6H;0 at 200° C.

AP (-6232) (-190) (~578)

oH,=86.4 Kcal/mole

MW=219

(86.4 Kcal/mole)/219=395 cal/g

(0) HYDRATED SALT OF ZINC SULFATE: This reac-
tion will provide endothermic cooling of heat semsitive
devices and other surfaces and structures by the thermal
decomposition of zinc sulfate heptahydrate absorbing in
excess of 300 calg between 220° C. and 3507 C. i.e.

ZnS0, - TH,0 = Zn50, + TH;O at 280° C.

eHS (-T351) (-233) {(~51.8)
oH,=06.7 Kcal/mol
MWa288

{96.7 Kcal/mole)/288=336 cal/g

IV. Other endothermic reactions that have been found
suitable for use in the present inventive heat absorbing
devices on the basis of the principles sct forth above, are the
decomposition of paraldehyde, paraformaldehyde and triox-
ane which, likewise, resull in relatively large scale endot-
hermies.

Several of the reaction products of the combination of the
aforementioned materials such as lithium acetate, lithium
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formate and their hydrates may also be used. The graphs 5
and 6 show the natural delay in temperature rise for lithium
formate and lithium acetate thermal decomposition reac-
tions.

It has also been found that the salts of acetic acid and
formic acid and their hydrates result in large scale endot-
hermic reactions and absorptions of large quantities of heat.
Accordingly, these formic and acelic acid salls are also
suitable for use in the present inventive heat absorbing
devices.

IV. The compounds of the present invention may be
supported within the inventive heat absorbing device via
composite fabric carriers or matrices of the type discussed in
Applicant's aforementioned application and in the prior
noled patents, to form an endothermic structure.
Additionally, the compounds can be supported up against the
beat sensitive device as an endothermic structure via a
retaining matrix, packaging, encapsulation,
microencapsulation, enclosure, or structure; or by being
suspended in other media; or they themsclves may be used
in bulk to form the endothenmic structure. Ircespective of the
support or whether they themselves form the endothermic
structure, said endothermic structure can be measured, cut
and fit to form (i) a heat absorbing surface up against the heat
scasitive device; (ii) an enclosure or container, within which
the heat sensitive device can be placed; or (iii) a thermal
barrier structure or shicld between a heat generator and the
heat sensitive device. If the compounds have not been
formed into an endothermic structure, supported or
atherwise, they could be simply deposited around the heat
scnsitive device. Another embodiment, the retaining struc-
ture can be made of a low thermal conductivity material {oc
a thermal insulator) such as a plastic or polyamide.

Thus, in one embodiment of a heat absorbing device
designed to protect a heat sensitive device from extemnal
heat, the endothermic compounds are enclosed wilhin the
walls of an enclosure. As used herein the (erm enclosure
includes containers or box-like structures of any size or
shape. Io another embodiment of a similar heat absorbing
device, the compounds line the jnner surface of the walls of
the enclosure. In a third embodiment of said heat absorbing
device, the endothermic compounds line the outer surface of
the walls of the enclosure. In yet another embodiment of said
device, the endothermic compounds are packed around the
heat sensitive device, surrounded with a retaining structure
so that it stays packed around the heat sensitive device, and
the wrapped device is then placed in the enclosure. The
retaining structure can, if desired, be a thermally conductive
structure.

On the other hand, in an embodiment of a heat sensitive
device designed to protect a heal sensitive device from its
owt self-generated internal heat, the cndothermic com-
pounds are poured into a container or supported by a
structure and the heat sensitive device is embedded therein,
Of course, if the heat sensitive device is embedded within
the endothermic compound, it is imperative 10 choose an
endothermic compound whose temperature of reaction is
suitable for the particular application, and whose decompo-
sition and/or dehydration products will nol affect the heat
sensitive devices.

1t is clear from the above that the position or location of
the endothermic compounds is not fixed relative to the heat
sensalive device, any outer structure supportive or its insu-
lation. Rather such position or location is dependent on the
application and the heat scnsitive device’s design specifica-
tioos and heat tolerance. Similarly, the coclosure’s shape is
not limited. In fact, the shape and dimensions thereof may or
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may not be limited by the application and the heal sensitive
device’s design specifications.

When the heat absorbing device comprises endothermic
compounds within or liniog its walls (cither outer or inner),
as is in the case of a heal absorbing device designed to
protect from external heat (see discussion above), the heat
sensitive device can be placed within the enclosure either
snugly, with no space between it and the walls of said
enclosure; or loosely so that there is a defined space or a gap
between it and the enclosure's walls.

If the heat sensitive device is placed so that it fits snugly
within the enclosure, then the enclosure will be scaled to
protect the heal sensitive device from the cxternal high heat
conditions, and the entire package can be further wrapped in
insulation to further protect the heat sensitive device from
the outside high temperatures.

On the other hand, if the heat sensitive device is placed so
that it fits to form a gap between it and the heat absorbing
enclosure, a layer of insulation can be placed in the gap
between the heat sensitive device and the enclosure’s walls.
This adds another layer of protection against the outside
heat. The enclosure is then scaled aod if desired can be
further wrapped in another layer of insulation to further
protect the heat scositive device from the outside high heat.

In a preferred embodiment, however, of the heat absorb-
ing device designed to prolect from external heat, said
device is placed adjacent fo the heat sensitive device,
thereafier insulation is wrapped or surrounded about the
device and heat absorber and the entire package may be
placed in a housing.

In one application using the present invention, a flight
data recorder is pravided with a heat absorbing shield. The
shicld is in essence a single, flat, rectangular block very
similar to a small brick. It is sized in length, height and width
so that it could lie right up against and contact the surface of
the flight data recorder circuit board, which requires protec-
tion. The shield consists of cakes of boric acid held together
and retained with metal or plastic. The boric acid wafers are
formed by compression into rectangular cakes, which fit
neatly into the shield’s metal or plastic retainer.

The boric acid shicld is then laid up against the circuit
board of the memory control system of the flight data
recorder, The accompanying graphs 7 and 8 show the natural
rise in temperature of a conventiona] beryllium or wax heat
sink when used with the flight data recorder, as compared to
the same flight recorder's thermal performance with a boric
acid heat absorbing shield formed in accordance with the
present invention described above.

In other applications of the invention, the flight recorder
is placed within boric acid box-like structures; each differing
only in the location of the boric acid, as described above.
The structures are then sealed to protect the flight data
recorder from the external high beat conditions and sub-
jected 1o thermal Ioads in excess of fifty thousand watts per
one hour (1 watt=3600 joules; 1 cal=4,1850 joules), which
is the present government standard for testing flight record-
ers. '

Again it was found that the fight recorder’s thermal
performance after it was sealed within any of the boric acid
structures taught above, was substantially better than the
thermal performance of the same flight recorder applying a
conventional beryllium or wax heat sink thermally protec-
tive structure.

Graph 9 shows the use of a hydrated salt ie. MgS0,.9
7H,0 in 2ccordance with the teachings set forth above, and
how such use resulted in a strong cooling effect as applied
to the flight recorder of Graph 7.
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V. The ultimate shape, size and physical characteristics of
the heat absorbing device, as well as the type and amount of
endothermic material used, are dictated by many factors.
These factors include the type of heat sensitive device being
protected; the time period for which the heat scasitive device
will be exposed to high heat; the temperatures to which the
heat sensitive device will be ultimately exposed; and the
thermal sensitivity of the heat sensitive device.

Thus, for example, if a flight recorder contains electronics
made of malerials that are particularly scositive to high beat,
one might choose to enclose the electronics completely
within an endothermic and insulated enclosure, as described
above. On the other hand, if the electronics are less sensitive
to high heat, one might opt for the use of a single thin
endothermic compound “shield”, as a thermal control sys-
tem.

Similarly, if the flight recorder will be exposed to very
high temperatures, as for cxample 600° C. through 1100° C.
for more than just a few minutes, one would not only choose
to enclose the flight recorder within an endothermic com-
pound “box”, but one would usc an endotherm from theose
described above that decompose within that temperafure
range i.e. Lithium Hydroxide, Sodium Hydroxide ot Alu-
minum Hydroxide; or use more insulation within the “box™
aod pick any of the endothermic compounds disclosed
above; or use multiple layers or mixtures of different
endotherms, set to rcact at different temperatures. More
importantly, however, one would have to calculate, on the
basis of the formulas set forth above, the amount of the
endotherm(s) that would actually have to be contained
within the “box"” so that it could efficiently and completely
absorb the damaging thermal load, to which the flight
recorder will be subjected.

On the other hand, if the flight recorder is going to be
exposed to temperatures between 120° C. and 350° C., one
can choose to enclose it within a boric acid “box.”” The
amount of boric acid within the walls of the “box” ot the
amount of boric acid surrounding the fight recorder either
through its being poured onto the Bight recorder, or through
its being lined onto the inner surface of the “box” can be
calculated on the basis of ¢ H,=(53,600 Kcal/2 mol}(2(62)
/2 molZ432 calig. Specifically, one would have to calcu-
late the amount of heat that the fight recorder would be
exposed to over time. The method of said calculation is well
known in the art. Thus, if the amount of damaging heat to
which the flight recorder will be exposed over len minutes
will be 432000 cal, then the amount of boric acid surround-
ing the flight recocder in the box should be equal to or more
than one thousand grams.

V1. Aluminum Hydroxide (Al{OH),) devices work best as
a high temperature cndothermic temperaiure control
devices. When aluminum hydroxide decomposes, it leaves
behind a strong thermal insulation layer of aluminum oxide
(see above), which further abales a tlemperature risc through
the decomposition products which is deposited within the
heat absorbing device.

Other applications of the prescat iavention preseated, by
way of example and not as a limitation include: temperature
control coatings, wraps and liners, as well as thermal pro-
tection for metal and plastic structures; cooling for
clectronics, oven scnsors, missile skins, exhaust pipes, ther-
mal protection in race cars, firc walls, emergency cooling for
nuclear reactors, guns, munitions boxes, batteries and
related cquipment; and in structures desigoed to shield life
from thermal harm.

Unlike salt hydrates discussed above, hydroxides or car-
bonates may be stored almost indefinitely provided they are
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not exposed to temperatures al or above the lemperature of
reaction. When exposed to reduced pressure and some heat,

hydrales tend to lose water, making them less likely to be

fully effective as cooling agents in some aircraf!
applications, unless properly hermetically sealed, with
allowance to permit venting of water vapor at the tempera-
ture of reaction.

All of the endothermic compounds listed and discussed
above are commercially available and inexpensive. They
may be casily incorporated in and integrated in CFEMs,
metal mesh matrices, silicon or carbon fiber or microencap-
sulated in porous silicals, porous carbon bodies, or sus-
peaded in plastics such as fluoroclastomers, teflon, metals or
other materials. The agents may be shaped in the form of
enclosures, chips, or cakes which can be incorporated in
shaped bodies, and thus, can be formed in shape and
dimension as required. In some applications the agents may
be formed into gels and pastes.

The special compounds of the present invention provide
unforeseen, critical benefits in that they readily absorb
massive quantities of heat, in a unidirectional reaction. And
thal once they absorb it, they do mot release it, they do oot
reverse, and therefore cannot acl as heat generating com-
pounds. Thus, protection for heat sensitive devices is sig-
nificant and substantial within a closed environment.

Furthermore, all of these compounds produce environ-
mentally harmless vapor products during decomposition and
even at elevated temperatures. In addition, since these
compounds are per se generally non-toxic {as compared to
Beryllium, a material used in prior art heat sinks and which
is extremely toxic) they are easier and less expensive 10 use
in the manufacturing process of the heat absorbing devices.

Various modifications and changes have been disclosed
herein, and others will be apparent to those skilled in this art.
Therefore, it is to be understood that the present disclosure
is by way of illustration and not limitation of the present
invention.

What is claimed is:

1. A heat absorbing control device, comprising:

(a) boric acid in an amount to effect sufficient heat
absorption to protect a beat sensitive device from a
damaging thermal load;

{b) support means for supporting said boric acid, said
boric acid being supportable in relation to said heat
scnsilive device by said support meaas;

wherein said boric acid effects said heat absorption at least
in part based on an irreversible decomposition of said
boric acid.

2. The heat absorbing control device according to claim 1,
wherein the means for supporting said boric acid comprises
a retaining matrix, packaging, eocapsulation,
microencapsulation, enclosure or structure.

3. The heat absorbing control device according o claim 1,
wherein the heat sensitive device is embedded within the
boric acid.

4. The heat absorbing control device according to claim 1,
whercin the heat seasitive device is surrounded by the boric
acid.

8. The heal absorbing control device according to claim 1,
wherein the means for supporting said boric acid is a closed
container and wherein said bone acid is located within said
closed container.

6. The heat absorbing control device according to claim 5,
wherein said closed container includes an inner wall and
wherein said boric acid lines the inner wall of the closed
container.
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7. The heat absorbing control device according to claim 3,
wherein said heat sensitive device is located within and
spaced from said boric acid.

8. The heat absorbing control device according to claim 1,
wherein said boric acid is adhered to a fliexible substrate,
said fexible substratc being adaptable to the size and shape
of 2 heat sensitive device in thermal communication with
said boric acid,

9, The heat absorbing control device according to claim 1,
wherein the meaos for supporting said boric acid is config-
ured based on factors selected from the group consisting of
the type of heat sensitive device to be utilized with said boric
acid, spatial limitations associated with said heat sensitive
device, the physical environment of said heal semsilive
device, heat generaling conditions to which said heat seo-
sitive device will be subjected, and combinations thereof.

10. A heat absorbing control device according lo claim 1,
further comprising at least one layer of insulation placed
hetween said heat sensitive device and said support means.

11. A heat absorbing coatrol device according lo claim 1,
further comprising at least one layer of insulation placed
between said support means and a source of beal.

12. A heat absorbing control device according ta claim 1,
further comprising a hermetic seal surrounding szid support
means.

13. A heat absorbing control device according to claim 12,
wherein said hermetic seal includes a vent,

14. A heat absarbing control device, comprising:

boric acid in an amount o effect sufficient heat absorption

to protect a heat sensitive device from a damaging
thermal load, said boric acid being formed into an
endothermic structure that is effective to absorb said
hieat at least in part based on an irreversible decompo-
sition of said boric acid.

15. A heat absatbing control device according 1o claim 14,
further comprising a heat sensitive device in thermal com-
munjcation with said boric acid, and wherein the heat
sensitive device is embedded within said éndothermic struc-
lure.

16. In combination:

{2) 2 heat absorbing control device that includes boric acid

in an amount to effect sufficient heat absorption 1o
protect a heat sensitive device from a damagiog thermal
load; and

(b) a heat sensitive device in thermal communication with

said heat absorbing control device;

wherein said boric acid is supported in relation to said

beat sensitive device, and wherein said boric acid
effects said heat absorption at least in part based on ao
irreversible decomposition of said boric acid.

17. A combination according to claim 16, wherein said
heat sensitive device is selected from the group consisting of
a flight recorder, a metal structure, a plastic structure, an
electronic device, an oven sensor, a missile skin, an exhaust
pipe, 2 race car component, a fire wall, a nuclear reactor
component, a gun, a munitions box, 2 battery and body
protective struchure,

18. A combibation according lo claim 16, wherein said
heat absorbing coatrol device includes a support means for
supporting said boric acid in relation to said heat sensitive
device,




