THERVAL S| GNALI NG OR MARKI NG DEVI CE [1] The present application
clainms priority to U.S. Provisional Patent Application No. 61/343, 469,
filed Aprwb 288/132€80, which is incorporated herein by reCenspee/34365 [ 2]
The present disclosure rel at es to the field of portable, self-contained

t hermal signaling or ' t hermal signaling
or marki ng devices th?ﬁﬁgerl ve élﬁl’m%% y}@%‘}% g)léc@ oI | ed chem cal
reaction which is not pyrotechnic in nature. [3] There are many
situations where a reliable heat source is required in which it is not
possi bl e or practical to enploy electricity or flanmmable fuels. For

I t t b
Cramle, & SR, e et plonereiis AR SRR e, 1ol 5o

close to ctri eating device
or mi cr owRpkcatgeNo. BrB43469% flilediArgl 8Bn32018nwbich is insorpsxatediherein pgt r ol eum

t ank farp% felBe Prohibit the use of burning fuels such as charcoal or stove
fuel . ﬁese situations a non-electric, non-pyrotechnic heating system
woul d be desi[06d] Aheapresent dﬁcl@m@r@&sSMeﬁMoMbﬂEmlf@pemm ch

o sour ce i MALbuAIRG SrindlRiB devisB Bhlt o BardButaf Indhin” SR teneY e o or
art and Hevieedbthahdsrive bhafsIeyleﬁgymamyecboatrollmmhenacamesctlohomdclarsdwdmeverage

heaters and tklg]era euil c heaters. [4] Another application for a
non- el ecPYPLEPRGAN B8 echni ¢ heating device is as a signaling device. Law

enf or cement ap0d3)ri ITHeps yr@méapsmﬁtloaémr@wémlé lh@trmurdertggemeaqmu pment
to observ ndi Vi ua s .and ot her obje ts covert is thermal imaging
equi prent¥N| °b ILBINg P%ssdﬁ'gé’éPF?c\yﬁ?Vo?‘Fﬂqu %I?‘th'%'Fye?%@é“mﬂb'?ﬁ'ée'ﬁpﬁa? ent

t enper at gxamprk, @labm@bsma/gxmgﬁ fPMaVei adhagneél o@b%t/@ﬁage%ht bridly (ot BE éRJsemay not
be visible to the naked i%gp particularly at night when there is little or

no |i ght [0 asewee Qhelectichy FyPoMes 2 eesistigeviype hepting drvigePranicowaMeect t he

di fferengged. nTh SURRRH enperature
of the i ndi vi dueglgjrg ski r?aéi)wrtz%ﬂg;egf E?h%mgﬁeﬁgﬁeﬁﬁﬁgk#?y V\hﬁac’;%{‘l ng. A "heat

i mage” oProhiRit thegse ofibumingsfuglsavchiasshascesl airsteye fuek o thess situstionsiaal
highly vigh QLe%trlc non- ro[tédhnwﬁéﬁtl?lg%yét@ﬁ{\ﬁ@lﬁ%e%%%lrga r\ﬁd’ @%?f’srﬂ% gl ng
or

equi pnent, ere s RS0 a para need i nmproved sources. For
exanpl e, Systtemajﬁab@bd@sdem@dwhlch ipeckuse afrtaéir naturendo nptrequiré Aesouoad in a

manner t enti al
t ar get mgla%]?&ﬁatyonélﬁr a%%o?%ﬁ%up%héfhﬁgmﬁo be)r(z;acntég)]Sg gﬁ {hteﬁgggﬁfaﬁ'ééﬁaggéseen by
ot hers uf;:ung in therprior artrengldrave Heenavadoudipempldyedtasdrandavaroienls foodrayd want t o
covertly,sianal Illes Q are.u t hermal inmagi ng equi prent by marki ng
t he sol dPeZ‘feg%g%B t?f %gﬁp&u ‘ﬁ@?%gf "beacon so that the soldier may be
rescued or at[OO-ﬂasTArb&erdepﬁctdtlbﬁdomnm efebtrrcndbwpyrotechnlc hddiihg\dvice a
variety of deV|cshve vel o eg @rt encgfcf revio st
Goscri bell asnbiAing ey Law et cegErang ity VPRI ch has
many, Ifth@ﬂﬁalall'nbglngfeduhﬁnérﬂﬂb meeﬂmf@@@éh@btr@ob]e@wmmy melid abl e,
conpact,  safe, easy to g é% % y efficient, not a source of ignition,
Hrgent Bb'éﬁ d

non-t oxi @errﬂ?'dma%‘ﬂa?d%ﬂ [sgamerRrasmall Ffffeé?ﬂﬂe? in the apparent

temperature of objects. A person hiding in a field of thick brush may not be visible to
the naked eye, particularly at night when there is little or no light. A thermal imaging
device, however, will be able to detect the difference in the temperature of the brush
as compared to the temperature of the individual’s skin or the clothing the individual
is wearing. A “heat image” of the individual is then displayed which makes the
individual highly visible.

[005] With the increased use of thermal imaging equipment, there is also a
parallel need for improved thermal sources. For example, it may be desirable to
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[7] It is accordingly an object of the disclosure to provide a

mul tiple-part el ectrochem cal thermal signaling or marking system

conpri si yoanilBeswy one first part conprising at | east @o@/Usa@en3436srodi ng
all oy and at | east one absorbent material, and at |east one second part.
The at | ¢35k 9P Jr'd ®ifn RARE r@éHjintahﬁmﬁﬁﬁerjtﬁﬁtséanm%%%ﬁbgﬂﬁse%m be kept
separate until use, at which tinme they are conbihed and heat generation
commencedhermal imagerg] A potentialiengetimigit be ofarkédwith edbetmali‘bedconiise thad net hod

of water ' . i ' V] i.n | n| e-part
el ectr ocr'ltgcrr%n %ﬁ%@@l‘%ﬁ%ﬁ”ﬁ %gﬁ%'r'%%g%%i ﬁégséfgfb%%@@ggﬁ%h gigﬁfg&gaﬁrh&east one
first pamanttonqovestiysigred! allieasthooare usingethemaal irndging ealipomerdbg nadrkingast one
absor bent, mat.eri,a nd l,east _.one second.part ,i.s depl.oyed over an area
of 1 nt or 14 S0 ccalBu Bl Bl BBReSTER Vi B3 08 RV eRIES B oy men
due to theaspbewizntiiedbs wetfrighdlyl” aqueous noisture in the area of interest.

I n other enbogj.nents, .therna nergy is emtted at ti af t er depl oynent
when wat er orfgggﬁeo "?rﬁivéf'ﬁ{'yep%éjﬁf"%%h?%p%?%‘geﬁoﬂeﬁt@?g@tp.urmse [9] In a
further erwslisiEddscribbe, tHene i€ etPanesd Soraf hddlgehBRItiAG deice WXidHgasdr  mar ki ng
system can be_m xe over.  an area of interest. As above,

d and depl oyed
t her mal &Vl nPEalér?iffrleefe”‘?‘ﬂ'neéP?'@CF?@H%é‘?WT‘Eﬂ%ter'JBB'ﬁ: BIPPRSINEHE. due to the

pr esence ¢gby wPdeployP higHipembiRntPob A YbErck df ighRioRA! Aen-Rixid, Bich&grhdabiB, Ot her
enbodi nents, thernmal energy is emtted at a tinme after deploynent when

wat er or apgee¥IRI MBlIENdt ers the area of interest. [10] In
anot her aSpeCfOSZf atIE% ﬂc@éﬁ#};‘( g?}%&]&?b‘ﬁﬁﬁd%ldsﬁ?est% $t86idé .rﬁﬁ'lﬁplgifatns may be

contai ned ins a housi ng whi eeps the at least one first rt of the
mul t i - paetecpehamicalibeinealisignaéngral markimasystem sompiiskigrad least veerfitssépar at e

f th ; t j | ' L X i,s desired.
[19] 1 B3R spRREbnE R ISREOAE Biooridling 1By ot BsBon b died s °F 0 £ °
cont ai nneraterddvarckeatdeagtongisegornd parkafhe ahleast oret firstyperbamhthet atpeast, at | east

one seco ' t ne_vent, . rp,in_fluid.

cormuni a0 Sacut PATE ysBBE keriTesn R br@oRe AT TR Irtlol Bt Last one
of the atndt bastgeneeatianr immoemdes. nment nenber and the at | east one second
cont ai nnent r,.and, at | east_one breakable barrier separating the at
| east one fi ?@%ﬁoﬂ?é’f‘ﬂwgﬁ?s?ﬂit‘)f &\Eo%???{ﬁ, déﬁc‘qsgéesta %ﬂ@ﬁé’%ﬁ%f&ém ai nnent
part. aqueoUslddistune etectitroishgovidsd atlergmb multisle pafsidtrodhsmicasure i s
directed, to a contai nnent device conpri sing at | east one first nenber
conpri si AFRakygnalingor Marking System ¢ gqsn%gt Iga3tong Tt RREL CHRRIFING ¥ t he at

| east onpeabi 615 sUPMeBFrotiPglIIBY bHE ableabEatd aktdfos AtReAl NRES: IEAG e | east
one first nenber and the at | east one second nenber wherein the at | east

one spac&SBRRATLE deploypd quer yhareaidnterest rlgdiomy anbediments. Miermehst one
absorbenénérgpwérﬁlttedmn%][uyf&mauéEbfﬂe%rés&%wwa@@rtdr%aﬁb% the at | east

one space and the outside of "the contal nment device throug i ch one of
wat er, afoltirednhesyeatdf Biieresh lajasherresniadiments, thiesnalrenerayf isemjitted at he

f or egoi ng HRYafe dEEFg&%HF@ﬂeH Wateridt@qBbolLABIs I SniREGR AeaWifillelt T heat

generati on comrenc
[009] In a further embodiment, the dry components of the thermal signaling

or marking system can be mixed and deployed over an area of interest. As above,
thermal energy is emitted in certain embodiments upon deployment due to the
presence of water or aqueous moisture in the area of interest. In other
embodiments, thermal energy is emitted at a time after deployment when water or
aqueous moisture enters the area of interest.

[010] In another aspect of the present disclosure, at least one of the parts
may be contained inside a housing which keeps the at least one first part of the
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[13] In a further enbodi ment, the present disclosure is directed to a
cont ai nnent device conprising at |east one first contai nnent part
conpri si yoanil/Besw one super-corroding all oy and at | eaet/use@1abs6s bent
material, at |east one breakabl e contai nnment part di sposed mﬁthin t he at

| east On?ntff § éhé}ﬂﬁﬁfthgﬁﬁél s@{%ﬂlgbrhﬁﬁ%ﬁ nﬁer“%ke% BtftLUid

communi cat1 o he at | east one st cont rrent an
out si de dgast hee §©¢ﬂ®|ﬂﬂfﬁmmtllcw¢hd@e Fheixig [ssjegfred he el ect rochem cal thernal

signal ing or ki g S¥ishere dbaahenehd bR ALASENL ipakapys are
% 2k oHiseR: drdod

cont enpl at ed e contal ne contal nent devi ces.
[ 14] Addiwhmnmhemupncesompﬂsmg\akiﬂaage@e brfst cmianjrrmit panrat leadtlonbe set forth

the” aescrbRtTescr el g% At aE b ko ifemBRtn D RirhmibiearalfyPEiegs 1O

obj ect s antsidedofdhé agletalrm'iertt ldevipe aad it Iet:hssomeoelme a\tvldalstbme fisal | zed and
attai ned by, neans of the nd conbi,nat ﬂﬂartlgul ar ted out

|
e o SRR et and fRE B leB5E0tq $645g0 gt rBs apeiat BBt h ¢ he

f or egoi ngngdRedkabledsfaén gEpacdatingrite bhleasidrieofisnNeprdsihmehepartfregrthptat on are
exenpl ary and ex Ianator only and are not restrictive of the disclosure,
as clai m{??s’t ones °° ndaent é‘?ﬂﬂmanyi ng draw ngs, which are incorporated

in and consti[gibp anRet hnéthet &hbodiRRet, ftthe pldsent disdibsie iddifectdtPRrd ment s of
the disclosure and together with the description, serve to explain the

pri nci pl €9niginmpeqt dgvise Icospriaing plleast enssinst PEMOeT CPMPFEINDR/SRENIEE

[17] FI Gopénﬁl?pét%a%t%né%éb&rﬁi fn@moRF 99&'&! f&ﬂh@%te%?@ﬁé first nfé%e?l/d otechnic
heat . 8] gl cts an ex view of a device for producing

nonel ect PreVidenatieastopesprae eetesn the at |%35t Cfnﬁgf]fSthNbsf geghther @t leastexpl oded
view of aReLRESndIRYhBEr WAErER: Bl IEUEt BRESHEEE EdrfipridddtRdsPbRE ROp&- Neat -

corroding alloy and at least one absorbent material. The opening is in fluid
communication with the at least one space and the outside of the containment
device through which one of water, an aqueous solution, an electrolyte, or mixtures
of any of the foregoing may be introduced into the at least one space at which time
heat generation commences.

[013] In a further embodiment, the present disclosure is directed to a
containment device comprising at least one first containment part comprising at least
one super-corroding alloy and at least one absorbent material, at least one
breakable containment part disposed within the at least one first containment part,
and at least one vent member in fluid communication with the at least one first
containment member and the outside of the containment device. The parts of the
electrochemical thermal signaling or marking system disclosed in the present
disclosure are contemplated to be contained in such housing and/or containment
devices.

[014] Additional objects and advantages of the disclosure will be set forth in
part in the description which follows, and in part will be obvious from the description,
or may be learned by practice of the disclosure. The objects and advantages of the
present disclosure will be realized and attained by means of the elements and
combinations particularly pointed out in the appended claims.
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[20] FIG 4 depicts another device for producing non-electric,

non- pyr ot echni ¢ heat. [21] FIG 5 depicts yet another device for
produci ngvoantiel3essri ¢, non- pyrotechni ¢ heat. [ 2PL TRIS®1163436Pi cts a
further device for producing non-electric, non-pyrotechnic heat.

DESCRI PTI ON E W syst ens
accordi n(% 1§F rlgsl\éggtge | sc%tg%dr ga&gétﬁ?}i&etﬁ@?&ﬁg?bﬂ&aﬂ %%ér@go@?)ﬁ?rol | ed
cheni cal fnee@di@wm dmhall@ld de§cmiton|@,re@o<emmmcah¢memlauatery cmiy apeardheotei n, the
term " pyr é’étﬁ&v@'o?therc?gﬁb% 0 2R%inRipcess whereby a fuel undergoes rapid
oxi dation suc I'n the burning or catal ytic deconposition of a fuel with
an oxidi zer. [Mé]tefhm a@:omMym\gfdrawnjlgswmlnlnlac&jmcnmmramdm ammgorrselaﬂel ons

such as [ r |aI n wn a

"ther m + SaECo i ERCARR, Ml GBdgnglis BLEE rEBhSLE B3 058 il m does
not i ncl mlaedeﬂ:hpMn Genestoteaxplain the principldsflthé\disulwedrener ei n, the term
"non-electric" refers ot utilize

el ectricity outside of% PTQ@@E&&Q@!&#M%H. The term does
not include gal vanic reactions. [ 25] An enbodi nent of the present

di scl osur e i s[0dir} edtl€d 1tdepatsraidevice fortpred eding noelectiz nompyrasécimicgnal i ng or
mar ki ng f‘% tem conprising at |least one first part conprising at |east one
super-co |ng all oy and at | east one absorbent material, and at |east one
second part clrp} i Gy 2ateplotsaah erplodebuparndatdevide foepilodubingmdadi ments, the
at | east %Fﬁ second art coegirlses a conmponent chosen fromwater, an
aqueous S&CHEG BA- p?é'io ¢d0iGhedte el ectrolyte, and mixtures of any of the
foregoi ng. As[ouspd R 8idepictdgn bRplBiERUBRDI Andtler tbABe fdr¢frédiiigPnéh-sol ution
conprising water and at |east one additional substance, which may be a

sol i d, aClFeHiG gon Byr@é%‘:h”&h%? conbi nati on of any of the foregoing. Al so as
used herein, [ohe]tqwlm @legrcw@ﬁ.dth der\&feqbspﬂoauefng neh%&ﬁé feArpound t hat

i oni zes when di ssol ved or nolten to produce an electrically conductive
medi um PYyrotechnic heat.

[021] FIG. § depicts yet another device for producing non-electric, non-
pyrotechnic heat.
[022] FIG. 6 depicts a further device for producing non-electric, non-
pyrotechnic heat.
DESCRIPTION OF THE EMBODIMENTS

[023] The heating devices and systems according to the present disclosure
derive their energy from a controlled chemical reaction which is not pyrotechnic in
nature. As used herein, the term “pyrotechnic” refers to any process whereby a fuel
undergoes rapid oxidation such as in the burning or catalytic decomposition of a fuel
with an oxidizer. The term is also defined to include non-oxidizing reactions such as
those between dissimilar metals or other materials known as “thermites” or materials
which undergo “gasless” combustion. The term does not include galvanic reactions.

[024]  As used herein, the term "non-electric” refers to devices and systems
that do not utilize electricity outside of the electric generating system itself. The term
does not include galvanic reactions.

[025] An embodiment of the present disclosure is directed to a multi-part
electrochemical thermal signaling or marking system comprising at least one first
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[26] In accordance with the present disclosure, the at | east one absorbent
mat eri al can be chosen from for exanple, natural and synthetic polyneric
absor bentwo 2budi3ess0l | oi d/ pol ysacchari de absorbents, cel lParaseei1abs6s bent s,
gum and resin absorbents, inorganic absorbents, gel-formng

flui d-i ntgfas tpYr@rnp‘y??édsY né’%ﬁ?@r‘dbgr%dlnyﬂbx aﬁat%tt {)r‘lé‘ébscﬂ'benteaSt one

super - absor ben Xtures or egol ng [ 27]
I n certarmaterrﬁimndrmneoﬁt onkesegond earscomnesm@ebheaemnmremrwntcbnqmamas at

| east on

super - ab%nﬁ%@ﬁr{ierﬁ?ﬁﬂ%ﬁ%&ge&%’%on{j ?éﬁ ﬁ]pg)éﬁlr’g&fbtr?gﬁz@@ for

exanpl e, water| an aaumuses@rtloabbbleasta&rerelectmdytetﬂrm bdtyreeof anysofthent s whi ch

are ligh ss-lin 0 l.pyrr Ildones

Ui fonat S1pENGS 5 s Bl e TR AR TR FRrBISB SBPTE T oet ny!

acryl at esompasiyig dralterchmaixatdedsyt Ionecadylitrahalss,ubptahyaomryd:ram behy solidd, wz ed

pol yacryl.am des_an mers .of a Wt h acr aci scribed in
s Pat LN 5o 28 6o RRRI AR oy R Ll fOmsoRIc cipo AR i5pe Befiides FIEL 1 n
U.S. Pat eéléctNﬂ’yte Brefote td dhy cﬁ@ﬁlcﬂ%d?ﬁpotﬁ@rtﬁbtabmze@%éﬁ dligebvealoy atwitehat e,
l'ithium P/acr | at e, amoni um [ Iate and m xtures of any of the

f or egoi n Proques AR Slestricatn gp |ge¥q | east one super-absorbent pol ymer

conpri ses sodroqa] th)éééérﬂbﬁé@wnﬁtﬁé'br%@@ntQi@dIWe aRké at least orkoApYHRberitor this
purpose is produced by Energing Technol ogies, Inc,, Geensboro, North

Car ol i namaterial éan bg CE‘@#QF lipidefor enampleana Upal apd sgnthetic polymeric[ 28] In sone
enbodi ”Eabforbénécﬁﬁréé’dh‘éﬁ/ %bcl:ﬁé‘ﬂd%f Plend, %Shtﬂéélé%bs@rbeh&aﬁ&maarao”' on
of the at | east one super-absorbent mer conprises a coati I n ot her
enmbodi mefasy) alasogwgs,an@rganw@bogrhentﬁ gehér@méwrgbwamaqt@svﬁer conpri ses

h
:m(;lcj)ﬁtl Sraeezgtéﬁ1 ?ﬁgonl a tout’ "rgogﬁo%&rcﬁ?e St%g F@&%%W ﬁ{)r?tptrg% exaﬁgl es

i ncl ude any aftherdereggingat er t han 60% of the total anount, an anount greater

amount - an anSart °ResfaR Phoossfioieia BB b0 gl he ! Cureater
t han 90%cahptises dtdeadt oagBupér-atzandbent palyment Egamatesrofttﬂmat IBagharfe t he t ot al
amount . Exanpl.es_ . of atin erjals useful in th sent discl psure
ol e SUSARSRrRr RFieh foofbl FithE presHRCa o e it B e hee SPRT oer t ai
enboFII gFWbﬂar:-sWaHé Weestnsonolehyaymehobbmeﬁermﬂgreate ugmtlybnﬁerbhnké@m \évat er

i nsol ubl e t her nopl asti ¢, or gani c eri i in ar bons an

nat ur al | YOO FB%%BQWH@ 'PVUFW‘%FFO? Gﬁ?teaa"ﬁw @%ﬂ r; organic
silicon QGIWIﬁyttvﬂiene@Cbolﬁisﬂﬂoétﬁi/IWét@QSpdhgzafy@ﬁ)xyéthlyb/&rylaté%neS cont ai ni ng

hal ogens i ncl udi ng fl uorine n¥ rocarbons, including po fyrrers
cont ai ni H@y%‘FW'BFeisnBy%[ﬁHZW RelARRYIanides and copql X}'ﬁ%"rsso fiagrviaraide yith aaryligat ur al

or synt hgtill GeSEHedi RS, nyehpnbobssg I?MBQ%%&Ilérti'db%arbeﬁf‘ﬁtafﬂr?é‘iUres of any
of the foregoing. In certaln other enbodi'nents, r ophobi ¢ conponent
conpri se@ewp%éhpcs SatentdNo. 8,670, t%ﬂbrsedpmwmndat@r ppéasmm this purpose is
produced sol d
under the Y?éapgg{éengtr?e% (Fy‘ﬁbry%%pé?ﬁrﬂbhﬂﬂtpé}gﬁdnﬁﬁtecgb&g?lﬁﬂééﬁbdgg ngengﬂsey t he at
| east onforeaging. - latswuammbpdjmpn@r thesatdeast one superaabsonipemitpolyaresi ng from
about O. pgr, € i ght of
t he at I(g,’as@rso%ﬁe%totd fu?%? Qggér%’%?%og S@ﬁ@%&%?é?&ﬁ%%e”@g@?‘ e?ﬁ% tgg glwo sor bent
pol ynmer isamnodusedrbysemerging Bechamotngies, iren dsnegnshrasm NoduCatlibapesrcsntly t o about
80 perce i the dry weight of the at |east one first
part, sug‘hdgéd%b%@% ﬁ%d%é) rcent to about 75 percent by weight, from
about 0.5 per[028jt tmsahembﬁdlmmtsonacdmjdameqhmthérpmeseabdlsblo@uﬁz percent to
about 65 perce from abo ercent to out 60 rcent by
oer gt . BBSA Peftien Be B ieass obd Shicreabusmie RSV EE" saigte  Fastindhdr 0. 5

per cent %meﬁé)ﬂb%dlﬁﬁptb?hffrﬁttahﬂam@hﬁ of fHeQﬁlpébgbiorﬁirg pWrﬁ@fﬁonE)rShséBOUt 45
per cent i ght rom abo ent to abput per cent

about 0. %gpéelr@erﬁs YIS, g‘\?tﬁ@’ %Wamwt referg ie 4B Gmount deﬁé‘?rcent to
about 30thBRREEIES0Y oMBiedBtal afoRft. arb@ruhmﬁmg eXafmpRiYtinéIddé BR@motit Per cent by
wei ght, from about 0.5 percent to about 20 percent by weight, from about 1
percent to about 80 percent by weightP-fromabout 1 percent to about 75
percent by weight, fromabout 1 percent to about 70 percent by weight, from
about 1 percent to about 65 percent by weight, fromabout 1 percent to
about 60 percent by weight, about 1 percent to about 55 percent by weight,
fromabout 1 percent to about 50 percent by weight, from about 1 percent to
about 45 percent by weight, from about 1 percent to about 40 percent by

wei ght, from about 1 percent to about 35 percent by weight, fromabout 1
percent to about 30 percent by wer ght from about 1 percent to about 25

o o, o " . o o, o



[31] For exanple, in certain enbodi nents, the at |east one super-corroding
all oy conprises magnesium and iron. A representative exanple of a suitable
super - corwodnngi3gd4boy is an alloy with an atom ¢ wei ght pcatiseolofozgbdut 5%
iron to about 95% nmagnesi um although other ratios nay be suitably

enpl oyed i | +S L tron, Inc.
Ci nci nna[glré,%t%]{b%ﬁge%cgr%h?gotélgrraﬁl]i&d%rfé'@ﬁgﬁtfgrrg%tgpF}r%ﬁe“ﬁj?gQPM‘LF%QZl | oy, Wnen
react ed amont ahianuownt grestentban 6% cfibé tatsl aaduntywan amoustgrehiebthrast e a

ot O bass 8Bt SRE MralEmdliRt an ABLACRRLER BianSto, A AR Bl DRt hhy B L P "
r Fact i oln ahasintgreatsd thdre95%atof thet tntam:mmma';] Exarhples ebyoatmlggmta)negals hseful I

t t t
Cheory” 1 Ge et AReRXa b gk ot on dortbrboid? e B8 Do RbBiit o an i on
S ong ancmpofert. by certdily embobipgeras.de St Kastie fytroghdbic mp@’ﬁeéiﬁmsﬁeggﬁt
oo hahGan T WA g dIe ChtingREohe PEBRIC 'BR(eliAB Ing AR By SBRarooBE

al | oy coap@nafiralpradcaning resifis FoaT pattoleurh Palphal ahB o8l tae lorgstieBliéad t her mal
si gnal i ngaor mar ki ng system by s| owi ng the reaction rate. [32] In

some enb&eMRBYRCS '”?'H@'”Stpofyé&acnoéﬂ@‘aﬂﬁﬁsQo'lét‘:i”PW‘e@cﬁ?Béﬂﬁ@ﬁg halpgepe present in
an at om gycRRlir HudPRE CIRAIhy RGEHrBSNS, "r@iﬂcﬁﬁ{?ﬂél n%@rso@drﬁﬁﬁﬁwgtdhlﬁﬁg%dgg S
percent and the at |east ‘one second a onponent may be present in an

at oni ¢ WBHYHE; paiiQusRolYaergiip e ﬁoamO&BaMaIcPr5yrpféett@ﬂmut8¢prt§bbmroehpm@r cent.

For exa I in an
atom o el SR IESIER, RPThES of oy br B (BB RTL M e TEh e Enfbogifdts Ot
such as fhedmdmmmawnmmr@@hcombﬂ%ﬁsmwowiq)s’ﬁmrﬁ suitalderppiogenicalicper cent to
about 97 i Lom about 80
per cent 08%51' posé 'ngggn%ﬁ b?%%ﬁg %mg%l éB&’ctéar{fR) §1t gaégﬁl%'cg'ggﬁercent
from aboonmémlyp@tcbmderﬁhﬁ tiadinard8 I-t[H(@etrhltS from about 86 percent to about

93 t, f d,f bout 90
por bent to' atBen odt peral entoERtat MR AR KasthdSiiE Hosa Bt FPIRET one 111 st
albl o%/ g(zapmaehh mangwwtﬁwnglmg\fram aboatrd S pmaé@hlto pb@tﬂ?ﬁpa&er{abxggﬁeum pe[cent
abou er ou er ercen ou ercen

Shout oo e &Y lorear el st 0B Blat neR. BEF ERAhoIe @At st BF cont
about QgsWr%@brbeaﬂﬂolwheuba@Be 5rds%ht3mﬂin ambéntaandigg sbnoasousegond al | oy
conponen

t Ires om c wei ght ercent rangin
D EberebaBbou AGbeyeatun; whighh hosed P?E’fﬁ%d{ﬁlgm% tatBRT A8 about 14
per cent, fidst part, e tas Gro BSOS pér@eﬁth@tabo&fzwséféem by WeRAt, dphiAbdutS per cent

to about 10 percent fr.om about 1 percent to about I0 percent, from about

2 per cenf-5tRETEANG tR akeHtgORaseNt bﬁ/r"fﬁ'lgfﬁbf&m abopty Sdercans tagbrut 660 per cent
from abo Pk t teps about 10
Per cent P R o B B DL O i e .
the at | ResentdaabauicTnperaentdyy weighlofremt ab%ltﬁ@@@ﬁ@ntltﬁ ahautdbpereenigtyght

per cent t 3

per cont , PaigRnHlD chou 8% hehnt B2BUl ds BEER!y waUBl ol BXAYY peroll)

per cent , tozahout 4Q9€¢§ntbwwelgbb@bpun&5m@rmm atmt@ﬁ pE@CQmeye\ra]ghtaﬁt\Qinabout 20
percent. i t t at | east
one fi rs?B 'O% ﬁ’érgé’ntotﬁtgﬁp gtg%bd&%}ﬁént t{i’%&@ﬁﬁﬁgﬁ\@%ﬁpéﬁr&%ﬁ t?%éo%{ﬁj east one
second aperogntdwwpmgmnfromaabquaﬁ@epdwem@abant;izcmert:ér& hyummglntcﬁbm\auotwes listed

Gesor behPRisgOLS St AA BERRPAPwERR: HoRbekind MiGRME) aftulr oabain gas

certain weightlfrormatoudfl geheenttesibndt 70i peeters by eveighivireta aboatit bahieﬁtwentl ng

t I th d nbodi t
Toas bl Pt B MaIY oy BPoviaeaesn ™ abBut Al BeisSoHS WPBhhr al ess of
devi ce osbcunt glercumt toaiSout SBtperddit b?wwgm fes abeue! pbeht tdigbouese! - | n sone

i udes at | east one vent which relieves

enbodi nents, the vent i nc

ydr ogerPEIRET BRI B aHoUF & PercenbiorahoLL 4B Garaneh P weldhs e PaPHirent
devi ce CEETBEAtIS BbEutRRY Btsertlyaldight, trbmtabalt @\b@rdé\ﬁfifcpé)&ﬂlt 88%ef&@ingpye While
mai ntaining the fluid therein. In some enbodi ments, a substantial” amount of
t he contai nnent device conprises the-@erous naterlal I n other enbodi nents,
the containment device is itself made fromthe porous naterial. An exanple
of a porous material useful in the present disclosure includes hydrophobic
spun- bonded pol yet hyl ene, such as Tyvek(r) manufactured by DuPont.

[34] Wthout wishing to be bound by any particular theory, the thermal
"life" of the electrochem cal thermal signaling or marking system can
depend on such aspects as the surface area of the reactive materials,
el ectrolyte conductivity, and availability of water. One nmethod for



[35] In certain enbodi nents, the quantity of substantially uncoated
particles is greater than the quantity of at |east partially coated

parti cl eswolznii¢Bpg4ai n ot her enbodi nents, the quantity ofPCIaisstiansidas |y
uncoated particles is less than the quantity of at |east partially coated

particl e%veudrtl 4 aﬁﬂﬂhﬁisggﬂg%b@f‘éo ﬁéﬁ&&%ﬁ%l‘gﬁ fu%ﬁnugl%'cf{'lftﬁ?%r?éﬂt'té(

uncoat ed es IS s i al e sa at | east

partiall g @@a&%@erp@mttuyowght i:gmﬁtwt il Iperdens tocahnud 20 pereanb by aveighdl | y t he
sanme" ne ot econd val ue.
I n ot her ﬂgﬁ]o%%%rre# gc,ér%ar%l esepaérrgeﬁggg rfthﬁgrﬁca%%t ?E H%gtr %bgb% gr m ng
sem - ri gi’8 pstaemt by metght,dfngm iabout pereepiaptaboLIteEO percent by weéignt, Ifnmm;ome

Sroodi meBbgut 4 RecsftbiREuCE B ERt WBhE FroRCatil 2 PR R and e 1o o,

S od) pepbeent hiewoish 'a"’g”m"’p?".e?ﬁm e Rt T Bt bt

S oohol Prtenbardif b PlieRiBl Wity Hom S8Rt Lpsedit e Sholt 5 pe SRR M ar o

| ong- Chaweugmlt fraime bboMpérsent talabpbed0 perabrtadolvsight, fioat aesn 24ereerd t&0 car bon

at ons h ot hers be suitably enpl oyed i tabl e et hoxyl at ed
| ong- chaiah %%O‘P%F%ntfbdrwq' tFrB E58F5336H5’d%99é'(§§ PY M&Hs, Sugar

Land, Texafm aWtQ@é?ééht@éb‘bde@Qferééﬂb nmtfht%m aUBUi?Qérthh@@Ho@i es, 700

series. |n yet other enbodinents, the coatl ng npri si ng | east one

et hoxyl a?@tﬂ’efc@ﬁbblﬁ weight.4ram HBPU"fEﬁP‘Erﬁ%’Ft te @ﬁ’ﬁ\ﬂ'ﬁ %Qa@erﬁﬁnq té/a‘é!?'gbhéf Oftht er

| nsol ubl ghamispdrabnt (Sabbabl FpubRiby w&ghvﬂbﬁa JBUREI Rk dorkt R bR 79] [ phat [ C
al cohol s of between 20 and carbon a alth ou%y ot hers may be suitably
enpl oyedPeﬂCﬁn%@M weight, fiem ’ém}édi pAseeny to ?h@Utaﬁ5 peseent n@elghﬁpﬁpmbﬂl ng
all oy co antially
uncoat edggg:rlatﬁ f@ldggh{ Bﬁhg&eﬁpg?&e 'ghgi%{spuf?gé'tggg% @?ﬁgg?bg?ﬁ&%ﬁ%d m Xt ures
of any oweight ffoom agaitrigperaent tolabogioz pergentsy-waight, froloatenut Srpencent to

wat er - so t r t abl e

coat i ng, ggméggﬁééﬂ%%%'éﬁ ﬁém't@a%logggpggcﬁ?eﬁ?g)t %%Ma %E bg% ?n al cohol ,
and m xt fromsabout aperaent tmademﬂégxemagmi by welght ffdﬁ]abbnt &per[e:eafnbcaﬂxomant S,

t I i be .appl i b
panni ng20 eREREhy wERH (T BHRE neipLi 5 B ety e BREABE TR e s,
goatl ng glsom;smere@f}t)b? ab?m@mgsinggiyeﬂélm tlntcﬁﬁaihmbd&memer fhemtmsis ast

escribed in e .3, n ro arficles to
be. coat et PWPerADsPEeRE o e TRt S an Bk SR Frtpdnbeat ke | s
i nt r oducgpelcant, abdutEperpenty abb\at7 patberitesodud 10 perdemt tdLuess prdéﬁE%bobt me and
appl i cat coating thickness. The Wi stermfr ocess

[
is well- é@?’?%’g%f@ggé%één ﬂ%?;grgt\ég{)&g@@ RereeiLaRgut %érpﬁf‘iﬂ“ésa boyk #%88ECeRk shing to

be bounda%{n&&beﬁ@r&'ébéiu%otp@ﬂféhi/by wa,@tht %oﬁ%@bé%ﬁt %Mult@ parebated in a
non- aqueous formto avoid_wettin he “super-corroding alloy and initiating

t he reac@PVh 6@&?&?’1"@@‘#&79%5}%8 abpuZh P?rcﬁﬂfdapﬁ‘étr@dgﬁré@’&r AU g5t he al | oy.
[38] W t hubntvhsdbBSuticd wca&t%agmaﬁasmrf et weldMe 8F dhe f}né&sl?ghe met hod
of delayln? t he reaction east” one super-corrodi ng all oy
i s by vafirgt payt.t bhis gae intendedthatthefamavet af the @4 igasbare supasrabserbentii ng al | oy.
The reac‘t)é of &M2nb8 KRthEn ?rh/éfhﬁe Rk él‘?/aﬁfé'éfll%ﬁ a%bQ/P that smaller
particles nd to réact a her reac 1on rate than larger particles. In
accor dance W[OW]oné'hemmpﬁHredthﬁoct\mleri’asemal &nbrwhgsun'arkmgeys;temlcﬂast one

super-co z m_about
05 o bR e By s S BORph SR Nast BhEBuP B Bl T s by

enbodi meermbodimentst tHeeztdeasiwae super-caroydirapaliay @Irﬂpmemyleasmme firet @llayi xt ur e
of parti S _copprisi ti.cl es ran i.n siz oma out St andar d
Si eve 16&"%06(1?8%%%%@55[%3?[&“5{“89 gsiwﬂaﬂac’ 'PB‘ ngsP ?lﬁh?n si ze from
aggut u. fé{egﬁin@miw at hléast\oael%cb@d aﬁwﬁompoﬁenﬁtmyéarfdanﬁ?lrenecolbﬁ@r nickel,

Additio ot.her epbodi u i articles ranging in
si ze frgtﬂ? ﬁ@uf’ﬁrﬁ'@‘ms‘t’%{ r%“@@ge F?’%’ gﬂbﬁ&greg@in Standard Sieve 140 is
substantially the sane as the gquantity of particles ranging in size from
about Standard Sieve 16 to about U. S. Standard Sieve 20. As used in this
context, "substantially the sane" neahs that the first value is within 1
percent of the second value. In still other enbodi nents, the at | east one
super-corroding alloy may conprise particles chosen fromparticles ranging
in size fromabout U S Standard Sieve 14 to about U S. Standard Sieve 200,
particles ranging in size fromabout U S Standard Sieve 16 to about U S
Standard Sieve 20, particles ranging in size fromabout U S. Standard

Sieve 45 to about U S. Standard Sieve 140, and m xtures of any of the
f or egoi ng.



[39] In other enbodinents, the quantity of particles ranging in size from
about U S. Standard Sieve 45 to about U S. Standard Sieve 140 is greater

t han t he woantivt3ys4of particles ranging in size from aboRCTWSH1188en%lar d
Sieve 16 to about U S. Standard Sieve 20. And in still other enbodinments,
the quantity argd LDk [ Ehstdme suskgndard Sieve 45
to about U S.@E’?gnfgrr%&gﬁlg\r/egﬁggég%msQﬁggﬁ%ngﬂﬁfgﬂqq%ntnﬁtsy@o? particles
rangi ng corredingaliayoearaprings nsagnesivng asi éoe Agepresantative exanplgiodadar d Si eve
20. - ) - W=ty - ; - #a8i-ng al | oy
conpri segu'})éailﬁolelfdse?fc ?%@Sﬁﬂ gﬂ corr%lfogs@?ﬁ%@%gﬁ ?gflegi’m ?g?t%tkﬁgbloggss@ qﬁ)grr\]e

super - cota algiut §5% magnesiam, altwughetheruativspoay be suitably esnpipyedn Asi ze from

2 Tengt noBrin 0 G B e PeRE bR OBhAtoR T ACRG hal QBB curar

t heory, tineentlyaold omierfthd trad@hameast . oftee sllgyewheo reantedgitialalliayidt o pr oduce
thermal sj ljin r marking tak l.ace.at.the surface o e pellet and
sl owl y CSI‘?E{ESFE‘% g'ﬁ ﬁ%F?'EW.a ,hcear‘agagﬁaégrais&mf&anf ﬂ@OHBﬁa‘?@}e&i- iﬂ?face ar ea
(over whiedttibieortraes ietRer wntidal of theltd Jeastotk it LG dodfipdR®s has Beerbe
selected to provide g deqsfj LEd reaction ti in order to oFtim'ze t he

dur at i on®HtS ‘_?ﬁs”‘e geb t"_.""l“f"ta ap é?‘ﬁa\éﬂaﬁtaﬁ ?r.st,o eé(aB%rla_eetth‘?be\ét | east
one supeferi&Vindthee@tdR¥ fiof PleQend Mithe K MEKIAG itdBe PBlA @%eﬁéof the at

| east one super-corroding alloy under a pressure of about 100, 000 Kg/cnR

(appr ox. PartisUlaT thepbh ttresiafe offeristBiRiPR o5 3deastPae eHpPT X TAdIgAlRYS r abl e
shape, apgh pOMddtidted By GXFHY tRE atdific4iantirtio 6/¢AETRL RasBOFPESconaame)y from
cylindrical, spherical, wedge, and star- [41] The at | east one

super - cof@BEPRRNt 40 theyatdeast onp dicstiaHoy pempenrent RresgnteuchthatvariPa e present in
an anoun i wei ght,
based ongttomgg)re@g‘ &E%%ﬁ?@?%ﬁéle&? t eaééeiéog%é%lﬂﬂwr:%rﬁg%rge}r{?ﬂ@@ﬁﬁseﬁbéml e, the at
| east onthesmploutputraf thi elgctid¢heymical thérmabsignaling drrmarnkingraystem byngi ng from
about 1 ' 90 percent by weight, based on the dry wei ght of

t he at Iglggvﬁ%gh%tr??@?w%taeft, such as from about 1 percent to about 80
percent, fron0akoutin $omereratmidimentabthetat Easpene érst aloy compprtent mrayrbeabout 1
percent to _about 7 ercent, b i ght. rom,ab 1 _pergcent bout 60

e cont  BiFRal Hiap oG ieRhnerH fting TbBTARRTED efrdsH Btod doler ghe *t rom
agout 1 penceﬁtrﬁndttgeabmté& f@ﬁ&ﬂ@llobyom@bg@ﬁt,méyl@erpedgeutinlambmt tg
about 30 percent wei ght 0 out 1 perce to abo 25 percent by

et gt - WRGhY BB aRt rangeE diokn bE e e ost BARBETO BrcaBt diar xelgIR. - 12-

about 3 peresdst bee ARBElloBELABETRIN nayfUeoifesdiftin as ap@hie dightperdeatit 75
percent by wei ?ht, from about S@Bercent t o about 7%?r§ercengobé wej ght, from
about 3 [FBEEGton éb%tcﬁﬂp%ée'ﬁféP RAvt $3/ Pl BuChs 3lherRIRbaHt 80 pRICERhP t o
about 5034t ©8Herddht WRdrel Rbouf §PPeeMUb aBolEITEarcehtofraRUbout 80 PEFceRNt by

wei ght, from about 3 percent to about 30 percent by weight, from about 3

percent OARAWHER PEECeRE OB BLYH! SRAGFANT t9 ABPHIASRACENtHEITE ARPUL D about 20
percent byrcuitdRbouf %@g@tsrﬁgﬁt‘ﬁroﬂw %LEQQtpeFdénﬂﬁboéﬁou?% %%Féé‘ﬁﬂtfrow abgight, from

about 4 gercent to abo 0 percent by weight, from about 4 percent to
about 603%eerEent toapolkPY Rercent. dionnaeait 88 nesgant i abaut PBaerced, anskfecemt by

wei ght, SN 0 ; ] i f out 4

per cent %% abg%t% P%egf'bdé?%céﬁ[@t 3&“\3\%&9&%?&%@%&%@@&?&%&\3@% gg'%taSttcE)n%a rgtgt 25

per cent aloywenponent is presend int antapemiceveightepeadsnt of algoys Oqrencentsyalsit ght , from

about 5 p i [ to
Sbout 705 ERFEEN: SBo R berfenPEESR D crfod o o bERAR AbuRaPBEEEAL 1D,

wei ght, abautO&iperten gbeut8nhpetoenylabout $pgreenteaboud\POvpsregtit, arid abowbout 5
per cent about . 50 percent by weigh fromabouyt 5 percent to about 40

Der cent $95P8RGHE. 1T SHPABGAE sStad Aok CBPARIR e Ra Bettn 15 PESREN - from
agout 5 ipwmamid\geigbmﬁrﬁé’r& rpﬁgingm-‘gnbg.sm'r@mttois pencehfslictbap roment tob
about 20 per t i ght rom ut 10 rcent to apout 65 percent by
Ser gt - 34k DBRarEntS Bt PEGe Bt AR Ectrengo BB ParbSth about 10
percent frémabeut0.5Qepsint enhbdlt 108Jeddtint, ffare @badoLperéOntierapent 16 o about 40
percent by weight, from about 10 percent to about 30 percent by weight,
from about 10 percent to about 25 per8ent by wei ght, and from about 10
percent to about 20 percent by weight. In other enbodinents, the at | east
one super-corroding alloy is present in an anmount of about 1 percent, about
4 percent, about 8 percent, about 10 percent, about 20 percent, about 25
percent, about 30 percent, about 35 percent, about 40 percent, about 45
percent, about 50 percent, about 55 percent, about 60 percent, about 65
percent, about 70 percent, about 75 percent, about 80 percent, about 85
percent, about 90 percent, about 95 percent, and about 99.5 percent by

o - Y " o o, o, o o r o o o I



conponent is chosen fromwater and an aqueous solution, and the at | east
one first part further conprises at |east one electrolyte. In other

enbodi mrerwe,20tthBosgonponent conpri ses at | east one el ect PoTytSe011/0843s% i | |

ot her enbodi nents, the conponent conprises at |east one electrolyte and at

| _ el ect
east ongeQEoih Y aftl SO M50 A0 i, i BBtk 1BEEER: to'RAERYS

solution” reférs to a s n conprising water an east one ot her
mat er i al percent, from{ agjut #pescant tealbadi1fmereentfram aboutapercenktogbeut 1l yt e
conpri se t i S) el i +, K+,
vozs,  cabent, 873 oBr e sipe a0 bR B ifba RO ERARE el Aes, 087, 0Lt
from C - at IBast dhe, seCh0d alloySfetporfeRbis, prasira-in ashisnic WEHBTERrenCERBHRH |

N( CF3S02), 2- S - - i : ; na.
N o2 B ner AR e e 2L BATARES BBl bl 20013,
anmount r abgutrigodreent) a7 deréent pebonen0 pecceabhabouBBR2 perceatiabbyt ei ght , based
th i ght t t | t d t.. For. th t | t
one o ceBraFyt Soelihudiet it A0S SR s GRS e e cen
t o about wdghppéreent oftive welegbtt onefasiedliog cotrpenest 41k thefatérhie wadighteast one
second part, such as from about 0 01 percent to ab0L1t Zg erce}p{ﬁif from

about 0. BercgRi¥dhg aUSa%MHl?[S@an%éP% MpIN&RL CaHTaNge, aey e per cent

t o about hdReh&d ¢8iks liEteambabout 0. 01 percent to about 10 percent by weight,
from about 0.0l percent to about ercent, from about 0.01 percent to

S . .
about 1 per cdR83lby HM@FW,Q%%%%%B@ apradyst of et repgtionAinscribed aeoeent by
vet ght, b QERARRYr the fedtBbREMat bRABEYarBaeR 8 Cbiairl ERBbARRAIS O the Per cent
to about 20 percent by weight, from about“0.I percent to about 15 percent,
f r om abobresentidigriossa pravided suitable ventingeneans tovelieygtthe hydiegangas. 0. 1
per cent r)eqﬁd'gd,- ] i t ; pbercent by
wei ght , {‘Are%%g@gg%?'egg peréné%"ltitgm)% o%il'tb%% %ﬁélgg%tph‘ﬁb@lt\?\gﬁgﬁ?t,& IrEgsed on the
wei ght ofmanher s thatregardiess cfeleyicd quigntatioguarte ant fxilbalwaps be aboge fier cent to
about 25 1 t,. £ 5 .her ce. 0 wei ght,
from aboﬂ@gb&épp@rs’gﬁé ®§8§h"§8‘{s’ ng %%ﬁ'@érﬁ?a@m#n&%%soﬁtﬁ 8%)5&%%%3}% étent t o about
10 per cewhichyeligyeg hydrogen rmdbetainsGhé fipidr denther emdoodimeris,gbecent, from about

0.5 percent,_to apout 1 percent by weigh r about .1 percent to about 30
percont B tabMeR Sticd nRERAGR' = Pal ktra M BIEWS HiarboRERES Riedsk Shout
per cent w]?ilamu%aiamgpm ﬂ@idtthérgirwvahgbtn,e élngmimbmstakubaapmpltarﬁomnabbuL 15 .
percent, ro about ercent. t o, about ercent we t, rQm about

Dot cont ' 16 GBlITE e e R s Rt uS MR ) Qe eBhe et Bt o f r o
about 4 gsHtsieMent evadrOidlits8P nizRleGRIM tHeyYporeiLg Riaterfdl. Oh @artiplefofiepsrons t o
about 15 percent, and from about 4 - rcent to about 10 percent by

. ) 14 - pe .
vei ght . TAtesieheselid B i presert diggRsusg inchiles hgﬂ@pBP@EtSPHP')bPQd?% present in an

amount  obolAbnd: SknASIGREKT mindraRired By DuoRt Per cent, 1 per cent, about 2
percent, about 4 percent, about 6 percent, about 8 Eercent, about 10

percent, abouf34]5 Métheehwishitgoatbedmpundryeatty, pastieilar tbeoryethednermad et 30
percent, i i t he at
Fenat o eeRbbneificBhE sif ol #inani SR caGeBBhdbh iy 0

el ect r ol 3spectssagpthe serfacé arearof dine taactied makerials, 4lgstrotynconguctidlyghnd based on
t he wei ght_.9f. I { : I LNt at the
amount ofv ARt e FRmERBAIERPRAS e ddralin & GRS K2

nuner i cadelayataaeton okimde abiheat least one sfigsicorodmgratiop ndmei methbd of t he at

| east one first .part further conprises at ast, one hydrophobi ¢. conponent.
| cer ¢ afromRIRNa L 885y febu FSTRRUBTEEY /B Bblar LSRRG Chosen
fr gm wata!roly:t@@cﬁvabt w_atehebmltaﬂ?é parﬁélgﬁnir}:cél‘wireEMEdilrﬂe’ﬁﬁ, gﬁ& agllebs‘ldr ocar bons
and natura occurring, resins. frompetroleu asphal t . and coal tar,

or gani ¢ €19 $9R6K COBARIBE ALY FBPRRRSTTINTS if PAFHSISS (PRRTSING RASTIES akanes

cont ai ni 48 Jt AaBEEASalyEdaEd With Bl ddatihgand Paftilydracre RObstaniidly! udi ng
polymers containing chlorine and fluorine, various polynmers in the form of
nat ur al '$icoaigek s yseddifieia; ‘drstially paatsghoisaes fiat Speprriicles CPERNSAd i xt ur es
of any of the foregoing. In certain other enbodinents, the hydrophobic
conponent conprises pyrogenic silica. A suitable pyrogenic silica for this
purpose is produced by Wacker Chenica®-Corporation, Adrian, M chigan,
currently sold under the trade name HDKO H15. [46] In sone

enbodi ments, the hydrophobic conmponent is present in an anmount ranging from
about 0.1 percent to about 10 percent by weight, based on the dry wei ght of
the at |l east one first part. For exanple, the at |east one hydrophobic
conponent can be present in an anount ranging fromabout 0.1 percent to
about 9 percent by weight, based on the dry weight of the at |east one
first part, such as fromabout 0.1 percent to about 8 percent, from about

v o o, I N o o v I



I n ot her enbodi nents, the at |east one hydrophobic conponent is present in
an anount of about 0.5 percent, about 1 percent, about 2 percent, about 4
percent, wWbaot/Boger cent, about 8 percent, about 9 percenf/Usacnd/oaseuit 10
percent by weight, based on the dry weight of the at |east one first part.
In yet a r ' h g’&qg t is

pr esent ?ﬁétgﬁ OFP&H% t%rce&t%?ﬁan a@@%%uﬁg&ergﬁ?%ﬂgﬁ u'ﬁ% gged on the
dry wei ghsedhereleindicatesdisat tbaeaftlcmtar@ancoated ohst helasb% pemedte@l‘ théat t he

the- nunet e g BETHR, YMEEE BRAY 6 Ry o A A R o s of

t he pr eseoatingi caol besusee, totsioav Hte reaetiin meteeén thet super-coobdinhaliey and r ochem cal
e 1 BB PR A R AP AF Bk 555 Gt S8 B ot
rangi ng tomtrol abtwetth%mfe sgamusf the tHermbbgigeatingr énarking systetri. nig seaient of t he

wat er sol u b|nd n ran efromab C to about 160C, from about
100C to swgaﬁ' h‘? Pbﬁ?% Supseorred! %%Bﬁqy CRIORFISESRAMARHENOSEROC t 0 about

220C, frﬁamah@uhteafiﬁﬁudlés 3bpstanidin Gncbatehpabtiids, HR8 Gt leasbpartiaiystated f rom
about 200C to about. 325C, from about 250C to about 400C, from about 300C to
about 509@'cl§ﬁanfimmua%e&arwmi@q foregning. @Eﬁ)@”h?he@éff)@'&ie{’i‘té%%ftﬁ@ﬁts t he

at | east cfBridd A ffktuteSofiHedSRdf JaPiBIROANREY I¥é§ttp%$t1au9%¥!&tﬂﬁwé@ ates,
met hacrylic acid-ethyl acrylate copol ynmers, polyvinyl pyrrolidones,

pol ysacchari d@33] sd%§?ﬁ@'0@@@°&dﬂ?@§c@ﬁ&#ﬁﬂ@¥ of é@bi’rt@mt@é‘é uaeorted, pol yvi nyl
| cohol t h h | at ed
al cohot s arﬂ@lbi(ﬁé’rl)ééfé? %‘Iﬁh% L%ntlg ﬁ?%%h@ﬁﬁ#fﬁu&ﬁ'éb}é‘té&’barﬂ&l@? ﬁée%rta‘?ﬁ oxyl ate

| ong chaPn al c ure or egoi n urt her
enbodi nepther embhediments dlae qmltbofmmstamﬁw uncoated parédes lsdnes thandhg | at ed

| ong- chaj | I one
et hoxyl a{qlgbcfﬂ lt%{r?fg]éﬂc Hgﬁﬁggﬁgﬁgaéh}grﬁljeg2@%?%%&?%caﬁ+%%ﬁgﬁ ?algaqﬁ'v%en 20
and 50 ca]’rsbxblstmlalﬂmunmatdrd)pag'hcles Fsesubstaanialheths satresba s/ thenplaotitychf aSleastbl e

et hoxyl a - ' | c |.s . f t hi [ [ ce Baker
ruughes, - eaTdal R BadeRs” A TisBa g SorteoRBRan R, PR edtn  nox

Et hoxyl athasthefDét \adure iswithin 1 perceh#i6f thé rseocbr’fcevaleetbtmnbth”emmbodatneheast one of
the at |ea tI one fi rtsé art and.the ah}él east one co(g part ms% conpri se
addutuon%? K EAAOHETR'ES ! ?P%IS © RRIGRY FRINY Semm- FW WS Cam5HEnt

i ncl udesthatparishsd. one col or changi ng dye V\/ner ein the at | east one col or
changi ng dye indicate the stage, of t thermal emftin eactl on.
cortai n enbodPaint N sgie SaiboriaeR ong coaie CRBIRGS VAR SREY SSRGS <ol o
W th respashet smbeIPERRL tHeSsoalih @bmpFisey a Wéﬁ-'!ﬂp“e@ﬂneéblérc%‘éhﬁg' FifuRBer - 16-
[49] The thernal signaling or marking devices and systens according to the

present eneedigenise thescrating spmprisesawalen-degsadabie cofindon 9§ & har act eri sti cs:

| ow cost gmpgdihhts, 'tﬁevcoaq.aa%mpnsé@aﬁeaa% étﬁoﬂﬁ“éié@)’ongmrﬁm é{lc&ﬁéu f\' ent, not
a source of ignition, non-toxic, bio-degradabl'e, and énvironnentally

fri endl yrep@sentative expmaleneia suitgbleratdeast oe sthaxylatadlengshainclealsl a

relativ r v ot her
enbodi neé}(%fgﬂﬂ'i(;gfe E%L&&%gésl%ﬁ&%?i og%r{gé 8b§§|0 r%&git\?ﬁ%égmlﬁﬁadtﬁgnpor ally

t ai | or ednByhe sumal;imempﬂqnedheﬁwtehbcmmwm@d twhgtdfﬁelrpalm fatithis lposdse pr ovi de
a heat | [ p ments of

t he pregéﬁfd’%#@ép féalé@r I-Ju H gH%eﬂeg(raQ,tﬁr?eb{}l?@%ld?%r@%\%hfeg@%d;éat from
gasses amme &pdhex Eth‘omylateseﬁ@@ agnesarid yst other embediremits) dherecdatmgof t he

Vapor P e Bhe K orblmac b B EerRL b oS v TRER <1y

[50] | n watet Imeoluampeatenaf $mabwwstentnsdiusw materials m:tlud:l@amhannalcmhotshe parts

of t he. rlaeRvgsi 20 AR BB B AnaE. SinoCAn TR i brr bR Ry B o

separ at estfllro@ﬁértéhﬂoo’@ﬁmémasﬂhem%a%&@@éléuwfdorrodmbl dllo§ ushmpmé@pafﬁclehm ng is
desired n an ddltbonal enbodi nent, the present disclosure is

di rect ecpﬁo&er&freg%ggéog@garﬁ 9?(%‘ s@nfiallydinegated Haét'o@?s @ﬁ'@ atigast cont ai nnent

part, atpdreagicoalt pRH688 drHRThRtUIES Bt aidtithe fﬁreég A§larfBe \cBRfingBNDEr i N
fluid communication with the outside of the containnent device and at | east

one of the at |east one first contai-fi®ent nenber and the at |east one
second cont ai nnent nenber, and at | east one breakabl e barrier separating
the at |least one first containnent part fromthe at | east one second
contai nment part.



[52] In yet another enbodinent, the present disclosure is directed to a
contai nnent device conprising at |east one first nmenber conprising a

seal abl e wpenimigys4at | east one second nenber bound to tRe€TAIS201@m3436DNne
first nenber to provide at | east one space between the at | east one first
Tenber  2Bodehhidth o\EASH s AR SBEAAE HIBRECHASIR Bodiff, Bgast one space
conprises at | east onée super-cor and at Teast one absorbent

mat er i al dedradablpenating, |ascqa’ang IcqrmbrlsmgmtuMaghome)ﬂthmlatedngatchaleast one space
and the d ce through which one of water, an
aqueous §#ﬁ{"i grﬁé)tna%tf}% ec{%bglo?]{ﬂ%%regﬁ}ﬂ %t ures of any of the foregoing

t her eof may b@3rht rlodunmbmmmmehts ad:atingamtha)atdeasime smpembmmdfdlmgrre heat
generatigp co nces.,. o . [53]..1n a further. n resent

i ol osu Pl BAUBR EBPisH Py Renpile <FRiALealtY | Beoeiih cEror oadh PREE: “one
first cosmbodirents, @acdating igpapsied dbyad pdoee@remwsmmrtheokumiem@r@ddsay and at
| east one gbsor bent teria breakab tai pment part

di sposed@FEFpe H%Ung '?%IQEQN%?T%@@E%# @gﬁlsﬁrﬂ?ﬁf‘ﬁt 'I%ﬁ1 B& | east one
vent nenbgited ard MdirfainedTR/afIgGialzeabed (Thetddating miaeearﬁau isdA®odudedtastdfiiedi nnent
menber and the outside of the contai nnment device. The rparts of the

el ect r oc AR At adheresdp the gardiriedg P(B(Pceﬁ'ﬁrt'mer@ws%"éﬂﬁ'% detsgMNg t he

present gl 883t tﬁfcﬁnééént‘ﬁ{mi'ﬁ@r ér@c&% |§Wé1ll%'uﬂ66’td Eba‘-’tM?Qanmedng and/ or
cont ai nment devi ces. [ 54] further enbodi ments he cont ai nment

devi ce cbiegriaseartigles é’é(%’ﬂmﬁr‘i‘ésh"’r‘&tﬂ ke PwdetP)é@I@h@ar\‘?lﬁH'éWhﬁP"rY AP2ting
undesi r ajpager }/‘B%SagpFé’cﬁ wPé@ﬁﬂi—'aﬁueédﬁo R4 Qb&mtttnr@%é%ﬁ pERLrFRYIRY | e at

| east one i nsul at 'ement that 'Is at ast fpart| transparent” to

t her mal A&y and lowa(lm the, repplioralene)) in therabsgned ¢ @mthgnﬁthelﬁ@wm@grawﬂger to

det ect tp%dé, gper ature of the contents inside the containment device rather
than jus etecting the cooler outer surface of the containnment device. In
further enbodDa@nt Viteaut masting tonze bowgnd kit amppastientarthepryearother mithoaal

| h - 9 it ai i
Goi Vol BSR4 sl Rabradeie &0 BUHEH O e S8uRliha MIby R E e e e a
I eiast t ﬁnearymgdhapaﬂugleedumfr?e|amtela|sdene étmetr&mrmhg allppl Yoé féddﬁtensercds as

e enes an 0 ro enes ition . the
ot o1 et 81 R Siask iR it et ool MG B4 A 9%, e 1o as
"bubbl e waaﬂon tefte ERan 18Fgee paieBscC tin ueccﬁaahceawe@me g@bbeiptertosthenhi l e still
mai ntai nin I evel)tﬁﬁof thermal radiation. In certain enbodi nents,

h
cont ai nref cé%%ur% @t lsashong SLI'F@é§P"8W89 IR MAYi R REsE MaRIC!ESan possess

a 40C tef&hgrn@tlh”’sﬁedtd‘nﬁ absag ShetaRiart Sizee aand apbst 05, Simdaebrivement devi ce
and the out er surface of the contai nment device. [55] In_sone

embodi meAed  Inanothesamkodinento feratdeast ane HRETLIMOCING 2lloy Mg CAMBISHA de a
rigid COHﬁ%&LﬁrﬁQﬁ phﬁlctef%ecdi‘r%ﬂsﬁ‘% pdrf‘cl% Fh%rglr%rm%ii'erfﬁﬂﬁ abolitg sdS¥drffard S

conprised of flexible materials thereby irnparting flexibility to the device
and conf diene t19 te gbould) &ﬂ%@@rdaﬁtedem & RaiclertAngigra pizedral apedled.

[ 56] Wtb@tSt%o??%@%Je%% 4o dé“V?tQH&arH e“'moarA dm{ﬁm ih Rghdrher mal

energy generate y the di ose ectroc em cal ermal “'signaling or
mar ki ng epbedmentsriheaguaritity manlw%ran\gmon ﬁt;ﬁs‘rormsb@utrtqutandarcb

i rect oREVe Bio, SBETES, SiHiRH SR8 1B Sty SIEF Y s M BRABES: L en
devi ce cofaridesraagingdasizedrom att@ut Stareddrd SieveglGtocatmut Ui Standatl ect s at
least a §@% 58.” A%fustegefn ﬁﬂg Eérﬁgxtt hs%%s”% tlaqf}eiﬁg¥ame me%re1§ 'tﬁaet‘%wed }irsF\%ﬁlhg n.

is within 1 percent of the second value. In still other embodiments, the at least one

super-corroding alloy may comprise particles chosen from particles ranging in size

from about U.S. Standard Sieve 14 to about U.S. Standard Sieve 200, particles

ranging in size from about U.S. Standard Sieve 16 to about U.S. Standard Sieve 20,

-11 -



[057] FIG 1 depicts a thermal signaling or marking device, 10, conprising
a container with an interior space contained between first nenber, 11, and
second nmewben]1/1B#49These nenbers may be joi ned toget her Poy/Useat/034385 i ng,
soni c wel ding, RF welding, vibratory welding or any other suitable neans.

AL o 23St pBRIeK Piging i sk B WP & GrhRld Bl /SRR agAREAHCS Ul T N
oper ati oh. al so oyedto Introduce water to the
devi ce. ABigyeddg0, ang mlﬁurpswﬁd}édfﬂ”@fg@gplmhe cont ai ner when not in use and

construot od o5sFhain Py SRR e kllandl b OhsaERFadlitirt®e Bn 1 e

hol e but apeutrid. BsStandaidhgiewh éh tmeboytrléSs 8tanidard slewet‘léOustgrelatﬂréhan'l'tme pl ug may

b oSt SR o P S b5, SR SR RS e A 5L

one bondStamidatd Sie¥€ 20nm#ndbe s&lhpﬂheyed\bbdlmemtsn the geantiteobeartidés eardjirgecond

renber s. 1 e R eopGe ST iy Berea Oy (SaPeare S FERIER ol e

of the dgiéndBe qedﬁtlty bppaticlep eighey ial streeidra abibat StanyartieSiens 06 poapéed i nto
t he deV| ce to f \éeéabl lize the structure of the device. These el enents
may or %onds between the first and second menmbers.

St rengt hem nqoambs,ln %8mer@rybdaﬂneﬁ1§0ﬂhe<ytaéa%tiohélwpértdoﬁrtoda@culey second
menbers as may be desired to inprove rigidity of the structure. An optional

hook or ﬁQﬂ‘B”S%ZPe”ﬁWOBGGQJ?@%Q?@?Prﬁﬁ"t'gaet‘ﬂt'?lﬁétoét%'?%itt?r'?@rﬁUpS\" the device to
a nail OEor%dn'td‘QHoy For exa&%@gku&t &Ilegs Qﬁ‘ptéhbé lﬁglz@ﬁfbln?g@ Sthﬁ(%r@f the

devi ce depicted 1 n rst nmenb second nenber 12, when

seal ed t StgweR6P t@éethjﬁ@empnyng @@harneteaﬁfabétéﬁl ram @wb@tenmh efabovhbBai ns first
reactiveqjmat Wut'h@btwu%ﬁmg%‘b@*Boﬁﬁél‘ﬁ%@?bbﬁf%uhbﬂtéyr}’ éhé‘%a%‘ﬂbﬁ%tt gture. A

peel abl e, pressure-sensitive sea to cover the vent hole
pri or t oleaskgnecsuperwbwedinglalioy mmrdemmmednalmugttadmg ot marking wesmla;epur pose.

A 120t 2t LAe BTk EE e @t drd FAIEBREDOs e BBPT M B MCHicobr fECON

l'ec m or an
ot her supelmttﬂ suffaceraEh (bbmvmtmbh tt@fﬂeecﬂlcmus OACU]I’IIBg)mhdIVDBl[ﬂIGi(QDmaSB]. may %e
enmpl oyed _to, lim.t nduct ve heatlos [ f des th|veI er,
5o oy silhe kel 3P RHiiAde'S ang e e RO EIme I fIERH (SShrie ARIAERNG of Ve

adhesi vetheanals:&dputo It baxtaih eenbedimerds depelee ofmtyeiaa dheeedpbycaddswmgedlldyo
sur f aces. | e rel ease t shown in the

b
e ot O by e S Rarti sk Ca e e S OBF ShRe-Saitlia AR TR 1o Use.

[59] FI Ga presdaR @fta%oamwpt)@etgxtma @Wf)ﬂfx aarhmrdm8|§l gtﬁelcbﬂ@résrsearar ki ng
device 10 V\herel nggaﬁg 14 is 1ntegral to second mber 12. A portion of

radi at i oRelle&s fatLie deﬁ'rﬁ%t?l?rﬁhaﬁ’?tﬁﬁ‘pétodf‘mﬂ'fg eé‘ﬁ@%‘?ﬂ‘n‘@%'f’@% Payer 22 may be

renoved éent;h@tsrrabeerch@s“&ﬁ@&nlcs;nmew Qﬁt‘i’erfdér v@dgg ddas@rfit into vent 13.
[60] FIG 4 provides yet another thernal signal |n?p§or mar ki ng devi ce 10

conpri si ng a [P¢HngiThE@t {Rastane S%“@H@‘*‘I‘”‘Qéﬂ@l’ﬁ?éﬂ ddJr thecgpeitses water, an
aqueous §|9<I:Ib'§dr@'i‘na)ﬁbéb géﬁﬁ lﬁla‘ﬁ%&ln\(‘i’ﬁtgl frgf‘n)gb‘é'tl?‘l; pEF@e"n?R;abdg? oyged

herein, the term ectrolyte" refers [ east one ectrolyte

conbi nedp&irent b(ynréelgmt ha%@torbtheedwW@étt@@twa%ﬁnewﬁé@aﬂh@t/essel is

br oken, §!E;eh t [ ted.

Br eaki ngé%élét’gH\é/gg%gP{% gé’@é%‘r‘ﬁ‘ Sﬁ%g&%gegﬁeﬁggé‘@%ﬂg?nt{gb h to the
devi ce lftom@bhut hpercant tioebout 80 perrcenblw weighhibaséd po éhe drth%tglstmfttthad to the
frangi bl TaRS 4] t t il .either
manual | gtr%%g\%/)géﬁréa %ﬁ C%p$e{s?§'lﬂrég\6 ﬁ%#ceatsto aﬁoﬁéggégﬂ: A ?@ﬁgé@%he seal
fromfi rspewcentterabbmtm pamenhb)t waghtzénmm algnddcpmeentm abe:ats?to mareentdnyt 13 may
be placeda arl us,and nul |l e.lacations to. durjng the
evol ut | Reght U erPh b R Qe Bt Eomabobb M Hetektl 825 &

sel f - actaboait ISt)@ecbewEI b welght, feraapoet, \) ?}ereerlttaodewut]g«to perﬂeht}t?/ WeighG t Ih vat ed

st at e, ced on a,r ehi cu or foot traffi ich contacts
The. devi A appft T cartomretf SRt aney wegBl Bmefditd iefeentie shad ng
react i om5 percent byl Wdight-frem dbol€nipetcenttd AISSUTRD peir€Bnt bl RigHt, fehKi ng devi ce
10 conprising a fillable bladder, 27, wherein water, aqueous sol ution,
liquid electrolyte, or m xtures ther-e‘1@f may be added by renoving cl osure
means, 28 and pouring the water, aqueous solution, liquid electrolyte, or

m xtures thereof into a fillable bladder, 27. Said bladder is also

frangi bl e, rupturable or otherw se designed to release its contents when
sufficient force is transmtted to the bladder. The bl adder may be forned
in any nunber of ways including, but not limted to, blow nolding,

t her nof or mi ng, rotonolding or heat sealing two, nore or |ess planar,
menber s toget her such that a hydraul | C reserv0| r |s for rred between the

I Y o 1 o o,



- 20 - heating in commenced. A vent 13 may be enployed or a cl osure neans,
28, of a self-venting type may be used. Such enbodi nents, |ike that shown
in FIG 4yvomaywabsw be self-activating. In the case of PCEUS2011i084365 not
necessary to have the water, electrolyte or any other |iquid conponents

cont ai ”eggqﬂ'ettal*}'#é?g%ﬂ% dBYICR HéIEérl.t HEMERoRH § b¥rdRfl I&r&d&‘?%?%%’ﬁib Th' S may

be desira device 1s be transporte ored or other
handl ed weight, fommaboutrd pdrcent to Iaboutem wcmybe@ghieframtzwmﬁmerqembto

pr emat ur t : he bl adder

27 is a ?*%@e‘%‘g&s@%&“ﬁe frérﬁ?bggfr ?W%éﬁ@o%%%ﬁﬁgﬁ%ﬁgbipé@ggr i s made

f r om wat ffomsatoub8 peraenéta aﬂcmt #hgercsnt by me@tbdfmm apom Epreoentte about he |iquid
The, rat e. erial r.exa ina mtter

ol |
opPone e pekBfit EWEiGhY Hor Bl nereStes BB 2 Rugt RvRATR fiamb adaer s
t he thi chbess pb‘rcérheo abewtdxy pmérhtSby vigighitafbe abaued ipercent to alidut 36

enbodi nent s i c ude Vi n acet at al k t hacr te),

oty et nBFERR BBl Tainanou e b afiti Tnbatdent by oot % dhat fret ny
cel I ul osFercéﬁtrtb%wB@myérc@ﬁI tyveigat, flantlaisgiigl percaﬂlté Hbostssdsarearibyves,
pol yet hy eneF gl yco yl pyrrol i done, cell ul o?re acetate, cel I ul ose

| n
acet ate W8 afa%ftm%géﬂtéeega&'te“ rReftRyaveighty frampkoul ¢ pergeat to
trimelliggdf 3orp5élraéﬁt By |weﬁ’§’rﬂ'fﬁérﬁ ébbhh@béfc@nt {0)4HRK¥H HeR¥EhiTBY IiIIéIghf:el | ul ose

pht hal at e, hydr oxyprop i/ cel lul ose acetate succi nate, and pol yvinyl
acet al di BOmyabowt ﬁ@ea@@ m%bout 20 perqestby weight.drafe gbewtd Bersenidp atbﬁlétr nal

Si anal | s BErcBRY k) RAiGHE iohe L eATREL R0 oA PRHSIEEBTREGH, bm i ch Ry

be fabrica y sew ng or otherw se jolning f|r , to
second nepddb, pamntsgeaboutcﬁﬁersercaﬂ bycwe;ghtefr@rmahww@er@nd@r abf-w 6§pace

Menber s m=Tale [ I I e I as a
woven oré?zir non- %c\e/ ,{rgﬁ}%%%{ftgﬁ%ﬁﬁé&)}%ﬁ@&%g‘ﬁf%&r{éa?%vﬁﬁtoﬁé@er g{r:gt ed

fil s whpeentdy abouh@pemenﬂdey \pelgbt.lﬁrom abwtﬁhmrcmi;@abwt J0epegcerd byort i on of

h of th t | t f
care, L HEEE BhPREYER SR RIS AdoPRG iR i dn RS RLs R “TheY °
Eoughes éhgcru’reg pﬁircte”mtb%/wwmd:mh atvwe bty pmaptrtos?ouh@ﬁ ?emﬁnngrwellgbpts agl ma%/
esir an ve 0, /1al n |1 ve I.T1 ON, O ese I ngr edl ent s
e byt 6 B GabdlEb0 ph TRt by Rl tenf andl, TNk el W ablft o
bonded 050 pédaenw)sWe@d?e\roadaa%tho dee@éﬁtt tcaﬂwtmcn@r@éntuoly?veugﬁtefromr of bde;n ce
al odal nts e contal n or nen
i er i a1 akaHt Oer et it eoud SB HAAN BYelgtiy Torh A5 0T 1 POE OB AERLEZS he
pouches ﬁé]@éﬁtﬂiyw&%ﬁtaan@ﬁoﬁﬁé&mﬁoq\)@r@mwm 208jefddnd by welgHiOIFe

enmbodi nents, the absorbent -21- nmaterial may be |ntermxe with the first
reacti veOtHﬁ't npegimepts F'@a@@eﬁtrﬁﬂPéUB?r'%’&d"Pﬂ)ﬁWéﬁ@Eﬁf@nﬁﬂ&%"é‘oum hout

Wi shing sihpe Japsl dbbuBYpeP@nk, dbsuRs pERRAT Yabolh Ripéitent 868D eact i ve
material (for exanple, water or liquid electrolyte) is added and comes into

cont act Rreent ﬁ@%‘g@m@en“qb%'é%@?rqenb@@ﬁu't%P@’@EhaIRBI“I“bI?ﬁJ’C?@ absor bed
by the S m xture
ot o o 42 PercBRt St 50 f8rcbli aBHa YDA pOUR0 PRHESnt ol 185

irst reactive material grows in
vol une. percenteabaut’Grosreasitiahouyy dwsicent, abebt 80 perceet abadtfifgesteenis nature is

ey f;‘ée{j%ouwbi Y Flblovit t, 05 BEREE afl abBG 4d. ?EE Jeﬂf‘ﬁ)t' bv\é@ H'E'B&aal‘%fsb %b tﬁ’tﬂe first

At TS HEETCIent yte is aval
r eact i vedmyateightalf the at least one first part. It is also intended that the amount of the at

least one super—corrodihg alloy can range between any of the numerical values listed
above.

[042] The multi-part electrochemical thermal signaling or marking system of
the present disclosure further comprises a component of the at least one second part
wherein the component is chosen from water, an aqueous solution, at least one

electrolyte, and mixtures of any of the foregoing. In some embodiments, the
-13-



[065] While the figures illustrate devices that are nore or |ess planar,
there is nolimt to the shape of the instant invention. For exanple, the
devi ce nmawotake13psie formof a rod or bar, simlar to a PCIrgistoigos4sks "
Additionally, the device may take the formof a letter, nunbers, arrows or

oL e B TR SR8 arbl LS 10 OB o 2
M xture Sarpé:rtl’&bsombas&s fdegstene&lddirotyte 0 bt éﬂmﬁodilﬂentaath}a 40 ¢
component comprises at least one electrolyte. In still other embodiments, the
component comprises at least one electrolyte and at least one of water and an
aqueous solution. As used herein, “aqueous solution” refers to a solution comprising
water and at least one other material.

[043] In some embodiments, the at least one electrolyte comprises at least
one salt comprising a cation chosen from Li*, Na*, K*, Mg®*, Ca?*, and combinations
of any of the foregoing; and an anion chosen from CI', Br', I', CIO4’, BF4", PFg’, ASF¢’,
SbFe, CH3CO,", CF3S05", N(CF3S0,);,, C(CF3S0,),, CO;%, and combinations of
any of the foregoing.

[044] In certain embodiments, the at least one electrolyte is present in an
amount ranging from about 0.01 percent to about 36 percent by weight, based on the
weight of the at least one second part. For example, the at least one electrolyte can
be present in an amount ranging from about 0.01 percent to about 30 percent by
weight, based on the weight of the at least one second part, such as from about 0.01
percent to about 25 percent, from about 0.01 percent to about 20 percent by weight,
from about 0.01 percent to about 15 percent, from about 0.01 percent to about 10
percent by weight, from about 0.01 percent to about 5 percent, from about 0.01
percent to about 1 percent by weight, from about 0.1 percent to about 30 percent by
weight, from about 0.1 percent to about 25 percent, from about 0.1 percent to about
20 percent by weight, from about 0.1 percent to about 15 percent, from about 0.1
percent to about 10 percent by weight, from about 0.1 percent to about 5 percent,
from about 0.1 percent to about 1 percent by weight, from about 0.5 percent to about
30 percent by weight, based on the weight of the at least one second part, such as
from about 0.5 percent to about 25 percent, from about 0.5 percent to about 20
percent by weight, from about 0.5 percent to about 15 percent, from about 0.5
percent to about 10 percent by weight, from about 0.5 percent to about 5 percent,
from about 0.5 percent to about 1 percent by weight, from about 1 percent to about
30 percent by weight, from about 1 percent to about 25 percent, from about 1
percent to about 20 percent by weight, from about 1 percent to about 15 percent,
from about 1 percent to about 10 percent by weight, from about 1 percent to about 5
percent, from about 4 percent to about 25 percent, from about 4 percent to about 20
percent by weight, from about 4 percent to about 15 percent, and from about 4
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percent to about 10 percent by weight. In other embodiments, the at least one
electrolyte is present in an amount of about 0.01 percent, 0.1 percent, 0.5 percent, 1
percent, about 2 percent, about 4 percent, about 6 percent, about 8 percent, about
10 percent, about 15 percent, about 20 percent, about 25 percent, about 30 percent,
and about 36 percent by weight, based on the weight of the at least one second part.
In yet another embodiment, the at least one electrolyte is present in an amount of
about 4 percent by weight, based on the weight of the at least one second part. Itis
also intended that the amount of the at least one electrolyte can range between any
of the numerical values listed above.

[045] In some embodiments, the at least one first part further comprises at
least one hydrophobic component. In certain embodiments, the at least one
hydrophobic component is chosen from water insoluble thermoplastic organic
materials including hydrocarbons and naturally occurring resins from petroleum,
asphalt and coal tar, organic silicon compounds including polyorganosiloxanes,
polysiloxanes containing halogens including fluorine, halohydrocarbons, including
polymers containing chlorine and fluorine, various polymers in the form of natural or
synthetic emulsions, hydrophobic pyrogenic silica, and mixtures of any of the
foregoing. In certain other embodiments, the hydrophobic component comprises
pyrogenic silica. A suitable pyrogenic silica for this purpose is produced by Wacker
Chemical Corporation, Adrian, Michigan, currently sold under the trade name HDK®
H15.

[046] In some embodiments, the hydrophobic component is present in an
amount ranging from about 0.1 percent to about 10 percent by weight, based on the
dry weight of the at least one first part. For example, the at least one hydrophobic
component can be present in an amount ranging from about 0.1 percent to about 9
percent by weight, based on the dry weight of the at least one first part, such as from
about 0.1 percent to about 8 percent, from about 0.1 percent to about 6 percent by
weight, from about 0.1 percent to about 4 percent by weight, from about 0.1 percent
to about 2 percent by weight, from about 0.5 percent to about 8 percent by weight,
from about 0.5 percent to about 6 percent by weight, from about 0.5 percent to about
4 percent by weight, from about 0.5 percent to about 2 percent by weight, from about
1 percent to about 6 percent by weight, from about 1 percent to about 4 percent by
weight, from about 1 percent to about 2 percent by weight, from about 2 percent to
about 6 percent by weight, and from about 2 percent to about 4 percent by weight.
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In other embodiments, the at least one hydrophobic component is present in an
amount of about 0.5 percent, about 1 percent, about 2 percent, about 4 percent,
about 6 percent, about 8 percent, about 9 percent, and about 10 percent by weight,
based on the dry weight of the at least one first part. In yet another embodiment, the
at least one hydrophobic component is present in an amount of less than about 1
percent by weight, based on the dry weight of the at least one first part. It is also
intended that the amount of the at least one hydrophobic component can range
between any of the numerical values listed above.

[047] In certain embodiments of the present disclosure, the at least one first
part of the electrochemical thermal signaling or marking system further comprises at
least one binder. The at least one binder may be a water soluble binder with a
melting point ranging from about 80°C to about 650°C. For example, the melting
point of the water soluble binder can range from about 80°C to about 160°C, from
about 100°C to about 180°C, from about 120°C to about 200°C, from about 140°C to
about 220°C, from about 160°C to about 260°C, from about 180°C to about 280°C,
from about 200°C to about 325°C, from about 250°C to about 400°C, from about
300°C to about 500°C, and from about 400°C to about 650°C. In certain
embodiments, the at least one binder is chosen from polyacrylates,
polymethacrylates, methacrylic acid-ethyl acrylate copolymers, polyvinyl
pyrrolidones, polysaccharides, substituted polysaccharides, cellulose ethers,
polyvinyl alcohols, polyethylene glycols, ethoxylated polyvinyl alcohols, ethoxylated
long chain alcohols, and mixtures of any of the foregoing. In further embodiments,
the at least one binder comprises at least one ethoxylated long-chain alcohol. A
representative example of a suitable at least one ethoxylated long-chain alcohol
comprises aliphatic alcohols of between 20 and 50 carbon atoms, although others
may be suitably employed. Suitable ethoxylated long-chain alcohols for this
purpose are produced by Baker Hughes, Sugar Land, Texas, currently sold under
the trade name Unithox Ethoxylates, 700 series.

[048] In other embodiments, at least one of the at least one first part and
the at least one second part may comprise additional components. In some
embodiments, an additional component includes at least one color changing dye
wherein the at least one color changing dye may indicate the stage of the thermal
emitting reaction. In certain embodiments, the at least one color changing dye may
change color with respect to temperature, pH or other chemical characteristics.
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[049] The thermal signaling or marking devices and systems according to
the present disclosure have many, if not all, of the following characteristics: low-cost,
reliability, compact, safe, easy to deploy, highly efficient, not a source of ignition,
non-toxic, bio-degradable, and environmentally friendly. Certain embodiments of the
present disclosure provide a relatively uniform heat signature over the surface of the
device; other embodiments of the present disclosure provide a device with a
temporally tailored heat output; further embodiments of the present disclosure
provide a heat generator that will not leak during operation; other embodiments of
the present disclosure provide a heat generator which recovers heat from gasses
and vapors before venting; and still other embodiments of the present disclosure
provide for the recovery of liquid water from water vapor which may be used to
further the reaction of the heating chemistry.

[050] In another aspect of the present disclosure, at least one of the parts
may be contained inside a housing which keeps the at least one first part of the
multi-part electrochemical thermal signaling or marking system separate from the at
least one second part, until such time as mixing is desired.

[051] In an additional embodiment, the present disclosure is directed to a
containment device comprising at least one first containment part, at least one
second containment part, at least one vent member in fluid communication with the
outside of the containment device and at least one of the at least one first
containment member and the at least one second containment member, and at least
one breakable barrier separating the at least one first containment part from the at
least one second containment part.

[052] In yet another embodiment, the present disclosure is directed to a
containment device comprising at least one first member comprising a sealable
opening, at least one second member bound to the at least one first member to
provide at least one space between the at least one first member and the at least
one second member wherein the at least one space comprises at least one super-
corroding alloy and at least one absorbent material. The opening is in fluid
communication with the at least one space and the outside of the containment
device through which one of water, an aqueous solution, an electrolyte, or mixtures
of any of the foregoing thereof may be introduced into the at least one space at
which time heat generation commences.
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[053] In a further embodiment, the present disclosure is directed to a
containment device comprising at least one first containment part comprising at least
one super-corroding alloy and at least one absorbent material, at least one
breakable containment part disposed within the at least one first containment part,
and at least one vent member in fluid communication with the at least one first
containment member and the outside of the containment device. The parts of the
electrochemical thermal signaling or marking system according to the present
disclosure are contemplated to be contained in such housing and/or containment
devices.

[054] In further embodiments, the containment device comprises at least
one insulating element which minimizes undesirable heat loss. For example, the
containment device can comprise at least one insulating element that is at least
partially transparent to thermal radiation (e.g., infrared) thereby allowing a thermal
imager to detect the temperature of the contents inside the containment device
rather than just detecting the cooler outer surface of the containment device. In
further embodiments, at least one insulating element prevents thermal energy losses
due to undesirable conduction to the air while maintaining desirable radiation of
thermal energy. Suitable examples for use as the at least one insulating element
include, for example, polyolefins such as polyethylenes and polypropylenes. In
additional embodiments, the containment device can be covered with a structure
commonly referred to as “bubble wrap” to minimize conductive and convective heat
loss while still maintaining high levels of thermal radiation. In certain embodiments,
containment devices comprising at least one insulating element can possess a 40°C
temperature difference between the contents of the containment device and the
outer surface of the containment device.

[055] In some embodiments, the device is comprised of rigid materials
which provide a rigid construct to the device. In other embodiments, the device is
comprised of flexible materials thereby imparting flexibility to the device and
conformity to the surface onto which the device may be disposed.

[056] Without wishing to be bound by any particular theory, the thermal
energy generated by the disclosed electrochemical thermal signaling or marking
systems emanate in multiple directions. As a result, the electrochemical thermal
signaling or marking systems may be designed to direct energy in a desired

direction. In some embodiments, the containment device comprises at least one
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reflecting element which reflects at least a portion of the emitted thermal energy in a
desired direction.

[057] FIG. 1 depicts a thermal signaling or marking device, 10, comprising a
container with an interior space contained between first member, 11, and second
member, 12. These members may be joined together by heat sealing, sonic
welding, RF welding, vibratory welding or any other suitable means. At least one
vent, 13, is provided to relieve gas pressure generated during operation. This same
vent may also be employed to introduce water to the device. A plug, 14, is provided
to seal the container when not in use and to temporarily seal the container during
mixing. The plug may be constructed so that it forms a hermetic seal when pressed
fully into the hole but permits venting when not pressed fuily into the hole. The plug
may be designed to snap in place so it will not accidentally dislodge. A strap, 15,
prevents plug 14 from being lost with respect to the device. At least one bond point,
16, may be employed to join first member 11 and second member 12 together. This
serves to maintain a fixed distance between these members, increase rigidity of the
device and preserve the internal volume of the device. Additional spacing elements
17, may be incorporated into the device to further stabilize the structure of the
device. These elements may or may not comprise bonds between the first and
second members. Strengthening ribs, 18, may be incorporated into first and/or
second members as may be desired to improve rigidity of the structure. An optional
hook or hole, 24, may be provided to facilitate attachment of the device to a nail or
string.

[058] FIG. 2 depicts an exploded view of the device depicted in FIG. 1.
First member 11, and second member 12, when sealed together peripherally, define
an interior space which contains first reactive material, 19, which can comprise the
dry ingredient mixture. A peelable, pressure-sensitive seal, 25, may be used to
cover the vent hole prior to use; otherwise; plug 14 depicted in FIG 1 can serve this
purpose. A radiation reflector, 20, is attached to or otherwise part of second
member 12. This reflector comprises a metai foil, metallized film or any other
suitable form of thermal reflector. A thermal insulator, 21, may be employed to limit
conductive heat losses. If desired, an adhesive layer, 22, may also be provided. In
certain embodiments, a pressure sensitive adhesive is used so that the entire device
may be readily adhered to surfaces. In such embodiments, a removabie release
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[059] FIG. 3 depicts an exploded view of a thermal signaling or marking
device 10 wherein plug 14 is integral to second member 12. A portion of radiation
reflector 20, thermal insulator 21, and adhesive layer 22 may be removed so that
clear access is provided for plug 14 to fit into vent 13.

[060] FIG. 4 provides yet another thermal signaling or marking device 10
comprising a frangible vessel, 26. The frangible vessel comprises water, an
aqueous solution, a liquid electrolyte, or mixtures thereof. As used herein, the term
‘liquid electrolyte” refers to at least one electrolyte combined with one of water or an
aqueous solution. When the vessel is broken, the liquid contacts the dry reactants
and heating is initiated. Breaking of the vessel may be accomplished by application
of force to the device 10 such that at least a portion of this force is transmitted to the
frangible vessel. Pressure-sensitive seal 25 covers vent 13 until either manually
removed or until pressure build up in the device forces the seal from first member 11
at which time venting occurs. At least one vent 13 may be placed at various and
multiple locations to allow venting during the evolution of gasses by the device.
Such embodiments may be useful as a self-activating device. For example, such a
device, in its un-activated state, may be placed on a roadway. Vehicular or foot
traffic which contacts the device will rupture the frangible vessel and initiate the
heating reaction.

[061] FIG. 5 depicts a thermal signaling or marking device 10 comprising a
fillable bladder, 27, wherein water, aqueous solution, liquid electrolyte, or mixtures
thereof may be added by removing closure means, 28 and pouring the water,
aqueous solution, liquid electrolyte, or mixtures thereof into a fillable bladder, 27.
Said bladder is also frangible, rupturable or otherwise designed to release its
contents when sufficient force is transmitted to the bladder. The bladder may be
formed in any number of ways including, but not limited to, blow molding,
thermoforming, rotomolding or heat sealing two, more or less planar, members
together such that a hydraulic reservoir is formed between the members. The
bladder may of course be part of, and integral to, first member 11 and second
member 12 as well. In either case, the liquid contents are retained in the bladder
and kept separate from first reactive material 19 until the bladder integrity is violated
at which time the liquid contents of the bladder contact the first reactive material and
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f1uid-i nf'@?‘gg?%%gﬁfaﬁeea?ﬂgy'a?%%gﬁ%@?y\%de, '@U?f@ﬁ? dPYIRE IS D9 east one
super - abgan§otedpSloyaEsr, otherviss Kantlesinad mafkeoh WHieh fHerfRaenday 3. The
mul tiple-part el egt rochem cal thermal signaling or marking systemof claim

1, wher ePRCYMR ag¢derdaly orpieMaLEl ASYatRdt eri al conpri ses at |east one
super - absor be[I@BZEOHVi%%IIso cchterhpRtedthbt the&iRIet 22 li€5 tifrRRClRRNEse Hladdeer mal

signali n?n cerrtarirr?cremibg imseﬁst Firrpe glfadder is made from water soluble materials that will
dissolve upon exposure to the liquid components. The rate that the material
dissolves, for example, in a matter of minutes, can be controlled by the material used
to make the bladder and the thickness of the bladder walls. Suitable materials for
these embodiments include polyvinyl acetate, poly(alkylmethacrylate), poly(ethylene)
oxide, alkyl cellulose such as ethyl cellulose and methyl cellulose, carboxymethyl
cellulose, hydrophilic cellulose derivatives, polyethylene glycol, polyvinylpyrrolidone,
cellulose acetate, cellulose acetate butyrate, cellulose acetate phthalate, cellulose
acetate trimellitate, polyvinyl acetate phthalate, hydroxypropyimethyl cellulose
phthalate, hydroxypropylmethyl celiulose acetate succinate, and polyvinyl
acetaldiethylamino acetate.

[063] FIG. 6 depicts another thermal signaling or marking device 10
comprising a pouched member, 31, which may be fabricated by bonding, sewing or
otherwise joining first member, 32, to second member, 33. Seal zones, 30, create
pouches of a defined space. Members 32 and 33 may be fabricated from a cloth-like
material such as a woven or a non-woven fabric, or they may be fabricated from
perforated films which may or may not be porous. In either case, at least a portion of
each of these aforementioned pouches is porous and will permit the entry of water
aqueous solution, the liquid electrolyte or mixtures thereof. The pouches formed
within the pouch member comprise the dry ingredients as may be desired and serve
to maintain relative position of these dry ingredients with respect to the overall
device. The pouched member 31 may be staked, bonded or otherwise adhered to at
least a portion of the interior of device 10.

[064] In certain embodiments, the pouches contain an absorbent material
such as a super absorbent polymer; in other embodiments the pouches themselves
can be made of an absorbent material. in some embodiments, the absorbent
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The mult| ple-part el ectrochenm cal thermal sjgnaling or marking system of
claimi, 'Wél’%?'?lt%r%al(}B@ﬂ'é’zlﬂTeaﬂrshrﬁBG‘h\te Betefife "at | east one super - absor bent

pol ymer is priggsdedymid thedighralilliiratOadidsy et aednsieiiiéds nuraogRre silica.
is no limit to the shape of the instant invention. For example, the device may take
the form of a rod or bar, similar to a “light stick.” Additionally, the device may take
the form of a letter, numbers, arrows or other indicia as may be desired. The device
may even take the form of a flexible or inflatable structure.
Example 1 Formula for Dry Ingredient Mixture

Super-absorbent Polymer 8.10 g 20%
HDK H15 Silica 0.40 g 1%
Sodium Chloride 1.50 g 4%
FD&C yellow 5/FD&C blue 1 0.004 g 0.0100%
C-5 alloy 20 g 50%
Coated C-5 Alloy 10 g 25%
Total Dry Mass 40.00 g 100%
Table 1
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9. The nultiple-part electrochem cal thermal signaling or marking system of
claim1, wherein the at |east one super-corroding alloy conprises at |east
one firstwal2boyi3ggapponent chosen from al um num nagnesi BET/US201¢/03436%]

m xtures of any of the foregoing, and at | east one second all oy conponent
chosen fromi p L i AT 1r rom um carbon, and m xtures
of any of theégg?%%?nggrmg%%%g 'Pr}%’feta!gé‘r@”‘ﬁg'?t el ectrochem cal thermal
signaling or marking systemof claim1, wherein a portion of the at |east
one super-corroding alloy is at |least partially coated with a coating
chosen from&, Wat etz 5uhrs] atiny, a watrer=perneapte—ctoating, j|and a

wat er - degr aga ggkagé%ﬁb?éhgebﬁ@f‘? The mul tiplie-part el ectrochem cal| t her nal
signaling of marking system of clai 4048 wharein the| at | eas¥5dlig
super-corroding alloy conprises magnesiumjand iron.; 12. The muljti pl e-part
el ect r ochemHdK H15eBilied si gnal i ng or markiing system of claim1, [wherein the
at | east one¢ super-corroding all py ggg@ri ses particl es rangi ggzo)n size from
about U. S. $tandard Sieve 14 to abo . S| Standard| Si eve 206:°713. The

mul ti pl e- parSodilre GHiedeem cal thernmgl7ssi gnaj i ng or jmar ki ng sg3%m of claim
1, wherein fhe at | east one super-corroding alloy conprises a mixture of
particles conprising particles ranging in|size fromabout U S. Standard

Si eve 16 to |EhR0yelbws/FB&DBat Pl eg®020 qngd particles rang gmpouln size from
about U.S. $tandard Sieve 45 to about U S| Standardl Sieve 140 14. The

nul ti pl e- par@5-8l®ct rocheni cal ther nfi008i gndl i ng or parki ng $¢t%m of

Total dry mass 9.000 g 100.0%)

Table 2

[066] Other embodiments of the disclosure will be apparent to those skilled
in the art from consideration of the specification and practice of the disclosure
disclosed herein. Itis intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the disclosure being indicated by the

following claims.
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claim1l, wherein the at | east one super-corroding alloy is present in an
anount ranging from5 percent to 75 percent by weight, based on the dry
wei ght ofwohetiassgseast one first part. WOR2011/139849PCPCUEBOMINGB4365 15.
The nul tiple-part el ectrochem cal thermal signaling or marking system of
claim1l1, wherein the conponent of the at |east one second part is chosen
from wat yHATqIS ) LAEEPNEs sol ution, and the at |east one first part further

conpri ses at Teast one electrolyte. 16. The nultiple- part el ectrochem cal
thermal signalin ystem of claim 15, wherein the at |east one

el ectrol Qt e cﬁ‘r%&'%'@spa&tte'?ggﬂc?‘em'f@' %rmabﬁﬁ'ﬂﬁ'ﬁngl%@“%m@ﬂﬁ%ﬁ@%hosen from
Lit, Na+colfprisiNg2+, Ca2+, and conbi nati ons of any of the foregoing; and an
ani on chosen fromd-, Br, 1-, cl104-, BEs-, PFs-, ASF6-, SbF6-, CH3CO2-
CF3S03-, N( CFaldeastane firtqastenyprisingaideast oaﬁ@ue@hmrrmmgm%oy@ncbaty of the

foregoi Ngeast dde addtooMt rhihfelisr BRGt el ectrochem cal thermal signaling or
mar ki ng system of claim 15, wherein the at |east one electrolyte is present

in an anount ?Hﬁg‘itr@eﬁe@ﬁn@%d cpepgeing at tpasbonpecvpondnt cheserhfrombased on

o o2 ah iyl PATr BRI A o plFap LA
foregoing;

wherein heat is emitted when the at least one first part and the at least one

second part interact.
2. The multiple-part electrochemical thermal signaling or marking system of
claim 1, wherein the at least one absorbent material is chosen from natural and
synthetic polymeric absorbents, hydrocolloid/polysaccharide absorbents, cellulosic
absorbents, gum and resin absorbents, inorganic absorbents, gel-forming fluid-
interactive adhesive dressings, wool, cotton, lint, at least one super-absorbent
polymer, and mixtures of any of the foregoing.
3. The multiple-part electrochemical thermal signaling or marking system of
claim 1, wherein the at least one absorbent material comprises at least one super-
absorbent polymer.
4. The multiple-part electrochemical thermal signaling or marking system of
claim 3, wherein the at least one super-absorbent polymer is chosen from
polyvinylpyrrolidones, sulfonated polystyrenes, sulfonated polyvinyltoluenes, poly-
sulfoethyl acrylates, poly-2-hydroxyethyl acrylates, polyacrylates, hydrolyzed
polyacrylamides and copolymers of a.crylamide with acrylic acid, hydrocolloid
absorbent materials, sodium polyacrylate, potassium polyacrylate, lithium
polyacrylate, ammonium polyacrylate, and mixtures of any of the foregoing.
5. The multiple-part electrochemical thermal signaling or marking system of
claim 3, wherein the at least one super-absorbent polymer comprises sodium
polyacrylate.
6. The multiple-part electrochemical thermal signaling or marking system of
claim 3, wherein the at least one super-absorbent polymer is present in an amount
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claim1, wherein the conponent of the at |east one second part conprises at
| east one electrolyte. 19. The multiple-part electrochem cal thermal

si gnal i ngvorzomemsig4ng system of claim 18, wherein the at PCeas2o1o08436s _
eI ectrol yte conprises at |east one salt conprising a cation chosen fromlLi,

& ! f v, of the foregoi ng; and an ani on
chosen froﬁg?? %%05 i“{i? 9@%&9%@'@%5%5&?\th%gp/%wglgggggtﬂe a&%@é@ﬂ’e CF3S03-,
N( CF3S02)fipst, pa(t( CF3S02) 2-, CO32-, and combi nations of any of the foregoing.

or marking system

?n? crglem 1:3t | \%hgpﬁe{ﬁf I?'ﬁéﬁcett'é‘f?%gﬁ?m%%pht«?F’ﬁ%{rﬁ%ﬂi/'f’g Ofg‘aﬁg'ﬁgé}ﬁtemn‘)fan amount
rangi ng folam3) wherei the Sﬁe%tmne\mpghhbsdﬁbia&d)towméhrg?n )é%:eﬂt"ﬁeérﬁ n%rflbl??tgha: ?ﬁ;t
or mar ki e S0 ram Bous 218 30 Rurdlah, et on Bt mentior 1o Bdvasttur t her
conpri sesnaffirdt@astt one hydr ophob| c conponent. 22. The multiple-part
electroc em c t her nal i mar ki ng system of claim 21, wherein
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silica. claim 1, wherein a substantial amount of the at least one super-absorbent polymer is

provided with a coating comprising hydrophobic pyrogenic silica.

9. The multiple-part electrochemical thermal signaling or marking system of

claim 1, wherein the at least one super-corroding alloy comprises at least one first

alloy component chosen from aluminum, magnesium, zinc, and mixtures of any of

the foregoing, and at least one second alloy component chosen from iron, copper,

nickel, titanium, chromium, carbon, and mixtures of any of the foregoing.

10.  The multiple-part electrochemical thermal signaling or marking system of

claim 1, wherein a portion of the at least one super-corroding alloy is at least partially

coated with a coating chosen from a water-soluble coating, a water-permeable

coating, and a water-degradable coating.

11, The multiple-part electrochemical thermal signaling or marking system of

claim 1, wherein the at least one super-corroding alloy comprises magnesium and

iron.

12. The multiple-part electrochemical thermal signaling or marking system of

claim 1, wherein the at least one super-corroding alloy comprises particles ranging in

size from about U.S. Standard Sieve 14 to about U.S. Standard Sieve 200.

13. The multiple-part electrochemical thermal signaling or marking system of

claim 1, wherein the at least one super-corroding alloy comprises a mixture of

particles comprising particles ranging in size from about U.S. Standard Sieve 16 to

about U.S. Standard Sieve 20 and particles ranging in size from about U.S. Standard

Sieve 45 to about U.S. Standard Sieve 140.

14.  The multiple-part electrochemical thermal signaling or marking system of

claim 1, wherein the at least one super-corroding alloy is present in an amount

ranging from 5 percent to 75 percent by weight, based on the dry weight of the at

least one first part.
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foregoing; and an anion chosen from CI, Br, I', ClO4, BF4, PFs, ASFg’, SbFg,

CH3COy, CF3S037, N(CF3S0,)2, C(CF3S0,),,, COs%, and combinations of any of the

foregoing.

17.  The multiple-part electrochemical thermal signaling or marking system of

claim 15, wherein the at least one electrolyte is present in an amount ranging from

0.01 percent to 36 percent by weight, based on the weight of the at least one second

part.

18.  The multiple-part electrochemical thermal signaling or marking system of

claim 1, wherein the component of the at least one second part comprises at least

one electrolyte.

19.  The multiple-part electrochemical thermal signaling or marking system of

claim 18, wherein the at least one electrolyte comprises at least one salt comprising

a cation chosen from Li*, Na*, K*, Mg?*, Ca®*, and combinations of any of the

foregoing; and an anion chosen from CI', Br', I', ClOg4, BF4, PFs, ASFg", SbFg,

CH3CO2, CF3803", N(CF3S0;),", C(CF3S0,),, CO5*, and combinations of any of the

foregoing.

20.  The multiple-part electrochemical thermal signaling or marking system of

claim 18, wherein the at least one electrolyte is present in an amount ranging

from 0.01 % to 36 % by weight, based on the weight of the at least one second part.

21.  The multiple-part electrochemical thermal signaling or marking system of

claim 1, wherein the at least one first part further comprises at least one hydrophobic

component.

22.  The multiple-part electrochemical thermal signaling or marking system of

claim 21, wherein the at least one hydrophobic component comprises hydrophobic

pyrogenic silica.
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25.  The multiple-part electrochemical thermal signaling or marking system of
claim 1 further comprising at least one at least one insulating element.
26. A multiple-part electrochemical thermal signaling or marking system,
comprising:

at least one first part comprising at least one super-corroding alloy and at
least one super-absorbent polymer; and

at least one second part comprising at least one component chosen from
water, an agqueous solution, at least one electrolyte, and mixtures of any of the
foregoing;

wherein heat is emitted when the at least one first part and the at least one
second part interact.
27. A containment device comprising:

at least one first containment part comprising at least one super-corroding
alloy and at least one absorbent material,

at least one second containment part comprising a material chosen from
water, an aqueous solution, at least one electrolyte, and mixtures of any of the
foregoing,

at least one vent member in fluid communication with the outside of the
containment device and at least one of the at least one first containment member
and the at least one second containment member, and

at least one breakable barrier separating the at least one first containment
part from the at least one second containment part;

wherein heat is emitted when the at least one breakable barrier is broken.
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