COMBINED THERMAL AND CHEMILUMINESCENT REACTION SYSTEM This application
claims priority to U.S. Provisional Patent Application No. 61/228,861 filed July 27, 2009, the contents

of which are incorporated herein by reference. [1] The present disclosure relates to markers and
signals com&%?ﬁ} 198 bined chemiluminescent and exothermic reactidiy, The Tharkers and signals
can be used in military and non-military training, and in tactical operations. [2] Markers are used
by both military &%%Hﬁﬁlﬁéﬁ%&'&ﬁo% LAMNE BEENT BEAGTIIN S¥SITEMthe battlefield.

The markers act to visually identify targets such as the ground location of enemy equipment and
vehicles. Additionally, tracers are employed that allow an observer to visually trace a projectile's
trajectory, such as after the firing of munitions. Chemiluminescent markers and tracers emit light in the
visible or infrared spectrufhisaphicatisultiafrasobréoritgad tedctovieioeas pakerg aginivasothe activation of

b e WaTes8e8n ALY, S0P BREBRANE SURNR are incb MmN aEGe Paebatng 0

|
night operations are normally equipped with various rent types of vis or§ evices, including night
vision gogglé’é’, rﬁf@F?'ﬁ‘ﬁ?goggles, and thermal cameras. Frequently, personnel within one unit will be
equipped with different types of vision devices. For example, a troop carrier may have a gunner using
thermal goggles an@dtbopEheshrepait disaicisnTe) tiges ioxmatikerandsignets cootreisilgrminescent signal

will be visibledeEBieetioppmitR st siNGegHeRi A ORNT0 the glaRast SimigHysthe gunner with

thermal goggles will be able heat marker, but the troops will not. Additionally, th b
variations witRIN TR T VRO GBEEL VIR SGERE 5 FCFUFFWARRIBHT the Gogoles operate

in, leading to a varl@fidh inMaekeraweteusstth 9 dihriitanasey stioleniCany emggnitianisimot one marker
that would beyigilendticalbpé e AifarRNIARESAb¥iRIRN FRYiresbRIBIlNkRY[FONNel may be

equipped Wié% There is therefore a need for such a marker that may be visible with thermal and/or
night vision (RREB6ERISIT FHRTES NS BIGH '9RAIBCF BREAY SRURSEERE 38DYS0IEES: chemiluminescent
and thermal Aysitondthattisossitzes tenmsoyed edbniplogmgtisethetherviralajpggles and night vision

goggles. This can e aghjevar, by SRLAHERAIRHIPL AR Bl GARMETAL ot and heat upon

activation, at least a first part comprising at least oné oxalate ester, at least one fluorescer, and at least
one inorgani®'@aieraRAAhIAcsst arabiand iR KSiRis RN ated seeeRehardRRIEEaNE Y @least one

catalyst. chemical reaction. One such reaction is the activation of a fluorescer with hydrogen
peroxide in the presence of a catalyst.

[003] Military forces participating in night operations are normally
equipped with various different types of vision devices, including night vision
goggles, thermal goggles, and thermai cameras. Frequently, personne! within one
unit will be equipped with different types of vision devices. For example, a troop
carrier may have a gunner using thermal goggles and troops using night vision

~ goggles. A marker that emits a chemiluminescent signal will be visible to the troops
with night vision goggles, but not to the gunner. Similarly, the gunner with thermal
goggles will be able to see a heat marker, but the troops will not. Additionally, there
may be variations within the night vision goggles with regard to what micron
wavelength the goggles operate in, leading to a variation in the wavelengths of light
that are visible. Currently, there is not one marker that would be visible with ali of
the different types of vision devices thai military personnel may be equipped with.
There is therefore a need for such a marker that may be visible with thermal and/or

night vision devices.



[5] Chemical light systems employing an oxalate ester, a peroxide, a fluorescer, and a catalyst are
generally known to those skilled in the art. Also known to those skilled in the art is the temperature
sensitivity of such a system. A disadvantage of typical oxalate ester chemical light systems is that they
generate no deted@HiE lidfs aceondpatarnebioeiofttitcdicsoting polpetwater. There is therefore a

need for an GraAAIGRASESRGMICALIGA! sysismHbaldviase HfesieshhklanAmbigrbigmperatures.

[6] It is accordingly an object of the disclosure to provide a combined chemiluminescent and
exothermic FRYEIBI AT QYL HSI5 SAGHESt LRI RPrACHRNESRY FIARRE A Anal environment.
[7] Generally;iiiplgrest sy desc|hed e povidehhzak 6es imbsig ntils tomgris el @ firsti bigpte-part system,

which ubon agtiXAURR SINElBAt Boadiedenariallio dludriageishdaigtecar sianals. More

specifically, It ( Iscovered that the use of certain morganlc salts in an oxalate ester/peroxide
based chenifafsfmissah i irgst AseredRat FeRRERB 35 RgH: 8e384 %s a visual and
thermal mankag: Swengagtyst.  [8] One aspect of the disclosure is a multiple-part marking system that

comprises at IeasE% pﬁkgg{ag(@%{gﬁggga%te%&&g@%aﬁ ?%%eaég?&?ta%%m%scer, and at least

one inorganic salt, atleastas part comprising at least one peroxide and at least one

catalyst, whBveiRsesHt artid et Smassgahen e tichesr SteddetngRIwhsi@in the at least one

inorganic sathiswelesendeanisadimetbiorLinh aitpeeiansiyaniitiosuihaic) echaiemcetate, copper
acetate, lead.acetate, cupric chloride, ferric chloride ICi iodj i iodide, and silver
nitrate. In ar%é%ﬁ&@g%%%p épﬁ{%az%xc%é%rees? @ﬁﬁ%’?{ﬁ?ﬁgﬁ‘gﬂ%ﬁﬁ%@%@gﬁjﬁy svﬁ%%%%he two parts

intermix. In anckiecadirlsivfaerapseridine betevsliadipemag Redhod MateE mISEBhiDf light and heat

when the tweaarts<0k theg¥siem ot cosplepmbserb-ABpiher asaasiafdagdisdosure is directed to
emitting light at multiple wavelen%ths, including multiple wavelengths in the infrared spectrum, the

visible specéﬁWﬁ%‘?i %6%%?66 $hereof.

[006] Itis accordingly an object of the disclosure to provide a combined
cherniluminescent and exothermic reaction that generates usable light at
temperatures that occur in the normal environment.

[007] Generally, the present disciosure provides markers and signals
comprising a multiple-part system, which upon activation emits light and heat, and
methods of using such markers and signals. More specifically, it has been
discovered that the use of certain inorganic salts in an oxalate ester/peroxide based
chemiluminescent system generates heat in addition o light, sufficientto actas a

visual and thermal marker.

Summary

[008] One aspect of the disclosure is a muliiple-part marking system that
comprises at least one part comprising at least one oxaiate ester, at least one
flucrescer, and at least one inorganic salt, and at least a second part comprising at
least one peroxide and at least one catalyst, wherein light and heat are emitted
when the two parts interact, and wherein the at least one inorganic saltis chosen
from sodium thiosulphate, potassium thiosulphate, cobalt acetate, copper acelate,
lead acetate, cupric chioride, ferric chioride, calcium icdide, potassium iodide, and
silver nitrate. In another aspect of the disclosure, light and heat are emitted
instantly when the two parts intermix. In another aspect of the disclosure, the
system reaches a peak emission of light and heat when the two parts of the system

..



[009]In another aspect of the disclosure, the multiple-part marking system comprises carrier solvents

for the first had @dﬁ%@k@‘%ﬁ%&pﬂﬁoﬁ@%s&%% stmﬁsg'}%‘%@éHé%g@B:{&Déiﬁﬁﬁr@qF?awpna'

components of the ng system. Such additional components can include thickeners to allow the
marker to stRKTEHRIE tryeleraths: NEARG ERiRRaYSIRRISRS hitke g heRAGHY and antifreeze
agents to prevetitisrRezbegrlol Ot anahetaspeetof the disclosure, one part of the multiple-part

system is containeﬁdgiédggﬁ?%g%sépg A %?Qf'fﬁggé,%%%lecﬂétrﬁ[ﬁﬁp‘?@rﬁﬂ mgr%g%gystem separate

from the at least seco he marking system, until'such time as mixing is‘desired. Another

aspect of theerisss rairielrRee fnfihfliesheaitARIKIR) SBRARHPBEING HERERFRFHA hollow flexible

plastic tubingsyvhespis theahlaasisanriparkishp sharking systemisgenssnedsaithin the hollow
flexible tubing, and wherein the at least second part is contained insi s vial which is
located withi dfﬁ@"ﬁé F&@?ﬁﬂﬁ{gsc%arﬂé?ﬁfﬁgeﬁéc |?§36%F ,%v}ﬁgrg?ﬁ ﬁ‘%c%]%ﬁig@r?g %gﬁﬁe glass vial, the
two parts wdahgéhtetaix fluore§oeoiaiawasme fasgev timeeiwr s iorevidedl anshentiilgffidescent and thermal

marker compgising Rallveflexibisiigbing comprising: a) at least one first part comprising at least one
oxalate ester, at least one fluorescer, and aiL least one inorganic salt, where i%gge at least one

inorganic salt is chO<4&h froPeSHIENFIRRSS AR SHSEALEIGRE RESLIS ea?ﬁel’,'{(; At acetate, copper
acetate, leacspstetate conpricechinside zfeotsing whide kealsuheistlierst forhpaiial foflide, and silver

nitrate; b) at IRASHANG SRACLAASE Yiahrpd Bt skl sagtpln sHashonRmAaRgagRIf eamprising al least

one peroxide and &t léast one catalyst; wherein the at lea ["E%rr]] sealed gl %vi is comprised within
the at least o"rﬁ@'?iF@%ﬁﬁ,ﬁﬁﬁagﬁﬁ@@ﬁesreﬁﬂm@efk%sa?%aé fgsézgoeﬁ%ﬁ §EE G Will cause the at least
one first partragepiaerat:ieaskiage paeonstparhtaseikvatidhrbalitwoltpdhier plastifotub]dnother aspect of
the disclosure is directed lecti | f inle- HeHmy and thermal
marker within Fﬁéebnro%cﬁi%%Eéﬁg%ﬁﬁ%ﬁ?gﬂ@rﬁﬁéﬂEgﬁiﬁ%@ﬁﬂmﬁ%arker
comprises atfletsedHbiINEsEpANVEBIRprEME AsaacoRe BRAISEREESINaLE iR Torescer, and at
least one inogpRRIGiIEANNIMNES RiB4Re AiteRshonexiplr gamg satitisrohy senflramasbaitenethiosulphate,

potassium thiosulphate, co %E acetate r acetat AcEle, cupric chloride, ferric chloride,
calcium iodid‘é‘?(ﬂ\o%é%%l PG %%%%?fv%%%?ﬁ%?é%ﬁ%‘!aﬁs one breakable barrier separating the at

least one first part framoat leashengsecanddarrempesinghatiaashonenperaXide-andmileastonneising
catalyst, Whe%ﬂo&ggg%{}g ?u%?ﬁgaggn?p@g&%g 23/ gte ge;[sqeor?e;[ hergtslt)grp go%ﬁr%‘fx?gbg% ltc)z?‘srtrioenrei%x%{a%ié%&cr, at least
one fluorescer, and at least one inorganic salt, wherein the at least one inorganic salt is chosen from
sodium thiosulphate, potassium, thiosulphate, cobalt acetate, copper acetate, lead acetate, cupric chloride,
ferric chloride, calcium iodide, potassium iodide, and silver nitrate; b) at least one sealed glass vial
comprising therein at least one second part comprising at least one peroxide and at least one catalyst;
wherein the at least one sealed glass vial is comprised within the at Ieast one first part, and wherein

breaking the at least one sealed glass vial will cause the at least one first part and the at least one second

part to mix and react together.

[011] Anocther aspect of the disclosure is directed to a projectiie comprised
of a multiple-part chemiluminescent and thermal marker within the projectile,
wherein the multiple-part chemiluminescent and therma! marker comprises at least
one first part comprising at least one oxalate ester, at least one fluorescer, and at
ieast one inorganic salt, wherein the at least one inorganic salt is chosen from
sodium thiosulphate, potassium thiosulphate, cobalt acetate, copper acetate, lead
acetate, cupric chloride, ferric chioride, caicium iodide, potassium iodide, and silver
nitrate; at least one breakabie barrier separating the at least one first part from at
least one second part comprising at least one peroxide and at least one cataiyst;
wherein light and heat are emitied when the at least one breakable barrier is

broken.



[012] Yet another aspect of the disclosure is directed to a method of marking a target comprising:
a)launching a projectile containing a multiple-part chemiluminescent and thermal marking system,
wherein at least one first part of the multiple-part chemiluminescent and thermal marking system
comprises at least one oxalate ester, at least one fluorescer, and at least one inorganic salt, wherein
the at least one inorganic salt is chosen from sodium thiosulphate, potassium thiosulphate, cobalt
acetate, copper acetate, lead acetate, cupric chloride, ferric chloride, calcium iodide, potassium iodide,
and silver nitrate, at Ieast one breakable barrier separating the at least one first part from at least a

second part com a%& ast eI’OXId and_ at least one catal b) breaking the at least
one breakable ba bet g 83%&%%@%9?&5’5?{%%%%0&%8& rﬂﬁg‘%é’{)nd part;

marking a target compr:smg.
a) faunching a projectile containing a multiple-part chemiluminescent

and thermal marking system, wherein at least one first part of the multipie-part
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c) generating light and heat as products of the reaction between the at least first part and the at least
second part; and d) marking a target hit by the projectile with the activated multiple-part

chemiluminggeent ahd Mermal marking system. [13] A further aspeci,gfrmgzgllia%%y‘{e is directed
t

to method of signaling comprising activating a multiple-part chemiluminescent and thermal marking

system by miﬂn%.?t least one first part comprising at least one oxalate ester, at least one fluorescer,
cne zummesc% ﬁ

and at least ohe NOrgante LAt SIMARTHBLEVIRE FARRGRDALEABoNEexaBEMe peroxide and at
least one catB$jet ahteepimemfinerdistaraantine dtasihexcinotyarat eastwrRegNar@ariesalt is chosen from
sodium thiosglphgtggRaEssiugHiosyiphate, & - C I te, lead acetate, cupric
chloride, ferric hiori% calcium iodide ﬁf&?ﬁ%’gﬁﬂeﬁ%ﬁ gi \%e?sr@'ﬁ%el.o F'r%J %%ﬁtgi'n of these

embodimentSPHRS ARSI SRR AGHALIFRE 28rtals FYRERARIoRHS KRGS Phterdss Jrieisnt in hollow
flexible tubinipdiciee pokashiertideatt, and filsepaittzite paekaiat vhthitdbeaBIbiBgHiand wherein the flexible
tubing also cegpFises &, i InJ t Jeast one second part; and
wherein the gg?ts ari@_ miéﬁ%ﬁ?ﬁfﬁ%‘p tgh%ﬁt%m%%%nﬁ%g%‘g%%g fhe 8(5%% rTle(él?%g"r?étaking and

releasing theP3F IBYS 5288 @Siieesbrn e sei&istit to mix and react with the at least one first part.
[14] Additional objests artrtexdiantagesiebsherdiselesar=ilrber seihiRER iR Tdasthpglescription which

follows, and ifﬂs%gﬂ\guénglgQﬁgg&%ﬁ@s%%tﬁ(gggﬂption, or may be learned by practice of the

disclosure. The objects and advantages present disclosure will be realized and attained by
means of the elemBhts aBBNEGHIBMEGNS D haRt AR APFLRt hetpraliombpvesadhdams. [15] It is
to be understeqd thatpethribento e gnisosgensidpesaraption and the following detailed description are

companying crading, WHEN T EIABLILELY ATt & Bl St LDRE e o, ilustrate
one embodirfiefnHecarsiIbanfc it s EAHEdsXRieTe description, serve to explain the principles of
the disclosure.  [013] A further aspect of the disclosure is directed to method of signaling

comprising activating a multipie-part chemiluminescent and therma! marking

system by mixing at least one first part comprising at least one oxalate ester, at

least one fiuorescer, and at least one inorganic salt with at ieast one second part

comprised of at least one peroxide and at least one catalyst and generating light

and heat; wherein the at least one inorganic salt is chosen from sodium

thiosulphate, potassium thiosuiphate, cobalt acetate, copper acetate, lead acetate,

cupric chloride, ferric chioride, caicium iodide, potassium iodide, and silver nitrate.

in certain of these embodiments, the multiple-part chemiluminescent and thermal

marking system is present in hollow flexible tubing, wherein the at least one first

part is present within the tubing, and wherein the fiexible tubing also comprises at

least one sealed glass vial containing the at least one second part; and wherein the

parts are mixed as a resulf of the tubing being flexed and the glass vial breaking

and releasing the at least one second part, causing it to mix and react with the at

least one first part.

[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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BRIEF DESCRIPTION OF THE DRAWINGS [17] Figure 1 represents the chemical light process
showing the oxalate and fluorescer solution inside a glass ampoule and a plastic tube containing the

glass ampo%g;f(ﬂ/ﬁl&;\égtor solution. DESCRIPTION OF THE EMBODII\@E,MPI%%%%}?] The

multiple-part marking system of the present disclosure is identifiable, when ac y both thermal
and night vision goggles. More specifically, when the chemicals used in the multiple-part system
interact, they react% Bmit biSte IR ReRIsheRs . thathotiion fereariad grieral drseristivmeadchemical
reaction betvieefollowing tigiddiccDdeonstits fasestrnistshy and [§]idheonuiplempstaaiking system is
comprised o;.@gt}%@%tgy% q{itssciég&lgﬁ%ig%gi?neé)oarately until activation. The first part is comprised of at

least one oxalate ester, at least one fluorescer, and at least one inorganic salt; the second part is

comprised of at led8f8he pBROATaeBRRNMNEARVIRE. vdYaly it incorpiealerhie Hgtitcanstihaat are emitted
upon the corapanesitthisfsheciestipte inastspstpr drBetingefiyr dnensiyRkihaighsand heat emitted
Increases a%ﬁﬁtﬁ%:?@?&%%%?% E%ﬁge g@gué%sl%m ré SYiﬁE:?Te gmitf%g‘g [P::?zc? reach a peak emission upon

ocC mpgnen

complete mixing and reaction o e SY¥fe speed of mixing of the
components is dependant upo marking system. At labscale, the speed
of mixing is typically dependa , kksystem is injected into the
second part of the solution. However, when the marking system is employed within munitions or

projectiles, the intelfdélsp&EddHEn RRERRSNSRChamiRrb Aghd Pessembaning thetasakimpletely mix

and fluorescer solution inside a glass ampoule and a plastic tube containing the
glass ampoule and activator solution.

DESCRIPTION OF THE EMBODIMENTS

[018] The multiple-part marking system of the present disclosure is
identifiable, when activated, by both thermal and night vision goggles. More
specificaily, when the chemicals used in the multiple-part system interact, they
react to emit both light and heat. “Activation” as used herein means that a chemical
reaction between the multiple components has started.

[018] The multiple-part marking system is comprised of at least two parts,
maintained separately untit activation. The first part is comprised of at least one
oxalate ester, at least one fluorescer, and at ieast one inorganic salt; the second
part is comprised of at least one peroxide and at least one catalyst.

[020] The light and heat are emitted upon the components of the multiple-
part system reacting. The intensity of the light and heat emitted increases as the
components of the multiple-part system mix, and can reach a peak emission upon
complete mixing and reaction of the at least two components together. The speed
of mixing of the components is dependant upon the practical application of the
marking system. At labscale, the speed of mixing is typically dependant upon how
fast one part of the marking system is injected into the second part of the solution.
However, when the marking sysiem is employed within munitions or projectiles, the
intense speed and rotation of the munitions or projectiles can act to completely mix



the multiple-parts together almost instantaneously upon firing, and as such can allow for the peak light
and heat emission to be reached almost instantaneously. [21] The wavelength of light emitted is
dependant upon the desired application of the marker and the fluorescer chosen, and can include
wavelengths'It? BOtK té¥isual and infrared spectrum. It may be preferabBGYCHMIAEFHltiple
fluorescers within one marking system to allow for the emission of light at multiple wavelengths.

[22] The reacdhBindieBididsiogeive- plrort drkiattaysiasly caobérgpendantsupbiedhe amount of

catalyst employegrendepeeragnasrordng tadiishasdsr @Q&EK&Q%@P&?&%@%&&@& temperature at
so be dep

which the reaction @fﬁndﬁted. Tl]e in enﬂ% of the light emission can a ndant upon the

amount of catalyst, the’'compietenesEd'H 14 STl HeRtniant HRerdSesesifasioyed. [23] The
multiple-part #iipRfigysEivednankep rasehe discioscrechasdheeabitipn oo hetelgigtand heat. The

heat may be fojogxaianleus Braduesekis.caalytia P{ﬁoﬁgﬁg\/\‘&éﬁﬁééf&%ﬁ}égﬁ%‘%ﬁ” Bﬁ[t(?ﬁéde by the

inorganic sal{r However, %(l)fl:a" inor(%anlc salts will act t the marking system td emit both light
and heat. Inorganie et YR ANE RSP EHRIA DR Ylowoian e saipsiemef lehtintAulight reaction and do

not provide ad@plenegtlight emission. The at least one inorganic salt useful in the present disclosure are

chosen from sodium;_tﬁjosq-lg.p@?ggctﬂg{%@mﬁgiHﬁgﬁﬁﬂ%%ﬁ%gﬂé%gcﬁgé% %ORQfer acetate, lead
acetate, cuprijc chlaride, ferric chloride, calcium iodide, potassium Todide, and silver nitrate. In certain
embodimentS RS ZRTEHRL i BRYH R Satriksh REaRIRY S ARchprerARdsARTALEN® 6rstpercent to 30
percent by weridgttkinatiosl dapehdantabure b tefiredive padiiompesiitionof exainelss the at least one

morganic <2630 06 15N AR AR 3RCIRS KPEMLREER LI B percent by weight, based or

the total weight of the two-part Composition, such as perce rcent by weight, from 5

percent to 25FBNENEPAIBRIFETRSHOL 0 pisigcprddhes puretmf B oresghE eameldyerh 10 percent to 20

percent by weight. [023] [24]hEhedighit et hesingfshtamarking ssieindiRars it aE@inLmbodiments,

last for apprqx| ly 2.mi f to. 2Q. miputes, or for up to 30 minutes, In other embodiments,
the marking%?@ggrﬁ éﬁﬁg%}r@? e%tgéé;@ﬁ)astijr%hgoa ?r?uné@'ebrﬁit#r’?& ’f@ﬂ? Ena H?MPémsast 30 minutes.
These embotffAbtitsbearrenuniel fhelfipisassopemridediotheintiganiqses thothevsamat marked target.

In such embnidiepisicaansael mankesiby ménsbiaapsyargiarwihatib g wsibie dxaatroop carrier
farther back l(g}%a route her%in the later trh o§ carri(}r{ﬁntgm be more well-suited to handle the object of
| ot o

the marking rgﬁgﬁgstﬁ%fs HiTeas RIS ARt AFLIR LY d8R be a product of the
reaction, or C&FChRNtREGEaNPLR PIddSRaRMH aleniigbyentisElum |ehugrabietsterermangagcsystem maintains

its temperatigent GRBfOErTPRARESSH UL YIRL BB RS R $b& URARKNG.SYsieM. and therefore a
marking syste%ggl%q% maiirkt | ing or a contained housing will maintain its heat longer

d within t
than a marking Syetam Sotu For%%i%q\é\gjg%ggagg}f SRPR SR PAAF SHRarHRTDN a target.

chloride, ferric chloride, calcium jodide, potassium iodide, and silver nitrate. In
certain embodiments, the at least one inorganic salt is present in an amount
ranging from 0.1 percent to 30 percent by weight, based on the total weight of the
two-part composition. For example, the at least one inorganic salt can be present
in an amount ranging from 1 percent to 30 percent by weight, based on the tota!
weight of the two-part composition, such as from 5 percent to 30 percent by weight,
from 5 percent to 25 percent by weight, from 10 percent to 25 percent by weight,
and from 10 percent to 20 percent by weight.

{024] The light and heat of the marking system may, in certain
embodiments, last for approximately 2 minutes, for up to 20 minutes, or for up to 30
minutes. In other embodiments, the marking system of the present disclosure
continues emitting light and heat for at least 30 minutes. These embodiments can
enable multiple troop carriers to be able to pass by the same marked target. In
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[25] The first part of the marking system comprises at least one fluorescer as described above, as well
as at least one oxalate ester, and at least one inorganic salt as described above. The first part of the
marking sys ionally comprise at least one carrier. [26] Examples of the at least one
oxalate usef%?lgr; t qe)ﬁé%%s%nt disclosure include bis(2,4,5-trich|oro-6-carboP;§:e]ﬁ g)%?/}p Oedﬁgl‘?ffoxalate;
bis(2,4,5- trichlorophenypoxalate; bis(2,4,5-tribromo-6-carbohexoxyphenyl)oxalate; bis(2-
nitrophenyl)oX&FEMBRYINE M i B aeipated e adistirecs sarers wihakib prerisihioiamte;
bis(2,4,6-trichiosppiaeny faxakteatis(3 dribu amerai e RIEORBEPRMEHMEY be more
bis(2-methyl-4 S-dipitophe ; gs -dimethy1-4,6- dinitfrophen I%oxalate;
e e A o8 5100 R R s ot

bis(2,4-dichlorophenyl)oxalate; bis( Initrophenyr)oXalat

bis(2-formy1 #$iffo XA SR pERTheRToPe shria gl ekel e reaction, or can be the

HRFS SNSRI SiEpeATEANO?
bis(1,2-dihydresaiiaakt-pard ehierakdistReAiitirer frathviphag ¥pesaiates hisHN Rhthalimidy!
oxalate, and @i@%p F,U;Qe%%og. 23 EI!]xam les qof the at least one fluorescer useful in the present
disclosure include ]s-metﬁoxy-ebc,jfg- nls%ﬂ Ry eﬁ‘ﬁﬁ‘yﬂ%ﬁﬁmﬁﬂg’fhﬁ&gﬂ% FBiRAeand
16,17-didecy€1&58j9Telartarsne, systeny oluidhirs@nieimgd tvithiyl fahihgaceneyntained

2-chloro-9, 1(vbistAganpmaniamybaniBrasens Rasiorarid@ s gdnesihayhe v hanibacene;
9,10-b|s(phe%leth¥n I& anthragene; -ch{orog_,10-b|s(phenylethynyl)anthracene; 1,8-dichloro-9,10-
bis(phenylethyr@ﬁaﬂér%i%%r?g; fg-%q Al 8@?1*5’58%@henylethynyl)anthracene; 2,3-
dichloro-9,10-bis(pH&Et¥yletipeyiysinaraetthe; Batigng sisten dethyisditatreashene

9,10 diphenyiasibsaspaeudserbdd J6anae RN Al bl Ghé SRR BBPIRAH e e 19,10 peryiene
dicarboximide; 1,6,7,12-tetraphenoxy-N,N1-bis(2,5-di-t- but5¥/I§|%2enyl)-314,9,10-pery ene dicarboximide;

1,7-di-ch|oro%’,ﬁ§’-%ﬁ%%ﬁ§§ R KBS ?,@&E‘B’ﬁro&ﬁnﬁ@ﬁ% hg TRNG RYREFi@RBoximide;
1,6,7112-tetregpbreiyasivrisedtieast-bis 2@ +ditsopropylpheny1)-3,4,9,10-pe rylene dicarboximide
1,6,7,12-tetraph N'edis : - ' imide;

e phen NN S e e T ety 1.

tetra(p-t-butylphenoxy)N,N1-dineopenty1-3,4,9, !

tetra(o-chlorGIRARS NG FERSE & eniEeRspiRmAsRoRsoxye eyl exglate Bilarbéximide;
1,6,7,12-tetrar{phtdrimpbameiooaigidy Dis(Dig(2-Bishisopa patpbieniskypBeh @ bRameryigng- dicarboximide;
1,6,7,12-tetrafp- XV)RR -hi 1 Ip )73.4:.9,10-p.eivlene dicarboximide;
1,6,7, 12-tetrﬂﬁﬁ%ﬁ%ﬁ%&%%%—%&%% g’@%%%g ?@@%&e&%@%ﬂ@i@% e'r-‘)irg%)(iérlq1 & Tzz}llﬁarboxi mide;
1,6,7,12-tetr&3RBHR RIS 1 &ilEehierosheoy oA chis Bitimsemetyl-4-
1,7-dibromoGirdediphgosyaty; BikDistatineareritinfasmeh) Sk a0 paimlengidigaghaxdmide;
16,17-dihexy, jolapthrone.. ru , 1.4-dimethy1:9.10- bis(phenyle Danthracene, and
mixtures theégg# Xgﬂ_g@%ﬁgaﬂgg% éﬁh’%%ﬁgééﬂ%ﬁ% §x§§é=§r¥é"‘ Iﬁgﬁg{e)lréyg)&xglﬁ Pfluorescer
employed is Rig(#ardiniiiemeenyhiraigten Siscidpimy o iitopkesybexaMiRirescer in the solvent chosen.
Howevehr, ?]Sbmpédtbehw}pm@l@' E}dxbbé@?@igmtjzeda{g{dﬂzqqﬁilézi@Wﬁ@ﬂmgﬂfmpggmwwId decrease at
certain hig n rations, In certain embodi ts,. t least one oxalate is present in an amount
ranging from gﬁ?éﬁtg %@%"‘%‘é@%’ﬁ fﬁ%w%?g‘r{ni? %ggfg@ﬁ 3 ?%?aﬁv%@ﬁ%ﬁ‘e%sg%\?g?part composition.
For example, the akdédst dnavriEae Bmadieprboantivpamseanussittantiagiesent percent to 50
percent by wgighishasad @i thenairlxyeidbtiot thehyRagRl s ampRRtaL, sscheas from 3 percent to 40

ercent by weight, fr cent to 30 percent by weight, fram 5 percent to 25 percent by weight, and
From 7 pe)r/ceWt 5 %cé)%]ﬁé%?éﬁﬁyv% [gHt° |%“iﬁé"ﬁaﬁwé‘ﬁﬁﬁ%ﬁé%’ﬂéf?ﬁ%“éﬁﬁ@gf&yﬁﬂ%ﬁ?f&8?8§¢gr is pg:esent
in an amoungreiigiadg fierhislHsthexgeheny @etiveresat Byhieigt ased on the total weight of the
two-part co e GEET T | - R FUesent amount rangin
frompgreateﬁﬁwgﬁ{ﬁgrc nt b Wrgi&hﬁét'ogg% Q@%H%Wb e@@ggsed ohqthégltéo}%al weight of t%eg
two-part comip 6@19'3 ' %%eﬁyﬂ%”g?gaﬁ%ﬁl%&ﬁe gfi ?égﬂ\ﬁby weight, from greater than 0.2 percent
by weight, frois(pireayéstiyay)@rdipacesat hj-viehjbito-Rod-bisdphenyeinydyl) peiventdry Hdight, from
greater than Gep BRI BISWREHEIFORYIHRAIGIERN D16 BRGRBhAY W IgH fiuangreater than 0.7

percent by Wei%ht _and from _ .
g, T0-diphenylanthracene; 1,6,7,12-fetraphenoxy-N,N'-bis(2,6-diisopropyiphenyl)-

3,4,8,10-perylene dicarboximide; 1,6,7 12-tetraphenoxy-N,N'-bis(2, 5-di-t-

.



greater than 0.8 percent by weight. In addition, the at least one fluorescer can be present in an amount
ranging from 0.05 percent by weight to less than 0.9 percent by weight, based on the total weight of
the two-part¢QmpasiiipR, such as from less than 0.8 percent by weight, f @ 7 percent by
weight, from less than 0. 6 percent by weight, from less than 0.5 percent by Welght ro ss than 0,4
percent by w%%’t fro ss th n 0. 3 percent by wei ht from less than 0.2 percent by weight, and
from less tha AERFY ISP difaEP MR o i ok RRhaNeRsNINe fluorescer can

range betwe@lﬁ%@d%@ﬂpéenﬁ] B e sliptad eho\dicarboxiRR; “ﬁhematk@ﬂg@ystem can comprise
at least one (@Hﬂ%’p Ig‘sg@qug&%tm 5%9 Bﬁéﬁﬁé @5@?@? §L ﬁ?g of the multiple-part

marking syst?m useful in the present disc sure incl propyle y ther ¢ontaining one

to three propyl&re'fiSEaRESHRNEN N -SikiALRenty13 fheid Brrigdang ﬁ‘%’il’ﬁi@‘?ﬂéﬁa%%? BPanched-chain
alkyl group ctaitafpiguiyitioss we)boX mnmeﬁwmplarwfﬁmh@mt%m@mm@r@me@ glycol dialkyl

ethers contallrélfgg((gvy;glgr den IIS I imethyl ether, dipropylene glycol
diethyl ether and dlpropgfﬂy chm ﬁl t%(l?t e’fﬁ%é@&?@‘ aﬁr?’a%a e, Eltqujgenzoate propylene glycol

dibenzoate, SRR p?’r@rg I %ﬁ@éﬁ(ﬁa‘i@ %ﬁﬂ?ﬂ?ﬁ% Nrisie@ibtdiserripvitheadiments, the at least
one carrier igm@swmln@hmmbmmm frem m[@aifagb%ﬁ@ﬁgmmwggt@based on the total
weight of the sifi le, the at Ie St rrier can be present in an amount
ranging fromogyrgggp 8}55,'(}3;% g%er’gégnf E Si%%p%(’r@én b@gﬁeﬁgﬁ%‘?ﬁazged on the total weight of the
two-part confPERRAI NS M RIS ér@'ﬁ‘é@fmm@w&r@é‘nﬁﬁQ“ﬂ%f@hﬂﬁr@nﬁ@f@mﬂeﬂman 20 percent by
weight, from geatez- t@ﬁﬁp&@mﬁﬂ?byéf@lwh fam@oRies H‘@d?tﬂﬂzméeﬁ“Tb&‘M@ﬁ%ﬁ from greater
than 50 percgnt.b ter than 6 C we| ht, fro eater than 70 percent by
weight, from 8grrllteza(ty Vﬁ% ’&é rce(?g1 Qe% é’fggﬁ) (ERE I?ﬂ&rﬁ@@%@%@ﬂf’by weight In
addition, the # @a@t"@ﬁé‘@&‘r\‘i@’ﬁﬁﬁ\ﬁ%@ m@f@m |r’i éfdlamtblyhﬁfwwglng from 5 percent by weight to less

than 95 perC@@(&kVMWn@%ﬁﬂr%ﬂ’@ QQW glthgstwo-part composition, such as from less
than 90 percent by rom less #Eﬂ% ercent bé@jélght from less than 70 percent by weight,

from less than 60 g %&g t BYSIATIR gr?%?) Ene e, Rt 2 oRSess than 40 percent by
weight, from fleseetiten Sopteyree it bywredyHimftedolgdyiha 2upéitgerithoyesteigind and from less than

L0 percent bygsRIshy @IS0 BERHESL Nl G0n Ol 1 2Bl A RATTGT 1 e betvieen any
of the numerical values listed above 030{‘71- e second part of the marki rég system comprises at
least one peradil (PSP RYR B GeAStag SOy AeeErssa ﬁ%ﬁ?ﬁ?'fh@?ﬁ%@ (AR iy optionally

comprise at legstiorenbadipenid thi-ablrgsiesnel dhal=t least one codalyaiusetariginerpresent
3 percent fo 60 percent by weight, based on the total weight of the two-part
composition. For example, the at least one oxalate can be present in an amount
ranging from 3 percent to 50 percent by weight, based on the total weight of the
two-part composition, such as from 3 percent to 40 percent by weight, from 3
percent to 30 percent by weight, from 5 percent to 25 percent by weight, and from 7
percent to 25 percent by weight. In certain embodiments, the at ieast one
fluorescer is present in an amount ranging from 0.05 percent to 0.8 percent by
weight based on the total weight of the two-part composition. For example, the at
least one fluorescer can be present in an amount ranging from greater than 0.05
percent by weight to 0.9 percent by weight, based on the total weight of the two-
part composition, such as from greater than 0.1 percent by weight, from greater
than 0.2 percent by weight, from greater than 0.3 percent by weight, from greater
than 0.4 percent by weight, from greater than 0.5 percent by weight, from greater
than 0.6 percent by weight, from greater than 0.7 percent by weight, and from
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disclosure includes sodium salicylate; sodium-5-fluorosalicylate; sodium-5- chlorosalicylate;
sodium-5-bromosalicylate; sodium trifluoroacetate; potassium salicylate; potassium
pentachlorophenolate; lithium salicylate; lithium-3- chlorosalicylate; lithium-5-chlorosalicylate;
lithium-3,5-diR PO KR hte; lithium3,5,6-trichlorosalicylate; lithium-2-chiBFOBE34 3334
lithium-5-t-butylsalicylate; lithium trifluoroacetate; rubidium acetate; tetrabutylammonium salicylate;
tetrabutylamre&¥tanthendib oleorent bicveighity lanandimnHecizeaseotetfririyRMERAREM benzoate;
tetrabutylammesism iReradiv ,k? s Ledr I rchlorate; abutylammonium
b R R B Y R

perchlorate; tgtraoc%apﬁr%jo ium perchlorate; tetrabutyla
r

tetramethylammoRiand fiTrordadlstApial Waight Sl e dwrchpiteompesition suehes g madsylate:
magnesium-3f@nr8saicyritey meight siomidss-timhmropsadiev atewmganesiHmRs, héraghbrosalicylate,
and mixtures gbpigafpiefgial [ t n talyst is present in an amount ranging
from 0.0005 Fsercentntaro 0.5 F%rqggﬂ%%gwfﬂ%prﬁsbga%%%ﬁr%{@g%?ﬁ;ﬁ? %&ﬁ%ﬁvéoqﬁgﬁrgomposition.
For example,‘zmw%{g a@?@ﬁ@s&mﬁpéééﬁrﬁﬁrﬁl@sﬁ'ﬁﬁm&wmﬂﬁﬁﬁﬂ’?@r@%g@f@ﬂnt@neater than 0.0005
percent by wiigightoedid frerdess kiyaweignieroasepyaretie: tatas weightaidhe #netRart composition, such

as from greaigtth L0 ' r reater than 0.005 percent by weight, from greater
than 0.01 perg?él? %ﬁ%ﬁ%ﬁ%@%@?@# é%g]ggptg%‘é%?%?/n\xé% F Pr%'ﬁ?ﬂ?@ \E n 0.1 percent

by weight, aH Gi&ater than 0.25 percent by weight. In addition, the at least one catalyst can be

present in an amouREng g froark B SpsiepepntdmpreightitalesndhanerS pesrastdysweight, based
fgf%g;n less.than 0.1 percent by weight, from less

he total wi ; o, aueh
o 0.05 po G e R s T e R e SR, TR OR VB0 corsont by

than 0.05 percent by weight, from less than n
weight, and fHSRTYEES BRSSOV Higeinseie IFwesgIORYIEResTienkbaidia! et thentaminmt of at least one

carrier can rangetbéiveegnopyient Neictsy aHE 6N e H8thad MNependdriy] Feampigs of the at least
one peroxide&g&ﬂ&i&é %h%e_%ﬁn.t disclosure incl%jge\jgﬁldro%en peroxide; sodium péroxide; sodium

perborate; sodium pyropt oSphafe peroxtig Rfe it R faTHE LRSI XA My droperoxide;
and peroxybdfAdie! s inakdRiRiaRyiEtecsyot! Hiatkytathermtodament swtherapyast one peroxide is

present in amaiikaEs CIARAUBEBRIP/ERS NG NHSRR Qﬁéqgggb?bwgg%‘g!ﬁgg,&gtgﬂ fhgfotal weight of

the two-part composition. For ex le, the at least one peroxide Can bé present in an amount ranging

from 0.25 pe?&g:]%Pomf(g%%?c%mnzg}ﬁ%"g%n,eﬂl?é'eal%‘H%fa?éﬂt\?fé?ﬁm 8efeatRoPFRRYIEBRposition, such

as from 0.5 pEyeerfinerplercshy heweijbbhefigmi®Sppatecnidonbiupes desiday Weighttaiffom 0.5

percent (0 LR RicR RIObH AT SRIBARASIGRILI f BRSR0L R IEIAN' L ceriain embodiments,
xide.

the at least one Gperoxi of the {)resent disclosure can be hydrogen per [33] Examples of

the at least diE EA I8t PRIESHL PYA¥Eghk RaRehaN R BighwsieiRA & aMonarking system useful in
the present diseipssitomndivdexdimgith yhe hthedatardethybciteat @catindendrolycahailignzoate, and

mixtures thergaging frd%r‘@géirti%ﬁ@ggf@&ﬂ%tﬁl i Q%Sﬁéﬂi&ﬁ%q Mé@ﬁg@\l{a

%ggﬂgr?nent of the
multiple-part}Farklnqys stem include, but are not limited t eners to
0

] the marker to stick to
the target bet&r HRoTESEN HRRSre 38 CaBIPRRHE PaRYSH AR IORY SR R HIAFC Y BHigRIHLS to prevent

freezing, filmbiowaigrd, Gettinpeateritarpiyseadantidesightdfnelyyiexiehtnsceo Papsshegiditional
components e HORE L ARPMBAL B S L AL RARHIAL IR IR TASBPALR BHTRIRER: by

weight, from greater than 60 percent by weight, from greater than 70 percent by

weight, from greater than 80 percent by weight, and from greater than 90 percent

by weight. In addition, the at least one carrier can be present in an amount ranging
from 5 percent by weight to less than 95 percent by weight, based on the total
weight of the two-part composition, such as from less than 90 percent by weight,
from less than 80 percent by weight, from less than 70 percent by weight, from less
than 80 percent by weight, from iess than 50 percent by weight, from less than 40
percent by weight, from less than 30 percent by weight, from less than 20 percent

-9-



[35] The marking system of the present disclosure can be contained in any suitable housing or
container. In certain embodiments, the container separates the at least two parts of the marking
system from_interacting prior to the time marking is desired. In additional embodiments, the container
can be comr%géaig]o h‘%’%w flexible tubing containing therein a) at least a’ﬁ‘g{%ﬂ]‘t‘r’ﬂﬁ?‘%ﬁmprised of at
least one oxalate ester, at least one fluorescer, and at least one inorganic salt, and b) at least one
sealed glassRAARBRtaAHFIREISH Baridparseabiiiveeiaitiont ¢f alsteiateraree reiele and at least one

catalyst, whexsin.itcosadessane sedleckslenYiPbEaR bR SATUPHREAMIDIBIN I Aglyion inside the

hollow flexibl ing, and wherein when the glass vial breaks the two parts can mix and react
together. The " flexible tubing can be sealed at both ends and can be comprised of an opaque or
transparent plastic[63® lighteapecheapesrobibemaskine dysieen dbredhsedb st tekéngris flexed, causing the

glass vial Insideoioderakadisueing ausag af thecaldeasl bR SPHU R ARG G marking system
within flexibleﬁlasti tubing .can a}ctagé)revent premature breaking of the glass vial and prevent
! .

premature mi r%n% $ET e'-?ﬁi@é . UFeCT,”P%rpresents a schematic of one type of flexible plastic

tubing / glass vial dffétiuretikampiay fohesa Hestmodtipialyatiuseikingheystesaraf the present

disclosure. - disd36ind Matled sbaianaung sidisdaspldiisiosufagiain g kil part marking

system can bEIactlvtteFl by gh /sically ma I%? the at least one part of the marking system comprised of

at least one filGFE8RLY'Al5e %‘%8%536@% Rt Rt AL srieardRiarREI8aRIURIX and react with

the at least wipmlgtpamwmemkmgmmemmnimﬁaudﬂaﬁ_; ditreupe®xide and at least one

catalyst; Wh%ﬁ&d@ﬂ&@%hﬁ%ﬁ%@@ﬁt&%&ﬂ&{@@?;'ﬁkrjjﬁﬁ%}s%%‘i%?%@&[&ja%&-‘%i hEHpod includes the
n"hollow flexible tubing contdin

multiple-part marking system being present | w flexible ing t erefn a) at least a first
solution compA&GHIGHggaliy&ie e etisFoReNEasie A mmrnEbety laplirdaiedbivie inorganic salt;
and b) at leasiflonesestird; glassiviabeotirintstertityRinmbleast akgagad solution of at least one

peroxide an%ﬁ%@%ﬁﬁow%ﬁ#n%%%@%iﬁ%% E %I]?ss Viiar!wi% ecomaﬂri_sed within the first solution

inside the ho ubing, comprises flexin g't%%’ijng anné%réeaking the glass vial contained

therein; alloWf¥gHY/ ABMRPBMKE BB RiaRstYamTeTurh beraiinigrpsrimter the present

disclosure cagtralan\eisenivmpeieatiasofalhbipaammdpiein deigklesited to mark the target of the
projectile. In certain Fmbodiments e mal lt(é

I diments, r &}%@{?{ae@ %%?ubqﬂ-%cléif?%g v¥it in thet%rojectile in the
above descrltgea g(ﬂ:)rpg}ubm'g %n& g?ass vial con |gur51[|on.q3rdje s \%3 e the type such as
18mm rocketg¥ispelistrgrageinmiiflopsasetvie: eragnativ gragityleten tagassivmag-tgynclude smaller
caliber munigamnsysdcthagresiuselmiiysieyigeN fdReiHm SPEReEHIBHNKIMRSILRkICH as those ranging
from 20 mm to 83 mm r%déag&ﬂ calil*erﬁléniti%s;ﬁch ?f?i those ran inﬁ from 8,3mn% to 155 mm.
[38] A methdd®&' %Sa\w?ﬁ%g 5 2156 ISR SE R e IR, LB TR slfl’e??gta ﬁﬁ??&%‘ﬂbea Projectile
containing athau#tifdeghanachaiitehiineesertiand anesrmlangikintiosy SO0 escem ot Oast a first part
comprising gidpask 8)&exHaEa8sLesnahioRs WEHeress oAbt aldeRsLABR Itrganic salt is
separated by at Iesi\st %ne . \

example, the at least one catalyst can be present in an amount ranging from
greater than 0.0005 percent by weight 1o 0.5 percent by weight, based on the total
weight of the two-part composition, such as from greater than 0.001 percent by
weight, from greater than 0.005 percent by weight, from greater than 0.01 percent
by weight, from greater than 0.05 percent by weight, from greater than 0.1 percent
by weight, and from greater than 0.25 percent by weight. in addition, the at least
one catalyst can be present in an amount ranging from 0.0005 percent by weight to
less than 0.5 percent by weight, based on the total weigh! of the two-part
composition, such as from less than D.1 percent by weight, from less than 0.05
percent by weight, from less than 0.01 percent by weight, from less than 0.005
percent by weight, and from less than 0.001 percent by weight. 1t is also intended
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breakable barrier from at least a second part comprising at least one peroxide and at least one
catalyst; breaking the at least one barrier between the at least first part and the at least second part;
generating light and heat as products of the reaction between the at least first part and the at least
second part, Shd" AR a target hit by the projectile with the activated RGR{pRI%BYPH3334
chemiluminescent and thermal marking system. [39] The marking system of the present
disclosure mEFHIR® 2ePUR! 8fiad deast Arerearigicug iergtbletueeenryatbtha sl of the reaction is
visible duringrthe:flight@tthrdrojectile. [40] The hollow plastic tubing may be of any size or shape

suitable for holding ass-vial and the multiple-part marking system as described herein, and as

needed for the appfl%a' on%ﬁ?e%‘?éa.%ﬁaﬂ@gﬁﬁéo ne pef&ffjgﬁ%%fglé?ﬁ@ﬁ/\ﬁé%ﬁ%icated, all numbers

expressing oRiBFAREE diGhisebishesercpenaitensliion seandtisp Sotthnupechiratee spitaification and

claims are topyeopREEIRAeOHRs RAINGraAqsfissHn ﬁiéﬂi@ﬂé'&%?&@é??-%lﬁﬁﬁfﬂ;}@#a ch}éﬁmrdingly, unless
ic

indicated to the contra%/é r‘the num{%\cvgl &arameters set forth in the following specification and attached
r

claims are aggpo%rrr%ﬁonszﬁ{‘éta A HEERHHIRG R trEAR SRPHrBRRtRIdRSE 8RR o be obtained
by the preseffeiReloxdecs pre§en] insnsewbher eingihe fightepsitecbby: e fnpekingt system is

measured usisAiBRidB et IbA bR ehBREROBRRAN AR e Al EfORIIted (infrared,

- i

visual, etc). For ﬁxam le, for t%‘ht emission in the visible spectrum an irradiance probe is used. One of

ordinary skill A $h& SrPRBHRPISE MR HRSFR 3t AOAME SR IGAANBHRE QARBRCSRIt Meksuring the
wavelength giliggntthie weigkinoesestemt itz erigitsid tedtimerait.cohp bghbersission is presented in

[ e, MORDSRHBIABROTRL U SR SSMIRAR RGN BB 0 mensure
from 0.5 percent to 10 percen%l by weight, and from 0.5 percent to 6 percent by
weight. In certain embodiments, the at least one peroxide of the present disclosure
can be hydrogen peroxide.

[033] Examples of the at least one carrier for the at least one second part
of the multiple-part marking system useful in the present disclosure inciude
dimethyl phthalate, triethyl citrate, ethylene glycol dibenzoate, and mixtures thereof,

[034] Additional components that may be present in either component of
the multiple-part marking system include, but are not limited to, thickeners to aliow
the marker to stick fo the target better, fluorescent powders for day time target
marking, and antifreeze agents o prevent freezing, film formers, gelling agents,
polyacrylamides, and polyvinylchloride. These additional components are those
well known in the art to be suitable for the above purposes.

[035] The marking sysiem of the present disciosure cah be contained in
any suitable housing or container. In certain embodiments, the container separates
the at least two parts of the marking system from interacting prior to the time
marking is desired. In additional embodiments, the container can be comprised of
hollow flexible tubing containing therein a) at least a first solution comprised of at
ieast one oxalate ester, at least one fiuorescer, and at least one inorganic salt, and
b) at least one sealed glass vial containing therein at least a second solution of at
least one peroxide and at least one catalyst, wherein the at least one sealed glass
vial can be comprised within the first soiution inside the hollow fiexible tubing, and
wherein when the glass vial breaks the two parts can mix and react together. The
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[43] Example 1 A two part marking system according to the foregoing disclosure was prepared,
activated, and the results measured. The first part of the marking system comprised 23.5% by weight
bis(2,4,5-trichloro-6- carbopentoxyphenyl) oxalate, 0.25% by weight rubrene, 0.2% by weight sodium
thiosulphate "aht! 78" #4884 by weight propylene glycol dibenzoate. The seE6Rd FARY/B1HH# marking
system comprised 6% by weight of 50% hydrogen peroxide, 0.2% sodium salicylate, and 93.8% by
weight trieth)fl‘?ﬁ'ﬁ’ﬁé‘?bﬂﬁa%ﬁbﬁaﬁ%‘ﬂﬁéﬁé RO ndscand sparaatorapidstiveof eornpaned for testing the light

and temfegatmpataw;tﬁ_iﬁﬁ W&@Wr@%&j\%}éﬁ% geﬂ&%ﬁ%&?}ﬁéﬁf{tg%g@é 165 igf))t/hputting 4(.18
grams o the I n.a narrow en.toppe asfic tu e. lnhereaiter, 5.0 grams o e secon
part were plafz:%%ﬁ]%é gl%/{hﬂgée gﬁasﬂ\{@g %@&&%ﬁ&t@*ﬂ%‘%’ﬁ%ﬁé%@ EAFdMg the first part.
Light and he&Pbtignst Wiaene & oreringisys tenhaithindtexiie atesfig hibinetesmiidt &n irradiance probe.
Light was gepriethiasianiy bRARIHYeA I gasgg@a@%mﬁe@makeﬁrgiéﬁéf%z RpiRximately 2000

LUX. The ter&peer{ﬁaéulrse [ the sﬁolution increased from room temperature o ap%&gxmately 24Ctoa
peak temperatire of approximately BB TR £ DalbRhene tyrpe isxibisestia i Art system
according to #sSorabBiHgt R thed imeywastpie pa o) ttvaadnamohieysesnlts theterssined. The first
part of the sygtempsepanprised 23.5% by weight bis(2,4,5-trichioro-6-carbopentoxyphenyl) oxalate,
0.25% by weight riﬁégpe,é%Z% by weight sodium thiosulphate, and 76.25% by weight propylene
glycol dibenzoate. sebbNE PR YriRaa NG s RERTSHdRI H00 Wyeliighe srEtoR AT ogen peroxide,
0.1% sodiunmgilitysystemd B Boadiyateight phigsiudligitratiend the titdopatisrnegeetepnrsdituted separately
and packagedlapihgadneeshibatas spRamilnd iR aholgun shalkasadiaining racer as

described in Ug. ent No. 7,610,857. A secon shotgun shell'was assembléd with all the

components 38R M RPLIRNERAIh Thendusashelinihs &8 et specesatiothRat sodium

thiosulphate marking sisténdedmpriseld 6f Bodasthatg pershigbsave s rasleshéncatbigazer to below the
freezing poi t intaine that low temperature during transportation to a shooting site
by packing tﬁkﬁﬁﬁl}lfégg%gﬁ% é’tnél%?}ﬁ%aééag %Igr%\éyin%r?%ﬁﬁﬁeeghbé@ﬁ réﬁgﬁgo 6‘iwgtgun shells were
fired from a $HOYYER B YHRIRSRRE @ IdGYEIRIE bRING §Teastint halow fExible tuking four observers

present at theosbimaingdreiteiuyiaudhis temetthe ahaaisnansbtheeamesnsehooting absaners. All four of
the observer readily see the shatgun shell containing the ium thiosulphate. No observer
could see thgtgﬁ%[gﬁ%eﬂgi%gﬁfaﬁnﬁgj%z%% ts%n U %'Bgu?gﬁa?g.g% a{%ﬂ%&ﬁ?ﬂ?ﬂéi‘h two part
system acco¥fiRg !N aipe ihgraisabsad asecprdpmistiomefichtesstang tremddaledetermined. The

first part of the isysteme catalyst; wherein the sealed glass vial is comprised within the first
solution inside the hollow flexibie fubing, and comprises flexing the tubing and
breaking the glass vial contained therein; allowing the mixing of the two solutions.
[037] The marking system of the present disclosure can also be used in
projectiles of all types, wherein it is desired to mark the target of the projectiie. In
certain embodiments, the marking system can be included within the projectile in
the above described flexible tubing and glass vial configuration. Projectiles may be
of the type such as 18mm rocket propelled grade munitions, howitzer shells, gravity
bombs, and may also include smaller caliber munitions, such as for use in pistols or
guns, medium caliber munitions, such as those ranging from 20 mm to 83 mm, and
targer caliber munitions, such as those ranging from 8§3mm to 155 mm. _
[038] A method of marking is also disclosed herein, comprising the steps
of launching a projectile containing a multiple-part chemiluminescent and thermal
marking system, wherein at least a first part comprising at ieast one oxalate ester,
at least one fluorescer, and at least one inorganic salf is separated by at least one
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comprised 23.5% by weight bis(2,4,5-trichloro-6-carbopentoxyphenyl) oxalate, 0.25% by weight
rubrene, 0.2% by weight sodium thiosulphate, and 50% by weight propylene glycol dibenzoate, and

26.5% by Weé_%%;lbiﬁ 2£§Qethoxyethyl) ether) (diglyme). .The second part ggtlk}gs%ﬁgmﬁgmprised 25%
by weight o SbEH cf'rogen peroxide, 0.1% sodium salicylate, and 25% by weight diglyme, and 49.9%
by weight triethyl citrate. The two parts were constituted separately and chilled to -40C in a dry ice plus
antifreeze bBfERaNEHRS %r@%é@ﬁ?ﬁké&%ﬁfﬁ‘ﬁ@?ﬁﬁﬁ@ﬁ“ﬁ%?&é%ﬁb@%Rﬁ@éf!dﬂf’é“?emperature of
the solution #neseaset fsaralys4 Qfetkibg GhwihisadtseeopsisicAzenssd wet niisaitfivnpdaentical to those
just described was also prepared, with the excepti t.sodium thipsulphate was,not added to the
oxalate este?ns%vﬁ |3rlﬁ.eﬁ%¥estv58ri)ga s&’ ?geéé%é!?é) t@ﬁs%ﬂ%t%%%gsﬁ ngglg:/'{%nd chilled t 0 -40C. Upon

mixing, no ligBtweas terriiaasy HaLPAE &9 Yes AURsEHEsgRI RS e dnarking 28p ot ditembodiments

of the disclogytgavitohemeRareidadhnasskiliepislibe b omersisiaratiemefiae specification and
practice of the iSC|OSU{e herein. It is intended that the specification and examples be considered as

exemplary orﬁﬁf, TS scope and spirit of the disclosure being indicated by the following claims.
WHAT IS CLAIMEDSE: The merdobipistparohibekneseybtsnl enatecompaisesat a8ast one first part

comprising gleasheRrAr@eiRRsiat Kddegehanttunrasesnianhatliangioans pganic salt; and at
least one second part com%ﬁ}i\i%% at Iealst one peroxide and at least one catalyst; wherein light and

heat are emftEGWAEGIY F?éel?ﬁ&act; and wherein the at least one inorganic salt is chosen
from sodium thiosigBate Thethskiunplattis tphaeaobmniaruaize eoppapeasdtabie fehd acetate, cupric

chloride, fertig, GRQHAS, SR BhIPHIL G RAIRSBUHTHRNIAS HER SileBEEARRG heretn, H@ Multiple-part

marking system according to claim 1, wherein the at least one oxalate ester is chosen from
bis(2,4,5-triddIEREeL BHBISARBISAHIREH]IER R te; bis(2,4,5-trichlorophenyl)oxalate:
bis(2,4,5-tribromo-6- carbohexoxyphenyl)oxdaMitESnitrophenyl)oxalate; bis(2,4-

di“itfopheny'>oxa'3/b%?iSf(arﬁ%@gcaﬁémﬂg@iﬁﬁ@i&ﬁg&%s%@#ﬁé@;sb%égghmmﬂma@%nyboxalate:

bis(3-trifluoromethyl1-4-nitrophenyl)oxalate; bis(2-methy1- 4,6-dinitrophenyl)oxalate,
bis(1,2-dimeiftgecientsimaeitergmiiiensens s@ fatsne o he spREKGRiRN and claims
bis(2,4-dinitrghsmd)erddaeidai se2kiginitenheni)akinktel dais (3 thennyrinAamitrdghenyl) oxalate.
pis(2 -t SO A N R AL ot oA A KBlameters st artn

the following specification and attached claims are approximations that may vary

depending upon the desired properties sought to be obtained by the present

disclosure.

[042] As used herein, the light emitted by the marking system is measured
using a light meter with a probe chosen dependant upon the light being emitted
(infrared, visual, etc). For example, for light emission in the visibie spectrum an
irradiance probe is used. One of ordinary skill in the art would be well aware of how
to select a probe suitable for measuring the wavelength of light the marking system
has been designed to emit. The light emission is presented in LUX units. A
thermocouple is placed within the oxalate solution of the present eXxampies to
measure the temperéture output of the marking system, in Celsius.

[043] Example 1 A two part marking system according to the foregoing
disclosure was prepared, activated, and the results measured. The first part of the
marking system comprised 23.5% by weight bis(2 4,5-trichloro-6-
carbopentoxyphenyl) oxalate, 0.25% by weight rubrene, 0.2% by weight sodium
thiosuiphate, and 76.25% by weight propylene glycol dibenzoate. The second part
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3. The multiple-part marking system according to claim 1, wherein the at least one oxalate ester is
present in an amount ranging from 3 percent to 60 percent by weight, based on the total weight of the
two-part composition. 4. The multiple-part marking system accordingpé) ?[I]:-Slim wherein the at

least one fuBRétEf ¥ tosen from 1-methoxy-9,10-bis(phenylethynyl) an Tfacé‘r}ileo,Of)’%sr*g’/‘iene, rubrene,

16,17-didecycloxyviolanthrone, 2-ethyl-9, 10- bis(phenylethynyDanthracene;
2-chloro-9,1BRE4ArethBe/HINSTYIFemAriaes 86 Ly srnisid-of B0%bisydretonsishiieyf2fhracene;

g, 1(O-rt])is(plher?al&ml?yaa{li)cﬁa{araﬁarg?j;@ffb{pﬁ,@;ghlt?ibiﬁg.pa@llg)gemylgyp@hpg}fgg@a@; 1,8-dichloro-9,10-
is(phenylethynyflanthracene; 1,5-dichloro-9,10-bi enylethynyl)anthracene; 2,3-

dichioro-5, 10 B B SR, o T 11 AR ) e rare
9,10-diphenydaiitii abtieesyBigm whergeipiatebxy-N,N1-bis(2,6-diisopropylphenyl)- 3,4,9,10-perylene
d carboximide; 1,664 tetrapagaeoMdNIshis(B Sotlinty Briphiame b 3rL0sarrians gicarboximide;
1,7-di-chloro-6,12-diphenoxy-N,N1- bis 2,6-_?550 ro%pll en% )-3,4.9,10-pery lens dicarboximide;
671210t BT R R AEFUEHS. o DR b o A D 24 SR8 RRB R earboimice:
1,6,7,12-tetrgpnedorya NyNh- readdbemnihiSs k6 ditepibriienthelgastiotitmédeyritatnd the
tetra(p-t-butyiphiesexy) rh'EHM%%%@A@a%%%@n&%j%@&%@@mé@né%&m

tetra(o-chloro henoz%)éﬁ,_N'-b,is(2,6-diisopropylpheny1)-3,4 ,10-p erylene dicarboximide;

1,6,7,12-tetrA(BIEhYIR BRIBXARE RFINE (268D ARArTeh{rsraaty 8red-Risrirhadicarboximide;
1,6,7,12-tetrgovaded phezakginNsientit éderodiisaietp APRh el ) 1 fBrifemandari¢ndicarboximide;
1,6,7,12-tetra(f aRbenaxy - YHSE @Fﬂﬂé%ﬁ?@)ﬂ@bﬁ?&)ﬁ:ﬁ%@ PR Tylgag dicarboximide;

1,6,7,12-tetraphenoxy-NN-diethy_l-3,4,9,105_ erylene dicarboximidé;
1,7-dibromo6eT2RBIBIER S FRRTRIITMEGH- RO prIWIBHEFRPORES, 9, 10-perylene dicarboximide;
16,17-dihexyloxyvi(taaihrdbweamipiec@; e hirh eybiet % d€brbisgibehy ietiegnid ppdituiasare. 5. The
multiple-part marki tem. rdj ' [n.th f is present in an
amon rangh e 0 A A e G 8 e A B Rt e awo-pan

composition.compgsetha3mitevpight Piarkif§ SRty ScediRRRENG SBAMY\PKBREM the at least one
inorganic salpiggueaseweightnuaransnt tBag o/dignn Sbdilre neridlieni@parcerd byaweight, based on the

wherein the S{TSDLE 0 Eer U SR T Ser L R Bt B TS sodtum
perborate; satiwei@yrepbsgnalie g orrgsidg<h e rOdue? Ftdime. prdRi8 attpetgfdroperoxide;
and peroxybeqafig agile. The two parts were constituted separately and packaged within an
insert that was assembled into a shotgun shell as a training tracer as described in
U.S. Patent No. 7,610,857, A second shotgun shell was assembled with all the
components identical to the first shotgun shell described above, with the exception
that sodium thiosulphate was not included.
[048] Both shotgun shells were cooled in a freezer to below the freezing
point of water and maintained at that low temperature during transportation to a
shooting site by packing the sheills on ice in an insulated container. At the shooting
site, both shotgun shells were fired from a shotgun. The shells were fired outside
during daylight hours. There were four observers present at the shooting site
during this test. the shooter and three non-shooting observers. All four of the
observers could readily see the shotgun shell containing the sodium thiosulphate.
No observer could see the shotgun shell containing zero sodium thiosulphate.
[047] Example 3 Atwo part system according to the foregoing disclosure
was prepared, activated, and the results determined. The first part of the system
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8. The multiple-part marking system according to claim 1, wherein the at least one peroxide is present
in an amount ranging from 0.25 percent to 25 percent by weight, based on the total weight of the
two-part composition. 9. The multiple-part marking system according to claim 1, wherein the at
least one catdlP1Bid%n from sodium salicylate; sodium-5-fluorosalicyf&{EUS2010/043334
sodium-5-chlorosalicylate; sodium-5-bromosalicylate; sodium trifluoroacetate; potassium salicylate;
potassium peiRAeHRsd gaditolbyaysightibistaticyitieh tithiGmadopeorsalieyipiexalate,

|ithium-5-chIq;mwa&@sgiiw%%ﬁétﬁm'BQQ&@#W'%MWH%&@'@@QQ@'%%BP%Z?égétate-

Iithium-2-chIorobepzoatf;%%t'éém-s-t-bu'g/lsalic%,late; lithium trifluoroacetate; rubidium

tetrabutylamMSRNRT S & i! RGO UM teigih ssraethratiry ethffonium benzoate:
tetrabutylamitsigiitme o e seep et pavuty kamsysteaone dreprsizto 2aphbg plades tetsaethylammonium

perchlorate; tQfaakuiy 3EBXANIUTHBE LIRS @89%'@%@9@%@% a R{.%tee'

tetrabutylam%orgwm-z,?),5-trich|6robenzoate; tetramethylamm oadeatg?e; magnesium
ed

salicylate; magreQitn S BRURRLNI Siiats: maRREsinASWaR Fosslikjrd separately and
magnesium-3}idittiodd Ealicyldte jonayresitifredzs, batrichiacosalipytaevek k@ drutiple-part marking
system accoiging, o Glaim & j t %ﬁtﬁ!ly js.present in an amount ranging from
0.0005 perce%tato 0.5 }?ﬁ%ér?_t% b%eigﬁeg}aﬁ%%m tota ﬁéfz{?gcﬁ é't%ﬁ%%?ﬁ? c%n%osition.
11.The multiffepaft é?mﬁ&‘%%%ﬁ?a%oﬂﬂﬁ?g%%ﬁ%mﬁswméﬁ identical to those just

described was also prepared, with the exception that sodium thiosulphate was not
added to the oxalate ester solution. The two parts were again constituted
separately and chilled to -40°C. Upon mixing, no light was generated and no
temperature change was noted.

[048] Other embodiments of the disclosure will be apparent to those
skilled in the art from consideration of the specification and practice of the
disclosure herein. Itis intended that the specification and examples be considered
as exemplary only, with a true scope and spirit of the disciosure being indicated by
the following claims.
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comprising at least one carrier present in an amount ranging from 5 percent to 95 percent by weight,
based on the total weight of the two-part composition. 12.A chemiluminescent and thermal marker
comprising hollow flexible tubing comprising: a) at least one first part comprising at least one
oxalate estel’ QEBHY & fluorescer, and at least one inorganic salt, whefEHUBRIWIEH3¢ one
inorganic salt is chosen from sodium thiosulphate, potassium thiosulphate, cobqlt acetate, copper
acetate, Iead\ﬁ@;{jats E'ﬂﬁﬂﬁ IP ide, ferric chloride, calcium iodide, potassium iodide, and silver
nitrate; byatteastores -glass vial comprising therein at least one second part comprising at
least one peroxide and at least one catalyst; wherein the at least one sealed glass vial is ' '
comprised within the at leASPYHRIeRADARRE Sypleraiinercokprisdscatiesise—resgated glass vial will

cause the at teasprishegfsieparionedarRlders! ANeRe6ARG RS Min a0 EeartiRaether.
inorganic salt; and at least one second part comprising at least one peroxide and at
ieast one catalyst; wherein light and heat are emitted when the two parts interact;
and wherein the at ieast one inorganic salt is chosen from sodium thiosulphate,

potassium thiosulphate, cobalt acetate, copper acetate, lead acetate, cupric
chioride, ferric chloride, calcium iodide, potassium iodide, and silver nitrate.

2. The multiple-part marking system according to claim 1, wherein the at
least one oxalate ester is chosen from bis{2,4,5-trichloro-6-
carbopentoxyphenyljoxalate; bis(2,4,5-trichlorophenyloxalate: bis{2,4,5-iribromo-6-
carbohexoxyphenyljoxalate; bis{2-nitrophenyloxalate: bis(2,4-
dinitrophenyl)oxalate; bis(2,6-dichloro-4-nitrophenyl) oxalate; bis(2,4,6-
trichlorophenyl)oxalate; bis(3-trifluoromethyl-4-nitrophenyl)oxalate; bis(2-methyl-
4,6-dinitrophenyljoxalate; bis(1,2-dimethyl-4,6-dinitrophenyloxalate; bis(2 4-
dichlorophenyljoxalate; bis(2,4-dinitrophenyloxalate: bis(2,5-dinitrophenyl)oxalate;
bis(2-formyl-4-nitrophenyi)oxalate; bis(pentachlorophenyljoxalate: bis(1,2-dihydro-
2-ox0-1-pyridyl)glyoxal; bis(2,4-dinitro-6-methylphenyl)oxalate; bis-N-phtﬁalimidyI
oxalate.

3. The multiple-part marking system according to claim 1, wherein the at
least one oxalate ester is present in an amount ranging from 3 percent to 60
percent by weight, based on the total weight of the two-part composition.

4. The multiple-part marking system according to claim 1, wherein the at
least one fluorescer is chosen from 1-methoxy-9, 10-bis(phenyiethynyl) anthracene,
perylene, rubrene, 16,17-didecycloxyviolanthrone, 2-ethyl-8,10-
bis(phenylethynyl)anthracene; 2-chioro-9,10-bis(4-ethoxyphenyl)anthracene; 2-
chloro-9,10-bis(4methoxyphenylanthracene; 9,10-bis(phenylethynyl) anthracene;
1-chloro-8,10-bis(phenylethynyl)anthracene; 1,8-dichloro-9,1 '0~
bis(phenylethynyl)anthracene; 1,5-dichloro-8,10-bis(phenylethynylanthracene: 2,3-
dichioro-8,10-bis(phenylethynyl)anthracene; 5,12-bis(phenylethynyi)tetracene;
9,10-diphenylanthracene; 1,6,7,12-tefraphenoxy-N,N*-bis(2,6-diisopropylphenyl)-

-16 -



13.A projectile comprised of a multiple-part chemiluminescent and thermal marker within the projectile,
wherein the multiple-part chemiluminescent and thermal marker comprises at least one first part

comprising %l)ezaﬂsltl%gﬁgxalate ester, at least one fluorescer, and at least one inorganic salt, wherein
the at least oné Tnorganic salt is chosen from sodium thiosulphate, potasgiﬁm{‘?ﬁ &Iﬁ‘?ﬁfe, cobalt

acetate, copper acetate, lead acetate, cupric chloride, ferric chloride, calcium iodide, potassium
iodide, and sivbErifa@ylene dicrrhgribtieehicdlalidatanmmsapdidirgs@satiieast one first part from at

least one sedangpanmtyIPaMPNSINGLaHRABIARARIAIIRE B HRAS MR SBIRNSE N nWherein light and

heat are emitied SR MEAVISESHANS PECAIRIC paior 1s broken. 16,7.12-tetra(p-
bromophenoxy)-N,N‘—bis(z,6-diisopropytphenyi)—3,4,9,10-pe rylene dicarboximide;
1,6,7,12-tetraphenoxy-N,N’~di—neopenty]—3,4,9,10-perylene dicarboximide; 1,6,7,12-
tetra(p-t-butylphenoxy)N,N'-dineopentyl-3,4,9,10-perylene dicarboximide; 1,6,7,12-
tetrafo-chlorophenoxy)-N, N'-bis(2,6-diisopropylphenyl)-3,4,9,10-p erylene
dicarboximide, 1,6,7,12-tetra{p-chlorophenoxy)-N, N'-bis(2,6-diisopropyiphenyl)-
3,4,8,10-p erylene dicarboximide; 1.6,7,12-tetra(o-fluorophenoxy)-N,N'-bis(2,6-
diisopropylphenyl)-3,4,8,10-p erylene dicarboximide; 1,6,7,12-tetra(p-
fluorophenoxy)-N,N'bis(2,6-diisopropylphenyl)-3,4,9,10-pe rylene dicarboximide:
16,71 2-tetraphenoxy—N,N'-diethyi-3,4,9,10-perylene dicarboximide; 1,7-dibromo-
8,12-diphenoxy-N,N'-bis(2-isopropylphenyl)-3,4,9,10-perylene dicarboximide;
16,17-dihexyloxyviolanthrone; rubrene; 1,4-dimethyl-9,10-
bis(phenylethynyl)anthracene.

5. The multiple-part marking system according to claim 1, wherein the at
least one fluorescer is present in an amount ranging from 0.05 percent to 0.9
percent by weight, based on the total weight of the two-part composition.

6. The multiple-part marking system according to claim 1, wherein the at
least one inorganic salt is present in an amount ranging from 0.1 percent to 30
percent by weight, based on the total weight of the two-part composition.

7. The multiple-part marking system according to claim 1, wherein the at
least one peroxide is chosen from hydrogen peroxide; sodium peroxide; sodium
perborate; sodium pyrophosphate peroxide; urea peroxide; histidine peroxide; {-
butyl-hydroperoxide; and peroxybenzoic acid.

8. The multipie-part marking system according to claim 1, wherein the at
least one peroxide is present in an amount ranging from 0.25 percent to 25 percent
by weight, based on the total weight of the two-part composition.

9. The muitiple-part marking system according to claim 1, wherein the at

- least one catalyst is chosen from sodium salicylate; sodium-5-fluorosalicylate;
sodium-5-chlorosalicylate; sodium-5-bromosalicylate; sodium frifluoroacetate;
potassium salicylate; potassium pentachiorophenolate; lithium salicylate; lithium-3-
chiorosalicylate; lithium-5-chiorosalicylate; lithium-3,5-dichlorosalicylate; lithium-
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14. A projectile according to Claim 13 wherein the multiple-part chemiluminescent and therr_nal marker
comprised within the projectile is housed in hollow flexible tubing, wherein the at least one first part IS
present Withinéhe tubing, and wherein the flexible tubing also comprises at least one sealed g!ass V|§1I
containing tha AF1RLLH8RE second part; and wherein the parts are mixed BS41e84% 6Pt tubing being
flexed and the glass vial breakin? and releasing the at least one second part. 15. A method of
marking a tar%g‘c%rr‘ﬁﬁlt‘?éﬁsfﬁ!'cyia %)t RnsY erphefsodte dBhiain®igautpiskiplgepartahemiluminescent
and thermal rirdidongpsystiemubidivihetetatat iensh @pefirstRark gg_ﬁgﬁéwltiple-part chemiluminescent

and thermal ' E@Fﬂ? , Rrises at least gne oxalate ester, at Iea’st_one fluorescer, and at least
one inorganic?égg%%ﬁv%{herelrﬁh&er%at eé?fs?’fogﬁéalﬁoﬁ%éﬁ&ggmg‘%w&i%ﬁe%ﬂ?@odium thiosulphate,

potassium thiGSGRHERT BRBibetarateviseb uyiemotvan hersdteyroppoiphbteride, ferric chloride,
calcium iodidetpetagaimdarlises S8 S BlEHRy amAbIRAR R Eakable barrier separating the at

i IS oxide and at least one
catalyot, ) Boe R e e PR TR Bt b 0 RIABSEEERE frst part and the
at least one SEEBREHARMMonirydiferervageiatet arapeditras piogurtsraddhesieactian fighween the at
least first parsangihe aidgastiserentiBaiafiate; magnesium-3,5-dichloro-salicylate:

magnesium-3,5,6-trichlorosalicylate.
10.  The mulfiple-part marking system according fo claim 1, wherein the at
- least one catalyst is present in an amount ranging from 0.0005 percent to 0.5
percent by weight, based on the total weight of the two-part composition.

1. The multiple-part marking system according to claim 1 further
comprising at least one carrier present in an amount ranging from 5 percent to 95
percent by weight, based on the total weight of the two-part composition.

12. A chemiluminescent and thermal marker comprising hollow fiexible
tubing comprising:

a) at least one first part comprising at least one oxalate ester, at least
one fluorescer, and at least one inorganic salt, wherein the at least one inorganic
salt is chosen from sodium thiosulphate, potassium thiosulphate, cobalt acetate
copper acetate, lead acetate, cupric chioride, ferric chioride, calcium iodide,
potassium iodide, and silver nitrate:

b) at least one seaied glass vial comprising therein at least one second
part comprising at least one peroxide and at least one catalyst;

wherein the at least one sealed glass vial is comprised within the at least
one first part, and wherein breaking the at least one sealed glass vial will cause the
at least one first part and the at least one second part to mix and react together.

13. A projectile comprised of a multiple-part chemiluminescent and
thermal marker within the projectile, wherein the multiple-part chemiluminescent
and thermal marker comprises

at least one first part comprising at least one oxalate ester, at ieast one
fluorescer, and at least one inorganic salt, wherein the at least one inorganic salt is
chosen from sodium thiosulphate, potassium thiosulphate, cobalt acetate, copper
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d) marking a target hit by the projectile with the activated multiple-part chemiluminescent and thermal
marking system.

WO 2011/014484 PCTATS20160/043334

acetate, lead acetate, cupric chloride, ferric chioride, calcium iodide, potassium
iodide, and silver nitrate;

at least one breakable barrier separating the at least one first part from at
least one second part comprising at least one peroxide and at least one catalyst;

wherein light and heat are emitted when the at least one breakable barrier is
broken. |

14. A projectile according to Claim 13 wherein the multiple-part
chemiluminescent and thermal marker comprised within the projectife is housed in
hollow flexible tubing, wherein the at least one first part is present within the tubing,
and wherein the flexible tubing also comprises at least one sealed glass vial
containing the at least one second part; and wherein the parts are mixed as a result
of the tubing being flexed and the glass vial breaking and releasing the at least one
second part.

15. A method of marking a target comprising:

a) launching a projectile containing 2 multiple-part chemiluminescent
and thermal marking system,

wherein at least one first part of the multiple-part chemiluminescent and
thermal marking system comprises at least one oxalate ester, at least one
fluorescer, and at least one inorganic salt, wherein the at least one inorganic salt is
chosen from sodium thiosulphate, potassium thiosulphate, cobalt acetate, copper
acetate, lead acetate, cupric chloride, ferric chloride, calcium jodide, potassium
iodide, and silver nitrate,

at least one breakable barrier separating the at least one first part from at
least a second part comprising at least one peroxide and at least one catalyst:

b) breaking the at least one breakable barrier befween the at least one
first part and the at least one second part;

) generating light and heat as products of the reaction between the at
least first part and the at least second part; and

d) marking a target hit by the projectile with the activated muitiple-part
chemiluminescent and thermal marking system.
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