COMBI NED THERVAL AND CHEM LUM NESCENT REACTI ON SYSTEM Thi s
application clains priority to U.S. Provisional Patent Application No.
61/ 228, 86yof2nied44bal y 27, 2009, the contents of which areTiuse@opas3as ed

herein by reference. [1] The present disclosure relates to markers
The ma ker s GONPINER FeRfT ANBCARM UMM ESCERT RERCRINSYRTEN o ni ng.
and in tactical operations. [2] Markers are used by both mlitary

and non-mlitary organizations in training, tactical operations, and on the
battlefield. The markers act to visually identify targets such as the

ground | ocation of TeemoIRgM DB @'."’i'f}éﬁ%f“i%' Provisiiit IPaflift AoblicdtioRCer s are

enpl oyed that all ow an server trace a projecti

traj ect or Mo. &2P8,861 filedelulyt 2/ 2008 thg cofitentsnéftwhictsareGhesrpbratedhiesreant mar ker s
and tracewrqul'jebcéi ght in the visible or infrared spectrumas the result of
a chem cal’ reactron. One such reaction is the activation of a fluorescer

wi t h hydrogen peroxide in the presence of a catalyst. [3] MIlitary
forces parti cil@tli ngherpreseritdisolosurst ietatss tarrearkersnand sigmajsicpmedsing Bh vari ous

di fferent 1S i i L0g. ni L SLon | es, thernal
goggl o SBfRd ShedFhfiBs it ahl TrolnRlinis RS, AR R RIS W e
equi pped eart be dséd iarrettitary gpe sondmiNtas/ taainidgyvarckis tadiical @peaatdrs, a troop
carrier may h a nper. _usin her mal ..0oggl es and.troops .usi ng.ni ght
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vi si Ibl eI t waihing, tau:tbcampwatibnslih@idtor}/mib@ttlegemg|1?xie,nghmkbgsnant td Gistidly gﬁnner-
Simlarly, the gunner wth ther ] S W e able to see a heat

mar ker , b'lq?mﬂq}ﬁég'@?@os&w\ﬁisme HW%A‘&‘%%BHB%WWY eﬂH‘BF’@”hﬁQ‘g ¥eNIGER at i ons

wi t hi n t hadditiendlly VirsdePs agograbR§edMHa all RQan dosenvehtvisliany dacuavel engt h t he
goggl es operate 1n, |eadi n%}to a variation in the wavel engths of |ight that
are vi si bPrejectigrs Eaiestory. puet as pleribe filpg ohmpRiEPNS. nGhembvmmeseerti si bl e with

al I of thgaglichd 8h@THhcdryRpSt IRfnt W Bk ARiIE ¥ MEardd'®ectfub dsihe reguisgnel may be
equi pped with. There is therefore a need for such a marker that may be

vi si bl e wehamicalgeagtionarfanesuahi rgaetion is thmactivatiereef a flygnescer with hydrogen

2011/ 0144@&3@é%@ﬁég§@%}43 catal}l]st. [4] It is accordingly an object of the

di scl osure to provi m 1 um nescent and thermal systemthat is visible
t o personnel dfiPBjoyiMilitabydforcestpartinipatiggdyhigbt opetatidrgharenoginelty goggl es. Thi s

b i 3 . Ll e- . . ] it |ight d
can, 0o CHAA b, SIRLRY AR Jhbd bRl GoRBEbioSy ARG AG PGB | LT ont and
est er, atgéggles, thiermal joggles @ad themdl aameess tFrequentipoperaomnne! séthin,orend at
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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 all of
the different types of vision devices that 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] Chem cal |ight systens enpl oying an oxal ate ester, a peroxide, a
fluorescer, and a catalyst are generally known to those skilled in the art.
Al so knowwotolthiesse skilled in the art is the tenperat uP€TASPEI00#3834Yy Of
such a system A disadvantage of typical oxal ate ester chem cal |ight

systens is th hey. .generate no detectable light at tenpperatures bel ow the
freezi ng poi nta[b%] vvi&'gla.ccqrﬁ@rgy 0 Jﬁcgtroéﬁber@sgo%ggéo PEV'%® oxal at e ester
chemi cal theyhitursiyescamt bhdathermal §ster itz @sibleytolpeyvschibl enployiagmetHat ur es.

[6] It is accolrdi n%y a .o@j ect of the ﬂi.scl o%ure fo ‘géovi de a conbi ned
cheni | uni HEZRRHE99 %5@3?'91 MEIN 9eggles ohNis (2R PEachieNed sy eI A ght  at

t enper at urmeRipleRpart epster that daheeniieligrlane hebt Goureadtivation, at leakt’a fifseparal |y,

the present disclosure provi des nmarkers and nal s conprising a

sig
mul ti pl e- PRIPPIENG BLRRSLANCXAlAIB ASIgR At IRast Bne Hurescar; id atiastipbigt | and

met hods  OfnokfEnitdsdit GRd BRIEKS! & sedtthdSddi @nSorishyf & IS8 ohbipefdxide afd athas been
di scovered that the use of certain inorganic salts in an oxal ate

est er / per §Rplaagd@steheni | uni nescent system generates heat in addition to
light, suffici t : : | . ; 8] One
g (665 Q:h%%cé}?lggt %ﬁﬁ?ép?@?%gﬁwpgﬁa%wf@%g@?, a peroxide, 48]

aspect of the disclosure Is Ing syste at’ conpri ses
at | east Wurseseertansoarpatalyishereageneeilytknowes toiwisatskilledirethe ait. Aeast one

fl uoresce ; ' ' " ngd part
compr | o ninoftfb Rbse S8ia AR AN BlefpBhire RAQUA orSfeh MFRIPIR PR (i
and heat disadvamtagecef typieal oxblate esepehearsicalligbt systemaisdhattbeyganerate at | east

Ehi osul priy detegBls Johs SE R TR 05 WE Al bR By PRI AT,
chl ori de, theesforieca néddfor de oxalateestan chahidal lightdyatsn thatioldss effectadibgi | ver

nitrate. II n angt hetr asp ct of the disclosure, light and heat are emtted
I nstant | yo\Wk?éﬂ EREeMRS %H'iﬁ?s Interm x. In another aspect of the disclosure,

the systemredobgs # i9paskorg@ifghysdrosbjedt df i dis@oslrbedproviRna thrabihee parts of

the system are conpletely m xed. Another aspect of the disclosure is
di rect ed EREMAMIReSEEN ?%g"%ﬁ’erﬂﬂﬂ?%ﬂ@nMS?BW&Q?S‘{SG'PWC'!QJ"@I?EQ mul tiple

vavel engt fagpefatlif® thaf RUEH thEPeihalBnvirG§m¥htSi bl e spectrum or a
conbi nati on 't hereof. [9] In another aspect of the disclosure, the

nul tipl e- part [R&flki Renejallyethedvagant disslostier prevides MaAskRTs angsigngls first part
and the s i ) I : f ' ; [ di ti onal
Cbponcn: SRS hMEEHR o SERESh M ol ARAFOHECIG RIS Hegt oo

_ tem Such additional nponents can I ncl ude
t hi ckener®ethedalof Bsing isechvinakkars @pd signele. t\orerseecifieajwt ithas been f| uor escent

powders f@Qkcf@Ved in3PiHe s BRAKiMShgaRit Lafd 4 66Aste RRMpRrdRIPESEGN!

freezing.
chemiluminescent system generates heat in addition to light, sufficient to actas a

visual and thermal marker.

[008] One aspect of the disclosure is a multiple-part marking system that
comprises at least one part comprising at least one oxalate ester, at least one
fluorescer, 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 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. 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
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[ 10] In another aspect of the disclosure, one part of the nultiple-part
systemis contained inside a housing which keeps the at |east first part of
t he mar kiwQ 28ygtietsuseparate fromthe at | east second parPCTafS2¢1l0843%84 ki ng
system wuntil such tine as mxing is desired. Another aspect of the

di scl osure | t he | tiple-part rking system bej ng hgused within
hol | ow f ggﬁ ‘gﬂ%wgﬁ%@s'{‘lxéd%f’h&f aﬁﬁ%‘?é’f ﬁ%tcﬁ%clc%ur %/ga&ec tc’%‘é‘?' Ingrigfthe
mar ki ng sysmaltipleswva@nérajtine thondify multiple Wavdienythd @xhdlirfrdredspestruand wherein

t he at lﬁﬁtset .sglcond qpart I S cog.t a',neg1 i nsfi de a sealed glass vial which is
| ocat ed h'HOBFESF R B 2CeT 'Pﬁé)o'b {t€8ni ng the first part, wherein upon

breaki ng of tHeog] ass aMbtakr adgert bibe RIFAIEUND W& mupRLPAX marking systérhll]
Anot her aspect of the disclosure is directed to a projectile conprised of a

mul ti pl e- PAPPTIRESSRTRIRONEBESIAT therftist nast 3nd thegerend PatthARCthRBasnest ekt i | e,
wher ei n t {ie drRbIddupd @orﬂaﬁéescmmn&clnﬁﬁms aﬂﬁetn#&kiﬂa'sgéﬁﬁﬁkesu&mmi ses at

| east one first part conprising at |east one oxal ate eSter, at |east one
f 1 uor escefdditigngl sempeaits ae in Biskenasata alloxhiegnarkehts sticktethst one

| nor gani Ctapdétibelidr, Gl10RILeARMIRAN G Ba} HineSHlRi AR UrASHuHALId] Osul phate,

cobalt acetate, copper acetate, ceta cupriT chlori ferric
chl ori de, ageilte faupreverti ftkezingot assi um i odi de, and silver nitrate; at |east

one breakabl e (76 | & 2AGRAF Alddlfof (E dloidsBRS b R8nIdr X mPfple p40™ at ! east

one second par onpr I Ssi ng one perox and one catal yst;
wher ei n | $yptem ésmcoritained insedecarhousing which kekps Hte atdeast fimt@alroftieabl e barri er

I s broken : t.her ct e.disclosure is directed to
% et nod BT Ry 2opd Bl PORHE bt BBRESECoft pbil B Med i felsin U

cont ai ni nguch tmeé as plidrg & desired nAnothenaspentof theddisdiesunaindickitiig syst em
wherein at | east one first part . of the nmultiple-part chep|um nescent and
t her mal n@Ph‘P 9P yglaé}fﬁ‘%8¥ﬁ5$rinsb§énga@°'“|s§9é"f'th5hfg°'@ﬁepaf?e&%e Bgﬁ& %Ul[l’éﬁg'l east one
f1 uor escewher@nvithatat 228 bn® part oNBiedAdikigssstem Whhedifed WRhialthd Barw one

i norganic_salt i s chosen from sodi umthi osul phate, potassiumthiosul phate,

cobal t ackXrle tuking 380 wheseinithe af legst %@@@%P@gi%ﬁﬂﬁﬁige‘é siste ygealedr i ¢
chlori de, g68d GhThicR @ [datcB NifkFSthd TekBi Bingadftathihy He Rt pft, Sneddin| €ast
one breakabl e barrier separating the at |eaSt one first part fromat | east
a second yrANbreakipg io§thedlass Yialathe twedaslervuldiinterAdx.at | east one catal yst;
[011] Another aspect of the disclosure is directed to 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 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 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.
[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
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b) breaki ng the at | east one breakable barrier between the at |east one
first part and the at | east one second part; C)generating |light and heat as
products WO 2bh@1u48act i on between the at | east first parPcCarns2loo43384 | east
second part; and d)marking a target hit by the proj ectiIe vvith t he

activated ] escen and thermal nark system

[13] A furﬁﬁhﬁwﬁggacﬁgpgt e?m&rg‘@ﬂ%& erg °8mpé'ét-’%ag 'FBStr%te I8¢ signaling
conpri si ngsfactatmt nge fuorebtdrpamd aaeastaimenmérgama%aﬁamerém(thé hele3sl marking
system by ﬁ% ??&] one_ first lE!? r| sing at | east one oxal ate
ester, %S? 8§%’éf’°maﬁ‘?& %%’gq alh PoiFrsiuaHliesWRate.wi t h at

| east onecslmibauﬂata:tarctopp@r’racetst%dle@ﬁ a@btét@@bn@ﬁﬁloﬁ@é FeiriRenhidedtalbif@st one
catal yst and gengratin heat; wherein the at | east one inorganic

salt is clf npf’géiir'\ugb'gf"gf"n 2 88’8[ pWate: at legstang Wﬁ?t‘?ﬁ'%%f"tﬂﬁat e, cobalt

acet at e, §@m§38f nP®etadleast bRGHrstpak fom atqbadt 'acse‘éBh@Péﬁ%ompﬁélﬁ{; Gt Rakpr i de,
cal ciumiodi de, potassiumiodide, and silver nitra In"certain of these

embodi menP8e Peioxide And 3|leastqne Céi@é’rﬁl um nescent and thernmal marking system
is present in foll %éﬂlﬁ%f@'ﬁIééé@bmﬁbré’g‘k%l@dérrﬁ}%e% dPiRlat (R hhé St part

i's present W|th|nthet I ng, and ereirn the flexi ubi ng al'so
conpri sesfirgt pardasd themat leastiong sgeerdpartal cont ai ni ng the at | east one second

P 1S SBRe P g NSyt b BB BP9

flexed and the gl ass via easi ng second
part, caulsksifirstparbamd theaatdbaseaea;ondinatnt ahe at Ieast one first part.

18] 00 4190, o) ool AR B e ke eS8 o1

in part in the descript
t he descr chmibminescembgnd thermal markirgysysteaat i ce of the di scl osure. The

attai ned by madhS of: LB EIURERPEnaRECRSHE A4 rFBﬁ?gt%éHB?h%ﬂ{Jgaﬁl‘é’f? B8 nted ou

in the appempsing hetivaing a multiple-part chemiluminescent and thermal marking
system by mixing at least one first part comprising at least one oxalate ester, at
least one fluorescer, and at least one inorganic salt with at least 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 thiosulphate, cobalt acetate, copper acetate, lead acetate,
cupric chloride, ferric chloride, calcium 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 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, 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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WO 2011/ 014484PCT/ US2010/ 043334 [15] It is to be understood that
both the foregoing general description and the follow ng detail ed

descri pt iwo 2ari@1es8¢npl ary and expl anatory only and are ROT/USe&Ni33B4 ve of
t he di scl osure, as cl ai ned. [ 16] The acconpanyi ng draw ng, which is

I ncor porated i d i tute t,of this specificatjion, .illustrate one
enmbodi nent of l[bﬁ§fdi|§§ﬁ§§5rugdgﬁgoq°d§§g{mtpttr\w,ﬁ ﬁ’FF’Efor'ﬂ-,g SRNELRl gRscERtionsandve t o

expl ai n t ke following pletsiled et triptidhseé esemplaryBifidEEx BhlyhdAre HdE DRAW NGS
[17] Figure sentﬁ t he chem cal |ight process show'ng the oxal ate and

1.repr
fl uorescefesérbqt'ﬁ?ioéﬁ‘% HEGIoRYre, 3} HR8Spoul e and a plastic tube containing

the gl ass anpophe] antheasdcoMpaRying kaiihg whiBFRGREGEbE TR aHdfoRVRGR MENTS
a part of this specification, illustrate one embodiment of the disclosure and together
with the description, serve to explain the principles of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[017] Figure 1 represents the chemical light process showing the oxalate
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
specifically, 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.

[019] The multiple-part marking system is comprised of at least two parts,
maintained separately 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 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 system is employed within munitions or projectiles, the
intense speed and rotation of the munitions or projectiles can act to completely mix



[18] The multiple-part marking systemof the present disclosure is
identifiable, when activated, by both thermal and night vision goggles.
Mor e specwbizonldiy4s4when t he chem cals used in the mJI t i pCeAIs2010/083831 em
i nteract, they react to emt both Iight and heat Actlvatlon as used
herein ne a rea tion bet | tiple conponents has
started. LB Fl&ﬁ St}ﬂ%etﬁﬁ 13IMg |n tant anﬁﬁm%' HBO% g@%rﬂ”psasc%‘ﬁﬁrcﬁged of at
| east tV\Dalﬂmwfcfsthenpeattltghnedd&eﬁteérﬁ“s@tbh t6/6& iréachet iayAbitamstarltBBedughyst part is
conpri sed of a[éa east one oxal at ster at | east one fluorescer, and at

r

| east one ino |yav erngttg aewﬁhd Is depepaant upen B dasiredast one
per oxi de apslication 6&&& nedtReCarcPthl Sluorescer chosb? UndTdd ihéI08E walBiehgRE are

emtted u%on the conponents of the multiple-part s ystemreacting. The

i nt ensi t yiNJtoth e Yisyg @nd ifrafed srestium. etﬁmaych%m&%aag te pembipaponiénies of the
mul ti pl e- padrbscars WRRAINERe mmgazy@terne?&auo@v RF e EfIsSRHR iR nﬁfftﬂ@? g et e

m xi ng and reaction of the at ast two conponents toget speed of

m xi ng of Wa¥Rler@iponents i s dependant upon the practical application of the

mar ki ng syst enpaAt |T‘?1Q§'8€étf?)ﬁ rateeofqlﬁ’@ﬁ@ltfbfl ot h29kih eﬁf@ﬂncc%l pe dependant

upon how fast ‘one part o rking systemis in &d iNto the second
part of t@epenghnt uram theiameet Of Qmelhsttemplnm&amtbpmeeMQwrmn@toofye’d within

muni ti Onsor‘aFr Ph@ilc%céé eﬂ?anttl.g)%n tﬂ% ?%?ﬁﬁerﬁ&?ggh\ﬁﬂgh rth)é cfdh | %fcohpgag{fm tions

or projectiles can Tl t| part
al nost i n§|n%1mtt%n$ey)a§thp Ilgpbamfssrqnmga,n aisnjbademltdantapnraihlecamdiwrt of he peak

| i ght d hed t t ly. 21
The vavel GHgP: 1 ehurlRtebfes Siub MG 3o B bt RO O e oiedopi | cat  on
gf t] hehrrar ker [lamg th’;ﬁefnhuutipleémetrmlaimgwetienaﬂﬂhéépf’esjelnchiddleg?m\t@sﬁﬁ@ﬁrgs in

oth the vi. and i.nfrared spectru t m referabl e to conbine

mul ti pl e #91 ﬁ)ﬂ?%§@3?bé’tr\‘/\h g(’iﬁgsnﬁ? r%‘%'?%ﬁ?rt aginlend PreAuetRl theyi ssion of
light at ¢ashiliidbeakexeh Sﬂwlefiﬁ/drogen peroilé’@iby fHeanbRahici AR, HhwRvef, nbhe

mul tiple-part marking Iistem can dependant upon _the amount of catal yst

enpl oyed Hﬂo’fﬂaﬁtce?@‘é"‘é é@rtﬂlaﬂﬁwtﬂ%? miar@rﬂg BYStRP t%?ﬁ@th%"ﬁi’é@@ﬁd‘@ﬁt upon t he
t enper at UIhSrg%hud’%’dlt%*%uEl'?%s 8RR ERotide GPW%@et I@Ect't@tkﬁl'tﬁé h%htOf the light

em ssion can _al so be dependant upon the anount cat al yst

conpl et en@3stiast and s Agt prawdetaldeqaafeumt emssupuor'feg@éteaéhm@y\@cgamc [ 23]
The nul ti t S the abilit
to emt b%tlﬁ']slléﬁg?trt mz??ﬁﬂ%@?&%%%%ﬁﬁgéﬁgga %Og?&git{grrp I&jﬂg product of %/he

cat al yt i cpPaiassild dbinsphathecabplirasgiate, poppsi aketaly, lehd aretatey gupric sal t .
However , rtc%'f lferh@?ﬁlgﬁ{i]é Cﬁa?c%rh?od%é ! of’a{sglu ﬁ|dle0§hc§ F'f'vemftnlﬂne]or systemto

em t both nor gani ¢ as calciumwc " de or
sodi um acmr’@treembbdlmenlts lthe aﬁeasktlogtletlncurgammsal’u lsaprdsehi imat apraawt de adequat e

i gh 1 SSion. | i i .

di 96l osur @ ara e SaParrEe PRt B RRI S aRete BBt el Lo ha o,
cobal t acteioxiaat ccmnpqimtioradatraaxempleemb atdedsttome icarpamic salhkcan bd@redent ri c
chl ori de,. cal ci um,i odi d de

nd silver nitr In certain
rbodi merinen aeunrraad ok PSisHgR 0 petcint BY welinsose o B i
r?nglh ng fWéightOOthh@ﬁﬁé‘—ﬁatt cbmpalgm@nersmntasbmmelpgtﬁenltWplementtmeuéugmal vve: ght
0 tetwo art conposition. For ex e east one inorganic salt
can be priEYBRPSrEEN O §ﬁ198FFte”F Qh@’ie!g@?%ﬁn@ Pﬁéqeeémﬁeerae"tﬁ%ﬂg by wei ght,
based on jhefrdrat1al paredriité 20beid2ft byaeRptt conposition, such as from5
percent to 30 percent byIPWEI ﬂht fromb5 percent to 25 percent by weight,

from 10 percefd¥24lo 2beja ofegnarkingriysterbmayoing&ridint to 20 percent
by wei ghtampodiments, 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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[24] The light and heat of the marking systemmay, in certain enbodi nents,

| ast for approximately 2 mnutes, for up to 20 mnutes, or for up to 30

m nut es. Wo 20tinau4senbodi nents, the nmarki ng system of thecCpriss@nt4isdscl osure
continues emtting light and heat for at |east 30 m nutes. These

enbodi nent s n, enabl ltiple tr arriers to be ahle to assb t he

same nark chg nglmelnﬁs ?jéﬁ?e dﬂ@g?grstg[m?%p@rélpr st ﬁ@et}&s' bje#9 ?stytroop
carrier wirbbp sarrier fdirﬂhevbad:lbbteatrmta Wh@@m tﬁ@ﬂétbﬁfrocf@éérh@fmb?%@ nfdted route,

wherein the, later trooﬁ) ﬁ@l‘l‘lel‘ % nore well -suited to handl e the

obj ect of WEllgutes 1q hapdler PRTEMRTKIRG: I edergth §f ineramanditht ai ns its

light em sﬁst@m rﬁé«ﬁtaﬁlﬁ% it uyrwémsmi‘céd& 5 PRSIUCOS, thO Fe £ABN D& dhepd aul t  of

t he cat al ed The length of tinme a marking systemnmaintains its
t enper at ufes %@M@rﬁi‘&ﬂ?yfﬁgo—‘:h% IRBOIRE time @ esking pYated maintainsgtssy st em

and ther efé?ﬁp%rétu?@&% BQ deyenddmt §86N¥HeQHefmél %é’gs’?ﬁ%é"fntam r‘fbr A%y 2

cont ai ned housing w || naintain I'onger than a I'ng system
sol ution thesgforesa ﬂ@rl@agémstemcﬁﬂluttog rh@i[]@iﬂﬁg’ vaiFtin ﬁ{bﬂ%@f aoentained t ar get .

[25] The Eglés? Wﬁlrﬂnaﬂ alﬁ hffpé@tﬁ&h tﬁé’r?% ﬂ@rﬁﬂ@gg%téﬁsso%t olnefﬁ?ttls gélg%gelduor escer

as descri _ ove as at least one ate est east one
i nor gani cfrealits Wstﬂ‘@saﬂdﬂmmdmm\maﬁﬁgetfl rst part of the mar k| ng system may

optionally co es of the at
| east one oxalnlg e usﬁ‘% flrgtapsa%ﬁgﬁ%ﬁ%g%hfgﬁtgrglng}&f%g?%fﬁég{m!
bi s(2, 4, 5ﬂm¢ree¢ﬂr@|saieeer¢m5dntpwat axywphasat leaxbdred exaldte o6f&rdarid at least

trichl b 4, 5-trib - 6 car boh I | at e;
bi s(2- i PROBRTS st FaedieT bR o0 ol ﬁr%ﬁma SR RS R w2t

bi s(2, 6- dop:tldnatlyoedmpnstef afibastydne caxddrat e; bi s( 2, 6 trichl orophenyl ) oxal at e;
bis(3-trifl th t henyl | at

bi o 2. et hy! - 4086k MEKHBRAR Y PR est 87 Bragle el irubwypresens.

dinitr Oph@@&lbé@éaﬁ@@@ bie{24, B,tﬁcrdmté emeb@ﬁtw;fhéaw%)@late b|s(2 4,5-

bi s(2, 4- d|n|trophen Yoxal ate: bi s(2,5-dinitrophenyl)oxal ate

bi s( 2-  or HiFAIRNEYIRIREG! Bigheet é'ttfébm'@iose( SRR bR RSO RSARSx BiSte-c.
bis(1,2- dh.ﬂﬁ?ﬁmosmarelbw u%.&a&mﬁéxané}b%@@% “dichloro-4. nltro nenyl).

di nitro-6-ne é)oxa ate; hal i m dyl oxa
t her eof . oxalate b'F@?‘} #tsiehienopBenf) oxalates 'SK%ﬁébomﬁ@eth!’ltﬂor escer useful in the

present dh|§r6hﬁ’éﬁ{26xéllg l}%? ﬁ'leq@{i: Q%Munﬁro{aﬂe%)%&&'&?é%‘is?ﬁ DYdihethyRREOr acene,

peryl ene, | 'oxyVi ol ant
2-et hyl - 9d|mm'oghgrq)ﬂ}anthatbwaylH;l@m@n@paerQﬂ.)@xalate bis(2,4-dinitrophenyl)oxalate;

b1 5 anret noR% AP A FRAE bR TN 2R BAR ° i acene:
%. chl ﬁr 09b|$(bebta§htm|nephﬁlngt)a&aha_}tb) la'a¢1h€t-el'thedr@ 2 mx8~1 ebwuyl(zglyn)&l;lﬂs(ZA-
ot B ent SRR R BRETate i paitplimidyLuglats, and mixtures thereo,

di chl or 0- 9, 10-[b23|( plExayiptshyfilyé }aﬁlehtﬂcmedhmrescer useful in the present

5,12-bi s( | et.h tet ace hen hracene
67, 15 T PUIRIRE \mehSREs S0 BN RIGYY AEHITE. BEWNe1 0. per i ene
gl tcalr b(r)]XI mbﬂ@e)e 36871%6&%%?%@@21%)%%&%@ , $0-Bisfpt@binylethynyl)anthracene;
u en eryl ene di car boxi m
1, 7yd:o ¥6ﬁ9r%911§ W?@?@Héwhﬁf‘mn pe]ne; 3*‘3\1‘?rg§p}%pyl phenyl) -3, 4,9, 10- pery

| ene di Caﬁlb é“fh&@/phen%)anthracene 9,10-bis(phenylethynyl) anthracene; 1 chloro-
1,6,7,12-tetra(pbronmophenox - |s{) 6- di i sopr opyl pheny1) -3, 4, 9, 10- pe

r y| ene di 24Pts{pPhenyetnynyl)an racene, 1,8 dichloro-9,10-
1,6,7,12- &@({pfhéﬁgsgh? mé}#ﬂ%\lacéﬁe We?H%HFoYc;-Q?’IO‘JbI pﬁ@nﬁ&hyﬁﬁmtrﬁb(é&reb%-m de;

1,6,7,12- tetra henoxy) N, N1- di neopent %/ 0- peryl ene
di car bOXI dicllero-9,18 bTS(mlzenylethynyI anthracene 5,12- bIS (p enylethynyl)tetracene

B?E;?ggxf%@ro%é%Q%mraé\éerﬂ% £ 4 248 4HHR0R)-RAY 8 BYdisopropyRnéfyiR eryl ene
1, 6, 7, 12- 3,619, Hi-perytenerdigarboxisnide; 1,8\ 1 Biteltaphendky-Ndyrig(215otiedny 1) - 3, 4, 9, 10-p
eryl ene di carboximde; 1,6,7,12-tetra(o-fluorophenoxy)-N, N -bis(2,6-

di i sopropyl phenyl)-3,4,9, 10-p eryl ene di carboxi m de;

1,6,7,12-tetra(pfl uorophenoxy)-N, Ntis(2, 6-diisopropyl phenyl)-3, 4,9, 10- pe

ryl ene di carboximde; 1,6,7,12-tetraphenoxy-N, N -diethyl-3, 4,9, 10-peryl ene
di car boxi m de;

1, 7- di brono6, 12- di phenoxy- N, N - bi s(2-i sopropyl phenyl) -3, 4,9, 10- peryl ene

di car boxi m de; 16, 17-di hexyl oxyvi ol ant hrone; rubrene; 1, 4-di nethyl-9, 10-

bi s( phenyl et hynyl ) ant hracene, and m xtures thereof. [ 028] The anount
of the at |east one oxalate and the at |east one fluorescer enployed is
upwardly limted only by the solubility of the ester and fluorescer in the



greater than 0.8 percent by weight. In addition, the at |east one
fluorescer can be present in an anmount ranging from 0. 05 percent by wei ght
to | ess twenofi/@44sercent by wei ght, based on the total weirgiseoiof4ipe
two-part conposition, such as fromless than 0.8 percent by wei ght, from

IessthanO rcen wei ght froml nt b i ght, from
| ess t han thg)h% le'grf{ Bé l%?ﬁ d'CrrPBW' {Hha" 632 b‘gﬁ‘f‘ &Nﬁl ght, from
rc ess It han b?r(]236{dasembpylblyenwkigh19 ,10- pe}mlérgﬁs&cérblaﬂnﬁhe?gm?g Clgfttétrr;@(%S ;Nﬁl ght, a{td
roml ess an is al.so intende a e anoun

of at |ea8f° %QPA‘GPP@BMVEEh(gérﬁi"ﬁ%\tﬂ’awl&@t%éﬁ An\P-R7 NS dicrrepxinude:val ues

li sted abcr\ee712tetraphehe%ﬂh N'LR-nBBH&Htas, 3,‘951@&?@%@%%6)@@@@1'697&% one
carrier. a&?ébp of the at |east one carrier he at |east first part

of the muf8f Whera R NY-diRaareRivird & %1 Oipgriene dearbexmidr. d¢8.6ddr e
i ncl ude ptémxé-eﬁrercg:lnéﬁ@ky)q\t nt kigt2 eidhedprs;%ﬂér?énm )54, 91®- eryté?r]ee propyl ene

moi eti es and each i s I ndepende a strai ain or

br anched- éﬁafbr‘PXtﬂ"R?N ér7o teéréﬂft aghlafopgenpxyi-ol, 8- @atZtﬁ:dllwmmrlptmwhpl ary first
sol vents | |4 di grgé? | propyl ene
noi et i es gugjhw? eﬁ?'grﬁ%g?agon(g&rgﬁgbdlg @Iiégtrﬁ&f h&(@?gﬁ })rﬁbrg %‘%’gj gl ycol

di et hyl etiirpprepyiphengh-Spti® Qe @Mﬁ@eldl@rbmmmeyﬂ Bet, h2tetrapbut yl pht hal at e,

phophat o AR P EKUEBR O YRor IR0 e P00 MERRICTRBIERE cact one

carrier i §,6pf ¢2¢ettaphenaxy-NribwuiethylengOrig- parplanédrmartamnmdem JHiremoent by

wei ght, based;on the .\t Qtal el of .t he art co Lion.  For exanpl e,
t he at Iegég dddpc:rgen(pg? N'@r&E%ME%@%BY'B@%’MW?’%@h&aﬁ%ﬁ? éﬁ”ﬂ dt’er'om greater
than 5 penédniditexyluxigblanthoortth ripierenent 4imetdiight 0- based on the total wei ght
of the twp-part ¢ 0Si t on u as fro ater than 10 percent by

wei ght , Wgﬁﬁﬁ? 'ﬁﬁ&B fafé“%éﬁ@éﬁv‘%?{ﬁ@?@ﬁ fromgreater than 30
percent by weijghs), ﬁﬂ‘@@rﬂétﬁﬂbﬁﬂtédﬁé\as‘ﬂ@n@@&@l@féarh:b’thé@t!Hhtst ohé Om gr eat er
than 50 percent by weight, from great er than 60 percent by weight, from

gr eat er tﬂ‘a‘?’fe?‘t?rﬁé"r%@fﬁd ip yipwardhntimited enly Gy éha eolubifityof #ie ediet by wei ght,
and from gigas&r in thasoRRnPBRERM H%é%r%twodlﬂ‘bé%gﬁéc‘medb {#8ndin ngast one
carrier can be present in an anount ranging fromb5 percent’ by weight to

| ess t hanaBghpefleancy 19y theeieghtion \M@%'@d’eéf@aﬁﬁét eertan hwem@nperaifattone ?f\/\o part
COMposi t Ofais e o@?nértt@"{heﬁtsféﬁétk@t{% %Iét@tscﬁr@%erq%%'a%upmnr@fﬂglf?&ﬁ than 80

percent by wei ght, tromless percent by wel ght ss t han 60
per cent by peedeghto 64 peyeentdysweight basegen ﬁ@"ﬁptatbwewfghﬂﬂe twppar ess than 40

per cont Fy/Masin 4Pl diEaedol B GARte B PEREn Hpramban | 170, %0

i nt ended tamgtngt frem Srpeueant b SQtpetoeaSbywa@htaxasedzpnctrmtort@lrv@gmwtimen any of

the nunerjca J.j st t of the

mar ki ng sﬁ%éﬁ?&ﬁgﬁ?@%@ sﬁ?h %ggéfﬁ %RSrCSert(S’xr o‘tl ergﬁﬁ bi%?q@&s ne catal yst.

The seconpempant to®0 rtdneenmt/krvemtsfymhempemqnmpascpreadelnybrzwqghtszmda‘toméast one

carrier. f t he at at st useful in the

present dP?&?B%tG% 4%‘&?%@ i UhPEIAN (‘?m 8? r@%dﬁ%ﬁf@gf 19 osal i cyl at e:

fo-d:c :Jm 5- flcdrégcierwbreteyrhtah @n Mrwrar’@gdgmmtsma p«yﬁcamtaotm@ﬁiement by ! at
rifluoroacetate 0 u at e ot assi um pent achl oro ate;

lithium s‘é(?igbﬁ/t’%ﬁeé’pmt tﬁf&vg's tb %1PgE;FPHtPé’S'“°R For examp'eptﬂ at

l'i t hi um Sreabf SHeOMMIréser aaﬁ: belprréstenuma% %dumhhn?uﬁg #ohryreate? than 0.05

lithiunB,5,6-trichlorosalicylate; |ithium2-chlorobenzoate;

i t hi um SPercek By Waighiclp| 09 aeraent by Wrishh ibesedPB Atolal weightiof HiedWoacet at e:
tetrabut Y‘)mbymlé’@lsh@w |a§tfr%m %r%“afél?r\’érﬁ/d) qrﬁéﬁ%n‘ﬂﬂy %idrﬁlfftdtﬁ@%a?iére

t et r aet hyl anmoni um benzoat e; rabut yl ammoni um benzoat e;

t et r abut yihamfohpeiceRtiaweight cﬁrpnbgpnéﬁréhart QBrPestany by meightfrep ereatetor at e:
tetrabuty I

ot r abut o1 A P e B S B R ofeater

trifl uor otheotled percantimeweight, Sam gr;ent&réham&@’rpemmbswqmt@ndsfmmcyl at e;
magnesi um 3-chl orosal i cyl at e, magnesi um 3, 5-di chl oro-sal i cyl at e;

magnesi um 3,5, 6-trichl orosalicylate, and m xtures thereof. In certain
enbodi nents, the at | east one catal ystgis present in an anount ranging from
0. 0005 percent to 0.5 percent by weight, based on the total weight of the
two-part conposition. For exanple, the at |east one catal yst can be present
in an anount ranging fromgreater than 0.0005 percent by weight to 0.5
percent by wei ght, based on the total weight of the two-part conposition,
such as fromgreater than 0.001 percent by weight, fromgreater than 0.005
percent by weight, fromgreater than 0.01 percent by weight, fromgreater
than 0 05 percent by merght frontgreater than 0 1 percent by merght and

e o ~ ~N—- o o, g,



that the anpbunt of at |east one carrier can range between any of the

nuneri cal values |isted above. [ 32] Exanples of the at | east one

per oxi de weeahuloli4s4t he present di sclosure include hydrogem/ysesioxouite4 sodi um
per oxi de; sodi um perborate; sodi um pyrophosphat e peroxi de; urea peroxi de;

hi sti di ider & -butyl-hyd i de; and benzoi id, and
i xtur es CREPGONSPid eelFedhty WekhtiThane Eon e obleap o owescss conpie | o

present i lpréﬁenaiﬂmmémbaﬂﬂgbﬁ(?ng Ergm 608 peRRAEBYIvelght BIIeBEfHRY 9 gﬁ%}é@f 9[1':1,6 at

based on %he t t(a)%awei 9‘% 0 ) tvvo-gart conposition. For ex

| east one PYYEHNtRASES PIHRe fetabueiaht of the twarbar comapsjtion sucaes(roptleper cent t o
20 per centhapy0.8etdtint bpae f ' - r

conposi tion, sg?ﬁ as f?Om%#,gfbg%‘sgélgﬁrfgjﬁr%gg‘;\%e‘idgg, f\%\%}ﬁéﬁitﬁ?r} 38 0.5
percent t 8SEENpRY Weight Hipnpisisgiftan 9-Pderapnt by weighitfrans less i @dmerdantwei ght
and from By et IRt < a8 RhLeitoy RGN frohfledBhbabh pBadiggent s the at

| east one peroxide of the present sure can be hydrogen peroxi de.

[ 33] Exanpeigbt.gmndfram lass|tear 0. 1qmescerd byiveaightollt is Rlsoanteheedsthadtre second part
of the mubkjoph€siald [ t ' S i ure
i ncl ude di'rrgt h ? phti?gpgégpgﬁeg%{éert%wrgﬁﬁ !rjlétwg:gnt@?ﬁffé@e%?ﬂ%ﬁ%ﬁ%senzoat e,
and mi xt ulisted gheyaof . [ 34] Additional conponents that may be present

in either co t - ' - rking.systeminclude, byt are
not |inited {TE@ a?ﬂi c%n%?@'@gé*%%aﬁﬁéﬁqﬂgﬁﬁye%% B % o ﬁ@p{eércget
better, fthematdsastone camidefe theat idayt firstymart efrtie multipldcpay markid %%tbiﬁwlr eezg
agents to vent freezin filmfornmers, gelling,. nts, polyacrylam des,
and pol yvfjﬁ%fﬁlclﬂlt%? P@é?’”ﬁ‘ﬂg“é‘és%m lf({?n%{f’pﬂ%'%)glﬁ‘éﬂt%éaq@gQEQ%Ggﬁta\}/lﬂéﬂ‘q known in
the art tondt thred plobglehemdidtiesainaveachuikyP§Rsip is independetftly aldiRighy Ki ng

re can be contained in any Suitable housing

system of the Fheseﬁt dhs.clﬁg&g

or cont ai AN O RraNEPedichain PIRdRCONtaNR0 BB R 8 CARONAYRE A FE8MPIREY at | east
two part sfigt séentsdidROprepAERETY Iy EABIA IR RERES tHtaPiigivolfopiend | me mar ki ng
is desired. In additional enbodi nents, the container can be conprised of
hol | ow f | Bi8dF8 spefbAR gircenienadlyep! oifeethyl ethgr, dipranylene dydol disthysethet i on
conpri sed i yRae! et nd at

| east oneaﬁlg?ﬁr%dni o s%ll t, dgﬁgutgl)&gfr?fi@gtg/g B%tﬁé%ﬁeé?w%%gfm%&ségé,ﬁ g‘FJ l%%éﬁt ai ni ng
t herei n aglyr@gknengogtec eiyl-ReMylidipbanyd phasphatestndonistyses theretd. dmdertdtin | east
one cat al ; I t : i al conpri sed
wi t hi n théﬁ?wlﬁéﬁ%lﬁlﬁ %gﬁalﬁr?s"ieﬁfgﬁeﬁggﬁ'cﬁ%?@‘]v'vﬁgf‘?xi é@@o"i‘%&mgﬁd wher ei n
when t he peraest toiSal pancend oy wetightt hasedaont the detal weightofdhe beapattoget her. The

fl exi bl | 0G:: | . i f

(1o 01 o LR it ety B RS SRR AT MR, 2

fl exi bl e tamginggrars gfdaterdtian Sapesceamd by neigiit &s 85 peadent yswdight, abecdak, al | owi ng
i Xi f.l t | t luti .. Pl aci th Ki t i t hi

l oxi b1 o Al treidhEbtint dn P A ol Bes e e rdiatt aften B MGl e gl ass

vial and by eeight, frone grdatarehan 20 pgroeht binweight fictragieatdritigan 80 perceaptyesent s a

schemati c of e type,of flexible plasti ubi n | ass.vial structure
Chat my WBRDENRT SESI e Tl bpteret hapkioh, Ty dates hatred Brdeathy

di scl osurgeight, from gled€dr tfar80 pedenf bysweight, ifdeh §reatsr #sdroB®gefdentedyn, Wher ei n
the multiple-part marking system can be activated by physically naking the
at | east WREhhdM greaterdiam & pergeat Ryt weidhb #pf iMfeaHoTSAates than9Q persaat

f1 uor escepy waight. eRsdddRidvn, Medtadt 8Rb RbrricABan B pr&ast inddfambantdangifgsal t,
m x and react with the at | east second part of the marki n% sklstem conpri sed
of at | eaeménererpentdyiwrightia less tham8b perrenthy weight, bagpd osithe fatglht and heat
can be gepsi K I i i i

il 1 pl o B B e B B R o s R P P B Rl ng

cont ai ni néomh@%ethan &Y pgrcané by weight,i fram lessitban 6 pewept bweaight. from legast one
oxal ate e I I [Wpla]? e salt;
and b) atﬁ%gggt&té%éerﬁgzgqeg%ﬁgﬁéi@gés\%is@?ﬁ gg%t@ %eﬁli %Wt@ e;c,glﬂ)ﬁn !’f’lt% glﬂgd;r{s]%&a second
sol uti on pdrcent Hyemsighto fremplesoihiad SO0zradcent bl exeightofremdessahgs 20 peheengi n t he
sealed glass vial is conprised within the first solution inside the hollow
flexi ble tubing, and conprises flexing the tubing and breaking the gl ass
vial contained therein; allowng the o-gxing of the two sol utions.



[37] 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
proj ecti w0 2brvaersttai n enbodi nents, the nmarking system eam/useoioneiaded
within the projectile in the above described flexible tubing and gl ass vi al

or ade” mune! WS isifir S Y 1 0Bl Ay SRR oL K sl B Do -

smal | er camlobefofrajntaatst one carsiec bardanigehetBeen dhyPdfihe hEmeFicsl Wakies TBREHUM
cal i ber :ﬁﬁltlons such as those ranging from20 mmto 83 mm and Iarger

cal i ber 7Y% ons, such as those ranging from83mmto 155 mm [38] A

met hod of mar K0BQ] | SThelszeodd pattos @ Hﬁ@rrkﬁigrbysfe@mdsmﬁhg& dtheastbpps of
| aunchi ng_a ?r ojectile ont al ni ng a multiple-part chem | um nescent and
t

t hermal nBFIRKIFg aatiens ﬁﬂ%P%ﬁaws T'T’%&%QO”Q Pertref thepmatking Rysteriey at | east

one oxal ab}@tl@%ﬂﬁbom?ﬁsé sashstone dakyr escer, and at | east one inorganic salt
is separated b east one_ breakabl e barrl er fromat |east a second part

conprising at is ehlst BrRMpEs ekihgat ianst ape ratalyst uspsuldmthe gresentor eaki ng t he at
| east onegRabERS (p@-gj | east second

part ; genelr atl% T ght d&ﬁgg?éyladst@gs?géjuc?gmgﬁ%ra %ﬁﬁeac{%n %et ween the at
| east fi r§h|0f|9§ﬁ|ﬂcym QQdélna-ﬁ -hremesalioytate sogian trifluordanetate; potassitiar get hit by

E Egr pr oj egéllc}llﬁté“"gbtﬁsgﬂﬁw %ﬁtéé’rﬁ&?ga«%ﬁ%ﬂepﬂtﬁluﬁél|cglgf'etmh!rp:fl[&1 nescent and

e’ nmar t he present
di scl osurwlmyalaIytaibe dithiumss-ahlbrosakicylateyhithieme3, bidicHiorgbalicgiate; Hlmu]lmgener at ed

as a resu | l.e during the.flight of oj ectile.
a0 he heisehsTeseiRietinkE-Felofishrpoisy RohbEs i Bikaevalsy Tubie £or
Eol di ng atru@hasacata?l al@diumgmétmphmjtplamdmmm:iamcﬁatst em az descri bed
erein, s, peede e.a i nt ende EXAMPLE 41
Unl ess ot %g?ah’ YRMeRIdy Eﬁaﬁ%bppaﬁ?rﬁﬁ&?%tggﬁmwﬂgeaE%ﬁji?'l ties of L]

i ngredi ente‘srablm@wm@mummlzbat@nﬁatraangla‘hﬂnémummexaﬁ@brbphéém:,ﬁoecI fication
and clains are to be understood as bhei n%prmdl ied in all instances by the

t er m " abot¢traetnx@RyPeniHg Rerchignads; detrahundameeniuy peehioer ary, the nuneri cal

par anet er@tr%@étylfaﬁ{rﬁéhlurﬂ dehgnibrate,; %élﬂxtﬁé}ﬁﬁbﬁiuﬁﬂﬁ i3onrRAbréddrebrd clainms are
approxi mations that may vary dependi ng upon the desired propertles sought

to be Obt@trﬁg\@tm@amm@nyﬁégkﬂn@rogpgt@t%mesmm salicylate; magnesium-5-t-butyl-
salicylate; magnesium-3-chlorosalicylate; magnesium-3,5-dichloro-salicylate;

magnesium-3,5,6-trichlorosalicylate, and mixtures thereof. In certain embodiments,
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. For
example, the at least one catalyst can be present in an amount ranging from
greater than 0.0005 percent by weight to 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 weight of the two-part
composition, such as from less than 0.1 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. It is also intended

-10 -



[42] As used herein, the light emtted by the marking systemis neasured
using a light neter with a probe chosen dependant upon the |ight being
emtted (Wofoewmae4s4vi sual, etc). For exanple, for |ight PERitES3010043384 t he

vi si bl e spectrum an irradi ance probe is used. One of ordi nary skill in the

art woul d C be suitahle for . asuri ng the
wavel engt H"ng%-j%%ﬂ; t Lgt %&rcm éaq)}% éea% ﬁQ@e Eg CaAY E“H“% The Ti ght
eni ssi on Values é&!ednabdve n LUX units. A ther m)coupl e is placed wt hin the

oxal ate sol uti u t he tenperature output
of the marki ng[[a B? agfc(eas orie” perE»g ﬁ'ﬁlt@e Pregethw part marki ng

syst em acdiscldsmg mmudiélbydrog@gpemgldél §<§d|@‘ﬁlﬂfeﬁow sbaieRPp&Borads tsodahed, and
t he mar ki n stem conpri sed 23. 5%

the results first Par f %
by vt ot PPBRESHIRE berpiie oires pereie BISHNS AREAG T OBy oSS Btz st by
wei ght  r ubneperoxPoetitolRyadie i spatmiseféd ietddf Ofttditiat Embadithefs, 430af¥adte ght

propyl ene Ig@/ggcol di benzoate. The second part of the marking system

conpri sed® %SQXW& I3 Ressnt i5E, ?’W%rﬁgﬁ@g"&ﬂ@% Q&5 percent 9aifi RefFIbycy| at e,

and 93. 8%ybigh¥vjadbd oh thetom! K ed
separ at el é@b:trﬁ tahenoconbl ne&NéfF%%t ﬂ%%ﬁ%@@t@a r%xsﬁllgir%ta%éﬁet out put

of the sy REhRETO¥Ee caatbedresentin an gmynnrneglggénomw@é@erm &2®by putting
4.8 gr amp@&eﬁﬂ?‘y \XIéIPrBlt b?@éc{]or‘{"’tﬁehﬂo&l e EBPWe%SrbaHWsmoﬂséu& Jgube.

Thereafter, e sec a syri and t hen
i njected fﬂ@meﬂ:@ pyrqentto Zer%r:ﬁtshylve:elgmtb&omcﬁ:ﬁ aemengtot‘rﬁepércersttbypmlght Li ght

[ ad ancionanReRelt RGBT Bt pNEREREY Pefsitle g braBlng " "

gener at edwalgptaalh centagsernbodimeaispthexatiedst bye pofXideldf thd peeseatgisclaguree of the
sol ution Lncr e d from ro m tenperature of approximtely 24C to a peak
t enper at uf! t?ﬁ 3&%89% y 55C within 4 seconds. [45] Exanple 2 A

two part syst e[UB:a]ccoEihnmeé of mbeatiearsec@é bgrridt RE asati€astane ReCHRT F4H
e flrst art of the system

acti vated nd th uI tIS( det er m neq

conpr | sed®BS SujiRje-RaR GPATKIRESYSIER wSetilin fegrgsent Binsiihony | )

oxal ate, @méH¥l bMth‘éﬂtélhhemwQﬂ%t@; etByléfie By coriisdHzoadaHanMiktupsUuheteat e, and
76. 25% by wei 8ht prtéﬁ%l ene gl ycol dibenzoate. The second part of the system

conprised 6% itignalsEmRARERISSEA PRY BRiPERsenbineitheb apraRPRaNt Ok y | at e,
and 93. 8Wﬂ1@¥nmblgfﬁar€rﬁhﬁ‘®y§ys@rﬁ mRiRle, BixGard Wet RAfdPtoMHikemBRSbidiibived

separ at el packaged within an insert that was asSenbled into a shotgun

shel | as éetm%nkﬁi h@gstrpk ést@.e targelbetteni fuatesqentpevdersdendayNine fargato, 857. A
d sh | t | to th
second snatgy %'ﬁﬁ antifBs, tjitee. %{jgﬂg%%@eﬁ% fif ﬁﬂﬂ@%”ﬁ&ﬁ@a gapdical to the

first shot gu e excepti o sodi um
t hi osul phpelgacngsmidsts, and paleidylchloride. Theis a@hﬂdmatcmngmerﬂmnel tsoser e cool ed

in a ”e%&[ kAWl R H1S bfers%ﬁélklegoﬂﬂéggo% JfgbeLs na“d mei ntai ned at that

| ow t enperature durln transportation to a g site by packing the
shells on ice [DB85lanTi Thasndlrhhgctystemaﬁthelpresent dllaelostltremanm@ ®@intanediot h shot gun

shells were fi.r Th i ng

oyl i ght PO LleBR B Ot Ll Esp b hé BRnBltel s ﬁ%féé. te

duri ng t hihe dt ésist twdparsshofdhe maakidg shstem frmmrﬁénaohmmgrmheehlemms four of
t he observers coul d. r see th hot shel. | cont ng th od| um

t hi osul ph'?;?tag( NS J&BE%&VEW ttﬂ“&' grg@o? %n&e ‘fﬂpt%'ﬂ%r c]:a %{ﬁ’r’\”%?g ero

sodi um t hh@Rw flExidi€ tubing contdifing tl@v@rnﬁ)@t&aéta\fmt@arutloﬁy:em@ﬁsanmd| ng to
the for egO| ng di scl osure wa activated, and the resu

det er mi nel§astigne ¢xafate eﬁtglr,tatiqus& ﬁggrgggr’géﬁ:ﬁr 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 solution inside the hollow flexible tubing, and
wherein when the glass vial breaks the two parts can mix and react together. The

-11 -



conprised 23.5% by wei ght bis(2,4,5-trichloro-6-carbopent oxyphenyl)

oxal ate, 0.25% by wei ght rubrene, 0.2% by wei ght sodi um t hi osul phate, and
50% by wewghoiipmeyl ene gl ycol di benzoate, and 26. 5% by Pagitusha10/043334

bi s(2- met hoxyet hyl) ether) (diglyme). The second part of the system

d e % di | | at
oo bios peXae MbHELAbe Sbamd B B e B e CimilisRd o7 81 PARES O L
partfs vvertfanmmhemtgﬁl]asﬂg §epalgh1ta1cth1danlbgldeﬁgra}téli wHQ:@tHenﬂﬁltﬂé mut.@spl us
ntifreez t e m xed and |i was i medi a
gen:arat edﬁe)%% C?‘éﬁ%wg@?% ‘6‘?' "t’#@e E‘b?fﬁ?kcﬁﬁlowmgrfa fftg%f‘ﬁ Leasm!mo 10C

within 4 seotords. Plécmgmﬂaﬁ@ig Sfsterh Miithinomesiblél RGHE Rlbirgcdn e & | Ust
descri bed was al so gjrsg w th the exception that sodiumt h| osul phat e

was not aPR&¥ENtRIEMg g Qidheplass vl pt prepﬁ@t @rﬁﬁlaﬁgﬁt@lxmrﬁét%al n
consti tut Gﬁbrﬁl@@l@r ﬁg@Jr&/ 1a%r§si@nkd &9chdmattlss onla’ﬁﬁ?é B?f@lePe gl]%gt& wﬂmg JMNas

generated and no nper at ure change was not ed

enbodi meng'@sgyiat ﬁ@‘%ﬂ@éb%@ﬁ?bcwt?'ﬂ t'b%”'é‘ﬂit%ﬁ'éwﬁ ”tatﬁk'ﬂglékﬁe@kqfltm%drelsﬁnlt he art
from consgid@bagreon of the specification and practice of the disclosure
herein. It is intended that the specification and exanpl es be considered as
exenpl ary onl Y03 t A @ethodé)f§t9@|§bngaﬁc¢l391ﬂaedthe®¢ln.tmfeerdlr‘stbem;dhpée—lpertng

i ndi cat edmg}‘k,ﬁd;gysft&% |¢9Wb'égbc?|l/§tﬁmby gt \é%’@g rﬁ’aﬂr@fﬂ@ bt ong.part of e A

mul tipl e-part rking system es at” l'east one par t
conpri si n@amng gystem camposed af at leastene flabrdseers bt least ddMeesterand at

| east one, e .secon rt . c rjsing at | east
one. per o eaast e rban B dhie 475 ba PR AR oS ool TR U e e ¢ ¢ ol
when the makingasystern mbepased ofaatdeam@nelperdm aid dtdesdt opeeatanptgani c salt is
chosen fro th ate ssi um t hi osul hate cobal t acetat e,
copper ac\gﬁéotr?@ ! lfl%a dbggttcﬁnga 3 EP 8‘?’?%%9”?’89 1NteHPeMeiRed cal ci um

i odi de, pmt:laaésummommqoaramdrmd W%terﬁlbbrngt;ﬂesent in houo?&v fleiiste EOMitd Pl e- part
mar ki ng se/stem accor di ng ﬁo Clﬁ’ wherein the at | east one oxal ate ester

i's chosen f}i%imns.t%?rﬁlnz@)@t §3st '&téc’b‘tloe&?mwﬂef@ﬂﬁ?eﬁ%m@%a'aa%ster
bi s(2, 4, Sattieast Bherophapy, )aﬂa%k Rlast ot PoRyaticxsAitt hRd Bﬁarléast one sealed

car bohexoxypheni‘\”éq ) oxal at e; 52 ni t ropheny I%oxal ate; bis(2,4-
di ni t r oph@#sA Yia néﬁl@ngtsh%re@aé %ﬁ%ﬁﬁ@ﬁ@msqw QnoRftid IRASS 0Bk AEEXide ands( 2, 4, 6-

t hi | | | at
o A i BB e 1

bi s(1, 2- dsqi%ttqﬁym&deQl@hwiowf&ﬁntémwb)wandtcempbsgquemg the tubing and
di chl orop&ggmh% el IQ fwa +o§{t£né% e?éaﬁrém Y _%l?angt(ﬁthe o solutions,

bis(2,5-dinrtr oxa for oxal at e;
bi s(pent achl or[@@'ﬁenifhyemklagezystbmsoéf]thepCBSIeyUdledoaxecan[a}eq lb/Udegl inoxal ;

bi s (2, 4- di e hiRs Ot A yRLL RNSLRLIY PR Yedhr&a tPinBndNBAvI8E bFThEBhojQdid ahe:
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
larger caliber munitions, such as those ranging from 83mm 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 least one oxalate ester,

at least one fluorescer, and at least one inorganic salt is separated by at least one
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3. The multiple-part marking systemaccording to claim1, wherein the at

| east one oxal ate ester is present in an anpunt ranging from 3 percent to
60 per cerwolzyinvmigght , based on the total weight of the PaOASa010/043334
conposi tion. 4. The multiple-part marking system according to claim
1, V\,hereiB t t Onﬁﬁfl uor esc i,s chosen from

h bIatb | ea r ¢ )
1- net hoxy- ge,aﬁ_ Bi E(rﬂﬁ@m atigashA ?eCéPHS IRRECORPTisNg a} Ieask one paraxise and
16, 17- di detigastoneviatalpst) breaking tie 6t IB¥t-dhe BeriertcaledIpmel f1dushHls) part hr acene;
2-chl or o- 96‘}&] bi % et hoxyphenyl ) ant hr acene; 2- _
chl oro- 9, §¢¢ es?tj tﬁSWﬁ%&W|9¥faﬁ@tfﬂaé@?fea,ndmef®abpsqqyﬁ§r@flt@¢ FRAioN
ant hr acenbetwief the aeBstistiar( £HEAY 2 124 N¥d oRA AFAGSE RrarkinGa dhigBE R 0- 9, 10-

bi s( pheny| et hynyl ) ant hr acene,

1, 5- di chi BY B1SProechieNirbAACEYaioH utipie-Rar cbersilumingscent and thermal

di chl oro- &,amnéf)g)[gtmenyl et hynyl ) ant hr acene;
5, 12- bi s(phenyl et hynyl )tetracene; 9, 10-di phenyl ant hr acene;

1, 6, 7, 12- t et r dpREhoxXeNnarkingi sysenBotithe pogrenpdisploeurginay alBp4cad 8- peryl ene
di car boxi i de; - : T
1,6,7,12-tetr évﬁlﬂeerﬁ(l:notp }?-hﬁl,hmquri]es tge ge_er&tqd[ %su? }C?S&teorw/rle) refc H?rb',slvd)s-'tf)lgr yl ene

di car boxi @rig, the flighdiof thiel pwejectie 12- di phenoxy- N, N -

bis(2,6-diiso yl - : -pery.le di_car boxi m de.

1,6,7,12-tetr ﬁ?%@r Oﬁ@%ﬂéﬁé&%aﬁ&?I‘Q}bf?%q?@(aé,bg_og%pg8&%%);?%%%%%@%@51 9, 10- pe
ryl ene di beldibga graskeyial and the multiple-part marking system as described herein, and
1,6,7,12-fetraphenoxy-N N -di -neopentyl-3, 4,9, 10-peryl ene di carboxi m de;
1,6.7, 159 é‘?"r‘ge(d?a[ %ﬁ%ﬂ"&ﬂé’ﬁ‘dﬂ?ﬂﬁ?\?-- di neopent y1- 3, 4, 9, 10- peryl ene

di carboximde; 1,6,7,12- EXAMPLES

tetra(o-chl orqophenoxy)-N, N -bis(2,6-diisopropyl phenyl)-3,4,9,10-p eryl ene
di car E)oxi mi de;cEBA'ﬁ Uyrﬂess othervvlse(indicated, all rl?um grs%xpre%sn)ng quantities ofp Y

1, 6, 7, 12- jngiciftlrits, tbAQIoARIDABIASHS, dNdNo iR Ldedmthe SPRERRIMIORNRRCHIMs S, 4. 9, 10-p
eryl ene dicarboximde; 1,6,7,12-tetra(o-fl uor ophenoxY) -N, N -bi s(2, 6-
erm

di i sopr op3egRERyHNAErtopchas beipg aradfiaddn @il étanses hydes term “about”
T e oL e o (AR
di car boxi tedellowing specification and attached claims are approximations that may vary
b Lo o AR PR RE haR OB oY efrdedl TV L°1E
bi s( phenydietlbsurgl ) ant hr acene. 5. The mul tiple-part marking system
1 o 0P By RSB G 581 bR FRLES AR uBBERA 0
total weigging afightreetenwiithar probe chassnt deprendant upon the lightdeng érnitted- par t
KNG YRS AR D SR SRR s G Doh B R She Bl 0 20
wei ght, bigagdned pidbe is abed. ORE@hbrddiary BRill inthepst Wogla@oselE &vdre 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 examples to

measure the temperature output of the marking system, in Celsius.

[043] Example 1 Atwo 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, and 76.25% by weight propylene glycol dibenzoate. The second part
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7. The multiple-part marking systemaccording to claim1l, wherein the at

| east one peroxide is chosen from hydrogen peroxi de; sodi um per oxi de;

sodi um pewbapatmei4sgodi um pyr ophosphat e peroxi de; urea pecofiSdey/oms3ssi di ne
per oxi de; tbutyl-hydroperoxi de; and peroxybenzoi c aci d. 8. The

mul tiple- t nmarkin stem acc ing to claiml, wherein the at |east one
per oxi de Bg{hﬁr U %ﬁ%éﬁc%mﬂﬂ?ﬁdoéogrﬂi g?tr‘g??lo(%q{ PydrpQsnBEIOXIdS, %‘ggﬁpercent by
wei ght, basdidmosalitylatel ah@b3\8% giiverfht tritéhyl BraBAr ThE MRSt vere: 9

The multiple-part marking system according to claim1l1l, wherein the at Iéast
one cat al ggTSt{? e@ﬁSB@’ﬁ@‘?%’h‘Y i mRag fep?e&tlag, thegighti AP s 1gmpRIAbER i cyl at e;

sodi um 5- ehipat estakisyytent Rhers aétivaed- br onosal i cyl ate; sodi um
trifluoroacetate; potassiumsalicylate; potassium pentachl orophenol ate;

lithium sal i cylP4fk; The svstam wasdedted by Ruiting 4 arams of the first part within a
lithiumb5 I Iy il b ol | ‘oatthidM

3 5 6ot r T Do e IS WRdaftr b B 8 ST e decthl palt e U

|i t hi um 5Placedin® swingsy pad &hen iniestedrditectly Intwtheaastisttebe comtaidingrthacet at e;
tetrabutyk i ' ' ' f I ;

ot act hy [ anhat: SN dnd foruiput v ANdSHIGOTIGHY o ik BbE Ao R8T

t et r abut y meterovithuan headienica groeh dsgitavas generatad insyartiyrapenunestéancanidor at e;

tetrabuty ' te: ' rchl orat es
ot r abut y P B a TREmRERlsBlof b ERSENATBOTER, S Rkl Srine
trifl uor oacletiat mcremsgd dsnmumosalenperatue ofrappredmatelyb24°Chtotaypeskl | cyl at e;
magnesi um 3- chl orosal i cyl.at e; esi.um 3, 5-di chl oro-salicyl ate;
nmagnesi um%?nfr%-uf?Pc?ﬁpdgﬂg]gfql%%‘gﬁh'ﬂgsﬁ?gn&iI tiple-part marking system
according to cfofaﬁrn ona\éd(i)}geeﬁ A tivb @attisybeashcoonging & ﬁiewstegbﬁgpﬁ%ﬂmei n an
amount rangin romO,. ercent to 0.5 percent wel , based on the
Cotal wer HHE PORPAFS SCHERBdr AL DR e Bicdstemined. Thefibemsct fine sy €0par
mar ki ng sysheRACENEYW BYowéighthidi2n, §-tiidHidrB®-carbopentoxyphenyl) oxalate,

0.25% by weight rubrene, 0.2% by weight sodium thiosulphate, and 76.25% by

weight propylene glycol dibenzoate. The second part of the system comprised 6%

by weight of 50% hydrogen peroxide, 0.1% sodium salicylate, and 93.8% by weight
triethyl citrate. 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.

[046] 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 shells 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 A two part system according to the foregoing disclosure
was prepared, activated, and the results determined. The first part of the system
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conprising at | east one carrier present in an anount ranging fromb5 percent
to 95 percent by weight, based on the total weight of the two-part

conposi t iwW0.2011/014484 12. A chem | um nescent and thermal nRCRAIS2@I0MWIBSI NY

hol | ow f1 exi bI e tubi ng conpri si ng: a) at least one first part

[ eat onecPABRIEh: %t W GRER B bienifore S POl nRIPGHRPEAEEI { s chosen

from sodi Omst’/hbybwelghlﬂaitﬂené)cﬁ%E’dyWVélgHﬂImlUnPhﬁds@JpH‘a@@nﬁ 5896 bweight opper
acetate, |ead ace at ic chlor ic chloride, calciumiodide

pot assi unPiopyiese 9 %?gd'g & Andr 2 %%eb’y weight %(Zéﬁeth@’é)éetthﬂh@h%al ed gl ass

vi al conp(digimeg).t hies secfbn@tpdnemﬁeey@erﬁ%ﬁm.seaaswwygﬁt895(% | east one
peroxi de and at | east one cataly ein the at | east one seal ed

gl ass vi alYq§regenRpioxisies Oii%e ﬁ?%u"ﬂ’kﬁé‘“‘é)t'aqeeé%q Z%ﬁe,byr\’f/@"g?ﬂt dalyme, andl wher ei n
]Pr eaki ng KQ@%’J‘E}{ W%?g‘?ﬁ tr%‘ﬂ’?yl Rt dTid fvsp é’r{sé\}ver‘@'dolnsﬁtﬁié'ﬂese:pla?atéﬁl dngast one
Irst part and | east one second part to m x and act "t oget her.

chilled to -40°C |n a dry ice plus antifreeze bath. The two parts were mixed and
light was immediately generated. The temperature of the solution increased from -
40°C to 10°C within 4 seconds. A second set of solutions 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. It is 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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13. A projectile conprised of a nultiple-part chem | um nescent and thernal
marker within the projectile, wherein the nultiple-part chem | um nescent
and t her mabD 20arddess4conpri ses at | east one first partuscanfpuidsi ng at

| east one oxal ate ester, at |east one fluorescer, and at |east one

i norganic salt, wherein the at |east one inorganic salt is chosen from
sodi um t hiyggar P B19MESS @SSi um t hi osul phate, cobalt acetate, copper
acetate, [ead acetfate, cupric chloride, ferric chloride, calciumiodide,
pot assium i odi de, and silver nitrate; at | east one breakable barrier
separating thelat |R8uttidereartimarkingsystem that camprisgstat teast gee bistiparar t
conprisin ik | d : wher ei n
T ant and R o S a o BEF M BRS e M bagtane o1 1

br oken.  Inorganiq galt; angradjesst bhe secondrpdriepnwistigsatiedsd onb peeixidd el at

orof ect 11 koS ERta UEWRERGI LM eaf s TG FlandRERKe Brds Merhelst one
first par&ndshereig e atipastionetim@ganibisaly js cdrdemfreresadidrhehibs@pthdibe t ubi ng
al so conpt . at n e | ass vial, contai ni t he at | east one
second paM’ %EQHSI i Og‘rag)}hﬁ%r Eggagg%?egatgr °Pr%e£<889ta§e1 E?a%eafﬁ%e’ocf“pf'ﬁe t ubi ng
bei ng f| exbldridedetricechigridescalciam ibdidekpotgssiunt idgdide andrsyvéhetrate. | east one
second part.

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-
carbopentoxyphenyl)oxalate; bis(2,4,5-trichlorophenyl)oxalate; bis(2,4,5-tribromo-6-
carbohexoxyphenyl)oxalate; bis(2-nitrophenyl)oxalate; 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-dinitrophenyl)oxalate; bis(1,2-dimethyl-4,6-dinitrophenyl)oxalate; bis(2,4-
dichlorophenyl)oxalate; bis(2,4-dinitrophenyl)oxalate; bis(2,5-dinitrophenyl)oxalate;
bis(2-formyl-4-nitrophenyl)oxalate; bis(pentachlorophenyl)oxalate; bis(1,2-dihydro-
2-oxo-1-pyridyl)glyoxal; bis(2,4-dinitro-6-methylphenyi)oxalate; bis-N-phthalimidyl
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(phenylethynyl) anthracene,
perylene, rubrene, 16,17-didecycloxyviolanthrone, 2-ethyl-9,10-
bis(phenylethynyl)anthracene; 2-chloro-9,10-bis(4-ethoxyphenyl)anthracene; 2-
chloro-9,10-bis(4methoxyphenyl)anthracene; 9,10-bis(phenylethynyl) anthracene;
1-chloro-9,10-bis(phenylethynyl)anthracene; 1,8-dichloro-9,10-
bis(phenylethynyl)anthracene; 1,5-dichloro-9,10-bis(phenylethynyl)anthracene; 2,3-
dichloro-9,10-bis(phenylethynyl)anthracene; 5,12-bis(phenylethynyl)tetracene;
9,10-diphenylanthracene; 1,6,7,12-tetraphenoxy-N,N'-bis(2,6-diisopropylphenyl)-
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15. A method of marking a target conprising: a) launching a
projectile containing a multiple-part chem | um nescent and thermal marking
system WwoO201l/oM8nei n at | east one first part of the nBCTiUsk@opaz3ts

chem [ um nescent and thernmal marking system conprises at | east one oxal ate

ester, at .l one flyorescer., t least one inorganic salt, wherein
the at | egs‘ﬁg’ghéo%rﬁ%'?egg' Al °§5’P"{’eﬁgg8ﬂ@§@ aphenE ¥ DN 2d-g5hI phat e,
pot assi umbtityiphen/Ppi3at, ©,10q@byibiie dicatdknids, RPN cABRLEY 2-didrRABxAReYat e,

of i cal ci um i odi otassi um iodi de, and

g:Jlo\r/:; ?\ihltbf%_rQ'g',ediisg’F’erggi"gggnhql)é%ét%vem‘@e%H%@%féoggﬁqiﬁeéﬁslgéﬁéﬁﬁﬂﬁpng the at
por oxi do.and a5 1ALt Dne e AL yar PR e BT e
br eakabl e 15af - #detraphenexy Ny Wedizeopentyt3.6.9¢! G-peryienp sicarkoximides 1 4t7, 12ast  one
second Pasétia(p-t-outylphehoBANEN AindUpehtyd3'a 876 pRRRNLHCHEBAAES 16,7143
tetra(o-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-diisopropylphenyl)-
3,4,9,10-p erylene dicarboximide; 1,6,7,12-tetra(o-fluorophenoxy)-N,N'-bis(2,6-
diisopropylphenyl)-3,4,9,10-p erylene dicarboximide; 1,6,7,12-tetra(p-
fluorophenoxy)-N,N'bis(2,8-diisopropylphenyl)-3,4,9,10-pe rylene dicarboximide;
1,6,7,1 2-tetraphenoxy-N,N'-diethyl-3,4,9, 10-perylene dicarboximide; 1,7-dibromo-
6,12-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; t-
butyl-hydroperoxide; and peroxybenzoic acid.

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 catalyst is chosen from 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-dichlorosalicylate; lithium-
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| east first part and the at |east second part; and d) marking a
target hit by the projectile with the activated nmultipl e-part
chem | umwo=0amti44sad t her mal marki ng system PCT/US2010/043334

3,5,6-trichlorosalicylate; lithium-2-chlorobenzoate; lithium-5-t-butylsalicylate; lithium
trifluoroacetate; rubidium acetate; tetrabutylammonium salicylate;
tetrabutylammonium tetrafluoborate; tetraethylammonium benzoate;
tetrabutylammonium benzoate; tetrabutylammonium hexafluorophosphate;
tetraethylammonium perchlorate; tetrabutylammonium perchlorate;
tetraoctylammonium perchlorate; tetrabutylammonium-2,3,5-trichlorobenzoate;
tetramethylammonium trifluoroacetate; magnesium salicylate; magnesium-5-t-butyl-
salicylate; magnesium-3-chlorosalicylate; magnesium-3,5-dichloro-salicylate;
magnesium-3,5,6-trichlorosalicylate.

10.  The multiple-part marking system according to 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.

11.  The muitiple-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 flexible
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 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 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 least one
fluorescer, and at least one inorganic salt, wherein the at least one inorganic salit is
chosen from sodium thiosulphate, potassium thiosulphate, cobalt acetate, copper
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acetate, lead acetate, cupric chloride, ferric chloride, 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 projectile 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.

156. 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 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 between the at least one
first part and the at least one second part;

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

chemiluminescent and thermal marking system.
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