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M XTURES OF AROVATI C ESTERS FOR MARKI NG OR TAGAE NG
ORGANI C PRODUCTS, MARKER COWVPOSI TI ONS COWPRI SI NG THE
SAME AND MANUFACTURI NG METHODS THEREOF CROSS REFERENCE
TO RELATED PATENT APPLI CATI ON [ 0001] Thi s application
clainms priority on Korean Patent Application No. 10-
2006- 0123813, entitled "M xtures of Aronmatic Esters

@m%ﬂs@ o0g P@Tgoﬂﬁﬂggi EST@EEWIHCDR IPARAUNGSOR NAIG@ING ORGANIC
osl t1lons risin a [ Oy

Pt oS THARIGT COMPas NG BN R AE Iy B
RreRetAyTORING ETHBeseTMEREGOF 2006, which is hereby

i ncorporated by reference in its entirety. TECHN CAL

FI ELD 15[ 0002] The present disclosure relates to
m Xt ur egrh s 8 WIMAHRERCESRH WE (ATE IRAKERS APPILERgI 08
C

vari ous as petroleumtuels or solvents
and to conpositions and nmethods associ ated therewth.

OBIFFOUND 0,L0ROT HREHAL B RURSLARESSMABNCAIOH No. 10-
sed'to tag products, typrcally petrol eum products,
POH6-6 1B entitl e f\isturemof AfhenatiaBeters ferradéicng Tagging

i SS i ki.aui > jd L ;
EHBTB: R MG B il SPRPHL R g B8 apd Mapyjactuing
MlettehieTivarabf, t fésd indthetldoeedra trgelth chual FrofsrtyApihice cat Pegesnber 7,

rkers 25 include yse, by the gover to ensure
oo NS Bferenr P worddid e Rar i TS MRk o1 cut ar
fuels. G| conpanies also mark their products to help
identify those who havg gli@rgg ggﬁtr products.
[ 0004] Mar kers have bee E G | eum products for
many years. 30Many have proven extrenely useful in

roviding _definite neans of identifyin articul ar
ROBFE 1 or THREBIRTGEEIOSUT FAIRIER 4D MRENTE € FORIRPUPpipeful for

l%%Fkiri@?‘ 8MRlgBingWarBA82hrki i S&HoseSeifolshMTSelglor @bkhiad to

phenof pht hal €éin esters that are particularly useful in
gaheostERnfeandinethogstasepeiateddbesivitise and ease of
testing. However, such marker conpounds suffer a

di sadvantage in that they nust be fornulated with

| arge amounts of co-sol \EAEKGROWNEAer to, first,
stabilize the concentrated solutions that are nost
desirable for markers of this type; and, second, to
@i063] n t h&/atkesparsisobhstehcehehivhrake nsehtotaghwogetts olyeigaily

;gc—lztlrjci)lgur%oprggpétg%gr éurb%elquntdc?ég&%nr. 3 markers are normally
dissolved in liquids to be identified, then subsequently detected by performing a
simple physical or chemical test on the tagged liquids. Applications of markers
include use by the government to ensure that the appropriate tax has been paid
on particular fuels. Oil companies also mark their products to help identify those

who have altered their products.

[GC04] Markers have been used in petroleum products for many years.
Many have proven extremely useful in providing definite means of identifying
particular fuels for the purpose of criminal activity and theft. For example, US
6482651 discloses a class of alkylated phenolphthalein esters that are particularly

usefut in this manner due to their ease of use and ease of testing. However, such



10

15

20

25

5(<20ppm wusual ly enployed with fuel markers.

[ 0005] The co-sol vents nost often used are polar
aprotic solvents. N octyl pyrolidinone,

N- et hyl pyrol i di none, di nethyl sul f oxi de,

di met hyl f or mam de have proven especially well suited.
The problemis one of cost. That is, these io aprotic

%PR@@%b&p@U@déWerWI%@a@&f@' i ehéthmfy pebt iod Eumubsse dvith

hydr ocar bon sol vents., Th

!affgeaﬁw@tﬁ@f PPSRIVE5IS B Ofde 35 f«%&tﬁt%sq(ﬂ@eﬁ’a &%’?ge“?fatef SSlutions
%U%Sﬂnbbtocresw%m@.l @.am@ag Bf thi gb@téﬁcﬁts@corﬁﬁ té alaghtthé n

US 6482651, ires at | east

s pers i e eSO e Retraiesd fluin e pHtieka Bedow dosage rate
ﬁz@ﬁbﬁ%@%@@ SRosianditRGQesmbght in the freezer and

perse into diesel 15fuel even with
vigorous stirring. One good test for solubility is to

@% Lne 19‘14%%}3 S\W\J&g@ ?’l?g{ g'f?ér?u d %%O@rﬁ&n}esolventsl 1E\I...

ene is ult so vent to work wt
dlxaglpymhylnnoa m@heahyipmh@:ooee,u dmiethy | suifaxidestimgjiadfoangmide
rkers v ol-yhi
BofesebRe RY SR LD ot Prbbiéyl B it oL PREEfe, these
|rovd delvmslaee; muehpooedspehsich tmmmtrcéewreéa@seﬁ hydragarbon

achl ave t he de o
Sheste oot el S0 Gey BE IETR AR MARR tsibYs A5 wie of the
eabedicarnbsabn tdax@sprpamin iditeeyrategms msugm ire0BeHaNs54,
m xture of at gé dlfferent IattE hthal |
rulieH ShieRss 48 e ut erbRuibline . oBeblre BP Rpihsle
@%@fpﬂﬁfes‘ﬂrﬁﬁérﬁtﬁh&j Bvémidht Erﬁﬁie&‘ﬁbdz@r andniat rhtlitehs}feraé into diesel
| east two different conpounds of for o
Rel ¢\qsr Wikt HogroasiFig HPNe §ePH teat kA 5%@&}6'%‘%‘*@”@@ {19% by
»%éxgﬁ%maneﬁ{ IQ{BSKerB:?erﬂeepk%%ehé iPa DYAr QEemt 85108Mab viork with. It
group of the formula C(O)R4 where R4 is a hydrogen

kasoyannoa- p@dara:ihgmct%rrﬁéipﬁ agpyest gyes gNA MATK SHavg VELY poor
X5 i ndependently represent
TR bR S i

is sanme or different, and
represents hydrogen or a straight or branched chain

@bb i gr oyp, :DaVIeBS Jnd 412&'\/%198 BehRRirabIRNE rd\ﬁdc—t k&
es to a mar ker “conmposi tion contal ni ng sal d
sinpeures vahiss clquéd léss ar mobwerolvents to achieve the desired stability

and dispersion characteristics.

SUMMARY

[6007] An embodiment of the present invention is directed to a mixture of at
least two different alkylated phenolphthalein ester compounds. Specifically, the

present disclosure is directed to a mixture of at least two different compounds of

formula [;
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[ 0008] An enbodi ment of the present invention rel ates
to the use of the markers conprising a m xture of at
| east two conpounds of formula I in form ng 25nmar ked
conpositions. The marked conpositions conprise an
organi c product such as a petrol eum product or an
organi ¢ sol vent and a detectabl e anount of a marker
conpri sed of the above. These marked conpositions can
be identified by adding a devepoplng reagent to a
sanpl e thereof which forns coFeR' i n or changes the
color of the sanple. |nx\ane elgbodikrent, a petrol eum

: gfddi ng a devel opi ng
agent and subsequently ext g the devel oped narker
in an extraction medi unx® Re present disclosure
is based on theXdi scgVery that the mi xtures of at

| east two conpoupds provi de a remarkabl e
I mpr ovenent A\ di. scl osed mar ker conmpounds
in that they ma &nd formnul at ed

W t hout the use ,0f olivent .\ Further, they may

ki ons than is the
eCause of this inproved
N to[0010] I n the

case with prior art chem =¥
solubility. DETAI LED DESCR
foll ow ng description, rerQus~specific details are

set forth. It will be apparent, however, that these
enbodi nents may be practlcedXMnthout some or all of
these specific details. In other instances, well known
process steps or elenents have not been described in
detail in order not to unnecdssarily obscure the

di scl osyre. 15 [0011] An enbodlnent f the F ?i % ;
Where Rorpirasantip ehialch! 6haB@ L SSIPRAING 1 i bhproon atoms;

Rt l@ﬂr?‘%eﬁfgﬁ RheHRIBARGHSr B §BLEf BRMAHIES(O)R® where R is a

Speci 'y, the ﬁresent di sclosure is dlrected to a

myicdkcegerealosndl @ siraighbehaiealiy! giuP devngreiot T ceRmBBN AR <2 —
f(@fd&élp@ndent%oregregght hydrogen; X6 - X13 is same or different, and
represents hydrogen or a straight or branched chain alkyl group having 1to 12

carbon atoms. [t further relates to a marker composition containing said mixtures

dissolved in a solvent.

[00038] An embodiment of the present invention relates to the use of the
markers comprising a mixture of at least two compounds of formula | in forming
marked compositions. The marked compositions comprise an organic product
such as e petroleum product or an organic solvent and a detectable amount of a
marker comprised of the above. These marked compositions can be identified by
adding a developing reagent to a sample thereof which forms color in or changes
the color of the sample. In one embodiment, a petroleum product can be
identified by adding a developing agent and subsequently extracting the

developed marker in an extraction medium.
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wherein Rl represents a straight chain al kyl group
containing 1 to 11 carbon atons, preferably, 3 to 7
carbon atons, nore preferably, 3 to 6 carbon atonmns,
and nost preferably 6 carbon atons. Exanpl es of al kyl
groups include propyl, butyl, S5pentyl, hexyl, heptyl
and isoners thereof, but it is not limted thereto.

@%2] TheTﬁB%réﬁé’n@Hhéclo%uW@fb@Ba@by thadisbevety fresithe orixtures of

osi tion, and nore preferabl qﬁ% ition,
ﬁde@séﬁw%empguadm@fpa@éﬁ IABHI A réma Ee %*?P"B}ﬁ%mem over
5@0’6\4!312 R4 Wéﬁccﬁﬂpb%cﬁ; IH)(IQHEQWmQS/QJ@ rﬂénﬁactured and

t chain al kyl group, iccontainin

strai

@Hﬂb’@?ﬁda\t\’kﬂ?ﬁéﬂ thsr usephay co-sokventy F&&P%rﬁ@e&t o berfBF‘BU‘ated at
| of t18is

o o B B oy b e

igeevest salufifitgr ent . The esters are al so nmuch nore

resistant to inadvertent renoval fromthe petrol eum

product than their unesterified counterparts.

15[ 0013]' X2 - X5 repi¥sBALEDNEBEREN IOk X6 - X13 is

same or different, and represents hydrogen or a

strai ght or branched chai n al kyl group, containing Ito

[DB10jar bon|ratherfsljowing HesaiptipnlntmeBus apboific sletais are set forth. It

T R A R L Bl

@ﬁﬁeaPKbe@@ée%b@mﬁdbe&ﬁsaheomydmegane&NMMEknown;woce&sﬂeps

preferably, one of and IS neth 20propyl or. . .
‘ETLR'?!me”ErY@VSf”OiR?E?“ é@swﬂ%%ﬁf/(ﬂ ,defﬂ“dw?@% H‘Ogﬁ% 9’5"¥ec§ﬁaaf"y
Mefe Nl isipsrar e hydrogen. [0014] The | actone ring of
t he compounds of formula | may be readily or
I nst ant aneousl y opened under some conditions and form

ROGH boxyhh“en%odm%%’ﬂhe%@i&ﬁ gfherton ista ﬁmuﬂerfQﬂ least two

under st ood that the conpounds of fornula I

dtferent alkvlamcwahqmo!m&@etﬁweﬁ@?%ﬂn@w% ﬁ@ﬁﬁ'ﬂ%@!y@we pregent

%é&g&}é]%JQ&&e 5rﬁkﬁﬁ@@@ﬁ@ﬂ&ﬁéatkﬁ%t&@gﬁﬁEKQﬁc@ﬁmbUﬁdsof
actone are greatly preferred. The |actones

farreuladvant ageous in that they increase resistance to

I nadvertent renoval of the markgrs and minimze the
overal |l color of the undevelog£g¥substances.
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20 [0016] The m xtures of two or nore conpounds of
formula | can be prepared fromthe reaction of two or
nmore phenols wi th phthalic anhydride, and subsequently
esterifying wth anhydrides or by reaction generally
known within the art starting fromknown or
comercially available starting materials. Preferably,
a mxture of methylphenol, propylphenol and

but yl phenol be used with a si ngl e 25anhy

Wor R reye sOlsseGIRRD: e A FRbP ot DROHuE ] ¢arbon
ﬁe%dﬁﬂeﬂaﬁai}!&/% & ﬁgaéﬂo‘ﬁlQoﬁscﬂﬁ%)@e?érgﬁlyt@ﬂi 6 k@B £8ms, and
zero co-sol vent. des are al so

M xtures of an %EH
mesfpreferably Ramrhdnegtoms) dwamnes elorled sreunsdaciyde BEPRIDUL
f
Por BOF T spd IR T Rr Ll ki RRa Ay
formng the same will be readily apparent to the

BBAEET e Re PRl ety R BE o oBlics B pEPg Sane

zabi’ey;br@t@dblpheﬁml @hbhadarm R’ egjiresents Apgydreen @ne @fa group of

Pl g S0 oR gy ey ALt R SRR BE Foue,

@fntanh:hg NoXit1 LUaEboraald)nwl(ptéTerabQ,sBem 7 c@npouatbrisn rdee preferably,

al so co ses a a out, 10% ;
Db hoGRATE AT s B rE R CE P PBragPyPs R
SERnAhR tabkyhat @dipdrenp! "ﬂ’fd &ﬁbﬁsl dreefdcemuch mfmrarrdssta nt to
in the mxture conprises at t 25 %.Db I ght
AT eoh A 08 PRGIROB PUTRCHIZRdR! JaFRISHG her
&hedpatgonpound in the mxture conprises at |east

about 250/ i ght based on the taqtal,,wei ght he
[B038Lr 0. WO gpErseas Yot ADGTIAE GMeSLHiere, and

n*)h%)éleﬁ? %dPWrgégétP%Eﬁﬂ & Eﬁﬁﬁ&{eoc&’{'ﬂi}?ﬁm%grbﬁpté&ltammg 1 to

xture iI’s an about % by wei g 5
IZ)O&rSpFatqmrpfeﬂeF@W X Graaregn N@ﬂ@e %ﬁf%% %{1& pephef X° o
AR AnRRENGBN 23 @Jo‘ﬁ? FIiEGFBURS df X'° though X are
pre ur t her mor wer nol ecul ar wej ght al's
alhplaodeise biﬁersemwdrtvg@ry Wpreppsierabiygoms gher asd P‘er’ﬁgﬂﬁéﬁyl
en, wej t sKer r
BBgRnel S raal e i st okl SEEuM. it der X oroups
aramybdegesed as markers in organic products, typically
pet rol eum products and ot her organic solvents as a
nmeans to identify the petrol eum product or solvent by
[?OHA:DI deViEh@l[H_BB:Iil He rirkhef metdmmxmepbomnmsa | mel begeadily or
uel s e oils and greases.
Beaentty OPRRSH KR S B%C&h%}S i ﬁ.ﬂ{) 16 g ol group.

RRperRierit Houtd MébﬁhérsﬁfocﬂﬁxaﬁtﬂeldﬂmgbtmdblﬁIfcﬂmuia | are in
concentrate. Liquid fornms, such as concentrate

QQH”WWPSHW”%ﬂESQéh§¢TWJ%NéﬁEWW%QﬁOWhe avail ability of
mar ker conpounds to be stable, free-flowing |iquids
makes them nuch nore attractive to the petrol eum

i ndustry than dry or solid products primarily because
liquids are easier to handle. Dry or solid forns of
mar kers can, however, be used directly. 25Exanpl es of
l'iquid petrol eum products that can be marked by the
m xtures of the present disclosure are gasoline,

di esel fuel, fuel oil, kerosene and lanp oil. A
preferred petrol eum product is diesel fuel, which is
conposed principally of linear, branched or cyclic

al kanes. Suitable solvents for use with liquid
petrol eum products include aromatics solvents, for

i nstance, aronmatic hydrocarbons,

3
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30i ncl udi ng al kyl benzenes such as xyl ene, and
napht hal enes as well as aromatic al cohols. [0020] The
mar ker m xtures of this disclosure provide a marked

i mprovenent over previously disclosed marker conpounds
(whi ch nust be dissolved or diluted into at | east an
equal weight of a co-solvent, to create a non-aqueous
solution that has a high solubility in petrol eum
products) in that they may be manufactured and
formul ated wi thout the use of any or |ess anmount of
co- 5sol vent th&F* eguired for the previously , OCR'
di scl osed mirke ,.ﬁpounds They may al so be *

formul ated at gher concentrations than is the

With peiore art ohenktal s because of thissinmprdved ~x
sol ubi The jmarkers conprising a m x

| eagb aTa oof formiﬁ_—_l:_’qumf S-S+ ~OH
serve t tablllze the mar ké conp05|t|0r-concentrat8
sol ut ixdn) and_dilspersgs into the petrolahn1mbgrod.
even wthout a Gro- soPvent or with | ess than thg
usual anount, .o an ni mum of co-sol vent. [0Q24[A
one enbodi nent, 10 %to 75 % of active mxture s
according to the present invention may need no
co-sol vent, such as pyrolidinone, to forma
Isconpletely stabl e sol uti on even under prolongedH
storage conditions at -25 C. This marker conposition
may be added directly to kerosene of diesel fuel to
achi eve the required dosage rate. 10% solutions in
kerosene can be readily made. [0022]1n anot her

enbodi nent, a marker co 05|t|o i qui ncentr

98481 ut i ode%vogbﬂ@Nmn@“%nﬁS'ﬁ sbraiiagt %39 Rifhs () are
WBh@ bre®rd NG HBIIXAHHREs BRCAYGnRGebAs HWﬁhanr%ﬁﬁtrease remstance
i nvention in an aromati ¢ sol vent, based on the

ipdnasherient iemavat otirpBaIkeITANd BirknZedbe @VP%‘Q%%OWCH r‘he
Jr&%v@@%@@%bf)étgﬁc@ge about 15-25% and usually from
about 20-25% of the m xture according to the present

i nvention, based on the total weight of marker

conpositi on The arofmatl c sol vent USS '%Eoéa

88k t i cul &p MHE OTYRIBINTESR AN B aT el bEPbER ed
$HEOA ek TR eredktide bf Mcdiore phenols with phthalic anhydride, and

subsequently esterifying with anhydrides or by reaction generally known within the

x12

art starting from known or commercially available starting materials. Preferably, a
mixture of methylphenol, propylpheno! and butylphenol may be used with a single
anhydride, followed by subsequent esterification with butyric anhydride, to also
vield a composition that requires zero co-solvent. Mixtures of anhydrides are also
useful in that they allow more concentrated solutions to be prepares. The
formation of the compounds of formula | is not limited thereto and other ways for

forming the same will be readily apparent to the worker of ordinary skill in the art.
[0017] In one embodiment, in the mixture of two or more different alkylated

phenolphthalein ester compounds, one of alkylated phenolphthalein ester
compounds comprises at least about 10 % by weight based on the totat weight of

6
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product that is to be marked. For instance, a nore
vol atile solvent will be chosen to nmark gasoline
products and a less volatile solvent will be used in
mar ker conpositions used to mark and identify diese
or home heating oil products. 30[0023]1n other

enbodi nent, the marker conposition conprises about 42

@e%ﬁix%&%ﬁr&mer@sté%oﬁﬁmb i€ tHROhMERE aldb@hpdses aAQeast
Yo by wei'ght o

f a mxture conprisi ng at | east two
aliclt D%nity weight besas phEdophiveiihe Phthegiiure o Msefgratdy, one of

nd,a =20 9 ' - vent., F ot
AR PR PR o TR PSR R 18 e il r e R 1R el foast
B e by maight dfased mpdbe dalrveq gielsd e chiyre, @nmdrather ester

0024] The ,marker is added to an. or b roduct t
CRPRBIICO HSGURLS SPrh ol brRbr B g hpy WA e 8a B e
{olftreidna bl et Ndretpheferak efinintina arranmtot eddiadlkylated
al l ows for detection of thef_‘ devel oped rrar k%r by vi ?
SRR R L5 SOrTRRNEEBIT e bR A ST 2B 200 P 4o bY
&Qi@ﬂfmt ography either in the marked organi c product or
I n~an aqueous extraction nmedi um Spectrophotoneter

scans, generally in the visible range, may be

ont 87 pr et gdrthéy, tHiemb@geldithrabse raa difer¢ramiyilitednce

modes. 10But, where there is_significant solyent
u’ﬂ%m@@F%ﬁor@wnpgé%pqegergglg. Epgtﬁglzrﬁ%rley\/ower molecular

WBHR! RESIRSHoRYs tiessraand bderbudhy Wy HePpdeenithaRichgtlen weight
%’F\/pl cally, the amount of marker present in an organic
r

reeiiiet ranges from at | east about 0.05 ppmto 50ppm
nore commonly fromabout 0. | ppmto 10 ppm and nost
prefer ablé at a level of about 0.5 ppmto about S_Q’pm,
[0919D025] Bbe atisiere Recardinwde SnEMRakmpniedfdne PreRaehiTveRton

e | | Q! ol prBhgcts Bng
B B o s R ol S SR paRag rbtets n
stbacoligagictdobmntd &4 aanernsebdpentifvthedwpelapn RiedEhge selvent by
For in_an LJen - ' '
G0 S TR gk, RO R3F T M £ e
P slagictr martuds natyi gaddspothed psticleuaspradbsiss dry form as a

r ef er abl strong. base ,such_as I I
Ryt o5ds ShaSe T B S ShT g leds Mdge B, svon ae
amrenirate soydionx kdeusuBe piefeebopilhg aveidayeiity of svarker compounds

neral |y, added. to. a,.sa e pf the rke

SR 5o0e: s peinedirtid ParcoPemt Misher emsti ARkl 438,
FEF el i dRtd Yhabaut oraddlid pleQ: pimprigndcroseliquids are easier
typi cal |y about 1000 to about 50%0 em The ﬁS resence
ot PR PEHARRRES SLRONEVEePaLISER FHegT
ERdkSes B g@u@:beﬁ_@p@uﬁ@ﬁmv@tsﬁﬁét ddhepdigiaetaapisy theaap@urts of the

and thereby require nore devel og{%ﬁ r eagent torbql!) A
rigaed. dijduRes Preode/Eiropierckiagdift Ol Prets @ f}imp oil.
ﬂ‘e%?@dvp?éirdiéhrﬁ pPINUE N dibBatiubiSwhich is composed principally of linear,
branched or cyclic alkanes. Suitable solvents for use with liquid petroleum
products include aromatics solvents, for instance, aromatic hydrocarbons,
including alkyl benzenes such as xylene, and naphthalenes as well as aromatic

alcohols.

[0020] The marker mixtures of this disclosure provide a marked
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30m scible with the marked sanple to form a devel oper
conposition. Typically, the devel oper conprises about
1% 10% nore preferably about 2% 5% by weight, of the
devel opi ng reagent. The volune ratio of devel oper
added to a sanple is preferably between about 1/100
and 1/2, and nore preferably is between about 1/20

- ; ; e
TR et S e BURIGRY o SATRTalR oBboLHAL TFIcF AL b8
dikeoldev et dipteninte enigast ansqua weight of icosddiyent go create a non-

. - | op. | 7 i tiar
SAOB S0 VGRS SRR e PR DRI P 08
e treiniitattursb et €o il gted eviglonpie usardanyics [pssesrentint of co-
L LRSSt SR oy o

i8S HEUHRAI A QN highé? BoRertlatib Ay iHahes thevbsdedlvitn pfior art
i nfrared absorption spectrophotoneters or |iquid

eharoirals dgeapss Ofthis imprevad selhiBh Hag MRS AGIRIISINgea Brixture
nti . L oW, h h -

GHAT 4 8 Kormpblital S RRMIRLIRARS Gy LI E Bibied e

e deu sempheitina ( kacentyatet dndutione sad disprEsstinerithe @etrpleum

wat.er. sol ubl.e anion n ' ' t Lo,

PRLGE el S BPRE P LRARLE I R i By (EebSHELAR B,

arieoasofextsaedriion medi um 15[ 0028] Provi ded that only

a qualitative indication of the presence of the marker

is required, the now col ored, "devel oped,” fuel sanple

[wag1pe retisnedniedinkéntSOYDGE to T8 9% Bf Sctiv@ymixtdre according to
devel opi ng reagent and marker are burned or,  us

used u
PtHieHe IeaHe M0N0 FySPUeEntHE fiy PHRILGBES0 Torm
;B@teful{ QbleSHutioh é@%%d@?pFﬁL@ed%&M@é' @in@gioh8fat -25 C. This

I sposal. Prior to returning mar ker- devel oped fuel

marsr eorpogitipe snay heykadad dicrntiydo kermsenaok giestblieble achieve

r. rl ess L 0. [
ERPAIRE TRl ER A6 SpRAGLT PRerb SR b SR ede
acid such as oleic or iso stearic acid. In this way

foueh) at t Neaith@l BaboSitEng & WakilerReegit®al (Bduid concentrate
contam nated by the addition of "devel oped” fue|] whi

ch
FRBYt 00 M3y @ea@r.taillyépm@ms%a@p@m-a@%etpgb\ﬁgig_ht ofthe mixture according
tBQF?églé@gh?{nR}@Hia’rﬂnﬁefn LenAelahed: KK bnRY tR8I weight of

rendered nore visible by extraction fromthe devel'oped
maeker sampbeitibnt Grefarabe ranges dor the gompositienaraapope’5-25%,
|\ di £ d ter ¢ "
B0 e 00 L IR bR Ry oot nsenion
setiumdbe dbtalareiht ahohaskeplsagpositipar dheamowatianekenisiasid in a

39 c?t.lé%lrrégr %bigém%:g)gggﬁ:\@llggg lsXI%%le%’ba%reedg.]ﬁé%oche%&eéfspeQFo?eum
product that is to be marked. For instance, a more volatile solvent will be chosen
to mark gasoline products and a less volatile solvent will be used in marker

compositions used to mark and identify diesel or home heating oil products.

[0023] In other embodiment, the marker composition comprises about 42 -
99 % by weight of an aromatic soivent; about 1 - 30 % by weight of a mixture
comprising at least two different alkylated phenolphthalein ester compounds; and

about 0 — 27 % by weight of co-solvent, wherein the alkylated phenolphithalein
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1.3
<

separati on enhancer pronotes an easier separation of

t he aqueous and organi c phases. Typically the
extraction nmediumis added to the petroleum sanple in
a ratio of about 1% to about 20% by vol une.

Addi tionally, other substances, for exanple pH buffer
salts, may be present in the extractant phase to

?ﬁ%béénlrﬁcﬁrr{dh@ s%%lc rﬁ@l‘wé’ﬁro@rb JrREKBbun&@re éﬁéﬁﬂ%& by formula

extraction ne urt conprises a devel opi ng
I eagent such as quaternary al kyl anmoni um hydr oxi de
conpounds to provide a one step nethod for developing
and extracting the marker. O her strongﬁSbaS

B8ddke, mAbemearkeria adgad 9 BRERNE BIOKKFY torh&t rgrarked or tagged in
QMQIe@?%bfe%m Hﬁ A‘ﬁfev@(ftaiﬂétaﬁ%ﬁm%tiﬁénﬁrﬁérﬁé BRGMEER that

he co mar ker i s obscured by ot her
dsmsriondetagien ef tha drervrelop@@l rAreRImYpfisRl ebseivalipRsPeroscopic
I I
EPRERNER0A & tolld b el R e 8 SR P pRcictor
Iofantettereronveﬁtracimn mheluexﬁwpbfe@prmt@ﬂe@pE%MWI?My e

5 Pel8hob I E0PE kB L P 0Rpe Ohph b Rh P moces
Peti ghere theesisl sgnifiddBi t@l@@dﬂﬁl’aﬂhg@umd chlenibegeauits are preferably
Anhydri des, Used M xt ur e Nur ri ber n . I
irered e sanod e el Rl SR ETRRRcpicel 288 efrount of
LT pre%@dt PrArs oo Rydroph@nahges from at least about 0.05 ppm to
50ppm, more commonly from about 0. | ppm to 10 ppm and most preferably at a

level of about 0.5 ppm to about 5 ppm.

[0025] Because the markers of the present invention are colorless or
essentially colorless and soluble in organic products, their presence is detected by
reacting them with a developer or developing reagent. For use in an embodiment
of the present invention, the developing reagent may be, but is not limited to, an
electron donating compound such as a base, preferably a strong base such as an
alkali metal hydroxide, or most preferably a quaternary alkyl ammonium
hydroxide. The developing reagent is generally added to a sample of the marked
product so as to form a concentration of at least about 100 ppm, more typically
about 500 — 10000 ppm, and more typically about 1000 to about 5000 ppm. The
presence of base reactable substances such as acids in the marked product can
compete for the developer reagent and thereby require more developer reagent to

be added.

[0026} The developer reagent is preferably dissolved in a solvent that is
miscible with the marked sample to form a developer composition. Typically, the
developer comprises about 1%-10%, more preferably about 2%-5%, by weight, of
the developing reagent. The volume ratio of developer added to a sample is
preferably between about 1/100 and 1/2, and more preferably is between about

9
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Butyric, hexanoic and heptanoi c anhydrides Exanple 1:
Preparation of Mxture of o-Cresol phthal ein

di hept anoat e and oBut yl pht hal ei n di hept anoat e

5[0032]A 2 liter flask fitted with stirrer,

t hernmonmet er and heating mantel is charged with 100

grans of phthalic anhydride, 110 grans of

0 eaidie U | Trond evetaped ,compdsiﬁSn &agfrfartberoctompr@reeg biffeing) agent

ans. of o-sec-buytyl noI
el Shnis” ReGhdaTipg tho 6B B8 eep Rl g chbggeaty to
@gﬁégmgnd@grogme&tthen drowned into 800 grans of ice
wat er m xture, The pH of the reaction iomxture is

then adjusted to 9 - 10 by addition of 25% sodi um

fRody pXi deA\f@k E@d!f@"l ambraengsogei RIEDehBtE SalBleqwirBPected to
Aromatic(r) granms, IS now added to_the

defaening v&ﬁ%ﬁé? aﬁveapp@qh BaRfiTPEsERt hRfHRI &hisdnspagtion may
? Q@Eélméﬂléé HP@Wl‘tﬁ‘tH@a{ﬂ% idupble/ oﬁha‘ﬂ?bbBr%p%teaﬂﬁ'rdmé’rﬁlat:on

5°grans of 25% sodi um hydroxi de and
whe?a gliredfolsy, %S@W%ddfétre@ﬁb@@rp@ms@?%ﬁ@hﬁtmﬁw’@U‘d

@'ﬂ‘p %%Edlggg a ﬂﬁﬁé Qéﬁ%ﬂﬁtl&éf‘ﬂ%@@cﬂfﬂfa@ivg S ¥a ﬁﬁ&l\%ﬂ thatter

e reaction mxture i's
altqmm@ﬁbrﬁmdz he@stncm o!fdlkuabn ohthesmevegl woeuctas udbeengrenkecause

6 kB BARE RALRIBL AR e LERGL BTSN abin wit

err ed 0 a separ
themiwblomreagﬂm ihayreafkeasr earabé omrﬂ:@t@épm an equidies

éﬁus phase is renoved and di scarded while the
?fg??@ ’O%?Tbe g phase contai ning the m xture of

esterified 20phthaleins is dried free of water by

BRRL "B oBRASTLPLE ey B 1o 47 SFPISECRSe 200

mhari@r Veleg e ®fthd 860 @88, "dEhalopeoduad slaﬁwpﬂehmlay be returned to
filtered to renove any suspended insol u

isEate b thlspy@bg}eagqa\@lpm:pg GERE @nq)fnarger arm%umedaor used up
Wit resabahéhal tﬁh{hcﬂi&%ﬁhﬁmﬁrcﬁ% VPasted Pide )é'aPhi hﬁid@ld@a test,

di hept anoat e he sanme procedure was | owed

Jqeumatps Eor disecabt P to refupting the wadiersisyegped fup! semple to
h

& SRR DAl Frisiser D ST g

Fcitinyl of Bfuel M%m acldonrafﬁraMy)@wrgaalﬁ: carboxylic acid such as oleic

Cg ]% 9?)9: IBE}H&&" Rifls WaFRLeRK 6ridRg QR WA Ae&idbr
contaminated by the addition of "developed" fuel which may contain active,

unreacted developer.

[0029] Alternatively, the colored marker may be rendered more visible by
extraction from the developed fuel sample into an extraction medium. This may
be accomplished by addition of water alone as an extraction medium to the
sample, but the use of mixtures of water and a phase separation enhancer such
as aliphatic alcohols, glycols, or glycol ethers are preferred. Use of a phase
separation enhancer promotes an easier separation of the aqueous and organic
phases. Typically the extraction medium is added to the petroleum sample in a
ratio of about 1% to about 20% by volume. Additionally, other substances, for

10
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5 [0034] The sane procedure was followed as in Exanple

1 except 65.9 g of o-cresol and 91.59 of

0- sec- butyl phenol were used, thus reducing the nolar
ratio of cresol to butylphenol from3:1 to 1:1.

Exanpl e 4: Preparation of Mxture of o-Cresol phthal ein
di hexanoat e and oh) Butyl pht hal ei n di hexanoat e [0035] A
&drhﬁf@rpﬁ b@@é? et trﬁﬁ g%s%w antﬁéexﬁ@@traﬁpﬁf?és%rtoaﬁ@blhze the

heati ng mantel iIs c grams of Phthalic

eeIRfearanien oLTBgrafrer @*arﬁ@l@h@ﬁ@maﬁmn mediina{Uriizg cogpgses a
%ﬁ%ﬁé s n?lglgéhs??guéltgrr%ngél@ BarAhoRi 86@'\5%}6[&@%@5}5&{1(}3 to

and h ated to 105C f
povideur sne Tlee methot ifordavielopingearidextranting thawmagkemygher strong

§Qsoes%f"9§urgé &%)Zb@r&gfz@a‘?{c JE{%EQ{ @E%@ﬁ?{lg?[gﬂﬁ%the use of

reactron m xtu
exidictipors pfef&bdd wheh tira d:ty@trccmhejdevm&)b@i meirketra$ absgyrad by

A5

pht h

erat.ure bel ow,
SYqaae fgerRd

al ei ns.

60C. Aromatl

L%eéi?ée%%"

on of 225 grams

ér Wg%”’ fhe ngorﬁ%:? {J'rétéorjb il:,* low.

The reaction mxture is 20nmade highly

L kal i ddi t f 25% sodi
RSP Ge Thrdoltnund Bedopff i ikpeofas Soanics gibre desailed
@ﬁcasn@taﬁdiﬁ@)@lﬁ% ﬁwé‘;ﬁ‘tmhd rTrcbeemméaem Rgrésdredtivel abdaee not

bel o

ipfsndgHdo 1‘§‘lttth%ﬁ0€%¥?‘? ?f tE@ "?Welnlt‘%s Brassi e RS

w 50C and

er.

The rea qttgervwse percent

Q@mlb%ggd ofswélgher m ned by thin layer chromatography.
he reaction mxture is then heated to 90C and

transferred to a separatory funnel

BiEnakbowed to sep
renove

and di scarded while the upper organic phase
[00BH R Ni Ngabheel:rPadb1e ank Amiwiriddsedsedit hal eins is

arate. The | ower

25 where the | ayers
aqueous phase is

dried free of water by heating it under vacuumto a

tenp

er at ure of

arati on of M x
xanoat e, oButy

0- Uresdlan
L Ure: of

0- Cresol

%ﬁ‘t%!yépﬁ‘?”@l hex

plebhadiedmydride
anoat e

esol pht hal el n
pt anoate [003

grans of _netha

do-legpcparoat e, ar

0J. él&oougfﬁ%ﬁoi"f H

esulfadnic_aci

d oButyl pht hal er n
KRN "CA%W‘TWEH de,

and_98.8 gr-ans of

esol and 45.8
red and heated|

- &RESOHANI 86 c - Duy

buty! B! 105C f or

%Ja%@mlydr}e@r e
O hours. The

ron-nTxXture i
t4 on m xture i
sodi um hydr oxi d

0-ER e?xﬁgwt@@ug
usted to
%‘mﬁ’i‘@f”s mai_nt ai

nd—5the pH of the
Hex@rolgynbididiée i on of
ning a tenperature

60C. Arommti
agueous suspen

r oaaet

CO-ZDB0! BY0-5g¥-ans
sm,npﬂénoi he m xt

Hepangipgrddtfdeic o
Wwheydbiespht hal ei ns.

ité on of 225 gra

Va 3
Ibu\zl.l UII III/\LU

rified by slow

L} O III ulll
AT Cres?l @ %8/0 sodi U

BRI FHANDE a1

y—al-katrne—by
Mecbyasioxirg&idand t hen
i xture of 171 grans

Oheptanoi ¢ anh
dri de while ma
a_pH of 10.or

vélcied@ zane 160. 5
.Qép@ép@d JAQno@ teng

When.. est

Eytyatrsndofexdmeikanoi ¢

ehalHig bel ow 50C
erificationis— .

lete, the reac
transferred to

£ gi‘fs?h LG PEY s
awdsaemrcaw@hwd y

then: heated to 90C

nnel where the

rsare at towed
& is renoved a

B EPRE R Tt

e _containingt

& T oOWeT agueous
i|Heptahec Appp&ideor gani c

hegrzd% |sopropdl pgerym

1



10

20

25

15m xture of esterified phthaleins is dried free of
wat er by heating it under vacuumto a tenperature of
120C. The dried product is further diluted with
Aromatic(r) 200 to a weight of 1000 grans. The product
is then filtered to renove any suspended i nsol ubl e
material. 20 Exanple 6: Preparation of M xture of
&CHMMWM@WM(MhtamﬁeOﬂ ropyl: 1akei n
ARRE B

di hept@anpatfunef3f rTHY0 Sg1fs of ptft dri de,

110 ¢ WW ] ; —0f ]
o-cresgl and 41.5 gPEREC0fSE-HY -pr%’ﬁﬂ?'%ﬁ’?ﬁ%? an%re

stirqed and 25heat ¢dnd ©isqO@yLrheEh G Heplpnaerhsiiges, The

reacttonmxture s then drowned and ThHe pH of The

reaction mxture is adjusted to 9 - 10 by addition of

ERYS Humrb S @pindst it 6P6 Ura Siphthaeincdipepéinyste and o-
) orratlc r) 200, 300 grans, 1S now added to

Budviphthaleln dihepengalh of the nmixture of phthal eins.

The reaction mxture i s made hi ghly al kal i ne by

addi tion of 225 grams of 25% sodi um 10hydroxi de and _
{0082) est erf’i 2 iited flbyk Btesiwiil @lireiothesmogergngnieating mantel is

g@gg@ @Q%@ﬁf%ﬁt%b'ﬁhﬂ@%ﬁ?ﬁﬁ{ﬂﬁ%ﬂ?o? RIRELRIsHénic
esutleari;]cﬂ Gﬁﬁggranmsm oe@m@ns 45 &gran&éofdaﬁac Bipiresol. sThe
O L L R L e TR

tHanedroafibe it spbasemt of ro@rmwadat@n ﬁhndu&c dlﬁdae;ﬁﬂ-i wifi theeretaation
upper organi ¢ phase contaln

BdxtEe isiteRn pHEHEALP fs 1@ bbj@fieglo 38 %Q‘{f@?'ysgﬁx'de while

heatthithd 4 téﬁ'ﬂsi#étuvéeezém @R sk @RBRI™E 0, 8007grdA8Cs anNeadded
dried product is further diluted wwth Aromatic 200 t

to theiagtveons sqwsgmacrféhe THeUR erithalpigst HBR rfaﬁqﬁt%lrf@&ture is
hi3de Wga%% By RRGHERS Ry Eﬁf)ghﬂﬁé Bf esfoldﬁlm h?&«%&meear?d then

tion o enol pht yal el n di ester
(esteeflél'{aby eiomaaqcamsqﬁmb? gram rpmp@dg\c@r\mgln%mmt@w&a

e o [ g

bkt tilcestahyditivdés anepk6d). 45 dptamsinbe katon tayenbidmhategraphy.

ﬁeﬁy%f‘:qusilgg rhz?@%?%?}ﬁ?e& h‘igg?qgftéééféﬁq% P%}S?%F%gzt%oé geparatory funnel
ahkid pheapdphthaleidt B asieate# T neseReTadledus phase is removed
and discarded while the upper organic phase containing the mixture of esterified

phthaleins is dried free of water by heating it under vacuum to a temperature of
120°C. The dried product is further diluted with Aromatic® 200 to a weight of 1000

grams. The product is then fittered to remove any suspended insoluble material.

Example 2 : Preparation of Mixture of o-Cresoiphthalein diheptanoate and o-

Butyiphthalein diheptanoate

[0033] The same procedure was followed as in Example 1 except 87.0 g of
o-cresol and 62.2 g of o-sec-butylphenol were used, thus reducing the molar ratio

of cresol to butylphenol from 3:1 to 2:1.
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[ 0039] The sane procedure was followed as in Exanple 1
except 44.3 g of o-cresol, 61.5 g of

0- sec- butyl phenol, and 55.8 g of o-isopropyl pheno
wer e used, 20and, 237 g of butyric anhydride were
used. Exanple 9 : Preparation of M xed

al kyl phenol pht hal ein diester #9 (see Table

-) 5[ 0040] The same procedure was foll owed as in Exanple

1 except 44. 3 g of o- cresol 61.5 g of
- Brahats . of Cresolpbthaleimdibgptanoate and o-

Eﬁmle leln’%ﬂng‘?{ Llr}ggthrge remai ned 342 g of

eptanorc —arn Exanpl e 10 : Preparation of
M xed al kyl phenol pht hal ei n diester 10 (see 30Table 1)

E;Og’g?éﬂ Tzéel egsa r@r%ggci@rglv\v’\?%ff i%wagmg?n BR amBieEf(g@ep% 65.9 g of

Q'CS@I)‘I aut v Fﬂ"@ﬁﬂd}a‘se@@dtﬁﬂ?@\w\l\@fe 0sdcS tprsoyiliping nisd molar ratio
useg é % gof 52.1 g butyric

%‘Ff%?' 'g Utyiﬁf‘ﬁ@oh © dhydri de, and 114 g of

hept anoi ¢ anhydri de were used for the esterification.

0042] The mar ker corrp03| t| ons corrprl Si n a marker
Py : pliph dinexanoate and o-

ép ﬁ@ilﬁ&?%r‘:ﬁhg’%&%t 0 eval uat et hei r sol UI | | ty
haracteristic) and stability at
| ow tenperatures. Test Procedures: - Preparation of
BB OB R TR B e AR A DBy e
aeargedanbe 00 dramihé Palitaalie dokgopde st 1@idgramarnd metthanesulfonic
agévaenndt QQEdgrgr%E%?loyc?gstoi (ainfd 4%%/%;'rams of o-sec-butylphenol. The
mixture is stirred and heated to 100 — 105°C for 20 hours. The reaction mixture is
then drowned into 800 grams of‘ ice and water mixture. The pH of the reaction
mixture is then adjusted to 9 — 10 by addition of 25% sodium hydroxide while
maintaining a temperature below 60°C. Aromatic® 200, 300 grams, is now added
to the aqueous suspension of the mixture of phthaleins. The reaction mixture is
made highly alkaline by addition of 225 grams of 256% sodium hydroxide and then
esterified by slow addition of 321 grams n-hexanoic anhydride maintaining a
temperature below 50°C and a pH of 10 or higher. The reaction mixture is then
stirred till esterification is complete, as determined by thin layer chromatography.

The reaction mixture is then heated to 80°C and transferred to a separatory funnel

where the layers are allowed to separate. The lower agueous phase is removed
and discarded while the upper organic phase containing the mixture of esterified
phthaleins is dried free of water by heating it under vacuum to a temperature of
120°C. The dried product is further diluted with Aromatic® 200 to a weight of 1000

grams. The product is then filtered to remove any suspended insoluble material.

Example 5 : Preparation of Mixture of o-Cresolphthalein dihexanoate, o-

Butylphthalein dihexanoate, o-Cresolphthalein diheptanoate, and o-

Butylphthalein diheptanocate

i3
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- Storage solubility test Storage solubility was
tested on the marker conposition by placing 1009 in a
seal ed container into a freezer. The tenperature was
fixed at 0OC and exam ned periodically (i.e., daily)
for precipitation. - Mscibility test The marker
conpositions were added drop-wi se to 100 g of solvent
25(kerosene or diesel fuel). The systens were then
observed if the marker conpositions went

9881 i on, 18P grams ﬁéyhthéhﬁ‘a?‘ﬁw”% il %@ﬁﬁ?sa‘l?fgnﬁfrﬁ'%és%lmm acid,
&rﬁdJPQ glQa %f%‘ (gﬁsgoi%fndtfil?)% BeRkess o- %@bb@i%‘nb%é@%tgﬁeg and

al t hou It makes™no difference. A dro
kmated éq: ﬁﬂ@r— 1f05f’f13 fora2Q heurbot hemeasttionHeixtysa iceihen drowned and

ﬁw@}tﬁpmhgergaa on %@ﬂ(rggs Qc? Bgteﬁ]té @' b’l bY %gjd%FB#EZ%% sodium

i Ssolve hovmng m Sci bi
thﬁbxatiewmlla esdintaliirgy s tabpéiatyre thestw 6R5C. Won\eéq@éa(}@ 300

d8rion oy Aoddis By RLegHE S oo SR G D thags. The
tedchet pRalr is Fude mgrer/ aikalihe bpra@wn@a oazm@mﬁmtsaif L8& sodium
nunber to the m sci

It abo ph
Rudsaride gpd tagn %$f@ef'e¢1 %?%Wﬁﬁedsdé"tf%b@@r RY@&HU remggéﬁ%%eﬂ
h@ptgﬁéig%ﬂhm% SR lgPam @ﬁ%r%ucléﬂhy%%de[v@@l@rha]h;?ammga

ker conpositions (as i ndi cated by EXanples 11-2
Rﬁmﬁ@r@t@rmb@pmféﬁcwd@ﬁmqﬁ|1ﬁg3rtﬂlﬁé1% Whﬂﬂe@i@mf&ﬁa%&
I i-on
A R A LR Tt b P o O ol L e
depar@oibfubodiB) koe tb@hr-;yara aemglioned tpseparate. (Thedpker aqueous

PRS0 AT R e SRR SR g e

sixoure\of alsesrifiad phenagibs lsmdrlda fﬁékﬁafﬁﬁétembv hesthyigémhdandacuum to

Gibestnergtiie o 1gng+ BRA & bRRNG st GuyfPra R Bic® 200 to
& Qe 3t 000 Bfanh@ITRRIHI6QNR S tHenGMSred to remove any suspended

inscluble material.

Example 6 : Preparation of Mixture of o-Cresolphthalein diheptanoate

o-isopropylphthalein diheptanoate

[0037] 100 grams of phthalic anhydride, 110 grams of methanesulfonic acid,
and 98.8 grams of o-cresol and 41.5 grams of o-iso-propylpheno! were stirred and
heated to 100 — 105°C for 20 hours. The reaction mixture is then drowned and
the pH of the reaction mixture is adjusted to 9 - 10 by addition of 25% sodium
hydroxide while maintaining a temperature below 60°C. Aromatic® 200, 300
grams, is now added to the aqueous suspension of the mixture of phthaleins. The
reaction mixture is made highly alkaline by addition of 225 grams of 25% sodium
hydroxide and then esterified by slow addition of 342 grams n-heptanoic
anhydride while maintaining a temperature below 50°C and a pH of 10 or higher.
When esterification is complete, the reaction mixture is then heated to 90°C and

transferred to a separatory funnel where the layers are allowed to separate. The

14
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Exanpl e 11 Exanple 12 M xture prepared from Exanpl e

1 Mxture prepared from Exanple 1 Anmount of

Co-sol vent in conposition ZERO ZERO Active

mar ker conpound Amount of Co -

lower agueous phase is removed and discarded while the upper organic phase
containing the mixture of esterified phthaleins is dried free of water by heating it
under vacuum to a temperature of 120°C. The dried product is further diluted with
Aromatic® 200 to a weight of 1000 grams. The product is then filtered to remove

any suspended insoluble material.

Example 7 : Preparation of Mixed alkylphenolphthalein diester #7 {see Table
1

[0038] The same procedure was foliowed as in Example 1 except 98.8g of
o-cresol and 41.5 g of o-isopropylphenol were used, and, 118.5 grams of butyric
anhydride and 160.5 grams hexanoic anhydride were used instead of the 342

grams of heptanoic anhydride.

Example 8 : Preparation of Mixed alkylphenolphthalein diester #8 {see Table

1

[0039] The same procedure was followed as in Example 1 except 44.3 g of
o-cresol, 61.5 g of o-sec-butylphenol, and 55.8 g of o-isopropyiphenol were used,

and, 237 g of butyric anhydride were used,

—

1

Example 9 : Preparation of Mixed alkylphenolphthalein diester #9 (see Table
1

[0040] The same procedure was followed as in Example 1 except 44.3 g of
o-cresol, 61.5 g of o-sec-butylphenol, and 55.8 g of o-isopropylphenol were used.

Anhydride charge remained 342 g of heptanoic anhydride.

Example 10 : Preparation of Mixed alkylphenolphthalein diester 10 (see

Table 1)

[0041] The same procedure was followed as in Example t except 44.3 g of

o-cresol, 81.5 g of o-sec-butylphenol, and 55.8 g of o-isopropylphenol were used,
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.- solvent in conposition ' .Amunt of : active marker
i n Conposition Anbunt of organic solvent in
conposition Exanple 16 M xture prepared from Exanple 5
ZERO 20% Quantity to 100%in total Exanple 17 M xture
prepared from Exanple 6 ZERO 20% Quantity to 100% i n
total Exanple 18 M xture prepared from Exanple 7 ZERO

207 AR LY 559 ¢B9%iE BnhiRle, 107 g hexanoic anhydride, and 114 g

of heptanoic anhydride were used for the esterification.

[0042] The marker compositions comprising a marker mixture prepared in
accordance with the above Exampies were tested to evaluate their solubility

effects (dispersion characteristic) and stability at low temperatures.
Test Procedures:
[0043] - Preparation of the marker compaosition

The marker compositions are prepared by combining a marker mixture

prepared in accordance with the above Examples with aromatic solvent and

co-solvent (if any).
[0044] - Storage solubility test

Storage solubility was tested on the marker composition by placing 100 g in
a sealed container into a freezer. The temperature was fixed at 0°C and

examined periodically (i.e., daily) for precipitation.
[0045] - Miscibility test

The marker compositions were added drop-wise to 100 g of solvent
(kerosene or diesel fuel). The systems were then observed if the marker
compositions went into solution, or if they remained as a separate phase
and clung to the sides of the beaker. Gentle agitation is employed although
it makes no difference. A drop added will either fall to the botiom of the
beaker (determined as showing poor miscibility) or will readily dissolve

{showing miscibility).

[0046] - Stability test

1o



10

15

20

Exanple 19 M xture prepared from Exanple 8 ZERO 20%
Quantity to 100%in total Exanple 20 M xture prepared
from Exanple '9 ZERO 20% Quantity to 100% in total
Exanple 21 M xture prepared from Exanple 10 ZERO 20%
Quantity to 100%in total Conparative Exanple 1

Cresol phthal ein dibutyrate 28% (or nore) 20% (or | ess)

The stability test was proceeded in kerosene (which is considered the worst
case for solubility). 10% by weight marker composition is added to
kerosene. This test is to provide a quantitative number to the miscibility
result above. If no phase separation or precipitation is observed, the

sample is determined as "stable."

Example 11 -~ 21

[0047] The marker compositions (as indicated by Examples 11-21) were
prepared by combining the mixtures prepared from above Examples 1-10 with

solvent in the formation as described in the table 2 below.

Comparative Example 1 -3

[0048] For comparison, the prior art marker compositions (as indicated by
Comparative Examples 1-3) were prepared by combining cresolphthalein
dibutyrate, as taught in US 6482651 with solvent and co-solvent (N-

octylpyrolidinone) in the formation as described in the table 2 below.

[0049] Table 2: Formulation of marker compositions

Mixture prepared Quantity to
Example 11 ZERO 20% .

from Example 1 100% in totai

Mixture prepared Quantity to
Example 12 ZERO 25% .

from Example 1 100% in total

Mixture prepared Quantity to
Example 13 ZERO 20% .

from Example 2 100% in total

Mixiure prepared Quantity to
Example 14 ZERO 20% ]

from Example 3 100% in total

Mixture prepared CGuantity to
Example 15 ZERO 20% )

from Example 4 100% in total
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W

Quantity to 100%in total

Conpar ati ve Exanple 2

Cresol phthal ein di butyrate <27% 20% Quantity to 100%

in total

Conpar ati ve Exanple 3 Cresol phthal ein

di butyrate 28% >22% Quantity to 100% i n tot al
[ 0050] The mar ker conpositions conprising a marker

m xture pr

epared in

accordance with the above

.exanples were tested to !g\fal ual e t he . éora ¢ ‘Amountof
stability, | Bthe.ahaei bi | VB EREY he sHABRYTRN . ¥ organic
according fo the test protedunes as dpsacive patkealso ?mvent in

Theitest rpSMPEngre PrQénfiesibm “the Tadchgusiidg tabre.”
'[0051] Tabl e 3: Sol ubilifty Conmparison:| Pure Phthal &pmposition
Esters vsT|ihkxedsErdmarei ns and/ or M ked ESters Quantity to

Example 16 ZERO 20% )

from Example & 100% in total

Mixfure prepared Quantity to
Example 17 ZEROC 20% .

from Example 6 100% in total

Mixture prepared Quantity to
Example 18 ZERO 20% _

from Example 7 100% in total

Mixture prepared Quantity to
Example 19 ZERO 20% ,

from Example 8 100% in total

Mixture prepared Quantity to
Example 20 ZERO 20% )

from Example 9 100% in total

Mixture prepared Quantity to
Example 21 ZERC 20% )

from Example 10 100% in total
Comparative Cresolphthalein 28% (or more) 20% (or less) Quantity to
Example 1 dibutyrate 100% in total
Comparative Cresolphthalein <27% 20% Quantity to
Example 2 dibutyrate 100% in total
Comparative Cresolphthalein 28% >22% Quantity to
Example 3 dibutyrate 100% in total
[0050] The marker compositions comprising a marker mixture prepared in

accordance with the above examples were tested 1o evaluate the storage stability,

the miscibility and the stability according to the test procedures as described

above. The test results are provided in the following table.

[0051]

Table 3: Solubility Comparison:

Pure Phthalein Esters vs. Mixed Phthaleins and/or Mixed Esters

torage

s - ‘stability at0. G/ "¢ Sy olition In Rer
Example 11 >3 months Completaly miscitzle Completely stable
Example 12 >3 months Completely miscible Completely stable




.- Storages

or Ge s& Fuel ",..
in itOcisene.

St pbi | |

_ .ty of a:.:
Exanpl e 13 >3 nont hs Conpl etely

"tiabilitYSt OC Mscibility with KO osene-
10% Sol &t i On

m sci bl e Conpletely stable Exanple 14 >3 nonths
Conmpl etely m scible Conpletely stable Exanple 15 >3

rmnt hs Corml

e Exarml e

etely mscible Conpletely st al
et V____"qug@lmjnueth Kerose :

1or Daesel Fuei

>3 months

Completely stable

Example 13 Completely mascsbIe

Example 14 >3 months Completely miscible Completely stable
Example 15 >3 months Completely miscible Completely stable
Example 16 >3 months Completely miscible Completely stable
Example 17 >3 months Completely miscible Completely stable
Example 18 >3 months Completely miscible Completely stable
Example 19 >3 months Completely miscible Completely stable
Example 20 >3 months Completety miscible Completely stable
Example 21 >3 months Completely miscibie Completely stabie
Comparative More than 3 Miscible Not soluble
Example 4 months

Comparative <7 days Oniy miscible at very low Not soluble
Example 2 concentration

Comparative <7 days Oniy miscibie at very low Not solubie

Example 3

concentrations

[0052]

according to the present invention provide a marked improvement over prior art

As shown in Table 3, the marker compositions comprising a mixture

marker compounds (e.g., Comparative Examples 1-3) in that they may be

manufactured without the use of any co-solvent. In addition, the test results of

stability of a 10% solution shows that the mixture according to the present

invention can be formulated at higher concentrations than is the case with prior art

chemicals based of this improved solubility.

[0053]

same may be modified in many ways without departing from the spirit and scope

of the invention as defined in the following claims.

The invention having been thus described, it will be obvious that the




Compl etely stable Exanple 17 >3 nonths Conpl etely

m sci bl e Conpl etely stable Exanple 18 >3 nont hs
Conmpl etely m scible Conpletely stable Exanple 19 >3
nont hs Conpl etely m scible Conpletely stable Exanple
20 >3 nonths Conpletely m scible Conpletely stable

E)lﬁmlse 21 >3 nont hs

1. A marker composition comprising at least two different alkylated
phenolphthalein ester compounds of formuta |:

T
O—CR'
x* X x*
e e 7o
7\ !
e “H"”‘"\
X x8 x& A o
N Vo
x*

wherein R represents a straight chain alkyt group having 1 to 11
carbon atoms;

R? represents a hydrogen atom or a group of the formula C(OR?
where R* is a hydrogen atom or a straight chain alky! group having 1 to 11
carbon atoms;

X2 — X5 independently represent hydrogen; X6 - X13 is same of
different, and represents hydrogen or a straight or branched chain alkyl
group having 1 to 12 carbon atoms, wherein formulation of the composition

does not require the use of any co-solvent.

2. The composition according to Claim 1, wherein R! represents a straight
chain alkyl group having 3 fo 7 carbon atoms; and R? represents a
hydrogen atom or a group of the formula C(O)R" where R* is a hydrogen
atom or a straight chain alkyl group having 3 to 7 carbon atoms.
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Conmpl etely m sci ble Conpletely stable Conparative
Exanple 1 More than 3 nonths M sci bl e Not sol uble
Conparative Exanple 2 <7 days Only m scible at very

| ow concentration Not sol uble Conparative Exanple 3 <7
days Only m scible at very | ow concentrations Not

sol ubl e [0052] As shown in Table 3, the marker
conmpositions conprising a mxture according to the

BI eseTHe édw;ﬁﬂsf(tiowad@bmmgi% @amek@de&?hpﬁ?bwmﬁngzw eﬁr?ight
prior art marker conpoun . g. npargti ve es
D3 i ] o iy A O B e LT ATl AR ERE e
of any ey Uy@Yr-a ¢Bupedite Bfnulk MROIRSKhersRA ik 9kirogen
stabil'ity of a 10% Solution shows that the m xture

ac coraipmaprieosteaight shaiserky! orRMeMaviY T 680P8 ARt ed

at higher concentrations than is the case with prior

art chemcals based of this inproved solubility. ,
4, The composition according to Claim 3, wherein R’ represerits a straight

chain alkyl group having 6 carbon atoms; and R? represents a hydrogen
atom or a group of the formula C(OR? where R*is a hydrogen atom or a

straight chain alky! group having 6 carbon atoms.

5. The composition according to Claim 1, wherein X - X is same or different,
and represents hydrogen or a straight or branched chain alky! group having

1 to & carbon atoms.

6.  The composition according to Claim 5, wherein one or two of X° to X° are
alky! group having 1 to 5 carbon atoms, one or two of X'° to X" are alkyl
group having 1 to 5 carbon atoms, and the other X groups are hydrogen.

7. The composition according to Claim 5, wherein one of X" and X% is methyl,
propyl or butyl, ene of X' and X'? is methyl, propyl or butyl, and other X

groups are hydrogen.

8. The composition according to Claim 1, wherein the mixture comprises at

least three of alkylated phenolphthalein ester compounds.

9. The composition according to Claim 1, wherein one of the alkylated
phenolphthalein ester compounds in the mixture comprises at least about
10% by weight based on the total weight of the mixture, and another ester

compound in the mixture comprises at least about 10% by weight based on

the total weight of the mixture.

21



10[ 0053] The i nventi on having been thus described, it

wi Il be obvious that the sane may be nodified in many

ways W t hout departing fromthe spirit and scope of

the invention as defined in the follow ng cl ains.

CLAI MS: 1. A marker conposition conprising at |east two
| fferent al kyl ated phenol pht hal ei n ester unds, of

b i1 qortpaghion aCoRREpeAnRS. Ve Bt o GEBRYRGe

chai rprhlsipht el BstBavbm Bodndsdn He @dtireoaiwia®s at least about
R2 represents a hydrogen atom or gb%rou

g S ( p. of the

for o by Wpiht RARsEoRINY Bial weydii 65BE e Gindganotner ester
st r ai @pceRainira! tixturd EQH}BriE‘@é’éﬂgadttaﬁoétlﬁ%lb?%)@{t ®@Bed on
X2 - X5 i ndependently represent hydrogen;, X6 - X13 is
sane Be tdplwelgidnt theariktyiepr esent s hydrogen or a

strai ght or branched chain al kyl group having 1 to 12
carbon atons, wherein fornulation of the conposition
dibes ot careppsition adserdingetcotlaiony, aommsingeait aromeéic solvent,
conposition according to Claiml1, wherein Rl

represents a straight chain alkyl group having 3 to 7
¢Ar boh natrieerepmgoditiBg, coeppredmnt s a hydrogen atomor a

group of the f C(0). r 4 .. ydr ogen
atomor a BorLEE e By o Sofe s oo
carbon at @bsut 1 330%1e weighiosiid mmxburacoomadisimg &t deaSt awvan

2, wherein represents . a strai ght chaip alkyl group
vt 1 Gelaey R R B e rsom . Ard
hydrogen abeat &% by visightvfeb-dohent,or nul a C(0) R4 wher e

R4 is a hydrogen atom or a str%#%@§ chai n aIk%L %ro%p q
havi ng 3 ¥§eEit arhviatedmbhengp iR GRISHSPTPRHNd s selecte
accorgifehd §rolh aF BdRpodRe RipPedBhtddans BaAOKI: a st rai ght
chai n al kyl “group having 6 carbon atons; and R2
represents a hydrogen atomor a group of the fornula
C(0)R4 where R4 is a hydrogen atom orga straight chain
al kyl group having 6 carbon atons. 5.8 LThe conposition
according to Caim1l, wherein X6 - is sanme or
different, and represents hylkogen.lr a s ai ght or
branched chai n al kyl group havi car bon at oms.
6. The conposition according to ai mi{5, wherein one

or two of X6 to X9 are al kyl_, g, l to 5

carbon atons, oneéor two_of &1 to Xi3 ar & al kyl group
having 1 to 5 carbon atgfis, and thg other X groups are
hydrogen. 7. The coppegition according to Caimb5,
wherei n one ¢ : R i s met hyl ,{ propyl or butyl,

one of X11 ah A NyT " propy—er~Lyt yl , and

ot her X groups ar e Yayeh ogen. 8. Thg conposition
according to Cainfl, wRerein the r1xtureﬁconprises at

| east three of al ¥yl at edXphegwol pht Hal ei n
conpounds.

wherein R' represents a straight chain alkyl group having 1 to 11

carbon atoms;
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9. The conposition according to Caim1l, wherein one
of the al kyl ated phenol pht hal ei n ester conpounds in
the m xture conprises at | east about 10% by wei ght
based on the total weight of the m xture, and another
ester conpound in the mxture conprises at | east about

10% by wei t base he t taI h t 4
mixture . Boerte Eanpukirt Rt bRl Pl g oR
wher eivherere iof Hydeogainkatbatord gifdgha Ichiawmﬂyegmu@mmg 1 to 11
conpounﬂs in the mxture conprises at |east about 25%
by wetgHe" B on the total weight of the mixture,

and anot hexz exsandsmaenid-dpfedenehydrsgen;e conpri ses at
| east about 25@6by wei ght based on the total

the m xturd - 113 *&ﬁ?én%h%@rem @rﬁ‘%f@%@ﬁ%ﬂtﬁ@y%’g@l‘%{ﬁwsirafght
CONPI bSphrA Qe ﬁa@’(@kﬁr!‘@r&@d NSAkg 112 12 DafRRInk@bms.

conmposi tion, conprising: about 42 - 99% by wei ght of
an aromatic solvent; about 1 - 30% by wei ght of a

m xture conprising at |least two different alkyl ated
phenol pht hal ei n ester conpounds; and about 0% by

wei ght of co-sol vent, wherei n the al kyl at ed
phenol pht hal ein ester conmpound is selected fromthe
group of conpounds represented by formula I:

wherein Rl represents a straight chain al kyl group
having 1 to 11 carbon atoms; R2 represents a
hydrogen atom or a group of the fornmula C(0)R4 where
R4 is a hydrogen atomor a straight chain al kyl group
having 1 to 11 carbon atons; X2 - X5 independently
represent hydrogen; X6 - X13 is same or
different, and represents hydrogen or a straight or
branched chain al kyl group having Ito 12 carbon atons.
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