. 4404419%-0
N. N- DI ALKYLANI LI NE AZO DYE SOLUTI ON The present invention iyg
directed to forming concentrated solutions of N,N-dialkylaniline azg g,y
sol utions, which solutions are suitable for tagging petrol eum fuels.
Background of the Invention: N, N-di al kyl ani | i ne azo dyes, suchf hAngd
N, N-di et hyl ani line diazo aniline, may be lused to tag petrol eym fuels for

purposes of tax, product ydepiif kophiivehzo Bisfisdyesiary Se added to
petrol eum fuels, e.g., en abou : and about parts per
mllion by wei ght (ppm . Subsequently, the dyes nay be identified by
extraction w t h n acidic n.(g,lueoucﬁg %Fttl on. whi ch t{{r% ces strong col or.
To be usef ul & RIEYEBLIRYSITER & FHEFRS FOsOtTRIG SORFNUIFREO mQP%g[part i cul ar
requirementy Iﬁ%ﬁalkﬂﬂﬂhﬂe%@ﬁ}é‘ﬁ)hﬁ%ﬂs ShificH s31utidngd dre sSieble Yy RSgiAS FetfoMunffugiRd

nust be first of all be dissolved in a liquid, such as an aromatic sol vent,
whi ch is coBgekerqund ofitheinvendonset r ol eum f uel . Furt her nor e,

t t abl k t k '
e P o Rl bR R 0L 8N el BofioR AT AT B Wi
Aut omat e Rewdg Bettéleohm fudlsde surpSeek vemnk, ;Re@hciﬁiéimﬁdaﬁeh MgEe. (Such dyes Iniehe: adGQ yent

Red 19), Red 1992, Blue 8 (Col or |ndex: Salyent Oﬁl ue 98), Blue 10, Orange
127, -8Bl ue- Epesoleunifugls, e.g., at betwesnahawt G Zand byl @éﬂ%?%émﬁmém wmhé(ppm)

"intensity g@ﬁéﬂugﬁ‘tgﬁ Qﬂédyc H%g bt Me tfb‘a b‘g&&& foﬁ%& SRR aqggﬁém{‘ tion Wlblﬁlé of

non- extracta sire rovi de as concent
such dyes gwodwas betrangnomred Al so, when added to a non-extractabl e dyes,

the sol ution of e exélract abl eH’sR/'e ﬁ_l |ncr ase the viscosity of the
dye: thus, concertPeyset avpatroieymsiuels Eﬁ ayeves, Persarg pasticulas requiremenis & . be

added. Vi SQRe i the PUHoliRWedh! Yuch dYEORESERd b8 ek oF Rl S5UBRES i D

dye/ marker sol ution Tay be stored reezing conditions exten
peri ods of liquide such as an armmw(tpbfsntuwbnth mcommakblc svifrthepatoiedanfod. wi t h t he

i nvention are typically manu tur cou | i reactio tha produces a
solid dye whi o BRehimote. rféHa%@’(i%mf"i?‘F pr %&&‘Bg ctilehon Fihare oftenen &e fas
p[)?ven di f fdoffuhétidnOwigh £ 56H-%@rasidble dsiyesudhruyéthclmtemhﬁesol vent s and
obtain
Automate Red B (Color Index: Solvent Red 164), Red NR (Color Index: Solvernt Red 19),
Red 1992, Blue 8 (Color Index: Solvent Blue 98), Blue 10, Orange 127, Blue-Black, etc.

Because regulatory agencies often have “intensity requirements” both for the
extractable marker and for the non-extractable dye, it is desired to provide as concentrated
solutions of such dyes as can be achieved. Also, when added to a non-extractable dyes, the
solution of the extractable dye tends to increase the viscosity of the dye; thus, concentrated
solutions are desired so that less solution need be added. Viscosity is particularly a problem in
colder climates where the dye/marker solution may be stored in freezing conditions for
extended periods of time.

The dyes used as markers in accordance with the invention are typically manufactured

- in a coupling reaction that produces a solid dye which is obtained as a filter cake, washed and

dried. It has proven difficult to dissolve such dyes in fuel-compatible solvents and obtain
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2 hirghly concentrated solutions, 25 wt % dye solution being a typical upper
Fimt. Furthernmore, when dissolving such dyes, the solutions tend to have
relatively high levels of insolubles, an undesirable characteristic of "a
fuel additive. Accordingly, it ig an object of the present
invention to produce highly concentrated solutions of dialkylaniline dyes.
Summary of higidy tencemtdtahsolutions, 25 wtfndyscolutida heiag aitxnical prpep imie furthergose.i on
an N, N-di al kyl ani | i ne i oupl e il I @ 44 il g in the
presence of" eﬁqﬁsrsg isc‘fah &F'oth%r%%%“ggﬁnee@ﬁ a‘}s%urglﬁuﬁ:}grt?&t' #e%lggﬂggghblgsséh -

m gr at es t Qintéserablelcugaéeqitia o€ a fldheddisieunt of aromatic solvent is used such
that the dye concentrates in the sqglvent phase at bet out 45 and

en,
about 70 wt % ARCEPrdghi itds 2B PbieR Of His EETER IRYRILRN O (g lgcsﬁlvzg tCopfrRLrated s

stabilized I%%e Aaddi bl branched chain, primry or secondary, C3-C6
al kyl pheng piﬁt e a -J?flhrgﬁrggé&eéi s added at a weight ratio relative to the

or gani ¢ solSuemiarpbf thetlweatiorabout 2: 1 and about 1:2, preferably at about a
1:1 ratio. Stabilized dye concentrates contajni 3 % or nore, ..
preferably 35 wtlﬂ/é“E?Pfqﬁ‘ﬂ&e",‘”ﬂhWG PHiSFH “ﬂ)"y"@‘l‘@rﬁgww‘gg"ﬂf%w@!: ‘WFBle‘iF%a“é]H}ﬁ Yyed. -
The dye concgpliv@t®anifihd MGhe fre@iiSe & an! HoR&H RYHHICEbYA Sdlvéht Elﬁ'ﬁﬁ‘dﬂﬁe%h@%e,
petrol eum fuel mscible dye, may be added to petrol eum fuel as a silent

mar ker . Suldye quignates ¥ the helverssphase. mhle dmouak of atometir Jotvgnd is meedtsugiydhat thetlyol eum

with an acidic uep sQl ution ref er abl ont aj ni t n about and
Shout 25 weoREr e Pl Foivanh s el eh Shout 455 Brotk A0 uR: RGBT,

The gl ycol g dqesustpheseBieksBlveitdhhe i®xthbifigddasy thé bdditton cTaRirareBaC @Aty atitkafy of
acid than m ght otherwi se be required. Upon extraction with acidic agueols

medi um t her secondiyis, Gnderligdebenol c The aliphrhicnel i added abh Weigbimtiopilattyeo gher ong,
i denti fi abl | of.. i | it i f i f .
Embod ment Q8e0t sdivent of iehiHen B35 4 Rbol 8 mrEBlah) B b aBL flia, Stbifige

wei ght . dye concentrates containing 30 wt% or more, preferably 35 wt% or more, and more preferably

—4

40 wt% or more are achieved. The dye concentrate, either alone or in admixture with a -
non-extractable, petroleum fuel miscible dye, may be added to petroleum fuel as a silent
marker. Subsequently, the marker may be extracted from the tagged petroleum with an acidic
aqueous solution, preferably containing between about 1 and about 25 wt% of a glycol, though
the glycol is not absolutely necessary. The glycol allows the marker to be extracted with a
lower concentration of acid than might otherwise be required. Upon extraction with acidic
aqueous medium, the azo dye undergoes a chromophoric reaction, developing a strong,

identifiable color.

Detailed Description of Certain Preferred Embodiments.

Herein, unless otherwise noted, all percentages are by we_ight.



3 - The dyes used as petroleum fuel markers in accordance with the
present invention have are foorned by diazo coupling of an

NN-di (C2-C6) al kylaniline with aniline or substituted aniline having the
general formul a: [err] Y where X and Y are the sane or
different and are each selected fromH, nrkthyl, ethyl, isopropyl, butyl,
net hoxy, hal ogen ' i NEh@wilh thd PreSent § sed
in the inventi onTﬁ‘g@ecg!tu Jg%é ﬁ[&l%?@glrﬁﬁxikgr:shh%co ’ [err] p V\hel?gm?(%ﬁq%vgnd
Z are as dehierfednaldgwdiazo coupling of hmNtMdi(Cp-Colkylapitine witk amiting pmabssituted
substituted a ilf'lne i'ﬁ di az tfizelg_with sodiumnitrite in acidic aqueous

sol uti on. 88%[@30% “di azotized aniline or substituted aniline
is coupled with ¥he N,N-dialkylaniline in a buffered solution in the
presence of an ardfetNc sol vent. The aromatic sol vent may be tol uene,

xyl ene, but ¥ pr QLET A Hn high-boiling aromatic solvent or solvent

m xt ures ‘havi nga0etying point of at |east about 375[err]F (190[err]C).
Because the coupling is carried out in a buffered solution with the pH 3 or
hi gher, thewherepd s Ve ti ¢ndd @<liffdan aadhieahdtyseteoted frelyH | methle edwani ¢

sol vent phase. The anmpunt of organic sol vent used | h that the initial
sol ution whisepropy. wam%m@imwddb%@n%h%rﬁ% 155513%5#]%0 wt % dye. This

sol ution, he Vfi{e’dyg&‘fsﬁdﬂpgﬁe?ﬁréﬁdn%gé&l@rggﬁeaﬁefptirrllﬁz{:y’ nor would it have

long-termstabi ity 1f ner uted to~“end-use concentrations with

addi tional aron#&tic solvent. Accordi ngly, after the aqueous phase
and extraneox{s 3[3 r 2410 g t dye solution is diluted to end-use
concentration w [ “aN PO in, primary or secondary, C3-C6 al kyl
phenol, e.g., o ropyl phRe#ol, ortho-sec butyl phenol, and 2,6 di-sec

but yl
where X, Y and Z are as defined above.

In the first step, the aniline or substituted aniline is diazotized with sodium nitrite in
_acidic aqueous solution. In the second step, the diazotized aniline or substituted-aniline is

coupled with the N,N-dialkylaniline in a buffered solution in the presence of an aromatic
solvent. The aromatic solvent may be toluene, xylene, but is preferably an high-boiling
aromatic solvent or solvent mixtures having a boiling point of at least about 375°F .(190°C).
Because the coupling is carried out in a buffered solution with the pH 3 or higher, the coupled
dye migrates substantially entirely to the organic solvent phase. The amount of organic solvent
used is such that the initial solution which is formed is between about 40 and about 60 wt%
dye. This solution, however, does not have long-term stability, nor would it have long-term
stability i.f merely diluted to end-use concentrations with additional arohatic éolvent.

Accordingly, after the aqueous phase and extraneous water are removed, the dye
solution is diluted to end-use concentration with the a branched chain, primary or secondary,
C;-Cs alkyl phenol, e.g., o-isopropyl phenol, ortho-sec butyl phenol, and 2,6 di-sec butyl

phenol. In the stabilized solution, the dye is preferably present at at least 30 wt%, more



phenol. In the stabilized solution, the dye is preferably present at at
lFeast 30 wt % nore ' 4
preferably at at |least 35 W% and even nore preferably at at |east 40 wt%
and even up to about 60 W% While it is desired that the solution be.as
concentrated as practical, it is generaldy difficult to obtain a

concentrated solutiaon of .60 % - th |yt Ing.to the

resent | nPSHRBl aheRurry Bo e mon ek IE S g R B RNET bfe on

system about 60h& 7.0 MIEIBir ia liesiked etat/ihie @blutimybdss cdheeamhdy avmactical id ist r oduce

the marker dye into petroleumfuel as. a taggafnéh. %éer ativel Y t he

sol uti on mé§rasall:digficuiido qbin acongrafrated sQIpgRN-OT §Q 3 AaGyes g‘ﬁ"ﬁé‘lﬂsé? WeBS so as to

provide a_ qyef Rk KeheRAEkAdfhitn £AbAY BoARd: ERIEHNE40 kTt cluiat s Such
e re ove.

non- extracta yes escri bed a The marker is typically
used to tagyspahrol eum fuel at between about 1 and about 25 parts per

hundred by weig , ef erabl y bet ween about 5. and about 15 .ppm
The marker is e&%?%@f%ﬁé%%ﬁ%&%&eé’m%é f?slpﬂﬁd%%@?ikf‘é'ﬁd&&s_
sol ution, pakdibeH!fadllay adagehht. FQlcktatitdly, thé Sdi@ichthay BHdnited! witt £ el RNCHINS
bet ween about 1 and about ™25 wt % of a glycol, nore preferably at |east

about 10 wnos-extractaple/dys so as b proside adiig/marker gaokags fopeolprirgandgageing pumileurThe

gl ycol aidsg. ih xtr ' n I | lows | ess acid to be used. As
hi ghly aci |eéﬂs%&gltnﬁ)gﬁcéa%é%bggﬁfeg%‘te%%%{bgélay%‘%f ety concerns, this is
consi dered to bheasikeald §pically used toltag petroleumt fidhatietweenaboude ad@ssaichgd in

greater detail by way of specific exanples.
Exanpl e 1 DParts per hundred by weight (apuypprieferabbhbeswesiabatet and abawt iSiwmii azo

?2;' ine sol utiofye markeg 6%&%(:@51@%& [3&?#3Felﬁﬁxeﬂléltlﬁfngfah%iﬁici aﬁu&déigrsglgn&c;n,
particularly a HCI solution. Preferably this solution contains between about 1 and about 25
wt% of a glycol, more preferably at least about 10 wt% of a glycol, such as ethylene glycol or
propylene glycol. The glycol aids in the extraction and generally allows less acid to.be used.

- As highly acidic solutions present health and safety concerns, this is considered to be desirable.

The invention will now be described in greater detail by way of spécific examples.

Example 1

Preparation of N,N-diethylaniline diazo aniline solution

To a 4-neck, three liter flask is charged:

Ice : 400 gm
Aniline 93 gm
HCl 2.5 mole
Sodium Nitrate 70 gm

The sodium nitrite solution is added while maintaining the temperature at -2 to +2°C.

Completion of diazotization is checked with starch iodide. The following coupler solution is



HC - 2.5 nole SodiumNitrate 70 gm The sodi um
nitrite solution is added while nmaintaining the tenperature at -2 to
+2[err] C. Conpletion of diazotization is checked with starch iodide. The
foll owi ng coupler solution is added: N, N-di et hyl ani | i ne
165 gm Aromatic 200 sol vent 100 m Sodi um Formate = 140 gm
The terrperataijlc?]eg_ is mai ntained below 10[err]C with ice addition for six
hours. Then e tenperature is allowed to rise to 15-20[err] C over the next
si x hours. The spiNididylarflifteatiesigino 80[err] C. The liquid phase is
separat ed. Extrapeshficwabablveg 1869t roped at 125[err] C. Non-vol atile wei ght
yield is 235 grag&dim;[l}%nﬁgizuti Bobm diluted to 40-42%active organi c dye
with ortho isopropyl phenol added™to equal weight as the Aromatic 200.
Exanpl e 2 The tempartwe tis meintined delowt 108G with joe agshitiandfof sipiro@5. Vithed preopy| ene
0 0, . 0/4- I
glycol, 10 \t’ewmé)elqguregszzﬁlé)w%]& tcgj1 ri§e7to '-2058'0‘%}“': Q )néxt%gcl h%?l?s? "Eq%ts%{u'tion is heated to
80°C. The liquid phase is separated. Extraneous water is azeotroped at 125°C. Non-volatile
weight yield is 235 grams. The solution is diluted to 40-42% active organic dye with ortho

isopropy! phenol added to equal weight as the Aromatic 200.

Example 2
An extractant solution is prepared from 25 wt% propylene glycol, 10 wt% HC1 7% *

of a 37%HCI solution), balance water.



6 WHAT.IS CLAIMED | S: 1. A solution of a dye conprising at |east
about 30 wt % of a dye having the formul a: [err]- where X and Y are the
same or different and are each selected fromH, nethyl, ethyl, isopropyl,
butyl, nmethoxy, halogen and nitro and where Zis Hor NHerr],

bal ance a sol vent system conprising A) a hydrocarbon aromatic sol vent and
B) a branched chain, primary or secondary, C3-C6 al kyl phenol, A) and B)

bei ng prese ati o between about 2:1 and about 1:2.

2. The sol uw}gﬁ%é‘é‘ggﬁéﬁ% {So Claim1l conprising at |east about 35 wt % of

sai d dye. . A3olufibe oB0liyH domtprisiag ar lBasngbdud 3Cwakrof b dye pringihe foratuld: east
about 40 w % of sal d dye. 4. The solution according"ro Craim T i
adni xed with a &

4el,- m sci bl on-extractabl e dye. lﬂ%
accordi ng t oy G- Mhexkej Q -extractabl e dye is H M{m
group .consi sti nA\tg&tlgﬁrad Bzr@(, ol vent Red 164); Re Ie
19); Blue 8 (S& vent Blue 98); Orange 127; and Bl ue- Bl ack. . The

sol ution accordi to Caiml Wheein ,_ Y, .and Z are ach 7. The
sol ution ac\‘f’ber"ﬁx‘]?g‘dtﬁa’:él "é?‘ﬁ agéf“& e&%@?“\?@ﬂ?‘ @W’ éﬁ‘y rom t he
group cons'@adra@,l,oémg; hﬁ%k}‘i’ﬂﬁéio P &Hitro A Hhere 7 ¥ IH @mnpl and 2,6 di-sec
butyl phenol . ! "The sol ut| on according to Claim1l wherein the am ne
group of said fdalan¢ea scgvenN()Qem eoigrieing4).a hydrocarbon aromatic solvent and B) a

branched chain, primary or secondary, C;-C, alkyl phenol, A) and B) being present at a weight

ratio between about 2:1 and about 1:2.
2. The solution according to Claim 1 comprising at least about 35 wt% of said dye.

3. The solution according to Claim 1 comprising at least about 40 wt% of said dye.

4. The solution according to Claim 1 admixed with a fuel-miscible non-extractable
dye.

5. The solution according to Claim 4 wherein said non-extractable dye is selected from
the group consisting of Automate Red B (Solvent Red 164); Red NR (Solvent Red 19); Blue 8
(Solvent Blue 98); Orange 127; and Blue-Black.

6. The solution according to Claim 1 where in X, Y, and Z are each H.

7. The solution according to Claim 1 wherein said cosolvent is selected from the group
consisting of o-isopropyl phenol, o-sec butyl phenol and 2,6 di-sec butyl phenol.

8. The solution according to Claim 1 wherein the amine group of said formula is

-N(C,H,).



7 9. Anmethod of preparing a dye concentrate containing at |east
about 30 wt % of a dye having the formula: [err] where X and Y are
the sane or different and are each selected fromH, nethyl, ethyl,

i sopropyl, butyl, nethoxy, halogen and nitro and where Z is Hor NHerr]

t he met hod conpri si ng, in an acidi c aqueous solution diazotizing
aniline or a substituted aniline having tthe formul a: , Where X, Y

and Z are as defjned abaove, at .a pH or about 3 or.aboye Q i ng sai

di azot i zed ani | iheAdROUgh L PrePaiRE? AVA TomRETAL "8“‘6:'2‘1‘@6"‘%3%{1 3&9@% i 8f's ﬁyet he
presence ofphRidphas RrARRON aronatic sol vent which is proevided-+nanamount
such that when said coupling is conplete, said coupled Eﬁe is extracted in

said aromatic s3]l vent to at_a concentration of at |east Ew\muﬂ‘ulllmlll
s *

renovi ng sai 15 \2hasg. ~ang - stabilizing sai
concentrati 02, of ggs % ﬁé% (\:/6?2% dye by the addition of a branched

chain, primaryZr secondar f/ C3-(err], al kyl phenol at a weight ratio
relative to said arqmati c sol vent between abqut 2:1 and _about 1:2,
where X and Y are the same or different and are each selected from H, methyl, ethyl,
isopropyl, butyl, methoxy, halogen and nitro and where Z is H or NH,,
the method comprising,
in an acidic aqueous solution diazotizing aniline or a substituted aniline having the

formula:

_ X
20—
Z

at a pH or about 3 or above, coupling said diazotized aniline or substituted aniline to a

, where X, Y and Z are as defined above,

C,-Cs-dialkylaniline in the presence of a hydrocarbon aromatic solvent which is provided-in an
amount such that when said coupling is complete, said coupled dye is extracted in said
aromatic solvent to at a concentration of at least 45 wt%,

removing said aqueous phase, and

stabilizing said solution at a concentration of at least about 30 wt% dye by the addition
of a branched chain, primary or secondary, C,-C, alkyl phenol at a weight ratio relative to said

aromatic solvent between about 2:1 and about 1:2.



