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1 5 OCT 2004 1 METHOD FOR | SOLATI NG ENRI CHED SOURCE OF CONDUCTI N?j@fl\/z@i
PRECURSORS FI ELD OF THE | NVENTI ON The present invention relates to

for isolating an enriched source of conducting polyner precursors from
,heterocyclic nitrogen containing hydrocarbon streams. 0 BACKGROUND OF THE
"1 NVENTI ON Conduct i ng polyners such as polypyrrole, polyindole, polycarbazole
and ot her polyneric heterocyclic nitroden contai ni ng conpounds are val uabl e
commodities (see "Polymers, Electrically Conducting”, by Herbert Naarnman, in
U | mann's Encycl opedi f 1 Publ i shers,
Inc., 1992, pp. 42@%?) @ﬁbﬂﬁ%@ﬁ@ﬁé@@ﬁ flexible
conductive paths jin GONEUG i ROLYMEE b 5 i | m keyboar ds,
as electrode nmaterials in rechargeabl e batterl es and as polymer coatings in
el ectrochem cal sensor devices. These pol yners can be synthesized from

sui tabl e nmononers or precursors by known processes. Petrol eum streans

provi de pEEND OF THR DNVENTIONNh nononers or precursors. However, the
concentrafton o €se nononers or precursors is typically very | ow and
they are contam nated with simlar boiling point materials, which nmakes
their isolation difficult., These nononers or _precurs currently are not
val uabl e as fuel 3$bepeesent inyentian relates ta amethod épgtmgaman %w&

t hei | f thtI t ddlbftf
rermovi ng SUEREAHCOICHRG bt aﬁﬁ“r&‘n%c%%%”ﬁmmeivﬁs AhFieRe TomfiE | ng (e

recovery %&dmgﬁgﬁeﬂﬁ&' ng val ue for use as chem cal products.

@ BACKGROUND OF THE INVENTION

Conducting polymers such as polypyrrole, polyindole, polycarbazole
and other polymeric heterocyclic nitrogen containing compounds are valuable
commodities (see “Polymers, Electrically Conducting”, by Herbert Naarman, in
Ullmann’s Encyclopedia of Industrial Chemistry, Vol. A21, VCH Publishers,
Inc., 1992, pp. 429-447), the potential uses of which include flexible conductive
paths in printed circuit boards, heating films, film keyboards, as electrode
materials in rechargeable batteries and as polymer coatings in electrochemical
sensor devices. These polymers can be synthesized from suitable monomers or

(] precursors by known processes.

Petroleum streams provide potential sources of such monomers or
precursors. However, the concentration of these monomers or precursors is
typically very low and they are contaminated with similar boiling point
materials, which makes their isolation difficult. These monomers or precursors
currently are not valuable as fuel sources, and in fact, act as poisons for
catalysts, so their removal from the petroleum streams would provide a dual
benefit of removing catalyst poisons from the petroleum stream while facilitat-

ing the recovery of compounds having value for use as chemical products.



.1 5 OCT 2004 2 Petroleum streanms contain a wide variety or organo-nitrogen
species. Therefore, efforts to renove sone of these species, due tb!i@&ﬂrﬂmﬁ
del eterious effects on catalysts used in petrol eum processi ng have made.

For exanple, in U S. Patents 5,675,043 a process is described which renoves
nitriles fromlow boiling petroleumfeedstocks for catalytic conversion
processes. Therein nodel nitrile (RCNR-containing hydrocarbon streans were
treated at |ower tenpera- tures, e.g., 16-149C, (60-300F) using solvents
nmeeting a specific fornula. The nodel feeds did not contain heterocyclic

ni trogen conpounds such as those characteristic of heavy hydrocarbon feeds,
e.g., in feeds havinq a boiling point of, 232-566C (450F to 1050F).

Addi tional |y, thdPetEglenmfiteams£ontain 3 widevagety pHereque-IuErogen BRECIC ocess

o) Ty doTBErAtAE el ogs I FRORE sQip OF chdsbe€ isR iy gBRICKTRNS, 7Y o

of nitrog L it PR REES, For BrsmpReidkilled in
the art @@F@Q%‘fﬁ@eﬁ}g@@e@g@g@lgggﬂ@?g%rs?‘ggﬁwthe e, For's ples
nitrile-cond apaten@ 3)675,083 ai0cess iedesceibet vehitk rameovernitriles frah dewt  of
other, higher-boiling streans containing different organo- nitrogen

speci es. bbiling peatolenm feedstocksdfor batalytioosariversiom peacessest drhersivimedeli ¢ r ogen
speci es, such as, quinolines fromcrude oils or fra tiﬁns )t% extraction with

car boxy! i pitrils (RCNS cgntaining hydsecasbom stoeams were ueatgd ak MPERi ds:  and
US Patent 2,84 70 JUSI | id | yvh ' d
Tnthis Bss € gl Eiast (R0 iy folfBis PReaPER SN B RRpin e TREC LS |
b Teger TS e t "
opganont « PSSR feedS i nBCcdrcait ActerRyBh HitfogRh'Copffohills sty flose N2 1
bel i eygahatRridfc 68 hehwy hgdroeafRnderdd, iesg. Nint feedehaving @ teiling peintafcr i bed

nmethod is 1neffective for”  their renoval. These "non-basic" heterocyclic
ni trogen 2p25663C (@59°F o050 R, Additiorally, the tefersnee taaghehaway Sttt ut ed

derivatives fall _into this class. However sifnce .
the use of higher process temperatures and the reference notes that selection of

L

solvents cannot be easily determined a priori. Actual petroleum streams are
complex mixtures of nitrogen containing compounds and other components.
Thus one skilled in the art would not be able to extrapolate from the low-boiling
nitrile-containing hydrocarbon stream of the reference to treatment of other,

higher-boiling streams containing different organo- nitrogen species.

Other patents describe the removal of basic heterocyclic nitrogen

. species, such as, quinolines from crude oils or fractions by extraction with
carboxylic acids (e.g., U.S. Patent 4,985,139 using carboxylic acids; and U.s.
Patent 2,848,375 using boric acid and polyhydroxyorganic compounds). In this
case, advantage is taken of the basicity of the target molecule to be removed, by
reacting it with an acidic extractant. However, the organonitrogen species
remaining in the feed after the treatment with acid are believed to be non-basic
heterocyclic nitrogen species. The described method is ineffective for their
removal. These “non-basic” heterocyclic nitrogen species, e.g., pyrrole, indole,
carbazole and their substituted derivatives fall into this class. However, since

they are not believed to be as deleterious to catalyst function as are the basic



they are not believed to be as deleterious to catalyst function as ﬁre Lfemm#
basic 1 5 OCT 2004 3 heterocyclic nitrogens, or to have as negativ SaQL

i npact on petrol eum product perfornmance, |ess effort has been directed at
,their renoval. It would be desirable to devel op processes for selectively

I solating or recovering these non-basic nitrogen-containing heterocyclic
materials useful as precursors to nor&-al uabl e products. Applicants

i nvention addresses this need. SUMVARY OF THE | NVENTI ON An enbodi nent of the
present invention provides for_ contacting a .,on-basic hfterocgglic ni t rogen

cont ai ni netereeydlicr HWEREERT. QXkP have AYNeZAtYE anEnPash PR PeFPIquR ( 4500F)
to 5660C (10500F) wi.th fective a n ating agent sel ected
from pol y&eEf,% %Ileﬁﬁ?éhﬂ%&%&ﬁeéﬁ%gﬂg&ngygF nol ecul ar wei ght of

| ess than 1000 and 1200, respectively, and m xtures thereof, at conditions
effective to maintain the reactants in a liquid phase to produce a first

stream enriched it vutdtRsdesirabletoeveldpoprocésseg for setuetiaely isglauingrarcar bons
and a second treated stream having a decreased non-basic heterocyclic

ni trogen recoveting théxd hambasiy nitrogen-tentainimg hetoronyclic matedalsiusefiil@smay be
added in conjunction with the treating agent. O, .opti,qnally the second
treated stprecursors togaereaaleableprodugts. e‘gp ql%méfﬁﬂﬂﬁg &%ﬁ%}%ﬂ pol yol
et hers havi ng nunber average nol ecul ar wei ght of |less than 1000 and 1200,
respectively, and an effective amount of a mineral acid. The present

I nvention ST WN‘PfONO”Si st essentially of the steps recited
and may b%ﬁnﬁ‘eﬁmof a step or limtation not disclosed
as required. 1 5 OCT 2004
. An embodiment of the present invention provides for contacting a
non-basic heterocyclic nitrogen containing hydrocarbon stream having a boiling
point of from 232°C (450°F) to 566°C (1050°F) with an effective amount of a
treating agent selected from polyols, polyol ethers having a number average
molecular weight of less than 1000 and 1200, respectively, and mixtures thereof,
at conditions effective to maintain the reactants in a liquid phase to produce a
first stream enriched in non-basic heterocyclic nitrogen containing hydrocarbons
and a second treated stream having a decreased non-basic heterocyclic nitrogen
content. Optionally, an effective amount of mineral acid may be added in
conjunction with the treating agent. Or, optionally the second treated stream is
. contacted with an effective amount of polyols and polyol ethers having number
average molecular weight of less than 1000 and 1200, respectively, and an

effective amount of a mineral acid.

The present invention may comprise, consist or consist essentially of

the steps recited and may be practiced in the absence of a step or limitation not

disclosed as required.



-4 DETAI LED DESCRIP' T' | ON OF THE PREFERRED EMBODI MENTS El ect r opol y ?ﬁﬁﬁ?iﬁﬁﬁ
reactions require the presence of conducting polynmers and appropri at
nononers to continue chain gromh. For exanple, to produce pol ypyrroles,
_polyindol es or polycarbazol es the corresponding precursor (i.e., nononers)
are required; pyrroles, indoles and carbazol es, whether sub- stituted or
unsubstituted. By substitution is nmeantd+hat additional non-interfering
organi ¢ groups such as al kyl, cycloal kyl, or aryl side-chains may al so be
found on these nononers. This will typically be the case wiith nononers
derived f , DES [FION. OFATHE ERRER EMBOPIMEN > present

I nvention provides for a nethod for, isolating, recovering or concentrating
conducting polymer precursors derived from suitable petrol eum streans.

s ursors™ oot SEltabpg bitneritatlonteaditiis1eatind SRR D Yontlibti |\
sub- uni t ?oym&%eﬁd@rﬁgﬁéégﬂbn&ﬁérs%%Bﬂﬁhlﬁwcli‘eﬁﬂ% ) IFGéAEIRpIS, toHovever
ess strea (0] en (0]

such pro not provide these i'n sufficient ‘concentration
or purity 1prodmié polgpgrireles, poigitriodes ort polycarbarvled thelveerespomding precuissr r abl e
sources of such precursors.in;ppl i cants have di scovered a process for
recover i ngi.enthononuers) aretrequined;npywolessindnles andeartazples, whetherisubt e as

precursors in the production_of _caqnduct,ing polyners.fro rocess .streans
cont ai ni n§titutedor vpsuhstigited By substifion s meanp IaFlalt’rﬂP@inBE%'r‘BGﬁfsegf‘gearrs

t hat t ai . - basi c, het i - 11l: . [ 11y,
ot ner or o 2kBmin eroURcHcl ISkl Hioakal S AR AL R, SR BE Lol P Y,
presence igh fiede mofBHicrE IThid \WAPLBRAR the Ll W bR et Rid¥rOm:

o ounds are contal ne In petrdlfeum’streans or fractions having a boiling
mt of fpeR&letim k6akkes.450F to 1 5 OCT 2004 5

A preferred embodiment of the present invention provides for a
method for, isolating, recovering or concentrating conducting polymer
precursors derived from suitable petroleum streams. Thus, the process is useful

for producing a concentrate of these precursors.

Certain process streams contain sources of monomers and other sub-
units or precursors useful for producing conducting polymers. However, such
process streams often do not provide these in sufficient concentration or purity,

¢ and therefore, have not traditionally been viewed as desirable sources of such
precursors. Applicants have discovered a process for recovering and concentrat-
ing monomers and other subunits suitable as precursors in the production of

conducting polymers from process streams containing them.

These process streams are typically hydrocarbon streams that contain
non-basic heterocyclic organo-nitrogen compounds. Optionally, other organo-
nitrogen species may also be present in the stream, but their presence is not
required. These non-basic organonitrogen containing compounds are contained

in petroleum streams or fractions having a boiling point of from at least 450°F to
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1050F (232-566C). Preferably, these streanms or fractions should be Iiad,u]d ﬁ{]
process conditions. By "conducting polyners" it is nmeant organic 150 2004
nitrogen-containing polymers fromelectropol ynerization reactions. The
terms "precursors”, "subunits" and the like include nononers, diners and

| arger subunits of such organonitrogen containing conpounds, e.g.,

pyrrol es, indoles and carbazoles, fakFbi-ng within the above boiling point
range of the hydrocarbon streans. A preferred enbodi ment of the process

provi des for contacting a _hydrocarbon stream &ont,ai ni _n ch. non- basi c
nehihid bedigd

het er ocyc1080 (335806 ablyyfhese sireams gk {TagHOR on a
vol une basis relative to the volunme of petroleumfeedstock, of a treating
agent (soPURAHSS cQ &d from al kyl ene glycols and pol yal kyl ene gl ycol s,

and m xtures thereof. Suitable glycols of the above referenced materials
have nunber average nol ecul ar wei ghts of |ess than 1000, preferably Iess

than 600, and suiBgbicendhoting palyhrREs i0ls mhmt&hgmicr:ﬁﬁegmedtaimgeri al s have
nunber average nol ecul ar weightsS of |ess than 1200. Al kylene and

pol yal ky| polyraérsdrdm eleattopbiymetigatioteregttions. sThaterms| ‘peecwrsensd gl ycol s,
et el G
tetra- gt hﬂm“bqrg ?OH%W%F ﬁ%’é‘%ﬁﬂ:&@‘?‘%&?%@ﬁ%ﬂékﬁ refers to
the’ f or mufaliblfithifiiflc BEHEhoiiH plint Mk of e RyEeabofiMrcalys by o2t o BY

preferably 1-2; mis at least 1, preferably 1-20, nost preferably 1-8; Ri,
and R3 are independently selected and may be 1 5 OCT 2004
A preferred embodiment of the process provides for contacting a

hydrocarbon stream containing such non-basic heterocyclic nitrogen compounds
with an effective amount, 10-200% on a volume basis relative to the volume of
petroleum feedstock, of a treating agent (solvent) selected from alkylene glycols
and polyalkylene glycols, and mixtures thereof. Suitable glycols of the above
referenced materials have number average molecular weights of less than 1000,
preferably less than 600, and suitable glycol ethers of the above referenced
materials have number average molecular weights of less than 1200. Alkylene
and polyalkylene glycols include ethylene glycols and polyethylene glycols,
respectively, and alkylene and polyalkylene glycol ethers include polyethylene
. glycol ethers and diethers. More preferably the treating agent is ethylene and
polyethylene glycols, e.g., ethylene glycol, di-, tri- and tetra-ethylene glycol,
polyethylene glycols (PEGs). Herein “poly” refers to di-, tri-, tetra- and higher

units.

Alkylene glycols may be represented by the formula:

HO{CHR (CR2R3)n-OlmH

wherein n is an integer from 1-5, preferably 1-2; m is at least 1, preferably 1-20,

most preferably 1-8; Ry, Rz and R3 are independently selected and may be



¢- 6 hydrogen al kyl, aryl, alkylaryl, preferably H and al kyl, preferably 1 |
carbon atonms. dycol ethers may be represented by the formul a: 15 GLT ﬂMﬁ

R40- [ CHR5- (CHR6) x-J y-R7 wherein R4, R5, R 6 and R7 are independently

. selected and may be hydrogen, alkyl, provided that R4 and R7 are not both
hydrogen; x is an integer of 1-5, preferably 1-2; y is an integer of 1-10,
preferably 2-8, nost preferably 2-5; R46- to R7 are preferably selected from
hydrogen and al kyl groups and when R4, R5, R6 or R7 is an alkyl groups it

is preferably 1-10 carbon atons; nore referabl R4 is 1-5 carbon atons and |
R5 to R7 iBydrpgengdkyl, and, alkmtylngrdgr@ ly Brand alkyle prefexably érl(lcam@ni abl e at |
process conditions. The contacting is carried out at conditions effective

to non- ded©Mfetively renpve the non-basic heterocyclic nitrogen conpound

fromthe stream Typically, the tenperatures are sufficient to maintain the

feedstreamin a |liquid or quid state and to enable the treating agent to

be effectively di SGI’})(?B!JE%I.S by oﬁég&ﬁka%?reﬂaé Er eated. Such

t enperatures my be erm ne e art but can range from
20C to 250C. Pressures are suitably atnospheric pressure to 10, 000 kPa but

for economc reasons it can l@d’?ﬁ_ ] \eah [y the process to be
carried at autogenous pressure. g%fgg?% Jé’en‘? I s added in an anount
sufficient to decrease and preferably recover all of the non-basic

het er ocycl whergih Rog &y, Rypamd Riyrage independeitlyf setectedand mayere hydrogen.t r eat ed.
Since such streans vary i n non-basic heterocyclic-nitrogen content the

anount of alkghtprovidedahat Rpund Roate wot bothalydrogemok ¥s ad integ¥iTof2DG4 7 Any
hydr ocar bonaceous streamwi thin the disclosed boiling point

. preferably 1-2; y is an integer of 1-10, preferably 2-8, most preferably 2-5; R4,
to Ry are preferably selected from hydrogen and alkyl groups and when Ry4, Rs,
Rg or R7 is an alkyl groups it is preferably 1-10 carbon atoms; more preferably
Ry is 1-5 carbon atoms and R4 to Ry is hydrogen.

The treating agent should be liquid or liquefiable at process

conditions.

The contacting is carried out at conditions effective to non-
destructively remove the non-basic heterocyclic nitrogen compound from the
. stream. Typically, the temperatures are sufficient to maintain the feedstream in a
liquid or fluid state and to enable the treating agent to be effectively distributed
in the feedstream to be treated. Such temperatures may be determined by one
skilled in the art but can range from 20°C to 250°C. Pressures are suitably
atmospheric pressure to 10,000 kPa but for economic reasons it can be more
economical for the process to be carried at autogenous pressure. The treating
agent is added in an amount sufficient to decrease and preferably recover all of
the non-basic heterocyclic nitrogen-containing compounds from the stream to be
treated. Since such streams vary in non-basic heterocyclic-nitrogen content the

amount of treating agent may be adjusted accordingly.
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_range and containing non-basic heterocyclic nitrogen species nmay b? %Zﬁg?ﬁ'ﬂ‘!

by the process disclosed herein, including kerosene, diesel, ligh
at nospheric gas oil, vacuumagas oil, light catalytic cracker oil and |ight
. catalytic cycle oil. In another preferred enbodi ment an effective anmount of

acid, typically I to 10 m|lliequivalents of mneral acids, such as

sul furic, hydrochloric, phosphoric anr@-phosphorous acid and m xtures

t hereof nay be added to enhance the process. Organic acids such as acetic
acid are not as effective as mneral acids in this case. This enbodi nent of
t he i nvention nmakes possible the renoval of both non-basic heterocyclic

nitrogen species such as carbazol es but al.so Sh. ' . as anilines
and qui nol i nes bd@ﬂngm NACEOYRIFeAm ?‘6&';9? ﬁ&;@§°‘°§§‘ﬁ§ﬁ‘§ﬁ‘ﬁ§5§’qﬁl‘o| yners. The
rati o of basic t - Pasi ¢ het.en bef; ' e%‘iésel%ﬁ HRNfdataI B! y across
t he ranger@gepaé}cf%%ﬁiﬂ?@%ﬁsﬁlgkg@fﬁé%%lﬁeqﬁ@g g'zs t mg ¥ be desigfabl eto
first eXt R JPoBEs hérelit RGN etoserrsdivselnlipht gaweildi fied  sol vent
and then i'n rog:ggsong extraction wth acidified sol vgn'_t to isolate the basic
ni trogen gaiRedphericQzas@il, vatungngapailalighncatilytioeranker oilsmd lighttcatalytieict ant
phase fromthe hydrocarbon stream the heterocyclic nitrogen species can be
recover edcipsle atkans known to those in the art for exanple by addition of an

effective anmount of water to the extract, which causes the heterocyclic
nitrogen nol ecules to phase separate. This highly concentrated

ni trogen-rich phage | o 1 ; ' iqmeans as
requi red before gﬁ\ ﬂ@@ﬂﬁf‘&%@ﬁ?ﬁ%ﬂfﬁgﬁ% etr#ga p?)llt 9Prgér:lfi’zat ion. 15
OCT 2004 13,51 b1 milReqEvaRhR 6fdainetaldcidy, sucteadiaulfiirie, ydeostdoriag or
. phosphoric and phosphorous acid and mixtures thereof may be added to enhance

the process. Organic acids such as acetic acid are not as effective as mineral
acids in this case. This embodiment of the invention makes possible the removal
of both non-basic heterocyclic nitrogen species such as carbazoles but also basic
species such as anilines and quinolines both of which are useful to produce
conducting polymers. The ratio of basic to non-basic heterocyclic species varies
considerably across the range of petroleum streams and in some cases it might
be desirable to first extract the non-basic heterocyclic species with unacidified

solvent and then in a second extraction with acidified solvent to isolate the basic

nitrogen species.

Following separation of the precursor rich extractant phase from the
hydrocarbon stream, the heterocyclic nitrogen species can be recovered by
means known to those in the art for example by addition of an effective amount
of water to the extract, which causes the heterocyclic nitrogen molecules to
phase separate. This highly concentrated nitrogen-rich phase can be further
purified by conventional means as required before being subjected to electro-

chemical polymerization.



.concentrating nitrogen conpounds from certain hydrocarbon streans irrrerbl
Wi thout regard to their acidity or alkalinity. The process thus alﬁgiéﬂgggmm
the recovery of these conmpounds useful in the synthesis of conducting
,polyners, and provides a feedstreamenriched in these conponents. Al so,
beneficially, the treated petroleumfeedstreamw || have a decreased
nitrogen content as a result. The inve-ion may be denonstrated wth
reference to the follow ng exanples. Exanple 1: N trogen Renoval Fifty
grans of a virgin_diesel and fifty grans ?f a sol yent werge shaken

vigorously in a 2Ebupithe precess prayvideshump %meémcl ITEEQVERINERIC. The two

phases were allowed t.0o separate. Thg nitroge e ase was
det er mi neﬁoamw%gsﬁ?m@%;%ﬁ%?%%@%% %@Eknﬁl%&%ﬁg}ysi s
using a nit. 2 Ll G t ra]]éﬁﬂl;i IFhels ' ni trogen
rermoval r&ﬂ%@%@#ﬁﬁ%g&&}'gﬁﬁgﬁr@nge 0 ﬁgomeeﬁ?gessﬁg%?g&f??ﬁﬁogen Cont ent
Renai ni ng pj df Bdsk @uhipdunas wsetul xtheaghihesissilconduedny polynssrs,Di esel
feed87 Et ﬁi:/ e“rég'gl ycol 26 Tri et hyl enegl ycol 34 PEG 30023 PEﬁ\Gg %025 PEG 60018
Met hoxy PafidProvided/atfoedsyrepficerriched 10 SheSETopqmnens. Also, beneficially, the

treated petroleum feedstream will have a decreased nitrogen content as a result.

The invention may be demonstrated with reference to the following

examples.

Example 1: Nitrogen Removal

Fifty grams of a virgin diesel and fifty grams of a solvent were shaken
vigorously in a 250 ml separatory funnel for one minute at 25°C. The two
phases were allowed to separate. The nitrogen content of the top phase was
determined according to ASTM D-4629, using gas chromatographic analysis
using a nitrogen-specific detector (Antek). Table 1 contains the nitrogen

removal results obtained for a range of solvents.

. Table 1: Nitrogen Content Remaining in Feed Following Solvent Extraction
Solvent ppm Nitrogen
Diesel feed 87
Ethyleneglycol 26
Triethyleneglycol 34
PEG 300 23
PEG 400 25
PEG 600 18
Methoxy PEG 350 20

Methoxy PEG 550 21



.Di met hoxy PEG 25022 Di nmet hoxy PEG 50022 2- Met hoxyet hanol 28 2- Et hox et hanol 19
"Exanple 2: Multiple Extraction to |ncrease Recovery of N|trogen Spéd§ &1 2004
Extractions were perfornmed as described in Exanple 1, using 5 gram of feed
,and 5 gramof solvent. The diesel feed for these experinents had an initial
mtrogen content of 103 ppm Foll ow ng phase separation, the feed was
extracted again with fresh solvent. Nit9egen levels in the feed were
determ ned after each extraction as in Exanple 1. Table 2 shows the results
of repeated extractions with two solvents, polyethyl eneglycol 400 (PEG 400)
and met hoxy pol yet hyl pigethok IPE”’@ OMPEG 350). Tahbe 2: Nitrogen Content
Remai ni ng in Feed Fol | om ng Repeat e Ext ractions Extractionppm N trogen _
Nunber PEG 400MPEG 3BimethiakyPEGS000 0 21814 3108247 Exanpl e 3: Enhanced
Renoval of Nitrogen by % aI Aci dlhAddItIOI’l Extra(‘2§| ons as described in
Exanpl e 2 were repeat ettM§ xMF‘hﬁ“‘P addi tion of “@pproxi mately 0.5 w % of

sulfuric acid to pol yeh Ii?ﬂ'n "PEG') 400 aq?

met hoxypol yet hyl enegl yco W 550 Repeat ed exfrac- tions with fresh

acidified sol vent. were conducted and_the nitrogen level in the 1 5 CST 2604
Example 2: Multiple Extraction to Increase Recovery of Nitrogen Species

Extractions were performed as described in Example 1, using 5 gram
of feed and 5 gram of solvent. The diesel feed for these experiments had an
initial nitrogen content of 103 ppm. Following phase separation, the feed was

. extracted again with fresh solvent. Nitrogen levels in the feed were determined
after each extraction as in Example 1. Table 2 shows the results of repeated
extractions with two solvents, polyethyleneglycol 400 (PEG 400) and methoxy
polyethyleneglycol 350 (MPEG 350).

Table 2: Nitrogen Content Remaining in Feed Following Repeated Extractions

Extraction ppm Nitrogen
Number PEG 400 MPEG 350
0 103 103
. 1 20 20
2 18 14
3 10
4 -

Example 3: Enhanced Removal of Nitrogen by Mineral Acid Addition

Extractions as described in Example 2 were repeated, but with the
addition of approximately 0.5 wt% of sulfuric acid to polyethyleneglycol
(“PEG™) 400 and methoxypolyethyleneglycol (“MPEG”) 550. Repeated extrac-

tions with fresh acidified solvent were conducted and the nitrogen level in the



_feed was determ ned after each extraction as in Exanple 1. Table 3, ,co ,qnzgn
the results. Table 3: N trogen Content Renaining in Feed Fol | ow ngh&&i&at §
Extractions wth Acidified Solvents -10 Extraction m N trogen Nunber
JAcidified PEG 400 Acidified MPEG 550 is 0 0 1 2 3 4 Conparative Exanpl e:

Addi tion of Acetic Acid to PEG 400 The procedure used in Exanple 1 above was
repeat ed, except that 5 wt % of acetic -d€fi-d was added to the PEG 400, prior
to mxing with the diesel. After extraction with the PEG 400/ acetic acid
sol vent m xture, the feed nitrogen |evel (determ ned i Exanple 1)
dropped f rieed svasdasermiped afigp gac muommﬁxamlerhtf%é@ﬁ oSN han had
been achi eved with PEG 400 al one (25 wppn). Acetic acid is not as effective
an addi ti vi€S®4S-t he mi neral acids. Exanple 4: Recovery of Non-basic Nitrogen
Heterocyclic Stream103 103 75 5 1.5 3 0.7 -- 0.7 Two liters of virgin
di esel were extracted with 500 ms of PEG 400 at

Table 3: Nitrogen Content Remaining in Feed Following Repeated Extractions

with Acidified Solvents
Extraction ppm Nitrogen
Number Acidified PEG 400 Acidified MPEG 550

0 103 103

1 5
. 2 1.5

3 0.7

4 - 0.7

Comparative Example: Addition of Acetic Acid to PEG 400

The procedure used in Example 1 above was repeated, except that
5 wi% of acetic acid was added to the PEG 400, prior to mixing with the diesel.
After extraction with the PEG 400/acetic acid solvent mixture, the feed nitrogen
level (determined as in Example 1) dropped from 87 wppm to 35 wppm. This
. was a lower nitrogen removal than had been achieved with PEG 400 alone

(25 wppm). Acetic acid is not as effective an additive as the mineral acids.
Example 4: Recovery of Non-basic Nitrogen Heterocyclic Stream

Two liters of virgin diesel were extracted with 500 mls of PEG 400 at
room temperature. The PEG 400 was separated from the extracted diesel by use
of a glass separatory funnel. An equal volume of water was then added to the
PEG 400 extract and it was mixed gently and heated to 95°C. An oily material
separated from the extract. This material was isolated. Elemental analysis by ‘



L

room tenperature. The PEG 400 was separated fromthe extracted diesel by use
of a glass separatory funnel. An equal volunme of water was then adgggcgq QFﬁ
PEG 400 extract and it was m xed gently and heated to 95C. An oily teria
separated fromthe extract. This material was isolated. Elenental analysis
by 1 5 OCT 2 004 -11 conbustion showed the nitrogen content to be 0.15
W% This represents a factor of seveddeen increase in the concentration of
nitrogen in the extracted material relative to the initial feed. Exanple 5:

I dentification of O.gan-N,trogen Species Re d.Ih rocedur sed in
Exanpl e 1%‘3"{%‘!‘?&&%&?‘{}:’955‘1 @)rg?ntéo W@Efﬁ"%i@&“ Hﬁ?gelﬁé d and
product diegesel . | ; S | j si s,

Gt i 1 31 ng Aot of SeEsebLinkyPlsB3h e (ohoRalin BrRiciipepiR Tt ExRacd

di fferent rﬁb%ﬁ%ﬁel 'vé’fj;QEiEQnﬂiaﬂ'fé&P” species found in the sanples. The
initial feed was found to contain 93 ppm of carbazoles, 6 ppm of indoles
and 1 ppmof aniline. Follow ng extraction, the product diesel was found to
contain 37 ppmof carbazoles, 0 ppmof indoles and 1 ppmof aniline. As can
be seen frExamplesS: ddentjficaEonsef QrganodVifragenipesies kemoYedasi c nit r ogen

species (indoles and carbazoles) in preference to the basic nitrogen
species, such as anilines. -12 What is clainmed is: 15 OCT 2004 1. A nethod

o o 19, cor e R VB P ERRHEROL S ppeeA i me e 1Y o
having a bgidihnfedt®’ Thetbed AdproRict 4SO Werlethdth 8ibjetRAQb)gasichioranto-
graphic analysis, utilizing a nitrogen-specific detector (Antek) to differentiate the
. different classes of organo-nitrogen species found in the samples. The initial
feed was found to contain 93 ppm of carbazoles, 6 ppm of indoles and 1 ppm of
aniline. Following extraction, the product diesel was found to contain 37 ppm of
carbazoles, O ppm of indoles and 1 ppm of aniline. As can be seen from this
data, PEG selectively removes the non-basic nitrogen species (indoles and

carbazoles) in preference to the basic nitrogen species, such as anilines.



effective anount of a treating agent selected fromthe group consisting_of

al kyl ene and pol yal kyl ene gl ycol's having a nunber average nol ecul b ﬂgigﬂmﬁ

of less than 1000, al kylene and polydpkylene gl ycol ethers having a nunber

average nol ecul ar weight of |less than 1200 and m xtures thereof, at

conditiong effective .to maintain reactants in a |liquid phase to produce a
J%@%

first hyd rFHof & r'¥am enriched in non-basic heterocyclic nitrogen

cont ai ni ng hydrocarbon conpounds and a second treated hydrocarbon stream
havi ng a decreased non-basic heterocyclic nitrogen content. 2. The nethod of
claim1 fdrtheA coethod sfongisatiding gcemluefing cpdlyreerarpoenursons and womsistilg acid to

the treating agent. 3. The nmethqd .of, cl ai m.I wherein the hydrocarbon stream

o sel oot EFRRTIN ok SPHECHE & RoBRaRc helsiy s aitireen CaAICiBRdMABORHONy, |
T o v . iy o oil

vacuum gat§ﬁgaéﬁ Ohfakricrl%aa}i %%pirguy&hpof Gt 8teoidscardd setc cRIsept iWih GYC! € Oi

4. The ne ther conprising contacting the second, treated
with an affectivet aroount efitasiredting agent selacted idmathe peunt casistog ed allndenet he gr oup

i sti f kyl d | yal kyl I I | Kyl
ol vai kyl SE pgUenc, Buras hvimbe SUmBtiperace, BRIGEROTSE O GBI of | ess
than 1000 ;gagl Jlﬁﬁé?é gﬁd‘npéléfrggc?rleggf‘gﬁdﬁ?@temé% HaviR®'d Alntleda%era E%ag@ula}nd an

ef fective anount”™ o 0 produce a streamenriched in
het er ocyc mieightidfrleggethas di206i anid myixtyrels teacdfpat caitpms neffectinel ta maimtained st r eam

havi ng a decreased heterocyclic nitrpge ontent. 5. The thod of.claim1l
wher o n t FACAPBAD IRGRASE foprodie BT RydRrstdysteshin engichedin nonfpsic

pol yet hyl ﬁ%a&g%‘l‘?@'ni, rg&%ﬁmﬁ{ 1hg&1%|c¥r%¥)ﬂyécﬁl%uﬂhé’%|d gt febsd apdtedi et hers.
6. The net ho claim2 or 5 er

In the effective anount of mneral acid
is from hyd@canbgn stream having a decreased non-basic heterocyclic nitrogen content.

2. The method of claim 1 further comprising adding an effective amount of a

mineral acid to the treating agent.

3. The method of claim | wherein the hydrocarbon stream is selected from
kerosene, diesel, light gas oil, atmospheric gas oil, vacuum gas oil, light catalytic

cracker oil and light catalytic cycle oil.

4. The method of claim 1 further comprising contacting the second, treated with
an a solution containing a mixture of an agent selected from the group consisting of
alkylene and polyalkylene glycols and alkylene and polyalkylene glycol ethers having
a number average molecular weight of less than 1000 and less than 1200,
respectively, and mixtures thereof and an effective amount of a mineral acid to
produce a stream enriched in heterocyclic nitrogen containing hydrocarbon

compounds and a treated stream having a decreased heterocyclic nitrogen content.

5. The method of claim 1 wherein the treating agent is selected from ethylene

glycol, and polyethylene glycol glycol ethers, polyethylene glycol ethers and diethers.

6. The method of claim 2 or 5 wherein the effective amount of mineral acid is

from 1-10 meg.



