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pol ar t@*gﬂoro%irggepisfgngQQed with the nonaqueous polar solvent
‘whereby the BNC exchange with the complexed ‘nonagueous polar solvent
and themselves become complexed with the metal halide or tetra-
fluoroborate, and separating a feedstock of reduced BNC content from
the cawplex of the nonaqueous polar solvent with either the metal
halide or metal tetrafluoroborate with which the BNC removed from the
feedstock are now camplexed by their exchange with the polar solvent.
The preferred halide is bromide, and the preferred polar solvent is
methanol. The oil may then be decanted to separate it from the metal
" halide- or fluoroborate-BNC complexes. The separated oil (e.g. the

decantate) may be washed with a polar solvent, which preferably

includes water, and then preferably dried. The basic nitrogen

campourd-metal halide or metal tetrafluoroborate camplex dissolves in
~ the polar solvent, and that which is in the oil is removed by the
. polar solvent wash. The preferred polar solvent for the wash step is

*Periodic Table according to "The Handbock of Chemistry and Physics",
published by the Chemical Rubber Publishing Company, Cleveland,
~ Ohio, UsA.



~includes wat.er, and then preferably dried. The basic nitrogen .
- conpound- net al hali.de or metal tetrafl uoroborate conplex dissolves i Ds
pol ar solvént, and that which is in the oil is renoved by the pol ar
wash. The preferred polar solvent for the wash step is *Periodic Talb
Aaccording to "The Handbook of Chem stry and Physics", published by the
Chem cal Rubber Publishing Conpany, Clevelf,and Chi o, USA -2- water. By
“the_practice of this nethod, the basic nifrogen conpound content of the oil
is. reduced bywager | @ysthe practrice eh hdsometihedhp dihenrbas ic neitriodenl icdmpoundr

metal tetraf Idb%é}gpbgt&éwggfq_léegé&cgal aB0laagRt ggPl ex can be used as

such, or it can be inpregnated onto agj‘p ort, materlal such as silica,
al unina, silica-alum pahydsous, nRERRIYRerds, Hental, hpkide- co@r, metal

vermI culite, t%ﬂ:@'aflaﬂﬁbb&@iea%ﬁﬁa@m\is?@oh!aﬁ Id &Wédtoﬁﬁilﬂpwgﬂe used as
conpl exati on nposi.tions ese te mat er i can, be
regener at ed aﬁ“fﬁf é ﬁgpfgﬁﬁ {-f‘ sia) s PR silica,
essentially aﬂ]Jundhat Imihqaa-mlhmxaa; (ﬁatﬁ_iaslrtéy k%“lanr,eambonn zeahites, coal,
described in h ol | ' gl ' j | .
component sel'SiPigFits Bebcy Al e R boodstedl blREE Shetslideh, ot
- non-nobl e (i mmpgewﬁonmmmgosit@mp These @uppertedzl metectalls ugpn be
mercury; X | Sre@eRdYate® aftbbaise! Bffvashing with polar solvents. They recover
essentially all of their complexation ability.
The reaction can be described in terms of the following

formula: _ _ _
| M0 + BNC———>MX;(BNC) + 20 (1)

wherein M is the metal component selected from Group IVb, Group Vb,
Group VIb, Group VIIb, the non-noble (iron group) metals of Group
VIII, copper, zmc, cadmium, mercury; X 1s a hal:.de, other than _ '
chloride, or is the anhydrous nonpolymer:.c tetrafluoroborate; n is
the mnbe_r of X atams satisfying the v_alence requ:.rements of the metal
.at the oxidation state employed; Q is the complexed nonaqueous polar
solvent; 2z is the number of nonaqueous polar solvent molecules and
BNC is basic nitrogen conpounds. '

The metal M is preferably selected from the group cons:.st:.ng )
of nickel, chromium, vanadlum, zinc, copper, manganese, iron, cobalt, _'
titanium, molybdenum, cadmium, and mercury. The preferred halide is
bramide. The most preferred metal bromides are chromium tribromide,
nickel d1brom1de, vanad:l.um dJ.brom:Lde, zinc dlbronude, and the copper, .
manganese, iron and cobalt bromides. _'l‘hese metal bromides are
preferably complexed w1th a nonaqueous polar solvent selected from the
group cons:.st:.ng of methanol, ethanol, acetone, aceton:.tr:.le, ‘most
preferably methanol.

Any oil whlch can ‘be beneflted by the removal of basic
nltrogen compounds can be ‘treated by the method of the 1nstant

invention. Natural and synthetic _hydrocarbon feedstocks, such as.
those derived frcm coal, tar'sands or oil shale, etc., can thus be
processed. Typical of feedstocks which are processed are the petroleum
oils destlned ' '



chloride, or is the anhydrous nonpolyneric tetrafluoroborate; n is, the
_ nunber ‘of X atoms satisfying the valence requirenents of the metal at the
oxi datfe ' state enployed; Qis the conpl exed nonaqueous pol ar solvent; z is
D
ds

the n ¢r of nonaqueous pol ar sol vent nol ecules and BNC i s basic_ni;rogen
conpouhds. The netal Mis preferabky3sel ected fromthe group consisting of

ni ckel , chrom um vanadium zinc, copper, manganese, iron, cobalt,
titanium nol ybdenum cadm um and nercury. The preferred halide is

broni de._The nost preferred netal bromides are chromi umtribronide, nickel .
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other than BNC, also contribute to the oxidative 1nstab1-
10 1lity of the oils and these too can be removed by use of
11 the metal. solution complexes wherein the polar compounds
12 complex to the metal halides or metal tetrafluoroborates.
i3 . There is no limit on the amount of ba51c nitro-
14 'gen compounds which can be efflclently removed by the in-
15 stant process.; Any guantity can be removed provided an
16 effective concentration of metal halide or metal tetra-
17 fluoroborate material is employed. Determlnatlon of what
18 constitutes an effectlve concentratlon of mater1al is
19 readlly achieved by reference to Formnla I above once the
20 metal and its oxidation state are substituted into the for-
21 mula. Dependlng upon the metal selected and its oxidation
22 state as used, from 2 to 6 bas;c nitrogen compound mole-
23 culés can be removed by complexation to one metal halide
24 or metal tetrafluoroborate molecule.‘ Preferably, a stoi-
25 chiometric amount of metal halide or metal tetrafluorobo-
26 rate (as determlned by the metal oxldatlon state) is em-
27 ployed.
28 l " As prev;ously stated, the metal halide or metal
29 tetrafluoroborate is employed in this process in ‘the form
- 30 of a complex with a nonaqueous polar solvent. The con-
31 centration of metal halide or metal tetrafluoroborate,
32 which may be effectlvely employed in the chosen solvent
33 ' depends upon the choice of metal and is limited solely by
34 the SOlubllltY of the metal halide or metal tetrafluoro-
35 borate in the solvent. Typically, thls ranges anywhere
36 from about 0.l gram material or less per milliliter sol-
37 vent to 1.0 gram material or more per milliliter_solvent;

(1"



4 need not be pretreated prior to this BNC removal process, 5 since the
process functlons effecfively inthe presence of 6 a broad spectrun1of
contanminants, including, for exanple, - 7 and not by way of linta
N- et hyl pyrrolidone acids, 8 ionic species, phenols, sulfates,

ol ar conpounds, 9 other than BNC, al so coQtrlbute to the OX|dat|
instabi- 10 lity of the oils and these too can be renoved by use of 11
the netal solution conpl exes wherein the polar conmpounds 12 conplex to the
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its oxidatio state as use from.?2 6 basic nitrogen corpound nol e-
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| 12 cal stirring and bubbling gases, preferably inert gases '
13 such as N, through the oil-metal solution complex combina- |
14 .tion. - o _ _ _ ' '
15 . . . . These oil-metal solution complex combinations
16 areisubjected to mild heating on the order of a temperature'
17 between about 25 to 120°C, preferably 50 to 100°C, most
18 preferably 50-80°C. This heating is employed so as to
19 facilitate the exchange of the BNC for the polar solvent ln
20 the metal hallde or metal tetrafluoroborate as shown 1n
21 Formula I. : ' :
22 ~ The o;l and metal solutzon complex are mlxed and
23 _heated for a time sufficient to insure substantlally com-
24 plete exchange of the "BNC and the polar solvent mo;ety.
- 25 ‘The oil is then decanted. The decantate is washed with
e 26 polar solvent or water to remove any metal halide or metal
27 ,tetrafluoroborate-BNC complex rema;nlng in the oil. These
28 complexes are soluble in the polar solvent or- water. The
29 wash solvent may be employed at any convenient temperature, '
30 preferably between 0-20°c. The volume of wash solvent 1s '
31 also, any convenlent volume, typlcally 1-5 volumes was
,32: solvent per volume decantate. ' '

n

33 o The 011 is dr1ed under any convenlent condltlon._
34 The 011 1s found to have had its basic nltroaen compound
35 content reduced by at least 90% by the practlce of the ln-
36 stant process. '

37 ' It must’ be noted that when the metal hallde or .



.31 centration of netal halide or netal tetrafluoroborate, 32 mhlch may be
effectlvefy enpl oyed in the chosen sol vent 33 ° depends upon.the choi ce- of
and .is limted solely by 34 the solubility of the netal halide or.
atrafl uoro- 35 borate in_the solvent. Typically, -this ranges
H 36 fromabout 0.1 gramndaterial or less per mlliliter sol- 37

1.0 gran1naterial or nore per mlliliter solvent. el Higher N
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of other polar solvents is to be avoided s1nce water is -
11 _exchanged only with extreme difficulty and only at tempera— '
12 tures high enough to adversely effect the quality of the
13 Oll and/or decompose the metal halide (see Table 7).
14 ' The anhydrous, nonpolymeric metal halides used
15 in the instant invention are prepared by the electro-
16 ohemical ‘technique explalned in detail in "Electrochemlcal
17 Preparatlon of Anhydrous Halides of Transition Metals
18 (Mn-Zn)“, by J. J. Habeeb, L. Neilson and D. G Tuck, :
19 Inorganlc Chemlstry 17(2), 306 (1978). _ =
20 _ Essentially, the anhydrous, nonpolymeric metal
21 halldes are prepared by preparlng a solution of nonaqueous.
22 polar solvent and halogen, 1mmerslng a cathode of a material N
23 such as platlnum, and an anode made of the desired metal in
24 the solutlon and applying a current.'_The reaction is typi-
25 cally carried out under an inert atmosphere such as nitro-
26 .gen. ‘After the reaction is stopped, the excess halogen is

'. 27:'vented.- Metal hallde-polar solvent complexes are qulte S +
28 stable if stored under inert atmosPheres. . : | : | :
29 ' - The anhydrous, nonpolymerlo metal halide and - e

30 metal tetrafluoroborate-polar solvent complexes can be

31 enployed as such in the instant process,'or they can be

32 deposited on a sultable 1norgan1c refractory oxide or car-’
a3 _bonaceous support and used as a regenerable supported BNC

34 complexatlon materlal. Typical support materlals include
35_'5111ca, alumlna, natural and synthetlc zeolltes. carbon, _
36 'faujaslte, callc1te, coal, etc.; preferably 5111ca, alumina,
37 and zeolites; most preferably silica and alumina. These



18 preferably {err] This. heating is enployed so as to 19 facilitate the
exchange of the BNC for the polar solvent in 20 the netal halide o%fgzbgl

tetrafluoroborate as shown in 21 Fornmula I. 22 The oi l ta
sglution conplex are mxed and 23 heatedéfer a tinme sufficient to ure
Substantially com 24 plete exchange of the BNC and the pol ar solvent
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nnlety 25 The oil is then decanted. The decantate is washed with 26
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9 inert atmosphere or under vacuum. he comblnatlon metal
10 loading is not critical but will have a typical metal
11 loading range of from 0.5 to 10% metal. Again, the higher
12 the concentration, the more BNC can be removed employing
13 a given volume of supported complex. ' -
14 When these supported materials are used, the oil
15 is_oontaoted with them as by pouring and the BNC are re-
16 moved by exchange with the nonagueous polar solvent com-
17 plexed with the metal halide or metal tetrafluoroborate.
18 ) After the theoretical maximum volume of oil has
19 been passed through the supported complex, oil passage is
20 terminated; and the support complex'regenefated by washing
21 with acetone or any polar solvent (except water) at tem-
22 peratures'between about 25 to 75°C, preferably about 50°C. _3'
23 Supported complexes-which are thus regenerated recover . |
24 essentially all of their ability to remove BNC.
25 ' The follow1n§ Examples are presented so as to
26 help describe the invention and are not presented by way
27 of limitation. '
28 EXAMPLES
29 Example 1 - Removal of compounds Contalnlng Ba51c Nltrogen'
300 - From Lube 0115 by Chromium Tribromide. .

31 - 150 g of a refined transformer oil containing

32 46 ppm'basic nitrogen was mixed with 8 g of methanol con-

33 talnlng approximately 300 mg of chromium tribromide. 'The

34 solution mixture was heated at 75°C for 15 minutes with

35 nitrogen gas bubbling (or stirring) at a rate of 50 cc/

36 minute to ensure complete mixing. The oil sample was then
37 decanted. The decantate was wushéd with cold water and




2d- as being any pol ar solvent except water. Poly- 5 neric
re\to be avoided since their exchangeable.6 sites, are very .,
limted aj[d @/ fficult to gain access to. 7 Further, polyneric netal halides
are relativély insoluble 8 in the.solvents enployed in the instant
“invention,.:Sim- 9 larly, the prdsence of water at the exchange site in :
pl ace 10 of ot her polar solvents is to be avoided since water is 11
exchanged only with extrene dlfflculty and only at tenpera- 12 tures high

enodghardeddbyr bepfiamr &t UOPSQuith @ aritmegers flgw @3 aRltonpose the| -
net 2l fdhude.(Sehelabhrdmilim bmplex had bebif edHPEHRE iR@le/Neric neta

halhfes used.15 in the instant invention ar.e prepared by the electro- 16
chefli cYRHEECHAYEEe expl ained in detail in "El ectrochenical 17 Preparation
of Anhydrous Hal Mites dafiel devanted Mdillatadlé bHadic/mitrdygen).coh- Habeeb, L
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hakigde: g_%lu gly_,e@hec%%a@%zo e quite 28 stable if stored under inert

atggfp eres. ydrous' nonpolynerlc nmetal halide and 30

gic Nitrogen
_ From Lube Oils by Nickel leromlde.

13 175 ¢ of oil was mixed with 10 ml of methanol

14 containing 300 mg of nlckel dibromide. The solution mix- N
15 ture was heated to 80°C for 15 minutes with stirring and

16 nitrogen gas bubbl;ng at a rate of 100 cc/minute.. The oil
17 sample was then decanted.' ‘The decantate was washed with

18 cold water and dried by heating to 120°C with nitrogen flow
19 of 300 cc/minute. - The nickel complex, a yellow solid, was
. 20 collected and washed for identification. ' The degree of

21l bpasic n;trogen compound removal is presented in Table 1.,

*4 i dent i
mat eri al sy
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22 . . . TABLE 1 _

23 0il _ - Basic Nitrogen in‘ppm

24 | T - Before After '

25 o S Treatment - - Treatment
26 - 60 Neutral _"' e 46 - 3.

27 600 Neutral o 811 - 9

28 Light Raw Distillate S 5 & PO 6 . .
29 Example 3 - Removal of Compounds COntainlng Basic Nitrogen

30 - - From Lube 011s by Methandlated Vanadium Dibro-

3 _ mxde.

32 - 175 g of oil was mlxed w1th 15 ml of methanol

33 containing 300 mg of vanadlum dibromide. The solution

34 mixture was heated to 80°C for 15.minutes_w;th,stlrrlng.and
35 nitrogen gas bubbling at a rate of 100 cc/minute._ The o0il
36 sample was then'decanted; The decantate was washed with .
37 cold water and dried by heatlng to 170°c w1th nltrogen flow
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31 enployed as ‘such in the instant process, or they can be 32 deposited on
a suitable inorganic refractory oxide or car- 33 bonaceous support and used
as a regenerabl e supported BNC 34 conplexation nmaterial. Typical sup
maferial s-include 35 silica, alumna, natural and synthetic zeoliteg.
carbon, 36 faujasite, callcite, coal, €€ [ preferably silica, alu
and zeolites; nost preferably silica and alumna. These -6- 1 :
supported conpl exes are prepared by mxing the chosen 2 support with a '
vo:. uf?ﬁ't of ﬁelt 8E hobi té_e/ﬂritnﬁet Zhet 645&1%&'1%?{ eomiatlé?tr,ataeg%citem ARSUS b&egar

sol vent conpl ex, .heating e.coqm , i nation at_ frqm o.[err] ynder an
inert atno phéP%}gs VB 5%ed i yaker; toPhialy F@FF]bLfﬁg]ﬁé§FPﬁg and
6 dryi ng sBepgenacoheaidndagpkomipednds Ffoxi fgrthetreinveastdgationsakefheot to
drive -of f hhedgggB%eéfPﬂkiﬁcsB&%EB@aKDE%h ﬁusa'Q%movgﬁeigrgﬁgs%%$gh“§h'0”
I's cooled, prerérably in an 9 Tnér atnDsB ere Or undéer “vacuum e

conbi nati oft nBable18. | oading is not critical but will have a typical netal
11 | oadi nggrange of fromO0.5 to 10% maRgk 2A0ai n, the higher 12 the

cancentrat {on;, the nore BNC can .be r&moved enployi.ng 13 a given vol une of
supported donpl ex. 14— O When—t-hese suEE&&EbEiﬁﬁEﬂgﬂa&Q-gfgLused,
the oil 158is contacted with them as by pouri ngefoget he BNCAfterre- 16

meved by eychange with the nonaqueous pol ar SOH%%QE&E%@' Treatment
10 60 Neutral | 46 3
11 600 Neutral : 81 : 7.
12 ~ Light Raw Distillate 111 - 1
13 The basic process essentially is the injection of

14 vanadium bromide - methanol solution into oil followed by
15 decantation of the oil and then water washing to remove the
16 vanadium bromide complexes of basic nitrogen compounds.

17 The process could also be applied-tq upgrade heavy crudes.
18 Example 4 - Removal of Compounds Containing Basic Nitrogen

15 From Lube 0Oils by Zinc Dibromide and Copper
20 Bromides. . |
21 ‘Zinc dibromide in methanol and copper bromides

22 (a mixture of Cu(I) and Cu(II) bromides) in methanol are
23 powerful agents for the removal of these basic nitrogen
24 compounds from a wide “variety of lube oils--namely, 60
25 peutrals, 600 neutrals and raw distillates--by forming

f . 26 - water soluble complexes of zinc bromide and copper bromides.

27 ' In a typical experiment, 175 g of oil was mixed
28 with 5~fold excess of metal bromides in methanol to basic
29 nitrogen compounds. The solution mixture was heated to

30 80°C for 10 minutes with stirring and nitrogen gas bubbling
31 at a rate of 200 cc/minute. The o0il sample was then decan-
32 ted. The decantate was washed with warm water (60°C) and
33 .driéd_by heating to 120°C with nitrogen flow of 700 cc/

34 mihute._ The metal complexes, either as thick dark brown
35 oil stuck to the walls of the reaction vessel or as brown
36 solid. 1In both cases, metal complexes were collected for
37 jdentification. The degree of basic nitrogen compound

38 removal is presented in Table 3.




17 plexed with the netal halide or netal tetrafluoroborate. 18
After the theoretical WHXIHUWIVO|UHE of oi

has 19  been’ passed -t hr ough’ t he
supported conpl ex, oil passage® § 20 terninated; and the support conplex
regenefialyd by washing 21 with acetone or any polar sol vent (except water)
at te 2" peratures between about 25 to [err],

preferably about 50C. 2§
Supported conpl exes which are thus regenerated recover

24 essentially ak
of their ability to remove BNC. 25

The foll ow ng Exanpl es ar

@ N
presented so as. to 26 hel p describe the invention and are. not presented;by

way 27 of limtation. 28 EXAMPLES 29 Exanple 1 -
Cont ai ni ng Basic Nitrogen 30 '
Tri brom de. 31

46 ppm basi c nitrogen
approxi mately 300
heated at [err] fo
at a rate of 50 cc

Renoval of Conpounds
From Lube -QI's by Chromium |
150 g of a refined transfornmer oil containing’ 32
m xed with 8 g of methanol con- 33 taining
hromumtribrom de. The 34 solution m xture was
1&?5 nutes with 35 nitrogen gas bubbling (or stirring)
idjnute to ensure conplete mxing. The oi

>

sanpl e was
then 37 decanted. = T&E edﬁnt%&eaqhas washed with cold water and '
@i

-7- 1
dried by heating tD]1

with a nitrogen flow of 250 cc/ 2 mnute. The
chrom um conpl ex h p extracted into the
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3 water .Iayer."4 . ) . The dried decanted oil had a basic nitrogen
con- 5 tent of less than 4 ppm} a reduction of nore than 90% 6 The benefit
of renoving these basic nitrogen conponents 7 with CrBr3 is shown by :
fagt that the Rotary Bonb Life 8 (ASTM.Dgd12) with 0.06 wt. % :*1

2,6-ditertiarybutyl-para-cresol 9 increased from179 mnutes for the .t
untreated oil to 282 10 - mnutes for the treated oil. 11 Exanple 2 -

;g_elmo.‘ét ﬁlflcgolrmougds Corth ° aixgéﬂaff:asdaf f&ﬁlad;@ﬂﬁ@ lfiis_ic nitrogendcds‘rp;tam &ubreﬂ

s by NTTke rom.de, : [ S Wi

S rethand  BERROITHER 3R ot o shevh B g Broh HatE Sohe SerAY ot 1
ture was hpatkife o(RSIMD21LB) nwirth e8. 06 twt 5% i 2 6 rditexitisrybetylepayars )

bubbling at g.f&i&t o{%éegdgag§%n'§§g%e+7g ThenQids q%??glgpljgnﬁgg?‘l&%gnaﬁlecant ed.

The decanthte Was was ed w col' d” water and [ to [err]
with nitrgermestpl oibitao62pipntes. forhthe| treatednpil@and yithow

sol i d, was; 20p £9le0 e3l, @i vesbesryORt yIepatd -6P6561 . indheadesr eeoml 21
basic nit roge‘P9 corg)ound enmoval i stgéesegt

.in table 1. - _
TABLE 1 23 [RCS o7 the unePeatel Laohy K W?F%ﬁ%ﬁt?ﬁ PRt 23
Bef ore g nmidutess 2for the treated oil. Tr eat nent -

Treat nent 26 ' %&eﬂééﬁé process 'fo§ ZRBI, dfa cog?aﬁj[hﬁ%@vjﬁz

600 Neutr
Distillatgp treating is envissged texbepiniectienowdl the mekpbubremide-
Contai ni ng, Bagdehdhdl Os6Tution into the oil followed by water washing

12 to remove metal bromide basic nitrogen complexes. '

13 Example 5 - Removal of Compounds Containing Basic Nitrogen

14 From Lube 0Oils by Manganese, Iron, and Cobalt
15 ' o Bromides. : :
16 In a typical experiment, 200 g of oil was mixed

17 with a 5-fold excess of a metal bromide in methanol rela-
lg- tive to basic nitrogen compound content. ‘The mixture was
19 heated to 80°C for 10 minutes with stirring and nitrogen
20 9gas bubbling at a rate of 200 cc/minute. The oil was then |
21 decanted. The decantate was washed with warm water (60°C)
22 and dried by heating to 120°C with nitrogen flow of 700

23 cc/minute. ~ The metal complexes, thick, dark brown (green
24 in the case of cobalt -bromide) oils stuck to the walls of
25 < the reaction vessel, were collected for identification.
26 The degree of basic nitrogen compound removal is presented
27 in Table 4.




From Lube O |s by Met hanol at ed Vanadi um Di- bro- 31
175 g of oi

' ing”300 ng of vanadi um di brom de.

The sol ution 34 m xture vas
80 [err] for

The oil 36 sanple was then decanted. The |

nitrogen flow -8- 1 of 400 cc/mn.
brown 2 solid
~ cont ai ni ng
nitrogen. co

was treated with water to obtain pure basic nitro- 3 gen

ounds for further investigations. The 4 degree of basic -
odnd renoval is presented in 5 Table 2. 6

.
TABLE 2 7. S - al - .. Basic Nitrogen in ppm8 -
. ﬂ . I
Bef or e o if trer o Tr eat ment - ,
. Tr eat nment o O GOPEMrm 46 3 11 .
600 NeutraBif a 81 _ 7 12 . Light Raw
Distillate 111 113 The basic process .
-essentiallylis the injection of 14 vanadi um bronide - nethanol solutiorn
into oil fad \M=d by 15 decantation of the oil and then water washing to
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The vanadi um conpl ex, a thick daxk_\
) \é

was mxed with 15 m of nethanol 33 i

15 m nute3lwth stirring and 35 nitrogen gas bubbling
e of 100 cc/mnute..
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16 vanadi um broni de conpl exes of basic nitrogen conpounds. 17 The process
coul d" al so be applied to upgrade heavy crudes. 18 Exanple 4 - Renoval of
Conpoeunds Containing Basic Nitrogen 19 From Lube QO |l s_by Zinc
Di.brom de and Copper 20 : Brom des. 21 Zi N brom de
YN net hanol and copper bronides 22 (a.myxture of Cu(l) and Cu({l) .
brom des) in nethanol are 23 powerful agéents for the renpval of \{b&se basic
ni trogen 24 conpounds froma w de variety of [ube oils--nanmely, 60 25

neutrdl s, ) 608 i 6 36 S- gggtﬁgwoﬁhéaal g@&ﬁéét%nf flefhi9rebrueiabraol ubl e
conplexes of Hm—a—t ypi cal
experinmen2, 175 g of 0|I pARatapxageoaasy g _pQREGRIBESmet al brom des
in gthSEQL to basic Zanatfgﬁ&?aioéﬁﬁéﬂﬂﬁenfhezao|thﬂngﬂlﬁiﬂrﬁlﬂea heat ed
o] or stirri as, bubblin a
rate of 280 8%%h1ﬁhgéigTﬁ§CSFF ggnﬁFgg&ageFﬁﬁﬁiﬂgﬁgh rste, if me E BRtant at e
was. washes mrehaﬂﬁve1ualhas@¢enitrogaﬂ 86mpdnndd.byTheasohgtion| mix} with
nitrogen flo nghe tak I ! a hi ck
dark gromﬁ 0|I ? ééF tgb IFs ? ?Eeﬁ?gggggoﬁéggsggk&gﬁﬁgsagéomn 36
solid. IR b%%hreﬁs%sgaﬁebﬁbbéénﬁlé%eé vete ef| R8Pt ea/mépute. The oil

identificgli gimpY@cyalgda8EafteldBng £hehOEENtELERQUNENESMELIRYBbmbLexes,
pxesented in T | e, 3, [er an
a lck, dark bro oil, were stuck to the walls of the
10 reaction vessel. The degree to basic nitrogen compound

11 removal is presented in Table 5.




- 10 - 1 The benefit of renoving basic nitro?en conpo- 2 nents

with ZnBr2 is shown by the fact that the Rotary Bonb Life (-ASTM D2112)" wi th
0.06 Wm. %R 6-di-tertiarybutyl-para- 4 cresol increased from 179 mnutes for
the untrgat®d 605 neutral oil "'to 263 mnutes for the treated oil and with
6 0.3 W ?]6-di-tertiarybutyl Y3ara-cresol increased from7 49 ninutes for
the untrieared |ight Raw Distillates to 173 8 mnutes for the treated oil} 9
9 e basic process for [err] and copper brom de 10 treating is

envi saged to be.injection of the netal brom de- 11 nethanol solution into;

the oil followed by water washing 12 to renove netal brom de basic nitro en

conpl exes. 13 Exanple 5 - Renoval of Conpounds Containing Basic Nitrogen; 14
From Lube G 1s by Nanganese, Iron, and Cobalt 15 . Brom des. 16
In a typical experinent, 200.g of oil was mxed 17 with a 5-fold excess pf
~a netal bromide in nethanol rela- 18 tive to basic nitrogen conpound
content. The mixture was 19 heated to 800C for 10 minutes with stirring
and nitrogen 20 g buldl ing at a rate of 200 cc/mnute. The oil was the
21 decanted. -The Bpcgnpte was washed with warmwater ([err]) 22 anddri
by heating to [er& \ﬁ nitroggn flow of 700 23 .cc/mnute. The netal
conpl exes, thick, aé rown (green ' _
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24" in the case of cobalt-bromde) oils stuck to the walls aof 25 the

reaction’ vessel

- were col |l ected for identification. 26 The degree of basic

ni t rogen coﬁpound renoval is presented 27 in Table 4. [err] -12- 1

Exanpl e 6 -- Met hanol-ated Transition Metal Tetrafluoro- 2 - TQ;;2> o
~Jborates are Basic Nitrogen Scavengers. 3 = 14 = In a typi

experinment, 200 g of oil is mxed 4 with 5-fold excess of netal

tetrafl uoroborate in nethanol 5 relatlve to ba5|c nltrogen conpoundiu The

sol Wii on m xx

gltrogeg gazz ?ﬁbbl}n?t at 3??616 Qab8561£§/ ansihcihcepl tm§r %ﬂﬁ’téd\’\ﬁith
ecanted an en | ere (TELl Al C
oil, were stdick to the wa||$1AE§ILL,VﬁIIg ﬂ¢£2§§;L£s§???£ o M8 i&

DT OwWn
a’to basic

ni trogen conpound 11 renovafe(XZIp; cCeWEE}, i Ni(2D)e Su(II) - afa Zn(II)

5

O 0 ~ O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Bromides.

Preparation of the impregnated silica gel was
performed as follows. Methanolated complexes of the men-
tioned transition metal bromides were prepared by electro-
lysis. Samples of these complexes containing 1 to 3 g of
metal were mixed with silica gel (different grades) and
heated to 70°C under nitrogen followed by drylng at 100°c.
The new absorbent was cooled in vacuum.

In a typical experlment, a 20 cm long and 2.5 cm
diameter column was packed with 75 g 1mpregnated silica _
gel. 2An unimpregnated silica gel column of the same dimen~
sions was also used for comparison. 011 was poured through
each of the columns which were kept at 80-90°C. . The col-
umns need not be maintained at these high temperatures,
effective operation being achieved at lower temperatures.
Higher temperatures were used to facilitate the rate of

flow of high_viscosity:oils through the column.

Silica gel impregnated with the above-mentioned
transition metal bromides are regenerated by washing withi
acetone at 50°C after 0il has_been recovered. The degree
of basic nitrogen compound removal is presented in Table 6.



Terr] [err] -14- 1 Exanple 7 - Renmoval of Conpounds Contai ni ng Basic

Ni trogen 2 ' " From Lube Ols by Silica Gel Inpregnated With 3
Ti(lrr)y, veiry, (i), M(ln), Nhéll), 4 Fe(ll), Co(ll),
Ni (11),2M11) and zn(l1l) 5 - 15 -  Bronides. 6 ' Pr epar ati on

of th

f thé nmen- 8 tioned transition netal bromni des were prepared by

el ectro | ysis. Sanpl es.of these conplexes containing 1 to 3 g of 10

metal were mixed with silica gel (different grades) and 11 heated to 70CJ;
under nitrogen followed by drying at 100C. 12 The new absorbent was cool ed
in vacuum 13 o I n typical experinent, a 20 cmlong and 2.5 cm
14 di aneter col um wase&wack with 75 g inpregnated silica 15.gel.. An

uni npregnated silica gel colum of the sanme dinen- 16 sions was al so used
for conmparison. G| was poured through 17 each of the colums which were
kept at 80-[err]. Thegol - A48 ums neeqdgnot Qe mai nt @ nedeat these high
"tenperatures, 19 effec®ve a@peration beigg acvi eved afR | ower tenperatures.
20 Hi gher tenperatures*ﬁere used to faci®itate the rare of 21 flow of high
viscosity oils through the colum. ' - ;
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22 . .Silica gel inpregnated with'the above-nentioned 23 transition
net al bronldes are regenerated by washing with 24 acetone at 50C after oi
has been recovered. The degree 25 of basic nitrogen conpound removal is

_presented in Table 6. [err] -16- 1 Slnilar results may be, ObR3Ji ned
~sing the other netal 2 brom de conpl ex€s. lériie benefit of r enovg dsi c
nitrogen 3 conponents by this nmethod is shown by the fact that -J?}y'4

Bonb tife (ASTM D2112) with.0.3 wt.% 2,6-ditertiarybutyl- 5 para-cresol
i ncheased fir orfiisd et mesnkts mawe haokiained uSind toey aihey Imekalk (110

ppthSIC% te Zﬁdﬂlﬁé %nﬁﬂéfeg lt'ﬂ@tﬁ&EBfi@ ?P@Mln& basic nitrogdéh f
T e o 19 T 2 mathad O St B 555 Bl U5y AL
reused for4anEbhblnﬁierﬁHSEMuDﬁxizxﬁwxghﬂﬂﬁﬁ Wi, ©@pidi tediSiarybutyl - In
oV 8Pz gl sheladida (ALioS \ahecds 0L YU piedB SO
for 10 n1n&te§19ht Raw Dlstillates (110 ppm BNC) to 238 minutes after
7 treatment (2 ppm BNC). S :
8 - This method has an excellent potential in lube
3 9 oil processing due to the fact that impregnated silica gel
: 10 beds can be efficiently regenerated and reused for an
11 indefinite number of cycles.
12 Example 8 . . |
13 ' In a typical experiment, 200 g of oil (60 neutral)
14 : containing 46 ppm BNC) was mixed with 400 mg TiCl, in
15 methanol. The mixture was heated to 80°C for 10 minutes
16 with stirring and nitrogen gas bubbling at a rate of
17 200 cc/mlnute. The o0il was decanted. The decantate was
182 washed with warm water (60°C) and dried by heating to 120°C
19 with nitrogen gas flow of 700 cc/minute. BNC concentration
20 before treatment was 46 ppm while after treatment BNC con-
' 21 centration was 7 ppm. However, the Rotary Bomb Life
22 (ASTM D2112) with 0.06 wt.% 2,6-ditertiarybutyl-para- cresol -
23 decreased from 200 minutes before treatment to 86 minutes
24 after treatment indicating that TiCl,, although removing
25 BNC from o;ls, has deleterious effect on the treated oil.
- 26 This may be due to the easy reduction of T:.Cl4 to T1Cl3
27 and the production of the highly reactive chlorine atom
28 which acts as strong oxidizing agent in addition to Ti(iv)
29 which is an oxidizing agent when it reduces to Ti(iii).

&

30 Elemental sulphur concentration was decreased

31 from 0.24 wt.% before treatment to 0.1 wt.% after treat-

32 ment. This indicates thet TiC14 is non-selective coordina-
33 ting compound. Removal - of naturally occurring antioxidant
34 sulphur compounds will also have a detrimental effect on

35 oil. S o ; |

36 - _ on treating the oil with Fe013 using exactly the
37 same quantities of materials and procedure, similar results



- 16 with stirring and nitrogen gas bubbling at a rate of /17 200 cc/m nute.
The oil was decanted. The decantate was 18 washed with warm wat er [erT]
~.and dried by hkeating to 1200C 19 with nitrogen gas flow of 700 cc/m nute.
BNC concent rg Y 20 before treatnment was 46 ppmwhile after treatment BNC
con- 21 ceénfrigt¥on was 7 ppm Howevd?, -the Rotary Bonb Life 22 (ASTM. N
D2112) with' R D6 w.% 2, 6-ditertiarybutyl-para- cresol 23 decreased from
200 minutes before treatment to 86 mnutes 24 after treatnent indicating |
~that Ji Cwéreabbbewgedrenoving 25 BNC fromoils, has deleterious effect onﬁj
the treated oil. 26 This may be due to the eamg&dq@da@h&{t[err] to [er

27 anfl the production of the highly reactive chlorin tom 28 which acts as
strong oxidi zi nw on to Ti(iv)’ ?.Q_AA@ﬁls—a-n—om di zi ng agent

when [t pegucesst o Ti RBOT migd Engrentsy  sul (RBOT awincentration

was decr ed froﬁw % before trégin %after treat-

32 neft. 03-#-& cates [err] is non-s ecﬁ'\}e‘fcoordl na- 33 ting _
conpogndsxﬁlgﬂ\eab of na’tural |y occurring anti OXI dant. 34 . sul phur conpounds

Wi | | gl so have a dgiring q{fgﬁ?ﬁ%ﬁﬁ 0|175 of oil was nfdkdd eating

t he oi Wlth%r usmg Sa %émtltlesc{ terlals and. ¥
proceBurUltbl £Q drssrmetS§ ° J‘EFF Promide relativ

9 Dbasic nztrogen compounds content. The mixture was heated

10 to (75-80°C) for 10 minutes with stirring and nitrogen gas
11 bubbling at a rate of 20p cc/minute. The oil was decanted.
12 The decantate was washed with warm water (60°C) and dried
13 by heating to 120°C with nitrogen flow of 700 cc/minutes.
14 Results are summarized in Table 7 which show that whereas :
15 BNC content dramatically decreases when using a nonaqueous
16 solvent, only minimal reduction in BNC content is achieved
17 when using water as the solvent. .
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2 A .o . After Treatnent 3 Bef ore

Tr eat nent ' . (FeC13j 4 BNC S% RBOT m n
BNC S% . RBOT nmin5 46 0.24 200~ 18 - _ 5 0.12
132 6_Exanple 9 7 In a typical experinent, 175 g of oil was

m xeed 8 with. 5-fold excess of netal bromdes in water relative to 9

ni trogen _eenpounds content. The m xture was heated 10 to [err] for 1
mnutes Wth stirring ang,nitrogen gas 11 bubbling at a rate of 20p
cc/mnute_ The oil was ddflanted. 12 The decantate was washed w jh warm

wat er  (600C) and dried 1 l:y heats 1y o Q2QC wi tt nitrogen © ow of 700
cc/mnutes. 14 Results any iaudsrebi i-sd’ol B Tabl e 7ewhi cHasBovbt haf whereas 15
BNC content dranatical |y §dtr BasPs S®n VsThg a FonaqRoFs P6 gl vent, only
m ni mal reduction in BNCE&lont ent®i s achi ev 17 ghen U9i t as the

sol vent . [err] - 1984C Al MShl A met hod- fo;r@hrermL% % %gsie% ni trogen
compounds (BNC) froma natural or synthetic hydrocarbon feedstock

conprising mixing the feedstock under &S &
e o -
I
g ool B R
© 0 06 © 0 £ .= )
% E &£ &£ & € 2D £
2 Q g 0 ¢ 8 € O © = _
: e, O & O LS O X = = Pn AN N e,
Bl 4 & b W L W & o 00 ()
fElegggs . & 2538
ol MmN By ™ M N™ ™M
whal M & M W L om 2 8 MM M e
U @ MmN ) B a2 m
e Mool ME E &£ “ OO N 4
Zl O Z OENNN o Ok O O
. L e
. c
: El & 2w - o
) e N N &N O M N [} [ B | | ]
. WitD] o ¢ & o & e e 1 | S | [ ]
N ococoocoo0o0o0 _
A3 E
'-23 oo . .
. e . :
=] & T el O M NN g ] & O i
Uiz 2 - M N ® ™~
= ? Y '
Y o
5 T o y
: o o
EP’}NNN\D\D!"!N o~ gﬁg g
WINE o ¢ @ e e e - o e e .
S o oo o000 = oo o0 o©
11 B '
B ™
35 ":’H .
O O ™~ B - OV M O
o I el DO
- & S § <$<g <
g ]
ml=
T 0T w <
' R |
' 'ugu:'gu:' "6‘
Z 2222 RO LNLSLZEZ L=
88888 RIS HEI L8
o T e O = Eaa =an =\
o
ot
g.—an-—tmcew i - - - -
®
(2
HNO N O N® A O MFin
' -4-4-4#2-43:322



conditions of agitation and heating to a tenperature in the range of from

25 to [err] with a nonagueous sotutiomof—either (A an anhydrous~

nonpalyneric halide, oth of-a metal selected fromthe

met of Goup IVb, Go ﬂ m 'Hﬁ '/Eﬁ!haaoup VI b, the non-noble, G oup
elal s, copper, zincg ca Fcury, or (B) an anhydrous

eric tetrafl uoroborate: of a nmetal selected fromthe netals of Grohp.

oup Vb, Goup VIb, Goup VIlb, the non-noble Group VIIl netals,

copper, zinc, cadm um and nereuily,~- which netal halide or netal

tetrafl uoroborate is conpl exed with the nonaqueous pol ar sol vent V\/ner&y

t he BNC exchange with the conpl exed non- aqueous pol ar sol vent and

t hensel ves becone conplexed with the.netal halide or tetrafl uoroborate, and

separating a feedstock of reduced BNC content fromthe conplex of the

nonagueous pol ar solvent with either the netal halide or netal :

tetrafl uoroborate with which CEBIMINC renoved fromthe feedstock are now

corrpl exed by their exchange with the polar solvent. 2. The net hod of claim

and gp;l Si gg% eﬁﬁi_;e % the se aratuﬁgfh@ewgz %S%v:tgﬁ{) ar so! vent

oerwhﬂ;@:mahgdmmmnl ﬁeeésﬂ:mﬂntccmpnsiﬂl:ge mitihgdtld Leedstock oinddrai ms 1 to 3

YR, OF ARNRHISE Spffefling B & LopSTatiel Q“f%‘%?o PERRm PO

- QHZPEE Witha AenRpIUERUS(S H@%aﬁmrptﬁbrﬁ%an pArous Menpplyeeriche net al
hd¥ide( other 1Han@18riddYf B0l GReAR R166tedTRI G BAE MBLATE RFAGEMRPVE, Materi al .

Gfo%%Vb, Group VIb, Group VIIb, the non-noble Group VIII metals, coppér, :
zinc, cadmium, and rercury, or (B) an anhydrous nonpolynéric tetrafluoroborate

of a metal selected from the metals of Group IIVb, Groi:p Vb, Group VIb,

Group VIIb, the non-noble Group VIII metals, copper, zinc, cadmium and

mercury, which metal halide or metal tetrafluoroborate is complexed with the

nonaqueous polar solvent whereby the BNC exchange with the complexed non-

aqueous polar solvent and themselves become ccmplexea with the metal halide or

tetrafluorcborate, and separating a feedstock of reduced BNC content from the

camplex of the nonaqueods polar solvent with either the metal halide or metal

 tetrafluoroborate with which the BNC re:hoved from the feedstock are now
camplexed by their exchange with the polar solvent.

2. The method of claim 1 comprising the step of washing the separated
feedstock with polar solvent and drying. |
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3. The method of claim 2 wherein the polar solvent wash employs water
= the polar solvent.

01-

"-4.  The method of any one of claims 1 to 3 wherein the nonagueous polar
slvent is selected from methanol, -ethanol, acetone and acetonitrile.

5. The method of any one of claims 1 to 4 wherein the complex of the
magueous polar solvent with either the metal halide 'o_r the metal
_rafluoroborate is impregnated onto a support material.



6. The nethod of claim5 wherein the supported conplex of nonaqueous pol ar
sol vent with either the netal hal de-or the metal tetrafluoroborate is
regenerated after use by washing “solvent at a -
“tenperature of from25 to 75C. 7.: mmﬂmﬂ“ullm one of clains 1 to 6
~mherein the nmetal is selected from nt ckel + cMrofi um vanadi um zinc,
copper, manganese, iron, ‘cobalt, titanium nolybdenum cadnmi um and
8. ~ The nmet hod of any one of claims 1 to 7 _wherein the netal halidgieg
mebhal bromide. 9. The nethod of claim 8 veTein the metal broni de{Z<
selected fromchromumtribrani de, nickel dibrom de, vanadi um di brom de,
“zinc dibromde and the copper, manganese, iron and cobalt brom des. 10. The
“met hod of any one of clains 1 to 9 vvherei n the heating is conducted at a

tenperature ingth rdinag to an
-one of cla igng%m%ﬁggtaaé\f fwﬁiy as %‘g?&e%nné% or@pggécrlgﬁegl% "?%'ﬁ%
as in cl alpﬁﬁ"lsg PRREa Wit sifhers the uetab dnlife iorr the mebel teprafluorckondtes . is
S 13. A hydrregan@mtédeedhie.&ckuﬁ bﬁdwa&dlﬁ@swm'ﬁ d@@@oﬁgr@em&? eBNEN at a

obtained Rl Ne st Bed ol A

7. The method of any one of claims 1 to 6 wherein the metal is selected
from nickel, chromium, vanad:.um, zinc, copper, manganese, iron, cobalt,
titanium, molybdenum, cadmium and mercury.

[

8. Themethodofanyoneofclalms1to7where1nthemeftalhalldelsa
metal bromide.

9. The method of claim 8 wherein the metal bromide is selected from |
chrom:.um tribramide, nickel dibromide, vanadium dibromide, zinc d1brom1de and -
_the copper, manganese, iron and cobalt brom:.des. '

10. The method of any one of claims 1 to 9 wherein the heatmg is
conducted at a temperature in the range of from 50 to 100°C. '

11. A method aocordmg to any one of claims 1 to 10 substantlally as
- hereinbefore described.

12. A method as in claim 11 substam:lally as described w1th reference to
the exanpl&s.

13. A hydrocarbon feedstock of reduced basic nitrogen compound content
obtained by the method of any one of claims 1 to 12.




