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of catalytic treatments, the catal ytic Treatments are
preduetsehyoivime dextabing latchwé bodorg minge epdsarpouwith an acidic

resent in the feedstream Thus,. many net hods for
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n sul fur and aromatics reduci ng processes,
beffgl%slﬁ%éjrgﬁre?t}gg producti on have been proposed. [0003]
For exanple, United States Patent Nunmber 3,719,587

teaches the use of dilute sulfuric acid (0-10 wt% to

BAGRGROAEND Ot TPIC INMENTEON rom coal |iquefaction
derived naphtha. Unfortunately, hydrotreating
[08@2]al yStwrentty, dbere exists a need t0 reduce the sulfur and aromatics

content of motor fuels, in particular diesel, to meet current environmental
emission regulations. While both the sulfur and aromatics content of diesel
boiling range feedstreams from which diesel motor fuels are derived can be
reduced to a satisfactory level through the use of catalytic treatments, the
catalytic treatments are severely impeded by nitrogen-containing compounds
present in the feedstream. Thus, many methods for reducing the nitrogen
content in feedstreams, such as those used in sulfur and aromatics reducing

processes, for motor fuel production have been proposed.

[0003] For example, United States Patent Number 3,719,587 teaches the use
of dilute sulfuric acid (0-10 wt%) to remove basic nitrogen species from coal
liquefaction derived naphtha. Unfortunately, hydrotreating catalysts are not
only poisoned by basic nitrogen species, but also by non-basic nitrogen
heterocycles that are abundant in diesel boiling range feedstreams. For this
reason, stronger sulfuric acid has been used to remove substantially all of the

nitrogen species.



only poi soned by basic nitrogen species, but also by
non-basi c nitrogen heterocycles that are abundant in
waele@smese7hdi | i ng range feedstreans. For this reBSDOS2004/040095
stronger sulfuric acid has been used to renove
substantially all of the nitrogen species.[0004] Al so,
United States Statutory Invention Registration HL368,
Fraytet, teaches the use of concentrated sulfuric
acid, i.e. at least 95 wt.%sulfuric acid, to treat
straight run jet fuel boiling range streans. The
process requires that the sul furic acid-containing
stream be dispersed in the jet fuel in the form of
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process discloses that 90% or nore of the nitrogen can
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and lead to an overall yield loss for the process.
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di spersive contacting, nmethods such as those of Fraytet
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portion of the sulfuric acid. Secondly, it degrades the product by forming high-
boiling polymers from olefinic materials, which become soot-formers in
subsequent combustion. Finally, some of the byproducts from these unwanted
reactions are removed due to solubility in the acid byproduct and lead to an

overall yield loss for the process.

[0005] However, it is also known in the art that dispersive contacting
methods such as those of Fraytet have certain drawbacks such as "pepper
sludge" formation. Pepper sludge formation occurs when the tiny droplets of
acid are not readily coalesced or settled in gravity settlers. The dispersed acidic
material suspended in the feed is thus carried over with the treated feed, and
practitioners of such processes are forced to utilize caustic treatments to
neutralize the pepper sludge and avoid corrosion problems. However, the
"pepper sludge" suspended in the feed also contains nitrogen species that were

removed from the feed. Upon neutralization, the nitrogen species are liberated



sl udge" formation. Pepper sludge formation occurs when

the tiny droplets of acid are not readily coal esced or
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mat eri al suspended in the feed is thus carried over

with the treated feed, and practitioners of such

processes are forced to utilize caustic treatnents to

neutralize the pepper sludge and avoid corrosion

probl ems. However, the "pepper sludge" suspended in

the feed al so contains nitrogen species that were

renmoved fromthe feed. Upon neutralization, the

nitrogen species are liberatedand return to the feed.
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SERIMARY OF THE INVENTION

[0007] The instant invention is directed at an improved method for

hydrotreating a diesel boiling range feedstream containing both nitrogen and
sulfur contaminants and having a total acid number. The method comprises:

a) providing a sulfuric acid solution having a sulfuric acid concentration of
at least about 75 wt.%, based on the sulfuric acid solution;

b) contacting a diesel boiling range feedstream containing both nitrogen
and sulfur heteroatoms with the sulfuric acid solution under conditions
effective at removing at least about 85 wt.% of the nitrogen compounds
contained in said diesel boiling range feedstream thereby producing at
least a diesel boiling range product and a used sulfuric acid solution,
wherein the volumetric treat rate of the sulfuric acid solution is greater
than about 0.5 vol.%, based on the diesel boiling range feedstream; and

c¢) hydrotreating said diesel boiling range product.



b) contacting a diesel boiling range feedstream
containing both nitrogen and sul fur heteroatons wth
wa b@sesd78auri ¢ aci d sol uti on under conditions ePEEUS1004040095
at renmoving at |east about 85 wt.% of the nitrogen
conpounds contained in said diesel boiling range
feedstream t hereby producing at |east a diesel boiling
range product and a used sul furic acid solution,
wherein the volunetric treaf-rate of the sulfuric acid
solution is greater than about 0.5 vol.% based on the
di esel boiling range feedstream and c) hydrotreating
said diesel boiling range product.-A- [0008] In one
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i nvesnidgiorssfticiige feupraduaimgiatpeast en abetstedntior sulfuric acid
hydrotreating a diesel boiling range feedstream
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having a total acid nunber. The nethod conprises: a)
providing a sulfuric acid solution having a sulfuric
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the sulfuric acid solution;
improved method for hydrotreating a diesel boiling range feedstream
containing both nitrogen and sulfur contaminants and having a total acid
number. The method comprises:
a) providing a sulfuric acid solution having a sulfuric acid concentration of
at least about 75 wt.%, based on the sulfuric acid solution;
b) contacting a diesel boiling range feedstream containing both nitrogen
and sulfur heteroatoms and having a total acid number with the sulfuric
acid solution under conditions effective at removing at least about 85
wt.% of the nitrogen compounds contained in said diesel boiling range
feedstream thereby producing at least a diesel boiling range product
having a total acid number and a used sulfuric acid solution, wherein the
volumetric treat rate of the sulfuric acid solution is greater than about
0.5 vol.%, based on the diesel boiling range feedstream,;
c) contacting said diesel boiling range product with an effective amount of
an acid reducing material selected from caustic and water under
conditions effective at reducing the total acid number of said diesel

boiling range product; and



b) contacting a diesel boiling range feedstream

containing both nitrogen and sul fur heteroatons and
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sol ution under conditions effective at renoving at

| east about 85 wt.% of the nitrogen conpounds

contained in said diesel boiling range feedstream

t hereby producing at |east a diesel boiling range

product having a total aci d®>nunber and a used sul furic

acid solution, wherein the volunetric treat rate of

the sulfuric acid solution is greater than about 0.5

vol . % based on the diesel boiling range feedstream
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di esel boiling range product. [0010] In one preferred

enbodi nent, the acid reducing material is water.
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I nvention, the contacting of the diesel boiling range
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the di esel boiling product to at |least the total acid
nuiapdsed tae dicsel bpibisgprediatite gt leasighe etebiaid eambeprif e
d%%f I.PTI ON C%E%GF FI GURES [0012] Figure 1 contains

1 O ePReT TS B i e 2 at 1 vol.%treat rate at

various acid concentrations. [0013] Figure 2 contains

data obtained at 4 vol.%treat rate at various acid

BRIEFDESERIPEION OF THE FIGURES
[0012]  Figure 1 contains data obtained for Example 2 at 1 vol.% treat rate at

various acid concentrations.

[0013]  Figure 2 contains data obtained at 4 vol.% treat rate at various acid
gu

concentrations.

[0014]  Figure 3 illustrates the combined impact of acid strength and

treatment volume on the total nitrogen content of the feed.

[0015]  Figure 4 shows the combined impact of acid strength and treatment

volume on the total sulfur content of the feed.

[0016]  Figure 5 shows the impact of both nitrogen removal and sulfur

removal on yield loss.



[0014] Figure 3 illustrates the conbined inpact of
acid strength and treatnent volune on the total
wopraososEss cont ent of the feed. [0015] Fi gure 4PGHUSE04/040095
t he conbi ned i npact of acid strength and treat nent
vol une on the total sulfur content of the feed. [0016]
Figure 5 shows the inpact of both nitrogen renoval and
sul fur renmoval on yield | oss. DETAI LED DESCRI PTI ON OF
THE | NSTANT | NVENTI ON [OOl?P'The instant invention is
a nmethod for renoving nitrogen fromdiesel boiling
range feedstreans containing both nitrogen and sul fur
contanmi nants. The present method involves contacting,
DETNBED DESC A FION QPer HEVENSEANCE INY ENFION
Ol i ng range feedstream contal ni ng bo nitrogen and
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i nterchangeably herein, and the phrase "diesel boilin
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feedstream" 1s meant to refer to a diesel boiling range feedstream containing
both nitrogen and sulfur contaminants and possessing a Total Acid Number
("TAN"). TAN is a measurement of the acidic content of an oil and is
determined experimentally by titration of the oil with an appropriate base, as

described for example in ASTM method number D664.

[0018]  Feedstreams suitable for treatment with the present method boil
within the diesel range. The diesel boiling range includes streams boiling in
the range of about 300°F to about 775°F, preferably about 350°F to about
750°F, more preferably about 400°F to about 700°F, most preferably about
450°F to about 650°F. These include diesel boiling range feedstreams that are
not hydrotreated, are a blend of non-hydrotreated diesel boiling range
feedstreams, previously hydrotreated diesel boiling range feedstreams, blends
of hydrotreated diesel boiling range feedstreams, and blends of non-

hydrotreated and hydrotreated diesel boiling range feedstreams.



within the diesel range. The diesel boiling range
i ncludes streans boiling in the range of about 3000F
W e00alomTs3 7750F, preferably about 3500F to abopdT/US1004040095
nore preferably about 4000F to about 7000F5 nost
preferably about 45Q0F to about 65Q0F. These include
di esel boiling range feedstreans that are not
hydrotreated, are a blend of non-hydrotreated diese
boi | i ng range feedstreans, -previ ously hydrotreat ed
di esel boiling range feedstreans, blends of
hydrotreat ed di esel boiling range feedstreans, and
bl ends of nonhydrotreated and hydrotreated diese
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The sul furl c acid solution used herein contains at

| east about 75 wt.% sulfuric acid, based on the

[0620]f ur i€ pActidirgothe haant 1ﬁvgitﬁfrabhe/am\%aﬂ@ﬁnédﬂﬁa@dm is
75 W . % nore preferably about 75 w.%to about 88

intimately Thetastdd withe sutfudicswidisélotioma il heesuduriziavedisolution
use AP SORAE Pt PRI b SRS AEKE DRFSraHe sulfuri
acgc!(l) E%igﬁ{ﬂrlla[{)}e?ér%ﬁisg?e%@i thai3oe73 ﬁtt%: Hor€ p?gfegably about 75
wt.% to about 88 wt.%. The sulfuric acid solution may be obtained through
any means known. It is preferred that the sulfuric acid solution be the spent
acid from an alkylation process unit having a sulfuric acid concentration within
the above-defined ranges. A typical alkylation process involves combining an
olefinic hydrocarbon feedstream containing C, olefins with isobutane to
produce a hydrocarbonaceous mixture. This hydrocarbonaceous mixture is
subsequently contacted with sulfuric acid. The sulfuric acid used for
contacting the hydrocarbonaceous mixture is typically reagent grade sulfuric
acid having an acid concentration of at least about 95 wt.%. Preferably the
sulfuric acid has a sulfuric acid concentration of greater than about 97 wt.%.
The hydrocarbonaceous mixture is contacted with the sulfuric acid under
conditions effective at producing at least an alkylate and sulfuric acid solution.
The sulfuric acid solution so produced comprises at least about 75 wt.%

sulfuric acid, based on the sulfuric acid solution, preferably greater than about



t he above-defined ranges. A typical al kylation process

i nvol ves conbi ni ng an ol ef m ¢ hydrocarbon feedstream
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hydr ocar bonaceous m xture. This hydrocar bonaceous
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having the above-described concentration of sulfuric acid, i.e. at least about 75
wt.% sulfuric acid, based on the sulfuric acid solution, preferably greater than
about 75 wt.%, more preferably about 75 wt.% to about 88 wt.%. In order to
determine the sulfuric acid concentration once the diluent has been added to the
sulfuric acid solution, the sulfuric acid content and water content are measured
by standard analytical techniques. The equivalent acid strength can then be
calculated with the following formula: equivalent wt% sulfuric acid = wt%
sulfuric acid / (wt% sulfuric acid + wt% water). In this formula, the acid
soluble hydrocarbon content of the spent alkylation acid is treated as an inert

diluent with respect to the sulfuric acid and water content.

[0022]  The diesel boiling range feedstream is contacted with the sulfuric
acid solution at an acid volumetric treat rate of greater than about 0.5 vol.%,

based on the diesel boiling range feedstream, preferably about 0.5 to about 20



havi ng t he above-descri bed concentration of sulfuric
acid, i.e. at l|least about 75 wt.% sulfuric acid, based
we@eooshss7sdl furic acid solution, preferably greBtBUS1008010095
about 75 wt.% nore preferably about 75 wt. % to about
88 wt.% In order to determne the sulfuric acid
concentration once the diluent has been added to the
sul furic acid solution, the sulfuric acid content and
wat er content are neasured-By standard anal yti cal
techni ques. The equival ent acid strength can then be
calculated with the follow ng formul a: equival ent wt%
sulfuric acid = wt% sulfuric acid / (wt%sulfuric acid
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sulfuric acid solution occurs under effective conditions. By effective
conditions, it is to be considered those conditions that allow the present method
to achieve a reduction of nitrogen of greater than about 80 wt.%, preferably
greater than about 85 wt.% more preferably greater than about 92 wt.%.
Effective conditions are also to be considered those conditions that minimize
yield losses during the sulfuric acid solution treatment to about to about 0.5 to

about 6 wt.%, preferably about 0.5 to about 4 wt.%, more preferably about 0.5
to about 3 wt.%.

[0024]  The contacting of the diesel boiling range feedstream with the
sulfuric acid solution produces at least a diesel boiling range product that is
sent to suitable aromatics and sulfur removal processes. Thus, the used sulfuric
acid solution, which now contains the removed nitrogen species, must be

separated from the diesel boiling range product. The used sulfuric acid



classified as dispersive. [0023] The contacting of the
di esel boiling range feedstreamwi th the sulfuric acid
W@ 00805683 occurs under effective conditions. BRCT/US2004/040095
effective conditions, it is to be considered those
conditions that allow the present nethod to achieve a
reduction of nitrogen of greater than about 80 w. %
preferably greater than about 85 wt.% nore preferably
greater than about 92 wt. 9%10Ef f ecti ve conditions are
al so to be considered those conditions that mnim ze
yield losses during the sulfuric acid solution
treatment to about to about 0.5 to about 6 w.%
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frgmHae separiian dgwige @ad pesseddompsuatable hydrotreating process.

[0025]  The diesel boiling range product thus obtained by the present method
will contain substantially less nitrogen, both basic and non-basic, than the
initial diesel boiling range feedstream. By substantially less, it is meant that
the nitrogen content of the diesel boiling range feedstream is reduced by at
least about 80%, preferably at least about 85%, more preferably at least about
90%. Thus, it can likewise be said that the diesel boiling range product will
have a nitrogen level about 80%, preferably at least about 85%, more
preferably at least about 90% lower than that of the diesel boiling range
feedstream. This will typically result in a diesel boiling range product having a
nitrogen level of less than about 200 wppm, preferably less than about 100
wppm, more preferably less than about 50 wppm, and most preferably less than
about 20 wppm. The contacting of the diesel boiling range feedstream with the

sulfuric acid solution also typically results in a diesel boiling range product



preferred that the above-described fiber-film
contactors be used for separating the used sulfuric
wW@ei0d/050But i on and the di esel boiling range prepdius2004/040095
produced by the present process. The diesel boiling
range product can then be withdrawn fromthe
separation device and passed to a suitable
hydrotreati ng process. [0025] The diesel boiling range
product thus obtained by the-present nmethod will
contain substantially I ess nitrogen, both basic and
non-basic, than the initial diesel boiling range
feedstream By substantially less, it is nmeant that
hamﬁg RITARAGA RIS tha] (HPAN esBl dsiel bBBirgad Se
feedstreamis reduced by at |east about 80%
fepdstfeamabl y at | east about 85% nore preferably at
| east about 90% Thus, it can |ikew se be said that
the diesel boiling range product will have a nitrogen
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boiling range product will also typically have a
dissglthoilicg raveetpradudiwilldvee a wdfurtcdoatendibotie0. 1 to about 25 %
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about 0.1 to about 5 % lower.

[0027]  The diesel boiling range product is then hydrotreated to reduce sulfur
levels. Any suitable hydrotreating catalyst can be used to hydrotreat the diesel
boiling range product. Non-limiting examples of suitable hydrotreating
catalysts are those that are comprised of at least one Group VIII metal oxide,
preferably an oxide of a metal selected from Fe, Co and Ni, more preferably Co
and/or Ni, and most preferably Co; and at least one Group VI metal oxide,
preferably an oxide of a metal selected from Mo and W, more preferably Mo,
on a high surface area support material, preferably alumina. These catalysts
can be arranged in any suitable manner such as, for example, fixed beds. Itis
also contemplated that more than one hydrotreating catalyst can be used, and
more than one bed of catalysts can be used, e.g. a stacked bed configuration.

The diesel boiling range product is contacted with the hydrotreating catalysts



range product. The diesel boiling range product wll
therefore have a sulfur content [ ower than the diese
wheiosiong3¥ ange feedstream However, it is desiPeEbhUs2004040095
m nimze the reduction of sulfur to mnimze yield
| osses. Typically the diesel boiling range product
wi Il have a sulfur content about 0.1 to about 25 %
| oner than the diesel boiling range feedstream
preferably about 0.1 to abol# 15% | ower, nore
preferably about 0.1 to about 10% | ower, and nost
preferably about 0.1 to about 5 % | ower. [0027] The
di esel boiling range product is then hydrotreated to
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conditions effective at renoving at |east a portion of

amayat of mageridlchetaieduces the AN afitke diestlohdiling ramgeproduct.
t hat anou ul fur necessary
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ef%gfr‘]{?;é’ gﬁré%’ﬁ{)?ﬁgByﬁ{éa&gi&E %'Sﬁgﬁfobﬁ,git (ijdlb%ggrﬁtet}/lbgeu csz’(l)ﬁ/ditions, that
when selected{, allow for the reduction of the TAN of the diesel boiling range
product. Preférably the effective amount of material and the effective
conditions are selected such that the TAN of the diesel boiling range product is
equal that of the diesel boiling range feedstream. More preferably the effective
amount of material and the effective conditions are selected such that the TAN
of the diesel boiling range product is lower than that of the diesel boiling range

feedstream.

[0028]  The above description is directed to preferred embodiments of the
present invention. Those skilled in the art will recognize that other
embodiments that are equally effective could be devised for carrying out the

spirit of this invention.



boiling range feedstreamw th the sulfuric acid
solution typically results in a diesel boiling range
wee@dost73havi ng a TAN that is greater than thePdBbSmh4/040095
the diesel boiling range feedstream Thus, one
enbodi nent of the instant invention involves
contacting the diesel boiling range product, prior to
hydrotreating, with an effective amount of a materi al
sel ected from caustic and weter, preferably water. By
an effective anmount of material, it is neant that
amount of material that reduces the TAN of the diesel
boi li ng range product. The diesel boiling range
ducti : ' hatl
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the reduction of the TAN of the diesel boiling range
faghiotluct . Preferably the effective armount of materi al
and the effective conditions are sel ected such that
the TAN of the diesel boiling range product is equa
E Pfpghe diesel boiling range feedstream More
y the effective anbunt of material and the
EXIA®IiRg conditions are selected such that the TAN of
the diesel boiling range product is |lower than that of
[008¢] di d5ed 100l siangalcsmig@vfrg’w@iﬁs@amfeltr@tﬂ)zsllemaafmadeﬂ,
description is directed to preferred enhadi nents of
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illustrate the i nproved effectiveness of the present
sulfurerddid solubion bus widt 0.riant(2 tvol.V4 hedt abe. dfhesmnttures were

i nvention in any fashion.
shaken by hand for 60 seconds and then allowed to separate at room

temperature. The two phases, i.e. the diesel boiling range product and the
sulfuric acid solution, separated and the diesel product layers were removed.
The diesel products were weighed and analyzed by ANTEK for nitrogen and

sulfur contents. The results of this experiment are contained in Table 1 below.

EXAMPLE 2

[0031] A second diesel boiling range feedstream, referred to herein as feed

#2, was also treated according to the method outlined in Example 1 above. The
second diesel feedstream, however, contained about one-third cracked stock, i.e
light cat cycle oil and coker gas oil. A 2 liter sample of feed #2 was also
treated in glass separatory funnels with the sulfuric acid solution described
above in Example 1 at a 5vol.% treat rate. The results of these experiments are

contained in Table 1 below.



EXAMPLES EXAMPLE 1 [0030] Two 10 ml sanples of a

virgin diesel,
w@epsensees i nto two gl ass vial s.
. % treat

with 0.1 m (
sul furic acid
concentration
m xed with th
2 nmM (2 vol
hand for 60 s
room t enper at

.% treat

1 vol
sol uti
of 96.
e sane

iwt .

econds
ure. The two

%

rate).

rate) of a

phases, i.e.

referred to herein as feed #1, were
One sanpl e WasPCODIRINE 10095

reagent grade

on having a sulfuric acid

and the other sanple was
sul furic acid solution but with O.
-Ifhe mi xtures were shaken by
and then all owed to separate at

t he di esel

boi l i ng range product and the sulfuric acid solution,

separated and

t he di esel

pr oduct

| ayers were renoved.

The di esel products were TwaLghed and analyzed by ANTEK
Feed | nivbluagein andpsiNifragencowpeniigrogehhie |r @Nikdgen Of T Péeal
exper iTrehRatar ¢ contFaethed | nDidsehPeddctbel dRemdeAMPREc®ered
[#0031] 1Aok%cond di é&®l bol ling $ange fleeds¥rea 98%
referr@dok® herejinl@s feed #2, <®as al so t Pekt ed 98%
#cor dilngl%o fhe nmd%hod outlindsBin Exanplé® 1 abov&6%
The |se@yfledi esel  B®¥edst rieam Hdwever | corffai neld aBéft
onedt hiovd-%er acked 3%%ck. e light catl cy®e oil alefh

A2 liter sanple of feed #2 was al so

coker gas oiI
treate | ass se tory funnels with t sul furic
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cont ai ne
Rate in Feed Diesel Product Renoval Recovered
volume of diesel product recovered by the volume of the diesel feedstream and

then multiplying by 100. It was also noted that the acidic solution by product

from feed #2 became more fluid with increased acidic solution treat rates.

EXAMPLE 3
[0033]

The experiments contained in Examples 1 and 2 above were repeated
with spent sulfuric acid solution obtained from an alkylation unit. The
composition of the spent alkylation acid was 90 wt% sulfuric acid, 4 wt% water
and 6 wt% acid soluble hydrocarbon (by difference). The equivalent sulfuric
acid concentration is 96wt.%. The results of these experiments are contained in
Table 2 below.



#1 1 vol . % 107 5 95 98% 2 vol . % 107 <2 98+ 98% #2 1
vol . % 392 158 60 96% 2 vol . % 392 17 96 96% 5 vol . % 392
WR2®9/0963%5 [ 0032] As can be seen in Table 1, bor¢r/ismds040095
responded well to treatnment with the acidic solution,
with nearly quantitative nitrogen renoval. Low feed
| osses were al so observed. The feed recovered was
cal cul ated by dividing the volune of diesel product
recovered by the volune of -the diesel feedstream and
then multiplying by 100. It was al so noted that the
acidic solution by product fromfeed #2 becane nore
fluid with increased acidic solution treat rates.
EXAMPLE 3 [0033] The experinments contained in Exanpl es
1 and 2 above were repeated with spent sulfuric acid
50l ution obtained fromarABUBE ation unit. The
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sul furlic adia® 4wt % Wieed and 6 RigsehRedust sollubRemoval
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the spent alkylation unit acid as are obtained using reagent grade sulfuric acid.

EXAMPLE 4

[0035]  Twenty milliliters of a virgin diesel was equilibrated to 120°F in a
water bath. The 20 ml sample was combined in a glass centrifuge tube with 0.2
ml (1 vol.% treat rate) of reagent grade sulfuric acid having an acid
concentration of 96.1 wt.%. This mixture was shaken for 60 seconds and then
subjected to ten minutes of cetrifugation at 1500rpm. The diesel and the
sulfuric acid solution separated rapidly, and the diesel layer was removed and

analyzed by ANTEK for nitrogen and sulfur content.

[0036]  This procedure was repeated at several acid concentrations. The acid
concentration was reduced by adding distilled water to the reagent grade

sulfuric acid.

[0037] The results of these experiments are contained in Figure 1, herein.
As can be seen in Figure 1, the sulfur content of the feed is unaffected by the
sulfuric acid treatment until the sulfuric acid solution reaches a sulfuric acid
concentration of greater than about 80 wt.%. As the concentration of the acid
increases from about 85 to about 94 wt.%, the sulfur loss increases and then

levels off. In contrast, the nitrogen content of the diesel boiling range product



#2 2 vol .% 392 18 95 5 vol . % 392 3 99 [0034] As can be
seen from Table 2, simlar results are obtained by
wa@gi08g5d7Be spent al kylation unit acid as are OPCHUS®O4/040095
usi ng reagent grade sulfuric acid. EXAMPLE 4 [0035]
Twenty mlliliters of a virgin diesel was equilibrated
to 12Q0F in a water bath. The 20 ml sanpl e was
conmbined in a gl ass centrifuége tube with 0.2 m (1
vol . % treat rate) of reagemt®-grade sul furic acid
‘having an acid concentration of 96.1 w.% This
m xture was shaken for 60 seconds and then subjected
to ten mnutes of cetrifugation at 1500rpm The diesel
is 28¢h de@anfinédittely byticdtBonthiRn saERAtALRIsJIaRbA hivindh
the diesel |ayer was renoved and anal yzed by ANTEKTT or
acid toncptradiod ofidvienrs wodt &nd corfting@s o dbcrsagy withducreavassin
repeated at. several  aci.d concentrations. The acid
aca pleengthantid shewd fyrigaeid gobjlondereiys ¢ cncenisetigmeberbew 50

agent. grade sulfuric acid. [0037] The results ,of
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acid concentration of greater than about 80 w.% As

sui fygicornd ah theagul Bricogcid Belution deaoher ebewels/ S waith-abd s 8E%
t(g abo% %4 % the sulfur.loss increases and then

acid §EeRetys the sulfug SReviss pre unatteriels ogen content of the
di esel boiling range productis reduced i nmedi ately by .
treatment with a sulfuric acid solution having an acid

[0638]Centidid Gt Of the\udijedts ¥ thiiagEn CRREARE S fodefiREEeRSBuch

W th increases in
of the nitrogen as possible from the feed while minimizing yield losses, Figure

1 suggests that by using a sulfuric acid solution having an acid concentration
within the range of about 75 wt.% to about 85 wt.%, this goal can be achieved.
Though the data indicates that only 10% of the sulfur contained in the diesel
boiling range feedstream is lost when using a sulfuric acid solution having an
acid concentration of about 96 wt.%, this represents the largest single
contributor to yield loss because the removal of sulfur removes the entire

molecule in which the sulfur is contained.



acid strength until the sulfuric acid solution reaches
a concentration of about 50 wt.% The initial decrease
w0 poosioss78Dt al ni trogen concentrati on represent BCT/H82004/040095
renmoval of "basic" nitrogen species. However, the
"non-basic" nitrogen species are unaffected by the
sulfuric acid treatnent until the concentration of
sul furic acid in the sulfuric acid solution reaches:
about 75 wt.% At 75 wt.% ati-d strength, the sul fur
species are unaffected. [0038] Since one of the
objects of the instant invention is to renove as nuch
of the nitrogen as possible fromthe feed while

EXANIPIZER0 vield | osses, Figure 1 suggests that by

—using a sulfuric acid sol ution havi ng an acid
[0039]c entTivadritgmillilitersof hdieselrigeling ralxeufeedsirasim Sortaining
about 85 wt.% this goal can be achieved. Though t he
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the sulfur is contained. EXAMPLE 5 [0039] Twenty
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tain Qut one.third cracked
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rate) of reagent grade sulfuric acid having an acid
concentration of 96.1 w.% This m xture was shaken

[0040] 60 T3ecprutedaredwahmpestedjat steatal avid eoncemratiess.ofThe acid
cetrifuygation at 1500rpm The_diesel and the sulfuric

concPRtralPn ias fedegedrhat adding distillpd veater tofae dpegeat gragper

sulfific acid to dilute the acid concentration. Figure 2 contains the results of
this experiment. As can be seen in Figure 2, treating the diesel containing
cracked stock produced results similar to those that were described with respect

to Figure 1.

[0041] F igure 3 includes results obtained through this experiment also.
Figure 3 contains the nitrogen-reduction data obtained from treating the diesel
boiling range feedstream containing cracked stock with various treat rates of
sulfuric acid solutions having varied acid concentrations. As can be seen in

Figure 3, nitrogen concentrations decrease with increased acid concentration.

[0042]  Figure 4 includes results obtained through this experiment also.
Figure 4 contains the sulfur-reduction data obtained from treating the diesel

boiling range feedstream containing cracked stock with various treat rates of



renoved and anal yzed by ANTEK for nitrogen and sul fur
content. [0040] This procedure was repeated at severa
wa@edod/ososeent rati ons. The acid concentrati on WeST/US2004/040095
reduced by adding distilled water to the reagent grade
sul furic acid to dilute the acid concentration. Figure
2 contains the results of this experinent. As can be
seen in Figure 2, treating the diesel containing
cracked stock produced resull$s simlar to those that
were described with respect to Figure 1. [0041] Figure
3 includes results obtained through this experinent
al so. Figure 3 contains the nitrogen-reduction data
sflRid AGd sf)hﬁmtfsrﬁ%%iﬂrg‘@aﬁéaﬁacqﬂ @8REerfRltiohSI Ak¥AEDe seen in
feedstream contai ning cracked stock wth various treat
Figatred, aflfisutdneehtatdmisticcotast ivitis idvasdsod avidrdoadeagatibn.
concentrations. As can be seen in Figure 3, nitrogen
concentrations decrease with increased acid
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meBeABvhea Mo Ahgirad lesaicked stock with various treat
rates of sulfuric acid solutions having varied acid

concentrations. Thus, Figure 5 illustrates the inpact
on IX’Iield | oss fromthe renoval of the nitrogen and
XA .BLE,r@ci es fromthe diesel feedstream Thus, in

(00481 "9 00 BifiBitts of VRofiR SR aVifEa Fotll AR IGMBE TPYAN") of

0.26 mgKOH/g, a nitrogen concentration of 105 wppm, and a sulfur

concentration 1.36 wt.% of was treated with sulfuric acid solution having a
sulfuric acid concentration of 96 wt.%. The virgin diesel was treated by adding
1 ml of the sulfuric acid solution to the virgin diesel at room temperature, and
shaking this mixture by hand in a separatory funnel for one minute. The
mixture was then allowed to settle for 10 minutes and the spent acid solution
and diesel boiling range product were decanted to recover the respective

products.

[0045]  The diesel boiling range product so recovered was separated into
equal portions that were placed into 50 ml centrifuge tubes. The tubes were
placed in a centrifuge operated at 1500 rpm for ten minutes. Acid sludge was

observed at the bottom of the centrifuge tubes. One of the four samples was set



met hod while mnimzing feed | o0ss. EXAMPLE 6 [ 0044]
100 mlIliliters of virgin diesel having a total acid
wo00056763 TAN') of 0.26 ngKOH g, a nitrogen  PCT/US2004/040095
concentration of 105 wppm and a sul fur concentration
1.36 wt. % of was treated with sulfuric acid solution
having a sulfuric acid concentration of 96 w.% The
virgin diesel was treated bﬁ%addi ng 1m of the
sul furic acid solution to t virgin diesel at room
tenperature, and shaking this m xture by hand in a
separatory funnel for one mnute. The m xture was then
allowed to settle for 10 m nutes and the spent acid

asi@d aid ﬁﬁr@é&ﬂ"é&@%bteaobéﬂtﬂﬁlg‘e@rtﬁﬂy@ reftveld t0iefein as

decanted to recover the respective products. [0045]
"Shingpldi#d S €br bainbamngprr wm@lethp otcuchres sampbasver ed was
separated into equal portions that were placed into 50
m centrifuge tubes The tubes were placed in a
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[0047]  All of the Samples were submitted Galbraith Analytical Laboratories
for TAN analysis. Sample 2 was observed to have a TAN of 0.37 mg KOH/g,
illustrating that the sulfuric acid treatment increases the TAN of the diesel
boiling range products. Sample #2 had a TAN of 0.25 mg KOH/g, illustrating
that simple water washing was sufficient to lower the TAN to at least the level

in the feedstream.

[0048] Sample #3 had a TAN below detection limits, which may be an
erroneous reading due to caustic carryover. Sample #4 had a TAN of 0.03 mg
KOH/g, essentially zero. It should be noted that water washing after caustic
treating should minimize or eliminate caustic carryover, and that the nitrogen
concentration of the diesel boiling range products was not reduced by the

caustic and water washing.



ten mnutes at 1500 rpm Sanple #4 was then further
treated by adding 5 m of distilled water with
waasesiTent shaki ng and centrifugati on as def i PEOUS2004/040095
above. [0047] Al of the Sanples were submtted
Gal braith Anal ytical Laboratories for TAN anal ysis.
Sanpl e 2 was observed to have a TAN of 0.37 ng KCOH g,
illustrating that the sulfuric acid treatnent
i ncreases the TAN of the di¥sel boiling range
products. Sanple #2 had a TAN of 0.25 ng KOH g,
illustrating that sinple water washing was sufficient
to lower the TANto at least the level in the
[0§£R9St TRAL] E}Eagﬁgﬁ]#@H%frﬁte@%hﬁ%ﬁnﬁlé%&{e?%\l'agl‘ﬁ R sk ffiric
[Tmts, which y be an erroneous readi ng due to
acithtrestingert ds effostive atJampriaghiic AN af THNdREeldbdBngeange
KOH g, essentially zero. It should be noted that water
progdudiitagt dsastthag elithe dicseldwilingrangs feedsieannioveraoming
elimnate. caustic.carryover, and.that. the nitrogen
OB PGB st0ciael B BSaPI B TR B gRORFSuct 5 v
not reduced by the caustic and water washi ng.[ 0049]
Thus, Exanple #6 illustrates that sinple water washing
after sulfuric acid treatnent is effective at | owering
the TAN of the diesel boiling range product to at
| east that of the diesel boiling range feedstream
over com ng corrosi on problens associated with typica
acid treating processes. CLAIMS : 1. An inproved net hod
for hydrotreating a diesel boiling range feedstream
cont ai ni ng both nitrogen and sul fur contam nants
conprising: a) providing a sulfuric acid solution
having a sul furic acid concentration of at |east about
75 wt.% based on the sulfuric acid solution;



b) contacting a diesel boiling range feedstream
containing both nitrogen and sul fur heteroatons wth
wa b@sesd78auri ¢ aci d sol uti on under conditions ePEEUS1004040095
~ at renoving at |east about 85 wt.% of the nitrogen
conpounds contained in said diesel boiling range
feedstream t hereby producing at |east a diesel boiling
range product and a used sul furic acid solution,
wherein the volunetric treat’!lrate of the sulfuric acid
solution is greater than about 0.5 vol.% based on the
di esel boiling range feedstream and c) hydrotreating
said diesel boiling range product. 2. The process
GIGAPMIB:Ng to claim 1 wherein the nitrogen-containing
dresel boiling range feedstreamboils in the range of
laboutAr300pfovied méthotd f7hpdrotiBatiiipe dieset bsdingaangel fevdstream

to any preceding claj mwherein the nitrogencontaining
canpiasung hnﬁgoge@r?g@ FULBH SONEMDBBGS COMTISE r ange of

about | 4000F to.about,.7000F., 4. The pr.ocess.accordi ng

fo ) preabitif MR AS s e e RE B SBHRER At g

di esel DboichhBenttARGEf RQE: ABEM TR 3 N80 BHhe Qukd90acid
wppm ni trogen. 5. The process according to any

pr ecedi ng solwiom;wherein the nitrogen present in said |

nit rogen- cont ai ni ng_di esel_boili n& range feedstream
i ncl bdes cantstiope dnsldoilinhrmigedeetsticambontiiaing Both

T P SRR oL Wy SR Pl
about 75 \ﬁﬁld%/? é&ﬁ&iﬁ6h§ e%étijve e?t're%gi%?t?l@éﬁ a@SﬁP%? WY of

to any precedi ng clai mwnherein sal uric aci
the nitrogen compounds contained in said diesel boiling range

feedstream thereby producing at least a diesel boiling range
product and a used sulfuric acid solution, wherein the volumetric
treat rate of the sulfuric acid solution is greater than about 0.5
vol.%, based on the diesel boiling range feedstream; and

c) hydrotreating said diesel boiling range product.

2. The process according to claim 1 wherein the nitrogen-containing diesel

boiling range feedstream boils in the range of about 300°F to about 775°F.

3. The process according to any preceding claim wherein the nitrogen-
containing diesel boiling range feedstream boils in the range of about 400°F to

about 700°F.

4. The process according to any preceding claim wherein the nitrogen-
containing diesel boiling range feedstream contains about 50-1000 wppm

nitrogen.



solution is obtained froman al kyl ati on process unit.
8. The process according to any preceding claim
wab@sesdrssai d al kyl ati on process conprises: a)PCT/US2004/040095
~ conbining an ol ef m ¢ hydrocarbon feedstream cont ai ni ng
C4 olefins with isobutane to form a hydrocar bonaceous
m xture; and b) contacting the hydrocarbonaceous
m xture with sulfuric acid under conditions effective
for producing at |east an aPkylate and a sulfuric acid
solution having an acid concentration of at |east
about 75 w.% 9. The process according to any
precedi ng claimwherein water is added to said
5sul f Rk 6r@&dsd a8 SbinOMDd dify Iﬁ‘é_bétﬁh% DB SWhEMIA heAtit®gen
concentration of said sulfuric acid solution. 10. The
presecessaatniraengednteiame diess doiligy cinge fesdsereeminshidds
di esel boiling range product has | ess than about 200
carpprnlaiand yenbstitutechearprsdess according to any
precedi ng clai mwherein the sulfur concentration of
the diesel boiling range product is about 0.1 to about
622 V"'TH%%E&%%S taB@&dﬁ@retgdé ecOAhk D RRGRId Fﬁg%hﬁﬁﬁmacid
12. The“process acc in 0 any-preceding clarm
solhgoricontaives yicated thassbat t75i wtiveshifivid sgdsul furic acid
solution treatnment is about 0.5 to about 6 wt.% 13.
The process according to any precedi ng clai mwherein

t he eat rate of the | furic,_.acid.solyution i, . )
e el B Drogsas SOUCIT: to Ayl Do R chig WhskERs sulfuric acid

s PG B Sl P LR G B 1B, S Douc 0. 5 Co
about 20 vol . %
8. The process according to any preceding claim wherein said alkylation
process comprises:
a) combining an olefinic hydrocarbon feedstream containing C,
olefins with isobutane to form a hydrocarbonaceous mixture; and
b) contacting the hydrocarbonaceous mixture with sulfuric acid
under conditions effective for producing at least an alkylate and a
sulfuric acid solution having an acid concentration of at least

about 75 wt.%.

9. The process according to any preceding claim wherein water is added to
said sulfuric acid solution to adjust the sulfuric acid concentration of said

sulfuric acid solution.

10.  The process according to any preceding claim wherein said diesel

boiling range product has less than about 200 wppm nitrogen.



15. The process according to any preceding claim
wherein the nitrogencontaining diesel boiling range

wo e@dmse7eam and the sul furic acid sol ution ar ePCT/US2004/040095
intimately contacted by a contacting nethod sel ected
from non-di spersive and di spersive contacting nethods.
16. The process according to any preceding claim
wherei n the nondi spersive contacting nethod is
sel ected from packed inert Bérticle beds and fiber
filmcontactors. 17. The process according to any
precedi ng claimwherein the dispersive contacting
nethod is selected fromm xing val ves, static m xers
18nd Thaiphgcdsaaksordingesas! sred&lind BRIAI WEQSH BRCRIFINT
to any precedi ng clalmwherein said process further

cameptiatien of dépndmsélnpibng dangiegmetiuttas Ebogt ¢.4ngabpuio2tiiott. %
and said use? syl furic ?cid solution. 19. The process

legg, NREISsS Qﬂﬁmpgrréé‘%%l' $RYSHPHPM wherei n the di esel
boi Il i ng range product and the used sulfuric acid
solution are separated by any neans known to be

1Bf f eThé peo ks seRAtALd tﬁ%@rpra@édin% ERMA RN EIPERMACR 10ss
stream “20. The process according to any preceding

atttitaited wh theesul furieadd eskitionaird4tmgntr Brabeupd Sdvciboand vitie.
used sulfuric acid solution are separated by a
separation device selected fromsettling tanks or

ru al escers,..electraostatj.c ecipitators, and
1% herhs PRRIESS SEiindu® oy Trbidif BlBE P BisP il e Gate of
theUIRERCRM BubbA I TLNARL Shil b, £36190! |19 range
product and the used sulfuric acid solution are
separated by fiber filmcontactors.

14. The process according to any preceding claim wherein the treat rate of

the sulfuric acid solution is about 0.5 to about 20 vol.%

15.  The process according to any preceding claim wherein the nitrogen-
containing diesel boiling range feedstream and the sulfuric acid solution are
intimately contacted by a contacting method selected from non-dispersive and

dispersive contacting methods.

16.  The process according to any preceding claim wherein the non-
dispersive contacting method is selected from packed inert particle beds and

fiber film contactors.

17.  The process according to any preceding claim wherein the dispersive
contacting method is selected from mixing valves, static mixers and mixing

tanks or vessels.



22. The nethod according to any precedi ng claim
wherein the hydrotreating of the diesel boiling range
w@e@dosd’33 s achi eved by contacting said di esel PGDUB2004040095
" range product with a hydrotreating catal ysts
containing at | east one Group VI netal oxide and at
| east one Group VIII netal oxide under conditions
effective at renoving or converting at |east a portion
of the sulfur contained in-3%id diesel boiling range
product. 23. The nethod according to any preceding
claimwherein said inproved nethod further conprises
contacting said diesel boiling range product with an

18f f eqhib pRo@¥pHBsoraingad g ;ﬁeéaﬂgg %pg;:@h&%i@ém& gkﬁé&@d

fromcausti ¢ and waterunder con s effectiv

furtdu congprises semratingedid diesebboilinf rangeprbdesebndsaitivzgd
range product prior to hydrotreating. 24. An inproved
SHEHHOAC SO IWM: ot reat i ng” a di esel boiling range
f eedstream cont ai ni ng both nitrogen and sul fur
contam nants conprising: a) providing a sulfuric acid

ol Ut . e _ S ’ -
e TEE RS ML el LA RaE) P el g
ran@k piroduct an)l the nsatdilfigicadd sskitiohaire ls?gara‘@ﬂggl any means
f eedst ream cont ai ni ng both nitrogen and sul fur
kpeyrn dorba ghfestivpat saparating dmacid éronaady dodcaabon str&BI0F
to about 75Q0F with the sulfuric acid solution under
conditions effective at renoving greater than about 85

20M - O/‘Tﬁé g(lgkreelsg] 5&50991?1% tggaéﬁgg#gge?iiﬁé) Efaﬂh%ﬂeﬂeﬂl §31 fese poiling

di ese ng rang reamt hereby produci ng zlal

rahgaprodudiaddehe bodd dulfirtednde seheidy Gire a8shrated¥8th separation
sul furic acid solution, wherein the volunetric
device selected from settling tanks or drums, coalescers, electrostatic

precipitators, and other similar devices.

21.  The process according to any preceding claim wherein the diesel boiling
range product and the used sulfuric acid solution are separated by fiber film

contactors.

22, | The method according to any preceding claim wherein the hydrotreating
of the diesel boiling range product is achieved by contacting said diesel boiling
range product with a hydrotreating catalysts containing at least one Group VI
metal oxide and at least one Group VIII metal oxide under conditions effective
at removing or converting at least a portion of the sulfur contained in said

diesel boiling range product.

23.  The method according to any preceding claim wherein said improved
method further comprises contacting said diesel boiling range product with an

effective amount of an acid reducing material selected from caustic and water



treat rate of the sulfuric acid solution is greater
than about 0. 5 vol.% based on the diesel boiling

w0 a0vg@sd7eedst ream and sai d contacting i s achi er€rUS2004/040095
through the use of a non-dispersive nmethod; and c)
hydrotreating sai d diesel boiling range product by
contacting said diesel boiling range product with a
hydrotreating catal ysts containing at | east one G oup
VI netal oxide and at |east2Xne Group VII'lI metal oxide
under conditions effective at renoving or converting
at least a portion of the sulfur contained in said
di esel boiling range product.

under conditions effective at reducing the total acid number of said diesel

boiling range product prior to hydrotreating.

24.  An improved method for hydrotreating a diesel boiling range feedstream
containing both nitrogen and sulfur contaminants comprising:

a) providing a sulfuric acid solution having a sulfuric acid
concentration of greater than about 75 wt.%, based on the sulfuric
acid solution;

b) contacting a diesel boiling range feedstream containing both
nitrogen and sulfur contaminants and boiling in the range of
about 350°F to about 750°F with the sulfuric acid solution under
conditions effective at removing greater than about 85 wt.% of
the nitrogen compounds contained in said diesel boiling range
feedstream thereby producing at least a diesel boiling range
product and a used sulfuric acid solution, wherein the volumetric
treat rate of the sulfuric acid solution is greater than about 0. 5
vol.%, based on the diesel boiling range feedstream and said
contacting is achieved through the use of a non-dispersive
method; and

c) hydrotreating said diesel boiling range product by contacting said
diesel boiling range product with a hydrotreating catalysts
containing at least one Group VI metal oxide and at least one
Group VIII metal oxide under conditions effective at removing or
converting at least a portion of the sulfur contained in said diesel

boiling range product.



