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A diesel fuel composition comprising a (l) sulfur content of 
less than 10 ppm; (2) a ?ash point of greater than 50° C.; (3) 
a UV absorbance, Atom], of less than 1.5 as determined by the 
formula comprising 

A,o,a,:AX+10(Ay) 
Wherein A;C is the UV absorbance at 270 nanometers; and 
Wherein Ay is the UV absorbance at 310 nanometers; 

(4) a naphthene content of greater than 5 percent; (5) a cloud 
point of less than —l2o C.; (6) a nitrogen content ofless than 
10 ppm; and (7) a 5% distillation point of greater than 300 F 
and a 95% distillation point of greater than 600 F. 

Lube Oil Hydrocracking I Diesel Hydrotreating for Vl Upgrade and Sulfur Removal followed 

by Waxy Lube Oil I Diesel lso-Dewaxing I Hydro?nishing for Odorless Diesel Production 

@ 1m! 14" 

i 115 
30 

m ‘ 130 
--- m 
E. 15 E 20 
M Ei 
' ‘ 

Diesel - 300 

Jet I Diesel 
+ Waxy Base Oil 

OSUS Base Oil 

95 I 320 

100/220SUS Base Oil 
230 320 

270 

250 255 ‘L , 





v. 6.55323 a» m 530 

US 2009/0313890 A1 

E31 ucEom 85:: .x. m Emma ucm cotm? 562mm “6 coz?mtoo 250m :mmE 
m.‘ mSmE 

Patent Application Publication 

08 8m 8m 8.‘ O3 2% 8” Q2 Q8 02 8F 

6 f 0 2 w h S 9 0 0 2 4, 2 u. D 

yé 2K2 1x296 n > 

Ax“. 
@ 

H 2: 
ON 3 Q5 our o3. om? ow? 

Flash Point, Pensky-Marten, C 



Patent Application Publication Dec. 24, 2009 Sheet 3 0f 6 US 2009/0313890 A1 

oom - Emma mam . “2" 
com I m?smmz 

oww 

EN 

com - RG20 \ “ow 
4 b. 

$3 an H x \H/ . 8N mm 

mm, A 1 6% mg‘ “m3 i cmN c: at. 
am 2N : =2 . 22 z 

o-N Ag 
mmv cm? on“ _ 

Ow mm .5: 
mm 

ow? .E ow 

Lac: 

0.2. 

m: 

:3. NM“ cc.‘ % 

20:23am 2688.4 L2 cowmcmmohgz .222 owwm Eaoz _m>oEom Bram how m==$396>z EwBQ N SzmE 



1 A 0 

m =0 32. as; + 

M mNN oNN Emma \ 31 

m d u l . 

9 u 

m ) com cm 

W m: .5 

mw m: 2E. u: 

6 8" 02 at 
f .6 3mm wnwo?si 8. . 22 “z 

40. > S.“ m 3 m3 W 

w 8" ma " .n c P 

h ovw 

S .6 38 25¢ w a E 

m 8” - 6&5 ‘ 

4, 2 m D 

mm? cm? 4 our 

mam - 8.; \/ 

Q3 wlllnlll 8: 

omw | 23am L am on: E: 

m w .rCI OF 

62 h 8: 21 

Patent Application Publication 



Patent Application Publication Dec. 24, 2009 Sheet 5 0f 6 US 2009/0313890 A1 

0 I l I I I I 1 | I | 1 1 l 1 18m I | | I | | I | I i I | l | 1 I .. J_ _ _ 

. _ 
_ _ 

_ 

8w - am 5 u 

i Q: T31. . . " 

cON .. mmv om? " 

3 , 
. 3 

Q2 22%.‘ mm a \J? " 

Q? 2: a: _ 

g u 

a: E: _ 

2; f“ f\ n 

2 i _ 2; " 

IIW ; i 

2: - m2 2: 

o: 

v 2:9". 

i 



Patent Application Publication Dec. 24, 2009 Sheet 6 0f 6 US 2009/0313890 A1 

I | l ' l I ' I I | i I I I I I I I ' ! ' I llllllllIllll-J 

P 

_ own 

_ _ _ _ 
_ _ 

_ _ 

Sm. am E .8; n 

at‘ y _ 

8N. m2 2: _ 

g _ 

8723691 mm . _ 

Q», 1 )2 _ 

OQP Du ha: _ 

hm _ 

_ 

E: _ 

c2 /\ “ 
cm m; " 

,IIW , . + 

2: LIE: 8 
c: 

2258 E62 @502 53:2 :9: 5? 3821 2&6 29.5 i m 215E 



US 2009/0313890 A1 

DIESEL COMPOSITION AND METHOD OF 
MAKING THE SAME 

FIELD OF THE INVENTION 

[0001] The present invention relates to a premium diesel 
fuel composition, derived from petroleum, and method of 
making the same. 

BACKGROUND OF THE INVENTION 

[0002] Un-combusted diesel fuel, including ultra-loW sul 
fur diesel (U LSD), has a strong odor. The odor often associ 
ated With diesel is unpleasant and may deter customers from 
purchasing diesel vehicles. In particular, the diesel fuel, When 
spilled, especially on one’s hands or clothing, may have a 
prolonged bad odor. Also diesel fuel stored in equipment 
contained in garages, basements, sheds, or even houses can 
emit an odor that may make it undesirable to store the equip 
ment or fuel indoors. 

[0003] Emissions from vehicles utiliZing diesel are also 
relatively high and require extensive after treatment technol 
ogy to meet governmental regulations. Older vehicles, Which 
do not have the extensive after-treatment equipment, should 
have loWer emissions With this premium, odorless diesel 
product. 
[0004] Several factors lead to diesel fuel odor. Eliminating 
only some of the factors can result in a diesel fuel that still has 
an unacceptable odor. Understanding and controlling mo st or 
all the factors is necessary to achieve a fuel that has a truly loW 
odor level or no odor. Another important consideration is that 
When the odor causing components are eliminated from the 
prospective fuel it may no longer meet all the required speci 
?cations for the fuel. Only by careful balancing of the factors 
can a fuel be produced that both has loW odor and meets diesel 
fuel speci?cations. 
[0005] It has been discovered that some key factors in 
reducing or eliminating diesel fuel odor are adjusting the 
aromatic content, adjusting the amounts of volatile and loW 
boiling point compounds, and controlling the amount of sul 
fur and other heteroatoms in the diesel fuel. 

DESCRIPTION OF THE RELATED ART 

[0006] Murakami, et al., US. Pat. No. 5,730,762 teach a 
diesel fuel of reduced sulfur content Which contains an alkyl 
side chain on the aromatic ring and also contains hetero 
nitrogen compounds With an alkyl side chain. The composi 
tion also includes carbaZole and indole compounds as com 
ponents of the fuel composition. 
[0007] Nikanjam et al., US. Pat. No. 5,389,112 disclose a 
diesel fuel With loW aromatic content and high cetane number. 
There are controlled amounts of aromatics in the fuel to 
produce an optimum cetane number as de?ned by a graph set 
forth in the patent. The fuel can also have added thereto a 
cetane improver. The composition also includes 2-ethyl 
hexylnitrate as the cetane improver. 
[0008] Russell, US. Pat. No. 5,792,339 discloses a diesel 
fuel Which minimiZes the production of pollutants from 
vehicles by adjusting the amounts of aromatic compounds in 
the fuel. The composition also includes polycyclic aromatics 
of betWeen 5.0 to 8.6 Weight %. 
[0009] Hubbard et al., US. Pat. No. 6,096,103 teachthe use 
of mineral spirits With loW sulfur and loW odor in diesel 
engines. 
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[0010] Hubbard et al., US. Pat. No. 6,291,732 teach a 
diesel fuel comprising a blend of aromatic and aliphatic min 
eral spirits having a loW sulfur content for use in cold cli 
mates. 

[0011] Ellis et al., US. Pat. No. 6,893,475 disclose a dis 
tillate fuel having a sulfur level of less than about 100 Wppm, 
a total aromatics content of about 15 to 35 Wt. %, a poly 
nuclear aromatics content of less than about 3 Wt. %, Wherein 
the ratio of total aromatics to polynuclear aromatics is greater 
than about 11. 
[0012] While loW sulfur diesel fuels and loW emissions 
diesel fuels are knoWn in the art, diesel fuels speci?cally 
formulated to have loW or no odor through the reduction of 
sulfur, nitrogen, aromatic, and volatile compounds are novel. 

SUMMARY OF THE INVENTION 

[0013] In one embodiment, the present invention is directed 
to a petroleum derived diesel fuel composition having: 

[0014] (a) a sulfur content of less than 10 ppm; 
[0015] (b) a ?ash point of greater than 50° C.; 
[0016] (c) a UV absorbance, Atom], of less than 1.5 as 

determined by the formula 

Atotal:A27O+10(A31O) 

[0017] Wherein A270 is the UV absorbance at 270 
nanometers; and 

[0018] Wherein A310 is the UV absorbance at 310 
nanometers; 

[0019] (d) a naphthene content of greater than 5 percent; 
[0020] (e) a cloud point ofless than —12° C.; 
[0021] (f) a nitrogen content of less than 10 ppm; and 
[0022] (g) a 5% distillation point of greater than 300° F. 
and a 95% distillation point of greater than 600° F. 

[0023] In another embodiment, the present invention is 
directed to a process for preparing a petroleum-derived fuel 
composition comprising: 

[0024] (a) feeding a hydrocarbonaceous feedstock hav 
ing at least 50 ppm sulfur and at least 25 percent by 
Weight aromatic content to a reactor system over a 
hydrotreating catalyst comprising a Group VI or a non 
noble metal Group VIII or mixtures thereof, thereby 
producing a hydrotreated product; 

[0025] (b) feeding the hydrotreated product to at least 
one separation unit, thereby separating the producing a 
product stream having a sulfur content of less than 50 
ppm by Weight; 

[0026] (c) feeding the product stream to a hydrogenation 
reactor system over a noble metal hydrogenation cata 
lyst, thereby producing a hydrogenated product; and 

[0027] (d) feeding the hydrogenated product to at least 
one separation unit thereby producing a diesel product 
stream, Wherein the diesel product stream has an aro 
matic content of less than 7.5 percent by Weight, a sulfur 
content of less than 10 ppm and a ?ash point of greater 
than 50 degrees C. 

[0028] In another embodiment, the present invention is 
directed to a process for preparing a petroleum-derived fuel 
composition comprising: 

[0029] (a) feeding a hydrocarbonaceous feedstock hav 
ing at least 50 ppm sulfur and at least 25 percent by 
Weight aromatic content to a ?rst reactor system over a 
hydrotreating catalyst comprising a Group VI element or 
a non-noble metal Group VIII element or mixtures, 
thereby producing a hydrotreated product; 
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[0030] (b) feeding the hydrotreated product to a second 
reactor system over a hydrocracking catalyst, thereby 
producing a hydrocracked product; 

[0031] (c) feeding the hydrocracked product to at least 
one separation unit, thereby separating the hydroc 
racked product into a ?rst product stream and a second 
product stream; 

[0032] (d) feeding the second product stream to at least 
one reactor comprising a catalyst to convert the para?ins 
into iso-paraf?ns, thereby producing a de-WaXed prod 
uct; 

[0033] (e) feeding the de-WaXed product to at least one 
reactor comprising a hydrogenation catalyst to hydro?n 
ish, thereby producing a hydro?nished product; 

[0034] (f) feeding the hydro?nished product to at least 
one separation unit, thereby separating the hydro?n 
ished product into a diesel product stream and at least a 
base oil product stream, Wherein the diesel product 
stream has an aromatic content of less than 7.5 percent 
by Weight, a sulfur content of less than 10 ppm and a 
?ash point of greater than 50 degrees C. 

[0035] In another embodiment, the present invention is 
directed to a process for preparing a petroleum-derived fuel 
composition comprising: 

[0036] (a) feeding a hydrocarbonaceous feedstock to a 
reactor system containing a high activity base metal 
catalyst, thereby hydrogenating the hydrocarbonaceous 
feedstock and producing a hydrogenated product; and 

[0037] (b) feeding the hydrogenated product to at least 
one separation unit, thereby separating the hydroge 
nated product into a naphtha product stream, a jet prod 
uct stream and a diesel product stream, Wherein the 
diesel product stream has an aromatic content of less 
than 7.5 percent by Weight, a sulfur content of less than 
10 ppm and a ?ash point of greater than 50 degrees C. 

[0038] In another embodiment, the present invention is 
directed to a process for preparing a petroleum-derived fuel 
composition comprising: 

[0039] (a) feeding a hydrocarbonaceous feedstock hav 
ing less than 100 ppm by Weight sulfur to a reactor 
system over a high activity noble metal catalyst, thereby 
producing a hydrogenated product; and 

[0040] (b) feeding the hydrogenated product to at least 
one separation unit thereby producing a diesel product 
stream, Wherein the diesel product stream has an aro 
matic content of less than 7.5 percent by Weight, a sulfur 
content of less than 10 ppm and a ?ash point of greater 
than 50 degrees C. 

[0041] In another embodiment, the present invention is 
directed to a method of decreasing soot in an internal com 
bustion engine comprising injecting a petroleum derived die 
sel fuel composition having: 

[0042] (a) a sulfur content of less than 10 ppm; 
[0043] (b) a ?ash point of greater than 50° C.; 
[0044] (c) a UV absorbance, Atom], of less than 1.5 as 

determined by the formula 

[0045] Wherein A270 is the UV absorbance at 270 
nanometers; and 

[0046] Wherein A310 is the UV absorbance at 310 
nanometers; 

[0047] (d) a naphthene content of greater than 5 percent; 
[0048] (e) a cloud point ofless than —12° C.; 

Dec. 24, 2009 

[0049] (f) a nitrogen content of less than 10 ppm; and 
[0050] (g) a 5% distillation point of greater than 300° F. 
and a 95% distillation point of greater than 600° F. 

[0051] into an internal combustion engine and combusting 
the fuel composition. 

BRIEF DESCRIPTION OF THE DRAWING 

[0052] FIG. 1 depicts the correlation betWeen odor, aro 
matic content and ?ash point; 
[0053] FIG. 1a depicts the correlation betWeen ?ash point 
as determined by Pensky-Marten, ASTM D93 and 5% initial 
boiling point as determined by ASTM D2187; 
[0054] FIG. 2 depicts a ?rst embodiment of making a loW or 
no odor diesel fuel composition; 
[0055] FIG. 3 depicts a second embodiment of making a 
loW or no odor diesel fuel composition; 
[0056] FIG. 4 depicts a third embodiment of making a loW 
or no odor diesel fuel composition; 
[0057] and FIG. 5 depicts a fourth embodiment of making 
a loW or no odor diesel fuel composition. 

DETAILED DESCRIPTION OF THE INVENTION 

[0058] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments thereof 
are herein described in detail. It should be understood, hoW 
ever, that the description herein of speci?c embodiments is 
not intended to limit the invention to the particular forms 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling Within the 
spirit and scope of the invention as de?ned by the appended 
claims. 

De?nitions 

[0059] HDirefers to “hydrotreater.” 
[0060] HDC refers to “hydrocracker.” 
[0061] IDWirefers to “deWaXing.” 
[0062] MUH2irefers to “makeup hydrogen.” 
[0063] Hydrogenation/hydrocracking catalyst may also be 
referred to as “hydrogenation catalyst” or “hydrocracking 
catalyst.” 
[0064] The terms “feed”, “feedstock” or “feedstream” may 
be used interchangeably. 
[0065] The term “heteroatom” refers to any atom that is not 
carbon or hydrogen. Typical heteroatoms include, but are not 
limited to, nitrogen, sulfur, phosphorus, and oxygen. 
[0066] The term “UV” refers to ultraviolet Wavelengths of 
light in the range of about 10 nanometers to about 400 nanom 
eters. 

[0067] All elemental group notations (e.g., Group VIII) 
refer to CAS Notation. 

Diesel Fuel Composition 

[0068] One embodiment of the present invention is directed 
to a diesel fuel composition. A diesel fuel composition com 
prises various compounds including sulfur compounds, nitro 
gen compounds, aromatic compounds and volatile com 
pounds (light ends). In order to achieve a loW or no odor diesel 
fuel, it has been discovered that heteroatom-containing com 
pounds, aromatic content, and volatile light ends need to be 
reduced. 
[0069] Elimination of most of the sulfur compounds that 
make up the diesel fuel composition results in a diesel fuel 
that has reduced odor. Furthermore, if the diesel fuel compo 
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sition has some sulfur compounds, the type of sulfur com 
pound Will dictate, Whether the diesel fuel composition has a 
strong odor. The total sulfur content of the diesel fuel com 
position of the invention is less than 10 ppm; more preferred, 
less than 6 ppm; and most preferred, less than 3 ppm. 
[0070] Another type of heteroatom Which can impart an 
odor to diesel fuel is nitrogen. Nitrogen containing com 
pounds can be organic compounds such as aliphatic or aro 
matic hydrocarbons With a nitrogen containing sub stitutent or 
inorganic nitrogen containing compounds such as ammo 
nium compounds, nitrates, and nitrites. Accordingly, the die 
sel fuel composition of the invention may have a nitrogen 
content of less than 10 ppm; more preferred, less than 5 ppm; 
and most preferred, less than 1 ppm. 
[0071] Aromatic compounds are other compounds that 
have also been found to contribute to diesel fuel odor. It has 
been discovered that reduction of the aromatic content of the 
fuel can also greatly reduce the odor of the fuels. As With 
sulfur and nitrogen compounds, the species of aromatic com 
pounds in the fuel can have an effect on the odor, but generally 
it has been found that a diesel fuel composition With very loW 
total aromatic levels has a decreased odor. 

[0072] Aromatic content may also be approximated by the 
UV absorbance at speci?c Wavelengths, namely at 272 and 
310 nm. Aromatic compounds typically absorb ultraviolet 
(UV) Wavelengths of light in the range of 270 nanometers 
(nm) and 310 nanometers (nm). Accordingly, the sum of UV 
absorbances, given as Atom], is related to the aromatic content 
of a given diesel fuel. We have found thatA Zas given in the 
formula 

to ta 

[0073] Wherein A270 is the UV absorbance at 270 nm and 
Wherein A310 is the UV absorbance at 310 nm, must be less 
than about 1.5, preferably less than about 1.0, and most pref 
erably less than about 0.8 to have the odorless diesel fuel 
composition of the present invention. 
[0074] In an embodiment of the present invention, the total 
aromatic compound content of the fuel is less than 10%, 
preferably less than 7.5%, more preferably less than 5%, most 
preferably less than 2%, oven more preferred less than 1%, 
and even most preferred less than 0.5%. Aromatic content 
Was measured using Supercritical Fluid Chromatography 
(SFC), ASTM D5186. 
[0075] By measuring the Atom] of a given feedstock, the 
degree in Which to hydrotreat is determined in order to pro 
duce a loW odor diesel fuel. 

[0076] Still yet another factor that has been found to be 
important or critical in achieving a loW or no odor fuel is the 
amount of the volatile or tight boiling components in the fuel. 
These components are often referred to as light ends or “front 
en ” of the diesel fuel range. It has been found that by 
decreasing the light boiling components of the diesel fuel, in 
combination With decreasing the other components listed 
above, a loW or no odor diesel fuel can be obtained. One 
useful measure for evaluating the front end of the diesel fuel 
is using the 5% initial boiling point and 95% ?nal boiling 
point of the fuel as measured by ASTM D2887. In the present 
invention, the 5% initial boiling point of the fuel should be 
greater than 300 degrees F., preferably greater than 320 
degrees F., more preferably greater than 340 degrees F., and 
most preferably greater than 375 degrees F. The 95% ?nal 
boiling point of the diesel fuel composition of the present 
invention is greater than 600° F., preferably, greater than 675 
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degrees F., more preferred, greater than 725 F. Another mea 
sure for evaluating the volatility of the diesel fuel is the 
boiling point. Preferably the boiling point range of the diesel 
fuel composition of the present invention is from about 300° 
F. to about 730° F. 
[0077] The ?ash point of the diesel fuel composition of the 
present invention has a ?ashpoint Within diesel speci?cations. 
Preferably the ?ash point is greater than about 50° C., pref 
erably, greater than about 55° C., more preferred greater than 
60° C., even more preferred greater than about 70° C., and 
most preferred greater than 75° C. as measured by the Pen 
sky-Martin closed cup method. 
[0078] The cloud point refers to the temperature beloW 
Which solids, such as Wax, start to precipitate in the diesel fuel 
leading to a cloudy appearance. The cloud point is an impor 
tant measure of the cold temperature characteristics of a die 
sel fuel. The diesel fuel of the present invention has a cloud 
point less than —12° C. 
[0079] The diesel fuel composition of the present invention 
Will be loW in aromatic compounds. The feedstock prior to 
hydrotreating may contain a signi?cant amount of aromatic 
species. For example, the feedstock prior to hydrotreatment 
may contain at least 5% aromatics. The feedstock may con 
tain at least 10% aromatics or the feedstock may contain at 
least 20% aromatics. During hydrotreatment, the aromatics 
can be, at least in part, converted to napthenes by hydrodearo 
matiZation reactions. In accordance With the present inven 
tion, the naphthene content of the diesel fuel composition of 
the present invention is greater than 5%. The naphthenes may 
be formed from hydrodearomatiZation of the feedstock dur 
ing hydrotreatment or the naphthenes may be present in the 
feedstock prior to hydrotreatment as long as the diesel fuel 
composition of the present invention has a naphthene content 
of greater than 5%. 
[0080] In one embodiment of the present invention, the 
diesel fuel composition comprises a sulfur content of less 
than 6 ppm, a ?ash point of greater than or equal to 60° C., a 
nitrogen content of less than 10 ppm, a 5% distillationpoint of 
greater than 300° F. and a 95% distillation point of greater 
than 600° F., a cloud point of less than —12° C., a naphthene 
content of greater than 5%, and an aromatic content, as given 
by Atom], ofless than 1.5. 
[0081] In another embodiment of the present invention, the 
diesel fuel composition comprises a sulfur content of less 
than 6 ppm, a ?ash point of greater than or equal to 60° C., a 
nitrogen content of less than 10 ppm, a 5% distillationpoint of 
greater than 300° F. and a 95% distillation point of greater 
than 600° F., a cloud point of less than —12° C., a naphthene 
content of greater than 5%, and an aromatic content, as given 
by Atom], ofless than 1.0. 
[0082] In another embodiment of the present invention, the 
diesel fuel composition comprises a sulfur content of less 
than 6 ppm, a ?ash point of greater than or equal to 60° C., a 
nitrogen content of less than 10 ppm, a 5% distillationpoint of 
greater than 300° F. and a 95% distillation point of greater 
than 600° F., a cloud point of less than —12° C., a naphthene 
content of greater than 5%, and an aromatic content, as given 
by Atom], ofless than 0.8. 
[0083] The diesel fuel of the present invention, in addition 
to the characteristics noted above, may, in some embodi 
ments, comprise other characteristics such as viscosity. The 
viscosity is a measure of the resistance to ?oW of the diesel 
fuel, and it Will decrease as the diesel fuel oil temperature 
increases. If the diesel fuel is used in a diesel engine, for 
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example, the viscosity of the diesel fuel must be loW enough 
to How freely at its lowest operational temperature, yet high 
enough to provide lubrication to any moving parts in the 
engine. Viscosity also Will determine the siZe of the fuel 
droplets, Which, in turn, govern the atomization and penetra 
tion qualities of the fuel injector spray. In one embodiment, 
the diesel fuel of the present invention may have a viscosity at 
400 C. of less than 4.1 mm/cSt as measured by ASTM D445 
64. 
[0084] The diesel fuel of the present invention, may, in 
some embodiments, comprise other characteristics such as 
net heat of combustion as determined by ASTM D4868. Pref 
erably the diesel fuel of the present invention Will have a net 
heat of combustion greater than 18,000 Btu/ lb and more pref 
erably more than 18,500 Btu/lb. It should be noted that vis 
cosity and net heat of combustion describe the characteristics 
of some embodiments of the diesel fuel composition of the 
present invention. Not all embodiments of the diesel fuel 
composition of the present invention need to possess one or 
more of these physical characteristics. Moreover, the physical 
characteristics outside the preferred ranges are still Within the 
scope of the invention as described and claimed herein. 
[0085] If desired, the diesel fuel composition of the present 
invention may include additives to improve the lubricity of 
the diesel fuel composition. When used in a diesel engine, for 
example, some diesel fuels, especially loW sulfur content 
fuels, offer limited protection against engine Wear. The Wear 
occurs to the injector needle due to rubbing contact With the 
surface of its container. Also, various parts of fuel pumps such 
as internal gears and cams are subject to Wear due to fuel 

related problems. In some embodiments, to increase the die 
sel fuel lubricity, one or more lubricity enhancing additives 
can be mixed With the diesel fuel. Typically, the concentration 
of the lubricity enhancing additive in the fuel falls in the range 
of from about 1 to about 50,000 ppm, preferably about 10 to 
about 20,000 ppm, and more preferably from about 25 to 
about 10,000 ppm. Any lubricity enhancing additives can be 
used. These lubricity enhancing additives include, but are not 
limited to, fatty alcohols, fatty acids, amines, ethoxylated 
amines, borated esters, other esters, phosphates, phosphites, 
phosphonates, and mixtures thereof. 

Method of Making the Diesel Fuel Composition 

[0086] As discussed herein, several hydrotreating or hydro 
genation or both methods (generally, hydroconversion 
method) may be employed to produce a diesel composition 
having loW or no odor. A suitable hydroconversion method is 
determined based upon the aromatic content of the hydrocar 
bonaceous feedstock. 
[0087] In one embodiment, both a hydrotreating catalyst 
(base metal) and a hydrogenation catalyst (noble metal) are 
employed to produce the diesel composition described here 
inabove. 
[0088] A hydrocarbonaceous feedstock having at least 50 
ppm sulfur and at least 25 percent by Weight aromatic content 
is fed to a hydrotreater over a hydrotreating catalyst thereby 
producing a hydrotreated product. 
[0089] Hydrotreating catalysts are suitable for hydrocon 
version of feedstocks containing high amounts of sulfur, 
nitrogen and/or aromatic-containing molecules. Such cata 
lysts generally contain at least one metal component selected 
from non-noble Group VIII (CAS Notation) or at least one 
metal component selected from the Group VI B (CAS nota 
tion) elements or mixtures thereof. Group VIB elements 
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include chromium, molybdenum and tungsten. Group VIII 
elements include iron, cobalt and nickel. The amount(s) of 
metal component(s) in the catalyst suitably range from about 
0.5% to about 25% by Weight of Group VIII metal component 
(s) and from about 0.5% to about 25% by Weight of Ciroup VI 
B metal component(s), calculated as metal oxide(s) per 100 
parts by Weight of total catalyst, Where the percentages by 
Weight are based on the Weight of the catalyst before sul?d 
ing. The metal components in the catalyst may be in the oxidic 
and/or the sulphidic form. If a combination of at least a Group 
VI B and a Group VIII metal component is present as (mixed) 
oxides, it may be subjected to a sul?ding treatment prior to 
proper use in hydrotreating. Suitably, the catalyst comprises 
one or more components of nickel and/or cobalt and one or 

more components of molybdenum and/or tungsten. 
[0090] The hydrotreating catalyst particles of this invention 
are suitably prepared by impregnating, blending, or co-mull 
ing, active sources of the aforementioned metals With a sup 
port or binder. Examples of suitable supports or binders 
include silica, alumina, clays, Zirconia, titania, magnesia and 
silica-alumina. Preference is given to the use of alumina as a 
support or a binder or both. Other components, such as phos 
phorous, may be added as desired to tailor the catalyst par 
ticles for a desired application. When co-mulling, the blended 
components are then shaped, such as by extrusion, dried and 
calcined at temperatures up to 12000 F. (6490 C.) to produce 
the ?nished catalyst particles. Alternatively, equally suitable 
methods of preparing the amorphous catalyst particles 
include preparing oxide binder particles, such as by extru 
sion, drying and calcining, folloWed by depositing the afore 
mentioned metals on the oxide particles, using methods such 
as impregnation. The catalyst particles, containing the afore 
mentioned metals, are then further dried and calcined prior to 
use as a hydrotreating catalyst. 

[0091] Suitable hydrotreating catalysts generally comprise 
a metal component, suitably Group VlB or VH1 metal, for 
example cobalt-molybdenum, nickel-molybdenum, on a 
porous support, for example silica, silica-alumina, alumina or 
mixtures thereof. Examples of suitable hydrotreating cata 
lysts are the commercial ICR 106, ICR 120 of Chevron 
Research and Technology Co.; DN-200 of Criterion Catalyst 
Co.; TK-555 and TK-565 of Haldor Topsoe A/S; HC-K, 
HC-P, HC-R and HC-T of UOP; KF-742, KF-752, KF-846, 
KF-848 STARS and KF-849 of AKZO Nobel/Nippon Ketjen; 
and HR-438/448 of Procatalyse SA. 
[0092] Catalysts used in carrying out hydrotreating opera 
tions are Well knoWn in the art. See, for example, US. Pat. 
Nos. 4,347,121 and 4,810,357 for general descriptions of 
hydrotreating, and typical catalysts used in hydrotreating pro 
cesses. 

[0093] The hydrotreating catalyst employed in the present 
invention is selected from the group consisting of a nickel 
molybdenum catalyst, a nickel-tungsten catalyst, a molybde 
num-tungsten catalyst, a nickel-molybdenum-tungsten cata 
lyst and a molybdenum-cobalt catalyst. Preferably, the 
catalyst employed is a nickel-molybdenum catalyst on an 
alumina support. 
[0094] The hydrotreated product is then fed to at least one 
separation unit and separated into at least tWo product 
streams: a ?rst product stream and a second product stream. 
Preferably, the hydrotreated product is separated into a naph 
tha product stream, a jet product stream, and a heavy product 
stream. Typically, the second product stream or the heavy 
product stream has a sulfur content that is less than 50 ppm by 
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Weight. Preferably, the hydrotreated product is fed to at least 
tWo separation units, one of Which includes a distillation 
column. The heavy product stream is then fed to a hydroge 
nation reactor system. The heavy product stream is fed to the 
hydrogenation reactor system over a noble metal hydro gena 
tion catalyst, thereby producing a hydrogenated product. 
Optionally, an isomeriZation catalyst may be added to the 
hydrogenation reactor system to control cloud point. The 
hydrogenated product is then fed to at least one separation 
unit thereby producing a naphtha product stream, a jet prod 
uct stream and a diesel product stream. Preferably, the hydro 
genated product is fed to at least one separation unit, one of 
Which may include a distillation column, thereby producing a 
diesel product stream having an aromatic content of less than 
7.5 percent by Weight, a sulfur content of less than 10 ppm, 
and a ?ash point of greater than 50 degrees Celsius. 
[0095] Suitable hydrogenation catalysts generally com 
prise Group VIII noble metals or oxides thereof. Platinum 
catalyst or palladium catalyst or mixtures thereof may be 
employed. Optionally, a reduced Group VIII base metal, such 
a nickel, may be employed as the hydrogenation catalyst. 
[0096] FIG. 2 further depicts a process of making an odor 
less diesel fuel composition. FIG. 2 illustrates a hydrocarbon 
aceous feed, entering the process through stream 100, com 
bined With stream 110 comprising make-up hydrogen and 
combined With stream 140 Which comprises recycled hydro 
gen to form stream 115. Hydrogen in stream 140 is prepared 
by compressing the high pressure separator 20 gas e?luent 
stream 130. 

[0097] Stream 115 is heated prior to entering the ?rst stage 
hydroprocessing unit, vessel 10. Vessel 10 is preferably oper 
ated as a hydrotreater Where the hydrocarbonaceous feed’s 
sulfur is removed to very loW levels, preferably <100 ppm, 
more preferably less than 50 ppm, most preferably <20 ppm. 
The feed ?oWs doWnWard through at least one bed of catalyst. 
Preferably, the feed ?oWs through more than one bed of 
catalyst. 
[0098] Hydrotreated ef?uent exits vessel 10 through stream 
120 and is ?ashed in the high pressure separator, vessel 20. 
This vessel is a simple ?ash drum, separating the liquid 
hydrocarbon from the hydrogen rich recycle gas stream 130. 
The recycle gas stream 130 is compressed by the recycle gas 
compressor 30 and recycled to the hydrotreater reactor 10 
inlet. 
[0099] The high pressure liquid e?luent stream 150 is 
reduced in pressure valve 35 to loW pressure, typically, beloW 
60 psig, to form stream 155. Stream 155 is ?ashed in the loW 
pressure separator, vessel 40. This vessel is a simple ?ash 
drum separating the liquid hydrocarbon (stream 170) from 
the product gases (stream 160). 
[0100] The liquid ef?uent stream 170 is heated and sepa 
rated into several streams including, but not limited to, a 
diesel or diesel/jet stream in stripper 50 to remove the light 
gases (stream 180) and naphtha (stream 190). As an option, 
the product jet fuel, i.e., having a jet fuel boiling point range, 
(stream 195) can either be stripped in stripper 50 or combined 
With the diesel (stream 200) boiling range material in stream 
200 to produce a jet/diesel stream. 
[0101] The diesel or the jet/diesel stream 200 is pumped to 
hydrogenation pressure and combined With stream 210 com 
prising make-up hydrogen and With stream 240 comprising 
recycled hydrogen to form stream 215. Hydrogen in stream 
240 is prepared by compressing the high pressure separator 
gas e?luent stream 230. 
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[0102] Stream 215 is heated prior to entering the hydroge 
nation unit, vessel 60. Vessel 60 is preferably operated as a 
hydrogenation unit, preferably charged With high activity, 
noble base metals, Where the hydrocarbon feed’s aromatics 
are saturated to the levels require to make the diesel product 
odorless. The feed ?oWs doWnWard through at least one or 
more catalyst beds. 
[0103] Typically, the catalyst employed in the hydrogena 
tion unit comprises noble metals supported on silica or alu 
mina or silica alumina or combinations of these supports. The 
catalyst cracking activity may be enhanced by adding Zeolites 
to the catalysts. 
[0104] Hydrogenated e?luent exits vessel 60 through 
stream 220 and is ?ashed in the high pressure separator, 
vessel 70. This vessel is a simple ?ash drum, separating the 
liquidhydrocarbon from the hydrogen rich recycle gas stream 
230. The recycle gas stream 230 is compressed With the 
recycle gas compressor 80 to the pressure of the hydrogena 
tion reactor inlet. 

[0105] The high pressure liquid e?luent stream 250 is 
reduced in pressure (valve 85) to a loW pressure, typically 
beloW 60 psig, to form stream 255. Stream 255 is ?ashed in 
the loW pressure separator, vessel 90. This vessel is a simple 
?ash drum separating the liquid hydrocarbon (stream 270) 
from the product gases (stream 260). 
[0106] The liquid e?luent stream 270 is heated and sepa 
rated into at least tWo streams. To remove the light gases 
(stream 280), the liquid e?luent stream is separated in stripper 
95 into (1) naphtha (stream 290), (2) jet fuel (stream 300) and 
(3) an odorless diesel product (stream 310). By removing the 
lighter components in the stripper, the ?ash point is raised to 
meet the odorless diesel limitation of 50° C. 

[0107] In one embodiment, a hydrocarbonaceous feed 
stock, having at least 50 ppm sulfur, is fed to a ?rst reactor 
system (e. g., a hydrotreating unit) over a hydrotreating cata 
lyst as described hereinabove, thereby producing a 
hydrotreated product. The catalyst system in the hydrotreat 
ing step takes places in a reactor that that has at least tWo 
reactor beds. The ?rst reactor bed comprises at least tWo 
catalyst layers comprising a hydrotreating catalyst layer and 
a hydrotreating/hydrogenation/hydrocracking catalyst layer. 
Optionally, a hydrodemetalliZation layer may also be 
employed in the ?rst reactor bed. The hydrotreated product is 
then fed to a second reactor bed Which comprises at least tWo 
layers. Preferably, the second reactor bed comprises a 
hydrotreating/hydrogenation/hydrocracking catalyst layer, a 
hydrocracking layer and a hydrotreating layer. The 
hydrotreated product is fed through second reactor bed over 
the catalysts layers, thereby producing a hydrocracked prod 
uct. 

[0108] The hydrocracking catalyst employed is typically a 
base metal containing catalyst. In general, the hydrocracking 
catalyst comprises a cracking component and a hydrogena 
tion component on an oxide support material or binder. The 
cracking component may include an amorphous cracking 
component and/or a Zeolite, such as a Y-type Zeolite, an 
ultrastable Y type Zeolite, or a dealuminated Zeolite. A suit 
able amorphous cracking component is silica-alumina. 
[0109] The hydrogenation component of the hydrocrack 
ing catalyst is selected from those elements knoWn to provide 
catalytic hydrogenation activity. At least one metal compo 
nent selected from the Group VIIIB (CAS Notation) elements 
and/ or from the Group VIB (CASNotation) elements are gen 
erally chosen. Group VIB elements include chromium, 
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molybdenum and tungsten. Group VIIIB elements include 
iron, cobalt, and nickel. The amount(s) of hydrogenation 
component(s) in the catalyst suitably range from about 0.5% 
to about 30% by Weight of Group VIIIB metal component(s) 
and from about 0.5% to about 25% by Weight of Group VIB 
metal component(s), calculated as metals per 100 parts by 
Weight of total catalyst, Where the percentages by Weight are 
based on the Weight of the catalyst before sul?ding. The 
hydrogenation components in the catalyst may be in the 
oxidic and/or the sulphidic form. If a combination of at least 
a Group VIB and a Group VIIIB metal component is present 
as (mixed) oxides, it Will be subjected to a sul?ding treatment 
prior to proper use in hydrocracking. Suitably, the catalyst 
comprises one or more components of nickel and/or cobalt 
and one or more components of molybdenum and/or tung 
sten. Catalysts containing nickel and molybdenum or nickel 
and tungsten are particularly preferred. 
[0110] The hydrocracking catalyst particles of this inven 
tion may be prepared by impregnating, blending, or co-mull 
ing, active sources of hydrogenation metals With a binder. 
Examples of suitable binders include silica, alumina, clays, 
Zirconia, titania, magnesia and silica-alumina. Preference is 
given to the use of alumina as binder. Other components, such 
as phosphorous, may be added as desired to tailor the catalyst 
particles for a desired application. The blended components 
are then shaped, such as by extrusion, dried and calcined at 
temperatures up to 1200° F. (649° C.) to produce the ?nished 
catalyst particles. Alternatively, equally suitable methods of 
preparing the amorphous catalyst particles include preparing 
oxide binder particles, such as by extrusion, drying and cal 
cining, folloWed by depositing the hydrogenation metals on 
the oxide particles, using methods such as impregnation. The 
catalyst particles, containing the hydrogenation metals, are 
then further dried and calcined prior to use as a hydrocracking 
catalyst. 
[0111] The hydrocracked product is then fed to at least one 
separation unit and separated into at least tWo product 
streams. Preferably, the hydrocracked product is separated 
into a ?rst product stream and a second product stream. The 
?rst product stream has a boiling point range of from about 
80° F. to about 450° F. The second product stream has a 
boiling point range of from about 450° F. to about 900° F. The 
second product stream is then fed to at least one reactor. 
Preferably, the second product stream is fed to at least tWo 
reactors, a ?rst and second reactor. The ?rst reactor comprises 
at least one catalyst layer. Preferably, the ?rst reactor com 
prises at least tWo catalysts layers Which comprises a hydro 
genation catalyst and an isomeriZation de-Waxing catalyst to 
convert the paraf?ns into iso-paraf?ns, thereby producing a 
de-Waxed product stream. The de-Waxed product stream is 
then fed to the second reactor, a hydro?nishing reactor, 
thereby producing a hydro?nished ef?uent product stream. 
[0112] Typically, the isomeriZation catalyst comprises 
intermediate pore siZe catalysts. The term “intermediate pore 
siZe” refers to an effective pore aperture in the range of from 
5.3 angstroms to 6.5 angstroms When the porous inorganic 
oxide is in the calcined form. Molecular sieves having pore 
apertures in this range tend to have unique molecular sieving 
characteristics. Unlike small pore Zeolites such as erionite 
and chabaZite, they Will alloW hydrocarbons having some 
branching into the molecular sieve void spaces. Unlike larger 
pore Zeolites, such as the fauj asites and mordenites, they can 
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differentiate betWeen n-alkanes and slightly branched 
alkanes, and larger branched alkanes having, for example, 
quaternary carbon atoms. 
[0113] The effective pore siZe of the molecular sieves can 
be measured using standard adsorption techniques and hydro 
carbonaceous compounds of knoWn minimum kinetic diam 
eters. See Breck, Zeolite Molecular Sieves. 1974 (especially 
Chapter 8); Anderson, et al., J. Catalysis 58,114 (1979); and 
US. Pat. No. 4,440,871, the pertinent portions of Which are 
incorporated herein by reference. 
[0114] In performing adsorption measurements to deter 
mine pore siZe, standard techniques are used. It is convenient 
to consider a particular molecule as excluded if it does not 
reach at least 95% of its equilibrium adsorption value on the 
molecular sieve in less than about 10 minutes (p/po:0.5; 25° 
C.). 
[0115] Intermediate pore siZe molecular sieves Will typi 
cally admit molecules having kinetic diameters of 5.3 to 6.5 
angstroms With little hindrance. Examples of such com 
pounds (and their kinetic diameters in angstroms) are: n-hex 
ane (4.3), 3-methylpentane (5.5), benZene (5.85), and toluene 
(5.8). Compounds having kinetic diameters of about 6 to 6.5 
.ANG. can be admitted into the pores, depending on the 
particular sieve, but do not penetrate as quickly and in some 
cases are effectively excluded. Compounds having kinetic 
diameters in the range of 6 to 6.5 .ANG. include: cyclohexane 
(6.0), 2,3-dimethylbutane (6.1), and m-xylene (6.1). Gener 
ally, compounds having kinetic diameters of greater than 
about 6.5 .ANG. do not penetrate the pore apertures and thus 
are not absorbed into the interior of the molecular sieve lat 
tice. Examples of such larger compounds include: o-xylene 
(6.8), 1,3,5-trimethylbenZene (7.5), and tributylamine (8.1). 
[0116] The preferred effective pore siZe range is from about 
5.5 to about 6.2 .ANG.. 

[0117] It is essential that the intermediate pore siZe molecu 
lar sieve catalysts used in the practice of the present invention 
have a very speci?c pore shape and siZe as measured by X-ray 
crystallography. First, the intracrystalline channels must be 
parallel and must not be interconnected. Such channels are 
conventionally referred to as 1-D diffusion types or more 
shortly as 1-D pores. The classi?cation of intraZeolite chan 
nels as 1-D, 2-D and 3-D is set forth by R. M. Barrer in 
Zeolites, Science and Technology, edited by F. R. Rodrigues, 
L. D. Rollman and C. Naccache, NATO ASI Series, 1984 
Which classi?cation is incorporated in its entirety by refer 
ence (see particularly page 75). Known 1-D Zeolites include 
cancrinite hydrate, laumontite, maZZite; mordenite and Zeo 
lite I. 

[0118] None of the above listed 1-D pore Zeolites, hoWever, 
satis?es the second essential criterion for catalysts useful in 
the practice of the present invention. This second essential 
criterion is that the pores must be generally oval in shape, by 
Which is meant the pores must exhibit tWo unequal axes 
referred to herein as a minor axis and a major axis. The term 
oval as used herein is not meant to require a speci?c oval or 
elliptical shape but rather to refer to the pores exhibiting tWo 
unequal axes. In particular, the 1-D pores of the catalysts 
useful in the practice of the present invention must have a 
minor axis betWeen about 3 .9 .ANG. and about 4 .8 .ANG. and 
a major axis betWeen about 5 .4 .ANG. and about 7.0 .ANG. as 
determined by conventional X-ray crystallography measure 
ments. 

[0119] The most preferred intermediate pore siZe silicoa 
luminophosphate molecular sieve for use in the process of the 
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invention is SAPO-11. SAPO-11 comprises a molecular 
framework of corner-sharing [SiO2] tetrahedra, [AlO2] tetra 
hedra and [PO2] tetrahedra, [i.e., (SxAlyPZ)O2 tetrahedral 
units]. When combined With a Group VIII metal hydrogena 
tion component, the SAPO-l 1 converts the Waxy components 
to produce a lubricating oil having excellent yield, very loW 
pour point, loW viscosity and high viscosity index. SAPO-l 1 
is disclosed in detail in US. Pat. No. 5,135,638, Which is 
hereby incorporated by reference for all purposes. 
[0120] Other intermediate pore siZe silicoaluminophos 
phate molecular sieves useful in the process of the invention 
are SAPO-31 and SAPO-41, Which are also disclosed in 
detail in US. Pat. No. 5,135,638. 
[0121] Also useful are catalysts comprising an intermediate 
pore siZe nonZeolitic molecular sieves, such as ZSM-22, 
ZSM-23 and ZSM-35, and at least one Group VIII metal. 
X-ray crystallography of SAPO-11, SAPO-31, SAPO-41, 
ZSM-22, ZSM-23 and ZSM-35 shoWs these molecular sieves 
to have the folloWing major and minor axes: SAPO-l 1, major 
6.3 .ANG., minor3.9 .ANG.; (Meier, W. H., Olson, D. H., and 
Baerlocher, C., Atlas of Zeolite Structure Types, Elsevier, 
1996), SAPO-31 and SAPO-41, believed to be slightly larger 
than SAPO-11, ZSM-22, major 5.5 .ANG., minor 4.5 .ANG. 
(Kokotailo, C. T., et al, Zeolites, 5, 349(85)); ZSM-23, major 
5.6 .ANG., minor 4.5 .ANG.; ZSM-35, major 5.4 .ANG., 
minor 4.2 .ANG. (Meier, W. M. and Olsen, D. H., Atlas of 
Zeolite Structure Types, ButterWorths, 1987). 
[0122] The intermediate pore siZe molecular sieve may be 
used in admixture With at least one Group VIII metal. Pref 
erably the Group VIII metal is selected from the group con 
sisting of at least one of platinum and palladium and option 
ally, other catalytically active metals such as molybdenum, 
nickel, vanadium, cobalt, tungsten, Zinc and mixtures thereof. 
More preferably, the Group VIII metal is selected from the 
group consisting of at least one of platinum and palladium. 
The amount of metal ranges from about 0.01% to about 10% 
by Weight of the molecular sieve, preferably from about 0.2% 
to about 5% by Weight of the molecular sieve. The techniques 
of introducing catalytically active metals into a molecular 
sieve are disclosed in the literature, and preexisting metal 
incorporation techniques and treatment of the molecular sieve 
to form an active catalyst such as ion exchange, impregnation 
or occlusion during sieve preparation are suitable for use in 
the present process. Such techniques are disclosed in US. Pat. 
Nos. 3,236,761 ; 3,226,339; 3,236,762; 3,620,960; 3,373,109; 
4,202,996; 4,440,781 and 4,710,485 Which are incorporated 
herein by reference. 
[0123] The term “metal” or “active metal” as used herein 
means one or more metals in the elemental state or in some 

form such as sul?de, oxide and mixtures thereof. Regardless 
of the state in Which the metallic component actually exists, 
the concentrations are computed as if they existed in the 
elemental state. 

[0124] The catalyst may also contain metals, Which reduce 
the number of strong acid sites on the catalyst and thereby 
loWer the selectivity for cracking versus isomeriZation. Espe 
cially preferred are the Group IIA metals such as magnesium 
and calcium. 

[0125] It is preferred that relatively small crystal siZe cata 
lyst be utiliZed in practicing the invention. Suitably, the aver 
age crystal siZe is no greater than about 10.mu., preferably no 
more than about 5.mu., more preferably no more than about 
1.mu. and still more preferably no more than about 0.5.mu. 
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[0126] Strong acidity may also be reduced by introducing 
nitrogen compounds, e. g., NH.sub.3 or organic nitrogen com 
pounds, into the feed; hoWever, the total nitrogen content 
should be less than 50 ppm, preferably less than 10 ppm. The 
physical form of the catalyst depends on the type of catalytic 
reactor being employed and may be in the form of a granule 
or poWder, and is desirably compacted into a more readily 
usable form (e. g., larger agglomerates), usually With a silica 
or alumina binder for ?uidized bed reaction, or pills, prills, 
spheres, extrudates, or other shapes of controlled siZe to 
accord adequate catalyst-reactant contact. The catalyst may 
be employed either as a ?uidized catalyst, or in a ?xed or 
moving bed, and in one or more reaction stages. 

[0127] The intermediate pore siZe molecular sieve catalyst 
can be manufactured into a Wide variety of physical forms. 
The molecular sieves can be in the form of a poWder, a 
granule, or a molded product, such as an extrudate having a 
particle siZe su?icient to pass through a 2-mesh (Tyler) screen 
and be retained on a 40-mesh (Tyler) screen. In cases Wherein 
the catalyst is molded, such as by extrusion With a binder, the 
silicoaluminophosphate can be extruded before drying, or, 
dried or partially dried and then extruded. 

[0128] The molecular sieve can be composited With other 
materials resistant to temperatures and other conditions 
employed in the isomeriZation process. Such matrix materials 
include active and inactive materials and synthetic or natu 
rally occurring Zeolites as Well as inorganic materials such as 
clays, silica and metal oxides. The latter may be either natu 
rally occurring or in the form of gelatinous precipitates, sols 
or gels including mixtures of silica and metal oxides. Inactive 
materials suitably serve as diluents to control the amount of 
conversion in the isomeriZation process so that products can 
be obtained economically Without employing other means for 
controlling the rate of reaction. The molecular sieve may be 
incorporated into naturally occurring clays, e.g., bentonite 
and kaolin. These materials, i.e., clays, oxides, etc., function, 
in part, as binders for the catalyst. It is desirable to provide a 
catalyst having good crush strength because in petroleum 
re?ning, the catalyst is often subjected to rough handling. 
This tends to break the catalyst doWn into poWder-like mate 
rials Which cause problems in processing. 
[0129] Naturally occurring clays Which can be composited 
With the molecular sieve include the montmorillonite and 
kaolin families, Which families include the sub-bentonites, 
and the kaolins commonly knoWn as Dixie, McNamee, Geor 
gia and Florida clays or others in Which the main mineral 
constituent is halloysite, kaolinite, diokite, nacrite or anaux 
ite. Fibrous clays such as halloysite, sepiolite and attapulgite 
can also be use as supports. Such clays can be used in the raW 
state as originally mined or initially subjected to calcination, 
acid treatment or chemical modi?cation. 

[0130] In addition to the foregoing materials, the molecular 
sieve can be composited With porous matrix materials and 
mixtures of matrix materials such as silica, alumina, titania, 
magnesia, silica-alumina, silica-magnesia, silica-Zirconia, 
silica-thoria, silica-beryllia, silica-titania, titania-Zirconia as 
Well as ternary compositions such as silica-alumina-thoria, 
silica-alumina-titania, silica-alumina-magnesia and silica 
magnesia-Zirconia. The matrix can be in the form of a cogel. 

[0131] The catalyst used in the process of this invention can 
also be composited With other Zeolites such as synthetic and 
natural faujasites, (e.g., X andY) erionites, and mordenites. It 
can also be composited With purely synthetic Zeolites such as 
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those of the ZSM series. The combination of Zeolites can also 
be composited in a porous inorganic matrix. 

[0132] As discussed above, a de-Waxed product stream 
results from contacting the second product stream With an 
isomeriZation catalyst. The de-Waxed product stream is fed to 
at least one reactor comprising a noble metal hydrogentation 
catalyst as described hereinabove. The de-Waxed product 
stream is hydro?nished thereby producing a hydro?nished 
product stream. The hydro?nished product stream is then fed 
to at least one separation unit and separated into a naptha 
product stream, a jet product stream, a diesel product stream 
and at least one base oil product stream. Preferably, the 
hydro?nished product stream is then fed to at least one sepa 
ration unit and separated into a naphtha product stream, a jet 
product stream, a diesel product stream, a ?rst base oil prod 
uct stream and a second base oil product stream. Preferably, 
the hydro?nished product stream is fed to at least tWo sepa 
ration units, one of Which includes a distillation column, and 
separated into a naphtha product stream, a jet product stream, 
a diesel product stream and at least one base oil product 
stream, preferably at least tWo base oil product streams, a ?rst 
base oil product stream and a second base oil product stream. 
The diesel product stream has an aromatic content of less than 
7.5 percent by Weight, a UV@272 nm+l0*UV@3l0 nm of 
less than 1.5, a sulfur content of less than 10 ppm and a ?ash 
point of greater than 50° C. 
[0133] FIG. 3 further depicts one embodiment of a process 
of making an odorless diesel fuel composition. FIG. 3 illus 
trates a hydrocarbonaceous feed having a boiling point range 
of 550 F to 1000 F. The feed, stream 100, is combined With 
stream 110, Which comprises make-up hydrogen, and With 
stream 140, Which comprises recycled hydrogen, to form 
stream 115. Hydrogen in stream 140 is prepared by compress 
ing the high pressure separator 20 gas ef?uent stream 130. 
[0134] Stream 115 is heated prior to entering the ?rst stage 
hydroprocessing unit, vessel 10. Vessel 10 is preferably oper 
ated as a hydrotreater Where the hydrocarbonaceous feed’s 
sulfur content if decreased to very loW levels. Preferably, the 
sulfur content is less than 100 ppm. More preferred, the sulfur 
content is less than 50 ppm and most preferred, the sulfur 
content is less than 20 ppm. The feed ?oWs doWnWard 
through at least one or more beds of catalyst, thereby produc 
ing a hydrotreated product. 
[0135] The hydrotreated ef?uent product exits vessel 10 
through stream 120 and is introduced to a second reactor 
system, a hydrocracker unit, vessel 15. Vessel 15 is preferably 
operated at hydrocracking operating conditions Where the 
e?luent’s viscosity index is improved to the viscosity index 
levels associated With lubricant oils, preferably from about 98 
to about 150. The hydrotreated e?luent product is contacted 
With a hydrocracking catalyst, thereby producing a hydroc 
racked product. 
[0136] The hydrocracked e?luent product exits vessel 15 
through stream 125 and is ?ashed in the high pressure sepa 
rator, vessel 20. This vessel is a simple ?ash drum, separating 
the liquid hydrocarbon from the hydrogen rich recycle gas 
stream 130. The recycle gas stream 130 is compressed in the 
recycle gas compressor 130 and recycled to the hydrotreater 
reactor 10 inlet. 

[0137] The high pressure liquid e?luent stream 150 is fed 
through valve 35 and reduced in pressure to a loW pressure, 
typically beloW 60 psig, to form stream 155. Stream 155 is 
?ashed in the loW pressure separator, vessel 40. This vessel is 
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a simple ?ash drum separating the liquidhydrocarbon, stream 
170, from the product gases, stream 160. 
[0138] The liquid e?luent stream 170 is heated and sepa 
rated into at least tWo product streams in stripper 50 in order 
to separate the light end gases from those product streams 
having a higher boiling point. The separated product streams 
may include (1) a Waxy base oil, (2) a Waxy base oil/diesel 
stream, (3) jet fuel, stream 195, (4) light end gases, stream 
180, and (5) naphtha, stream 190. Optionally, the jet fuel 
product stream, stream 195, may either be stripped in stripper 
50 or combined With the Waxy base oil/diesel boiling range 
material in stream 200. 
[0139] The Waxy base oil/diesel or the jet/diesel/Waxy base 
oil stream 200 is pumped to a pressure suitable for hydroge 
nation (e.g., 2000-2700 psi) and combined With stream 210, 
Which comprises make-up hydrogen, and With stream 240, 
Which comprises recycled hydrogen, to form stream 215. 
Hydrogen in stream 240 is prepared by compressing the high 
pressure separator 70 gas e?luent stream 230. 
[0140] Stream 215 is heated prior to entering the ?rst stage 
of vessel 60. Vessel 60 is preferably operated as an isomer 
iZation de-Waxing unit. Preferably the beds in the vessel 60 
are charged With high activity, noble base metal catalysts, 
Where the stream 200 is isomeriZed to the levels required to 
set the lubricant base oil pour point and as a result yields a 
de-Waxed product, a diesel fuel composition With excellent 
cold ?oW properties. 
[0141] Applicable catalyst for the isomeriZation deWaxing 
unit comprises noble metals supported over SM-3, SSZ-32 or 
ZSM-5 or mixtures thereof supported on alumina, silica, 
silica alumina or mixtures thereof. 
[0142] Stream 220 is generally cooled prior to entering a 
second stage hydro?nishing reaction unit, vessel 65. Vessel 
65 is preferably operated as a hydrogenation unit, preferably 
charged With high activity, noble base metal catalysts, Where 
the deWaxed product’s aromatic and ole?nic hydrocarbons 
are hydrogenated to the levels required to meet diesel fuel 
speci?cations, including a loW odor. The feed ?oWs doWn 
Ward through at least one or more beds of catalyst. 
[0143] Applicable catalysts for the hydro?nishing unit 
comprise of noble metals, such as platinum, palladium, and, 
optionally, high levels of a reduced Group VIII base metal 
such as nickel, supported over alumina, silica, silica alumina 
or mixtures thereof. 

[0144] The hydro?nished ef?uent product stream exits ves 
sel 65 through stream 225 and is ?ashed in the high pressure 
separator, vessel 70. This vessel is a simple ?ash drum, sepa 
rating a liquid hydrocarbon ef?uent stream from the hydrogen 
rich recycle gas stream 230. The recycle gas stream 230 is fed 
to the recycle gas compressor 80, Where it is compressed and 
fed to the isomeriZation deWaxing reactor. 
[0145] The high pressure liquid hydrocarbon e?luent 
stream 250 is reduced in pressure (valve 85) to a loW pressure, 
typically beloW 60 psig, to form stream 255. Stream 255 is 
?ashed in the loW pressure separator, vessel 90. This vessel is 
a simple ?ash drum separating liquid hydrocarbon ef?uent, 
stream 270, from product gas ef?uent, stream 260. 
[0146] The liquid hydrocarbon ef?uent stream 270 is 
heated and separated in stripper 95 into a ?nished lubricating 
base oil, stream 320, diesel product stream 310, jet product 
stream 295, naptha product stream 290, and light gases 
stream 280. By removing the lighter components in the strip 
per, the ?ash point is raised to meet the odorless diesel limi 
tation of greater than 50 degrees C. 



US 2009/0313890 A1 

[0147] In one embodiment of the present invention, a 
hydrocarbonaceous feedstock having at least 50 ppm sulfur 
and at least 7.5 percent by Weight aromatic content is fed to a 
reactor system (e.g., hydrogenating unit) Which contains high 
activity base metal catalysts to hydro genate the hydrocarbon 
aceous feedstock, thereby hydrogenating the hydrocarbon 
aceous feedstock and producing a hydrogenated product 
stream. The hydrogenated product stream is fed to at least one 
separation unit, thereby separating the hydrogenated product 
stream into at least tWo separate product streams. Preferably, 
the hydrogenated product stream is separated in at least tWo 
separation units, one of Which includes a distillation column. 
Preferably, the hydrogenated product stream is separated into 
at least a naphtha product stream, a jet product stream and a 
diesel product stream. The diesel product stream has an aro 
matic content of less than 7.5 percent by Weight, a sulfur 
content of less than 10 ppm, and a ?ash point of greater than 
50 degrees C. 
[0148] Preferably, the high activity base metal catalysts 
employed in this embodiment comprises Group VI base metal 
and Group VIII noble metal supported on an alumina, silica, 
alumina-silica, other inorganic oxide or Zeolite support. Pref 
erably, the catalyst comprises at least 5 Wt % Group VIII and 
5 Wt % Group VI metals. More preferred, the catalyst com 
prises 6 Wt % Ni and 19 Wt % Tungsten. Most preferred, the 
catalyst comprises 20 Wt % Ni and 20 Wt % Tungsten, and the 
reactor system has a pressure of at least 1000 psi. 
[0149] The hydrogenation component of the catalyst can a 
base metal and can be impregnated into the inorganic oxide, 
the Zeolite or both. In this application, the term “base metal” 
includes one or more of nickel, cobalt, tungsten or molybde 
num. Usually, a combination of base metals are used, such as 
nickel or cobalt in combination With tungsten or molybde 
num, and the base metal is usually sul?ded or presul?ded in 
the catalyst When or before the catalyst is put on stream. The 
term “impregnation” shall mean the addition to a solid of a 
volume of solution not substantially greater than that Which 
can be absorbed by the solid, and alloWing the solution to be 
absorbed by or oil the solid, folloWed, Without an intermedi 
ate Washing step, by the drying of the solution onto the solid. 
[0150] FIG. 4 further depicts one embodiment of a process 
of making an odorless diesel fuel composition. FIG. 4 illus 
trates a sulfur containing hydrocarbonaceous feedstock 
stream 100 Which may be combined With a recycle diesel 
stream 310 to from stream 105 Which is then combined With 
stream 110 Which comprises make-up hydrogen and With 
stream 140 Which comprises recycled hydrogen to form 
stream 115. Hydrogen in stream 140 is prepared by compress 
ing the high pressure separator 20 gas e?lluent, stream 130. 
[0151] Stream 115 is heated prior to entering the ?rst stage 
hydroprocessing unit, vessel 10. Vessel 10 is preferably oper 
ated as a hydrotreater for the removal of both feed sulfur and 
nitrogen contained in the feedstock. 
[0152] Suitable catalysts employed in the hydrotreater 
comprise Group VI base metals, Group VIII noble metals, or 
mixtures thereof supported on silica, alumina, alumina/ silica 
or mixtures thereof. Optionally, the catalyst cracking activity 
may be enhanced by adding Zeolites. Stream 115 is contacted 
With the aforementioned catalyst(s), thereby producing a 
hydrotreated product stream e?luent. 
[0153] The hydrotreated product stream e?luent exits ves 
sel 10 through stream 120 and enters vessel 20 Which is 
preferably operated as a hydrogenation unit, thereby produc 
ing a hydrogenated product stream e?luent. Preferably, the 
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hydrogenation unit is charged With relatively high levels of 
high activity, base metals catalyst, Where the hydrotreated 
product stream’s aromatic content is saturated to the levels 
required to make the diesel fuel product loW in odor, (i.e., an 
aromatic content of less than 7.5 percent by Weight). The feed 
?oWs doWnWard through at least one or more beds of catalyst. 

[0154] The hydrogenated product e?luent stream exits ves 
sel 20 through stream 125 and is ?ashed in the high pressure 
separator, vessel 30. This vessel is a simple ?ash drum, sepa 
rating the liquid hydrocarbon from the hydrogen rich recycle 
gas stream 130. The recycle gas stream 130 is compressed in 
the recycle gas compressor and recycled to the hydrogenation 
reactor. 

[0155] The high pressure liquid e?luent stream 150 is fed 
through valve 35 and is reduced in pressure (valve 35) to a loW 
pressure, typically beloW 60 psig to form stream 155. Stream 
155 is ?ashed in the loW pressure separator, vessel 40. This 
vessel is a simple ?ash drum separating a liquid hydrocarbon 
e?luent steam (stream 170) from the product gases (stream 
160). 
[0156] The liquid hydrocarbon ef?uent stream 170 is 
heated and separated into a diesel product stream or diesel/ jet 
stream product stream in stripper 50 to remove the light gases 
(stream 180), a naphtha product stream (stream 190), jet fuel 
product stream (stream 200) and a diesel product stream 
(Stream 300), having a loW odor. Optionally, a portion of the 
diesel product stream, stream 310, may be recycled back to 
the hydrotreater reactor, hydrogenation reactor or both for 
improved saturation. By removing the lighter components in 
the stripper, the ?ashpoint is raised to meet the odorless diesel 
limitation of greater than 50 degrees C. 

[0157] In one embodiment of the present invention, a 
hydrocarbonaceous feedstock, having less than 100 ppm sul 
fur and at least 7.5 percent by Weight aromatic content, is fed 
to a reactor system (e.g., hydrogenation unit) Which contains 
high activity noble metal catalysts, thereby hydro genating the 
hydrocarbonaceous feedstock and producing a hydrogenated 
product. Preferably, the high activity noble metal catalyst 
comprises at least one Group VIII noble metal, such as plati 
num, palladium or mixtures thereof. More preferred, the high 
activity noble metal catalyst comprises greater than 0.5 Wt % 
of at least one noble metal. Most preferred, the high activity 
noble metal catalyst comprises at least 0.5 Wt % platinum, at 
least 0.5 Wt % palladium or mixtures thereof. The hydroge 
nated product is separated in at least one separation unit, 
thereby producing at least tWo separated product streams. 
Preferably, the hydrogenated product is separated in at least 
tWo separation units, one of Which includes a distillation 
column. Preferably, the separated product stream is separated 
into at least a naphtha product stream, a j et product stream and 
a diesel product stream. The diesel product stream has an 
aromatic content of less than 7.5 percent by Weight, a sulfur 
content of less than 10 ppm and a ?ash point of greater than 50 
degrees C. 
[0158] Preferably, the high activity noble metal catalysts 
employed in this embodiment comprises a noble metal that 
can be impregnated into the inorganic oxide, the Zeolite or 
both. In this application, the term “noble metal” includes one 
or more of ruthenium, rhodium, palladium, osmium, iridium 
or platinum. The term “impregnation” shall mean the addition 
to a solid of a volume of solution not substantially greater than 
that Which can be absorbed by the solid, and alloWing the 
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solution to be absorbed by or on the solid, followed, Without 
an intermediate Washing step, by the drying of the solution 
onto the solid. 
[0159] FIG. 5 further depicts another embodiment of the 
process for making an odorless diesel fuel composition. 
[0160] FIG. 5 illustrates a loW sulfur hydrocarbonaceous 
feedstock, preferably, having a sulfur content of less than 50 
ppm. More preferred, the sulfur content is less than 15 ppm. 
The feedstock, stream 100, may be combined With a recycle 
diesel stream 310 to form stream 105 Which is then combined 
With stream 110, Which comprises make-up hydrogen, and 
With stream 140, Which comprises of recycle hydrogen, 
thereby forming stream 115. Hydrogen in stream 140 is pre 
pared by compressing the high pressure separator 20 gas 
e?luent stream 130. 
[0161] Stream 115 is heated prior to entering a hydrogena 
tion reactor, vessel 10. Vessel 10 is preferably operated at 
hydrogenation operating conditions that are useful for obtain 
ing aromatic saturation. 
[0162] Suitable catalysts for the hydrogenation reactor are 
noble base metals supported on supports comprising silica, 
alumina, silica alumina or mixtures thereof. The catalyst 
cracking activity may be enhanced by adding Zeolites, Which 
have been described herein. The hydrocarbonaceous feed 
stock is fed to the hydrogenation reactor over the catalyst, 
thereby producing a hydrogenated product e?luent stream. 
[0163] The hydrogenated product e?luent stream exits ves 
sel 10 through stream 120 and is ?ashed in the high pressure 
separator, vessel 30. This vessel is a simple ?ash drum, sepa 
rating the hydrogenated liquid e?luent product stream into a 
hydrocarbon stream and a hydrogen rich recycle gas stream 
130. The recycle gas stream 130 is compressed in the recycle 
gas compressor 30 and recycled to the hydrogenation reactor 
inlet. 
[0164] The high pressure liquid e?luent stream 150 is 
reduced in pressure (valve 35) to loW pressure, typically 
beloW 60 psig to form a loW pressure liquid e?luent stream, 
stream 155. Stream 155 is ?ashed in the loW pressure sepa 
rator, vessel 40. This vessel is a simple ?ash drum separating 
the liquid e?luent stream into a liquid product e?luent stream 
(stream 170) and a product gas (stream 160). 
[0165] The liquid hydrocarbon e?luent stream 170 is 
heated and separated into a diesel product stream or diesel/jet 
stream product stream in stripper 50 to remove the light gases 
(stream 180), a naphtha product stream (stream 190), jet fuel 
product stream (stream 200) and a diesel product stream 
(Stream 300), having a loW odor. Optionally, a portion of the 
diesel product stream, stream 300, may be recycled back to 
the hydrotreater reactor/hydrogenation reactor or both for 
improved saturation. By removing the lighter components in 
the stripper, the ?ashpoint is raised to meet the odorless diesel 
limitation of greater than 50 degrees C. 

Odorless Diesel Bene?ts 

[0166] It has also been discovered that use of the odorless 
diesel fuel, produced from the processes as described herein, 
provides decreased soot in a combustion chamber compared 
to soot produced in a combustion chamber When conventional 
ultra loW sulfur diesel is employed. 
[0167] One embodiment of the invention is directed to a 
method of reducing soot in an internal combustion engine by 
employing a diesel fuel composition produced by the pro 
cesses described herein. 
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[0168] Another embodiment of the present invention is 
directed to a method reducing soot in an internal combustion 

engine by employing a diesel fuel composition, Wherein the 
diesel fuel composition has a (1) sulfur content of less than 10 
ppm; (2) a ?ash point of greater than 50° C.; (3) a UV absor 
bance, Atom], of less than 1.5 as determined by the formula 
comprising 

A,o,a,:AX+10(Ay) 

[0169] Wherein A,C is the UV absorbance at 270 nanom 
eters; and 

[017 0] 
eters; 

[0171] (4) a naphthene content of greater than 5 percent; (5) 
a cloud point of less than —120 C.; (6) a nitrogen content of 
less than 10 ppm; and (7) a 5% distillation point of greater 
than 300 F and a 95% distillation point of greater than 600 F. 

[0172] It may be deemed that there is a reduction in par 
ticulate matter When the odorless diesel of the present inven 
tion is employed. 

Wherein Ay is the UV absorbance at 310 nanom 

[0173] Other embodiments Will be obvious to those skilled 
in the art. 

[0174] The folloWing examples are presented to illustrate 
speci?c embodiments of this invention and are not to be 
construed in any Way as limiting the scope of the invention. 

EXAMPLES 

Example 1 

[0175] Example 1 corresponds to FIG. 2. The folloWing 
process Was folloWed to produce the odorless diesel as illus 
trated in FIG. 2. A hydrocarbonaceous feedstock having 
10260 ppm sulfur, a boiling range of about 257 F to about 759 
F and an aromatic content of 31 percent by Weight, as mea 
sured by SEC (supercritical ?uid chromatography ASTM 
D5186) method, Was fed to a reactor, Which comprised a 
catalyst system, having a liquid hourly space velocity 
(LHSV) of 3.0 l/Hr. The catalyst system comprised 
hydrotreating catalysts selected containing a Group VI and 
Group VIII metals catalysts, Which Was promoted With phos 
phorus, on a large surface area alumina, non-acidic support. 
The total metals Were 20 Wt %. Speci?cally, the hydrotreating 
catalyst comprise nickel and molybdenum, promoted With 
phosphorus and supported on alumina. The temperature of 
the hydrotreating reactor Was 659 F. 320 scf of hydrogen Was 
consumed. 4700 scfb of hydrogen Was recycled to the 
hydrotreater. The average pressure of the hydrogen Was 860 
psi. The hydrotreated product Was then fed to a hydrogenation 
unit Which comprised a hydrogenation catalyst. The hydro 
genation catalyst comprised platinum/palladium on a silica/ 
alumina support. The temperature of the hydrogenation reac 
tor Was 580 F. 420 scfofhydrogen Was consumed. 2915 scfb 
Was recycled to the hydrogenation reactor. The average pres 
sure of the hydrogen Was 1363 psi. 

[0176] As shoWn in Table 1, the tWo stage reaction process 
resulted in a hydrocarbon product having an odor of less <05 
and a non-detectable percent of aromatics in the product 
stream, Which has a boiling range of from about 403 F to 
about 768. 
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TABLE 1 

TWo Stage Process, Base Metal for Sulfur Removal folloWed by 
Single Stage Process With High Activity Noble Metal Catalysts for Aromatic 

Saturation 

Hydrogenation Hydrogenation 
Hydrotreater Hydrotreater Reactor Feed Reactor Effluent 

ID: Feed Conditions Effluent Conditions Conditions Conditions 

Operating Conditions Diesel Hydrotreater Diesel Hydrogenation 
Pressure, psig 950 1600 
H2 Pressure Avg. psi 860 13 63 
LHSV, I/Hr 3.0 3.0 
Reactor Temperature, F. 659 5 80 
Recycle Hydrogen, SCFB 4700 2915 
H2 Consumption, SCFB 320 420 
Yields: 

.Iet, Vol. % 0.0 3.7 0.0 22.4 
Diesel, Vol % 100.0 80.5 100.0 80.5 
Odor Scale >5.0 >5.0 >5.0 <0.5 
Inspections 

API Gravity 34.3 38.1 38.1 39.1 
Sulfur, PPM 10260 <6 <6 <6 
Viscosity, cSt @ 40 C. 3.709 3.400 3.400 f 
Cloud Point, C. —5 —5 —5 —10 
UV Absorbance: 

UV@272 + 10UV@310 12.6567 1.8774 1.8774 0.0038 
Cetane Index 52.2 59.1 59.1 60.3 
Aromatics, % 31.0 27.3 27.3 i 

Mono aromatics 23.9 23.9 23.9 i 

Polynuclear Aromatics 6.4 6.4 6.4 i 

Flash Point, Calc C. 103 77 77 120 
Aniline Point, F. 157 170 170 192 
Net Heat ofCombustion, 18.460 18.660 18.660 18.742 
04529, KBTU/lb 
Distillation, 02887 

IBP/5% 257/416 271/357 271/357 403/455 
10/3 0% 472/547 397/5 03 397/5 03 482/542 
5 0% 579 5 61 5 61 5 77 
70/90% 617/673 606/684 606/684 618/682 
95/EP 698/759 721/759 721/759 711/768 
Characterization Factor, KW 11.89 12.17 12.17 12.23 

Example 2 port. The second layer comprised a hydrocracking catalyst 
[0177] Example 2 corresponds to FIG‘ 3' The following Wh1ch comprised mckel/molybdenum/y Zeohte on a s1l1ca/ 

alumina support. The third layer comprised another 
hydrotreating catalyst layer as described herein. The tempera 
ture of the hydrocracking section of the reactor Was 724 F. The 

process Was followed to produce the odorless diesel as illus 
trated in FIG. 3. A hydrocarbonaceous feedstock Was 
hydrotreated by feeding the hydrocarbonaceous feedstock 
into a ?rst reactor Which comprised several catalysts layers 
dispersed in tWo reactor beds, thereby producing 
hydrotreated product. In the ?rst reactor bed, the ?rst layer 
comprised a demetalliZation catalyst Which comprised nickel 
and molybdenum and Was promoted With phosphorus. The 
second layer comprised hydrotreating layer as described in 
Example 1 . The third layer comprised a hydrotreating/hydro 
genation/hydrocracking catalyst Which comprised nickel/ 
molybdenum and Was promoted With phosphorus on an alu 
mina support. The hydrotreated product, Which Was the 
hydrocracking feedstock, had at least 19600 ppm sulfur, a 
boiling range of about 594 F to about 971 F. The hydrocrack 
ing feedstock Was fed to the second reactor bed reactor, Which 
comprised a catalyst system, having a liquid hourly space 
velocity (LHSV) of 0.7 l/Hr. In the second reactor bed, the 
?rst catalyst layer comprised a hydrotreating/hydrogenation/ 
hydrocracking catalyst Which comprised nickel/molybde 
num and Was promoted With phosphorus oil an alumina sup 

average pressure of the hydrogen Was 2700 psi. And, the gas 
recycle rate Was 5000 scfb. The hydrocracked product, Which 
had a boiling point range of from about 600 F to about 1010 
F Was separated into tWo products: a Waxy 220 N product and 
a Waxy 100 N product. The Waxy 220 N product had a boiling 
point range of from about 640 F to about 1010 F and the Waxy 
100 N product had a boiling point range of from about 600 F 
to about 920 F. The Waxy 100 N product Was then fed to the 
de-Waxing reactor Which had a temperature of 625 F, thereby 
producing a de-Waxed product. The de-Waxing reactor com 
prised a catalyst comprising platinum and 60 Wt % SSZ-32 on 
an alumina support. The de-Waxed product Was then fed to a 
hydro?nishing reactor Which comprised a platinum/palla 
dium catalyst on a silica/alumina support and had a tempera 
ture of 494 F. The hydro?nishing product had a boiling point 
range of from about 240 F to about 900 F. The hydro?nishing 
product Was separated into at least 3 product streams: (1) a 
100 N base oil having a boiling point range of from about 595 
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F to about 900 F; (2) a 60 N base oil having a boiling point 
range of from about 540 F to about 710 F; and (3) an odorless 
diesel product having a boiling point range of from about 250 
F to about 665 F. 
[0178] As shoWn in Table 2, the hydrocracker/de-Waxing/ 
hydro?nishing reaction process resulted in hydrocarbon 
product having an odor of <0.5 and less than 0.5 Weight 
percent of aromatics in the product stream, Which has a boil 
ing range of from about 255 F to about 660. 
[0179] The odorless diesel product may be additiZed With a 
lubricity additive dissolved in xylene at a concentration that 
does not add odor to the diesel product. 

TABLE 2 
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boiling range of about 257 F to about 759 F and an aromatic 
content of at least 31 percent by Weight, as measured by SFC 
(Supercritical Fluid Chromatography, ASTM D 5186), Was 
fed to a reactor, Which comprised a multi-layer catalyst sys 
tem, having a liquid hourly space velocity (LHSV) of 0.52 
l/ Hr. A ?rst layer of the multi-layer catalyst system comprised 
a nickel/molybdenum layer promoted by phosphorus on an 
alumina support. And, a second layer of the multi-layer cata 
lyst system comprised a nickel/molybdenum/y-Zeolite on a 
silica/alumina support. The temperature of the reactor Was 
673 F. 1660 scb of hydrogen Was consumed. 8640 scfb of 
hydrogen Was recycled to the reactor. The average pressure of 

Multi-Stage Process for Aromatic Saturation and Production of Odorless Diesel 

Operation Hydrocracker De—Waxer/Hydro?msher 

Operating Conditions 

Pressure, psig 2700 2750 
LHSV, I/Hr 0.7 1.9 
Recycle Gas Rate SCFR 5000 3000 
Temperatures, F. 375 
Hydrocracker 724 i 

IDW i 625 

HF i 494 

Yields, % 

Odorless Diesel i 3.2 

Lube Oil, 60 N i 7.5 

100 N (Waxy 100) (32) 79.1 
Waxy 220 (47) i 
Stream: HDC Feed Waxy 220 Waxy 100 100 N Product 60 N Odorless 

Product Product/ Product Diesel/ 
DW Feed Product 

Inspections: 

Odor Scale i i i i i <0.5 

UV@272 + 10UV@310 i i i i i 0.0023 

Flash Point, Calc. C. i i i 210 178 81 (78) 

API Gravity 23.0 32.8 34.4 33.7 32.5 39.0 
Sulfur, PPM 19600.000 19 5 <0.5 <0.5 <0.5 
Nitrogen, PPM 896 1.1 0.1 0.1 0.1 0.1 
Pour Point, C. i i i —14 —20 —37 

Cloud Point, C. i i i — 1 2 —25 —45 

Cetane Index 34 44 53 52 52 59 
Aromatics, % i i i i i <0.5 

Mono aromatics i i i i i <0.5 

Polynuclear Aromatics i i i i i <0.5 

Viscosity, cSt 

@ 40 C. i i i 20.9 9.4 3.27 

@100 C. 7.780 5.675 3.625 4.165 f i 

VI 67 120 1 10 101 60 i 

Distillation, D2887 

IBP/5% 594/672 649/719 604/650 601/661 545/589 255/366 
10/30% 700/756 745/795 671/717 683/728 605/637 404/508 
50% 792 829 752 761 656 567 
70/90% 825/870 861/905 783/826 791/831 671/686 599/630 
95/EP 892/971 826/1006 845/914 848/891 692/703 641/660 
K Factor 11.79 12.66 12.53 12.50 12.05 12.18 

HDC: Hydrocracker 
DW: DeWaxing 

Example 3 the reactor Was 2254 psi. The feedstock Was fed to the reactor 
over the aforementioned catalysts, thereby producing a reac 

[0180] Examples 3A and 3B correspond to FIG. 4. The tion product. The reaction product Was distilled into tWo 
folloWing process, Which exempli?es Example 3A, Was fol 
loWed to produce the odorless diesel as illustrated in FIG. 4. 
A hydrocarbonaceous feedstock having 10171 ppm sulfur, a 

streams: (1) a diesel product stream and (2) a naphtha/jet 
product stream. The diesel product stream had a sulfur con 
tent of 6 ppm; a total UV absorbance of 0.0052; a boiling 
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point range of from 328 F to about 692 degrees F; and a 
calculated ?ashpoint of 72 degrees C. from the front end 
distillation. 
[0181] Example 3B exempli?es a second run of the single 
stage process using high activity base metal catalysts to pro 
duce odorless diesel. A hydrocarbonaceous feedstock having 
10171 ppm sulfur, a boiling range ofabout 257 F to about 759 
F and an aromatic content of at least 31 percent by Weight, as 
measured by SEC (Supercritical Fluid Chromatography, 
ASTM D 5186), Was fed to a reactor, Which comprised a 
catalyst system, having a liquid hourly space velocity 
(LHSV) of 0.52 l/Hr. The catalyst system comprised a multi 
layer catalyst system comprising four catalyst layers. The ?rst 
layer comprised a nickel/molybdenum layer promoted by 
phosphorus on an alumina support. And, a second layer com 
prised a nickel/molybdenum/y-Zeolite catalyst on a silica/ 
alumina support. A third layer comprised a nickel/tungsten/ 
y-Zeolite catalyst on a silica/alumina support. And, a fourth 

[0182] 

TABLE 3 
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layer comprised a nickel/molybdenum layer promoted by 
phosphorus on an alumina support. The temperature of the 
reactor Was 673 F. 1710 scfb of hydrogen Was consumed. 
8610 scfb of hydrogen Was recycled to the reactor. The aver 
age pressure of the reactor Was 2254 psi. The feedstock Was 
fed to the reactor over the aforementioned catalysts, thereby 
producing a reaction product. The reaction product Was dis 
tilled into tWo streams: (1) a diesel product stream and (2) a 
naphtha/jet product stream. The diesel product stream had a 
sulfur content of 6 ppm; a total UV absorbance of 0.0047; a 
boiling point range of from 296 degrees F. to about 673 
degrees F; and a calculated ?ashpoint of 58 degrees C. from 
the front end distillation. 

As shoWn in Table 3, the single stage reaction pro 
cess resulted in a hydrocarbon product having an odor of less 
<0.5. The odorless diesel product may be additiZed With a 
lubricity additive dissolved in Xylene at a concentration that 
does not add odor to the diesel product. 

Single Stage Process With High Activity Base Metal Catalysts 

ID: Feed Example 3A Example 3B 

Operating Conditions and Yields 

Operating Conditions 

Pressure, psig 2254 2254 
H2 Pressure Avg. psi 2058 2060 
LHSV, UHr 0.52 0.53 
Reactor Temperature, F. 673 673 
Recycle Hydrogen, S CFB 8640 8610 
H2 Consumption, SCF 1660 1710 
Recovery, % i 103.5 102.6 

Yields: 

Hydrogen, Wt. % —2.36 —2.76 
Hydrogen Sul?de, Wt. % 1.08 1.08 
Ammonia, Wt. % 0.01 0.01 
Methane/Ethane, Wt. % 0.17 0.16 
Propane/Butane, Vol. % 16.5 17.3 
Lt. Naphtha, C5/C6, Vol % 15.5 13.6 
Naphtha/Jet, Vol. % 0.0 42.3 49.1 
Diesel, Vol % 100.0 45.1 40.8 

Total 100.0 119.4 120.8 
Product: Feed Diesel Naphtha/Jet Diesel Naphtha/Jet 
Odor Scale >5.0 <0.5 i <0.5 i 

API Gravity 34.3 42.7 43.4 41.3 41.3 

Total UVAbsorbance: 12.6567 0.0052 i 0.0041 i 

Flash Point, Calc. C. 103 72 i 58 i 

Product Quality 

Inspections: 

Hydrogen, Wt. % —2.36 —2.76 
Hydrogen Sul?de, Wt. % 1.08 1.08 
Ammonia, Wt. % 0.01 0.01 
Methane/Ethane, Wt. % 0.17 0.16 
Propane/Butane, Vol. % 16.5 17.3 
Lt. Naphtha, C5/C6, Vol % 15.5 13.6 
Naphtha/Jet, Vol. % 0.0 42.3 49.1 
Diesel, Vol % 100.0 45.1 40.8 

Total 100.0 119.4 120.8 
Product Feed Diesel Naphtha/Jet Diesel Naphtha/Jet 
Yield,Vol. % 100.0 45.1 42.3 40.8 49.1 
Odor Scale 5.0 <0.5 i <0.5 i 

API Gravity 34.3 47.4 49.3 










