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My invention pertains to a process for improving the
burning qualities of a kerosene type fuel when burned
in a gas turbine. More particularly, my invention per-
tains to a process including catalytic hydrogenation of
a kerosene type gas turbine fuel so as to improve its
luminosity oumber.

One of the problems encountered in the employment
of gas turbine fuels is their tendency to form carbon
upon combustion. The carbon thus formed creates nox-
ious exhaust smoke which is highly undesirable. The
combustion-formed carbon is also deposited inside the
combustor where it interferes with the operation of the
spark and the fuel atomizing nozzle, and also contributes
to the warping of the combustion chamber by causing
uneven heating.

The tendency of a fuel to form carbon when burned
in a gas turbine engine decreases with a decreasing C/H
ratio. This is in accord with previously known data
showing a greater carbon deposition for aromatics than
paraffins and an increase in carbon deposition with an
increase in boiling point of the fuel. Unfortunately, a
substantial percentage of the kerosene fraction produced
according to modern petroleum processing methods is
composed of aromatics. Thus, to meet the rising stand-
ards set for gas turbine fuels, conversion or removal of
a portion of the aromatics contained in kerosene is in-
dicated.

A standard indicative of the carbon-forming tendency
of a fuel is its luminosity number., As this standard is
more directly related to the burning qualities desired in
a gas turbine fuel than is maximum allowable aromatic
content, it is anticipated that such standard will be in-
corporated into gas turbine fuel specifications in the near
future. One commercial jet fuel has a luminosity num-
ber rating greater than 45. It is anticipated that in the
near future fuels with a luminosity number less than
about 52 will be unacceptable to commercial users.

The normal commercial kerosene fraction has a lumi-
nosity number that is relatively low and, therefore, must
in some manner be improved prior to use as a jet fuel.
Since these deficiencies of the kerosene fraction can be
attributed to the presence of comparatively large quan-
‘tities of high boiling aromatics, a substantial portion of
these aromatics should conceivably be eliminated or
-converted to compounds having a lower C/H ratio if the
kerosene fraction is to have an acceptable luminosity
number. ,

In view of the knowledge of the art that the tendency
of a fuel to form carbon when burned in a gas turbine
engine is increased by the presence of aromatic com-
pounds in the fuel and that the aromatic content of a
fuel can be decreased by hydrogenation, it is natural to
resort to hydrogenation in an attempt to improve the
properties of the fuel. The hydrogenation of aromatic
‘compounds requires the use of rather severe hydrogena-
tion conditions, in comparison with certain other hydro-
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genation processes such as desulfurization and the con-
version of olefins to saturated compounds, although fiot
as severe as hydrocracking. Hence, it is found that the
hydrogenation of a kerosene type fuel having a Tumi-
nosity number of about 49 using a cobalt molybdate sup-
ported on alumina catalyst at 650° F., 500 p.si.g., 0.25
WHSV (weight hourly space velocity, meaning weight
units of oil per weight unit of catalyst per hour) and hy-
drogen feed rate of 5000 s.c.f./b. (standard cubit feet
of hydrogen measured at 60° F. and one atmosphere ab-
solute pressure per barrel of oil) yields an acceptable
product having a luminosity number of about 60.

In hydrogenation operations, it is important from the
standpoint of economy to reduce the severity of the hy-
drogenation conditions as much as possible consistent
with the production of a product of the required prop-
erties. In hydrogenating a kerosene type fuel under less
severe conditions of temperature, pressure and space
velocity it is found, as would be expected, that product
quality suffers. However, in accordance with my inven-
tion, I have discovered that the hydrogen feed rate can
be considerably reduced without adversely affecting prod-
uct quality, providing the hydrogen feed rate is reduced
sufficiently, Thus, using the other conditions of the pre-
ceding paragraph, a hydrogen feed rate of 2000 s.c.f./b.
yields a product of the same quality as a hydrogen feed
rate of 5000 s.c.f./b., whereas a hydrogen feed rate of
3500 s.c.f./b. does not, the product produced with the
3500 s.c.f./b. feed rate being definitely poorer.

I have also found that the hydrogenation of a kero-
sene type fuel having a luminosity number of about 42
using a cobalt molybdate supported on alumina catalyst
at 650° F, 500 p.s.i.g., 0.25 WHSV and a hydrogen rate
of 2100 s.c.f./b. shows a minor improvement of only 2
luminosity numbers, being improved from 42 to about
44 When the pressure is increased to 700 p.s.i.g. and
hydrogen rate is increased to 7000 s.c.f./b., other condi-
tions remaining constant, a product with a significant im=
provement in luminosity number is obtained, although
the Tuminosity of about 48 obtained is not acceptable by
anticipated standards. Further reduction in hydrogen
rate to 5000 s.c.f./b., pressure 700 p.s.ig., 650° F tem-
perature and 0.25 WHSV, produces a product of even
lower luminosity number. All of these results are as ex-
pected. A further reduction in hydrogen rate to 3500
s.c.f./b., other conditions remaining the same as in the
previously mentioned run, yields a product of quality
superior to that produced at either 5000 or 7000 s.f.c./b.
hydrogen rate, giving a luminosity number of about 53,
which is acceptable by the anticipated standards. .

Since these two feedstocks were from widely different
crude sources, it is not surprising to those familiar with
the _art that somewhat different processing conditions
would be required to successfully effect a significant
change in the aromatic content, and hence the burning
quality. However, in both instances 1 found that a rela-
tively low hydrogen rate gave unique results. ‘

It is well known to the art that if the same degree
of vaporization of the feedstock is to be maintained when
the pressure is increased, either the temperature or the
hydrogen rate, or both, must also be increased. Since
lower temperatures favor the hydrogemation reaction, -1
have found it undesirable to increase the temperature be-

yond about 670° F. and in certain instances beyond about



: 3
650° F. Hence, to maintain about the same degree of
vaporization at 700 p.s.i.g. that was obtained at 500 psi.g.
it is desirable to rely upon an increase in hydrogen rate
only.

According to my invention hydrogenation of kerosene
type gas turbine fuels with consequent improvement in
burning qualities can be accomplished by contacting such
fuels with a cobalt-molybdate supported on alumina cat-
alyst at a temperature of about 620 to 670° F., a pressure
of about 450 to 750 p.s.i.g., a weight hourly space velocity
of about 0.1 to 1.0, and in the presence of free hydrogen
supplied at a feed rate of about 1500 to 4000 s.c.f./b. of
fuel charge. Generally speaking, the lower the luminos-
ity number of the feed, the higher the hydrogen feed rate
which should be used. In any event, operating condi-
tions should be chosen within the foregoing limits to
give an increase in luminosity number of at least 8. The
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Table I—Continued
Luminosity number 1____ 49.3
Freeze point, ° F. —56
Flash (TCC), °F 132
Sulfur, wt, percent 0.364
ASTM distillation:
IBP, °F 338
10 e 369
30 ... 389
S0 e e 412
70 438
90 o 477
95 e _— - 498
EP . --- 516

1 Obtained on a CRC luminometer and sometimes referred
to as luminometer number. CRC deslgnates the ‘Coordinating
Research Council 6f the American Petroleum Institute.

Table I
Run Numbers 1 2 3 4 b 6 T 8 9 10
Processing Conditions:
Pressure, p.lge oo . 500 500 500 500 ‘500 500 25 760 500 500
WHSV. - ] 0251 02} 02 02 02| 02| 02| 02! o5 10
Temperature, ° F____________ """ 650 650 650 600 700 75 650 650 650 650
Hydrogen Rate, 8.c.0/b.1. ----| 5000 ] ‘8,500 | "2,000 ; 3,500 | 3,500 | 3,500 | -3,500 | 3,500 | 3,500 3, 500
Inspection Tests:
Refractive Index, Ap2. . ooooooeeeeo . 14433 [ 14445 | 1. 4431 | 14450 | 1.4457 | 1.4474 | 1. 4472 | 1.4385 | 1.4450 | 14451
Aromaties (FIA), Vol, Percent_ ... 10.2] 1274 10.6) 121| 151) 21| 158 4, 12.1 12,9
Hydrogen (BetaTay), Wt. Percent. ... 14231 14154 14391 1412} 1403 | 13.84| 13.08 | 1e47| 1411 | 143
Smoke Point, mm - 2811 2801 27.8) 2641 236]| 20.2| 41| 337] W6l 28
Luminosity Number 4. ... 6L.5] 8.8 80.1| 660 57| 435| BsL4| 77| B6.1] ok
ASTM Distillation—
IBP, O B 340 335 330 | 239 324 301 342 320 338 337
10.... 367 32| 3 34| 35 337 366 352 368 23668
50 409 405 | 408 410 4021 302 411 402 412 409
0. : 474 4681 4| a7 464 450 a 466 a7 474
iP | &7 510 517 520 510 510 521 505 518 518
t Onee through basis.
2 Obtained on & CRO luminometer;
kerosene type gas turbine fuel which I hydrogenate in 4 A comparison of data obtained from a series of test runs

accordance with my invention is generally a straight run
petroleum distillate fraction having an initial boiling point
within the range from 275° F. to 400° F. and an end
point within the range from 450° F. to 600° F. The
catalyst utilized in the practice of my invention can be
produced by any of the various methods for manufac-
turing such catalysts described in the art, such as in
Byrns Patent 2,325,033. The catalyst generally consists
essentially of from 2 to 5 percent by weight of cobalt ox-
ide and from 5 to 15 percent by weight of molybdic ox-
ide, the balance being alumina. A suitable catalyst can
‘also be prepared as described in Teter et al. Patent 2,898,-
308.

The following examples are presented to better illus-
trate the effects of the several process variables upon the
quality of the product produced. These examples will

employing different hydrogen feed rates and set forth in

- Table TI, runs 1, 2, and 3, demonstrates the effects of re-
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further serve as a demonstration of the unexpected results

obtained when employing a hydrogen feed rate within the
range that I have discovered.
EXAMPLE 1

A straight run kerosene fraction having the character-
istics shown in Table Y was subjected to hydrogenation
under various process conditions in the presence of a
cobalt-molybdate supported on alumina catalyst. The
catalyst analyzed approximately 3 percent cobalt oxide
and 10 percent molybdic oxide by weight, the remainder
being alumina., The operating conditions and results of
various test runs are shown in Table Ii.

Table 1

FEEDSTOCK INSPHECTIONS :
Gravity, ° API 432
Refractive index, np20_ 1.4485
Aromatics (FIA), vol. percent . 150
‘Hydrogen (beta-ray), wt. percento o cvweean 13.91
Smoke point, mm: O 23.3

8o
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ducing the hydrogen feed rate. Run 1 shows the results
of hydrogenating under conditions known to the art,
namely 500 p.sig., 0.25 WHSV, 650° F., and a hydro-
gen rate of 5000 s.c.f./b. As expected, the luminosity
number was raised from a somewhat unacceptable 49.3
to a definitely satisfactory 61.5. As also would be ex-
pected, a decrease in the hydrogen feed rate resilis in a
decreased luminosity number of the product as shown in
run 2 utilizing a hydrogen feed rate of 3500 s.c.f./b. Un-
expectedly, however, 2 further decrease in the hydrogen
feed rate does not result in a further decrease of the lu-
minosity number. - On the contrary, as shown in the data
obtained from run 3, a further decrease in the hydrogen
feed rate to 2000 s.c.f./b. yields a product that is in.every
‘way comparable to that obtained employing a hydrogen

feed rate of 5000 s.c.f./b. (run 1).

Runs 4 through 16 are included in Table II to illus-
‘trate the -effects of varying the other process variables.
Thus, runs 4, 5 and 6 illustrate the effects of temperature
variation; runs 7 and 8 pressure variation; and runs 9 and
10 space velocity variation.  These data show that de-
creasing reaction severity results in a lower luminosity
number, ' :

EXAMPLE II

A straight run kerosene fraction having the charac-
teristics shown in the column entitled “Feed” of Table I
was subjected to hydrogenation under various process
conditions in the presence .of the cobalt-molybdate sup-
ported on alumina catalyst of Example I. The operating
conditions-and results of the various test runs are shown
in Table III. :
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Table 111
RUR NUMDOIBauaeonmencmeaemmmm e m aaeee| Feed 1 2 3 4 5 [} 7
Processing Conditions:
Pressure, P.SLBecamec oo 500 500 700 7 700 700 700
WHBV e meeecccccecccamm i mmns 0.25 10 0.25 0,25 1.0 0,25 0.25
Temperature, ° F. - 650 660 650 700 650 650 660
Hydrogen Rate, s.c.f./b 2,100 | 2,100 | 3,500 | 3, 8,500 | 5,000 7,000
Prodnct Inspections:
Refractive Index, D0 emcccmvacann- 1.4577 | 1.4535 | 1.4547 | 1.4502 | 1.4520 | 1.4532 | 1.4510 | 1.4500
Aromatics (FIA), Vol. Percent..__.. 18.8 15.6 17.3 11,4 15, 15. 2.1 11.6
Hydrogen (Beta-ray), Wt. Percent__| 13.36 | 13.63 [ 13.49 13.79 | 13.65| 13.62| 13.56 13.78
Smoke Point, MM _ e 18.8 20,0 18.1 23, 21.3 17, 2.2 22,2
Luminosity Number ... ... 417 43.8 40.2 52.9 46,1 42,2 45.6 47.7
ASTM Distillation—
IBP. 308 333 336 336 326 308 336
10. 378 370 374 368 367 370 366 372
50.._ 418 414 415 412 3 410 412 410
0. e emmemmcmmme——————— 4656 460 460 460 460 458 467 456
EP 498 498 499 498 490 492 494 2
1 Obtalned in 8 ORC luminometer.
A comparison of data obtained from two test runs Iclaim:

(runs 1 and 2) employing approximately the same proc-
essing conditions used in Example I shows little improve-
ment in the luminosity number. As would be expected,
raising the pressure to 700 p.sig. and 7000 s.cf./b.
hydrogen feed rate (run 7) resulted in a significant im-
provemert in luminosity number, although the improve-
ment is not considered satisfactory. As also expected, a
decrease in the hydrogen feed rate to 5000 s.c.f./b. re-
sulted in a decreased luminosity number of the product
as shown in run 6. Unexpectedly, however, a further de-
crease in the hydrogen feed rate does not result in a
further decrease in the luminosity number. On the con-
trary, as shown in the data obtained from run 3, a fur-
ther decrease in the hydrogen feed rate to 3500 s.c.f./b.
vields a product with an acceptable luminosity number
of about 53 and is superior to that obtained employing
a hydrogen feed rate of 7000 s.c.f./b. (run 7).

Runs 2, 4 and 5 are included to illustrate the effects of
varying the other process variables. Thus runs 2 and 5
illustrate the effect of space velocity at two different
pressure levels, as well as effect of pressure at another
space velocity level. Run 4 illustrates the effect of
temperature. These data show that decreasing reaction
severity results in a lower luminosity number.

1. A process for the production of a fuel of improved
burning qualities when burned in a gas turbine engine
which comprises contacting a straight run kerosene type
petroleum distillate fraction with a cobalt-molybdate
supported on alumina catalyst at a temperature within
the range from about 620° F. to 670° F., a pressure with-
in the range from about 450 p.s.i.g. to 750 p.s.i.g. and at
a weight hourly space velocity within the range from
about 0.1 to 1.0 while in admixture with hydrogen fed in

o amount within the range from 1500 to 4000 standard

cubic feet per barrel of said distillate fraction whereby
the luminosity number of said fraction is increased at
least 8.

2. The process of claim 1 in which the distillate frac-

g tion has an initial boiling point within the range from

275° F, to 400° F. and an end point within the range
from 450° F. to 600° F.
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