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Téken in the traditional seﬁse of brovidihg for £he'
nationalldefense, the central defensenenergy issue is ,
baﬂicﬂf;y one of guaranteeing adequaﬁe supplies of energy.
for U.S. interest both at hoﬁé and abroad under both '
peacetime and wartime.cbnditiqns. In addressing this issue,

there are a number of aspects with which we must be concerned.

The DOD is basically in thg'transportation_buﬁinessI
and, as such, w2 must be concérned about our present and
continued heavy reliance upon liquid ?etroleum products.

DOD, the largest gingle U.S, energy user, accounts for about
2% of the ﬁational energy cohsumption_throagh direct usage
and_ancther 2-3% indirectly through defense related
industries: These ?erten;gges represent typical peacetime
requirements. For a,typical wartime scenario, DOD's

portion of the national energy requirements would increase

-

by a factor of about 3.

Preceding Page Blank

s 69

N

7




“Of the DOD's curfent total energy requirements, about 70%
is in the form of ligquid petroleum products or approximately
480,000 barrels per déy. Unlike the civilian sectof, wherein
approximately 70% of the petroleum consumption is for
gasoline and heating oil products, DOD is consiberably more
dependent upon the middle distillate fuels, with approximately
79% of our liguid petroleuﬁ supplies being consumed by
shipboard and aircraft systems.

Looking to the foreseeable future, we see little or
no relief in this pattern of heavy DOD dependence upon
petroleum fuelﬁ. 'As -2 matter of fact, our current projections
indicate little-or no significant decrease in DOD's future
requirements for 1igquid hydrocarbon products. As is the case
in the civilian transportation induétry. we éontiﬁue to design aﬁd
build weapon systems under the a priori assumption that they
will be fueled with petroleum-like products. Accordingly,
these newly designed vehicles, as well as those currently
in operation, will continue to be the mainstay of the DOD
nntil the turn of the century. My point is simply this:
unless our present design approaches as well as many of
our currently operating systems are modified extensively,
liguid hydrcca:bbns will céﬁtinue to be the primary fuel
for the DOD well into the 21st Century.

We must find alternatives - alternatives which are
domestically contrcllable, technically feasible, and

economically, environmentally, and socially acceptable.
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For the near term, say for the next half century or so,
these alternatives for liquid hydrocarbon tranéportatien
fuels will, for the most part, find their genesis.in variocus
fossil energy forms. The problem, of course, is that to
make this a practical reality, we must convert the lower
availability “forms, such as coal, olil shale and tar sands,
into the higher availabiliﬁy forms required of our present
day systems, particularly as requrigd‘for the tfansportatien.'
iﬁdustry and particularly as reéuirgd by ocur mobile defense
systems. For the production of transpdrtation fuels, each
of these fossil enefgy sources'pose certain advantages and
disédvantages.

While ¢oal certainly offers one of the greatest pbtentiéls
for relieving our ever growing dependence upon imported oil,
the U.5. technology for producing middle distillate liguid fuels
from coal is lagging that of other alternatives, particularly oil
shale, Moreover, because of the high degree of costly
hydrotreating réquired to bring coél liquids into the middle
distillate fuels range, economic considerations will most
likely direct liquid products derived from coal towards the
gasoline, boiler heating oil, and petrochemical Ffeedstock
markets. Bccordingly, furtﬁer consideration of coal derived
defense mebility fuels musp necessarily await further advances -
in coal processing technologies leading to the commercial
availability of the middle distillate fuels of primaryl

interest to the military.
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From a technical viewpoint, tar sands represent a
potentially viable source of middle distillate range defense
mobility fuels. However, the rélatively small extent of the

_U.S; tar sand deposits and the lack of any significant
| national effort to develop theseldeposits_preéludes serious
consideration of this alternative, at least for the immediate
future.

" 0f the vaficus fossil energy alternativéé_to.petroieum;
0il shale must be considered the most attractive pear'term
source of defense mobility fuels. Within the u.s8, several
oil shale extraction technolegies have been_develobed and
tested in equipment ranging from one-tenth to oné4fourth
commercial size. Compared to other synthetic sources of
liquid hydrocarbon fuels, oil shale appears to be more
economically viable; however, not sufficiently viable to
~date to muster the reguired private Envestor interest to
commercially develop this important resuurqe.

With regard to the ponversion of syncrudes into refined
petroleunm prcducts;_there is a need to improve the economics
of refining syncrudss in order to bring the cost of synfuels
inta a more competitive status with the_price of conventional
fuels. To achieve this compefitive economic status for a
syncrude refining industry will obviously require some
research effort.di?ectedltowards tﬁe optimization of refining
methods speciﬁicall§ tﬁilcreé te syncrude procesgsing

requirements.
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As with refining, the end-use testing of synfuels is not
considered a major technical barrier to commercial development.
bemonstrating the sﬁitaSility of synfuels in various end-
use systems is, nonetheless, of importﬁnce in establishing the
overall economics of this growth iqdustry; With respect to
the DOD interest, however, it is essential that the suitability
of synfuels for military use be fully assessed before the
Armed Forces will be prepared to acquire and use these fuels

at the time they become available in commercial quantities.

pefense Mobility Fuels Action Plan

In December 1977, the Deputy Secretary of Defense
established a Task Fovce, chaired by the Deputy under
Secretary of Defense (Research and Advan&ed Technologyl to
address and to make recommendations on the alternatives
available to DJOD to meet its future mobility fuel requirements.
While the specific recommendations of this Task Force are
currently under review, I can tell.you that the Task Force is
stressing the need tolaevelop'a comprehensive Defense Mobility
Fuels Action Plan, the essential ingredients of which place
heavf emphasis in the following areas:

. Cooperative efforts between DOD and DOE to assist in
meeting DOD*s mobility fuel needs through commercial
development of domestic synthetic fuel sources.

. The development of technical and operaticnal plans for
DOD to accommodate a transition from the use of
conventional to synthetic fuels j,n the post 1985
time frame.
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. An éccelerated DOD engine/fuel technology program to
establish acceptable synthetic fuel specifications and
to deveiop engine systems capable of burning a broad
range of synthetic fuels. |

. The development of the required industrial base to enable
DOb to implement the capability to vuse synthetic fuels.

In general, this action plan is directed towards minimizing the
potential loss of militaxy effectiveness that would inevitably
result from a disruption of energy supplied under forelgn
control. This objective can best be met by placing the DOD in
the position of an informed customer for the fuels produced by
the emerging commercial synfuel industry. The various synfuel
programs now underway within the DOD, as well as those planned
for the fu£ure, are specifically designed for this purpose.

In summary our various RiD efforts are directed towaxrds

assessing the suitability of synthetic fuels for DQD use,
.with early emphasis on oil shale. ©Cur final products from
this RsD effort will be fuel procurement specifications and
end use guidelines for the operating forces. If we do o@r
job right, we will contribute towards ensuring that ocur
energy supply lines remain full, providiﬁg\energy to the
Armed Forces in the right form, in the right place and in
sufficient guantities to carry out our missions around the

World.
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FUELS RESEARCH AND DEVELOPMENT FOR ARMY WEAPON SYSTEMS

The US Army inventory of mobile equipment encOMpASSER a wide variety of
powerplant systems which are fueled by three primary liguid hydrocarben

fuels; namely, automotive gasoline (MOGAS), jet turbime fuel (JP4, JP8, and

JP5), and diesel fuel. A small portion of the aircraft fleet continues to

use aviation gasoline for reciprocating piston engirpes, but this is in a

gradual phase-out as these are being replaced by turbine-powered versions.

These fuels and their applications are described by the followiag specifications?

COMBAT /TACTICAL HATO ADMINISTRATIVE OR
FUEL USE DESIGNATION—- NON-COMBAT _USE
Auromotrive Gasoline MIL-G—-3056D F-46 Vi-G-16908 and
’ ASTM D435
Jet Turbine Fuel MIL-T-5624G, F-40/F~44 . ASTM D1655
MIL-T-83133 F-34 :
Diesel Fuel VV-¥-800B F-54 ASTM D975

The fuel requirements for thils fleet of materiel and eguipment obviously
must encompass and ultimately satisfy a wide range of powerplant systems
ranging from small two-cycle spark-ignition engines found In utility
equipment and remote pilot vehicles to large two cycle and four cycle
coupression-ignition engines used in armored vehicles, self-propelled guns,
and tactical support eguipment. In additiom, gas turbine powerplants, now
being introduced into power generatioo equipment and the pew main battle
tank, are used in fixed/rotary wing aircraft.

In those instances where new powerplants are developed for specific weapon
delivery systems, research prograus are initiated early in the materiel
acquisition cycle to insuxe their satisfactory operability on existing
military fuels., Although some of these powerplants evolve from comuercially—
available systems, their configuration has been modified to fit the
performance needs of the developing equipment which in furn may create fuel
requirements exceeding those prevailing in the civilian sector.

Research on developing fuel requirements for new/modified powerplant system
starts tith fuel characterization, definition of fuel property compliance
with the proper specification, and idemtification of fuel quality which
may be relaxed to assist in overall refipery output efficiency. This 1is
followed by laboratory component testing including copbustor operation and
single cylinder engine testing to identify any couwbustion performance
problems, potential emissions generation, hardware incompatibiliry, engine
Jubricant interactions, and potential effects on engine life cycle goals.
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Fuels Research and Development for Army Weapon Systems (Continued)

Following this, full-scale engine dynamometer testing is performed to

identify hardware acceptability and provide minimal sssurance of no

maintenance problems. During this portion of testing, long—tarm durability
effects are defined. A follow-on te the full-scale dynamemeter testing

involves the fleer resting requirement where equipment operates under field
conditions to validate the praviously developed dynamometer data. TFor
discussion purposes, cne could assess the guantity of fuel and test hours

on fuel wetted/affected components of major engine development and gqualification
programs. The T700-GE-700 (developed for the UH-60 and AH-64 aircrafr) for
instance, utilized approximately 70,000 test hours to develop and gualify
irs..fuel-control.and related accessories, Combustor and related testing
included approximately 1300 hours. Overall engine test hours were approximately
£,00D. Total fuel consumed during the development program was approximately
800,000 gallons. This gives a good indication as to the time and fuel
qQuantities required for new engine certification.

As was mentioned previously, US Army fuels are divided into Combat/Tactieal
versus Administrative/Non-Combat applications. The Combat/Tactical desigration
identifies reqnirements unigque to the military which are not found in
cormercial fuels. These requirements therefore provide the basis for our

R&D program in the integration of fuel property requirements to powerplant
systems, These wajor requirements which are the pacing factors for our R&D

. program are:

® Commonality of Fuels - Increased emphasis within NATO standardization
and interoperability has resulted in a requirement to reduce the mumber of
fuels needed within the military supply system, This requested reduction
in fuel types will concurrently improve the logistic posture in terms of the
supply of fuels to combat areas. As part of this thrust, the sgbility of
military engines to operate on a wide slate of fuels or have a - multifuel

capability is being pursuped.

® Survivabiliry - As a result of the recent Middle Fast confrentations,
the survivability of armored vehicles against the fire threat surfaced as
a critical peed. In response to this, a DA program entitled Fire Survivability
of Combat Vehicle (FIS-COV) was formerly established to reduce/eliminate
this threat. Oo part of this program identifies development of a fire-safe
fuel. This fuel, when fully developed, will eliminate the fire threat of
diesel fuel when ermored vehicles operate in hostile environments.

* Stability ~ Hilitary.aperations have generated a requirement for

fuels to possess long-term stability. This results from product storage for
{1) emergency and stand-by use, (2) war reserve stocks, (3) intermittent
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Tuels Research and Development for Army Weapon Systems {Continted)

operational wse, and (4) depot rebulld processes, More recently, an
addirional requirement for storage of vehicles in Eurcpe in a fully~-fueled
cendition has tentatively gurfaced as a weans to improve operational

readiness.

Other fuel requiremzats unique to the militaiy and econsidered to be important
are listed as follows:

* pininum operating temperature limitations to allow use regardless of
environment.

~

* specific fuel additive restrictions and requirements {fuel system
iciog inhibitor, corrosiom inhibitor, biccide, etc.).

* improved combustion efficiency to reduce fuel consumption (energy
conservation) and to extend operating range capabilities.

* varisble quality specification properties to allow maximum production
while weeting minimal raquirewments. : :
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PROPERTIES AND COMPOSITION
OF JET SYNFUELS

C. J. Nowack
U.S. Naval Air Propuision Center



PROPE]iTIES AND COMPOSITION OF JET FUELS DERIVED
FROM ALTERNATE ENERGY SOURCES

PART L. BACKGROUND AND N-ALKANE CONTENT

‘Robert N, Hazlett and James M. Hall

Naval Research Laboratory
Washington, D. C. 20375

“Jeffrey Solash

Naval Air Propulsion Test Center
Trenton, New Jerscy 08628

INTRODUCTION '

In the current chmate of dwindling domestlc production of petroleum increased importing of
petroleum, potential cil embargoes, and ascalating prices, the Department of Defense has begun
significant new fuels programs. These programs are evaluating the military potential of liguid
transportation fluids derived from alternate fossil fuels—shale oil, tar sands and coal. Of major
import ta the U.S. Navy are fuels used primarily for aireraft propulsion, JP-5, and ship propulsion,
Diesel Fuel Marine. The discussion in this paper will be limited to the former, jet fuel for naval
aitcraft. It should be noted, hiowever, that JP §is somctimcs used as a subsntute ship propulsion
fuel.

CRITICAL PROPERTIES OF IET FUEL

JP-3 munst meet many stringent requirements if satisfactory performance in aivcraft and § uel
handling and storage systems is to be attained (1). In cansidering JP-5 derived [rom alternate fossil
fuels, several critical properties stand out. With one or 1w exceptions, these key propertics are
affected more by the chemical characteristics of the fuel than by the physical properties. The
jmportant specification requirements may be primarily controlled by elemental composition, the
amounts of each of the hydracarbon classes—paraffin, naphthene, aromatic, olefin—or by specific
chemical compounds, The critical properties are discussed briefly bciow

A. Heat of Combustion—This property dircetly controls the range of a jet aircraft and itis -
desirable to maximize the value. Hydrocarbon fuels which are liquid at ambient temperatures have
net heating values between 16,000 and 20,000 BTU/Ib, and the minimum specification limit for
JP-5 518,300 BTU/1b (1). Martell and Angello have shown that the heat of combustion for jet
fuels increases linearly with hydrogen content (2). The amounts of nitrogen and oxygen in jet fuel
are negligible with respect to heat of combustion, and the variation of sulfur in the allowable range.
of 0.0ta 0.4% would exerta maximum effect of 40 BTU/lb.

B, Freezing Pumt—-—.!et aircraft are exposed to low temperatures and the fuels must not intexfere

" with {lying operations by freezing and pligging filters. Commercial jet fuel (Jet A) has a
specification requirement of -40°F maximum but that for military fuels is iower. IP-5 must freeze
helow =51°F because the Navy jets operate worldwide as well as at higher allitudes than commercnal
jets. U.S. Air Force bombers require an even lower [reezing pomt ‘~729F maximum, since long
fllghls at high altitudes permit the fuel to reach lower temperatures. It has nat been practical to
make JP-5 from some petroleum crudes becausc the freezing point cannot be met along with the

- ——
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required flash point. Dimitroif, et al. (3} examined the influence of cotposition on freezing point
of several types of fuels. They found the saturate fraction of a fuel usually exerted the greatest
effect on freezing point but the aromatic fraction seemed to be important in some cases.

C. Flash Point—The Navy requires a high flash point for all fuels carried onboard ships except for
asmall amount of aviation gascline which is carried on some zircraft carriers. The Avgas is stored
in an armored box in the center of the carrier and air/fuel vapors are minimized in the storage tanks
by using a water displacement systam. JP-5, which is stored in the wing tanks (fiush with the hull),
has a minimum flash point of 140°F in order to reduce the hazard from this and other exposure
situations. The flash point of a mixture such as a fuel is controlled by the quantity and volatility of
the front ends (4). The flash point and other flammability propersies of some alternate jet fuels is
considered in another paper at this Symposiam {3}.

D. Combustion Properties—Jet engines give high combustion eFficiencies (98-100%) for conversion
of fuel to CO, and Hzo. Other combustion characteristics can be deficient under such conditions,
however. Flame radiation to the combuistor walls can raise the temperature of the walls above
desired levels {6,7}. Soot deposition can also affect combustor wall temperatures, Smoke in the
exhaust must be controlled both for military and enviranmental reasons.

The flare radiation, soot deposition, and smoke production may be closely related chemically,
These three properties of a jet fuel are controlled by passing a simple wick burning test, the smoke
point, or a slightly more complicated burner test, the luminometer number. The minimum smoke
point far JP-5 is 13 mm, and the minimum luminometer number is 50.

A secondary control on combustion properties is obtained by limiting the aromatic content to
25% (1). Condensed polynuclear aromat:cs are significantly more detnmental ta smoke point than
monacyclics (8).

E. Thermal Oxidation Stability—Jet fuel cools several systems in a jet aircrafi. In a subsonic plane,
the major heat load comes from the engine lubricant but for aircraft flying faster than Mach 2.2,
the structure must also be cooled. The ability of a fuel to withstand this thermal stress is the most
critical fue! property for high-speed aircraft (9)

Degradation of the fuel is stimulated by the dissolved oxygen present in equilibrium with air
(50-70 mg/1). Poor fuels form solids which ¢oat heat exchanger surfaces and/or plug combustor
" nozzles. The Jet Fuel Thermal Oxidation Tester estimates these two properties by examining
varnish formation on a heated metal tube and measuring the pressure drop through a fllter A

satisfactory fuel passes a 2-1/2 hour test at 500°F.

Littie research has been reported on the eflect of chemical structure on thermal oxidation
stability at 500°F, but Taylor has reported on tests in the 200°-400°F temperature range. He found
that olefins, particularly multifunctional ones, increased deposit formation (10). At 275°F, 10 wi %
indene in decane increased deposit formation 39-fold but some other aromatics decreased the
deposit raie. Some sulfides and disulfides enhance deposit formation at concentration as low as
1000 ppm sulfur (11) and nitrogen compounds also participate in deposit formation (12}.

F. Gum Formmon—'l‘he low temperature stability Of JP-5is estimated by the Existent Gum Test.
A maximum of 7.0 mg/100 ml gum is allowad in this test. Schwartz, et al, have found for gasoling
that sulfur compounds are the most significant participants in gum formation but that nitrogen
compounds, indanes, tetralins and olefins are also involved (13). :
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PROPERTIES OF ALTBRNATE JET FUELS

Jet Euels made from oil 5hale, tar sands a.nd mal wére examlned in this study. A bnef outlme of
- the processes involved in production of the fuels‘are listed in Table 1. Further information on
‘processing and fuel properties can be, found in anothe: paper in this sympusmm (14) and'i in the
ref ercnccs cu:ed in Table 1.

Table i1 lisis the properties of the fuels pertinent 1o this paper. The Laramie Energy Research
Center in-situ shale fuels were not produced to meet the JP-5 specs but had & boiling range (350°-
550°F) simiiar 10 JP-5. Since only limited amounts of the LERC samples were available, complete

spacification tests were not run. The'discussion which follows compares, where possible, the '
alternate fuel properties with petroleum jet f uel properties taken from the literature. The effect of
cornpos1t10n on propeﬂles is alsu descrlbed : :

A. Heat of Combustlou—-The heat'of combustion of alternate fuelsis ploued in Figure 1
versus percent hydrogen. The graph shows data for the five COED, the tar sand, and the Paraho
shale oil fuels. The line an this graph is curve D in Figure 3 of reference (2) ‘and is based on 41 jet
fuels derived from petroleum. The aliernate fuel data fit the curve very well. The three COED fuels
with high aromatic contents £all 1o the left. COED-1 and COED-5 fall slightly below the JP-3
requirement of 18,300 BTUYIb, Decreasing the aromatic content from about 25% to 3% (COED-1
10 COED-3 ar COED-2 to COED-4) increases the hear of gombustion about 30 BTU/1b. The tar
sands:and Paraho shale fucls have hlgher heating vaiues than the COED samples with sirnilar
aromatic contents. We feel this is due to a high naphthene content in the coal fucls, and expected '
consequence of hydrogenation of the highly aromatic syncrude obtained by coal pyrolysis (21)-

.B. Freezing Point/Flash Point—Most of the alternate filel samples met the flash point
requirement for JP-5. The flash point can be changed usually by the adjustment of the initial
boiling point. The freczing point of several of che atternate iet fuels was too high, however. The'
freezing point/flash point relationships for the five COED (C-T 1o C-5), tar sands (TS), and Paraho
shale oil (05) are dcpu::t:d i Flgure 2 No consment pattern is ewdent for these fuels

For companson, the pmpernes of 29 petroleum derwed jet fuels are also shown on the graph.
These latter fuels, which were part of the Coordinating Research Council (CRC)-Air Force (AF)
fuel bank (22), did not meet all specifications in some cases. ‘Examination of the CRC fuels is
useful, however, to see the wide range in freezing points encountered for fuels with similar flash
poinis. In Figure 2, the display is simplified by grouping the fuels by 10°F intervals for flash point.
As an example, four petrolenm-derived fuels-had flash points-between 161* and 170°F. The
freezing points for these same fuels were -26°, -32°,; and -76°F. One alternate fuel sample, COED-
3 had a flash point in I.l‘llS rangc, and it had a freeang pomt of SS"F

- [t Is noteworthy that CDED 2 and COED-4 ‘hoth produced from Ugah coal, had hlgher
[feezing points than the COED fuels made from Western Kentucky coal. This was the case even
though COED’s | through4 had similar distillation ranges. The Paraho shale oil sample was far
above the 1P-5 fuel freezing point spec'of -58°F. The LERC in-situ shale samplesalso had very
high fre¢zing points. ~16°F for the multisiep product and -¥5°F for the single step material. Flash
points were not avallable for Lhese two shaie fuels '

. C. Combustion Propcrtlcs—-The smokc polnts of several alternate jet fuels are displayed in
Flgure 3 as a function of-aromatics content. In addition, this' graph presents the smoke point vs. %o
of aromaiic relalionship for 29 CRC-AF petroleum-derived fuels {22). The general control of -
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smoke point by aromatic content is apparent both for the petroleum-derived and the alterpate fuels.
Some fnels with low aromatic contents exhibit low smoke points, however, and do not fit the
primary relationship. The four petroleum fuels which show this behavior possess high naphthene
content, 80% or higher. COED-3and COED-4, which have been derived by severe hydrogenation
(3000 psig 1o afford a low aromatic content} of a highly aromatic syncrude (21), should also contain
high concentrations of naphthenes, Hence, the anomalous smoke point behavior shown, both by
alternate and petroleum-derived jet fuels, can be explained on the basis that naphthenes influence

- thig propetty if the aromatic content is low.

Smith (23) has suggested.a formula for calculating the smoke point of kerosenes based on
paraffin, naphthene, and aromatic content but it is not useful for the fuels discussed in this paper.
The broad definition of aromatic and naphthene is not adequate for combustion considerations.
For instance, one mole/1 of either butyl benzene or naphthalene would give about the same
aromatic concentration by the specification test but the lauer compound would have a much greater
¢ffect on the snoke point.

D. Stabitity— The thermal oxidation stability and gum-forming tendencies of the alternate
fuels are listed in Table I1. COED-1 and COED-3 fail the 500°F thermal stability test by slight
amouants, but the Paraho shale oil material fails by S0°F. Furiher, this shale oil is the only fuel to
fail the existent gum requirement of 7 mg/ 100 ml. The sulfur content of all of the alternate fuels is
about the same and well below the 0.4% specification limit. Although jet fuel has no Iimit on
nitrogen, the shale fuel is much higher in mtrogen than the other aiternate and petroleum jet fuels.

Clay filtration of the shale jet fuel raised the breakpoint for thermal oxidacion stability to
475°F but the existent gum remained high, 64 mg/100 ml, as did the nitrogen. Acid treatment (=2 1b
980 H ,50,/bbl) reduced the basic nitrogen 1o zero, enabled the thermal stability requlrement 1o be
met but dld not greatly improve the gum formation. Distillation to a 90% recovery gave a product
which passed both thermal stability and gum (1.2 mg/100 ml} tests. Basic nitrogen remained high,
however, These results de not delineate the role of nilrogen in fuel stability and additional work w:ll
be needed to clarify the stability behavior of shale fuels.

It is noteworthy that severe hydrogenation to reduce the aromatic content of coal liquids
(CQED-1 to 3 and COED-2 to 4) significantly improved the thermal oxidation stability (to >700°F).

E. n-Alkane Content—Since n-alkanes are likely to be related to the high [reezing points of
some of the alternate fuels, the concentration of these compounds was determined.

The saturate fractions were separated from the aromatics by pentane elation from activated
stlica gel {Davison Grade 923). Each salurate fraction was then analyzed by gas chromatography
(GC) on a 300-ft Apiezon L capillary column at 140°C. A sample of 0.1 microliter was split 100:1
ahead of the column and the helium flowrate through the column was 1.0 cc/min. This column,
when operated under the described conditions, had an efficiency of 184,000 theoretical plates for
n-tetradecane. A known amount {5.0 wi %)} of n-octane was added as an internal standard and the
weight %o of each r-alkane was calcylated by comparing electronic integrator counts 1o the octane
count. [dentification of the n-alkane peaks was made on a Hewleit-Packard 5982 GC-MS system
using a 100-ft OV-101 support-coated open tubular column—temperature programmed from 100°
to 150° C and with a helivm flowrate of 3 cc/min. Corroborating identification came from
‘matching GC retention times for f uel components on the Apiezon L column with standards on the
same column. .
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The n-alkanes were the major peaks in most of the satﬁrate fractions. The n-alkanes from
nonane to hexadecane were found in most of the alternate fuels. In addition, small amounts of n-
heptadecane were found in the shale fuels. The n-alkane conceritrations are listed in Table IT1. The
sum of the n-alkdnes in the fuels decreases in the-order: Paraho shale, LERC shales, petroleum, tar
sands, Utah COED’s, W. Ky. COED’s. This order holds for individual r-alkanes in the middle of
the distiflation range—C , C , and C, but varies for smaller or larper compounds because of
differences in initial boiling point or end point.

The total n-alkane concentration does not afford a significant refationship with freezing point.
However, the freezing point does show some dependence on the amount of the larger hydrocarbons
present in fuel samples. This is illustrated for n-hexadecane in Figure 4. Thelog (% C 6} vs. the
reciprocal freeze point of the 11 fuels listed in Table I indicates a reasonable adherence to a
solubility plot. This is remarkable in view of the differenc distillation ranges, the variation in
aromatic/naphthene contents, and the neglect of other n-alkaies in this consideration. The Paraho
jet fuel was treated with urea to remove n-alkanes (24). The percent of the n-alkancs removed by

_this process and the amount remaining in the fuel are shown in Tahle 1V. Overall, 47% of the
n-alkanes (17 % of the total fuel} were removed, The percent removed increased with molecular
weight. The removed material was 98% n-alkanes with the remainder being identified by GC-MS as
mostly 2-methy] alkanes and I-alkanes. The stripped sample with an #-C, content of 0.17%, had a
freezing point of -54°F which'places it close o the curve in Figure 4. :

DISCUSSION |

Suitable jet fuels can be made from any of the alternate energy sources—ail shale, tar sands or
coal. However, refining processes may have to be madified from those used with peiroleum crude,
and processing conditions may have to be more severe, particularly for oil shale and coal liquids.
Since crudes from il shale, tar sands and coal are closer in properties to the lower APL gravity
petrolenm crudes, hydro-cracking and delayed coking will be used extensively in producing military
fuels from these alternate sources, '

The jet fuel properties which are of greatest concern with the new fuels are the freezing point,
combustion properties, and stability, both thermal oxidative and storage. Additional understanding
is required on the effect of composition on these properties. Development of such information witl
aid in selecting or modifying refining processes to produce suitable fuels at reasonable costs.
Techniques to remove nitrogen from shale oil and to convert n-alkanes to lower freezing
compounds are needed. Cheaper hydrogenation processes must be developed for economical
conversion of coal liguids 1o jet fuels with satisfactory heats of combustion. :

The high concentrations of n-alkanes found in the shale oil samples af fords clues on the nature
of the organic material in shale. This information indicates that otl shale contains many long,
straight chain components. When thermally stressed, as in retorting or coking, such constituents
would yield smaller fragments which would also have straight chains {25). The major products
would be s1-alkanes and I-alkencs. Since the latter hydrogenate o ihe former, n-alkane
concentration could be considerable. It is interesting that the three shale jet fuels studied in this
work were high in p-atkanes. This is in spite of differences in production, refining, and
hydropenation processes.

Work will continue in relating composition to properties of the alternate jet fucls. This will
include atiention to non-specification propérties and those properties which may beinherently
dif ferent due to the origin of the base stock.
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MAVAIR-NRL WORXSHOP

BASIC RESEARCH NEEDS FOR SYNTHETIC HYDROCARBON JET FUELS

JUNE 15 - 16, 1579

THERMAL OXIDATIVE STABILITY OF SYNTHETIC JET FUELS { )+

Intyxoduction: This presentation is part of the work conducted at the
Naval Air Propulsion Center {NAPC) diregted towards the study of ths.
application of synthetic fuels for Navy alzcraft use. The overall
Program objective is to establish the physical and chemical suitability
of JP~$ derived from alternata {(non-petroleum) scurcas for aircraft
propulsion systems. The objective of this particular work ig to
establish a relationship betweaaen the organic nitrogen conktent and the
thermal oxidation stability and storage stability of jet fual derived
from oil shale. The importance of this work is to obtain some knowe
ledge of the effects of nitrogen on these properties since thara is
currently 7o specification requirement for the control of nitregen in
the JP~5 specification, . '

The fusl used in this study was derived from shale oil. crude produced
. by the Paraho Process. The crude was reffned in April 1975 by the Gary
Western Refinery, Fruita, Colerado. :

All of the thermal oxidation determinations mads on the various fuels
were performed with the Algor Jet Fuml Thermal oxidation Taster, coined
the JFTOT. This is a standaxd ASTM test for evaluating fuel thermal
oxidation behavior. The procedure is described by the ASTM D~3241 test

- outline. The criteria used for evaluating the deposition tendencies of a
thermally stressed fuel ars aw followg:

{1} The deposit formed on the heated aluminum surface shall not
exceed & spun deposit rating (TDR) of 17, as determined by tha light
reflectance device Alcor Mark 8A, tube deposit rater. ,

(2} The deposits formed in the bulk fuel that have not collected _
on the heated surface are trapped downstream by a filter at the fuel sutlet
of the preheater gection. When a presmure drop of 25 millimeters is
observed the fusl will be classified as thermally unacceptable, Once this
preéssurae level has been reached, tha JFTOT is put into a by-pass mode which
essentially eliminates the fuel passage through the fiiter. The time to
reach the by-pags mode is xecorded.

The first determination made on the effects of fuel bound nitrogen on
thermal oxidation stability was made by varying the acid extractable

*[Numbars in parentheses refer to figures at end of the paper),
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nitrogen goncentration of the fuel, and then determining the breakpoint
tamperature in the JFTOT, The fuel samples were prepared as followss

(1) A shale oil JP-3 concaining 954 ppm tctal nitrogen was
extracted by 6.1 N HCl, After noutralization with sodium bicarbonate
and water washing the fuel contained 116 ppm total nitrogen, which
could not be ramoved by acid extraction.

(2) The abave fuel was then blended with the unextracted fuel
containing the original 954 ppm nitrogen until the desired nitrogen
concentration was reached., The basic¢ nitrogen content was determined
on each blend using the perchloric acid titration method. The non-bagie
nitrogen concentration was gonstant in all samples.

A breakpoint temperature determination on the fuels revealed that thers
was a relationship betwesn the basic nitrogen content and the type of
JFTOT. failure observed. It was quite apparent that the basic nitrogen
produced a greater difference in the breakpoint temparature using the
pressure drop criterica than the deposit level on the heater tuba, That
is, a basiec aitrogen concentration range of 7 to 838 ppn produced & 52°C
difference in the breakpoint bagsed upon filter drop, whereas, only a 10°C
difference was observed with using the heater tube failure criteria (1).

In further pursuance of the effect of nitrogen, particularly the acid
extractable type, work was continued with a petroleum derived fuel, which
was essentially nitrogen free, The basic nitrogen that had been isolated
was added into this fuel at various concentrations and a JFTOT determination
was made at a constant test temperature of 260°C. This temperatura is
the current reguirement for a fuel te pass according to the ASTH instructions
and MIL-T-5624K for grades JP-4 and JP-5 fuel. ' -

The results of the test showed that the fuesl could probably tolerate
a nitrogen concentration of the order of 100 ppm if- the JFIOT thermal
stability rating criteria were based solely on deposits forming on a
heated surface. However, using the pressure drop ciiteria the nitrogen
concentration mast be leas than 50 ppm {2) to obtain a pass rating for
the fuel. With regards to the prehsater sectlion, responses to changes
in nitregen concentration were zomewhat unusual and unexpectad, The TDR
increased as a function of the nitrogen content up to 300 ppm. The higher
concentrations, 400 and 500 ppm nitrogen, produced TPR'a equivalent to
50 and 100 ppm. A close inspection of the total TDR on tha heater tube
roveals that beyond 300 ppm tha nitrogen compounds in the fuel are producing
deposits in the bulk fuel at the cooler mection of the JFTOT {3}, This is
also observed by the decreass in time for the filter section to be put into
Ly-pass (2}, :

Since thera had been a drastic shift in the TDR as a function of nitrogen
content beyond the 300 ppm leval an intermediate concentration of 348 ppm
was investigated. A TDR of 13 was produced by +his concentration of nitrogen
which was in agraeement with the previcus trend., A complets breakpolint
temperature analysls was run on the 348 ppm nitrogen fuel and was compared
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to undoped fuel. The nitrogen containing fuel produced a pressure drop
failure at 254°C, and this failure was 25°C lower than the breakpoint
temperature of the undopdd fual., This was only an approximation since
the breakpoint temperature of the undoped fuel was greater than 279¢¢{4).

Attention was then shifted to identification of the pitrogen compounds
in the acid extract, Some preliminary analytical work performed by NAPC
and NRL showed the nitrogen compounds to be primarily substituted pyridines
with alkyl substituents with two to nine aarbonss quinolines with zero to
four carbons and tetrahydroquinolines with two to four carbons, A thermal
oxidation stability analysis was made on pure nitrogen compounds in a
petroleun derived Jp~5. The results showed that pyridine typs ¢ompounds
are innocucus at concentrations between 50 and 100 ppm, Pyridine compounds
containing primary amine functional groups are deleteriocus t¢ thermal
oxidation stability. Pyrroles are alsc deleterious (5).

The next area of investigation ws directed towards the evaluation of
the storage stability of oil shale fuel containing low amounts of acid
extractible nitrogen. The test employed was accelerated, subjecting fuels
to 60° temperature for four weeks. The containers used in this test were
1.1 liter actinic glass jars. A one liter quantity of fuel was used, The
containers wexe capped with aluminum foil to permit breathing during the
storage pericd. Water was added at a concentration of 1.0 percent. The
shale 0il fuel samples were prepared by extraction with 1.10N HCl to remove
the basic nitrogen, followed by gilica gel percolation to remove the
remaining nitrogen. The shale oil samples were then doped with the acid
extracted nitrogen compounds to a concentration range of 8 to 125 ppn
basic nitrogen. Some samples contailned 25 ppm of an organic oxidation
inhibitor, Dupont AG-22 {phenylene diawmme), to determine if oxidation
inhibition could ba achisved during accelerated storage. A petzoleum JP=5
with and without the inhibitor was incorporated in the study as a control

- Thermal stability analyses of the samples before and after storage
showed that small quantities of basic nitrogen, less than 20 ppm, caused
the fuel to become unstable (6). . Howaver, the use of the inhibitor retarded
this behavier {7). A high unacceptable level of peroxidation had also
occurred during storage { 8), however this was satisfactorily controlled
by the inhibitor {9 ). There was some correlation obgerved between the
peroxida content and the thermal oxidation stability of fusls ‘containing
low concentrations of nitrogan (10} This invagtigation alsgo showed that
a petroleuw derived JP-5 with and without an oxidation inhibitor remained
stable during this accelerated ztorage pericd,
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USAF ALTERNAT!VE FUEL PROGRAM

Dr. Harbert R. Lander, Jr.
Air Force Aero Propulsion Laboratory
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Introduction

The Department of Defense consumes approximately 2.7 percent of the total
U.S. demand for petroleum. The Air Force usage accounts for 57 percent of
the DOD consumption with approximately 82 percent being consumed as jet fuel.
The cost of this fuel to the Air Force has increased greatly since the 1973
0il embargo. The bill in 1973 was slightly over one-half billion dollars
for 112.million barrels of JP-4, whereas, it is now approximately 1.6 billion
dollars or about & percent of the Air Force annual budget for only 80 million
barrels (Fig. 1).

At the present time, there is a great deal of emphasis by both the
Department of Energy (DOE} and industry to develop the technology to produce
hydrocarbon 1iguids from sources such as coal and oil shale which are avaii-
able 1in huge quantities in this country. In addifion, much research i35 being
conducted to utilize heavy crudes {low pour point viscous oils) and resi-
dues {tar-like solids) which heretofore have been toco costly to extract and
process. Also, the Nerth Slope crude, which is currently impacting the west
coast refineries s more highly aromatic and heavier than conventional crudes
and thus results in different refinery process economics for a conventional
sTate of products.

Fach of these energy sources, while basically hydrocarbons, differ dras-
tically as to compound types, mineral content, etc., and therefore each will
have specific bprocessing problems. Liquid hydrocarbons from coal, 01l shale
and tar sands will 23l1so be much more deficient in hydrogen than conventional
crude. HBydrotreating {generic classification of processes inrvolving hydrogen
addition) is the most costly and evergy consuming operation in refining and
is expected to become much more expensive in the future. Refining enerqy
costs on coal Viquids for example, could be relaxed by one-third if restric~
tions on aromatic content were relaxed. Refining costs are proportional to
refinery energy costs. Therefore, a substantial cost saving on refined pro-
ducts such as a jet fuel would be achieved if the amount of hydrotreating in
processing both petroleum and non-petroleum feedstocks is reduced.

The specification for JP-4, the standard Air Force jet fuel. was defined
at a time when this product was both inexpensive and plentiful. While there
have been refinements to the fuel specification to keep pace with engine
development, JP-4 has basically raintained the critical properties first
specified to insure availability and to fulfill aircraft operational reguire-
ments. A clear understanding of the relationships between fuel character-
{stics and aircraft system performance, engine durability, emissions, and
survivability may result in dramatic cost reductions for a broadened spec-
ification fuel, but these reductions can only be realized with assurance that
aircraft performance is not adversely affected.

In 1974, the Ajr Force Rero Propulsion Laboratory {AFAPL} at YWright-
Patterson Air Force Base, Ohio, began a program to investigate the possibil-
ity of using jet fuel produced from domestic sources of liquid hydrocarbons
other than petroleum. This program has been madified within the last year
to concentrate on shale oil as a viable near term source of jet fuel, The
D00 is currantly determining the role it should play in stimulating the
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jmmediate development of synthetic fuels, particularly those derived from
shale oil. An initiative to aggressively pursue shale oil as a source of jet
fuel, fits well into the on-going Air Farce program. The results of this
effort together with other related findings and projections of future goals
are discussed herein.

AVIATION TURBINE FUEL PROGRAM

Within the DOD, the AFAPL has prime responsibility for military aviation
fuel. Under this charter the Laboratory initiated an extensive Aviation
Turbine Fuel Technology Program early in 1974 to establish the properties of
an aviation turbine fuel which will result in adequate fuel availability
for the Air Force at an acceptable cost. This was not a major problem prior
to the 1973 embargo in that JP-4 jet fuel was readily available woridwide
.at a very cheap cost. Two apprcaches are being pursued in this program:

{1) relax specifications to reduce the level of processing required on con-
ventional petraleum crudes and the Tower quality crudes which are expected

to be used in the near future, and {2) investigate the acceptability of fuel
produced from alternate sources such as coal, oil shale and tar sands to
meet the same relaxed specifications as for petroleum drived fuels. Figure

2 depicts the overall nature of the program. Fuel processing will be of
primary iMportance to ascertain per-gallor fuel costs. The impact of reduced
levels of refining on all aircraft system components must be determiined.
These include fuel system (pump, filters, heat exchangers, etc,) and airframe
(fuel tank size and design, impact on range, etc.) considerations as well

as turbine engine (mainburner augmentor degradaticn and emissions}. It is
anticipated that the optimum turbine fuel for Air Force use will be a com-
promise among these various considerations.

The primary emphasis on the program has been in the areas of fuel pro-
cessing, fuel analysis and combustion effects. The fuel processing studies,
to date, have centered around the refining ‘of western shale oil. Because of
its high hydrogen centent and low residuum content, shale o1 was considered
an excellent candidate for a synthetic crude which could be refined into
transportation fuels. Shale oil's paraffinic nature makes it ideal for the
production of middie distillates such as diesel and aviation fuels.

Recently the Air Force initiated programs to develop new upgrading and
refining procedures for the efficient and ecanomic processing of whole crude
shale 0il1 inte high yields of military transportation fuels while optimizing
the yield of aviation fuel, Grade JP~4 or JP-8. Key to this effort, will
be the upgrading step which converts the whole shale of) into a synthetic
crude which would be suitabie feed for most conventional refineries. There-
fore, these programs will have considerable commercial impact. The uparading
and refining concepts to be pursued in this program have potentially lower
costs for converting whole shale oil into a slate of products than state-
of-the-art processing. The efforts include the application of novel approaches
for improving the efficiency of hydrogen usage, salectively removing hetero-
atoms {especially nitrogen) and increasing yields of products.

Previously because of the gnavailability of refined petrdieum or synthetic
fuels meeting a range of physical and chemical requirements as desired for
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various experimental efforts, a great deal of emphasis was placed on hlending
hydrocarbon components to simulate refined petroleum . and synthetic fuels.
Table 1 gives the mass spectrometer analysis of the initial boiling point

to 568°F feed fraction for the synthetic liquids tested in the Exxon study
(1}, Table 2 gives an analysis of the blending components being tested in
the Combustor Effects Tasks. These components when blended with base JP-4
and JP-8 fuels result in sample which have hydrocarbon compositions similar
to hydroprocessed shale oils. Future availability of variable quality pro-
ducts from the various processing studies sponsored by the Government and
industiry will certainiy enhance experimental vesults.

Primary emphasis in the experimental portion of the program revolves
around a strong combustion technulogy effort necessary to establish the op-
erating 1imits for future fuels derived from petroieum or shale o091 or any
other hydrocarbon source. The initial combustion efforts invoived the quan-
tification of the effects of fuel hydrogen and nitrogen content using a
T56 single combustor modified to operate at conditions representative of a
wide variety of engines in the inventory. Hydrogen content, representing
various severity levels of hydroprocessing, was varied between 12.7 and
14.5 percent by weight by the addition of alkyl-benzenes to a base-line
JP-4. Nitrogen content which could be as high as 2% in raw shale ¢il was
varied between 0,1 and 1.0 percent by weight by the addition of pyridine.
Results of the hydrogen variation effects on combustor liner temperature at
low pressure cruise conditions are presented in Figure 3. These data, which
are typical, show a signiTicant increase in combustor Tiner temperature
due to the more luminous radiative flame produced by the reduction of- hy-
drogen content in the fuel. The effect of hydrcgen content variations on
smoke emissions for various combustor inlet temperaturss is presented in
Figure 4. Il should be ncted that the 756°K combuster inlet conditicn might
be expected to result in a somewhat higher increase than the 644°K inlet,
However, because of test facility limitations, a Tower Tuel/air ratio was
required to maintain a 922°K exhaust temperature resuiting in a lower absolute
smoke emission. Figure § illustirates the effects of fuel bound nitrogen
conversion on NOx production as a function of fuel bound nitrogen level and
combustor inlet temperature (4). The shale oil processing program will
establish the nitrogen levels possible with various types and levels of
denitrogenation. HNitrogen compounds present a serious problem to the refiner
since they are well known. hydrotreating catalyst poisons. In addition many
organi¢ nitrogen compounds are detrimental to required thermal stability
levels for most fuels. Therefore it is unlikely that shale oil derived fuels
will ever have high levels of nitrogen. However, cther portions of the
overall Air Force program should provide guidance to this aspect.

Current combustor efforts in the Aviation Fuel Program have expanded
into three contractual efforts, iwo initiated in 1977 and one in 1978,
to investigate the effect of fuel property variations on three classes of
combustors in the inventory. The General Electric Co. is assessing the effects
of hydrogen contant variation, volatility, aromatic type and end boiling point
on the performance and durability of the low pressure can (J-79) and full
annular type (F101) combustors. The 1978 program is addressing fuel parameter
effects on high pressure can type combustors. These results as well as those
from the Fuel/Engine/Airframe Optimization Study, initiated within the last
year will provide guidance on the specific direction of the overall program
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in-the future.

The Fuel/Engine/Atrframe Optimization Study is determining the extent
to which fuel properties can be varied without detrimental effects to an
Air Force aircraft mission. Douglas Aircraft Co. (Long Beach, CA) is the
prime contractor with subcontracts to Pratt & hitney Aircraft Group and
Union 011 Co. of CA.,for imputs on engine operation and fuel processing
costs, respectively. The shale oil processing efforts will have a large .
impact on this effort when the economic data are available., The second part
of the program will be directed towards establishing fuel properties which
will minimize aircraft 11fe cycle costs. This will consist of a tradeoff
between fuel physical and chemical characteristics and associated fuel cost
savings coupled with fmproved potential availability and aircraft system .
costs associated with modifications required to utilize a broadened -fuel
specification. This tradeoff study will be the primary means of developing
specific guidance to all experimental and developmental efforts planned
to be initiated in 1979 and shown in Figure 6.

ADVANCED DEVELOPMENT PLAN FOR AVIATION FUEL

The Aviation Turbine Fuel Technology Program is stiructured so that an
interim specification will be defined four years after the program initiation.
This interim specification will be developed with strong imputs from the shale
0il processing efforts. It is projected that it will be similar to JP-8
and will serve as a guide to the engine and aircraft manufacturers as well
as to the fuel suppliers. The program is then expected to lead to a sfgnif-
jcant fuel specification change in approximately 15 years, Such a fuel
might have characteristics such as those outlined 1n Table 3.

SUMMARY

The Air Force, the largest cgnsumer of petroleum within the Department
of Defense, has an ongoing program to define the specification require-
ments for a fuel which will maximize the availability and minimize the cost
of turbine fuel in the future. This effort has been in progress for the
past four years and certain highlights have been attained. These are out-
lined in Table 4. In December 1974, a formalized agreement with regard
to Alternative Fuel Developments, was finalized between NASA's Lewis Research
Center and AFAPL. NASA responsibiiity for commercial jet fuel development
can be of importance to Air Force in a number of areas and vice versa. :
* In Jdanuvary 1975, the AFAPL began to establish a combustion-technology base
in order to develop information concerning the effect of fuel quality on
combustor performance and 1ife. Later that year, in March, the Exxon s tudy
clearly identified western shale oil as the optimum domestic alternative
to petroleum as a source for jet fuel. -

The Office of Naval Research in April 1975 sponsored an effert which
refined 10,000 barrels of jet fuel. ATthough the jet fuel was of poor qual-
ity as received, AFAPL technicians were able to produce acceptable fuel by’
an extensive (and expensive) clay adsorption process on approximately 2000
gallons. After clean-up the fuel was further tested and evaluated, additives
were added, engine endurance tests were completed and the fuel was then

-
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certified for flight. On June 18, 1975, General James Stewart. the Commander
of the Aeronautical Systems Division, flew a T-39 aircratt from Wright-
Patterson Air Force Base to Fort Worth, Texas on the shale oil derived JP-4.
This was significant in that i1t was the first flight of a jet powered air-
craft on a fuel not produced from petroleum and 1t demonstrated that shale
0ilwas a tryly viablesource of jet fuel even though the processing steps
had not been optimized or were not economically attractive. In April. 1976,
a study was initiated with Bonner and Moore Associates Inc. to determine .
the effect of relaxing certain critical fuel reguirements on improving availa~
bility of fuel from domestic petroleum, From a survey of domestic refineries
it was determined that increases of about 28 percent could be realized by
relaxing Freeze point, aromatics, final boiling paint and smoke point. In e
August 1977, AFAPL initiatéd an effort, with Douglas Aircraft Co. as the prime
contractar, to determine the extent to which fuel properties can be varied
without detrimental effects to the overall system. A key part of this effart
will be the effects of fuel cost {and availability) on the final trade-off.
With regard to refining of shale ¢il, the Chevron program, sponsored by
DOE, early this year clearly demonstrated that large yields of middle dis-
“tillate products inciuding jet fuel could be economically produced frem
shale oil crude using available refinery technoiocgy. Using this excellent
program as a comparison standard of state-of-the-art technology the Air
Force has Taunched into the intensive shale oil-to-jet fuel processing
study which should provide valuable information regarding the relationship
between fuel quality and process economics so badly needed to perform mean-
ingful trade-cff assessments. This effort has just heen initiated and
should be completed in early 1981, OOE continues to investigate.in general,
* the processing of shale 011 and these efforts will impact and provide guidance
_to the spacific Air Farce jet fuel ‘problems. Although the Air Ferce charge
in synthetic fuels development is resiricted to aviation turbine fuels, the
efforts since synthetic fuel availability is a highly complex and dependent
var1ab1e in any future energy equat1on _

CDhCLUSIOhS '

The Air Force conclusions .concerning the future situation with regard -
to jet fuel are summarized on Table 5. Even with sizable increases in con-
tinental US reserves of petroleum, future availability of jet fuel is de-
pendent on the development of a domestic synthetic fuel industry. Based on
the chemistry. of the crude shale ¢il and the nearness of commercialization
of production operations, shale 011 is the most premising domestic source
of middle distillate feedstock. -Anticipating the key role to be played by
shale oil and the fact that the crude will be produced by industry, AFAPL
has initiated an exploratory development and manyfacturing technology program
to determine the overall production and economic factors necessary 1o better
assess the impact of shale o0i1 on future Air Force systems. These data are
reguired in order to provide the information .necessary to include synthetic
fuel as part of any future jet fuel specification developed by the Air Force.:
Concurrent with davelopment of a shale oil industry, the Air Force must assure -
as smooth a transition as possible te. the unqualified use of jet fuel from
shale; this can only be done by establishing meamningful fuel specificaticns
and performing the endurance tests, flight tests and perhaps larger service
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tests to answer all questions regarding full scale operations.
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TABLE § - MASS SPECTROMETER ANALYSIS OF SYNCRUDES

INITIAL BOILING POINT 10 568°K FEED FRACTIONS

Parafiins
Monocycloparalfins
Dicycloparaffins
Tricycloparaffins

Total Paraffing
hlkylbenzeneg
Indans

Indencs
Raphthalenes

Total Arvomatics

Paraho 'Tosca YI°  Garrett - Synthoil H-Coal
33.2 25.8, . 35.9 0.5 1.4
4.6 28,3 . 5.9 38.8 43.4
11,3 9.3 ' 10.5 "B.S. 8.3
10.3 6.4 8.4 0.0 1.6
59.4 69.8 €0.7 47.8 54.7
18.4 17.0 16.5 21.2 24.2
1.6 7. 10.7 21.4 17.2
5.0 2.7 4.1 7.7 - 0.2

5.2 2.3 7.6 1.6 3.2.
40.2 29.9 38.9 51.9 44.8
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TABLE A, - HYDROCARBON ANALYSIS OF BLEND MarERIALS-% (BY ¥T.)

2040 Gulf Mineral
Xylene Solvent Seal Oi)
paraffins , ' 43.5
Cycloperaffing : 30.2
bicycloparaffins : 9.9
Tricycloparaffins 4.6
Total Paraffins . ' 838.2
Alklbenzenes 100.00 5.5 4.0
* Indans/Tetrolins 6.8 4.8
Indenes : ) 0.09 l.4
Naphihalene -1B.6 0.9
Raphthalenes 35.0 0.4
- Acenaplithylenes - 0.44
Trigyeclic fromatics
Total Aramatics - 300.00 99.93 11.68
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Tabld&’ - Future Fuel Specification

Final BDP, Max, °F 600
Flash pt., Min-Max, °F 90-130
Frecze Pt., Max, °F _ -30
Bet lleat of Combustion, Min, Btu/fl 18,300
Aromatics, Vol.%, Max. s
‘Hitrogen, We.%, Mawx, 0.005
Hydrogen, Wt.%, Hin. 13.0
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