3
. 0

Reproduced From
Best Available Copy




UNCLASSIFIED

b SECUMTY CLASHIPICATION OF YTuil PAGE "hen Date hnioved.
.- REPORT DOCUMENTATION PAGE or ,',’;;"g;;:gg};g”,‘o..

s .

i Tt daginls i1 SOVY ACCESSION 8Dy B F1ENT'E CATALOS NunBI N

/ T
'~,4’ NAPTC-PE-82 .

4«..._w_-._—-=._,,

J (éf Evaluation of a JP-5 Type Fuol Derived Yrom |
011 Shale, i

!
, laterin '(‘t /’l

BT AL SR REEGAET IR 0D COVERED

pt

\ C»‘va‘”cwﬁo« nUNBER

J. Solash,
C. J./Nowack

R. J.MDelfosse

8 CORTRALTY oR gaaxT numbive)

S PERTORMING ORGANITATION NAE AND ADDNESS
Naval Air Propulsion Test Center

/C 1] p-'m-uuv 13 ”-o ZY TA
Ko
’ "_."" '. I vr

l Fuels and Fluid Systems Division, PE7]

Irentcn, New Jersey 08628

11 CORTROLLING OFFICE MAME AND AOUDRESS $40r-Re L WTURY &
Naval Air Systems Command // May ¥I76 7
Code AIR-330 b+~ g
Washington, D.C. 20351 0 KIBA

T8 MOMITORNING AGENCY MANME & ALORESI(I @i/fsrant from Conmreling Of1ico) opubliey SECORITY CLASS. (of Mo repesr)

kl/nuificd

e, BECL ASUPICATION DOENAAADING
scudouLy

. OIZTRIBUTION STATEMENT (of his Repeort)

Approved for Public Release; Distribution Unlimited
- 17. DISTRIGUTION STATEMENT (of the abetract antered in Bleck 30, Il dittovent hem Report)
- Distribution Unlimited.
hae 19. SUPPLAMENTARY NOTES
- 19, XEY WORDS (Continue on roveves side I necocsoary and Identily Sy M¢ 1k mamber)
: Evaluation, 011 Shale JP-5, Engine Performance, Engine Exiseiove,
. Specifications Test, Filtration, Distillation, Clay Treatment,
. Acid Treatment, Urea
T :ou‘nnucr (Cantinue en roverss slde 1l necossary and idontify by bicek number)
- A kerosene fuel dearived from oil shale was evaluated for suitability as
\ a substitute for petroleum derivad JP-5. Engine performsnce snd gasecus
* emissions were evaluated uoing 8 T63-A-5A engine. Specification anslyses
.. ware porformed to determine conformance with tha MIL-T-5624J epacificatior.
! for JP-5 grade fuel. Engine performance of the oil shale derived fusl
. was aquivalent to that of a typical petroleum derived JP-S. While carbon

monoxide (CO) and unburned hydrocarbon (THC) emissions of the oil -halu\

N

. 0D ,%2n" W73

COITION OF 1 HOV 68 18 OBSOLETR
$/M 0102

UNCLASSTFIED

Y7722

A

SECURITY CLABSITICATION OF THIS PAGE (Phen Dete niored)




UNCLASSIFIED

LALUSITY CLASSIPICATION OF Tuil PALE Whan Deote Batered)

fuel wera equivalent to thosae of petroleun fuels, the nitrcgen oxidea (30 )
wers higher for the oil shale fuel. A high concen“ration of fusl bound
nitrogen was implicated as the cause for the high N3, emigsions. The oil
shale derived fual was found not to conform to npeci?icationl for

contamination, existent gums, thermal stability, freezs point and viscosity
at =34,5°C (~30°F), A program of post-refinery upgrading studies was ini-

tiated in order to imprcve tnese deviant properties. This program included
filtration, distillation, clay and acid treatment and urea extra-*’ 2,

It vas found that no one single post-refinery treatment couls .aprove all
deviant propartiei)\

SECURITY CLABMPICATION OF THIS PASK(Whon Dute Entered)

*8

-

-




- s vm

| ’
| SR S
(1
1.0 k1Y G008
o s NAVAL AIR PROPULSION TEST CENTER
; {) s ) TRENTON, NEW JERSEY 08628

y

PROPULSION TECHNOLOGY AND PROJECT ENGINEERING DEPARTMENT

NAPTC-PE-82 MAY 1976

EVALUATION OF A JP-5 TYPE FULEL DERIVED FROM OIL SHALE

Prepared by Q M

Approved by . / ﬁ%{%f

L. MAGGITTI i

DDC

g r
» { ﬂ 0. .;-..Jnﬂf'j
APPROVED FOR PUBLIC RELEASE; U( Jull 14 1978

DISTRIBUTION UNLIMITED |
" T‘ @qd U [.51

AUTHORIZATION: NAVAIR AIRTASK AD3P0000/052B/6F57-571-301
Work Unit Plan No. NAPTC-913

-

-



-~

REPORT DOCUMENTATION
TITLE PAGE

TABLE OF CONTENTS. .
LIST OF FIGURES. . .
CONVERSION FACTORS:
INTRODUCTION . . . .
CONCLUSIONS., + « o
RECOMMENDATIONS, . .

DESCRIPTION. « . . .

TALBLE OF CONTENTS

PAGE -- DD Form 1472

¢ o o

RESULTS AND DISCUSSION . .

FIGURES 1 THROUGH 10
TABLES I THROUGH XI,
REFERENCES . . . . .

DISTRIBUTION LIST. .

U.%. CUSTOMARY UNITS.

e 9 & o & o s ¢ o+ e @

NAPTC-PE-82

Page
* - * . 1
. * . * 11
e e e e 114
L ] L] - * 1

c e e 2=1
e e e . B8=15
¢« o e . 16-25
e s oo 26<-36
O ¥

e o « Inside rear cover




HAPTC-PE-82

10

L1ST OF FYGURES

Title

Schematic of Open-Loop Clay Treatzent Unit
T63-A-SA Engine Performance of Shale 0il JP-5

In-Line Fuel Filters Used During T63-A-3A Engine
Test With Shale 0{l1 JP-5

Exhaust Emissions of Carbon Monoxide (CO) For
T63-A-~5A Engire ‘

Exhaust Emissions of Total Unburned Hydrocartons
(THC) For T63-A~5. Engine

Exhaust Emissions of Oxides of Nitrogen (Nox) Fer
T63-A~5A Engine

Shale 0il Contamination
Freeze Points of Shale 01l JP-5 Fractions

Variation of Freeze Point with Distillation End
Point for Shale 01l JP-5 Fractions

Effect of Claytreating on Light Transmittance of
Shale Derived JP-5

11

Page

No.

15
17

18

19

20

22
23
24

25



gl

CONVERSION FACTORS:

NAPTC~PE-81

S§1 To U.S. CUSTOMARY UNITS

Convert From

ng'ls'1

W

Kgs !

m2g=1
litres
litres

Kg

To

1b S&ip.1

Hp
1b hr-l
psi

1b ft

cks
gallons
fe3

1b

hr-l

i11

Multiply by

5.91835 x 10™°

1.34102 X 1073

7.93664 x 10*

1.45037 x 10°°

7.37562 x 107}

o (tep =32)
1.8

te

4.29922 x 10
1.000000 X 106
2.64172 x 107}
3.53146 X 10~2

2.20462 X 100




-

NAPTC-FE-82

INIRODUCTION

Reference } authorizad the implementation of Work Unit Plan 913
which included the testing and evaluation of a kerosene derived from
oil shale as a substitute for current petroleum dertved JP-5, In a
separate program, the Office of Naval Research, via the Applied Systems
Corpuration, obtained a large quantity of refined shale oil (reference
2). In turn, the Applied Systems Corporation provided the Naval Air
Propulsion Test Center (NAPTC) with 17,500 gallons of a kerosene
(JP-5 type) fuel produced from the shale oll for evalvation purposes.
The evaluation work in this program included the following: performance
and exhaust emissions tesat on a T63~A-5A engine; JP-5 specification
teasts; in-house upgrading studies. The resuits of this work are
presented in this report,

CONCLUSIONS

1. The performance of the JP-5 type fuel derived frecm ofl shale was
equivalent to that of the petroleum derived 'P-5 in the sea level
operation of the T63-A-5A engine under the envirommental condition
tested,

2. The carbon mwonoxide (CO) and total unburned hydrocarbons (THC)
emissions for the oil shale derived JP-5 were equivalent to those

of the petroleum der’'ved JP-5, The oxides of nitrogen (NOx) emisaion
levels were Fi-her for the oil shale derived JP-5. This is probably
related to the high levels of fuel organic nitrogen conpounds which
are indigenous to oil shale,

3. The oil shale derived JP-5 failed to meet the Military Specification,
MIL-T-5624J, for grade JP~-5. The shale o0il JP-5 contained a high

degree of soluble and insoluble contamination. As a result of this
contamination the fuel did not meet thm requiremonts for existent

gums and thermal stability. The freeze pcint and viscosity at =34.5°C
(-30°F) were not within the specification limits. Theae latter deviations
from specification requirements probably are the result of a high normal
paraffin content of the fuel. The aromatic content was sllghtly higher
than the allowable limit of 25 volure percent, but did not result in an
unsatisfactory smoke point value,

4. There was no single post refinery upzrading technique which improvad
all deficient properties of the oil shale JP-5.

a. Redistillation eliminated solids contamination, almost eliminated
existent gums and produced a thermally stable fuel. However, basic
organic nitrogen was not removed from the fuel and freeza point was
not improved,
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b. Clay treatment resoved solids centazination, reduced existent
gums, elim{nated soluble metals, reduced bavic orranic nitrogen
level and improved thermal stability. Huwever, existent gu=s,
thermal atability and freeze point still d1d not meet the limits of the
specification, The large quantity of clay whicl, would be necessary
to remove most of the dissolved contamination s impractical for
a comnercial scale operation. '

c. Acid treatnent eliminated basic nltrogen, reduced existent
gums and produced a thermally stable fuel. However, uxistent gums
and freeze point stiil wers not within specification li=its,

d. Filtration reduced sulids contamination tempocrarily.

e. Urea extraction improved the freeze point.

RECOMMENDATIONS

1. It is not recomwmended that the shale oifl JP-5, whose properties
are shown in this report, be used in flight operations. Furthermore,
any add{tional engine testing should be delayed fending a source of
supply of an acceptable quality of shale cil JP-5.

2. Furthe: examination of the relationship between the level of basic
nitrogen compounds and the thermal oxidatioun stability of shale oil
keroscnes should be initiated.

3. Various laboratory tests should be initiated, on a low prio-ity
basis, to check other performance factors (i.e., material compa. .bility,
cieaniiness, equipzent, additives, flammability characteristics) of the
shale oil JP-5,

DESCRIPTION

T63-A-5A "agine Performance Test

1. The Allfson T62~A-5A engine which was used for the performance ana
emissions evaluations is a turboshaft engine of the free turbine type.
It 1s used in the Army OH-58A and Navy TH-57A helicopters. The gas
producer section is composed of & combination six-stage axial flow
one-stage centrifugal flow compressor directly coupled to a two-stage
free turbine which ir gas coupled to the gas producer turbine, The
engine contains an l{utegral reduction gearbox (5.84:1) which provides
an internal splinc output drive at the front of the gearbox. The
engine has a single combustion chamber. The output shaft centerline
is located bdealow the centerline of the engine rutor end the exhaust

is directed upward through dual exhaust pipes. An air bleed valve at
the fifth compresisor stage is provided to insure surge frce accelerations.




NAPTC-PE-82

2. The power turbine inlet temperature indication (T5) is provided
by the average of four thermocouples located in the power turbine
nozzle. The performance ratings of the T63-A-5A engine as specified
in reference 3 are shown in Table I. The ergine (Serial Number W-33)
was supplied Ly NAPTC., Prior to this test, it had logged an
undetermined number of hours since new and two hours since overhaul
(June 1975).

3. The T63-A-5A engine was installed in a1 sea level test cell using a
three-point mounting system, A flywheel and an Industrial Engineering
Water Brake, Type 400 were connected to the engine gearbox assembly at
the forward power output pad to absorb the engine pover. The brake
reaction was measured by a Baldwin load cell. All parameters to
determine the engine etarting and steady-state performance with the
fuels were measured using standard test cell instrumentation. The
engine was cleaned every 20 cycles (26.6 hours) with a twenty percent
solution (by volume) of B&B 3100 and distilled water. It was also
cleaned prior to the engine calibration with JF-5 fuel.

4, The following cycle, which is a modification of Specification
MIL-E-8595 quaiification cycle, was used for the performance tast.
The cycle was modified for a lube evaluation study that wvas being
run concurrently with the performance test.

PERFORMANCE TEST CYCLE

Engine Power Rating Time (Minutes)
Cold Start

Ground Idle 2

Normal Rated 10

Ground Idle 2
Maximum Power 5

Normal Reted 55

Maximum Power 5

Ground Idle 1

Chop

TOTAL TIME 80

Engine inlet air and fuel temperature during the program was
between 26,5 and 32.0°C (80° and 90°F),
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Emigsgions Tests

S. The engine was not cleaned prior to the emis=sfon tests conducted
on JP-5 and the synthetic fuel derived from o’l shale.

6. The exhaust emission samples for .JP-5 and oil shale derived fuels
were taken at the following engine conditions, in sequence, for the
pollutants measured:

Engine Power Rating Time (Minues)
Cold Start -
Maximum Power (mil) ' 10
Normal Rated Power (NR) 10
90: NR 10
60X NR | 10
40Z NR 10
Flight Idle 10
Ground Idle : 10

TOTAL TIME —_;;—-

7. This sequence was then repeated to provide duplicate data.
Throughout the test program, the power turbine (NPT) was kept at

a constant speed of 538 RPS (35,000 RPM) except at ground idle.
The engine power ratings designated for the emission survey were
selected as being representative of a typical hesicopter duty
cycle. No engine bleed air flow was extracted from the engine
during emissjon sampling except at ground idle and flight idle,
when the compressor fifth stage acceleration bleed valve is
automatically open., The compressor fifth stage acceleration bleed
air flow is defined by the manufacturer in figure 60 of reference
3. The fuel-air ratio was calculated for each power rating with
compensation made for the fifth stage bleed leakage at ground 1idle.

8. The instrumentation and methods of analysis for the engine emissions
were in accordance with references 4 and 5.

9. The calibration gases used with the test instruments were purchased
. from Scott Research Laboratories and Matheson Gas Products, The
spec?fic gases used were:
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a. CO -~ 1200 ppm, 890 ppm, 441 ppm, 250 ppm, 75 ppm, 25 ppm

CO2 - 4.74%, 3.0%, 2.0, 1.0%
c. NO 4+ N02 - 190 ppn, 83.9 ppm + 6 ppm, 28.1 ppm + 2. ppm

d. THC - 459 ppm, 408 ppm, 357 ppm, 200.4 ppm, l46.4 ppm. 36.6 ppm

The accuracy of all the above gases was guaranteed by the vendors to
be +1 percent. The concentrations of these gases were controlled by
a\ailability and NAPTC needs, and do not exactly match the requirements
in referance 4,

10. Enmissicn samplirg was done with a probe fabricated in accordance
with references 4 and 5. Two probas were made because of the dual
tailpipe configuration. They were made of stainless steel with four
arms extending from a central manifold. The plane of each probe was
an ellipse with major and minor axes of 231.8 rm (9-1/8 inches) and
177.8 mm (7 inches). There were three 1,524 mm (0.060 inch) diameter
holes at the centers of equal) areas on each arm. The probes were
centered in the exhaust stream 41,3 mn (1-5/8 inches) downstrean of
the exhaust pipe exit. A probe was mounted in each exhaust pipe.

11. The emission sanmpling line was stainless steel w'th an internal
diamecer of 7.747 mm (0.305 inch). It was maintained at a temperature
of 150°C + 5.0°C (3G2°F # 9°F). Nitrogen was blown back through the
probe during engine start-up to preclude the deposition of raw fuel

in the sampling lines.

Specification Tests

12. On 21 April 1975,17,500 gallons of a JP-5 type fuel derived from
oll shate was received at the NAPTC fuel farm and standard fuel
storage procedures were initiated. The crude shale oil was produced
in a pilot plautat Anvil Points, Colorado whicli i3 operated by the
Paraho Developuent Corpnration. Refining of the crude shale

oil was und-~rtaken by Applied Systems, Incorporated via a contract
let by the Office of Naval Research, Details of the production and
reiining of this batch of JP-5 type fuel are given in reference 2.

13. A sample of the shale oil JF-5 fuel was subjected to laboratory
analyses to determine its conforman:e to Military Specification
MIL-T-5624J for JP~5 fuel, All anziytical tests were performed

in accordance with ASTM Standard Methods as set forth in the 1974
ASTM Annual Book of Standards (volumes 23, 24, and 25).

In-House Upgrading Studies

Fi{ltration

14, The 17,500 gallons of shale oll JP-5 when received, was first
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passed through standard fuel filters to remove dirt and water. Severe
plugging and high pressure differentials were recorded across the
filters, A series of fuel filtrations were performed using standard
paper element 10 micrometer filters in an effort to remove solid
contamination,

15. 1In a separate study a sample of shale oil JP-5 was filtered through
a Millipore Corporation 0.45 micrometer filter and allowed to stand

at room temperature. Solid contamination levels were determined

on the filtered fuel sampla (ASTM Method D-2276) at intervals of 0, 3,
6, and 14 days storage.

Distillation

16. Distillation of the shale o0il JP-5 was performed on one liter
batches through all glass apparatus at atmospheric pressure., The
volume and temperature of distillate cucts were recorded. In one
experiment two cuts were made on the distillate (initial boiling
point (IBF) to 232.0°C (450°F); 232.0 to 255.5°C (450 to 492°F))
and basic nitrogen was quantitatively determined on each fraction
(reference 6). In a second experiment, the fuel was distilled and
fractions of 10 volume percent each were collected. The freeze
point was determined for these fractions separately and in combination.
Then the distillation cut-off temperature which would provide an
acceptable freeze point for the shale oil JP~5 was determined.

Clay Treatment

17. In an effort to improve fuel properties such as existent gums and
thermal stability the shale oil JP-5 was subjected to adsorption
chromatography over Attapulgus clay. The clay, which was supplied

by Indiana Commercial Filters Corporation as 60/80 mesh was used
directly without pretreatment. The clay was dry packed to a volume

of 1.0 litre in a glass column 10 centimetres in diameter. The

column was charged with 10 litre of shale oil JP-5 and the fuel was
allowed to percolate by gravity through the clay. The first, through ninth
and last, 10 volume percent of effluent fuel were subjected to laboratory
analysis to determine existent gum content, contamination, thermal
oxidation stability, basic nitrogen and soluble metals content,

18. The quantity of fuel which overloads the clay was determined by
measuring the light transmission at 540 nanometres of successive
aliquots of effluent fuel on a Bausch and Lomb Spectronic 20
spectrophotometer,
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19. In another experiment the shale oil JP-5 was introduced into a single
pass clay treatment unit which used 12.7 Kg (28 pounds) of clay to treat
20.4 Kg (45 pounds) of fuel. A schematic of the clay treatment unit

is shown in figure 1. After treatment, i..e fuel was ccllected and

the percent light transmission for an aliquot was determined, From

light transmission data the effectiveness of the clay at removing

solids could be determined. The initial volume of fuel was passed

through the clay five times. After the fifth pass, the existent gum
content and thermal stability of the treated fuel were determined.

Acid Treatment

20, The shale oil JP-5 was treated with mineral acid in an effort to
reduce the existent gums and improve the thermal oxidation stability.
The shale oil JP-5 (700 ml) was placed in a separatory funnel and
extracted with 50 percent sulfuric acid solution (35 g). The fuel

was then washed with tap water, dilute sodium bicarbonate and

finally water. The fuel was then passed through one-tenth its volume
of Attapulgus clay (60/80 mesh; no pretreatment) to remove any fuel
impurities introduced by the acid or water washes. The fuel was then
dried (Na,S0,), filtered and subjected to analysis for the determination
of existefit gums content, thermal oxidation stability, freeze point, and
basic nitrogen level.

Urea Extraction

21. The higher freeze po‘nt of the shale oil JP-5 was attributed to the
very high content of normal paraffins in the fuel (sea Results and
Discussion). In an effort to reduce the normal paraffin content the
shale oil JP-5 was treated vith urea. The method is outlined below:

22. In a larga beaker, 100 g of shale cil JP-5, 100 g urea (Merck, Reagent
Grade) and 300 nl of cyclopentane or petroleum ether (boiling range
30-60°C (86-140°F), Reagent Grade) were mixed by stirring for five
minutes. Methanol (97 percent) was added in five ml portions (40 ml
total) at five minute intervals with stirring. Tha mixture was

stirred for one hour then filtered. The filter cake was washed

well with petroleum ether. The petroleum ether was removed from the
combined filtrate by evaporation on a rotary evaporator at 30°C

(86°F). The urea extracted fuel was Jubjected to analysis to determine
distillation curve, flash point, freeze point, hydrocarbon type and
viscosity (at =-34.5°C (-30°F)). The crystalline urea-inclusior compound
was isolated and the included paraffins obtained by dissolving the
erystals in hot water and separating the organic layer. Gas-1liquid
partition chromatographic (glpc) analysis was performed on the isolated
extracted paraffins by Dr. R. N. Hazlett, Naval Research Laboratory (NRL),
using a capillary column and electronic integration.

o+
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RESULTS AND DISCUSSION

T63-A-5A Engine Performance

1. Prior to the T63-A~5A engine performance and exhaust emission tests,
calibration runs were made with a conventional JP-5. Analysis (Table 1I)
showed this fuel to conform in all respects to the MIL-T-5624J
specification. A graph of shaft power (SP) versus the power turbine
inlet temperature, °C (°F), 1is shown in figure 2, The guarantee model
specification requirements, reference 3, for the T63-A-5A engine are
also shown for comparison purposes. It can be seen that the T63-A-5A,
using a conventional petroleum derived JP-5, conforms to the model
specification requirements,

2. The performance of the shale oil JP-5 was found to be equivalent to
the base line JP-5 as is also shown in figure 2. The corrected einzgine
data are shown in Table III. Aithough this fuel was highly contaminated
with solid particles (see Fuel Analysis section) no effect on engine
performance could be discerned. Most of the solid matter was collected
at the two in line filters and at a filter just upstream of the engine
fuel pump. In figure 3, a photograph of these fuel filters shows

the removal of particulates as the fuel approaches the engine.

Exhaust Emissions

3. The exhaust emission levels of CO, unburned hydrocarbons and oxides
of nitrogen for the conventional JP-5 as well as the shale oil JP-5 are
shown in figures 4, 5, and 6. The emission levels in these figures

are in parts per million (ppm) as a function of fuel air ratio. The
shale oil JP-5 gave equivalent carbon monoxide and unburned hydrocarbon
emissions compared to the petroleum derived JP-5, However, the shale
011 JP-5 produced higher oxides of nitrogen levels than the conventional
fuel at all fuel-air ratios examined. It is possible that nitrogen
compounds in the fuel caused higher NOx emission levels (see Fuel
Analysis section).

Fuel Analysis

4. A sample of the shale oil JP-5 was subjected to analysis to determine
its conformance to the MIL-T-5624J specification for grade JP-5. The
data, presented in Tabie IV, shcws that while the shale oil JP-35

conforms to many of the specification requirements, it diverges markedly
from the requirements for contamination, freeze point, existent gums

and thermal oxidation astability. The shale oil fuel also possessed

a dark color and foul odor. Color and odor are not current specification
requirements, however, color can be an indicator of a highly oxidized

and therefore unstable fuel. The odor was that of amines and raises

the question of personnel safety, Specifically the toxicity and
carcinogenicity of amines in the JP-5 boilling range are, at present,
unknown. In addition certain nitrogen coutaining compounds are known

to induce deposit formation in kerosene fuels (reference 7).




S et e o er et e 5 e = S ——— T <" 7 - A i -

NAPTC-PE-32

5. The sample of shale oil JP-5 received at NAPTC would not be an
acceptable substitute for petroleum derived JP-5., This sample was
to be used in the performance and exhaust emissions test of the
T63-A-5A engine. However, the contamination levels were so

high as to preclude the use of the shale oil fuel until the fuel
contamination problem could be corrected. Since this fuel was
high in gums, had a poor freeze point and did not meet thermal
stability requirements, a program was initiated to examine a
nunber of post-refining approaches for up-grading the shale oil
JP-5 which included: filtration, distillation, clay treatment,
acid treatment and urea extraction,

Filtration

6. The shale 0il JP-5 which was received at NAPTC on 21 April 1975 was
first transferred from the delivery truck into large fuel storage
tanks. All fuels which are received and stored in this manner are
first filtered. The shale oil JP-5 caused a pressure drop of 310 kPa
(45 psl) across the filter. Under normal conditions a pressure drop
of 103 kPa (15 psi) can be expected only after several hundred hours
of use, After one truck was emptied, the filter was changed. The
spent unit was examined and a black tarry mass was found on the filter
(figure 7a). This tarry residue has the appearance of crude shale
oil. It was evident from contamination values for the filtered fuel
that the filter did not stop this material completely. It seems
probable that the tar squeezed through the filter under the excessive
pressure.

7. An attempt was made to filter the fuel in the following manner:
eight 10 micrometer filters were series connected in a line between an
empty clean storage tank and the tank containing the contaminated shale
0il JP-5. The shale oil JP-5 was pumped through the filters into the
clean tank. Samples obtained before and after filtration, were
analyzed for solid contamination., The contamination level of the

fuel obtained just prior to filtration revealed that most

(90 percent) of the solids had settled to the bottom of the storage
tank, In addition, those solids which remained suspended were not
stopped by the 10 micrometer filters (see Table below). The tank:

Date Contamination, mgl.'1 Remarks
21 April 1975 164,2 "As received" sample,
7 May 1975 13.3 Sample junt prior to filtration,

Filtered fuel; 98 volume percent
filtered.

7 May 1975 13.3

bottoms (last 2 volume percent) were then inadvertantly pumped through the
eight series~connected filters, The high instantaneous pressure drop

caused each filter element to rupture, thereby contaminating the filtered
fuel, This tank was allowed to stand fcr a few days and 98 volume percent
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of the fuel transferred to anotfer tank. The transferred fuel had a
contamination level of 7.9 mgl~ . This fuel was then used for engine

performance and exhaust emissions testing.

Solids Deposition Rate

8. After transferring the shale ofl JP-5 into a clean tank, samples were
taken over several weeks time and contamination levels measured. he
contamination versus time data cre shown in the Table belcow:

Storage Tank Contamination,

Date mgl'l (0.35 mm (14") from Bottom of Tank)
19 May 1975 7.9
2 June 1975 _ 28.4
25 June 1975 ‘ 30.1
27 June 1975 37.8
14 July 1975 31.8

The data show that the shale oil JP-5 i3 quite unstable and solid particulate
matter (sediment) is continuously forming. The sediment which forms upon
storage is quite different in physical appearance from that tarry

matter initially collected frcm the fuel farm filter (figure 7a), It

is this "new" sediment which is only partfally stopped by 10 micrometer

fuel filters (see figure 3). Hence, filtration of this batch of shale oil’
JP-5 results in lowered fuel coantamination levels but only for & short
period of time,

Distillation

9., Filtration of the shale oil JP-5 can lower the contamination level of
the fuel, but existent gum and basic nitrogen as well as thermal oxidation
stability and freeze point remain unaffected. A sample of the shale oil
JP-5 was redistilled in an ef{fort to improve these properties. The fuel
wags redistilled in two runs and a dfifferent distillation end point was
employed for each run. As shown in Table V, some of the above fuel
properties can be improved by distillation. Existent gum values and
thermal oxidation stability are markedly enhanced by redistillation,
Basic nitrogen compounds appear to be more concentrater in the lower
boiling fraction of the fuel while those compounds which cause thermal
oxidation instability are concentrated in the last 10 volume percent
(probably in the d’stillation residue).

10. The change in freeze point with changes in distillation end point
was carefully examined in order to determine the optimum fractionation

10 I
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point which would provide a fuel with a freeze point of =46.0°C (-31°F).
In one experiment the rhale oil JP-5 was redistilled and 10 volume percent
fractions of distillate were collected (one cut was 15 volume percent

(see figure 8)). The corresponding boiling range of each distillate
fraction was reco~ded. The freeze point of each fraction was then
determined. As shown in figure 8, approximately 70 volume percent of

this fuel freezes above =46.0°C (-51°F)., However, the freeze point of

a fuel is sensitive to its total composition. Hence :he interaction of
compounds in the high freeze point fractions could result in a lowering

in freeze point when these fractions are recombined. In order tuv obtain
an estimate of how much fuel could be redistilled whi.e maintaining a
freeze point of -46.0°C (-51°F) the following experiment was performed.
Another sample was distilled and individual 10 volume percent distillate
fractions similar to those which are depicted in figure 8, 'ere sequentially
(10 + 20; 10 + 20 + 30; etc.) recombined and the freeze point determined
for each combination. The results are presented graphically in figure 9.
The distillation end point for each of the recombined fractions shown is
that of the highest individual fraction. As shown in figure 9, redistillation
of the shale oil JP-5 must be terminated at 229.5°C (445°F) to achicve a
freeze point of -46°C (~51°F) for the distillate (fuei). This distillate
would represent approximately 55 percent of the original shale ofil JP-5.

Clay Treatment

11, The sludge found on the filter-separator unit (figure 7a) was nrt
the only source of contamination of the shale oil fuel. A soluble
residue was 1solated frum the shale oil by column chromatography over
activated silica gel (methanol elution) (figure 7b). 1t is this fuel
soluble material which probably is responsible for the poor thermal
stability of the fuel. In commercial operations, Attapulgus clay is used
as & chromatographic adsorbent to separate soluble contaminants in fuel
such as those shown in figure 7b.

12, A small quantity (10 litres) of shale oil JP-5 was percolated through
clay as described earlier (Description, paragraph 17). It wiil be noted
that clay treatment did have some effect on improving fuel quality

(Table VI). This was evidenced by a 100 percent removal of the tar-like
so'id contamination, soluble metals and basic ni:rogen in the first 1:1
(fuel:clay) effluent (10 volume percent). Other improvements detected
were a 50 percent reduction in the cum content and a 19.5°C (35°F)
increase in the: thermal oxidatior. stability. The last 10 volume percent
of effluent (a 9:1 fuel to clay volume ratic) shows overloading of the
capacity oi the clay. The basic nitrogen and gum contents are equivalent
to those values before clay treatment. The thermal stability i-provement
decreased to 240.5°C (465°F), only 8.5°C (15°F) above the bieakpoint
temperature of the untreated fuel. The solid contamination and soluble
metals, however were gtill being removed by the clay. Obviously the

clay was acting as a filtering as well as an adsorbing medfum which removed
the suspended tar-ilke particulate matter and some gvms. The overall
effects expected of a clay-treatment-process on shale oil fuel are
reflected in a composite (recombination) of all the fractions. The

11
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composite is representative of clay treated shale oil JP-5 at a 9:1
volume ratio of fuel to clay. The analysis of the ccmpusite shows
improvement in gum content (50 percent removal), and an increase

in the thermal oxidation stability of 14.0°C (25°F) over the untreated
fuel. These improvements, however, dv not bring the fuel within
specification limits for the latter two requirements.

13. To obtain an idea of the clay to fuel ratio where the clay
became overloaded, light transmission measurem:nts were made of

the effluent fuel, Color is neither a specification requirement
nor a major criterion for determining fuel quality. However, it

is generally employed to ascertain the existence of dissolved

aigh molecular weight material or contamination. In the case

of the shale 01l JP-5, color reduction by clay treatment has been
used as a method to detect the removal of dissolved crude and
cracked stock., In figure 10 a plot of the light transmission of
the clay treated fuel as a function of the throughput is shown.

At a low shale oil JP-5 throughput, very little light absorption is
observed. The volume ratio of fuel to clay that 1is effective in
reducing contamination is 1:1, however, beyond this ratio

color bodies begin to appear quite rapidly due to saturation of

the active sites on the clay. To illustrate how impractical it
would be to employ clay treatment a3 a method of upgrading this shale
oil JP~5, a comparison with a full scale commercial operation is in
order, To clay treat 1,506 m3 (12 barre.is) of synfuel at a 2:1
volume ratio (fuel to clay) 1133 kg (1.25) tons of clay would be
required. A typical commercial process emplors fuel:clay ratios

of B8,27-40.86 m? (52-257 bb1):907 Kg (1 ton). Hence a
commercial unit would require between 5 and 27 times the quantities
of clay normally used to effectively treat this shale oil.

14. Since percolation of the fuel over clay mav not be the most
effective method of clay treatment, another technique was evaluated.

This technique invoived circulating the shale oil through a single-

pass small scale clay-treating unit (figure 1). Five passes of the shale
oil JP-5 were used for the initial evaluation. The data are presented

in Table VII., It can be seen from these data that a multiple pass
through clay does not improve the quality of the fuel significantly

with respect to the existent gum and thermal oxidation stabili.;. An
additional run was made of the previously clay treated fuel using fresh
clay. This now represents a 4.6:1 volume ratio of shale oil JP-5 to clay,
The analytical data from this second treatment with respect to the
percent light transmission, gum content and thermal oxidation stability
are also given in Table VII. Improvement in shale oil properties was

not obtained and it may therefore be concluded that full scale clay
treatment would not be a practical metiiod of achieving conformance

with the MIL-T-5624J fuel specification for this batch of shale

oil.

Acid Treatment

15. Sulfuric acid treatment of fuel is known to remove resinous and
asphaltic substances which may be left in fuel because of poor refining
practices (reference 8). Sulfuric acid treatment also reroves, to
varying extents, compounds such as alcohols, aldehydes, ketones and
naphthenic acids which are primary products of alr autoxidation.

12
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Nitrogenous bases such as amines, anilines, quinolines and pyridines are
also removed by treatment with dilute acid. Since the shale oil

had all the characteristics of a poorly refined fuel it was anticipated
that sulfuric acid treatment would greatly improve the fuel,

16, Two samples of shale oil JP-5 which differed in the level of
contamination were chosen for sulfuric acid treatment experiments.
The "as received" fuel (see Table IV for analysis) and the

effluent from the clay treatment experiments were chcven. The latter
fuel was the composite effluent at a fuel:clay ratio of 9:1 (see
Table VI)., The fuels were treated with sulfuric acid as described
above (see Description, paragraph 20). The acid treated fuels were
subjected to analysis for existent gum, basic nitrogen level,

thermal oxidation stability and freeze point determination and the
results are presented in Table VIII.

17. 1t will be noted that acid extraction succeeded in remi.ring
all basic nitrogen and improved the thermal stability of the

fuel., However, the existent gum levels were still above the
specification requirement. This is somewhat sucprising since gums
are generally believed to be advanced prcducts of fuel autoxidation,
The freeze point was not improved but rather detericrated as a
result of acid treatment., Apparently the basic nitrogen compounds
present lend solvent character to the fuel and act as mild freeze
point depressants, Lastly, the color and odor of the acid treated
fuels were equivalent to those of a conventional JP-5.

Urea Extraction

" 18. 1t has been shown that by simple post refining treatmeat steps such

as filtration, distillation, clay and acid treatment, the poor properties
of the shale oil JP~5 could be improved. Only the treeze point problem
resisted resolution. These results imply that the high freeze point

was caused by a fundamental chemical difference of shale oil JP-3
compared to petroleum derived fuels.

19. In a coordinated Navy research program the shale oil JP-5 was
subjected to analysis by capillary column gas chromatography at the
Naval Research Laboratory, Washington, DC (reference 9). Normal
(straight chain) varaffins usually appear as sharp peaks in fuel
mixtures and are therefore easily distinguishable. In Table IX are
shown the results of glpc analysis for normal paraffins for the

shale oil JP-5. The shale oil JP=5 contains over 36 percent normal
paraffins. Almost 11 percent of the total shale oil JP-5 consists of
n-C -016 paraffina, These paraffins have extremely high freeze points
andlﬁow solubility in aromatic fluids. The data clearly show that
normal refinery or inexpensive post refinery treatment will not improve

13
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the freeze point ot the fuel,

20. It 1is well known, however,that urea, (H,N), CO, forms inclusion
compounds (reference 10) with normal paraffins“and that this property

of urea forms the basis of commercial dewaxing processes (reference 11).
Thus if selective removal of the n-C,,-n-C,. paraffins could be effected
a large improvement in freeze point and m%nimum loss of fuel yield would
be realized,

21, The shale oil JP-5 was subjected to urea "dewaxing" treatment.

The yield of fuel after urea treatment was approximately 82 percent
(weight basis)., Scme physical properties of this fuel are presented

in Table X. The anticipated reduction in the freeze point was
realized. 7The viscosity of the urea treated fuel is also well

within military specifications for grade JP-5 fuels. Thus urea
treatment i{s much more efficient in producing a low freezing shale

oil JP-5 than redistillation, because of the selective removal of

high freeze point normal paraffins by urea. This can be easily

seen from the data presented in Table XI. The urea included compounds
were isolated and analyzed by capillary column gas chromatography.
Almost 98 percent of the urea extracted material was found to be

normal paraffins. The small quantity of normal pentane (fruwm petroleum
ether used; see Description, paragraph 22) may be renoved by redis-
tillation, The "percent extracted" column represents the fraction of
normal paraffin removed from the original shale oil JP~5 by the urea
treatment. Optimization of the fuel yield while maintaining a -46.0°C
(~-51°F) freezc point for the urea extraction treatment was not attempted.

Summary

22. The shale oil JP-5 received by NAPTC on 21 April 1975 is not an
acceptable substitute for conventional petrole m~derived fuel. While
there is no detectable performance difference between shale oil JP-5

and petroleum JP-5 (T63-A-5A performance test), the NOx emissions of

the shale oil JP-5 were significantly hLigher. Presumably the presence

of 900 ppm basic nitrogen compounds in the fuel account for the increased ,
NOx emissions. In addition, many MIL-T-5624J specification requirements
were not met for the shale oil JP-5, The high contamination and gums
could plug fuel lines in a short period of time. The poor thermal
stability precludes te use of this fuel as a heat sink on aircraft.

The high freeze point prihibits the use of this fuel in cold environments
and possibly t altitide.

23. There are post-refinery treatments which succeed in improving some

of the poor properties of this fuel. Filtration will reduce the

contamination level but only for a short period of time. Existent

gum levels can be reduced by distillation with a loss in fuel yield

of about 10 percent. Thermal oxidation stability can be improved by

either distillation or acid treatment. The former treatment incurs

a 10 percent loss of fuel. The basic nitrogen level, which is not a
MIL-T-5624J requirement, can be reduced only by acid treatment. The

freeze point can be improved only by removal of normal paiaffins from

the fuel. 1In order to achieve a =51°F freeze point a fuel loss ..

14
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of the order of 18 percent will be suffered., Thus, the technology

is avallable to produce a specification fuel from the sample of

shale oil JP-5 received at NAPTC, However, this will probably reault
e in a loss of approximately 30 volume percent of original fuel.

. 15
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LABORATORY ANALYSIS OF PFTROLEUM DERIVED JP-5 POR T61-A-5A ENGINE TEST

TABLE 11

NAPTC-PE-82

Gravity, Specific 15,5/15.3°C
(60/60°F)

Gravity, °API, 15.5/15.5°C
(60/60°F)

Discillation, 1BP, °C (°F)
5% Cver °C (°F)

10X Over °C (°F)

20% Over °C (°F)

302 Over °C (°F)

40X Over °C (°F)

502 Over °C (°F)

60X Over °C (°F)

702 Over °C (*F)

802 Over °C (°F)

90X Over °C (°F)

952 Over °C (°F)

gnd Point, °F

Racovery X Vol.

Residue X Vol,

Loss, X Vol.

Cum, Existent, mg/100 ml
Sulfur, X Wt,

F.1.A Saturates, I Vol.
Olefins, X Vol,

Aromatics, X Vol.
Aniline Point, °C
Aniline Gravity, Constant

Heat of Combustion, MJ lla‘1
(BTU/1b)

Corrosion, Copper Strip

Smoke Point, mm
Freeze Point, °C (°F)
Flash Point, °C (°F)

Viscosity, Iz.-l X 10-‘ (cks),
38.0°C (100°F)

Viscosity, a?s~! x 1078 (cka),
-34,5°C (~30°F)
Contamination, sgl"}

Thermal Stability @ 260.0°C
(500°F) (JFTOT)

Water Separometer Test, Modified

(a) Minaral Industry Surveys, Aviation Turbine Fuels, 1973

MIL-T-5624]
Requiremants
Average
JP-S Used JP-5 (a) Minimum Maximum
0.8114 0.8170 0.788 0,845
42.9 41.7 36.0 48.0
176.5 (350) - - -
188.0 (370) - - -
192.0 (378) 197.0 (387) - 204.5 (400)
198.0 (388) - - -
202.0 (396) - - -
208.0 (408) - - -
213.5 (416) 216.5 (422) - -
216.5 (422) - - -
223.5 (434) - - -
229.0 (h44) - - -
238.0 (460) 243.0 (469) - -
245.5 (474) - - -
258.0 (496) 263.5 (506) - 288.0 (530)
98.5 - - -
1.0 - - 1.5
0.5 - - 1.5
0 1.3 - 7
\,
0.06 0.096 - 0.4 ; )
80.86 - - -
0.95 0.8 - 5.0
18.10 16.0 - 25.0
61.7 62,5 - -
6,139 6,059 4,500 -
43,170 43,091 42,565 -
(18,560) (18,526) (18,300)
l-a - - 1-b
28 22.2 19 - P
-50.0 (-58) ~-49.0 (-56) - «46.0 (-51)
63.5 (146) - 60.0 (140) -
1.55 - - -
9.40 10.5 - 16.9% N
1.80 - - 1.0
Pass Pass - Pass
98 94 85 -
Reference.

27




e
e

< TS

vty e A

I3
|

R

(z1e°e)
(155°2)
(99%°1)
(000°1)
(8%8°0)
(978°0)

(L8L°0)

(€9)
)
(z6)
(811)
(z91)
(9L

(o)

S1p1 punoan
91PI 8T14

0%

106

13m0d paley [EUION

Jamod *XeR

dus q1) ot

N.l

(60%°7)
(811°2)
9z 1)
(996°0)
(508°0)
(06L°0)
(€92°0)

~w-~:\a~v 0T X

899°0 (91) 611°0 (L08) oty
tte’o (62) 91Z°0 (8Z8) 0°Z%%
6S1°1 (€9) 89%°0 | (688) 0°9L%
89°1 (811) ((8°0 (£96) 0°L1S
190°2 (161) €T%°1 (I111) $°66¢
Leee (€12} 88S°1 (€STT) 0°€29
856°2 (852) sz6°1 (Z921) 0°2L9
~'mwx TN (dis) Ol XH (4,) 3, ""1303-31

S=dr T30 ®1®ys :yan4

(€S) 899°0 (z2) 79t°0 (L08) <*0£%
(Z¢) 10670 . (v€) sz°0 (878) G vy
(28) 960°1 (19) 9$7°0 (688) 0°9L%
(€1) 92%°1 «win) ueo (€96) 0°L1$
(ST) 8L6°1 (561) %o 1 (TTT1) <°66S
(0LT) 191°2 (S12) €09°1 (€ST11) 0°€29
(L61) z89°2 (857) €26°1 (z9z1) 9°2L9

Bujiins Jomog

Q—,ﬂn punoxn
3TPI WBIT4
207
209

206

29m0d paley 1PWION

29m0d *XER

NAPTC-PE-82

JCCEICT) BT

~uuuz\a~v ¢-01 X 1-%%4 "In (dH) Or XA °ds (3,) 2, '*330D-%1

S=df  :Tang

ST3Nd 3dAL $-4f TIO FTVHS GNV RNAI0W13d 403 VIV ANIONG Q31339400

111 314Vl

Fuji3es 19A0d

28




"n

TABLE 1V

LABORATORY ANAL-YSIS OF SHALE OIL DERIVED JP-5

NAPTC-PE-82

MIL-T-5624)
011 Shale Average Reguirements
Derived JP-5 JP=-5 (a) Minimun Max {mums
Cravity, Specific 15,5/15.5°C 0.8058 0.8170 0.788 0.845%
(60/60°F)
Cravity, *API, 15.5/15.5°C 44,1 41.7 36.0 48.0
(60/60°F)
Distillation, IBP, °C (°F) 171.1 (340) - - -
SX Over °C (°F) 185.5 (366) - - -
10X Ovar °C (°F) 191.0 (376) 197.0 (387) - 204.5 (400)
20% Over °C (°F) 199.0 (390) - - -
302 Over °C (°F) 205.5 (402) - - -
40% Over °C (°F) 212.0 (414) - - -
502 Over °C (°F) 219,0 (426) 216.5 (422) - -
602 Over °C (°F) 225.5 (438) - - -
70X Over *C (°F) 233.5 (452) - - -
802 Over °C (°F) 242,0 (468) - - -
902 Over °C (°F) 254.5 (490)  243.0 (469) - -
95% Over °C (°F) 265.5 (510) - - -
End Point, °F 282.0 (540) 263,5 (506) - 288.0 (550)
Recovery % Vol. 97.8 - - -
Residue % Vol. 1.0 - - L.5
Loss, % Vol. 1.2 - - 1.3
Gun, Existent, mg/100 al 81.7 1.3 - 7
Sulfur, X We. . 0.05 0.096 - 0.4
F.I.A Saturates, X Vol. 71.76 - - -
Olefins, I Vol. 2.29 0.8 - 5.0
Aromatics, X Vol. 25.95 16.0 - 25,0
Anfline Point, °C 61.8 62.5 - -
Aniline Gravity, Constant 6,315 6.059 4,500 -
Heat of Combustfon, MJ Kg™ > 43,105 43.091 42.565 -
(BTU/1b) (18,532) (18,526) (18,300)
Corrosion, Coppar Strip l-a - - 1-b
Smoke Point, mm 22 22,2 19 -
Freeze Point, °C (°F) =-22.5 (-28) ~49.0 (-56) - -46.0 (~51)
Flash Point, °C (°F) 65.5 (150) - 60.0 (140) -
Viscosity, lzl-l X 10-6 (cks), Frozen 10.5 - 16.5
,=34,5°C (~30°F)
Contamination, nsl-l 164,20 - - 1.0
Thermal Stability @ 260.0°C Fail Pass - Pass
(500°F) (JFTOT)
Water Separometer Test, Modified 76 94 85 -

(a) Mineral Industry Surveys, Aviation Turbine Fuels, 1973 References.
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NOTE:

NAPTC-PE-82
TABLE VIl

ANALYS1S OF CLAY TREATED SHALE OIL JP-§5

CONDITIONS: (170 1 (45 gallons) ~{ shale oil JP-5 recycled five times
through 16.1 1 (0.57 ft3) of clay (10.9 Kg (24 1b)
clay). .

First Treatment: 9.2:1 volume ratfo of fuel to clay.

Percent Light Transmission (a)
Before Treatment 0
lat Pass 3
2nd Pass 4.5
3rd Pass 0.0 (probably due to back flushing)
4th Pass 4.0
S5th Pass 4,2
Existent Gum, mg/100 ml 54.9 (tocal composite)(b)
Thermal Stability, JFTOT, °C (°F) 240.5 (465) Pass )
Second Treatment: 4.6:1 volume ratio of fuel to clay.
lst Pass ' 10.8
2nd Pass 6.5
3rd Pass 9.0
4th Pass 8.0
S5th Pass 8.2
Existent Gum, mg/100 ml 64.4 (b)
Basic Nitrogen, ppm 530 (®)
Thermal Stability, JFTOT, °C (°F) 251.5 (485) Pass (b)

{a) measurec on a Bausch and Lomb Spectronic 20 spectrophotometer at 540 nnm,
(b) fuel which was obtained after 5th pass through clay was analyzed.
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NAPTC-PE-82

TABLE VIII

EFFECTS OF ACID TREATMENT ON SHALE OIL JP-5S

TREATMENT LEVEL: 0.90 Kg (2 1b) of 98 percent H2804 to 1 barrel of

fuel.
After
Before Acid Acid Treatment MIL~T~5624J

Fuel Properties Treatment (a) No Clay Clay Requirement

Basic Nitrogen, ppm 890 0 0 None
(530)(b)

Existent gum, mg/100 wl 81.7 46 39.4 7
(64.4)(b)

Thermal Stability Fail Pass Pass Pass at 260.0°C
JFTOT at 251.5°C, (Fail)(b) (500°F)
(485°F)

Aromatics 2 by Vol. 26 24.5 24.8 25 max.

Olefins X by Vol. 2.3 1.04 1.29 5 max.

Freeze Point, °C (°F) =33.5 (-28) =31.0 (-24) =31.0 (-24) <~46.0 (~51)

NOTE: (a) Data refer to the as received shale oil JP-5,

(b) Data in brackets were obtained on clay treated shale oil.JP-5 defore
acid treatment.

33

s ]




NAPTC~PE-82
TABLE IX
N-PARAFFINS IN SHALE OIL Jp-5 (&
Component | Weight Percent
n-nonane 0.90
n-decane 3.28
n-undecane ‘ 7.46
n-dodecane 7.12
n-tridecane 6.66
n-tetradecane | 5.14
n-pentadecane - 3,32
n-hexadecane 2,45

TOTAL 36.33

NOTE: (a) Determined by Dr. R. N. Hazlett, Naval Research Laboratory,
by glpc on a capillary column using electronic integration
(1imits for identification of n-paraffin retention time:
+0.5 min).
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N
NAPTC-PE-82
TABLE X
PHYSICAL PROPERTIES OF UREA EXTRACTED SHALE OIL JP-5
Test
ASTM Distillation, D-86
18P, °C (°F) 60.0 (140)(®
10% 193.5 (380)
50% 220.0 (428)
95% 266.5 (512)
End Point 266.5 (512)
Recovery, X 96.1
Residue, X 2.4
Loss, % 1.5
Hydrocarbon Type, FIA
Saturates, Vol % 72.02
Aromatics, Vol % 27.98
Freeze Point, °C (°F) =48.0 to -52.0 (=54 to -62) (P, ()
Viscosity, mzs-1 X 10-6, (cks), (-18°C 5.07 (5.07) ®)
(0°F))
Viscosity, mzs-l X 10-6, (cks), (=34.5°C 9.48 (9.48) (b)
(~30°F))
Flash Point, °C (°F) (Seta Flash) 63.5 (146)

(a) The low initial boiling point is caused by traces of petroleum ether
remaining in the fuel after urea extraction (see Description).

(b) The first three ml of distillate from this run were discardad and the
Flasuh Point, Freeze Point and Viscosity determined on the remaining
distillate.

(c) Differences fiom separate experiments are thought to be within'cxporimental
error for determination of freeze points.
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NOTE:

NAPTC-PE-82

ANALYSIS OF UREA EXTRACT FROM SHALE OIL JP-5

TABLE XI

n-Paraffins
n-Pentane (Cs)
n-Nonane (Cg)
n-Decane (C,.)
n-Undecane (C,,)
n-Dodecane (C;,)
p-Tridecane (C,,)
grro:radecane (°14)
grPentadecuné ;)
n-Hexadecane (c16)
n-Heptadecane (017)

TOTAL

Normalized Weight Absolute
Percent Yield (a) Yield, g (b)
1.2 -
0.96 0.17
3.86 0.69
11.54 2.07
16,50 2.96
19.13 3.43
18.71 3.36
15.16 2.72
9.47 1.70
1.38 0.24

97.99 (d)

Percent Extracted
From Original Shale
011 Jp~5 (c)

18.9
21.0
27.7
41.5
50.5
65.3
81.9
69.3

(e)

(a) Determined by R, N. Hazlett, Naval Research haboratory, by glpc on a
capillary column using electroric integration.

(b) Obtained by multiplying the normalized weight percent yield of extracted
paraffin by the total amount extracted (17.97 g).

(c) Based on values reported in Table IX.

) Remaining 2 percent of material includes i-alkenes and 2-methyl alkanes

of similar carbon number to the n-paraffins.
procedure is highly selective in removing n-paraffins,

(e) Not determined for criginal Shale 0iL JP-5,

36

Thus, ures extraction

-

P —y

Rt

| IO———

[SRS—) eesny [O—— )

PR

-

| Smanad

S s ok

¢ —l




B

‘,/'. . /;// \
o - S . ~—— v ' N
- bae ‘1 - \\
) k.
| e
NAPTC-PE-~82
i ‘ 3 -
s 4 .
. REFERENCES !
.- 1. AUTHORIZATION: NAVAIR AIRTASK NUMBER A03P0000/052B/6F57-571-301 - {'
Development of Alternate Sources of JP-5. .
2. 2. TECHNICAL REPORT: "The Froductluu e:d Refining of Crude Shale 011 jui. ; ;;
Military Fuels," by H, Bartick, K. Kunchal, D. Switzer, etal, 0 .ugi.t : v
.- 1975; Final Report under Navy Contract No, N00O14-75-C-00SS. P e
‘- 3. SPECIFICATION: Allison Model Specification No. 580-J, dated ;
30 September 1970. ;
Te i
i, 4, INSTRUCTION: Society of Automotive Engineers Aerospace Recommended é
Practice, ARP 1256. i
. 1
! 5. INSTRUCTION: Federal Register, Volume 38, Number 136, 17 July 1973, ]
‘- Emission Standards and Test Procedures for Control ecf Air Pollution |
. from Aircraft and Aircraft Engines. 1
I. 6. ANALYTICAL METHOD: P. C, Markunas, "Methods for the Determination
of Amines and Amine Salts", in Handbook of Analytical Chemistry,
: L. Meites, Edit. McGraw-Hill, New York, (1963), Chap. 12, p. 126; also
; see ASTM Method D-2896,
. 7. TECHNICAL ARTICLE: R. D, Offenhauer, J. A. Brennan and R. C. Mille., v
i "Sediment Formation in Catalytically Cracked Distillate Fuel 0ils",
.- Ind. Eng. Chem., 49, 1265 (1957).
: \
T 8. TEXT BOOK: W. L. Nelson, Petroleum Refinery Engineering, 4th Edition, :
.. McGraw~Hill, New York, (1958), pp. 293-297.
.- 9. CONFERENCE PROCEEDINGS: R. N, Hazlett, "Properties and Composition ‘.
! of JP-5 Fuel from Alternate Energy Sources'", presented at the »
b Conference on Fossil Fuels, Laramie, Wyoming, July 22-26, 1975. .
. 10. TEXT BOOK: J. March, Advanced Organic Chemistry: Reactioms,
.- Mechanisms and Structure, McGraw~H1ill, New York, (1968), pp. 69-70. N
\ \\\
T 11. TEXT BOOK: W, L, Nelson, Petroleum Refinery Engineering, 4th Editiu., \
. McGraw-Hiil, New York (1958), p. 384. ) 7
\

1

37




DISTRIBUTION LIS\

COPIES
Naval Air Systems Command (AIR-954), Department of the Navy, 8
Washington, D.C. 20361 :
Intra-Command Addressees
AIR-330 (1) ATR-536B1 (1)
AIR~330A (1) ATR-5364C (1)
AIR-330B (1) AIR-53645 (1)
Defense Documentation Center for Scientific and Technical 12
Information (DDC), Bldg. No. 5, Cameron Station,
Alexandria, Va. 22314
Commander, Naval Sea Systems Command, National Center, 2
Washington, DC 20362 (Codes: SEA-033, SEA-0331G)
Coumander, Naval Ships Research and Development Center, 3
Annapolis, Md. 20034 (Codes: 071, 2831.9, 2831.A)
Commander, Naval Ship Engineering Caenter, Center Building, 2
Prince George's Center, Hyattsville, Md. 20782
(Attn: E. C. Davis, Ronald Layne)
Commanding Ofiicer, Naval Skip Engineering Centwe-. Building 633, 1
2nd Floor, Philadelphia Naval Base, Philadelphia, A i¥ll2
(Attn: Tom Daly, 6763C)
Commander, Naval Air Development Center (AVID), Warminster, PA 1
18974
Commander, Naval Weapons Center, China Lake, California 93555 1
(Code-40) .
Commanding Officer, Naval Construction Battalion Center, 1
Port lueneme, California 93043 (Code: L-63)
Director, Naval Research Laboratory, Washington, DC 20390 1
(Attn: Dr. R, Hazlett) ’
Office of Naval Research, 800 N. Quincy Street, Arlington, Va.22202 1
(Attn: Robert J. Miller, Code-230)
Office of Assistant Secretary to the Navy, Special Assignment 1
Room 4E741, The Pentagon, Washington, DC 20350
(Attn: Dr. Peter Waterman)
Director, Defense Energy Directorate, OASD (I&L), The Pentagon, 1

Washington, DC 20301 (Attn: ADM C. Monrce Hart)




i T S T T ey e e e e e e

Assistant for Energy Resources, OASD (I&L), The Pentagon,
Washington, DC 20301 (Attn: Walter Christensen)

Office of Asst, Dir. Engr. Tech., ODDR&E Room 3E1060,
The Pentagon, Washington, DC 20361 (Attn: Robert Ziem)

Chief of Naval Material (MAT-03Z), Navy Department,
Washington, DC 20361 (Attn: Capt. V. M. Skrinak (2),
Lt. L. Lukens)

Office of Naval Petroleum and 0Oil Shale Reserves, Navy Department,
Washington, DC 20360 (Attn: Barron R. Benroth)

Headquarters, US Air Force (RDPS), The Pentagon, Washington, DC
20330 (Attn: Allan Eaffy)

Commander, Air Force Aero Propulsion Laboratory, Wright-Patterson
Air Force Base, Dayton, Ohio 45433 (Attn: SFF, E. Simpson,
B. Dunham, A. V. Churchill)

Dapartment of the Army, The Pentagon, Washington, DC 20362
(Attn: John Ratway)

Commanding General, U.S. Armny Aviation, Material Laboratories,
Department of the Army, Fort Eustis, Virginia 23604
(Attn: Mr. J. White)

Commanding Officer USAARDC Coating and Chemica® Laboratory,
AMXRD-CR, AFC, Aberdeen, Maryland 21005 (A.tn: C. F. Schwarz)

U.S. Army Mobility, Equipment Research and Davelopment Center,
Ft. Belvoir, Va. 22060 (Attn: Maurice E, LePera)

Office of Technical Services, Defense Fuel Supplv Center,
Cameron Station, Alexandria, Va. 22314 (Attn: J. Krynitsky)

Office of Secretary of Transportation (OST-TST-13), U.S. Department

of Transportation, Washington, DC 20590 (Attn: D. C. Ryan, Jr.)

Commandant (G-D), U.S. Coast Guard, Washington, DC 20590
(Attn: Julius Feldman, CLR. John Cece)

Fossil Energy, ERDA, 20 Massachusetts Avenue, Washington, DC 20402
(Attn: Dr. H. Finke, Dr. C. Knudsen, Dr. P, Hedman, Dr. J. Hamm)

Laramie Energy Research Center, ERDA, P,.0. Box 3395 University Station

Laramie, Wyoming 82070 (Attn: Jack Smith, Dr. A. Decora)

Bartlesville Energy Research Center, ERDA, Bartlesville, OK 74003
(Attn: Charles Thompson, J. Ball, R, Hurn)

COPIES

1

N

PP



B T T s e

Maritime Administration, Office of Great Lakes Shpg, Room 6622
14th &nd E. Streets, N.W., Washington, DC 20230
(Attn: R. Dedrickson)

COPIES

1

National Aeronautics and Space Administration, 600 Independence Ave. 1

S.W., Washington, DC 20546 (Attn: D, L, Miller (RLC))

NASA Lewis Research Center, 2100 Brookpark Road, Cleveland, Ohio
44135 (Attn: J. Grobman, R. R, Hibbard)

Institute for Defense Analyses, 400 Army Navy Drive, Arlington, Va. 1l

22202 (Attn: Dr. R. C. Oliver)

Applied Systems, Suite 700, 2361 So. Jefferson Davis Highway, 1
Arlington, Va. 22202

Applied Physics Laboraﬁory, John Hopkins University, 8621 Georgia 1
Avenue, Silver Springs, Maryland (Attn: Dr. Gordon L. Dugger)

Tetra Tech Incorporated, 1911 Fort Myer Drive, Arlington, Virginia 1

22209 (Attn: H. Bartick)

.\..
N







