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CONVERSION FACTOK:: .;T TO U.:S. CUSTOMARY UNITS

Convert From To Multiply by

degree Ce.lsius (OC) degree Fahrenheit (*F) toF - 1.8 toC + 32

joule |er kilogram British thermal unit per 4.299 226 X 10-4

(J/kg) pound (BTU/lh)

kil Iram (kg) pound (ib) 2.204 622

kilogram per second pound per hour (Rb/hr) 7.936 640 X 103

(kg/s)

kilogram per watt pound per horsepower per hour 5.918 352 X 106

per second (kg/W.s) (lb/1IP.hr)

litre per second gallon per minute (gpm) 1.585 030 X l10

(1ls)

metre Wm) inch (in) 3.937 007 X 101

me.:re 2 (m2 ) inch 2 (in 2 ) 1.550 003 X 103

metre 3 (m ) gallon (gal) 2.641 720 X 102

metrl2 per second centistokes (cit) 1.000 000 X )0O6

newton (N) pound-force (lb-force) 2.248 089 X 10-1

pascal (Pa) pound per square inch (psi) 1.450 377 X 10-

watt (W) horlepower (HP) 1.341 022 X 10-3

ii
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I T)ROD)UCTI ON

rL.. rNaval Air propulsion T',;,t Center (NAPTC) is investigating alternate
sources (coal, shale and tar sandt;) that could be used to ! roduce J1-5.
This work is being condicted und-r Work Unit Plan No. 812 which Is authorized
by revf.-ien.'e 1. This report covers the phase of the w,rk that was performed
on JP-5 type fuels derivd frcm coal.

Since lno JP-5 type fuel derived frum coal was aviilab•l, a contract
was awIfk¾i, to the :;un 011 Com,,an ' (reference 2) to ref ine synthetic crude
oils (kyn:rude,;) d,!rived from coa l into JP-5 tyipe fuelf . The coal syncrud,,,;
were furnished to NAPTC ky the U.s. Lnerqy Research and Development
Administration in response to reference 3. Fifty-four barrels (8.58 metrc 3

(2168 gallons)) of syncrudes derived from Western Kentucky and Utah coal';
were furnished. The coals had been converted to the li'iuid state by tL!'
Char Oil Energy Development (COED) process (reference 4) by the F",C Corporation
of Princeton, New Jersey.

The Sun Oil contract consisted of two phases. Phase I required the
refining of each syncrude into JP-5 type fuels having low (0-5 percent)
and high (20-25 percent) aromatics content in 0.04 m3 (10 gallons) quantities.
Phase II required the refining of 0.95 m3 (250 gallons) of a high aromatic
content JP-5 type fuel from the syncrude derived from Western Kentucky coal.
The selection of the aromatic content and syncrude source was based upon the
analysis of the Phase I samples.

The testing of the Phase I samples consisted of analysis, Accelerated
storage stability, and compatibility with elastomeric materials and copper.
This work was performed under the reference 1 authorization. TV' larger
quantity of the Phase II sample permitted larger scale/component testing
to supplement the laboratory type testing performed on the equivalent Phase
I sample. The actual tests performed on the Phase II sample were analysis,
T63-A-5A engine performance and exhaust emissions tests and filter/separator
coalescer tests. The Phase II-work-was authorized by reference 5.- Although
the Phase I and Phase I1 testing were supported by different Naval Air
Systems Command (NAVAIR) groups (AIR-330 and AIR-536, respectively), it
was considered advisable to combine the results into this one report to
provide a complete package of related information.

In this report, the primary information is contained in the Appendices,
each of which covers a specific area of the investigation. Each Appendix
is a report in itself and the information they contain is summarized in the
body of this report.

CONCLUSIONS

1. Fuel can be refined from synthetic crudes derived from coal, utilizing
a high degree of hydrogenation, to meet all the requirements of ,7P-5 but
for the gravity/density of the fuel. The optimum JP-5 type fuel refined
from coal had a specific gravity value that exceeded the JP-5 maximum limit
by 12 percent. The gravity/density problem is inherent to the chemical
ccmposition of coal fluids and is not a disqualifying factor as far as
aircraft engine orperation is concerned.
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2. The JP-5 type ftiels derived from coal exhibit similar material
cn(mpatibilities atir aiditive response to that of JP-5 derived from
petroleum oxcept that they have a greatei capability to dissolve water.
When fuels derived from coal and petroleum are mixed together, there is
evidence that a detrimental effect on coalescer performance results.

3. The variation in freeze point of fuels derived from coal is related
to the source of the coal, is not greatly affected by the degree of hydro-
qenation of the synthetic crude but is affected by distillation range of
the resulting fuel.

4. Engine performance and exhaust emissions for the JP-5 type fuel derived
from coal were equivalent to those obtained with petroleum derived JP-5 during
short tests in a T63-A-Ss engine.

RECOMIENDATIONS

1. Syncrudes representing additional sources of coal and processes to derive
syncrudes should be subjected to similar investigations.

2. The water solubility characteristics of JP-5 type fuels derived from coal
should be subjected to more detailed investigation as well as the effect of
blends of coal and petroleum derived fuels on filter/separator coalescer
performance.

3. More extensive enc'.ne/combustor testing of fuels derived from coal should
be performed to determine the existence of any hot section component problems.

DESCRIPTION

I. All of the tests and procedures used to investigate t*-j characteristics
and performance of the fuels derived from coal are complekely described in
Appendices A through G. These are all tests that have been and are used
in industry and by this Center to investigate fuel characteristics and
performance.

DISCUSSION AND ANALYSIS OF RESULTS

I. Analysis of Phase I Coal Derived JP-5 Type Fuels

a. The characteristics of the fuels with high arom3tic content (single
stage hydrogenation) tended to be marginal or dbficicnt, w.hen compared to
JP-5, in viscosity, gravity, freeze point, smoke point and thermal stability.
Reduicing the aromatic content of these fuels to a minimum level of 0-5 percent
(two stage hydrogenation) corrected the smoke point and thermal stability
ptoblems. The viscosity problem was correctable bs, reducing the initial and
end point distillation temperatures of the fuel which in turn is detrimental
to the yield of the fuel (from the crude). The freeze point was affected
primarily by the source of the coal rather than the aromatic content/degree
of hydrogenation. The fuels derived from the Westen Zer.tucky coal had very
good freeze points whereas the fuels derived from the Jtah coal were signif-
icantly higher. The gravity values also improved with the decrease in

2
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.t1 A 'rd-.iTeri r~l ; z-. k;%A, not to theli rar~;e r~quire1l for JIP-5.
f!o i J. A -' I -jit, *he dc-r-a 'Ai r, tyl.# c(At)pourA11 y. wi icl are the

~u 'r ,-~ ir.s ~ in~ ~~VTese cfrs'lunds kasi aly I- V
v I I valu-,; tlhan t:.,- :compounds found in pptroloim derived fuel~s.

Th.,ere!ret:. i j. th.e one 1 z'ot,'r"/ of coal derived fuels tLat is for
1.r,i i-l; , - ri• ', mi.,:,iiLle ul. )ust to meat the JP-5 re,,z rement;

, it,: zravit-r val"it- of the fuel is not cr'.tilal to t4,e ol.eration

S .".':' a•1 ,rivsd f'J.,.1 ':.,ontained more dinsuvItJd .,at tr than did r. mraI
" .-fif w-,.'Cr, teA, !: 2 ,Kr .'e' fuel did respond to tho, addc itii n of th,#,

. ,: :;h1Ihitor (1;SI) to the sane dgree a-; dLd normal JP-ý.

c. Further details on the variuus tests conducted may be fou-;d in
Alppendix A.

2. Stoztage Stability of Phas;e I Coal Derived Fuels

a. The four fuels were subjected to 26 weeks storage at 43*C (llOF).
Based on tests conducted before and after the storage period, there was no
degradation of the thermal oxidation stability characteristics. The gum

content of one of the samples increased significantly, however the use of
an oxidation inhibitor eliminated this increase in gum content. These fuels

are compatible with oxidation inhibitors and it may be necessary to mandate

their use with these fuels.

b. Further details on the various tests conducted may be found in Appendix

B.

3. Compatibility of Pase I Coal Derived Fuels with Copper

a. Exposing the coal derived fuels and JP-5 to copper resulted in

solubilization of copper in all the fuels. The high aromatic content
fuels had the greatest rate of copper solubilization whereas the low aromatic

content fuels had the least rate. All the fuels suffered significant
deterioration in their thermal oxidation stability characteristics when they

contained 200 ppb of dissolved copper.

b. Further details on the tests conducted may be found in Appendix C.

4. Compatibility of Phases I and II Coal Derived Fuels with Elastomers

a. These fuels and a JP-5 were subjected to 28 day storage tests at a

temperature o. 526C (120 0 F) with each of the elastomeric materials that
fuel contacts in the S3A aircraft. At the end of the test, no adverse
effects on any of the elastomeric materials were noted.

b. Further details on the tests condiucted may be found in Appendix D.

3



5. Analytis of JP-5 Type Fuel (Phate II) Derived From Coal

.. B.•sod on Recommendations contained in paragraphs 3.a. and I.b. of
Ai•l|enix A, the 0.95 ml (250 gallons) of JP-5 type fuel for component testing
were. refined from Western Kentucky coal. The fuel was refined to contain a

i: t. arýnatic content (20-25 percent) and lower initial and end point
4itillation temPeratures than the equivalent Phase I fuel. The lower
distillation temperatures were new requirements to attt.pt to improve the
"°vi!cisity and gravity characteristics of the fuel. The fc.el was analyzed
and the following characteristics were found to compare unfavorably with
1'-•. reluirements:

(1) Gravity - the gravity value was higher than the JP-5 requi:ement
bý i narrow margin. The higher gravity is related to the chemical composition
of .he fuel, which is primarily saturated fused ring compounds. Such
compounds have a highr.r gravity than do the petroleum derived JP-5 constituents.
However, the slight increase in gravity for the coal derived fuel would not
be a problem in the operation of a gas turbine engine.

(2) Smoke Point - the value of 18 mm did not meet the requirement of
19 mm by a narrow margin. The low hydrogen content of 13 percent by weight
(vice 13.5 percent for JP-5) is the cause of the unacceptable value.
Additional hydrotreating during the refining of the fuel would correct this
problem.

(3) Thermal Oxidation Stability - a breakpoint temperature of 2490C
(4800F) kas obtained for this fuel vice the JP-5 requirement of 2600C (5006F).
The low thermal oxidation stability was believed to be the result of soluble
metals (15 ppb copper, 38 ppb iron and 50 ppb zinc) present in the fuel.
After removal of the soluble metals by clay treatment, the fuel had a break
point temperature of 2820C (5400F).

(4) Particulate Matter - This fuel contained an unacceptable amount
of sediment, which was probably due to the particulate matter in the drums----
used for shipping. The sediment was removed by mechanical filtration.

b. The change in the distillation range for the Phase II fuel (as compared
to the equivalent Phase I fuel) did reduce the viscosity of the coal derived
fuel to a value well within the range required by JP-5.

c. Further details on the tests conducted may be found in Appendix E.

6. Coalescer Performance of JP-5 Type Fuel (Phase II) Derived From Coal

a. This fuel was subjected to water coalescence tests in a single element
testing system. The results obtained with the Phase II fuel were satisfactory
and compared favorably with those obtained with JP-5.

b. A test in which a small amcmnt of the Phase II fuel was combined with
a large amount of JP-5 resulted in a detrimental effect on the water
coalescing ability of the coalescer element. This area of work warrants
further investigation.

4
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c. Further details on the ttsts conducted may be foundl in Appendix F.

7. T63-A-5A Enqine Performance and Exhaust Emission Tests Using JP-5 Type
Fuel (Phase II) Derived From Coal

a. Engine Performance - A cilibration te.t usina JP-5 was performed nr.
this engine prior to the evaluation of the coal Jeriv*ed Lzel. The data
showed the en-;ine performanr:e to conform t', the rv,",.l '2!

requirements. Followinq the caliLration test, the c(al derive'd fuiel w,•:
-!valuated and the eng ine. performance Ijta obltant.d were -,,jivalent to ti.
JP-5 data.

b. Exhaust Emissions - Measurenents f'r carbkrn monoxide ('Cf), total
unburned hydrocarbons (THC) and oxides of nitroeon C ; in the exhaust
stream were made for boti JP-5 and the fuel derived frr coal. Co.;ja ,
of the data showed equivalent exhaust emissions for both fuels.

c. Further details on the tests conducted may be found in Appendix 5.

8. The information concerning the processing performed by the Sun Oil
Company to refine the JP-5 type fuels from coal syncrudes may be found ir
reference 6.

; °
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APPENDIX A

UNITED STATES GOVERNMENT

Memorandum PE71:JStRJDg ds

10340
TO : C. J. Nowack DATE: 22 January 1977

FROM : J. Sclash, R. J. Delfosse

SUBJECT: NAVAIR WUP NAPTC-811 - Analysis of Phase I Coal Derived JP-5 Type Fuels

REF : (a) Preparation of Gas Turbine Fuel From Synthetic Crude Oil Derived
From Coal - Phase I, Sun Oil Company Report, 15 Oct 1974, Contract
No. N00140-74-C-0568

(b) AFAPL-TR-72-103, Hydrogen Content as a Measure of the Combustion
Performance of Hydrocarbon Fuels, May 1973

(c) NAVAIR WUA No. nAPTC-780-4R6-3591 Development of JP-5 Icing Inhibitor
and Biocide Additive, 1tr of 23 June 1975

ENCL t (1) Tables I through IV, inclusive
(2) rigure 1

1. Introduction. The Phase I requirement of the subject contract was to
provide the Naval Air Propulsion Test Center (NAPTC) with four 0.04 m3 (10
gallon) samples of JP-5 typui fuel having a low (0-5 percent volume) and high
(20-25 percent) aromatic content from two synthetic crude oils derived from

Utah and Western Kentucky coals. The synthetic crude oils were obtained
from the FMC Corporation which used the COED process in their manufacture.
The four fuel samples were analyzed by NAPTC to determine their properties
and composition relative to Specification MIL-T-5624K (Grade JP-5). It waa
considered appropriate not to require full conformance to the JP-5 spec-
ification in the contract in view of current refinery processing technology
limitation&, the properties of the crude oils and the economical reasons.
The results of the analysis of the Phase I samples were also used as the
technical basis for selecting one of the four fuels that would be produced
on a larger scale (approximately 0.95 m3 (250 gal)) in Phase II of the contract.

2. Conclusions.

a. The JP-5 type fuels refined from synthetic crudes derived from
coals

(1) exhibit higher viscosity and lower API gravity values than are
normal for petroleum base JP-5 fuels.

(2) have freeze points that vary primarily with the source of the
coal. The freeze points of the fuels varied from above to below the range
for current petroleum base JP-5 fuels.

(3) exhibited smoke point and thermal stability values that varied
with the aromatic content of the fuel. The high aromatic content fuels
had marginal thermal stability and poor smoke point values whereas the low
aromatic fuels exhibited exceptional thermal stability values and acceptable

A-1
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smoke point values when compared to those of current petroleum base JP-5
fuels.

(4) exhibited reglligible tracýe sel-ile metal (Zn, Cu, Fe) content of

less than 5 parts per billion (ppL).

(5) have a greater tendency to dissolve water than does conventional

JP-5.

(6) respond to the addition of the Fuel System Icing Inhibitor (FSII)

as does conventional JP-5.

b. Reduction of the distillation end point to 260'C (5009F) improves t!,-
viscosities of the high aromatic content JP-5 tyle fuels. The low aromat.'
content JP-5 type fuels were not studied in this respect, but would be

expected to benave similarly.

c. The high arcmatic content JP-5 type fuel refined from t.se •iynthetic
crude oil derived from Western Kentucky coal represents the most practical
fuel for further study because: (1) fuels from coal (for reasons of economy)

will be high in aromatic content, and (2) it has a significantly better

freeze point than does the corresponding Utah fuels.

3. Recommendations. The Phase II fuel should be refined from synthetic crude
oil derived from Western Kentucky coal with:

a. an aromatic content in the fange of 20-25 percent by volume.

b. a distillation end point of 2601C (5000F) to improve the viscosity

and gravity characteristics.

4. Results and Discussion.

a. The test data from the Sun Oil Company report, reference (a), and

the NAPTC laboratory for the four coal derived fuels are presented in
Tablea I through IV of enclosure (1). Comparison of the data from the

two laboratories showed some inconsistencies. For the most part, however,
the data were acceptable since the differences are within the precision of
the test methods. There were two major disagreements in the datal the
hydrogen content and the smoke point. The hydrogen content reported by

Sun Oil Company was unmistakably too high due either to experimental error
or an imprecise test method. The percent hydrogen of 14.78, 14,11 and 15.54
for samples 0002, 0003, and 0004 could only be representative of a highly
paraffinic fuel (C1 H•6 - 15.3% H). Coal derived kerosenes are composed
primarily of satura ea fused ring structures representated by substituted
alkyl decalins.. For example, trimethyl decalin contains 13.4 percent hydrogen.
Therefore, at the suggestion of NAPTC, Sun Oil Company reviewed their
analytical procedure for the determination of hydrogen. It was found that
the method employed by Sun was unsatisfactory for analyzing volatile
materials that boil in the range up to 2186C (4250F). The samples were
re-evaluated using a different techniqje (Preql Method). The samples were
also analyzed by an independent laboratory selected by the Sun Oil Company.

A-2
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The average values of the hydrogen content were resubmitted to NAPTC and
after comparison with the NAPTC data, the values were found to be acceptable.
A compilation of the values for the hydrogen content from the various
laboratories are listed as follows:

Sample Values Criginally Submitted Averaged Values Submitted NAP=C
Nc_. By ', I ComBany, y By Sun Oil Company, % " Values,

0001 12.75 12.9 12.85

0002 14.78 12.8 13.40

0003 14.11 13.4 13.40

0004 15.54 13.3 13.1I0

* Averaged values from Sun and independent laboratory data.

The averaged hydrogen values of the coal derived fuels reported by Sun are
acceptable and will be considered the more representative values.

b. The smoke point Oalues for all coal derived fuels reported by Sun
Oil Company were in complete disagreement with the NAPTC data. At the
suggestion of NAPTC, both laboratories repeated the smoke point test and
the original data reported by each laboratory were duplicated. Thus the
problem of inconsistencies in tte smoke point data between the two
laboratories was not resolved. NAPOIC ran additional studies which involved
procedural and equipment checks using ASTM calibration fuels (isooctane-
toluene blends). The results of the study indicated that the NAPTC laboratory
equipment was functioning properly and the procedure employed was exactly
as prescribed in the man~jl. Therefore, to make a judgment as to which data
were more accurate, the s[oke points for the coal derived fuels were cal-
-ulate$ using the averaged hydrogen content values and the empirical equation:
H% - 4.54 + 3.03 LogE (sp), where H0 - percent hydrogen by weight and sp -
the smoke point value in millimeters. This equation was obtained from
reference (b). The calculated and the experimentally determined smoke
points are as follows:

Averaged NAPTC Sun Oil Calculated
• Hydrogen Smoke Point Smoke Point Smoke Point,

Fuel by weight Values, mm Values, mm mM

0001 12.9 17 11 15.8

0002 12.8 17 11 15.3

0003 13.4 22 16 18.6

0004 13.3 22 26 18.0

A plot of these data is shown in figure 1 of enclosure (2) which also includes
the NAPTC dlata for the calibration fuel blends. It can be seen that the

NAPTC smo,.e point data are closer to the line of ideal correlation and
exhibit a better trend than that of the Sun Oil data for the test fuels.
Therefore, the NAPTC values are considered to be more accurate and will be
utilized in lieu of the Sun Oil Company data.

A-3
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c. The API gravity values of all the coal derived fuels were lower
than the rang- of values normally c-0-tained for JP-5 fuel. The reason for
the low API gravity (high specific gravity) is the basic chemical composition
of the fuel, which is made up mostly of derivatives of decalins.. Decalin
and its derivatives have sp•ecific gravities ranging from 0.8'2 (trans
decalin) to 0.895 (cis decalin). Therefore, it is an accep.ted fact that
JP-5 derived from coal will have a higher specific gravity than that of
the petroleum derived fuel.

d. The high viscosity values of the coal derived fuels could be a
draa*back with respect to engine starting peiformance at low temperatures.
7he cause -f the high viscosity is either the unusual chemical cumpositi.on
of the fuel or the high molecular weight compounds at the ur er distillati%:.
temlierature range, or both. It was found that a significant decrease in
viscosity Lould be achieved by reducing the distillation end potnt of these
fuels to 260*C (5006F). The high aromatic fuels (samples 0001 and 0002)
were distilled to obtain an end point temperature of 260WC (-100*F) with
the follc',ing resulting change in viscosities of these fuels as measured
at -340C (-30*F).

Viscosity, Before Viscosity, After
Distillation, cSt Distillation, cSt

0001 23.7 18.7

0002 22.9 19.3

It has not been determined what compounds were actually removed, cther than
"high boilers", by this distillation. This decrease in viscosity by
limiting the fuel to an end point temperature of 260°C (500"F) is equally
applicable to the low aromatic content fuels. This change in, the end point
temperature of the fuel will be incorporated into the Phase II refining of
the larger quantity of fuel in aa effort to provide a more representative
JP-5 type fuel with respect to t'ie viscosity.

e. The thermal oxidation stability characteristic of the low aromatic
content fuels was extremely high, having breakpoint temperatures in the
range of 371°C (7000F) and higher, as defined by the Jet Fuel Thermal
Oxidation Test (JFTOT) procedure. The high breakpoint temperatures, which
were the result of the severe two-stage hydrotreatment that the fuels had
received, are not characteristic of conventional JP-5. Therefore, the
Phase II fuel will not receive this severe ievel of hydrotreatment because
this high degree of thermal oxidation stability is not required and a
two-stage hydrotreatment is not a current refining procedure. The
thermal oxidation stability of the high aromatic fuels is considered to
be marginal. For example, the minimum temperature requirement of MIL-T-
5624J is :'O°C (500*F). Samples 0001 and 0002 had breakpoint temperatures
of 2570C (4950F) and 263*C (505*F) respectively. Conventional JP-5 fuels
on the average had breakpoint temperatures of about 279*C (5350F).

f. Tne soluble metal content of the coal derived fuel was investigated
via atomic absorption spectroscopy. No copper or iron was found in any of
the four samples, however, zinc was present at 4 ppb in all the samples.
This amount of soluble zinc is not significant and does not contribute to
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the fuel quality in any way.

g. The initial freeze point determinations made by NAPTC were
compl.cated by the excessive quantities of water dissolved in the coal
derived fuels. The excess quantities of free water produced at -34*C
(-30*F) caused turbidity due to ice crystal fnrration thu,; giving false
freeze point readings. The water was removed from the fuels by drying
with 3A Molecular Sieve (Linde) cr anhydrous maanesium sulfate,, and the
freeze roint:3 re-determined. The agreement between th-! two laboratories
with respect to the freezinq points was considered acce,.tale. The
slic.ht disagreement is believed to be the result of sam: livg. Sun Oil
Comrany rin the:-r analysis on selected stream :samp!ies from the hydrotreater,
while NAPTC ran tests on the corbined stream samples. Therefore, the fuel
evaluated at NAi-T,* is a more relresentative sain Ae, cor•'e uently the NAPT?.
data are more re;resentative of a coal derived fuel.

h. The significant amount of dissolved water found i:, te coal ivriv-d
fuel samples could detrimentally affect the fuel re yon're tt FP21 Tresent
in the fuel. Therefore a low temperature pumpinq test ,.f coal der~vcd fuel
with and without icing inhibitors was performed. The details of the test
equipment are described in reference (c). Sami.le 05002 and a typical JP-5
fuel were selected for the low temperature pumning test and the resulting
data obtained are as follows:

Dissolved Water FSII Content, Fuel!Filter Icing
Fuel Content, ppm % Volume * Temperature, *C (*F)

JP-5 75 - -14 (+7)

75 0.0156 -26 (-14)

Sample 102 - -12 (+11)
0002 102 0.0156 -23 (-10)

Ethylene glycol monomethyl ether.

The data indicateO that despite the higher concentration of dissolved water
i n the coal derived fuel, the decrease in the fuel/filter icing temperature
for both fuels was identical (120C t21lF)). 1 his result is contradictory in
that it would be expected that the fuel with the qreater water content would
display a smaller decrease in fjel/filter icing temperature because of the
greater amount of water available. The data for the uninhibited fuels do
show the effect of the water cor tent, with the 0002 fuel having a 2°C
(4*F) higher fuel/filter icing temperature tha does the JP-5. It can only
be theorized at this time that tVe identical d crease in fuel/filter icing
temperature for both fuels was ciused by diffe rent water/fuel solubility
characteristics versus temperatu.-e or lack of sensitivity of the test
equipment.

J. S
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UNITED STATES GOVERNMENT

Memorandum
10340

TO C. J. Nowack DATE: 22 January 1977

FROM J. Solash

SUBJECT: NAVAIR WUP No. NAPTC-812 - Storaqe Stability Characteristics of JT-5 Type

Fuels (Phase I) Derived From Coal

ENCL z (1) Tables I and II

1. Introduction. JP-5 frequently is stored for extended periods (years)
in the field and therefore must be resistant to chemical chanqe in order
to be useable in aircraft propulsion systems after such rtorage. With
the probable future usage of fuels derived from synthetic crudes, which
will differ in chemical composition from current JP-5, it is necessary
to evaluate their storage characteristics in order that any instability
problems can be rectified. For this reason, four JP-5 type fuels refined
from synthetic crudes derived from coal were evaluated to determine their
accelerated storage stability characteristics. The fuel parameters tested
were thermal oxidative stability and existent gums. The fuels were low
(0 to 5 pei,-ent) and high (20 to 25 percent) aromatic content samples
derived from both Utah and Western Kentucky coals. Liquifaction of the
coal into synthetic crudes was performed by FMC Corporation using the
Char Oil Energy Developmez.t (COED) process. The fuel samples were refined
by the Sun Oil Company from the synthetic crudes by high pressure hydro-
treatment processing.

2. Conclusions. After storing the coal derived JP-5 type fuels for 26
weeks at 430C (1100F), it was determined thatt

a. there was no degradation of their thermdl oxidation stability
characteristics.

b. one of the four fuels exhibited a significant increase in gum
content.

c. they were compatible with an oxidation inhibitor, which also
eliminated the significant increase in gum content which occurred with
one of the neat fuels.

3. Recommendation. The mandatory addition of an oxidation inhibitor to
JP-5 fuel derived from coal should be considered far storage stability
purposes when a specification for such fuels is developed.

4. Descriptlon of the Test Fuels: The coal derived fuels that were
tested are identifie, as follows:

J6r- V.S. Soinji Bentd RqdJy ow tht P?,xyroll S•vinp. Plav
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Sample Number Coal Source Aromatic Content, Vol..%

0001 Western Kentucky 24.8

0002 Utah 24.1

0003 Western Kentucky 4.7

0004 Utah 6.1

5. Method of Test. The experimental details of the test for each fuel
are as follows:

a. Three litres (0.79 gal) of fuel werc added to each of four 3.8 litre
(1 gal) canp which were lined with an inert resin coating.

b. A 1020 steel (cold rolled black iron) specimen and/or an oxidation
inhibitor wore added to three of the cans to determine their compatibil.ty
with the fuel, resulting in the following arrangement:

(1) Can containing fuel only.

(2) Can containing fuel and black iron specimen.

(3) Can containing fuel and oxidation inhibitor.

(4) Can containing fuel, black iron specimen and oxidation inhibitor.

c. The black iron specimen had a surface area of 37.4 square centimeters
(5.8 square inches) and was cleaned by degreasing with benzene.

d. The oxidation inhibitor, 2,4-dimethyl-6-t-butyl phenol was added at
the prescribed maximum concentration of 24 mg/l (8.4 pounds/1000 barrels).

e. The cans were maintained at a temperature of 430C (1106F). Every
two weeks they were uncapped, cooled and reheated (total period of 24 hours)
to permit the introduction of fresh air into the container vapor space. The
fuels were then recapped and the tesu resumed.

f. The test was conducted for 26 weeks after which the fuel samples
were evaluated for thermal oxidation stability, using the Alcor Jet Fuel
Thermal Oxidation Tester (JFTOT), ASTM D-3241 and gum content (in duplicate)
using test method ASTM D-38I.

6. Results and Discussion.

a. Thermal Oxidative Stability - This characteristic of the test fuels
was measured before and after the 26 week test. The thermal oxidative
stability breakpoint temperature was established for each of the fuels before
storage by increasing the JFTOT test temperature until a failure was
achieved. By establishing the breakpoint temperature before and after
the storage test, the magnitude of degradation can be determined. As can
be seen from the data obtained, Table I of enclosure (1), no degradation
occurred so that it was not deemed necessaLy to establish the breakpoint
t,.mperatures for all the fuel samples after the storage test. Reviewing

B-2
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the data for sample number 0001, storage apparently has a beneficial effect
upon the fuel and there are no compatibility problems with the black iron
or oxidation inhibitor. The data for sample 0002 are slightly different
from that of sample 0001 in that the neat fuel and the fuel/black iron
sazple show no change in breakpoint temperature (a change of 30 C (5 0 F) is
insignificant and within the repeatability of the test). The presence of
the oxidation inhibitor produces approximately the same improvement in
breakpoint temperature as occurred with sample number 0001. Sample 0003
had such a high breakpoint temperature that it was only feasible to rerun
the maximum temperature tested before storage. In this case, it cannot
be determined whether or not degradation occurred. The breakpoint
temperature data for sample number 0004 indicate that no deqradation occurre-I
due to storage and that some improvement is pro),able. Overall, the storarv,
stability of these fuels derived from coal with respect to thermal oxidati",,
stability appears to be excellent.

b. Existent Gum Content - The gum content values obtained for the variCs
fuel samples before and after the storage test are sh3wn in Table II of
enclosure (1). Other than sample 0002, the gum content changes curing
storage for the various fuels are not considered to be a problem. The 10.2
mg/100 ml of fuel increase in gum content of sample 0002 fuel containing the
black iron is considered significant as it would eventually exceed the 14 mg/
100 ml of fuel limit for service fuels. This particular test sample was
stored in the laboratory at room temperature for an additional eight weeks
after which the gum content was found to be 48 mg/100 ml of fuel. It is
readily apparent however, that the presence of the oxidation inhibitor
eliminates this gum formation problem. It is also significant to note that
the gum content problem for sample 0002 was also eliminated by the additional
refining step performed to produce sample 0004 (both samples refined from
the same synthetic crude derived from Utah coal). Overall it would appear
to be necessary to add an oxidation inhibitor to these fuels derived from
coal to achieve storage stability with respect to their gum content.

J. SOLASH
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TABLE I

EFFECT OF F'ORAGE CN THERMAL OXIDATION STABILITY IF COAL DERIVED FUELS

BREAKPOINT TEMPERATURE, OC (oF)
SkMPLE CONSTITUENT

NUMBER ADDED T) FUEL SEFORE STORAGE AFTER STORAGE

0001 257 (495) 282 (540)

Black Iron 257 (495) >277 (530)

Oxidetirn Inhibitor 257 (495) >277 (530)

Oxidation Inhibitor/ 257 (495) >291 (555)

Black Iron

0002 263 (505) 260 (500)

Black Iron 263 (505) 263 (505)

Oxidation Inhibitor 263 (505) 285 (545)

Oxidation Inhibitor/ 263 (505) >288 (550)

Black Iron

0003 >371 (700) >371 (700)

Black Iron >371 (700) >371 (700)

Oxidation Inhibitor >371 (700) >371 (700)

Oxidation Inhibitor/ >371 (700) >371 (700)

Black Iron

0004 368 (695) >371 (700)

Black Iron 368 (695) 371 (700)

Oxidation Inhibitor 360 (695) 371 (700)

Oxidation Inhibitor/ 368 (695) >366 (690)

Black Iron

B-4 ENCLOSURE (1)
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TABLE ir

EFFECT OF STORAGE ON EXISTENT GUM FORMATION OF COAL DERIVED FUELS

SAMPLE CONSTITUENT
NUMBER ADDED TO FUEL BEFOFR STOPAGE AFTER 5TOPAGE CHANGE

0001 - 0.0 0.6 +0.6

Black Iron 0.0 0.2 +0.2

Oxidation Irhibitor 0.0 0.0 0.0

Oxidation .nhibitor/ 0.0 0.4 *0.4
Black Iron

0002 0.1 2.6 +2.5

Black Iron 0.1 10.3 +10.2

Oxidation Inhibitor 0.1 0.0 -0.1

Oxidation Inhibitor/ 0.1 0.8 +0.7
Black Iron

0003 0.0 1.8 +1.8

Black Iron 0.0 0.1 +0.1

Oxidation Inhibitor 0.0 0.1 +0.1

Oxidation Inhibitor/ 0.0 1.3 +1.3
Black Iron

0004 0.1 1.2 +1.1

Black Iron 0.1 0.9 +0.8

Oxidation Inhibitor 0.1 0.0 -0.1

Oxidation Inhibitor/ 0.1 1.6 +1.5

Black Iroh

B-5 ENCLOSURE (1)
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-0u'u. uwj a ,.,w APPENDIX C

UNITED STATES GOVERNMENT

Memorandum
10340

TO C. J. Nowack DATn: 22 January 1977

PROM R. J. Delfosse

SUDP=r: NAVAIR WUP WAPTC-812 - Exposure of JP-5 Type Fuels Derived From Coal to
Copper Surfacesi effect on thermal oxidation stability of

1. Introduction. Small quantities (37.8 liters (10 gallons)) of coal
derived JP-5 type fuels were provided by the Sun Oil Company through
Contract No. N00140-74-C-0568, Mod. P00001. These fuels have been
extensively studied with respect to their physical and chemical properties
(Appendix A). However, since these fuels have a different cherical
composition from petroleum derived JP-5, their investigation m.st go
beyond standard testing. One such area of concern is the coml stibility
of these fuels with metal surfaces that are wetted by the fuei. This
investigation covers the compatibility of these coal derived 'uels with
copper. It is known that current JP-5 degrades in thermal ox".dative
stability when subjected to copper surfaces. The main thrust of this
work was to determine what effect the exposure to copper wil] have on the
thermal oxidation stability characteristics of the fuels derJ ed from
coal. This information is of paramount importance since copi,•r is one of
the metals used in the construction of fuel handling systems on aircraft
carriers.

2. Conclusions.

a. Copper migrates as a fuel soluble metallic complex into the JP-5
type fuels derived from coal at a significant rate.

b. The rate of copper migration was found to be a function of the
hydrotreatment level used for refining of the coal syncrudes. The
higher aromatic content fuels (single stage hydrotreatment) produced
higher copper migration rates than did the low aromatic content fuels
(two stage hydrotreatment).

c. The coal derived JP-5 type fuels exhibited higher and lower copper
migration rates than did a current JP-5 fuel. The higher rates occurred
with the high aromatic content fuels and the lower rates occurred with the
low aromatic content fuels.

d. The thermal oxidation stability of all fuels derived from coal
and the current JP-5 fuel were adversely affected by a soluble copper
concentration of 200 parts per billion (ppb).

3. Recommendations.

a. Copper passivators such as benzotriazole should be investigated as

C-S
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a fuel additive to eliminate copper contamination of fuels derived from
coal when exposed to copper surfaces.

b. The possible reduction in thermal oxidation stability of fuels
derived from coal during long periods of exposure to other metals,
specifically iron, should be investigated.

4. Description of Test Fuels. The coal derived fuels tested were identifi$-J
as samples numbers 0001 through 0004. A general description of the fuels
is as follows:

Aromatic Content Distillation Range,
Identification Coal Source Vol. -8C, (-F)

0001 Western Kentucky 24.8 202-383 (396-542)

0002 Utah 24.1 209-279 (408-535)

0003 Western Kentucky 4.7 200-286 (392-546)

0004 Utah 6.1 207-282 (404-539)

5. Method of Test.

a. Cleaned copper specimens having a constant surface area were exposed
to an exact volume of each t!,e test fuels, and the rate of copper migration
(fuel soluble copper complex) was measured as a function of time. The

c iterion used to determine the relative severity of copper solubilization
of the fuel was to record the time required to reach 200 ppb soluble copper.

b. The experimental details used to measure the rate of copper migration
are as follows:

(1) Copper Surface Area to Fuel Volume - Twelve copper specimens,
each having a dimension of 25.4 mm (1 inch) by 101.6 mm (4 in) by 1.58 =n
(1/16 in) were suspended vertically in a polypropylene beaker containing
1.97 litres (0.52 gal) of test fuel. This arrangement resulted in 2825 mm2

of copper surface to 1 liter of fuel or 199 in 2/gal.

(2) Copper Surface Preparation - Prior to immersing the specimens
in the fuel, each specimen was cleaned by rubbing the surface with steel
wool until a bright finish was produced. This step was followed by an
isopropanol rinse. The specimens were then dried under vacuum.

(3) Fuel Environment and Sampling - The test was conducted at room
temperature and under dynamic conditions which were produced by the stirring
action of a magnetic stirrer employing a teflon coated bar. The stirring
rate was arbitrarily set at a moderate rate in order to prevent the stirring
bar from becoming misaligned or producing vibration. Also the rate was
sufficient to avoid excessive heating of the fuel by tle magnetic stirrer.
The rate of stirring was maintained constant for all determinations. The
test fuels were analyzed for soluble copper at one hour intervals, by
aspirating the fuel directly into the Atomic Absorption Spectrophotometer.
The fuel samples were aspirat.ed from the center of the beaker midway between

C-2
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the fuel surface and the bottom of the beaker to eliminate concentration
gradients.

(4) Determination of Fuel Copper Content - Soluble copper
determinations were made using a Perkin Elmer Spectrophotometer, Model 403.
Copper concentration standards were prepared from 500 ppm copper as Bis
U1 phenyl-1, 3 butanediono) Copter II contained in an oil matrix.' This
standaid was purchased from F and J Scientific, Monroe, Connecticut. The
hydrocarbon diluent for preparing the various copper concentrations was
the actual test fuel after it had been clay treated to remove any trace of
soluble copper. Copper standards were prepared for each test fuel.

d. The effect of soluble copper on the fuel thermal oxidation stability
was measured at a constant concentration of copper, 200 ppb. The thermal
oxidation stability Lreakpoint temperature was determined by use of the
Alcor Jet Fuel Thermal Oxidation Tester (JFTOT) employing the test procedure
outlined in ASTH D-3241. The thermal oxidation stability breakpoint
temperature is the maximum test temperature at which satisfactory results
are obtained.

6. Discussion of Results.

a. The rates at which copper migrated into the fuels derived from
coal and the current JP-5 are as follows:

Aromatic Content Time (hours to reach
Sample No. Coal Source Vol. 200 ppb soluble copper)

0001 Western Kentucky 24.8 22

0002 Utah 24.1 35

0003 Western Kentucky 4.7 80

0004 Utah 6.1 120

Reference - 13.0 42
JP-5

It can be observed that the coal derived fuels with high aromatic contents
solubilized 200 ppb copper in a shorter period than did the reference JP-5
and the low aromatic content fuels derived from coal. It can also be noted
that the low aromatic content fuels produced the lowest rates of copper
migration of all the fuels. The apparent explanation for this mild attack
by the low aromatic fuels is that the high degree of hydrotreatment to which
they were submitted removed the polar compounds responsible for copper
solubilization. In refining the crude to produce fuel with an aromatic
level of 0-5 percant •y volume, the non-hydrocarbon or polar compounds
were converted to hydrocarbons.

b. The thermal oxidation stability of the fuels derived from coal and
the current JP-5 was detrimentally affected by the presence of 200 ppb
soluble copper. This effect was observed by comparing the thermal oxidation
stability breakpoint temperatures of the fuels determined before the test
and when the fuels contained 200 ppb copper. The data are as follows:

C-3
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Breakpoint Texn rature, Breakpoint Temperature,
Sample No. No Copper Addef. oC, ('F) 200 ppb Copper, *C, (*F)

0001 257 (465)* 210 (410)*

0002 266 (510)' <199 (390)'*

0003 >371 (700)' -302 (575)**

0004 386 (695)' -'332 (630)"*

JP-5 Reference 320 (575)* 238 (460)'

* Preheater Tube Rating Failure.

' Pressure Drop Rating Failure.

In several cases the breakpoint temperatures were listed as less than
some value because the thermal oxidation stability testing had to be
terminated at that value because of the lack of fuel. Howevcr, the data
that were obtained clearly showed that the breakpoint temperature of each
fuel regardless of its original thermal oxidation stability value is
significantly lowered by the presence of 200 ppb soluble copper.

c. The ability of copper passivators to prevent the copper contaminati~n
of fuel derived from coal should be investigated in order to be able to
correct this deficiency if it would become operationally required.
Benzotriazole, a copper passivating additive, has been laboratory and service
tested successfully with current JP-5 fuel.

C-4
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i.a"Poe (a cM) 0,--.,e APPENDIX D

UNITED STATES GOVERNMENT

Memorandum
10340

TO : L. Maggitti DATE: 22 January 1977

FROM : C. J. Nowack

SUBJECT: NAVAIR WUA No. NAPTC-175-4R6-386 - Elastomeric Material Compatibility
Studies With JP-5 Type Fuels (Phases I and II) Derived From Coal

REF : (a) NAPTC Work Request N62376-75-WR00042 of 27 November 1974

ENCL : (1) Table I

1. Introduction. Samples of coal derived fuels were evaluated in regard
to their compatibility with air frame and engine fuel system elastomers
representative of the S3A aircraft. The work was performed by the Naval
Air Development Center (NADC), Warminster, PA in accordance with reference
(a). This report contains the results of the HADC tests.

2. Conclusion. The coal derived fuels had satisfactory compatibility with
the elastomers tested.

3. Recommendation. Additional tests should be performed to assure the
compatibility of coal derived fuels with the elastomeric materials used
in other Navy aircraft.

4. Description.

a. The elastomeric materials (polymers) tested were as foliows:

(1) Polymer "A" - FS Standard (LS-63U) - Formulated and cured as
described Fluorosilicone Polymer in USAF Bulletin 539.

(2) Polymer "B" - FA Standard (Viton A) - Formulated and cured as
described Fluorocarbon Polymer in USAF Bulletin 539.

(3) Polymer "C" - PR-1422 - MIL-S-8802 Sealing Compound, Temperature
Resistant, Integral Fuel Tanks and Fuel Cell Cavities, High Adhesion.

(4) Polymer "D" - PR-702 - Channel Sealant - Sealing Compound Non-
Curing, Groo~e Injection for Integral Fuel Tanks.

(5) Plymer "E" - PR-1560 - MIL-C-2772. - Coating, Corrosion
Preventative, for Aircraft Integral Fuel Tanks.

b. The test fuels are identified in the following table.

D-1
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Fuel Identification Aromatic Content, Vol. Coal Source

0001 24.8 Western Kentucky'

0002 24.1 Utah

0003 4.7 Western Kentucky

0004 6.1 Utah

0005 24.0 Western Kentucky

Control (JP-5) 13.0 N.A.

5. Method of Test. Elastomer test specimens were immersed into each :f
the test fuels for a period of 28 days. The fuel temperature was naintairi
at 496C (1200F). After 28 days the specimens were evaluated for changje;
in properties in accordance with ASTM Method D-471-72. The elastomeric
physical properties investigated were:

a. Durometer hardness - Shore, Type A.

b. '.olume, % change in.

c. Specific Gravity, % change in.

d. Visual inspection for blisters, cracking or softening.

6. Analysis and Discussion of Results. The data resulting from the immersion
tests of the five specimens in the test fuels are given in Table I of
enclosure (1). An interpretation of the data was provided by private
communication with the materials personnel at NADC. It was their opinion
that the five synthetic fuels had no adverse effects on the elastomers,
when compared to the results obtained with the petroleum derived JP-5
control fuel. There were no significant differences in the data that would
indicate incompatibility of the fuels derived from coal with the elastomers
used in the S3A aircraft air frame and engine.

C. J. NOWACK

D-2



NAPTC-PL- 19

TABLE I

COMPATIBILITY OF ELASTOMERS/SEALANTS (S3A AIRCPAFT)

WITH COAL DERIVED -'P-5 TYPE FUELS

0001 0002 0003 0004 0005 _JP-5

Polymer "A"

Volume Change, % 8.3 8.0 8.5 7.0 9.8 9.8

Specific Gravity, Change -0.05 -0.05 -0.05 -0.04 -0.06 -0.06

Hardness Points, Change -6 -7 -6 -6 -5 -7

Polymer "B"

Volume Change, % 3.5 4.0 3.7 4.2 3.5 5.7

Specific Gravity, Change -0.06 -0.05 -0.05 -0.05 -0.04 -0.06

Hardness Points, Change -3 -3 -2 -3 -2 -3

Polymer "C"

Volume Change, % 3.5 3.1 1.6 1.6 5.1 3.4

Specific Gravity, Change -0.03 -0.02 -0.01 -0.01 -0.04 -0.01

Hardness Points, Change -2 -2 0 -1 -3 -2

Polymer "D"

Volume Change, % 5.3 3.6 1.6 0.7 5.6 3.8

Specific Gravity, Change -0.03 -0.01 -0.01 -0.01 -0.03 -0.02

Hardness Points, Change N/A N/A N/A N/A N/A N/A

Polymer "E"

Polymer showed no evidence of blistering, cracking or softening with any of

the test fuels.

D-3
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UNITED STATES GOVERNMENT

Memorandum
10340

TO C. J. Nowack DATE: 22 January 1977

FROM J. Solash, R. J. Delfosse

SUBJECT: NAVAIR WUA No. NAPTC-175-4R6-386 - Analysis of JP-5 Type Fuel (Phase Ili
Derived From Coal

REF (a) Specification MIL-T-5624K, Grade JP-5
(b) Preparation of Gas Turbine Engine Fuel From Synthetic Crude Oil

Derived from Coal, Phase II Final Report, Sun Oil Company

ENCL (1) Tables I and II

1. Introduction. As recommended in Appendix A, 0.95 metre 3 (250 gallons)
of a high aromatic content fuel were refined by the Sun Oil Company (Contra,
N00140-74-C-0568, Mod. P00001), from syncrude derived from Western Kentucky
coal. Having established the deficiencies (in comparison to the requirement
of reference (a)), of a similar 0.004 m3 (10 gal) sample of this fuel, the
distillation end point for this fuel was changed to 260*C (500"F) vice
279*C (535"F) in order to improve the viscosity and gravity characteristics.
This report provides the physical and chemical analyses that were performed
on this Phase II sample of JP-5 type fuel derived from coal.

2. Conclusions.

a. The Phase II fuel compared favorably to the JP-5 requirements
(reference (a)) in all characteristics except gravity, smcke point, thermal
oxidation stability and particulate matter.

(1) The particulate matter and thermal oxidation stability
characteristics can be improved to the levels required by reference (a)
by conventional and clay filtration techniques, respectively.

(2) The smoke point can be improved to the level required by
reference (a) by additional hydrotreatment of the fuel during the
refining process.

(3) The higher density is inherent in the composition of the fuel
and would be impractical to change since it should not be detrimental to
engine operation.

b. Decreasing the distillation end point of the fuel (as compared to
the original 0.004 m3 (10 gal) sample) significantly improved the viscosity,
gravity and freeze point, and decreased the flash point of the fuel.

3. Recommendations. This fuel should be subjected toi

4 E-1
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a. a short engine test to evaluate its effect upon engine performance.

b. engine and fuel system component type tests to determine any
detrimental effects on component performance.

4. Analysis and 1)iscusnion of Pesults.

a. The Phase II, high aromatic fuel derived from a Western Kentucky
coal was analyzed and the data obtained are given in Table I of enclosure '1).
Corresponding data from the Sun Oil Company analysis, reported in reference
(b). as well as the JP-5 requirements (reference (a)) are also given in
Table I for comparison purposeb. 6oth laboratories show reasonable agreement
with the exception of the smoke point data. The NAPTC smoke point data are
believed to be more accurate based upon the analysis performed in Appendix A.

b. The Phase II coal derived fuel compared favorably to the JP-5
requirements (reference (a)) in all characteristics except gravity, smoke
point, thermal oxidation stability and contamination. The latter
property is not significant since particulate matter can easily be removed
from the fuel by conventional filtering mz.thods. The smoke point and
gravity, however, are related to basic chea.1cal composition of the fuel.
A refined coal derived fuel is composed of fused saturated polynuclear
aromatics such as decalin. These compounds have much higher gravity than
the compounds normally found in petroleum. Therefore, fuels derived from
coal will normally have higher gravity values than do petroleum fuels. The
smoke point is slightly below the JP-5 limit. The hydrogen content of the
fuel, 13 percent by weight is undoubtedly responsible for the low smoke
point. Reviewing Appendix A, it can be seen that the low aromatic fuel
derived from Western Kentucky coal had a hydrogen content of 13.4 percent
and a smoke point value of 22 mm. It is therefore indicated that additional
hydrogen treatment of the Phase 1: fuel is required to improve its smoke
point.

c. The thermal oxidation stability breakpoint temperature was determined
to be 249*C (4800F) which is 119C (209F) below the JP-5 requirement. An
analysis of the fuel for soluble metals revealed the presence of 15 ppb
copper, 38 ppb iron, and 50 ppb zinc. The equivalent Phase I high aromatic
fuel, on the other hand, had no detectable soluble metals present, and had
a 260*C (500*F) thermal oxidation stability breakpoint temperature.
Therefore, it can be projected that high aromatic fu-l derived from coal
will have marginal thermal oxidation stability characteristics and that the
slightestsoluble contamination, such as soluble metals, will cause this
characteristic to become deficient. The Phase II fuel was clay treated to
remove the soluble metals. This treatment resulted in an increase of the
thermal oxidation stability breakpoint temperature to 282*C (540*F). This
was a significant increase, when compared to the 260*C (500*F) value for
the Phase I fuel. The clay treatment probably removed the soluble metals
and non-hydrocarbon deposit precursors as well.

d. The properties of the Phase I and Phase II high aromatic fuels derived
from a Western Kentucky coal were compared to determine the effects produced
by the varying distillation range of the two fuels. The data are shown in
Table II of 3nclosure (1). It can be seen that adjusting the distillation

E-2
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ranoe of the fuel varied all of the characte':istics shown in Table II.

By decreasing the initial anJ final boilinq points, the followin7
chances occurred:

(1) the excessive ma.rgin of the flash Foint value of the Phase I
fuel (when compared to the JP-5 requirement) was reduced to a minimur

acceptable margin for the PLase IX fuel.

(2) the unsatisfactor,/ viscosity value of the Phase I ful was
reduced to a -,alue for the Pnrse II fuel that was well witj•in the JP-5

requirement.

(3) the rinimal marqin in freeze point value (when cori,areci trý

the JP-5 requirement) for the I'htre I fuel becane an ex essivu m-Irrjin f

the Phase II fuel.

(4) the specific gravity value decreased but remained ab-ve tiL. -
reqtpirement. This factor is not considered to be disqualifying fr-,r t:,e

scandpoint of satisfactory gas turbine engine operation.

e. From the analysis of the data obtained, it is concluded that a JP-5
fuel that will meet all the requirements of JP-5 (reference Wi)) but for

specific gravity. can be derived from Western Kentucky coal.

J. SOLASH

R. 3. PELFOS

E- 3
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4" r" .(a ") 01,11APPENDIX F
UNITED STATES GOVERNMENT

Memorandum
10340

TO : C. J. Nowack DATE: 22 January 1977

FROM : J. Flomen

SUBJECT: NAVAIR WLTA No. NAPTC-175-4Rb-386 - JP-5 Type Fuel (Phase II) DcLived From
Coal; effect on coalescer element performance

ENCL (1) Figures 1 through 5

1. Introduction. The chemical composition of a coal derived JP-5 type
fuel differs significantly from the current petroleum derived JP-5.
Because of this difference, fuel properties such as density and viscosity,
will be affected and possibly the water/fuel separation characteristics.
These properties could very well affect the water removal efficiency of
coalescers. Therefore, laboratory tests -,f the effects of the Phase II
coal derived JP-5 type fuel (high aromatic futl) derived from Western Kentucky
coal on water coalescence were performed.

2. Conclusions.

a. The fuel derived from coal, did not have an adverse effect on the
water removing ability of a typical coalescer conforming to Specificaticns
MIL-F-52308 and MIL-F-8901.

b. Combining a small quantity of the coal derived fuel with a large
amount of petroleum base JP-5 fuel altered the water removing ability of
the coalescer element.

3. Recommendation. Additional tests should be performed to evaluate the
effect of various coal derived fuel/petroleum base JP-5 blends on the water
separation characteristics of coalescers.

4. Description of Test.

a. The Coalescer Test System consists of a 0.18 cjbic meter (47 gallon)
fuel tank, centrifugal pump, transparent test and clean up sections,
flowmoter and connecting piping. This system is shown in figure i of
enclosure (1).

b. Prior to filling the systen with the coal derived fuel, the system
was flushed and completely dried to eliminate all traces of prior fuel.
Now coalescer elements were installed in the test and clean up sections.
The eluments used were manufactured by the Velcon Corporation and were
dated May 25, 1970. This particular element was selected as being a
typical element conforming to Military Specifications MIL-F-52308 and
MIL-F-F901.

*1 UF-l
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5. Method of Test.

a. The test program was designed to condition the coalescer by passing
clean dry fuel through the element for 30 minutes prior to introducing
distilled water into the system. To insure complete emulsification, the
water was injected into the fuel at the inlet side of the pump. The
following water concentrations were added for 30 minute intervals: 0.01,
0.05, 0.1, 0.5, and 1.0 percent of fuel flow. A fuel flow of 1.3 litres
per second (20 gallons per minute (gpm)) was used throughout the test
sequence. The pressure differential across the element, free water in
effluent fuel from the coalescer, coalesced water drop sizes, fuel and
water color and drop distribution on the element surface were recorded.
At the conclusion of the test, the Water Separation index, Modified (WSIP')
of the fuel was determined by using ASTM Method D-2550. This test is
indicative of the water separation ability of the fuel and would indicat':
the presence of surface active agents (surfactants).

b. After completing the test sequence with the coal derived fuel, the
system was completely drained. The system was not dried or flushed and
the coalescers were not changed prior to refilling the system with the
petroleum derived JP-5. By this means, a minimal concentration of coal
derived fuel in petroleum derived JP-5 was achieved. The same test was
then conducted on this fuel as had been conducted on the coal derived fuel.

6. Analysis of Results and Discussion.

a. Figure 2 of enclosure (1) shows the free water in the coal derived
fuel effluent from the coalescer element as a function of fuel throughput
and water added to the fuel. For comparison purposes, data are shown for
an identical element that had been previously tested using a petroleum
derived JP-5 fuel. As indicated, the coal derived fuel and regular JP-5
exhibited similar performance characteristics in the coalescer test.

b. Figure 3 of enclosure (1) shows the corresponding coalescer element
pressure differential data obtained during the water tests. The trend of
increasing pressure drop with increasing water concentration for both tests
is similar. The reason for the high pressure differential using the coal
derived fuel is the high solid contamination level of the fuel that was
used. During the initial 30 minutes of operation on dry fuel, the solid
contamination in the fuel was removed by the coalescer and produced the
high pressure drop.

c. The water drors formed, using the coal derived fuel, were clear and
large (6.35 mm (1/4 inch) in diameter) at water concentrations up to 0.1
percent. At the 0.5 and 1.0 percent water concentrations, the drop size
increased to 7.94 mm (5/16 inch) diameter. Throughout the test little or
no drops were formed which were smaller in diL.neter than noted above and
the coalesced water was distributed evenly over the entire surface of the
element. After the coalescer test, a WSIM test of the coal derived fuel
gave a value of 99 indicating good water separation characteristics.

d. After completing the test sequence, the coal derived fuel was
permitted to drain from the system for 12 hours. It was noted that the
test and clean-up elements were still wet but not dripping. The system

F-2
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was then filled with a petroleum based JP-5 and the testing sequence
repeated. When the test housing was full and the fuel was circulating,
the petroleum based JP-5 appeared to wash the coal derived fuel from
the element. This phenomenon was also noted in the clean-up housing
and appeared as a density gradient which disappeared after 1.1 cubic
meters (300 gale) of fuel had passed through the element. Figure 4 of
enclosure (1) shows the ability of the element to remove the free water
added to this fuel. it is noted that the element performance has been
significantly affected at the higher water concentrations of 0.5 and 1.0
percent when compared to that of the coal derived fuel test. There is
no difference in performance at the lower water concentrations. The
drops formed were clear and 6.35 mm (1/4 inch) in diameter up to the 0.5
and 1.0 percent water concentrations. At these higher water concentrations,
smaller drops (1.59 o (1/16 inch) and 0.79 mn (1/32 inch) diameter) were
formed. These drops were carried in the coalescer effluent fuel but were
removed by the Teflon screen separator. Undoubtedly smaller drops, not
visible to the naked eye, were also formed which passed through the
separator and resulted in the higher free water values shown in figure 4.

e. Figure 5 of enclosure (1) shows the comparison of pressure- differential
data across the test coalescer element at the various water concentrations
for the two tests. No significant difference in the pressure differential
characteristics is apparent. The WSIM value of the petroleum based fuel
after the test was 99.

f. The deterioration in coalescer perfrmance that was observed when
using the petroleum derived JP-5 containing a minimal amount of coal
derived fuel should be further investigated. Although the magnitude of
this deterioration is not great (3 ppm), this condition could become
serious with fuel blends containing different ratios of these fuels if
the condition noted is a real effect and not the results of some testing
inconsistency.

FLOMEN
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FIGURE 2. WATFR REMOVING ABILITY AT VARIOUS WATER CONCENTRATIONS
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FIGURE 3. PRESSURE DIFFERENTIAL AT VARIOUS WATER CONCENTRATIONS
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FIGURE 4. WATER REMOVING ABILITY AT VARIOUS WATER CONCENTRATIONS
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FIGURE 5. PRESSURE DIFFERENTIAL AT VARIOUS WATER CONCENTRATIONS
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" "o to CPO; M,... APPENDIX G

UNITED STATES GOVERNMENT

Memorandum PE71:JS:GES:sds

10340
TO : C. J. Nwack DATE: 23 January 1977

FROM . J. Shimski, G. E. Speck

SUDJECT: NAVAIR WUA No. NAPTC-175-4R6-386 - JP-5 Type Fuel (Phase II) Derived
From Coal, T63-A-5A engine performance/exhaust emission testing of

REF (a) Sun Oil Company Contract No. N00140-74-C-0568, Mod. P00001 Preparation
of Gas Turbine Fuel from Synthetic Crude Oil Derived from Coall final
report

(b) Allison Model Specification No. 580-J dated 30 Sept 1970
(c) Society of Automotive Engineers Aerospace Recommended Practice, ARP-1256
(d) Federal Register, Volume 36, Number 136, 17 July 1973, Emission Standards

and Test Procedures for Control of Air Pollution from Aircraft and
Aircraft Engines

ENCL (1) Tables I and II
(2) Figures 1 through 4, inclusive

I. Introduction. A JP-5 type fuel derived from coal was provided by contract,
reference (a), in sufficient quantity to conduct short T63-A-SA engine
performance and exhaust emission tests under sea level environmental
conditions. This report covers the details of these tests.

2. Conclusions.

a. The JP-5 type fuel derived from coal performed satisfactorily in a
T63-A-5A engine under sea level environmental conditions.

b. The carbon monoxide (C), total unburned hydrocarbons (THC) and oxides
of nitrogen (NO ) emissions for the coal derived JP-5 type fuel were
equivalent to dose obtained with the petroleum derived JP-5 in the T63-A-5A
engine.

3. Recammendation. Continue testing of fuels derived from coal in current
aircraft engines under more stringent conditions of time, temperature and
altitude, to establish engine performance and endurance.

4. Description.

a. The Allison T63-A-5A engine is a turboshaft engine of the free
turbine type and is used in the Army OH-58A and Navy TH-57A helicopters.
The gas producer section is composed of a combination six-stage axial
flow-one stage centrifugal flow compressor directly coupled to a two-stage
free turbine which is gas coupled to the gas producer turbine. The engine
contains an integral reduction gearbox (5.84:1) which provides an internal

G-1
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spline output drive at the front of the gearbox. The engine has a single
combustion chamber. The output shaft centerline is located below the
centerline of the engine rotor and the exhaust is directed upward through
dual exhaust pipes. An air bleed valve at the fifth compressor stage is
provided to insure surge free accelerations. The power turbine inlet
temperature indication (T5) is provided by the average of four thermo-
couples located in the power turbine nozzle. The performance ratings of
the T53-A-5A engine as specified in reference (b) are shown in Table I
of enclosure (1). The engine (Serial Number W-33) was supplied by NAPTC.
Prior to this test, it had logged an undetermined number of hours since
new and two hours since overhaul.

b. The coal derived JP-5 type fuel tested is a hydrotreated kerosene
that had been fractionated from a Western Kentucky syncrude (Sample 0005).

5. Method of Test.

a. Engine Performance. The T63-A-5A engine (Serial No. W-33) was
installed in a 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 power. The brake reaction was measured by a Baldwin
load cell. All parameters to determine the engine starting and ste3,'y-
state performance with the fuels were measured using standard _ ri
instrumentation. The engine was cleaned with a twenty percent. .olution
(by volume) of B&B 3100 and distilled water prior to performing this test
program.

b. The following cycle, which is a modification of Specification MIL-E-
8595 qualification cycle, was used for the engine/fuel performance tests.
The cycle had been modified for a lube evaluation study that was being run
concurrently with these tests.

PERFORMANCE TEST CYCLE

Engine Power Rating Time (minutes)

Cold Start

Ground Idle 2

Normal Rated 10

Ground Idle 2

Maximum 5

Normal Rated 55

Maximum 5

Ground Idle 1

Chop

TOTAL TIME 80

Engine inlet air and fuel t.emperatures during the program were between
27*C (80*F) and 32*C (90*F).
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c. Exhaust Emissions. The exhaust emission samples for JP-5 and the
coal derived fuel were taken at the following engine conditions,-in
sequence, for the pollutants measured.

EMISSION TEST CYCLE

Engine Power Rating Time (minutes)

Cold Start

Maximum 10

Normal Rated 10

90% Normal Rated 10

60% Normal Rated 10

40% Normal Rated 10

Flight Idle 10

Ground Idle 10

TOTAL TIME 70

d. This cycle was then repeated to provide duplicate data. Throughout
the test program the power turbine (NPT) was kept at a constant speed of 100 rps
(6,000 rpm) except at ground idle. The engine power ratings designated for
the emission survey were selected as being i .presentative of a typical
Army helicopter duty cycle. No engine bleed airflow w:as extracted from
the engine during emission 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 airflow is defined by
the manufacturer in figure 60 of reference (b). The fuel-air ratio was
calculated for each power rating with compensation made for the fifth
stage bleed leakage at ground idle.

e. The instrumentation and methods of analysis for the engine emissions
were in accordance with references (c) and (d).

f. The calibration gases used with the test instruments were purchased
from Scott Research Laboratories and Matheson Gas Products. The specific
gases used were:

(1) CO - 1200 ppm, 890 ppm, 441 ppm, 250 ppm, 75 ppm, 25 ppm

(2) CO2 - 4.74%, 3.0%, 2.0% 1.0%

(3) NO + NO2 - 190 ppm, 83.9 ppm + 6 ppm, 28.1 + 2.6 ppm

(4) THC - 459 ppm, 408 ppm, 357 ppm, 200.4 ppm, 146.4 ppm, 36.6 ppm

The accuracy of all the above gases was guaranteed by the vendors to be +1
percent. The concentrations oZ these gases were controlled by availability
and NAPTC needs, and do not exactly match the requirements in reference (c).

g. Emission sampling was done with a probe fabricated in accordance
with references (c) and (d). Two probes were made because of the dual
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tailpipe configuration. They were made of stainless steel with four arms
extending from a central manifold. Vie plane of each probe was an ellipse
with tajor and m.inor axes of 232 run (9 1/8 in) and 178 mm (7 in).
There were three 1.5 rnr. (0.060 in) diameter holes at the centers of
equal areas on each arm. The probes were centered in the exhaust strean
41 mm (1 5/8 in) downstream of the exhaust pil:e exit. A probe was
mounted in each exhaust pipe.

h. The emissions sampling line was stainless steel wit!' an internal
diameter of 7.7 viT (0.305 in). It was maintained at a temperature of
1500C +S÷C (302*F +90F). Nitrogen was blown back through the probe dur:n;
engine start-up to preclude the deposition of raw futl in the sam|pliiq
lines.

6. Analysis of Results.

a. Characte- i.tics of Test Fuels - The fuel derived from coal ani t-.tý
JP-5 used in the T63-A-SA engine I:erformance and emissions tests were
analyzed :n determine their characteristics. These data are shown in
Table II of enclosure (1) along with the average data for JP-5 fuels
produced during 1975 and the JP-5 specification limits. The coal derived
fuel was deficient in gravity, heat of combustion, smoke point, contarunatiýn
and thermal stability when compared to the JP-5 specification limits. None
of these deficiencies were of sufficient magnitude to cause concern about
the use of this fuel in an engine in a test cell. The excessive amount of
solid contamination present in the fuel was removed by filtration in the
test cell fuel system. The JP-5 used to obtain comparison or base line
data conformed to the specification requirements.

b. T63-A-SA Engine Performance - The performance obtained on the fuel
derived from coal and the JP-5 fuel are shown in figure 1 of enclosure (2). The
guarantee model specification values (reterence (b)) are also shown for
comparison purposes. It can be seen that there is no significant difference
in the T63-A-5A engine performance with these fuels and that the engine
performance conforms to the model specification requirements.

c. T63-A-SA Engine Exhaust Emission - The values for CO, THC and NO
for the fue! derived from coal and JP-5 are presented in figures 2, 3 and
4 of enclosure (2). They are plotted as a function of engine fuel-air
ratio. No significant difference in exhaust emission characteristics
is apparant when comparing the fuel derived from coal data with that of
the JP-5 fuel.

3. SHIMSKI

G. E
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FIGURE 1. PERFORMANCE of A T63-A-5A M1INE WITH JP-5 DERZ'IVED FRM.) CIJAI
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FIGURE 2. CARSON MONOXIDE EMISSIONS, T63-A-SA ENGINE, .S/N W-33
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FIGURE 3. TOTAL UNBURNED HYDROCARBON EMISSIONS, T63-A-SA ENGINE,
S/N W-33
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FIGURE 4. NITROGEN OXIDE EMISSIONS, T63-A-5A ENGINE, S/N W-33
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