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I. INTRODUCTION

JP-4 produced from shale oil is to be used as fuel for

U.S. aircraft. Although the fuel conforms to the requirements

of MIL-J-5624, there was concern that undetermined contaminants

could adversely affect some aircraft construction materials.

A program to evaluate the effect of fuel exposure on elastomeric

materials, structural adhesives, and fuel tank coatings was

conducted using three test fluids, MIL-J-5624, Grade JP-4

(Shale Oil Source); MIL-J-5624, Grade JP-4 (Petroleum Source);

and MIL-T-83133, Grade JP-8 (Petroleum Source).
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II. PROCEDURES AND TEST RESULTS

This section describes the test fluids, identifies the

materials under test, and summarizes the test results.

Test Fluids

Three aircraft fuels were utilized as test fluids for

progressive conditioning of the elastomers, adhesives, and

coatings at specified intervals up to six months. Subsequent

agings of selected materials were conducted for 360 days. The

test fluids included:

MIL-J-5624, Grade JP-4 (Shale Oil Source)

MIL-J-5624, Grade JP-4 (Petroleum Source)

MIL-T-83133, Grade JP-8 (Petroleum Source)

In order to provide a worst-case fuel environment for the

constnction materials, portions of both shale oil JP-4 and

petroleum JP-4 were also altered to contain 25 percent aromatics,

0.4 percent sulfur, and 0.005 percent Mercaptan by weight.

Materials agings were simultaneously conducted using the altered

fuels.

Elastomeric O-Ring Materials

Four O-ring materials were specified as representative seal

materials. They included two buna-N elastomers, one fluorosilicone,

and one fluoroelastomer. The materials, each conforming to an

appropriate specification, were obtained from two manufacturers.

They included:

AMS-7271, Buna-N, Parker N-506

MIL-P-5315, Buna-N, Precision 7866

MIL-P-25988, Fluorosilicone, Precision 11647

MII-R-83248, Fluoroelastomer, Parker V747

O-ring evaluations included the determination of ultimate

tensile strength, percent elongation, percent volume swell, and
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hardness as a function of aging in fuel. Tests were conducted

after conditioning at the following intervals:

A. None (Original properties)

B. 7 days at 140°F in Petroleum JP-4

c. 7 days at 140IF in Shale Oil JP-4

D. 6 months at 140OF in Petroleum JP-4, changing
fuel every 30 days

E. 6 months at 140OF in Shale Oil JP-4, changing
fuel every 30 days

F. 7 days at 140'F in Petroleum JP-4 with the
aromatic content at 25%, mercaptan sulfur at
0.005 weight percent, and total sulfur at 0.4
weight percent

G. 7 days at 140OF in Shale Oil JP-4 with the
aromatic content at 25%, mercaptan sulfur at
0.005 weight percent, and total sulfur at 0.4
weight percent

H. After aging 14 days at 140OF in Petroleum JP-4
followed by 7 days at 140*F in Shale Oil JP-4
(also, measure volume change when removed from
Petroleum JP-4)

I. After aging 14 days at 1401F in Petroleum JP-8
followed by 7 days at 140'F in Shale Oil JP-4
(also, measure volume change when removed from
JP-8)

J. After aging 14 days at 77'F in Petroleum JP-4
followed by 7 days at 77°F in Shale Oil JP-4
(also, measure volume change when removed from
Petroleum JP-4)

K. After aging 14 days at 77'F in Petroleum JP-8
followed by 7 days at 77OF in Shale Oil JP-4
(also, measure volume change when removed from
JP-8)

MIL-R-83248, Type I, Class 1, Grade 75-Fluoroelastomer
Only

L. After aging 7 days at 3000 F in Petroleum JP-4

M. After aging 7 days at 300 0F in Shale Oil JP-4.

3



These results are summarized in Tables 1 and 2. As indicated

in Table 1, the tensile strengths of both buna-N materials were

substantially affected after six months in shale oil produced

JP-4. Volume swell properties for all four elastomers were

lower after aginq in shale oil JP-4 than in either petroleum

JP-4 or JP-8.

Because of the marked change in properties of buna-N after

exposure to shale oil JP-4, an analysis of the fuel was initiated.

The shale oil JP-4 used in these tests was produced for the

Air Force by Hydrocarbon Research Incorporated (HRI) i -r

subcontract to Sunzech in January 1980. The details ( the

production conditions for this shale oil JP-4 are docv -nted

in AFWAL-TR-81-2087. The shale oil JP-4 used in the - al

compatibility tests3 had been obtained from fuel left c after

completion of engine tests at General Electric, Evendale.

Extensive discussions with Suntech revealed that the initial

production of test fuel (which was subsequently delivered to

the General Electr-c Company and ultimately was used in the

initial compatibility testing) had failed the copper strip

corrosion test required by MIL-T-5624. The test fuel producer

believes that hydrogen sulfide, produced in the activation of

the hydrocracking catalyst, was carried with the fuel through

the processing plant stripper which was intended to remove the

hydrogen sulfide. The producer initially used benzotriazoie to

negate the corrosive effects of the sulfur on the copper strip

(this is apparently a common refinery practice). It is believed

that either hydrogen sulfide or free sulfur in the fuel caused

the decrease in tensile strength of the buna-N material as well

as the initial failure of the copper strip corrosion test.

Sulfur compounds are known to cause these problems. Although

laboratory analyses failed to verify the presence of either

hydrogren sulfide or free sulfur in this fuel, it did have a

noticeable yellowish appearance as opposed to the clear,
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colorless appearanc- of Lrke petroleum produced fuels. It was

al- suspected that the benzotriazole might have affected the

buna-N properties. The producer reported that subsequent to

the production of the fuel for General Electric, Evendale,

adjustments in the operating conditions of the stripper

eliminated the copper corrosion problems and the need for

the addition of the benzotriazole. Fuel produced subsequent

to the copper corrosion problem was supplied to Pratt &

Whitney. A sample of the new batch of shale oil JP-4 was

obtained from Pratt & Whitney for compatibility testing.

The fuel from Pratt & Whitney had the same clear appearance

as the petroleum produced fuels. Benzotriazole was added

to petroleum JP-4 to determine any effect of the additive

on buna-N. Precision 7866 buna-N O-rings were tested using

four fuels:

Shale oil produced JP-4 from GE Evendale

Shale oil produced JP-4 from Pratt & Whitney

Petroleum produced JP-4

Petroleum produced JP-4 with 5 ppm of
benzotriazole

Agings selected for testing were:

A. None (original properties)

B. 30, 60, 90, 120, 150, 180, 270, and 360 days
at 140'F (60'C) in each of the four fuels.

Fuel changes were made every 30 days for longer agings.

The results of the retest of buna-N material are summarized

in Tables 3 through 6. Table 3 indicates that the O-rings aged

in Evendale fuel had a 70 percent loss in tensile strength after

aging for 120 days. The O-rings aged in petroleum JP-4 with

5
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benzotriazole showed some decrease in tensile strength after

270 days, and a loss of 50 percent after 360 days. No appreciable

loss in tensile strength was noted for the buna-N after 360 days

in either petroleum JP-4 or shale oil JP-4 from Pratt & Whitney.

These data tend to substantiate the relationship between the

hydrogen sulfide caused copper strip corrosion problem and the

materials compatibility problem.

Another test to determine the effect of the Evendale fuel

on buna-N was conducted during the above evaluation of fuels.

Two sets of Precision 7866 O-rings were conditioned for 20

weeks at 140OF (60 C). Weekly fuel changes were made on one

set of O-rings. Fuel was not changed for the second set during

the 20 week aging. As shown in Table 7, buna-N lost approxi-

mately 70 percent of its original tensile strength after 20 weeks

with weekly fuel changes. No appreciable loss of tensile strength

was noted for these rings aged in fuel without weekly changes.

Fuel Tank 3ealants - Curing Type

Five two-part, curing type sealants were included in the

materials evaluation. One fluorosilicone sealant, DQ94-002, was

also evaluated. The materials included:

MIL-S-8802, Type I PR-1422 B-2 Dichromate cured

MIL-S-8802, Type II PS 890 B-2 Manganese dioxide cure

MIL-S-83430 PR 1750 B-2 Manganese dioxide cure

MIL-S-83430 PS 899 B-2 Manganese dioxide cure

MIL-S-7502 PR-1221 B-2 Lead dioxide cure

Fluorosilicone DQ94-002 with 1200 primer.

Peel strength properties were determined on MIL-C-27725 poly-

urethane coated aluminum panels for all sealants except the

MIL-S-7502 material, which was applied to QQ-A-250/13 clad

aluminum. Volume change determinations were also made for

each material after the following agings:

A. None (Original properties)

B. 7 days at 140 F (60°C) in Petroleum JP-4

C. 7 days at 1400F (600C) in Shale Oil JP-4

14
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D. 6 months at 140'F(60°C) in Petroleum JP-4,
changing fuel every 30 days

E. 6 months at 14 0 'F(60'C) in Shale Oil JP-4,
changing fuel every 30 days

F. 7 days at 140'F(60*C) in Petroleum JP-4 with
the aromatic content at 25%, mercaptan sulfur at
0.005 weight percent, and total sulfur at
0.4 weicht percent

G. 7 days at 140*F(60*C) in Shale Oil JP-4 with
the aromatic content at 25%, mercaptan sulfur
at 0.005 weight percent, and total sulfur at
0.4 weicht percent

H. After aging 14 days at 140 0 F(600 C) in Petroleum
JP-4 followed by 7 days at 140'F(60'C) in
Shale Oil JP-4 (also, measure volume change
when removed from Petroleum JP-4)

I. After aging 14 days at 140 0 F(600 C) in Petroleum
JP-8 followed by 7 Jays at 140 0 F(600 C) in Shale
Oil JP-4 (Also, measure volume change when
removed from JP-8)

J. After aging 14 days at 770 F(250 C) in Petroleum
JP-4 followed by 7 days at 77 0F(25 0 C) in Shale
Oil JP-4 (also, measure voluime change when
removed from Petroleum Jp-/)

K. After aging 14 days at 77'F (251C) in Petroleum
JP-8 followed by 7 ddys at 77'F (25'C) in
Shale Oil JP-4 (also, measure volume change
when removed from JP-8).

Peel strength and volume change results are presented in

Tables 8 through 10. All peel strength failure modes were

100 percent cohesive. The effect of the different fuels on

peel strengths of any of the sealant materials was not

measurable. The effect of long-term aging in either petroleum

JP-4 or shale oil JP-4 was significant for the MIL-S-8802,

Type II sealant and for one MIL-S-83430 sealant, both of which

were manganese dioxide cure systems.

Volume changes for MIL-S-8802, Type I dichromate cure

and for the one MIL-S-83430 manganese dioxide cure, whose
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peel strength was unaffected, were very low to negative in

value, except in those fuels with 25 percent aromatics.

MIL-S-8802 Type II, and the second MIL-S-83430, both manganese

dioxide cure sealants, had smaller volume changes after exposure

to shale oil JP-4 than after exposure to petroleum JP-4. Volume

changes of MIL-S-7502 lead dioxide cure were negative after

exposure to both types of fuel.

Values of peel strength and volume change for Q94-002

fluorosilicone sealant were unaffected by fuel agings.

Fuel Tank Sealants - Nor-curing Type

Non-curing groove injection sealants are used to seal

wet fuel tanks. Three sealants were utilized:

PR 703 Polys'ilfide

94-031 Fluorosilicone

G651 Cyanosalicone

The sealants were evaluated for pressure rupture and for percent

volume swell after conditioning in the petroleum and shale oil

produced fuels. The same material aging schedule used for the

curing type sealants was followed. Results are shown in Table 11.

Pressure rupture values tripled for PR 703 polysulfide

after aging for six months in both types of fuel. PR 703 also

showed an increase in pressure rupture after aging for seven

days in high aromatic shale oil JP-4. Pressure rupture values

for 94-031 fluorosilicone were not greatly affected by aging

in either fuel, although a decrease in pressure did occur for

the high aromatic fuels. A slight increase in pressure rupture

for G651 occurred after aging in the petroleum and shale oil

fuels. The rupture pressures for G651 were lowest after aging

at room temperature.

The percent volume swell of PR 703 remained fairly constant

in all fuels with the exception of high aromatic petroleum JP-4,

in which the swell increased. Volume swell values for 94-031
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sealant were smaller in shale oil JP-4 than in petroleum JP-4.

94-031 was most affected after exposure to petroleum JP-8.

G651 cyanosilicone sealant showed basically the same volume

swell reactions as the fluorosilicone to the various fuels.

Bladder Materials

Four fuel cell bladder materials were included in the fuel

compatibility program. They were:

Goodyear Pliocel Nylon

Goodyear 51956 Buna-N
Goodyear 80C29 Urethane

Goodyear 82C39 New Urethane

Materials evaluations included tensile strength, percent

elongation, and percent volume swell. Peel strength determinations

were included for the Pliocel and buna-N materials as well as

for one bladder repair adhesive, Goodyear FT-134 Buna-N.

The materials were subjected to the following conditions:

A. None (Original properties)

B. 7 days at 140'F (600 C) in Petroleum JP-4

C. 7 days at 140'F (600 C) in Shale Oil JP-4

D. 6 months at 140'F (600C) in Petroleum JP-4,
changing fuel every 30 days

E. 6 months at 140'F (600C) in Shale Oil JP-4,
changing fuel every 30 days

F. 7 days at 140OF (60*C) in Petroleum JP-4 with
the aromatic content at 25%, mercaptan sulfur
at 0.005 weight percent, and total sulfur at
0.4 weight percent

G. 7 days at 140OF (600 C) in Shale Oil JP-4 with
the aromatic content at 25%, mercaptan sulfur
at 0.005 weight percent, and total sulfur at
0.5 weight percent

H. After aging 14 days at 140'F (601C) in Petroleum
JP-4 followed by 7 days at 140 0 F (600C) in
Shale Oil JP-4 (also, measure volume change when
removed from Petroleum JP-4)
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I. After aging 14 days at 140*F (60*C) in Petroleum
JP-8 followed by 7 days at 140OF (600 C) in Shale
Oil JP-4 (Also, measure volume change when
removed from JP-8).

Permeability measurements were also made on the four

bladder materials and on two additional bladder constructions,

BTC-86 and FT-99 buna-N innerliner. The materials were sub-

jected to the following agings:

A. 7 days at 770F (250 C) in Petroleum JP-4

B. 7 days at 770F (250C) in Shale Oil JP-4

The results of the bladder materials tests are shown

in Tables 12, 13, and 14. As indicated in Table 12, the

51956 buna-N material had a loss of tensile strength and

percent elongation after six months aging in shale oil JP-4,

a reaction similar to the reactions of buna-N 0-rings in shale

oil JP-4. The poor performance of the 51956 was subsequently

explained by the retest of the buna-N O-ring material in shale

oil produced fuels from more than one source of supply.

Table 12 also shows that 80C29 urethane underwent a loss

of tensile strength and percent elongation after long-time

exposure to shale oil JP-4, while the second urethane, 82C39,

was unaffected. The sample of 80C29 used in this program was

approximately three years old. A new sample of 80C29 was obtained

from Goodyear and a retest, using the same aging schedule as

that used for buna-N 0-rings, was initiated:

A. None (original properties)

B. 30, 60, 90, 120, 150, 180, 270, and 360 days
at 1400 F (60*C) in each of the four fuel
samples (Shale oil JP-4 from GE Evendale
and from Pratt & Whitney; Petroleum JP-4;
and Petroleum JP-4 with 5 ppm benzotriazole).

The results of the retest, shown in Tables 15 and 16, indicated

no loss of properties for the new sample of 80C29 in any of

the test fluids.
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The volume swell data in Table 13 show that all the materials

had slightly lower values in shale oil JP-4 than in petroleum

JP-4, as did the elastomeric O-ring materials. Peel strengths

of the Pliocel and 51956 bladder constructions were not greatly

affected by aging in either fuel. FT-134 buna-N repair adhesive

was affected by long-term aging in both petroleum and shale oil

produced fuels.

Self-Sealing Bladder Material

Volume swell determinations were also made for one self-

sealing material, Goodyear 26950. Samples of the material were

aged in petroleum produced JP-4 and in shale oil produced JP-4

for seven days at 77'F (24'C) . The indicated volume change

after aging in petroleum JP-4 was greater than the volume

change in shale oil JP-4. Both materials, however, exhibited

very large volume changes in excess of 1,000 percent as shown

in Table 17.

Fire Suppressant Foams

Two fuel cell fire suppressant foams were also evaluated

in petroleum and shale oil derived JP-4 fuels. One foam was

a red polyester polyurethane (MIL-B-83054B, Type III); and,

the second foam was a blue polyether polyurethane (1 1L-B-83054B,
Type V) . All foam specimens were supplied as precut tensile

strength dogbones from Scott Foam. As shown in Table 18, red

foam was virtually unaffected by aging in either fuel; blue

foam, however, exhibited an approximate 50 percent reduction

in tensile strength after aging in both fuels for six months

at 1401F (601C).

Structural Adhesives

Structural adhesive materials that are in use on current

aircraft systems were included in the materials evaluation.

These materials included:
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TABLE 17

SELF-SEALING MATERIAL
26950

%VolumeConditioning sweluSwell

7 days @ 77'F (25'C) 1600
in Pet. JP-4

7 days 3 77'F (25'C) in 1350
Shale Oil JP-4
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A. XA-3517 epoxy po.yamide

B. FM-47 wath FM-47 liquid primer vinyl phenolic

C. AF-143-2 with EC 3917 primer modified high
temperature epoxy

D. AF-126-2 with EC 2320 primer nitrile modified

epoxy

E. -pon 828/dimetnyltriamine unmodified epoxy

F. FM-73 wi:h BR-.27 primer nitrile modified epoxy

6. AF-10 w. :h EC 1290 primer Scotchweld

H. AF-10 wi-h LC 3950 primer Scotchweld

Double lap shear specimens of each adhesive type were prepared

for the followln_: Ijins:

A. None .Org±nai properties)

B. 7 days ai 140F (60'C) in Petroleum- Jl2-4

C. 7 days ai i40°F 60 0 C) in Shale Oil JP-4

D. 6 months at 140OF (60C) in Petroleumn JP-4,
chan-ir.; fuel every 30 days

E. 6 months at 140OF (600C) in Shale Oil JP-4,
changing fuel every 30 days

F. 7 days at 140OF (600 C) in Petroleum JP-4 with
the aromatic content at 25%, mercaptan sulfur
at 0.005 weight percent, and total sulfur at
0.4 weight percent

G. 7 days at 140'F (60'C) in Shale Oil JP-4 with
the aroriatic content at 25%, mercaptan sulfur
at 0.005 weight percent, and total sulfur at
0.4 weight percent

H. After aging 14 days at 140OF (600 C) in Petroleum
JP-4 followed by 7 days at 140OF (600C) in
Shale Oil JP-4 (also, measu-_ volume change
when removed from Petroleum JP-4)

I. After aging 14 days at 140OF (600C) in Petroleum
JP-8 followed by 7 days at 140OF (600C) in
Shale Oil JP-4 (also, measure volume change
when removed from JP-8).
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The substrate materials for the lap shear specimens were 2024-T3

aluminum panels. All panels were solvent wiped, washed with

a non-chlorinated cleaner, degreased, then acid etched for

ten minutes at 140°F (60*C). Double lap shear test results

are summarized in Tables 19 and 20.

Shear strengths of all the adhesives tested, with the

exception of the epoxy polyamide, were virtually unaffected

by aging in either petroleum or shale oil produced fuels.

Shear strengths of the epoxy polyamide were reduced by more

than 50 percent in both fuels after long term exposure and

after short term exposure to high aromatics.

Fuel Tank Coatings

Three integral fuel tank corrosion prevention coatings

were also evaluated. The coatings included:

A. MIL-S-4383 Buna-N

B. MIL-C-27725 Polyurethane

C. BMS 10-20 Epoxy

Pencil hardness of each of the three materials was determined

after the following agings:

A. None (Original properties)

B. 7 days at 140°F (60*C) in Petroleum JP-4

C. 7 days at 140OF (60C) in Shale Oil JP-4

D. 6 months at 140 0 F (60°C) in Petroleum JP-4,
changing fuel every 30 days

E. 6 months at 140OF (60'C) in Shale Oil JP-4,
changing fuel every 30 days

F. 7 days at 140OF (600C) in Petroleum JP-4 with
the aromatic content at 25%, mercaptan sulfur
at 0.005 weight percent, and total sulfur at
0.4 weight percent

G. 7 days at 140OF (600C) in Shale Oil JP-4 with
the aromatic content at 25%, mercaptan sulfur
at 0.005 weight percent, and total sulfur at
0.4 weight percent
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H. After aging 14 days at 140°F (60'C) in Petroleum
JP-4 followed by 7 days at 140OF (600 C) in Shale
Oil JP-4 (also, measure volume change when
removed from Petroleum JP-4)

I. After aging 14 days at 140OF (600C) in Petroleum
JP-8 followed by 7 days at 140OF (600C) in Shale
Oil JP-4 (also, measure volume change when
removed from JP-8)

Values obtained for each of the materials are presented

in Table 21. Some variation in hardness occurred for the

buna-N material, which appeared softer after exposure to

high aromatics. The other materials, both harder than 9H

pencil lead, were not affected by exposure to any of the fuels.

Wire Insulation Materials

Three electrically insulating sheet materials were also

selected for evaluation. The materials included Teflon (TFE),

Nylon 101, and polyethylene. Standard Die "C" dogbone test

specimens were prepared for the determination of tensile strength

and percent elongation as a function of conditioning. The

following fuel agings were used:

A. None (original properties)

B. 7 days a: 140'F (60'C) in Petroleum JP-4

C. 7 days a: 1401F :60'C) in Shale Oil JP-4

D. 6 months at 140OF (600C) in Petroleum JP-4,
changing fuel every 30 days

E. 6 months at 14001' (600 C) in Shale Oil JP-4,
changing fuel every 30 days

F. 7 days a: 140OF (60*C) in Petroleum JP-4 with
the aromatic content at 25%, mercaptan sulfur
at 0.005 weight percent, and total sulfur at
0.4 weight percent

G. 7 days at 140OF (60C) in Shale Oil JP-4 with
the aromatic content at 25%, mercaptan sulfur
at 0.005 weight percent, and total sulfur at
0.4 weight percent
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TABLE 21

FUEL TANK COATINGS

PENCIL HARDNESS

Conditioning MIL-S-4383 BMS 10-20 MIL-C-27725

Controls HB 9H+  9H+

7 Days at 140OF (600C) 2B 9H +  9H+

in Pet. JP-4

+ +7 Days at 140*F (600 C) B 9H 9H
in Shale JP-4

7 Days at 140OF (600 C) 3B 9H 9H
in Pet. JP-4 1

7 Days at 140OF (60
0C) B 9H+  9H+

in Shale JP-4 1

14 Days at 140 0 F (600C)
in Pet. JP-4 +
7 Days at 140°F (600C) HB 9H 9H+

in Shale JP-4

14 Days at 140OF (60'C)
in JP-8 + + +
7 Days at 140OF (600C) B 9H 9H
in Shale JP-4

6 Months at 140OF (60
0C) HB 9H+  9H +

in Pet. JP-4

6 Months at 140*F (600 C) H 9H+  9H +

in Shale JP-4

125% Aromatic content; 0.4% Sulfur; 0.005% Mercaptan
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H. After agIng 14 days at 140OF (600C) in Petroleum
JP-4 followed by 7 days at 140°F (600 C) in Shale
Oil JP-4 (also, measure volume change when
removed from Petroleum JP-4)

I. After aging 14 days at 1401F (601C) in Petroleum
JP-8 followed by 7 days at 140OF (600C) in Shale
Oil JP-4 (also, measure volume change when
removed from JP-8).

Test results for all three materials are presented in
Table 22. Teflon TFE) was unaffected by fuel conditioning.

Nylon 101 had higher elongations in shale produced JP-4 than

in petroleum JP-4. The elongation of Nylon 101, however, was

substantially reduced after exposure to both petroleum and

shale oil produced fuels after the six month aging. The tensile

strength of polyethylene was reduced approximately 25 percent

after exposure to all fuels. Percent elongation was substantially

higher in all cases.

Self-Sealing Hose

AR 184 red self-sealing hose, an inner tube material from

B.F. Goodrich was also included in the materials evaluation.

Tensile strength, elongation, hardness, and volume change

properties were determined after the following agix~gs:

A. None (original properties)

B. 7 days at 140OF (600C) in Petroleum JP-4

C. 7 days at 140°F (601C) in Shale Oil JP-4

D. 6 months at 140OF (601C) in Petroleum JP-4,
changinc fuel every 30 days

E. 6 months at 140OF (600C) in Shale Oil JP-4,
changing fuel every 30 days

F. 7 days at 140*F (60*C) in Petroleum JP-4 with
the aromatic content at 25%, mercaptan sulfur
at 0.005 weight percent, and total sulfur at
0.4 weight percent

G. 7 days at 140°F (600C) in Shale Oil JP-4 with
the aromatic content at 25%, mercaptan sulfur
at 0.005 weight percent, and total sulfur at
0.4 weight percent

42



: tnaO 0 0 0 0 0 0 0
dpO H4 .Q N (n (n(7 0 r-

0 43 4P LA LA L, 1 1

.- i M) r-4 H MD Ml ~ .

04J 0 A LA 0 A LA LA) 0 (n
m4 l OV N N N 0) N N N

En '

Z*Q) (13 0 0 0 0N 0 m 0' 0i 0

4- 1 14 .0 14 N N

U) t- .) %.0 r- %D %D OD %
E-4 j H r- H - H

0)

CA .,f H, 0L 0 0 0

C*N LA m 0 N 0 0 0 .0 0 D .0

W ) - C D 0 )I

4

z
H 0 0 00 0 0 0 0 0 0 0 d

dP 0 ) a) No r- D 4n a N0 .0 OD LA

0 0

-44.'44

- - - - - - ~ - - -i

44)1 CD LA 0 0 0~ N 0 r0 0

(A (n 0 0 0 0 0 0 0 0) 0 0
0 I .oa c) 0 N- cn 0 N, C
N) C1 H1 r- N H- H- C1 H- H hi

E-4~

-0 U~~C 108 0

54 PI. 0w A00I~

a r-I 0 a 0 V . ow
Z. 0 o (aoH(o 0 1* OH 0 0+0 I -1 -4 i

04 Q -I En0 - 01 En I~ r- O6 H--1t
-P %~ H. H. Ha) r. 10 r. I

- a -14 (d -A fd - 0( ) t a A - 4
1-4 -1-~ U)~ 40 n- LA

o 0 M - U) -- fl -~ 0n1- >..4JW (d >1 4JU(A0 V -. 4.. -
o >1 >u >,U >U. >iU 1 vu 0

.4.) 40o 40 M40 (a0 En~40f 10 0
9: 10 10

-.4N~ t r- H H -4 -4-H ~ -i 0 t

43



H. After agzng 14 days at 140OF (600C) in Petroleum
JP-4 followed by 7 days at 140OF (600C) in Shale
Oil JP-4 (also, measure volume change when
removed from Petroleum JP-4)

I. After ag.-.ng 14 days at 140IF (60C) in Petroleum
JP-8 followed by 7 days at 140 OF (600C) in Shale
Oil JP-4 (also, measure volume change when
removed from JP-8).

The results -n Table 23 indicate that the properties

of the self-sealirg hose material are similar in both petroleum

and shale oil fuels.
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III. CONCLUSIONS

The long term evaluation of the effects of shale oil

produced JP-4 on aircraft construction materials showed:

1. There is no significant difference in the com-
patibility of either shale oil JP-4 or
petroleum JP-4 for most materials.

2. The only materials affected by shale oil JP-4
were buna-N and polyurethane.

3. Repeat tests using the same supply of shale oil
JP-4 showed deterioration of buna-N; no
deterioration occurred on newer samples of
polyurethane.

4. Tests usinq a second supply of shale oil JP-4
showed no deterioration of either buna-N or
polyurethane.

5. There is some evidence that the presence of

benzotriazole in the fuel may have affected
buna-N.

6. Most seal and sealant materials showed slightly
less volume swell in shale oil JP-4 than in
petroleum JP-4. This may cause leakage when
changing from one fuel to the other.
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