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(b) Engine operation in unusual positions, inverted flight
sometimes necessary in maneuvers, is more certain than
with carburetor feeds and air induction systems.

(5) The low volatility of safety fuels should be reflected in a
lowered tendency to vapor locking and in lowered wolatilization
loss during storage periods.

(6) The available heat content of paraffinic safety fuels compares
with aviation gasoline both on a weight and gallonage basis.
This is not true, however, for high aromatic fuels.

The main factors militating against the use of safety fuels are:

(1) Modification of existing equipment would be necessitated by
installation of injection systems and appropriate accessories.

(2) Proper design for engines to utilize the full advantage der—
ivable from propellents of the safety fuel type is still some-
what unsettled.

(3) The supply of such fuels in definitely limited at present;
though it could be considerably increased by plant expansion
contingent on demand.

(4) The autogenous ignition temperature, or the temperature of
spontaneous inflammation when dropped upon a heated surface,
is somewhat lower for some safety fuels than for some selected
gasolines. This difference is not great and becomes of minor
importance when it is realized that explosive mixtures do not
generally form within areas of safety fuel spillage, but almost
invariably exist where gasoline is spilled. Hence, in crashes
the spontaneous ignition of gasoline dropped on a hot exhaust
pipe or falling on heated engine parts is likely to be accom-
panied by inflammation and vigorous combustion of all escaped
gasoline in the vicinity, where with safety fuel the blaze will
be largely localized..

METHODS

7e The several fuels herein discussed were collected over a period
of two years. In all cases, the original characteristics of the fuels as
received are given and the characteristics as of January, 1941, together
with the properties as determined by the vendor before shipment, where
such data are available. Since these fuels have been kept in the original
containers, change in the properties is indicative of drum and can storage
stability. The following characteristics of fuels have been determined:



(1) Gum. ASTM designation D-381-36. 50cc of test fuel
were evaporated in a tared glass beaker at 157° C. in a

blast of air flowing at a rate of one liter per second
and weighed.

{2) Autogenous Ignition Temperatures. ASTM designation
D-286-30. The temperature of spontaneous ignition was
determined by dropping the fuel intc 125 cc glass
Erlenmeyer flask heated to the ignition temperature by
a solder bath. The method is essentially that of the
American Society for Testing Materials, but some modif-
ications have been introduced which will be described in
detail at an early date in a report on the autogenous
ignition temperatures of pure hydrocarbons boiling in
aviation gasoline and safety fuel range.

(3) Distillation. ASTM D-86-40.

(4) Tetraethel lead. ASTM D-526-39T. lead was determined
by refluxing a 50 cc sample of fuel with anequal volume
of concentrated Hydrochloric acid in an expecially des-
igned apparatus, quantitatively withdrawing the acid
layer, evaporating it, and analyzing the residue for lead
gravi=metrically as the chromate.

(5) Flash point. Flash points were determined in a Tag closed
tester exactly as described in ASTM designation D-93-40.

(6) Gravity, Refractive Index. The gravities of the samples
were taken with standard API hydrometers and expressed
both as API gravity and specifie gravity. Refractive
index was determined with an Abbe refractometer at 25° C.

(7) Accelerated oxidation. Bomb oxidations were run in ASTM
bombs both by a modified Army method with iron, and a
24~hour oxidation without iron.

DATA OBTAINED (See Tables)




TABIE 3

Inspections of Houdry Safety Fuel, Socony Vacuum 0il Company,
5 Gallon Sample, Received December 1938.

Characteristics As Determined As Received As of Jan.,
of Fuel by Vendor: NRL 1941
Color - Yellow Yellow

Gravity, API{60°F) - 35.8 35.8
Gravity, specific (60°F) - 0.8458 0.8458
Aniline Point, C° - 29.4 19.4
Flash Point, F° - - 119.0
Autogenous Ignition

Temperature, C°(F°) - - 375 (707)
Gum, preformed, mg/lOO ce - 1.2 10.2
Gum, potential, Army - - 79.8
Gum, 24 hour oxidation

without iron - 14.0 31.6
Distillation Initial, F° - 333 332

10¢ recovery - 340 342

20% - - 345

50% - 354 354
. gog - - 368

90% - 378 377

End point - 400 398
cc TEL/gallcn - None None
Refractive Index 25/D - 1.4672 1.4680

*Information not available.



Inspections of Texas 0il Company Safety Fuel

TABLE 2

(55 gallon drum, Serial 291894) Received February 1940

Characteristics
- of Puel

Color
Gravity, API(60°F)
Gravity, specific(60°F)
Aniline point, C°
Flash point, F°
Autogenous ignition
Temperature, C°(F°)
Gum, preformed, 100 cc
Gum, potential, Army
Gum, 24 hour oxidation
without iron
Distillation, Initial, F°
10¢ recovery
20%
50%
80%
90%
End point
cc TEL gallon

25
Refractive index D

#Information not available.

As Determined As Received As of Jan.
by Vendorst NRL 1941
- White White
- 57.7 57.7
- 0.7479 . 0.7479
- - 100.5
- - 381(718)
-~ 1.0 1.0
- - 0.8
- 1.2 -
- 312 310
- 324 325
- 329 330
- . 340 341
- 353 354
- 360 361
- 386 385
- None None
- 1.4158 1.4160



Inspections of Texas Oil Company Sample D-64,

TABLE 3

55 Gallon Drum, Received May 1939

Characteristics
of Fuel

Color
Gravity, API(60°F)
Gravity, specific (60°F)
Aniline Point, C°
Flash Point, F°
Autogencus Ignition
Temperature, C°(F°)
Gum, preformed, ng/100 cc
Gum, potential, Army
Gum, 24 hour oxidation
without iron
Distillation, Initial,F°
10% recovery
20%
50%
80%
90%
. End point
ce TEL/gallon 25
Refractive index D

s*Information not gvailable,

As Determined As Received As of Jan.
by Vendor NRL 1941
- Thite White
- 5509 55-9
- 0.7551 0.7551
- 79. 80 80.05
- - 9L
~ - 343(649)
- 0.4 0.6
- - 1.6
- 1.0 -
- 298 206
- 318 320
- 326 329
- 348 350
- 370 369
- 380 380
- 410 409
- - None
- 1.4200 1.4208



TABLE 4

Inspections of Texas 0il Company Safety Fuel D-38
5 Gallon Sample —~ Received Late in 1938

Characteristics
of Fuel

Color
Gravity, API{60°F)
Gravity, specific (60°F)
Aniline point, C°
Flash point, F°
Avtogenous ignition
Temperature, C° (F°)
Gum, preformed, mg/iOO ce
Gum, potential, Army
Gum, 24 hour oxidation
without iron
Distillation, Initial, F°
10% recovery
20%
50%
80%
90%
End point
cc TEL/gallon 25
Refractive index D

#Not awvailable.

As Determined
by Vendor:

As received As of Jan.
NRL 1941
: White

57.1 57.30
0.7503 0.7495
8l.5 81.75

- 87:-5

- 370 (698)
0.6 0.2

it 404
14.0 -
290 284,
313 310
321 320
345 343

367 366
379 378
409 405
None None
1.4194 1.4180















TABLE 9

Inspections on Standard 0il of ILouisiana Paraffinic Safety Fuel
H-E1~40-159-2, Base Stock, Without Lead,
5 Gallon Sample, Recelved March 1940

Characteristics
of Fuel

Color
Gravity, API (60°)
Gravity, spec1f1c (60°F)
Aniline point, ¢°
Flash point, 7o
Autogenous ignition

Temperature, C° (F°)
Gum, preformed, mg/iOO cc
Gum, potential, Army
Distillation, Initial, F°

109 Recovery

20%

50%

80%

90%

End point
ce TEL/éallon
Refractive index 25

D

*Copper dish gum

As Determined
By Vendor

Thite
57.7

0.7479
83.3
102

1.2
1.6
315
322
324
332
343
349
381
None

-—

-13 ~

As Received
NRL

White

57.8
0.7475

83.0

0.6

312
321
- 323
333

353
370 .
None

1.4150

As of Jan.
1941

White
57.80

07475
82.8
101

383 (721)
0.4
400
313
322
325
333
344
352
369
None
1,4158



Inspections on Paraffinic Safety Fuel, Leaded, 5 Gallon Sample,

TABLE 10

H-EL-40-159~1, Received March 1940

Characteristics
of Fuel

Color
Gravity, API (60°F)
Gravity, specific (60°F)
Aniline point, C°
Flash point, F°
Autogenous ignition

Temperature, C° (F°)
Gum, preformed, mg/iOO ce
Gum, potential, Army
Distillation, Initial, F°

10% Recovery

204

50%

80%

907

End point
cc TEL/gallon
Refractive index 25

D

#*Copper dish gum

As Determined
by Vendor

Blue
57.3

0.7495
g82.8
101

1.6
2.8
315
322
324
332
343
349
381
3e46

S

- 14 -

As Received As of Jan.
MRL 1941
Blue Blue
574 57.40

0.7491 0.7491
82.75 82.70
- 100
- 460 (860)
" 0.8 1.0
b 3-8
314 314
323 322
224, 324,
332 333
345 344
350 352
369 368
3.50 3.59
1.4152 1.4160






in Table 3, all flash points are above 100° F. These fuel§ should, t?ere'
fore, be much less subject to accidental ignition than ordinary gasolines
which may flash as low as —40° F.

11. The autogenous ignition temperatures, or the points where spon-
taneous ignition in the absence of an open flame takes p}ace when the fuel
is dropped upon a heated suface, are not significantly dlffereqt from gas-
oline. The effect of tetraethyl lead on the spontaneous ignition temper-—
ature is pronounced. For example, the fuel described in Table 10 differs
from that in Table 9 only by the addition of tetraethyl lead. Yet the
spontaneous ignition point of the former is 140° F above that of the
latter.%* The addition of tetraethyl lead to the unleaded fuels described
in Tables 1 through 5 gave the following results:

Spontaneous Ignition Temperature, C° (F°)

Fuel ‘Without lead + 3ce TEL/Gal. Increase
Table 1, Soc. Vac. 375 (707) 445 (833) 70 (126)
Table 2, Texas Co. 381 (718) 484 (903) 103 (185)
Table 3, Texas Co. 343 (649) 445 (833) 102 (184)
Table 4, Texas Co. 370 (698) 472 (882 102 (184)

Ethylene dibromide, used in conjunction with lead tetraethyl in leaded
gasolines, apparently does not contribute to the increase in self-flashing
temperature. After the addition of 3 cc/éallon; of ethylene dibromide

to Texas Co. D-38 clear base stock, the autogenous ignition temperature

of the blend was the same as originally found. These data indicate that
leaded fuels spontaneously ignite less readily than do unleaded ones,
which would suggest that fuels containing lead have a higher safety factor
than the corresponding clear base stocks and are less prone to spontaneous
inflammation when released upon ‘hot engine parts through accidental spill-
age in crashes or in military action.

A similar effect has been noted by others. Sortman, Beatty, and
Heron, "Spontaneous Ignition of Hydrocarbons and Zones of Non-—
Ignition", presented before the Symposium of Petroleum Chemistry

at the Detroit meeting of American Chemical Society, September
g9 —- 13, 1940.

SUMMARY

(1) The drum and tin storage stability of ten safety fuels has been
examined. FExcept for the fuel described in Table 1, these materials show
no evidence of storage instability over the periods of three to twenty-

four months that the several fuels have been kept at this Laboratory during
collection of samples.

(2) The drum and can storage stability of paraffinic type fuels is
superior to aromatic types. This is in accord with findings of this Lab-
oratory in theoretical studies of the stability of certain pure hydro-
carbons. However, it is realized that the premise of differing stabil-
ities of highly paraffinic and highly aromatic safety fuels is based on
the storage instability of but a single sample of a fuel of the latter
type. Therefore, until a representative number of other aromatic rich
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