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ABSTRACT

1 method for following the course of thermal degradation of aviation
turbine fuels was examined, based on the Phillips 5 ml bomb test, and -

measuring absorbance changes in the thermally stressed fuel at 340
Comparisons were made with a method based on direct measurement of weights
of solid deposited from the fuel.$. 4  - t, /k. 42 a/

No correlation was found. The effects of a number of contaminants,
and additives frequently employed in jet fuels was surveyed. No consistency
was found, and it was concluded that this method offered little promise of
being able to rate Jet fuels in respect to their thermal stabilities.

RESUME-

Une m~thode pour sulvre la digradatlon thermique des carburants
aviation a Wt 6tudi~e au moyen de Vessai i la bombe de 5 ml Phillips et de
mesures de variations d'absorbance dans le carburant chauff6 i 340 mu. Des
comparaisons ont W faites avec une m~thode de mesure directe des poids de
matiires de dicontation dans le carburant.

Aucune corr6lation n'a W 6tablie. Les effets de certains
contaminants et d'addltifs souvent utilis~s dans les carburgacteurs ont Wt

- . observ6s. Aucun risultat syst6matique n'a Wt obtenu de sorte qu'il ressort
que cette m~thode semble peu convenir au classement des carburants aviation
en fonction de leur stabilit6 thermique.
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1.0 INTRODUCTION

-- The purpose of this work is to examine absorbance (optical density)
changes as a method of following the degradation of aviation turbine fuels
when subjected to thermal stress. Thermal degradation differs in some ways
from degradation on storage, a problem arising from slow reactions between
unstable fuel components with air, water, and container linings, as affected
by diurnal or seasonal climatic changes. In commercial fuels a variety of
additives - antioxidants, metal deactivators and corrosion inhibitors - are
introduced, primarily to reduce the effects of these long term processes.
The present concern is with thermal stability - the resistance of the fuel
to relatively brief periods of elevated temperature in the presence of air
and of heated metal surfaces, i.e. conditions the fuel encounters on board
an aircraft. - ,

r Jet fuel stability has been reviewed in a CRC publication [13 that

summarized all work on test methods previously reported. Attention was
given mainly to the Jet Fuel Thermal Oxidation Tester (JFTOT), its
predecessor, the ASTM-CRC coker, and to simulators, larger scale devices
that provided a more realistic duplication of aircraft fuel storage and
delivery systems.

The most widely used method for thermal stability determination
employs the JFTOT, and is the basis of an ASTM test method, D3241 [2). The
air-saturated fuel is passed, under specified conditions, over a heated
aluminum tube and through a nickel mesh filter. This subjects the fuel to a
regime comparable to that which it undergoes on passing through the fuel
supply system to the engine, and assesses fuel deterioration in terms of
deposits on the heated tube, and formation of particulates that are caught
in the filter. When used in a pass-or-fail test, the JFTOT operating
temperature is set normally at 260°C. If the heater tube deposit at the end
of the test reaches a level 3 when compared with a set of graded colour
standards, or if the pressure buildup across the filter due to trapped
deposits reaches 25 mn, 'the fuel fails. A photometric method to measure
tube deposits (the MK 8A TDR)*, supposedly more objective, gives numerical
readings related to deposit depth. It has been proposed that a maximum TDR
reading of 15 be adopted as an alternative criterion of failure to the code
3 visual rating, but this has not yet been adopted. TDR readings have been
used, however, in investigative work, directed to a more quantitative
measure of fuel stability [3]. In particular, runs are conducted at a
series of temperatures and by interpolation a temperature (the JFTOT break
point) determined at which the TOR rating just reaches 15 or some other
arbitrary value taken as indicating failure. In this way comparative
stabilities can be assigned.

From time to time small scale static tests have been proposed, based
on absorbance changes in a fuel contained in a vessel and heat-stressed in
the presence of air. The most widely discussed of these has been the
Phillips bomb test [4]. In this method, a metal bomb containing 5 ml of the
fuel, air-saturated, was inserted in a furnace preheated to a set
temperature, and after 20 minutes was removed and quenched. The

Supplied by Alcor, Inc., manufacturers of the JFTOT.
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transmittance was measured at a oavelength chosen in the region 340-360 mu.
The test was conducted at a number of temperatures, and by interpolation a
breakpoint was found, defined as the temperature at which transmittance had
fallen by exactly 10%, or 25%, (in two variants of the the test) below its
initial value. The actual fuel temperature during the test was variable,
because of finite heat-up time; however, the test was still valil as an
empirical measure of comparative fuel stability, all experimental conditions
being standardized and held the same from run to run. -.

Another such test is the Thornton flask test, about which full
details have not appeared in the literature [5]. Mention should also be
made of the work of Snitserov [6] although the brief account available does
not provide much detail.

The rationale for these optical measurements is found in the
mechanism proposed for deposit formation and discussed in reference [7].
Briefly, it is held that in the early stages of thermal decomposition
particles of colloidal dimension separate as a second phase. These
particles or micelles, which are the precursors of harmful deposits, while
too small by themselves to cause trouble, are large enough to increase light
scattering at short wave lengths. The resulting initial decline in
transmittance is taken as an index of the inherent instability of the fuel.

Applicability of the 5 ml bomb test has been questioned, particularly
with commercial jet fuels which contain an additive package designed to
extend storage life [8]. Another question about the method, which is
examined here, is whether absorbance increases at the beginning of the
heating period do in fact correlate with the appearance of actual deposits
on prolonged heating. In this connection Daniel [9] conducted stability
investigations on diesel and Jet A fuel, stored at 120°C for periods up to
one week, conditions that led to solid deposits. He examined optical
methods among others, but adopted finally a procedure of direct weighing of
deposits. He also studied the effects of introducing, at several
concentration levels, nitrogen-containing compounds known to be detrimental
to stability; and in preparation for mechanistic investigations, the rates
and activation energies for degradation of Jet A were determined in the
presence and absence of a number of nitrogen contaminants. Thus it appeared
that optical and deposition methods could be compared in several respects.

In this note, several experimental variations were employed, a
comparison of absorbance-time changes over periods of time up to several
hours, and a breakpoint determination after a standard 30 minutes heating,
in a procedure closely similar to the Phillips test. In work involving one
contaminant (copper) a limited amount of JFTOT testing was conducted.
However, the bulk of the comparative work with the JFTOT is to be reported
separately.

The work to be described falls into several parts. (a) The general
course of absorbance change with time was investigated, using several
representative fuels subjected to thermal stress; the rates and activation
energies derived from these absorbance-time curves at several temperatures
were compared with results derived from deposition rates [9]. (b) In a
further comparison with Daniel's work, experiments were conducted with a
commercial Jet A-i, alone and doped with a variety of nitrogen-containing
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additives, to see whether the effects of these additives on deposition
rates, as reported by Daniel, parallel, or show any correlation with the
absorbance vs time curves that result from heating. (c) The effects of
several constituents of the additive package were surveyed. (d) Finally the
effect was examined of copper, a notoriously detrimental material, on
optical phenomena in heated fuels.

2.0 Experimental

Round-bottomed test-tubes, about 20 cm long, were blown from 14 mm
o.d. borosilicate glass tubing, drawn from fresh stock. These were cleaned
rigorously (detergent followed by manyfold rinsing and prolonged soaking in
deionized water), and dried. To facilitate later sealing-off, the tubes
were necked down to a constriction 2-4 mm in diameter, 12 cm from the closed
end. Volume measurements made with a number of these vials showed that a
volume of 11.7 ± 0.2 ml measured to the narrowest point of the constriction
could be reproducibly obtained. A known volume of fuel (4.73 ± 0.01 ml) was
introduced into the vials, which after cooling in dry ice were sealed off
with the torch. Liquid-air volume ratios (about 2:3) were thus reproducible
to ±2%.

For a series of experiments with a succession of heating times at a
single temperature, a set of vials was placed in a wire rack, which was

inserted in a preheated mechanical convection oven. Each set of experiments
included an unsealed vial containing the same volume of paraffin oil, of
negligible volatility at the experimental temperatures. The temperature of
the paraffin-containing vial was followed continuously by means of an iron-
constantan couple and a Fluke 2190A Digital thermometer. This, it was
assumed, would represent the heat-up behaviour and approach to final oven -

temperature of the sealed vials. To further reduce heatup time the oven was
set initially 15C above the desired final (nominal) temperature. When the
thermocouple in the paraffin registered a reading of 10-12°C below the
desired final temperature, the set point of the oven was cut back, and the
paraffin temperature then monitored for the duration of the run and taken as
the experimental temperature. With practice conditions were found such that
the paraffin oil rose to within 0.5°C of its final equilibrium temperature
within 9-10 minutes of inserting the rack in the oven. The resulting
inaccuracy bcomes less significant, the longer the heating time.

In breakpoint determination, where only a comparison in absorbance
increase is wanted between samples heated for 30 minutes in the same batch,
the error is self-compensating.

On removal from the oven, samples were quenched in cold water,
opened, and the absorbance read at 340 mv, using a Bausch and Lomb
Spectronic 21 spectrometer and cuvettes of 1 cm path length. Spectroscopic
grade hexane was used as reference. Results are expressed in absorbance
units, referred as convenient for plotting either to hexane or to the
initial (unheated) fuel. The breakpoints reported here were determined
using an absorbance increase of 0.050 or 0.100. This is the same range as
the Phillips test; the 10% and 25% fall in transmittance called for in that
test correspond to absorbance increases of 0.045 and 0.125.

• "-"o °°• ° .o " . . . . .... .o. . . .... .o
•
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Three base fuels were used:

1062 - a commercial Jet A-1 containing the standard additives.
1091 - a Jet A-I with no additives, provided by the courtesy of

Imperial Oil.
1075 - A Jet B, procured in connection with another program, and of

intarest because of its questionable stability; the JFTOT
bv dkpoint is in the region 250-2600C, which means that it is
marginal with respect to the specification test. Most
commercial samples pass by a comfortable margin, 20-40°C.

Additives were of reagent grade, and were used as received.

3.0 RESULTS AND DISCUSSION

3.1 General Absorbance-Time Behaviour

The general course of absorbance change was first investigated, using
the three fuels above, Jet A-i with and without additives, and Jet B.
Figures 1-3 show representative absorbance-time curves for these three,
determined over the first few hours of heating. All displayed approximately
linear portions, which were used for rate calculations; though 1062 in
particular was irregular, with a marked induction period, shorter as the
temperature increased, followed by a linear rise.

Activation energies were calculated from the rate data, as in Figs.
4(a) - 4(c). As mentioned above, only representative absorbance-time curves
are shown in Figs. 1-3, which would be overcrowded by inclusion of all the
runs usfed to derive the activation energies.

These results were compared with the kinetic data reported by Daniel
[9], who investigated the thermal decomposition of Jet A alone and after
addition of four nitrogen-containing contaminants. From his report it is
possible co estimate both relative rates and activation energies, rates
being taken in all cases as proportional to accumulated deposit weight after
168 h:

TABLE 1

EFFECT OF ADDITIVES ON KINETICS OF FUEL DEGRADATION

JET A PLUS JET A PLUS JET A PLUS JET A PLUS
JET A PYRIDINE QUINOLINE PYRROLE INDOLE

Rate at 120°C

g/mm2 x 107 8 22 24 12 17

Ecal 10 33 32 21 28
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All the contaminants affected the mechanism of decomposition as shown
by the increase in temperature dependence of solid deposition; rates of
deposition at one temperature (120°C) invariably increased also.

While Daniel found deposition rates were increased by pyridine
addition, as shown by accumulated deposit after 168h, absorbance buildup was
retarded after the initial acceleration (cf curves in Figs. I and 5 at the
same temperature). Qualitatively similar results were obtained using 1062
with a variety of nitrogen-containing additives (see below). From the
variation in activation energies seen in Fig. 4, it is apparent that, at
least as reflected by absorbance changes, no common mechanism exists for
decomposition of fuels; also, comparing activation energies for original and
pyridine-treated 1062 (31 and 27 KCal) with Daniel's results in Table 1,
processes leading to absorbance change during the first few hours show a
quite different time and temperature dependence from those responsible for
material deposit after prolonged stand.

3.2 Nitrogen Contaminants

Daniel [9] investigated also the effect of contaminant concentration
with Jet A, and found that with two compounds, pyridine and quinoline, the
deposition rate was strongly dependent on concentration, whereas with indole
and pyrrole the rate was nearly insensitive to additive level. Absorbance-
time determinations made under closely comparable conditions, employing
three levels of pyridine and indole, are shown in Figs. 6 and 7. Some
resemblances to Daniel's results are seen, particularly in the early stages
of absorbance buildup. Absorbance-time curves for the control and for
indole-containing samples are nearly coincidental, while pyridine
accelerates the initial absorbance development. On the other hand, with
neither additive is there any dependence on the additive level, and after
about 4.5 h the absorbance of the control overtook that of the pyridine-
spiked samples.

Breakpoint determinations were carried out on these fuels, in the
modification of the Phillips procedure already mentioned. Duplicate samples
of fuels, with and without additives were incubated 30 minutes at one
temperature, and their absorbances read after removal and quenching. This
procedure was repeated at successively higher temperatures and plots made,
of which Fig. 8 (lower half), for 1062 alone and with three levels of
indole, is typical. The upper half of Fig. 8 shows for comparison
dependence of deposit on concentration (from reference [9]).

Examination of this figure shows that breakpoints determined for a
A(absorbance) of either 0.050 or 0.100 are practically unaffected by indole
addition, in general agreement with Daniel's weight deposition data.
Corresponding results for pyridine additions (Fig. 9) show that pyridine
concentration has only a minor influence on breakpoint for A(absorbance) =
0.100 but somewhat more for A(absorbance) = 0.050. This slight effect with
pyridine contrasts with the marked dependence of deposit weight on pyridine
level.

In an extension of this contaminant work, Daniel looked at the effect
on Jet A stability of a large number of nitrogen containing additives at one
level, in an attempt to find chemical features (basicity, steric effects)
that might account for the differences he observed in degradation rates.

.... .. . ." " " " L . - l " " ".
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We examined the effect of eleven of these reagents, at a
concentration corresponding to 50 ppm nitrogen in each case, on the
absorbance behaviour of 1062. Results are presented in Figs. 10-13, grouped
by compound type, with the baseline fuel appearing for comparison in each.
For nine of the eleven additives, the absorption at a concentration of 50
ppm nitrogen was negligible compared to that of the fuel itself, so that
absorbance-time curves start from nearly the same point. The two exceptions
were carbazole (Fig. 13) which at this concentration raises the initial
absorbance by about 0.4 units; and 8-hydroxyquinoline whose absorbance (Fig.
10) was so great that it was necessary to use 0.1 cm path length cuvettes.

Daniel reported the relative degradative effect of these compounds,
again in terms of deposit weight after 168h, as:

TABLE 2

EFFECT OF ADDITIVES ON RELATIVE DEPOSITION RATES FROM FUEL

ADDITIVE DEPOSIT, g/mm2 x 107

Control (no additive) 3.4 t 0.3
Pyridine 3.6 ± 0.3
2,6-lutidine 10.0 ± 1.4
2,4,6-trimethylpyridine 4.7 t 0.2
Quinoline 7.7 ± 0.0
2,6-dimethylquinoline 8.2 + 0.7
8-hydroxyqui nol i ne 8.1 - 0.2
N-methylpyrrole 8.7 ± 0.6
Pyrrole 3.5 t 0.5
Indole 3.9 ± 0.3
2-methylindole 5.9 ± 0.3
Carbazole 2.6 ± 0.3

Comparison of this deposition data with the curvz )f Figs. 10-13
shows no correlation in either the short or long term. For example, toward
the end of the runs of Fig. 10, the absorbance-time curve for the control,
initially low, crossed and surpassed those of the three pyridine-based
additives. The relative deposition rates reported by Daniel showed a quite
different order, being for the control, pyridine, lutidine, and
trimethylpyridine, 3.4, 3.6, 10.0 and 4.7. That the two processes, solids
deposition and absorbance increase, operate independently is illustrated for
all the materials in Fig. 14. Increase in absorbance over the unheated
material after heating times of 7 and of 2 hours, is plotted against
Daniel 's deposit weights. The random scatter of results is further
confirmation that there is no relation between these two aspects of fuel
response to thermal stress.

It was observed that several of the treated fuels developed on
heating a colour characteristic of the contaminant. Thus, indole and

I..~~~~~~~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ....................................... . ..-
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pyrrole imparted a pale orange and a violet colour to the fuels they were
added to. These same colours could be produced using, instead of the jet
fuel, reagent decane, (itself quite resistant to prolonged heating at 150°C)
and are almost certainly due to oxidation products of the additives
themselves. The occurrence of coloured products is an interference not
contemplated in the development of the Phillips test, and is discussed
below.

3.3 Fuel Additives

The suspected interference of some additives in the Phillips
breakpoint determination prompted a survey of these effects, primarily with
the additive-free Jet A-1 1091. Three additives were employed.

a) ethylene glycol monomethyl ether (EGME), called for in a number
of specifications, chiefly military, as a fuel system icing
inhibitor (FSII). Eastman Kodak scintillation grade material,
code 13072, was used.

b) Tolad 245*, an anti-corrosion agent of proprietary nature which
also acts as a lubricity improver at high temperatures.

c) An antioxidant, 733 PDA 50**•

Results are presented below in summary form.

EGME - This material was introduced into two fuels, additive-free 1091 and
T containing the normal complement of additives but not fuel system icing
inhibitor. The level used was 0.2% V/V slightly above the recommended
maximum of 0.15% [10].

Figure 15 shows the general absorbance-time behaviour over several
hours heating for the fuels with and without EGME. The effect is
insignificant for 1062, but marked for 1091. Breakpoint determinations,
which are influenced by initial behaviour, are summarized in Table 3, and
these show a measurable decrease in stability for both fuels.

TABLE 3

EFFECT OF FUEL SYSTEM ICING INHIBITOR ON ABSORBANCE

1091 1091 + EGME 1062 1062 + EGME

A(absorbance) 0.05 141 134 157.5 141
A (absorbance) 0.100 158 152 163 157

*provided through the courtesy of Tretolite Division, Petrolite Corporation

of Canada.

*provided through the courtesy of Ethyl Canada. It consists of
approximately 50% mixed tertiary phenols and 50% N,N'-di-sec-butyl-p-
phenyl enedi amine.
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Tolad 245 - was blended into fuel 1091 at a level of 45 mg/i, in the
concentration range commonly employed. As Fig. 16 shows, there is no
detectable effect on absorbance-time curves. Table 4, summarizing
breakpoint determinations, shows a decline of 5-6°C for both absorbance
increase levels.

TABLE 4

EFFECT OF TOLAD 245 ON ABSORBANCE

1091 1091 + Tolad

A(absorbance)O.05 141 135
A(absorbance)O.100 156 151

733 PDA 50 - The effect of amine-type nitrogen-containing additives on Jet
A-i was invariably to accelerate the initial absorbance buildup on heating
when compared to the control (see, e.g., Figs. 6 and 10). The active
components of antioxidants are phenylenediamine derivatives and hindered
phenols. These compounds are in general readily oxidized to highly
absorbing substances, and while the exact mechanism of their protective
action is not in question here, it is probably by the breaking of oxidative
chain reactions, the antioxidant acting in a sacrificial role and producing
coloured products. A number of experiments were conducted, employing
additive-free Jet A-1 (1091) as received, and after treatment with
antioxidant /33 PDA 50 at 5, 15 and 25 mg/litre. Figure 17 depicts 7 hour
runs, using the fuel with no additive and with 25 mg/litre. An acceleration
in absorbance buildup is seen, followed by a slower rise which at the
highest antioxidant level nearly flattens out after several hours. Runs
with fuels containing 5 and 15 mg/1 antioxidant, not shown here, lay between
the two curves of Fig. 17. On the other hand, breakpoint determinations on
the same system (Table 5) show that by this criterion the stability is
unaffected.

TABLE 5

EFFECT OF ANTIOXIDANT ON ABSORBANCE

1091 1091 + 5 mg/1 1091 + 15 mg/i 1091 + 25 mg/i

A(absorbance)O.05 145 146 145.5 145
A(absorbance)O.100 153 154 151 152

.. .

' * *ib..a . ***" "" ** ** ****'*** ***'*
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Additive Effects - Summarizing the observations above,

a) EGME depresses breakpoints for both 1062 and 1091 fuels, but the
effect on absorbance-time curves is fuel-dependent.

b) When fuel 1091 was treated with anti-oxidant 733 PDA 50,
absorbance buildup was accelerated but breakpoints were
unaffected.

c) Tolad 245 added to 1091 had just the reverse effect on these two
properties to that of the antioxidant.

Thus there is no correspondence between changes in the earliest (30
min) stages of heating, and optical observations made over a period of some
hours.

More generally, the Phillips method, with an absorbance measurement
made at a single wave length, assumed that the only process contributing to
absorbance change was micelle formation with a resultant non-specific
increase in light scattering and diminished transmittance. The formation of
absorbant substances calls this assumption in question, in particular
antioxidants whose coloured products are in fact evidence of their
protective action. The experiments described above, while by no means
complete or systematic, suggest that general trends in absorbance with time
and temperature, or the conceptually simpler breakpoint, are subject to
interferences. These interferences obscure any correlations with thermal
stability as measured by more objective methods based on solid deposition,
the phenomenon of practical importance.

Copper - Smith [11] surveyed the effect of incubation with a variety of
metals and alloys on the thermal stability of a specification jet fuel,
employing the ASTM-CRC coker and the high temperature coker. He observed
extreme sensitivity of the fuel to copper and its alloys. As a criterion of
fuel susceptibility he determined changes in the fuel 'threshold'
temperature, similar to the JFTOT breakpoint described above. With the
fuels he employed, measurable deterioration was seen after relatively brief
contact with copper, even at room temperature.

In a survey of copper effects, the metal was brought in contact with
jet fuels at room temperature for varying periods of time, then removed, and
absorbance changes followed during subsequent heat stressing. Copper foil
was cleaned with dilute nitric acid, thoroughly rinsed and dried, and
introduced to the fuel at a ratio of 80 cm2 total surface per 100 ml fuel.
In other experiments copper was introduced into solution as the fuel-soluble
copper naphthenate*, and its effect compared with that of metallic copper.

Figure 18 shows that the effect of prior room temperature contact on
the absorbance-time behaviour of 1062 fuel subjected to thermal stress is
negligible, even after 29 days exposure. In the experiments summarized in
Table 6 breakpoint determinations were shown to be quite unaffected by
contact with copper.

*provided through the courtesy of Witco Chemicals Canada.

.".,..-.
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TABLE 6

EFFECTS OF METALLIC COPPER ON ABSORBANCE BREAKPOINT OF 1062

1062 COPPER (2.5 DAYS EXPOSURE)

A(absorbance)O.050 157.5 157.5
A(absorbance)O.100 163 163

For a closer comparison with Smith's observations, JFTOT breakpoints
were measured on 1062 as received and after 2.5 days exposure to copper. No
deterioration was observed, the breakpoint temperature being in both cases
in the range 290-300°C, within the accuracy of the method.

Copper introduced as soluble naphthenate has a very different effect.
Figure 19 depicts absorbance-time curves for 1062 fuel heated at 140 0C in
the presence of four levels of soluble copper. The effect is discernible
even at the lowest level, 50 ppb copper The relation between this type of
measurement and breakpoint is not very straight forward; as is seen from
Fig. 20, at the three lowest levels of copper the breakpoint is unaffected,
but falls 50-60°C at 5 ppm copper. Again, for comparison, JFTOT
measurements were made on these fuels. Complete JFTOT breakpoints were not
determined, but runs were made at 260°C, the specification temperature.
Maximum TDR readings varied with concentration:

Conc. Cu ppm .05 .5 1 5
TDR max 0 0 17 42

pass pass marginal severe
failure failure

When metallic copper was incubated with fuel 1091, the rate of
absorbance change was greatly increased (Fig. 21) and the breakpoint from
absorbance reduced as shown:

TABLE 7

EFFECTS OF METALLIC COPPER ON ABSORBANCE BREAKPOINT OF 1091

1091 1091 + COPPER

A(absorbance)0.050 145 133
A(absorbance)O.100 153.3 141.4

The absence of metal deactivator, one of the constituents in the
additive package, may have been responsible for this difference.

. . . .. . . . . . . . .- .o
. . -



- 11 -

Fuel 1075 showed a third type of behaviour with metallic copper.
Absorbance change and absorbance-based breakpoint were not affected, but the
stability as determined by JFTOT was degraded. When run at 260"C the
initial 1075 fuel had a visual code rating> 2(3 and a maximum TDR rating of
12, that is, a marginal pass. After 2.5 days contact with copper, the
visual rating was 4, and the TDR reading 51, corresponding to a bad
failure. Hence, with this marginal fuel, i.e. tested just at its
breakpoint, contact with copper resulted In a precipitous loss of stability.
Overall, the effects of contact with metallic copper were highly fuel-
specific.

4.0 SUMMARY

In this note the effects of a number of fuel additives and
contaminants were examined. Interferences were found, suggesting that
absorbance methods would have only a limited application.

So far as a comparison of our results with Daniel's could be carried,
there was no connection between optical phenomena and the appearance of
solid deposits on prolonged heating at 120°C. A direct comparison of the
same set of specification fuels by optical and JFTOT examination appeared
the most useful remaining object of investigation, using the JFTOT as a
reference. It would then be possible to see whether stability trends in
these fuels as determined by one method were observed in the other. This
work was carried out at the same time as that described here, and is
reported in another note.

.. . . . . .. . . . ..-



S - 12-

5.0 REFERENCES

[1] CRC literature survey on the thermal oxidation stability of jet fuels,

CRC Report No. 509, April 1979.

[21 American Society for Testing and Materials. Annual Book of ASTM
Standards, Part 25. D3241, "Thermal Oxidation Stability of Aviation
Turbine Fuels (JFTOT Procedure)".

[3] Reynolds, T.W. NASA TMX-3551, June 1977.

[4] Bagnetto, L., "Thermal Stability of Hydrocarbon Fuels", APL TOR 64-89,
Sept. 1965, and references cited there.

[5] Proceedings of the 27th Meeting of Working Party 15, Air
Standardization Coordinating Committee, May 1982. The presentation
from Shell Thornton has the most recent reference to the use of this
test method.

[6] Snitserov, Yu. V., Khim i Tekhnol. Topliv i Masel, Nov. 1961 (II),
pg. 55-59. (Shell Research Ltd., Thornton, Translation No. 1060).

[7] Schirmer, R.M., "Morphology of Deposits in Aircraft and Engine Fuel
System", Society of Automotive Engineers Preprint 700258, presented at
National Air Transportation Meeting, New York, NY April 1970.

[8] Review of Literature on Storage and Thermal Stability of Jet Fuels,

RTD-TDR-63-4270, January 1964.

[9] Worstell, J.H., and Daniel, S.R., Fuel 60 481-484 (1981).

[10] CGSB Specification 3-GP-526M.

[11) Smith, J.D., Aircraft Engineering 39 19-26 (1967).



-13-

1.0 10.7C139.7* C

0.90

0 *144.6C

w0.8-

0.7

~LL 0.6-

<Z0.5

0

CD0
(0.3-

0.1
1062

HOURS

FIGURE 1 -Absorbance Change in 1062 Fuel as a Function of
Time of Heating, at Several Temperatures



- 1 4 -

1.0

0.9 144.90C

0.8-

134.7C
z

I0.7 0
0

wJ0 .6 -

0.5-
0*

z

o 0.4-

0.

0.1

1091

0 12 3 4 58 78

HOURS

FIGURE 2 -As Figure 1, 1091 Fuel



-15-

1.0 I

0.9-

0.8-

Luz

LU 0.7 -

0 14.3 0 C

I-. 13 .

C

0 0.6 3.1-

0.3

S0.5

HOR

FIUE3Aziue1 05Fe



-16-

0.0 T I I I

1062 1091

Iw

0-0.48

a:0

o -1.2
-j
'IO

0

-16Ea -30.8 Kcal Ea =-35.2 \ KcaI

(a)
(b)

-2.0 1 t I I II I I I I

0.01 -T -I I f I I I I I I I I I I

1075 1062 + PYRIDINE

o -0.4-

z a

Cc

C)
OT

-1.2

C1)

-J-1.6

Ea =-14.3 Kcal Ea =-26.9 Kcal

(C) (d)

-2.0 1 , I I I I I I I I I I I II+

2.30 2.38 2.46 2.54 2.60 2.30 2.38 2.46 2.54 2.60

V/T x10-30K

FIGURE 4 -Arrhenius Plots, Temperature Dependence of Rate of
Absorbance Change (a) 1062 Fuel (b) 1091 Fuel
(c) 1075 Fuel (d) 1062 Fuel + 50 ppm nitrogen
as pyridine

%'i.1



-17-

U, - 7

1.0 _ I

0.9

0.8

z
x 0.7 -
uw 150.7* C

0-139.7 0 c
o 130.10 C
Lu 0.6-

LU

0.
z

CC 0.40
cn

0.3
IZ n-0.42-"

0.1

1062 + 50ppm NITROGEN

0 1 2 3 4 5 6 7 8
HOURS

FIGURE 5 -As Figure 1, 1062 + 50 ppm Nitrogen as Pyridine

................................. -
FIGURE- 5 -. As Fiue 1062.~~. + 50---ppm Nitoge-a Pyridine i-'-'-*a:



S -18-

* 40

ci,

U. 4 0

zzm aw a

-L Qo. C

04 so

13fli 1VIJINI 01 a3HEMO (3NVSHOSSV) V

FIGURE 6 -Absorbance Change with Time for 1062 Fuel, Alone and
with Three Levels Added Pyridine, 135 0C



-19-

U" 0

W~ Uj WJ

cm0
S-ga

6. 6 oL

13nl~ 1VI.LINI1. i aIih3 (30NVSUOSSV) V

FIGURE 7 -As Figure 6, with Three Levels Added Indole



S -20-

30 0PYRIDNE0 NIL
xl

'~20-

E

0

0 10 20 30 40
ppm N ADDED

US0.2-

z
< - 0 1062

x
W &*20ppm N

09 40Oppm N
0

U.

cr 0.1 162 C-
0
z

0 155 C o

0

120 130 140 150 160 170 180
TEMPERATURE (C)

FIGURE 8 -(Lower) Breakpoint for 1062 Fuel, Alone and with Three
Levels Added Indole (Upper) Deposition Effects in Jet
A Fuel as a Function of Indole Concentration (from
reference 9))



-21-

30-

0 PYRIDINE
- 0 INDOLE

x 20

10

0 10 20 30 40
ppm N ADDED

0.2
BREAK PT OC

0.05 0.10
0 1062 158 163 P60

£P20 145 159
N P40 134.5 156 P20

PWe 145 159

0.1 P40

01

120 130 140 150 160 170 180
TEMPERATURE (*C)

FIGURE 9 -As Figure 8, with Three Levels Added Pyridine



-22-

0.9 TEMPERATURE 134oC

0.8

LU 0.7JET A-i
z

0 0.6

I-.

w

z4 7

0.1 0

0
0 1 2 3 4 5 6 7 8

HOURS

FIGURE 10 -Effect of Pyridine, 2, 6-Lutidine and Trimethylpyridine
on Absorbance Change in Fuel 1062, 135oC

-:7



-23-

0.9 TEMPERATURE 1340C

0.8 -JET A-i

ILlZ 0.7-
'Cw
x

0 0.6-
Q

w

O 2,5 DIMETHYL QUINOLINE

z 0 1 2 56

0.2.

............



-24-

0.9-
TEMPERATURE 134C

0.8-
JET A-1

LU

Z 0.7-

0
S0.6-

LU 0.5-
cc N-METHYL

PYRROLE

0,4

41

01

HOUR

FIUE1C sFgre1,wt yrl, n -ehlyrl
as3 Adiie

PYROL

0. 
.

.. ,

. V * *



-25-

1.1 TEMPERATURE 1340C

1.0-

0.9

W 0MET- JET A-1

0.1

0
0. 1 2 3 45 67

2 METHY HOURS

FIUE10.A3-ue10 ihIdoe -ehyidl n

Cabz0easAdi2e

.1 . . . . . . . . . . .

0 . . . . . .
. .. . . . . . . . . . . . .7

. . . . . . . . .. . . . . . . . .

FIGURE~~~~~~~~ 13 AsFgr.0 ihIdl,2Mtyid n

A...t...t...as Additives



-26-

10-

80

x

E

0 4
a.

2

0ORI
0 .02 .04 .06 .08 .10 .12 .14

A (ABSORBANCE) AT 2 HOURS

10 0

0

E 6
E

04-

2

0- L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

A (ABSORBANCE) AT 7 HOURS

FIGURE 14 -Relation Between Effectiveness of Nitrogen Compounds in
(a) Promoting Solids Deposition from heated Fuel
(Ref. 9) and (b) Development of Absorbance in Heated
Fuel



p -27-

0.6
'U TEMPERATURE 140C
z

01062
z 0.5 X 1062 +EGME

0

p.CC 0.4
4 W

W0.3
z

0 0. -

0.1

Z . 0 1091 TEMPERATURE 140C

X 1091 EGME 0
0~-0.8-
'U 0

0 0

U- 0.6

00

0

0

0 1 2 3 4

HOURS

FIGURE 15 -Absorbance Change in Fuel 1091, Heated Alone and with
EGME (0.2% V/V)



- 28 -

0.5 x

h 0
01091

Z 0.4 X 1091 +TOLAD 245z x
xW
1 0

0
I- x
0

m - 0 0"

Ca0.3-0
w
C-
w

0 x ;

x

00

0.2 0

/ .

0.1 1 I 1I ""

0 1 2 3 4

HOURS

FIGURE 16 -Absorbance Change in Fuel 1091, Heated Alone and with
Tolad 245 (45 mg/i)

___ ___ __ ___-. 7 .: . .. . . - . .. .



299

E

+ 0

x- 0.

'C 0x*

x~0

x 0 0x

inIVI I 01 IW311 I3NBUSV r

FIGURE 17 -Absorbance Change in Fuel 1091, Heated and Alone with
Antioxidant 733 PDA 50 (25 mg/i)



- 30 -

0.6I I I I0.6-

-J 0 ORIGINAL 1062 0
X AFTER COPPER CONTACT

S0.5
x

Z 0

0
0.4

LU

LL

LU 0.3-n-

z
< 0.2-
n-

0U)

0. 0 TEMPERATURE 134*C
0.1 TIME OF CONTACT WITH

6COPPER FOIL 29 DAYS

. I I I I
0 1 2 3 4 5 6 7

.06

0 ORIGINAL 1062
.05- X AFTER COPPER CONTACT

zo

0 .04-I.-
Q
LU

LU

Z .02-

0
0 TEMPERATURE 1450C

TIME OF CONTACT WITH

COPPER FOIL 2.5 DAYS

II
0 0.5 1.0

HOURS FIG 18

FIGURE 18 - Effect of Prior Room Temperature Contact with Metallic
Copper on Absorbance Change in Fuel 1062, Conditions
as Listed on Figure

• Ii -

.i .i ? i-.. .i ..? . i-i.2-i.,- .",: -.. i; . _. i . •-.-: .-. . . - . .-. - i.- . ..--.i -... - - .i .? . . % . . ii ..



311

I I I I I 0

0 a. E E E

a: + 0 + + ++ c')
D cm~ N 04 Y 04

W OX+0C)
0.

x 0

0+ x 0 N0

C)~ 0 *x 0

0) *0

0 )OF

(00 )GN

13nl0I 0 01 6M A o3NBO1V r

FIGURE 19 -Absorbance Change in Fuel 1062, Heated Alone and with
Four Levels of Soluble Copper as Naphthenate

Li



-32-

0.3111 1

-j

z U.;

0

a: 1.0 ppm Cu

LL
WU 0.5 ppm Cu

z
< 0.1 5.0 ppm Cu

0
CD)

1062

o 0.05 ppm Cu

90 100 110 120 130 140 150 160 170
TEMPERATURE (-C)

FIGURE 20 -Breakpoint of Fuel 1062, Alone and with Four Levels
Soluble Copper as in Figure 19



-33-

I' 1.3

TEMPERATURE 13900
1.2

1.1

1.0-

r6 W xz

W0.9-

0

CW 0.8- 1091
a: AFTER COPPER
W- CONTACT

0.7

z

O 0.6-

*1 x
0.5-

0.4- 0

0.3-

0.2-

010 12 3 4

HOURS

FIGURE 21 -Effect of Prior Contact (2.5 days) with Copper on
Absorbance Change in Fuel 1091, Heated at 139*C



-35-

UNCLASSIFIED
Security (-tassl a¢at on

II DOCUMENT CONTROL DATA -R & D

(SPCu11tV (.lASSf1dl 10n 1t O i |tle, bully  of abstrdct adnd ,ndeAil annlotation inust hie enlefedI h r the overall |OtllI-t is ilassilied)

I ORIGINATIING AC TIVI TY 26. DOC;UME-NT SE CU I I Y C1 ASSIF ICA TION
r.Defence Research Establishment Ottawa Unclassified

Ottawa, Ontario, CANADA, KlA OZ4 21, GROUP

3 DOCUMENT TITLE

ABSORBANCE CHANGES AS A MEASURE OF FUEL DEGRADATION

4 LDESCRIPTIVE NOTES (type of report and inclusive dates)
Technical Note

AU I HORIS) (Last name. hrst name. middle ,ntlall

J.R. Coleman and L.D. Gallop

, DOCUMENT DATE 7a TOTAL NO OF PAGES 7b NO OF REFS
DECEMBER 1983 33 11

8a. PROJECT OR GRANT NO 9a ORIGiNATOR S DOCUMENT NUMBERIS)

25B DREO TN 83-33

8h CONTRACT NO 9b. OTHER DOCUMENT NO,(S) (Any other numbeis that may be
assigned this document)

10 DISTRIBUTION STATEMENT

Unlimited

11 SUPPLEMENTARY NOTES 12. SPONSORING ACTIVITY

DREO

1, ABSIHACT

A method for following the course of thermal degradation of aviation
turbine fuels was examined, based on the Phillips 5 ml bomb test, and
measuring absorbance changes in the thermally stressed fuel at 340 mu'.
Comparisons were made with a method based on direct measurement of weights
of solid deposited from the fuel.

No correlation was found. The effects of a number of contaminants,
and additives frequently employed in jet fuels was surveyed. No consistency
was found, and it was concluded that the method offered little promise of
being able to rate jet fuels in respect to their thermal stabilities.

0

iD- . .



-36-

UNCLASSIFIED
Srcurit y tilasirtcation

*1 KEY WORDS

Jet Fuel,
Thermal Stability
Optical Absorbance,
Antioxidant (733 PDA 50),
EGME(Wt4r, 22ty. CAeflfy

Anticorrosion Agent (TOLAD 245),. _

0

INSTRUCTIONS

1 O)HIfIINAI IN ACTIVITY Enter the name and address of the 91) OTHER DOCUMENT NUMBER(S) ft the document has been
ogarii.'ton issuing the document, assigned any other document numbers (either by the originator

or by the sponsor), also enter this number(s).
2a. DOCUMENT SECURITY CLASSIFICATION Enter the overall

security classification of the document including special warning 10. DISTRIBUTION STATEMENT Enter any limitations on
terms whenever applicable, further dissemination of the document, other than those imposed

by security classification, using standard statements such as
2b. GROUP Eiter security reclassification group number. The three

qroup dre defined in Appendix *M'ol the DRB Security Regulatros. (1) "Quahfred requesters may obtain copies of this -

document from their defence documentation center
3. DOCUMENT TITLE Enter the complete document title in all

* "adpitdl lettels T'tlis n all cases shoul be unclassified. If a (2) "Announcement and dissemination of this document
- sufficiently descriptive title cannot hr' -- lected without classiti- is not authorized without prior approval from " -

cation, show title classification with the usual one-capital-letter originating activity
i.abtirenwaton in parentheses immedfiately following the title.

11. SUPPLEMENTARY NOTES Use for additional explatatory
4 UESCRIPTIVe_ NOTES Enter the category of document, e.g. notes

techrni:al report, technical note or technical letter. If appropri
it.. r'it' the type of document. e.g. interim, progress, 12. SPONSORING ACTIVITY Enter the name of the (ILpartnenia
-iiiviitidrV. innual Or final Give the inclusive dates when a project office or laboratory sponsoring the research and
specil ip irorting perioi is covered development. InclurJe address.

AUTHOHIS) Enter the name(l of authorlsl as shown on or 13. ABSTRACT Enter an abstract giving a briel andI factual
,, the do...ciir...tt. Enter last tame. first namle, middle initial. simmay if the ocrinmerit, even though it May also appear
It il,11tary, show rank The nante of the principal author is an elsewhere in the body of the document itself It is highly
ilisof~ih, ri limunt re(irremeirt desr able that the abnstract of cl.islied documents be unclassi

tied. Each par.igraph of the abstract shall end with an
6 DOCUMENT DATE Enter the date (month, year) of indication of the security classification of the information

Estahl,ishmeit approval for publication of the document. in the paragraph (unless the document itself is unclassified)
represented as ITS), (S), IC). (R). or (U),

7, TOTAL NUMBER OF PAGES The total page count should
follow io~mrl pagination procedures. ie., enter the number The length of the abstract should be limited to 20 single-spaced
it pal e ontaining ,ntormation standard typewritten lines, 711 inches long

7i %LfIt Ei OF HEFERENCES Enter the total number of 14. KEY WORDS* Key words are technically meaningful terms or
'ci 'i (ti. ited in the dor:iment short phrases that characterize a document and could he helpful

in cataloging the document. Key words should be selected so
H a PR()rE( T Of GRANT NUMBER If appropriate, enter the that no security classilfcation is required. Identifiers. such as

r.apphiafe .ewarch and development project or grant number equipment model designation, trade name, military project code
iiiilr'r whii h thi' document was written name, geographic location. may be used as key words but will

lie followed by an indication of technical context.
Ht CON I HA( I NUMBER If appriprile. -lee the applicable

ni ,lt)-I o-iIrr which the dociirient was wrIt ll"

'I, 1HI(,iNATUR'S DOCUMENT NUMBI HISI Enter the
,ii In'. inmrit irnlrt, by which the do imerit will be

.i',it .'iI . cl controiled by the or-ir irting a.tin ity This
. . ....... .......... b.. ..... ,u t.o ............

-. * - . -*-* .5- - .- a t.....i.2itSLA..,L . ..a**--- a -



rI.

FILMED

DTIC




