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SUMMARY

Five high density fuels and three distillate fuels were analyzed
by capillary column gas chromatography (GC). Many of the major components
of the distillate fuels were identified by gas chromatography-mass spec-
trometry (GC-MS). The molecular weight of the isomers of the high density
fuel components was also determined, but the structures of only a few
components were assigned by comparing the GC retention times with authentic

samples.

The concentration and identity of the majcr water-soluble fuel com~
ponents were also identified. The major aromatic components were benzene,

toluene, ethylbenzene, the xylenes, 1,2,4~trimethylbenzene, naphthalen,
and the methylnaphthalenes.

The solubility of the high density fuel components was less than
0.02 mg liter‘l except for exo-tetrahydrodi(cyclopentadiene), which was
less than 0.1 mg liter-l. A correlation between the water solubility
of the fuel component, S, and the fuel-water partition coefficient, K

fw’

was found, where wa = =0.799 log S + 1.664 for JP-4, JP-5, and JP-8 at

-20°C in deionized water at a fuel:water ratio of 1:1000.

The volatilization rates of the water-soluble components of JP-4,
JP-8, and JP-9 were measured by preparing sclutions of the fuel components
in water, stirring at three stirring rates, and measuring the rate of
decrease of the concentration of each component by GC as a function of
time. The ratio of the component volatilization rate constant to the
oxygen reaeration rate constant, k /k , was measured. The average value
of k /k for the alkanes and substituted benzene components was 0.52 +
0.09, which means that liquid phase mass transport rasistance determines
the volatilization rate. The estimated half-lives in the environment
were 7 days in ponds, 1.5 days in rivers, and 6 days in lakes. The vola-

tilization rates of naphthalenes, the methylnaphthalenes, and perhaps the
i
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tetra-s ibscituted benzene derivatives were somewhat slower, suggesting

that both gas and liquid phase mass transport resistance determine their
volatilization rates.

The water-soluble components of JP-4 were photolyzed for 2} days in

sunlight in deionized water, natural seawater, and water from a lncal
pond. The alkanes, benzene, toluene, and the other mono-substituted
benzenes were stable. The xylenes photolyzed slowly. The tri-substituted

and higher benzenes and the naphthalenes were transformed at rates that

were competitive with their volatilization rates.

The distribution of the fuel components was estimated, using the
method recently proposed by Mackay and Patterson (198l). The alkanes
should partition almost entirely into the atmosphere, the monoaromatics
should be in both the air and water, and the naphthalenes should partition
into the water and sediment phases. Adsorption of the alkanes and mono-
aromatics should not be a major environmertal fate. The primary environ-
mental fate of many of the alkane -and monoaromatic fuel components
should be transport into the atmosphere where photolysis should be rapid.

1t is recommended that. the rate of dissolution and evaporation of
' Vs
the pure fuels be studied/ in detail because these processes may be the

rate-limiting transport processes.
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SECTION I

INTRODUCTION

In recent ye:rs considerable interest has been focused on the fate

of substances accidentally released to the environment. The broad

objective of this research project was to determine the aqueous environ~-

mental chemistry of the Air Force hydrocarbon aviation fuels and to

proride information that can be used in environmental assessments. The

"

specific objectives were to:

Develop simple procedures for analyzing five high density fuels

°
and the major components {greater than 0.5% by weight) in
three distillate fuels.

& Measure the "water-soluble" fuel components in deionized water
and seawater.

e Measure the volatilization rates of the majecr fuel components in
deionized water and seawater.

s Study the photolysis of the "water-soluble" fuel components in

‘deionized water, a natural fresh water, and natural seawater.

The study did not include measurements of adsorption or biotransformation
of the water-soluble components.

As the project progressed, tihw problem of defining the water-soluble

fuel components arose because the fuels are all complex mixtures and the

solubility can be defined several ways. It was arbitrarily decided to

equilibrate the fuels at a fuel:water ratio of 1:1000. However, the

project scope was later modified, and the concentrations of the major
distillate fuel compoilents, down to the detection limit of about 0.02 ppm,
were measured at 20°C and at fuel:water ratios of 1:10, 1:100, 1:1000,

and 1:10,000 in deionized water and artiricial seawater.
The following fuels were studied (they were used as received from

the Air Force):

ot
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High density fuels

JP~10: pure exo-tetrahydrodi(cyclopentadiene)
- RJ-4: tetrahydrodi(methylcyclopentadiene)
- RJ-5: pure endo, endo-dihydrodi (norbornadiene)

- JP-9: 10% to 12% methylcyclohexane, 65% to 70% J?-10,
and 20% to 25% RJ-5

RJ+-6: blend of RJ-S and JP-10
Distillate fuels

- JP-4: a mixture of gasoline and kerosene distillates

- JP-5: a kerosene-based distillate that meets Navy flash
point specifications

- JP=-8: a kerosene-b.sed distillate that is similar to JP-5
and coamercial Jet A-1.
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SECTION 11

BACKGROUND

1. FUEL STRUCTURES AND PROPERTIES

Two types of Air Force aviation fuels were studied in this research

program: distillate fuels and high density ram jet fuels. The distillate

fuels, JP-4, JP-5, and JP~8, are petroleum hydrocarbon fractions and
contain alkanes from 03 to Cl6’ c¢yclic alkanes, and substituted one~ and

two-ring aromatics. The detailed physical properties of these fuels are

sumnarized in Appendix 4.
The high density fuels studied, RJ~4, RJ-5, RJ-6, JP~9 and JP-10,

RJ-5 is formed by a Diels-Alder reaction of norbor-

are synthetic fuels.
1978). Some of

nadiene (I) followed by hydrogenation (Burdette et al.,

the major possible isomers are shown below.

~ DA
/[  Du,/pt % + E@ + others
I

JP-10 formed by a Diels-Alder reaction of cyclopentadiene (II),

followed by hydrogenation. The major isomers are:

RJ~6 is a hlend of RJ-5 (50%-55%) and JP-10 (40%-45%). JP-9 is a

blend of RJ-5 (20%-25%), JP-10 {65%-70%), and methycyclohexane (10%-12%).
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RJ~4 ic formed by a Diels-Alder reaction of methylcyclopentadiene

(ILT) followed by hydrogenation. The backbone of the dimers are similar

to the iscamers of JP-10, but the addition of the methyl groups increases

the possible number of isomers by a factor of four or more.

CH,
m |
+
. 1) A +
—_— ci,
2)H,/Pt _ g
>
III . .
__ CH,

The high density fuels also contain an antioxidant: RJ~4 contains
2,6-di~t-butyl-4-methyl phenol (IV), and RJ-5 and RJ-6 may contain IV,
2,4~dimethyl-6-t-butylphenol fV), or 2,6-di-t-butylphenol (VI).

OH OH OH
v v

VI

CH

H

CH

The density of the fuels is an important physical property when the
partitioning of fuel components between the bulk fuels and water is
studied. The densities of the fuels, as summarized in Table 1, are
taken from the physical property data provided by the Air Force and
included in Appendix A.
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TABLE 1. DENSITIES OF FUELS STUDIED

Specific Gravity

Fuel Gravity at 60°F
Je-4 54.3 0.7616
JP~5 42.6 0.8128
Jp-8 62.3 G.8142
RI-4 21.8 0.9230
RJ=5 NA 1.0890
RI-6 8.2 1.0129,
JP-9 17.8 0.9368
JP-10 19.2 0.9390

*
Estimated from the densities of
methylcyclohexane, JP-10, and RI-3.

2.  ANALYSIS OF DISTILLATE FUELS

Analysis of petroleum~derived distillate fuels has been the subject
of intense research for years. In this study, the objective was to identify
the major hydrocarbon components greater than 0.5Z by weight. Therefore,
our literature review focused on chromatographic separation techniques
such as liquid-liquid-solid chromatography to obtain major fuel fractions,
followed by high resoltuion GC and GC-MS to separate and identify the

individual fuel components.

Suatonl and coworkers (1975a, 1975b) have described two high perfor-
mance liquid chromatography (HPLC) methods for separating fuel fractions
into alkanes (saturated), olzfins, and aromatics. They proposed that
this method could be used as a substitute for the ASTM D1319 standard
method (ASTM, 1973). However, the amount of fuel used in this method is
small, so the sample available for subsequent GC analysis is also swall,
Also, the sample is in methanol-water or a fluorccarbon after elution from
the HPLC column, and extraction into a solvent suitable for the GC analysis
would be difficult. A similar method was proposed by Stevenson (1971).
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Alternative liquid-~solid chromatographic separation methods have been
reported by Hirsch et al (1972) (and numerous studies cited in this
reference). Hirsch's method involves the use of a dual-packed coluun
(2.54-cm OD by 244-cm high) containing silica gel and alumina. The
hydrocarbons are eluted with n-pentane to elute the saturated alkanes,

5% benzene in n~pentane to elute the monoaromatics, 15% btenzene iu
n-pentane to elute the diaromatics, and 20X ether-2C% benzene -607% methanol
to elute the polycyclic aromatics. Although the metnod gives excellent

separations, it is very cumbersome and time consuming.

A much simpler method has been suggested by Warner (1976), who sepa-
rated aliphatics, monoarmatics, and polyeyclic aromatics by liquid-solid
chromatography on silica gel. The 0.9 x 25 cm column was packed wet in
petroleum ether. The saturated hydrocarbons were eluted with 25 ml petro-
leum ether. Fraction 2 contained the mono~ and diaromatics and most of
the olefins. Fraction 3 contained the triarmoatics. The method appears
to be very simple and gives an excellent separation of the saturated

hydrocarbons from the aromatics.

Solash and Taylor (1976) used silica gel chromatography to separate
aliphatics from aromatics in shale oil derived JP~5. Gearing et al (1980)
used a similar method to separate the hydrocarbons in No. 2 fuel oil

However, the experimental details were not reported in either case.

High resolution GC analysis of the more volatile petroleum distillates
are commonplace methods within the petroleum industry. The classic refer-
ence is by Sanders and Maynard (1968), who used squalane coated on a
stainless steel capillary column. More recently, Whitmore (1979) published
an extensive list of hydrocarbons in their order of elution from metal
squalane columns. This technique has a major disadvantage, however, in
that squalane columns cannot be heated to more than 120°-~140°C, and the
use of solvents such as hexane, methylene chloride, or carbon disulfide

is not practical.

*
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About two-thirds of the way through this project, data were received
from Major Donald Potter, U.S. Air Force, Wright-Patterson AFB. Major
Potter and hie staff chrouatographed authentic samples of about 75 hydro-
carbons on fused silica capilliary columns coated with OV-101 and QV-17
and calculated the Kovats indices (see Kovats, 1958, and Section 1IV) for
the compounds. Then they analyzed fuel samples from the same batches of
JP~4, JP-5, and JP-8 as studied in this work. These data were made avail-
able to use after we had identified the major fuel components by capilliary
column GC and GC~MS, as described in Section IV 2.

3.  ANALYSIS OF WATER~SOLUBLE FUEL COMPONENTS
a. Theory

The water—soluble fraction of a hydrocarbon fuel is in fact the
equilibrium partitioning of the individual fuel components between the
hydrocarbon-saturated aqueous phase and the water-saturated hydrocarbon
phase, The physical chemistry principles are the same as for the octanol-
water partitioning of pure chemicals, except that the organic phase is a
complex mixture. As discussed ia detail by Mackay and Patterson (1977,
i981), the hydrocarbon fuel-water mixture will be at equilibrium if the
fugacities of each of the ith components (fi) are equal in the hydrocarbon
and aqueous phases. Thus

£ = £y (1)
Fugacity can be considered an escaping tendency of the substance from a
phase and has units of pressure. It is an especially useful concept
because at low concentrations (ideal solutioms) fugacity is proportional
to concentration. The proportionality constant between the fugacity and

concentration is called the fugacity capacity, where
f=2zC (2)
In an ideal solution, the fugacity of a solute is
f=xy £ 3)

where x {g the mole fraction, y is the activity coefficient, and fR is the
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reference fugacity. If the Raoult's law convention is used to define v,
y+1las x+ 1 (4)
Then fR is the vapor pressure of the pure liquid component, Ps, and
£f=xypP® (5)
1f an orgamic solute is partitioned between an organic solvent and

water, and the system is at equilibrium

o _ W

£9 = £ 6)

0.0 .8 W W .8
Xy Pyomoxgovy By 7
o o0 _ W W

XgYg "Xy Yy (®)

Also, the equilibrium can be expressed in terms of a partition coefficient,
K_, where
ow

S co/c¥ (9)

From equations (2) and (9), at equilibrium

O _ W _ a0, 0 W, W
f1 fi Ci/zi - Ci/zi (10)
0, W o, w

K w °1/°1 zi/zi (11)

The fugacity coefficients, z: and z:, are equal to 1/H in both phases,

because

z=C/f =C/P% = 1/H=x/vE=1l/vyD® (12)
(13)

where v is the molar volume of the solute. Then,

W W, 0 0
Kow = Y1 M/ Yy (14)
because the vapor pressure, P® cancels. This development has been used
by Mackay and Patterson to discuss the partitioning of a solute between

octanol and water (Mackay, 1977; Mackay and Patterson, 1981), but it should
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apply just as well to the partitioning of a fuel component between the

bulk fuel (the organic phase) and water. Mackay also points out that

v: and vz are constants and that y: is fairly constant in octanol (about
1-10)., Since a dilute solution of one hydrocarbon in another is nearly
an ideal solution, Yz should be about 1 if the organic phase is a hydro~
carbon fuel. This means that the partitioning of a fuel component between

a bulk fuel and water is governed 2lmost entirely by y:.

Mackay et al (1980) and Banerjee et al (1980) have developed cor-
relations of Kow for octanol and the aqueous sclubility of an orgafnic

solute. Mackay's equation is:
In K, = 7.49 - 1n ¢® (for liquids) (15)
In K, = 7.49 - In ¢S +6.79 (1 - T,/T) for solids (16)
Banerjee's cnuation is:
.3 - "S -
log K = 6.5 ~0.89 log C” - 0.015 T, (17)

where TM is the melting point, which is in Kelvin in Mackay's equation
and in Celsius in Banerjee's. If thg substance is a liquid at 25°C, TM
= 0 in Mackay's equation and 25°C in Banergee's. It should be possible
to develop similar equatiouns for the partitioning of a hydrocarbon solute

berwaen the bulk fuel and water.

Mackay and Patterson (1981) have derived the value of z for a

chemical in the different compartments of the bicsphere:

e Water: 2z, = 1/4 (18)
o Air: z = 1/RT (19)
e Sorbed phases (sediments): z° Cs/HCw = Kpps/H (20)
e Biota: 2, = Kbpb/H (21)

where Kp is the adsorption partition coefficient on the suspended sedi-
ments, p is the deusity of the sediment, or biota and Kb is the adsorp~
tion partition coefficient on the biota (in water). (See Mackay and
Patterson, 1981, for an excellent discussion of these concepts.) They
have also used this basic approach to develop several simple models of

the environmental face of a chemical. The basic assumptions of this
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model are that the environment can be divided into separate compar<ments
and that the rates of loss or transformationof the chemical in each com-
partment are independent. 1In the level I model, they calculate the pai-
titioning of a chemical among the air, soil, water, biota, suspended
sediments, and sediments. 1In the level II approach, the loss rate from
each ~ompartment is also calculated. A simple application of these
models is i1llustrated in Section V.l of this repnrt.

b. Laboratory Measurements

During the literature review, several methods for determining water-
soluble hydrocarbons were found. Three basic analytical methods are
generally used: direct aqueous injection and analysis by GC or HPLC,
extraction followed by GC analysis, and purge-trap.

Dell'aqua et al (1976) described an extraction wethod for analyzing
the water-soluble portion of gasolines., A 2-~liter water sample was
acidified and extracted with 10 ml solvent. The extract was dried over
sodium sulfate and analyzed on 2-m packed GC columns using a flame ioni-
zation detector (FID). The authors commented that, although 082 could
be used, hexadecane was the best solvent because it did net interfere
with the FID response to the lower molecular weight fuel components.
This method was used as a qualitative method for fingerprinting ground-
water samples that had been contaminated with gasoline. Identification
of the major fuel components was not adequate for the work described in
this report because the GC column resolution was poor. However, the

use of hexadecane as an extracting solvent was an excellent idea.

Price (1976) reported an extensive study of the solubility of pure
hydrocarbons and petroleum fractions in water. He used 0.32-~cm (1/8-in.)
copper GC columns packed with uncoated Poracil ® or Poracil Fe>for the
analysis. The hydrocarbon-to-fuel ratio and sample GC traces of the
petroleum fractions were not reported. However, the resolution of the
column would be poor. The solubility data for the pure hydrocarbons at
25°C were determined by equilibrating the hydrocarbon with the fuel in
screw-cap test tubes fitted with Teflon® or aluminum foil lined septa.

The samples were equilibrated, apparently without stirring, for four days.
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Then the aqueous phase was sampled with a syringe needle, which pierced
the septa and the remaining hydrocarbon pliase. The aqueous sample was
anlayzed directly by GC. Price reported that equilibrium was reached

in two to four days. The solubllitv data for the petroleum fractions
are not usable because the hydrocarbon-to-water ratio ani the solubility

of individual components were not reported.

McAuliffe reported the solubility in water of 65 hydrocarbons
(McAuliffe, 1966) and n~alkancs (McAuliffe, 1969). Excess hydrocarbon
was equilibrated with water by shaking for 1 hour or stirring for 1 day.
The samples were allowed to stand for two days before analysis by GC.

No hydrocarbon druplets were visible b» phase contrast microscopy, which
means that the droplets, if present, were less than 0.2 um. The data
from Price (1976) and McAuliffe (1966, 1969) are in excellent agreement

and are summarized in Table 2.

Berry and Stein (1977) described a direct aqueous injection method
for determining the water-soluble fraction of gasoline. The hydrocarbon
and fuel samples were equilibrated in 1 liter of water with rapid stirring
The solution was then poured into a l-liter separatory funnel and allowed
to separate for 16 to 18 hours. About 950 ml of the aqueous fraction was
removed from the separatory funnel and "...mixed for 2 hours to disperse
the water soluble components.'" It is our ooinion that this last comment
puts the entire study of Berry and Stein in question, because the impli-
cation of dispersing the water-soluble fraction is that the pure fuel or
hydrocarbon was still present in the aqueous fraction and the rapid
stirring of the aqueous phase means that the water-soluble components
would be rapidly volatilized from the solution of be equilibrated with
the headspace if the vessel were closed. The samples wetre analyzed by

direct aqueous injection on packed GC columns using a FID.

Klein and Jenkins (1981) describad the purge and trap method (Bellar
and Lichtenberg, 1974) and a pentane extraction method for determining
the water~soluble fraction of distillate jet fuels. The water-soluble
fraction was produced by a continuous flow solubilizer described by
Krugel et al. (1978). The apparatus consists of a series of vertical

11
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TABLE 2. SOLUBILITIES OF FURE HYDROCARBONS IN WATER AT 25°C

: Solubility »
(mg liter-l) N
Aliphatic Hydrocarbons a_ __ b “
n~Pentane 39.5 38.5 i
n-Hexane 9.47 9.52 3
n-Heptane 2.24 2.93 k
n-Octane 0.431 0.66 k:
n~-Nonane 0.122 0.220 K
2,3=Dimethylbutane 19.1 - ;o
2,2-Dimethylbutane 21.2 18.4 3
2-Mathylpentane 13.0 13.8 ;
3-Methylpentane 13.1 12.8 X
2,4-Dimethylpentane 4.41 4.06 !%
2,2-Dimethylpentane 4.40 - 3
2,3-Dimethylpentane 5.25 - é
3,3-Dimethylpentane 5.94 - i
2,2,4~Trimethylpentane 1.14 2.2 3
2,3,4-Tyimethylpentane 1.36 - §
Isopentane 48.0 47.8 %
2-Methylhexane 2.54 -— 4
3~Methylhexane 2.64 - _g
3-Methylheptane 0.792 - 3
4-Methyloctane 0.115 - j
Indane 88.9 - :
Cyclopentane 160.0 156.0 ¥
Methylcyclopentane 41.8 42.0 g
1,1,3~Trimethylcyclopentane 3.73 - 1
Cyclohexane 66.5 55.0 4
Methylcyclohexane 16.0 14.0 3
1,4~trans-Dimethylcyclohexane 3.84 - i
1,1,3~Trimethylcyclohexane 1.77 - g
8price (1976).
PMcAuliffe (1966, 1969),
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TABLE 2. SOLUBILITIES OF PURE HYDROCARBONS IN WATER Al 25°C (Concluded)
. Solubility .
i (mg liter-l) L.
‘ Axomatics a b :
Benzene 1740 1780 ?
Toluene 554 515 P
m-Xylene 134 - | 4
c-Xylene 167 175 \f
p-Xylene 157 - ;a
1,2,4~Trimethylbenzene 51.9 57 EQ
1,2,4,5-Tetramethylbenzene 3.48 - |3
Ethylbenzene 131 152 %j
i-Propylbenzene 48.3 50 id
i-Butylbenzene ' 10.1 -— .
Naphthalene 34,1° 'ﬁ
“Mackay and Shiu (1977). %
A
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columns containing the fuel, Water is dripped slowly through the fuel
and passes svccessively from one column to the next. The authors
reportad that there were significant changes in the romposition of the
water-soluble fractiou. Tt is not possible to estimate the fuel-to-water
ratic in their apparatns. Additional details of the composition changes
are reported by Klein and Jenkins (1981).

Klein and Jenkins (1981) also showed that the GC chromatograms of
the pentane extracts and purge-trap analyses of JP-8 water-soluble
fraction were very similar. However, with JP~4, the pentane obscured the
low molecular weight (06-06) hydrocarbons of JP-4. Klein and Jenkins
also concentraited the JF-4 and petroleum-derived JP-B8 pen-ane extracts
before analysis and lost 30% to 50% of hydrocarbons, compared with the
recovery by purge-trap. Uufortunacely, the authors did not identify or

quantitate the fuel compouents.

Laughlin et al (1979) determined the water~soluble fraction of
No. 2 fuel oil (American Pecroleum Institute reference oii I11) using
hexane extraction and ultraviolet spectrocopy. They stated that the
major components of the hexane extracts were naphthalene (Amax = 221 nm),
methylnaphthalenas (Amax = 224 nm), and dimgtbyluaphthalenes (xmax T
228 nm). GC analysis was noi reported.

Gearing et al (1980) reported the extraction and capillary column
GC analyses of the water-soluble fractions of No. 2 fuel oil. They used
petroleum ether ro extract the fuel, column chromatography on silica gel
or silica gel/alumina to separate tlie aliphatic and aromatic fractioms,
and SE-52 and OV-10l1l coated glass capillary GC columns. The identifica-

tion of specific peaks was not rr orted.

4, VOLATILIZATION FROM WATER

The vol-tilization rate of a chemical that is dissolved in water is

a first-order process. Therefoire, the volatilization rate is

ac _ _
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kv=L<k+Hk) (23)
4 :4
where C 1{s the concentration of the chemical in water (moles litex‘l

= M)
k is the volatilization rate constant (hr ), L is the solution cepth
(cm), k is the liquid phuse mass transport coefficient (cm hr ), il 18
Henry's congtant (unitless as defined here), and kg is the gas phase mass
transport coefficient (cm hr-l). The derivation of these equztions,
which are an expression of the two-film tlieo~’, has been described by
Whitwan (1923), Liss and Slater (1974), Mackay and Lieonen (1975), Smith
and Bomberger (1980), Smith et al (1980, 1981). The major assumptions

ave as follows:

e The gas and liquid bulk phases are homogeneous (well-mixed).

® A stagnant boundary layer exists in both phases near the inter-
face, where the turbulence is laminar and mass transport across
the boundary layers is only by diffusion.

e At the air-water interface the chemical is at equilibrium in
the gas and liquid phases as determined by Henry's law.

e Heury's ccnstant is defined by

C? = H Cl (24)

where Cg and C2 are tie concentrations of the chemical in the gas and

liquid phases.

Typical values of tha mass transfer coefficients for the open ocean
were estimated by Liss and Slater (1974). They suggested that kz = 20
cm hr_l for CO2 and k & 1000 to 3000 cm hr -1 for water. If H is greater
than about 5 x 10 R the seccond term of equation (23) is smaller than
the first term, and liquid phase mass transport resistance determines
the volatilization rate. Similarly, if H is less than about 5 x 10™2,
the first term of equation (23) is smaller than the second and gas pl.age
mass transport resistance controls the volatilization rate. If H is

between 5 x 10-2 and 5 x 10_4, both terms are important.

The value of H can be measured by several methods, such as parti-
tioning the chemical between the air and water phases (McAuliffe, 1971)
or by stripping an aqueous solution with air (Mackay et al., 1979).
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Typical values of H for hydrocarbons in the distillate jet fuels are
summarized in Table 3, If measured values of H are not available, they
can be estimated from the vapor pressure and solubility in water of the
pure material (Mackay and Wolkolf, 1973).

The values of H for the representative liydrocarbous that are present
in the distillate fuels are much greater than 5 x 10-2, suggesting that
the volatilization rates of the distillate fuels should be controlled by
liquid phase mass transport resistance. Vapor pressure and solubility
data for the high density fuels are not available, but the fuels are
composed of ClO’ C12’ or C14 hydrocarbons. A value of H for n-decane is
available (499, Table 3), and the values of H for the high density fuels
should be of similar magnitude. Thus, the volatilization rates of the
high density fuels and all the components of the distillate fuels, except
naphthalene and its derivatives, are expected to be controlled by liquid

phase mass trensport resistance.

If 1iquid phase mass transport resistance controle the volatilization

rate, equation (23) reduces to

k = kz/L (25)

h% 4

(Smith et al , 1980 and references therein) because the second term in
equation (23) is much -ma-ler than the first term. Furthermore, the

mags transfer coefficients are equal to
ky = Dyl8y (28)

kg = D./s, (27)

where D is the diffusion coefficient of the chemical in water or air and
§ 18 the boundary layer thickness in the water or gas phase. The ratio
of the volatilization rate constants for two substances such as the fuel
component and oxygen which are both controlled by liquid phase mass trans-

trangport resistance, will be a constant, since

c,0 c,0 C,.0
- = - 2
kv/kV kzlkz D£/D£ constant (28)
The superscripts C and O refer to the chemical or fuel component and

oxygen, raspectively.
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0 TABLE 3. HENRY'S CONSTANTS FOR SELECTED HYDROCARBONS

Aliphatic hydrocarbons
n-Pentane
n-Hexane
n~Decane
Cyclopentane
Cyclohexane

Methylecyclohexane

Arouwatic hydrocarbons
Benzene
Toluenc
Ethylbenzene

Naphthalene

8Mciuliffe, 1980.
PMcAuliffe, 1971.
cMackax et al, 1979.

Henry's Constant
(unitless)

0.230°
0.219
0.272%
0.275°

0.349°
0.339
0.020°

b
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The validity of equation (28) has been demonstrated in our laboratory,
as well as in several others (Smith et al , 1980 and references therein).
For instance, the data summarized in Figure 1 show that for benzene the
ratio kclkg is independent of temperature, salinity, surfactant, and
stirring rate (liquid phase turbulence), within experimental error

(Smith et al , 1980).

Oxygen is a particularly convenient choice for the reference compound.
It has a high volatility (H~6.6, which was estimated from the solubility
of oxygen in water, Weast, 1973), and its concentration in water is
easily measured with a dissolved oxygen analyzer. Representative values
of ko in various environmental situatlons are available (Table 4). The
value of kg is determined by measuring the oxygen reaeration rate in a

solution that has been purged with N2 or He to remcve the dissolved

oxygen. Then
afo,]
T ([ozlsat - [02]c> (29)

where the subscripts sat and t refer to the dissolved oxygen concentra-
tion when the solution is saturated or at time t. Then, ks is the slope

of a plot of 1ln ([02]sat - [0 ] ) versus t.

Since the ratio k° /k is constant (if H>5x 107 2 ¥, then
c C
() - (1),
and
c 0
(kv)env (k Ik )lab (kv) env (31)
The value of (k /k v/1ab is measured by measuring the volatilization rate

of the chemical and the oxygen reaeration rate at the same time. Values

of ko) have been estimated several ways, and typical values have

env
been suggested by Smith et al (1980), as summarized in Table 4. Thus,
this method 18 a very simple way to estimate the volatility of the water-

soluble fraction of the fuels from water.
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Figure 1. Volatilization Data for Benzene
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TABLE 4. OXYGEN REAERATION RATE CONSTANTS (kg) IN REPRESENTATIVE WATER BODIES

Typical Values Selected

Literature Values kv kv L
(day ) $d81-12 ghr-lz (cm)
Pond  0.11-0.23% 0.19 0.0080 200

River 0.2°0.1-9.3°  0.96  0.046 300

Lake 0.10-0.30 0.24 0.010 500

"Metcalf and Bddy (1972).
bGrennev et al, (197x).
cLangbein and Durum (1967).
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SECTION TII

METHODS AND RESULTIS

1. GENEKAL M®ETHODS

The experimental methods and results are summarized in this section.
Details are given in the appendices. Appendix A gives the results of
standard method of analysis of the fuels supplied Ly the Air Force. A
combination of caplilliary column GC, liquid solid column cliromatography,
and GC-MS was used by SRI to identify the principal fuel components.

The details of the experimental methods and instrument conditions are
given in Appendix B; the GC and GC~MS traces and compiete tables of the

experimental data are included {in Appendix C.

Warner's (1976) method for separating the aliphatic monoaromatic
and polycyclic aromatic hydrocarbon fractions of distillate mixtures
was used in this study because of its simplicity. A batch of 90 to 200
mesh silica gel was washed with methylene chloride and activated at 155°C.
A 100-pl aliquot of the fuel was separated on 10 g of silica gel in a
0.9«cm-1.D. column. The aliphatic hydrocarbons were eluted with 25 ml
hexane; then the substituted benzeres and naphthalenes were eluted with
25 ml of 20% methylene chloride~80% hexane. A second 25-ml volume of
207% methylene chloride-80% hexane would contain the higher polyeycylic
aromctics, but they were not observed. The concentrations of the fuel
components in the column eluates were high enough that they could be

analyzed by GC and GC-MS without concentration.

Both the fuels and the column c¢luates werc analyzed by capillary
column GC and by capillary column GC~MS. Initial results were obtained
with a 25-m by 0.21-um~-ID SP-2100 column, but most of the results reported
here were obtained using a 30-m by 0,25-mm-ID SE~30 column. Both §P-2100
and SE-30 are methyl silicone liquid phases. The results of the GC-MS
analyses of the entire fuel and the fractions showed that separation of

the aliphatics and aromatic components was 100% within experimental error.
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GC analyses of the pure fuels were made by both split and splitless
injection of the fuels diluted in either carbon disulfide (CSZ) or hexane,
In the split injection mode, a 0.1-Hl sample was injected. Most of the
carrler gas in the injector was vented so that only 0.5% of the injected
sample passed through the GC column. Thus, neat or concentrated samples
could be analyzed,

In the splitless mode (Grob and Grob, 1974), the entire injected
sample was passed onto the column, and the gsolvent effect on the liquid
phase of the column caused the semple to concentrate at the head of the
column. Therefore, it is the method of choice for the aunalysis of aqueous
extractioms. However, the disadvantage of the method is that the solvent
peak obscures the light end components so that cyclohexane and benzene

are the first quantifiable peaks.

The results of the split injection GC analyses of the distillate
fuels are shown in Figures 2 through 4. The results of the splitless
injection GC analyses of the high density fuels are shown in Figures 5

through 9.

2. IDENTIFICATION OF FUEL COMPONENTS
In the distillate £uels'analyses, the Kovats retention indexes

(Kovats, 1958) were calculated using the following equation:

M (n-Cz)
N(n~-Cz)

log vN(gubstance) ~ log V

108 Vy(n-cz+1) = 108 V

+ 100z (32)

I = 100

where VN = net retention volume, n-Cz = n~paraffin with z carbon atoms,

n-Cz+l = n-paraffin with 2 + 1 carbon atoms and z = an integer where

VN(n—Cz) s VN(substance) < vN(n—Cz)+l) (33

A solution of n-alkanes from n-heptane to n-octadecane was prepared
in CS2 and analyzed separately to obtain the retention times of each
n-alkane. Then the solution was co~injected with a soluticn of each
fuel, and the Kovats index of each peak was calculated. Once these data
were tabulated, it was possible to identify the GC peaks in the extracts
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from aqueous solutions by their Kovats indexes, and G(-MS analysis of

each extract was not required.

Two types of GC-MS analyses were perforumed to identify the major
fuel components of JP-4. The low boiling fraction (compounds eluting
before n-nonane) was analyzed by an LKB GC-4S5. A neat sample of the
fuel was split during injection and was separated on a 40-m by 0.5-mm-ID
OV-101 column, The components were identified by comparison with refer-
ence spectra (Stenhagen et al., 1974). For isomers that gave similar
spectra, the boiling points were used to determine elutiou order. These
identifications were confirmed by comparing the Kovats indexes with those
compiled by Major Donald D. Potter, U.S. Air Force. Tables 5 through 7
list the major components of JP-.,, JP-5,and JP-8,

The higher boiling fractions of the distillate fuels and all the
high density fuels were dissolved in 082 and analyzed by the splitless
injection technique on an SP-2100 fused silica capillary column. The
mass spectrum of each peak was obtained on a Finnigan 3200 GC-MS.

The concentration of each component was calculated from the peak
area determined from the GC analyses with FID. Since pure, authentic
gsamples o f each identified fuel component were not available, the total
resporse factors for each peak were calculated in the following way.
First, if the FID response factors are normalized to u-hexane = 1.00,
then with the exception of benzene and toluene) the detector response
factors for aliphatic and low molecular weight arvuwatic hiydrocarbons
are proportional to the number of carbon atoms, within about + 4% (Ettre,
1962). The detector response factor for benzeme is 1,12 and toluene is
1.07. Therefore, it was assumed that the detector response factors for
all compounds except benzene and tolueme are 1.00. Secoud, the GC
injector may be selective for compounds of low versus high Loiling points.
The total GC response factors were measured by prepariung a solution of

n-alkanes from n~heptane to n-octadecane and analyzing the solution by

31
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TABLE 5. MAJOR COUPONENTS OF JpP-4

Kovats Percent by

§ Fuel Component Index Weight
5 n-Butane 400.0 0.12
) Isobutane 466.3 N.66
§ n-Pentane 500.0 1.06
| 2,2-Dimethylbutane 527.7 0.10
d 2=-Methylpentane 562.4 1.28
A 3-Methylpentane 578.7 0.89
; n-Hexane 600.0 2.21
, Methylecyclopentane 622.0 1.16
2,2-Dimethylpentane 629.1 0.25
. Benzene 644.5 0.50
: Cyclohexane 653.6 1.24
: 2-Methylhexane 669.5 2.35
E J~Methy.lhexane 677.3 1.97
3 trans~1,3-Dimethylcyclopentane 679.6 0.36
cis-1,~Dimethylcyclopentane 681.9 0.34
cis~1,2-Dimethylcyclopentane 684.4 0.54
n~Heptana 700.0 3.67 }
Methylcyclohexane 715.1 2.27
2,2,3,3=Tetramethylbutane 720.5 0.24
Ethylcyclopentane 729.8 0.26
2,5=Dimethylhexane 737.3 0,37
2,4<Dimethylhexane 738.4 0.58
1,2,4-Trimethylcyclopentane 740.8 0.25
3,3~-Dimethylhexane 743.3 0.26
1,2,3-Trimethylcyclopentane 748.1 0.25
Toluene 753.0 1,33
2,2-Dimethylhexane 764,2 0.71
2-Methylheptane 772.0 2.70
4-Methylheptane 772.7 0.92
c¢is=1,3=-Dimethylcyclohexane 775.3 0.42
3-Methylheptane 778.0 3.04
l~Methyl~3-athylcyclohexane 784.1 0.17
*  l-Methyl-2-ethylcyclohexane 786.7 0.39 B
Dimethylcyclohexane . 788.8 0.43 1
n=-Octane 800.0 3.80 8
1,3,5~Trimethylcyclohexane 825.3 0.99
1,1,3-Trimethylecyclohexane 831.0 0.48 ;
2,5-Dimethylheptane 833.6 0.52 ]
Unidentified 839.9 0.98 ;
Ethylbenzene 844.9 0.37 i
m-Xylene 853.9 0.96 !
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Fuel Component

p~-Xylene

N 3,4-Dimethylheptane

| 4-Ethylheptane

g 4-Methyloctane

' 2-Methyloctane
3-Methyloctane

o-Xylene
1-Methyl-4~ethylcyclohexane
n—-Nonane

Isopropylbenzene
n-Propylbenzene
1-Methyl-3~ethylbenzene
1-Methyl~4=-ethylbenzene
1,3,5~Trimethylbenzene
1-Methyl-2-ethylbenzene
1,2,4~-Trimethylbenzene
n-Decane
n-Butylcyclohexane
1,3-Diethylbenzene
1-Methyl-4-propylbenzene
1,3~-Dimethyl~5-ethylbenzene
1-Methyl-2~i~propylbenzene
1,4-Dimethyl-2-ethylbenzene
1,2-Dimethyl-4-ethylbenzene
n-Undecane :
1,2,3,4-Tetramethylbenzen
Naphthalene
2-Methylundecane

n-Dodecane
2,6-Dimethylundecane
Unidentified
2-Methylnaphthalene
1-Methylnaphthalene
n-Tridecane
2,6~Dimethylnaphthalene
n-Tetradecane
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TABLE 5. MAJOR COMPONENTS OF JP-4 (CONCLUDED)

Kovats Percent by
Index Weight
854.8 0.35
859.8 0.43
865.0 0.18
868.5 0.86
869.6 n.88
873.9 5.79
875.3 1.01
881.3 0.48
900.0 2.25
905.1 J.30
937.2 0.71
944.9 0.49
946.8 0.43
952.8 0.42
961.0 0.23
975.6 1.01
1000.0 2.16
1025.6 0.70
1031.4 0.46
1034.7 0.40
1041.6 0.61
1049.1 0.29
1060.2 0.70
1067.1 0.77
1100.0 2.32
1128.8 0.75
1156.5 0.50
1156.0 0.64
1200.0 2.00
1216.1 0.71
1262.3 0.68
1265.7 0.56
1276.4 0.78
1300.0 1.52
1379.4 0.25
1400.0 0.73
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\ TABLE 6. MAJOR COMPONENTS OF JP-5

g Kovats Percent by

3 F ot Index Weight

" n-Octane 800.0 0.12

; 1,3,5-Trimethylcyclohexane 826.1 0.09
1,1,3-Trimethylcyclohexane 831.8 0.05
m-Xylene 854.4 0.13
3-Methyloctane 869.8 0.07
2,4,6-Trimethylheptane 874.4 0.09
o-Xylene 875.5 0.09
n-Nonane 900.0 0.38
1,2,4~Trimethylbenzene 975.7 0.37
n-Decane 1000.0 1.79
Unidentified 1015.9 0.61
n-Butylcyclohexane 1025.4 0.90
1,3-Diethylbenzene 1031.2 0.61
Unidentified 1037.5 0.50
1,4-Diethylbenzene 1041.3 0.77
4~Methyldecane 1060.3 0.78
2-Methyldecane 1063.1 0.61
1-Ethylpropylbenzene 1066.5 1.16
Unidentified 1083.9 0.54
Unidentified 1096.5 0.76 :
n~-Undecane 1100.0 3.95 B
Unidentified 1112.8 0.78 1
2,6-Dimetliyldecane 1119.1 0.72 §
1,2,3,4-Tetramethylbenzene 1128.3 1.48 :
Unidentified 1149.5 0.69 1
Naphthalene 1156.5 0.57 3
Unidentified 1157.5 0.51
Unidentified 1161.2 0.85 b
2-Methylundecane 1165.9 1.39 ;
Unidentified 1186.8 0.83 ﬁ
n-Dodecane 1200.0 3.94 3
2,6~Dimethylundecane 1216.0 2.00 ‘i
1,2,4~Triethylbenzene 1223.4 0.72 3
Unidentified 1229.7 0.56 i
Unidentified 1232.8 0.75 J
Unidentified 1249.6 0.56 s
Unidentified 1254.4 0.93 1
Unidentified 1256.1 0.61 ;
Unideatified 1260.8 0.83
Unidentified 1.261.8 0.65
2-Methylnaphthalene 1265.2 1.38
Unidentified 1271.2 0.90
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TABLE 6, MAJOR COMPONENTS OF JP-5 (CONCLUDED)
Kovats Percent by

Fuel Component Index Weight
I-Methylnaphthalene 1275.8 1.44
Unidentified 1280.1 0.86
Unidentified 1285.0 0.70
l-Tridecene 1289.6 0.45
Phenylcyclohexane 1293.2 0.82
n~Tridecane 1300.0 3.45
1-t-Butyl~3,4,5-trimethylbenzene 1306.8 0.24
Unidentified 1316.9 0.67
Unidentified 1319.2 0.72
Unidentified 1323.6 0.53
Unidentified 1328.56 0.60
n~Heptylcyclohexane 1336.9 0.99
n~Heptylbenzene 1348.6 0.27
Biphenyl 1351.9 0.70
Unidentified 1359.8 1.18
Unidentified 1364.8 0.72
1-Ethylnaphthalene 1368.0 0.32
Unidentified 1371.2 0.74
2,6~Dimethylnaphthalene 1379.4 1.12
Unidentified 1385.7 0.58
Unidentified - 1388.2 0.62
Unidentified 1393.7 0.53
n-Tetradecane 1400,0 2,72
Unidentifie” 1404.4 0.81
2,3-Dimethylnaphthalene 1410.4 0.49
Unidentified 1428.2 0.57
n-Qctylbenzene 1450.0 0.78
Unidentified 1459.6 0.63
Unidentified 1465.4 1.02
Unidentified 1471.5 0.84
n-Pentadecane 1500.0 1.67
n-Hexddecane 1600.0 1.07
n-Heptadecane 1700.0 0.12
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TABLE 7. MAJOR COMPONENTS OF JP-8

Kovats Percent by

Fuel Component Index Weight
n~Heptane 700.0 0.03
, n~-Octane 800.0 0.09
l,3.5~Trimethylcyclohexane 825.9 0.06
l.1,3~Tr1methy1cyclohexane 811.9 G.06
m~Xylene 854.5 0.06
3~Methyloctane 870.0 0.04
2,4,6=Trimethylheptane 874.3 0.07
i o~Xylene 875.7 0.06
3 cis~1=-Ethyl-3-methylcyclohexane 881.9 0.10
i n~Nonane 900.0 0.31
i n~Propyleyclohexane 923.0 0.14
( 1,2,4=Trimethylbenzene 975.5% 0.27
t n~Decane 1000.0 1.31
| n~Butyleyclohexane 1025. b 0.74
} 1, 3~Dimethyl-5-ethylbenzene 1041.2 C.62
| 1,4=Dimethyl-2-athylbenzene 1060.1 0.56
{ 2~Methyldecane 1063.0 0.41
1 1~Ethylpropylbenzene 1066. 4 0.99 ,
! Unidentified 1072.0 0.69
N Unidentified 1096.5 0.79
N n=Undecane 1100.0 4,13 '
i Unidentified 1112,7 0.91 ’
' 2,6=-Dimethyldecane 1119.0 0. 66
e 1,2,3,4~Tetramethylbenzene 1128.1 1.12
| Unidentified , 1130.1 0.88
3 Unidentified 133.3 0.51
Unidentified 1149.3 0.98
Naphthalene 1155.9 1.14
Unidentified 1160.9 0.78 i
2~Methylundecane 1165.2 1,16 p
Unidentified 11711 0.77 b
Unidentified 1178.1 0.67
Unidentified 1186.3 1.12
Unidentified 1185.0 0.53
n-Dodecane 1200.90 4,72 ]
1,3,5~Triethylbenzene 1203.6 0.60 .
Unidentified 1212.8 0.66 ]
2, 6-Dimethylundecane 1215.7 2.06 . ;
1,2,4-Triethylbenzene 1222.7 0.99 !
tmidentified 1229.3 0.59
Unidentified 1232.1 0.99
n~Hexylcyclohexane 1236.6 0.93
36
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gi TABLE 7. MAJOR COMPONENTS OF JP-8 (CONCLUDED)

Kovats Percent by

1. Fuel Component Index Weight

1B §

)] . Unidentified 1248.6 0.66

) " Unidentified 1253.4 0.99
Unidentified 1255.4 0.56
Unidentified 1259.8 0.80
Unidentified 1261.1 0.55
2-Methylnaphthalene 1264.8 1.46
"midentified 1270.5 0.85
l-Methylnaphthalene 1275.5 1,84
Unidentified 1279.1 0.86
Unidentified . 1284.4 0.81

\ 1-Tridecene 1289.3 0.73

’ Phenylcyclohexane 1292.6 0.87
n-Tridecane 1300.0 4,43 3
Unidentified 1316.2 0.66 !
Unidentified 1318.5 0.77 8
Unidentified 1323.0 0.53 " id
Unidentified 1328.2 0.63 j
n~Heptylcyclohexane 1336.7 1.00 ]
Unidentified 1340.4 0.56 v
n~-Heptylbenzene 1347.7 0.25 :
Biphenyl 1351.3 0.63
Unidentified 1359.3 0.54
Unidentified 1364.3 0.67
1-Ethylnaphthalene 1367.2 0.33
Unidentified 1370.8 0,65
2, 6=-Dimethylnaphthalene 1378.9 1.34
Unidentified 1387.8 0.69 ‘
Unidentified 1393.0 0.69 3
n-Tetradecane 1400.0 2.99 i
Unidentified 1404.4 0.63 )
2,3~Dimethylnaphthalene 1410.4 0.36 y
n~Octylbenzene 1450.6 0.61 A
Unidentified 1465.6 1.02 1
Unidentified 1471.0 0.71 A
n-Pentadecane 1500.0 1.61 !
n-Hexadecane 1600.0 0.45 )
n-Heptadecane 1700.0 0.08
n-(Octadecane 1800.0 0.02
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capillary column GC. The peak areas were corrected for the actual weight
of the alkane and then normalized to n-octadecene = 1.00 to generate the
total response factors shown in Table 8. The average relative standard
deviation for three replicate analyses of the sauwe solution was about

+ 2.5%, n~Octadecane was used as the intermal standard for subsequent

analyses.

TABLE 8. RELATIVE RESPONSE OF THE CAPILLARY GC TO NORMAL ALKANES

Relative
Carbon Re lat‘.:l.vea Standard
Number Response Deviation

7 0.93 1.4

1.03 2.8
9 1.07 2.5
10 1.07 2.1
11 1.07 2.0
12 1.05 2.3
13 1.06 2.5
14 1.06 2.6
15 1.02 2.5
16 1.04 2.5
17 1.03 2.8
18 1.00 2.7

aNomalized to n=octadecane

bBased on three replicate analyses of
the same solution.

The Finnigan GC-MS data system also can be used to record the ion
current for specific m/e values., This technique was used to identify the
molecular weights of the peaks in the high density fuels. These traces,
shown in Appendix C, (Eigures C-4, C-5,and C~6), were used to assign the
molecular weights of the peaks listed in Table 9,
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TABLE 9. MAJOR COMPONENTS OF THE HIGH DENSITY FUELS
. Kovats Molecular Weight  Percent by
Vo IFuel and Components Index jgimole'}) Weight
o RJ-4
; Unidentified 1144.7 166 164 7.5
Unidentified 1149.7 122' 7.4
o Unidentified 1155.5 164 1.9
v Unidentified 1173.2 164 2.4
o Unidentified 1179.4 164 9.6
Unidentified 1185.5 164 10.6
Unidentified 1188.7 164 2.9
g Unidentified 1193.2 164 20.7 .
: Unidentified 1195.6 162 5.2 |
P Unidentified 1200.0 164 8.7 :
g Unidentified 1206.0 164 0.4 '
Unidentified 1208.2 164 1.8 X
Unidentified 1248.6 164,162 17.3 :
RJ=5 %
Ethylbenzene 840.7 106 0.03 &
Xylenes 859.5,879.0 106 0.01 3
Unidentified 1443.6 184 0.34
: Unidentified 1448.7 188 1.12 i
' HXX 1464.9 186 2.03
Unidentified 1491.8 188 0.08
HNN 1510.4 186 96.32
Unidentified 1584.6 188 0.03
RI-6 i
XTHPCPD 1049.9 136 42,0 ‘
NTHDCPD 1079.4 136 1.1 at
Unidentified 1443.6 184 3.0
Unidentified 1448.7 188 7.1 ;
Isomer I of RJ~5 1451.1 186 9.6 i
Unidentified 1464.9 186 11.2 %
Unidentified 1492.8 186 2.8 g
HNN 1509.3 186 20.2 !
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TABLE 9. MAJOR CngONENTS OF THE HIGH DENSITY FUELS (CONCLUDED)

MAJOR COMPOFﬁNTS OF THE HIGH DENSITY FUELS (Concluded)

{ ’ Kovats Molecular Weight Percent by
g: Fuel and Components Index {g molc"1) Weight
] 11-9

i n-lleptane 700.0 100 1.0

I Methylcyclohexane 715.8 98 7.1

i 2,5-Dimethylhexane 728.1 128 0.8

X Toluene 751.3 92 0.6

g XTHDCPD 1049.6 136 66.8

g NTHDCPD 1079.2 136 1.5

" HNN 1509.6 186 20.1

j JP-10

3 XTHDCPD 1050.3 136 96.8

; NTHDCPD 1079.6 136 1S
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Professor Cornelius T. Moynihan of the Catholic University of America,
Washington, D.C., kindly supplied authentic pure samples of several com-
ponents of the high density fuels. His structural assignments and code
abbreviations for these compounds are shown in Figure 10. No attempt

was wmade to check his structural assignments.

3. FUEL-WATER PARTITIONING

The partitioning of the bulk fuels in deionized water or synthatic
seawater was measured at a fuel:water ratio of 1:1000; the partitioning of
JP-4, JP-8, and JP-9 was also measured at several other fuel:water ratios.
The major experimental concerns in these studies were to be sure that no
droplets of the fuel were present in the aqueous phase after equilibration
and to minimize the rapid veolatilization losses of the dissolved fuel

components that may occur during handling of the aqueous solutions.

A solution of the water-soluble fuel component fractiou was prepared
at a fuel:water ratio of 1:1000 by injecting 100 yul of fuel from a syringe
into 100 ml of water contained in a 150-ml centrifuge tube to disperse the
fuel as tiny droplets in the water phase. The tube was sealed with a
Teflod-1lined screw cap and gently mixed by rotation for 48 hours in a
constant temperature bath. Following equilibration, the sample tubes
were centrifuged for 30 minutes at 5000 rpm, which produced a relative
centrifugal force of approximately 1500 g at the solution surface and
3500 g at the bottom of the tube. Then, the fuel was siphoned from the
water's surface. A pipet was used to remove 5~ml aliquots of the remain-
ing solution, which were lmmediately extracted with CS2 containing a
known amount of n~octadecane as an internal standard. Since the density
of RJ-6 was slightly greater than the waters in which it was equilibrated,
centrifugation caused the fuel to coalesce at the bottom of the vessel;

the other fuels floated on the water's surface.

The fresh water used for the solubility measurements was deionized
water from a Millipore water purification unit. Synthetic seawater was
made from deionilzed water and the salts listed below. Blanks of both

waters were routinely extracted and analyzed for possible interferences.
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f Amount
‘;‘ Salt (g liter—1)
NaCl 23.96
MgC12~6HZO 10,63
NaZSO4 3.92
CaC12'2H20 1.47
KCl 0.73
NaHCO3 0.20
The major components in the fuels were ldentified by GC and GC-MS
and quantified by GC, using the methods described in the previous section.

The GC traces of the extracts of the fuels from deionized water are pre-

sented in Figures 11-18. Only a few of the fuel components have solubili-
tles greater than 1 mg liter_l. The solubilities of these fuels in sea-

water are similar to thosc in fresh water.

The solubilities of the major componentis of the fuels in deionized
water and seawater are presented in Tables 10 through 13; complete data
summaries for the distillate fuels may be found in Appendix C. All com-
ponents of the high density fuels except XTHOCPD of JP-10 have very low
solubilities. Minor arouatic impurities in these fuels were easily
detected in the water-soluble fraction. The water-solvent blanks were
carefully checked to assure that these aromatic compounds were indeed

in the fuels.

As expected, the solubilities were generally lower in seawater than

in deionized water at the same temperature. AL a fuel:water ratio of

1:1000, the type of water has little effect on the partitioning. However,
changing the fuel:water ratio from 1:10 to 1:10,000 at 20°C significantly
reduced the concentration of the water soluble fractierns of JP-4 and

JP-8 and of the minor components of JP-9. i

The following experiment was performed to determine the errors ﬁ
agsociated with the partitioning, extraction, and analysis steps of the 3
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TABLE 11. CONCENTRATIONS OF THE MAJOR WATER-SOLUBLE COMPONENTS OF JP-5 (mg liter-l)

Fuel-to-Water Ratio 1:1000
Deionized Water Artificial Seawater
. Fuel Component (20°C) (20°C)
: Toluene 0.06 0.03
gii Ethylbenzene 0.03 0.01
;I mXylene and p-xylene 0.16 0.09
| o-Xylene 0.09 0.06
;f 1-Methyl-3-ethylbenzene 0.05 0.03 3
1,2,4-Trimethylbenzene 0.20 0.12 i
n-Decane 0.14 0.08 ;ﬁ
| Naphthalene 0.46 0.30 %
2-Methylnaphthalene 0.23 0.14 %
1-Methylnaphthalene 0.16 0.09 ' g
i

T SN TSNS S

JFRVEELS

M fa e S o

54




*1318AE38 TRIOTITIIC = “ws,

©1918A POZTUOTIP = ~1013]

q

£€0°0 20°0 Z0°0 £0°0 10°0 Z0°0 Z0°0 £0°0 €0°0 20°0 €0°0 00 RNH
90°1 1 €870 9z°1 £€S°0 11 %670 9%°1 970 8Z°1 08°0 LE°1 AdDaHIX
\ .
sE o 62°0 86°1 Y97 62°1 8€°Z 18°2 6£°€ 9¢°¢ €E°9 ey 18°9 suanfo]
10°0> 10°0> S0°0 80°0 €0°0 i0°¢ 60°0 €170 90°0 £1°0 L0°0 £1°0 IupxayrLyiamyq
£0°0 0°0 65°0 $8°0 €70 18°0 $0°1 9y 1 £€9°0 €1 $8°0 151 SuExayo7IL2TAYIIR
10°0> 10°0> 10°0 Z0°0 10°0 20°0 £0°0 500 2060 %0°0 Z0°0 €079 aueadap-u
(2,02) (0.02) 0.0¢7 (3.08) 2,02) (0,02) (2.9 T1.m (0.,00) (0,07 (0,02) (2.00) Jusuodwo) [and
"8ag *uoyaq g3 *uor3g ©83g *uoT3Q ‘B3g *uoiaq -Bag cuoyaq 5 *wag q *ao0y3q
000°0T:T G001:1 001:1 o1:1
0F3®d 193eM-OI-ToNg
(. 393111 2w} 6-d4r0 40 SININOWCD F1ENTOS-YIIVM SHI 40 SNOTIVYINIINCD T J749v1

T

55




b L o

; TABLE 13. CONCENTRATIONS OF THE WATER-SOLUBLE COMPONENTS OF THE H'GH DENSITY FUELS §E
| (mg liter™ ') 3
Fuel-to~Water Ratio 1:1000 1&
Kovats Deionized Water Artificial Seawater .
Fuel and Components Index (20°¢) (20°C) ;f
RI-4 3
Unidentj fied 1144.7 0.01 <0.01 i
Unidentified 1149.7 0.01 <0.01 -
Unidentified 1179.1 0.01 <0.01 x
\ Unidentified 1185.3 - 0.01 <0.01 '
Y, Unidentified 1193.2 0.04 0.01 | 3
| Unidentified 1200.0 0.01 <0.01 ]
Unidentified 1248.0 0.03 0.01 X
RJ-5 !g
¥
Ethylbenzene 849.8 0.11 0.10 }ﬁ
m-Xylene 859.0 0.32 0.30 i3
p-Xylene 360.2 0.09 0.09 ;4
o-Xylene $79,3 0.23 0.21 3
HXX 1404.5 0.0L 0.01 iy
HNN 1508.9 0.07 0.07 !;
RI-6 i
Ethylbenzere 850.2 0.05 0.05 ;
m-Xylene 859.6 0.13 0.13 ;
p-Xylene 360.5 0.03 0.04 v
o-Xylene 878.9 0.07 0.07 E
XTHDCPD 1049.2 0.32 0.54 :
NTHDCPD 1079.4 0.01 0.01 :
HNN 1508.9 0.03 0.02 b
5;‘
JE-10 :
¥
1
Ethylbenzene 850.2 0.02 0.02 i
m-Xylene and 1
p-xylene 860.1 0.1t 0.09 [
o-Xylene 879.5 0.02 0.02 ) y
XTHDCPD 1049 .4 1.49 0.96 i
NTHDCPD 1079.1 0.03 0.02
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partitioning studies. Two identical samples of JP-4 were partitioned
with defonized water. Two aliquots of the agqueous fraction were
extracted from each tube, and each extract was analyzed twice. The raw
data are presented in Appendixz C, Table C-4. A standard computer program
(SAS Institite, Inc., Cary, NC) was used to estimate the contribution to
variation in the concentration of the nine compounents in the water due to

the sample, extraction, and GC analysis steps.

Thz results presented in Table 14 are interesting in that the total
error is only about +5% of the mean of the eight samples, regardless of
the concentration of the component. However, the percent of the error
explained by the sample and extraction clearly depends on the component's

concent—atiorn.

4, VOLATILIZATION STUDIES

The volatilzation rates of the major water—soluble fuel components
in JP-4, JP-8, and JP-9 were measured from water equilibrated with the
fuel at a 1:1000 fuel:water ratio. All the fuel componeunts except naph-
thalene and its derivatives were expected to be high volatility compounds
(Smith et al , 1980, and Section III.4.). Therefore, the gas phase mass

transport coefficients were not measured.

The volatilization measurement procedures describuod in the literatuve
and in Section ITI.4 were followed. The fuels were eqiilibrated with
deionized water described in Section IV.3. The fuel-saturated water frcm
six equilibration tubes was combined in a 600-ml beaker to give a 5(G0~ml
sample. The solution was transfered to the beaker by pipet with a minimum
of turbulence to minimize volatilization of the fuel compouents before
sampling. A constant speed propeller-type stirrer was used Lo stir the
solution. During the experiment, 5~ml samples were removed at appropriate
time intcrvals and immediately extracted with CS2 containing n-octadecane
as an internal standard. The extracts were then analyzed by capillary
column GC. The volatilization rate constants were calculated for each

compound using equation (18).
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Following collection of the last sample, N2 was iuntroduced to purge
the solution of oxygen. Without changing the stirring rate, the rate of
solution reaeration was monitored with a dissolved oxygen analyzer. The

oxygen reaeration rate constant was then calculated from equation (29).

The values for kg/ks are summarized in Tables 15 and 16, All the
water-soluble fuel components are high volatility compounds (kg/ks ~ 0.52)
except for naphthalene and its derivatives. The concentration of the
norbonadiene dime¢ s (RJ~5 d1somers) in water was so low that volatilization

rate measurements were not possible.

5.  PHOTOLYSIS OF Jp-4

The influence of exposure to direct sunlight on the water-soluble
components of JP-4 was studied In deionized water, a natural fresh water,
and a natural salt water. Before equilibration with the fuel, the two
natural waters were centrifuged and filtered to remove suspended particles
and microbes. Aqueous solutions of JP~4 were prepared from 1:1000
fuel:water mixtures as previously described. The water solutions were
then transfered by pipet to quartz photolysis tubes, and the tubes were
sealed. Care was taken to avoid a head space cr the trapping of air
bubbles, which could allow fuel component volatilization during the

experiment,

The photolysis tubes were placed on the roof on a rack along with a
second identical series of tubes wrapped with foil to exclude light,
These served as the dark control samples. After 7, 14, and 21 days of
light exposure, one light exposed and one dark control tube for each of
the three waters were removed 1or samplihg. A 5~ml sample was removed
from each tube and immediately extracted with 082 containing n-octadecane
as an internal standard. The extracted samples were analyzed by capillary

column GC.

The data are summarized in Table 17 and C- 7 and Figure 19. The
loss of naphthalene and the substituted naphthalenes can be explained by
direct photolysis. The losses of the alkylated benzenes, however, must
be rationalized by an indirect photolysis process. The reasons are des-

cribed below.
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Figure 19, Photolysis of Selected Aromatic Water-Soluble Fuel Components k
of JP-4, b
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Direct photolysis occurs when a chemical absorbs light and then
undergoes reaction from an electronic excited state. The rate constant

for direct photolysis is given by

kp = ¢bl EAIX

where ¢ is the reaction quantum yield, b is a unit conversion constant.,

(34)

3‘ €y is tae absorption coefficient of the chemical, and IA is the light flux,
i (or irradiance) of sunlight for the specific wavelength interval, ).
Naphthalene absorbs light between 290 and 330 nm, and the quantum
yield for direct photolysis of naphthalene in pure water is 1.5 x 10-2
(Mabey et al., 1981). The direct photolysis rate constant for naphthalene
' i can be calculated using the € and IA values in Mabey et al (198la) and
the procedures described in Mabey et al (1981b). The values, which are

averaged over a 24-~hour day, have been calculated for the four seasons.

The calculated kp value for naphthalene in July i{s 0.08 daypl, which
corresponds to a half-life of 9 days. The half-life for spring (or April)
was not calculated, but it is slightly longer than the summer half-life.
These calculations are in accord with the measured half-lives of naphthalene
in the water~soluble fraction of JP-4 where half-lives in natural and pure

water during May-June are from 8 to 20 days.

Direct pho}olysis of benzene or alkylated benzenes is not expected
to be significant because their €, values above the solar cutoff wavelength
(~290 uym) are very small. One explanation for the loss of alkylated
benzenes is that trace amounts of oxidation products in the pure fuel may
be extracted into the water during preparation of the aqueous solutions
because they contain polar oxygen functional groups. If carbonyl-containing
gpecies are present, the loss of the alkylated benzene during photolysis
car be explained by the following process.

Mill (1981) has pointed out that the rate constant for abstraction of
hydrogen by alkoxy radicals (I) is similar to that of the triplet
excited state carbonyls(1I)
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RO: + H-C- > -C- + ROH
I

e intersystem. (.~ _
. =0 + hv crossinggv”c 0

IT

. ) .
SG-0 + B-C- + =C + C-O-H
. 11 t
and that the triplet state oxy radicals may be formed in sunlit aquatic
systems when carbonyl-containing compounds are present. The triplet state

oxy radicals may then oxidize alkylated benzene by removal of the benzylic

hydrogen. For o-xylene, the following reaction applies

CH, ci, 0y CH,y
\. . \. -
V-0 + @I — NG-0-H + @ —_— @I
c, -

CH3 CH202'

CH
— reactions leading to aldehydes and peroxides

Hy0,

Formation of aldehydes and peroxides would then propagate the free radical

oxidation of xylene and other chemicals containing benzylic hydrogen.

To determine the feasibility of this suggested mechanism, the data

were evaluated as follows. Mil1l (1981) has reported that the rate constant,
kox, for oxidation of benzylic hydrogen by alkoxyl radical is 106 H-l s_l

per hydrogen. The first-order rate constants km measured for the loss of k
o-xylene and 1,2,4-trimethylbenzene are between 7 x 10-3 and 1.4 x 10"6 s-l ﬁ
(these rate constants were calculated for the slowest and fastest reactions

in Figure 19). 1If the statistical corrections for the number of benzylic

hiydrogens on the alkylated benzenes are ignored and a middle value for é
k of 1x .'LO“6 is assumed, a 24~hour averaged steady-state concentration !
of 10“12 4 alkoxyl radical can be calculated from the simple kinetic

expression.

km = kox [ox] (35)

where [OX] is the concentration of the alkoxyl radical or triplet carbonyl
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species. Although this calculation is probably good only within several
orders of magnitude and contains many simplifications and assumptionms,
it does show that only a low concentration of the free radical process~
initiating species need be preseat; the carbonyl-containing components

would not be detected using the analytical procedures.

66

)
R e T e e O e R B bk b SO Sl vy e N e Sy
L ik ada S, N Sy nTer

e P R+ e

o R




e —— e A . - " o

SECTION IV

DISCUSSION AND CONCTLUSIONS

Three subjects will be discussed in this section:

e Partitioning of the fuel compunents iun the environment.

o Estimates of the volatilization rates of the water-soluble
fuel components from water to air,

e The significance of other environmental fate processes that
should be considered in evaluating the effects of a fuel spill,

1. PARTITIONING OF THE FUEL COMPONENTS IN THE ENVIRONMENT

The fuel-water partitioning data and the distillate and high density
fuels were summarized in Section IV.3 and Tables 10 through 13. The

major water-soluble components are the aromatics. This is most strikingly

seen in the water-soluble components of the high density fuels, where

ST TR O T O OeT DRI ey T N . O
ki cubsiiaiis Lundi s St g b o, e

minor aromatic components of the fuels were selectively partitioned into

the water, 4

From the conce,ts of fugacity and the octanol-water partition coef-
ficient, Koc’ (Equation 11) described in Section I1I.3a, it seemed
reasonable to predict that a similar concept, the fuel-water partition
coefficient, wa, could be developed from the data in Tables 11 through

13. where

wa = Cf/Cw (36)

Table 18 presents the logarithms of the solubility and K

Sl i e e S M S -

fuw of the fuel

components for those compounds for which both reliable aqueous solubility

and fuel and water concentrations were available, The values of -log S

and log K, are plotted in Figure 20. The slope and intercept of the
data were calculated using a linear least squares analysis. The results

at a fuel:water ratio 1:1000 are as follows:
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TABLE 18. SOLUBILITY AND FUEL-WATER PARTITION COEFFICIENTS (wa)
IN DEIONIZED WATER (FUEL:WATER = 1:1000).

-log S2 Jp-4 Jp=-5 Jp-8
Fuel Component (mol liter Yy 108 Kg,  log Key log Kgo
: Methylcyclopentane 3.30 4.97 -- -
: Benzene 1.65 3.39 - -
? Cyclohexane 3.07 4.69 - -
F 2-Methylhexane 4.60 5.57 - -
: 3-Methylhexane 4.58 5.56 - -
; n-Heptane 4,64 5.50 - -
‘ Methylcyclohexane 3.79 4,87 - -
; Toluene 2.22 3.44 - -
] n-Octane 5,42 5.98 - -
é Ethylbenzene 2.91 3.68 - -
- m-Xylene ' 2.90 3.57 3.83 3.89
? p-Xylene 2,83 3.88 - -
¢ o-Xylene 2.80 3.85 4.01 4,15
{ 1,2,4~Trimethylbenzene 3.36 3.95 4,17 4.17 ‘
F i-Propylbenzene 3.34b 4,25 4.26 4,38 )
1 Naphthalene 3.61 3.88 4.00 4.47 !
: 2-Methylnaphthalene 3.75b 4.35 4.68 4.80 :
1-Methylnaphthalene 3.71° 4.67 4.85 4.96 ;

85 = golubility of the component in water at 20°C in mol liter—l.

bLande and Banerjee (1981)

e
A e
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-log S(mol liter™!)
JA-1614-7

Figure 20, Aqueous Solubliity of the Pure Distillate Fuel Component (S) as a

Function of the Fuel-Water Partition Coefficient (wa)
(Fuel:water = 1:1000, 20°C).
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o JbP=4

log K, = 0.797 log § + 1 “81, r? = 0.82 (37)
v JP-5 |

log K, = -0.746 log § + 1.757, r% = 0.57 (38)
e JP-8

log K = -0.864 lcg S * 1.508. 2. . (39)
o All Fuels

log K, = ~0.799 log S + 1.664, r° = 0.79 (40)

should be possible if

A4 gimilar correlation for the high dens’.y fuels
Correlation

sol-.oill’y data for the indivi.ial cowponents were available.
eguations for fresh and salt water at each temperature ana each fuel-to~-

water ratin could also be developed.

Tre correlation equations can be used to predict the concentration
of » fuel component in water, provided the concentration of the component
For instance, the values for

in the fuel is known, using equation (36).
= 1.33% = 0.0133

toluene in JP-4 are log S = -2,22, log wa = =3.44, and Cf
x 761.6 = 10.1 g lizer ~. Then

log K, = 0.797 x 1.22 + 1.681 = 3.450

wa = 2820 (measured volue = 275Q)

Ce = 10.1/2820

. 3.59 x 10°° g liter™! (measured value = 3.71 x 10 1

3

liter )

Mackay and Patterson (1981) described a simple procedure for cal.u-
lating the equilibrium distribution of a chemical in the environment.

The procedure is basad on estimating the fugacity coefficient

(Section 1ITJa 4and Equations 10 and 12) for the chemical and the size and

physical properties of the environment., Mackay's environmental parameters

are summarizel below.
T = 20°C = 293 K
Atr: v = 1010 o3
Soil: V=9 x 103 m3
- ~3
Pg ™ l.5gcm
£ = 0,02
oo

A
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Water: V = 7 x lOb m3
Biota: V = 3.5 m3
-3
Py 1.0 g cem

Suspended solids: V = 35 m3
Pg = 1.5 g cm-3
£ = 0.04
oc

Sediment: V = 2.1 x 10" m°
o =153 m
f = (.04
[&

The procedure used to calculate the environmental distributions is
described by Mackay and Patterson (1981l) in great detail and is not
repeated here. The method was applied to five representative fuel com~
ponents, n-pentane, ni~dacane, benzene, ethylbenzene, and naphthalene,
which represent th range of the major fuel components of the distillate
fuels. Table 19 summarizes the values of constants such as Koc and Kb
for cach component, the fugacity coefficients 2 the predicted concen-
trations in the six phases (assuming a total of 100 moles of the component
is in the environment), and the percentage of the total amount in each

phase,

The resuits show that the alkane fuel components will equilibrate
almost ent.vely in the air, but the aromatics may be in the air and water
(benzene, ethylbenzene) or the water and sediments (naphthalene). All
the alkane fuel compunente chould behave like pentane and decane. The
other monoaromatics, tolueue, xy ¢ 1es, and C3-substituted benzenes,
should behave much like benzene and ethylbenzenwe, while the substitued
naphthalenes should behave like naphthalene. As the degree of substitu-
tion on the aromatic ring increases, the percentage found in the sedi-
ments will increase. The Ca- and higher substituted monoaromatics may
behave more like naphthalene because their solubility in water decreases

as the degree of substitution increases.

Note that this analysis does not predict the rate of transport between
phases, nor does it address the rate of transformation in the phases.

This is di cussed in the next subsection.
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TABLE 19.
n~Pentane n=Decane
Aquecus solubility (g @ 2) 39,0 s
Hee, o mar™hye 126 1200
Y e Gix et 4y
¥« 1/N(mol u? p“l) 7.9x 1070 8.3 x 107
d 4
oc 1600 2,0 x 10
%, (soil)* 32 400
K (sedinenta) 64 800
. R0, /H (s01) 0.38 .50
2 - K o/ (sediment) 0.76 1,0
xbg 200 2000
- Ky, /M 1.6 1.7
Concantrations{mol n'JIh
Atr 9.8 x 1073 9.9 x 3077
Soil 9.1 x 10_ 1.2 x 10_0
dater L9 x10 . 2.0x 10 .
Siota 3.3 x 105 Al x 10
Suspanded 2dimants L8 x Lo_s 8.5 x 10_4
Sedimants 1.0 x 10 8.5 x 10
Parcentage of Total
Alr 98.2% 99,22
Soil Sl 0.1
Watar 1.3 Q.1
siota 0.0 0.0
Suspanded adimencs 0.0 0.0
Sediments 0.4 0.5

e

Benzene Ethylbenzene
1760 141
0.61 0.86
612107 1 x 107
1.6 1.2
51 600
1.0 12
2.0 24
2.5 21
5.0 4i
4.2 91
13 110
2.5 % 1077 2.9 x 1077
1.5 x 10_6 1.5 x 10_6
9.9 x 10_5 8.4 x lo .
8.0 x 10_3 7.7 % W0,
1.1 x LO_J 2.9 x 10_4
1.1 x 10 2.9 x 10
25.3% 28.7%
0.1 1.3
74.0 63.8
Q.0 0.0
0.0 0.0
0.6 6.2

“Ansumcs that T = 293°%, soil and_!qdin-nt daneity « p_ = 1.5 g ol

and biota density = Py = 1.0g em ~.
and Pattovson (1931).

Procedure {s taker from Mackay

bTha solubility was cstimoted frim the vapor pressure and llanry‘s constant,

using tquation 24,
“fable 3. H(P_ w7 mol™!) = H(unitlons) x 5.47 x 1077

Yo k. ==0.921 1oy %, =0.00953(mp-25"C) ~ 1,408
(age Rarickhoff. 1951, for detanils)

e, ,
Lp = 0,02 koc (uoils)
fkﬂ = 0.04 Kac (sediments and suspendad sadimants)

glug xb = 2,066 - 0.85 log C’(mol n'J)

hAnuuans that the total amount of chemical in the environment is 100 moles.
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2. PREDICTED ENVIRONMENTAL FATE OF THE WATER~SOLUBLE FUEL COMPONENTS

Tables 15 and 16 summarize the values of kﬁ/kg for the water-soluble
fuel components. If the values for naphthalene and the methylnaphthalenes
are omitted, the average value of kg/kg for all the major fuel components
is 0.515 with a standard deviation of 0.087. This suggests that all the
alkanes, cycloalkanes, and monocaromatics are high volatility compounds
in the distillate and high density fuels, meaning that liquid phase mass

transport resistance determines tne volatiiization rate,

The average value of kS/kS,Equuuion (31),and the (kS)env data in
Table 4 were used to estimate the environmental half-lives of the water-
soluble fuel components. The results of the calculations, summarized in
Table 20, suggest that the environmental half~lives of the water=~soluble

fuel components excluding naphthalene and its derivatives.

TABLE 20, VOLLTLUZATION HALF-LIVES FOR THE
HIGH-VOLATILITY WATER~SOLUBLE FUEL COMPONENTS.,

kg
-1 Half-lLile
(e 5y (he) . (days)
Pond 4.1 x 1073 170 7.1
River 2.1 x 1072 34 1.4
Lake 5.2 x 1072 140 5.8

The value of kS/kS for three fuel components, naphthalene, and 1-
and 2-methylnaphthalene, are about 0.2 to 0.4, which is significantly
less than the values for the more volatile compounds. Smith et al (1981)
made extensive studies of the volatilization rate of naphthalene and
found that the volatilization rate is determined by both yas and liquid
phase mass transport resistance. This means that both terms of Equation
(£3) are important. Smith et al (1981) showed the the following expression

can be used to predict the volatilization rate of naphthalene.
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l
T (41)
v L
_( z/DL ._7 g/Dg

where D is the diffusion constant in water or air of the chemical, oxygen,

or water, and k: is the gas phase mass transport coefficient for water.
Values of the various constants for naphthalene arz recommended by Smith
et al.

C,0
DQIDE 0.35

C
kg - K/L (kﬁ from Table &)
H = 0.020 (Table 3)

k: = 2100 cm hr
C W
D’/D” = 0,28
8/ 4
These data are used in Equation (39) to predict the half-lives of naph-

thalene as follows:

Pond: t:;i = 260 hr
River: t% = 67 hr
Lake: t:L5 = 230 hr

Values of H for 1- and 2-methylnaphthalene were not available, but their
half-1lives should be slightly longer than naphthalene,

These vclatilization half-lives can be compared with the photolysis
data summarized in Table 17. Benzene and the water soluble non-aromatic
components of both the distillate and the high density fuels will not
undergo chemical transformation processes. Therefore, volatilization
from water to air should be the dominant environmental fate of these
fuel components. Photolysis of these compounds in alr mdy be reasonably
faat.

Nephthalene and alkylated benzenes will undergo direct photolysis

and photooxidation, respectively, in aqueous fuel solutions. Naphthalene
will hav: a photolysis half~life of at least a week during the summer and
longer half-lives during other seasons or in cloudy weather. In aquatic
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systems, the alkylated benzenes will. photolyze more slowly than in our
experiments because the carbonyl species, which we assume to be respon-
sible for the photooxidations,will be more diluted by the larger volume
of the receiving water. Mill (198l) has estimated that concentrations
of alkoxyl radicals (including triplet carbonyl species) may be on the
order of 10_14 M in aquatic systems. Therefore, we conclude that loss
of alkylated benzenes in the environment will be at least two orders of
magnitude slower than in our experimental work; the photolysis half-
lives would then be at least several years, Thus, photolysis will not
be an important environmental fate for any of the water~suvluble fuel

components except naphthalene and the substituted naphthalenes.

Little is known about the importance of other major fote processes
of the water-soluble fuel components, biodegradation and adsorption. Both
of these processes will be studied in other Air Force research programs.
However, the data in Table 19 suggest that adsorption of naputhalene

and its isomers may be significant,

3. RECOMMENDATIONS FOR FURTHER RESEARCH

The concept of developing fuel-water particioning coefficients,
which should be useful procedure for estimating the aquecur concentration
of a fuel component after a spill, deserves further stud:, The correla-
tion would be improved if the solubiities of more of the substitvted
benzenes were available. Additional work on the analytical methons for
extracting and concentrating the water-sc.luble fraction would improve

the accurdacy and precision of the partitioning data.

We believe that two major f[ate processes have not received adeguate
attention: the rate of dissolution of the water-soluble fuel components
and the rate of evaporation of the pure fusls. There is considerable
evidence that a major fate of a spilled Lydrocarbon (el i3 evapoiation
nt the atmospnere, &hvd o e Lt omearct T an. rapidis diiuted :ad

photolyzed. In a searcii of Chemical Abstracts, we could find mo

—

studies of the evaporati{on or dissolution rote of jer fuels, kerosene,

or gasoline. iiowever, Kegoler and 3¢aLL (a3 ~Ludlied the ioss of
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n-alkanes from a No. 2 fuel oil. Mackay and Matsugu (1973) and Harrison
et al (1975) studied the rate of evaporation of crude oil components from
an oil slick. Several references were found on the dissolution rates of
hydrocarbon components in seawater (McAuliffe et al , 1980; Greene et al ,
1977). 1f volatilization of the fuel components directly from the spilled
fuel to the air is faster than the rate of dissolution, the importance

of the aquatic processes (volatilization, biodegration, photolysis, and
adsorption) will be diminished considerably. There is also evidence

that the fuel components may be photolyzed in the pure fuel slick (Larson
et al , 1977). Research on all these processes is clearly needed.
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FUEL ANALYSIS BY STANDARD METHODS
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TABLE A-~1. PHYSICAL PROPERTIES OF JF-4

Sample __ Fuel 1A GEC~145-400~792033 (JP-4)

Viscz;éty (cst) -30°F (SFQLA}
«20°F
32°F
70°F
100°F

Surface Tension (dyne/em)  -20°F
MRC 0
32°F

70°F

100°F

Density {g/¢C) -20°F
MRC o
32°%
70%F
100°F
Gravity (60/60) D287/Calo
SFQLA

Freezing Pt.
SFQLA

83

2.46

2.2006

1.288

0.9546

0.7864

27.52 *extrapolated

25,05

23,28

21.73

0.7957

0.7957

0.7557

0.7423

54.3 %AP1 _0.7616 specific

~-64 °¢ -83 9%
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TABLE A-1. PHYSICAL PROPERTIES OF JP-4 (CONTINUED)

Sample Fuel 1A GEC-145-400~792033

Calor D156

Acidity {mg KOW/g) D3262

Copper Strip (2 hrs at 212°F) 0130
Existent Gum (mg/100 ml) D381
particutates (mg/1) D2276
F{ltration Time D2276

Water Reaction, Vol. Change {ml) 01094
Ratings 01094

WS1M, Minisonic
Additives

1.  Aati-tcing (Yol %)

2, Antioxidant {1b/M Bb1)

3. Corrasion Inhibitor (1b/M 8b1)
4. Metsl Deactivator (1b/M 861}
5. Antistatic (ppm)

84

F20

0.002

—h
0.8

0.1

17 mia @ 27"

0.0

#1241 .

96
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; 4 (CONTINUED)

) CABLE A-l. PHYSICAL PROPERTIES OF JP-

sample Puel 1A QEC~145-400-792033 LIP-4) 79-F-2270

79-F=245

45
romposition 45A

vol % 09

Mass spec
MRC SFQLA

1. Pparaffins 61.2

2. Monocycloparaffins 24.2

3. Dicyclnpuraffins 4,9

4. Alkylbenzenes 8.2

5. Indanc and Tetralins 1.1

6. Indenas and Dihydronaphthalenes -

7. Naphthalenes 0.4 =
Aromatics (4 + 5+ 6 +7) 01319 9.7 12,3 ;
Olefins D1319 ’ 1.5 '{
fotal Paraffing (14:43)/01319(1008-4-0) 90.3 . __86:2 ' ;

Hydrogen Content {wt 1) : '

POSE - 03701 / SFQLA - D3343 ___Eﬁ.'.ﬁg “._l_l‘_'.f‘f li

Sulfur, Mercaotan {wt %) D1219-61 0.0004 i

Total (wt )  02622-67 0,03 'i

_ !

fiet Heat of Combusiion (BTU/ 1) ' '511

(MRC-0240/SFQLA~D3238) w67, ARIAT ;

: 71 ’
Luminome ey Number D1740 . .

|

smoke Pt. (SFQLA-Calc/SPQLA-01322) 98 ...28.0., j

§

E

8% |
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TABLE A-1. PUYSICAL PROPERTIES OF JP-4 (CONCLUDED)

FUEL VOLATILIYY

Gample w5-400-792033 (JP-4)
Vol % ‘?&i ‘;’!‘IE?
.4.

Recovercd JP-4 ' P8

L *

28 25

18P (0.5%) » + _ 14

1 34

5 72 72

0 * “+ 89 93 97 206
15 97

20 v + 104 108 110 230

25 115

2 119 123

2% 126

0 J Y N XY

45 144

S0 L + 1 55 l QQ 1 46 225
55 166

60 126 180 o

A3

£
F

90 " +

N
n
&

;

FBP (99.57) . T 283 281 248
Residue (%) e R
Loss (%) e +*+

Recovery at
40G*F () (208.4°C)

433

Vapoyr Prossure ¢ 2,5
(1b Reid)
Flash pt (*C) ** 73 093 D3243
(Tag Closed)  (Pensky-Martens) (Setaflash)
True Vaoos Prosgines -20°F L 2iadd &I0% nnr

. .
e A e i 5 i L e L . [ y
F L N A Faa S RGN i e e LI T T PRI

tar

10

60

70

90

FOP

o VRPN YR I A &

R ST N O R R - B e g

i g A




T e e

TABLE A~2. PHYSICAL PROPERTIES OF JP=5
TURITEINT-Y-S AOPLARANGE RLSULTS seec ot f Tt v e T0MNL Ty
TS Cotor e bait) - 19 ] 9 May 1980
) Vivus! (Hbrght end CoClrer) — TcowTracY wo.
COMPOSITION
100 D%te Acid-ty, Torwa! feg KO Higr . 0 12 FLETAE ™)
10IDIIIY_ JAramates fvad W el b —] 80-F-507
20101319 [Oiehins 1ol %t ofl.[9 ATE SAMPLED
{301D1219 suitur, Mecaptan fuv 8/ + Jolo JoTs RECD 28 Apr 80
140° DARA Docios Test (pepim o nepsinel SANSLE NO
(150 D166 {Suilur, Toa st W) <J1lo T DpP-80-18
VOLATILITY N-R’4 SATCH ND,
3001 D66 | Dwullation Initat BPE) ASTM D-2887 % 219 1 RP 151
2081 10% Rec 1) 1 9 10 385 ] RaE N0
210 0% Re: ) 11gla 20 298 LF-1 2
s 30% Rec @) 2122 |° 30 407 ] OUANTITY US. GALLONS
220 0% Rec 1 21612 A0 418
bR 9% Rec ) 2 0 &0 426 |SAMPLING LOCATION
230 Final 8P ) 219l 60 a36 |Major D. Potter
238 Revdue %/ . 70447 | AFWAL/POSF
) Low % . 80 460
243 Recowry a1 400 F (%) «] 1 1op 478 JemooucT NamE
SS0JFTWS1 1] Explovvenes (vel %7 EP 211
60| Dis Flash Poant (F) RES 1,0 [COMPLILS WITH SPECIFICATION
2701027 [Guwity. APl 160 F) 412]16 10Ss 1.0
L:ﬂo_LDl:" Granty, Specific (60/60 F) . 11! 218 ]
IDI Vapor Pressure ‘ib Rowd) o
FLUlolvY AKeSLABORATORY
1001 D346 | Freezing Point F) - 2 Det 13 SA-ALC/SFQLA
310] DASS [ Viscomty at 30 F (eSt) 1lel9 Rerospace Fuels Lab
COMBUSTION WPAFB OH_45433
4k D14Js | AnilineGravity Produet GRA
€101 D160% ] Net Hent of Combusuon (Biulth) CALC B ai5 JP-
4201 D' 40 {Luminameier Number 513 : RE
430} D1322 | Smoke Pomnt CALC 22 2i130.1q] 9
440{ 01660 [Nupthalenes f1ed %) . Fuel tested as per
X0 DXAXX Y IX MO XX XX HY DROGEN WT % 113[-18{1. request. No Remarks.
CCAROSION
$00{ D130 Coppet Sinp (24 a1 212F) Al =
510] 1R227 Sitver Sthp - k
STABILITY
600 D1660 | Coker & P fin. Hyt .1 |
610! DI660 | Coker Tube Color Code
CONTAMINANTS
001 1P228 Coppet Cantent fug/bg) "
10| D381 Exitient Gumn (mg/100 mi} 1 '_,,.0
720 D2276 | Perticulaies tmaliner) 1. 1x5 Gal Can
230 D10%4 Water Reaction Vol Chanee ¢mi} Qtal .l Q]
140 D104 Water Reactsan Ratings 11h 2
soipsso  [wsim M,S, | 0
AODITIVES BRAND
0 Antricing (vel o1 ]
»10f Antionidant (16 Bbd) .
120] Coteonson Inhibwior (16 M Kbl .1 ] K4
K] Metsl Deactwaton 116/ HM) . i / .
408 Amiivaig, ppm . J I 71/4‘-\ /7.%/
QTHER TESTS ONE 42 CgrP ety
A D24 [Conguctanty L) o —< HMF%&/' GHNESSY|
FILTRATION TIME 10 MIN B26" Chief, AercspasdenziTavont
Hrectorate of Er.ergz Mansgen

AFTO SO,

Ll
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TABLE A~2.

RUN TIMES/WIDTH 41.94

BASE LEVELS

RUN
INST

%4 OFF
IBP

10
15
20
25
30
35
40
45
50
55
60
65
70
75

85
90
95
FBP

25
1

PHYSICAL PROPERTIES OF JP-5 (CONCLUDED) g
.00 10 §
2.43 2.42 g
SIMULATED DISTILLATION 23 APR 30 Ag
3
SD METHOD 142 FILE 42 0 ‘3
A
&
TIME TEMP 80-1-807 1
12.57 122.1 806 34t 1
16.76 167.6 z
17.87 179.2 b
18.67 187.4 %
19.34 194.2 L
19.71 198.0 i
20,27 203.6 {
20.80 208.9 4
21.31 214.2 E
21.66 217.6 ‘

22.13 222.4
22,66 227.8 §
23.07 232.0 i
23.46 235.9 )
23.95 240.8 .
24.51 246.4 1
25.02 251.5 1
25,46 255.8 §
26.18 262.8 A
26.92 270.0 3
29,07 291.4 ]
A
a

88
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TABLE A-3. PHYSICAL PROPERTIES OF Jp-8

Sample FUEL 2A GEC-140-800-792033 (JP-8)

i

| Viscosity (cSt) <30°F (SFQLA)
f M -20%F 9,101 "3
329 3,526 b
z 70%F 2.233 %
1 100°F 1,665 E
Surfaag Tension (dyne/cm) -20°F 31--17* extrapolated
329 28.78 3
70%F 27.08 |
100OF 25.69 :
i
Density (g/CC) «20°F 0.8460 1
: W 32% 0.8252 -
70°F 0.8096 3
100OF 0.7977 i
3 Gravity (60/60) D287/Calc 42.3 CAP1 0.8142  Spesific ¥
: SFQLA — )

O

Freezing Pt. -8 %¢ =47
SFQLA

PR




TABLE A-3. PHYSICAL PROPERTIES OF JP-8 (CONTINUED)

T, A e SR SR D

sample FUEL 2A GEC-140-800~792033 .(JP-8)

3
3
4
;
|

Color D156 +20 3

( Acidity (mg KOH/g) D3242 0.002 1%
} Copper Strip (2 hrs at 212°F) D130 ‘ 1A )%
Existent Gum (mg/100 m1) D381 0.0 :;
; Particulates 1) D2276 P
| (mg/1) 0,5 %
l' . * .-"I.I
‘ Filtration Tiwe D2276 11 min @ 27" }'
Water Reaction, Vol. Change (m1) D1094 0.0

Ratings , D1094 £1 t] 1

L 3

: WSIM, Minisonic 65 ]
i

Additives I

k]

1. . Anti-fcing (Vo1 %) 0.14 i

2. Antioxidant (1b/M Bb1) :

3, Corrosion Inhibitor {1b/M Bb1)
4. Meta) Deactivator (1b/M Bb1)
5. Antistatic (ppm)

e o S

OIS
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TABLE A-3. PHYSICAL PROPERTIES OF JP-8 (CONTINUED)

Sample FUEL 2A GEC-140-~800~792033 (JP-8)

Compositinn

1. Paraffins

2. Fonocycloparaffins

3. [Mecycloparaffins

4. Alkylbenzenes

5. Indans and Tetralins

6. Indenes and Dihydronaphthalenes

7. HNaphthalenes

Aromatics (4 + 5 + 6 + 7) DI319

Qlefins D1319

Total Paraffins (142+43)/01319(100%-4-0) 88.4

79-F=227
245
45
45
Yol % 9
Mass spec .
MRC SFQLA
44.4
41.4
2.6
6.7
3.4
1.5
11.6 16.8
—ad

81.1

Hydrogen Content (wt %)

POSF - D3701 / SFQLA ~ D3343

Sulfur, Mercaptan (wt %) D1219-61

Total (wt %) D2622-67

Net Heat of Combustion (BTU/1b)
(MRC- 0240/$FQLA-03318)

Lumisometer ¥ —er D1740

Smoke Pt. (SFQLA-Calc/SFQLA-01322)

13.94 13.78
0.0004
0.12_
18576 - 18581
48
2 26.0

9




TARLE A-3. PHYSICAL PROPERTIES OF JP-8 (CONCLUDED)

FUEL VOLATILITY

FUEL 2A GEC-140-800-792033 (JP=8)

18¥¢

n

20

40

&

70

90

ree

Sample
Vol % W. %’ h A A
Recovered P-4 Sp-8 * . x© x
18P (0.5%) * . 144 128 ]az 361
' L4
5 175 126
10 . « 188  _190 202 _396
s 195
20 " . 200 203 208 _406_
25 205
» _210_ 214
35
40 218 222
4 221
50 we + 226 231 221 429
85 230
60 234
6 237
» 242 _249
5 248
80 253 259
85 251
% . . 264 272 _248 478
% —372. 282
9 ~300
Fup “953) .t +“ 296 306' 267 512
Residue (%) " +“" 1.0
Loss (%) L 4+ 1.0
Recouvery at
400*F (%) (201.4%C)
Yapor Preossure  **
{1b Reid)
Flash pt {70) * (Tloog?osnd) (Pcnsse?n\v;tcns) (Sgg;gash)
54
Teue Vapor lressure =-20° EXrdds 4700 10Nty

92

o i it Y T BN A | aa S e e T




U g b Tl ST e e ML g
k o R i /e R e B SN

! TABLE A-4. PHYSICAL PROPERTIES OF RJ-4

.
N l s Tes0 52 LRANCE apsuLYS ssEc Lt [REBSAT SATL ppaen e
: _}'D so Kot kel 71T 2 Yay 1680 .
! . TVavs 1 Seht ane Criiners R LOMTRACT NS,
4 COMPISITION
:& asibiin Tesn, tme AOH 2y ’ TIREKAIYX
f ALOFa1Es fon! &4 ' Y 80-F-805
Qrelits ol far R TATE SANPLED
, : Sariur Mticestar iai v . T RTCD 28 Apr 80
g 2 L [t T8 1 ke Acnecetine) B SANPLE NG.
3 140l Diioe [ Sulfar Toie fut b NN DDP B0-12 k!
VOLATILITY 2LTCH NO, ".'f"'
2001 Dbt Destiitation 1ot BP ¢ N ..-4—@.-.._8, R Lot 0109 %
' 208 L0~ Rec 1F7 A B “ENK NGO 5
2.0 T3 Rac (F) £l 2 LR
‘/ BT ) Ree F) al1ta QuUANTITY WS, GALLONS
R YT Nes () 4121 0
: 38 uLn Rec (F) SANPLING LOCATION E
i 130 Finel 8P (F) 4163 Major D. Potter i
- 138 Revaue "1 1]+]1 0 AFYAL/POSF
" 240 LY 1 . ‘;!
g Tyt Rezovens 4t A0 F ries o1 ] PRGOUCT NAME 1
i E ?_T-\-'S-.l"—: -é-rulf-nen ol e { a
g T ER N ST AN e orrirge | COMPLIER WITH SPECIFICATION 4
4 _:_"_:_ Do Gravils <P 40 B4 2 1____:_ 8 :L:g‘é;}?‘ d
: | RY BRI Gravity_ Spesie tad) bts b1 . 9* 0 TEEEE d
NEA] Bt ] 2N apn: Preesure th Keds 1
- O TR R CAE O RATORY |4
: L.‘(XHD.‘JI\O Freenirs Point (4) - Det 13 SA-ALC/SFQLA l ’
/ 3101 D455 | Viecasty ol YR E (eS7 ()°F 7{+ 15 herospace Fuels Lab | 3
ComeUSTION WPAFB OH 45433 1
200] D40t [ AmlineGravty Produet BTU_GAL___ | 5%aot
‘ 410701408 { N1 Heat of Combustion (Htuithy 11813 19121 141,260 1 RJ-4 _ |
X 421 D170 _iLummumnn Number RENARKSE ‘1
0 430j D)2 __J Smuoke Point R T ] 4
: 140] U140 | Fm’“l"“ fiod %) o - Fuel Tested as per ¢
' 440 DIRSS  TSmehe Vo'atility I dex ol 1 ] request. j
. CORROSION )
2[00 " TE e S I ¥ at TI2F) [ }i |
IS ll"“ FSiver Sinp
e - STARILITY )
sOIDIRD  |Coie a P tin. Ngi ",
S [ eme [ 5 Tube Color Cose jl - '1 Lt ]
- CONTANINARTS - 1
rnﬂN! Content fueikgl T r K
&\-mm (mm """.f_’ﬁ[",l‘_‘::—“. o ‘_”' - ] 0 ] :‘ 6 . » - i
Stere Puu.uum l-..,mm L o i Aol L ,-{€
TRl e V.r-l Rv..n.n- \ol rI-nu Imll . . Ao edo 1 x 1 Gal Can b
sl s TWae Rescinn Ratngs )
cojunto [wsiv N ) }%
[ ADDITIWVES R T ]
e et e et i e e
N Ammnn; Iml 'v' R I ) 0 3
K10] Amnavidant 1tk A ) __ .
hi’J (‘nm\nw lnhnhum th \1 Ill~h Sttt » |
YO Wul Du:uumn oL e | e
‘40 Anm:llu.—pp—m_ - . _r / q
OTHIR TESTY ..nue"w
R vu{bnds  [Carducinney ) - an 1]40 A '\":;,'7
B [N DT I - Cl3e, “'c'mce FEe¥ Lasiatory
— Ciestorete of Encr rgy Mancsoment
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B :
A TABLE A-5. PHYSICAL PROPERTIES OF RJ~5
i i
: E
v L
f‘ OO APPEARANCE RESULTS ssec Linit | REPORT OATE Completed | g
10]D136 |Coler fiaybot) | 27 Oct 78 { %
" 01 Visusd (e Brgh: and CoCloar) ’ CONTRACT NO. b
' COMPORITION ) 78-D-0023 | ?
100[DAT4___ [ Ackty. Total fme KOHig) SEREYY WHERKRS: | A
3 UE[01319_ TAnwuc rved %) . 78-F-2292 [
o 120] D119 | Olefine (vl %) . GATE SAMPLED  ¢D UG 78 | j ‘2
B 130{D1219 | Sulfvr, Merconion fws %) «lololola Rec'd 26 Oct 78 P
A 160 D484 | Dociee Toeut (pepon, a neguime) SAMSLE NO. [
© DisolDiass  situr, Tesl twt % e 1p 12 1 78-17 l §
& VOLAYILITY GATCH NO, I '
2 0] Ds Dutdiston Inwnl BP (F) alo 1 8285 ;
. 10% Res (F) ] TANK NC. e
i 208 Rec (F) 3 , ' } éi
| 30% Ree (F) 5 QUANTITY US. GALLONS |
* %03 Ree (F) i §
93% Roe (7} SAMPLING LOCATION
i Finsl P (F) 5 1510 Ashland Chemical Co. g
: Revdue 1) <10 5200 Blazer Parkway
i Low (%) Y110 Dublin OH 53017 '
‘ M8 Resovery ot 400 F %) o | PRODUCT NAME
FTMSLIS1| Explowvensis (vl %) : - Propellant Fue)
#0[Lise Mk Point {F) (7 14 betaF|ash 226°F |COMPLIES WiTH SPECIFICATION ¥
20ID187__ [Ciavuy. AP 60 F) . | 3
¥0iD w" 1] 10 B 910 “IL"T'871°7A %
1901323 [Veper Prewure t1b Ko} . : P
PLUIDITY - OOIXIWROERR LaDOTItoTyY | ! (i
01366 Freeting Pow (#1 - Det 13 SA-ALC/SFQLA |
301483 | Viscouty w1 30 ¥ feS1) See _Below . WPAFB OH 45433 {
COMBUSTION i o
DIS | AsdineGranty Product GRADE , ;
410{D1408 | Net Heat of Combustion i#ruiih) 1.7 1410l 8 RJ=-5 j
420§ 03748 | Luminonwier Numbes ATMARRS [
4301 D1312 | Smoke Pownt o {
440l DIBA0 | Napthaienes fred %) N Sample Nbr. 78-17 {s
430{ D163 | Smoke-Volatiity Indes el 1 satisfactory for Afr
CORROSION Force use. _
300/ D130 [ Conper Sing /2 b ot 212F) 1 IA L. ] 4
$10] 1227 | Suvet Sump Viscosity - ¢S ¥
STASILITY or . ¥
&0[D1660_ [ Coker & P (. Hel_ L1 g lggo; - ;gssg i
610] D16t Coker Tubt Colos Code . ‘GSOF - 10.000 ;
CONTAMINANTS 2
700{ 1P223 Copper Content tuarhal - 780 R
10| I8 Enistent Gum (me/ {00 mi} o] 6 Pour Point B 15°F :
730) D276 | Pacticuistes {melivier) N4 3
1)01]3_10" Watet Resciion Vol Change (mi) N K
40| D109 | Weter Reaciwn Ratings " m} :
SEEmEr ‘ Supplier: Asbiend,
ADDITIVES WRAND
800] Antiscng (rad %) .
$10{ Antsonsdant 110/ Bbl) . ] 2 x ! Gal Cans
lml Corresion (nhibitor (H/M Nbt) o1 1
030] Metal Deactwaton 11b/\ Hi) o
840] Antnisixc, ppm o T .
. OTHER TEBTS N
D624 [ Comductmsty 1(:L") . .
: _Iron, ppm 0 7L o 3 34 e
H=nd or RJ-5 Wt, % 9 .18 277 fotiel, Acrusrass Tud'. woedtdiy
Oiectorale of ENCITY RITRgRTHn
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) TABLE A-5. PHYSICAL PROPERTIES OF RJ-5 (CONCLUDED) j
|

R AR, < A

Lot + _8285-RISG__ ]
Gallonage Loy
Date 11-2-78 {by phone) f §

S o

RJ:5G o
" I
PROPERTY TYRICAL PRCPERTIES LOT ANALYSIS 1
Min, MAX,
Chimical Angiysis, Companents H-Norbormadiens Dimers
Oigtillation Temperature, *F ("C}

Inital Beiling Peint - - 480

5% Paint 470 (Y -

10% Pont - - . ]3

20% Pont - - [ 5

50% Point - - .

9%, Pint - N - 5,18
ErZPontl F(C) - 560 (293) b5
D:stillation Regigue, vol, % = 1.5 N
Dustitaticn Loss, vol. % - 1.8 .0
Aromatics, vol, % - 1.0
Qlating, vol. % - - 1.0
Scecihic Gravity, APY (60°/60%) {1.08) - 1.089
Ex:ctent Gum, mg./100 ml, = 7.0 9.6
Potential Res:due,16 brs, aging, - 28

mg./103 ml, .
Sulghur, Total, wt, % - 0.06 0,2
Mnargaptan Sulphur, wi. % ~ 0.001
Pour Po.nt.*F - ~20 -75
‘Heating Vatue
Ng Heat of Combustion, BTY/ID, 17,750 - 17,805
Hot Heat of Combustion, BTY/gal. 164,000 -
Iron Content, ppm -~ 10 -
Thermal Stab.hity
Pressure Dron, mm Hg - .10
Heater Tube Kating, Visual - Code 2
Vucosllyéchnllstokn 20,000 10,000
-65 - * 20
S 3F - Te%0 906.9
10'F - 8 J3.64
“Copper Sirip Corrosion, ASTM - No. 1 1A
Particulate Matter *
mg/hiter, £.Q B. origin deliveries - 1.0 02
m3:liter, FQ.B, destination deliveries - 10 .
1orrine Hurmber = -
*Flash Poinl, °F 154 - 443
Water Separomotes Index - -
95
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TABLE A-6. PHYSICAL PROPERTIES OF RJ-6

i
230{FTMS1 15 || Expiosiveness fend 54} ',
1

£

.

«JUETHOD APPCAHANCE ACSULTS “spce Limiy | ALPORT oM‘Oo-pl.oud : g
' 1210136 | Colar (Nevhodt) | 5 _tov 79 .
200 Vitual (W [irght and (.- Cleat) CONTHAL T NO. | :i

COMPOSITION ' i

' 0] UNI4 | Acvdny. Total femg AOHTIE) . T 3
: 110[DI31% | Atomaiscs (vwl 1) s 79-r-2223 |
: 1200 D131 | Olefums trod ¥ . CATE SAMPLED 1 Nov 19 by
E‘ 130 D121y | Suitur, Mercaptan fut %) P T racoived 1 Nov 79 .
; 140] D484 Duciut Test (p:pas, asasgatice) SAMPLE NO. ! R
l 150, DI 266 [ Sultur. Total fut %) o | | 9305 Dl
VOLATILITY GATCH 1O, C oA

200{ D8S Dustillation Imvtsal BP 14} themical JT S I - PRy B |

23 10% Rec 1) Mnalysis TANK NO. 7 i

210 W% Rec/t) JP-10 wt & 4 121,00 iy

ns SO% Rec (1) RI=5 wt 8 S 18 l, ]2 QUANTITY US. GALLONS |

120 90% Rec (F) _ ) 3

223 95% Ree (F) SAMPLING LOCATION ! l]

230 Final BP (F) Jamags R. McCoy [

0 Resdue 116 . Puels Branch |4

) 0 Lo %) e AFAPYL/SFY ! 3
! 243 Recovery 2t 400 F 1) . T PRODUCT NAME .l
3

2

]

: 2001050 Flash Pont 1K) cpagy 4 12 Isoentiagh 144 COMPLIES WITH sncmclnnon
! 0| D27 Gravity, AP 160 ) ale«]2 :
\ 200iD1289 | Grawity, Specific (00 ) 110 {2 !219 praft ;
i 20{032) | Vepor Presaute 11k Rend) . : |
: LUIODITY . DESTINATION |
l 30 D236 __| Freeting Poe (F) -|6]5 (K !
J0[Dasy | Visconty at ISF (eS1) pgrep alglglela Laboratory i
‘ COMBUSTION |
l 400{D1403 [ Anitime Ge- ity Product aRrack GJ’ ' > ! d
i 4101 D140s | Net lleat of Combusito- (Bimith) 0 Y -6 : i
420101740 |L Numbx AEMARKS P
430{D1322 [ Smoke Punt N 1 : 1
‘ 440] DIMO__ | Napthakenes frol %) . Puel tostsd as per P
i 430{ D1658 | Smoke-Volatihty Index o 1 | requast. 5
l CORROSION ;
1 00| D130 Copper Stup (2 b ot 212F) ] j
E siof P22 Sivet Strip e e+ Moasured by Prof. :
: W[ DIss) | Cokera P (ia. ile) T} t:’y,:g:?. Catholic U. ]
' 610] D166 | Coker Tube Colur Code ca undex 1
| T TAMINANTE AFWAL/POSF contract. d
g 700] 1P235__| Conper Content (welba) l ' @
110 DM Existent Gum imes {00 mi} s lelg 1
1201 D¥Te Parinculates Imeiliter) .
30| D104 Water Reactin Vol Change fmi} .
401 Lt Water Reactm Raitings
130[ 2850 [wsIM H
ADDITIVES BRAND '1
[ﬂiﬂhmn_ feed %) s ln lo -‘
{w10] Antnsdant 1irs 1t A0 ol ﬁ
| e o | y
18201 Metat Dheaciivaton itb! M Nid) . 3
#0] Anintatec. ppen . I 1
OYHEH TLSTS /’7‘_ ]
WX Dot [Comdusinity () m;7 }
THDN T TS :
ChQ‘l I\(‘rﬂﬂ\l(‘l__{_v' |N\';“crl
AFTO (8%, 476 : TURDINE FUCL TCST nEronT oFUcioraie of Energy Manageincny :
RJI-6 TrwvoAaLL
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TABLE A-7. PHYSICAL PRUPERTIES OF Jp-9 ;
{::.n titale ~ AP ARNRNGR L TEIRIL ] T SPEC LIMIY HOPORT nnle UQMPL;’L‘\.‘\! l
.
to{uise Codot Py bt _ e J 0] 12 Apy 78 '
hsi} Vosual (h Hopht and {ollene) CONTAACT NO.
COMPOPIYION :
10y Dea " Tacny Total feg AOHII _q 1 ___( QHESRMR y 2
RN Aumatics 11 &1 — R R A U L 78-F=741 bl
(15[ Bi3_ Joletmteni sl ______ UL r : GRTESAMPLEDS Apr 78 "
110 hi21e Suifve, Mm-punm 7 . I ve
Taol ot T e g oo e e -1 L. - JBecd 6-Aoc 23 ' '
[l Bobelu N Ui e e s [ B e e ;
Tl Diree  sutiue Toial tat 42 { o [ 1 T 3095-5 i
VOLATILIY SATCH NO. :
»-:E 2!!2 éc:u-ﬂl et | lmml BP H') e 7
bk m". Rn, n TaNK NO. [
,‘5.-‘.‘;_,-. R i I T [RPPUSUIDUOI SO SPRS P - br‘% D 3- z_ Y
M8 50 Ree (41 QUANTITY U.S. GALLONS .
130 T T o0 Res 14 25 ¢od Yo UD b
s T Y B TALIF(ING LOCATION 1]
0 B Fonal BF (F) Jaues MeCoy |
DL Rewaweed '__-_ ol Fuels Branch C
240 - ':L'“ the) . AFAPL/SFF I
_24} TR Recuvery at 400 Fiy) . I PAODUC T NAME L
_‘ELLLIA(\I e t_wlmnemunul v) ' }‘xopellan: FUCl ;
F1os P} 6] 0 el = b b sncmcmucm b
G AL {7 =18 ] MIL-P-87107A :
_fraty, Spealn (00D ] . |
Vet Pressiire (Id Rondt . }
LDV DESTINATION Laboratory ]
yal o _ JF e Pt ¥) Bl-15 15 —_| Det 13 SA~ALC/SFQLA §
N Sy o MV E e » WPAFB OH 45433 |
COMBUSTION i
R I\!fﬂ‘_l Ahne Ly Pivduct QRADE i
Ayiavh e tear s Combuston i b} 8l 11511 i
T}gn LN - 'lll_n_lw_tﬂt_t\-l Nuniver ‘REMARKX i
é-)\l Snwike Puint . [ —_
aty umu i Nopttaienes foad 7). . N MCH Wt 2 - 11.0 iH
T nTes | Smobebotivim ludey 3 1 Jp-10 WE X = 67.6 ;
CORROSION :
© fawyhin T Teopra Stip 2w 212E) 1 Hnd Wt % - 20.3
'uut PIer T Siber S -
STADILITY
o m(-,.ip \% lAPm Hx! 0 .10 | )
wi] VKR Ll ner Tubs Gkt € -ide AR Viscosity CS
_‘._ — CONTAMINANTS °
T[] e Coment funthe) @°F -~ 9.03
7|u (315 hy .
Rl L;.".".:n- ) -I-jln;“'.l'x‘x;‘?‘égl B ) im—: 7 ~25°F - 14.66
) - o
vt My ain o Vo Change ol . -65°F - 40.99
I\l\r'l “ e ;\«:a.u " Rmn,.
t ‘\\u lv\\m -
T TAGeTIVES SRAND supplier: Suntech D
Anti g o s11l.3
*llc Anbiondas o A fLH .
ALt Gt il Mt . 1 ) Gal Jug
S-lrl Metal Pheac tiv o o ot W) .
v 1. ,’.(\ Y A
, OIHMER TELTS . ﬁ%\\l \..M/‘ e
Nl ittt el ety e 2 / ,U):'/' ’/’_%
__.__‘.Airun.. ey . Q —JHONAS T TNRY
. o ewprsiYad
AFTO Y% 410 TURDINE FUEL TEST REPORT DirOCtOnals Vi meptew T
“TTP-9 STORAGE SHMPLE
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: TABLE A-8. PHYSICAL PROPERTIES OF Jr-10
I
TLMME THOD APFEANANCE RESULTS 1 SPCC LIMT nuc'mv oate LUALLIL
W[DI56 _ [Color Sevinds +12B 1T 1 — € lov 177%
i 20 wwal (1h-Hrght oad (; Clear) J I CONTRAZY NO.
COMPGSIY ION 73-D=0023
100[ D974 | Acwsty. Toial img KOilias . RABKIONG .
i 110[D1319 ) Aromatics [l %) N 70-F-2233
; 120{ D119 [ Olelins fewd %) . OATE JAMPLED ] '(nV 73
130 D1218 | Salfur, Meicaptan fwi %) - | PECD 2 dov 79
140] DARS Docioe Test (p-pwt, 0 neamiwe) SAMPLE NO.
: 150101266 | Sulfur, Tuist (et %) el 1 | 79-28
VOLAYILITY SATCH NO,
200| D6 Out:iHstion Imtial BP 74) CHE! C'\L AHALYST 9304
2% 0% Rec k) JP-10 wt B 0 & YANK NO.
210 20% Rec (F) 8
23 SOR Rec (}) OUANTITY US. GALLONS
) 220 0% Res (F) 1568
318 95% Rec (F) SAMBPLING LOCATION
% 23| Final BP (1) ARS OPNS Dranch Cols
: 23 Reudoe (%) . ¢/o DEST aldg 1, Sec )
i ) Low %) . Colwit.g Ot 43215
; 1S Recovery 3t 400 F %} o | | PALDUCT NAME
: 250[FTMS115 1] Explosreaness (e %) Propellant Funl
| Py Flaw Poim 1#) P11, T 17 1€ SETAFUAGH 124°F | COMPLIRE WiTH SPECIFICATION
i I0[D137  [Gamty. AP 760 ) 1 (91P
i 2001D1289 | Gramty. Specifi (40/40 &) 0 |- Y MIL-P.271074
! 290{0323_ {Vapor Pressure 1ib Keid) .
? FLUOITY ,ommm«tmmf——}m
; 300(D2386 ! Freesmng Poumt 14} — - hetl 3 SA-ALC/SFOLA
§ 310{ D455 | Vicomly at -0 F (elr) . crospace Fuals Lab
: COMBUSTION PAF3 Oif 454
: 00| DI40% | Andine Gravity Product )| ) T
410[D140s | Net Heat of Sombumon rHie/lb) 1 13 3 JP-10
i 420} D1740 Luminmeier Number
! 430[D1322 | Smoke Point ] ] !
: 0| L840 | Nepthakenes (rel %) . _“uel Dges (\”{ reet
i 450, 1635 | Smoke Volaihty Index e 1 poecification
CORROSION enuirements for ¢otal
g 300 m‘so Coppet S1tp (2 A ot 212F) [ ;1‘5?;, remeved
' 10| 1P227 | Silver Stnp betive hiypws
=3241 STABILITY o
! @RHMgep | Cuier a P rin ) nl<B 1 1SCOSITY cs
610}4ytxp | Coker Tube Color Code 4 1 5.0.n% 4.0 g O,-E 3.26
j L_r CONTAMINANTS 0-G5°F 35.03
i 00| 1P228 Cupper Content fug/hg)
. 10| st Exisient Gum fme/ 100 mi} )] ' h
720f D22 Patiwulates tmpeliter) .« P
I 20 LIV Watet Reatun Vil Chinge (mi) . supPLIER:
| T40| DO Warer Reactin Ratures AShlﬁl‘ld Chmi‘:“
= 70/ 03% | waiM 2X1 Gal Can
N ADDATIVES YRAND
i BOO0] Antidcing (ied %) 03
: RI10] Antmvnidant ribs M MY .
| B20] Civrunom Intubeton (th/ 31 His} K i
) K| Metal INaxtivaton sth/AF A} .
! £40] Antw s, prm ] N 1 .
OTHER TESTS | APPHOVED OV
WOT 12624 [Combuctmaty (1 . FHDWAS J, C'Lianginessy
n| Citmt, Actosapaee 1 uas Ladoratory
: [ '""i'kilcmaw of Engrgy Managensen

ARTO 574, 478

TURRINE FUEL TEST REPORT
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Appendix B
EXPERIMENTAL METHODS
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DETAILS OF ANALYTICAL METHODS

Fuel Analysis by Capillary Column Gas Chromatography

The split injection analyses were performed on a Hewlett Packard

Model 5840A gas chromatograph, FID detector under the following conditions:

Column: 30-m x 0.25-um-ID SE-30 (WCOT methyl silicone gum)
Carrier gas: He at 1,5 ml m;i.n"l
Split ratio: 200:1 (300 ml tnin"l He ejected through injector vent)
Column temperature program: Initial T: 10°C for 5 min
Program rate: 5°C min_1
Final T: 210°C

Injector temperature: 250°C

Detector temperature: 250°C
Injection of neat samples (0.1 pl) of JP-4, JP-5, and JP-8 was made for
the quantitative determinaton of fuel composition.

The splitless injection analyses were also conducted on a Hewlett

Packard Model 5840A gas chromatograph, FID detector under the fu!lowing
conditions:

Column: 30-m x 0.25-mm~ID SE-30 (WCOT methyl silicone gum)

Carrier gas: He at 0.7Snﬂ.min-l
Column temperature program: Initial T: 30°C for 10 min
Program rate: 4.5° min~ L

Final T: 210°C
The detailed steps of the analysis are given below:

1, Injection of the pure fuels in CS2 solutions for JP-4, JP-5,
Jp-8, RJ-4, RJ-5, RJ-6, JP-9 and JP-10. Sample preparation:
For JP-4, JP~5, and JP-8, solutions were prepared coataining
0.4 ul ml'l of fuel in 082 with 9.5 ug ml-l n~octadecane added
as an internal standard. For RJ-4, RJ-5, RJ-6, JP-9 and JP-10,

solutions of 0.1 ul ml™t of fuel in CS, were prepared, again
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with 9.5 ug ml-l n~octadecane added as an internal standard.

Injected sample size in each case was 1 pl.

Injection of the pure fuels in CS2 solutions, with normal
alkanes n-heptane to n-octadecane added for Kovats indices
assignments. Sample preparation: CS2 solutions of the
fuels were prepared as in Step 1 with the addition of
approximately 10 ul ml-l per component of normal alkanes
from n~-heptane to n-octadecane. Injected sample size was
1 ul.

Quantitation of the maior water-soluble fuel components par-
titioned into deionized water and artificial seawater from
a 1:1000 fuel:water equilibration at 20°C., Sample prepara-
tion: 100 ml of water were added to a 150-ml capacity Corex®
centrifuge tube. 100 ul of fuel were injected from a syringe

into the water to disperse the fuel as tiny droplets in the
water phase. The centrifuge tube was sealed with a screw

cap containing a Teflon liner, then attached to a propeller-~

type stirrer. The propeller shaft with attached sample

tubes was submerged in a constant temperature bath set at

20°C and the samples were rotated gently for 48 hours. '

Following equilibration, the tubes were centrifuged for

30 minutes at 5000 rpm, which produced a relative centrifugal
force of approximately 1500 g at the solution surface and 3500 g
at the bottom of the tube. The bulk fuel was siphoned from the
surface of the water to prevent fuel contamination on the
sampling pipet, and a 5-ml sample was immediately transferred to
a 15-ml capacity conical centrifuge tube. 250 ul of C82 contain-
ing 9.5 ug ml"l n-octadecane were immediately injected into the
water sample, and the mixture was spun on a vortex mixer for

30 seconds to ensure completc extraction. This mixture was
centrifuged for 30 seconds in a clinical centrifuge and the cs,
extract coalesced at the bottom of the tube. The extracted
gsample was kept beneath the aqueous phase to prevent CS2 evapora-

tion.
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Quantitation of the major water-soluble fuel components of
JP-4, JP-8, and JP-9 partitioned from a 1:1000 fuel:water
equilibration at 4°C and 30°C. Samples were prepared as
described in Step 3 with both deionized water and artificial

seawater,

Quantitation of the major water-soluble fuel components of
Jp-4, JP-8, and JP-9 partitioned from a 20°C equilibration

at 1:10, 1:100, and 1:10,000 fuel:water mixtures. 170 ml

of deionized water and artificial seawater were used in pre-
paration of the 1:10 and 1:100 fuel:water mixturee, and

150 ml of water werc used for the 1:10,000 mixture. Otherwise,

sample preparation was as described in Step 3.

Volatilization of the water-soluble fuel components of JP-4,
JP-8, and JP-9 partitioned from a 1:1000 fuel:water equili-
bration at 20°C. Following equilibration, 75 ml of solution
from each of 6 tubes were transferred by pipet to a 600-ml
beaker with a minimum of turbulence. A calibrated oxygen
probe was inserted just below the surface of the water so as
ot to disturb the vortex during volatilization. A constant
speed, propeller~type sticrer was used for solution stirring.
During volatilization, 5-ml samples were removed at appropriate
time intervals and transferred to 1l5-ml capacity conical
centrifuge tubes. These samples were immediately extracted
with CS2 as described in Step 3. When slower stirring speeds
were used, samples were collected at 0, 10, 20, 30, 40, 60,
and 80 min. With faster stirring speeds, collection times
were 0, 6, 12, 18, 24 and 30 min. Following collection of
the last sample, N2 was introduced to the solution through

a fritted glass dispersion tube, which purged the oxygen
from the solution. Without ghanging the stirring rate,

the rate of change of the oxygen concentration was monitored

with a dissolved oxygen analyzer.
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7. Photolysis of the water-soluble components of JP-4 parti-
tioned from a 1:1000 fuel:water equilibration at 20°C.,
Aqueous solutions of JP-4 were prepared as described in
Step 3 in each of three waters: deionized water, fresh
pond water from Searsville Pond in Portola Valley, CA,
and seawater from Santa Cruz, CA. Before being mixed through
a mediun porosity glass filer, the sample is centrifuged
at 5000 rpm (relative centrifugal force range in tube of
1500 g to 3500 g) for 30 minutes and finally refiltered
through a 0.20~um membrane filter. This ensured the
removal of suspended particles and microbes. Following
equilibration with the bulk fuel, the water solutions were
transferred by pipet to quartz tubes, which were filled to
the brim and sealed with screw-caps containing Tefloéleincd

septa. Care was taken to avoid a head space or the trap-

ping of air bubbles, which could allow fuel components to

volatilize during the experiment.

The tubes were placed on a rack inclined 30° from
the horizontal toward the south. A second identical
series of tubes was prepared with each tube wrapped with
aluninum foil to exclude light., Sets of six photolysis
tubes were analyzed after 7, 14, and 21 days of light
exposure. Each set consisted of one exposed and one
dark control fo. each water. A 5-ml sample was removed
from each tube and immediately extracted with 082 as
described in Step 3. As with the other studies, the CS2

contained n-octadecane as an internal standard.

GC-MS Analysis

Jet fuel samples were analyzed on a Finnigan 3200 gas chromatograph/
mass spectrometer with an electron impact ion source and with an Alpla-16
model 6100 data system. The column used was a 37-m x 0.21-mm-ID SP-2100
fused silica capillary column.
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(Hewlett Packard). The column was put through the GC/MS interface
directly to the ion source. Helium was used as the carrier gas at a

column head pressure of 13 psig.

al M et b i Buin S S A DR e N e S

A Grob~type capillary column inlet was used. When used in the
splitless mode, a 2~ul aliquot of the sample was injected with the shut-
off valve closed. At 30 seconds the shut-off valve was opened, allowing
the continuous venting of the injector system by 30 cm3 min-l of carrier ‘
gas. When split injection samples were run, the carrier gas flow rate ‘%
through the splitter valve was set at 200 cm3 min-l and 0.1 yl of neat l%
g

sample was injected.

Iondzatlon was conducted at 68-74 ev with an emission current of

0.55 mA. The scan rate was set at maximum speed, about one scan per

Lo E gzl Tra

secord. The exact scan rate was calculated for each run.

The temperature program and the data acquisition times for the

W i

various runs were varied according to the anticipated type of sample. !

Each day, a quality control run of 20 ng of decafluorotriphenyl-

e

phosphene was run, Its ion fragments were checked and compared with

recent runs to ensure adequate sensitivity.

2
Separation of Aliphatic and Aromatic Components of Jet Fuels

The aliphatic and aromatic hydrocarbons of JP-4, JP-5, and JP-8 were
separated by silica gel column chromatography. The silica gel (Accurate
Chemical and Scientific Corp., 90-200 mesh) was activated at 155°C for p
five days. (This step is probably not necessary.) Hydrocarbon traces i
were removed by boiling the activated silica gel in several volumes of :
methylene chloride for 10 minutes and filtering the slurry in a Buchner
funnel. The silica gel was then dried and activated at 155°C for an ﬁ
additional three days. Distilled-in~glass quality solvents (Burdick
and Jackson Laboratories, Inc.) were used without purification throughout

the work. 3

1

W. Budde and J. Eichelberger, "An EPA Manual for Organic Analysis Using
Gas Chromatography Mass Spectrometry' EPA Report No. 600/8-79-006
2(March 1979), p. 16, 17.

J. S. Warner, Anal. Chem., 48 (3), 579 (1976).
105




et 2 bRk R e

A glass chromatograihy column (0.9 cm ID) with a Teflon® 3topcock
was plugged with methylene cloride-washed glass wool. The washed and
activated silica gel (10.0 g) was added to 50 wl n-hexane fcr one hour
with periodic stirring to remove bubbles. The silica gel-hexane slurry
was added to the column and allowed to settle., The stopcock was opened
until the solvent level was about 1 mm above the silica gel. A 100-yul
aliquot of the jet fuel was deposited on the top of the silica gel column
with minimum disturbance to the surface layer. The solvent level was
again reduced to 1 mm above the silica gel and 25 ml n-hexane were added.
The eluate was ccllected at a rate ¢f 1 to 2 ml min-1 in a 250-ml volu-
metric flask. This first fraction contains the saturated aliphatic

hydrocarbons and probably the olefins.

Then, a 50-ml aliquot of a 20% methylene chloride/80% n-hexane
solution (v/v) was added to the top of the column. Two 25-ml fractions
were collected in 25-ml volumetric flasks. Fraction 2 contains the mon-
and diaromatic hydrocarbons. Fraction I} will contain most of the triaro~

matic hydrocarbons.
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Appendix C
GAS CHROMATOGRAPHY AND GAS CHROMATOGRAPHY-MASS SPEC"ROMETRY DATA
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TABLE C-2.

Fuel Component

Toluene

Ethylbenzene

m-Xylene and p-xylene
o-Xylene
Isopropylbenzene
n-Propylbenzene
l<Methyl=-3-ethylbenzene
l-Methyl—-4~ethylbenzene
1,3,5~Trimethylbenzene
l-Mathyl~2-ethylbenzene
1,2,4~Trimethylbenzene
n-Decane
1,2,3=Trimethylbenzene

1-Methyl-3~isopropylbenzene
1-Methyl-4~1isopropylbenzene

1,3~Diethylbenzene
1-Methyl-4=-propylbenzene

1,3~Dimethyl=-5~ethylbenzene
l-Methyl-2-n=propylbenzene
1,4=Dimethyl~2~ethylbenzene
1, 2-Dimethyl~4~ethylbenzene
1,2-Dimethyl~3-ethylbenzene

n-Undecane

1,2,3,4~-Tetramethylbenzene

Tetralin
Naphthalene
2-Methylnaphthalene
1-Methylnaphthalene

. .
st ekl B o R i e P T e s i 5t

Deionized Water

CONCENTRATIONS OF WATER-SOLUBLE COMPONENTS OF JP-5 (mg litcr-.l)

Fuzl-to-Water Ratio 1:1000

(20°C)

Artificial Seawater
(20°C)
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0.03
0.01
0.09
0.06
<0.01
0.01
0.03
0.01
0.03
0.02
0.12
0.08
<0.01
<0.01
<0.01
<0.01
V.01
0.02
0.01
0.01
0.02
0.01
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0.04
0.01
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0.14
0.09
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Figure C-28, Volatilization of JP-8 Fuel Components From Deionized ..ter
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TABLE C-35.

VOLATILIZATION RATE DATA FOR JP-4

c,0
kv/kv Avaragu
Fuel Compounent ke - 2.81 hr_l ks - 5.82 hr-l 5.1 hr-l kﬁ/ks
Benzene 0.52 0.32 0.30 0.38 + 0.12
Cyclohexane 0.65 0.50 0.55 0.57 + 0.08
Toluene 0.64 0.50 0.80 0.65 + 0.15
Ethylbenzene 0.64 0.51 0.56 0.57 + 0.07
m-Xylene and p-xylene 0.61 0.48 0.86 0.65 + 0.19
o-Xylene 0.58 0.46 0.73 0.59 + 0.14
Isopropylbenzene 0.68 0.57 0.66 0.64 + 0.06
n=Propylbenzene 0.78 0.59 0.59 0.65 + 0.11
1-Methyl-3-ethylbenzene 0.60 0.49 0.54 0.54 + 0.06
1-Methyl=4=ethylbenzene 0.65 0.50 0.54 0.56 + 0.08
1,3,5-Trimethylbenzene 0.62 0.49 0.52 0.54 + 0.07
1l-Methyl-2-ethylbenzens 0.62 0.50 0.52 0.55 + 0.06
1,2,4~Trimethylbenzene 0.57 0.45 0.74 0.59 + 0.15
n-Decane 0.56 0.43 0.46 0.48 + 0.07
1,3-Dimethyl-5~ethylt anzene 0.73 0.59 0.55 0.62 + 0.09
1,2-Dimethyl-4-ethy’ benzene 0.74 0.65 0.65 0.68 + 0.05
n~Undecane ' 0.72 0.46 0.56 0.58 + 0.13
1,2,3,4-Tetrameth :).benzene 0.54 0.42 0.46 0.47 + 0.06
Naphthalene 0.30 0.24 0.51 0.35 + 0.14
2-Metuylnaphthalene 0.32 0.26 0.38 0.39 + 0.17
1-Mathylnaphthalene 0.27 0.21 0.25 0.24 + 0,03
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TABLE C~6. VOLATILIZATION RATE DATA FOR JP-8

“3’ k\? Average

Fuel Component k0= 271 et k0w 433 et ke wome™t k0
Toluena 0.37 0.74 0.56 + 0.26
w-Xylene and p-xylene 0.28 0.76 0.82 0.62 + 0.30
o-Xylene 0.29 0.75 0.51 0.52 + 0.23
1-Methyl-3-ethylbenzene 0.35 0.68 0.52 + 0,23
1-Methyl-2-ethylbenzene 0.30 0.66 0.48 + 0.25
1,2,4=-Trimethylbenzene 0.26 0.62 0.48 0.45 + 0,18
n-Decane 0.26 0.59 0.48 0.44 + 0,17
n-Undecane 0.24 0.66 0.60 0.50 + 0.23
1,2,3,4=Tetranethylbenzens 0.24 0.47 0.44 0.38 + 0,13
Tetralin 0.24 0.48 0.38 V.37 £ 0.12
Naphthalene 0.22 0.28 0.20 0.23 + 0.04
2-Methylnaphthalene 0.22 0.32 0.25 0.26 + 0.05
1~Methyluaphthalena 0.21 0.25 . 0.29 0.22 # 0.03
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Figure C-30. Photolysis of JP-4 Fuel Components in Deionized Water
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