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somewhat soluble so that if the engine is shifted from a gum contaminated
gasoline to & gum-{ree one, some removal of the soft deposits may be
expected. Tith these fa cts in mind, this study was undertaken with the
view of estimating the solubility of gums of known constitution in pure
hydrocarbons present in aviation gasoline for the mrpose of indicating
what can be expected of various types of zasoline when contacted with

0ld gum deposits either in an engine or in a storagze system, and to

show the relationship of gasoline types to the maximum amount of dissolved
gum that they may contain.

9. This work also includes the solubility behavior of gums at
different temperatures for the r=sason taat .um saturated fuels, when
cooled from temperatures prevailine ot the site of storage during high
s2ltitude flizht, denosit part of their zum content directly in the fuel
tank of the nlane, These pums ich are very viscos liquids or solids
at temperatures below 0°F may cause trouvle throush blocking of sirainers,
fuel lines znd oumps, Thus it is seen thet under the wide range of
operating conditions of aircraft, & bodly gummed zascoline may foul not
only the enrine itself but the entire fuel system.

10. is in the previous stability studies made in this Laboratory,
this investization is based, not on the behavior of gums formed from
gasoline, but on gums from pure compounds of knowm structure. Vhereas
the composition of the former type of resins may vary due to the
composition of the zasoline and elso to u1° conalulons under which the
gums :ere formed, the composition of the latiter may vary only with the
conditions of gum formetion. In this manner, by a study of gums of
comparatively simple structures, an insight is gained on the general
solubility of zums formed from difference tynes of compounds under like
conditionse.

11. Pure hydrocarbons representative of zeneral types of hydro-
carbons present in liquid petroleum fuels znd themselves imown to occur in
aviation gasoline, were used as the solvents in this study. In order
to obtain 1n¢ornetlon as to the behavior of zums in a mixture of hydro-
carbons, the solubility of tie sums in a blend of definite comwosition
was determined., The experimental valLes for whe solubility of the gums
in the mixvure of hydrocarbons were compared to values calculated on
the basis of percenta e composition, by volume, of the blend.

() Narrative of Orizinal Vork

12, The solubility of nine different pums, four hydrocarbons,
four kebtones, ond & hydroczrbon-ke tone olcnc, in three pure nvqroc.rbans
and a blend of these compounds, was ueuermln d av four different
temperatures. Inoim volumes of saturated solutions of the gums at each
of the Tour diiferent temperstures were evaporated at 110° - 120°C in
tared weighing bottles and the amount of gum per 100 cc of solvent

calculated,

13, The data obtained, as given in tzabulor form and supplemented
with grevhs, ere listed cnd discussed in & following section. Along with
this dlSCUSSlon, an account of the preparsiion of the gums and also an
explanatlon of the methods used in this study, are given, Additional
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(a) Discussion of Results

17, The nine gums whose solubilities were studied in this
investigation were derivates of four hydrocarbons, four ketones, and
one ketone-isooctene blend. The structures of the parent hydrocarbons
of these resins and of the solvents used in this study are given along
with the complete results of the solubility debterminations in Table I,
The discussion of the comparative solubilities and the relationships
between solute and solvent is based, therefors, on the data as listed
in this table,

18. The gums were most soluble in the aromatic hydrocerbon,
xylene, The solunhility in this compound was so much greater than in
the others thot in the blend,which contained 25 ylene by volume s
most of the zums dissolved more readily than in either methyl cyelo-
hexane or isooctane. The solids, with the excention of the one
derived from acetonylacetone, exhibited & grezater solubility in the
hydroaromatic (methyl cyclohexane) than in the aliphatic hydrocarbon
(isooctane) at 110°F, At the lowest temperature, —RR2°F, pinene as well
as acetonylacetone zum was more soluble in the latter than in the former
liquid.

19, Since a closer relationshin exists between the structures
of tetralin and xylene than between any of the other compounds and this
solvent, the gum formed from this hydroaromatic hydrocarbon was much
more soluble, especially at the higher temperztures, than the other gums,
Limonene and pinene gums, the narent substances of which are cyclic but
more saturated than the aromatic solvent, dissolved more readily than
those gums formed from compounds unrelated in structure to x7lene, The
comparative solubilities of the gums in xXylene are: tetralin)d limonened
pinene> methyl tert-butyl ketone> methyl isopropyl ketone blend>
diallyl > cyclohexesnone> acetonvlacetone,

0. In the hydroaromatic solvent, methyl cyclohexane, the gums
derived from cyclic hydrocarbons, linmonene and ninene, were most soluble,
Although methyl tert-butyl kelone differs in structure from the solvent,
the gum formed from it dissolved more readily than some of the gums with
structures more related to methyl cyclonexsne., The comparative solubilities
of the sums in methyl cyclohexone are:  limonene) pinene> methyl tert-
butyl ketone> tetrelin®> diallyl> methyl isonronyl ketone> methyl iso-
propyl ketone blend> acetonylacetone> cyclohexcnone.

Rl. The hydrocerbon sums, the ietone-isooctene blend included,
were more soluble in isooctine than the ketone gums. The resins derived
from the cyclic hydrocarbons dissolved more readily than dizllyl gzum,
although diallyl itself is more similar in structure to the aliphatic
solvent. The comparative solubilities of the gums in isooctane are:
pinene> limonene> diallyl> methyl isonropyl ketone blend > tetralin>
methyl tert-butyl ketone> acetonylacetone> methyl isopropyl ketone,
Cyclohexanone gum was completely insoluble in this solvent.

22 The exnerimental values obtzined for the solubilities of

the gums in the blend were, in meny cases, much different from the ones
calculated on the basis of the solubilities of the solids in the pure
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hydrocarbons. Due to the decreased solubility of tetralin gum in Xylene
in the presence of the other solvents, this sum was precipitated from a
solution in zzvlene by the addition of methyl cyclohexane and isooctene.
On the other hand, whereas limonene and methyl tert-butyl ketone zums
enjoyed a greater solubility in the mixture than would be expected from
their behavior in the pure compounds, the celculated values for acetonyl-
acetone and cyclohexanone were greater than the experimental ones, In
some cases, the solubilities of pinene, diallyl, methyl isopropyl ketone,
and methyl isopropyl ketone blend gums agreed with their behavior in the
pure compounds; ise., their solubilities were additive on the basis of
the values obtained in the hydrocarbons themselves. The comparative
solubilities of the gums in the blend are: limonene> pinene> methyl
tert-butyl ketoned tetralin’ disllyl)> methyl isonropyl ketone blend)
methyl isopropyl ketone > acetonylacetone> cyclohexanone,

R3. The chanzes of the solubility of the gums with temperature
are shown by Plates 1 to 5, In xylene, tetralin, methyl isopropyl ketone
blend, and methyl tert-butyl ketone mums exhibited the jreatest decreases
in solubilities with lowersd temperatures. From Plate 1 it can be seen
that a maxzimum solubility of tetralin gum in xylene wos reached, for all
practical purposes, at 70°F, for at the tempersture hizher then this only
a comparatively sliht inerease in soluhility occurred. The amounts of
diallyl, acetonylacetone, and methyl isopropyl ketone gums shich
dissolved with an increase of temperzture were very small, The behaviors
of the other resins in vhis solvent were intermediate between the two
types already mentioned,

Rd. The gums derived from the cyclic hydrocarbons, limonene,
pinene, and tetralin showed the greatest decrezses in solubilities in
methyl cyclohexaone with lowered temperatures, respectively. Although
the amounts of the other gums in this hydrocarbon varied with temperature,
the changes were slizht as can be seen from Plate 2,

25, In isococtane most of the gums derived Ifrom the hydrocarbons,
the blend included, showed the greatest decreases in solubilities with
decreased tempereatures, Plate 3 shows the changes of the solubility of
the solutes in the aliphatic solvent with temperature.

26, The greatest differences in the solubilities in the blend
at different temperstures were shown by tetralin, limonene, and methyl
isopropyl lctone and its blend. The solubility of the other resins
varied too, but the changes irere zradusl znd less nronounced than the
ones mentioned ahbove. Plates 4 and 5 show the chenges of the solubility
of the gums in the blend with tempercture on the basis of the experimental
and cealculated velues,

COUCLUSIONS

Fad

27 The solubility of nine gums derived from pure compounds of
known structures, have been determined for various vemperatures in three
pure hydrocerpbons and in a blend of these compounds.

8. The comperstive order for the elficlency of the solvents vas:
xylene, the blend, methyl cyclohercne, and isooctane
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APPERDIX A
PROCEDURE FOR DETERLINING SOLUBILITY OF GUMS STUDIED

1. Hany of the gums collected, as described in the body of the
report, were semi-solids and as such could not be used for solubility
determinations. These semi-solids were converted to solids by dissolving
the gums in acetone, evaporating the acetone on 2 steam bath in a current
of air, ond if necessary, placing the gums in an oven at 110° - 120°C
for 2 to 3 hours. The gums were then scraped from the beakers and ground
to fine powders, In this condition they were used in this study.

Description of Procedure®

2 The solubility of 2 zum in 2 hydroczrbon was based on the
formation of a saturated solution and then the analysis of the liquid
phase for solid material. The wroduction of a szturated solution was
carried out in an eizht inch test tube equinned with a zleoss screw
stirrer omerated by an electric motor. A small quantity of the gum
was added to the sclvent in 2 tube immersed in a constant temperature
bath until some of the solid reamzined undissolved. After the solution
was sbirred for 3 to 4 hours, the stirrer was removed from the tube
and the latter closed with a cork, the solubility tube meanwhile
kept in the thermostat,

5. After the solid had subsided, five cc of the solution were
transferred to a tared weighing bottle by means of a pipette, the end
of which was securely wrapped with filter paper to guard azzinst the
entrance of solid particles. The amount of solid in solution was
determined by evaporation in an oven at 110° -~ 120°C and bringing the
residue to constant weight.

4y To the solution a furither quantity of the gum was added and
stirring continued for another period of 1 to 2 hours. The composition
of the solution was determined again., ihen two consecutive determinstions
showed that the concentration of the solution was constant, these
results were averaced and expressed in milligzrams of wum per 100 cc of
solvent, The volume occupled by the gum was nesligible in comparison
to that of the hydrocarbon,

Aprendix A, page 1.



APPENDTX B

METHOD OF PURIFICATION OF SOLVINTS AND
ANALYSES OF GUHS USED IN THE STUDY

1. Presented in this section is a description of the method of
purification of the hydrocarbon solvents, the physical constents of these
compounds as determined experimentally and compared to the values as
reported in the literature, and the results of the analyses of some
of the gums used in this study as also given in the literature.

Purification of Materials

Re Xylene, methyl cyclohexane, and isooctane were purified
by the following treetment., Two gallon samples ol the hydrocarbons
were stirred vigorously over a period of § to 8 hours with fuming
sulfuric acid. The hydrocarbon layers were wezshed successively with
a 40% sodium hydroxide solution end then tirice with water. The resulting
materials, vhich in the cases of isooctone and methyl cycloherane gave
negative tests for unsaturation, were dried first over celcium chloride and
then over sodium, The hydrocarbons were fractionally distilled in a
three and one-half foot silvered vacuum~-jacieted column. The beoiling
voints and the refractive indices are listed in Table A.

De Table B contains the results of the gum snalyses as given
in the literature.

Appendix B, pagze 1.
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Name

Isooctane

Methyl
cyclohexene

Table A

Physical Constants of Hydrocarbons

Boiling Point; 76 Omm/corr,

Refractive Index, 4 line

138,47-141.0

_ Value from
Determined Literature
99.5~lOQ.2 98.3 (3) .
100,3~-100.4 100,38 (4)

101.0 (5)

143.56 (6)

139,00 (6)

133,30 (8)

Determined Value from
at 20°C Literature
1.,3911 1.3916 (3) =
at 20°C
1,4R30 1.,4235 (4)
at 20°C
1,4254 (5)
at .20°C
1.,4951

# ILiterature reference; see Bibliography.

¥% Xylene consisted of mixture of ortho, meta,

1.50777 ()
at 15.5°C

1.49962 (6)
at 14.8°C

1.49734 (6)
at 16.2°C

and mara isomers.

Appendix B, pagze R.























