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SUMMARY

1. The problem assigned was to determine if petroleum cresylic aclds
were suitable for the manufacture of aluminum cresylate used for "in situ"
formation of gasoline gels in incendiary bombs and flame-throwers.

2. Preliminary work was directed toward comparative tests on materials
Prepared from both coal tar and petroleum derived acids. These experiments
showed that the source of the cresylic acids had no effect on the properties
of the corresponding aluminum salt but that boiling range and contaminants
were the properties to be considered.

3. GCel preparations with various types of aviation gasoline showed
that aluminum cresylate gels wore less sensitive to the different hydro-
carbons than is Nepalm Thickener.

4., Exposure tests on aluminum cresylate solutions showed that "skin-
ning" tendency is dus to reaction of atmospheric moisture with the cresylate
rather than evaporation of the diluent.

5. Use of high boiling diluents for aluminum cresylate was investi-
gated and it was found that refined lubricating oil could te used without
excessive 1loss in consistency of the corresponding gels.

6. Reaction of cresylic acid with varicus forms of aluminum in the
prosence of hisa bolllag 3. uents showed that ~ither granular or foil
aluminum can bte user. n:l.ix.cntorily in the prejaration of aluminum cresylate.

T. Storago terts e.e prde in corntainers of various materials over a
period of three mont>~ rio.ed that tin dlate, “erne plate, iron, and glass
were suliiiable as coninircsn for aluminum cresylate solutions.

8. A satisfacto vrocedure for the manufacture of aluminum cresylate
was developed in pilot sculs equipment which could be readily adapted to com-
mercial practice.

9. Relationships were established between consistency and aluminum
cresylate concentravion, togathor with the effect of varying the aluminum
cresylate-oleic acid ratio, on gasoline gels prepared with these materials.

10. Comparison of 2/2 reacted and 100% reacted products in refined
lubricating oil showed thei the 100% reacted material was too viacous for
handling in the field unless some polar compourd was 2dded, Hovever, these .
polar corpounds were found to be excellent poptizers for the gascline gels,
resulting in low consistency.

11. In view of the minor differences in inflammability of the 2/3 and
100% reacted aluminum cresyletes, it was corsidered that the 2/3 reacted pro-
duct was satisfactory on the basis of meeting Navy's requirements.

12. It was fourd that moisture is essential for the interaction of
aluninum cresylate and olsaic acid in the prepsration of gasoline gels. The
introduction of this moistu-e 18 test accompl.shed ty adding a weuter-acetone
blend to the oleic acid uscd in formation of the gmsoline gels.

13. A formulation was developed for the preparation of gasoline gsls ty
"in situ" formation cf alurinum soap through reactisn of an aluminum crssylate
solution in lutricating cil with an oleic acid-acstono-water blend. This adop-

t:d formulation gave the gel conslstency desired bty the Navy for fire bomb
mixes.
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I NPRODUCTION

During World War II thickensd fuels were developed for in-
oendiary bombs and flames throwers, the most commonly used product
being Napalm Thickener which is a basic aluminum soap of ocleic naph-
thenic, and cocoamut fatty acida. In the latter months of the war
in the Pacific, the Navy used fire bombs directly from carriers in
order to eliminate enemy concentrations at invasion points. These
bombs consisted of "Jjettison" fuel tanks into which a mixture of gaso-
line and finely ground Napalm Thickener was introduced by means of
apecial mixing devices. Considerable difficult; was encountered in
obtaining uniform mixing, resulting in stratification and incomplete
gelation. To eliminate this difficulty, consideration was given to
the use of special materials which would give the required gelation
by "in situ" formation of aluminum soaps in the gasoline. A number
of products had already been investigated by Dr. Alexander of Cambridge
University, the more promising of which was aluminum cresylate., His
rosearch wvork had shown that coal tar cresylic acids could be made to
react with metallic aluminum to produce aluminum cresylate. On dis-
solving the aluminum cresylate in an equal weight of benzol, a fluid
product was obtained. This solution, when poured into gasoline con-
taining oleic acid, gave good gels. As a result of this work, the
English Petroleum Warfare Department developed Camgel XQ Fuel to take
the place of F.R.A.8. fuel. The aluminum creaylate component was pre-
pared by reacting cresylic acid, having a high ortho-cresol content,
with aluminum foil in the presence of a mixture of coal tar solvent
naphtha and coal tar heavy naphtha. The fatty acid solution, commonly
used in reacting with the aluminum cresylate, was made up of a mixture
of oleic acid, cresol, water, and acetons. Preparation of fuels from
these two components was accomplished by firat dissolving the aluminum
cresylate solution in gasoline and then adding the fatty acid solution
vhile stirring. Whon a slight thickening occurred this mixture vaa
transfoerred to the flame thrower tanks and completion of gelation was
allowed to take place in the fuel container.

In adapting such a product to our own requirements, it was
necesasary first to investigate the availability of rav materials. Since
coal tar cresylic acid of the particular quality used by the English was
not available in the quantity required, consideration was then given to
the possibility of using petroleum derived cresylic acids which were
available. The firast experiments followed closely those of Dr. Alexander
and vere made for purposes of evaluating the various grades of petroleum
aclds in comparison with blends of the isomeric cresols,

Experimental work was also done on the effect of gasoline oom-
position since the Navy would use 100 octame gasoline in its mixes for
fire bombs. The composition of 100 octane gasoline may vary considerably
depending on its source, being only one or a blend of natural gasoline,
aromatics, alkylate and catalytic cracked stocks, Comparative tests vere
made with regular S-130 aviation gasoline to determine if any marked dif-
ferences in gel character or consistency would be encountered 1f the
gasoline had a preponderance of any one of the above components.

Since the Navy requirements for such agents would necesaitate
storing in drums on aircraft carriers, the Navy further stipulated that
these components shoull be relatively non-inflammable in order to avoid
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excessive fire hazards in the event of fire aboard the carrier. Since
even heavy coal tar naphtha is considered inflammable, it was necessary
to investigate the possidility of using diluents such as lubricating oils
to detemine if they could be used without adverss effect on either the
base stock or the jellied gasoline. Comparative tests were made on both
refined lubriceting oil and corresponding petroleum distillates.

Consideration of commsrcial manufacture of aluminum ocresylate
solutions required pilot scale experimental work for the development of
& suitable famulation and production technique adaptables to large scale
operation. Pilot plant batches were prepared in accordance with the
procedure considered most satisfactory from laboratory experience.

1
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CHAPTER I

PREPARATION OF ALUMI NUM CRESYLATE

A. Coal Tar vs. Petroleum Derived Aluminum Cresylates

In the evaluation of petroleum cresylic acids as raw materials
for preparation of aluminum cresylate, it was considered necessary to
establish standards by which the products could be appraised. Since all
previous work has been with coal tar acids, samples of aluminum cresylate
vere first prepared with high purity cresols. Following are the blends
used in preparation of thess aluminum cresylater:

(1) Meta-cresol
(2) %0% meta, S0% para-cresols
(3) 60% ortho, 20% meta, 20% para-cresols.

The method used for these preparations was that of Dr. Alexander's in
which two-thirds of the theoretical amount of aluminum was utilized,
based on the following equation:

I2
Al + 3§ .cHy .OR 1 > AL (f.CHy.f)5 + 11/2 n2T

This was accomplished by placing the cresol in a round bottom flask and
immersing in an oil bath maintained betweon 350-360°F. (CA 180°C.).
After the stock had renched bath temperature and had been dehydrated,
one-third of the aluminum in the form of foil and a small amount of
iodine were added. The flask was then connected to a reflux condenser.
After several moments, a somewhat vigorous reaction took place. The
bath was then allowed to cool to between 320-330°F. and, after the first
increment of aluminum was dissolved, the belance was added and the mix-
ture held at the lower temperature. When the reaction slowed consider-
ably, additional iocdine was added and heating was continued until reac-
tion was complete. The product was cooled and then dissolved in suffi-
clent benzens to make a 50% solution.

These aluminum cresylates were then tested by mixing with the
following blend:

100 parts gasoline (CWS 196-131-14k4a)
3 parts sleic acid
1 part meta-cresol

To determine the effect of concentration upon consistency, goels were made
using 5, 4, and 3 parts of cresylate. The mixture was agitated vigorously
vith an air stirrer for 4-5 minutes and then transferred to storage tubes.

Conalstencies were taken at 77°F. with a Gardner mobilometer at one, four,
and twenty-four hour intervals.

The petroleum cresylic acids were treated and evaluated in the
same manner as used for the cresols, the formulas being modified only to
correct for molecular weight. The two grades used were identified as

purified "EE" and purii'ied "FF." Their physical and chemical properties
are shown in the appendix. :
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The results of the above experiments were as follows:

Table I
Concentration Mobilometer Test - Grams#*
Phenol Used % by Vol. 1 hr, 4 hrs. 24 hre.
m-Cresol 5 2u3 218 218
3 1k2 147 108
3 54 36 0
m,p-Cresol 5 1%6 176 212
50% meta [y 122 1%0 168
50% para 3 66 72 0
o,m,p-Cresol E 253 290 271
60% ortho 132 145 158
20% meta 3 68 50 o}
2074 para
Petroleun Cresylic Acids
Purified "EE" grade 5 212 241 301
4 165 218 128
3 60 76 30
Purified "FF" grade 5 191 268 270
'S 148 170 203
3 60 80 52

#Note: Regular Gardiner mobilometer readings - grams/10 cm. fall /100 secs.

It can be seen that the gels 1erived from the ortho-meta-para dblend ap-
pear the best of the cresol mixes. Those obtained from the petroleum
cresylic acids, although in general similar, are somevhat less effacted
by azing. It would se¢em, from tha limi*ed tests performed, that these
latter acids produce aluminum cresylnates slightly superior to those
derived from the cresol blends,.

B, Concentration - Consistency Relationship

Since the Navy desired consistenacies in the order of 200-500
grams (Gardiner mobilometer) ndditional tests were made with higher
concentrations of the two petroleum derivsed aluzinum cresylates evaluated
above, in order to determine the ranges of concentration which would
conply with this requirvment. These wcre rrepared with six and seven per
cent of cresylate (50% solutior) and proportionsl increases in the oleic
acid used. In these tests, the procedure was somewhat modified in that
the cresylate wes first dissolved 'n the gasoline and tue oleic acid was

added to this mixture while agitating. Thoe results of these experiments
were as follows:

i
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Table II

Concentration Mobilomster Test - Grams
Cresylate Acid Used % by Vol. Thr. L hrs, 2k hrs.

Purified "EE" grade 6 355 - 405 Lo2
T k20 ‘5‘;.2 228
Purified "FF" grade 6 335 5 5
7 365 465 568

These results show that consistency ve. concentration is essentially
8 straight 1line function and that the final conslstency is dependent
on both concentration and time between mixing and utilization.

C. Effect of Cresylic Acid Quality on Aluminum Cresylate

The cresylic acids used above were stocks which had been
treated for removal of contaminating sulfur compounds and were not
representative of commercial production. To determine if the presence
of contaminants (sulfur or neutral oil) or higher toiling phenols was
detrimental, additional samples of cresylates were compared from
cresylic acids which had not been treated for removal of sulfur. These
acids are identified as regular "E" and heavy "FF" grades and their
properties are shown in the appendix. The gels of the corresponding
cresylates had the following consistencies:

Table III

Mobllometer Tests
Cresylic Acid 4 (by Vol.) 1 hr. 4 hrs. 24 hrs,

Regular "E" grade 220 295 ﬁaata)
Beavy "FF" grade

From these resulis it cnn be concluded that the presence of contamirating
materials results in a reduction in consistency. However, it appears that
the more iurortant property of the cresylic acid to be considered is its
bolling range. Since the heavy "FF" grade cresylic acid is composed of
xylenols and higher homologs, it differs considerably from the purified
"FF" grade used in the earlier experiments.

On tlLe tesis of the resultc obtaincd in these tests it was
corsidered that future evaluations o: petr:iiaum cresylic acils in the
preperation of aluainum cresylute wo1ild be iade using rogular "E" grade.

D. Effect of Gasoline Cuality on Alumirum Cresrlate Gels

In the preparation cf alum!num ciosylate gels under field con-
ditions, ethacially Navy‘s use in preparation of fire tomts, it 1s highly
brobable trat the gnsoline used would be arlation grade. To determine
what effect variations in composition ol tlo gasoline would have on the
corresponding gel, a series of tests was made with the following stocks
to determine if gel conslistency was affected by the type of gasoline used:

-5-




1. HF Alkylate (from mixed butenss and pentenes)

2. Isopentane

3. "Thermofor" catalytic cracked (Bead catalyst in
primary and retreat units)

L., 100-octane gmasoline dlend (S-130)

Physical and chemical properties of these gasolines are shown in the
apoendix. Six per cent aluminum cresylate gels were prepared in the
usual manner in the above gasolines., The mobilometer tests obtainsd
on these gele were as follows:

Table IV

Mobilometer Consistencies
Gasoline 1 R "

HF Alkylate 315 346 368
Isopentam 305 350 k50
TCC Aviation 318 360 370
8-130 310 k00 k30

From the results of these experiments, it can be concluded that no
marked difference in gel consistency may be anticipated when using
various gasolines. In addition they show that aniline point need not
be considered as a factor in gel consistency as is the case with Napalm
Thickener.

E. Consistency vs. Aluminum Cresylate-Oleic Acid Ratio

Since the English vork had indicated that the characteristics
of gels were dependent on the ratio of oleic acid to aluminum cresylate,
a series of gels was made using six per cent aluminum cresylate in S-130
grade gasoline, varying the amount of oleic acid added for gelation.
Following are the results obtained on these tests:

Table V

Mobl lometer Tests
9. Oleic Acid (by Vol.) 1 hr, 4 hrs, 24 hrs,

2.4 325 300 265
3.6 (standard amt.) 305 360 392
4.8 268 318 305

These mobilometer tests show that the use of the lesser amount of oleic
acid gave a gel vhich was very short and tended to be unstable, making
it difficult to obtain reproducible mobilometer readings. The excess
oleic acid produced a "stringy” gel similar in appearance to the one in
vhich the standard amount of acid was used. Its consistency, however,

was somewhat lower due to the peptizing effect of the increased fatty
acid content.

F. "Skinning" Tendency of Aluminum Cresylate Solutions

Experience with aluminum cresylate-bonzene solutions has shown
that such materials tend to skin on exposure. In order to determine if
this skinning was due to evaporation of the benzens or moisture pick-up

-6-
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from the atmosphere, a series of tests was made in which the product was
exposed under various humidity conditions., This test consisted of adding
a measured volume (20 co.) of the cresylate solution to an open dish 5 cm.
in diameter. Avoiding any drafts, this sample was exposed to the atmos-
phere and the length of time recorded for the surface to skin completely.
Relative humidity determinations were made at the start and finish of

the experiment. The following data were obtained:

Table VI
Temperature, °F. Skinning Time,
Test Dry Bulb Wet Bulb Relative Humidity, ﬁ Min.
1 78 71 71 2
2 77 69 67 2-1/2
3 82 173 65 2-1/2
b i 62 k2 3-1/2
5 76 61 41 3-1/2
6 5 60 39 3
T 79 59 28 22

With a relative humidity of 30% or less the stock appears falrly stable,
However, under conditions of higher humidity, skinning is greatly accel-
erated. It can be concluded from these results that skinning is due to

absorption of atmospheric moisture rather than evaporation of the benzene
used as a diluent,
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ALUMT NUM_CRESYLATE IN HICH BOILIIG DILUENTS

A. Comparison of Various Diluents fc¢» Aluminum Cresylate

Preparaticn of aluminun cresylate soluticns meeting Navy re-
quirements of minimun inflammability was considered on the basie of
substituting high boiling or non-inflammable diluents for the benzene
and coal tar sclvents used by the English., Lubricating oil, having a
high flash point, was considered as the most readily cobtainabdble diluent
meeting these requirements. Another possibility was the substitution
of non-inflemmable organic sclvents such as carbon tetrachloride,

In order to correlete consistenc; with the type of diluents
used, the aluminum cresylates werc pmpmd in accordance with Dr.
Alexander's procedure which corsisted in dissolving two-thirds of the
theoretical aluminum in regular "E" grade cresylic acid at a tempera-
ture of 330-360°F., adding sufficient iodine to catalyze the reaction.
When the reaction was complete sufficient diluent was added to obtain
a sclution having 0.6 gram of aluminum creaylate-cresylic acid per
cublc centimeter.

Three cresylate solu*ions were made by the above procedure
using benzene, carbon tetrachloride, and a highly refined lubricating
oll as solvents, Gels were prepared with these three materials, adding
five parts of the cresylate sclution and cna part meta-crescl to S-130
grade gasoline with tho sutsequent addition of three parts of oleic
acid. Gelation was obtained with both the benzene and lubricating oil
stocks; however, the carbon tetrachloride solution remained fluid. In
view of these resulte it was considered poteible that less highly re-
fined lubricating oils or high boili'g arcmatic hydrocarbons might be
equally satisfactory, and two additional eluminum cresylate solutiona
were prepared with lubricating oil distillate and a synthetic aromatic
oll as solvents. These cresylate solutions were alsoc used in the pre-
paration of gascline gole in the above manner. The mobilometertests
on these four stocks were as follows:

Table VII

Mobilomster Teast
Solvent Used hr, hrs.

Benzens 205 228 238
Highly refined lubricating cil 263 265 268
Lubricating cil distillate 16C 184 168
Synthetic aromatic oil 177 195 148

It will be noted that the product 12 lLighly refined ludbricating oil
gave gele with the highest consistencios., "his indicates that the
Presence of aromatics ard unsaturates in the.diluent results in a
material reduction in consistency. For purposes of comparison, physical
properties of these three high boiling stocks are shown in the apvendix.
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In the above preparations, the normal procedure has been first
to complete the reaction of cresylic acids with aluminum at a temperature
of 360°F., adding the diluent after evolution of hydrogen hes coased.
Since the English experience showed that & diluent could be added to-the
cresylic acids prior to reaction vith aluminum, permitting the use of
lower temperatures and allowing the reaction to proceed uniformly, an
experiment was made following this procedure while maintaining the stock
at & temperature of 300°F. The reaction began shortly after addition of
the 1cdino catalyst and continned very smoothly until completed. The
elapsed time for this reaction was less than that previously required
when no diluent was used and higher temperatures employed.

B. Reactivity of Various Forms of Aluminum

Using the above procedurs, a series of experiments was made
in vhich various forms of aluminum were usel, as follows:

1. Thin foil (.0025" thick)

2. Thick foil (.0048" thick)

3. Cranular (16 mesh and finer)
4., Wire (0.078" diem.)

The reaction in each case starting shortly after the eddition of the
iodine and proceeding through to completion sati{sfactorily. The granular
aluminum wes dissolved in the shorteat length of time. The two foils be-
haved similarly, taking only a slightly longer tims for reaction. The
aluminum wire, vhich offcred the least reactive surface, required con-
siderably longer time for completion of the roaction. From these resultes
it can be concluded that granular aluminum is entirely satisfactory and,
because of its form, lends itself to handling readily in preparation of
alurinum cresylate.

C. Pilot Scale Preparation of Alum’ num Creaylate

The erglish Camgel base stock hrs been prepared in a more con-
centrated form tanan the materisls indicat:d in previous experiments,
containing 0.7 grams per cubic cenlimeter of aluminum cresyiate. To
determine if a sinilar conceniration could to obtained when lubricating
oil was substituted for the coal tar solvent, a pilot batch was propared
in a Pfaudler kettle, equipped with & full steam Jacket and mechanical
agitator. Followirg is the batch formula for this preparation:

Regular "E" grade cresylic acid 124 1lvs.

Aluminum {granuler) 6.6 1bvs,
Highly refined lubricating oil 56.4 1bs.
Todine 2.0 1bs.

The cresylio acid and lubricating 01l were charged to the kettle, and
the temperaturs raised to 310°F. while agi:ated. Vacuum was applied

to the kettle for thirty minutes to elirinat. moisture from the mixture.
The vacuum was tien relsased zni the aluminum arnl iodirs added in incre-
monts of 1.65 1bs. and 0.5 1lbt., respoctively. On additlon of the first
incrciiont of these two materials, the tempciaturs of the tatch rose to
atout 360°F, at which point cooling water wae addei to the Jacket at
such a rate that the temperaturs of the batch was keld below 370°F.

-9-
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When evolution of hydrogen ceased, the second increment of aluminum and
liodine was added and the same procedure followed. These additions were
repeated until all stock had been added and the mixture maintained at
the temperature in excess of 300°F. for 30 minutes after cessation of
hydrogen evolution. The stock was then cooled to 200°F. and filled
directly into containers for storage.

D. Contaliners for Aluminum Cresylate Sclutions

Since information was lacking on the effect of type of con-
tainer required for aluminum cresylate, samples were filled into tin
plate, terne plate, iron, and glass containers. These contalners were
Placed in storage for tests after three months. After this storage
period, mobilometer tests were made for comparison with the original
results of tests made at the tims of preparation of the alumlnum
cresylate. Following are the results of these tests together with the
original consistency values:

Mobilometer Test
Contaliner ﬁ by Vol. 1 hr, 4 hrs. 24 hrs,
tin plate 5 350 k10 360
toxrne plate 5 3%0 koo 355
iron 5 247 380 k95
glass 5 220 250 285
Original tests 5 418 430 Lb5

Although these tests would indicate that t.:e type of container may
affect the alumirum cruzylate, 1t is believed that these differences
are not significunt but represent the usual experimental variations.

E. Effect of Varving Quantities of Cresol snd Olaic Acid on Cel Cunsistency

More cnrplete testo wore made on tlie use of this rorticular
aluminum cresylate in the prej.aration of gel verylng tre anuunt of
cresol an? oleic acid used in the Jullylrg experimente. Terns wore
also made following the "Camgel' procedure. Following are the results
obtuined in these experiments:

Table IX

¢ Aluminum % ¢ Cleic % 9, Mobilometer Teats

Cresylate Cresol Acid Water Acctone lhr, 4 hrs. 24 hrs.
5 1 5 - - 418 430 L5
5 1 T - - 405 398 215
L 1 11 - - 273 25 158
5 2 5 - = ko5 ki3 228
5 3 5 - - 233 203 60
5.5% 1 €.1 ANC S c.8 300 179 15

*Note: Made in accordance with "Cangel" procedure.

-10-
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These tosts show that the use of equal volume of the cresylate and oleic
acid will givo the maximum consistency. The ddition of a greater
amount of oleic acid reduces consistenoy due to the peptizing action

of the unreacted fatty actd. Increasing the amount of cresol added
sorves only to peptize the gel further and is probably not required
since the original cresylate contains free cresylic acids in a quantity
sufficient to give the desired peptization., The low consistencies ob-
tained with the "Camgel" mixture are due to tho combined effect of the

larger amount of olelc acid and the water resulting in excessive pep-
tizing of the gel.

F, Uso of Moderately Refined Lubricating Oil as a Diluent

The use of less highly refined lubricating oils was consldered
since the available supply of olls such as thact used in previous experi-
monts is limited. To determine if moderately refined oil could be used
without adverse effoct on the property of the aluminum cresylate, a
pllot batch was propared in accordance with the same procedure used in
the previcus oxperiment. GCels woere prepared from this material by add-
ing cresylate solution to £-130 grade 100 octane gasoline, followed by
the addition of an equal amount of oleic acid. Mobilometer tests on
the resulting gels gave the following consistencies:

Table X

Mobilometer Tests

%_ty Volumo 1 he. e, oW hrs,

5 315 348 a3
6 k35 510 390
7 510 668 600

Conmparison of the3se results "Ath thoese obtained when using the alumimm
crosylate in hijhiys refined lubdricating oll shovws that the degree of re-
finoment 15 »oflc:ten 1.. ti» nerformanco of the aluainum crcaylate.
Howevor, t-c diZ:erecncz Houtrwen theso two siock: is a metter of dwezree,
since toth atocke comuliy w .~k Mavy requiie ants at the some <cnccutration,

G. Effoct cf Tree Croslic Acld on Tufipumability of *lumi-um Crocylate

Sotuelous

As a high flesh cresylate solution is required by the MNavy, it
was considered thnt the presence of the cne-third unrcacted cresylic acid
might te undesirable tocause of its effect on the flash point. A labora-
tor; batch of croaylate was prepared us!ng the sene irgredierts as the
Pllo: batch run ercept that sufficient aliinum was edced to react with
ell of tho eresylic acids to szive a 100% 1cacted product. This cromylate
was very viscous and difficult to handle for mixing cperation. Gels pre-
pared from this materia: gaive the following consistency measaremeonts:

Table XI

Mobilomater Test
% by Vol. 1. - hus. % ors.

5 330 438 470
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Comparison of results obteined on the two-third reaction anmd the 100%
reaction products shows that the degree of improvement in consistency
is not in tho same order which would be expected on the basis of actual
aluminum cresylate content.

To dotermine if the addition of more diluent would reduce the
viscosity without excessive 1loss in consistency of the gasoline gel, two
portions of the 100% reactlion product were dlluted with 1/4 volume of
the same refined lubriccting oil end 1/4 volume of carbon tetrachloride.
The addition of the lubricating oil had only a slight effect in reducing
viscosity; however, the product of which the carbon tetrachloride hnd
been added was & fluid product. Gels prepcred from these two diluted
products had the following consistencies:

Table XIY

Mobilometer Test
Modified Cresylate % by Vol. 1 hr. 4 hrs, 24 hrs.,

CClk added 5 120 155 115
Lub. oil added 5 102 114 58

These results show that the lubricating oil is an excellent peptizer in
its own right beirg oven more effective thar free crosylic acid. The
use of smaller amounts of carbon tetrachloride might result in a product
of satlsfactory fluidity without a great loss in gel consistency. In
view of the result obtained on gels prepared with the 1007 reacted pro-
duct, 1t was considered that the basis of comparison ol this material
with the two-thirds reacted product should he their inflammabilities es
indicated by flash points and fire points. Followiug are the tests on
these two products:

2[3 Reactod 10% Reacted

Flash Point Cleveland, °F, 260 290
Fire Point, °F. 290 320

Although thesc recults indicate a slight improvement in the
100% reacting product the reduction in inflammability 1s lnsignificent
as far as oliminating a potential hazard in the event of fire eaboard
the carrier.

Before discontinuing work along the lines of raising the flash
point small batches of crosylate were prepared in a heavy lubricati
o1l (bright stock of 185 vis. 8SU at 210°F.), corresponding to the 2/3
roacted and 100% rencted products. BPoth products were excessively vis-
cous and formed inferior gels of lower consistencies.

H. Use of Polar Compounds in Aluminum Cresylate Solutions

Another possible means of mroducing a low viscosity material
vhich would flow readily at normal temporature and yet have a high flash
point, was the use of a synthectic high molecular weight alkyl phenol in
Plece of the free cresylic acid normally present in the two-third rcacted
product. Two exnerimental batcheos of cresylate were made using an alkyl
phenol having propertlos shown in the arpendix. The first product was

-l2-
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prepared as a 100% reaction cresylate and while still hot a quentity of
the alkyl phenol was added equal to half of the original cresylic acid
volume. The second preparation, involving the same components, differed
in thet the high boiling phenol was added at the start of the reaction.
The flash and fire points of these stocks were as follows:

Added at Start Added at Finish

Fire Point Cleveland, °F. 285 295
Fire Point, °F. 300 310

From these results 1t can be concluded that some improvement is obtained
by a substitution of the free cresylic acid with the heavy alkyl phenol.
However, here egain the difference is not of significance as far as
oliminating -potentisl fire hazard.

For comparison of these products with the normal formulations
gel consistencies were obtained on the two vroducts at different con-
centrations. Results of these teata aere as followa:

Table XITI
Mobilometer Tests
% by Vol. 1 hr, 4 hrs. 24 hrs,
(5 68 99 192
Added at Start (6 101 131 260
(7 205 318 31k
(5 68 95 220
Added at finish (6 163 330 365
(7 216 400 480

These tests show that the heavy alkyl phenol has somewhat greater pep-
tizing properties than the regular cresylic acid and there is some in-
dication that these materials tend to delay gelation. However, in
comparison with the results obtainod on the normal two-thirds reacted
product, these products appear to retain consistency btetween four
hours and twenty-four hours.

As a result of our findings in this preliminary work, it was
concluded that the principel differerces in the English "Cemgel" material
and our product in lubricating oil were due to the inferior solvent
power of lubricating oil as compared with low boiling aromatlic hydro-
cartons. Thue it is nocessary to have some polar compound such as the
cresylic acids present in order to obtein comparable viscosities. From
the limited work on the use oi' other vpolar materials it was considered
posalble that some chlorinated hydrocarton of lower volatility than

carbon tetrachloride migcht be used to reduce viscosity andi maintain a
high flash point.

-13-
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CHAPTER ITI
FINAL FORMULATION FOR ALUMINUM CRESYLATE SOLUTION

A, Effect of Moieture on Gel Formation

On the basis of our findings as indicated in Chapter II, all
efforts towards the development of a final formula were concentrated
on aluminum cresylate prepared ae a two-third reacted product in re-
fined lubricating oil. The other variadles which were considered im-
portant were the effect of moisture and the oleic acid-aluminum cresyl-
ate ratio used in the preparation of gels.

Heretofore in the experimental preparation of gels with the
aluminum cresylate, mixing had dbeen done in open vessels in such a
manner that the surface was exposed to the atmosphere during the period
of mixing. Since the Navy procedure of mixing would probadly be in a
closed eystem, teets were made in which an inert atmoephere of nitrogen
was maintained over the surface during the mixing. Gels obtained from
these experiments were low in consistency as compared with the same
formulation mixed in the open. Thie indicated that moieture was being
taken up during the mixing, accelerating gelation. In reviewing the
Englieh wvork it was considered possible that comparable results could
be obtained in a closed system if the neceseary moisture could be added
with the oleic acid as an acetone-wvater mixture. A series of tests was
made in thie manner using six per cent of the two-thirds reacted alumimm
cresylate in refined lubricating oil and a corresponding amount of oléic
acid to vhich had been cdded various quantities of the acetone-water
blend. Results of these tests, together with that of the blank are
ehown in the following table:

Tadle XIV
% Alumimum ¢ Oleic ) % Mobilometer Teste
Cresylate Acld Acetone VWater 1 hr. §, hrs. 24 hrs.
6 6 ‘w - 142 160 below 60
6 6 0.30 0.03 575 610 400
6 6 0.45 0.045 600 525 365
6 6 0.60 0.06 kos 305 292

These tests are definite proof that moieture is eesential for the re-
action to take place. Comparing these results with thoses obtained in
the open mixing experiment, it will be noted that the variations od-
tained in the latter tests are within the rangs of the consistency
shown in the atove table for those stocks to which acetone-water was
added, indicating that absorption of moisture from the atmoephere is
dependent on humidity and time of exposure.

B, Effect of Alurinum Cresylate-Oleoic Acid Ratio on Gel Consistency

A series of gels was prepared by mixing in the open in vhich
the aluminum cresylate was used In concentration of 5, 6, and 7 per cent.
The quantity of oleic acld was varied from 80 to 120% of the aluminum
cresylate volume, Consistencies of ¢k3se gels were as follows:

-1k
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Table XV

% Aluminum 9. Oleic Mobilometer Testa
Cresylate Acid 1 hr. 4 hrs. 24 hrs.

Loo k55 360
363 k26 275
177 210 165
585 570 330
480 535
310 355
650 800
890 oL5
8.4 k25 400

SRR PR, X-.Y- 3¢ IC 1)

It will be noted that the most uniform gels are obtained when the ratio
of oleic acid to aluminum cresylate 1s 1l:1, the use of more oleic acid
tending only to peptize the gel further. This difference is even more

marked where a higher concentration of aluminum cresylate solution is
used.

C. Final Formulation for Navy Type Gels

On the basis of the above experiments the final formulation
of the aluminum cresylate solution considered most satisfactory would
be a two-third reacted product in refined lubricating oil prepared in

accordance with the procedure given in the appendix for mamufacture of
a2 150-gallon batech.

The oleic acid solution would bde made up by adding to each
gallon of oleic acld, the following:

Acetone 0.1 gallon
Water 0.01 gallon

Using these two base stocks, 100 gallons of gasoline would be mixed with
6 gallons of the aluminum cresylate solution followed by additional mix-
ing with €.66 gallons of the oleic acid solution. The mixed stock could
then be filled directly into the fire bomb where gelation could contimue
until the desired consistency of 200 to 500 grams was obtained. From
the above table it can be seen that maximum consistency would be obtained
in lees than an hour after mixing which should be rapid enough for the
service required by the Navy.

Fifty gallons of eluminum cresylate solution, prepared in
accordance with the above formulation, was shipred September 11, 1945
to Captain John A, Southern at Edgewood Arsenal for use in large-scale
field tests in fire bombe.
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PITFALLS

1. In the preparation of aluminum cresylate solution, there
are several hazards which should be avoided. Ons of the principal
pitfalls is the presence of moisture in the crepylic acid which
prevents reaction of the metalllc aluminum and the cresylic ecid.

Our regular practice for removal of water has been to heat the
cresylic acid to a temperature in excess of 300°F., applying suf-
ficlent vacuum to remove the moisture. The Engiish procedure is to
edd a small emount of aluminum cresylate from a previous batch to the
cresylic acld prior to the addition of the aluminum. Both proocedures
are satisfactory for the removal of water.

2. Precautions must be taken to insure minimum oxlde coating
on the metallic aluminum since this preverts its reection with the
cresylic acid. This cun be accomplished either by pre-treatment of
the aluminum with aqueous solutions of heavy metal salt such as
mercuric nitrato - or by the addition of ‘odine during the reaction.

3. The presence ¢’ excessive amounts of polar compourds in
eithor the cresylic acid or the gasoline used in the preperation of
the gel will tead to gilve low consistoncy.

4. Composition of tho cresylic acid used is of importance
since high boiling ccmponents above xylencl are excellent peptizers
and also do not react as readily as a lowe:* boiling phenol.
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APPENDIX I

Batch Formula

Cresylic acld (regular "E" grade) 100 gallons
Refined lubricating oil 53 gallons
Aluminum (granular) 48 pounds
Iodine crystals 12 peunds

Equi pment

ftoam and water jJacketed kettle with mechanical agitation and
equirped with necessary appurtenances for application of vacuum, removal
of reaction gases, reagent injection, and equipment for filling stock
into conteiners.

Trocodure

Charge the cresylic acids and refined lubricating oil to the
kottle and heat to 300-310°F. tomporature. Apply vacuum gradually
until nressure is reduced to 5 inches mercury. Malintaln under thece
comiitions for 3C minutes to insure elimination of water. Release
vacuum and raise temperature to 320-330°F, Add 12 pounds of aluminum
and 3 pounds of iedine while agitating. Observe clesely the tempora-
ture of the mixture and when it reaches 360°F., inject wator lnto the
Jacket at such a rate to maintain the temperature botween 360 and
370°F. When evolution ef hydrogen subsides, ropeat the cycle ef adding
alurinun and iedine until all feur increments have beecn added. The
nixture is maintained above 300°F. for 30 minutes after hydrogon ovolu-
tion has coascd then cooled to 209°F, end leaded into the desired con-
tainers.




APPENDIX II
PROPERTIES OF NEUTRAL OIL DILUENIS

Highly | ; i
. Refined Lubrica.tingi Refined {Synthetic
‘Lubricating 011 Lubricating! Aromatic
i 0il Distillate 011 011

Flash Point,°F.(Clev.) | 320 350 270

Fire Point, °F. - 385 300

H !
Vis. at 100°F., SSU 105 103.9 | 8.5

Pour Point, °F. -4o - -50
Aniline Point, °F. 3 119 -

% Unsulfonated Residue ! 57 nil
Distlllation,AS™™ : D-158

53C°F.
570
590
609
625
640

692
716
736

CALIFORNIA RESEARCH CORPORATION
RICEMOND, CALIFORNIA
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APFENDIX III

PROPERTIES OF GASOLI NES

—

g HF
33-130 Alkylate

Aniline Point, °F. 120

Isopentane . Thermofor CC

167.2 ' 68

Bromine Number

Hydrocarbon
Distribution -
4 Olefins
9 Aromatics
% Paraffins
¢, Naphthenes

ASTM Dietillation

90
95%
End Point

CALIFORITA RESEARCH CORi ORATTON
RICTMOND, CALIFORIMIA
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PROPERTIES OF PHENOLS

Purified |, Purified’' Regular ; Heavy Alkyl
"EE" "FF" "gr ! Phenol

]
Specific Gravity at 60°F.| 1.028 1.007 1.022 | -

4 Neutral Oil 0.05 0.1 0.5 -

% Water (by distillation)| 0.2 0.3 -

¢ Sulfur (Bomb) 0.12 0.42 ! .

Distillation-ASTM D-86(Mod) D-Lu47 14 mm. Bg.

395°F. 390°F, i
397 ko2 314
399 Lok
%00 405 347
ko1 = 372
03 - 391
Lo6 ko9 %06
408 - RN
k1o -
L2 : Lso
K16 k19 508
o5t hay ko3
End Point hi3 448

CALIFORNIA RESFARCH CORPORATION
RICHMOID, CALIFORMIA
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