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CONFIDENTIAL
OSRD No. 3763

Division 11
NATIONAL DEFENSE RESEARCH COMMITTER
of the
OFFICE OF SCIENTIFIC RESEARCH AND nnmom:

"METHACRYLATE INTERFOLYMERS AS GASOLINE THICKENING ACENTS"
" gervice Directive CWS-21

BEndorsement (1) From E. P. Stevonscn, Chief, Division 11 to
Dr. Irvin Stewart, Executivo Seoretary of the National Defense
Research Committee. 3

Forwarding report and noting;

"Interpolymer gels containing both isobutyl metha-
orylate and free methaopylic ascid, but no sodium

soaps, have certain advantages over the isobutyl
methaorylate-sodium soap formulas currently used

for filling inoendiary bombs, but hitherto they have not
been sufficiently stable- at low temperaturess This
report describes interpolymer gels which are stable

at low temperatures making thom attractive for
consideration for filling incondiary bombs,."

Forwarding report and concurringe

This is a progress report under Contract 11-364, OEMsr=744 with
E. I. duPont de Nemours and Companye
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Abstract

The development of stable isobutyl methacry-
late-methacrylic acid interpolymer thickened gasoline
gels is reviewed. Laboratory formulation studies on
the effect of the nature and the concentration of the
polymer, the gelation agent, the soap forming acids,
and the fuel composition are described. The cvaluation
of representative gels as the fillings for large
incendiaries are discussed. A soap free gel conteining
3 to 6% of an interpolymer prepared from isobutyl
methacrylate with 0.3% methacrylic acid, 20% toluene,
1% of 40% aqueous NaOH, and 76 to 73% gasoline gave
best results in firing tests in the M-§7 and E-9
incendiary bombs. Such a gel has high strength, a
rapid burning rate and a high fuel content.
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April 26, 1944
Isobutyl Methacrylate-Methacrylic Acid

' Interpolymers as Gasoline Thickening Agents
. Introduction

Eerly in 1942 this group cooperated with the Technical

" Division of the Chemical Werfare Service in a study of incendiary
fillings for the M-47 bomb., The gels which gave the best disper-
sion patterns and which had the best incendiary characteristics
were solutions of an isobutyl methacrylate-methacrylic acid inter-
polymer in gasoline gelled by the eddition of aqueous caustic.
These gels were not stable at -40°F,, however, and they were
therefore rejected in favor of more stable mixtures containing
both polymer end soaps as represented by the IM-1l and IM-4 for-
mulas {compositions are given in Teble 1, page 4)

During the course of a subsequent study of 1ncend1arz
gels undertaken in this laboratory under OSRD contract OEMsr-Ti44,
the stabilization of interpolymer gels was schieved. This report
will describe formulation studies on isobutyl methacrylate-
methacrylic acid interpolymers in mixtures containing 1% or less
soap. Interpolymer gels containing higher concentrations of soap
have distinctly different properties and will be reported sepa-
rately. The interpolymer gels were evaluated in the AN-M47 bomd
by the Chemical Warfare Service and in the 40-1b. E-9 incendiary
bomb by the Texas Company.

I. Summar

1. Isobutyl methacrylate-methacrylic aoid interpolymers
vere tested as thickening agents for incendiary fillings for large
munitions.lLaboratory formulation studies on the effect of the
nature and concentration of the polymer, the gelation agent, the
soap forming acids and the fuel composition, led to the following
observations.

a. The strength and elasticity of the gels is propor-
tional to the polymer content and to the methacrylic acid content
of the interpolymer. The optimum range appears to be 3 to 6% of
an interpolymer of isobutyl methacrylate with from 0.1 to 0.3%
methacrylic acid.
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b. While all strong bases will produce gelation of the
interpolymer solutions,0.5-1.0% of 40% sodium hydroxide is the
preferred gelation agent. Use of & more dilute ceustic solution
will ceuse gel friability.

c¢. The presence of 1% of naphthenic acid reduces the
resilience and improves sdhesion of interpolymer gels without
reducing gel strength. The presence of other soaps stiffens
and strengthens interpolymer gels but simultaneously reduces
their burning rate and tendency to flow during combustion. The
presence of oil-in-water emulsifying agents in interpolymer gels
improves stability at -40°F. but produces syneresis at 125°F.

d. The nature of the gasoline markedly affects the
strength, stability, and rate of gelation of interpolymer gels.
Satisfactory gels were obtained with Purol nephthe meeting CWS
Specificetion 196-131-124, but further work on gasoline specifi-
cations is required.

The replacement of 204 of the fuel (gasoline) by
toluene results in interpolymer gels steble in one-month sur-
veillance tests at 125° and -40°. The addition of toluene reduces
the temperature dependence of viscosity and imparts fluidity
without a sacrificing in gel strength. Cosolvents other than
toluene either did not improve low temperature stebility or
caused phase separation at 125°F.

2. The physical properties of isobutyl methacrylate-

- methacrylic acid interpolymer-gels are compered with other
accepted incendiary gels. The low soap content of the inter-
polymer gels results in a rapid burning rate, a high fuel content
and e marked reduction in the dependence of consistency on
temperature.

3. Ten gels of the type described in this report were sub-
mitted for eveluation in firing tests, In the M-47 bomb a gel
containing 5% of a 0.1% methacrylic acid - 99.9% isobutyl
methacrylate interpolymer hed firing characteristics superior
to the IM-1 or F-107 gels (Table 1, page 4). The Texas Company's
preliminary study of fillings for the 40-1b. E-9 bomb indicates
that interpolymer gels will set extremely rapid destructive
fires. The preferred cumpositions conteined 4% of a 0.3%
methacrylic acid - 99.7% isobutyl methacrylate interpolymer,

20% toluene and, in one case, 1% of naphthenic acid.

CLASSIFIED-CONFIDENTIAL

O OCATTR TR N TR T A e

G i U

o8 y A 3 t

. :, .'i;“’ . __-,'_‘- .’.' 0 '
\'-"_' 4




filling.

content.

AR

the range of 3 to 6%.

and in the absence of soaps
is 1% of 40% aqueous sodium hydroxide.

such gels are demonstrated by a com-
with accepted incendiary gels, as

shown in Table 1. The gels containing interpolymer have impect
strengths greater than have been observed on any soap fortified

AE polymer gels.

parison of their properties

'.j.'

JI1. Recommended Gel Formulas and their Properties
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The isobutyl methacrylate-methacrylic acid interpolymer

gels listed in Table 1, page 4 are recommended for use as the

incendiary filling in large munitions.
_ content will be dependent on the bursting pressure of the par-
ticular munition under consideration, but will probably fell in
Since an increase in polymer content
affects the incendiary characteristics of a gel adversely, it 1is
recommended that the polymer concentretion be reduced to the
minimum compatible with satisfactory dispersion of the 1ncondé;ry

The optimum interpolymer

In all cases the optimum toluene concentration is 2

The advantages of

the optimum amount of gelling agent

The low solids content of interpolymer gels
results in an extremely rapid burning rate and a high total heat

The calculation of the BTU content per gallon of gel

shown in Teble 1 is bascd on the assumption that straight gasoline

contains 126,460 BTU per gallon.
contain 97 to 99% of this theoretical 1limit.

The interpolymer gels therefore
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Recommended Interpolymer Gels Accepted Formulations
Code A3489 A348T7 A3942 IMe-1 IM-4 IM-3 NP-1

Composition
wt

apalm ' o : 13.5
AE Polymer . i
0.3% Inter- %
polymer#* :
Stearic acid o
Naphthenic acid 1
40% NaOH 1 1.5
Ca0(-40 mesh)
Ha0

G:soline 75 73.5 3
Toluene 20 20 20

Physicel

Properties
Tmpact %5.2“ 15,288 17,2%»

Strength "C
Parallel
Plate(cm)

at 25°C. 7.5 1
at 7°C. 7.1

Stability %
-%122222%&.
mo. & 0.8
-40°F.
1l mo. at
125°F.

0.0
8.“

Incendiary .
Characteristics : .
Comparative 2.7 2.8 3.9 6.% 6.5 5.5 5.8

Burning Time

minutes
BTU of fuel/ 18,700 18,400 18,300 17,800 17,300 17,500 17,300

1b. gel
BTU of fuel 125,000 123,000 122,000 119,000 116,000 117,000 116,000
/gal.of gel

#An interpolymer of isobutyl methacrylate with 0.3% methacrylic ecid,

#aMinimum not true value; see discussion in Appendix.
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IV, Formulation Studies

The composition and physical properties of all inter-
polymer gels containing no more than 1% soap forming acids, pre-
pared in this laboratory, are shown in Summary Sheet, Table 5 in 1
the Appendix. The only gels which were stable in surveillance
vere those containing 2 toluene as cosolvent. The properties
of the unstable gels, however, are also pertinent, since they
bear on the formulation of stable toluene-containing gels.
Formulation studies are discussed below in relation to the
variable under investigation.

A. Polymer Content and Composition

The strength and elasticity of the gels vary directly
with the pclymer content and with the methacrylic acid content
of the interpolymer. Homogeneous gels were obtained when the
polymer content ranged from 2.5 to 9%, and when the methacrylic
acid content of the interpolymer was varied between 0.05 and 1.0%.
To produce strong resilient gels a methacrylic acid cqncentration
in the interpolymer of 0.1 to 0.3% appears essential, while
greater concentretions make .solution of the polymer in gasoline
more difficult and impart to the gels a tendency to separate
during storage at room temperature. In -40°C. surveillance tests
the hest caustic-interpolymer-gasoline gels (without toluene)
developed more than 20% syneresis in three weeks. In 24-hour
tests at -50°F. on a series of gels containing 5% interpolyuer,
1% of 40% NaOH and 94% gasoline the syneresis observed increased
regularly from 4 to 13% as the methacrylic acid content of the
interpolymer was increased from 0.1 to 1.0%.

B, Caustic Strength and Concentration

In formulation studies on the use of NaOH as gelation
agent, the strength of the caustic solution is apparently the
major factor, since homogeneous gels were only obtained when the
concentration of the caustic solution was greater than 10%4. A
gel which contained 5% of 15% caustic solution was stiff but was
somewhat friable, Strong, only slightly fluid gels with no ten-
dency towards friability resulted from the use of U40% aqueous
caustic. To neutralize the acidity of the interpolymer requires
less than 0.1% of Uw% caustic. Strong stiff gels, however, are
only obtained when the concentration of 404 caustic solution
exceeds 0.5%. Best results were obtained with 1% of 40% NaOH as

the gelation agent.
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A

C._ Gelling Agents other than NaOH

Apparently any strong base can be substituted for NaOH
without material change in the physical properties of the gel,
and without improvement in gel stability. Gelation was delayed
10-15 minutes by the use of calcium or barium hydroxide slurries.
Other strong bases (Li, K) promoted geletion within one minute,
while weak bases such as 2n0, A1(OH)s and NayCOs caused no
gelation in 24 hours.

=

D. Detergents

The Eestmon Xodak COmpan gcontrect OEMsr-538, Monthly

q Progress Report #5, October 14, 1942) reported that syneresis at

- «§O0°F. for one month could be reduced to 11-14% by the addition
of 0.1 to 1.0% of certain oil in water emulsifiers. This was
confirmed in tests in this laboratory on "GD-238", & product of
the Organic Chemicals Department of E. I. du Pont de Nemours &
Company, and "Sorbitan Monolaurate" produced by the Atlas Powder
Company. The gels containing these wetting agents were exception-
ally stiff and tough. When relative stability was obtained at
-40°, however, separation in surveillance tests at 125°F. reached
20% after one week.

E. Cosolvents

0f the cosolvents tested only toluene improved gel
stability at low temperature. Benzene tended to separate and
freeze out of gasoline gels, while oxygenated solvents were
without effect. These latter cosolvents, moreover, ylelded gels
vhich were unstable at 125°F. Interpolymers containing 2 or 3%
methacrylic acid were solubilized in gasoline by the addition of
0.4% acetic acid, but the resulting gels were not promising,

A study of the viscosity of solutions of interpolymer
containing 0.3% methacrylic acid in gasoline-toluene mixtures
indicated that at 45°F, in the range of 15 to 20% toluens, the
viscosity approached & minimum and most nearly approached the
viscosity of the same solution at T77°F. (see Fig. 1)

The stability of gels prepared by the addition of 1%
of 40% NeOH to the above solutions agairn indicated that a toluene
content of approximately 20% was unique. Gels containing 40%
toluene were fluid and stratified after one week at room temper-
ature, while some room temperature and low temperature syneresis
wvas appaerent when the toluene content was 154. Not only sur-
veillance but also physical properties favor the use of 20%
toluene in gasoline. The addition of toluene imparts fluidity
softness and lack of friasbility without a sacrifice of gel

CLASSIFIED-CONFIDENTIAL .
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7.

strength. Thus the resistance to flow at low shearing forces, 88 ..

measured by the parallel plate method, is reduced, while the
resistance to rupture under high shearing forces, &s measured by .
the Impact strength, is slightly . For example, gels
prepared from 4¢ of an interpolym ing 0.3% methacrylic
acid and 1% of 40% NaOH have the following properties:

154 toluene; parallel Plate 6.7 cm, Impact strength 14.6 units
" ’ " " " lu "

20% 7.7 " (softer) .
(stronger)

The few gels prepare interpolymer
showed no increase in impact s The
high polymer gels vere somevhat fria

at roonm temperature. It is believed tha

excess of 20% would improve the properties o

F. Bodying Agents

small amounts of soaps and inert fillers were added to

the best interpolymer caustic gels in an attempt to reduce their

4 to extend the polymer. The effect of these agents

is demons Table 2 in two series of gels of constant

polymer content. In accordance with the recommendations of

formulation studies on high soap content gels,

equivaelents of 40% NeOH, in addition to the 14 of 40% NaOH

standard for interpolymer gels, vere added for each equivalent

of acidic bodying egent. Nephthenic ac

plasticizing agent, effecting & marked increase

value end decrease in the modified mobilometer value.

the increased fluidity and softness of naphthenic acid-conteining

gels, the impact strength was high. The presence of naphthenic

acid therefore reduces resi d improves adhesion without
1y reducing gel st The addition of stearic

stiffened and
educed the purning

rate.

higher sogp GO than interpolymer gels.

taining alphe cellulose, vhich acts as an inert filler, were not

resilient and had the lovest parallel plate value in each series.

In surveillance tests at 125°F. alpha cellulose slovly settled

out of the stable interpolymer gels.
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strength. Thus the resistance to flow at low shearing forces, as
measured by the parallel plate method, is reduced, while the
resistance to rupture under high shearing forces, as measured by .
the Impact Strength, i1s slightly enhanced. For example, gels
prepared from 4% of an interpolymer containing 0.3% methacrylic
acld and 1% of 40% NaOH have the following properties:

15% toluene; Parallel Plate 6.7 cm, Impact Strength 14.6 units
2 L Y " 7.7 " (softer) " .8 "
(stronger)

The few gels prepared with more than 6% interpolymer
shoved no increase in impact stremgth with polymer content. The
high polymer gels were somewhat friable and exhibited syneresis
at room temperature. It 1s believed that a toluene content in
excess of 20% would improve the propertles of these gels,

F, Bodying Agents

Small amounts of soaps and inert fillers were added to
the best interpolymer caustic gels in an attempt to reduce their
resilience and to extend the polymer. The effect of these agents
is demonstrated in Table 2 in two series of gels of constant
polymer content. 1In accordance with the recommendations of
formulation studies on high soap content gels, one and a half
equivalents of 40% NaOH, in addition to the 1% of 40% NaOH
standard for interpolymer gels, were added for each equivalent
of acidic bodying sgent. Naphthenic acid apparently acts as a
plasticizing agent, effecting a marked increase in parallel plete
value end decrease in the modified mobilometer value. Despite
the increased fluldity and softness of naphthenic acid-conteining
gels, the impact strength was high. The presence of naphthenlc
acid therefore reduces resilience and improves adhesion without
simultaneously reducing gel strength. The addition of stearic
acid or Turkey red oil (sulfonated castor oil) stiffened and
strengthened interpolymer gels but seriously reduced the burning

‘rate. The resultant gels are similar to AE polymer gels of
higher soap content rether than interpolymer gels. Gels con-
taining alpha cellulose, which acts as an inert filler, were not
resilient and had the lowest parallel plate value in each series,
In survelllance tests at 125°F. alpha cellulose slowly settled
out of the stable interpolymer gels.

CLASSIPIED-CONFIDENTIAL
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Table 2

. .'2-‘,".}” o . 180410 c
Efrect of Bodying Agents on gel Progerties

v
”,.5; gels containing 4% Interpolymer (0.3% methacrylic acid)
pParallel Relative

Impact Modifiled Plate Burning
Strength Mobilometer  Value Times

. Bodying Agent (C scale) gminZI"Z§kg) (em.) (min.)

None 14.8 0.08 7.7 2.8
1% stearic acid 17.4 0.14 T.4 3.3
1% naphthenic acid 17.1 .0.01 10.7 2.7
14 T-132 resin 14 .4 7.1

0.5% alpha cellulose 16.8 . 0.66 6.8 4.3

B. Gels containing zﬁ Interpolymer go.:g methacrylic acid}

e —

Impact Modified
strength Mobilometer Parallel Plate

Bodying Agent (c Scale) gminZI"Zng) Value (cm.)

stearic acid 11.0 0.3 .2
naphthenic acid 10.0 0.1 .
T.R.0. 11.5 0.11
alpha cellulose 11.0 0.16

1

8
0
8
8

G. Gasoline

. The composition of the gasoline merkedly affects the
strength and stability of interpolymer gels. Throughout this
study a speciel naphtha from the Pure 0il Company meeting CWs
specification 196-131-124 was used as the fuel component. Gel
A-3489 (4% interpolymer prepared from 1sobutyl methacrylate con=
taining 0.3% methacrylic acid, 1% of 40% NaOH, 204 toluene, 75%
gasoline) was also prepared in five other grades of gasoline.
As shown in Table 3 the syneresis observed when the gels vere
held at -4%0°F. was directly dependent on the aniline point of the
gasoline. On this pasis a fuel with an aniline point of 120°F.
i{s not acceptable. Thet aniline point alone is not a sufficient
specification i1s shown by the fact that gelation did not occur
in Gulf No Nox gasoline (aniline point 106°) but did occur in
gasolines with both higher and lower aniline points. The gel
repared in Blue Sunoco was stiffer and considerably stronger
impact strength 13.5 D units) than that prepared in Purol

CLASSIFIED-CONFIDENTIAL
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gasoline (gel impact strength 11.5 D units) with the same
aniline points, 95°F. The rate of gelation at 25°F, divides

the gasolines tested into four classes: (&) Blue Runoco -

el formed less than one minute after addition of caustic;
%b) Purol, Tydol Ethyl - mixture sets to a gel in one to ten
minutes; (c) Citles Service Koolmotor, winter and summer grades -
gelation is gradusl,and to obtain a uniform mixture stirring
must be continued for up to three hours after mixing; (d) Gulf
No Nox - no gel forms in 24 hours.

The effect of toluene content on gel propertles
described in Section E suggests that the aromatic content of
the fuel may be an importent variable. Such information is not
avallable on the fuels tested. The above data indicate thet the
sultabllity of a gasoline for use in preparing interpolymer gels
must be determined by laboratory test. It 1s recommended that
further work on gasoline specifications be undertaken.

V. Piring Tests

Interpolymer caustic gels have been tested as incendiary
£11lings for both the M-47 end the E-9 bombs. The tests in M-47
bomb were made before the firing index system was developed, 80
that quantitative data on this munition are not available. The
observations on the drop tests run at Edgewood Arsenal June 8
and 16, 1942, recorded in Table 4, are the consensus of opinion
of the CWS personnel present. It was unanimously agreed that
the gel prepared from 5% of en interpolymer contalning 0.1%
methacrylic acid (Test 1) had firing characteristics superior
to any other gel tested, including the standard IM-1 filling.
The interpolymer gel was distributed in larger pleces of more
uniform size and burned more intensely than did the IM-1 gel.
During combustion the interpolymer gels did not develop the
heavy crust typical of soap containing gels.

To simulate the action of the 40-1b. ejection E-9
bomb, the Texas Company has developed a mortar of similar sige
and shape actuated by the proper explosive charge and function-
ing in an ildentical manner (see Texas Company N.D.R.C. contrect
11-422 monthly report for Novcmber 15, 1943). Twenty methacrylate
gels were submitted for evaluetion by the Texas Company in this
test, of which six gels contained interpolymer and only 1% or
less of soap-forming acids. The composition and physical
propertles of these six gels are given in the appended Summery
S8heet, Teble 5, and the results of the firing tests in Summary
Sheet, Teble 6. Possibly due to slow ejection and to a shift
of the mortar during recoil, ailming of the mortar for methacry-
late gels was inadequate. The gels always hit the target near

)
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. 1 Exceasive flash. Gel
"‘__1 { particles too small

3 ) Particle size smaller
and flash greater
3 than in Test 1

—— e e

B -,




11 CLASSIFIED-~CONFIDENTIAL

the top, in general left of the center, and a large portion of the
natoriai frequently went over the top of the target.

It was, however, possible to observe the action of the
gel on impact, the tendency of the gel to flow during combustion
and the rate at which large quantities of gel ignited the plywood
target. All four gels containing 4% interpolymer on impact
flowed down the vertical target and remained on the floor in con-
tact with the back wall. The two gels containing more than 4%
interpolymer were apparently too resilient, since they tended to
bounce from the target. When at least two pounds (20% of the
total charge) of the gel was near combustible materiel, the fire
burned through the plywood target in from 1 to 1-1/2 minutes.
Once the plywood was ignited, & very intense fire broke out,
reaching a peak at 2 to 4 minutes after the gel reached the tar-
get. Within 5 minutes all combustible material in the immediate
vicinity had been consumed. 1largely due to its central location,
gel A-3942, containing 6% interpolymer, gave the greatest target
destruction in 10 minutes, namely T0%. When at least 35% of the
4% interpolymer Eels remained in the target area, the target
dsstruction was 40-55%. The gel containing naphthenic acid wes
the most edhesive and exhibited the most flow during combustion.
The latter property should assist lateral spread of a fire on a
larger target. A tendency for the gel to spread during the fire
was observed with the straight 4% interpolymer gel and also the
interpolymer gel bodied with alpha cellulose, but not with the
gel containing stearic acid nor the straight 6% interpolymer gel.
Based on ease of manufacture, rapid burning rate and successful
destruction of the Texas target, the gel prepared from 4% inter-
polymer containing 0.3% methacrylic acid has been chosen for
more exhaustive evaluation in the E-9 bomd.

2
Report prepared by ﬁl/b{,- .
E. C. Xir| trick

Approved by QerwS Wl(:u/
Mhn S. Beekley, (I

official Investigator
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yi. Apgendix - Summary Cherts

properties, and surveillance
of ell inte b h in Summary {hart, Teble 5.
The field data on E-9 the Texas Company labora-
tories are given {n Summary

The source of the materials used in gel preparation
was as follows:

Interpolymer: Various interpolymers of isobutyl methacrylate

and methacrylic acid (abbreviated as

duced by the Ammonia Department, E. I

de Nemours & Company.

gtearic Acid: Hydrofol 51 from the Werner G. smith Company.
Naphthenic Acid: Nuodex Products Company Naphthenic Acid 240.
T-132: p-132 resin from Stanco pistributors.
?.R.0.t Turkey Red 0il fronm Hercules Powdei Company.

Ce0: USP grade containing more than 95% Ca0. To obtain uniform
gize it wes ground, screened, and composited to

‘goluene: Toluol (commercial grade) .

gesoline: To meet C.W.S. gpecification 196-131-12# from
Pure 0il Company.

Preparation of the gels involves
agitation caustic to & gasoline stock solut

and soap forming acids. In preparing the is
preferable to forming acids in the gasoline
pefore adding t ! . The polymer should all
ve added with rapi one-minute period to the
gasoline, which 1is erature &bove 20°F. Stirring should
be continued until solution is complete.

The technique involved in determining the physical
propertles of gels has been descrived in & memorandum by
Klrkpetrick on IM-3 gels which was circulated May 17, 1943
(letter Strain to General W. C. Kebrich) and will be aiscussed
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in more general terms in our final report. The impact strength
measures in empirical units the energy required to force a rod
through a sample of gel. When the value is marked by an asterisk,
the rod did not swing completely free of the gel, so that only
& minimum, not a true value, was obtained. The modified
Mobilometer test involves the determination of the rate of fall
of a Gerdner 4-hole Mobilometer plunger through a sample of gel
in a one-quart bottle. The parallel plate value is the diameter
of the circle to which 5 cc. of gel will spread in one minute
between parallel glass plates under a 2-kilogram load. All of
these tests determine gel consistency at various rates of shear.

The notebooks in which the original data are recorded '~
have been deposited in the Ammonia Department Files and are
available for reference. These are N.B. 884, 965, 973, 998,

1049, 1118, 1152.
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