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-1.- The problum assigned was to study aluminum soaps;

to idontify tn. phasos utilized; and to find how water is
lwld by Napalm and its funotion in their hydrocarbon gol
systoms,

2., Beginning with earefully preparcd aluminum soaps of .
pure fatty acids, tho most important werc foumd to be thu di.
scaps such as 4l(0H)Ls, AL(OH)Strg, 41(0H)Cls, and aluminum
dinaphthonates, Thu purv aluminum dilaurate al(OE)Ls in many
rospoots typifios the bechavior of Napalnm,

8, Purv aluminum dilawrate was oarofully oharaoterigzed

by various physical echomical methods including the oriteoria
demanded by the phaso rule, and its struocture was oxaminud by
means of Xerays, It oxhibits a monoolinio erystalline strue-
turc similar to that of the gamma sodium soaps and the 60rroe
lpondiné fatty aolids,
4. Froa tho point of view of tho bebavior with hydroe: |

earbons, tho dogree of orystallinity is most important, Wwhen
.the pure dilaurate is wull erystallizod it is inert towards

paraffins and evun oyolohoxane at ordinary temporature;

whereas when the samo pure dilaurate is more amorphous or
glassy it readily swolls and forms a trw Jjelly, Tho jelly
fora is that whioch is usoful in thickened fucls, Both orystal.

lizod and amorphous forms of pure dilauratc produge cloar
elastic jollios but thu temperaturo requs ud is much higher
‘ for the orystalliged form,
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8. Monoscaps such as Al(OH)oX are likewige formod dAuring
preoipitation of Napalm. Aluminum monolaurate is converted to
alumina by 95,, othyl alcohol but is obtained by a preparation

4n anhydrous mothyl alcohol with subsoquunt oxtraction with

agetonu, Molsture prosent durin, any extractions tonds to
cause hydrolysis and produce monosocap or alumina, The mono-
soaps are comparatively inert toward hydrocarbons,

6, Tho composition of alunminum soaps and Napalms proe
sipitatod in tho usual way lios botwoon mono and discaps,

The hipgher thu temporature of preeipitation the more nearly is
the product disoap, The oxcess acid is not free but is loosely
bound or sorbed, Exﬁaustivu extraction with the driost possidbl
agetonuy is required to rvmove it, Huat truvatment of the
procipitate, particularly in the mothur liquor causes further
reaction butwoun fatty acid and monosoap to form more disocap.

7. Much information has beun obtainod as to the relatior
between all thouso aluiinun soaps anq water by use of the
MoBaineBukr sorption balance, Sorption isotherms have also
been obtained with volatile hydroocarbon.

8. "horeas pure aluminum dilaurate is readily and
rapidly rondervd anhydrous and its aaﬁptzon and dosorption of
i or 2% of witer is rapidly reversiblo; Napalm behaw ¢s quite
differontly, md also differs at 50°C from 25°C, a4t 25°C it
losos about 27 of water on drying, at first rapidly, thon
slowly over 24 hours, At 50°C it loscs twice as much, yet at
both tempuratures sorption and desorption are finally nearly
roversible, Napalms of diffurunt manufacture vary by about

14 in their moisture uptakv under identical conditions,
RLSTRICTED
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a~ e ' b. Napalms eontuin approciablev amounts of inorganie

"impurities eapablo of sorbing or combining with water.
10, The Karl Fishur muthod of deturmining moisture is

too drastic as it oxtracts moisture from hydroxyl groups by

eondunsins thaun,
11, .luminum scaps placed in contact with hydroecarbons

form a gel, a sol , or a jelly. Gels consist of opalescent

noncoherent lumps of swollun undissolved soap; if excess of

liquid is prusunt it remains as such, alinost freo from soap.

4 801 18 a olear and freouly flowins liquad colloidal solutiom.

The jelly is a definilte truly stable eluar, rigcid, cocherent,
and clastic form oxisting undur intermodiate oconditiuns; it
may be reversibly produced from eithur sol or sol, There 1is
no sharp linu of demarkation betweoon jJolly anmd sol but a big
differonce in dogrvc of rheolorioal properties.

Many obscorvations with various hydrocarbons involving
these throe forms are recardod,

12, Osmotic oxamination shows that a solution of alumie
nun dilauwrato in benzono is a so0l, The particle weight varies
from several thousand to sevural million depending solely uypon

consentration and tomperaturoe, Henee aluminum socaps in hydroe

carbons are association colloids,
_ 13, The viscosity of the¢ hydrooarbon gels and jellies i
caused by loosc linkarcs and arcrepations of these colloidal
- partioles, The struciGre of ths jolly 1s thurofore like thosa

of the wull investirated aqueous jollios of all sorts; namely,

2=
1]

a brush heap ar streptocollol arransoment of ramifying assre-

gates of colloidal partiecles onmushins and partly immobilizing
RESTRICTED
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80l or solvent, The particles thoms.lves comtain both solvent
’- and soap and are not iduntical with the oririnal soap put in,

14, Many obsurvations of viscosity and thixotropy ace
resorded,

15, Poptigurs act uypon the linkaros betweon tho colloidal
particles, I% is shown by comparison of thesoe dinitrobenzenes
that their action bears no relation to dipolv moment,

16, Since there is oloso pamllelism betwoen hydrocarbon
systems of sodiun socaps, silver socaps and aluminum scaps, their
genural properties cannot bu dw to any poouliarity of aluminum.
' 17, Data arc given for the systum, sodium stearate-
eyclchexane,

18, Durins the eourse of the investigation various
sugrostions havo bevn madv, It has been shown that a very sml.
purcentage of motallic sodium can bu dispursed throush an ine
eendiary jclly or Napalm in gasolino, making it ignitv spontane
eously on contact with water, It was domonstrated that a numbez
of thuse remiin stablo and unaffected by the sodium over long
periods, Thu use of gulabinc eapsules to onclose thu sodium
eompletoly provontod any contact while retaining much of the
spontaneocus inflammability of the fuol and also of its residual

ash,
19, Othur sugpestions aro listed at the ond of this repor!

This report covers work to Jume 1944; subsequent work is

contained in monthly reports,
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. : INTRODUCTION
" iinen the Stanford group joined the Kapalm research program

"on thickened fuels,the type of thickener was already decided upon
-and Napalm was in production, The important control factors for
its prodwtion were known as well as the essential rheolcggical

requirements., )
Oour problem was to explore the nature of aluminum scaps and

. m———— e

their mixtures with hydrocarbons and contribute a definite

scientific basis for an understanding of the manufacture, testing,

and application of Napalm as well as for the development Of sube~ '
stitutes, as a sideline, suggestions far practical improvements i {

were explored,
Pew methodical investigations of pure aluminum soaps, or of

their mixtures with hydrocarbons, have bsen published, Even the
empirical knowledge was very limited although the metallic soaps
find many applications in the grease and paint industries, The
phases present in greasos: and thickened hydrocarbons had not
been identified, Hydrocardon systems containing calcium soaps
had special properties which could not be attributed to those .
containing aluminum socaps, Tho chemistry of the aluminum scaps was
obscure and thc existence of aluminum soaps of definite composi-
tion was still uncertain. |

A 'sound beginning wmas made by obtaining proof of the existonc
of soveral aluminum scaps as definite chemical individwals, These

include mono-socaps Al(OH)pL , di-scaps Al(OH)L, , and acid di-socaps

Al(OH)Lz.HL , weroe L stands for the laurate radical and the three
soaps are similar to the corresponding stearatc¢s, The pure '
RESTRICTED
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, . 8- . _ ’
,Z.ﬁthwati in mny respects resembled Napalm, Hence it is suited
for a thorouwgh study, both as regards preparation am properties,
" includigginfluence of physical state on gelling behavicr with
solvonts, and its relation to moisture,

The report then properly begins with a comprehensive study
of the aluminum socaps, followed by their relations to molsture

and thon the hydrocarbon systems,

.....
ol
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Knowledge of the chemistry of aluminum soaps seems tO0 be a

: _'ﬁéceanry foundation to the understanding of aluminum soap=

thickened hrdrocarbons,

Thickened fusls of the Napalm type contain appreciable gquane
tities of ths many hydrocarbons of gasoline, the many none
hydrocarben: "polar campounds® prosent therein,free” fatty acids,
" dnarganic salts and water from the Najalm together with thicken=
ing ingredients whioh are a mixture of aluminum socaps of unknown

omstitution..,
The possible formulae for aluminwn socaps are oomplex, We °
have definite evidence for three definite chemical compounds:
(a) The di-scaps A1(OH)X; whepe. X stands for a fatty ragieal |
'suoh as laurate, myristate, palmitate stearate, oleate or
»  naphthemate, Aluminum dilaurate is the best single representative
of the general behaviar of Napalm.

(b) The mono-socaps Al(OH)oX .

(o) The scid di-soap Al(OH)X,eHX .

‘Wo have no eyidence for the existence of the umplo noarmal
..alu'minum scaps Al Xg.

There may possibly be other soaps, Likewise there may be
basic compounds derived from aluminum hydroxide or mixed with it
and fatty acid in colloidal form., £Eigenberger (1) failed to pree

( o pare aluminum tristearate, distearate or monostearate bit he
(1) E, Ei_onburzer and A, z.igonberger Bittner, Koll. Zeit 1940,
91 287 =<t4; k. Eigenborger, pette anu cseifen 1942, 49, 605-508,

= —————— - - ——— o emren e et = o e e n
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favars a pseudo monostearate consisting of colloidal Al(OH)gs
peptised by sorbed fatty acid which enables it to simulate a mono=-
stearate and to swell and form jellies in organic solvents and

also to form syneretic gels which split off water on heating., The

base of his pseudo stearate 1s assumed to be a condensed or poly~

aluminum hydroxide containing 4 « 8 atoms of aluminum. He also

assumes a trw "basio"salt "Al Strp0 (Al O Str)g Al Strg . aqua"
of molecular w:ight, when anhydrous , 3302, and of constant
ash ‘valie 12, 3%, “Other condensation products lave also been
suggested, Of course a rormuh" may be fitted to g.ny empirical
composition and the study would be almost hopeless if mixtures
could not; be aepamted.

] In approaching the problem, we reocall that the handbookl of
inargan ic ohemistry of the 19th century recorded as oonpoundl,
thousands of fomulae representiné campositions empirically ob-
c;)e:'vecl. ilost of these formulae have been weeded out by applying
the oriteria of physical chemistry fa compounds to them, s~
ing 4n particular the phase rule,and more recently X-rays. X-rays
serve the purpose of dstermining oryatallinity for the numsrous .
cases in which orystalline form :I.u/dimotly visible.

The phase rule presents a number of rigorous requirements for
orystalline compounds of which the most general is that a chemical
compound must act as a single component over some range of ex-
perimental conditims, ililler ad Kenrick (2) in 1903 pointed

(2) », L, HMiller and F. B. Kendrick, J. Phys, Chem, I: 260 -
268 (1903).,
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out a searching test which may be applied by using successive
smll quantities of solvent in omtact with the solid, measuring

at each point the concentration of the small amount of liquid

and the compositim of the solid, Foar example, for three com-
ponents, if the camposition of tﬁa soli¢ 13 constant while that
of the liquid varies, the number of solid pnases,is one: 1f
that of the liquid remains constant while the solid varies then
there are gé__ solad pmses present, if both vary, then there is
present a single solld phase of variable camposition as a solid
solution or a saption compound, For example, in the preaent

study, 1f a smll amount of acetone 1s exposed to a solid, free

_ fatty acid is present if, and only if, the acetone ylelds a

solution of the same conoentration as if it had been exposed to
and saturated with free fatty acid., Otherwise the fatty acid
pres-.ent: in the solid must either be sorbed or cambined, as may be
d;termined by successive measurements.

X-ray examination serves as a useful adjunoct to the phase

rule criterion, If the latter shows that only a single ocompound

is present, the X-rays give a characteristic fingerprint of it by
which it may be traced thereafter,

Even a powder dlagram shows by concentric rings the presence
of orystallized material, with a pattern which may be campared witl
other known crystals such as fatty acids ar sodium soai:s. Differ-
ences of the rings gives an indication of particle size., Halos
show amorphous or liquid mﬁtter. dith soap’the long spacings are
readlly distinguished from shorter side macings. From the lmg

-
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Bid,‘ tail to tail arrangement can be deduced, o _
”_; The X-ray method is not sensitive. Ths presence of 10;
’f¢:f.§t & substance seldam gives a definite pattern, The presence of o
..'. 10% of an impurity seldom affects the pattern of another sub- |
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Ao The Pregipitation of Aluminum Seaps and Factors
Influencing ths Results.

This seotion presents first, a goneral discussion of owr

method of preparation; und second, u study of thu factdrs

Tho‘innuome of manufactwing cmditians upon the propere
ties of Napalm is a separate prcblem being studied by the Harshaw

“.-canpany, and owr work does not dwlicatec those experiments,

Napalm is prepared by adding an excess Of aluminum salt solution

to & soap solution in the presence of additional alkall in either
solwion, This seems to be the most suitable for producing good

Napalm but it doms not lend itself to regdy interpretation, The

pH of the mother ligquor changes frgm ove O CO less than 5, and

the first partims of the aluminwm golukion ace precipitated in a.

highly alkslipy medium, It ig Rpobable that at least same ;

‘aluminum hydroxide is %hep forped, md, dwe to the well known lack

of reversibility in ths Lgrmai.on .of thtp'gompaund, soms alumina

- . or basic aluminum salt Pemains An the final soap. We were later

able to isojate such inorganic eampounds as a turbldity factor
in Napalm gels iy_"m:.-at&t.mn from peptiged solutions, (Chap,JII
Finally, the oo@oaition of the mother liquor varies fram a soap
to an alum solution in the course of the precipitation,

This led to the adoption for our work of the reverse method,
i, 6, addition of a sosp solution to an aluminum salt soluticm,
To avoid,as much as possible, changes in the mother liquor of the

-preoipitate, we use a large excess of the aluminum salt solution

80 that the precipitate is alngs surrounded from beginning to
- RESTRICTED
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;_:_:...en-j by aluminum chlaride solution. We add a neutral soap, both
tecause it 1s the casiest to prepare and stare and because the , |

pH of the mother liquor may be least affeoted.

4o use hydrated aluminum chlaride rathor than the sulfate,

“because ot tl:s known lesser temlency cf “hc chloride ion to enter

complexes, and thus the greater eass with which % sur be washed
out whon oompared with tho sulfate ion, The nitratv ion might be
proferable to the chlaride, as 1t possesé'ee ths above qualities

to a greater extert bu there is no good simple test to ascertain

its presence in smll amounts, so that thv washing operation would
| -be more difficult to ocontrol, Furthermore, its oxidizing tendene
cies wouli render the soap less stable thermally if traces were ‘
present, e are using potassium soaps rather than sodium sogps
because o their greater solubility,
Under thess oonditions,a precipitate is formed which contains

- all the fatty acid (since the mother liquor las a low pH) oither i:r

the i'orm of soap a soaps or loosely bound and free acid, while

the mothor liquor contains the chlarides of aluminum and potassium,
In general precipitation is carried out in a blenda by

adding a 2% solution of neutral potassium soap of the fatty acid

(prepared in large batches and stored as a dry powder) to an equal
~ volume of 1.5% solution of Baker's C.P. hydrated aluminum chlaride ;
- 51015.61{20. The preoipitate is then separated by filtration and
washed with distilled water until free of chloride, It is then
dried over 1’205 and the soaps separated from loosely bound adid by

extraction with dry aocstone (see p. 21and 22 ). Samples were

ashed at 1000°C,giving results reprad ucible to 0.04%.
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Minor details of technique play an appreciable role in these

“preparations,

Factors determining the finmal composition of the soap,

particularly in ocase of the stearate, are as follows:
" (a) The terperature of precipitation has a pronounced effect

" both ypon the physical characteristics of the product and upon

the chemical ocomposition of the extracted soap. o
In tho case of the stearate,the soups precipitated at t;mem-
tures from 0° up to ca. 50-60°C usually formed soft and slow
filtering sludges., They were thoroughly wetted by the aqueous
medium and farmed a stable disperzion of foam on agitation in the
blemdar, In this condition, vacuum filtration by means of éither |
coarse sintered glasg' funnels or filter paper supparted by a '
Buchner funncl was often found to take as much as 1 1/2 to 2 hours
for the filtration of 500 ml. of the aqueous mixture containing
only five grams of soap. However, samples vrepared at @ :
temperature of 70°C or above coagulated and floated to the top of
a olear agueocus medium, Filtration was very rapid (a matter of
seoonds) and the resulting filter cake was powdery and readily
mnipulated,

fhe dried soap from the batches prepared at temperatures
below 50-60°C were flaky, compact, white products; while the high
temperature of precipitations resulted in light, powdery and very
finely divided socaps,

The higher the temperature of precipitation of aluminum
stearate, thu more nearly does the composition of the extracted

scap approach = that of aluminum distearate Al(OH)Stry .

Figure 1 shows the oanposition of extracted scap formed at various
RESTRICTED
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tenmperatures from 0 to 1009C. From O to about 459 the ash value
is camstant at 9,557 and may be ocompared with values of 8,38%
for pure distearate and 14,86% for mmostearate which have been
- caloulated based on the acid number of the particular sample of
tatty acid used, Acoarding to this,the scap is a mixture of 18%
monostearate and 82% distearate,

As the temperatwe of precipitation is raised from 60° to
100° the camposition of the extracted soap linearly changes
toward that of the distearate, apparently reaching it just above
100°%.

In case of laurate the results are less definite but the low
temperature soft sludge fommation has not been encountered, At
higher temperatures a taffy-like mass 1s obtained which hardens
upon cooling and may be washed, dried, powdered, mnd extracted,

The composition of the extracted soap 1s very close to the
 dilaurate at all temperatures from room to 100°C.

(b) Heating the precipitate in the mother liguor causes a

_ definite redwtion in the amount of free acid and a chmge from
mono- to distearate, This demmstrates that fatty acid reacts

- with monostearate to transform it into distearate = a reversal

of e well known reaction of hydrolysis., The duration of heating
seoms to bs of secmdary importance and the process is not readily
reversible on oooling. In the following experiments scap was pree
cipitated at 25°C and then heated in its mother liquar with con=
tinuous stirring at 80°. |
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Procedure ash
Standard 25°C 9.55%
Kept at 809C for 2' filtered immediately 8.76%
@ @ s Mg W - 8.60%
= e v 2 “ after rapid cooling 8,51%
L T 8.70%

These results are shown in Figure 2,

(c) Heating the dry precipitate, Partions of unextracted
soap, (washed free of chloride md then‘dried) a sample of vhich
after extraction had an ash of 10,83%, were heated to 100°C in a
test tube open to the air, then dried and extracted. The ex-
tracted ashes were 8,9% and 9,47% indicating again the reaction

between stearic acid and monostearate, ( Fig. 2).

(d) The effeot of concentration of reactants. Variation of

concentration of the soap and aluminum chloride solution before
mixing, while maintaining the ratio of the amounts of the two
ingredients unchanged, (by adjusting the volumes) has little
effect on the composition of the extracted soap., For exampls,
a sample prepared at 85°C using a 14,3% solution of potassium
stearate, instead of the standard 2% solution, but retaining the
standard 1,.,5% aluminum chloride solution gave an extracted
aluminum soap with an ash of 8,76%. Another, prepared at 58°C,
using a 9,38% aluminun chloride solution and a 4,44% potaésium
stoarate solution gave an ash of the extracted socap of 9,24%,

(Fig. 2).
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Variation of Ash Content of kxtracted aluminum Stearate

with Factars other than Temperature oi’ Precipitation,
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(e) The effect of ageing (solidifying) the potassium stoarate

" selution at_25° A freshly prepared potassium stearate solution

(heated t1ll clear at about 70°C, then cooled rapidly) is quite
1iquid and proaduces an extracted precipitate with 9,56% ash,
However, if it is allowed to stand foar 48 hours before use,the

oxtracted ash value may be as high as 10,464 or possibly higher,
(Fig. 2).

() Possible tisrmal hysterssis of aluminum chloride
 sopution., It was thought that aluminum chlaride solution may
show a thermal hysteresis similar to that exhibited by its oclose
relative chramium chlaride, A solution of aluminum chloaride was
prepared, heated to 80°C and after 1 minute at this temperatwe
quwnched by immersion in ice water, The ash of the extracted
aluminum soap prepared at 25°C from this soluticn wmas 9,64% showe
ing that there was no appreciable effect, (Fig. 2).

As a check, the conductivity of a 1,5¥% solution of aluminum
" chloride was measured before and after heating to 100°C with

- rapid quenching, The difference was 1l part in 5000, 1, e,

'mmumh.
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B, The Extraction of Fatty Acids by Solvents,
Extraction with 95% ethyl alcohol yields aluminum prodwts

approaching the canposition of alumina, Preparations made in 95%
ethyl alcohol yield alumina substantiall'g/r?x?m fatty acids,

Methyl alcohol, on the other hand,whether anhydrous or con-
taining 5% of added water, fails to degrade aluminum dilaurate
beyond the ocomposition of monolaurate, yielding 17,5% ash which

would correspond to a mixture of three parts of mono- to ome
of dilaurate, Preparations made in anhydrous methanol, after
. extraction with acetonu, gave samples coarresponding to the

monolaurate,

Moisture present during extraction with acetone hydrolyses
the soap to give mono-socap or even alumina, Hence before extrac-
tion both socap and acetone must be carefully dried.

#e use for extraction acetone dried over Drierite (anhydrous |
caloium sulphate), ' |

The problem of drying acetone. The problem of drying the

' acetome must be faced as a compromise at best s since it has been
-shown by Timermans ard 611167 that acetone twice d1st1118 at

. roduc;ed pressure over phosphorus pentoxide still ms .ooozi of
water by infra red spectroscopic analysis and a large loss of
solvent occurs. The best results giventpy-Weissberger and

Proshaver (4) fa drying acetone were obtained by use of x2c03

(8) J. Timmermans and L, Gillo, Roczniki Chemii 18, 812, (1938)
( in French).

(4) A. ‘:elssberger and E, Proshauer, Organic Solvontg,Oxford
Press (1¢35). .
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'1.(on11) which left .18% of water, The use of phosphorus pentoxide

as well as use of potassium hydroxide pellets and of mstallioc
sodium results in ocondensation products.
_ We have used Drierite, anhydrous caloium sulfate, since it
o is readily obtainable, easy and safe to handle, Only anhydrous

(C10,), Dehydrite, which is potentially explosive, and those
4’2 ’

exoluded because of tar formation are more efficient drying

agents. However since the drying agent merely ocmpetes for any
water present with the solvent being dried, an equilibrium dis-
" tribution of water is established, The co.sumption of the water

in the extracting acetone by hydrolysis of the scap may disturd
this equilibrium distribution and cause the acetone to absorbd
moisture from the drying agent, Thus the drying agent would
have become the reservoir and source of water,
The importance of traces of moisture in acetone may be
~41lustrated by the following data and caloulations whioh all
,  assume pure aluminum distearate with an ash of 8,38f as a refer=
snoe points
(1) Complete hydrolysis of the scap to the hydroxide could
be achieved by .06 grams water/gram soap,
(8) Hydrolysis to a scap with an ash value‘>>9$ could be
| accounted for by .003 grams of water/gram soap. i
B (3) Using 1000 ml. of acetone to treat 1 gram of scap only :
..~“  . ~ 6x 10"5 gram wvater/ml. of solvent would be necessary
| for complete hydrolysis of the soap. This would he
equivalent to ,007% by weight of water in the acetone.
(4) The soap used is dried over phosphorus pentoxide to a
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" coastant wei'mt.. The é.co'urac'y' of ths balance 1is at
_ best ,06-.1 mg. and a variatic: of this degres would
.. reprosent ,001-.002% wter by weight in the scap which
is not significant.
The degradation of the soap, represented hy the pcrtion of
'“,the curves having a constant slope, could be dw to a concentra-

‘tion of 4 x 10" grams of water/ml. of acetone, or 5 x 107 %

water by weight in tho solvent, which is a daryness never abtained,

Consideration of the traces of water required for the obe
served hydrolysis of the soap compared to tlhs mich larger cone
centration which exists after drying with any dryipg agent, tends
to the belief that hydrolysis of the soap dcass not oroceed 80

far that all the water present in the acetone is consumed,

‘whether this is due to the attainment of an equilibrium or ine
sufficient time of contact is an ogen questiom,
Acetone apgpears to be the best sblvent for oxtracting free
a loosely combined fatty acid from our sopis because it does i
not dissolve or decompose the latter; the extracts show no ash. |
 Its main drawback is that it camnnot be obtained absolutely dry,
80 tht a residual hydrolysis must be taken into account shen,
as in our oxperiments, enormous volumes Of acetone are used to
extract small samplis of soap,
It has been already noted (Broughton and Byfield, 0.3.R.D.
Report 2036 and C.%.S. Colurbia Napalm summacy No, 2) that
extraction of aluminum smps with dried acetone in a Soxhlet type
extractar yields fatty acids at a decreasing rate as extraction

proceeds, It has been suggested that at first free (or loosely
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' pound) acidsare extracted and thereafter thoss freed by hydrolysis

" by any moisture prusent,

We have modified the classical Soxhlet extractor to obtain
" better comtrol of the vaciables.

The volume of solvent passing throuzh the samples ms been

controlled by the arrangement shown in Figure O as adapted to an

ordinary Soxhlet apparatus, having a Friedriclt's condenser and

stardard taper graind glass joints, used for oxtraction''at the

' boiling point of acetone", Samples of powdered soap are weighed |
' ' into a filter paper thimble, which is endlosed in a glass tube !
: open at Loth ends, This tube, containing the thimble of soap,

is cut long encugh to stand above the l:vel of the solvent in

the Saxhlet, thus preventing the solvent outsice of the tube from ‘
ccntacting the soap. All of the solvent is nussed through the

socap by conducting the reflux from the ocondenser down a glass

fiber onto the surface of the soap, The solvent then passes ‘

through the whole soap column, flows out the bottom of the tibe,

and rises up around the outside until the level is high enough to

siphon fram the Soxhlet extractor., Thus, all the solvent passes

. throush the socap mce and only once at a rate controlled by the

use of a calibrated variablc heat ing cone, Channelling is largely
avoided by using the Soxhlst extractor., A constant reflux rate |
has beon used on all samples as part of the standard procedwure
of soap preparation,

A more complete modification shown scuematically in Figure 4
fllows continuous dryin; and neutralization of the solvent,

control of the extraction temperature, recovery of uncontaminated

oextract and continucus unsupurvised performance.
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Principles: 'L:ho solvent goes thraigh two succ:ssive distilla- '
tions, the first beius to separate it from tho uxtract, and then
after condensation it is rodistilled to scparate it from the
Arying agent before it is employed in extracticn, It is cct=
densed and cooled prior to contact with the surstance to be ex-

tracted. TIhe rate of heating during the first distillation is

kept definitely slower than during the second ome, A reflux

Tondenser keeps ths level of liquid during the sscond distilla=
tion from falling below a given point, Thev direction of flow of
vapor is controlled by 3 goose=nack liquid treaps,

Desoription: The solvent is separated from th: extraot by
vaporizatiori in flask 1, The vapor proceeds through tube 2 into _ !

econdenser 2a 'and the liquid enters flask 3 throvgh trap 4.
Contact with drying and dehydrating agents is effocted in flask : |
4 and the solvent 1is vaporized therafrom through tube 6§ and trap ;
6 into condenser 7, vhere it is condensed and flows into cone

denser 8 where it 1s cooled to the desired temperature (e.g. 0°C)

before entering conventional Saxhlet extractor 9., This extractor

may be surrounded by a container (not shown) for thermostating

at the Adesired temperature, Onoce thso oxtractor 8 is filled to

the proper level the solvent and extract are syphoned through

trap 10 into flask 1, . _

' - Flisk 2 is heated at a faster rate t't_mn flask 1. 'this pree-

vants the level of liquid in flask 1 from getting too low, t'he

level of liquid in flask 2 is kept constant by means of reflux

condenser 1l goe.acting with trap 6, ihen this level falls balow

the lower tip of condenser 11 the back pressure of trap 6 forces
ReSTRICTED '
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tte vepor into comienser 11, When tho level is abo7e the lower
tip Of oondenser 11 omly a very small portion of the vapor formed
is refluxed and most 0y it flows past trap & into condenser 7,

Guard tuwes 12 and 13 prevent entry of a%mospheric humidity;

. into the systua,

Specifications: The apparatus used at present has the following

dimensims:

Flask 1 anl 2 are 250 co. Erlenmeyers. Height, overall

| . 118 om,;.to trap 6, 92 om, Head of traps: “rap 6, 1 om.; trap 4,

; - 6 om,; trap 10, 9 om, Horizontal distances botween centers of
flasks 1 and 2, 12 om,; tube 5 and condenser &, 12 om,; tube 2

and oondenser 2a, 6,5 om, 0.D, of tubes and tru.s 1ll-15 mm, The .
side arms of flask 2 are at right anzles, Four and 10 are filled
with glass beads. A suggested improvement is to reduce the Q.,D,
of traps 4 and 10 to 5-7 mm. to reduce back suction. |

Modificotion:  When the recovery of extract is not necessary and
only control of temperatwe is desired, flask 1 is connected by
means of a glass tube ,not shown,directly to the horizontal tube 6, ]
- thus bypassing flask 3 amd 1its condensers,

With tc aid of these extractars, we were able to obtain the
ourves showr *n Figures 5 and 6 for the variation of ash of
oluminum stearate when extracted at about the boiling point of
acetsne and aluminum lawate when extracted at 3 temcrntures
rsgnactively as a function of the volume of solvent,

Figure 5 is particularly interesating. It shows rapid leache -
ing of material from the scap by ths first liter of solvenl,
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The owr'ves then level Off to a constant slope which indicates

. an increase of luss tnn 0.1% for the ash values per liter of
solvent,

As a working hypothesis we too assumc “mt free acid and

aeid loosely bound (i,0. as acid scap) is exiracted first, leav~
ing a residus of socap or soaps ocantaining only acid combined ar
held by ionic bonds; and that the constant slope section of the

cuwrve represcnts degradation'of this socap due to a smll but
continuous hydrolysis by traces of moisture. .
This hypothesis 1s supported by the Irmowledge that wet
 acetone doos result in hydrolysis as has “e:r deomnonstrated, for
example by C...S. Colunbla, and has been conflirnad by extracting
a sample of the soap used in obtaining the urper curve in
Figuwe 5 with two liters per gram of soap, emploving 673 acetone = ;
332 water as solvent, The ash value for the exiractod soap was ,
19.6%(1,e, wvay out of bounds of the figure, |
Durdn: ail our standard Soxhlet extractions the acetone is
being dried sontinuously by the presence of “Drierite! in the
‘peboller f£lisk although it has been dried previously by the same
- drying agent rar soveral days, The value of thia rrecautio,
however, ol besn shown to be real and significant inasmuch as
refluxing the previcisly dried acetons during extraction from
- frosr "Drierite decre.ises the slcpe uand thercfom™ the degrada-
| - .' ltion vuve, Tla triangle avbove thue aurves in Flgure 5 shows the
- wervlh ohbained btv using acetone which knd been dried Tar v-m

(i w-6x9 over "'Lrierite®, without drying agent prasovt ducing ex-
' 3

tractim,

RESTRICTED




K _.sh

a0 —— -1

o e ol o

—— e

. :

o8 n i .
2 0 i o
d 2 3 i
M “ [ i 1
O = (3 s .
“ - #0100_ m _ _ m\ -
N3 ! ' { { '

=~ i A : ! :
m £ —_— e i T t + =

—4 3 !

0] g—0° ! m _ : m
Es V4 | : ! : : i ;
—Aal-@ -9¢0. -1 et - = I S DN e eme— b
- m 1 _ H ” 5 ;
- 4 | i : : '
o m . : x \ d 1
g8l “ j i i " e
22, | _ . |

4 - (o N ! % H ]
~m ey ||mlu‘ = ln—\ . — olonmilien = e "I e e ee—s |.|IMIII'1II0| -
SR LS e, I T o 3oay prepared at 60°C _ .........
2t f | _ w m - ) |

i g ¢ ! ' i
99 oo ! i i : A Sanc, extracted without! Dricrite
«Q _ S : ! !
5 v T - 1 . TR ——
mm “ ! ' x so0ap prepared at 100°C
e | | |
os [ . ] M R
I B i | .
38 6.0 i | S S
i 1 i

r' ]
-

s st
t

iiiii pom—--

R e o -
N .

10 192 1ig

Liters of acctonu per gram of Soap

Figure 5

RuSTRICT D




RESTRICTED
-S4~

Figure 6
Variation of Ash Content of Aluminum Luurato
During Exhoustive Extraction with dried Acetone

at Three Temperaturcs of Extraotion,
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=”i.¥he temperatuwre of extraction affects the rate of hydrolysis’
- by the unav oidable traces of moisture, the hydrolysis being more |
- pronownced at hipher tumperacures as. shown, for example, by |
Mgure 6 for aluminwa dilaurate, which is practically unuffected
at 09C, more at rcom temperature,and rapidly at the boiling

poant of ucvtone, At the same time this sraph shows that the |

~extracticn of looswly held acld is acceleratuvd by higher tempera-
turvs so that a scap freve from such acid miy be obtalned in
ghorter tine of extraction,

Inspection of the owrves of Figwos 5 and 6 shows that the

problen of freeing; tho soap of loossly bound acid without hydrolys-
ing it at all 1s not yet completely solved. iie obtained, howsver, L
 values far ash within 0,07% for the stearate, 0.,04% for the
- lauratez and 0.1%/1'01' the oyclohexans ourboxylate, kxtrapolation
of the flat partion of the lower ocurve of volume of extractions
versus composition (Figure 5) to zero extractant shows that if
no degradat ion occurred, the steara.e would have an ash within
0,00 = 0,027% of the thooretiocul (8,58/).
We have also developed a simploe titrimetric method for
. determining free and loosely bound lauric acld in aluminum
dilaurate giving results accurate probably to O.1 = 0.,2% and
reproducivle to abalit "0,05%,
The mothod 1s similar to that developed by the C.ieSe
.001umbi4 group but applicable to smll samplos, 0,2 = 0,3 grams
of the soxp .boing required, If only one fatty acid is present
it gives results in weight % of fres acid; if several fatty acids

are present it gives only equivalent % of free fatty acid,
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.. T sony is weighod into & 25 oo, volumetris flasl, dried

‘hy cvaowtion for 30 minutos, The flask is thea filled to the

] . mark with acetcme which has been stored over "Dricrite' and

tahydrous K2C05. The flack is stoppered and clicken frequuntly
at room temperature (22-259C), The ratio of solvent to soap

is sufficiently large Yo dissolve all Iobaula:'- tcund luurle acid (
t

~at this temperatwe. (The maximum concentration of acld being
ea, 1 per 100 cc., which is about 2;5 of saturation.)

_ After 15 minutes 5he clear solution is siphoned off under

- pressurc¢ through a cotton plug, The firet 1 - 2 cc, are dis- |
oarded and the following 10 co., collected in a 10 oc., volumetric

flask. This method separates completely ths scap from the
solution with-a mirimum of evaporation.,
The 10 co, coilected are transferred to c hoaker, the flask
rinsed with 10 cc. of alecohol and 26 cc, of water, * ar 4 drops ;
of phenolphthalein are added, and the mixture titrated with 0,04
N KOH.
4 blank is alwmys run on the solvents and indicator, and

subtracted from the result, The result is then computed assuming

that the ecnd ras 1 oontact with 25 6o, of solucionm,

Prosence of wmmter is of course an important source of error
in this method, In a test 0,29 gm, of water (comparable in
weight to the s&zp) sufficod to inorease the free acid cmtent
from 0,7% to 2,0%. Uhen the extraction was conducted at 0°C,
0,15 gn. of water raised the free acid content of the same socap

i : to only 0.9%.
If the amount of socap is varisd the result is not affoeted
RESTHRICTED
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.lixnifiolmtly. In a teet 0,17, 0,48, 0,88 g » of soap gave
0.7(4), 0.,7(5), 0.6(8),» respectively, Too low concentrations

reduce of oarse the precigion of the method.
If the same moethod of extraotion is applied several times

.- to the same sample of soap the free acid content drops immediately
" to about 0,1=0.2% :nd levels off, Tho significance of this

- apparent amount of residual free aocid is not clear, It could

be due to hydrolysis by traces of moisture, but wo obtained aome'
1n;iimtions that it may be due to oxidation of acetone by oxygen
sorbed by tho soup since a test, blowing COpg-free oxygen through
the acetonu durin, extraction, inoreased the apparent free auocid
content from 0.3 to 0,5%; wihile starin; the soap in a COg
atmosphere over night reduced it to 0,15% This amount is
suffiolently small however to be taken as the limiting factor on

the acouracy of the methaod,
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' Ge The Individual Aluminum Soaps,
The two most important properties of aluminum socaps, their

behavior towards water and towards hydrocarbons, are treated in
later chapters of this report., Here are oollected the observa=-

tions of the various other properties of the several soaps.and.

thelir preparation. We deal in turn with aluminum dilauwrate which ‘

has been studied in most detail, followed by aluminum distearate; |
aoid aluminum dilaurate and acid aluminum distearate; aluminum
monolaurate (and monostearate);.and aluminum di-oyolohexane = !
oarboxylate, L ,
, Aluminum dilaurate, Al(OH - BT '
i (a) Preparation - ' I
’ Aluminum dilaurate was best prepared by adding an 8% neutral |
agqueous solution of potassium laurate (from Eastman Kodak laurio
' _ acid and agqueous potassium hydroxide, using carbonate=-free water
, | and potassium hydroxide) slowly to a large excess of a 2% aqueous
' solution of hydrated aluminum chloride (AlClg.6Hg0) (Baker!s
’ analyged),.

The precipitation was oarried out at 25°C using strong mechan
ical agitation. The preocipitate was washed with oold boiled-out
distilled water until free from chloride., It was then dried over

Pg0s in vacuum. The dried product contained about 30% of loosely
bound fatty acid which was extracted rapidly, in 5-10 minutes,

in a fritted glass Bfiochner funnel with dried, neutral, oold ace~
tone using 80 ml, of solvent per. gram of soap in 5§-10 equal

portions. .
The ash value is 11,56 - 11,62% 4130y, theory 11.49. The
lo0sely held aoid amounts to about 1% as determined by the method

- Do 25 LL, RisSTRICTED
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. Alternative Saghlet extraction at 0 (see p,@5) with |

| 3000 « 8000 ml/z . has been used, Both ylelded good ronuibl. |
i B - The soap obtained is a fine white powder which is oaked by
pressurs, It is slightly hygroscopic taking wp 0.4 to 1% moisture

from the air,  For analysis, it may be ocompletely dried by

evacuation or storage over PgOg at room temperature, It shows

no distinotive features under the miocroscope and even under the
electron microscope only irregular ag;;lomarat:es are found,too
thick to be translucent to electrons, The X-ray pattern is

similar to that of Napalm and shows a series of relatively sharp

lines and a lalo,
Upon heating in sealed evacuated tubes the powder sintered

to a white opaquo mass at 150 to 170°C and became transparent
rather sharply at a tenperature between 190 and 193%; this is
taken as the meltinz point becawse the resulting mss is homo- |

geneous and isotropic although of exceedinsly high viscosity, It

withstands heating for shart periods to 300° C and flows.slowly
at this temperature, Pfrolonged heating at 300°C in a sealed tube

or even at much lower temperatures with drastic temperatuwre grade-

ients results in degradation, one of the prodwts appearing to be
dilawyl ketone, This might indicaute that the uniformly-heated
soap remdns in equilibrium with its volatile decamposition

products,
! s iihen cooled fram the molten state the oariginal appearance of
the soap 1is not restared; instead a hard brittle mass is formed
whose propurties depend on how it is cooled. '

On coolin: slowly and keeping the socap for between 15 minutes

and an hour between 160 and 170°C, the mass becomes stragly
RLSTAICTED
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Bifefringent and merkedly opalescent, This is the "orystalligea®
fam, Upon heating again it melts sharply over a range of 1°0
between 193 and 196°, the exaot range of temperature depending on
the sample of soap armd on the way it was orystalligzed, The sharp
melting point is indimtive of a definite compound and not a
mixture, Upon ocooling it yilelds a white brittle solid,

(b) Different physical forms of aluminum dilaurate, Al(OH)L..

'The dilaurate exists in several polymorphic forms vhich.,différ in
“their appearance, swelling in solvents, anl details of Xeray

di;!‘mcbion; yet may have the same melting point and likewise are,
to some extent at least, reversibly transfomable into each other,
The X-ray diffrastion pattern of the “orystallized" farm (Fig.14 )
shows lines in the same position as the original form bw much
sharper, and the diffuse ring of the latter 1s resolved into
several sharp lines, This shows that the arrangement of molecules
was much mare orderly after orystallization, presumably being in
the form of larger orystals, and explains the difference of about
39 vetween tho melting points of the “original” and “orystallized*
form,

As will be disoussed in mare detall in Chapter III, the
oryntnllizéd form 1s inert towards oyolohexane at temperatures at

which the original farm swells enormously and forms an opalesocent

nonooherent "gel” and a very dilute sol. At higher temperatures
both corystallized and original form produce a clear elastic jelly,

‘These various systems may be fromen and the solvent sublimed off,

leaving different physical forms "“recovered from gel®, “from-jelly"
amd “from sol”,
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The form recovered "from gel® is quite similer in its | '
‘properties to the "ariginul"one. That "fram jelly" swells without
limit at room temperature in oyclohexane, forming a clear jelly;
and its Xeray diffraction pattern is much more diffuse, though the
positiomr of .eha.l:l.nu is still the same, and it contains only
traces of free acid as determined by the method described on
Peg2es The one recovered "from sol"” is an extremely fluffy
white powder whioch dissolved rapidly in oyclohexane and gives
barely discernable lines in Xeray diffraction,
If the molten scap is quenched rapidly it yields a soliad

transparent "glassy" farm whose Xeray diffraction is somewhat more
diffused than that of the arigiml and whose behavior in oyolo-
hexane is irregular, part dissolving and part .uelung, thus
showirg physical inhomogeneity due to uneven heat treatment dwring
quenching .

'J.‘aiﬂ.e I sumarises the properties and preparation of these !
various forms.

All these fams uon heating and proper cooling give the

- Yorystallized" form having the same melting point and sharp Xeray

diffraction lines, proving that they are different physical forms
of the same campound, differing probably by the sige and perfectim
of their orystal structure,

The “glassy” and the "original” forms are shown by their
behavior in ocyclohexane to be physically inhomogeneous., Indeed,
the glassy form is visibly inhanogeneous, The original form
oontains about 84 of forms very soluble at 21°C and about 23%
soluble at 2659, while the remainder is quite insoluble at these
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Appearance

1 g, of solid

in cyclohexane
swells at rcom
temperature to

X-ray
crystallinity
Ticure 14

¥ vpegparation

Precperties and transfor:ations of

1

2

Oricanal ¢rrstalline

-hite cak- Bluighe-white Slightly
slizhvly
translucent

ing } owder

~

brittle

256-50¢c

olid

lecss than

2 cc.

Jicerc-
crystal-
line

ixtraction
vith ace=-
tonc of
acid alum-
nua dilaur-
abe

Vers shard

lielting of

Glassy

P.BLE I
3 k
Ruecovered
fron gel

: Translucent
brovnish or transpar-

transparent ent britcle

brittle zlaas

glass

Large 8-15 cc.

but very

indefinite

Definige  liicro-
crystalline

tleltinr of .dding; 5-7

1 or 5 «nd lor probably parts o

probably of any other

weisht of

any other foru in cyclohexans
form in scaled tub, to 1, let-
scal.d tube,and quonch® tin: stuand
cooling to ing by . ovesrnight
160-17C°C  imnorsing and dreying
until crys- in hot in v.cuo.
tal liz.d wator. -
and slow 5 *
cool:nge b

®

Llunminua dilaurate

5
Recovered
from jelly

eﬂﬁaumpwosn
brittls
solid

Unlinited

Very faint

adding 5-7
parts D;
weight of
cyclohexane
to 1,
heating to
60-85°C
until clear,
coolin: «nd
drywng; in
vacuO.

(ash value 11.55;).

6
Recovercd
frona sol

Hwnﬂoamww
fluffy
vhite
povder

wxtremely
faint

adding 100-150 parts
by woight of cyclo- .
hoxanc to 1, letting

.stand at room tempora-

ture with occasional
shaking, ccntrifuzing
to clour thc supcrnat-
ant liguid, decanting
and cvaporating the
docantatc in vacuun.
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temperatures; b\t all of these farma oan be omverted into the

same sharply maelting orystallized form, Henoe they differ only

in physical properties,

'he existence of the definite compound Al(OH)Ly is further

oconfirmed by the fact that when it distributes itself betweon gel

and sol in cyclohexane the products recovered from both show no
appreciable difference in melting point, This 1s disoussed in

Chapter I1I,

(c) Aluminum dilaurate in benzeno solution.
Aluminun soaps are not high polymers, In solution, the high

‘polymers such as cellulose derivatives, rubber, sto,, are assumed
to have a hizh molecular weight independent of temperature and

ooncentration and derived by extrapolating the actudl. measure-
ments to infinite dilution, At finite concentrations their
osmotic pressure 1s low and inoreases faster than the concentra-
tion,

Aluminum dilaurate in bengene on the other hand s a rather
low osmotic presswe which decreases much more slowly than the
eoncentration, Aluminun dilaurate (and Napalms) must be recog-
nized as assooclation oolloids, There is a great change of
apparent molecular weight (change in degree of assoclation)
throughout the measured range corresyonding to (AL(OH)Lg) g0q
in 1.,0% and (A1(OH)Ly)g in 0,001% solution, ihile extrapolation
to infinite dilwion 1s difficult under these girocumstances, it

is_ocertain that the actual molecular weight of aluminum dilaurate
is not higher than (1&1(01!)1’..2)5 , and its true molecular weight
m.ay well be Al(OH)ILp.
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X=ray oxamination of Napalm, aluminum dilaurate, and aluminum
distearate. The X-ray diffraction diagrans vere kindly mide b&
Dr, Sydney Ross without support of 0,8,i.D, funds., Their general
significance was indicated in the introduction,

Napalms give Xe-ray powder diagrams consisting of fairly sharp
rings as shown in Figure 7, They closely resemble those of
aluminum dilaurate, likewise given for comparison in Figure 7,
Figures 8 and 9 give microphotometer tracings for the X-ray pate
terns of ten Napalms as received by us, Figures 10, 11, 12 and 13
give typical microphotometer tracings of Napalms, dilaurate,
lauric acid and sodium laurate, Figure 14 shows the X-ray patterns
of the dilaurate in its different physical forms ranging from the
highly crystallized substance to the almost amorphous form re-
covered from jelly as already described in Table I on page 32,

Microphotometer tracings of X-ray diffraction patterns of |
aluminum distearate in its original form and in the corystallized
form are shown in Figwre 15. Both are highly orystalline.

Figure 16 is a diagram of X-ray diffraction patterns of the
known forms of aluminum and its hydrates, Comparison of the lines
for aluminum dilaurate and aluminum monolaurate show that these are
distinct chemical species, and not mdre adsorbates or peptisates
of aluminum by fatty aoid; The alumina pattern is absent from
their X-ray diagram,

The Napalms shown in the last two tracings of Figure 13 were
obtained by drying systems containing 6 to 7§ of Napulm in toluene
and isooctans, respectively, In toluene it formed a very stiff

elastic jelly, transparent but containing,at first numerous slightly

Y
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PHOTOGR.PHIC REPRODUCT ION X~R.iY DIFFR..CTION PATTERNS OF a
NaPALM AND ALUMINUM DILAURITE

Figure 7

—pe

Aluninum dilaurate Napalm Nuodex Batch
Al(OH)Lg Noe- 13571
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Figuro 8
A ' Microphotomotor Tracin.. of Xeray
f Diffraction Pattorns of Ten

Roeprescntative Napalms,
Sanple to plate distancu 5 cnm.
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7—-—7Y Microphotometer Tracin:; of Xeray
/’ \  Diffraction Patterns of Ten
’ \ Representative Napalms.(Cont'd,)

,' sa: nple, to plate distance 6 cm,

(.- [_—-'\’k\/\ / \ lla;nification 2x.

/ . ’\

5o A HoGoan- Lot 462
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v
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/ /P . \
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/."" \/ i \ 2432-94
i
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REPRODUCLION OF MICROZHOL Gislast LRCLNGS OF X=R.Y DIFFRaCYION P.aiTuRNS
Magnification 2x. Sample to plate distanse 50 mm,

Napalm Nuodex
No, 15371

Napalm Nuodex
No. 15374

VAL

Oxidized Napalim
Nuodex
Lot PD 2712

Aluminum
dilaurate
4 LLg OH

Roorystillized
aluninuy di-
17urate

Al;wOH

.

\

Sodiunm
laurate
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REPRODUCTION CF JICROSHUP OMSLER TRACINGS U X=R.Y DIFFR.CLION PATTERNS
crpla “o plate distiaez 50 nmm.

Mapnification fx. Bar
\m

Ficaro 1l

- i oy —— o

i

/
i/\\»-f’ (

—

Lauric acid

Y

S
g
$
;

‘ystallized :
nun di-

juurate l

in oyclohexane

Liquid |
ocyclohexane
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COMP.RISON OF P.IRS OF MICROPHOIGMETER TRACINGS
OF X=RaY DIFFFACTION. PATTERNS
A

n

Figure 12

Napalms Nuodex
*\...No. 15371

\
v Napalm Nuodex
\  ees No, 15371

‘W -——= PD 2712
‘."‘Q‘ ‘“(‘Oxidized)

bt A EE T2 LT S,

S o ..Napalm Nuode
\ No, 1537

', — Aluninum dilaure
‘... ate, AlLg0H

Aluminun dilaurate,
AlLgOH
s sbofare rocrystal—

lization
after recrys-
tallization
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AICROSHOT LETER TRACILICS OF XefaY DIFFRACTION 2.TTERNS
Sample to picte diasl:inee 5 eme ilugmification 2x
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AL(OH)Ig recover-
ed from soluticn
and orystallized
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lieGean Lot 462
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Ferro inamel Lot P
Batch 184

Napalm
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recovered from
toluene
jelly

Napalm
llcGean 462
recovered from

isooectane gol
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MICROPEOTCWETER TRACIHGS OF X=RAY DIFFRACTION

v ¢

FATTERNS OF VARIOUS FORIS OF ALUMINUM
DILAURATE

Magnification 2x,
Sample to plate distance 50 mm,
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MICROPHOT OMETE R TRACINGS OF X-RaY DIFFRACTION PAITRLRNG
OF ALUMINUM DISIEARATE, . PLATE DISTANCE 5 CM, MAGNIFICATION 2X.

Figure 15
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opalescent flocs; this dried to a transparent waxlike filpm, |
yielding a very different X-ray diagram,

In anhydrous isooctane the grains of Napalm were swollenm to .
transparent lumps of gel Wi th thin liquid left over even after two

weeks at room temperature, This X-ray pattern is definitely

orystalline,
Figure 17 records Xeray results from the MocGean Napalm showe
ing olearly the retention of orystallinity in soap recovered from

a gel and its absence in soap recovered from a Jjelly, The ine-
dividual spoocimens were as follows:
: (1) Napalm McGean Lot 462 untreated, The pattern showa

———

rather sharp lines. B i
(2) Same socap placed in 11,8 weight parts of isoooctane for :
three days forming a two phase system of a smill amount of thin
olear liquid and swollen murky lumps of soap, :han dried by evacuae
tion below room temperature, Figure 17 shows distinot lines,
confirming the presence of the gel phase,
(3) Same as 2, but heated on the steam bath for one hour,
forming a’ooherent mass of somewhat lower turbidity than 2, It
shows only halos and proves that the gel phaée has given way to
the jelly,
(4) Some Napalm placed in 11,5 parts of oyclohexane at room
terperature formed a twrbid mass., Frogen and dried by evacuation,
It shows a pattern of jelly not gel, _
(6) Same process as (4) but with b;n'iene. An almost clear
transparent mass was formed, and it shows again a pattern of jelly

similar to that obtained from the twbid samples 3 and 4,
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PHOTOMETER TRACINGS OF X-R.Y DIFFR..CTION P.UTERNS OF
NaP . LM HMCGLaN 462 UNIRR..ED .ND RECOVERED ¥R0M HYDROCARLONS

(1) Untreated

(2) From un-
heated
isooctane

Figure 17
(3) From heatec

-
isooctane
—
(4) From cyclo-
hexane
l (5) From
benzene
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o grystal strugture of aluminum dilaurate. The erystal struce
ture of sodium socap, fatty acids and a number of other related
homologous series is well established. Comparison of their pat-

terns with tho;Ie obtained f£ur aluminum dilaurate and aluminum di-

stearate affords a partial interpretation of the structure of the

latter, In all these series the long spacings arc so olearly

separated from the short or side spacings that they are unmistake-
able., Indeed they aro so long that they require that the fatty
acid chains muat be placed end to end in pairs to produce the
distance between the (00l) planes, ¢ sin /', Aluminum dilaurate
and aluminum distearate have such similar Xe-ray patterns that they
must have the same polymorphic forms. The microphotometer tracings |
for these two soaps are reproduced for comparison in Figure 18.
Two different sets of lines may be noted, Those near the center
correspond to succoessive orders of the long spacing and those
grouped together between 6% and 3R correspond to short or side
spacings botween chains, |

The short spacings.are identical for the two soaps showing that
they are independent of the length of the hydrocarbon chain and
that both soaps have the same polymorphic form.

Tﬁe normal confijzupation of paraffin chain orystals is full
extension, with each chain straight except for the Siggag necessi-
tated by the tetrahedral angle of the carbon bonds, Close packing
of the chain is favored by certain angles between the direction of
the ochain and that of the plane of the terminal groups. In prace
tice,angles of approximately 90°, '70°, 62°, 654%na 48° nave been
encountered (of. Schoon, Z. Phys., Chem, 39, 404 (1938) and Brill

and feyer, Z. Kryst. 67, 570 (1928). ).
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Microphotometer Tracings Of X=raj Diffraction Pattorns
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- All the lines corresponding to long spacings are due to

sucoessive orders of diffraction (00 ) by the ome long spacing of

28.1 £ in oase of the dilaurate and 39.4 A in cass of the dlstear-
ate. Thelir differ:nce is 11,3 g = Ao sin ﬁ. Since the distance

between alternate carbon atoms in a hydroecarbon chain 1s 2,54 3

tha oorresponding value for Ao for double molecules is 6 x 2.54 %=

16,24 i, The ratio of these values is sin/? = 0,741, Hence/?,

~the monoclinic angle for both scaps, 1is 48°, Thu same value of

/? = 48° was experimentally obtained by Brill and Meyer for lauric

aoclad,

If the length of aluminum socaps WA th its two chains side by
slde were taken as equal to that of the corrosponding sodium soaps,
18,5 £ for laurate and 25.4 £ for stearate, the value of the
monoolinic angle/3 would bo 50°, This is in good agresment with
the 48° derived above, especial ly since the aluwminum atom 1s some-
what smaller than the sodium atom, and may be taken as proof that,
as in the sodium socaps, the aluminum atoms are arranged in a double
row, head to head with the double tails also side by side.und end
to end,as in Figure 19, '

Aluninum distearate Al(OH)Str, .

Potassium stearate was first prepared by adding 1.5 normal
methyl aleooholic KOH to a slight excess of a 10X solution of
Zastman Kodak pure stearioc acid in acetone, with thorough stirring
at about 40°C, The pruoipitate was washed repeatedly with neutral
acetone until the wash liquid was practically neutral, then dried

. . . .
to ootistant welght .ovor 2295.
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A 2% solution by weight of this neutral potassium soap in

boiled-out distilled water was added to an equal volume of 1l.5%
solution by weight of Bakers' C.P, hydrated aluminum ohloride,

AlCl2.6:1,0, in bolled~out distilled water, maintaining vigorous

stirring by a blendor. Both solutions were heated to 1009C and
the blendor can was made of metal and was wound with nlchrome

wire to allow operation at this temperature. The soap as pre-
cipitated was washed free of chloride ion with distilled water
and subsequently dried to constant weight over P,0g.

The driod precipitates were extracted with dry,boiling acetone
in the modified Soxhlet apparatus (page 18 ) with 1200 cc,per gram
of soap and dried first in air, then over Po0g. Aluminum distear-
ate ressembles the diluurate., Its melting point may be observed
readily in transmitted polariged light, and, with same ocare,also in
ordinary light,

The original white powder sinters somewhat below 1009C and
melts to a colorless, isotropic, extremely viscous liquid at
173-49C, The 1liquid may be orystallized by cooling to about 1109C
(for seeding) then warming to about 1659 (for rapid growth of the

erystals), It 1s then strongly birefringent and slightly opalescer

Once orystallized, the scap melts over a range of about
1 1/2% bvetween 175-17?00. If the melting process 1s stopped bee
fore complotion , 1. 6. while there are still birefringent portione
to act as nyclei, recrystallization proceeds rapidly at 165-170°C.
If melting is allowed to proceed to completion, seeding at 110 =
120°% again becomes necessary.

Upon cooling below about 1000C the appearance of the soap
changes markedly, due to rapidly increasing opalescence and

turbidity, which make it almost opaque at room temperature, This
ReSTRICT =D
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ochunge of appearance is gradual over a range of 20 = 30° and 1is
almost reversible, lie belicve at present that it is due not to a
phaso change but to the formation of minute cracks in the rigid

soap upon thermal contraction., The presence of large macroscopic

oracks which disupsear upon heating to about 1109C and the brittle
ané grainy feel of the cooled soap when crushed 1:d to this belief,

The relatively narrow temperature range of mslting of this

soap indicates that it is a definite chemical species (aluminum

distearate) capable of aeting as a simple componeni in the sense

of the phase rule, and that it is not a mixture, o ]
This melting point of aluminum distearate, 1756 - 1779, may | .

be compared to that Of the dilaurate which we found to be 193 - |

196°C; that 1s, 20 degrees higher,

Aluminum aeié dilaurate Al(OH)La.HL and aluminum aoid
distearate A1(0H) Str,. B Str,
2

In owr report of November 15, 1943 we postulated the presence

of acid aluminum dilaurate Al(OH)Lg.HL instead of a trilaurate
AlLg or a simple mixture of dilaurate with free lawric acid
Al(OH)Lo+HL., This hypothesis was based mainly on the effective
rate of extraction of lauric acid from this soap using dried
agetone,

Extraction was very rapid at room temperature and very slow at
0°C, The former showed that the lauric acid was not combined as
AlLz because hydrolysis was most unlikely to ococur under these
conditions, 'The latter showed that the acid was not "free' but
definitely “bound" or "loosely held"”, N
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" MoBain and MoClatohis, Jour. amer. Chem. Soo. §4, 3266, (1932)

found it impossible to pripare aluninum tripalmetate alP, even

under the most anhydrous conditions., The acld dilaurate results
from precipitation of exocess aluminum trishloride with potassium
lawrate at room temperature, wvashins with water only and drying.

.8 have 10t prepared it pure.and it melted ovor the range 110 -

1.0°C,
‘fnen extractec at room tomperatwre with drvy ccetore, this

-proifuct loses rapialy approximately ome molecular weizht of laurie
:aoid, vfelding aluminum dilauwrate, (Upon longer extraction the

amount of lauric acid extracted increases further, ruvaching 333%

after 18000 co,per gram),
Extraction at 09C with dry acetone in the modified Soxhlet

apparatus described on p. 20 shows, however, a quits different

picture, 'The extraction of lauric acid proceeds but slowly and at
a steqdy rate of ,0l1 g. HL per 100 eo, of acetone until the come
position of A1(0H)Lg is reached und then practically ceases.

" Figures 20 and 21 show this striking difference, Figure 20 shows

the variation of ash content of the axtracted produst as a function
of the volume of extracting acetone per gram of socap, Figure 21
shows the samo experiments in terms of extraoted acid as obtained
by titrating the extracts,

The solubility of lauric acid in dry acetone is quite large
(we have found it to be 8% at =3°C) and the rapid extraction at
room temperature indicates that diffusion is no obstacle, 'There=
fore at 0°C the lauric acid 1s not present as a simple admixture;
in other words, the acid, while extractable, is not free at 09C,
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u4thin experimental error the extraction at 0°C procseds at
tho steady rate quoted above, Therefore the lauric acid is not
hold in the form of solid solution which would give a constantly
dvercasin: rate, Hence wu Infer the formula AL(OH)Lo.,HL, The
X=ray diffraction pattern of the acid socap 1s shown 1n Figure 22.
It differs both from lauric acid and aluminum dilaurate.

It 1s extremely unlikely that aluminum trilaurate, AlLs, would
rapidly yleld dilaurate with dry acetone at room temperature, in
the absenco of compounds such as water or alecohol, (4 reaction
w.oh foruaticn of laurie anhydride and aluminw: .lilaurzte an-
hydrids could howovur be concelved,) This is further confirmed by
a slow but prolonged loss of welght, extending to at leust 9% by
this soap over Pg0p, and somewhat faster loss over CaQ in vaocuo,

The muin weakness of this argument wdth the acid dilaurate was
that it drew thermodynamic conclusions from a kinetlc experimnent,
Since then efforts have been made to dutermine by equilibrium
measurements the solubility of lauric acid in the acid soap, but
no conclusive results could be obtained owing to experimental diffi-
-oulties and the very high solubility of lauric acid,

It was thon Gecided to study the stearate in order to eheounte:z
more favorable conditions owing to the much lower solubility of
stearic acid in acetone,

The sample studied was "aluminum stearate" as obtained by
precipitation of an excess of 3,70¥ aluminum chloride solution
with a 3,857 potassium stearate solution at 60°C, washing the
precipitate until free from chloride, and drying, It had an ash
of 5,50% |

After Soxhlet extraction with 1200 cc,of boiling acetone per
RuSTRICTED
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o gram of scap the ash was increased to 9.55%. Extrapolation back
| to zero acetone vclume (to correct for residual hydrolysis during
this extraction) gave an ash of 9,454, In other words, 41,28
of the original product 1s extractable with bolling acetone,
The solubility of stearic acid in acetons at 21,5°C is
about 9,0 grams per liter, It is clear that if a small volume of

acetone is exposed to a product containing stearic acid in the
free condition, this will dissolve until the concentration of the
acetone solution corresponds to an extraction of 9 grums per liter.

Prcof vh:t stearic acid is not free is obtained in the fcllowing

serlas of erxporiments in which acetone is shown to extract only a

small frooction of this amount per liter,
Varied amounts of dried soap woro placed in stoppered
mixing oylinders with 25 co,of driod acetone oich and
shaken slowly for 18 hours at 2%,5°C in an air thermostat.,
Ton cc, of acctone was then withdrawn through a cotton
plug and the concentration of acid in it determined by
titration as desoribed on pages 5 and 6 of ow March

report, The total amount of acid dissolved was calou-

lated therefrom and expressed in terms of percent ash
content of the undissolved residue,

Figure 23 shows the results, It is a plot of oconcentrations

"of stearic acid in the acetone as a funotion of the composition of
[ . undissolved soap .
' It proves that a large propartion of the acid extracted with
‘boiling acetone is almost insoluble in acetone at low temperatures,
. and that it is definitely bound, If the acid extractable with
" BuSTRICTED
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boiling acetono wore all free the expected soludbility cwrve would
‘be as indicated by the dotted line A, This is obviously excluded

by the experimental data,
From a soap having an ash content above about 6:9% the acid ,

dissolves to less than 0.3 grams per liter,
The e&iatenoe of this bound acid, which is noevertheless
readily extractable wiéh bolling acetone, peints to the existence
6: an acid soap.
On the othor hand, some of the acid is mugh freer, and from !

a soap of ash content below about 6,57 dissolves tg the extent of
at least 2,3 grams per liter, This result suggests that the “bound® ,
a0id is bound in equimolecular proportion by the ,distearate, as
would correspond to the formula Al(on)stz.HSt. .

We have shown previously the existence of aluminum monoe
and di-soaps, The soap obtained by extraction with boiling
acetone may be expected to be a mixture of these two types only, |
and from its ash content the composition 13,5% Al(OH),St + 86.5%
A1(OH)Sty, is deduced. _ i
If one molecule of stearic acid is dbound to one of distearate

- and the remindor of the stearioc acid contained in tho ariginal
soap ( of 5,5% ash) is free, the expected solubility ourve would
be as indicatod by the dotted line B of the figure, It may be
seen that the oxperimental points are in agreement with this
hypothesis,

The compositions indicated by this interpretation are

‘tabulated in the following ‘wable ia,
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Table i

St~

Composition of Aluminum Stearate precipitate, made at
60°C before and after extractions with acetone.

Mols Parts b, %
wh e e
5
Original soap.
Froe stearic acid H3 0,848 240.0 19.2
| Acid distearats .A1(O0H)Stg.HSt 1,00 891.1 71.3
| Distearate Al1(OH)Stg 0 o} 0 .
| Monostearate 11(0H) St 04350 120.0 9,6 '
- l
Total 2,198 1251.0 100.0
ash AleS 00675 68.8 5.50
soap freed from freo acld. .
Froo stearic acid HSt 0 0 0]
Acld distearate Al(OH)StquSt 1,00 891,11 88.2
Distearato Al(OH)Stgo 0’ 0 o}
ilonosteurate Al(OH)zst 0.350 120.,0 11,8
Total 1,350 101l.1 100,00
Soap freed from free and loosely held acid, !
Free stearic acid HSE 0 (0] 0]
Acid disteapate AL(OH)Sty.HSt O 0 0 }
Distearate AL(OH)SYo 1 608.,0 83.5
ilonostoarate Al(OH)zst 0,350 120,0 16,5
® potal 1,350  728.0 100.0
dah ‘*\1203 00675 68.8 9045
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Aluninum monolaruate Al(OH) L,

Preparation of this socap involved many experimental difficule

i ties due to the frequent formation of unfilterably gummy precipi-

‘ tates, extremely small particle size and difficulties of extraction:
j The following method was finally used:

’ ‘ An excess of mothyl alccholic ammonia was rapidly added to a

boiling solution containing 3.3% of lauric acid and an equimolec~
ular amount of Al(NOg)z. Slow addition of ammonia resultod always
in a gummy precipitate, The soap was washed thoroughly with bvoile
ing methyl alcohol containing a small amount of lauric acid, to
eliminate ammonium nitrate, then with acetone to eliminate free ar
loosely bound fatty acids, The resulting product, after drying !
over concentrated HySO4, in vacwo, had an ash content of 20,0% '
: ~ (thearetical for Al(OH)pL = 19.6% for Algp (OH)gOLg = 20.3%).
Other samples of monolaurate had ash contents varying between
19 and 21%,
It seems that the formulas Al(on)zL or 4\12(011)201.2 are i
‘proferable to AlOL because the latter could be formed from the
dilamrato -al OH Ly without hydrolysis. we know, howsver.that the 2

presence of traces of moisture promotes this reaction greatly so

that hydrolysis must be involved,
The monolaurate too is a fine white powder, It decomposed
without melting when heated in a sealed tube at about 260°C, was

insoluble in acetone, alcobol, cyclohexane, toluene and Nujol, but
swolled readily and dissolved to a clear solution in some mixed
solvents such as ether-lauric acid, alcohol-benzene, phenol-
bengene and morpholine-bengene,
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e ﬂn original product gave a very diffuse X-ray diffraction - : !
pattern consisting of two very diffuse rings (Fig. 24), This
was due probably to tho extremely amall size of ultimate particles,
The particle size could be increased, however, and a corresponding-
ly sharper diffraction pattern was obtained (Fig. 22) by storing
the product for several weeks under methyl alcohol at 90°C,

~ Figures 16 and 24 show that the Xeray pattern of samples of alume

inum laurate whose somposition approaches Al(OH)pL is distinot
from both that of the dilaurate and from all knowm forms of

alumina,

Aluminum dicyolchexane carbaxylate AL(OH) (GgH,1C00)g |

Twensy-five co,0f a 6% solution of potassium cyclochexane
carbvoxylate (prepared from COg free KOH and Eastman Xodak acid)
was added under very strong agitation to 400 cc.of a 6% solution :
of AlClz.6Hg0 (reagent) at room temperature. The whits precipitate '

: was washed with cold boiled=out distilled water till free from
chloride, S
Cyclohexane carboxylic acid differs from fatty noid‘b'y‘being

somewhat soluble in water, as are some lower napthenic acids.
Washing of the precipitate with water to remove soluble salts
removes therefore also a large part of the free or loosely bound
aocid,

The water washed precipitate was dried over Pp Og and had an
ash of 15,1%, corresponding to about 2,4 (CgHy,C00) per 1 Al(OH) s,
It was washed twice with 100 co of dry acetone par § g. of soap,
allowing 1 hr, of contasct for each washing, The product, dried

over Pg0g, had an ash oonteg; s?ﬁnl,-?ﬁgs’" compared with 17,09%
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ealculated for Al0H(CqH;1C00)g. This extracted scap was a r"tnom
white powder having a v-ry faint odor as opposed to the strong
and extremely unpleasant odor of the free acid or unextracted socap.
At room temperature 1t.wu insoluble and & parently inert in water,
agetone, ethyl aleohol, and ethyl ether, It showed a slight
fendency to swelling and gel formation in ne-amyl alocohel, di-

B e WoR

isobutylene, cyclohexane, specifiocation gasoline and dioxane, It

swelled to a limited extent, giving a gel, not jelly, in carbdbon
tetrachloride and a jelly plus excess liquid in toluene,
This soap has a remarkable thermal stability, and showed no

descrposition at about 480°C,

The Xeray diffraction pattern of the product was inoluded in

' Figurs 24,
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Water 1s always present in Wapalm and may have a decisivu
influence upon the quality of its gels. <[he problem of its de=-
termination in the soap, of its pick-up by the soap and its
influonce upon the gel has been thorefore studied by almost all
who have worked on the subject, and the results have been re-
peatedly reviewed in detail and arc available for example in
0.5.,R.D, Teports 2036 and 2036a, "The Manufaoture, Properties, and
Testing of Napalm 8ocaps by .. C. Broughton and 4, Byfield
Nov, 17, 1943 «ad Harch 7, 1944,

Our main contribution to this problem has been based upon the.

use of the MoBain-Bakr Sorption balance (Jour, Amer, Chem, Soc,
48, 690, 1926), Using it, it is possible to expose Napalms and
pure aluminum soaqps of any desired pre=history and at any speci-
fied temperature or a series of temperatures to water vapor of
various degrees of saturation, i, e,, relative humidity (actual
pressurc of water vapor divided by the vapor pressure of pure
water at the temporature of the scap); and these measurements
may be repeated as often as desired and over any period of time
wi thout unsealing the sorption tube,

Such a study determines how readily or oth.erwile water is
given off by soap; whether the dehydration is reversible in whole
or in part, thus distinguishing between various forms of free

| sorbed or bound water; it determines the rates as well as the
equilibrium of evoluwtion and sorption of water,
Suoh study also leads to a decision as to the carrect point

of departure or reference point corresponding to “dry" socap.
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+  The sorption balance oconsists of a lér‘o vertical soalod e !

'glﬁss tubs, In its upper end is placed a calibrated fuscd silica

sprin: vhosy lower ond supports a saall platinum buocket contalning
the soap, The woight of the contonts, soap and sorbved oyolohuxane
is deterained by the slongation of the spring which is measured
very aocurately by a traveling :aicroscope,

Tho lower ond of the sealed tubs contains the liqurd whose | !
‘sarption 1s studied, Tho tube ia thoroughly ovacuated before l
scaling s0 that it oontains onl: the soap and the liquid, hE ,-

‘The tumpurature of the two ends of the scaled tube is cone ' |

trollcd indopendently. Tho tempurature of the upper ond detere

mincs the tompurature at which sorption takus place, 'The proasure
at which the vo.por'or the liqguird is pressnt an the tubu is du=-
torniued by the togpuraturs of thv lower end containing the liquid,
Thus b7 maintaining the teperature of the uppur end eonstant
and varying that of the lower end the amount sorbed by the soap at

a given tamperatwe at varying presswoes of the vapor is determined

7 RuSTRICTLD
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a The ixistunce and Proparation of Dry Alwadnun Scaw.
A dry so.p, or a soap of deiinituly defined moisture ocontent

" must b: obtuined befare its constitution and the ways in which it
ean hold wutor may be settled, Thun 1ts possession also elimi-
nates numberless diffioculties in the study of its noneaqueous

systeina,

(a) anhydrous aluminun dilawate .l0k,Lg, ‘Yheve 1s

a groat differuvnce botwuen Kapala and aluminua dilaurate.

Napalm loses weight slowly whon dried intensively until an
:,111-dof1ned aquilibrium is rvached depending wpon thu touperature.
of the soup and the rolative hwaidity,

~luminum dilaurate under thesu conditions reaches rapidly

(a mattor of minutes in vacuo) a weight which 1s uot vory sonsie
tive to low relutive hwnidities (l.c. below 5%) and 1a independe
ont of tosporature of tho soup in the range of 25-60°C and probe
ably higher as showm by oquilibrium measurements with tho sorpiio
balanco (p. 72) uand by drying at room temperature in vacuum
dosiocouators ovur Po0s and Cadl,

'he dohydrating conditicns under whioh the walght remincad
unchanged Wore very drastio: vascuum over Pa0s at room temperature
in a desiccator apd rolative hwmdity of 6:10"4;6' at 50°C for 856
hours 1n the sorption baluncu (soap at +60°C vzposed to watur at
«78°C) so thd the presencs of & lyydrato stable under thus:c oOne
ditions is cxtremoly unlikely, (¥ote, added subsequently:e
Analysis of the dry scap for laurate radical precludes the

presunce of more than 0,25 i;0,).

. RESIRICELD o




' RBESIRICTED
wB8Q=

Oven drying at 100°C of alumim.m dilaurate leads to a rapid

' alﬁhough small loss of weight (within less than a day), followed
by a oonstunt weight up to 3 days and then a rapid drop of the

aorder of 3,4 per day. This constant weight corresponds to the same
dry soap alOH,Lp; while the ensuing rapid drop is accompanied by
obvious decomposition with sintering and then darkening of the
80ap, Similar deocomposition occurs in the sorption balance at
100°C; products of decomposition such as lauryl ketone or hydro=-
carbon then appear upon the walls of the sealed glass tube,

Thus anhydrous aluminum dilaiwrate AlOH,Lgs may be prepared
by any of thuse methods, provided that decomposition is avoided,
We have prepared most of owr samples by evacuation wth a “Hyvac"
pump for 1/2 - 3 hours at room tempurat ure,

Due to the extreme avidity of the scap far hydrocarbon vapor,
greasing of stopoooks and joints must be avoided ar done with
products of very low vapor pressurc such as "Aplezon",

Napalm behaves quite differently, and its true anhydrous

- oondation is ill-defined, For the sorption measurements, it 1is

therefary necessary to choose an atbitrary.gzero point, The
Napalms as received wwre obviously too variable, Hence an equi-
1ibriun under specified conditions had to be chosen, In order to
avoid n;:gat::l\;e numbers as far as possible we selected the most
drastic dehydrating conditions encountered in owr experiments i.e,
soap at 50°C exposed to water at dry lce-cellosolve (-78°C),
yielding a relative humidity of 6 x 10"%%, We think that degra-
dation decomposition of tho soap under these conditions is neglie-
gible although a tiny oily film was observed in the cold part of

the tube,
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. ’!hii tresutment of thw

soap 18 prdbaﬁly more drastie than

"v"uéuum oven drying at 10 ma. Hg so that owr 4 moisture values

ap larger by 1 1/2 - 3% than thosc reported on ths basis

However, differunoces betwoon any two equilib~

appe
of ovon Aryinge.
rium values for two relatlve hupiditivs are of the same ordar

a8 thosv obtalned whon vacuum ovon drying is employcd.
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‘Be The Borption of Later Vapor by aluminum Soaps,

In our first doterminations of the sorption isothorms of

wator by aluminum soups, tho tomperature of 50°C was chosen for

experimental convonienee, Experiments at 25°C were then put in

hand, The behavior of Napalms is not the same at 50°C as at
£26°C.

(a) Pure aluminum dilaurate alOH Ls. The isotherm

obtained at 50°C for this scap is shown in figure 25, It was f
| obtained by placing the soap as prepared in the dbucket, while
the lower end of the tube eontaining water was in a mixture of
dry ice und ocllosolve, The tube was then ovacunted rapidly,
during which time the socap lost 0,637 of weight, and the tube
was thon sealed, This loss of weight wus ocompleted within
two or thruo minutes, The weight of thu scp remained unchanged
from thon on when kept at room tempurature over water at dry

ice tompurature (vapor prossure 0,0006 mm, H) for 5 days,

Thus a oonstant dry weight of the soup wus obtained, This
' “,Nl.amo wuight was restored ufter the isotherm at 50°C had been
" #um during 23 duys; and it persisted at 60°C (with water still
at ary ioe tenperatwe) far 2 days. .t 87°C, howover, it lost
" 0475 in 2 hours, Finally, at 100°C rapid decomposition took
place, the sample losing 14,.2% by woight in 4 days,
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_ ‘fhe 50°C isothura shown in fisweo 25 was dutermined by

| raisin:, tho temperatwre of the lover end of thu tube contuining
ﬁuter in suocceossive stups until 15 ruvached tho samy temparicure
‘as thu scap, givin, 1003 relative Luardity; then 1t wis again

louered stopwisy to thu tomperature of dry icu, =~78°C,

at oacn step the conditions woro maintained oconatant until

tho weight of thy soap did not furiher change; 24 hours were
L.aluays umplo, probably much riore than ample,

_ aluninum dilaurato takes up pructically no water in an ate

mosphers up to 5 or 10, relative Luanidity but between 26 and 95% .

rolative humidity it takus up to butween 1 und 2. of water, '

Henou for intoramediato relative humidities the isotherm is almost

vorticul, the ocomposition varyia; but litcle,

(b) Napalms, In contradistinotion to pure dilaurate,

Napalia doos not ruach u constant welght indepondent of temperature
~a8 shown by an oxploratory expsriment on dehydration und rehydrae .

sion of a4 saanple of Nupalm (I.perial NR232) under speciul condie-

tions., Tho sample yus introduced into a :HcBain-Bukr sorption

bulancc, thv tubv ovacuated rapidl:, and seal vd off without adde ;

ing any ligquad, whus the only moirsture avallabluy to thu soap was

that contuinud in the Wapaln 1tscli’ at tho moment of sealin,

Thvn the waxinmua water vapor preossure, and thu temperaturo of the

801y wuie regulated independontl:s The followin:; table gives the

saquenoe of oporations, £Ogathur with the relative humidity T

vhon knovm, and ths weiziht of socav at each sbtagu in purcentage of

tiis initiul weight of souap us recwivsd and used,

this shows that abt rooa temperaturs Napaln lost but 1,95

of weight under uxtreanely severo dehydrating oonditions (relativoe
g RuSLAICL.LD
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Zable ITI
Procodure Lemp, of Temp, of \:t, of felative Hg0 vapor
R 2 botcom S tuqidity p%cssugu
b ctm s R, s " IR s
Socap placed In Room Room “100" ——- .
bucizet
aftor 2 minutes of " " 99,47 <5% {1
evaguiticn, Tubu tiwn o
seuled oeiunently,
One hour luaior . g 99,47 ——— -
Two minutcs after = =70°C 99,31 0,00 % 0.00.:.
plungiug into dry ice
3 1/2 houwrs later " : 98,10 " q
Bottou broughi baek . Room 09,23 - S i
to roon teuporature
and left overnight
2 hours arter raising 50°C " 00,07 {255 <20,
tenmperacurs of soap N N\ |
to 50°C
Souap coolud slowly Room ~ 049,38 -——— -
and loift covernicht at
roon teupcracure |
Botton coolud to * 0°¢ 96,82 20% 4455
0° for 24 hours |
Sann for fiv: more bl e 03,69 " " !
hours
Soup hoabed to 60°C  50°C " 98,04 5. " ‘
for 2 hourn '
Same for 17 uor: hrs, 48°C ¥ 06,76 * ¥
Sane for 3 sore howrs * 7 06,61 3 ¢
Soap and bottoa at i
roon te-perature
for 2 142 duys Room itoom 9¢,41 - -——
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hunidity about 0.00€¢ for 3 1£2 hours), whilv at 50°C it lost

1.9; in tuo hours, aBd as awuch as 3.4% in one day, under wvery
mueh illder dehydratin;: conditions (55 relative humidit:).
FPwthernorv, the losses werc both reversible, tiie socap reabsorbde

iag all when thuv initilal conditions are restored,

In further contradistianction to aluminum dilaurats, Napalms
are very scnsitive to low prossures of water vapor, thelr weight
ehanzin~ rapidly at relative huaidities below about 5% as may be
svon for example froan isotherms of two Napalms at 50°C shown in
figures 26 and 27, '
To obtuin these isotherms thu samplda were used as reoceived,
Ths tube wus sevacuated with water in the lower end at 0°C giving
4,6 mi, pressurs, thoe soap being miintuined at room tempurature,
hen thoe tomporatwro of thne soup wis raised to 50°C and the sorpe
tion run started by gradually raisin:;: the temperatwru of tho , ‘
wature After saturation pressursv was reachod a desorption run I
followed, the tomperaturu of the water being gradually lowored
to that of dry ice (=78°C), {ho weight of Napalm under thuse ,
final oconditicnas was takun as thac o0i dry soup.

(c) Diruect resultis frou the sorption isothurm,

-

i aluwinum dilaurate in contrudistinetion to Napalr
my be preparced readily in a well defined dry ocondition oompletel
invariable ovor a wide ruange of tompuratures, and practieally

invariable over a narrow but approciabls range of low rolative

hunidities, It sorbs only 1 or 2% of water between 25% and 956%
relative humdity., It requires only u fuow minutes to c¢stablish
equilibrium on drastic desorption,

il Yho amount of wuter sorbed by Napulm is still

fairly small in ubsoluto ny:igrg, .reaching less than 104 at

$
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rure 27

Sorption of Later by Napalm Imperial NR 232 at 50°C.
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saturation. This 1s howevsor vury large whon considercd from
the point of view of the offuot on gel strength where 1% is
deleturious,

111 The isothorms are almost vertical (constant
camposition) betweon 307 and 704 relative humidity, This cone
firms that little advantagu 1s gainod by reducing the humidity
of tho atmosphere in which Napalin 1s handled within the range of
30 to 70%. It is only a drastic reduction to 20% or less that is
effective, However, if tho handling is quick any reduction of
pressure is helpful in hinderin; uptaks of water, Humidities
above 70% are very dangerous if maintained for an appreciable -

time,
iv The faot that Napalms of different manufacture

" wary by about 1% in their capacity for taking up water is con-

firmed,
v Napalms soarb more wator than pure aluminum

dilaurate, This finding howsver rests upon the gero point chosen

‘for the latter, The different Nayalms definitely diffor in their
' moisture uptake, Tho changse in amount of water, taken up with

chansing humidity is also different for different Napalms, as is
shown by lack of parallelism of the respective isotherms,
vi There are no horizontal flats in the curves,

or inflection points which would indicate formation of definite

compounds or hydrates or different phases of Napalm under these

conditions, .

(o)_Ejstirvsis .
1 Isothermal hysteresis. The isotherms show that

thore 1s some hysteresis, the desorption run showing always a

RuSTRICTED “~ _
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' ilightly greater moisture ccnatont at a given relutive humidity,
The difference is smll but significant in the middle of the
range, but : more marked ut high relative humidities, The
dilaurate shows much lesas of this effuct than the Napalms.
Such behavior is often nmet with, especially among porous or

powdered solids, It indicates that when the driving force is

smll i,6, when the soup is near equilibrium, small passivo re-
sistances within the system have a4 detectable effect preventing
ths establishment of true revursible equilibrium, No definitive
explanation of such hystercsis has yot been agreed upon by vare

ious authorities,
i1 Thermal hysteresis. Dus to a mishap the tompere

ature of the Napalm was raised to 77°C in the middle of tho 50°C
*un while the water vapor pressure wis maintained at 42,4 mm,
As soon as possible, the soaps were brought back to the original

tomperature of 50°C, I
Tho amount of water sorbed at 50°C at a relativs humidity of |

| | 45.8% was markedly greater before the acecidental elevation of

tomperature than afterwards, The following Table IV gives the

| amount o1 water sorbed at equilibrium before and after the heate

| ing, It confirms that previcusly heated Nopalm has less affinity
for watsr, '
A sample 6f aluminum dilaurate which was subjectsd simle

taneously to the same treatment showed of courss no appreciable
ohange in the affinity for water, |

AzsTRIOTED




Jable IV

Per cent of water sarhes oy four different iapalms at 50°C,
yefore and after acoldeun’ 1. heating to T7°C, the pressure of |
the water vapeor being 4&.% mm. Hg throughout.

Napalms _Before Afver
Imperial Lot NR232 2,6% 1.9%
Harmon No, R 11288 1,6% 0.,6%
Ferro Enamel Lot P, Batch 184 1.,56% 0.9%
Pfister Chemical Co., 3.8% 3.3%

No, Ne3-2 432-94
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Ce PForms in wh.ch w.tos is Held by Aluvrinum Soaps,

Water might be hold by aluminun soaps in the following forms: '
(a) Froee water possessing substantially the vapor i

pressure of water itself v.g. water occluded and condensed in

larger capillaries, _
(b) Bound water present in the form of water molecules,

but having appreciably reduced vapor pressurc, held either by

swfacoe forces; o.,g. sorbed on the surface or condensed on the
finest cupillaries, or as part of the orystal structure e,z. .
as a true hydrate,
(o) Potontial water which may be formed under the exw
perimental conditions out of H und OH groups present; e,g. by
reaction betwuen hydroxyls of alumina and fatty acids or by
reaction of two hydroxyls to form oxygen.
(a) Effect of impurities, Moisture might be held in
any of these forms by either the soap or socaps or by the
inorganic impurities now known to be present,
The moisture held by the inorganic impurities cannot be
nogl&oted a priori, Accarding to the analysis of Harshaw of
Napalms from ten minufacturers the oontents of sodium sulfate
(as anhydrous NagSOs) varies between 0,18 and 0,747; and the
oontent of Alg(80.)g have 0,33 to 2,958, This latter content
is calculated from the excess of sulfate over sodium. iie have

found that water insoluble basic salts or alumina are present

(py93=4) so thut Harshaw's figures far inorganic impurities are

certainly oonservative,
S8odium sulfato as well as aluminum sulfate and alumina are

all capable of foraing hydrates with many molecules of water,
REYTRICTED
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und as shown by lable V may under certain conditions fix about
1004 of their own weight of water, The hydration of pulveruiant
basic salts is not well known but presumably is similar, in

addition to offects of sorbed water,

TS

Table V
:ater oontent of hydrates of the seven mineral impurities in |
Napalm I
Anhydrous form Hydrated form £ increase in
welght l
Alg(804) s alunogenite 94,8% ,
dl’(SO‘)‘ 18H30
Al,0e Gibbsite 56.0% |
AlgOs « 3 HgO
Nap80, Glauber's salt 126,54 .

NagSO, . 10H,0

Thus the amount of water held by the impurities of Napalm
may be of the order of from one to three peroent of the weight
of the Napalm, which is of the same order of magnitude as the
moisture usually determineds 'fhis introduces an important oom-
plication which is absent in the case of pure soaps. The
quustion whether the impurities actually do act in this way
in Napalm remains to be answered,

(b) Free water, This is probably eliminated in the
drying process during manufacture and no free water should be re.
stared unless the soap is exposed to water or a saturated at-
mosphere, Thus it is of minor practical and theoretiocal :

interest,
(o) Bound water, The sorption isotherm of aluminum

dilaurate shows that aluminum soap can take up small amounts of

moisture having appreciable but reduced vapor pressure, The

RuoTRICTLED
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rapidity with which this water is given off under drastic de-
hydrating conditions shows that this moisture remains in the

form of water molecules,
Sodium and caleium soaps are kxnown to form hydrates, but the

smoothness of the sorption isotherm of aluminum dilaurate indi-

e — e e

oates that aluminum soaps do not form them, Thorefore the

moisture bound by these soups may be considered as sorbed.

(d) Potential water. The two obvious sources of po-

tential wnfer are: .
Reaction between futty acid and hydroxyl groups such as: |
1 alumina Al(OH)g + HR—) A1 (OH)g R + HgO
1i Monosoaps Al(OH) R + HR —) al(OH)R; + Hg0, ‘
111 Disoaps Al(OH)Rg + HR— A1l Ry + HgaO
Reaction betwuen two hydroxyls forming an oxygen
iv Wwithin a molucule
Al(OH)s R——)alO0R + HgR0
v  Between two molecules u.ge.
2.1 (OH) Rg——) algORs + HgO
Reaction between hydroxyls., Preparation of socaps free from

uncombined futty acids provides a tool for distinguishing between

these two sources of potential water,
Pure aluminum dilaurate Al(OH)L, cannot undergo any of the
roaction 1 to 111l because of thu absence of uncombined acid,

Reaction of the type iv is also 1mpossible since there is only

one hydroxyl group per aluminwi atom,

Thus interatomic dehydration of type v is the only'one

possible leading to an "anhydride“ of aluminum dilaurate,

RESTRICT.uD -
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AL =27, AL<],

™ om o

g g T 4 He0

OH 2 .xL4 L

AL__éL % L
L

The weight of water farmed in this reaction could be 2,034 of the
dilaurate,

In case of our sorption or drying experiment wa have
nover observed anything suggesting such a reaction., Howcver, it
appears that the hydroxyls can rcact in this way during the Karl
Fishur water determination,

Ruaction betwuen fatty acid and hydroxyl. The only reaction

between hydroxyl groups and fatty acids with regard to which we
have definite information is typv ii, the reaction involving mono-
soap, It seems to occur at temperatures of the order of those
used in water determinations and gul testing and storage, This
reaction has been discussed on p., ll, and in Harshaw's sixth
monthly repart etc, and is bein- studied further,

Je have found no indlcation of reaction type iii between
disocap and fatty acid but it 1s quite possible that it occurs
under drastic conditions,

The reation type 1 between alumina and fatty acid is
sugrestod in the literaturs (Craig British Patent 338,919
lay 21, 1929) to explain the solution of freshly precipitated
alumnina in futty acids, Thecre seoms to bv no direct ovidonce
that the fatty acids combine with colloidal alumina (as opposed
to a pevtization thereof) but it 1s quite possible that it

occurs,
RESTRICL D
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(e) The significanco of various methods of deter=

mining moisture, In view of the above discussion it appoars

that the determination of moisiure in Napalm includes water held
as such by the soap and that hold by the inorganic impurities,

Drying in vacuum or over dcsiccants at temperatures at

——— o ————

which the soap 1s stable dutermines all the sarbed water; but

at hirsher temperatures water of rcaction between futty acids and
ao0nosoap may possibly be included, Drying in vacuum doss not
determine water of reaction between hydroxyls, The Karl Fisher
method deturmines the latter, presumably in addition to all the

other above forms of moisture,
The XKarl Fisher moisture deturmination method was applied to

a sample of aluminum dilaurate through the kindness of a Shell

Development Coumpany. This sample was prepared and dried by

evacuation at room tempurature for one howr at Stanford Univere

sity and forwarded in a svaled tube to the Shell Developmont é

Company at Zmeryville, The result was 2.5t ¢47% moisture corre- t

sponding to 0,62 + 0,11 moles of water per mol of Al(OH)Lg. ;
Tho only apparent source of such a lirge amount of moisture

in aluminum dilaurate lies in the interaction of the hydroxyl

groups with formation of the anhjydride, and the amount which may

be thus formed (2,03X) corresponds within experimental error to

that found, 4 fraction of a percent of moisture muy however have (

stemmed from other sources such as adsorption,

This study of thu pure soap shows therefore that potential

water stemming from interatomic reaction of hydroxyl groups doos

not form during vacuum dehydration at tempuratures at which the

soap is othurwise stable but forms durin: the lisher determinatior

R RICTLD
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xiﬂil vory unlikely that it could form or aoct as water in an

' alwainua soup gel, especiully since aluminum dilaurate 4l OHelg

_'nny be recovered unchunged from hydrocarbon systems,
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THE SYSTEM ALUMINUM SOAP-HYDROCARBONS.

-{1) Iasroduction.

When an aluminum socap is introduced into a hydrocarben it may

show a variety of behaviors dependin; on its nature, the hydro -

carbon, the temperature ctnd often the presence of traces of fore
elzn substances, Ti all cases of record it is readily wetted but

it may be practically inert or mey swell or dissolve, it may form

: a homozeneous mass or stable layers of different properties, The
system may be clear or turbid, stringy or crumby, and after heat-
ing may return to substantially the same state or to a quite aife
ferent one,

In order %o clarify this picture, we used a well defined

' pure hydrocarbon: cyclohexane, and a pure soap: aluminum dilaue ,
rate, Additional variables could then be introduced one at a
time and the concepts developed on these simple systems, tested
on systems conteining Nepalm and gasoline.

The main subjects investi.ated were: a L .- i

verinition and differentiation of the various forms and |
phases of the aluminum soap-hydrocarbon system,

Trensition between these forms.

Their thermodynamic stability.

Their phese diagram. ' _

Their structure, and oomparison of aluminum with sodiym and

calcium soaps,

The erfect of paptizers,

Our main tools in this aspeot were direo$ observation of
RESTRICTED
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(2) Definition and Differentiation of the Various Forms of the

Aluminum Scap Hydrocarbon System.

(A) Aluminum dilgurate-cyclohexane.
(a) Introduction. 4 small sample(0.5 - 1%) of white

powdery "original” aluminum dilaurate swells rapidly in oyoclo-

hoauue «t rooa tciiperature but does not rill the 1lijuid ocompletely.
Upon standing two layers are formed, the upper clear and frans-
parent, the lower opalescent and composed of small flocks. Upon
heating, the flocks disappear and a homogeneous transparent system
is obtained,

Ir the concentration of soap is higher (3-10%), tue soap

imbibes the whole liquid giving a rather homogeneous stiff opales-
cent mass, which upon heatin; decomes clear dbut retains at first
some of its rigidity and at still higher temperatures flows freely l
To distinguish these forms we use the terms gel for the
opalescent non coheren; lump form, sol for the clear and freoly 5
flowing 1liquid form, and Jjelly for the clear, rigid and elastic
form. e
(b) Definitiong. The term "gel" was introduced by Tho-

"~ mas Graham as a generic term to embrace all more or less solid
systems of a colloidal nature. The term "Jellz" is familiar in
ordinary life as the clear elastic edible table jelly or gelatine,
The jeliy ias therefore a distinoctive variety of :el, The term
8¢l is however often used, exocluding jellies, We shall therefore

distinguish between gels and jellies. Sol is umerely Graham's

seruric turw for oolloildul solutions; that is, for flowing liquids
| ocontaining colloid,
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The accepted theory of jellies is that they consist of a
eontinuous medium in which colloidal particles are suspended,
these particles being more or less loosely stuck together to form
an open structure,designated as ramifying or branching or brush
heap,or interlacing or streptococcal-- lifferin_ from sols in that
there are more bondy between particles and between their aggregatsg
sufficlient to make the Jelly resemble a soft elastic solid.

.In general 1t has been found that there is no sharp boundary
between jelly on the one hand, and sol or colloidal solution on
the other, but that there is a continuous transition. Sols are
often distinctly elastic, Jellies often relax and flow slowly.
Thus a limpid Newtonian solutipon of a colloid and a hard elastic

transparent jolly are merely twq extremes of the same colloidal

¢ sslution. we use therefore often the term jelly-sol to denote botkh

» On the other hand, many colloidal systems, called gels,
*qonsist of semi-opajue or turbid, non-cohering lumps, often in a
clear liquid: x-ray examination shows that they often contain or
retain orystalline material. For example, with sodium soaps, an
aqueous gurd or gel conalats of & Luss of perfeoctly orystalline
curd fibers enmeshing a liquid present amongst them.,

(o) _Experimental oriteria. We found three experimental
methods for distinguishing between gel and jelly-sol.

Their appearance. The jelly and sol(if made from pure
materials) are porfectly transparent, showing no opalescence.
Tue o8l 18 stron,ly opalesccnt, and this opalescence is still
vory easily visible at 0.05% of soap.

when the gel 1s in contact with excess sol the separaéion
between the two 1s easily visible and sharpl defined,
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The jelly under the same conditions forms no sharp boundary but
only an ill-defined transition zone, '

Their mechanical Properties. The Jelly-sol is continuous and

either easily flowing or stringy(or both). The gel 1s crumby end,

unless compressed strongly by centrifugation or surface forces, '
clearly discontinuouvs. 'the gel has a marked yield value even in
great dilutions,ths sol “lows rvedily, and Jellles do not appear
to have yleld values,tnslr surtfece readily becoming smooth even

when their flow is extrem3ly slow, I

The i-ray Liffraction of the Residue after ivaporation. A | |
gel, jelly or sol may be frozon by rapid cooling and then exposed ‘
to vacuum until the solvent is completely sublimed. The soaps
thus yecovered when piaced in oyclohexane at room temperature
return rapidiy to their original state forming a gel or sol-jelly. . 2
This is not in itself a criterion for differentiation but shows
that some of the charactur of the original state is retaincd by

" $he recovered soap. |

These recovered soaps may be clearly distinguished by their
X~ray Adiffraction patterns which are shown in figure l4(p.42).
‘The soap recovered from gel retains most of the orystallinity of
the "original® Jiry scap whlle that revovered from Jjelly and sol

has boocome almost amorphous.

(B) Application to Napalm and the Effect of Inorganio
Loweritics in Napalm.
The distinction botween gel and jelly forms established in
\ case of a pure soap may be applied to Napalis, provided that a
pitfall arising from the presence of inorganic impurities is
avolided.
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-(l,_!‘]g.}_ghgg:!.&;gng. Mixtures conteining 6-7% of Napalm

{MoGean Lot No.462) with various hydrocarbons were prepared at

room temperature. In toluenc a transparent yellowish very clastic
stiff jclly was produced. This contained, dispersed throughout,
waakly opalescent “'ocks which slowly disappeared.

In isooctane, vnder anhydrous conditions, a two phase system

rosulted even after two veeks storage at room temperature, The
grains of Napalm were swollen to translucent lumps of gel in a
slight oxcess of a thin liiquid.

A scaled tube containing 5.5% of the same Napalm, dried by |
evacuation at room temporature for 1 1/2 hours, and 94.5% isooc=-
t.u0 wes observed while heating. The swollen lumps of soap, which
after two days at room temperature ocoupied only about 30/ of the
mixturc, gradually swelled to 507 at 38°C and filled the iiqnid
at 45-48°C, vecoming gradually more whitish and transluoe&t. ""he ;
intergranular liquid seemed to bocome somewhat more viscous in '
the later stages.

At 56—57°C the bulk of the substance became transparent with
many small trsnslucent flooks dispersed throughout it. Tiis
cg,Llrance was essentially unchanged after heating to 1109,
maintaining this tempsrature for 24 hours and cooling to room
tempoerature, oexcept that the flocks become more dirfuse,

It was thought that the formation of a two phase system Dy
Napalm in iscobctane might be due to oxidation of the sample but_
the same result was obtained with Harmen Lot R11235 and Ferro
Enamel Lot P Batch 184, 4Aluminum dinaphthenata(33024-R) obtained
as such from Standard of California readily formod a coherent and

Quite translucent mass in this solvent,
RESTRICTED




RESTRICTED
P B

Between the extreme behavior of Nepaelm as gel in isooctane
and Napalm as Jelly in toluene are ranged the other hydrocarbons
in the following order: isooctene, cyclohexane, cyclohexene ,
benzene, The soap fills these 1liquids readily (wacoyt isooctem )
and forms stiff systems which show gradually decreasing turbidity.

Mixtures of the two extremes, isooctane and toluene, give a
progressive series vacging from a two phase sol-:ul aystuil to a
clear jelly. The attached photograph (£ig2.28) suwws Liiviso 878~
tems one week after preparation.

when compared with thls continuous series the turbidity of
the cycloheaanc system had a turbidity between that of the 30%
und 40% toluene mixture and "test"™ gasolines between 20 and
30% toluene,

On the basis of their visual appearance these intermediate
systems would have appeared to contein a large proportion of
the gel form., We have found however that those apparent gols
could be liquified 1.e. changed to sol without a marked change
in turbidity by adding small amounts of peptisers. Presence of
104 by volume of nitrobenzene in eyclohexane and isooctane caused
liquifaction of mixtures conteining 4% Napalm. In toluene the
same addition caused an appreciaple but much smaller softening.
wWhen compared with the saries of mixtures of toluene and isooctane
shown in figure 28 the asddition 6ﬁ 104 of nitrobenzene had the
same effect on turbidity as addition of some 10 of the toluene
which caused no liquifagtion. This led to a search for the
impurities responsivle for the turbidity.

(b) Separation of the Materials Causing Turbidity in Nepuim. The

peptized turbid sols or easily flowing jellies of Napalm give,
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' nﬁo. cuntrifusution or prolon.ed standinz, a small amount of a

very fine whitish precipitate with simultaneous clarification of
the supornatant mixture. In stiff jellies or gels this separatiom
is of scurse preveated by the viscosity.

We isolated 3 larger amount of this insoludble component of
Napalm from o 4% McGean Napalm (lot462) sol in a solvent composed
of 5% by volums (8% by weight) uf nitrobonzene and "Test) gasoline
After agitation overnight a turbid dut quite thin liquid'ia for-
mode Tos nujor purt «f the turdid matter settles out in one day
and most of 1% n two weeks of standing. Centrifugation has the
sams offect in a few minutes,

The sediment was washed by repeated suspension and centri-
fugation in the same solvent to remove any entrained soap, then
in isooctane to remove the nitrodenzene, and finally suspended in
cyclohexane, frozen, and the solvent removed by sublimation. A
white very fine powder was thus obtained corresponding to about
2% by weight of the Napalm,

It is believed that this product is tﬁo turdid component of

- aormal Napalm hydrocarbon mixtures, bdecause(i) the appearance

of Napalm gels free from nitrodbenzene is substantially the same
as of those containing it before settling of the precipitate or

after the sediment is redispersed by shaking. (1i) During the
whole process the sediment came in contact only with neutral sol-

vents.
(o) Properties of tho Meturinl Csusing Turdbidity. It is a white
fine powder very difficultly wetted by water, difficultly wetted

by dilute hydrochloric acid, easily wetted and dispersed in hydro-
survons, It forms a white "silky" suspension in cyclohexane and
RESTRICTED




RESTRICTED
-94_

isooctane, and become almost invisible in benzene and tolucne. It
does not dissolve in the latter ﬁowever, as may easlly be ascer- ;
Bullicu Uy ppaceuis, td0 clear suspension on the walls, where it
i ’ deposits particles; or by letting i1t settle and form a distinct
though almost transparent sediment. Its refractive index must

therefore be close to that of the aromatic hydrocarbons(n=1.501

and 1.495).
avuut 504 of the powder is soluble in water, and 60% in

dilute hot hydrochloric acid., Tnc portion dissolved in hydro ‘-
chloric acid weighs after drying almost 100% of the orizinal
weight, Tho ash is about 50%,

: If the powder is properly separated from the soluble soap by

the above précedure, the hydrocarbon extract of acidified and
hoated aqueous suspension is negligible (0.4% of the powder) ,
sawowin_ that the powder contains no insoluble socaps but only
inorganic conastituents, which are presumadbly sodium salts, basic

aluminum salts, and alumina,

(4) Tue Existence of Gel and Jelly Forms of Napalm in Gasoline, I
. t

Thus, tuvy vioual criterion failed in case of Napalm and for this

the explanation was apparent. The mechanical criterion distinguls !

shed readily between the extreme cases of toluene and cold iso-

ootine, For intermediate mixtures it indicated the presence of
Jelly as the systems were coherent especially after some ageing,
but to confirm this point and to show the distinction between
gol and jelly in case of Napalm, X-ray diffraction patterns shown
in figure 17(P.46) wur: ovtcincd under closely comparable condi-
- ta0ns wibnu btiu fullowiiy, semyles;-
(1) Napalm McGean Lot 462 untreated . The pattern shows

rather sharp lines, RESTRICTED
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”(I) Same soap placed in 11.5 woight parts of isococotane
fdr three deys forming a two phase system of & small amount eof

thin clear liguid and swollen murky lumps of soap, then dried

by evacuation below room temperature, The diffraction pattern

shows Adistinct lines, confirming the presenceof the gel phase,
(3) Same as 2, but neatedon the steam bath for one hour ,
forming & coherent mass of somewhat lower turbidity than(2.).
Only halos are present and prove that the gel phase has given
way to the jelly,
(4) Some Napelm placed in 11,5 parts of oyclohexane at roam

temperature formed a turbid mass, Froeen ~ud iried by evacuation

it shows a pattern of Jelly, not gel.

(5) Same process as (4) but with bentene. An almost clear
transparent mass was formed, and figure 17 shows again a patteran
of jelly similar to that obtained from the turbid samples 3 and 4 |

It must be noted however that the X-ray oriterion may fail
sometimes, A very orystalline pattern was obtained from the
residue of evaporation of a peptized Jjelly formed by this same
Napalm in 11,5 parts of a mixture of 10% nitrobenzene and 90%
cyclohexane, ZIvaporation of this mixed solvent was very diffiocul:
the smell of nitrobenzene persisting after 24 hours of evacuation,
and epparently a far-going reversion to gel took place in the
meantime,
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(3).Tragsitions Between Lry Soap, Gel, Jelly and Sol,

Tue wosccules of aluminua soaps ere asymotrical in shape with

- their hydrocarbon chains and small central atoms. Yet most of
their sirface is uniform, being formed by similar CH2 groups. Tuis
my wapauln why onse their orderly errangement is disturbed they
may remain in loose disorderly tangled structures for long periods
Tnis auoa of rupid reversivility characterizes most of the ’
transitions in soap-hydrocarbon systems and renders their study
dirficult dut may account for the usefullness of their properties |
(A) The Trunsitions from Dry Soap to Gol und Jelly. We have ob-
served these transitions both visually and by means of the McBain i
sorption balance.
(a) Visual Observation.
i. Aluninum dileurate. This soap when placed in oyclo-~
hexane swells at room temperature for about a day, inocreasing in ‘
volume at first rapidly then more and more slowly and finally
remaining unchanged for months. If the proportion of sosp is
small and the liquid is agitated frequently during the swelling,
the particles of gel are discrete and suspended in the l1lijuid.
They settle under the influence of gravity to a well defined
level and remain discrete and easily dispersed. Centrifugation
compresses them to a lower level and it requires a stronger

shaking to redisperse them. After centrifugation the compressed

layer of gel may spontaneously and slowly rise somewhat but does
not recover its original height. In other words the soap parti-
oles swell to gel particles which form a loose aggregate held
0 & together by friction between particles and enmeshing large -
amounts of liquid.
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' If the suspension is not agitated during the swelling procese
e friction among particles and between them and the glass may
be surficient to prevent the gel layer from expanding and may
force the swelling particles into more and more intimate contact
until they lose their discrete character and the gel ip very
dirficult to break up by shaking, If the concentration of soap it
higher({5~10%) and the swelling gel layer fills the whole liquid,
tno.copillary forces prevent it from expanding further, and cause
the same intimate contact between them, and a stiff gel is formed
which has a relatively high yield value but is short and prittle.
If the process of compression has pot gone teo far, addition of
|ore 1iquid and some agitation will cause the gel to redisperse
saatn,

}'!ho above description is restricted to the case where the
lniorltitinl liqnid 13 hiahly rluad. as 1: tho oaoo at room tem-
_)oroturo with the "originol" ronn or dllourote. Ax oouowhat
ihighor temperatures or when a largor proportion of loop 1-
.omorphouo(or in the case of a glassy soap) tho gel particlel are
immersed in a more viscous plastic medium whioh.hindero their
relative movements so that they seem to lose their discreteness,

When a very amorphous form of dilaurate '"recovered from
Jelly" 18 observed at room temperature, or the "original" dilau-
rate 1s observed at higher temperatures, the particles become
clear as soon as wetted and are often completely invisidble to the
- naked eye unless the liquid is drained off them. In larger par-
ticles strains may cause birefringence and make them visible in
polarized light. Then the particles continue swelling at a rate

determined by the diffusion of 1iquid while their strength de -
RESTRICTED

e ——




T | . i' -”: 3_.4_ ;
-s8- o |
oreases, the outer layers become fluid and there finally results
a ocontinuoustiransition from a firm jelly in the centor to tho thin
surrounding gsol without any definite bdoundary.

Similar observations may also be made on many other swelling

substances, for example gelatine in water,

ii, Napalm closely resembles aluminum dilaurate, giving the
same type of transition from dry soap to gel or jJelly in various
hydrocarbons but its particlos are larger and the clear transpa-
rent condition is approached only in aromatic solvents.

Toluene and isooctene{or isooctane with undried Napalm) are
typical. In both cases the lumps of soap swell.

In the toluepe mixture the viscosity of the 1iquid between

lumps increases rapidly and soon a coherent jelly is formea,
holding opasque lumps in suspension. After some time the lumps
themselves become transparcnt exocept for a translucent flocular , |
outline which secms to disappear enly very slowly.
In the isooctene mixture however the liquid between swelling
- lumps retains its mobility end as long as cnough of it is prosent ]
the lumps more with respoct to each other with great ease. As
the 1liquid is socaked up by the lumps the mass passes through a
oaviar-like stage when there is not enough liquid to allow free
movement of lumps,and then gradually stiffens as the lumps soak
up the free liquid, and become squeezed tightly against cach
other, but still showing their individuality by uneveness of
surface and irregular lumpy fracture and non-adherence to each
¢ other. For some time after apparent coaloscence , the lumps may

be separated by shaking somo of the gel in excess solvent. In

time, however, they do coalesce completely,the gel becoming
REJTRICTED
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eoherent and not being broken up by excess solvent.
In mixtures of isoootane and toluene cne may observe the
tremendous effeoct of small amounts of toluene upon the time of

setting (as measured by the appearance of rigidity at edges of

the gel). Fig, 28 is a plot of the logarithm of this time for
mixtures containing 8% of Napalm McGean Lot 462,
Mixtures containing less than 30% toluene hed showed prior

to setting, the characteristic appearance of lumps floating in a
thin 1liquid; while those having more than this proportion of
toluens become suffiociently thick to prevent rapid settling as.

soon as the liquid 1is added.

{b) Sorption of Cyclohexane.
i. pluninum Dilaurate. Figure 29 shows two sorption
isotherms at 30° obtained on a single sample of "original"

aluninum dilsurate., It may be seen that in both cases a smooth

eurve, convex to the ordinate, is obtained, There are however, |

marked differences between the two series:- .
(a) at higher relative vapor pressure the socap sordbed much :

more oyolohexane during the second run, In the rirst experiment

100 parts of soap sorbed only 61 parts of solvent so that 62%

of the total weight was soap. In the second, 100 parts of soap

sorbed almost 400parts of solvent so thet only 20% of the total

weight was soap.

| () In the first series the same equilidrium weights were

obtained when a given vapqr'prelsuro was established either from

above or from below; that is, the equilibria were reversibdle,

without hysteresis. In the second series the sorption showed a

marked hysteresis and the difference reached almost 20%,
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Fipgure 29
Sorption of Cyclohexane by .luminua Dilaurate at 50°C
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'Tho method of thermostating was somewhat different in the two
experiments but this can acocount for only a small part of the
differences, An important difference was however observed bet- '
ween the two runs; in the first the soap remained a white powder
composod of discrete particles; in the second it was transformed

into a trangparent coherent mass, It is not clear when and why

the transformation occurred between the two runs but it seems
olear that it corresponds to a change from ggl to Jjelly in the
state of the soap, the jelly sorbing incomparahly more solvent

and showing hysteresis.,
The smoothness of the ocurve shows that She: transition from

e ————————— T e

dr& soap to gel oontaining about 60% of soap is a continuous
gfadunl change with no separation of distinoct phases or formation
of definite solvates,

The sorption isotherm for aluminum dilaurate and oyclohexane
is very similar to that for rubdber in benzene except that the
rubber takes up more than twice as much for any given relative
" vapor pressure. In each case the sorption isotherm rises smoothly
from 100% solid at zero pressure, and the hydrocarbon vapor
becomes practically saturated when the solid contains roughly its
own weight of hydrocarbon. Thereafter the vapor pressurc asymp-
totically approaches 100% saturation while tho solution is pro-
gressively diluted. The very slight lowering of vapor pressure
throughout this region corresponds to the very high molecular
weight and particle size respectively of the rubber and the
aluminum dilaurate, At this end, the isotherm corresponds to the
osmotic pressure whereas at the other extreme it corresponds to

a swelling prossure with nonigggicsﬂs only gradual transitionoagu
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Figure 30
Sorption of Cyeclohexane by Napalm Imperial NR 232 at 50°C
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(i1)Napalm. The sorption isotherm of cyclohoxane on Napalm
Imperial NR232 at 509C is shown in figure 30. Except for smaller
hysteresis it presents the same genoral characteristics as the
aluminuin dilauzate {(ir thoe second run) and shows that the soap
has to take up mors thar its own weight of hydrocarbon before the
vapor pressure becuies <2 much as 95% o saturation,

Thess curves m - Y- <ontrasted with the water sorption iso-

therm of Nepalm given 1. {lgs. 26 and 27 , which show that a few
percent of moistures we unougp to saturate tho soap and produce

nearly 100% reletive hunldity.
2. Isobar end Hysteresis in the Sorption of Cyclohexans by Napalm.
In the second chapter(p.7l) we have described some experiment

on hydration and dehydration of a sample of Napalm Imperial NR232
which lost up to 3.4% of moisture when kept at 50° exposed to
water vapor of constant pressure of 4,56 mm, This final weight
was taken as the weight of dry Napalm,

An ampule containing cyolohexane was then broken within the
sealed system containing the MoBain-Bekr sorption balence, and the
above sorption isotherm(rig.30) of oyclohoxanc by this Kapelm was '

determined,
At the oconolusion of this run, an isobar was detormined, the

vapor prossure of ocyolohcxane being maintained constant at 27,.5mm.

Hg by keeping the lowor end of the sorption tube et 0°C while the

temporature of the soap wes varied,

Figure 31 summarizes the results. It is a plot of the woight
of the soap plus oyclohexane(and prcbcbly somo wator) as a funo-
tion of temperature, using the wsight of the.soap dried as des~

oribed at the beginning of this section as the zero point, marked
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FICURE 31

Isobar of sorption of cyclohexane g Napalm I erial NR 232 at
27.5mm. Hg (vapor pressure of og clohexane at 0 C). Numbers are ;
elapsed time in days since starting isobar, A is the standard

wolght:; B apd 3 are from Figure 30
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. A on the diagram. The numbers noxt to each point indicate the

period in days since the beginning of tho experiment.

It will be seen that the amount sorbed at constant vapor
pressuro of cyclohexane decroases rapldly as the temperaturs of
the soap is raised. This 1s to be expectod, sincc the relative
vapor pressuro of the solvent at the temperature of the soap is
reduced,

It may also be notci that there 1s a markod hysteresis at
23°C., dhon the soap is recooled back to 23°C, it sorbs less than
half as much cyclohoxane as it did before being heated. Thereafts:

it slowly sorbs somewhat more cyclohexane over a period of
sevoral days, as if the change produced bv the hcatinz were some-
what reversible, but even aftor a weék it has sorbved only helf as
much as the original socap did at 23°C. Possibly restoration of
a small amount of water is necessary to help sorption, as in the
well known case of silica gol.

The dimihished affinity for oyclohexane, shown by the pre-
heatod Napalm, persisted in the experiment at thirty days, when
the isobar was remeasured at 53°C,

Finally, when now the relative prassure of the cyclohexano
was raised to 42%.by warming the whole lower part of the tube to
28,7°C{ which would likewise warm any moisture present), the
Napalm being still at 50°G. the amount sorbed checked within half
of one percent with that previously determined before that isobdar
was begun(rigure 30),.

It will ba noted at the higher tempsratures that the soap
Jost more weight, possibly water, than it sorbed oyclohexane,and

the weight of soep dropped below the initiel . 100 % value,A.
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(B) The Transition Setween Gel and Jelly or Sol. A small amount

of aluminum dilaurate placod in excess of cyclohexane at room
'tQMperature swells to an opalescent_gel surrounded by a very
dilute, vory fluid sol. When this system is heated, the gel swels
further while the concentration of the sol increases, then either
before or after the gel has filled the whole liquid the opalescemx
disappears and a Jjelly or sol phaso are present, Thls transition
has been studied by viewing sealed tubes during heating and coolin
and by determining the solubility of the soap in the sol. Before
describing the observations, details of the procedura for prepa-
ring the sealed up system are g8iveni-

Preparuyipn of Secaled Glass Tubes., The preparation of

sealad tubes for visual obsorvation of phase behavior
and viscosity measuremcnts roquires great care in order
that the contents of the tube represent truly its
nominal composition.

| How important this care is may be best seen from
the fact that the melting point of an aluminum soap may
be lowered 20°C and its reorystalization prevented if
it is sealed in a tube without thorough evacuation, and
the presence of 0,1% of moisture may lower the tomper-
ature of transition to jelly by nearly 100°C.

For the wbsurvation of soap alone, a glass tube is
drawn out into a large capillary sesled off at one end
forming a funnel. A very thin glass fiber is placed in
it and the lower part of the capillary filled with soap
by vibrating and pushing. The upper part of the cgpil-
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| lary is then cleared of adhering sosp particles(which
would otherwise decompose during the sealing cperation)
by means of a tiny cotton wad.
The thin glass fiber is now withdrawn leaving a
channel through the packed soap for the egress of air,

the capillary connected to the vacuum pump and evacuated

slowly and thoroughly; after about 1/2-1 hour it is

sealed off while evacuation continues,

Yor the observation of soap-hydrocarbon system, &
pyrex tube about 8 mm,0.D. and some 10-15 cm., long and
olosed at one ond, is sealed on to a 12/30 standard
taper outer jround glass joint, After thorough cleaning
and drying it is weighed(with a stopper), the soap is
placed in its bottom by means of a thin glass funnel so

as not to soil the walls, and tho tube rewoighed, thus |
giving the weight of soap conteined in it, the soap is |
then dried by evacuation for 1/2-1 hr. in case of
aluminum soaps,and at 230° over on5 in an Abderhaldor
drying "pistol" in case of sodium soap., A correction
for the weight of moisture lost is applied if hecessary.
The hydrocarbon{ stored over Drierite,caso‘) is
then added rapidly by means of a hypodermic syringe and
the tube connected to the vacuum pump by means of the
ground joint, It is carefully evacuatod till the first
bubdles appear in order to purge it of moist air and
then surrounded by dry ice up to somewhat above the

level of liquid, It is then evacuated completely and

sealed off below the ground joint caroe being teken not
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to loosenany glass during the operation. The vajor
pressure of the hydrocarbon is sufficiently reduced by
the dry ice to prevent the appearance of any sign of

ocracking during the sealing operation.

Both parts of the tube are then reweighed together
with the stopper and the incrvase in weight gives the
welght of hydrocarbon added.

* (a) Yisual Observation.

i. Sensitivity. The disappearance of opalescenco with rise of

. 'temperature mey be determined visually to within 1 or z°c when
- proper side-illumination against a dark background and good tem-

perature control are provided. The visual determination of the
presence of soap in the gel form is believed to be sensitive to
dbetter than 0,05%,

The main oxperimental difficulty of this determination is to
prevent varietion of concentration in dirfferent partaigr tho tube,
It the swelling gel is allowed to cohorc or tho soap/grasont in
large lumps, its contact with the surrounding liquids is reduced
and equilibrium may be obteined only by diffusion and is not
reached practically during heating. Fortunatcly in the usual
range(1-10%) the concentration has only a small influence upon the
transition temperature so that reliable results can be easily
obtained, .

If the gel particles are allowed to settle, the height of thc
gel layer may be measured and the solume to which a gram of soap
swells at thet temperature spproximately computed.

A typical log of a viewing experiment is shown in table VI,
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TABLE VI
Log of Observations for Tube No. 60, An

Anhydrous System Containing 2.77% Aluminum

Dilaurate, 13-F209-110, in N~ Heptane.

Soap g2l layer = l.2cm, Total height of tube contents = 8 em.
Soap particles discreet and opaque, white, settle rapidly. The
sample will be heated to determine the gel- jelly transition.

Temp.oc Hour Remarks ,

; 25 3:10 Soap as described above. :
i
30 3:20 Slight swelling. 1
40 3:40 Swelling rapidly- Soap in less opaque gel-hsight |
iuoronse to 2 cm , total volume unchanged. ]
46 3:55 Gel lcsing opacity and becoming opalescent.
Swelling slowly.
46 4:30 Gel has become opalescent, translucent, but not
clear. Disperses and rlows in blobs. Gel height22m.
, 48 4.45 Wwholo system setting up, not clearing,
48 5:00 Systcm now rigid. white opalescence fading to ‘
, bluish.
’ 48 5:20 Translucent, clear , but has a definite dbluish
‘ opalescent tint.
' 50 5:40 Fading.
50 6:00 Clear., Transparent,

Tuby reruvved f.oom beth and cooled to room temperature, After
1 1/2 hours the system had become turbid.

After standing overnizght, the tube was milky and tho gel became

mushy on severe shaking,

Conciusiunis- 1) Transition temperature for gel-juliy = 50 (o]
2) Cumgutc¢ cogeentration of ggl 18. 5% at 25°C
11.2% at 40°C ana 10 vt +o %,
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-By oorrelating many such observations the following comolusions

'ire drawn and the phase diagram of figurés 41 to 43 obtuined,
11, Reversibility. If the system is heatod and then cooled it does
not in goneral recover its initial appearance readily. Once a
Jelly is formed and has been heatud above its formation tempera =

ture it may remain clear for months but if the transition tempers-

turc is ounly Just reached, or exceeded by a few degrees, it may
revaerd markedly to the gel, its opalescence increasing slowly.
This suggests that the presence of invisible particles of gel

plays a great role in tho formation of gel from jelly in case of

g pure aluminum soap. This lack of reversibility renders these
|

observations more difficult since they cannot be readily repocated
_on the same system,

1ii, Effeot of physical form of soap. The physical form of
soap has a marked effect upon its swelling( as noted in Tablel)
and upon tuu tehipercture of transiticn into the Jjelly or sol form,
At room temperature, the crystallised form of aluminum dilaurate
swells to less than 1.2 volumes, the "original™ to about 50
volumes; tlat recovered from Jjelly forms a jelly or sol without
any heating. The solubility measurements reported below show
that the original form contains about 15% of forms which pass
from gel to sol between 21,.5°and 25°C.,

Thus for comparative observations it is important that the
5 same sample of soap be always used.

iv, 32ffect of solvent, The solvent has a marked effect
75 . | upon the swelling and the temperature of transition to Jjelly.

AL

The greater the swelling at a given temperature in the solvent

the lower this transition temperesture as shown in Teble VII in
RESTRICTED
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-waloh thu behevior of systems contalning 2.5% of "original”

dilaurate is recorded.

TABLE VII

Transition Temperatures and Swelling of
Anhydrous Aluminum Dilaurate-Hydrocarbon

Systems,
Solvent Swelling at 25 ocentiggade Transition Temg.oc

Computed concen- swelling
tration of gel, volume.

n=-hoptane 18.5 6 50
isooctane 24.5 4 64
benzene 0 25
cyclohexane 2,0 50 40

(b) The Solubility of Al(m)La' in Cyclohexane, and its

Dependence upon the Physical State of the Soap. Under

strictly comparable ~cnditions the amount of aluminum soap dis-
solvud in & ,iven amount of cyclohexane is, over a wide range,
practically proportional to the amount of soap present. The soap
behaves as if i+t wero a mixture of a very soluble and a very
insoluble constituent. Yet the two groups of constituents have
exactly the same melting point and form crystals yielding the

same L-ray pu.ttern.
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T™his is analogous to an aged sample of phosphorous whieh

oconsists partially of the white form, very soluble in carbon
disulfide, and partially of the red form, insoluble in oardom

disulride, dboth forms being transformadle into each other under
proper conditions.
In these experiments samples varying from 10 to 188 mg,
of "ori;in-l"Al(cn)Lh were weighed into 2800, mixing
eylinders, dried, 2500, of dried oyoclobexane added to
each, and the mixtures placed on a slow mixer in an | i
air thermostat. After given time intervals the sol was I
separated from the gel either by settling for four hours
or by siphoning through & cotton plug. About 13cc. of
the liquor siphoned off the gel was placed in a weighing
bottle, weighed and its concentradion determined by ;

weighing the residue obtained by exposing the frozen
sample to vaocuun,
. Two series of soludility determinations were made
one at 25°C the other at 21.500. In each series the
effect of time and amount of soap present was determined.

Figure3dz shows tho concentration of the solution as funotion
of the proportion'pf soap present. Over the ranges covered at
2T

each tompepature/in a straight line passing through the origin .
Figure 33 shows the same results expressing the proportion of »
sdap dissolvel =r function of proportion of soap present.

_ The proportion dissolved remains constant at sach temperature
I but varies markedly with the latter and is within experimental

: error 23% at 25°C and 8% at 21,5°.
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Figure 32
Variation of Concontration of Cyclohoxanc Solution with Varying

Amounts of A1(OH)Lg Proscnt, = 48 hrs, of contact.
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Figuro 33

Proportion of Socap Dissolved for Varyins Amounts of Soﬁp

Prosent , = 48 hrs, of contact,
(vortical lincs show uxpurimuntal error)
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fraotion of the scap may be duo to the presence in the soap of a

115~ S

It was oconsidered possible that the solution of only a

trace of free acid whioch "might be able to peptize™ part of the
soap. This is made improbable by the identity of melting point
of the original and the dissolved fraction. To obtain a definite
disproof of this possibility, 1.2% of lauric acid(on the weight

of the soap) was added ta one of the semples of the above exper-
iment and as shown on fingures 32 »nd 33 4id not produce any ap-
preoiadble effeoct. The presence of gmall amounts of acid has
therefore little influemce upon the solubility of Al(CH)I3

in opclohexane.

Hence oyolohexecnu has soparated the "original® dilaurate
into a fraotion readily soluble at 21,3°C amounting to abdbout
g%, and one insoluble at 25°C amounting to 75%.

This fraotionation ocould have separated either different
chemiocal compounds Or difforent physical forms of the same com~
pound aluminum dilaurate. To £ind which hypothesis was true, the
melting point and X-rey diffraction of the part soluble at 23°C
(recoverod after evaporation of the solvent was compared with
that of the original sample and they were found identical. The
recovared soluble part had a sintering point of 187-9°C and e
and a melting point of 194-39C while the original sample sintérod
upon first heating at 190-192°C and thereaftor melted at 1945 -
195,5°C, The X-ray patterns after reorystallization are shown
in figures 13 and l4 respectively.

Thus the term solubility does not apply in its ordinary
oconnotation to the system considered, while the "percent of

s0ap soluble™ in the sample is more useful. The rapid variation
RESTRICTED
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¢ this value with teaperature suggests Shat this soep is composed
of many fractions having eaeh a very steep tempersiure solubdility
relationship,
Figure 34 shows the "percent soludble” as function of time.
&t may be seen that at 21,5°0 equilidbrium seems to de reached
within two days while at 25°C despite a larger amount dissolved
| -4t may not yet de reached completely in that time.
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(C) PTac_drensitlcn betiocr Jally uvna b0l, .o huv. fout ro

chzr-obardisiic scpor-tin; uvhyrply those o0 Jorss tcnd tho transi-
tion, 18 cijpuveted, 13 continucl and r-dustl,

1z cosu of cqucous sodium soups it .irs shown by :ebtin end
Laing in 1220 thuet a Jelly acy pess into : scl asitacui chin e in
refructive inavi, osuotie pressurs, portieic size, 11t seut-
tering (op:zlesecnce), conductivity, I 8. ov iy dropurty,olacr
then .echanice..l, suon ¢s viscosity :nd cli.stieity. Jhis demonst-
r:ted that tne jelly .c.8 Jduc to loovse ecntiets bul.ccen ths cOle
loidal pepuvlelos tn:t cilst I chic sols, '

since viasecosity ucans to be the o.in oroperty Ir aiich thosc
roreos Jdiffer, w¢ usaw 1t for thelr study,

(2) viscosiby ..eagurcronts in Jje Llsd “'vbas, 1n orizr tc

Sensale buzs viseualbly cf @ gysuvai loss ecthogicior rom.ined ine
varlsble over lor;, Lincs ord wdde rer_ oo of boocriturs, e bized
uiie rise, boL.oen Luo tié?%oirba. o tue v zor dbublbic in . aseslod
tube wpor. invorsisn, dais rewwod [uve rooults cf moszcrste nre-
elsioa Luv ccvsring . .wido I nue
) “8 exzucbed, whe viscoeslity 1s o funetior ol ths kistory of

tro systes, ad 1t 1s wot c¢ray vo cstormivo o true c.uilibriun
valuc ehuruevoeriustic of the systes. £-r ¢ iven conecortir. ticn ond

Supceriwurs, Ihe ayvsteresis 2ffects cre, wo-ever, of wursed int-
ereoy In Lhlaselves one Lo atill bedr ) stvecded.s fao rusuivs re-
noreed Bo. muat hoe rs . ardod ih:rufnr: ~8 eajiorstory -ni not
deliritlive,

(1)e Llsct of Turserzture,

vat of ¢ r.uey lar e nuster cf ovsoervitions

wilde ave often wdasly veryln pesclis, Lo wove.rs b crusent
Lnut Ute elfcet of “C““thﬁﬁgfafﬁ%iﬂu regresented osroxziately
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by the curves of Figure 35, This is a somielo;nrithomic plot shovie
inzx the veriution of viscosity for soveral concenvrations ns
meigured by the time of rise of tho soeniscus in Uuoes of wnbout
6mi. 1.0, in scconds per am. .11l systems ut sufficiontly high
tonperstures sro typiccl sols and thelr viscosity is little xorc
than vtaact of purv solvent, In the =oro ccncenirated systens, us
the terporciure is lo.sored «:nd tiaoy become typlcal jellies, the
viscosity incrouses first esponentiinlly, «nd tlep .iuch rore slowly
.t lower concentration, the slope of the exponeuntiul purt seexs
loss und the almost eonstunt portiorn is not rcuched. Tke oxpo- .
nentixzl part of thosc curvcs prosents less marsed hystevosis
effscvs thun the ni:n viscoulity part wnd is tierafore scrovaut
sore dofinite,
(1), _.ffeect of Corcentratior.
Figure 35 1s replotted ir fijure 36 to illustratc

the effect of concentrution ct varlicus ter.:urutures, showing a

geries of S-ghaped curves,
(1i11). Hystorcsis =ffeots und Kinetics cf ol to
~3elly Transition.

Two types of hysteresis wcre obscrved:- i) thi-
xotropys thut is, reduction of viacosity by prior flowing cspe-~
eizlly by rapid flowing, und ii) suporcoolin, or "'Laermotropy”s
th:t 1is, reducticr of viscosity by prior houtin.:.

“nixotropy was obscrved definitcly only in core
viscous systoms navir; flow times of over 10GC sec./cr., but this
sy be largely due to lizitections of cur wetood, .hon it wes

observed tho heulin; was rathor slow,

fheriiotropye. It «c3 observed th bt tuoc viscosity 1ic

{371 CTED
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Figure 35
Probable Variation of Viscosity of .4l(OH)Lg - Cyclohexane
System with Tumpepature.,
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" Jowered by heu.tiny and reoooling to the orijirul texzperatureg
‘Wereupon the viseosity slowly incroases u;aln. This rate of
recovary seeinw Lo depend upon the tcmporetures ut whito: % ‘I}
ocourrin;e The initial viscosity ufter ooolin. therofore deponds

upon how fust tho solution was cooled,
in ona series of cxporiments the tube contuining 4.1% kl(OHhi

-4n oyolohoxtne wos houtod obove 200P J, wherc it becomocs & thin
13juid, thon cooled durin: the oourse of one hour at 3290, xept

at tals tenpercturc for z spcoifiocd time whioh vueriaed for cach

experimsont, invertod, anl to avoid ull otnor nysteresis effects,

tho time of flow measured onocv only., Tasn tho «aols process w=s

rcpectod, The rusulta uro indicated by the olreles in fijure 37.
‘they show that immediutoly after cooling the tire of flow wiau
ubout 160 sec./om but inoreascd over five fold by keepir; the tud
for forty heurs at 82°C.

If the coolirz viers conductod zruch :ore slowly, over a perioc [
of 41/2 hours, instszd of ono hour, tho viscosity was definitely
muoh hi;ner u.s shown by the oross or. thc sumue £l vre, !

Plowin; the tube ¢ second time zavo a lower vigcosity due to
the thixotropic offoct <3 shown by the triun:ile in the fi ure.

_ This bshavior su;;ests th.t thc structure of Jjelly ouusing
vigocoslty 1s built up to an inorvasing extcat cas the teuperature
is lowsrod but thit tho gute of buildin: up is morc r«pid st hign.

er Lewxperstures, .
To test this hypothcsis the tudbe was & uln heatsd vbove
- 2C¢% und thsn (uenched by droppinz it into cold wator. ithis
cuused of coursé 1 locul boilirn; cnd ocondensation -=ithin tae

syston 50 that it becune obviously inhorioscnecus, sore parts
U3TRICTND
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Firure 36

System vith Concentration,

100000

Probable Variation of Viscosity of thu .1(0H)L,-Cyclohexane

{ 0 2 4 6 8 lo

Concontration of scap, porcent,
RESTRICIED
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' Figuro 37

4,1 4 .1(OH)Lg in Cyolchexane
Viscosity at 82°C. after previous heating to 200°C., |
as affected by cooling rate, residence time at 82°C.

and thixotropy

%QQ__T...-
)o
| /
Timoe of " /
flow —660 /
SOQ./Gm. ° /
(viscosity)| /
—zoo—1 /
/ ° coo]#ed in ca. |l hr.
° / x coolled in ca. |4 hrs.
- / sco0led in ca,ll hr, |}
9° flowed once
b Y
et
* 10 20 30 40

Time, in hours, since heatinz to 200°C,
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bein; jeuch more viscous chzp otihors, :

Jy next Guy, howevor this 4.1. .1(CA)lg iz cyclohexunec mix-
turc beci.me homogcneousy it vwas o glightly viscous lijwid having
a flow tiwmc of zbout 1C soc,/em. It w3 kept rt room toxjperature
«rnd its viscosity obsorved occasionally over nexrly 4C days until
tae tube w.s broken by cccident,

The visccsity incrsusod slowly ut first, iticn zore :nd Jore

ruplily at un ulmost exponcnticl b;to, bul aftur sone twerly durs
the r.te w.8 uzuln reduceds On ¢ lincer ,.raph this would ive cr
3 shazed ourve. On u gsomilojzsrithmic sezle i ratéer resuier
pattern 1s obtuiped us saown in Fisure 33, suscostin: Uhct the
structurc voing bullt up is proportional nct tc the vieecsity but
to its logeorithrm, It vopecrs furtaor as if this structuro wus
building up to « J0int where the tize of flow winuld be about
100C sace/om. acoordin:; to u rote cf the first order. The smooth
1ino dram is czlculetud on this hypothcosis,

Jhen tho tine of flow beflene larse, thlxiutrople cfféctu an«uir
boocuue disturbing «nd thc points in tho upper purt of the curve
«fc ,uite uncertein, Tane dotted line in ijure 38 shows the
rosult of ropcated rupid flowin;; of tke tube in centrifu;;e, The
tizc cf flow dropped approcicbly below the smocth line und did
not recover in « day. The recovery time from toc tnixotropic
disturocnce wes much fastor then from the ther:ciropic effect,
su;astlng Lhct toe tuo muy uffoct different olowsnts ol the
struciurc,

.. further proof of our hypothesis wzs obtalnel winea in cuse
the tcagerature coefficleni of the systen cpscared no:utive, the
time of flow inersusir;; frox 153 to 473C sceconds cs tho termperuture

GIR1ICTRD
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.3 Telscd froa 83° to 101°, siiowln., that tin structure woa beiny
built u; desyite vav warming,

ahothicr tao obsorved fluts in ine tor.cratvrs visecoslty |
curvia :ra aue orviroly to verv slow recuvery froez Ncotir; is net
auise cluwr et presont dub scems unlidely.

by Ascusiby . ongvreents ir Cstviold /iseo :Lsrs. Jco rore

;,raciss ruisurceeirbs over o litduad rovpe of Lite f1a Uonornbuec

the Csbw: lé viscorctar 1la convenicert. 1p order to ctirin signifi.

cant rosults il i3 necosd.iry to provaent cviporation 2nd to woteh
closciy for luaugs of jelily uvnicu mcy obatruet the cartilliries,
Jne resulls chii lnec unon suee2asive reisurererits sozetlnes showed‘
uscxnliained varictions but these vers alieys gauillor ithun tbe
re.bher l:r.,c effects to Le dlacusscd, Thie valuvs ziven ase Line
wvar.so of Iive to ben successivs le.supnaents veveally uifierlng
by lees til 15 £Tci Cucl obier,
in dilute solutions the sbsolute viscoalty of tine geolution "
as asesursdl by 1bs oloo ef Tlow. sust be cusaneed wivh tae viscosl. . |
ty of Li solvent ituceliy, «nlen is Uhe petio of (13 viscosilios of
solution to tiuct of solvont as ~=casurced dy thelr ti-cs of flow in
. ti:e sue viagoiceter,
Jhe3t acLanrocents were mesie in tensere in valell os wleaaly
nobicoa, low culcentr: ticns of dilunur: to for: o jolly or sol &b

§ roow beoooeroture,

1)Tive fLeut, “he Wranaicion fronm sclly Lo icle Thce vizecsity of
oll freshly pecuared solutions in berzer: decrscsed witbtw tine as
1 ghown in Fi urc 99. This deercase contliucd for severadl wesks

touuray i e.uillibriwt v.luc, ina is rosh% novabtls in ore concene

tritoed solutions, It occars ab..tout the s.one ra:le shether thoe
RLIPACT D
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Figure 38

Slow Rocovery of a Quonched 4,17 Sol of Aluminum Dilaurate
in Cycloh:xane.
1000

Sl o ikl o s }.,1......,_”...... il

e cmeane

' Tine of
f flow /
' Sec./om, /
' (ViscosityL

100 //

(s )

10

' 1
10 20 30 40

Time sinco quenchin;;, days.
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Firsure 39
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golution ls stored in the viscometor :nd fre, uertly oessured or
stored unuisturbed in a jliss stopnered bottle, (entin: scems to
ugoolerete whe u;;ing proocess, The ccrpur:itive resuits wore obe-
tained over sanori yeriods of time during w.hich this =:in. effect
is ne:;ligivle,

11) Zffect of Corceniretion, 'Whe viscosity inerc:ises witix ecnoen.
tration, ¢t first ruther leas thur tho usu:l 1o;:rithumic relztion-
ship, but «t hiih conceatratior tie inerczse is wuny tires i:reatex

tnan lojurivhide. this is showr in fi.urc 39.

111) Zffect of Terpercture., The remurkadble effocts of heating ené

coolin;; solutions of ulunirum dilzurete 2re shown in ;jraphs in
fijure 40, 2weising tho tumperaturc fron 20°C to 40°C results in
@ll c=ses in an iucresse of reli.tive viscosity :ith respect to
pure benzene., The 1) solution cvern shows ur inerozsc in bsolute
viscosity with rise of teiperiture,

'This behuvior reseucbles tuo other well known cases, thet of
metinyl cellulogse in waLdr «nd of nitrocellulcse in alcohol, wkich
sels upun increase in teaporature. ‘therc is furtiacriiore o nerked
contrrst between 1. und swre dilute solutions, 3oluticns contuie-
nin; C.1 to C,5. of soup showed u ruthor r:pid decre.se upon re-
mzdning at 40°C; znd upon cooling obuesk to 20%¢ bhey s:zowed & 1lowe-
er viscosity thun Leforc neutiny;, and upor a liLer seeund heutir:;
at 40°c.n sraller rise, 'This ipdicites tin:bL tie zzin process
wzs 2000lerated Dy heutling =nd wes in the dirsetion of ic.er
viscosity, ovcn while heatin; itself ralscs the reletive viscosit;

2he 1,5 solutisn increzsed ln visoesity while ot 409 znd

roturred to ¢ viscosity at 2¢° hisher thcn previously, und taesw
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Fizuce 40

Variation of relative viscosity of

o |
oL‘! A1(OH)Lg in bengzene with time and

hp : change of temperature indicated by
i '
|
|

QOQC

1.22

1,18

l.14

1,10

1,06

1,02

RN o KN Sttt NUUS EROK

$IArX 3k 40 days > 40 days 3¢ 1.0doys X/hrX 70 days >
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dcerv.ucd but slowly. Thls su . gosis shat uhis mere coneortrited
sciution ney save o diffcrest oro-nluotion b the nl aer teuzerie
ture -t 40%, e pric.ary varticles aro fur sw.ller, wnd tucre
muslb tnorefore bo & reor;.ni:.uvlici: of the elfecilve o re .. toes,

¢) GUsnactic . cusurecents, »1(L)2 in enzene, C(ainotic ob.

sarviulicns were inde Wit btbe less CunOnGuirs wsgerlilied U el
sonoe( dnde e Thove wiust 1544 16, 52C)  nd ioolled by
i

Lho seloriille Lpparstts Jowpuny of loouield [ .d.  the ucllophe

ane werbrnes were 3wWoller in woter snd oouecus zine exloride,

the w.ter then oeirng rosicecu i sugecssive oL ia,bitcourh diaxuno
' L) .

to pure Luiiene,

1., sclutiors of wlusdnusg dilour-to in bercerc ore 1l uid nt
<1l temger:tures; LLo o0s:0%ic nrossurc ch.onca froi less thch
1w, =6 139G to 75 m. =t 239C , nna 120 ms.e =t AC93. lenec
tho .vor..,u do.red of wasvelution erones tron about 3CLC molacuic
337 1803 to tbuut 36 6 18CC. In 0.0CLl. soiution ite aurter of -
aolcecules ger Lvo-n e varticle is orly -baut ¢, indesonacar of
tenpiriturc, iicnee the porticle vei it of vure sdunirwn dllourate
in boavzenc solution v..ries rcvuresioiy bel.occn severcl Lhcusard
~d sever: 1l nlilicn deyending upor cclucsabritior and tcuperi.ture,

Jdurdinue dilcurite i1n benzene hia therolers been proven to

ve .0 a330cl:bion colloid,

(o}

la conur:siy, cellulose derivitives, Tuibur, cLte, e poly =

peric collcidy, Tueiis uarivicle or eloeviis o2t Lo 1 zclutlen

i «suwned to Lo indopendent of Lol :wr.ture nd of concciusr.tion,
ind iU 1s derived by cateagolsting tie cevull ¢ .surceconts Lo

iefinito ailution, syocel.vien or nnpslieai Ainuing, hiech: rust

occur ir re:l concunbr.:tions, is connornly incred. JSovus ir watox
7.5 TR1CTD
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wrc nov univers:lly reoo t:ised cs tle prototypo of ussociction
colloid. Tre tendency to .ssooloticn inerasscs ropldly “/iAth
incrcéue in soleoculir weisht. For exemplo, collold fcrng from
moleculcs of soup with six or ei.ht o.rbor utoas only ir corcen-
tr?ted solution, 1% foras abov: O,Clis for éwelve curton utoxs,
und clready at 0,CLC6 K for oleatus with eighteen ceruvor wtoms,
Tne tenucncy to assoclatc apjecrs to be tiie rule «ith il-ac.
aoleculsr wel lit cowipounuus of sultable sh:pe. Innuiaorable synile=-
tic dcterents illustrate tnis.

The tyolocul picture with polymeric ocolloids suekh s poly-
styrone(surtovics :na k'ark,J. /x. Chem. 3oce §5, 2319 (1943)
muy te cutlined in two scntonocs:

Oszotic pressurc of polymeric colloiés. The osmotic

pressurs divided by conecentration inore:ises repldly with concen-

tration,.

Vigocosity of polymweric colloids. The specific viscoslity

Givided by concontraticn tonds to inecrouse, scietines greatly,
with concentration,

Tue ploture wit: =lualnur dilaurcte may te summsrized in
thires sentencoes:«

Csriotic pressure of ..1(Cii)L2 in benzenc. The osmotic
pressurce divided by conecntr:tion dooreeses very repidly with
coacertriition ot rcon tdmpergture (ﬂl(Ot)Lz)ac for C,. =
(“I(CE)L2)4OCC
(al(OH)La)ao.

Viscosity of 11(OXN)L_ in benusene, Thc gpacific viscosity

for 1,53 nlthou:l ut 50°3 it re-u:ins conust:.at ut

dividcd by conccrtretior tends to inercasc witi. coneentrition,

- -y ",
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’his becones anornous waer 1, concontratior i3 reuched,

Viscosity of (/1{CH)L with tomper:turo. 1n sortrust
to osmotic purticle weijat wnidk deerocses for 1. from
(51(0};‘)1..2)4000 to ‘“I(OH)LE)SO with risc of tcumioraturc, the
specific viscosity of 1j5 inoreuses ubout two fold,

'"ze ocontrast therefore appeurs in tic rclutive incrcise ol oarotic
pregsurs for polyuer particles «.nd thec _re:xt deeruase for e
aluminus sowxle. /galn, both polymer size i1ri resultont viscosity
«r¢ irdependent of temperzture, ‘whereus with soup the purticlo
slce deorei.ses 30 grectly wialle the viascosity doubles,
Interpretution,

It i5 clezr that tlc lhmportznt prozerties of these zluminun
soup systeums are those of un ussoclation colloid, not ¢ polymer
colloid.

The g reextly enkunced viscosity =t tho hijher toerpercture hes
to be uccounted for by far smaller particlces but noro oxtensively
or effooctively linked in very loose trgresation.

1t :xxy be conocluded witl certuinity thut the ovserved viscosi.
ty of hydrocirbon socp systems is ¢ structurzl viscositye.

To clarifly this it zecy be rcoulled thet Elnstein showed that
for a given ~mount of colloid within the 11 uid, the desree of
subdivision or purticle size is without important influence unon
the viscosity. TIurthermore for sodiunm ole.tc in wuter, it ...s
saown by i..T.laing ieBuln (J.Chem.30¢. lLondor 121C) tavt & 3ol
znd a Jelly of the 3ziie compositior und teniyeruture posscssed
prixnsry particles of tho samzc size ms shown by osmotic propcrtios
and conductivity, etc.; they differed solely in rizidity and
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elusticity. The mechanical properties of the jelly ure not duo

to tie priciry partioclcs us such dbut to their loose rumifyiag
asiPe,ation whioh offectively Ammobilizes much of the free solvent.
iklg explunution rexx 1n3 as thut upiropricte for clwainum diliu-

rzte in Lencene.
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f 4, fhermodyncmic Stubility,

fhe jzuestion of taermcdynamic stability of the verious forms
; apd stute of o systemn is of funderental import.nce since spenti-
! neous chunges within Jt srooceed slwuys frow less to uiore studle
l at.tos, Thus if ¢ jelly 1o the stible form under &« sct of condi-
tions, ..nd v¢ observc z .,Cl Or # sol under tze ssmec uet of condi-

we ziuy be ccertein thet if they echunge, it will Le tow.rds

the joliy.

(3 4 course.we 2re not interestod in the cvaclute thermodynurdc

stubility with rospcet to ultinczte products of ovolution whick ;
in our system i ht be carbon, hydrozen uné sone low moleculur
wel ;ht busic sault of wluminum but in the relutive st:ibility of
thoge states which cun form spontuneously under ordinary
conditicns,
Conversely exporimcntzl observation of such changes us dege
ceribed in the proccdin; sectior is tine simplest ethcd of obini-
nin~ the reictive stapility of thne initicl end first statce. ..€
can thus sunr:rize these obscrvaticis cs follows:

i) Zhe ury 30cp. The most crystallized for:: is the stublest cf

the various forrs of ulumdrwr soupe This i1a «lw.ys true when

crystulline and uxzorphous foras of the siae suvut.nce nre core

pcred below the neltin; point of the solid, It 1s further confir
med 1In cur cuse by the hizher icltin, polrt of tho xore fully

l or courscly crystallire rmutori:l, sc tust a lecs crrstcllire douap
could i.elv ipto o 1§ ;uid which, ut thc same te:  criture, would
erystillize ir contuct ~ith the more crystallinc forn; by its

lesser swellin. in cyclohoxzne «nd hi_uer tr.nsivicn teuveriture

to jelly. RUSPRACID
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11) the _S5cl. The ;21 fori. of swollern soup 1s s%:ible vits rospoect
to voth the jJelly :nd the dry socp-sol rmixture over ¢ lialted

run,e of to:sperctures below the trarsition teuperiiurc to jolly,

since (a) the Jolly ofton raverts spontuneouvsly to :el at lower

teaper:tures :nd (b! the sosp even ia the rost erystnlliino forn

n

We were ublo vo ctiuin, swells narkedly at temjscratures 5-1592

pelow tbe truornsiticn terpopeture :cnd dem:ins in this swollen

condition for scver.l days w.dthout decoalny » Jelly.
' 111) ine Sol. It 18 atable -t sufficicntliy hi:h tesgercluros
siance lt {forms aspoit.orcously fror. tie el or Jeliy on houlin

and czeept for pyrolysis no furtier chan e shculd bde cxpooted,

iv) The Jelly. 1t is truly stcble at toudercturcs intermedicto
betwoen thcse vhere the zel wnd sol uro stutle, 1t 1s possible
tlict the Jelly ray be stable only ustove u ccrtein concertruilon !
| (of tho order of 2. for .-'-.1(01:)1.2 in eyoclohex:mns), .t loucr
concenirations the 0l znd sol sesn to be the only stuble forrs. |
N jelly mi it be formed spentanccusiy =t ilicse lover coreantra-
tions Sy coolin;, tae sol but it weuld de unst.dic with respoct
to cl,

Lt ulgker concertrisviors c.l. 5-10%;1(CE)L3 the jclly forrs

gpontancously from zel unon hestin: tc 509-55°3 :nd froa sol by

coolin;; below 150-10C°C, ThLe first trensition is renid .rnd sharp.
tic secuna slow und indefinite but certair, '(his suows thotv in
%is region tue Jcliy i3 stable wits resscet to totia el .nd sol.

Phe existence of stubitu jels .:nd sols ras beon deuoastrated

previcasly oa otiicr collolu-.l grstens buc viils 1a bslieved to bhe

tno lirsc deroaslreticr of true tiormoudycai:le si.viiity of & jelly

veLonclusion, Jren o practicual nolne of vie: 1t upsvnrs that
{. .)‘f:{lCL -“)




3TRICTED
136~
only the Jelly form hus the dosirable properties of striniiness

end plastiocity while the zel 18 too orumbly :nd the sol too fluid.
The proof of theruodynzmic stability of jelly shows that 1t

18 not g _priori irpossidlo to prepure thickencd fucls having
! cn indefinite stor:i e stebility.
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5¢ fho ihasc idie,rim,

~ phuso dilasram should roprescr.t the resiors of ocndlticns
cf terjeraturo, prossure nné eoupositicn undasr wnich veorious
Phases of = syste. cxist, 4t 1s usuul tc reorosent on guch diue
Grais conaitions of tusraodynaiide e¢juliiibriun-under winioh the
w08l stable phuses 1a euclh: repion arc separited by lerrmuneat
plunc surfrceg,or,.s Givbs called tker , 'ooexistont” phuges,
Orly very incoanlote ejuliltrium phase disrzmg cor yet be drown
for «luminue goops wnd hydroearbens,

for metustiolo systeis, nonee, uilibrium phaso dic:rans showin;:
bac rc lon of terpor:ry cxistence nf rietaustable phiases sy nlso
be drawn snd muy nuave definitec wpplioution.

in sucu metustable systerglt is olten difficult to wsoeri:.in
vaen . revw phuse ba ins t¢ form if the surface cf sej.rotion is
not »lz:ne, li'cr excrple tno prescrec of u tracc of el in a lurze
ziscunt of jelly is eusily scen but tne preserco of 1C,) or 205
of jelly or sol in & 5l of swollourn s80.) weulu pe very difficult
tc uebecet 1f tac soup fills the 1i.uild coupletely., It is cnly
«hen o supernatant 1lijuid is visible thet tne prcserce of the sol
or Jelly znd tac existcnce dati.o phase region muy be e=sily
usecriiined, This scocunts for iie lacik of definite Loundsries
of tie &uwo phuue reclons of the dii.r.: s nresented,

Jhe wvailiuble ovidenco indicilos winct for slwzinum soups
in nydroc:rvors Lne zhtuso dls rans For the vurious etastable
sv.tas differ raatly.

for tuc stodlest form of Al(CH)Lz availivle,the 'erystalized”

one, & lur;e tuo powse zorc botuecr jel and sol forss is Hrcusent

ozlew nbout 42003 and the (el-jelly trensition temperatire rises
FSERICTLD
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Figwro 41
Outline of Phase
200 r— .
L Diagram of the System
\
\\ ) 0 © "Grystallized" .
\ L A1 (OH)Lg-Cyclohoxane
150 | \\ YLg=Cy
\
Tg'\np. \\
c
! \\ J
\\ E
100 | I L
i
|
ol |
c
100
» of soap by wei:ht |
‘200 |
e |
Figure 42
! 3
150— o . Outline of Phase
Diagram of the System
Temp.
G J "Recovered from Jelly
E
1000 L Al(OH)Lg=Cyclohexane
L
Y
50 }—
1 ! ] I

4 of soap by weight
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to about 56°C us indicated in figure 41. The exuct position of
thosc lines and their extonsion to higher concontrations reiuins
to be invoatbtisnted,

for tho most unstubls forr of soup, thut rogovored from
Jelly or sol, therc rnro no t.o phasec rc;ions but only =z continuve-
ous trunsition beu.eon tho jeclly and sol stutaes, u3 irdicutod
i £i.. 42. '

For the “"originul® alurinun dilcur:zte whioh ls & mizture of
aany ferms of verious suvabilitics the twe shecase zons is nerrover
and ths snowin part of the cl=jolly trunsiticn lire sone 1c%¢

lo.ier thel for tac orystullire diluurate (£i..43).
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Figure 43
Outlino of the Phaso Diagram of the OJystem “Orisinal"

al(O0H)Lg=cyclohcxanc.

' 200 ~— l
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\\ s 1 ‘
\ [$)
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19! \ Y
L ~
~
~
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50 |- Sl |
; i
l ' | l By - el + sol
100 80 - 60 40 20 0
4 of soap by waight
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6. Charcctorizatior of ieptizers;
thelr lack of Xel.tionship to —olarity us ioasurcd by wizole

l.oment., -

The torm'Pontlzutlion was introduced ir 1064 by Srahic. to
donotec the lijuoflichtici of u :eclutinous materianl, whethor jally
or zel, by thne cddition of .« agncell quontity of unotiaer sutotconece
(sec likewisc fieok's Cw decl Licticnary 1937). 1t titua irvelvoes |
revarsasl of cocpul:clon or of [el:utinization by ce:ns of un ndded |
seobisition <onte 1t ccuslsts of loousening tio berds betueon l
dyucent yirecileles, by substituting sclvent or peptizer to
suuinfy thc broken linkzces,

Tauz peztication, properly sperkin, is dul - sieelul c.uc
of 1li uifuction of .;ul to jelly or sol, or Jelly to scl, # iringe
foranztion produced by the zdditicr of .. swll orooortion of c
peptizcr., .c Luve scen thet the sare or siullar choacey iy be
produczd by chang;in; the tempecroture of the systesn, lts histery,
the state of the soxp, or nature ol thc solvent.

agonts whese nresence in suall ccunts ocptizes alusinua
socp in Liydrocarbuns arc now of ;reut pricticul intorest, and
c.r corrcotly be tcrréd ‘'peptizing sgents?,

It 13 eier:lly nssuned thet o poptizer nuat itself bo oppree
ciidbly soluble in thc 1ljuild sedium, If so, wzter =i nt () uet
throu:a liberitiorn of fotty reid, or (b) throuih itscll oazir;
soluvilizud by trc sou; ir the hydrocarbon, ithe neptizer nust
acve soue ulfinity for the colloldul ruteriinl. for excriple, it
LYy ve strernily sorbeu on the surfice of the colloid:l prrticles,

botin feecin. thew fron eieh cther cnd expesin:, soluile Zroups

to tie sclvent, Lorpbtizn 1s ofter Tfovered by low solueility cr
RLESTAIC 5D
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ay tlic pregencc of polur rouzs in the peptiziny ujert, elthoush
sorpeion is likcwliso often specific, The peptizirn: urent ruy
itself be either colloidal, e® with sowps, or not, =2s itk phenol
or J.tty i.cid in unydroccroens,

s wawer, cclds ond wlaclics ..aa silts often aet ua peptizipr:
1_,830se Jopco peptizing o.ants .re froswuently referrced to us

"sol.r occapounds”’, luals ters s btho cexninrgs, tho first of

wilon euvruces ionie co=ngounds or clectrolytes, Thls definiticn

is 1ot relevent in nydroc:rber systc..s. The seccud usae definsu
nol.r cc.pounds -e tncse wille: Sssess 0 peroenant dijcle moment.
Jor oatnnle Ghoe dipole .acnient ol viier ir Debye units is 1.8 ,
thot ol scetic .cid 18 0,74, thut of tolucie is C.4-C.5, und
berzenc hius nonoe Only unsynctric:l nolcecules earn be polar in
tsi8 sense, no inttar what “"stronsly pelur Jroups" ~suy be prosent

l.ost of inc Lihown pegtizors for rlunlaw: goioss are polur iz
sobye's sonsce .. 8livple oxperirent sgerves to tost waietinor a

dizole nonont 1s noeessury or whethor thils wes just - colucidence

vhe three dinitrobenzenes, ortho, met: wrd pura, huve the
8140 con;ositicn, out difforsnt structur:l ferrulae, with dipcele
Jorents of 6,0, 3,7-3.,8, .nu 0-C,32 respoctivoly. Taus the poe
lirity of tiiz ortnoe-dinitrobenzine is very cxecatiorclly lurse,
ti. v of meta lurge, while thet of pura 1s as:ll or perhips rec:li
sidle, lonece we cozpired their efficucy s peptizers vy fellows,
siowin;, thiot Licr: is 1little to ciuocso botween the rest polor nnd
the laust poler ii thielr roduction ol the viscosluvy of D apuda

Jeliy:e-

Supoedinitroberzore 1s onay 511 Ltly sciubls in Yenzene

(.bovb 2.53%) =ni ovoen Less in rorc puruffiric nydroe-rvcns,
RAVSIRICTLD
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Therofore 2.3% by weight solutions of the threec dinitrobonzonos
as obtainvd from Zastman Kodak wero used, Gels contalaing six
grams of Napalm (McGean No, 462) por hundred cc. of these |
solutions and of pwre benzene wore propared under strictly

comparable conditions,

at first the ortho, meta and para and the control bonzene
Jellies were in the stated ordor; but nexi day all threo di-
nitrobeonzonos had lowered the viscosity comparably, that of the

benzone jolly being unaltered, .Aftor 48 hours the times for

equal amounts of flow undor gravity wecre:

oara . (least polar) 1l
ortho (~reatost dizole) 1.19:}
moeta (1~x-o dipole) 1,65
bonuone ccrtrol 2.,7C

and after fivo daye,

ortho 1 |
para 1 .1} I
mota 2.0

benzene 3.1 '

T'his shows dofinitely that polarity in Debyo's svnse is not a
deturminins factor in peptization,

Ono may also spuak of polar groups within a molegule as
measured by calculated dipole moments ascribed to cach bond or
growp, Thus the nitro-aromatic groups in all three nitrobon-
zenes would have the same polarity, even though in p-dinitro-
benzune the tw polarities being symnetrically disposed noutra.
lize eaeh other, If this definition were to be applicd 1t
should be romembercd that the carbon~hydrogon bond itself is

RESTRICLLD
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to bo considored as a stronrly polar pond and hydrocarbons,

such as varaffins, svhiecih have no poptizing action would have

to be considorcd as bolng also polar molecculos, thus rendoering
the ters meaningl.sse
Whercforc polarlity, however duiin:d, dous not seuia to bo

directly or siply correlated with peptizaticn.
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" %, Forces opurative in thickenin  fucls by means of scap,

One of the ultimate goals of this research is a olnrs.-
fication of the nature of the factors causing the useful
' rhoological properties of thickened fuols, It appears probabdle

that a sm1ll amount of soap can produce a great increase in

viscosity of hydrocarbon becausc tho molecules of socap assooiate
to form primary colloidal particles and these particles then
stiok togothor in loose ranifying agsregates to form a brushe
heap structure onmeshing and immobilizing large tracts of the
solvent, This is ossontially the samw mechanism which operates

to form jellies of sodium oleate in wator,

Thece is not enough information avallable yot to decide
wpon furvher details of this plocturc, dbut a fow rdimarks may bde

made, |

. i The particles activo in thickening .aluminum
soap_ jellies are not original soap but something resulting from

the intoraction of solvent and soap.
Hépplor(Fotte und Seifon 49, 700=708 1942) in tho study 3

of mineral oil thickened by calcium soaps was led to tho cone

clusion that a colloidal dispursion of caleium oleate in oil

was formud, Thue calcium oleate rotainud most of its original
charactoristiocs in the finely dispersed state, particularly its
melting point, above the multing point of the socap a dispersion
of liquid droplots was presunt, showing 1littlo or no thickoning,
Below the multing point of the soap it bucamw a colloidal dise

-

1

|

! L persion of fino fibrillar orystallitos of the soap which by

! interwoaving cnmushed the liquid and causud high viscosity with

but small depundonce on tempuraturo This view was s orted
st RODTRICT 0" R
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by measuremunt Of viscosity on a samplv of CaOlg grease above

© and below tho multing point of thu scap (83-84°C), His results
are reproduccd in 'figure 44, vhich shows at this tumpuratwre

a large 4isccntinuity and dislocation butween two flat portions,
It may bo notud that tho viscosity scale is logarithmig, so
that the discontinuity corresponds to about a 16 fold change.

To deturmine whothor this hypothusis eould dbe applied to
ow system, thu viscosity of two ..10HLg-6yclohexano mixtures
was measuryd in the neighborhood of 196°C, which is the multing
point of tho pure soup, The results shown in figure 45 prove
that this systom shows no discontinuity in the viscosity curve
at tho melting point of the soap, Thus Hippier'!s thoory, which
may or may not be true for caleium greases, is not generally
applicablo to hydrocarbon systems thickened with aluminum soaps.
In theso systems, particularly in that containing 9,58 of
aluninum soap, the viscosity is much highor than that of the
pure solvunt, and dooreases uniformly about 3-fold per 10°C
risyv in tomperatuwre, The soap is therviore exerting a marked
influeneo, but not through bullding up a secaffolding or felt
of ordinary soap orystals.

This asreus well with the vi-.ew that socap moleoules assoo-~
iate to colloidul particles which thun stick together in loose
aggregates, enomshing and immobilizin~s large tracts of solvent,
but also shows that tho colloidal particles are not original
soap but something that results from the interaction of solvent
and soap, -

i1 In water.association of alkali soap molocules

1s due to the sreat affinity of water molocules for each other
RESTRICTED
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Viscosity of aluminum dilaurate-cyclohexane systemsas function of
temperature, showing no discontinuity at melting point of soap.
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and for the polar grouws, as compairud with their affinity for

the hydrocarbon end of the soap. The soap f- held in solution
because of its polar groups, while the hydrocarbon ends are
expelled from the¢ wator and foreed t osother,

In hydrocarbon solvents thu ruversc pieture may dbe true,
The affinity of tiic solvent for th¢ hydroscarbon part of the
soap may hold it i ab least partial solution, while the polar
groups are expellud thurefrom and are stroengly attracted to
eacsh othor,

iii Specific effects of aluainum,

Specific effusts due to the soordirating toendency of
the aluminwn ion mey woll exist, buv 1t is boliuvved that these
are not of rimary importance., The same: fundamental phenomona
that aro obs:rved with aluminum soaps, i.c, fnrmation ol swailel
gels, transparort jcllius and thickening in goncral, are also
observed in hydrocarhon systoms with sodium astcaratc or silver
soaps, In thc latver ocuases an explanation of this behavior
by coordination scums precluded and it is altogethor probable
that thu farous cuausing such similar behavior are essentially
tho saine,

Obscrvations on silver palmitateo wure published by J.u.
McBain and u, L, iIcClatchie, J. Phys, Chem, 36, 2567 (1932).

The work on sodium stoarate hydrocarbon system has boen
mentioned in our Septembur report and has since been confirmed
and oxpanded in this laboratory ouiside this contraeted and

reported bulow,
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8, the systom sodium stearate-cyclohsoxanc,

S,

: Dry sodium stoaratv, finely powdercd gamna eystalline form,
! swulls somevwhat in cyclohexane at room temperature, The parti-
| cles beconv slightly translucent and mirkedly dbirefringent,
j Sorption cxperiments show that thdy fix only a fow percont of
cyclohexanv at 50°C as shown by the isotherm ruproduced in
fisure 46.

48 the temporaturc inervasvs, sodium stearate swells more,
at first slowly, thun rapidly in the noighborhood of 90°C reach-
ing soms ten volumos at 95°C, filling tho liquid complotely if

less than that amount of liquid 1s presont,

In systems comprising less than 50;; of soap, a sudden
chango to a liquid erystal form occurs sharply al 98°C, the
opuque swollen scap becoming translucent and homogencous and
remaining strongly bircfringont,

at a still higher temperature, thu birefringenoc disappoars ,
in systums contalning less than 257 of scap and an isotropic sol
or jolly is obtainud; but as the temperature riscs much abovo [

240°C and tho critical region of cyclohoxane 1s approached, the

soap procipitatus agnin as a donse flocculent layor and settles

to a compaect layor,

At higher cancentrations the various forms are more diffi.

eult to deteriminc tut tho lsotrooiec rerion is raised nush above
both the melting pcint of the soap (288°C) and the eritical
i tomperaturs of the solvent (281°C). In fact, systems containing
45 to 85, soap arc waxy liquid erystals at 310°C, tho hirhest
tempcraturc investizatod,
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Fipuro 46
sorption of Cyclohexane by Sodium Stearato, Nast, at 50°C.
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4 summary of these observations is presented in the

- ‘'owtline of a phase diagram in figure 47,

Ruvorsibility, The 98°C transition is irreversible; the

"~ systom dous not recover its initial appearance. For example

- a system ocontaining 5-10% of scap which is a white powdery,

easily settlings suspension at room temperaturc beforc heating,
becomes a synerstlie birefringent swollen gel at room temperae
ture after heating,

The original form is the more stable, This may be suven

“from the lowor solubility in eyolohexane and the oeccasional

'veverlim of tho othur forms,

The thin isotropie sol obtained in dilute systems at
high temporature gradually solidifies to a stiff transparent
Jolly upon slow cooling which may exist without syneresis
from 120-50°C, and thon syneresis ococurs upon further cooling.

Effect of wator, Only a few exploratory observations

cn the effect of small amounts of water have boen made, They

showod that the presvnce of 0,1% of water lowured the tempera-
tuwre at whieh an isctropiec sol is foraed from about 220°C to
110°C, and upon ocooling caused tho appearance of a white eurdy
phase and a transparent liquid erystulline phase, both eome
pletely absent from the anhydrous system, Tho presence of

1% of wator further lowured the isotropic temperature to 95°C,

.a.nd it caused owrding of tho whole system,
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CHaPTur IV

SUGGEsL IR, LUBLILEL WD
In this chuptor ure collected toruthor submittuvd syrecstions I
dualing mainly with practical applicacions, and not directly ru-

latud to cur main problua "rhe Fundamontal Stud: of .uluminum
Soap.” .4 considerable amount of experimental work has boun done

on the usc of mutallic sodiwa, and soae on thu usy of .gripol

(Nor.pol) in thickenod fusls, whilu othur aspccts werce submitted

simply in thu form of ideas without purforming any cxporiaental k
work, |

ae Thy Use of :lotallic Sodium,

- - - o

4 s1all azount, 0,55 to 10,5 of an alkzali metal such as

sodiun or potassium, dispersvd finely throuchout thu body of an

incondiary gel, makes it ignitu spontancously on coatact with
water and provents its extinction by this agent., It should thun |
greatly incroase the dustructive proportics of am iacundiary,

The alkali metals may be used evithos naked or uvneclossd,

(a) Use of nakod sodiwi, . roport sumaarizing this

wark was submittud on Noveaber 8, 1945, It showod that the ;
incendiary quilities wore excellont, as cxpected, minute particles

of sodiun acting as a watovreactivatud atch, The rheolonical

propurtics of gouls were affceeted, a imrked incrouasc in rigidity

occurrcd at rooa tomperatur., andiliquefaction often at higher

temporaturcs, Gels which did ligucfy at higher tompuraturos,
[ often roecovored at room tumperatures. IHowever, 1t was possible
to obtain gols which noither liguofied nor settled when huatod
24 hours to 150°F, or kept sevural weeks at 120°T,
This work s transfirred clsevhorce at that point, and the

exact conditicns necwvssar; for alwags proparin:;, stable gels huve
RiSIRICY i
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Fivo percent .of mutallic sodium enclosed in gelatin ocapatlos
failud to proeduco any visiblo difference in the properties of a

6, Napalm gel after 2 weeks at 150°F, as compared with a sodiun

free blank. (iicGoan Lot 462 in Specification Gasoline), Nor was

any difieroncy visible after 8 months of storage in the laboratory.
This shows that the gelatin is completoly effective in

prevent ing interaction between gsodiwa and Napalm,

] Ficure 48 snows four saiplus of Napalm gol of the samu come

position (oxecpt for sodium and capsules), compraising a blank,

two gels containing 55 of sodiwz in ecapsulus and one containing the

sau purcencage of naked powderod sodiuwa, wll had buvn kept

4 days at 150°F, It will bc seen that tho one contuining naked

sodiuwn 1s largely ligueficd while the former threo gels show no
appreciable differencos,

The incendiary action of sodiuwa is modified by enclosure in
gelatin, However it is still vury advautageous,

4 capsule contuaning sodium 1snites within 2«4 minutes when
dropped jinto water, when surrounded by Napulm gel the time 1s
longer and ignitions after fron 3 to 45 iinutes wuere obsorved,

«+ stream of water causes more rapid and sowtliles instantaneous
i:nition. Thus whilo naked sodium ignitus instu&fanoously on con..
tact with water, capsules eontaining sodium show mwrely delayed

i nition. Furthernoru while¢ naked sodiun in goneural burns in
place, tho capsuie often acta as a nieroaortar, projecting ignitol
panticles to soinus distance,

~hen thy gel burans the gelatin is weakened and finally ocar=-
bonized, Payt of the sodiun miy burn but in genvral it beconws

cqvured with carbonacuvous atter, If wabter is used in an attempt
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"o oﬁtinguhh the burning gel it can interact imstantaneously with
. such sodium which ignites immediately the way it would if naked,

and thus it prevents extinction,

After the gel has burnt out spontaneously, a substantial
proportion of sodium remains unchanged, duried in the carbonaceous
residue, und this inflames spontaneously if water is sprinkled
thereon, 'fhis new effect is almost absent in case of naked sodium.
It makes handling of burnt out incendiaries much more haszardous,

'fhe sodium metal enclosed in the capsule does interact with
moisture contained in the capsulo originally and perhaps also with
some diffusing from the gel through the gelatin, A slow stream of
small bubbles therefore slowly escapes from the capsule and may
occasionally ocause thy latter to open and exposc the Napalm gel to
direct action of the metal, Onev such opened ocapsule with the
ocorresponding formation of gum 18 visible as a bluck spot in the
top bottle of Figure o« This accidental opening was complotely
prevented by tacking the two parts of the ocapsules together by'
Duco cemunt without preventing the escape of hydrogen.

To swmarize: the expuriments described show that gelatin
capsules can be used successfully to prevent interaction between
Napalm gel and metullic sodiwn while maintaining the incendiary
advantages of the latter, Large scale testing of this variant and
evolution of a practical large scale method of producing gelatin
mombranes (or other membranes such as for exuaple nitrocellulose
or other plastic) around sodium are beyond the facilities of this
laboratory, It is recommended that they be handled elsewhure,
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: B, Proparation of Thickened Fuel by Mixing $wo Thinly L :
n‘ uid Gasoline Solutions, i
At the beginning of ow program, we had available only -

ono samplo of Napalm (Nuodex PD2712?) which was very slowly and
{noompletely solublo in gasoline and had very little gelling |

power, due, prosumubly, to oxidatiom,

It was found that whon the thin supernatant liquid from

' was inixed with
a mixturc of 3% of this oxidiged Mp."flm/,u solution containing

80% of Agripol (Noropol) a gel was formod rapidly, The stiffost | |

gel resulted whon the finul mixture contained 2% of Napalm and

17% of agripol. Reducing tho agripol content reduced the stiff- |
ness and favored syne:e¢sis, Inoreasin: the soop content in- o
oreased both stiffness und syneresis.
Tho bost gels woro stiff, elastic und stable for over a .
~ year at room tomperature but rather shart, ' |
aftor unoxidized Napalm wis reccived, work on this aspeoct : i
was disoontinued but if fiold requiremonts call for thiockening, i
produced rapidly by mixing of fluids, it may be a promising
alternative to Dr, .alexander!s msthod, Since the effoot is
almost immodiate, a solution of Agripol might be useful to convert
thin fiorcely-burning flame throwor fuel into thiokened fuel as

desired,
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C. a4 _Possible Role of Protectivo Colloids in Napalm,

It has beon found both in Britain and by Harshaw that the
presence of small amounts of wvarious proteins and of starch |
during pregipitation of an aluminum soup markedly inoreases the
viscosity of its hydrocarbon gels, This is interpreted as a
"protective'golloid action" ohanging the physicul state of the

soap. Usually, however, any provective colloid must itsolf be

stable in the solvent in question, Hencoe such an action could

occur only during precipitation in the aqueous medium,
We would like to suggest tho possibility of an alternative

or supplumental effec% to account far this result, The substance:

used are probably to & luarge extont sorbed or ssciuded by the
precipitated soupr, and vpon drying may forwu very fine filas or
fivers which may then hind topether adjacont particles. Uhen the
soap is placed in hydrocarbons these substainces, completely in-
soluble but finely dispurscd, my produce an increcase of viscosit;
in the same way as poper pulp or othor fibers, but vith much

greator efficiency dus to the finer dispersion,
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D, The Use of Naphthenic ngggghp;_ﬁ}gpggmyoluoular Vieipght,

It has been noted that the formula for manufacturing Napalm
ineludes tho use of low molocular weight naphthenic acids, It was
believed that the use of higher molecular weight naphthenic acids
would give metallic soaps havine greator thickening power, This
was confirmed by proeparing pariwz soaps of relatively pure high
and low mol.cular wolght naphthenic acids and thickening gasoline
with thesc soaps. another sample of coumereial nuphthenic acid
was tried and found to be too diluted with unsaponifiable material
to suitably thicken gasolinc. Howuvor, sufficiently purified

naphthenic acid of hish molecular weight can roadily be made

available,
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I E. A Possible &pproach to the Problem of Reducing
| Hyproscopicity of Napalm,

’ It was learned with pgroat interest th.at work was in prozross
on roducing the hygroscopicity of Napalm by coating its particles

l (Broughton and Byfield, The Manufacture, Proporties and Testing
of Napalm Soap, 0.8.R.D. Report 2036, p. 61). ‘he approach

seemed to call for a eouting which is pormeuted slowly by water

to reduco the rate of absorption of moisture by Napalm,

It is sugirustoed that tho saase method might be effeoctive

f throuch a differcnt mcchanisin,

Napalm has a vory large surfacc which is presumably quite

active in absorbin: almost any available substance., absorption
of any one substurnce will ofton reducc the affinity of an
absorbin; surface f'or any obher substance, This is particularly
. true for substunccs miving similar structure, e¢.g. posscssing
polar group, etc, Ilicistuvrce is wvery oasily absorbed and very
detrimenc.l, However 1f o substunce, prefercbly polar, h:ivines
litcle or no ¢ffect on rollins propurtios is allowed to bo ab-
sorbed by this surfuce %“he affinity of Napali for wator should
be appreciubly roeducecd,

In other ﬁords, coating of particles by a substanco capabdbloe

of beingz adsorbed should affect favarably not only the rate of
moisture absorption but also the equilibriun moisture content

| of the soap.
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