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1, The problom assigned «as to study aluminum soaps; 

to ldontify txu. phases utilised; and to find how water is 

held by Napalm and its funotion in their hydrooarbon gel 

systems« 

2« Beginning with carefully prepared aluminum soaps of 

pure fatty acida, the most important woro found to be the di- 

soaps such as iil(OH)La, Al(OH)Stra, Al(OH)Gla, and aluminum 

dinaphthonates. The pure» aluminum dilaurate «il(OH)La in many 

rospoots typifies the behavior of Napalm, 

6« J?uru aluminum dilaurate was oarofully characterised 

by various physloal ohemioal methods including the criteria 

demanded by thu phase rule( and its struoture was examined by 

means of X-rays« It oxhibits a monoolinle crystalline struc- 

ture similar to that of the gamma sodium soaps and the oorro* 

■ponding fatty acids« 

4. Proa the point of view of the behavior with hydro- 

carbons, tho degree of orystallinity is most important. When 

the pure dilaurate is well crystallised it is inert towards 

paraffins and even oyolohoxane at ordinary temperature; 

whereas when the same pure dilaurate is more amorphous or 

glassy it readily swells and forms a true Jelly, The jelly 

form is that which is useful in thickened fuels« Both crystal« 

Used and amorphous forms of pure dilaurate produce clear 

elastic jollies but tho temperaturo requjp ud is much higher 

for the crystal Used form. 
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6«    tfonosoaps suoh as Al(OH)«X ore likewise forbod  during 

preolpitation of Napalm.    Aluminum monolaurate Is converted to 

alunlna by 95> othyl aloohol but Is obtained by a preparation 

In anhydrous motbyl aloohol with subsequent extraction with 

aoetonu*    Moisture present during any extractions tends to 

oause hydrolysis and produce monosoap or alumina.    The mono* 

soaps are comparatively Inert toward    hydrocarbons. 

6«   The composition of aluminum soaps and Napalms pro- 

Olpitatod in tho usual way lies between mono and disoaps. 

The higher the temperature of precipitation the more nearly is 

the product disoap.   The exoess acid is not free but Is loosely 

bound or sorbed.    Exhaustive extraction with the drlost posslbl 

aoetone is required to remove  it«    Heat treatment of the 

precipitate, particularly in the mother liquor causes further 

reaction between fatty add and monosoap to form more disoap« 

7.    Muoh information has been obtained as to the relation 

between all theso'r.lur.iinum soaps and water by use of the 

MoBain-Bakr scrption balanoe,    Sorption isotherms have also 

been obtained with volatile hydrooarbon. 

8»    Vjhereas pure aluminum dilaurate is readily and 

rapidly rendered anhydrous and its sorption and dosorptlon of 

1 or 2% of water is rapidly reversible;  Napalm behaves quite 

dlfferontly,  nd also differs at 50°C from 25°C.    At 25ftC it 

losus about 2i of water on drying, at first rapidly,  then 

slowly over 24 hours.    At 50°C  it loses twice as muoh, yet at 

both temperatures sorption and desorption ore finally nearly 

reversible.    Napalms of different manufacture vary by about 

1% in their moisture uptake under identloal conditions, 
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9*    Sapalma contain appreciable amounts of inorganlo 

impurities oapablo of sorblng or octnbirung »1th water. 

10« The Karl Fisher rauthod of determining moisture is 

too drastic as it oxtraots moisture from hydroxyl groups by 

oondensing thaia, 

11,    Aluminum soaps plaoed in oontaot with hydrooarbons 

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

noncoherent lumps of swollen undlssolvud soap; if excess of 

liquid is present it remains as such, almost  free from soap« 

it sol is a clear and freely flowing liquid oolloidal solution. 

The jelly is a definite truly stable clear, rigid, ooherent, 

and elastic form existing under intermediate conditions;  it 

may be reverslbly produoed from either sol or gol.   There is 

no sharp line of demarcation between Jolly and sol but a big 

difference in degree of rheologloal properties. 

Many observations with various hydrooarbons involving 

these throe forms are reoordod. 

12»    Osmotio examination shows that a solution of alumi- 

num dilaurato  in bensono is a sol»    The particle weight varies 

from several thousand to several million depending solely upon 

concentration and totqperature.    Hence aluminum soaps in hydro* 

carbons are association oolloida. 

13»   The visoosity of the hydrooarbon gels and jellies if 

oaused by loose linkages and aggregations of these oolloidal 

particles.    The  struofture of the jolly is therefore like those 

of the well investigated aqueous jellios of all  sorts;  namely, 

a brush heap or streptooollol arrangement of ramifying aggre- 

gates of colloidal particles enmeshing and partly immobilising 
RESTRICTED 
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•ol or advent« The particles themselves oontain both solvent 

and soap and aru not Iduntloal with the original soap put in. 

14« Many observations of viscosity and thlxotropy a^e 

recorded. 

15* Peptlsers act upon the linkages between thu colloidal 

particles. It is shown by comparison of bhese dinitrobensenes 

that their action bears no relation to dlpolu moment. 

16. Since there Is close parallelism between hydrocarbon 

systems of sodium soaps, silver soaps and aluminum soaps, their 

general properties cannot be duo to any peculiarity of aluminum. 

17. Data arc given for the system, sodium stearate- 

oyelohexane. 

18. During the course of the investigation various 

suggestions have been made. It has been shown that a very small 

percentage of metallic sodium can be dispersed through an in- 

cendiary jelly or Napalm in gasoline, making it ignito spontan- 

eously on contact with water. It was demonstrated that a numbez 

of thosd remain stablo and unaffected by the sodium over long 

periods. The use of gelatine capsules to enclose thu sodium 

completely proventod any contact while retaining muoh of the 

spontaneous inflammability of the fuel and also of its residual 

ash. 

19. Other suggestions are listed at the end of this repor* 

This report covers work to June 1944) subsequent work Is 

contained in monthly reports. 
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IHTRODOOTIOll 

When the Stanford group joined the Napalm re sear oh program 

on thickened fuel a, the type of thickener ma already deoided upon 

and Napalm «as in production.    The Important control factors for 

its production were known as well as the essential rheologloal 

requirements* 

Our problem was to explore the nature of aluminum soaps and 

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 sub* 

stitutes.    .is a sideline,  suggestions    for practical improvements 

were explored« 

Pew methodical Investigations of pure aluminum soaps, or of 

their mixtures with hydrocarbons, have been 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 thiokened hydrocarbons had not 

been identified.    Hydrocarbon systems containing calcium soaps 

had special properties whioh could not be attributed to those 

containing aluminum soaps.    The chemistry of the aluminum soaps was 

obscure and the existence of aluminum soaps of definite composi- 

tion was still uncertain. 

A sound beginning was made by obtaining proof of the exlstonc 

of several aluminum soaps as definite ohemioal individuals.    These 

include mono-soaps Al(OH)gL , di-soaps Al(0H)L2 , and add di-soaps 

Al(OH)Lg.HL , vfaara L stands for the  laurate radical and the three 

soaps are  similar to the  corresponding st ear ate 3.    The pure 
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dilaurate in many rcspeots resembled napalm.   Henoe It is suited 

for a thorough study, both as regards preparation and properties, 

ine lud iqg influence of physical state on gelling behavior with 

solvents, and its relation to moisture« 

The report then properly begins with a comprehensive study 

of the aluminum soaps, followed by their relations to moisture 

and then the hydrocarbon systems. 
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X 

THE ALUMINUM dOLtfS 

Knowledge of the ohemistry of aluminum soaps seems to be a 

necessary foundation to the understanding of aluminum soap- 

thiokened hydrocarbons. 

Thickened fuels of the Napalm type contain appreciable quan- 

tities of tha many hydrocarbons of gasoline, the many non- 

hydrocarbon'   "polar compoundsM present  therein,"free" fatty acids. 

Inorganic salts and water from the Napalm together with thicken- 

ing Ingredients which are a mixture  of aluminum soaps of unknown 

constitution... 

The possible formulae for aluminum soaps are complex.    «Ve     • 

have definite evidence for three definite ohemioal compounds: 

(a) The di-soaps A1(0H)X2 where.' X stands for a fatty radlOAl 

suoh as laurate, myrlstate, palmitate^stearate,  oleate or 

naphthenate.    Aluminum dilaurate is the best  single representative 

of the general behavior of Napalm. 

(b) The mono-soaps Al(OH)gX . 

(o) The  acid di-soap Al(OH)Xg.HX  . 

'■■iQ have no evidence for the existenoe of the simple normal 

aluminum soaps Al x3. 

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.    Jäigenberger  (1)  failed to pre- 

pare aluminum tristearate.  dlstearate  or monostearate but  he 
(1) E, El^anbor^er and A.. Elgenberger. Bittner, Roll.  Zeit 1940, 
91,  287 -2S4; JSi« Jäigenberger, rette aria öeifen 1942, 4,9,. 505-508, 
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favors a paeudo monoatearate consisting of oolloldal Al(0H)3 

peptir,ed by sorted fatty acid which enables it to simulate a mono- 

atearate and   to swell and form jellies, in organic solvents and 

also to farm syncretic  gels whioh split  off water on heating.    The 

base of his paeudo stearate  is assumed to be a condensed or poly- 

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

assumes a trw   "baslo"salt  "Al Str20  (Al 0 Str)g Al Strg . aqua" 

of molecular weight, when anhydrous ,        3302, and of constant 

ash vialüe 12*3& 'Other condensation products have also been 

suggested.    Of course a formula may be fitted to any empirical 

composition and the  study would be almost hopeless if mixtures 

oould notj be  separated. 

In approaching the problem, we recall that the handbooks of 

Inorganic  ehemistry of the 19th century reoorded as oompounds, 

thousands of formulae representing oompositlons empirically ob- 
® 
served»    Most of these formulae have been weeded out by applying 

the oriteria of physical chemistry for oompounds to them,    us* 

lag In parti oular the phase rule,and more reoently X-rays.   X-ray« 

serve the purpose of determining orystallinity for the numerous 
not 

eases In whioh crystalline form is/direotly visible. 

The phase rule presents a number of rigorous requirements for 

crystalline oompounds of whioh the most general is that a ohemioal 

eompound must aot as a single oomponent  over some range of ex- 

perimental oonditicna.        Miller ad Kenrlok (2)  in 1903 pointed 

(2) in. L. Miller and F. B. Kendriok, J. Phys. Chem.  I:  260 - 
268 (1903). 
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ov.t a aearohing teat whloh nay be applied by using suocesalve 

email quantities of solvent In ocntaot with the solid, meaauring 

at each point the  concentration of the  small amount of liquid 

and the composition of the solid.    For example, for three com- 

ponents,   if the  composition of the  a olio Is constant while   that 

of the  liquid varies,  the  number  of  sol 13 phase a, is  one:  If 

that of the liquid remains constant whi]3 the  solid varies then 

there are two    solid phaaes present,  if both vary, then there la 

present a  single  solid phase of variable composition as a solid 

aolution or a aorption compound.    For example,  in the present 

study.  If a small amount  of acetone is exposed to a solid,  free 

fatty acid is present  if, and only if, the acetone yields a 

solution of the   same   concentration as  if it had been exposed to 

and  saturated with free  fatty add.    Otherwise the  fatty add 

present in the   solid must either be aorbed or oanbined, as may be 

determined by successive measurements. 

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

rule oriterion.    If the  latter diowa that only a single compound 

is present, the X-rays give a oharaoteristlo fingerprint of it by 

tafoloh it may be traoed thereafter. 

Even a powder diagram shows by oonoentrio rings the presenoe 

of crystallized material,  with a pattern whloh may be compared wit* 

Other known crystals such as fatty adds or  sodium soaps.    Differ- 

ences of the rings gives an indication of particle size.    Halos 

show amorphous or  liquid   matter,    dlth aoap the  long spaolnga are 

readily distinguished from shorter aide  apacings.    From the long 

spa ein £s the monoclinio angle  of inclination^and the head to 
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toad, tall to tall arrangement can be deduced. 

The X-ray method le not sensitiv«•    The presenoe of 1<>£ 

Of a aubstanoe seldom gives a definite pattern.    The presenoe of 

1(>£ of an Impurity seldom affects the pattern of another sub- 

stanoe« 
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A. The Preoipltation of Aluminum Soaps and Faotors 

Influencing the  Results. 

This seotion presents first, a general diaoussion of our 

method of preparation; and oeoond, a study of tho factors 

involved« 

The influenoe of manufacturing; oaiditions upon the proper» 

tie* of Napalm Is a separate problem being studied by the Harshaw 

Company, and our work doss not duplicate those experiments. 

Napalm is prepared by adding an excess of aluminum salt solution 

to a soap solution in the presenoe of additional alkali in either 

solution.    This seems to be the most suitable for producing good 

Napalm but it dos a not  lend itself to ready interpretation.   The 

pH of the mother liquor ohanges fro* over 0 to less than 5, and 

the first portions of the aluminum solution are precipitated in a 

highly alkaline medium.    It ls^ probable that at least sane 

aluminum hydroxide 1« then fqpped, and, due to the well known la ok 

of reversibility in leb» flpmmflj nn pf this compound,  some alumina 

or basic aluminum salt »mains in ths ^nal soap,    live were later 

able to isolate such inorganic compounds as a turbidity factor 

In Napalm gels by ae-diewntajblon from peptized solutions« (Chap.XII 

Finally, the composition of the mother liquor varies from a soap 

to an alum solution in the course of the preoipltation. 

This led to the adoption far our work of the reverse method, 

1« e, addition of a soap solution to an aluminum salt solution» 

To avoid,as muoh as possible, changes in the mother liquor of the 

preoipitate, we use a large exoess of the aluminum salt solution 

so that the preoipitate is always surrounded from beginning to 
.    ÄKSTRICTBD 
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»na by aluminum ohloride solution.    We add a neutral soap, both 

because  it Is the  easiest to prepare and  store and because the 

pH of the mother liquor may be  least affected. 

■ie use hydrated aluminum ohloride rather than the sulfate, 

because of the known lesser tendency cf *;ho  chloride ion to enter 

complexes,  and thus the  greater ease  with vMch ?t  our be washed 

out when compared with the  aulfate ion.    The nitiuto  ion might be 

preferable to the ohloride, as  it poasep.se? the above qualities 

to a greater extent  but  there  is no good simple  test to ascertain 

its presence  in small amounts,  so that the  washing operation would 

be more difficult to control.    Furthermore,   its oxidizing tenden- 

cies woulj render the   soap less stable  thermally if traoes were 

present,    we are  using potassium soaps rather than sodium soaps 

beoauae  cf   their greater solubility. 

Under these conditions,a precipitate is formed which oontalna 

all the fatty acid  (since the mother liquor has a low pH)  cither it. 

the  farm of soap  or  soaps or loosely bound and free acid,  while 

the mother liquor contains the ohlorides of aluminum and potassium. 

In general,precipitation is carried out  in a blender by 

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

(prepared in large batches and stored as a dry powder) to an equal 

volume of \,S% solution of Baker's C.P. hydrated aluminum chloride 

A1C1..6H 0«    The preoipitate is  then separated by filtration and 

washed with distilled water until free of chloride.    It  is then 

dried over PgOg and the  soaps  separated from loosely bound adld by 

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

ashed at   1000°C|glvinQ results reproducible to 0.04$. 
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Mlnor detail« of teohnique play an approotable »el« in that« 

preparations. 

Factors determining the final composition of the soap, 

particularly in oase of the stearate, are as follows: 

(a) The temperature of preojpitation has a pronounoed effeot 

both upon the physical characteristics of the produot and upon 

the chemical composition of the extracted soap. 

In tho oase of the  stearatefthe  soups preoipitated at tempera- 

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  formed a stable dispersion of foam on agitation in the 

blender.    In this condition, vaouum filtration by means of either 

coarse  sintered glass'   funnels or filter paper supported by a 

Buchner funnel was often found to take as muoh as 1 1/2 to 2 hours 

for tho filtration of 500 ml. of the aqueous mixture oontainmg 

only fivd grams of soap.    However,   samples prepared at a   ••  . 

temperature  of 70°C or above coagulated and floated to the top of 

a dear aqueous medium.    Filtration was very rapid (a matter of 

seoonds) and the  resulting filter cake  was powdery and readily 

manipulated. 

The dried soap from the batohes 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 soaps* 

The higher the temperature of precipitation of aluminum 

stearate,  tho more  nearly does the   composition of the  extracted 

soap approach       that of aluminum diatearate Al(0H)8tr2  ■ 

Figure 1 shows thd  oemposition of extracted soap formed at various 
RESTRICTED 
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temperatures from 0 to 100°C.    From 0 to about 45°G the ash value 

Is constant at 9,55$ and may be compared with values of 8*38/6 

for pure distearate and 14,86# for mcnosteorate which have been 

calculated based on the acid number of the particular sample of 

fatty acid used«    According to this,the  soap is a mixture  of 1Q% 

monostearate end  &Z% distearate« 

As the temperature   of preoipltatlon is raised from 60° to 

100° the oopposition of the extracted soap linearly ohanges 

toward that of the distearate, apparently reaching it just above 

100°C. 

In case of laurate the results are less definite but the low 

temperature soft sludge formation has not been encountered. At 

higher temperatures a taffy-like mass is obtained which hardens 

upon oooling and may be washed, dried, powdered, aid extracted* 

The composition of the extracted soap is very olose to the 

dilaurate at all temperatures from room to 100°C. 

(b) Heating the preolpltate in the mother liquor causes a 

definite reduction in the amount of free acid and a change from 

mono- to distearate«    This demonstrates that fatty acid reacts 

with monostearate to transform it into distearate - a reversal 

of Oi well known reaction of hydrolysis.    The duration of heating 

seems to ba  of  secondary importance and the process is not readily 

reversible en oooling.    In the following experiments soap was pre- 

cipitated at 25°C and then heated in its mother  liquor with con- 

tinuous stirring at 80°C. 
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Procedure 

Standard 25°C 

Kept    at 80°C for  2'   filtered immediately 

•i .i il ll    1Q| II II 

" "      •• "2' " after rapid cooling 

" "       « "    2.i ■       "      slow ■ 

These results are   shown in Figure 2. 

ASh 

9.55,3 

8.76# 

8.60# 

8.51# 

8.70# 

(c) Ho at inc.  the dry precipitate.    Portions  of unextracted 

soap,   (washed free of chloride aid  then dried)  a  sample of vftiich 

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  effect 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 example, 

a  sample prepared at  85°C using a  14,Z-i 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 8.76J6.    Another, prepared at   58°C, 

using a 9.38% aluminum chloride  solution and a 4.44$ potassium 

sfcoarate   solution gave an ash of the  extracted  soap  of 9.24$. 

(Fig.   2). 
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Vai-iaci on  of A ah Content  of extracted .iluminum Stoarate 

with Factors  other than Tenporature  of Precipitation. 
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(•) The affect of ageing (solidifying) the potassium stoarate 

solution at 25°.    A freshly prepared potassium steorate  solution 

(heated till olear at about 70°C,  then oooled rapidly)  is quite 

liquid and produces an extracted precipitate with 9.55# ash» 

However,  if it  is allowed to stand for 48 hours before use,the 

extraoted ash value may be as high as 10.45^ or possibly higher. 

(Fig. 2). 

(f) Possible thermal hysteresis of aluminum chloride 

solution.    It was thought that aluminum chloride solution may 

show a thermal hysteresis   similar to that exhibited by its olose 

relative ohromium chloride.    A solution of aluminum ohloride was 

prepared, heated to 80°C and after 1 minute at this temperature 

qusnohed by immersion In ioe water.    The ash of the extraoted 

aluminum soap prepared at 25% from this  solution was 9.64jf show« 

lng that there was no appreciable effect«    (Pig* 2). 

As a check, the conductivity of a 1,5# solution of aluminum 

ohloride was measured before and after heating to 100°C with 

rapid quenching.    The difference was 1 port in 5000«  1. •• 

negligible. 
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Bt   The ExtractIon of Patty Acids by Solvents. 

Extraction with 95# ethyl alcohol yields aluminum prodwts 

approaching the  canposition of alumina«    Preparations made  in 95^> 
free 

ethyl alcohol yield alumina  substantially/from fatty acids« 

Methyl alcohol,   on the other handfwhether anhydrous or con- 

taining 5% of added water, fails to degrade aluminum dilaurate 

beyond the  composition of monolaurate, yielding 11 *b% ash whioh 

would correspond to a mixture of three parts of mono- to one 

of dilaurate.    Preparations made in anhydrous methanol, after 

extraotlon with acetone, gave samples corresponding to the 

monolaurate« 

Moisture present during extraotlon with acetone hydrolyses 

the soap to give mono-soap or even alumina.    Hence before extrao- 

tlon both soap and aoetone must be  carefully dried. 

iffe use for extraotlon aoetone dried over Drierlte (anhydrous 

calcium sulphate), 

The, problem of drying aoetone.   The problem of drying the 

aoetone must be faced as a compromise at best,  slnoe It has been 

•shown by Timmermans and 01116    that aoetone twloe distilled at 

reduoed pressure  over phosphorus pentoxlde still has ,0002% of 

water by Infra red spectrosooplo analysis and a large loss of 

solvent  occurs.    The  best results given fry Weissberger and 

Proshauer  (4)  for  drying acetone were  obtained by use of KgCO« 

(3) J. Timmermans and L.  Oillo,  Roczniki Chemii 18,  812,   (1938) 
(  in French). 

(4) A.  v;eissberger and E, Proshauer,  Organic Solvents,Oxford 
Press  (IE35). 
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(only) whioh left .16# of water. The use of phosphorus pentoxide 

as well as use of potassium hydroxide pellets and of metalllo 

sodium results in condensation products. 

We have used Drierite, anhydrous oaloium sulfate, since it 

is readily obtainable, easy and safe to handle. Only anhydrous 

Mg(C104)g Dehydrite, which is potentially explosive,  and those 

excluded because of tar formation are more efficient drying 

agents. However slnoe the drying agent merely competes 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 soap may disturb 

this equilibrium distribution and cause the acetone to absorb 

moisture from the drying agent. Thus the drying agent would 

have beoome the reservoir and source of water. 

The importance of traces of moisture in acetone may be 

illustrated by the following data and calculations whioh all 

assume pure aluminum distearate with an ash of 8.38£ as a refer- 

enoe points 

(1) Complete hydrolysis of the soap to the hydroxide oould 

be aohieved by .06 grams water/gram soap. 

(8) Hydrolysis to a soap with an ash value \9% oould be 

aooounted for by .003 grams of water/gram soap. 

(3) using 1000 ml. of aoetone to treat 1 gram of soap only 

6 x 10"5 gram water/ml. of solvent would be necessary 

for complete hydrolysis of the soap. This would be 

equivalent to .007 # by weight of water in the aoetone. 

(4) The soap used is dried over phosphorus pentoxide to a 
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c on st ant weifht.    The accuracy of th» balance  1B at 

best  «06-. 1 mg. and a variation cf this, degree would 

represent  .001-.002$ water by weight  In the  soap which 

is not significant. 

The degradation of the soap, represented by the portion of 

the curves having a constant slope,  could be duo to a concentra- 

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

water by weight  in Kho  solvent,  which is a oryness never attained« 

Consideration of the traces of water required for the ob- 

served hydrolysis of the soap compared to the much larger con- 

centration which exists after drying with arvj drying agent, tends 

to the belief that hydrolysis of the soap dees not proceed so 

far that all the water present in the aoetone is consumed. 

Whether this is due to the attainment of an equilibrium or in- 

sufficient time of contact  is an  open question. 

Aoetone appears to be the best  solvent for extracting free 

or  loosely combined fatty add from our sop^s because it does 

not dissolve or decompose the latter;  the  extracts show no ash. 

Its main drawback is that  it  cannot be  obtained absolutely dry, 

so that a residual hydrolysis must  be taken into aooount «hen, 

as in our experiments,  enormous volumes' of aoetone are used to 

extract  small samples cf  soap. 

It has been already noted  (Broughton and  Byfield,   O.3.R.D. 

Report 2036 and C.vV.S.  Columbia Napalir summary No.  2)  that 

extraction of aluminum soaps with dried acetone  in a Soxhlet  type 

extraotar yields fatty acids at a decreasing rate as extraction 

proceeds.    It has been suggested that at first free   (or loosely 
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bound) aol<fcare extraoted and thereafter thoee freed by hydrolysis 

by any moisture prosent. 

We have modified the classical Soxhlet extractor to obtain 

better control of the variables« 

The volume of solvent passing through the samples has been 

controlled by the arrangement  saown in Figure 2 as adapted to an 

ordinary Soxhlet apparatus, having a Friedriclc's condenser and 

standard taper ground glass joints, used for extraction "'at the 

boiling point of acetone'1.    Samples of powdered soap are weighed 

into a filter paper thimble, which is enclosed in a glass tube 

open at    both ends.    This tube, containing the thimble of soap, 

is out long enough to stand above the  T;vel of the solvent in 

the Soxhlet,  thus preventing the  solvent  outside of the tube from 

contacting  the  soap ,    All of the  solvent  is passed through the 

soap by conducting the reflux from the oondenser 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 tube, 

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

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

through the soap ence and only once at  a rate controlled by the 

use of a calibrated variable heating  cone.    Channelling is largely 

avoided by using the Soxhlet extractor.    A constant reflux rate 

has beon used on all samples as part of the standard procedure 

of soap preparation. 

A more  complete modification shown schematically in Figure 4 

allows continuous drying and neutralization of the  solvent, 

control of' the extraction temperature, recovery of unoontaminated 

extract and continuous unsuporvised performance. 
HESTrtlCTiäD 
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Figure 3 
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P/tnclples;    The  solvent  goes through two  sucoMsive distilla- 

tions,  thä first being to separate  it  from tho axtract, end then 

after condensation it  is redistilled to separate it from the 

drying agent  before   it  is employed in extraction.    It  is con- 

densed and cooled prior to contact with the  substance to be ex* 

traoted.    fhe rate of heating during the  first distillation is 

kept definitely slower than during the   second one,    A reflux 

Condenser keeps the  level of liquid during the  seoond distilla- 

tion from falling below a given point.    Thu direction of flow of 

vapor  is controlled by 3 goose-nook liquid traps. 

Description;      The  solvent is separated from the  extract by 

vaporisation in flask 1.    The vapor proceeds through tube 2 into 

condenser 2a and  the  liquid enters flask 3 throvgh trap 4. 

Contact with drying and dehydrating agents is effected in flask 

4 and  the  solvent  is vaporized therefrom through tube 5 and trap 

6 into condenser 7,  vhere   it is  condensed and  flows into con- 

denser 8 «here it is oooled to the desired temperature  (e.g. 0°C) 

before entering conventional Sochlet extractor 9.    This extractor 

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

at  the  desired temperature.     Once tho  extractor G is filled to 

the proper level the  solvent and extract are syphoned through 

trap 10 into flask 1. 

FJLisk 2 is heated at a faster rate than flask 1.    This pre- 

vents the  level of liquid in flask 1 from getting too low.       i'he 

level of liquid m  flask 2 is kept  oonstant by means  of reflux 

oondenser  11 co-acting with trap 6.    »hen this level falls bolow 

the lower tip  of oondenser 11 the back pressure of trap 6 foroes 
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the vapor Into condenser 11«    When the  level la above the lower 

r.xp of condenser 11 only a very snail portion of the vapor former! 

is refluxed and most; Oi" it flows past trap c; into condenser 7. 

Ouard tubes 12 and  13 prevent entry of atnospheric humidity 

into the  systua. 

Specifications:    The apparatus used at present has the following 

dimensions; 

Flask  1 and 2 are 250 oo. Erlenmeyers.    Height,  Overall 

118 cm.;, to trap 6, 92 on».    Head of traps:  trap 6,  1 om,; trap 4# 

6 om.; trap 10, 9 om«    Horizontal distances between centers of 

flasks 1 and 2,  12 om.; tube 5 and condenser 6,  12 om.; tube 2 

and condenser 2a, 6*5 om. O.D.  of tubes and trujjs 11-15 mm.    The 

side arms of flask 2 are at right angles.    Four and 10 ore filled 

with glass beads.    A suggested improvement  is to reduce the  O.D. 

of traps 4 and  10 to 5-7 mm.    to reduoe back suction. 

Modification;      When the recovery of extract  is not necessary and 

only control of temperature is desired, flask 1 is connected by 

means of a glass tube,not  shown,directly to the horizontal tube 6, 

thus bypassing  flask 3 and  its condensers. 

With t'.x aid  of these extractors.,  we were able to Obtain the 

curves show  *n Figures 5 and 6 for the variation of ash of 

aluminum stearate vhen extraoted at about the boiling point of 

acetone anci aluminum laurate «hen extracted at  3 teimcrrrtures 

r<apojctively as a function of the volume of solvent. 

Figure 5 is particularly interesting.    It shows rapid learn- 

ing of material from the  soap by the  first liter of solvent, 
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The ott'ves then level off to a constant slop« which indicates 

An increase  of lead tn\n 0«ljtf for the ash values per liter of 

solvent. 

as a working hypothesis we too assume Vrat free acid and 

acid loosely bound  (i.e. as add soap)  is extracted first,  leav- 

ing a residue of soap  or soaps containing only acid combined or 

held by ionlo bonds; and that the  constant  slope section of the 

curve represents degradation of this soap due to a snail but 

continuous hydrolysis by traces of moisture. 

This hypothesis is   supported by the knowledge  that wet 

aoetone does result in hydrolysis as has ^eor. demonstrated,  for 

example by C.J.S. Colunbia, and has been oonfir-nsd by extracting 

a sample of the   soap used in obtaining the upper curve in 

Figure  5 with two liters per gram of soap,  employing 67;% aoetone 

33,J   water as solvent.    The ash value  for the extracted soap was 

19.6^(1.e. way out of bounds of the figure.) 

During all our  standard Soxhlet extractions the aoetone  is 

being dried continuously by the presenoe of "Drierite"  in the 

reboiler flask although it has been dried previously by the same 

drying agent   far  several days.    The value  of thi3 precaution, 

however,  hac been shewn to be real and   significant inasmuch as 

refluxing tlie previcasly dried acetone during extraction from 

frc*r  ''Drierite'' decreases the   slope and therefor  the degrada- 

tion VwiSe,    TIB  triangle   above thd   carves in Figure  5 »bows tfce 

roi'ult obtained bv usirjg acetone which tad been dried for fc-vo 

tf-eks over  ''Drierite",  without drying ac,ent prase'-t during er.- 

traoticn. 
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Variation of .ish Contont  of .aluminum Stearate 

Dunne- Exhaustive Extraction with Dried acetone. 
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Figure 6 

Variation of Ash Content of Aluminum Lwurnto 

During Exhoustive Extraction with dried Acetone 

at Three Temperatures of Extraction. 
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The temperature of extraction affeota the rate of hydrolysis 

by thu unavoidable traoes of moisture,  the hydrolysis being more 

pronounced at higher tamperacures as.    shown,  for example, by 

Fijfuru   6 for aluminum dilaurate,  which is practically unaffected 

at 0°C, more  at room temperature,and rapidly at  the boiling 

point  of acutono.    At thu  saw  time this graph shows that the 

extraction of loosely held acid is accelerated by higher tempera- 

turua  so that a  scap  free  from such aoid may be  obtained in 

ahorter tine of extraction. 

Inspection  of the curves of Figures '5 and 6 shows that the 

problem of freeing the   soap of loosely bound aoid without hydrolyz- 

ing it at all is not yet completely solved,    we  obtained,however, 

values far ash within 0.07$ far the stearate, 0.04$ for the 

laurate and O.lyfor  the   ojclohexana oarboxylate,    Extrapolation 

of the  flat portion of the  lower curve  of volume  of extractions 

versus composition  (Figure   5)  to zero extractant   shows  that  if 

no degradation occurred,  the   steara-e would have an ash within 

0.00 - 0.02;« of the  theoretioal  (8,ö8>). 

.ia have also developed a simple titrimetric method for 

determining free and  loosely bound lauric acid  in aluminum 

dilaurate giving results accurate probably to 0.1 - 0.2# and 

reproducible  to ubdtit ,'0.05^, 

The  method  is  similar to that  developed by the C.h.S. 

Columbia group  but  applicable  to  small  sarnplas,  0.2 - 0.3 grains 

Of the  soap .being required.     If only one  fatty aoid  is present 

it gives results  in  weight  % of free  acid;   if several fatty acids 

are present   it gives  only equivalent  % of free  fatty aoid, 
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Ttefc  soa> is v.fi?.öwd Into a 25 oo. volumetric flask, dried 

by cvaouition fee 30 minutes.    The  flask Is thea filled to the 

uark with acetcne  which has been stored over  ''Driorite" and 

anhydrous KaC07.    The flask is stoppered and shaken frequently 

at room tenperature   (22-25°C).    The ratio of advent to soap 

is sufficiently large to dissolve .ill looojif- bound luurio aoid 

at this tempuratvo.    (The maximum concentration of acid being 

oa.  1 per 100 oc«,  which is about  2;'J of saturation.) 

After 15 minutes '-.he  clear solution is siphoned off under 

presauru through a cotton plug.    The  first   L -  2 oc. ore dis- 

carded and tha following 10 co. collected in a  10 oc. volumetrlo 

flask.    This method   separates completely ths  ar.\p from the 

solution with a minimum of evaporation. 

The  10 oc.  collected ore transferred to v. honker,  the flask 

rinsed with 10 oc.  of alcohol and  25 oo.  of water,   ?: or 4 drops 

Of phenolphthalein are added, and the mixture titrated with 0*04 

N KOH. 

A blank is always run on the solvents and Indicator,  and 

subtracted from the result.    The result  is then computed assuming 

that the  *cap  r~s i'1. contact with 25 oo«  of solution* 

Presence  of mter is of course an important  source of error 

in this method.    In a test 0.29 gm. of water  (comparable  in 

weight to the  soap)   sufficod to increase the free aoid content 

from 0.7# to 2«0jS.    Viihen the extraction was oonduoted at 0°C, 

0*15 gm. of water raised the free aoid oontent  of the  same soap 

to only 0.9/£. 

If the amount of soap is varied the result is not affooted 
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■ignifleantiy.    In a t«vst 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 course the precision of the method. 

If the  some method  of extraction is applied several times 

to the  same  sample  of soap the  free acid content drops immediately 

to about 0.1-0.2JB and  levels off»    The significance of this 

apparent amount of residual free aoid is not clear.    It could 

be due to hydrolysis by traces of moisture,  but we  obtained some 

Indications that it may be due to oxidation of acetone by oxygen 

sorbed by the  soap since a test, blowing COg-free oxygen through 

the acetone durin,. extraction,   increased the apparent free add 

content from 0.3 to 0.5#j  while storing the soap in a C02 

atmosphere  over night reduced it to 0.15;.«.    This amount is 

sufficiently small however to be taken as the  limiting factor on 

the accuracy of the method* 
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0« The individual Aluminum Soaps. 

The two most important properties of aluminum soap a, their 

behavior towards water and towards hydrocarbons» are treated In 

later chapters of this report.    Here are oolleoted the observa- 

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

their preparation.    We deal In turn with aluminum dilaurate whloh 

has been studied in most detail, followed by aluminum distearate; 

acid aluminum dilaurate and aoid aluminum distearatej aluminum 

monolaurate  (and monostearate);.and aluminum dl-oyolohexane 

oarboxylate. 

Aluminum dilaurate. Al(QH)I—> 

(a) Preparation 

Aluminum dilaurate was best prepared by adding an 8% neutral 

aqueous solution of potassium laurate (from Eastman Kodak laurio 

aoid and aqueous potassium hydroxide, using carbonate-free water 

and potassium hydroxide) slowly to a large excess of a 2# aqueous 

solution of hydrated aluminum chloride (AlCls.6Ha0)  (Baker's 

analysed). 

The precipitation was oarried out at 26°C using strong meohan 

leal agitation.   The precipitate was washed tilth oold   boiled-out 

distilled water until free from chloride.    It was then dried over 

Pa0s In vacuum.   The dried produot contained about 30# of loosely 

bound fatty add which was extracted rapidly,  in 5-10 minutes. 

In a fritted glass Bttohnar funnel with dried, neutral, oold ace- 

tone using 80 ml. of solvent per gram of soap in 6-10 equal 

portions. 

The ash value is 11.56 - 11.62^ «tls08, theory 11.49.   The 

loosely held add amounts to about 1% as determined by the method 
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Alternative Soxhlet extraction at 0°C (see p. 25) with 

3006 - 5000 ml/g: . ha« been used«    Both yielded good result•• 

The   soap obtained is a fine white powder which is oaked by 

pressure.     It is slightly hygrosoojio taking up 0.4 to 1# moisture 

from the air.    For analysis,  it may be completely dried by 

evacuation or storage  over P2®5 at ro0m temperature.    It shows 

no distinctive features under the  microsoope and even under the 

eleotron microscope only irregular agglomerates 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 halo. 

Ijpon heating in sealed evacuated tubes the powder sintered 

to a white  opaque mass at 150 to 170°C and beoame transparent 

rather sharply at a temperature between 190 and 193°C;  this is 

taken as the melting point because the resulting mass is homo- 

geneous and  isotropio although of exceedingly high viscosity.    It 

withstands heating for short    periods to 300° C and flows.slowly 

at this temperature.    Prolonged heating at 300°C  in a sealed tube 

or even at much lower temperatures with drastic temperature grad- 

ients results in degradation,   one of the products appearing to be 

dilauryl ketone.    This might indicate that the uniformly:heated 

soap remains  in equilibrium with its volatile decomposition 

produots, 

•then cooled from the molten state the original appearance of 

the soap is not restored; instead a hard brittle mass is formed 

whose properties depend on how it is oooled. 

On cooling slowly and keeping the   soap for between 15 minutes 

and an hour between 160 and  170°C.  the mass becomes strongly 
RESTäJCTäD 
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Mrefrlngent and markedly opalesoent.    This ia the "crystallised" 

form,    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 and on the way it was erystall!zed.    The  sharp 

melting point is indicative of a definite compound and not a 

mixture,    Upon oooling it  yields a white brittle solid» 

(b) Different physical forms ofmalumlnum dilaurate, Al(0H)LQ. 

The dilaurate exists in several polymorphic forms v/hich^differ in 

their appearance,  swelling in solvents,  and details of X-ray 

diffraction; yet may have the  same melting point and likewise are, 

to tome  extent at  least, reversibly transformable  into eaoh other. 

The X-ray diffraotion pattern of the   "orystallized" form (Fig. 14 ) 

shows lines in the  same position as the  original form but muoh 

sharper, and the diffuse ring of the latter is resolved into 

several sharp lines.    This shows that the arrangement of molecules 

was much mere  orderly after crystallization, presumably being in 

the  form of larger orystals, and explains the difference of about 

iPc between the melting points of the   "original" and  "orystallized'' 

form. 

AS will be dlsoussed in more detail in Chapter III, the 

orystallized form is inert towards oyolohexane at temperatures at 

which the original farm swells enormously and forms an opalescent 

noncoherent  "gel" and a very dilute  sol.    At higher temperatures 

both crystallized and original form produce a clear elastic jelly. 

These various systems may be frozen and the  solvent  sublimed off, 

leaving different physioal forms ''recovered from gel",  "from■Jelly" 

ana   'from aol", 
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The font recovered "from gel" Is quit« similar in It« 

properties to the  "original"one.   That "from jelly" swells without 

limit at room temperature in eyolohexane, forming a olear Jelly; 

and its X-ray diffraotion pattern is much mare diffuse, though the 

position-   of the lines is still the same, and it oontains only 

traoes of free aoid as determined by the method described on 

p. 22 •      The 0Be re covered "from sol*1 is an extremely fluffy 

Alte powder whioh dissolved rapidly in eyolohexane and gives 

barely disoernable  lines in X-ray diffraotion« 

If the molten soap is quenohed rapidly it yields a solid 

transparent "glassy" form whose X-ray diffraotion is somewhat more ' 

diffused than that of the original and whose behavior in oyclo- 

hexane is irregular, part dissolving and part swelling, thus 

showing physio a 1 inhomogeneity due to uneven heat treatment during 

quenohlng • 

Table I summarises the properties and preparation of these 

various forms. 

All these f ones upon heating and proper oooling give the 

"crystallised" form having the  same melting point and sharp X-ray 

diffraction lines, proving that they are different physloal forms 

of the same oompound, differing probably by the sise and perfection 

of their orystal structure. 

The "glassy" and the  "original" farms are shown by their 

behavior in eyolohexane to be physically lnhomogeneous.    Indeed, 

the glassy form is    visibly lnhomogeneous.   The original form 

eontalns    about 8# of forms very soluble at  21°C and about  23% 

soluble at 25°C, while the remainder is quite insoluble at these 
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REST RIM SD 

I   9 

o X 
I *i  • 

M   fr 
er««l 

o 

#»3 

3 CD (£ 
►Ö HO • 
Cb  |-«*<! •moo 
et p ö 
ö et p- M 
T       i O 
i »IX H 

o B H' ■ - 3 ta. 

p P p er 
■ o o CIO   O 

c D H- 
HX H4 H 

o. ■ 3" <i     § «-3 
u et <"» 

H- P O * ° 
HpiiO et 
fei    °H 

I    I 

•  Q 

O  P  et p H O ti Hl) P *U   1-' s i 
O & r* et O o P T «•<  O D 

M   H- H" H1 H Q.h •JE o, H- er o* en 3 
fi o i- 2 Qf' _ 3 sf ff a e-i * «4 O et p 

■       O o 
3  O 

gj H- H ►? fr M   H> P   Q ;-. 
I B Q a ö f. p ö *s o> 

O {3* C HU      "O et 
»1 O ►* CiC o        O 4 H 
• et »^ ß P- H eto D 

3      3 et 
3 3"' 

1 O' o 

H P  o et et o 3 *0 
33<HO«^^P& 

& 8  3 O   H P 

O   ►*  H   CO 
«.   o 3" ca 3 

3'ct 

o t 
•    E 

et H" G 
B* P • M O' 

3 et 3 er [. 
& I 

U1 

«i &■ o p gj 3" ff o 
P 4 O 3 
o«<l o, ? O   O 0 p 

OKlH 
ß  H HH- 
O   3   H   H 

H H- 00 et h-< HU et H 

•  t. 3 
01 C »3 

O 3* w 3 

i f o an 

3t-d 
3 P 
a 4 

X  O' 
p •-% 

CJl 

&P (-•  et«  ctB P"CT 

o & et P X 
o Fr c 3 f-1 H- I M Q  HHt*       & 3  O  3 

f.   P •O 
Ct»0      ' 

n H' p ^ro 

C   O H 
ß 4 ••    er er et jy H 

»i & et o 
3*      O eto 

H- fr »• 
0    Cf r. 

tr o o o H o » 
f   3 o 

ero r M>H 

<  3  C   M  1^ MOO 

O p^h-iHOetQto cer3f;e:oiyet|_ij. 
'3-et4(. 3*DHOl 

B H 3 H p  C 3   I   et 
o p 3 H •icq 

Cn cr<.-5       P 
I ■ 

fr-   I 

Hi 

o u: 
M o 
ta 4 
et O 
P   I 

i 

Mb 
P X 
H  et 
3 4 
et CD 

ro 
i 

8 

N)H 

a ca 

.BE 

H  O* I 
3 C I 
& et I 

• o 
CCS 
ÜB 

4 I 

w O* er wtü 
O ^ ^ HH 
M H'   P   HP 
H(t3t    H 
p. er  ca  3*» 

H M ct3" 
CD   ri pl 

pq a* er gc 

HH 

O 

W 
et 
Pto 

CD 

C3 

•o 

Pi 

H 

+i   *t *i*-       P 
P H- P on- 
to et a sjw 

U CX 

H < CD       co  er  w ffB: 
3 *i 

j-i ly net 
CD   P ca H1 

V 
CO 

a. 
H 3     p    o o p   et er3     y  o 

*-j w < »?• 

o ►• 

OS 

I— &J 

B   H 
ca   o' P H"   W ■ 

4 3P     G 4 
H   CO O 
cr'ÜO 
c. P3 
H" Met 
CD   • 

H 0 
P, - 

cr^   ötu 
o 13 
K- H'fr go ß 

et3      B O 
PJ ei-co 

0 P 

< Cn 

et ►*        Ä 
MO , 
Hft 

a Sri 
o  CD t^o 

nt   5 50 

c o 
0 Q 

■ 4 a      ca O 
< cn 

o 
MC Ü1 

CJ1 

R^jf*il0i!.«0 



RKSTRICTfcD 

-53- 

temperatures; but all of these forma oan be ocaverted Into the 

same sharply maelting orystallised form«    Henoe they differ only 

In physloal properties. 

The existence  of the definite compound A1(0H)L2 Is further 

oonfirmed by the fact that «hen it distributes itself between gel 

and sol in oyolohexane the produots recovered from both show no 

appreciable difference in melting point. This is discussed in 

Chapter III. 

(o) Aluminum dllaurate in bentene  solution. 

Aluminum soaps are not high polymer s.    In solution, the high 

polymers such as cellulose derivatives, rubber,  etc., are assumed 

to have a high molecular weight Independent of temperature and 

concentration and derived by extrapolating   the actual measure- 

ments to infinite dilution.    At finite concentrations their 

osmotic pressure Is  low and inoreases faster than the oonoentra- 

tion. 

Aluminum dllaurate in bensene on the other hand has a rather 

low osmotic pressure which deoreases much more   slowly than the 

concentration.    Aluminum dllaurate  (and Napalms) must be recog- 

nized as association colloids.    There is a great change of 

apparent molecular  weight  (change  in degree  of association) 

throughout the measured range corresponding to (AUOHjLgJgQQ 

In 1.0£ and (A1(0H)L2)6 in 0.00l£ solution,    »hile  extrapolation 

to Infinite dilution is difficult under these circumstances,   it 

Is, certain that the aotual molecular   weight of aluminum dllaurate 

is not higher than (Al(OH)L )g , and its true moleoular weight 

may well be Al(OH)Lo. 
RESTRICTJSD 
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X-ray examination of Napalm, aluminum dllaurate. and aluminum 

dlstegrate«    The X-ray diffraction dlagrons were kindly made by 

Dr. Sydney Ross without support of O.S.n.D.  fundt.    Their general 

significance was Indicated In the Introduction« 

Napalms give X-ray powder diagrams consisting of fairly sharp 

rings as shown In Figure 7.    They closely resemble those of 

aluminum dllaurate,  likewise given for comparison in Figure 7« 

Figures 8 and 9 give mlcrophotometer tracings for the X-ray pat- 

terns of ten Napalms as received by us*    Figures 10,  11, IS artd 13 

give typical miorophotometer tracings of Napalms, dllaurate, 

laurlc acid and sodium laurate.    Figure 14 shows the X-ray patterns 

of the dllaurate In its different physical forms ranging from the 

highly crystallised substanoe to the almost amorphous form re- 

covered from jelly as already desoribed in Table I on page 32» 

Miorophotometer tracings of X-ray diffraction patterns of 

aluminum distearate in its original form and in the crystallised 

form are shown in Figure 15*    Both are highly crystalline. 

Figure 16 is a diagram of X-ray diffraotion patterns of the 

known forms of aluminum and Its hydrates«    Comparison of the lines 

for aluminum dllaurate and aluminum monolaurate show that these are 

distinct chemioal species, and not acre adsorbates or peptlsates 

of aluminum by fatty add«    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 1% of Napalm in toluene 

and lsoootane, respectively.    In toluene it formed a very stiff 

elastic jelly, transparent but containingfat first#numerous slightly 
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PHOrOOR-iPHIC  REPRODUCTION X-R.iY DIFFRACTION PATTERNS OF a 

N.1P.1LM AND aLUMINUH DILAURATE 

Figure 7 

Aluminum dilaurato 
Al(OH)LB 

Napaln Nuodex Batoh 
No.  13571 
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Diffraction Patterns  of Ton 
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Uicrophotomatei- Tracin_.  of X-ray 

1 Diffraction Patterns of Ton 

k   Rcprj3ontacivu Napalms.(Cont'd.) 
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MDBQtnaiQXntA HUGXH09 0? X»&i3    DIFi RUCTION P4IVBRII 
3asa>lo  to p't.to iiat&aM 5 on« Jlu^nifioaticn 2x 

AL(OH)T-S recover- 
ed from solution 
and  crystallized 
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MlCROPHOTC>»ETE!l mßUnt OF X-RAY DIFFRACTION MRBUI OF VARIOUS 

Hagnifioation Zx, 
Sample to plate distance 60 mm. 
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from gel 
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Figure 14 
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MICR0PHOT0M&TE R TRACINGS OP X-R-iY DIFFR-iCTION PAfTERNü 

OF   ALUMINUM DIüTEARATE. . PLATE DISTANCE 5 CM.     MAGNIFICATION 2X. 

Figure  15 

re crystallize 
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Diagram Of x-ray diffraction patterns  of aluminas and their 

hydratea  (aooording to Heiser,  1935)  ard of aluminum monolaurate 

and  dilaurate. 
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opalesoent floca; this dried to a transparent waxlike flip, 

yielding a very different X-ray diagram. 

In anhydrous isoootane the grains of Napalm «ere swollen to ■ 
transparent  lumps of gel with thin liquid left over even after two 

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

crystalline. 

Figure 17 records X-ray results from the MoOean Napalm show- 

ing dearly the retention of orystallinlty in soap reoovered from 

a gel and its absence in soap reoovered from a jelly.    The in- 

dividual speoimens were as followsi 

(1) Napalm McOean Lot 462 untreated.   The pattern shows 

rather sharp lines. 

(2) Same soap plaoed in 11*5 weight parts of Isoootane for 

three days forming a two phase system of a small amount of thin 

clear liquid and swollen murky lumps of soap, then dried by evacua- 

tion below room temperature.    Figure 17 shows distinct lines, 

confirming the presenoe of the gel phase. 

(3) Same as 2, but heated on the steam bath for one hour, 

forming a'coherent mass of somewhat lower turbidity than 2«    It 

shows only halos and proves that the gel phase has given way to 

the jelly. 

(4) Some Napalm plaoed in 11.5 parts of eyclohexane at room 

temperature formed a turbid mass.    Prosen and dried by evacuation. 

It shows a pattern of jelly not gel. 

(5) Same process as (4) but with benzene.    An almost clear 

transparent mass was formed, and it shows again a pattern of jelly 

similar to that obtained from the turbid samples 3 and 4« 
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PHOTOilüTER TRACINGS OP X-F-iY DVFILJOVIOS P.:J."rERNü OP 

■tf*Ui MMMätl 462 DlMJLiA'ED .iND UOOVIRKI) Wfli HYDIIOCARLONö 

Figure 17 

1)   Untreated 
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Crvstal struoture of aluminum dilaurate. The crystal struc- 

ture of sodium soap, fatty acids and a number of other related 

homologous series Is well established. Comparison of their pat- 

terns with those obtained tot  aluminum dilaurate and aluminum dl- 

stearate affords a partial Interpretation of the struoture of the 

latter. In all these series the long spaoings are so dearly 

separated from the short or side spaoings that they are unmistake- 

abla. Indeed they arc so long that they require that the fatty 

aoid chains must be placed end to end in pairs to produoe the 

distance between the (001) planes, o sin /?• Aluminum dilaurate 

and aluminum distearate have suoh similar X-ray patterns that they 

must have the same polymorphic forms. The microphotometer tracings 

for these two soaps ore reproduced for comparison in Figure 18. 

Two different sets of lines may be noted. Those near the center 

correspond to successive orders of the long spacing and those 

grouped together between 6& and sk correspond to short or side 

spaoings between chains. 

The short spacings are identioal for the two soaps showing that 

they ore independent of the length of the hydrooarbon ohain and 

that both soaps have the same polymorphic form. 

The normal configuration of paraffin ohain crystals is full 

extension, with each chain straight except for the tlgcag necessi- 

tated by the tetrahedral angle of the carbon bonds. Close paoking 

of the ohain is favored by oertain angles between the direction of 

the chain and that of the plane of the terminal groups. In prac- 

tice, angles of approximately 90°, 70°, 62°, 54°and 48° have been 

enoountered (cf. Sohoon, Z. Phys. Chem. 39, 404. (1938) and Brill 

and Meyer, Z. Kryst. 67, 570 (1928). ). 
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otomotur Tracings _of_X-ray, Diffraction Patterns 
Distanco-" sampi« to platu   ..   5 cm 
Ilacnif icat ion     2 x 
Brass  spacings  in .mgstx'om units. 
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.  7.80 

4.59 

3.87 
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All the lines corresponding to long spaoInga ar« due tc 

Bucoesalve orders of diffraction (00 X) by fche on« long «pacing of 
o o 

28«1 A in oase of the dilaurate and 39.4 A in case of the distear- 

ate.    Their difference is 11,3 A » ,A o sin/?.    Slnoe the distanoe 
o 

between alternate carbon atoms in a hydrocarbon chain is 2.54 A 

th«> corresponding value for^o for double molecules Is 6 x 2.54 S» 
o -, 

15.24 A.    The ratio of these values is sin/? = 0.741.    Hence/9 f 

the monoclinio angle for both soaps,  is 48°.    Tho  same value of 

/? s 48° was experimentally obtained by Brill and Meyer for laurio 

add« 

If the length of aluminum soaps vith its two ohains side by 

side were taken as equal to that of the corresponding sodium soaps, 

18.3 5 for laurate and 25.4 A for stearate,  the value of the 

monoolinic angle/3 would bo 50°.    This is in good agreement with 

the 48° derived above,  especially slnoe the aluminum atom is some- 

what  smaller than the sodium atom, and may be takun as proof that, 

as in the  sodium soaps,  the aluminum atoms are arranged in a double 

row, head to head with the double tails also side by side and end 

to end,as in Figure 19. 

Aluminum dlstearate Al(0H)Strg . 

Potassium stearate was first prepared by adding 1.5 normal 

methyl alcoholic KOH to a slight exoess of a 10# solution of 

Eastman Kodak pure stearic add    in acetone,  with thorough stirring 

at about 40°C.    The pruoipitate was washed repeatedly wich neutral 

acetone until the wash liquid was practically neutral, then dried 

to constant  weight -ovor ^gCg. 
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E&iBS^JdL 
Mff*lll floorsawntin^ Probable   (I)  and üome (fco!udJd . 11 fcggnato 

..rrangomonts  (II - VI)   for thj Fatty aold Chains  of aluminum 

Di-soaps, 

I  (Prob-Yölo) 

0.\°A». 

VI 
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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 1.5# 

solution by weight of Bakers'  C.P. hydrated aluminum chloride, 

AlCl3.6iIg0,   in boiled-out distilled water,  maintaining vigorous 

stirring by a blendor.    Both solutions wore heated to 100°C and 

the blendor can was made  of metal and was wound with nichrome 

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 PgOg« 

The driod precipitates were extracted with dry#bolling acetone 

in the modified Soxhlet apparatus (page is )  with 1200 oc.per gram 

of soap and dried first in air, then over PgOg.    Aluminum distear- 

ate resembles the dllaurate.    Its melting point may be observed 

readily in transmitted polarised light,  and, with some care, also in 

ordinary light. 

The original white powder sinters somewhat below 100% and 

melts to a colorless,   isotroplo,  extremely visoous liquid at 

173-4°C.    The liquid may be crystallized by oooling to about 110°C 

(for seeding)  then warming to about 165°C  (for rapid growth of the 

crystals).    It is then strongly blrefringent and slightly opalesoer 

Onoe orystallized, the  soap melts ovar a range of about 

1 1/2°C between 175-177°C.    If the melting proooss is stopped be- 

fore completion ,  i. e. while there are still blrefringent portion* 

to aot as nuclei, reorystallization proceeds rapidly at  165-170°C. 

If melting is allowed to prooeed to completion,  seeding at  110 - 

120°C again becomes necessary. 

Upon oooling below about 100°C the appearanoe of the soap 

ohanges markedly, due to rapidly increasing opalesoenoe and 

turbidity, which make it almost  opaque at room temperature«    This 
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ojbunga of appearanoe Is gradual over a range of SO - 30° and la 

almost reversible. We believe at present that It Is due not to a 

phase change but to the formation of minute oraoks In the rigid 

soap upon thermal contraction« The presence of large macroscopic 

cracks which disappear upon heating to about 110°C aid the brittle 

and grainy feel of the cooled soap «hen crushed lad to this belief« 

The relatively narrow temperature range of molting of this 

soap indioates that it is a definite chemical species (aluminum 

distearate) capable of acting as a simple eo'upononfc in the sense 

of the phase rule, and that It is not a mixture« 

This melting point of aluminum distearate, 175 - 177°C, may 

be compared to that of the dilaurate which we found to be 193 - 

196°C; that is, 20 degrees higher. 

Aluminum acid dilaurate Al(OH)Lg«HL and aluminum aold 

distearate Al(OH) gtrg, H Str. 

In our report of November 15, 1943 we postulated the presenoe 

of aold aluminum dilaurate Al(OH)Lg,HL Instead of a trilaurate 

AIL3 or a simple mixture of dilaurate with free laurio aold 

Al(OH)Lg+HL. This hypothesis was based mainly on the effective 

rate of extraction of lauric aold from this soap using dried 

aoetone« 

Extraction was very rapid at room temperature and very alow at 

0°C. The former showed that the lauric aold was not combined as 

AIL3 beoause hydrolysis was most unlikely to oecur under these 

conditions« The latter showed that the aold was not "free" but 

definitely "bound" or "loosely held". 
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MoBaln and HoClatohle, Jour. Amer. Chem. Soo. g4, 3866, (1932) 

found it  impossible to prepare aluminum tripalmetate All?« even 

under the most anhydrous oondltions.    The aoid dllaurate results 

from precipitation of excess aluminum trichloride with potassium 

iaurate at room temperature,  washing with water only and drying* 

.0 have noc prepared it pure and it melted over the ran&e  110 - 

j>.en extracted at room temperature    with dry acetone,  this 

product  loses rapidly approximately one molecular weight  of laurio 

aoid, yf tiding aluminum dllaurate«    (typon longer extraction the 

amount  of  lauric aoid extracted increases further,  reaching 33$ 

after 18000 oo.per gram). 

Extraction at 0°C v/ith dry acetone in the modified Soxhlet 

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

picture.    The extraction of lauric aoid proceeds but  slowly and at 

a steady rate of .01 g. HL per 100 oo, of aoetone until the com- 

position of Al(0H)Ii2 is reaohed and then practically ceases. 

Figures 20 and 21 show this striking difference.    Figure 20 shows 

the variation of ash content  of the extracted produot as a function 

Of the volume of extracting aoetone per gram of soap.    Figure 21 

shows the  same experiments in terms of extraoted add as obtained 

by titrat ins the extracts. 

The  solubility of laurio aoid in dry aoetone  is quite  large 

(we have found it to be &% at -3°C)  and the rapid extraction at 

room temperature indicates that diffusion is no obstacle.    There- 

fore at 0°C the laurio aoid is not present as a simple admixture; 

in other words,  the aoid, while  extraotable,  is not free at Q°C. 
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V;ithln experimental error the extraotieai at 0°C proceeds at 

the  steady rate quoted above»    Therefore the  lauric acid is not 

hold in the  form of solid solution which would give a constantly 

ducruasin- rate.    Hence  we  infer  the  formula AKOHjLg.HL.    The 

X-ray diffraction pattern of the acid soap is shown in Figure  22. 

It differs both from lauric acid and aluminum dilaurate. 

It  is extremely unlikely that aluminum trilaurate, AIL3,  would 

rapidly yield dilaurate with dry acetone at room temperature,  in 

the absenoe of compounds such as water  or alcohol,    (A reaction 

irJch for.aticu of 2auric anhydride and aluminuc. .lilaurite an- 

hydride could howevor be oonoeived,}    This is fwfcher confirmed by 

a slow but prolonged loss of weight,  extending to at  least 9% by 

this soap over P2O5, and somewhat faster loss over CaO in vaouo. 

The main weakness of this argument with the acid dilaurate was 

that it drew thermodynamio conclusions from a kinetic experiment. 

Since then efforts have been made to determine by equilibrium 

measurements the  solubility of laurlo add in the acid soap, but 

no conclusive results oould be obtained owing to experimental diffi- 

culties and the very high solubility of lauric acid« 

It was then decided to study the  stearate in order to ehoountex 

more favorable conditions owing to the muoh lower solubility of 

steario aoid in aoetone. 

The sample studied was "aluminum stearate" as obtained by 

preoipitation of an exoess of 3.70$ aluminum ohloride  solution 

with a 3.85/£ potassium stearate  solution at 60°C, washing the 

preoipitate until free from ohloride, and drying«    It had an ash 

of 5.50#. 

After Soxhlet extraction with 1200 00.of boiling aoetone per 
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MICROPHOT URETER TRACINGS OP X-R..Y DIFFRACTION    PATTERNS 

Magnification 2x»    Boopt« to plato distance 50 mm. 

I      \ Figure| 22 
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gram of soap the ash «as Increased to 9.55$.    Extrapolation back 

to zero acetone vc7vme  (to correct for residual hydrolysis during 

this extraction)  gave an ash of 9.45$,     In other words,  41,2j£ 

of the original product  is extractable with boiling acetone. 

The solubility of stearic acid in acetone at 2l.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 grams per liter» 

Prcof bhäfc stearic acid is not free is obtained  in the following 

series of experiments in which acetone  is shown to extract  only a 

small fraction of this amount per liter. 

Varied amounts of dried soap wero plaoed in stoppered 

mixing cy linder a with 26 oo.of dried aoetone e-.ch and 

shaken slowly for 18 hours at Z?'J.5°C  in an air thermostat. 

Ton oc, of acetone was then withdrawn through a cotton 

plug and the concentration of aoid in it determined by 

titration as described on pages 5 and 6 Of our March 

report.   The total amount of aoid dissolved was oalou- 

lated therefrom and expressed in terms of percent ash 

content of the undlssolved residue* 

Figure 23 shows the results.    It is a plot of concentrations 

of steario aoid In the aoetone as a function of the composition of 

undlssolved soap* 

It proves that a large proportion of the aoid extraoted with 

boiling aoetone is almost insoluble in aoetone at low temperatures, 

and that it Is definitely bound.    If the aoid extraotable with 
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dolubilit-y,   in .tootone at gl^sQC,   of Stearic acid from am 

.Sample   cC  * iluminum St ear at n" as a Function of the  Percent 

tah cf the  jactraoted Residue. 

«i    bxoected  solubility if thu acid was free. 
B    expected  solubility if an acid  soap was present. 
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bolling aoetono wore all free the expeoted solubility curve would 

be aa Indicated by the dotted line A. This Is obviously exoluded 

by the experimental data« 

From a soap having an ash oontent above about 6«9j£ the aoid 

dissolves to less than 0.3 grams per liter« 

The existence of this bound aoid, whioh is nevertheless 

readily extraotable with boiling acetone, points to the exlstenoe 

of an acid soap« 

On the other hand,  some of the aoid is much freer, and from 

a soap of ash oontent below about 6.5$ dissolves to the extent of 

at least 2.3 grams per liter«    This result  suggests that   the  "bound" 

aoid is bound in equimolaoular proportion by the.distearate, as 

would correspond to the formula Al(0H)3tg.HSt. 

We have  shown previously the existence of aluminum mono» 

and dl-soaps«   The soap obtained by extraction with boiling 

aoetone may be expeoted to be a mixture of these two types only, 

and from its ash oontent the composition 13.5£ Al(OH)gSt + 86.5$ 

Al(OH)Stg is deduced. 

If one moleoule of stoario aoid is bound to one of distearate 

and the remainder of the steario aoid oontained in the original 

soap (  of 5.5Jb ash)  is free,  the expeoted solubility ourve would 

be as indicated by the dotted line B of the figure«    It may be 

seen that the experimental points are in agreement with this 

hypothesis. 

The compositions lndloated by this interpretation are 

tabulated in the following 'i'able  .*. 
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Table ii 

Composition of Aluminum Stearate Precipitate,  made at 
BO2? before and after extractions with acetone. 

Mols      Partb b. $ 
v/t. 

Original  soap. 

Free   3toaric acid Hot 0,848 
Acid diiitearuto Al(0H)St2.HSt 1.00 
Distearate Al(0H)Stg " 0 
Monostearate -vl(0H)2st n.ssc 

Total 
.iOh    A1203 

■ 

Soap  freed from free acid. 

Free  stearlc acitf II3t 0 
Acid diotoaratu Al(OH)St„.HSt  1.00 
Dietearato Al(OH)Stg        A' O' 

0.350 

2,198 
0.675 

ilonostearate   :O.(0H) 'St 

Total 
Ash AlgOg 

0 
0.350 

1.350 
0.675 

240.0 
891.1 

0 
120.0 

1251.0 
68.8 

0 
391.1 

0 
120.0 

1011.1 
68.8 

Soap  freed  from free and loosely held 

Free  stearlc acid Hut 0 
Acid distüarate Al(OH)Stp.HSt  0 
Distearate Al(OH)St2 1 
Uonoatcarato  al(0H)gSt 0.550 

acid. 

Total 
ASh Alo0 2U3 

1.350 
0.675 

0 
0 

608.0 
120.0 

728.0 
68.8 

100.0 
5.50 

0 
88.2 
0 

11.8 

100.00 
6.81 

0 
0 

83.5 
16.5 

100.0 
9.45 
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Alualnum monolaruate A1(QH)QL. 

Preparation of this soap involved many experimental difficul- 

ties due to the frequent formation of unfilterable gummy preoipi- 

tates,  extremely small partiole sise and difficultles of extraction: 

The following method was finally used: 

An exoess of methyl alooholio ammonia was rapidly added to a 

boiling solution containing 3.3# of laurio add and an    equimoleo- 

ular amount of A1(N03)3»    Slow addition of amnonla resultod always 

in a gummy precipitate.    The  soap was washed thoroughly with boil- 

ing methyl aloohol containing a small amount of lauric acid, to 

eliminate ammonium nitrate, then with aoetone to eliminate free or 

loosely bound fatty acids.    The resulting product, after drying 

over oonoentrated HgSO^,  in vaouo, had an ash oontent of 20,0# 

(theoretical for Al(0H)8L * 19.6# for Al g (0H)20L2 ■ 20.3J*). 

Other samples of monolaurate had ash contents varying between 

19 and 21jg. 

It seems that the formulas Al(0H)gL or Al2(0H)g0L. are 

preferable to AlOL beoause the latter oould be formed from the 

dllaupotoiil OH 1*2 without hydrolysis,    \»e know, however .that the 

presenoe of traoea of moisture promotes this reaotion 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 aoetone, alcohol,  oyolohexane,  toluene and Nujol, but 

swelled readily and dissolved to a dear solution in some mixed 

solvents such as ether-laurio add, alcohol-benzene, phenol- 

bensene and morpholine-bensene, 

RESTRICTED 



.•y?STRICT3D 

-63- 

The original   produot gave a very diffuse X-ray diffraction 

pattern consisting of two very diffuse rings (Fig« 84)»   This 

«as due probably to tho extremely small size of ultimate particles« 

The particle size could be increased, however, and a corresponding- 

ly sharper diffraction pattern was obtained (Pig. 22) by storing 

the product for several weeks under methyl alcohol at 90°C. 

Figures 16 and 24 show that tho X-ray pattern of samples of alum- 

inum laurate whose composition approaches Al(0H)2L is distlnot 

from both that of the dilaurate and from all known forms of 

alumina« 

Aluminum dloyelohexane oorboxylate Al(OH)   (Q6H^C0O)g 

Twenty-five co. of a 6$ solution of potassium oyolohexane 

oorboxylate  (prepared from CO2 free KOH and Eastman Kodak acid) 

was added under very strong agitation to 400 oc. of a 6% solution 

of A1C13«6H20 (reagent) at room temperature.    The whits precipitate 

was washed with cold boiled-out distilled water till free from 

chloride. "*"-... 

Cyolohexane oarboxylio add differs from fatty add by"being 

somewhat soluble in water, as are some lower napthenio adds. 

Washing of the preoipitate with water to remove soluble salts 

removes therefore also a large part of the free or loosely bound 

add« 

The water washed preoipitate was dried over P2O5 and had an 

ash of 15«l£, corresponding to about 2.4 (CgH^jCOO) per 1 Al (OB) 3« 

It was washed twloe with 100 00. of dry acetone per 5 g.  of soap, 

allowing 1 hr« of contaot for each washing«    The produot, dried 

over FOOK. had an ash oontent of 16.95$.  compared with 17.09$ 
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calculated for AlOH(CflH]xCOO)ß.    This extracted soap «as a flat 

white powder having a v^ry faint odor as opposed to the strong 

and extremely unpleasant odor of the free aoid or unextraoted soap« 

At room temperature it was insoluble and 9parently inert in water, 

aootone, ethyl alcohol, and ethyl ether.    It showed a slight 

tendency to swelling and gel formation in n-amyl alcohol, di- 

lsobutylene, eyolohexane,  specification gasoline and dloxane«    It 

swelled to a limited extent, giving a gel, not jelly,  in carbon 

tetraohloride and a Jelly plus exoess liquid in toluene. 

Thin soap has a remarkable thermal stability, and showed no 

deoccposition at about 450°C. 

The X-ray diffraction pattern of the product was included in 

Figure Ci. 
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Magnification 2x 
Gu.ip.Lo to plate distanco 50 mm. 
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CE.ufV^A II 

ALUIIINtt.1 Ö0iu»a   iND WCäH 

Water Is always present in Napalm and may have a decisive 

lnfluenee upon the quality of its gels.    The problem of its de- 

termination in the  soap,   of its pick-up by the  soap and its 

influence upon the gel has been therefore  studied by almost all 

who have worked on the subject, and the results have been re- 

peatedly reviewed in detail and are available for example in 

O.b.A.D. reports 2036 and 2036a,   "The Manufacture, Properties, and 

Ttetinc of    Napalm Soaps by A« C. Brought« and H, 9yfield 

Nov.  17,  1943 jad Maroh 7,  1944. 

Our mam 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 soaps 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 

pressure of water vapor divided by the vapor pressure of pure 

water at the temperature of the soap);    and these measurements 

may be repeated as often as desired and over any period of time 

slthout  unsealing the sorption tube. 

Such a study determines how readily or otherwise 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 evolution and sorption of water. 

Such study also leads to a decision as to the correct point 

of departure or referenoe point corresponding to ''dry" soap. 
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Tho torption balance oonsisto of a large vertical soalod 

glass tube.    In Its upper end is placed a calibrated fusod silloa 

sprin/; whoso  lower and supports a  snail platinum bucket containing 

the  soap.    The weight  of the  contents,   soap and sorbed oyolohoacane 

Is determined by the elongation of the spring uhioh is measured 

▼cry accurately by a travulin^  mioroscope, 

Tho lower ond of the  soalod tub.»  oontains the liquid whose 

sorption as studied.    The tube  is thoroughly ovaouated before 

sealing so that  it contains onlj the  soap and the  liquid. 

The tumpurature of the two ends of tho sealed tube is con- 

trolled independently.    Tho temperature of the upper end deter- 

mines the toiqpjrat.ure at winch uorption takes place.    The pressure 

at which the vapor of the  liquid is present  in tho tube  is de- 

ter niaed by th'j toqpuraturj  of ehe lower end containing the  liquid. 

Thus by maintaining th*.* to iporabure  of tb/-> upper end constant 

and varying that  of the  lowjr ond oho amount  sorbod by the  soap at 

a given temperature at varying proaaTiroa  of tho vapor ia determined 
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a*    jghe ^jciatonoe and Ppaparntion og Dry Aluminum aoa». 

A dry so;p,   or a  soap of definitely defined moisture content 

must Da  obtained before its constitution and the ways in which it 

oan noli watur may be  settled,    'fhon its possession also elimi- 

nates numberless difficulties in the  study of its non-aqueous 

system:]. 

(a)    unhyarous aluminum dilaurate ;tlph.LBrt    The*-© is 

a great difference botwuen Napalu and alummua dilaurate. 

Napalm loses weight  slowly when dried intensively until an 

ill-defined equilibrium is reached depending upon the toi.ipuraturc 

Of the soap and the relative humidity« 

aluminum dilaurate under fcbeoe conditions reaches rapidly 

(a natter of minutes in vacuo)  a weight whxoh is not very sensi- 

tive to low relative humidities  (i.«s. below bß>) and is independ- 

ent of taqporafcure of tho  soap  in the range of 25-60°C and prob- 

ably higher as shown by equilibrium measurements with tho  sorpiioi 

balanoa  (p. 72)  and by drying at room temperature  in vaouum 

dosiooators over J?a0s and Caü, 

The dehydrating conditions under which the weight remained 

unohanged wuro very drastio;  vaouum over Pa0e at room temperature 

in a desiccator and relative humidity of 6x10"^ at 60°C far 85 

hours in the  sorption balance  (soap at +50°C exposed to water at 

-7B°C)  ao that   the presence  of a hydra to  stable under thus«  con- 

ditions is extremely unlikely,     (Note, added subsequently;- 

Analysis of the dry soap for laurafcu radical preoludes tho 

pres-noo of more than 0,25 Ha0,). 
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Oven drying at 100°C of aluminum dilaurate leads to a rapid 
* 

although small loss of weight  (within less than a day),  followed 

by a constant weight up to 3 days and then a rapid drop of the 

order of 3,6 per day.    This constant weight corresponds to the  same 

dry soap A10H.L8;  while the ensuing rapid drop is aooompanled by 

obvious decomposition with sintering and then darkening of the 

soap.    Similar decomposition occurs in the  sorptlon balanoe at 

100°C; products of decomposition suoh as lauryl ketone or hydro» 

oarbon then appear upon the walls of the  sealed glass tube« 

Thus anhydrous aluminum dilaurate A10H,L8 may be prepared 

by any of these methods, provided that decomposition is avoided« 

tie have prepared most  of our samples by evacuation idth a "Hyvao" 

pump for 1/2 - 3 hours at room temperature« 

Due to the extreme avidity of the soap for hydrocarbon vapor, 

greasing of stopoooks and Joints must be avoided or done with 

products of very low vapor pressure suoh as "Apiezon". 

Kapalm behaves quite differently, and its true anhydrous 

eondition is ill-defined.    For the sorptlon measurements,  it is 

therefore necessary to ohoose an arbibraryvzoro point«   The 

Kapalms as reoeived were obviously too variable.    Henoe an equi- 

librium under speoifled conditions had to be chosen.    In order to 

avoid negative numbers as far as possible we  selected the most 

drastio dehydrating conditions encountered in our experiments i.e. 

soap at 50°C exposed to water at dry ioe-oellosolve  (-78°C), 

yielding a relative humidity of 6 x 10"*J».    tie think that degra- 

dation decomposition of the soap under these conditions is negli- 

gible although a tiny oily film was observed in the oold part of 

the tube« 
R&>-i'aiCTi£> 



Vhlt treatment of the soap is probably more drusti% than 

vacuum oven drying at 10 mm. Hg ao that our $ moisture values 

appear larger by 1 1/2 - Zj» than those reported on thw basis 

of ovon drying.    However, differences betweon any tvo  equilib- 

rium vuiues for two relative humidities aru of the  same  order 

as those obtained «hen vacuum ovon drying is oraployod. 
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■■   The Sorption of Kater Vapor by^lmintBi Soaps. 

In our first determinations of the  sorption isotherms of 

tutor by aluminum soaps,   the  temperature  of 50°C  was chosen for 

experimental convenience.    Experiments at 25°C were then put  in 

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

25°C. 

(a)    Pure aluminum dl laurate «tlOH L«.    The isotherm 

Obtained at ßO°C for this soap is shown in figure 25.    It was 

obtained by placing the soap as prepared in the bucket,  while 

the lower end of the tube containing water was in a mixture of 

dry lee and oullosolve.    The tube was then ovaouated rapidly, 

during which time the  soap lost 0,63^ of weight, and the tube 

was then sealed»   This loss of weight was oompletod within 

two or thruo minutes.    The weight of thu  soap remained unchanged 

from then on then kept at room temperature over water at dry 

loe tomporature  (vapor pressure 0,0006 mm, Hg)  for 5 days. 

Thus a constant dry weight of the soup was obtained,   This 

same weight was restored after the Isotherm at 50°C had been 

run during 23 days; and it persisted at 60°C  (with water still 

at dry    loe temperature)  for 2 days,    at 87°C, however,  it lost 

0»1fi In 2 hours.    Finally, at 100°C rapid decomposition took 

plaoe, the sample losing 14,2jf by weight in 4 days. 
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Tho 50°C isotherm shown in fi^uro 25 was duterminod by 

raisin    the temperature of the lower end of tho tube containing 

,/ator  in  successive  stops until it a'oaahed tho   same tomperacure 

as thu  3Cupf  givin^  100,0 relative humidity*  than xt was ar^ain 

lowered atopwioo to thu tomperatur«,  of dry ice, -76°C. 

at oaoh atop the condition» u^ro maintained constant until 

tho weight of tho soap did not further ohan^e;  24 hours ware 

always ample, probably nuoh more than ample. 

aluminum dilaurato take 3 up practically no water in an at« 

mosphöTi up to 5 or 10/J relativ« humidity but between 25 and 85jf 

relative humidity it takes up to between 1 and 2,0 of water« 

Hence for intermediate relative humidities the isotherm is almost 

vortical,  tho  composition vxryia-  but  little. 

(b)    Napalms.     In contradistinction to pure dilaurate, 

Napalm d003 not roach a constant  weight independent  of temperature 

as shov/n by an exploratory experiment on dehydration and rehydra- 

iion of a  sample  of Napalm (Imperial NR232)   under  speolal condi- 

tions.    Tho sample was introduced into a IlcBain-Bakr sorption 

balance,  the  tubo ovaouated rapidly,  and sealed off without add- 

ing any liquid.    Thus the  only moisture available to tho  soap was 

that  contained  in the Napalm itself at tho  moment  of sealing. 

Then tho maximum water vapor pressure, and the temperature of the 

soap wjy« regulated  independently.    The  following table  gives the 

sequonoe of operations,  together \iith the relative humidity 

when known,  and thu weight of soap at each stage  in percentage of 

the  initial -»eight of soap as received and usod. 

This shows that at room temperature    Napalm lost but  l»9/o 

of weight under extremely severe dehydrating conditions (relative 



Procodurs. 
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3 1/2 houra Lotvr 
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TabJL.e _III_ 
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twmidlty about O.OO^^ for 3 1/A hours),  while at 50°C    it loat 

l«9.o in two hours, and as much as 3s<i/j in one day,  undor very 

rauch »alder dehydrating oonditionu  (5;'<i relative humidity). 

Furthermore, tho losses vero both reversible,    the soap reabsorb- 
• «■.«.» * ■"»■»■in'»»■■ •*■» ->• ■■ ■»■ ™ 

log all when tho  initial conditions are restored» 

In further contradistinction to aluminum dilaurate, Napalms 

are very sensitive to low pressures of water vapor, their weight 

Ohan^in.: rapidly at relative humidities below about 5% as may be 

seon for example fro.n isotherms of two Napalms at 50°C shown in 

figures 26 and 27. 

To obtain these isotherms the samples were used as received« 

The tube was evacuated with water in the lower end at 0°C giving 

4*6 mi. pressure, the soap being maintained at room temperature. 

Then the temperature  of the  soap was raised to 50°C and the  sorp- 

tion run started by gradually raisin;/ the temperature of the 

water«    After  saturation pressure was reached a desorption run 

followed,  the  tomporaturu  of the water being gradually lowered 

to thau of dry ioo   (-78°C).    The weight of Napalm under these 

final conditions was taken as thae ox dry soap. 

(c)    Direct results fron the, Borption JLa3*AorAr 

i    aluminum dilaurato  in contradistinction to Napalir 

cny be prepared readily in a well defined dry condition com^letel 

invariable over a wide range of temperatures, and praotloally 

Invariable)  over a narrow but appreciable range of low relative 

humidities*    It sorbs only 1 or «Jji of water between 25^ and 96# 

relative humidity.     It requires only a few minutes to establish 

equilibrium on drastic desorption. 

ii   The amount of '.rater sorbed by Napalm is still 

fairly small in absolute nvp.vv^s.-- .reaching less than 10,6 at 
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Firure 27 

Sorption of Viator by Napalm Imperial NR 232 at  50°C. 
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eaturatlon. This Is however vjry largo when considered from 

the point of view of the effect on gel strength where 1%  Is 

deleterious. 

111 The isotherms are almost vertical (oonstant 

composition) between 30^ and 70# relative humidity. This con- 

firms that little advantagu is gained by reducing the humidity 

of thu atmosphere in which Napalm is handled within the range of 

30 to 70,*.  It is only a drastic reduction to 20$ or less that is 

effective. However, if the handling is quick any reduction of 

pressure is helpful in hindering uptake of water. Humidities 

above 70$ are very dangerous if maintained for an appreciable 

time. 

lv The fact that napalms of different manufacture 

vary by about 1% in their capaoity for taking up water is con- 

firmed, 

V  Napalms sorb more water than pure aluminum 

dilaurate. This finding however rests upon the sero point ohosen 

for the latter. The different Napalms definitely differ in their 

moisture uptake. The ohange in amount of water, taken up with 

changing humidity is also different for different Napalms, as is 

shown by laok of parallelism of the respective isotherms, 

vl There are no horizontal flats in the curves, 

or inflection points whloh would indicate formation of definite 

oompounds or hydrates or different phases of Napalm under these 

conditions, 

(c) Hysteresis . •m 

1 Isothermal hysteresis. The isotherms show that 

there is some hysteresis, the desorption run showing always a 
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■lightly greater moisture ocntont at a given relative humidity, 

Tho difference is small but  significant  in the middle of the 

range, hut :     more marked ut high relative humidities.    The 

dilaurate  shows much less of this effeot than the Napalms. 

Such behavior is often met with, especially among porous or 

powdered solids. It indicates that when the driving force is 

small i.e. when the soap is near equilibrium, small passive re- 

sistances within the system have a deteotable effeot preventing 

the establishment of true revorBible equilibrium. No definitive 

explanation of suoh hysteresis has yet been agreed upon by var- 

ious authorities. 

ii   Thermal hysteresis. Due to a mishap the temper* 

ature of the Napalm   was raised to 77°C In the middle of the SO'C 

run while the water vapor pressure was maintained at 42*4 mm. 

As soon as possible, the soaps were brought baok to the original 

temperature of 60°C. 

The amount of water sorbed at 50*C at a relative humidity of 

46.8# was markedly greater before the aooidental elevation of 

temperature than afterwards«   The following Table IV gives the 

amount 01 water sorbed at equilibrium before and after the heat« 

ing«    It confirms that previously heated Napalm has less affinity 

for water. 

A sample of aluminum dilaurate whloh was subjeoted simul- 

taneously to the same treatment showed of oourse no appreciable 

ohange in the affinity for water. 
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eble  IV 

Per cent of water Borneo  r/ four different Ilapalraa at 50°C, 
before and after aecideu'•■■.I heating to 77°C,  the pressure  of 
the water vapor being 4£.l mm. Hg throughout. 

Napalms 

Imperial Lot NR232 

Harmon No. R 11885 

Before 

IM 
Ferro Enamel Lot P,  Batch 184    1,5# 

Pflster Chemical Co., 3.8^ 
NO.  N-3-2 438-94 
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C«    Forms In '.vh:.c:h ««J'jjg, is Held b% Alvaiinum Soaps, 

Water might be hold by aluminum soaps  In the  following forms: 

(a) Proe water possessing substantially the vapor 

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

larger capillaries, 

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

but having appreciably reduced vapor pressure, held either by 

surface forces;  e.g.  sorbed on the  surface  or condensed on the 

finest capillaries,   or as part of the orystal structure e.g. 

as a true hydrate, 

(c) Potential water whioh may be formed under the ex* 

perimental conditions out of H and OH groups present; e,g, by 

reaction between hydroxyls of alumina and fatty adds 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 soaps or by the 

inorganic impurities now known to be present. 

The moisture held by the inorganic impurities cannot be 

negleoted a priori,       Aooording to the analysis of Harshaw of 

Napalms from ten manufacturers the oontents of sodium sulfate 

(as anhydrous Na8S0«) varies between 0,18 and 0,74$; and the 

content of Ala(S0«)s have 0,33 to 2,95%9   This latter content 

is oaloulated from the excess of sulfate over sodium.    We have 

found that water insoluble basio salts or alumina are present 

(p,93-4)   so that Harshaw1s figures far inorganic impurities are 

oertainly conservative. 

Sodium sulfate as well as aluminum sulfate and alumina are 

all oapable of forming hydrates with many moleoules of water, 
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und as shovm by Table V may undor certain conditions fix about 

lOOjb of their own weight of water.    The hydration of pulverulant 

basic suits Is not well known but presumably is similar,  in 

addition to effects of sorbed water« 

Table V 

.ater content of hydrates of the seven mineral impurities in 
Napalm 

Anhydrous form 

<tl8(SO«)e 

A1„08 

Na3S04 

Hydrated form 

.tlunogemte 
A18(S04)8 18H80 

Gibbsite 
A1808   .  3 H80 

Glauber's salt 
Na830*   . 10H80 

# increase  in 
weight  

94.8J6" 

55.0# 

126.5^ 

Thus the amount of water held by the impurities of Napalm 

may be of the  order of from one to three percent of the weight 

of the Napalm,  which is of the  same  order of magnitude as the 

moisture usually determined.   This introduces an important com- 

plication whioh is absent  in the ease of pure  soaps.    The 

question 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- 

stored unless the soap is exposed to water or a saturated at- 

mosphere.    Thus it  is  of minor practical and theoretical : 

interest, 

(c) 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 
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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 calcium soaps are known to form hydrates, but the 

smoothness of the sorption isotherm of aluminum dilaurate Indi- 

cates that aluminum soaps do not form them. Therefore the 

moisture bound by these soups may be considered as sorbed. 

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

tential water are: 

Reaction between fatty aoid and hydroxyl groups such as: 

i alumina Al(OH)8 + HR—> Al (0H)8 R + Ha0 

il Monosoaps Al(OH)aa + HR—£ al(OH)Ra + H80, 

iii Disoaps Al(OH)Ra + HR * Al Ra + Ha0 

Reaction between two hydroxyl3 forming an oxygen 

iv Mt hin a molecule 

Al(OH)a R ^alOR + Ha0 

v      Between two molecules e.g. 

£*1  (OH)  Ra >al8OR4 + Ha0 

Reaction between hydroxyla.    Preparation of soaps free from 

uncombined fatty adds provides a tool for distinguishing between 

these  two sources  of potential water. 

tfura aluminum dilaurate Al(OH)La cannot undergo any of the 

reaction 1 to iii because  of fchj absence  of uncombined acid. 

Reaction of the  type iv is also impossible  since  there  is only 

one hydroxyl group per aluminum atom» 

Thus  interatomic dehydration  of type v is the   only one 

possible   leading to an  "anhydride"'  of aluminum dilaurate. 
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AI -— L 
L 

^0 

OH 
 \ 

.»iX:    L 
+ Ha0 

The weight of water formed in this reaction could be 2.03;4 of the 

dilaurute. 

In case of our  sorptxon or drying experiment wu havo 

never observed anything suggesting such a reaction.    However,  it 

appears that  the hydroxyls can react in this way during the Karl 

Fishur water determination. 

Reaction betwoen fatty acid and hydroxyl.    The only reaction 

between hydroxyl groups and fatty acids with regard to which we 

have definite information is typo  ii,  the reaction involving mono 

soap.    It seems to occur at temperatures of the order of those 

used in water determinations and gel testing and  storage.    This 

reaction has been discussed on p.  11, and in Harshaw1s sixth 

monthly report etc. and is bein;.  studied further. 

M have found no indication of reaction type iii between 

disoap and fatty acid but it is quite possible that it occurs 

under drastic conditions. 

The reation type i between alumina and fatty acid is 

suggested in the  literature   (Craig British Patent  338,919 

Llay 21,   1929)  to explain the  solution of freshly precipitated 

alumina  in fatty acids.    There  seems to be no direct evidence 

that the  fatty acids combine with colloidal alumina   (as opposed 

to a peotization thereof)  but it  is quite possible that  it 

occurs. 
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(e) The significance of various mgthodg of deter- 

mining moisture.  In view of the abovo discussion it appoars 

that the determination of moisture in Napalm includes water held 

as such by the soap and that hold by the inorganic impurities. 

Drying in vacuum or over dosiccants at temperatures at 

which the soap is stable determines all the sarbed water; but 

at higher temperatures water of reaotion between fatty acids and 

aonosoap may possibly be included. Drying in vacuum does not 

determine water of reaction between hydroxyls. The Karl Fisher 

method determines the latter, presumably in addition to all the 

other above forms of moisture« 

The Karl Fisher moisture determination method was applied to 

a «ample of aluminum dllaurate through the kindness of a Shell 

Development Company. This sample was prepared and dried by 

evacuation at room temperature for one hour at Stanford Univer- 

sity and forwarded in a sealed tube to the Shell Development 

Company at Emeryville. The result was 2.5$ «<M moisture corre- 

sponding to 0*62 + 0.11 moles of water per mol of ;il(0H)L9. 

The only apparent source of such a large amount of moisture 

in aluminum dllaurate lies in the interaction of the hydroxyl 

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

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

that found. A fraotion of a percent of moisture may hov/evor have 

stemmed from other sources such as adsorption* 

This study of the pure soap shows therefore that potential 

water stemming from interatomic reaction of hydroxyl groups docs 

not form during vacuum dehydration at temperatures at which the 

soap is otherwise stable but forms during the Fisher determination 
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Zc la very unlikely that it could form or aot as water in an 

aluminum soap gel,  especially sinou aluminum dilaurate al OH »I* 

may bo recovered unehangod from hydrocarbon systems. 
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OHAPT.;R III 

THE SYSTEM ALUMINUM SOAP-HYDROCARBONS. 

(1) Introduction. 

When an aluminum soap la introduced into a hydrooarban it may 

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

carbon, the temperature end often the presence of traces of for« 

eign substances. Tu all cases of reoord it is readily wetted but 

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

a homogeneous mass or stable layers of different properties. The 

system may be dear or turbid, stringy or crumby, and after heat- 

ins nay return to substantially the same state or to a quite dif- 

ferent one. 

In order 'to clarify this picture, we used a well defined 

pure hydrocarbon: oyelohezane, and a pure soap: aluminum dilau- 

rate. Additional variables could then be introduced one at a 

time and the concepts developed on these simple systems, tested 

on systems containing Napalm and gasoline» 

The main subjects investigated were; 

jJefinition and differentiation of the various forms and 

phases of the aluminum soap-hydrocarbon system. 

Transition between these forms. 

Their thermodynamlc stability. 

Their phase diagram. 

Their structure, and comparison of aluminum with sodium and 

calcium soaps. 

The effeot of paptizers. 

Our main tools in this aspect were direot observation of 
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■lxturei in sealed tubes or vrai^hinft bottles, the 4oBaln*Bakr 

Sorption balance,  osaiometry and vlseometry. 

Ri,JtiIO£^> 



RESTRICTED 

-88- 

(S) Definition and Differentiation of the Various forma of thg 

Aluminum Soap Hydrocarbon System. 

(A) Aluminum dilaurate-eyelohexane. 

(a) Introduction. A small sample(o.5 - 1$) of «bite 

powdery "original" aluminum dilaurate swells rapidly in oyclo- 

luuutm; tt rooa temperature but does not fill the liquid completely. 

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« 

If the oonoentration of soap Is higher (3-10$), the soap 

imbibes the whole liquid giving a rather homogeneous stiff opales- 

oent mass, which upon heating becomes clear but retains at first 

some of its rigidity and at still higher temperatures flows freely. 

To distinguish these forms we use the terms gel for the 

opalescent non ooherent lump form, sol for the clear and freoly 

flowing liquid form, and Jelly for the clear, rigid and elastic 

form. 

(b) Definitions. The term "gel1* was introduced by Tho- 

mas Graham as a generio term to embrace all more or less solid 

systems of a colloidal nature. The term "Jelly" is familiar in 

ordinary life as the dear elastic edible table jelly or gelatine. 

The jelly is therefore a distinctive variety of jel. The term 

gel is however often used, excluding jellies« We shall therefore 

distinguish between gels and jellies. Sol i* w«r«ly Graham's 

.-.erurie turu for oolloiUol solutions! that is, for flowing liquids 

containing colloid. 
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Th« aooepted theory of jellies la that they oonalat of a 

continuous 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— iifferinw from sols in that 

there are more bonds between particles and between their aggregate; 

sufficient to make the jelly resemble a soft elastic solid. 

In general it 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 solution of a colloid and a hard elastic 

transparent jolly are merely two extremes of the same colloidal 

* solution, me use therefore often the term jelly-sol to denote both 

,  On the other hand, many colloidal systems,     called gels, 
Sr 

* consist of semi-opa-iue or turbid, non-cohering lumps,, often in a 

elear liquid* A-ray examination shows that they often contain or 

retain crystalline material, tor example, with sodium soaps, an 

aqueous curd or fiel oonaiöts of a -iues of perfectly crystalline 

curd fibers enmeshing a   liquid present amongst them. 

(c) Experimental criteria. We found three experimental 

methods for distinguishing between gel and jelly-sol. 

Their *ppearanoe. The jelly and sol(if made from pure 

materials) are perfectly transparent, showing no opalescence. 

T«ie »el is stroll/ opalesoent, and this opalescence is still 

Tory eaaily visible at 0.05$ of soap. 

»»hen the gel is in contact with excess sol the separation 

between the two is easily visible and sharply 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 is crumby end, 

unless compressed strongly by centrifugation or surface forces, 

clearly discontinuous. 'i'he gel has a marked yield value even in 

great dilutions,the sol Mows readily, and jellies do not appear 

to have yield values,tne:'.r surface readily becoming smooth even 

when their flow is extremely alow. 

The A-ray Diffraction of the Residue after Evaporation. 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 recovered when placed in oyclohexane at room temperature 

return rapidly to their original state forming a gel or sol-jelly. 

This is not in itself a criterion for differentiation but shows 

that some of the oharaotur of the original stato is retalnod by 

$he recovered soap« 

These recovered soaps may be dearly distinguished by their 

X-ray diffraction patterns which are shown in figure l4(p*42). 

The soap reoovered from gel retains most of the crystallinity of 

the foriginal;l «ixy soap while that reoovered from jelly and sol 

has become almost amorphous. 

(£) Application to Napalm and the Effect of Inorganlo 

Itiuuritica in Napalm. 

The distinction botween gel and jelly forms established la 

ease of a pure soap may be applied to Nc.pali.3, provided that a 

pitfall arising from the presenoe of inorganic impurities is 
avoided. 
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lm\  Y^aual Observations. Mixtures containing 6-7$ of Napalm 

(lloOean Lot No.462) with various hydrocarbons were prepared at 

room temperature. In toluene a transparent yellowish very elastio 

stiff jolly was produced. This contained, dispersed throughout, 

weakly opalescent fj.ocks which slowly disappeared. 

In lsooctane, ruder anhydrous conditions, a two phase system 

resulted even after iwo reeks storage at room temperature. The 

grains of Napalm were swollen to translucent lumps of gel in a 

slight excess of a thin liquid. 

A soaled tube containing 5.55* of the same Napalm, dried by 

evacuation at room temperature for 1 1/2 hours, and 94.5$ isooc- 

Wio was observed while heating. The swollen lumps of soap, whioh 

after two days at room temperature oooupied only about 30$ of the 

mixture, gradually swelled to 50*2 at 3fl°C and filled the liquid 

at 45-48°C, becoming gradually more whitish and translucent. The 

intergranular liquid seemed to become somewhat more viscous in 

the later stages. 

At 56-57 C the bulk of the substance became transparent with 

many small translucent flocks dispersed throughout it. Tula 

6^rworanoe was essentially unohanged after heating to 110°C, 

maintaining this temperature for 24 hours and cooling to room 

temperature, except that the flooks beoome more diffuse» 

It was thought that the formation of a two phase system by 

Napalm in isdootane might be due to oxidation of the sample but 
■ 

the same result was obtained with Harmon Lot R11235 and Forro 

Enamel Lot F Batch 184« Aluminum dinaphthenato(33024-R) obtained 

as such from Standard of California readily formed a ooberent and 

quite transluoent mass in this solvent, 
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Between the extreme behavior of Napalm as gel in isooctane 

and Napalm as jelly in toluene are raided the other hydrocarbons 

in the following order: isooctene, cyclohexane, cyclohexene , 

benzene. The soap fills these liquids readily («Aoo^t isooctena ) 

and forms stiff systems which show gradually decreasing turbidity. 

Mixtures of the two extremes, isooctane and toluene, give a 

progressive series passing from a two phase sol-- «l o/otua to a 

clear «elly. The attached photograph (fig.SjB) buOn« tiiw-o aja~ 

tems one week after preparation. 

•(hen compared with this continuous series the turbidity of 

the cyclohexane system had a turbidity between that of the 30ji 

uitu 'kO'p  toluene mixture and "test" gasolines between 20 and 

30$ toluene. 

On the basis öf their visual appearance these intermediat« 

systems would have appeared to contain a large proportion of 

the gel form* we have found however that those apparent gels 

oould be liquified i.e. ohanged to sol without a marked change 

in turbidity by adding small amounts of peptisers. Presence of 

IO56 by volume of nitrobenzene in cyclohexane and isooctane caused 

liquifaction of mixtures containing 4$ Napalm. In toluene the 

same addition caused an appreciable but muoh smaller softening« 

When compared with the series of mixtures of toluene and isooctane 

shown in figure £g the addition off 10$ of nitrobenzene had the 

same effect on turbidity as addition of some 10/J of the toluene 

which caused no liquifaction. This led to a searoh for the 

impurities responsible for the turbidity. 

(b) Separation of the Materials Causing Turbidity in N^^is» The 

peptized turbid sols or easily flowing jellies of Napalm give, 

1 
RESTRICTED 



RESTRICTED 

-93- 

upoa oontpifu^tioti or prolon^d standing a snail amount of * 

very fine whitish preoipitäte with simultaneous olarlfioatlon of 

the supernatant mixture. In stiff jellies or gels this separation 

is of course prevented by the visooslty. 

We isolated a larger amount of this insoluble oomponent of 

Napalm from 9 4$ McOean Napalm (lot462) sol in a solvent composed 

of 5$ by volume (8$ by weight) of nitrobenzene and "Test?) gasoline 

After agitation overnight a turbid but quite thin liquid is for- 

£OU. To a luujor fart <»f tue turbid matter settles out in one day 

and most of it i.v. two weeks of standing. Centrifugatlon has the 

same effeot in a few minutes. 

The sediment was washed by repeated suspension and oentri- 

fugatlon in the same solvent to remove any entrained soap, then 

in isoootane to remove the nitrobenzene, and finally suspended in 

oyolohexane, frozen, and the solvent removed by sublimation. A 

white very fine powder was thus obtained corresponding to about 

Z% by weight of the Napalm. 

It is believed that this product is the turbid component of 

normal Napalm hydrooarbon mixtures, beoause(i) the appearance 

of Napalm gels free from nitrobenzene is substantially the same 

as of those containing it before settling of the precipitate or 

after the sediment is »dispersed by shaking. (ii) During the 

whole prooeas the sediment came in oontaot only with neutral sol- 

vents. 

Co) Properties of the lfeturi.nl Causing Turbidity. It is s white 

fine powder very difficultly wetted by water, difficultly wetted 

by dilute hydrochloric aoid, easily wetted and dispersed in hydro* 

ourtons. It forms a white "silky" suspension in oyolohexane and 
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isooctane, and become almost invisible in benzene and toluone. It 

does not dissolve in the latter however, as may easily be aseer- 

taiw;u uy uyxcauxu^  tio clear suspension on the walls, where it 

deposits particles; or by letting it 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). 

auuut 50$ of the powder is soluble in water, and 60$ in 

dilute hot hydrochloric acid. Tin; portion dissolved in hydro '- 

ohloric acid weighs after drying almost 100$ of the original 

weight. The ash is about 50$. 

If the powder is properly separated from the soluble soap by 

the above procedure, the hydrocarbon eztraot of aoidified and 

heated aqueous suspension is negligible (0.4$ of the powder) , 

*».owinw that the powder contains no insoluble soaps but only 

inorganio constituents, which are presumably sodium salts, baslo 

aluminum salts, and alumina. 

(d) TJug Existence of Pel and Jelly Forms of Napalm In Gasoline. 

Thus, tu« vi»u»l criterion failed in case of Napalm and for this 

the explanation was apparent. The mechanical criterion distinguJU 

shed readily between the extreme oases of toluene and oold iso- 

oottoie. For intermediate mixtures it indicated the presenoe of 

jelly as the systems were ooherent especially after some ageing, 

but to confirm this point and to show the distinction between 

gel and jelly in case of Napalm, X-ray diffraotion patterns shown 

in figure 17(F.46) *ury oottiiiod under olosely oomparable condi- 

tions v.xt« ti.u fc/iloni^u samples;- 

(1) Napalm McQean Lot 462 untreated • the pattern show« 

rather sharp lines.  „-«.«„««».» 
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(8) SUM soap plaoed in 11.5 «sight parts of isoootane 

for three days forming a two phase system of a small amount sf 

thin olear liquid and swollen murky lumps of soap, then dried 

by evacuation below roam temperature» The diffraotion pattern 

shows distinct lines, confirming the presenoeof the gel phase. 

(3) Same as 8, but heetedon the steam bath for one hour , 

forming a ooherent mass of somewhat lower turbidity than(s.). 

Only halos are present and prove that the gel phase has given 

way to the jelly. 

(4) Some Napalm plaoed in 11.5 parts of oyolohezane at room 

temperature formed a turbid mass« Iro«*n «bd »riod by evacuation 

it shows a pattern of jelly, not gel. 

(5) Same process as (a) but with'benzene* An almost olear 

transparent mass was formed, and figure 17 shows again a pattern 

of Jelly similar to that obtained from the turbid samples 3 and 4. 

It must be noted however that the X-ray criterion may fail 

sometimes. A very crystalline pattern was obtained from the 

residue of evaporation of a peptised Jelly formed by this same 

Napalm in 11.5 parts of a mixture of 10$ nitrobenzene and 90$ 

oyolohezane. Evaporation of this mixed solvent was very difficult 

the smell of nitrobenzene persisting after 24 hours of evacuation, 

and apparently a far-going reversion to gel took plaoa In the 

meantime. 
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(3) Transition« Between i»ry Soap. Pel. Jelly and 3olt 

Tlie boxooulea of .-*luainua soaps ere asymetrical in shape with 

their hydrooarbon chains and small central atoms. Yet most of 

their airface is uniform, being formed by similar CHg groups« Tills 

miy wAyAuin why onoe their orderly arrangement is disturbed they 

nay remain in loose disorderly tangled structures for long periods 

Tnia xcto* of rü^id reversibility characterizes most of the 

transitions in soap-hydrocarbon systems and renders their study 

diffioult but may aooount for the usefullness of their properties 

(A) The Transitions from Dry Soap to Ool e.nd Jelly. Me have ob- 

served these transitions both visually and by means of the lfioBain 

aorption balance, 

(a) Visual Observation. 

i. Aluminum dilaurate. This soap when placed in oyclo- 

hezane swells at room temperature for about a day, increasing in 

volume at first rapidly then more and more slowly and finally 

remaining unchanged for months» If the proportion of soap is 

small and the liquid is agitated frequently during the swelling, 

the particles of gel are discrete and suspended in the liquid. 

They settle under the influenoe 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- 

eles swell to gel partioles whioh form a loose aggregate held 

together by friotion between partioles and enmeshing large 

amounts of liquid. 
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%t  the suspension 1« not sgltated during the swelling proeesr 

the friction among partiolea and batman tham and the glass may 

be aufficient to prevent the gel layer from expanding and may 

foree the swelling partiolea into more and more intimate contaet 

until they lose their disorete eharaeter and the gel is very 

difficult to break up by shaking« If the concentration of soap 1» 

higher(5-10#) and the enrolling gal layer fills the «hole liquid, 

the capillary foroes prevent it from expanding further, and cause 

the same intimate contact between them, and a stiff gal is formed 

which has a relatively high yield value but is short and brittle. 

Jf the process of compression has not gone teo far« addition of 

■ore liquid and some agitation «1)1 oauae the gel to redlaperse 

The above deaoriptioa is restricted to the ease «hare the 

interstitial liquid is highly fluid, as Is the oaaa at room tarn- 

ferature with the "original" form of dllaurate. At somewhat 

higher temperatures or when a larger proportion of soap is 

amorphous(or in the oaae of a glassy soap) tho gel partiolea are 

Immersed in a more viscous plaatio medium which hinders their 

relative movements so that they seem to lose their discreteness. 

When a very amorphous form of dllaurate "recovered from 

jelly" is observed at room temperature, or the "original" dllau- 

rate is observed at higher temperatures, the partiolea become 

elear aa soon as wetted and are often completely inviaible to the 

naked eye unless the liquid is drained off them. In larger par- 

tiolea strains may cause birefringence end make them viaible in 

polarized light. Then the particles continue swelling at a rate 

determined by the diffusion of liquid while their strength de - 
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oreases, the outer layers become fluid and there finally reeults 

a oontinuoueAransition from a firm Jelly in the eentor to tho thin 

surrounding jol without any definite boundary. 

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 jelly in various 

hydrocarbons but its partioles are larger and the dear transpa- 

rent condition is approached only in aromatic solvents. 

Toluene and isoootene(or isooctane with undried Napalm) are 

typioal. In both oases the lumps of soap swell. 

In the toluene mixture the viscosity of the liquid between 

lumps increases rapidly and soon a ooherent Jelly is formed, 

holding opaque lumps in suspension« After some time the lumps 

themselves become transparent except for a transluoent flooular 

outline which seams to disappear only very slowly. 

In the lsoootene mixture however the liquid between swelling 

lumps retains its mobility and as long as enough of it is present 

the lumps more with respeot to eaoh other with great ease. As 

the liquid is soaked up by the lumps the mass passes through a 

caviar-like stage «hen there is not enough liquid to allow free 

movement of lumps,end then gradually stiffens as the lumps soak 

up the free liquid, end beoome squeezed tightly against eaoh 

other, but still showing their individuality by uneveness of 

surfaoe and irregular lumpy fracture and non-adherence to eaoh 

other* For some time after apparent ooalosoenoe , the lumps may 

be separated by shaking some of the gel in exoess solvent. In 

time, however, they do coalesce completely,the gel becoming 
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oofeerent and not btlng broken up by excess solvent. 

In mixtures of lsooetane and toluene one may observe the 

tremendous effect of small amounts of toluene upon the time of 

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

the gel). Fig. 5g is a plot of the logarithm of this time for 

mixtures containing 8£ of Napalm IfoQean Lot 468. 

Mixtures containing less than 3OJ6 toluene had showed prior 

to setting, the oharaoteristlo appearanoe of lumps floating in a 

thin liquid1 while those having more than this proportion of 

toluene beoome sufficiently thiok to prevent rapid settling as 

soon as the liquid is added« 

(b) Sorption of Cyclohexane. 

i. nlTIs"1"" Pllaurate. figure ££ shows two Sorption 

Isotherms at 90° obtained on a single sample of "original" 

aluminum dllaurate» It may be seen that in both cases a smooth 

curve, oonvex to the ordlnate, is obtained» There are however, 

marked differences between the two series:- 

(a) at higher relative vapor pressure the soap sorbed muoh 

more oyolohexane during the second run. In the first experiment 

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

of the total weight was soap» Zn the second, 100 parts of soap 

■orbed almost «OOparts of solvent so that only £0$ of the total 

weight was soap* 

(b) Zn the first series the same equilibrium weights were 

obtained when a given vapor pressure was established either from 

above or from below, that is, the equilibria were reversible» 

without hysteresis» In the second series the sorption showed a 

marked hysteresis and the difference reached almost £0£» 
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Figure 28 
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Pirure 29 

Sorption of Cyolohexanu by *ilununu.:i Dllaurate at 50°C 
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The method of thermostating was somewhat different In the two 

experiments but this can aeoount for only a small part of the 

differences* An Important differenoe was however observed bet- 

ween the two runsi in the first the soap remained a white powder 

oomposod of discrete particles) in the second it was transformed 

into a transparent coherent mass« It Is not olear when and why 

the transformation occurred between the two runs but it seems 

olear that it corresponds to a ohange from gel to Jelly in the 

state of the soap» the JoJUy. sorblng incomparably more solvent 

and showing hysteresis. 

The smoothness of the curve shows that the:  transition from 

dry soap to «el containing about 60% of soap is a oontinuous 

gradual change with no separation of distinct phases or formation 

of definite solvates* 

The sorption isotherm for aluminum dllaurate and oyolohexane 

if my similar to that for rubber in benzene exoept that the 

rubber takes up more than twice as much for any given relative 

vapor pressure* In eaoh oase the sorption isotherm rises smoothly 

from 100% solid at zero pressure, and the hydrocarbon vapor 

becomes praotioally saturated when the solid oontains roughly its 

own weight of hydrocarbon« Thereafter the vepor pressure asymp- 

totically approaches 100% saturation while the 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 dllaurate. At this end, the isotherm corresponds to the 

osmotic pressure whereas at tho other extreme it corresponds to 

a swelling pressure with no, ftr.gftk but only gradual transition tint 



RMCAIC&aD 

-103- 

Firnire 30 

Sorption of Cyclohexane by Napalm Imperial  NR 232 at  50°C 

100 

80 ~W        TO 5(3" 
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(lUNanalm. The sorption isotherm of cyolohoxane on Napalm 

Imperial NR232 at 50°C is shown in figure 30. Except for smaller 

hysteresis it presents thu same general characteristics as the 

aluminum dilaui-ete (It tho second run) and shows that the soap 

has to take up uorj thai, its own weight of hydrocarbon before the 

vapor pressure beccroj -,'S much as 95$ o;.' saturation, 

These curves uit ,- Y.-  contrasted with the water sorption iso- 

therm of Napalm given I. figs. 26 and £7 , which show that a few 

percent of moisture we J onough to saturate the soap and produce 

nearly 100$ relative humidity. 

2. Isobar and Hysteresis in the Sorption of Cyclohexane by Napalm 

In the second chapter!p.71) we have desoribed 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 cyclohexane was then broken within tho 

sealed system oontaining the MoBain-Bakr sorption bolenoe, and the 

above sorption isotherm(fig.30) of cyclohoxane by this Napalm was 

determined. 

At the conclusion of this run, an isobar was determined, the 

vapor pressure of cyclohexane being maintained oonstant at 27.5mm. 

Hg by keeping the lowor end of the sorption tube at 0°G while the 

temperature of the soap was varied. 

figure 31 summarizes the results. It is a plot of the weight 

of the soap plus oyolohexane(and probably some water) as a func- 

tion of temperature, using tho weight of the.soap dried as des- 

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

Isobar of sorption of cyclohexane by Napalm Imperial NR 232 at 

27.5mm. Hg (vapor pressure of cyolohexane at 0°C). Numbers are 
elapsed time in days since starting isobar« A is the standard 
weight: B and 3 are from Figure 3D 
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A on the diagram. The numbers nozt to eaoh point indieate the 

period in days since the beginning of the experiment. 

It will be seen that the amount sorbed at constant vapor 

pressure of cyclohexane decreases rapidly as the temperature of 

the soap is raised. This is to be expected, since the relative 

vapor pressuro of the solvent at the temperature of the soap ia 

reduced. 

It may also be note-a that there is a markod hysteresis at 

23°C. When the soap is reoooled baok to 23°C, it sorbs less than 

half as much cyclohexane as it did before being heated. Thereafter. 

it slowly sorbs somewhat more cyclohexane over a period of 

several days, as if the change produced bv the heating were some- 

what reversible, but even after a week it has sorbed only half as 

much as the original soap did at S3°C. Possibly restoration of 

a small amount of water is necessary to help sorption, as in the 

well known case of silica gel. 

The dimihished affinity for cyclohexane, shown by the pre- 

heated Napalm,, persisted in the experiment at thirty days, when 

the isobar was remeasured at S3°C. 

Finally, when now the relative pressure of the cyolohexano 

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°C, the amount sorbed checked within half 

of one peroent with that previously determined before that isobar 

was begun(figure 30). 

It will be noted at the higher temperatures that the soap 

lost more weight, possibly water, than it sorbed oyelohoxane,and 

the weight of soap dropped below the Initial .  IOC % value,A« 
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(B) The Transition Between Gel and Jelly or Sol. A snail amount 

of aluminum dilaurate placed in excess of cyclohexane at room 

temperature swells to an opalescent gel surrounded by a very 

dilute, very fluid sol. When this system is heated, the gel swele 

further while the concentration of the sol increases, then either 

before or after the gel has filled the whole liquid the opalescenoc 

disappears and a Jelly or sol phase are present. This transition 

has been studied by viewing sealed tubes during heating and coolln- 

and by determining the solubility of the soap in the sol. Before 

describing the observations, details of the procedure for prepa- 

ring the sealed up system are Riveni- 

Freparation of Sealed Glass Tubes. The preparation of 

sealed tubes for visual obsorvation of phase behavior 

and viscosity measurements requires great oare in order 

that the contents of the tube represent truly its 

nominal composition. 

How important this oare is may be best seen from 

the faot that the melting point of an aluminum soap may 

be lowered S0°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 temper- 

ature of transition to jelly by nearly 100°C. 

For the (-observation of soap alone, a glass tube is 

drawn out into a large oapillary seeled off at one end 

forming a funnel. A very thin glass fiber is placed in 

it and the lower part of the oapillary filled with soap 

by vibrating and pushing. The upper part of the capil- 
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lary is then cleared of adhering soap partloles(whioh 

would otherwise decompose during the sealing operation) 

by means of a tiny cotton wad. 

The thin glass fiber is now withdrawn leaving a 

ohannel 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 continuesA 

For the observation of soap-hydrocarbon system» a 

pyrez tube about 8 mm.O.D. and some 10-15 cm, long and 

olosed at one end, is sealed on to a 12/30 standard 

taper outer ground glass Joint« After thorough cleaning 

and drying it is weighed(with a stopper), the soap is 

plaoed in its bottom by means of a thin glass funnel so 

as not to soil the walls, and the tube rewelghed, thus 

giving the weight of soap oontained in it. The soap is 

then dried by evaouatlon for 1/2-1 hr. in case of 

aluminum soaps,and at 230° ovor Pg05 in an Abderhaldor 

drying •»pistol" in oase of sodium soap» A oorreotion 

for the WBight of moisture lost is applied if necessary» 

The hydrooarbon( stored over Drlerlte.CaSO.) is 

than added rapidly by means of a hypodermic syringe and 

the tube connected to the vacuum pump by means of the 

(round joint« It is carefully evaouatod till the firat 

bubbles appear in order to purge it of moist air and 

than surrounded by dry ioe up to somewhat above the 

level of liquid.. It is then evacuated completely and 

sealed off below the ground joint care being taken not 
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to loosen any glass during the operation. Tho vapor 

pressure of tho hydrooarbon is sufficiently reduood by 

the dry ice to prevent the appearance of any sign of 

oracking during the seeling operation. 

Both parts of the tube are then reweighed together 

with the stopper and the increase in weight gives the 

weight of hydrocarbon added. 

(a) Visual Observation. 

1. Sensitivity. The disappearance of opalesoenoo with rise of 
o 

temperature may be determined visually to within 1 or 2 C when 

proper side-illumination against a dark background and good tem- 

perature oontrol are provided. The visual determination of the 

presence of soap in tho gel form is believed to be sensitive to 

better than 0.05%. 

The main experimental difficulty of this determination is to 

prevent variation of concentration in different parts of the tube» 
is 

If the swelling gel is allowed to oohoro or the soap/prosent in 

large lumps, its contact with the surrounding liquids is reduoed 

and equilibrium may be obtained only by diffusion and is not 

reaehed praotioally during heating. Fortunately in tho usual 

range(l-10$) the concentration has only a small influence upon the 

transition temperature so that reliable results can be easily 

obtained. 

If the gel partioles are allowed to settle, the height of the 

gel layer may be measured and the volume to which a gram of soap 

swells at that temperature approximately computed. 

A typical log of a viewing experiment is shown in table VI, 
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TABLE 7T 

Log of Observations for Tube No. 60, An 

Anhydrous System Containing 2.77$ Aluminum 

Dllaurate, I3-F2O9-IIO, In N- Heptane. 

Soap gel layor 

Soap particles 

sample will be 

Temp. C Hour 

25 3:10 

30 3:20 

40 3:40 

46 3:55 

46 4:30 

48 4.45 

48 5:00 

48 

50 

50 

5:20 

oi'tO 

6:00 

= 1.2cm. Total height of tube oontents = 8 cm. 

discreet and opaque, white, settle rapidly. The 

heated to determine the gel-jelly transition. 

Remarks 

Soap as described above. 

Slight swelling. 

Swelling rapidly- Soap in less opaque gel-haicht 
itioroi.sü to £ cm , total volume unchanged. 

Gel losing opacity and becoming opalescent. 
Swelling slowly. 

Gel has become opalescent, translucent, but not 
clear- Disperses and flows in blobs.Gel height2«3m. 

«hole system setting up, not clearing 

System now rigid, «hite opalescence fading to 
bluish. 

Translucent, clear , but has a definite bluish 
opalescent tint. 

Fading. 

Clear. Transparent. 

• 

Tubu ren_wVo«i f*om bath and cooled to room temperature. After 

1 1/2 hours the system had become turbid. 

After standing overnight, the tube was milky and the gel became 

mushy on severe shaking. 

Couciusiuiis- 1) Transition temperature for gel-julx/ « 50 C 
2) QflM*>uto4 concentration of gel 18.5>5 at 25°C 

11.2$ at 40°C and 10',, -t «>°C. 
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By correlating many suoh observations the following oonolusions 

•re drawn and the phase diagram of figure« 41 to 43 obtained, 

ii. Reversibility. If the system is heated and then cooled it does 

not in general recover its initial appearance readily. Onoe a 

jelly is formed and has been heated above its formation tempera - 

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

ture is only just reached, or exceeded by a few degrees, it may 

revert markedly to the gel, its opalescenoe increasing slowly. 

This suggests that the presence of invisible particles of gel 

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

pure aluminum soap* This lack of reversibility renders those 

observations more difficult since they cannot be readily repeated 

on the same system. 

iii. Effect of physioal form of soap. The physical form of 

soap has a marked effeot upon its swelling( as noted in Tablei) 

end upon tau toruyoiv Wro of transition into the jelly or sol form* 

At room temperature, the crystallised form of aluminum dilaurate 

■wells to less than 1.2 volumes, the "original" to about 50 

volumes| that recovered from jelly 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 

same sample of soap be always used. 

iv. Effeot of solvent.  The solvent has a marked effeot 

upon the swelling and the temperature of transition to jelly. 

The greater the swelling at a given temperature in the solvent 

the lower this transition tempereture as shown in Table VII in 
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waioh tliu belie.vior of systems containing 2.5$ of "original1' 

dilaurate is recorded. 

TABLE VII 

Transition Temperatures and Swelling of 

Anhydrous Aluminum Dllaurate-Hydrocarbon 

Systems» 

Solvent     Swelling at 85 Centigrade  Transition Temp. C 

Computed coneen- swelling 
tration of gel,  volume. 

n-hoptano 18»5 

isooctane 24.5 

benzene 0 

cyclohexane 2.0 

6 

4 

50 

50 

64 

25 

40 

(b) The Solubility of Al(0H)Ii in Cyolohexane. and its 

Dependence upon the Physical State of the Soap. Under 

strictly comparable renditions the amount of aluminum soap dis- 

aolvod in a „iven amount of cyclohexane is. over a wide range, 

practically proportional to the amount of soap present. The soap 

behaves as if 1* 'were 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 X-ray ^wttern. 
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Tals it analogous to an aged sample of phosphorous which 

consists partially of the white font» Tory aolubla in osrbon 

disulfide, and partially of the rad for«, laaolubla in carbon 

disulfide, both forma bains tranafonaabla into aaoh otbar undov 

propar conditions* 

In these experiments samples varying from 10 to 180 ag* 

of noriginalNAl(GR)L were weighed into 85oo« mixing 

cylinders, dried, 25oo. of drlod oyolohaxana addad to 

aaoh. and tha mixtures plaoad on a •low miser in an 

air thermostat. After given time intervale the aol waa 

separated from tha gel either by settling for four hours 

or by siphoning through a ootton plug. About 15oe. of 

the liquor siphoned off the gel was plaoed in e weighing 

bottle, weighed and its concentration determined by 

weighing the residue obtained by exposing the frossn 

sample to vacuum. 

Two series of solubility determinations were mads 

one at 25°C the other at £l.5°C. In eaeh ssries the 

effeot of time end amount of soap present was determined. 

figurejg shows tho concentration of the solution as funotion 
of tha proportion of soap present* Over the ranges covered at 

it 
eeeh tempesature/in a straight line passing through the origin • 

figure £2 shows the same results expressing the proportion of • 

Soap dissolvot? :\r  .function of proportion of soap present» 

The proportion dissolved remains oonstant at eaoh temperature 

but varies markedly with the latter and is within experimental 

error £3* at 25°0 and e$ at £1.5°C. 
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Figuro  32 

Variation of Concentration of Cyclohexano Solution with Varying 

Amounts of Al(0H)La Prosont. - 48 hrs.  of contact. 

Concentra- 
tion of 
solution, 
wgt.  #. 

0.1 0.2        0.3 ~Ö^ 0.5 0.6 
V.£t, 'Jo ooap Prjsont 

Figure 33 

Proportion of t»oap Dissolved for Varying Amounts of Sopp 
Present  . - 48 hrs. of contact. 

(Vortical lines show experimental error) 
x contains 1,2$ HL 

propor-   3° 
tion of 
soap 20 
dissolved, 
•8*« %    10 

0 

r ' ™ 1  

■ 

i 
r         w                                              PROP.          'A i , 4       .  «     - 

■ — .^—— 21„50C- 
I ....             Ä 

1 
0,1 0.2 0*3        0.4 0*5 

-go, % Soap Present 

0.6 
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Xt was considered possible that the solution of only a 

fraction of the soap may be duo to the presence in the soap of a 

traoe of free aoid which "might he 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, 1.8$ of lauric aoid(on the «eight 

of the soap) was added to one of the samples of the above exper- 

iment and as shown on figures ££ und ££ did not produoe any ap- 

preciable effect« The presenoe of sjajj amounts of aoid has 

therefore little lnfluemoe upon the solubility of Al(0B)tft 

in oaolohexane. 

Hence oyolohexano has separated the "original* dilaurate 

lato a fraction readily soluble at 81.5°C amounting to about 

8)1, and one insoluble at 25°C amounting to 75flt« 

This fraotionation could have separated either different 

ohemioal oompounda or different physloal forms of the same com- 

pound aluminum dilaurate. To find whioh hypothesis was true, the 

melting point and X-ray diffraotlon of the part soluble at 85°C 

(reoovered after evaporation of the solvent was compared with 

that of the original sample and they were found identical. The 

reoovered soluble part had a sintering point of 18?-9°0 and a 

and a melting point of l94-5°0 while the original sample sintered 

upon first heating at 190-198°C and thereaftor melted at 194«S - 

195«5°C« The X-ray patterns after reorystallizatlon are shown 

in figures lg and ü respectively« 

Thus the term solubility does not apply in its ordinary 

oonnotatlon to the system considered, while the "percent of 

soap soluble" in the sample is more useful« The rapid variation 
RESTRICTED 
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ef this value with teaperature suggests that this soap ls ooaposed 

of many fractions having eaeh a vary ataap teaperature solubility 

relationship« 

figure 54 shows tha "pereent soluble" aa funotion of tie». 

It nay Da seen that at Bl.S°0 equilibrium seen* to bo reaehed 

within two daya while at E5°0 despite a larger amount dieaolred 

it my not yet be reached completely In that tine. 
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41a. 
(-)    Trio icf.ntiltlcx. oif.*acr: J"..lly vnu   .»ol,       ..O r..tu  found  r.o 

chur- ctaribüic acp.:r tin.., ah.rply the. so  co for-.a   -nd iho transi- 

tion,   iS w-;..iuct-'Cl,  is continual i.nci :;rdu"l, 

In CSU cf i '.tucous sodiur.t so'ip s it •*•■ shown by I oür.in r.nd 

ix.ii;,., in 1P2C thi.t a Jelly nay p< ss into   i sei  »itocilt ohc.n c in 

rcrri.cti/i. inao*, osaotic prcaaur^,  p.rticia aizo,    ii £t acut- 

taring (oiv.lc.sconce),  conductivity,   *...?.  OV iny oro(!. rt.7jCi.ncr 

«Lac ...fcch.mic. 1,  such aa viscosity :md elasticity«    &ia demonst- 

rated tfcut bos jelly ..■;.3 due to loose cent eta bot >can bbo col* 

loid.il j.'-roiciju tn. b  3 list ir.  alto sola, 

il'icu viscosity asj:is  to be the. at in property ir   >:ich thase 

icr-13 diffar,   ..c  ufA.d it for their stud.y. 

(a)   tfisocslby . easurujcifibs in   JC  13d    'vboa. In ori;r to 

j«ut»ur«j  l«i3  t/iicuaiby of   s  ay a »arc ..;.oso cc . /ositloi- rjn incd in- 

v::rJable Otfer icr.. ll'-.ca _nJ  ..lie recwaa or &::.■ >or< bwro,    e bi.'.od 
od 

lbs rlae, but.oor. b..o fix/poirba, or tlie v. joe bubble in ..  aolod 

tubt; upor.  inversion,     tail ft-uuod .,:-.vu  i\::vjiba  cf soaor&ta pre- 

cision Luu cevjrin.., .   ..ido r. ttjo« 

.3 e>t;j:;cU:d,   bbc viaooaity ia .   functior  OA  tho htsbory of 

br.o  ayatec.|   :o4 it is ciot era/ to ^ütor'-ir.a :. true cuilibriun 

r&luo ci'-jruciiu/'iabic of the syate'.. f"r u   :iven concantr. tJcn r..xid 

tciii/cr: ourr;.    Khe aysteraala affeota ..re, uo-ever, of i&arKOd int- 

erust in  b^w^aeiVwS ut ro  atill bull , 5tuelud•    i'iie  r-aji «s re- 

:'or«öd no.,   r.uat bo r-.^dori    fceerofora ...s a^Jiar^tery  -nd not 

def if itlvoi 

(i),     d'focu of i\ji...;or::bjre. 

Out of :.   r  ti.or Inrja nuobor of oii'-orv. üiona 

v<uloh   ,e?c often   .iüely v.ryinv   r«*a-.'lbs,  it,   .p'iatra    b k>ra3ant 

bhut tto effuot of "öWi^WfyjWaMÄrjjo represented :.;.:roj£i':;.taly 
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by tue CUTVC3 of Figure ,25, This is ■ soiai-lo* -rithaio plot show- 

In/, the variation of viicor.iLy for several concer trationa Rl 

nuiisurcd by the tirr..e of riso of tho r.oniscua in tubes of '.bout 

ötiiii. l.J« in soconds per on. «il s/steos at sufficiently hi3h 

tu.r.perutures im typical sola and their viscosity is little SMK 

tiiun tftrt of pure solvent. In the ::oro concer.tr-.bed 3.7stens, us 

the texporcwurc is lo.'oreu i.nd t.ioy become typical jellies, the 

visocsicy lnorotses first exponentially, oBi ti en .auch sore slovfy. 

.t lower concentration, the slope of the exponential part seer:.s 

loss und the almost oonstunt portion is not reached. The expo- 

nential part of these curves presents less marvel h/sturosis 

effects than the ni:,n viscouity p;..rt and iu therefore so;:.o\.aut 

■ON definite. 

(ii).  effect of Qonceiitratior.. 

Figure 35 is rcplotteu in figure £G to illustrate 

the effect of concentration at various ter --.srv.tures, showing a 

aeries of S-8haped curves« 

(iii). hysteresis Lffects and Kinetics ef üol to 

J&M  Tfanstt^p. 

Two types of hysteresis /»ere obscrvea:- 1) thi- 

xotropyj that is, reduction of viacoslty by prior flowing espe- 

cially by rapii flowing, and ii) supcrcooiin., or 'therir.otropy'j 

th.t is, reduction of viscosity by prior ho;., tin.;. 

Jhixotrocy «84 observed definitely only in core 

viücouu systems havix0 flov tines of over lCc aeo./cr., but t.Ms 

Duy be l&rtlely due to limitations of cur ..xtaoi.  /norc it ws 

observed the heulinj was rather slow, 

rherr^otropy» It .>i:a observed fch. L t-.o viscosity if 
!i.JTrUCTLJ 
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Fln-ure  35 

Probable Variation of Viscosity of .il(0H)L8 - Cyolohoxane 

üy st c :n v/i fch 1 a r.$> efat ur e . 

40 30 120 160 
To'.nporacurd  °C 
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200 240 
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lowered by ho.tin<i and roooolin*; to tho orit,ir.ul temperature» 

'hereupon the viscosity slowly i nor oases i^aln. TMf rate 0t 

reoovary seeou» to depend upon the tcxnpor&tures ut writoh Ü tfty 

ooourrins. fhe initial viaoosity ufter ooolinc therefore depend« 

upon how fust the solution was oooled. 

In one series of experiments the tube oontt*inin<; \,l% AKOHJX, 

in oyolohoxtJie was hoatsd above 800° 3, where it beoonos c thin 

liquid, then oooled durinj the course of ono hour at BZ°0,  kept 

at tola tcupcr&turo for a spooifiod time which varied for each 

experiment, inverted, and to avoid all other hyateresis effeots, 

tho time of flow measured once only. Tasn tha «aol9 process •/«.• 

rcpeetod. The results arc indicated by the olrolos in fi.jure 37. 

Vhey shot« that immediately after cooling the time of flow w:»a 

about 16C see./ou but Increased over five fold by keeping the tube 

for forty hours at 82°C. 

If the cooling wero oonduoted ir.uob ^.ore slowly, over a perioc 

of 41/8 hours, instand of ono hour, the viscosity was definitely 

auch higher us shown by the cross on the SU-TIC fl.;ure« 

Plowing the tube e second tiae ^avo a  lower viaooslty due to 

the thixotropio offoot as shown by the triangle in the figure* 

?his bahuvior surest s thr.t the struoture of jelly causing 

visooslty is built up to an increasing extent &s the temperature 

la lowsrod but thi.t the rate of buildin.; up is more r&pld at hi^h* 

er temperatures. 

To test this hypothesis the tube was i,;ain heated ubove 

8CC°0 und  than luenohsd by dropping it into oolJ water, tfiis 

ouused of course a local boilirj and condensation •.ithin the 

sysbos so that it became obviously inhono^cnecus, 30ir.e parts 
:t.3P31C'f:ia 
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Fir/ure  36 

Probable Variation of Viscosity of thu Al(OH)L8-Cyclohoxane 

System vdth Concentration. 

100000 

80°C i ^^^^ 

jopoo 
 '^r     .^,    _ ..__.              —.. 

" ■             ' \ 
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1     •                    S 
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I            1    M 

1600C              S 
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Figuro 37 

4.1 %   al(0H)L9 in Cyolohexano 

Viscosity at 82°C. after previous heating to 200°C.f 

as affected by cooling rate,  residence time at 82°C. 

and tiaixotrppy 

Twv 

Time of 
flow 

Sec./on. 

(viscosity) 

I 
/ 

ed in ca. 

ed in ca. 

> cooled in ga. 
f] owed once 

1 hr. 

4 hrs. 

1 hr. 

10 20 30 40 

Time,   in hours,   since beatlag to 200°C. 
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boin.; icuch nore viscous Uut others. 

jy neat d^y, Itwrai this 4.1- ;.1(CH')L2 in cyclohexune mix- 

ture; bec^c homogeneousj it v..is o slightly viscous li iuid havinfl 

• flov« tiv.c of about 1C 3oc,/crr,. It m 3 kept &t roon: toagoreture 

and its vlucojity observed occasionally over nearly iC d.vyg until 

trie tube «&■ broken by aooidont. 

Trio viüccüity incratiSod sloi.ly ut i'irat,  tLon yore ..r.d aioro 

rjuidly at un ulnost expenenti«.l r.to,  but after ■osfl tver Ly dfiys 

the r-fce ....s bjaifi reduced«    Go a liner .,raph mis would ,.ive cr 

3 shewed curve.    On H MallOtfaVithalO scclc a ratter ro>x..r 

pattern ia obtained us s.iown in  figure 33,  suj-.iostin.. (bet the 

structure being built up is proportion:;! net  to the viscosity but 

to its logarithm,    it appears furtaor as if  this structure »us 

buiidin.'j up to u point «.here the ti.re  of  flov; would be about 

loot acic./cjH. according to a rate cf the first order.    The smooth 

liito aravn is calculated on tiiis hypothesis. 

hen tho ti is of flow bedui'ic lar;.;e,  thixetrcpic effdetu a ;uir 

BOOftm disturbing    »<nd the points in the upper p«jrt of the curve 

»re   tuite uncertain,    Tae uottod line in  .''i^uro 30 shows tho 

result of repeated rapiJ flowing of the Lube in a centrifuge•    The 

time cf flow aropped   Jpy;rociubly belo«  the  smooth line und did 

not recover in i. day.    The recovery time from tr.e thixotrouic 

disturbance uuf much faster th<n froai the there tropic effoct, 

ou^aiila^  that tue tuo ;r..\y affect different olementu of  the 

struuture. 

.. further proof of our hypothesis wss obtaijio: whoa in cuse 

the tc.u^orature coefficient of the system appeared negative, the 

time of flov/ incrausir-ij froa; 153 to 430 seconds us tho  temptrature 

Tiara 31*H 
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.; ..3 ft iacJ frcca 8;}° to 101°, ahowin.,, that fcha etruoture aua being 

uui.it u,. dcä,,it&  tat;  w-rmin£. 

(«bother the observed flcts in the to. v-r^Uti viaooslty 

curv.;3   .rv: uue orLiruly to fury slow recovery friz  -ictii'. i3 r.ct 

.jUiic olj^r .»t preaoat  but soo.us unlikely. 

b)/lscoj-ity - ü-.iitx'JMC-nta ,ir. CstwlJ.  /isco.. ;.l:jrs.  /cr : ore 

i.i
,3ci3'3 J o. sur^i'-ÜP0H Otcr - li-lu::a r^r.;,u or  Li t-    i .-. tor.:.or:.iiurc> 

the Catwi lii vibCOrc;t.-r la converter t.    lo orc^r to ec«.< In  ol^nifi 

cant rouulta it ifl necoaa. ry to provost 0ft.pOrntloE ':nä to M toh 

cioöoxy for liatpa of Jelly v.iiicü Btf obstruct the ea;iU&r]es. 

Jbo reauiLs cVw ineu upon uuecsasive   r-ewaurentecta eooretlmoa ■fcoietd 

uaujcplulaod Variations but too** : i:rs alwi y3 sillier thtn tt-e 

r*. briar l;r./; effects to be aiseuasci.    .'?ho viiluja rflven are the 

..vor. > of iive to L<JII aucctaai/c :..«;.auramonta usually lilfferlfiß 

by  loua tu.ui l.i freu. c.cl. other« 

In dilute aolutio.-iS the   .tsolute viacojlty of the solution 

i.a iaoweurod by   ita  tii 0 cf fiOT. rust be OttiipurcJ  '.itli  tae viscosi- 

ty of the solvent itaoli', mhloh is the rutio of tlia viacoiiLios oi 

solution to shut of solvent *J3 '.■■ensured by their  ii'ca of Plow Jn 

the a.lie viaeoreter, 

Ji:e3u i"c- stirotcenta -ere -ntae in tenaone in ivuloh c-.a blroady 

noLicea,  low concenbr- ti^ns of dii.-.ur- to for.-   ..:  jolly or Bol at 

roo'.i be. ^er&turs« 

l)ri::e   .fffcet.  .7he Vr. ralulon fron Jelly to   <ol. TI;O viscosity of 

oil freshly prepared solutions in bcrzero Jeer..:..Sr:i wit*» ti^.e ^s 

ahovai in ttjuvc 09.    This doorcase OOntlnuei for SRV<::r\l veaks 

tO'-uraa ..n e tUlllbriun v..iucf  L na is r osb notasls In ..ore concen- 

trated solutions.    It occurs at   .bout  oho a...:>e r;.te ./bother tbc 

I 
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Pijruro 38 

Slow Rooovory of a Quonched 4.1>2 Sol of Aluminum Dilaurate 

in Cyolohjxane. 

1000 

Tiao  of 
flow 
Sec./cm. 

(Viscosity 

100 

 4 *-$ ""^ 

10 

10 20 30 40 

Tine  sinoo  quenchin..,  days. 
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Pljrupe     39 

' 

Concentration    weicht % 
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aolutior   ia  stored in  the viaco:: etor   :nd fre jucrtly aea3ured or 

utorei unulsturbed in a ßlaM stoppered bottle.    Stating seems to 

-cocicr^ta me afilBs process.    The comparative results ..ore ob- 

tained over 3nort periods of ti:ne durin; v.iiici   this  v.ii... effect 

ia no^li.-iöle. 

ii) "ffeot of SonoentrRtion. The viscosity incrc:.sos wi*n concen- 

tration, 11 first rither less theft tho USUJI lo ;< ritKmic relation- 

ship, but bt hi^h concentration the increase is -;ur.y tirr.es <ro*itei 

th«n lot)'.-ribhi.iic.    This is ahown in flijurc 39, 

ili)    Effect of, focaereture. The remarkable effacts of heating *nc 

coolin.j solutions of ulu»nir,um   dilaurnto ere shown in ;;ra?h3 in 

figure 40«    4aisin& the tumperuturc fror. 30°C to 40°C results in 

£.11 ccses in an IMM«M of relative viaoosity    ;ith respect to 

pure benzene.    The 1,'j solution oven snows tut increase in uoaolute 

viscosity with rise of temperature. 

Thli behavior raseublC3 two other well known cases, that of 

lüctnyl cellulose in M(W und of nitrocellulose  in alcohol, wtich 

i^els u.jun iitorebse in temperature.    Th3ro is furthermore a E&rked 

contrast between 1;' ^nd more dilute  solutions.     Solutions contai- 

ning c.l to C.b.S of soup shoved u r^tner r-ji.l decre.se upon re- 

aaiftin^ at 4ü°C| and upon cooling DUO*I to 20° C they süaued n low- 

er viscosity Hum before heutinj, nod upor  a 1 rtcr second heatir.;; 

nt i& SjO smaller rise.    This indicates th:l tho a^in , process 

Wia  iccolerr.ted by heating ;;nd v*as in the direction of icer 

viscosity, oven wnile hoatir:., itself raises the relative viscosity 

Vhe l,'i solution increr-sod In vloocsity »hile At \C°Z and 

returned to >: viscosity at 2C° hi:dxer then previously, und then 

TiST'ttCT^ 
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_Fi£Ui'ei__40_ 

Variation  of ruiativo viscosity of 

iil(OH)L2  in benzeno with titao and 

change  of Wijperaturu  indicated by 

broken  lines. 

1.22L- 

1.18_ 

1.14 _ 

1.10 __ 

1.06 — 

1.02 — 

flfcl 

5cT°c 

*/hr*3*y*'O days *■ fodbijs>< ' oda^s X'ArX /.octa^s* 
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Aoorcuaod but uio<sly.    This iu^sout« ör.it üMS BOTH eo&oor.trtrtod 

solution iäiiy hava a dif f^rurt or _ rßifci tlofi *t  t-k £  M 2MW tc.-,ür.-- 

tur-j   .t 40 0«    riie priu^ry .v.srticioa tro f:ir si. ilo*a uid tlmrc 

raesfc tnorofore bo n reor. ;:.ni«..Gici.  of t.le «iffccti/o v.Te.;. toe. 

o)    fcsiotic . c-.L.urou.suts, ;..l(i! )a in ^onzone.    Cj;.:otic or;, 

tiorv. üicris  ..era ..i-.do.  . iti; tue  JLfclM cu. Off.cvoru »* :ucr-n:ea  .»;■    U< . 

.; ,n.-i'(   lr.d.    ..!*,.•  Grtir .    .u;.uut 1»H 16   ,   r>2C)      .:.J  ci.,rlir.a  b;' 

tha   Jelorvil'Jc ..ppar: bus  ;o;.:?;r.y off ..loo-fioU . »«•     SJho  uelloph* 

JUG .,;c tr.r.py ..ore  IWOllcr in  wutcs nad uiUSOUS ^fr.c  c'-.loriio, 

ti.o -.v tur then  j(.ir.:; re pit ecu  lit miooosaivo JO:. .^»ti-rou^h dicocuno 

to pure JKBHaii 

1 . salutiere ox" .'. lu-. ir.u:i dil:.ur- to la bcp^exic . :re li L.1J :.t 

-.11 Unn;.o.r. ttrufij  Li*:; os.oiic pressure or., A^CS frov lesa theA 

La.-—   -t  ld°ti to 75 Cm,    .t  <?.5°d   ,   Cl*a  IOC »ft«  >.fc   iC°J.     '-once 

tr»a   .vjr:..,L. cio^r^ä of i.ajoeiution ci:..iiL:cs fro:., about ßteC ...olüculc 
O r> i.t lü  J to \.b:;ut 30 i t   1CCC.    In C.0C1    ncLuLüor;   fc.»:e .;ui:ber of 

nOicculüo ;;or ..VJ«. JC £. >rticio  ia only    bout f,  lulspanaodt of 

tAmperutitre«   nonce the purtialo   .ei.Lt or »urn *luxlrus diJLurr..t< 

in  uoxueric solution v. ries rcv^rsioiy bet..con aevör;.l  thcus~rd 

JOA Jbvcr: i :.iiiliOi: do::or»Uir:0 upon coi.OAOtrctiur   :jvi  cci.iy.oxv turc. 

.iu;rinuc dil^ur: to in  berzene h-.a therefore ceo-1 provan to 

ixt   .xi  _a30cl;tlon colloid. 

la cor.^r. Bt| ccUluloüe acrivr. tivt-j,  mkl\;r,  ::Lc,  -ro i-ol„- 

Beric  collcida.     V!;<yir     :;roiolc:   or    clocvL. i- . r.:   •_(,   Is.  sclUtlCA 

ia ..saui:.e-:i    to be iridoponaent of t;«_ ^r.ture   \nJ of oo: cei.tr. tion, 

jj-.J it is derived by oxtr.ipol'Jtlag    the i ctu. i   TO .euro onto to 

iofioito aiiution,     .saooi.i&ion or phy3lo&l linuin;:, ;vhioh . ust 

occur lc re<:l oonoontr. tiona,  i3 oonmocly i :ncrcJ.    .;o- ]..s ir. u'&toi 
roraicm 
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urc no» universally recu,,ii/.ed tc the prototype of association 

colloid. Tno tendenoy to .ssoolotion imrcoccs rapidly witfc 

ÜMVCCM in aOlcCttlnr «cij,ht. For exunc'lo, colloid fcrria from 

j-.olöcuioa of so^p with six or ei.;Ut c.rbon atOttC only ir oor.eoR- 

tr: ted solution, lt. forras abov  O.CliC for twelve c.-r'con ^toxs. 

ua4 -Ire iy «xt O.CCCG K for oleatus with eighteen oeroor utene« 

Tue torjucncy to .issocic.tc epicure to be ti.e rule «ith ii.-j.... 

lolecuUr weight ooi»pounus of suitable eospe« XnnuaefCble eyntbe« 

tic determents illustrate tnis. 

The typical picture with polymeric oolloias such ;;3 poly- 

styrene (^urtovios >:nü iark.J. .'-n. Chen., öoo, £5, 2319 (1343) 

Hof be outlined in two sontonccs: 

Osmotic pressure of polymeric colloids» The osnotio 

prc3uur:i divided by concentration incrouses rapidly with conocn- 

tr fit ion. 

/lsoosltv of aol.V-r.ario colloids. The specific viscosity 

divided by concantration tends to increase, scietincs greatly» 

with concentration« 

Tue picture fcltfc BIUOIMK dilüurc-te say ce suTmeri-acd in 

turea mtlMiH* 

csr.>otic pressure of ,.1(CH)L2 in benzene. The osmotic 

pressure divided by conocntn-ticn decreases very mildly with 

conoei'tivtion „.t rcoiu tc;iper.:ture (. *l(or.)L5)3c for C,J ■* 

(..1(C1)L2)    
for l'*l 'jlthou„h et 50°3 it re ..ins const.xit :-t 

%vCQ 

Vlsooslty of q(o:-T)L in benaone. The specific viscosity 

divided by conocrtrttior. tends to Increase ..itl: concentration. 

rxsragca 
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Jhi3 becoiues onornous when 1,< concentration 13 reached. 

Vlaooelty of (;i(CH)L with tomper;; turo. In contrast 

to osnotio particle weight vhioh dcoroasea for l£ froir 

(ifcl(0H)A.g) .0W) to («l(OH)Lg)g| »ith ri3c of ton.oraturo, the 

apecific visoosity of l.i increases i.bout two fold. 

Tue contnst therefore appears In tic relative inorc.ae of onr.otir. 

pressurs for polyaer partiolea cud tJic ,.re?.t uecruaso for the 

aluninuia aocr» /.Gain» both polymer siie had resultant vlaoosity 

an lrdcpendent of temperr.ture, whereas '..1th soap the pcrtiolo 

si*e decreases ao greatly v/hile the viscosity doubles. 

Interpretation, 

It is cle-ir that the important properties of these aluminum 

soup systems are those of an association colloid, not & polymer 

colloid■ 

The ^.roKtly enhunoed visoosity it the higher tcr.-perature has 

to be accounted for by far smaller particles but noro extensively 

or effectively linked in very loose a^rec^tion. 

It nay be concluded ..ith certainty thst tne observed viscosi- 

ty of hydrocarbon soup systems is ■ structural viacoaity» 

To clarify this it say be recalled that Einstein showed that 

for a oiven >.(üount of colloid within the 11 uid, the decree of 

subdivision or particle size is without important influence upon 

the visoosity. Furthermore for sodium ole„tu in v/uter, it ..-3 

saown by I ,~.Lainr, 1 ciiuin (J.3hem.?oo. London 191C) that a sol 

and a jelly of the Sacs composition and temperature posseased 

prii^.ry particles of the saao size as shown by os.v.otic properties 

and conductivity, etc.j they differed solely in ri.ldity and 

nstncrssD 
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elasticity.    The raecnunioul properties of the jelly an not duo 

to tiie priory particles uo uuoh but to their loose nmitfiac 

»^.;re,^tion union effectively immobilizes roich of the free solvent, 

i'tia ex^icnction  <<eac-lni as that up.roprlf.te for alnmiinia dil~u- 

xuiic in benzene. 

aTi'faiCTED 
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4. rhQrc.odynL.mio Jtability. 

fhe luestioo of ther^cdynaraic atr.bility of tho various fores 

and state uf a system is of fundeirental lmport-noe sinoe sponta- 

neous changes within it ;rococu always frou le3s to uOTC stable 

states. Thus if ;. ,'elly la tho stc.ble fora under a act of condi- 

tions, .«nd v.c observe s ,cl or ■ sol under tJM MtftM set of condl- 

v/e iuiy bo certain that if they Shuttle» it will be towards 

the jolly. 

Cf course -e en not interested In the absolute therr.odynanic 

stability with respect to ultimate products of evolution which 

in our systeCi cijit be carbon, hydro ;en and sone low noleculr-r 

wei.jht basio sc.lt of aluminum but in the relative stability of 

those states which cun foiQ spontaneously under ordinary 

conditions» 

Conversely experimental observation of such changes us des- 

cribed in the proccdir:, section is the simplest . ethed of obtai- 

ning the relative st^Dility of the Initial and first state, ..e 

cm thus sunr-arifce theae observation» as folio.3: 

i) The Jry :JOJP. The most crystallised forr. is the stablest cf 

the v-rious forra of aluninunr soap. This is always true »Vier, 

cryitulline and amorphous for.is of the eaJM subsit.noc -.re cop- 

pered below tne aeltin,;.; point of the solid. It is further sonflr 

iued in our Co,so by the higher malting polet cf tho nor« fully 

or coarsely crystalline rectorial, so fchst a less oryattlliro ac-p 

could ..elt into .* 11 aiid which, :.t the aana to. . oruture, .ould 

crystalline ir. oontuot ..ith the riore crystallirc fen; by its 

lesser swelling in cyclohox'.ne und higher transition temperature 

to Jelly. IftMaXCfTiD 



-135- 

ii) t'he Pel. The »;al for., of swollen soap Is stable .itr, roa^ocl 

to i>oth the jelly i nd the dry soap-sol fixture over a lid tod 

r;.n,e of temperatures belov; the transition tc.rpcr_iurc to jolly» 

since (a) the jolly often reverts spontaneously to ;ol it lo-er 

Itnjtfrrturtl »md (b) the ao:.p even In the most crystellino forn 

wo wsro :iblo 1*0 Ofit&JLil, swells nnrkodly at terucr.itureo 5-l5°3 

oolow tbe transition fre..T>araturo and tc:naln3 in this swollen 

condition for scvcr.l üays without bcoo line c jelly. 

ill) i'hc 3ol» It is stable .t sufficiently hi.;.h terrooraturns 

since It forrs spoi.t--.rooubly frei, the ^cl or Jolly on baufcl&jj 

and except for pyrolysis no further st;>:n.;e should so expected. 

iv) The Jelly» It is truly stuble ut to:.'.po?t,turcs interne die. to 

between these ..here the sei und sol uM stiele. It is possible 

thct ehe jelly ray be stable only ufeovt a cert.-in concentration 

(of the ordor of 2,.' for ,»1(0J;)L In cyolohexar.o).  .t lo./cr 

concentrations the „ol und sol see:.; to be the only stable Torrs» 

A jelly xi.jat be forced spontaneously :.t those lov/cr ecr.ccv.tra- 

tions by cool in;, the sol but it ..cuid be unst.-bio with respect 

to ;cl. 

..t ui«,hor concor.tr:,tior3 c.„. 5-10^^1(ti:)L0 the jelly forrs 

spontaneously fron i;cl u'jon he.-»tin.; tc 50°-55O/3 1 nd frou sol by 

cooling bclo.. 150-10C°C.    The first transition is r»pid ..nd sharp, 

the secona alo.v -nd indefinite but certair.    This shows that in 

thi3 region the Jelly i3 stable wit£ ro3?uet to both jel . nd sol. 

i'hc existence of stable .^ls  .nd sols has boon doMonutr^tod 

previously on other colloiu.l ayst3.-;s but this is believe.:   to bo 

thO firs«. ae.-'on3lr<.t.Lcr-  of true tuor."ioüyi_... Ic  bl.bility of a  jelly 

v.Conclusion.    :'ro.n 0 practical point of vie. it appears t!|ut 
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only the jelly form has the desirable properties of atrinviness 

t.nd ^lastiolty while the £el is too oruably and the sol too fluid. 

i'he proof of thorciodynr^io stability of jelly shows thit it 

is not a priori in-possible to prepare thic.<uncd fuels having 

en indefinite stori.je stability« 

rl&JTHIOTia 
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5«  fho ihaac i)lcu<;ff» 

.-. phase dia^rrifii should represent the rumors cf conditions 

cf terser ;turo,  pressure tiOtf eonposition under »vhioh vrr'oua 

phases, of a systdi.. exist,    it is usual tc rsi.ores.ent on auoh ilk* 

,;rrij.is oonuitior:3 of thwimiyauula o;iuiiibriuo under -»hi oh the 

:oat stable phuata i»: each region aro separated by  ?errr.uneni 

plunc yurf*.ceo,or,;.s Oibbs culled then  ,   'coexistent'1 pn.ses. 

Oi-ly very inco.nleto equilibrium phase lingrtma ocn yet be dra\n 

for mlMMImat aoaps and hydrocarbons. 

/or aetaatublo systeis, non-equilibrium phaso iU ja'is siiov/in- 

tac re ,ion of torpor ry existence nf r;etaatable phaaaa may :;lao 

be drawn sad aej baft definite application. 

in ducii nat&atabla syste.-isdt is often difficult to ascertain, 

v.aon  .  now phase bo„ir.3 to form if the ourf ,on cf atparclloa ia 

not plnnc.    i'cr exacple too prescrcc of u  trace of  ;cl iri a lar^e 

ooouat of jelly is easily 3cen bvt tir.c  prcscr.oo of lC,j or SO.' 

of Jelly or sol in u  ./J1 of •«Qllor so. p wyala DO very difficult 

tc uetocb if tae soap fills the liquid completely.    It is enly 

..hen u  supernatant liquid is visible that  tue prcser ec of the sol 

or Jelly i:nd tac existence of at'o phase region m^y be e. sily 

aMortuinod«    i'his   .cccunta for the laok of definite boundaries 

of the too phaao regions o£ the diajr.-s presented, 

ifco available OYi&enoo indlor. bus chat for aluolnua soaps 

in aycLroourboca the phuac Alü^reoa far the v_rious ictastable 

sü-tcjs differ greatly« 

i-'or bau  at&Dloat fore of AlfCajL., available,the   'cryatali/.ed'' 

one, a l;.r..e two pn--.US zoro botv.ecr jol and sol for-.& is present 

below ubout AOC3 ana th9 ,.el„Jelly transition temperature rises 
.'IVjJrtiöfVJ 
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to  ibout öC°Ü tio indicated In figure 41.    The exact position of 

those lines uni their extension to higher concentrations rer.;:ins 

to be irvoatinted, 

e'or the most unstable) fort:, of so..p,  that recovered fro-i 

jelly or sol, there >.ro no t./o phase rejions but only k cortiivu- 

ous tr.'.iisition b«tv.««tt the jelly rind sol states,  us irdic. bad 

in fid. 42. 

For the "orlüiaul" alurinur,, diltur^ti! »hioh is c. iriiture of 

•öuiiy ferns of v. riaus stabilities the two >heM 90*10 is n.rrcer 

und the cnown p..rt of the .^el-Jelly transition lir.e sorjc 1C°C 

leer bh&i for bac eryoti.llii c dilt.urato (fi0.i:j). 

a-ryfjaorra 
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Fi^ure  43 

Outlino   of the Phuso Diagram of the   3yste;i "Original" 

al(OH)Lg-cyolohcxano. 

200 

f\ 
150 

Temp, 
°C 

100 

" 

\ 

50 

\ 

Nv       J 

N L 
G N L 

T. V 

100 
J I L I 
80 60 40 20 

% of soap by weight 

j frei +   sol 

RjiSifÄICTxbD 



-111- 

6. CharnotorlZÄtion of xeptlzorat 

x'huir LftQÄ. of Ael-ttlonsMj to rol^rity .m 1 g«Burod by iJljole 

i.onent. 

5hs boWfoiitisutlOIi watt introduced ir loci by 'Jrih.ir, to 

aojiotc the li^uof. ciiic:; of u golutiftOlfta EAtorlal( whether jolly 

or gal| by the ccidltiou of a  maoll (iUL.ntl.ty of another oubstc.nee 

(sec lihcv.iae lito^'s Ch~ acül J&etlcnory 1937).    It thus irvclvoo 

reversal of OOn£ttlu&iOn or of .,el:.'tini action by EJHna of oh .-.dded 

po jti/i-tion .. ;orit«    It cci-aiats of loosening tho bords botveun 

:.cij:.:Co:it pk.rLici.oa, by isubatitutini solvent or paptixer to 

s-uiofy UM brokbn linkte a. 

Taus paptlfcfctioA, properly ape; kir;„,  is but i a/.-ecl: 1 B^bO 

of 11 luif.ictlon of .;ol to jelly or sol, or Jelly to acl, H tr :EO- 

fOCnctiOK produced by tho ...ddlticr. of .. a-nil -.»rooortlon of e. 

pcytiaxr.     .o haVO seen ths-.t the Bcno or si..iilnr OhCJl£M ii».y be 

producad by thnaalHC the tcnpcr.ture of the ayatcin,  ita history, 

tho St..bo of tho sop, or nature of the solvent. 

Agonta whose preaence in aiall c.cunts peptizoa aloslnuu 

■Oaf in hydrocarbons aro ROD of ..;re>;t pr:ctici.l intorest, -ind 

c-n correctly De tcrirSd   'pcptizln.,   i-jenta'1. 

It i3   ;oi\jr:llv rtoswsod thi.t .   pcptii:er oust ltaolf oe appre- 

ciably soluble in the liquid 3u4iWBa    If so, water aij&t (a) act 

through liberation- of fatty cold, or (b)   throu ,h it3olf boln^ 

aclubiliijd by tho soap ir the hydrocarbon,    i'he pcptiKcr n.ust 

h:..ve so.o affinity for the colloidal natorlul«    i'or ex&r.plo, it 

ay be  Jtrcr.ily aorboo  on the 3urf.:ce of the colloid.. 1 .r;.r tides, 

both frooiüö the. froa e<.c« other and exposing soluble groups 

to the solvent,    üorptlcn is öfter, fevered by low solubility or 



HTIJIMIOTO 

-142- 

öy the ijroaenoc of poli.r ; roupa In the pcptizin;, i.^ar-t, although 

sorption is liKc.iuo often specific*    The pe?tizii:;j j,';ert f".:y 

itself be either colloidal, es with ao^ps, or not,  tl  vith phenol 

or f tty :.oiU in li/drocrbcns. 

in '..vtjar, U0l4a Hfed ~l*c;lica   .ua s..lts often act es pentizir 

^.e^cs.    -iorico poptlsinj .„.jnta ..re fro ;uently referred to ws 

•'jülr cc-ipounds',    Fhla tern hu« t-..o .e.nifjs,  the first of 

■.vl.iOii e..:'ürucjj ionic ce■••ijO\inds or electrolytes,     ?hia definition 

is not rclov.r.t in hyäroc-■rber- syatc.s. The oecu:;u usx.e icfir.ou 

pol-r compounds .£  ttoOM tlhieh ;OHBII   • ptfHSunaat dipcle nono.it. 

t'or (w.rv-la kbo   iiyol«? ...c..apt of wut*Jr ir. ue'oyo units i3 1.8 • 

th&t of   .cetie   .cid is 0.74,  thut of toluene i» C.4-C.5,  DC4 

benzene baa neno«    Only unsyri ctrict.l r..oleculcs c-n  be polar in 

t-iia sense, no rcuttaf what "strongly pcli.r groups'* auf be present 

LMt of the kttowa pöiptlzors for rluninun 30-138 are poli.r In 

Jobyc»s sense.    .'. lines!* experiment serves to teat ahathog a 

dipole Boaont is necessary or whether tnis wet just r. coincidence 

Tho throe dinitrobonzeneo, ortho, net;: uiul pure, hcvt the 

s <JVO co i.::ositicn, 'out different    structural formulae, with dioele 

uo-ents of CO, 3.7-3.8,  ..nu 0-0.32 respectively.    Thus the po- 

larity of bau ort'io-dinitrobenzsne is very exceptionally ler.;e, 

thi.u of :r.ete l\r„,;, whllfl thut of pcra is a::...11 or perh.ps    rc:.li 

,;iblo.    Ilesoo v.e M39nro4 their efficacy ;;s peptizers L.H fellows, 

showing thut tl.ori is little to choose botv/con the r.ost ucl-.r und 

the loatt pol^r ii: th~ir reduction of tho vises;-.. Uy of lupafta 

jelly:- 

faru-dlnitroheraeru is eruy slightly soluble in benceno 

(:-bout a.5')  r.nd   ;vür.'. lota in r.orc p^r.^ffiric hydrocarbons« 
vr.JfUCT-lJ 
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Theroforo 2.3/i by weight solutions of tho throo dinltrobonzunos 

as obtained from Eastman Kodak wore used,    Gels containing six 

grams    of Napalm (McOoan No, 462) por hundred oc.  of these 

solutions and of puru benzene >7oro prepared under strictly 

comparable  conditions. 

At first the ortho, meta and para   md the control benzene 

jellies wore in the stated ardor; but nex.; day all threo di- 

nitrobonzonos had lowered the viscosity comparably,  that  of the 

bonzeno jelly being unaltered.    After 48 hours the times for 

equal amounts of flow under gravity were: 

para . (loast polar) 1   I 1.19J 

C :..} 

ortho (greatest dJpole) 

.netu  (i-,r.:o dipole) 1.G5 

bon-jonr  certrol 2.7C 

and after five days, 

ortho 

para 

meta 2.0 

benzene 3.1 

This shows definitely that polarity in Debyo's  sense  is not a 

determining factor in peptization. 

One may also speak   of polar groups within a noleoule as 

moasured by calculated dipole moments ascribed to each bond or 

group.    Thus the nitro-aromatio groups  in all three nitroben- 

zenes would have  the   same polarity,   even though in p-dinitro- 

bonzene the tvo  polarities being symmetrically disposed neutra 

lize  each other.     If this definition were to be applied it 

should bo ror.io»nbercd that the carbon-hydrogen bond itself is 

RESTRICTED 



RLSTiUCi'^D 

-14-1- 

t. bo consUoreo .. a strongly ,*» *~, and lw*ocarbons, 

8U0h M **-«». *i* >»« no ,«*!*« action «H I»« 

M *  ,«i*»o« » boint al.o pour „olocuXos,  tUus r^rln; 

the  tori meaning;!-• 33. 
-  -i   -1T1. d     <3oc3 not   guoM to bo Therefore polirity,  however dwl in -a,   aous 

dlr.0tl7 or  amply correlated with pepti.ation. 

ajj,SBRICTi!2D 
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t, Foroes operative in thickenin    fuels by means of soap« 

One of the ultimate goals of this researoh Is a clari- 

fication of the nature of the factors causing the useful 

rheological properties of thickened fuels»    It appears probable 

that a son 11 amount of soap oan produce a great increase in 

viscosity of hydrocarbon because the molecules of soap assoolate 

to form primary oolloidal particles and these particles then 

stick together in loose ratifying aggregates to form a brush- 

heap structure enmeshing and immobilizing large tracts of the 

solvent«    This is essentially the same mechanism whioh operates 

to form Jellies of sodium oleate  in water« 

ThOi?e  is not enough information available yet to deoide 

upon further details of this ploturo, but a fow remarks may be 

made, 

1    The particles aotlvo in thickening Aluminum 

soap Jellies ggejaot original soap but something resulting from 

the Interaction of solvent and soap« 

HbpplvjrlFotto    und Seifen 49, 700-706   1942)  in the study 

of mineral oil thickened by calcium soaps «as led to tho oon- 

elusion that a oolloidal dispersion of calcium oleate in oil 

was formud«    The calcium oleate rotamod most of its original 

eharaotoristios in thu finely dispersed state, particularly its 

meltln? point«    above the melting point  of the  soap a dispersion 

of liquid droplots was present,  showing little or no thickening. 

Below the melting point  of the  soap it became a colloidal dis- 

persion of fine  fibrillar orystallites of thu  soap whioh by 

interweaving enmeshed the liquid and causud high visoosity with 

but small dependence on temperature«    This view was supported 
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by measuremunt of visoosity on a sample of CaOl« greaso above 

and below tho molting point of tho soap  (83-84°C).    His result« 

are reproduced in 'figure 44,  whioh shows at this temperature 

a large discontinuity and dislocation between two flat portions. 

It may be notwd that tho visoosity soalo is logarithmic,  so 

that the discontinuity corresponds to about a 15 fold ohange. 

To determine whether this hypothesis eould be applied to 

our system,  tho viscosity of two älOHLB-oyclohexano mixtures 

was measured in the neighborhood of 196°C,  whioh is the melting 

point of tho pure soup*    The results shown in figure 45 prove 

that   this system shows no discontinuity in the visoosity ourvo 

at the melting point  of the soap.    Thus Eoppler's theory,  which 

nay or may not be true for oaloiua greasesf   is not generally 

applicable to hydrocarbon systems thickened with aluminum soaps• 

In these  systems, particularly In that   containing 9,5# of 

aluminum soap, the viscosity is much higher than that  of the 

pure solvont, and doorcases uniformly about 5-fold par 10°C 

rise in temperature»    The soap is theroiore exerting a marked 

Influence, but not through building up a soaffolding or felt 

of ordinary soap crystals. 

This agrees well with the view that soap moleoules assoc- 

iate to colloidal particles whioh then stiok together In loose 

aggregates,  enomshing and immobilizing large tracts of solvent, 

but also shov/s that tho  colloidal particles are not original 

soap but something that results from the interaction of solvent 

and soap, 

ii    In water «association of alkali soap molocules 

is due to the ,^reat affinity of water moleoules     for each other 
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T    2^0 
Figure   45 KR 

Viscosity of aluminum dilaurak'e-cyclohexane systemsas function of 
temperature,  showing no discontinuity at melting point of soap. 
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and for the polar groups, as oomponod with their affinity for 

the hydrocarbon end of the soap.    The soap is held In solution 

beeauso of Its   polar groups, while the hydrocarbon ends are 

expelled from the wator and forced together. 

In hydrocarbon solvents the reverse picture may be true. 

The affinity of fc.'u.  solvent for Ihn hydrocarbon part  of the 

soap may hold it  in at least partial solution,  while thu polar 

groups are expelled fchurefrom and are strengy attraotod to 

each other. 

Hi    Specific effects of aluainum. 

Specific e.ffoots due  to the coordinating tendency of 

the aluminum ion liuy well exist, buc it  is believed that   these 

are not    of urlanr; importance.    The aam<> fundoneatol phenomena 

that are obsjrv*d with aluminum soaps,  l.e, far-nufcion of swoirui 

gels, transparent jellies and thickening in general, are also 

observed in hydrocarbon systems with sodium steamte or silver 

soaps.    In the latter oases an explanation of this behavior 

by coordination leeau precluded and it  is altogether probable 

that thu foroes causing such similar behavior are essentially 

the  same, 

Observations on silver palmitate «ere published by J.'n. 

McBain and \,m L, TlcClatchie, J, Phys, Chem, 36,  2567  (1932), 

Thu work on sodium stearate hydrocarbon system has been 

mentioned in our September report and has since been confirmed 

and oxpanded in this laboratory outside this contracted and 

reported bulow. 
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8.    The  system sodium stoarate-cyolohexanu, 
IM— i» iMB -ii ■   -!■-■ MM   ■   —r ■ ■niiT» r nii i   - TI I     - I      1     -    I   I    -    - 

Dry sodium stearate, finely powdered gamma oystallint; form, 

swell3 somewhat In oyclohexane at room temperature. The parti- 

cles bocomü slightly translucent and markedly birefringent, 

Sorption nijurInent■ show that thöy fix only a few percent of 

oyclohexane at 50°0 as shown by the isotherm reproduced in 

figure 46* 

As the tumperaluru increases, sodium stoarate swells more, 

at first 3lo./ly, tho-n rapidly in the neighborhood of 90°C reach- 

ing some ton volumos at 95°C, filling the liquid completely if 

less than that amount of liquid is present. 

In systems comprising leas than 50;') of joap. a sudden 

change to a liquid crystal form occurs 3h.trply at 98°C, the 

opaque swollen scap boooning translucent and homogeneous and 

remaining strongly bircfringont. 

At a still higher to literature, the blrefringonoo disappears 

in systems containing les3 than 35,'J of soap and an Isotropie sol 

or jelly is obtainud; but as the temperature rises much above 

240°C and the critical region of oyclohexane is approached, the 

soap precipitates again as a dense flocculent layer and settles 

to a compact layer. 

At higher concentrations the various forms are more diffi- 

cult to determine tut the isotropio region is raisod- auoh abovo 

both the melting point of the soap (288°C) and the critical 

temperature of the solvent (281°C).  In fact, systems containing 

45 to 85.: soap are waxy liquid crystals at 310°C, the highest 

temperature investigated. 
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Figure 46 

Sorption of Cyclohejcane by Sodium otearatc,  NaSfc,  at  50°C 
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' A summary of those observations Is presented In the 

outline of a phase diagram in figure 47« 

Reversibility,    The 98°C transition is irreversible;  the 

system doos not recover its initial appearance.    For example 

a system containing 5-10jtf of soap which is a white powdery, 

eusily settling suspension at room temperature before heating, 

beoomes a synerutlo birefringent swollen gel at room tempera- 

ture after heating. 

The original form is the more stable.   This may be seen 

from the lower solubility In oyolohexane and the oooaslonal 

reversion of tho other forms« 

The thin isotropio sol obtained in dilute systems at 

high temperature gradually solidifies to a stiff transparent 

jelly upon slow eooling whioh may exist without syneresis 

from 120-50°CJ and then syneresis ooours upon further cooling« 

Bffeot of water.    Only a few exploratory observations 

on the offeot  of small amounts of water have been made.    They 

showod that the presence of 0,\% of water lowered the tempera- 

ture at whioh an isotropio sol is for-ied from about 220°C to 

110°C, and upon cooling eaused tho appearance  of a white curdy 

phase and a transparent liquid crystalline phase, both com- 

pletely absent from the anhydrous system«    The presence Of 

1% of water further lowered the isotropio temperature to 95°C, 

and it caused curding of the whole  system* 
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7it>4re 47 
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CH.iPT^ri  IV 

SUQGjiiaTIuNo tjoB:.ui.'i'~u__ 

In this chapter aro collected together   submitted sug£^tx0n3 

foiling mainly with practical applications,   ind not  directly re- 

lated to i,ur mam problem ''The Fundamental Stud;   of .»luminum 

Soap."    a considerable amount  of experimental work has been done 

on the USJ of metallic sodium,  and so no on thu use  of .»gripol 

(Norjpol)  in thickened fuels,  while  oth.-r aspects were  submitted 

simply in the  form of ideal v&thout  performing any experimental 

work. 

A small a mount,  0.5,'j to 10.• of an alkali metal  auch as 

sodium or potassium,  dispersed  finely throughout the  body of an 

incendiary gel,  make 3  it  ignite  spontaneously on contact  with 

water and prevents  its extinction by thia agent.     It   should  then 

greatly increase  the  destructive properties  of an  incendiary. 

The alkali metal3 may be  used eith-i' naked  or enclosed, 

(a)     Use  of naked  sodium,    -i report  summarizing this 

work was  submitted  on November 8,   1943,     It   showed that  the 

incendiary qualities  v/ere  excelJont,  as  expected,   minute particles 

of sodium acting as a water-activatod match.    The  Theological 

pro^rtiej  of gels were affected,  a marked  increase  in rigidity 

occurred at room temperature,  and liquefaction often at higher 

temperatures,    G0I3 which did  liquefy at  higher temperatures, 

often recovered at room temperatures.    However,   it  was possible 

to obtain gels which neither liquofiod nor  settled when heauod 

24 hours to 150°F,   or kept   several week!   it  120°F. 

Thi3 work \/iS transferred elsewhere at that point,  and the 

exact  conditions nuc«33ar.   for alwiya proparin'.  stable  gels have 
HüStfHICTJb 
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Pivo percent of metallic a odium unclosed in gelatin oapaülos 

failed to produce any visible difference in the properties of a 

6.« Napalm g»l after 2  weak a at 150°P, as compared with a sodium 

frou blank. (ricGean Lot 462 in Specification Gasoline). Nor was 

any difioronou visible aftor 8 months of storage in tho laboratory, 

This shows that thu gelatin is completely effective in 

preventing interaction between sodium and Napalm. 

Figure 46 shows four samples of Napalm gel of the sane com- 

position (except for sodium and capsules), comprising a blank, 

two gels containing 5..J of sodiu;:: in capsules and one oontaimng the 

lav percencage of naked powdered sodium, ull had been kept 

4 days at 150°i'.  It wi 11 be seen that thu one containing naked 

sodiua is largely liquefied while the former three gel3 show no 

appreciable differences. 

The inewndiary action of sodium is modified by enclosure in 

gelatin. However it 13 still Tory advantageous. 

.i  capsule containing sodium ignitel within 2-4 minutes when 

dropped into water. Whoa surrounded by Napalm gel tho time is 

longer and ignitions after from 3 to 45 inimitoi were observed, 

*» stream of water causes more rapid and so ie times instantaneous 

ignition. Thus while naked sodium ignites instantaneously on con- 

tact with water, oapaules containing sodium show merely delayed 

ignition. Furthermore while naked ■odium in general burns in 

place, the capsule often act3 as a micromortar, projecting ignitoC 

particles to some distance. 

.h*n tho gel burna the gelatin is weakened and finally oar- 

bonized, fart of tho sodiua ruy burn but in general it becomes 

covered with carbonaceous natter«  If water i3 used in an attempt 
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to extinguish the burning gel It oan lnteraet Instantaneously with 

suoh sodium whioh 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 unohanged, burled in the oarbonaoeous 

residue, and this inflames spontaneously if water is sprinkled 

thereon*   This new effeet is almost absent in aase of naked sodium. 

It makes handling of burnt out incendiaries much more hazardous* 

The sodium metal enclosed in the oapsule does interact with 

moisture contained in the oapsule  originally and perhaps also with 

some diffusing from the gel through the gelatin.    A slow stream of 

small bubbles therefore slowly esoapes from the capsule and may 

oooasionally cause tho  latter to open and expose the Napalm gel to 

dlreot action of the metal*    One  such opened oapsule with the 

corresponding formation of gum is visible as a black spot in the 

top bottle of Figure        *   This aooidental opening was completely 

prevented by taoking the two parts of the oapsules together by 

Duoo oement without preventing the escape  of hydrogen. 

To summarize!    the experiments described show that gelatin 

capsules oan be used successfully to prevent interaction between 

Napalm gel and metallic sodium while maintaining the incendiary 

advantages of the  latter*    Large  soale testing of this variant and 

evolution of a practical large soale method of produoing gelatin 

membranes (or other membranes suoh as far example nitrocellulose 

or other plastic) around sodium are beyond the facilities of this 

laboratory«    It is recommended that they be handled elsewhere* 
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B.   Preparation of Thickened Pual by Mixing fwo Thinly 

fluid Oasolino Solutions« 

At the beginning of our program, we had available only 

one sample of Napalm (Nuodex PD8712T) wfaioh «us Tory »lowly   and 

incompletely soluble In gasoline and had yery little gelline 

power( duo, presumably, to oxidation« 

It was found that when the thin supernatant liquid from 
was inixed with 

a mlxturo of Z% of this oxidised Napalm/fa solution containing 

80# of Agripol  (Noropol) a gel «us farmod rapidly«   The stlffost 

gel resulted when the final mlxturo contained 2% of Napalm and 

11% of Agripol«    Reducing the Agripol oontent reduoed the stiff- 

ness and favored synevesis.    Increasing the  soap content in- 

creased both stiffness and syneresls. 

The best gels wore stiff, elastic and stable for over a 

year at room temperature but rather short« 

after unoxidised Napalm was reooived, work on this aspect 

was discontinued but if flold requirements oall for thlokening, 

produced rapidly by mixing of fluids, it may be a promising 

alternative to Dr. Alexander's method.    Since the effoot is 

almost immodlate, a solution of Agripol might be useful to oonvert 

thin fivjrooly-burnine flame thrower fuel into thickened fuel as 

desired. 

IBSCRICT£D 



- 

JteJTRIOL'iJ) 

• 159* 

C. A Possible Role of Proteotlvo Coll old a In Haptxlm, 

It has been found both In Britain and by Harshaw thJt   tho 

presenee of small amounts of various proteins and of starch 

during; preoipltation of an aluminum soap markedly Increases the 

visooslty of its hydrocarbon gels«    This is interpreted as a 

"protective'tollold action" ohanging the physical state of the 

soap.  Usually, however, any protective colloid must Itself bo 

stable  in the  solvent in question.    Bunco  such an action could 

occur  only during precipitation in the aqueous medium* 

TJe would like to suggest the possibility of an alternative 

or supplimental effect to account far this result.    The  substances, 

used are probably to .'. largo extont sorbed or  occluded by  the 

precipitated  soap#   and upon drying may for;a very tine  filas  or 

fibers which may ther? bind together adjacent particles,    \nhon the 

soap  is placed in hydrocarbons these  substances,  completely in- 

soluble but  finely dispersed,   i:nay produce an increase  of viscoslt; 

in the same way as p.\por pulp  or othur fibers,  but  with much 

greater efficiency duo to the  finer dispersion. 
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D, The Use of Naphthonio uolds of Higher Moluoular './eight. 

It has boon noted that thu formula far manufacturing Napalm 

Includes tho use of low molecular weight naphthonio acids«  It was 

believed that thu uso of higher molecular weight naphthenic acids 

would give metallic soaps having greater thickening power. This 

was confirmed by preparing barium aoap3 of relatively pure high 

and low molecular woight naphthunic acids and thickening gasoline 

with these soaps. Another sampla of co.imurcial naphthenic acid 

was tried and found to be too diluted .vith unsaponifiable material 

to suitably thicken gasoline. However, sufficiently purified 

naphthunic acid of hi;-h molecular weight can readily bo made 

available. 

• 
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E« A Possible Approach to the Problem of Roduolng 

HypTOsooploity of Napalm. 

It was learned with groat interest that work was in progress 

on reducing the hygrosoopicity of Napalm by coating its particles 

(Broughton and Byfield, The Manufacture, Properties and Testing 

of Napalm Soap,   O.S.R.D, Report 2036,  p.  61).    The approach 

seemed to call for a ttoatin^ which is permeated  slowly by water 

to roduoo the rate  of absorption of moisturo by Napalm, 

It  is suggested that tho  same method might be effectivo 

through a different mechanism. 

Napalm ha3 a vory large  surface  \Aiich is presumably quite 

active  in absorbing almost any available;  substance.    Absorption 

of any one  substar.ee   »ill often reduce the affinity o.f an 

abaorbin^. surface l'oo any other substance.    !?his is particularly 

true for substanci..?. having similar structure,  e.g. possessing 

polar group,  etc.    Moisture  is ver;  oailly absorbed and very 

detrimenb.il.    However If a  substance,  preferably polar, having 

lit de or no effect  on ;*ollin^ properties is allowed to bo ab- 

sorbed by this  surface the affinity of Napalm for wator  should 

be appreciably reduced. 

In other words,  coating of particles by a  substance capable 

of being adsorbed  should affect favorably not  only tho rate  of 

moisturo absorption but also tho eQUlllbriuin moisturo content 

of the  soap. 
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Aluminum soaps are studied in order to Identify the phases utilized and to find how water Is 
held by Napalm and Its function in their hydrocarbon gel system. Well-crystallized pure 
dllurate Is inert towards paraffins and even cyclohexane at ordinary temperatures, whereas 
when the same pure dllurate Is more amorphous or glassy It readily swells and forms a true 
gel. The mono-soaps are comparatively inert toward hydrocarbons. Napalms contain appre­
ciable amounts of inorganic Impurities capable of absorbing or combining with water. Osmotic 
examination shows that a solution of aluminum dllurate in benzene is a sol. 

Air Docv"*"" DivltJon, l"r.lfigenc• O.portm~t 
AJr MoteotW Commond 

AIR TECHNICAL INDEX 
R£SlRICTED-

Wright·Ponenon Air Force 1oM 
Doyton, Ohio 



...,._ CLASS I FICA TI ON CAt~ ~ELLb D 
@By authority OSiiD L1 at IJ3, 

Dated 2-11 January 1946 
By J:;_...~~fi~~ , USCO 

18 S~P 1950 ~ 17f/1 
® * fvt- / t-A ,·cfere /" f 

rflce"J ;ory fri .rf1res 




