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SULUARY

The investifution covers wvarious metnods of obtuining thickened
fuels for use in Flare Throwers, the purrose of this thicrening bueing to
provide a fuel having a high calorific value, ready i;rnitroility, adhesive-
nese, resictance to disintegration in flirhit, cud stavility in svoruge.

In Zection II of tie report, tests on thickensd fuels cbtuined
by the followinrs mevhods, 1) suspensicis of snull purticies ol combustitle
solids in the fiel base 2) euulsions of jrascline «ith varicus liquids end
3) gasoline gals ure discussed. The bulk of the werx was lore on the lust
named, parvicularly on gasoline rellea with nluminuws scaps, Jertuin other
metncas, however, nmight well repay turtiier invastiraticn.

section III 2eals itlh pousitle vuristions in the lepulm (alumipun
soaps cf cteonut, naphthenic and olelc acids) furnmula, tie effoct of water
and free zcid ani soap cormplexivy or rascline wels, It is concluued that
scabs mude from cheaper aud nore readily ohtuinuble scvrces of acid, e.g.,
Tall 0il, could ~robzbiy bte sutsiiturzd for the steulord apalr acids,

The treory of el structuire 1s next :iiscussed ot .2 length,
(see Seetion TV) particularly itk reiard to whe effeut of ithe addition of
certcin polar comwounde, whicl wre effective in prevenvins the oxidaiion of
the 'apaln soong, bLoth in ths process of nmanufuatire und in subsequort
sterugze. It is concluiel th2t o nurher of ilese oxidntion irhititers
(UOP o, 5, Lersre, alphascl, ana Alpk~nil) car be used in sufficient zcncen-
traticn to prevent oxidevics without cunper cf anv deletzricus effects on
tke wels prejared from tlese inhivited soals.

In Seevions V aral VI uhe viole guestion of szl.ictlon stabilitvy
of liapal:z is ezarined, un accelerusved mevhod for iteutir, cxidution
suscepticility deserited and thae ase of various ozizatisn irhitivers dis-
cussed., It is dezonsircted ihat whern unsatursted fatty cceids nre emplered
in the soans used for pelevien, the additicn of these inhititors facilitates
menufacturing cperations (parvieularly the diyvinge preoeess) wni ulso irsares
arainst subsequent deteri-ration by suidntvion n lons, siorase, ever under
ropleul conditicns, They will ulse funeticn Leneficislly in overconing the
deleterious effects of irun wlthougl, in the interests of econcny, the iron
content shoula te heli to a mindmur.,

Zxperirental wwork tn varicus mevhods of ueter:iniig ti:e moisture
ccntert of alwainum souwns i described in Section VIII. i'o definite
recommendation eun be rade o to the arthod 1o be ado;ted bocuuse, although
each meihod jrives re:mmlts tuat are reproducille, I'er a siven semple of soap
vhe waver conte.t varies accuoltiing to che nevhed usei,

In Jeetlon LI tie e of various uaditives te elininute unburnt
resiaue, irercase dorsity, ete,, is discussad, here aogain, no very definite
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FINEM PAL

Page 2 of Summary.

recommendations can be made as sufficient data were not ovtuined, The best
results were observed viith a niixvure of two purts aluminum dust, sixteen

parts poiassium perciilornte, nnd one hundred parts zel (8% Mapalm in pasoline).
This burns complately to an ash, the burning period is extended, anu the

total rumber of calories produced is increused,

In conclusion, additional lines of researcn which mignt repay fur-
ther investigation are briefly indicated,




ee T e,

Y

e g

TRLE YRS

Twmiw 3

I. Introduction. The pursose of the investipntion, ihe reusulus of which ure
embodied 1in {ia—bresent repory, was to develop a sultatle thickened fuvel for
use in flone threwercs. 'The main reguisices of suel a fuel are hivl calorific
value and igrivatvilivy, swability in storoee, adhcsiveness, and rosistunce

to breakx up in fli-kt, tlus rerwvitving maxinum range 1o be obtainad,

‘Mhen the abovae contract was enterod into, tuis problem of praducing
a thicikened fuel vms presented withoutr limitations ts to the marner in which
i1s solution was tvo e accomplished. rrevious worii hud beon deie Ly other
contrasvors, particularly on Alwsinum Souns (Nupalks) aud methacrylute rocins
17ith the result that certvain cbvious disudvaninzes ¢f bLoth these tyres of
gasoline thickeners hed come t~ lijhe, Attenpts, vherefore, vere nade to
find a thickenir;; agent free from tvihe druwbuz:is inhereout in the afore~
mentionod materiuls, In eneral, there appearcd vo bo four nossible methods
of attack which ure ouslined belrw:

(a) Lowering tuo fluidit: cof tie liguid fucl ¢nd st tha sane
time revainine~ the properties of u ilewvoniun fliuiu either by
cocling er by addition or & wsolute, TUuis rotliod, neowever,
would remult irn (he sinmulinneous roducticn of boeut: the
escaping terdency und the inflamuabilivy of wue lijuid, It
would not, therafere, appear te nerit furiner consideration.

Production ¢f a nzpl-ripmid, olustie structvre in 2 Yijuid by
tre uddivion of nilily ly nhylice partielzs of nearly, =2c¢lloidal
size, .18 exuunles of this class cf thicie:ed fluid, drilling
muds, oildug und mou-hydruted suviarsh pusies nay te cited. The
flow sroverties of ikis tyre vary [{rom tlizctrepic t- dilatant,
and in seraral, their ccehoolvencss tends Lo D lew,

Eraulzifrins tie fuel with sus or liquid. Puling out teams,
such auulsiried tuels yeula offer G auvitage of coumplete
combustibility, assuniie it tago coumbustilble liguids aure used
in marin~ up tue ewulision, One preat Jdiswdvantage, Powever,

2 fluidi would Lte tue need {for adequate emulsi~
fyine wrt as vell as tilling apparaius at vhe forward

base,

(¢) Producins a seni-rigid el structure in the fuel by edaiticn
of so.e exivrenely lyeonhyli: metecial.,  Tie thicreuers new in
d:2e such as Fapalis belong, of course, vo opis latter class,

II. Preliuinary Laboratory Jork. »Praitialnury vests were siade on ithe prepa=-
ration of thickened fuels belening to the 1ot viree of the sbeve entegories
without, hovever, ~btainin: ary outsvun-tingly origin-l risultes, These tests
w11l noy Yo recordud, nowever, wainly i oriur vo provene uuplicetion, but
gt the sane vine (hey ony pesusibly orove userul us indicziicrns for furtier

resoarei zlon;; sonewlnty elidilar lines.
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Effect of Added Free Acid on Gel Viscosity
of Certain Aluminum Loaps

Added TFree Acid ('It.7 of 1 ‘leek Gardiner
alunirum Soap 1%, of Meutrul Soup Taken) Viscosities

Tall oil No additicn of fre< acid 170
107 naphthenic 500

No addition of frece acid 468
10/ naphihenic 666
90} tall oil, 20 » 702
10% naphthenate 10% oleic 603
0% " 655
10} tall oil 606

Yo addition of free acid 634
607 tall oil 10, napathenic 842
40% naphthenate 10;: oleic 894
10%. tall oil 894

All the above gels are short, the longest havil,: oo extensibility
of only 0,3 inch tut, reveriheless, ihe directicn of' precewre is indicuted,
Extensibility will be gainedi at a sucrifice of viscosity by further compli-
cating tho nirture or bty aduing more frea acld, .8 u resuly of iieir high
molecular weishit, tull vil scaps rejuire mere peptizer tuen do ihe lower
rolecular wel, 'kt sardine and cottonseed s nps, The latver, in purticular,
as would be exnccted from its comporitien, srproachus léi-als in its proper-
ties quite closzly evea shere no addivives are nresuln,

IV, Theory of Gel ftruciure. after suiming up vhe pervinent focts cone
cerning the cherdcal behavior of vie ulusinum utem, an hypothosis concerning
gel structure may be advunced:

(1) The hydroxyl croup of aluminw. hwiroxy dicurbexylates is too
weak & base to combire vich 1 third carbexyl rroup in true
salt formation, particularly ir aqueous soluvicn, Compounds
of the type Al{07c)o0H.AcCi!, where ic = acrl are knovm, but
the third carbuxyl group is connected ty u co-ordinate, rather
than by an ifonie bend wnd ic easily reroved iithout hydrolysis.
Compounds of the rorm Al(Qic)z mey be formed under extreme
dehydruting concitions but arn of the charncter of acid
anbydrides ani, like these, ure reaiily hiuirolyzed,

The alumimu: atom pousesses a strons teraercy to co~-ordinate
with compounds containing an electrer Jdenop awom, usually
oxyean or nitrogen atoms, 1y this donuvicu of ~lecirons the
positive aluminw: atom cun form a tetraladral strueture, and
beccne less polar, Uone exanples of electrcn doneor compounds
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whiech are applicable urec uater, carboxylic ueids, ulcohols, phenols,
amines and, particularly, the curboxyl oxyrers of th: alwninum
sults thensclves. 1n via presencs cof nore then o of these
species, cquilivria are esvublisliod favorins combiration with the
coripounds which co-ordinute with the prentest degrce of avidity.

An assumption nich neer mey be reasonubly muue from vhe tbove
facts is that, in ihe ubsence ol extrunsous clectren donors, vhe wlurirum
hydroxy dicarboxylate roleciles link tosether in pranched cnains vhrough
carbonyl cxyien-ulunminum co-ordinate bends, The high mcleecular wei-lt of
such a/grogutes is evidenced by hipgh melting; ooint and senaresl insolubility,
That the said bords wre mederastely strong is also ~ouecluded from vhe sane
propertiss. The fact that vary little X-rey pattern is cbinined indicuves
that the chuin struesure, once fermedt, 1s not nermanent but is continuully
exchan-ing molecules boeisreen poritions of attaclient znd thus chow's litile
evicaence i’ crystal structure. In oprder for this to be so, it must be
assuned tlut, on the uveranme, a suall fraction of vie relecules will be
unco=criinated et any piven vire una wlso, in order to uecccurt for some gel
oroperties, 1rhat these individuals are solutle in ron-pniloxr solvinte.

Tue final poutulution lc timt if severul cartos lic weids ure used
in she fornulation of the aluminw. soup, eacl. uoleculur susciee vresent will
exert its own escapir. tendency veacvicnlly independ-ntly of the cthers and
thus tlhe usclubiliny ot whe mixecurae will be groater Jhut ony of its comporents.
This has bean shren t2 Be the cuse In a nen lonle naoadim, for ur homolei:us
serics winen vhe ratereicls are inowfieisticly sclubis b uimiese ohe properties
of the sulvent appiwclubly, on inerecse in the nunber of moleculur species
and, ccnsequenrtly, in tho soluwbilivy rey also e brourab abour by tho nde
dition of strern,ly eneorainatine ouuds o shie Soe;, Lut the effoet on
solubilivy is new s3til] furthor cuhancew as the pelas ecsourils ulst conpete
with the scap molecules as co-ordirating : Lo ey vie alw inuom atas,.

Zach vime this haspens, vhe molecular uaweresuta i brefiern wewn o u lover
molecular welrkt,  Slice wrn aluminum at r co-orcinsted wivio a vhencl, Yer
instynce, is no longer uvuileble for enuin buildirg, viere 111 bLe
statisticelly more lover noleeular <ei:l:t frusconts ot wny cdiven tive urnd,
henga, a arector laercase of soap solubilitys .. cvod exannpls of vhis offect
is shon in the precess of cven drying 1 scun,  Thus, ret sa:plos of goap
will sinter if Yrowut to L60°F teo rapiuly, vhile if vie sweiw soup is dried
more curasfully iv ruy be hewted te nbove 200°F witnout sintoring. Hen
complotsly dry it w111 ruicin qaroirtured ap vo tesperustwros a8 nick as 500°F,
devending on its t'ver acid convent. Ceomparea «wivh ycvor or un amiue or a
vrencl, axe:8s rrec aeld produces a relaviveldy oioll effecy sirce aluninuag
co=ordinutus wite u curboxslic meid or with anctier &o0u,: molocule with about
equal fucilitvy.

Seamination ef treo duva revewls the folloqing ciinre:es in the bLe-
kuvior of aluminmun svaps toverd gellics solvants us the soup zolubility
increaseas:
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2ffect of Alnhanil on Gel Viscosity
§$ of liapalin wivhk Coodrecipitated alphanil in
Shell Preniun Casoline

Approxinate 1 Jeek Gardiner

4 Added Alohenil ‘later j Viscosity

0 0.9 49G, 507

0.1 1 505, 530
0.5 52¢, 530

1.0 490, 510

5.0 65C, 650
0.1 640, 624
0,5 0.8 661, €70
1.0 0.8 670, 658
5.0 0.8 752, 772

Thus it is seen from it=cse cursory sxperiments thut, :'hen a slisght
variation in wuter contert ia mllowed for, Alpharnil hus no effect
on gel viscosity until bevwean 10 und 30 timec tie unount rejuired
fer satisfucusry inhibition has been added, at -rhich peoint a
stiffening effect appears, These rerulss ure not conclusive, how-
ever, as heat itests ar 150° are nov included,

Luter, heat test upparuivus wus builv, but in tue in.erir the acid
supply uvailable wus aenletved unad fresi: nuteriul had vo be ob-
tuined from ivue Julifcrnia Ink Connany. All of the soups nade
fron this, including the blanis fur wvhich ilie durs are tabulated
below, rive very sofv fels. Thus, conclusions about the effect
of Alphunil are doubtful and Turther tesus would nuve vo be nade
before ivs use can be recomuended with ceriaiunty.
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CNEYCNTIAL
Behavior of sSome wanmalii Gels under the 150° icav Test

{Cardiner insvrument calibrution C.3-201A = <21 ;raus)
8% Gels in shell Premium Cascline

Per Cent Per Cent

‘iater

Gardiner 7iscesivy 150°7 [iuat Tesv
Alphanil 2 Hrs, 24 iirs.

0.5
0.8

1,2

0 370,329 2C6,256
) 213,214 204,253
o 189,196

0.1

0.5 342

1.0 404,450 206,240

5.0 205

The sae scan, but containin; O.l rer cent of a-rnudhthol, gave
329,344 ut 2 lours and 279,289 at 24 hours,

An oxiduvion teuyv on ihe blank sarinle showed Iv vo e very
svable voard oaldavicn. Tlice leads one vo susnect tuut the
nurhtheric woclas in vhile parvicular sous curtain far cvoo much
alkyl phancls.

Pending receirt of a differciy sarnle of nuuphihenice scids Trom
Standard il of Culiforniu, u ridkeshifyv run was jade by vesting
an & per cent gel of iiodex Hapelr:, ice 17965, 0.8 zer cent wwter,
in gasoline srd corparing -:ith tvhe sare soap 's:leh Hea one per
cent of .lphanil added vo the pascline in siiel vie soz2p was

‘gelled, wince vhe Alphenil dissolves irn . :ucline exura.ely slcuw-

ly, 1v wus dissclved hov in 3 ce. ~f naphilienic acide and uhen
added to tle gusolin:, i» precinivavion occurreu, und the gel
was then mude ny in vhe usual rmanrer, The resulvs of the 24 hour
heat test are 424,434 on viie blank und 487,442 on ithe sumpis con-
tulning alvharil, Tiese resulvs vius indicuve thaat the slphanil
has n: delerericus eifect on rhe yuel,

Repeating the previcue tusis on coprceipltaved Alphanil, but wivh
a different sampl: of naphthenie acids, 24 hour hest tects on 8
per cent cels chowed:
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weres modified tn Ilncluds nl protect the recorder.

Fifteen gram soap samples ] lichei oi
sample bottles and inserted in thre 1d bombs. itrogen is uswept out of
the system by admitiing oxyeen to 100 psi. aud releusing the pressure.
is done twice and then the pressure is brought to the desired valve, h
bombs ure tken heated to the requircd temperzture which is maintained
+Lermostated oil bath and allowed to run until u rapid abcorption of
occurs &s indicnted on the chart or by bursting cf the popeff disc. A
correction of 45 minutes is subtracsted from the total time to ullow for the
heating up period. This correcticn was deternired f'ron the hearving ug
time-tenperature curve and the appropriat: equation shown elsevhere in ol
report, By varying the pressure and temperatw I the tests, the denendency
of the duratior of the induction period on these variatles was obtained for
the most premising inhibitors and extrapolations made to stcrage ccnditions,

A4s discleosed elsewhere®, the samples used in the d S18 are
a special manner to prevent sintering iu the berbs, 1 evernt of
e rate ¢ cxveen atsorption i vernad o % rate of
n the soan rather than by the speed with which it ually reacts
satisfactory induction period is obtuined. OSine xcess v fatty
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FIGURE I
I1lustrative Charts from the Accelerated
Oxidation Test Apparatus

Time vs, Oxygen Pressure (Psi. Gauge)
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urve A - Straight Napalm 135 min., standard IP.
" B Sample A + 0,01% UOP#5, €62 min., standard IP.
" C to F ~ Sample A at £0°C and 25, 50, 75, and 100 psi. Oz.
Variation of IP and violence of reaction with pressure,
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Tanls I

Spot Tests on Inhibitors
Inhibition of tie Cxidation of Aldwinam
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standard induction i ; 30 minutes for
the contuminated sanmpl anle,  The uddi-
tion of ihe iron frec sw ) 2 ; L fre leic ucin
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