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Division 11
NATIOVAL DEFENSE RESEARCH COMMITTEE
of the

OFFICE OF SCIENTIFIC RESEARCH AND DEVELOPMENT
Section 11.3 ’

Report on "The Manufacture, Properties and Testing of Napalm Soaps"
Service Directives CWS 10 and 21

Endorsement (1) From B. P. Stevenson, Chief, Division 11 to-Dr.
Irvin Stewart, Executive Secretary of the National Defense Research

Committeec.

‘ Forwarding report and noting:

F "This report presents the findings and conclusions of a
reviewing committee appointed by Dr. H. C. Hottel,
Chief, Section 1ll.3, to investigate the processes dev-
\ eloped by the several IT.D.R.C, contractors for the
‘ manufacture of the modified aluminum naphthenate soap
commonly known as "Napalme" This product was origin-
ally developed under the Section's contract with
r Harvard University (Dr. Louis F. Fieser, Official In-
vestigator, with Dr. E. Be. Hershberg as Senior Assis-
tant) to meet the emergency caused by the non-availe
ability of natural rubber for thickening gasoline fer
incendiary uses. The present methods of manufacture
are the result of extensive studies by Nuodex Products
Company, Harshaw Chemical Company, Ferro Drier and
Chemical Company, and of the companies now producing
‘ Napalm under contract with the Chemical Warfare Service.

"The primary purposes of this survey were to determine
(1) whether with adequate technical supervision Napalm
could be reliably produced in satisfactory quality,

(2) the nature of the major troubles, and (3) how these
might be remedied or minimized within safe limits. The
conclusions on these points are that present data are
sufficient to assure the production of Napalm of spec-
ification grade and that the troubles experienced in
the past are due chiefly to moisture and oxidation. a&%

"As bearing upon the continuing research program of
the Division it is recommended that,

(1) Investigation of the effect of raw material
properties on the finished soap be continued.

(2) ‘Investigation of oxidation inhibitors be
continued.
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(3) Investigation of the relationships between
gasoline quality, moisture content, concentration and
consistency be prosecuteds

(4) A further study of the precipitation process
be made.

"This report will be of further interest in that it re-
views the work to date by N.D.R.C. contractors, by the
Tochnical Division of the Chemicél Werfare Service, and
by some of the CeW.8. contractecrs now producing Napalm.
In this review the original sources are cited, and much
of the most pertinent data is tabulated for easy refer-
ence., The several processcs now in use are critically
presented with a detailed discussion of the important
‘ ' process variables and the chemical reactions involved.

A~

’ "The report also contains a detailed description of a
preferred manufacturing procedure. The reviewing com-
mittee recognizes that Napalm of satisfactory quality
v has been and can be reliably made by other processes,
and that the availability of equipment must be a de-
termining flactor in the practices of the different
C.WeS. contractors.,

"Acknowledgement is made of the assistance of the several
interested groups in the investigation and in the prep-
aration of this report. Through the cooperation of the
Toechnical Division of C.lleSe., access was obtained to the
different manufacturers, who in turn were entirely
responsive to the requests for detailed information on

‘ manuf acturing procedure and experience. The committee
' was further assisted by Major R. J. DeGray both during
the investigation and in the preparation of the report."
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INTRODUGTION

Various war needs for a material to thicken gasoline
led to the development of an aluninum soegp of oleic, naphthenic
and cocoanut o1l acids now known as hapelm. The manufacturing
process is one in which the water-insoluble aluninum hydroxy-
soaps of oleic, naphthenic and cocoasnut acids are coprecipitated
from agueous solution. %hen dried, the coprecipitated soap 1s
grenular, easily handled and rapidly dispersable in gasoline,
Because of its many adventa.es, ti.e coprecipitation methiod is
now being used by all lepalm mwmanuiacturers and trerefore dis-
cussion in this report will be licited to this process,

Two typesw of Napali are made, difierin, only in
settin. time and in packaging; Iyce A, which should solvate
slowly and be capable oi lon_ stora e wlthout impeirment in
properties, and Type B which normally has a shorter solvation
time. Control oi setting time is achieved by regulatin, the
density and size of the finished soep particles, and is accon-
plished mainly during the dewaterin, operst:on, 4U:sere appesrs
to be no chemical dirference bet.een the two types of soap.
The discussion in tzis report applies to the mesnuiacture of voth
types of Nepaelm, operstionsl varistions for Type A being men=-
t oned at the stage where thiey occur.

' Little difficulty was experienced in preparin. the
iiret batches of Nepalm sosp. iiowever, when atieupts were

mede to produce lispala on & lerger scale, diifiiculties arose for
reasons which will become clear in the following pa.€8.

A survey oi the inegpalm problen, from both rssearch
and manufacturing aspects, has been made by an N.D.R.C. group
with the help of tne various C.4wW,S. divisions. [t is believed
thet, given sdequete technicel supervision and satisfactory
rew materiels, no difiiculty in mekin. Nrpaln neecd be experi-
enced. Accordin_ly, it was decided to issue an N.D.k.C. re-
port concernin_ ti.e menufacturin_ gquestion, & certain amount
ol related research, and the properties of the product.

+ The ncw speciiicstion (appendix VILI) calls ior only one type
of Wepelm, the recstriction on the settin, time of Type &
bein, removed. ‘Yhis, however, although contemnplated, weas not
in efiect et the time this report was written.
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During the survey, eéxcellent coopceration was shown
by all tiie Nepalm manutaeturers and tie various Givisions of
CewweSe whno mede much Information avaeilable. The collection
of meaterial for this recport necessitated the free and open dis-
cussion by the menutasturers of tneir processcs. It is &
plessure to record thet the asscubly oi this materinl wes pos-
sivle only in conscguence of the coopuretion of all gcroups in-
volved, including manutecturers, N..o,i.C. reseoarch contractors,
end C.%.5, divisions.
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'1“'11@ MAaNTrAG TURE OF naPala

P P

A. The dechenism of the Precipitation

The precipitation ol the¢ aluninum hydroxy-socps of
‘oleic, neghtuenic and cocosnut acids maey be approximately
represented &s iollows:

4 NaOn + <i-COONa + Al_ (804}5 = 3% Nu¢u04 + «{(R-CU0)(0k)zAl

~ ¢ NaQH + LR-COONz + Ala(804)5 =3 NaZSOQ + a(R-COO)c(Oh)Al

Th¢ finel product wacn .elled in goasoline contoins lon, molecu-
lar ckalns buklt up by coordination between eluminum stoms end
the cerboxylic oxyzen stoms, and possibly also by oxyu.sn brid.cs
similer to thosc found in eiliern gels. The finel sosp clso con-
teins frce fotty acids ond sodium s:'1ts occluded or possibly
loosely held in the sosp. (Sce appendix I for a more detailced
discussion of the precipitetion ciemistry.)

analyscs show theat most sctisiasctory soaps contain
cbout 5.4 to 5.3 eluninua, 2n zmount wnich is in e¢xcses of
the aluninum cguivalent oi tie rfcids usede. 1In order to acto-
thesise the noecessery addition:l elun, sxcess czustic soda
("free causticl) ovir and sbove thet cquivalent to the Lstty
£¢ids used must ke present. Experin.nt inaicstes thot sub-
stentially 211 the sluminun waoici is suppelicd in the alum up
to the coa ulation point enters the 1inal product. The result-
ing sodlum sultate lpgv 8 the precipitator Ln thv clear liguor
#nd in subsecquent washing. Unreacted sodium ap in the product
has b.en shown to be Laraful, (1) but the presoan of sodium
sulfcte in moderste amounts doce not &ppcer to be Injurious..
Thie smount of exce.ss or "ifree" ceustic used in prb01p1t tlnv
goep has beecn shown to aciiect the strength oi & .nsoline el ol
the sosp. Teble I () illustrates this point.

©

Table I

- i o

The BEffect of BExcess Caustic Soda on Napalm Gel btrun»th\ﬁ)

_—--—_nﬂ—-‘_m_——M'-‘-‘——----—--“——-*‘_-*_--n-o---n--—---.

hcid Retio - 2 Cocoanut : 1 vleic : 1 maphtbenic
Acid No. of ¥Mixed Fatty Acids - <i0

Gerdner Viscositices

% Frce Caustic 2ly hrs, 150%. 48 hrs. T7%.
zb <100 <40
55 300 870
65 320 350"
15 <100 710
<57 <100 540
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The maximum strength appears to occur st "RE% BCLGT

caustic. ilost manuxacturers are using ebout this figure, and
it is used, tanerefore, in the recommended katch procedure
deseribed in Appendix II.

The precipitation process for the manuiscture of
Nepals hes been veried by the manufacturers and at thic pricent
time thierc zre thrce besic mcthods in usc; these are referrcd
to as batch methods I end Il and the two-stream precipitation
proccss. A brier discussion of thesc methods followse

1. Boteh Method I.
In this process the total amount oi cuustic

required is edded to the mixed acids, the alum then
bbiné ndded until the precipitation 1 complete.
This is the metinod used by the larger number of manu-
facturers snd hes bien sclected as the recommended
procedurc on the besis thet morce information is
available on it then on any other process. A more
deteiled discussion of this method may be found in
Appendlx II.

2. Bateh iethod II.
This process dificrs fron (1) in that only

enougzh caustic is added to the mixed oeilds to produce
the stoichiometric ‘neurr2l" soap solution, the bal-
ence being zdded =g soda ash to the z2lum solution.
e precipiteation is be un at & lower g then in (1)
and a mors graducl separation ol «luminun soep then in
peteh yﬂtnoa I.1s obtyinzd throuupouu the alum addi-
tion. 7This metizod is discusscd in more detail in
Appendix IiI.

3. Two-Stretm Precipltation

This continuous method is the most desira-
tle from the c¢nginecring stendpoint, but informetion
on plent opcration is limiteds 1In essence the pro-
cedure involves the wddition, by controlled stroems,
o1 the @lun ond sodium soap solutions to & vessel
supplied withh vigorous sy itation. The alum cdded in
the tirst stsge is insufiicient to cause cozgulation
of the soap, ~nd vhe recgulting milky solution ovoer-
flows into o sccond vessel elon. with another streem
of alum solution to provide an e¢Xcess of this rc-
agent. the overflow irom this second vesscl passcs
to a third to 2llow timec for coapletion oi reaction,
whenece the suspended precipitate flows to ¢ con-
tinuous w~shing and draining device.

RESTRICTED
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Space reqguirements for eguipment used in
this process are less than for (I) and (II), and it
is believed that a sstisfactory product may be ob-
tained. However, 1ew plant operating datz are
available and the method is not suificiently under-
stood at this writing to warpant a recommendation
as a standard proccss,.

The actual precipitation may be viewed as a simple
titration in which glum is added to & basic soap solution, the
end point being judged by the coagulation of the precipitate.
Figure 1 shows a typical plot oi ph vs. amount of alun added
for batch method I. Tne tirst drop in the curve, at about
pH 10.5, occurs in the region where sodiun aluminate decom-
poses and aluminum hydroxide begins to precuipitate. Udne
lowsr, mors distinct drop occurs at about the neutral point
and is caused by tre coagulstion of tne basic aluaninum socan.
Laboratory results (¢) show that about 75, of tue soap is
vrecipitated before thé coaguletion, but tie particles are

ine and it is possible that the pi measurcsaents are s com-
promisc betwsen the basicity of the particle end that ol the
mother liguor. Aftcr coaszulation, the mother liguor becomnes
guite clesr ¢nd the pH drops as more z2lun is sdded.

Fisure 1 21lso shows a typiceal pi vs. alum plot for
bateh method II. Ythe initiel pkh is lower than for method I
since less frec ceustic 1s present in the sodiun sogp solution.
The pH Crops more graduslly in this method with precipitation
procecding throughout &lmost thse c¢ntire operstion. No sharp
coagulation point is found snd it is probstle that less occlu-
sion of sodium sosp or sodium szlts occurs in the precipitate.
As described in Appendix IIL, the materzal foramsd by method II
may be of such fine particle size that mecoenical s lomeration
by filter-pressing or roller tre: taent mey Lo requirceda prior
to final comninution end sicving.

At the prescnt time each menuiacturer has devised
a metnod for uwspalm production wiich suits his perticular
equipment. 4althouch all tiese metizods :1all basically into
one¢ of the three groups discusscd sbove, -ack hos sli ht varia-
tions whilch distinguish it ifron the others. Lhe precipitation
process involves & little-understood, hizhly complex equili-
briun of sodium, ecid, hydroxyl, aluninum and sulfrste ione, and
timne doee not permit o complete investigetion of 2ll the
veriables involved. It is, thereforc, necessary to sccept the
results scmi~empirically snd attempt to control tiie known
variables as closcly as possitle. “he rocommended procedurce
given in this report is, theretore, not necessarily the boest,
but 1s considered to be the safest end most foolprooil &t the
present time,
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B. Dewatoring end Drying of the Frecipitate

Thie processing of the wet precipitate varies con-
siderably amon, the verious menufacturers. After the pre-
cipitation is complete the slurry may g0 to suction filters,
tilter presses or rotating screens, tie type of equipment
epperently heving little efiect on the product. If filter
presses are used, it 1s necessary to break up the filter
cake before and @.ain after dryin_, in order to obtain an
acceptable grein size in the product. In seneral, it sap-
pears that the type of dewatering used prior to dryin. is
optional witin the menuiacturer and will depend on the facili-
ties zvailable. '

1Y Type 4 Nepalm is desired, it may be obtalned at
thisstage by passing the wet tilter cske between & pair of
steel rolls. 1In tiis way, the precipitete is milled to a
translucent, yellowish ricbon or sheet, 2nd the individual
small particles dissppear. The ribbon is then comminuted to
the desired perticle size before drying. Lthe tinished particle
produced in tiils way 1s densc, translucent and slow settin. ss
compered with the grenular, porous precipitate used sor Type Es

The drying operation is on. whici: requires considere-
ble care. Dependent on particle sizs, frec acid content and
initial moisture content, Iegalm soapsnare teamperature sensitive
in severeal respects, the most important being svrial oxida-
tion, moilsture sensitivity, snd fusion. As descriked in
PPele-.p0f tiis report, oxidation of Nezpelm sfiects the .elling
pro.erties to a considerable de.rec and may tinally give a
soap which is insoluble in gesoline, It is necessary, there-
fore, to avoid cxcessive drying times or temperstures which
would use up too much of the induction period of the sosap.
et (50% water) Nepalm fuses pertidlly during the initial
stegvs of dryin., if the temperature during the iirst six
hours exceeds about 105° ¥, Uthe fusing oi dry Nspalm is less
serious and can apparently be avoided i: drying temper tures
do not exceed c20° Fo Laborstory data (%) ghow that the
equilibriun moisture of Napslm at a given relative hunidity
decreases a8 the arying temperatur: increcascs, so that it is
adventageous to usc as higi 2 drying tempersaturc as possible
without causing unduc oxidation or fusion, Tesing 2ll the
veriables into sccount, tie optimun drying, temporature eppeers
to be ezbout 150° F., snd this tempcraturc ie now being uscd
by nearly all meanufacturers. In¢ final moisturscoontent at-
tained 1s usuelly between O.4 znd 0.3%, (C.w.S. benzol distn).

RESTRICTED
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Thiere ars threes maein typoes of dricrs in usc at
present, noemely, tray, cpron and continuous belt, the iilrst
bein, thc most comnon. Drying times vary froun one to twoenty
or more hours degending on the type of equipment usced. The

nortest drying time 1s used by one msnufacturcr who employs
£n gpron éri. :r, but the temperature used ie about «00°%. Tray
driers rcquire the longer drylng times with belt driecrs fall-
ing in be twecen. lNcedless to sey degrce of oxidstion depends
bothaoon time and on temper:ture, both of which must be kept to
2 minimum 1f o setisfectory product 1s to be obtaincd.

Unfortunatsly, few driir opercting data vxist rnd
once 2gain the ecmpirical approzcii is necessary. Nspalm appears
te heve a ghort constunt-drying-rate porlod during which the
surfece is wet (or bechaves as though wet) ind cveporstion takes
plece repidly, followed by a ifalling-rate period uuring woich
evaporation takes place within the perticle end the vapor must
diffuse to the suriaoce. During the felling-rote poriod it is
sdvantag.cous, where possiole, tosgitete the dNopela in order to
EXPOosSc now surfaccs cnd thereby rasten drying. It 1s beliecved
that the continuous belt dricr oives some perticle disturbencos
as the belt pesscs over supporting rolls thoreby shortenin, the
totcﬁl dr'jlllt. tlulbc

C. ZIackeglng

Consideraple aifficulty hrs been cxpiricnced by some
manuiacturere duc to & leck oi @p reciction of the cxtrome
moisture susccptibility of N“Wilﬂ. As discusgsed 1n ppe 3- 12
of this report, most socps having grecter than 0.56-0. 8m moicsture
give gasoline _.cles of low struntth cnd stebility. It hias buen
found that Nepalm soips cxhibit reproducible equilibriuan
moistur. contents which depind on tiww relutive hunidity of the
stnoszhercey snd thet the time ncoccessery ior & semple substan-
tielly to ecguilibrate itscli with the atmosphire may be o
Mvttpr of winutevs. It is necesscry, thorctors, thet core be
excreised in bendlin |, Neopelm betwesn the driers gnd the finsgl
packeging. Climetic conditions dictate to ¢ considereble de.rcc
the mount of crfre necessary. rLor examplce, in cold dry weether
it may be possible to a«llow Nrepelmtibwmetand for & cons 1dersble
period without ssrious demage, Conversely, pockeging in Lot
hunid weather nscessitates keoping to o aininum the time be-
tween fleaving the dricr and fincl sealing of The pzecknac. The
peckoging of ﬁOt npt'rial ig in peneral considered good prac-
tice, since In thls way tnerc is lecs chance lor molstur: ob-
gsorption.

REQRTRICTED
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ThE PROPEnTIEu OF NAPALM

———— . iy o - AW A e - - - . — " . -

Since the purpose of this report has been to dis-
cuss the manufacture of Napalm with its related difficulties,
no attempt will be made to cover all the properties of Napalm,
€48 rhe logy of the gels, for which other reports should be
consulted % 6,7:52),

The M01°ture Effect

— e o ot

Little difficulty was experienced with aluminum
soaps in the early days when the evaluation depended largely
upon visual examination. However, when more guantitative
methods began to be employed, it soon became apparent that
unaccountable variations were obtained 1in different labora-
tories using the same sample of solid Napalm. For some time
the reason remained uncertain but it eventually became very
clear that the absorption or desorptign of moisture was the
principal cause of the anomaliesii4s<,3), Napalm is essen=-
tially a hygroscopic material, analogous to gelatin or paper
in its affinity for moisture. Thus, if given sufficient time,
it reaches a definite moisture content at any given relati
humidity, the moisture-relative humidity curve resembling that
of geletin or paper in shape. Expressed in another manner,
any soap will gain or lose moisture when exposed to the at-
mosphere, except at the one humidity with whlcn it 1s in equili-
brium (inert point).

Another dift'iculty, which &t first tended to obscure
the relationship tetween consistency and moisture, is the
difference in values btained by various methods of moisture
determination (5,9510), yndoubtedly, water is held in
several different forms in the soap and sccording to the
severity of the metirod of moisture determination usbd difterent
velues will be obtained (Appendix VI). It can e¢ven be formed
by reaction during determinstion. Best results thus far from
the standpoint of correlation with consistency data, acppear to
have been obtained with the Dean and Stark method (benzene
distillation) and vacuum oven drying,. The former, ¢ modifice=~
tion of which has been cdopted as the officisl specification
method (Appendix VIII), utilizes readily svailable apparatus
but requires a lerge sumplc of soap nna at low watcr-contents
lacks precision, being good to + 0.1% (pp. 75- 76) The latter
i1s more suitable for use a&s & résearch tool, giving gpod re-
producibility and regquiring only small ssmples, Nevertheless,
whetever method is sdopted for moisture determinction, the
reletionship between moisture content end surrounding psychro-
metric conditions is apparent from the dats available.
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Equilibrium at any given relative humidity appeers
to be atteined fairly rapidly (rigure <), being practically
complete in cight hours in 1/8 or 1/4" layers under normel
convection.

The weter zbsorbed preatly offects the consistency
of the .el iformed when the solid sofp is dissolved in gaso-
line. Teble II shows represcntative results ior two typical
coeps, tnd gives the comperstive Gardner mobiloncter recdings
of ;els made from sozps dried or cquilibreted under differcnt
conditions. 1hc sverage of 2 lsrgc number ol teste mnede on
meny soaps &t both Ed.cwood ars.nal cnd Eastmen Kodak inai-
cated thrt the sbsorption ol 0.1% moisture meosurcd by the
vacuum oven mecthod causcs the consistency on the i hour 150°
test (3% gel)to drop epproximetely y0-50 grems. The recsons
tor the discrspancy found in consistenc. by diifer.nt lobora-
torices now becones very clenr., According to the packs in. cnd
hendling of the sosps between the two polnts at:.which they were
examinzd they might either gain or lose molsture, thus redi-
cz2lly chen.ing thelr viscosity charccteristics,

The causc of the moisturc efiect probebly lics in the
precvention of the forms-tion or possibly the breasking of the
coap chains by preferintial coordination or wotir molccules
at the points of ettachment betycen the individusl units.
Osmotic pressure messurcments (1 J indic:te tnct normel Napalm
dispersed in gesoline hes £ moleculer wei ht of 150,000 to
<00,000. It seems probuble thet these lergs wolecules arce
built up in large purt by coordination of tnt aluminun atom
of wech soup unit with one of the carboxyl oxygsens of the next
unit, Such chsins can obviously pbe broken if & molecule toO
which szluninum coordinstes more stron ly thon the cirboxyl
oxygen 1s introduccd. ‘this mai be tue cese when polar com-
pounds such as water, sminces (11) or, free fatty acids of low
moleculer welght zre sdded. 41he aluminum ctoms coordinate
prefcerentially with the amine or hydroxyl groups, the alumi-
nun sonp chains sre troken, with o resultent drop in molcculasr
wel ht znd consistencys ~

In order to overcome the cffect or molisture 1t heas
been found necesesnry to regulete the w:t.r content ot the point
of menuiacture ol the sotp end also et timie to redry Napalm
Typc B before use in the filiing plant. Nepelm Typc a aas
been protected by herm.ticslly scalin, in metel cans, the only
type of peackeoge which can be cxpected to withstand hendling
under stmospheric conditions prevailing in the tropics.

Teble I1I(2) shows deta obteinced on the tray drying of = typi-
cal beteh of soup at the usrmon Color horks. It is a2pparunt
thet unless drying is carried to = sctisirectory moilsturc con-
tent, trouble will be expericnced. Similer dotaore also

sbown in Table III(t) indicating that ¢ sosp can be redried
after moisture pick=-up without edverse cifects other than
possible partisal oxidotion.
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3.2

2.4
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FIGURE 2 EQTRIOTED

RATE OF MOISTURE EQUILIBRATION

- IT -NUODEX 18032 SAMPLE b

I-NUODEX 18032 SAMPLE a

IT- COLGATE £-233826

IV -HARMON 89088
¥ -NUODEX 89088

SOAPS AS RECEIVED EXPOSED TO
90 °F., 20 % R.H. |
) I

DATA OF TABLE X¥T -IT

R —

r

ys/4

B - SOAPS AS RECEIVED EXPOSED TO
S07F., 90 Y% R.H
T |

F——F
DATA OF TABLE XVT -1
T

/12

24

36 48 60 72
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The Moisturc Effect (3)

———h atn e A — AT - — . > - -

Vec. Oven doisturc
<l hrs.
60° ¢c. Benzol
10 mm hg.  Dist.
Nuodex #37896 (3% Gel)
Dried 1 mo. in
Nitrogen 0.10 -——
Dried over P205 0,26 0.65
Dried in Vacuuwh 1 0.8
Bauilibrated of
90°F-20% RH 0.99 1.1
Equilibrated =t
35°F-55% R 1.75 1.5
Equilibrated at
70°F=50% RH 5.06 <7
Nuodex #15%74 (6% _Gel)
Equilibrated =t
yO°F-20% Ril 0.8y l.z
Equilibrgted at
%C)-OF"Q5:/;) I:{.H. 1145 106
Equilibratced ot
$0°F-40% Rh ceyT .2
Nuodex #15%74 (3% Gel)
Equillibreted at
y0°F-c0% R 0.8y 1.2
Egquilibrated at
15°F-65% Eh 1.45 1.5
Equilibraoted =at
700F=40% RH 297 2.2
Nuodex #15574 (10% Cel)
Egquilibrated at
yJ°F-20% RH 0.3y 1.2
Equlliorjtbd t
35°F-55/ Ri 1.45 1.6
Equilibrated ot
YO°F-90% RE  o,g7 c.

Gardner Consistencics
48 hrs. <2i hrs. 1543 hrs.
70° F._ 150°F. 70° k..

P

1220 1350 1250
I
670 350 550
5@0 150 255
105 100 30
600 160 530
540 170 175

Lt 10 17
320 760 760
530 400 5040
250 L3 140

lech 1100 930

1000 770 1050
000 235 50
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Table III(a)(10)

Effect of Drying Time on Consistency snd Molsture Gontent

Harmon Soap #1leiy)

Benzol £ hours 2l hours 48 hours

Time  Temp,  Molsture 150° E.  130% k. 772 E._
le 160°F. 2.1 Fluid Fluid Fluid

1 ] é R 6 it it 11

1 ; 1.3 300 «c0 310
18 " l.c ey0 230 320
20 " 0.8 L4o0 340 1150
2z " 0.3 ogo 030 700
ely " 0.4 630 570 570
2 Gt " 0.i; 720 570 710
L8 i 0.35 730 ogo 700
® 72 " 0.45 7%0 680 740

s Transferred at this point to leborstory oven.

- e e o - v -

Redrying Time % Weter in 2l hours 150° F, 43 hours 77° F.
__at 150°. Nepe Imse

e e v e — . —— s W - .

Original - 810, 700 330, 320
Original soep exposed to numid cir (1) 13 hours st 30°F. 55% R.H.
(¢) 3 hours B86° F. Te% R.H. ‘

None (1) l.e 475, 435 570, 5%0
() 1.1 535, 500 125, 660

10 mins. (&) 0.30 5%5, 550 790, 750
[ ) 0 mins. (1) 0.35 645, 700 799, 750
(<) Je T 710, T30 735, 795

40 mins. (1) Q.58 315, 7y0 3«9, 785
(<) 0.63 0390, 779 770, 795

50 wmins. (1) 0.55 855, 850 315, 815
: (<) --- 770, 759 799, T35

120 mins. (1) 0.53 350, 305 330, 330
() -== 775, 790 795, 805

20 mins. (1) J.45 330, 350 340, 345

# Benzol distillation (C.Ww.S. method).
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The Oxidﬂtlon of Nopalm

e e e - e wemm o T b e

Because Napelm contoins oleic acild, with its double
bond, it mi_ht bc expected under sultoble conditions to be
susceptible to oxidation with conscguent cihan.e in its pro-
pertics. To & lesser cxtent certoin fractions of the cocoznut
aclds used mey contribute to the - oxidat.on susccptibility.
This was not «t rirst noticed, but attention wes droawn to the
oxidstion effect lote in 19yie, when one manufacturer wes making
Hepalm Type A (then known as X-1lO4~-y:) using 5% ncghtienic,

40% cococnut =nd 35% olelic wscid. These were precipitated with
& Victory (rcde cluninum sulfcte from Americen Cyananide which
enalyzed up to O.u% lron. The sotps produccd were very unstoble,
in some cases lecked solubility in gesoline and on &t least one
occasion took Iire in the trey dricecr. Inves tichtion showed
these cranges to be due to oxidation, stron. egxotuncrmic, and
traceablc by the drop in iodine number of tkb so& p\l" )

This was without doubt the most cxa__croted form of Lhe oxida-
tion trouble yct encountered, clthou.h it hos becn found thet,
if kept lonz enough under unfavorcblu conditions, all saaples
of Nepalm will oxidizc(%, lu, 15), Shipments of \ﬁunlm have
bcen received ot = £illing plent with the sosp ot the center

oi the barrel in o fused state owing to spontancous oxidation.
Figure % shows a photograph ol 7 sgocp which oxidized spontane-
ously on Xseping on the laborstory shelf undoer ordinary con-
ditions 1or nine months., Complaints nove also been receilved
from the Pacific snd from Bngland of ihapalm Type a which would
not go into solution in grsoline(16), 1In the Preific cmse, the
iodine¢ number of the sozp had dropped to 3, the normal velue
being «5 to 30; this wee undoustedly due to hin iron content,
namely 0.2 %%. wepalm Type A mey hove to be kept in storage

tor meny months before usc. Type B is hot packed in large
barrcls so thot the center cools off slowly end the pxotnurmic
oxidetion reiction may be zcceleratecd beecausc the heat cannot
be dieggipated. 1t is clear, therciore, thet it proper control
ie not excrcised, oxidution can be o s:rious problem.

Teble IV indicates the chenges in iodine nunber oc-
curring when typiccl sorpes arc sprecd out in 1/4 to 1/2" 1leyers
end exposed to the etmosphere. It will be seen (top section
of table) thet oxidation docs not comnence immedictely, 1l.e.
there is £n induction period, which is .reatly shortened by on
increcse in tempircture or reletive humidity. dhe bottom sec-
tion indicztes thet o emell drop in iodine nunber (compare
lines 1 ond «) docs not apprecirbly aitect the properties of
the coscp cither with respect to sctting time or consistency if
£1llowence is mede for the tendency of "orl inal" soups to dry
when exposed to «Qh Refley, #nd thersiorc to produce more vis-
cous solutions. A& large drop in iodin¢ number, however, cruses
very slow gelation with thc formation of asn inferior gel (com=
pere lines ¢ end %, or 5 rnd 6).




FIGURE 3

SAMPLE OF NAPALM WHICH
OXIDIZED DURING STORAGE AT
ROOM TEMPERATURE

(HORIZONTAL LINE INDICATES
ORIGINAL LEVEL OF SAMPLE IN BOTTLE)
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Such tests rs those roported in Table IV take
considerable time to run (& mettor of monthse) £nd hence are
ot little vaolue for resecrch work or for use in specitica-
tions. YFor this rezson several cccelerated tests for the
oxication susceptibility of Nepalm have boeen sug.c¢sted ond
useds

1. Tnc UiQ.P. test bomb metnod12). Tnie proce-
dure wos cdapted from thet uséd "in gasoline testing (57) end
consiste of subjeeting the sozp to tac wetion of oxy.en in a
bonb under cleveted pressure and temporature. The precsure
in the bomb 1g recorded cutomoticolly on o chnsrt, o sudden
dip indiccting oxyséen sbeorption ond the end oi tiie induction
pcriod. Trouble is expericnced when sintering occurs becsus
no satisfactory induction period is obtained. Iror tnis recoson,
it has bueen necessary in most cases to extract socps with
acetone to remove Ifrce fetty scids cnd 2void the sintoring

‘ This acctone extrr:ction renders the tust of little pra ctic: l
velue for ordinary Napcoclas (see below), slthough valurnble
orienting knowlcdge nos been geined by its usc,

2. The sleckey or modiiied tackey test. In this
test ¢ somple of the soop 18 €xpdsed ot on ¢lcvated tempera-
turs to # current of eir (cither forced or giused by nstural
convection) snd its temperaturs followed (15), 4t first this
remelins const-nt but at the end of the induction period shows
¢ gharp rise followcd by r deeline until the socp a.win tekes
the tempersture of the surrounding broteh (vigurce 4). At 100°C.
the induction periods of mony sorps are too graat (over 70
hours) to be followcd conveniently by this method. rence baths
of varying tempersture were used, 1O to 13%30°. sppecring to
be the most convenicent. hcvertheless, socps wiitich ore known to
be definitcly unstable to oxidrtion do show o timpereture risc
ot 100°C. cnd this msy well serve, therefore, as a “go-no-go

‘ test for control.

1

2. Peroxide volue. uwhen socps, which have passed
their induction périod, "dr¢ dissolved in chloroiorm sné :cetic
ecid £nd mized with potasesium 1odide, iodinc is liberated by
recaction of the 1lodide with peroxides present in the soap, and
con be titroted with stondard sodium thiosulfate solution.

Cood soops show & low peroxide volue (mgeiodine/greom soop) over
long periods of timc wrnilc sozps which exhibit & tempercture

rise on tecst (¢) give & high peroxide velue, rigure 5 (47

showes results of iodine cnéd poeroxide velucs on ¢ commercisl botern o
of so2p, which hod been submitted to o vericty of trcotments.
Curves I «nd IIT correspond to normcl production butches,

which had been weshed with weter and alum solution, respectively.
It will be secn that the iodine end peroxide value curves cre
opgosite in charecter, the latter going throush ¢ maximun snd

then decrcesing. UYrestmint of the wet pulp with caustice sode

RESTRICTED
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/IODINE NUMBER AND PEROCXIDE NUMBER m-u
Vs | .mw
TIME o4 o
OVEN 160°F., AMBIENT R.H. APPROX. 5 % E
AIR VELOCITYV - 500 FT. /MINUTE G
_ 56 W
yr14
_ TN >4 Q
| / 4~ 3
0,8 - I - WASHED WELL FOR | \ / \c\ | S
!5 MINUTES A / _ r« 40 M
e 7 | \
AA-IT- 1.5 KG. NAPALM PULP / e SN K \ g
4 KG. WATER 7 7 77— "4 J \; X
\ i N A/ r [ 3
4.0 6. NaOH \ »\ / / | &
0,8 -IT- 1.5 K6. NAPALM PULP / y; R’ AR 32 W
WASHED / /
3 KG. WATER , / ¥ |
10 6. ALUM \ i N
V.V -I- 1.5 KG. NAPALM PULP V1% 7 Vg A __ v 24
, .5 KG. ' | A
0.56,U0P.NO.5 / A AL J@/ |
/ § A
2 KG. WATER . /7 |/ / §
JODINE NUMBERS S /6
— —— PEROXIDE NUMBERS / T . 3
/ /] 7 a
/ \- va \\ 8
A /
/ / yd
\ \\ -\
12 24 36 48 60 72 &84 96 /108 /120 /132 144
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Teble IV

I¢dine Numbers of Socps Bxposcd Under wmenwnbﬁ mmﬂoswo@rwwHo mmc@wﬁwwﬁmhrwv mmw
35 90  1<0 155 mww
Stmple 4 ___Condition ~ oOriginal Days Doys Days Daye bt
87,396 90°F.~20% Reke 8.6 == 273 2745 cy.b mwu
wﬂwWOm . ‘ 3y - <7.0 £Z6.1 Cijei} m.i
375 390 3.5 == <75 Z3.1 eih.T S
37,937 120°F.-20% Ruc. 21.5 30,8 25.y 20.% 15,0 &l
37,538 ww.w 3.5 2845 ze.l li.c o~
37,8330 Tt cled 2%.%5 ly.n le.g R
37,335 ww.m e7.8 20.0 13.1 11.z
37,392 237 et 17.5 1i.5 8.5
37,507 3.0 275 2c.% 18.z 1%.1
37,891 nw.w cou) 1v.5 1%.5 1i.z
37,86 8.5 €77 <l.3 1l4.y 10.y
m mﬂhmwo pwom R.Noo h.PTom h.H.m H.FU.H.
' 87,396 GO°F =0/ Hebo 28.6 €Te2 Ccey 1.0 14.8
37,505 3. 270 cc.5 20uyp 14.7
37,30 3.5 cb. £5.6 <cy4.5 18.7
Gerdner fobilomcter Reading
Dispersion 43 hrs.77° Extensi-
Iodine No. time Set Time 43 hrs., 77° 2y hrs. 150°F bility
87,396 Original T 2806777 TTZ67séesy T T65Tsecs T TTTTEE T Yo B \P;:.
Exposed wOQ.AO} Ri 7 mos. clyeb 5 105 730 ﬂwo H;
Exposed 1<0°,20% RE, 7 mos. 10.3 : >4 hrs. <36 hrs. 4<O 550 /4"
87,905 Originrl z3.% 25 55 sécs. 540 410 1-1/y"
nxm0mog 90°,20% Ri‘y, T moOS. Zipady 50 110 350 750 1/
Exposed proo.nat Jw, 7 mos. 10.1 >4 hrs. &5 hrs. 320 500 1/14"
87,390 Origzinal 28. nw w secs o [1eQ 1
Exposed 90%,z204 R, 7 nos. Zlpe % _ «,o . 0 "
Exposed 120,204 1A, 7 mos. le.c it Dw.m.Avm hrs 530 010 1/8%
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or an enti-oxidant is scen to chinge the induectisn period,
curves II and IV, the reletionship between iodine valuce and
peroxlide valuec persisting. Recently, ¢ zpecificetion test
besed on peroxide velue ks been suggested (10),  obviously,
in using the peroxide valuc test, carc must be teken to as-
certein on which eide of the maximun the vslue 1s situsted.

..b-

With the above tests it hes been possible to trace
sone of thc fretors influcncing the oxidestion.

1. Using the swune fotiy cclds, tne loength of the
induction period apicurs to be dependent upon the soluble
iron contcnt of the #lum used in the precipitetion (Table V).
Sorps with & high iron content usuclly, bub not invericbly,
heve a low inductlon period(15), Mengoncse, in quantities
greater than 0.0c%, has 2lso been found to be ¢ very powerful
oxildation cstalyst( znd there is some evidence that copper
may elso serve im this ceapocity.

Table V

P R

The Effect of Iron on the Induction Poriod ol secpalm (3)

————— - . - - e - - v e - e s es e - ey o -

Induction Period Feroxide
on qulIICd mMackey Value After

Iron Gomtent ___ fest . Drying |

Leb. betch made with
pure 2lum 0.0k Negative 10

0.005 L -
Leb. beteh made with Q.cly Y5 mins. c9.6
Victory grade alum -- 60 ™ 945
Leb. batech mode vith alum, 0.3%0 55 3e WUy
ferric sulirte added 0.08 35 -

2. The induction period cun be lengthencd by the
cddition fg suitable cntioxidents. The Shell Development
Coinpany ),usina the oxidetion test 31 cbovi as a guilde,
have done considerable work zlong these lirncs znd sugecst that
UQP %5, n-dilauryl prro-phenylene dicmine end 4 -ortho
toluidino-sterric neid should 211 be satisicctory in preventing
the oxidation of i:palim during storage for six months ot
130° ¥. Limited data on gel strengths of nwipalms to which
these inhibitors have been cdded zre rhown in Toble VI
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Table VI

e

pulipinuiinasihi s e Gl ISR gt oAt i -—*_—_———«---.‘”a—-‘_-_

on Nepelm Batchies Made at the Californic Ink Cwmpan, inc.(51)

e e et s 1 5 8 am A VAo o s W " o b 20 o o b o o " a8 ottt om o s m e ot e e e T L -

Vace. Qven  Viscosity Viscosity 150° IP, wine.
Sample wctir, & 43 brs.T1% meat _stab. fest  sinderd
Celifornia Ink
Boteh 5
1% 7 Nophthol 0.35 760 - 550 195

Coclifornis Ink

Bateh 6

lio inhibitor 0.6 330 780 720 2
gintering

Celifornia Ink
Batch 8
1% /* Nophthol 0.568 750,770 705,730 sintered

Colifornia Ink
Brtch 14
1% o-nayl phenol 0.95 725,735 705,580 >T77 hrs.#

Celifornis Ink

Batch 302
0.0z% Lorene 1.05 535 555 >77 hrs. %
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Temperaturc

T an v -

. o o a m S . ———

-—..-—- ar aw am T e - e -

A.__Experimcnts with_Solid Nepela
Nepelm 100 100 205
Acetone Extracted WNepolm 100 100 50
Alunminum Socp Talloil acids 30 100 120
Above + Nipeolm Extroct 30 100 560
Unextracted Nopala 4+ 0.01%
UOP #5 sprayed on 100 1C0 1470
Extracted iicpalm + 0.01% )
UOP #5 sproyed on 100 100 650
BRe Inhibitors Introduccd During nmrpalm Priperation. Tests at
100%C. end 100 p.sois .o
% Inhibitor Induction
_..hdded Perivd, mins.
None 0 20
Eydroquinone 1 25
duPont #19 1 150
Lecithin 1 29
SPC 1 5115
Rubber innibitor couposcd
of phenyl & )
Snaphthyleomines 1 97
¥ -iephthol 1 %07
2,14, 6=Trimcthylphenol 1 95
¢, 4=Dimethylphenol 1 03
2,4, 5=Trimethylphenol 1 4y
e 4=Dimethyl-56-butylphienol 1 70
3534, 5,5"-Tetremethyl-L,4 "'~
dihydroxy diphenyl 1 17
Scntolene A 1 5%
UOP #5 L oLy
Acrohib 1 ol
Fldyd's base 4«8 e 1
Azrolube BU 1.49 2l
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Teble VII Cont'de.

R L T I Y

% Inhibitor Inductlon
w.added | Period, mins,

W L S 4 W a AR e - oy " ar w o a vm e Y - - P ™

None 0 <05
N-phenyl N'«dihydro-

iscophoryl thiosurcoww# 0.1 1y5
Alphatol (d-ortho

toluidino stceoric #cid)ws 1 300
# (pora-cmino anilins)

stoaric cclduse 1 410
J{pera=-oxy:nilino)

stearic :cidi Q.cb lech
N-octedecyl paracmino -
phenolisss 0.1 820
N-dileuryl perephenylene

dinminew 0402 730 (¥6.7°C)

3% Considercble louss to mother llguor owing to sclubllity
of inmhibitor in seme.

#4  Coprecipltated.

Wit Dpreyed on soap granules.
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Of the materials recadily =2vallable, UOP #5 and 7 -nophthol
appecr most suitable.

3. Napelm itself contains notural entioxideonts.,
Thus, (Table VIiA), & sszmple of Wrpalis hed cn induction perlod
of 205 minutes (line 1) when tested c©y the UOP tomb wmethod
2t 100°. ond 100 lb. oxygen pressure. hiter three cxtroc-
tions with five times its wei bkt or cecctone, the induction
period fell to 50 minutes (1ine «). ‘the extruct zitoer removal
or £ttty =zcids was incorporatced Into on eluminun soap mede
from telloil ecids in the s:zme proportion at which it was ro-
aoved irom the Wuiprlm, namely l.5%e. The induction period of
the telloil sample wos then found to be iancrcased from 1«0
(line %) to 550 ainutes (line 4) at 30°. cnd 100 lt. oxygen
pressurc. the scld-irce cectone extroct wos ftound to contain
cbout «5% of full renge =zlkyl phenole, indleating theot thoere cre
cbout Qeys of these in the originel hipclu. Their odor end
physicel propertiecs indicute thrt they were intrsduced via the
naphthenic ccid, in winich they were noted to be prescnt as
impurities. It is cleaor, therciore, that Neprlm is stobilized
to oxidetion by the prescncce of impuritics in the nsphthenice
ceid #nd tiwt we hove here s known, but s yot uncontrolled,
sourcc of voriction in the oxidrtion susceptibility of Napalm.

Oxidation would be expected to e fevored by saell
perticle size (3). fThere is some indicotion theit the oxidstion
troubles in comaerciczl production <t one plont, ond in tricl
botches made by an N.D.R.C. controactor were duc to this causc.

4% the prescint timce the inconplcte knowled_c of the

{zetors fovorin, oxidizsbility »1 arpsln 1s one of the most
gserious dongers of the v pulm progrime.e It is «known th-t aany
ol thie sorps preprred comuercislly show temperature riscs

v it} gigzht hours on the modiiicd iteeckey tost ot 100°C. while

i

show no rise unaer tuese conditions. rurtheraore,
suilicient long-time=-cxposurc tesgts have now boen run to show
virying susceptlibility to oxidation under ordincry Kecplng
conditions. [t is clersr, therstore, thit comacrcisl scaples
of hipalm very widely in tuesir oxidetvion susceptibility ond,
theretore, not «ll will be sultzble Lor stora.c tfor future
use 28 Type a Napalme rurticraore, whilce thrce possitle
ceuscs, nomely iron contecat o the sluminua sulfote, natural
inhibitor content of the nephticnic cecid «nd perticle size,
have been suggested for the varicbility, thers is no guir-
cntec that other factors m:y not also be <t work. sfreglimi-
nery work ¢t the Colunbia University Loabor:torice of Cotiobe (10)
indicaztes that oleic acids voery widely in thelr susceoptibility
to oxideotion. The Colgrte~Palimolive-rect Cosnpony ©lso belileve
thot the 1linolinic ccid content of the oleic acid used in
Nepelm manufacture mey have considerable influcnce upon the
oxidizability of the Napzlm.

RKWQTW J.J'IGTED
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The =bove points reguirce furtber clucidotion. In
the mcentine, it scems cdvisable to be 2s cautious &8 possi-
ble in the sclection of raw mrtoricls for Nripala rmonufacturc.
Although low iron content wry not be essenticl in all cescs,
it would scem reeson~blc to use aclds hoving es low iron
cnalysis as possible, ond to use iron-, mongenesc-, and
copper-frece ~lun. No method he=s yet been worked out for
aedcsuring the noturasl inhibitor contunt of the nophthenic
reid, but it wmsy be necessary to use nephthenic distilled
¢t one source snd adjusted to o definite inhibitor content.
Alternatively, sufiicicnt inhibitor sucli os A -nephthel,

UOF 75, cte., mey hove to be 2dded to tike care of 2ll possi-
ble netural inhibitor veriastions. Particle size is relotively
¢oglly controlled in the secnufecturing operations.

the Dispersion of h:pelm

A1) Nepalm for its final use aust be dispeorscd in
gosoline or other hydroctrbon solvent., It wes cpperont very
crly that the solvent ployed o pert in dotermining the rote
of solution of thic soip, cnd the consistencey and othsr chur-
acteristics of the ze¢l rormed. (Cyclohwxone ond croacntic
kydrocerbons in gcnercl were found to glve stronger (e€ls then
rliphntic mrterials(elsee) | pyupthersore, the sctting ond
dispersion timcs oif the somps woere merkedly alfcected by the
nrture of the hydrocorbon used. Por this roason, the stundard
test grsoline, prepercd Dy Stonderd 0il Development, hes
clwaeys been used for speciticstion work ond couprrotive expoert-
moente on differcent sonps.  Lttewpts sre now belng arde to re-
place this by » stondordizoed naphthe o thrt crrors due to
cveporation, dililculti.s in sgtrondardizotion of the gfsoline,
ctc. con be miniaized,

Investigotiong ot Stendord 011 Development ond
Tdgewood Arscnnl (9€5€3 » using ~ fairly wide ronge of motor
gf solince, including thoss which haove been used in the filling
plonts, indicate no conprehensive correlztion between any of
the physicsl propertics or the Lhydroc:rbone and thosc of the
-€les  UIn Teble VILI, coaprisin_ results on & s:rics oI hydro-
crrbons ranging from cyclohexene to prriifine, the hydrocorbon
Led no cppreciable cifect on ool visecosity with the exception
of cyclohexine, which yiclded cls of nigner viscosity, =2nd
¢ gteam crecked greoline which resulted in ool 0f very low
consistencye. Neitnir of thoese amatericls is likely to be met
in practice. Neverthcless, diiicrence in goeoline quslity
aleght be suliticient to ive unsteble .els with epecitic tion
NMepalm.rnd mi ot be of extreme importence in the iiclda of use
21 haprlan Type A,
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The deleterious effects of some comiercial gasolines
are illustrated in the following table, A4ll of these gasolines
represent commercial products which were sutnmltted .or use at
Napalm gzel compounding plants.

80l 05 Mobilometer Readings
Srepddro Ui Levilopment (3% Gel)
L3 nrs. 2l hrs. Phenols
Gasoline 172 E. 150° F. Content
p * p .m L]
Stendard 0il Development
Test Gasoline 770 530 --
A 740 630 1.4
B 700 580 1.4
C 630 5%0 23
D 320 550 L5
E 270 175 20V

% Determined by the method oi Wwetlauter, vanNatta and Quattlebaum

(56)

Gasoline B had an Aniline Point of 137° F. Present
speciiicetions limit this test to 1z0° F. maximum. All of the
other Aniline Points lay between 45 and 110° ¥, Some corre-
lation between phenol content and pel periormence may ke noted,
though other effects, such as the high aniline Point of Gasoline
B, &lso apgear to be operating.. This correlation is supgorted
by the fact that Gasoline E when wasned with dilute NaOh, rinsed
with water, and dried gave a gel performance matching that of
the Test Gasoline. Peroxides and acids, as well as the phenols,
would be removed by this treatm.nt, so it cennot be stated that
only phenolic compounds caused the original gel instability.

Another gasoline has been encountered which was so
corrosive that it discolored the brass Mobllom-tcr disc.
Actual Mobilometer readings are not available, but it cen be
stated gualiiatively thet the _els were unstable. Trestment
with ammoniacal copper solution, to remove the active sulfur
compounds, gave a2 gasoline showing propor gel stability. The
pr.enol content of this #fasoline wess zero.

Certain inhibitors of the type usually added to

gasoline were found to have little efiect on gel consistency
(Teble IX). '
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In contrast to consistency, the rate of solvation
ol the hepaln weas changed by at least a sactor of three in
passin, thirough the range ol dirierent gasolines (Table VIII).
Limitin, consideration to the regular motor iasolines, the
solvation rate is predicted by the aniline point.,

It was found thet long time stora_e at -<0°F. was
all'ected by the grsoline used (Table VIII). VWith gesolincs
of very high sniline point, syncresis occurred asiter several
months. woowever, gcsolines hevin, aniline points below 1z0°
did not show more than -5k synercsis over a period of three
months storage at =0°F,
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Effect of Gasoline on

- e An e e e e e e

I T T S U

(A1) gels
Anil.
rt.
Batch Orizin of Grav,. °F
No._ fydrocorbons C2API  \c¢)__
1481 Cyclonexmanc  50.5 35
1432 Tolusne 5l.2 -
1u3s Diisobut7lere Hi.3 111
1484 Ref.vap.d3ic) dl.c 140
1435 Coastzl Gas. 5.l 127
14356 Trade Gzsoline5s.7 lel
1437 Tre o 51.5 115
143y Trade . 0%+0 111
1500 Trade o UO.@ 101
1501 Blended 7% 7
150 " Testh " 20y v
1513 h%ng%owB@Q " 5540 77
1515 111°A.F.Trace o7 .
Gosoline-»8¢ ©°l-¢ 107
Benzol--- cjo
1514 Stecm cracked 5¢ o2 2y

() Stored at roor. tes
taincis, wrne C
somple.,

) Test cerricd out in
w Aniline
Sreakdown run by S.0
= ¢ From Fichigztn Crude.
.M Contrincd I cc. TEL/gallon.
>) Conteincd 0.5€ cc.
) Contzined 2 oc.

Sor e 00 o

(
M
(
!
(

TEL/¢e11on.,

aperature exce
end 7 dzy tests
5 Gardrer viscositics &
50T conversion to_stendird Gl
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Index
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1.4106
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1.4106
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loglly
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Compoundin; Timc

Batceh in ¥inutes

Na.. Displrse ™ T icE L
1481 0.33% 1.55
148 0.75 1.05
1483 7.5 1.0
1473 2.5 7.0
1435 0.5 2.0
1436 0.1c 0.%3
1437 0.17 2.50
1459 0.13% 0.40
1500 9.07 Q.20
1501 0.07 0.1%
150z 0.07 0.17
1513 0.40 0.70
151§ 0.07 0.17
153§ 0.1% De35

Table VIII Cont'd.

—— - - - - —— - —

Viscosity of Gels (2)
Gerdner .ms./100 scc.

ot 55 deys Te deys

+ +

2 7 55 Te el hrse. <cij hrs.
zzzz=zd8ys~-mzans 1900 k. 150° .
335 10%0 1010 - 950 --
325 7950 y10 @ - 100 -
30 750 335 - 7,0 -
250 595 575 - 5¢5 --
800 320 8330 - ke -
300 30 790 - 755 -
710 700 550 - 275 -
505 320 - 350 - 775
345 30 - 750 - o045
300 735 - 3%0 - 315
355 315 - 350 - 700
20 753 - 550 - 700
735 730 - 320 - -
135 175 - 5 - il

CLCOOLOCULOoOTCOOCQO

hw@ﬁw@@obmwnﬁwosuk
stored at
-<0° tor i hre.

3¢ . &

m17deysToon L T40% (b) B
7

‘wow HW.W O %

0 . 0 0 Ixi
HO'. WO?.N O

Tl %3.c 0 ﬁn
v.1 1.4 0
0  z.5 0
J deif 0
J l.9 o
0 0 0
J 0. 0
0 0 0
o . 0 0
0 9 0
9 0 0
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Batch
..?.Oo

1541
1542
154y
1504
1545
1546
1547

(2)
(1)

Sficet of Gosoline

e

intibitors

Conc. o1 iInhibitor

Inhibitor oo gE./109 wl.
Duront 4m 10
DuPont #6 10
U.CeFe 1 cQ
Ueuot.o i} 10
TeOube %5 10
PX-yyl - 10
X uwephthol 10

Inhibitors -2dd.d to “Tist" grsoline

Stored ¢t room tomp.roturc execpt ¢

concrincrsy onc coatcincer teing. ue

Lleter tosts. Serdncr viscositi.s
by 0.51 to yicld velucs corr

Table IX

—— o ———

on rroper

P R I e

T

<l
Ped

4 x

[

ar.
~sponding to stundard C.!

rtics of .

topaln Thickened Fuels (&

}?i[(IﬂP]ZHE)

Viscosity oi dels-vordner oms./100 scca.ib)
c 7 103 103 avwm +
Dzys Dcys Duys <y bours «f 190° F. = Ey
715 700 730 350 mWw
705 530 730 330 wwu
710 710 375 355
705 710 yy0 330
770 720 755 730
770 765 720 %00
7655 700 7465 810
36 wepslm in _csoline.
notzd. ;sQ« “eoon totel: stored in two
for ¢ :nd 7 duy teste ¢nd the other for
for caUsD. ﬁaowwb( ~nd mry be multiplicd
Celiebe mizchiine.
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Tak TASTING UF NaPali
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The objeet of the testing procecdure for Nupoela hos
tecn to make tests svalleble which would insurce ¢ sutisfactory
end product ifor use in the 1icld.

The idecl requireuents tor @ sctistectory thickening
seent 1tor gosoline =re:

1. The¢ rheological bechaviour of the _c¢l must bec non=
kewtonion ond pscudoplostic.

e & sticky gel with wpprecicble strin, must be formcd.
It xzust not be "short" or cruvmbly.

3« The gel must hove reproducible consgisteney ot any

#lven concentration.

L. The consisteney must not be too grertly effccted by
varicrtions in gesoline guelity.

5. #ixing of the thickener with gzsolince to pgive & uni-
form el must be easy.
For Type B uscs

1. The _e¢l awust be stable from -0 to 1c0° F. over long
periods or time to nllow ior variable storo.c conditions.

¢. The ¢l aust be stable +nd 1gnitew ot -40° i
For Typc A usce

1. 'The¢ solid soap must be stoble over long periods &t both
low and <leveted temperaturcs givin, o satisfactory iol whcn
mixed with Juertcrmaster pool gasoline.

In zddition to the routine enalytienl tests on the
s0lid sonp, wnich would descrice its chemicel composition, it
scemed Very ncecessery to hove some form of consistcecney test
on the el formed in oosoline. Early work ot Zastman Kodsk(52)
end Standord 0il Development (5) ned indicated thet the
apparent consistency of the gel was closcly rclated to its
pertormence in sctucl use. with this in mind, the spccifica-
tion €S 1¥5-131-107 was issuca 11/1y/42 to describe vs closely
cg possible the 1irst satictoctory semples of Hepolm (oril:inslly
known =2s X-104). It wes beliecved to be unncecssary to differ-

% This is more o funection of th: gresolinc than of the solid
thickener cuployed.
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entiate between Napalm Types A and B except for the specifica-
tion of a certain minimun setting time for Type a4, cdesi _ned

to allow satisfactury field mixin. (5). Since little wsas

known of the efiect of many variables in the manuiacture, it was
believed necessary to include limits for aluninum content, a
test ior iree¢ suliate, etc. OUn the basis of satisiactory re-
sults, the Gardner Viscosimeter was adopted as the standard
instrument ior mecesurin,g .el consistency. It was expected {rom
thie scenty knowlcdpe oi the soap available at the time that
trouble mi_ht be expericnced with the speciiications and fre-
quest revision would be necessery.

By the time of the January mccting on Napalm at
Bayway (3), it had becomne clear that some revisions of the
specificztions mint be rcquired, and in particular that the
method for running gel consistency would require morc investi-
getion end very close speciiic-tion. To do this, a joint CuS~
NDRC committec was formed and wmet scveral times at Edgewood
to formulete adequetc testing methods. Witk respsct to con-
sistency determinations, consgdewable work on ten Nepalms at a
nunbcr of concentrations (7:13,48) 1ed to the following con-
clusions:

l. The Gardner instrument, of the viscosimeters
tried, yiclded most consistently reproducible results.

2. At soap concentretions akove Y%, reproducibility
is grestly impaired. iror this recason 8% was picked as a
standard testin, concentrastion.

~ 3%e Providin, tho gel is worked once, reproducivle
readings are obtained at 8 concentration. Lt is unnecessary
to work the _c¢l ten times,

Lt Check readings within %0 grems can rcadily be
obtained on the same el i1 2 ri.idly standardized procedure
is Tollowed.

As & result of this work, Directive ho. <01l was
issued L/ecu/u3, followed by its revision No. <0la, 7/156/43.
(Appendix VIII).

As knowledge or the propertics oi iapalm incrcased,
it became evident that some of the speciiiceétions were of
little utility in guerantecin, good meterisl. nence, certain
requirements ol the original specificstion, ©... @luninua and
sulfate contents, were rcecmoved, It also bocame clear thet
the wmost 1mportant danger to be guarded sgeinst was inadequate
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stability of the gasolinc gel on kecping. In this rcspect,
however, the drop in viscosity on kesping from two §ays to
seven days was found to heve 1little significence. Furthoer-
more, th: waiting involved in the scvion-day tcst was trouble-
some to the menufrcturcrs, cszusin_ & lerge tie-up of meterial
eitin, spproval. ior tnis rcason, the scven-day, T7°F. test
mas droy,vd when revised speciitic tions were issucd 4/co/4§
In thesge, the 43 hr. 77%. + <4 hrs. 1500, test in a stcel
tube wesg retainced, the viscosity bein. found to drop to a con-
stent level and decrease no iurther. This drop is believed
to te equivalent to that which the tel would underizo on stand-
ing for several months et room teapersturce, 1his test, how-
ever, still involved & wait ot two days at 77°%%. boforc tie one
dey =t 150°. It was thou.nt thet onc day at 150°. applied
immediately after moking up the gel wou%% &lve similar results
and this:was found to be the case (Chse Teole X indicotes
negli itle chan.e in consistency after <y hrs. ot 150°%.,

Teble XI precscents

tionse.

Table X

-

- e ean W s e b . e

- — e

Time end Consistency after bdtorage et 150% :\53)

B R A

@ comperison of the two types of speciiice-

(pairs of numbers are dupliciote tests, Gardner reeding)
rnuodeX licGuan Eakins Pfistcr Nuodex
39080 39083 8% . ey . 308 33999R
2 hrs. 150°F. 510,490 710,730 540,550 730,710 500,430
L hrs. 150°F. 430,440 740,7%0 540,520 720,730 470,430 500
16 " === 560 - == -—- iyeQ
cg i 350,%50 530,550 520,530 540,540  1430,5%0 510
e 530,550 550,550 520,500 530,300 450,520 560
96 550,270  5%0,5%0 570,450 570,570 430,450 ou0
48 hrs.77° 030,000 750,300 540,550 740,700 ou0, 20 010
1563 hrs.77° r. -—— oy0 - —— - o0
% Hiolsture
Vac. Oven § )
hI‘S. 550 Co loC OOL‘.O 0005 0050 O;dL‘, - -
CwS Benzol 1.7 Q.Y 1.1 0.6 0.6 0.8
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Table XI

- - -

Couparison of 150° ¥. hecping Tests

Nuodex(54ﬁu0d3§54)harmoA54)Nuode§L5)Nuode§55)

15374 130%2_ 38y56_  3030_  33y5%R
% Vac. Oven Moisturec
(¢l hrs. 50° Go) - 1.10 1.50 —— ——
% Vac. Oven Moisture
(5 hrs. 55° C.) - 1.2 —
% “olsturé CWS
Benzol -—- 1.7 0.8
Ly hrs. 77° F. 540,590 5,0,550 530,510 === -
48 hrs. 77°F. 340 610,520 610,00 550,530 010
43 hrs. 77° v. 4 . ) |
cly hrs. 150° I, 640 550 %30,%30 %70,3%350 570
<l hrs. 150° &, 510 510,510 340,30 %00,%350 510
¢ hrs. 150°F, 265,710 550,550 500,500 510,490 560
168 hrs. 77° ¥ --- 6Y0,650 530,530 &40 9uO

The new spcciticrtions now allow testin, to be completed in
about fifty hours aitcr prepsration of the sonpe At the sane
time thot this lost chenge was made, 2 two-hour at 150° F.

test was also introduccvd. It ,was thou ht that this would indi-
cate the maximum consistency attalnabls by the perticular gel,
but subscguent studies do not conifirm this.

As pointed out in the next section, the molsture con-
tent of the solid soep hos a profound effect upon its propertics
in the gelrstates. Nevertheless, the detirminstion of molsture
in a msterial of this type 1s cxcecdingly troublesome. In the
original specificr-tions, thc Dzsn and Stark method 1or deter-
minction was adopted, it being thou/ bit thet this mcasured ep-
proxim=tely the "free' molsture of the sowp. an investigotion
cl:arly showed the smount oi weter collected depended upon the
boiling point oi_tge_sglvgnt usecd, the length or time of dis-
tillation, etc. €0), ygoisture speciiication conscguently

was sllowed to lipse for ¢ time. nowevor, with the onset of

:E{EE£3§?1§£[qujfﬁzj
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humid summer weathcr it became clear thet meny monufacturers
were allowing sozps to piék ug molisturce before or during
peckaging, which subscquently cnused failure in the 150°
congistency test. Ior this rcason the new moisture specifi-
cation wes introduced July 8, 1943, & limit of 0.8% by benzol
distillstion being sct.

It will be evident from the proscnt specifications
(Appendix VIII) thet principal reliance for securing good
product is now placed upon (1) control of moisture content
end (2) control of conslstency sitecr cxposurc to onc dey at
150° F. The intboduction of 2 test for oxidation suscepti-
bility into the speecificstions may be necessary, perticulerly
since reports of oxidized sosps hove been receilved from over-
scas and from compounding plrnts.
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The Manufccture of Napalm

A —— - " - -~ ran

Appendix I

" N se o s

" ————— - —— - s - e e o we Ty an Doy m A n A - e e m S - v A% wa'es w m s m W e

A more completc reprcescntation oi the Nepelm precipi-
tetion process is given by the following equations:

1) 6NaR + Al (504 )3 = 2AlRz + 3Nap50),
2) 2NaOH + LNaR + £1,(80) )3 = 2A1(On)R, + 3 Nayso,
%) LNaCH + ZN=zR + Al (S0 )3 = 2A1(0H) R + 3Nep50)

Bgquation 1 1is theorcticel, since aluminun sosps
bydrolyze =--

i) AlRB-fnao-ﬁAl(OmﬁQ + &R

In the atove equetions, iR denotes tae mixture of
cocoanut, nephtinenic and oleic zcids used in Nopalm. in this
cese, the molecular wei ht of HK 1s cprroximately z3%3%, and the
corresponding aluminum contents of the thrse sozps shown atove
ores AlRB, 5¢Thsh, AL(OR)R., 5.%0%, end AL(Or).R, y.cc.

Analyscs show that most satisfactory bopalms conteain
between 5.4 and 5.35% s8l.  in terms of the above coapounds, this
indicstes o nixture of AL(CH)R, end L1(Us)_R conteining between

97.8 and 37.8% AL(OL)R,. Because of hydrolysis, all Napalms,
contain some froee seid, so the actusl percentage of A4Al(OH).R
is probably higher than the c.c to levweihn indiceted.

The NaR is formed by the rcaction of ald and HR.
It will be sic¢n that Equat.ions 1, <, #nd % 2ll involve & total
of 6 mols of NaUk. In Eguation 1, 211 éNaOh have been con-
vertcd to NeR. Jfn Eguation £, 4NaQH are present as soap, end
2NoOH ere frecy thus, the roatio of trec to combined NeOH is
50/« In Bguation 3%, the ratio is 200%e. Yo give & mixture of
97.8% of the product of Ejustion &, and <.z% of Eguation 3,
the rotio of frce to combincd NaQh can be celeculatzd to be
5%2¢3%. For 57.3% of the produce of Equation ¢ and le.c% of the
product of Eourtion 3%, the ratio would be 5%8.%%. scnce, the
range of <luminum contents can be controlled by the retio of
free to combined NaOh, over the renge of 5% to 6Yjk. Success-
ful Nzpalm nanuiscture actuclly uses about 69% free caustic.
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A1(OH)R, contains Yl.%% of the gosolinc-soluble R,
while A1(OH)¢R contcing 79Y.2%e.Re ExXpressed in enother way,
A1(Oh )R, contains only 8.7% of the gisoline-insolutle sl und
OH, whiTc al(0n)_ R contsins 20.3% oi such groups. hencc
A1(0iH )R, would bé expceted to glve a weaker, morce extensible
gel in gusoline, too weak tor the intended purpose. A1(OR).R,
howsver, would lsck solubility, would be extremely diificult,
if not imposcitle to dispzrse at room teaper: ture, cnd would
give o low cxtensibility el if dispersed. The alxture ob-
teined by usin. from 5% to 5y% free caustic ie thus « balince
of desireble and undesirable properticec: sufiicicnt coxtensi-
bility and ¢l stren_th, with the ability to disperse ot room
temperzture in sosoline. The ratio of fre: to combined Nouk
controls thc rel:ntives proportions of Zgusrtion <« rnd Equation
3, &nd hence ths gel stren.th of the product (Table I, p. 1)
It is =scen throt krigh r tios of free NaOh glve too much Al(Oh)LR,

which will not @icpersc, ond hence the gol strength decrerces
if the ratio is too hizh. 1he mnximus strength eppears to
occur ot about 5D, frec coustic.

Boustiors 1, ¢ #nd % indicate thet 6 mols of NoOH
are uscd in =11 @uses, roggrdless of the ratio of froc to
combined NeQOE. IV ose 6 mols roquire, in =il cascs, one mol oif

I :
Al¢(804)5° If mc £.tty acid werce gresent, the reection would be:
5) o Kalk *'312(504)5 = dal(O’i—i)5 + 5Nad504

That is, onc moil ol =lum reacts with 6 mols oi NaOmh, rcgardless
of the smount i f:tty scid prescent. the quallity ol wapalm
tormed is con®r.llcd by the retio ol nNuln ond mR, not by the
retio of Wadh €6 c¢lum. This is turther born: out by ¢ sccon-
dery reaction woich occurs whoen @lum is added to waOH:

5) 8 meOk + 21,(S0 NeklO, + 3Na,30

1 + L{.ﬂao

. = £
4)§
Sodium nluminete forms when the ph is cbove 10.6e snluminum
hydroxide will neot form until thc ph drops below 10.0:

7) 12 n,) + ohaalo, + 312(804)5 = &-a;l(om.j + §NaaSOu |
Sinilarly, Nepalm will not form, i: fatty «cid is prcsent, until
the pH drops btelow 10.6. If HR is prosent, the i cosbines with
the Al to form - gog¢p. If no HR is prescnt, the recction 1s
gimilsr, except thot the prociplitate is o hydroxide.
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48 stated in Section i, the sctual precipitation
may be viewed s ¢ titretion in which olum is added to Nalk
and/or NzaR. Fioure I illustrotes tiils.e Curve I was obtoincd
in the leborestory, using the plint solutions employed on a
large scecle in Curve II, but without the 1ottty acidse. ‘Ythe
break ot pE 10.5 occurs with lcss «lum in Curve II because
only the frece NaOH forms the aluminate (Equotion 6). The
second breek occurs wien both free cnd combined NaOh arc
necutralized. This is independent or the ratio of free to
combined HaOn. Consequently, the coagulation point occurs at
the same pH (about 7) regardless of the ratio of frec to
combined wnaCH.

Curve II{ shows data for metrnod [I. =mere the Irce
NeOn (es NaLCO5) has been added to the salum. The abscnce of
fre¢ NaOH in the sorp precludes cny aluminate rormation.
Nepalm begins to precipitate as soon as ¢lunm is czdded, while
in ¥ctood I, about 3H%% of the slum 1s added before the ph
drops below 10.6, ¢nd hopalm precipitetes. The presence of
the frec NaOn (as carbonste) in tht alua explains the higher
fin:l pbk of Curve IIl.

ot the present time, there 1s ¢vidence thnt the
presence of Al(OH)SOu in the alum solution used for precipi-

tation is -n odded source of hydroxyl ions, cnd may thorefore
cffectively increace the rotio of frec to combinca coustic.
Wwork 1s in progrcss to cleorify this point.
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appendix IT

e i - -

Batech Mcthod I

—— i . A

a8 stated clscewhere in this rcport, this veristion
of the coprecipitation metinod is being recommnended es & stine
dard process. Yhe basis tor this choice is the e:rwtt,;r' guentity
of informetion aveilable fron the nonufocturers employing this
aethod. The following discussion will, thercfore, be cx-
pended in considerable detaill in order thot it wey scerve og 2
plent procedure to nny new manufecturers who aight be ssked to
produce Nrpolmne Uhere specific quantitics are _iven, they are
averages of the actunl quantitics uscd by present manufszcturers.
Flgurc 6 shows r schcmatic flow shect for o <000 bateh of
Nepalm monuisctured by the recommended procedure. Teble XIT
gives 2 sumarry of mrterinl quantitics and tank sizes lor ony
desircd sixe of batch of D“pkln with speciilc valucs for o
2000# batch.

Veriations in zcid guelity have been found to be
pazrtly responsible for diifcrevnces in the charccter oI th. sozp
produced. Close sdherence to specifications ©y regular labora-
tory testing of new shipunents 1s o prercquisite of sstisiactory
Nepeslm productione. it is ~lso advisavle to retain ssmples
{(~bout 1 gal.) ol e¢sch new batch for future refercnce if
nceese ry. The following specificutions heve been found
sultable,

Speceific=tions Cocoanut Fatty ..cids Nephthenic .cid COleic .acid

st o e v e e wn o - —an i o ay - Pl sttt -—— . —

Acid number 250-270 £ 50=215 1450-200
Iodine number below 15 bclow 10 85-90

Iron below 0401y below 0.01% below 0.01l%
Unsaponifinble ek Hoximum below 3% below %
Titre °F. 15=T77 --- 8°-12°C

. Caustic

I'leke or ligquid caustic may be used, the quentities*
recomrended for use in this report rre boscd on 10054k NeOn
(7754 Baz0)s The iron content should be kept below 0.01.
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Nephthente
acld

Olelc
acid

Coco
Lheid

NaeQH

alum

Maexcd
acias

Precipita-
tion

Table XII

———— " S s s e ot

Summary of satcerial uantitics =nd Tenk Sizcs

vty o s r o s s o e A it s s o - - -y o it - - - -

, for 20004 bateh
Genevral Cuse

y = <iy0
2 = :ﬂ\o VOE.
Estimated Lupprox. Estimsted
approx. Gals, Tenk Vol. amount Gals. Tenk Vol.
Gzls.,

.
2376 --- u76 575 ===
X -
2173 --- 476 63,8 -—-
X :
ess - s52 137
nmdqi,l MQ..
35 25" bee 555 1126
XR XX
mHWWn -mwws 15325 1137 1430
A X .
3705 TIoT 150l 49 500
®(0.953+ 9§ ) 1.5(0.553%+ % ) -- 3041 14560
y.07z 5e02

Pounds of dry hapslm to be produced per batch
acid number of mixcd gcids («-1-1 wmﬁwov.

bPer cent sulfate in olum.

T S am et b e R e i v aan W e A e e = e e vy - —

Normal
Tenk Vol.

Gelse.

]E§I§E§qﬁzéé{{jr1}ﬁwg

1200

1500

500
5000
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War restrictions have been placed on the use of alum
made from aluminum hydroxide - “trihydrate", and so-czlled
"Victory" or "war Grade" alums made from kaolin clay have been
offered as substitutes. There 1s no stron, evidence that the
"Victory Grade' material is not entirely satisfactory as long
es the iron content is below 0.0l and other inetallic impuri-
ties are kept very low. UNevertheless, it is highly desirable
that the old pre-war grade, made frou trihydrate, be used in
order to avoid any possibility of trouble. Some "Victory
Grade" alums contain a certain amount of insoluble siliceocus
resldue, which settles during sgl&tion, but appears to have
no effect upon gel properties (¢7), pcceptatle alums contein

15.3=-17.5% Al.03 end 43-475 S0 .

d. water
No ditticulties,with one possible exception, have
been traced to water supplies, and it is believed thet unless
extreaely hard weters are uced, no attention need be pgiven to
this factor. :

<. _Preparation of Sodium Soapy Solution.

s o>t et e v e — — -

The acids are mixed in the wei ht retio of

Oleic acid 5%
Naphthenic acid €5
Cocoanut o0il
fetty acids 50% ‘

The mixing mey be carried out in suiiicient quantity for one
batch, although where facilities are available, it has been
found convenient to make up one or more days' supply at one
time. ‘lhe average yield of dry Napalm may be taken as 105
pounds per 100 pounds of mixed acids (57) gnd tne average
density of the mixed acids is about 7.66;/g2llon. The quanti-
ties of acids reguired for one ton of dry Napalm are

Kaphthenic acid L76 pounds
Oleic acid us
Cocoanut oil fatty

acids y5e

w——m Lo a -

Total 1,994 pounds a volume of
clyy gals.,

lherefore, a tank of about 500 gallons capacity would be

suitable. a sanple of tne mixed acids is withdrswn for detor-
mination of acid number.
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The required quantity of sodium hydroxide is calcu-
lated from the acid number or the wmixed 2cids. This ig indi-
ceted in the following exemple of production of z000; of dry
Nepalm Irom mixed aclds having an acid number of «j0:

By definition, the acid number is the
milligrams of KQOH required to neutralize
one gram of acid to an endpoint using
phenolphtihalein as an indicsator.

NaOR required is 50% in excess of the
amount necessary to neutralize the
aclds.,

100 _ . ) - o

105 * 2000 x .2io X.%%‘ x 1.60 = 522 #NeOE/ton dry Napalm.
The method of acdding the caustic to the mizxed acids will de-
pend on the particular monufacturer's facilities. & conveni-
ent nethod is to dissolve the caustic in water to ¢ concen-
tration of wbout 105 by weight (565 .zllons of weter per ton
of dry Napalm to be produced) in & scpurate small tank, This
solution is then punped or drained into the preclpltator

tank, the scids added through & cloth filter, and after 15
minutes chtctlon water is added until the proper total volume
is recached. 4he¢ recommended concentration of tetty acids in
the precipitstor tank prior to 2lum aadition is one peund per
gellon. <“herefore, the sodium soap solution should be diluted
to 1504 gallons before the alun is added,

This dilution drops the percent of sodium sosps and
excess ceustic in the solution to approximately 13 by weight,
& figure @grecd upon as about the optinum cy most manufacturers.
Lower concentrations of sodiun sozps tend to produce kapalms
which give weakcer gasoline gels,

3. ftreparetion of the Alum Solution.

o n iy L o g Y A o g A e S - — - . -

The aaount of alum required is about 115% of theat
necessary to supply sulfatc equivelent to the sodiun added
in the csustic. Actually the quentity of alun solution added
may be controlled visually by the occurrence of coasgulation
(at about 100% of sulfate cquivalent), after which zbout 15k
excess 1s sadded,
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Assuming an alum containing 47k S0y, the wei/ht
reguired is calculated as follows:

Basis: 1 ton dry HNapalm )
from («) the weight of NaQH to be used is 5cz

o225k Loy 26, % 1.15 = 1555

The regquired amount of alum is dissolved in water to
a concentration of 15%#, the temperature being held at about
105°, 7The solution is cooled to about 40°'. and allowed to
clear by settling. For one ton oif dry Napalm, the volume of
solution is then approximately:

1535 x 85 + 1535
15

";"‘f‘"““"" = 11%7 gallons
.0

The density of a 10% alum solution is about 9,0 #/gal,

The precipitetor tank should have a total volume
about one and a half times that of the liquids it is to hold.
This is equal to the volume of the sodium soap solution plus
tne volume of alum solution or, for one ton of dry Nepalm,

1.5 (1y04 + 11%37) = 4550 2llons.

The additional volume, while not absolutely essential, is
desirable to allow for agitation and possible foaming. The

tenk itseli may be oi wood or steel and must be equipped with

en agitator or sufficient power to pive rapid mixin.. snarrow
radial batffles (usually four in nunber spaced $0° apart) around
the inside of the tenk have been found to aid in obtaining the
degree of sgitation desired. ‘the alum feed lines shou.d be
placed in such a way that the alum solution is quickly diluted
as it enters the tank. This may be accomplished by introducing
the alum below the ligquid surfasce by means of multiple pipes

or by shower heads placed near the a.itator blades. <Lhe precipi-
taetion tank should bz equipped witih steam and compressed eir
lines le ding to the bottom of the tank, temperature and level
indicators, and a dump valve large enough to avold plugging when
the precipitate 1s dropgsed to the filters. It 1s necessary to
provide means for access to the top oir the tank to cenable the
operstor to observe the pro,ress of the precipitation.

# Up to 30% conccntrations have been used successfully.
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The agitetion requirements of the prccipiteting tenk
heve not bien correlated with batenr size and informa t'on
available is of 2 gualitative nature, Insuliiclent zgltation,
or too rapid =lum addition results in local high concentrations
of alum surrounded by azn =alkaline¢ solution, end prémature pre-
cipitztion of large Jufty ageglomerates may teke plsce. Further-
more, towards thc end of the precipitation the cocgulation ney
be so sudden that the sosp cake cannot ve broken up by the agi-
t tor and difficulty will be experience¢d in droppin. the butch
to the filters. Inclusion of unreacted sodium soaps mey teéke
place due to the sudden cosgulation and subscguent woshing with
water may not remcve these undesirable materials. uversgitition
on the othcr hand, usuelly results in fincr particle size,
which, if densifying cquipment is not available, will rcsult in
¢ hisher percentage of fincs during screening @nd may increase
the oxidizability of the sosp end decrease the time ol sctiing

Agitetors may be either propeller or peddle types
depending on availabllity. Power requirements are of the order
of 15-20 E.P. for a £000; batch of Nepalm mede in & tank of
usual proportions. 1he zctual power requirements and speed
should be determined for the perticular tank to be used.

The precipitation is carried out at 85°. end this
temperature should be held to within + 5° F. The alum is odded
slowly with agitction, the rate of flow bein, adjusted so thet
the total tine of 2ddition is sbout one hour. By meens of an
orifice in the alum line, the proper rate of addition wmay be
insured without constant adjustment. PPVClpltCtiDn at first
occurs slowly, finzl congulation (the "striks") taking plsce
after cbout 35% of the total alum is added. The precipitate
floats to the suriuce oif the liguid which graduslly becomes
clear as the glum cddition is continuecd. whnen the required
excess of nlum hess been edded, the liguid is no loager turbid.

the precipitate should be washiecd until the cxtrancous

elts are reduced ot le ast es low as lp. Lhe smount ot water
nccessury deperds upon the method uscd 1or washing. Under poor
conditions of contact between the precipltote and the wash
weter, cdequate woashinglins been sccurcd by the use of & volume
of wash water equal to the volume of liquid prcscent in the
precipiteting tank at the end of the precipitation. This
water should be uscd in two or more portions. The extrancous
ash may be estimated by determining the totel ash and the
«<luminum content o: the Nepzlm, corrcctling the total ash for
the aluwainum oxide present.

In some cascs it hes been found that ¢ washing
operation with dilutec alur solution beiore the woter wesh has
¢ beneficlal cifcet (€7,25 In cases where coagulation causes
rn stiif eoke to form, the 1nclusion of sodium socp may be
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large and the alum washing will help by removin. or reacting
with these undesireble soaps. If an clum wash 1s used, the
volume of solution should be about onc h2lf the volume of

the finished bateh and the concentrution should be about 0.5~
1%, The alum washing operation is carried out prc¢limincry to
and in the szme menncer os the water wash, except that 2 con-
tact time of 15-3%0 amlnutes should be cllowced.

- v e we wm o e an e b -

As discussed on poge o of this report, the dewster-
ing process varies considorobly zmong the dificrent masnufuc-
turers. Similar products arc obtained using suction filters,
rotary screens, end filter presscs with equipment for tre:rking
up the filter coke,

If eguipment must bs procured, @ rotating screen is
probably the most convenlent and least expensive of the
virious methods. The screen is siailcr to thosc uscd for
gravel washin, «nd consists of o cylindrical open ended screcn
of about ten mesh. The cylinder is mountced with its axis &t
tn angle of zbout 5° with the horizontal, and rotated &t 20-%0
rpn. The slurry is introduced ot tihe upper end of the cylinder
and travels to the lower end, the woter lecving through the
holes in the screcn. Wwoter spreys are ploced £lon the axis
of the cylinder and good washing action ie obtained. A second
similer screen may be placed in seriuvs with the i1irst to pro-
vide additional washing. In this way the water content msy be
reduccd to obout 50% by weiiht.

As discusscd on page 6 of this report, typc A or
slower scttin, N-pslm m:y b. produccd by & somewhat different
traotment of the wet precipitcote. Lhe precipiteate is portiilly
devatered in 2 plaote and rrame filter presgs snd the resulting
c-ke is fed to o poir of differuntially rotsoting rolls. 'the
rolls are of the ginerel type used 1or clay crushing or point
pigment milling =and mey be sbout 15-20 inches in diametoer
geered to oporate at e spoed ritio of about c#:1l. Clearance
cetween the rolls should be ab-out 1/%¢". the ribbon produccd
is rcmoved irom the fast roll by & steel doctor tlade and
pesses to the comainuting machine where it ig broken up to
pess an 3 mesh screen. The matoricl is then loaded into the
drying treys and 1s processcd in the sime way os Type B.

The dryin, operetion maoy be corried out in various
types of cquipment, and its cholce depsnds on the relstive
aveilability of the equipment to the munufccturer. oSlince tray
dricrs sare most zvailable thelr use will be discussed, but
the drying principles are zpplicsble to other types of dricrs,
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The dewatered precipitate is losded into dricr tpays
to ¢ depth of =bout 5/A of on inch. The treys have open, screcned
bottoms covercd by muslin and nomolly cre sbout 1" x 13" x 20
in size.

The dricr temper ture should be held ot 150°F. with
2ir velocitics of <50 to 400 ft. per minute. Depending upon
the equipment being used for size classification, the Nepalam
con be hendled successfully on the screcen when the molsture
content has been recuced to some definite figure.s It 1s
recomucnded that the motorial be leit in the deier only until
this fi ure 1s reached vnd tonen hiendled in the screcnin, ond
blendin; equigment. After this operction the maotcericl is ro-
placed on the trays and the drying continucd until the moisture
content hts becen reduced to below 0.3%. Though this involves
lo2ding the traye twice, it hos been found thet thic pessage
through the scrcoen permits ¢ more roipid drying rate so thet the
overall drying time is considercbly shorter then 1t would be if
accomplished in one operstion. The screcning and blending should
hove been accomplished ot such 2 point thet the redrying does
not chang ¢ the particle size distribution. In this case, re-
screcning ot the completion of drying is unnecessary, und the
moterial con be packed directly into the finsl contelner.

This permits packing the material while it is still vwaorm,
reducling grectly the danger of molsture pickup after drying.
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Appendix III

B L ey

b“tch Method II

- o - . - - -

This method differs from bstceh method I in that
the alun solution used for the precipitation has becn par-
tinlly neutralized with soda zshe By this procedure =
uniform precipitetion of sozp is obtained throughout sub-
stantielly the cntire period of alun addition.

Therc seems to be no conclusive c¢vidence thet the
products of the two bateh methods differ in quality. Sat-
isfactory soups may be made by either msthod with equipment
reguirecanents ~bout the ssmc. At the prescent time operacting
dota for this mcthod are avsilable from only onc munui'ecturer,
but it is planned to try the proccss on a plent scule using
e differcent menufocturerts cquipment,

Appendix IV

Moterials of Construction

——— S W ——— 8 534 D i W ve  Tm e ih i .

There is 1little evidence thet the meterials used in
the eguipment for asnufacturing Nepalm have unj great effect
on the suality -1 the product, some msnuiacturere 2f satis-
factory product using iron snd others wroden or lesd lined
tonks. As stated clscewhere in this report, contanination by
iron, copper, mangancse and cobalt are undesibable and should
be =avoided.

cod or steel tanks will in gunurul be satisfoctory
if first c“rcfully cleened to remove traccs of m tesrisls pre-
viously processed. Stecl precipitator tanks become coated with
soap ofter the lirst few batches and contamination with iron
is thus prevented. Long periods of fetty acid storage in iron
containers 1s undesirable since considerable contcmln,tiun mey
take pleoces SHimilarly the alum solution will dissolve iron
fros the wells of ¢ stecl storage tank ond result in contomi-
nation of the product.

IR:E@&%??ER:[(?§§@§EE}
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Process Control

et oy W -

Adequate control of the menuiacture of wNapalm is
necessary not osnly to direct plant operation, but to fur- .
nish a record which may be referred to in case gn unsatis-
factory betch is produced. Sampling end testin. sre ad-
vantageous at numerous points in the process and these will
be discussed briefly. It is advisable that a log sheel be
prepered and the operator be required to supply the necessary
nctations,

411 new batcioes of rew m:terisls should be scmpled
and tested to be sure tioet toey meet specifiicatiocns (see page
54 )e A staple ol at least twy querts should be taken from
each new batch received and stored for future refcrence 1if
ECESSary.

c._ Mixed icids

A sample of mixed acids should be taken from cach
batch made up snd the acid number determinsd in the laboratory.
If necessary the amount of ceustic addca to the bateh should
be adjusted to the acid number :ound (sce poge 37 ). Similarly,
samples of the wixed sodium scape should be titrated(£7) with
standard acid to phenolphtrnelein, end to methyl orenge end-
points. The titration of the sodiun soap solution unay be
carried out a2s follows. A. 25 ml. sample of the soap sclution
is pipetted into ¢ 500 ml, flask. One hundred ml., of a
neutrolized 50% alcohol end 100 wl. of petroleum ether zre
added., The sozp solution is titreted with standerdized one
normal sulfuric 2cid, first to the phcnol phthalein endpoint,
then to the methyl orange endpoint. 'lhe latter endpoint may
be judged by the clarity of the aqueous layer as well as by
the color cirenge. The amount of acid necessary to give the
former 1s equivalent to the free ceustic present and the
difference in thc awounts used to titrate to the two cndpoints
Is equivalent to the sodium so=zps. The rotio, of coursc, is &
meesure 21 the frec caustic ond mey be used &as & ehuck un the
gperzbor meking up the batern,
%., __Preparation of Cesustic and Alun Solutions

T I T T e ) - v e @ e o -

Temperature and quentitiss of material used chould
be noted on tne operaturt's log-shect.
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4» _Precipitation

The lig-sheet should include 2 record of the tom-
pereture of the tank contents, dilution level beiosre elua
addition, time ot 2ddition and amount of alum used znd the
amount of water used during washing.

2:_ Drying

Notetions should be made of drying temperature (a
recorder is desirable), time of initial drying ond redrying,
i{f any, yield, and if possible, atmosphceric tempercture ond
rclative numidity provelline. not semples should be token from
the drums into which the Nepeln is packed by meens of & sem-
pling thief, This sample should imwmediately e pleced in e
mason jsr and closed tightly to prevent molsture absorgtion.
A one-quart stmple of ¢ach batceh dricd should be kept by the
menuiacturer Ifor future refcrence. 1his ssunple should be
kept in & tightly crpped mason jar with o rubver scaling ring.
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Properties of Napsla

[ - [ s

The importance of molsture and oxidation have been
demonstreted elreedy in peges 8B-c0 o Here it is proposcd
to teke up in more detail methods of weter detérmination, to
illustrate more fully the difference in behaviour of sorps
sn molsture sbsorption cnd to discuss more dets svailable on
the oxidetion problea.

—— - . " - - - e wm e m 4w e W & e e weiem o e -

Th.ere cen be no dosubt thrt weter exists in Nepselan
in two forms, namely cbsorbed weter aend veter of hydaration,
the latter probuably of several types. In eddition under aore
or less draestic dehydretion conditione there is potentiecl
weter present, which can be evolved in varyine de.rce by
cinemicel reaction, WO merns nes yet been found tor cnolytically
differenticting the three forms oi water, because to & certain
e¢xtent they ~re &ll interconvertable, Table XIIT shows rcsults
by different mcthods on the secme sazmple oi Nepelwm., It is clear
that, dependent upon thewp j1yticel conaitions, any moisture
content within limits cen be obtoined. In sclecting o wmethod
for molsture deteranination, thereiorc, two considerations
arise: (1) the moisture content indicated should correspond
to the amount of gel breakdown found on thwe consistency test,
(¢) the method should be simple and roquire only comuon &p-
paratus.

Table XITII

ot o - . - -

Molsture Determination by Different Fcthods(5o)

Ty W A - - - o o —— 8t o ot s v b o > Ve e v v om e - vk . . s -

Percent
Method icter Found Remarks
1., Vacuum drying rt 100°C. 1.0 Probably consists of
end « mm. prasssurc for most o1 adsorbed
10 hours. weter snd sepecretion
o1 doubled molecules
of hydrastion.
¢
<« Dean and stark with 238 Above water plus thaet
tolucne or benzine (i from & lesscr degree
hours). of nydration ¢nd some

woter of reaction due
PO

to durction of process.

jFiIﬁ%%ﬁ?E%{E(}gjggiﬁ




3. Azeotropic distilla-
tion with dioxene.

L. Fisch:er nethod as
described in JaCS 01,
<07, (1757)'

5. TI'ischer modified by
-elling sample first in
toluene and then btreaking
down to a liguid by addi-
tion of -pypridine.

6. Fischer method on
residue of dioxsne dis-
tilletion.

7. Acetyl chloride-
pyridine method. JACS
57, 841 (1y35) iodified.

-46,
Percent
water Found

- s ww . o -

€5

d-l"’joo

1;1‘1 02
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Enployeo to svold the
inevitalble water
hold=-up in apparatus
end conseguent leng-
tinenin, of time oi
analysis. Distilla-
tion over in %0 mins.
instead oi 4 hrs,
Fiscrner or scetyl
chloride methodz used
to determine wstzr in
distillate.

Endpoints fade and
procedure ic time con=-
suning due to leck of
dispersion oi samgle
in solvent and re-
sultant slow reaction.

Bndpoint definite snd
fairly repid. later
value probebly in-
cludes some water of
reaction due to ex-
trene dehydrating con-
ditions.

Total of %. and oo
equels He

acetyl chiloride treat-
ment at 50°C 5 to 40
nins. duration.

Acetyl chloride treat-
ment «5° 5 to 40
mins. duration.

Acetyl chloride treat-
ment at 30°C 5 ains,
duration. Samples
turned brown - ob-
vious decomposition of
s0ap.
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Notes: Trhe vecuum oven metrod showed some fatty gcids and
neutral oil lost when the distillate was trepped by condensa-
tion in a tube surrounded by solid carbon dioxide. It may be,
Lerefore, that samples containing large amounts of ratty
acids would give fictitious results due to oil distillation of
the laetter. hLowever, experiments ot the CLS Columbia Labora-
tory (10) indicate tie water insoluble amatter amounts only to
a ITew tentihs of one per cent.,

The wfter found by the benzol distillation method
varies both with the time of distilleation and with the boll-
ing point of the solvent employed. With standardized condi-
tions results are reproducible to + ,1% (Tables XXIV and XXV
in Appendix VII).

The 2bove Fischer method gives uncertain endpoints
unleegs the cemple is (irst gelled 1n toluene and then broken
down to a limpid fluid by the eddition of pyridinew=.

The acetyl chloride mnethod gives quite erbitrary re-
sults dependdng upon the conditions iwmposed and exhicits a
broad endpoint owin, to precipitation ol aluminun rydroxide
during the caustic titration. Tuoree titrations ere reguirec
for each sample, a Llank on tne rea.cnts and solvent, & fatty
ecid blenk thrc with ceustic alone, and the senple. This
method must, tiierefore, be. considerea very unsatisfactory.

Consideration of the aveilable methods from the zbove
viewpoint selects vescuum drying znd benzol distillstion as the
casiest and least complicated for use in practicew#w. Tiesc
ere olso the methods recommended ror materials of the type of
Nepslm by Grifrin(3€), There is no doubt (pp. 55-58 ) that both
can be made to correspond to tne viseoslity re=a d11 s to & con=-
sideratble de_ree.

Colbatc—P lmolive-Pect rcport tiat they Lave had considersble
ccecs in correlating Karl Fiscler molsturss with ggl viscositices,
spreers thet using & dead stop endpoint met.od '2°/ pepro-

3 an be YEedined ( ‘ 5 S
ucible results cen be obteined (1053)  put trat difierent manu-
ernaps dus to

K}

oo

s G

Ccturers' soeps neve different base molstures pe
fferent lydroxyl or "bound" wmoisture content.

L-JH‘ OIHUJ

[

#w For & fuller discussion oi the various met.ods see (10),

:EajﬁzfgEITEE][(}TIiEﬂ][}
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Considerction ol wmany experiments ipad led wolis the
Eestuan nrodek roup end tue Tecinic ol Division grouy working
T adgewood arc-nel to tee view trol sl _htly ccttor corrcla-
tion JI consistency results is obtainca wito vocuua oven
negsure sents tion wiiiy those ede oy benzol distill:tion, This
asy be due simply to tie foet tict reproducicility is better
viti ti.z veacuun oven wetiiod and erratic results cre less likely
to te obtiined. it the benzol distilirtion mct..od results
sre srour tly goud only to 4 0.1 ¢nd 10r rosearcr work tiis is
sonew. ot too wide ¢ nrrgin. Compsrison ol vecuum ovin ond Cetede
tenzol distilletion values is wsde 1n Tebles WVIT 4 cnd B,

o

Experinonts in wolc: ¢ siaple of wep.lm 18 cllowed tO
pick up or losc o kpnown wumount of witer (Ly Glrect wéilghin )
ond molsture content is %ct rainsgé beior. and cftoer, nvve not
croved too satiSLactory\ ’59’747 In goneral, neiticr the
¥orl Fischcr, vicuun oven nor benzol distillation actiood cncck

ne results obtailned by wel.nin.. Terle &IV compires in Toc

two colunns on the ri bt, tre coin ¢ in molsture content found
by direct wiilkhin, rnd by snelysis. It will e noted tnet auch
closir o .rcecncnt is found wien weter is becing coesorted DY t:;
sorp thrn in the rcversce cesc. It is believed timt ticre
POS°15 11ity of intornal rerresngesncnt o1 wrter ”ol'culzﬁ within
the Noprlm, ~ccounting ifor these pececulinr rosults, wiicl ore
not .t fully undcrstood. Trble XV-I1 rlso zllustrates tinls
points thc¢ vocuun dricd sorpe show in.rt points considorctly
lowcr tioorn thoso of thc esorps ss recceivid.

S0

’.J

\

[ Y

Coaparison of ioisture Deterainstion s vitn
actunl Losc or Goin of .oter by (10 ks 97 )
% wrter
4 7% =oter Cnrnge
Ennlytical by # witer  pround by
_Sotp AIrcctaont i gbtgod Anclysis Carnec Lelihing
S.eGea uric.inal Kuerl Fiscicr .

. Lt
hed Vie. Dricd ot 50°C (1) ! i c
Ori.incl ' Decns& wtark 1.

Vecs Dried ¢ 50°C (1) o " 0

Fuodex Ori inal Kerl pascacr 5.
Scmple Vee. Dricd t 50°C (1) ¢ “ .3 Oul} l.c
Ori.inul Deon & wtirk 0.5
Vee. Dricd ot 50°C (1) * " Jed O} l.c
Muodcx Ori inal Rerl Iischer 4.0
3,053 Dricd ¢t Room Tempo(e) M g 5.5 0.5 0.7
Origcinel ! " 4.0
, Dricd ot Room Tomr. (<) " . .8 l.c l.z
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% Water
% Wwater Change
Enalytical by % Water Found by
Soap Treatment Method Analy§1s Change ‘Weighing
"""""""" I0 ma, Hee
Nuodex Original Vac.Oven 60°C. &4 hrs. 1.29
130%2 Cond. at 1zO0°F.
<0% R.H. " " b 0.86 0.4% 0.5l
10 mm. Hg.
w Origina% 1Vg%.0ven 60°C. 2l hrs. 1.74
Cond. a 20°F,
20% RIBQ ' " " R 0095 Ot81 0097
10 mm. Hg.
Colgate Original Vac.Oven 60°C. 24 hrs. 0.46
E-2%%3826 Cond. at 1z0°F. ,
20% R.H. " " " 0.3 0,12 0.27
10 mm. Ego
Harmon Original Vac.Oven 560°C. 24 hrs. 0.75
88955 R Cond. at 1z0°F. \
20% R.H. i " W 0.563% 0.13% 0.3
10 mm‘ r.l."'
guoggx Original Va%.OVen 50°C. el Ars, 0.79
403 Cond., at 120%°t. )
20% R.H. i " " 0.66 0.1% 0.3%0
10 mn. ng.
Nuodex Original Vac. Oven 60°C. ey hrs., 1.17
18032¢ Cond. at yO°F. .
$0% Kebis o " B .85 3,58 z.68
10 mn, g
“ Original Vac.Oven 00° . ci hrs. 1.66
Cond. at 40°Fr.
9070 Rebiw " f " L}..L‘_B do?? 2--92
10 mme hgoe
Colgate Original Vac.Oven 60°. &4 hrs. O.54
E-23%32-B Cond. at 90°.
90% Re.He t " " 1.6z 1.08 1.18
10 mm. nc.
%armon Original Vac.Oven 50°C. 24 hrs. O.74
3955 R Cond. at
YO°F.90% R.H. " " " 8L %.10 %41l
10 mn, Eg.
Nuodex Original Vac.Oven 60°C. «i hrs, 0,76
85083 Cond. at $0°F, .
90% R.H. " " " 2.28 l.5¢2 1.90
(1) Pressure 15 mm. in N, stream

(2)

Vacuum desiccation over PZOS

RESTRICTH1,
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The Effect of Moisture on Napalm
For investigation of the equilibrium between solid
Napalm and atmospheres of different relative humidity, two
methods, static or dynamic in character, may be employed. In
the first, a sample of the solid soap is exposed to an atmos-
phere of known relative humidity and allowed to come to equili-
brium. The moisture content may then be determined by one of
the standard methods and the consistency of the gel formed in
gasoline measured. This may be repeated at a number of dif-
ferent relative humidities and the varistion in moisture con-
tent and %31 consistency thus deteérmined. In the dynamic
method (1 the soap may be exposed in a stream of air or
inert gas of known relative humidity and the rate of change in
weight followed. By using atmospheres of several different
relative humidities, it is possible to find by interpolation a
humidity at which the soap neither increases nor decreases in
weight. This may be called the inert point of the soap.
Needless to se2y, the inert point will very with the conditions
under which the soap was dried. Results by both methods are
summarized in Table XV:

Tablq XV

e vy s <

Moisture Content of Napalm and Relative Humidity

I - Static Bquilibrium Method(?)

Water Content (Vacuum Oven 2l Ers.60°C. 10 mm. Heg.)

—— et o vy otn - - - - 40 . it ety ot =ik

Soap 90°F-20% RE  B85°F-6%% RH

Nugdex é%ggé

145 2.9
0.9 1.75 2,06
0.94 (Sample equilibrated at 90% RH,
re-equilibrated at 20% Rh)

0.89

Nuodex 87905 1.04 1.75 5.3
1.02 (Sample equilibrated at 90% RH,

re-equlilibrated at 20% RH)

Harshaw Experimental

Batch 27 JP o.% 0.9 1.7
5 P 0. 1.1 1.6

Ferro Batch #22

Dried at 150° F. 0.9 2.1 L.36

Dried at 185° F. 0.55 1.91 L4 .20
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Table XV Contd.

IT - Dynomic Equilibrium iethod (19)

Inert Points in Terms of , R.h.

(1) __., --..lempercture
Sozp Condition RO~ 7207 232 307 407
Nuodex As Rect'd. l.2 %Y 45 Ly
Lot 8,02% Vec.Dried ol ? (14?) ”
McGern As Rec'd. 1.0 23 <o
Lot 584 Vac.Dried Owe (7%) (14?) (14%)
time Dried
Bedean 13 nours 0.y b - -
Redricd
(%) Z hours D 17 25
0.3 1y 27
% De 0 <8.5(c) 2y
Hormon ' Dy 20
R11249
llcuyl 0.l 1y
Imperial
NRvY 0.5 1y
Bakins , _
N-%-2981-182 Q.ly 1y
Pfistsr
N3-2[3-783 0.5 22 At 70°C. %O0p

(1) HpO determined sccording to C.S Speciflcstion.

(2) This result is auch too hi:h.

(3) 411 seaples taken from plant drier. Plent prectice is to
dry for <0 hours, then grind snd redry ifor 4 hours.

, There is considersble indiec:tion that all soips do
not have the¢ samc molsture content-relative humidity curve
but thot the riletion is dopendent upon the conditions of pre=-
cipitetion, drying, etc. This is rccdily understindople as it
is known thot sosps from diricrent manulfccturcrs have different
alumin~ contents, difierent cmounts oi free sodium sulicte,
contuin ditfcrent froc faotty ccids, cte,
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Woisture is picked up or lost by Nopelm with con-
sider:blc repidity (Teble XVI, Fi.ure ). In pencrual, an
cxposure of a few minutcs 1s suiricicvnt to alter moterially
the weter content of the soap unlcess it is ot its incrt
point. It is oi grcot importonce, thercfore, to kecep svmples
of Nepalm intended for tost work in tightly closed _lass
bottlcs, canning jars with rubbter rings heving bicn found
very suitable for this purposc.

Tsble XVI

- - . - -

Rnte of Chnnge of Moisturc Content of Wrpnlm

—-———— o> — - -

e e v v 8 e ue o o e e e W M oM e W v em W m e e e e

I - Sorps Exposed to 554 R.i. aiter Bouilibrium ot <Op R.o.
1/8" Leyers. MNotursl Conveetion (%4).

Time Ferro Dricr Ircrro Drier Nuouex
Expt'l. Batch I  Expt'l. Batch IT  _ #130%

—— o et . - -

Initial wolsture Content (Vecuwn vven <y hirs. 00°. 10 mi. f..) ot

20% R.h. 0¢5T7%
lg mins. 0.36
1

<9

50 Oev3
55

57

L

Ly Jeyy
25 ‘
I 1.0
30

87

2z5 1.1y
3,0 1.22
1020 1.2
1450 1.2
2500 1.28

Finrl Moisture Content
65% R.E. 1.08

B e S - o

1.11% 1.28%
Hed 1.350

.
1048 1 /Li-

(e}
1.50

1.68

ol 1.73
1.65 1.86
1.56 1.yl
1.71 2.0l
1.71 c40%
1.59 2.0%

(Vecuum Oven <l hrs. 350°C. 10 mm. kg.)
1.3y 1.7%
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Toble XVI Coqtd.

P Y T

II - Socpe ¢s Received Lxg 3@0 to y0° ¥., c0p Keie 1/3% Loyers,
Netursl Conveoction 7

Loss in Wweignt, %

— - " S e =0 e o T

fluoddx #13032 Colgirte hmarmon Luodex
Iime Semple (=) Ssmple (b) E-233326 83y55R 384038
<0 mins. 0.27 0.39 Q.12 0.9y 0.0y
5 0.yl 0.31 0.2% Deci 0.15
3-1/2 hrs. O.elyiy 0.86 0.25 Oecly 0.19
7 1/2 hrs. 0.i45 0.50 Q.25 0.27 O.22
éL‘. nrse OOSL‘. 0057 Oo27 Ooju. 0050
Initinl Folstur. Content (Viocuuwa Oven 50°C. cz hrse 10 e higs)
1.29 174 0.76 0.79
Fincl Folsture Contunt (Vocuum Oven 50°C. 2l hrs. 10 mae b o)
1.36 0.8% Q.34 0.6%3 0456

ITI -~ Sorps os Rceeived Expgsed to y0% ., ¥0% R.he 1/8" Leyers.
NeturalConvection

Goin in wel nb, %

- . —an o ran

15 mins. O.cl 0.10 Jech 0.8 0437
1 hr. 010% 0.% 0.56 0.78 Q.51
% hrs. 0.y 0.08 0ey% 1.446 1.16

C:O hl”S. j. 4.71 1016 ¢o78 1-‘}4

\38 hrs. 50%@ 61072 1.18 boll_‘. 1.90

Initiczl Moisturs Content (Vzcuuwn Oven 50°C. <y hrs. 10 mu. uc.)
1.17 1.66 054 O Ty 0.75

Finzl Moisture Content (Vacuun Oven 50°. <y hrs. 10 mu. he.)

i4.85 Lelt5 1.62 3.3y <8
IV - Sozps e Recclved Exposcd to 50/ Heie Naturcl Conveetion(39),

Gein in ‘pi lt, 7

s St T b e

Porous Nrpalm Porous Naopslm Vitreous Nepolm
/3" Loyer _AM Luyer . _1/3" Leyer
5 m 0.c% 0.11% U.clﬁ
15 ns. 0.51 0426 0,446
30 '\)c ?é Q. 9 D Ob
5 O [gelv] \) . 5 O O/
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Table XVII-A summarizes the results available on
viscosity vs. molsture content for a large numnber of soaps.
It was concluded from these that about 0.,1% in vacuum oven
moistures# produces a difference of about [0 grams on the 2l
hr. 150° F. consistency test.

4

Table XVII-B gives recent data(90) for three re-
presentative soaps dispersed in New York Chemical Warfare
Service Procurement Division test gasoline. Compounding was
done at approximately 70° F. and 0% relative humidity.
Moisture was introduced into the samples by storage over water
at 70° F. and removed by drying in a forced draft tray drier at
68° C. Moisture contents were determined by the C.W.S. benzol
distillation, described in Specification #196-121-107 revised,
and by vacuum oven drying for four hours at 55° C. In Table
XVIII 1s shown the variation of consistency with moisture con-
tent for the three soaps determlined by interpolation f{rom
smoothed curves. Over the low moisture ranges the change in
consistency is agaln about 40~50 grams for 0.l1% change in
moisture content.

It will be appreciated from Teble XVII that proper
drying of Napalm in the factory 1s essential and also that
adequate packaging must be provided for the finished soap.

Long=-time drying (apart from the oxidation effect
and shortening of the induction period which 1s discussed on
pages 12-20) appears to do no dsmage as shown by experiments
at the Columbia University C.%W.S5. Laboratory and at Ferro
Drier and Chemical Company (1,10), The only effect appears
to be a smell decrease in the fatty acid content, presumably
due to interactlon with the free aluminum hydroxide in the
Nepalme. Nevertheless, the induction period is shortened rapidly
with rise in temperature under oxidizing conditions, obeying
the Arrhenius relationship (pp. 65). That is, for a rise
in temperature of 10°. the induction period would be halved.

#% The two methods in use at Kodak Park and Edgewood Arsenal
Technical Division are somewhat different, making these
filgures only approximate.
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Tuble XVIT-n

Veriction of Viscosity with Moisturc Content (3% Gels)

Vecuum Oviﬁ anzol
10 mm. Distillstion 43 hrs. ciy hre.
__..Seep &L br.50°%C. (F.Putictnod)< 772 . 1507 .

Bostaon Kodrk Labor:tory

———— e vn - -

Nuodcx 130%2 1.1 1.55 570 510
Imp.rinl Frper Q.30 Day 70 550
kormon 88750 J.33 1.25 350 500
heraon 83555 1.10 1.50 60 %55
#weGeon Bateh « 1.51 1.75 550 250
sicGesn Bateh 538y 1.07 1.5 2%0 540
Piister Bz10D Jel D.ch 550 i}
wuodex 33538 1.0% Doy 500 550
Nuodex 8y0z%a 1.%3% 1.1 400 150
huodex 3y0%% 0Ty .l 700 1450
Ferro Botch 2« O.43% Q.7 770 %50
Imperizl Xe1l05 kR ,
S Q.72 1.0 520 450
McGeon lecO Q.72 1.3 00 500
¥eGeon 700 Je00 1.1 Q0 220
tieGern 10vig 0.be 1.1 340 570
MeGeen 103y 0.5y 1.15 730 520
licGern 11e5 0.5Y 1.0 gyo 520
Foerro Og O-j\.;) '\)035 3 480
Nuodex 873y6 Q.46 0.55 700 250
0.601 0.30 050 20
0.5y 1.1 670 290
1.75 1.5 %00 150
3,06 2.7 105 100
¥uodex 37505 1.0l 1.0 550 150
1.35 1.9 230 230
Nuodcx 1537 0.9y l.2 320 7560
1.45 1.6 530 400
297 c.c 250 L3
orsh~w Expt'l, 0.l 530 770
~:tch ¢7 JP 0.9 470 530
107 ﬁo é5
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Toble XVII-A Contd.

—————— - b am e s o m e .

Vacuum Qven

10 mine Ege

2y hrs.

2.hrs. 55%. 150° E.

Edgewood C.S Leboratory

et 8 e " e iy b ek b p amy  n we - aas

Nuodex 37835

NosE O

s o e © 3 o

~J O H NN O35 -3-7 oI\ W

Nuodex 87y37

u
[¢]
b

Nuo

NE@mo o

37396

KeGern 7026

*

L] . - L] -

Nuodex 873yl

WWE WO H NN O

e o

OOHHFCOCGUHHFNCOHNOGOGHOFRFHCOCOOOR
N

O NOW OGO N oo

<O
~2 s
g

# 20 ge sumple «00 ml. benzol 4 hrs.

550

olO

OOO
550

0il bath 125-150° C.
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% Yoisturc By

CuS Benzol Vac.Qven

———— e o - - . —— —— - —
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Table XVII-B

——— —— . ot - -

-

RrEST

.88y55-R N:pelm Gels in Gu

— - v - o e o  ah em w

1CTED

Gerdner Consisteney in Grems cfter Storrge of

1 brect 150°F 2ip hr.ot 1509

- v - T -

400
350
550
<c0
140

Yo GLls

O

740
Y30
770
<70
<00

1% Gels

- -

150
749
550
1,40

30

750
2o
7«0
<00
1ecO

1530
1430
1250
050
350

48 hr,ut T7°F.

500
350
550
180
140

1000
1030
300
310
<30

1500
1500
1290

340

200

grlifornic Ink 4199-7-7-43 Nepola Gels in Gosoline (B)

P - am mi e w  m e we e mve e e e e e W e e he

0.0 0.09
0.1 0.13
0.6 0.59
1.4 1.66
2.3 .48
0.0 Je 0y
O.1 Jel?
Q.0 Oob‘j}
l.Li. 1.'30
Z4% coi43
0.0 0.0y
0.1 0.1%
0.5 0.59
1.4 1.35
2.3 c.y8
03’ 0.2t
* ! L] 7
0.7 0.5y
1.2 l.21
ch c.56
HEC
. Jec
0.7 0.5y
1.2 l.c1
c.5 .56
S
. oz
0.7 0.5y
loC. 102]:
C..S 4050

3% Gcls
350
770
Y
400
140

gk _Gels

-~ o

550

500

730
770
549
. 250
100

430
790
810
400
170

1«0
1470
1%00
110

520

230
390

5o
150

1050
970
570
500
<50

1500

1430
1430
1170

700
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KMeGean #5344 Napclm Gels in Gosoline (C)

C%S Rengol Vac.0ven

— - - - v

Renge of EHp0% Decerecasc in Consistency per 0.l1% Increcse in .0 in Soap

———r e . e

A B L.
8% 9k 12% 36 2k 12k ST
I_- After 43 hrs, ot 770 F.

@® o.-03 R B 47 37 23 e7 &5
0.3-1.2 45 30 57 o7 75 77 45 45
liz-1.6 25 30 40 35 40 43 45 5%
l1.0-<.0 5 < 17 40 25 50 %0 50

II - After ey hirs. @t 1500 I
; 0.y=0.3 5% o5 57 50 4% <7 35 30
; 0.8-1.2 5 70 3 L5 47 43 €3 40
| luc-1.6 e% 50 5% %0 40 50 s U7
1e6-2.0 5 33 3 35 53 55 40

— ——— - -

Variction of Consistency with Molsture

————— A - —— . . W - A A

D e it

R ESTRICTED
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at e am e e cm e em wemA W A me W M e e e m a we e

3% Gels

e

-

. -

gordncr Consistency in Grans aftor Storoge of
L hr, ot 150% e broat 150%F 43 brs.ot77%F

7%0 730 340

730 700 340

730 550 810

530 430 260

50 170 200

7k _Gels

¥30 500 ¥30

330 350 1000

730 o%o 150

%70 30 400

leble XVIIT

-y . e e v - P i o e . . a w a
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Puckooing

Becruge of thec lurge influence of molsture on el
progertics, pockz ing of the soaps must be carciully considered.
The pock:ging problem is not so iaportaont for Type B sorp os
for Typc A, since it is possiblc to rudry the sorp imamediitely
bofore ite usc in the filling plont. It hos beoen shown on meny
occhaslons thnt sorp redrying hirs no doleterious offect on gcl
progerties providing tht sorp hos suiticient rosistonce to oxi-
dotion. Table XIX illustretes this point.

Teble XIX

e ay an - rea

- a4 e o am e e i v

Gerdoncr Viscoceitics e Days 77%:.

Conditioned to Conditioncd €3 Réconditioncd €5~
Soap 20%-c0p RE = 0% =-;0p BH __ yO°K-20x Ru_____
Nuodex 878y6 570 105 500
Nuodex 37y05 050 52 500
Vacuun Oven 43 hrs. el hrs.
olsture 2k, 1202 k.

——— > T -

N
O
\Jt
E
o

515

<50
~-- 520

Orisinal Soop

Conditioned ot
90°F. -0 RE

Redried

O
o N
R
e

Nevertheless, one lerge pocknoin, test hros been run on toe
fiberbocrd drums cosnwonly uscd to ship Nopala froa the wonu-
freturing plont to the f£illing plent., ‘the results ore shown
in Table XX.
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Pocke ing Test on Lot ilBOﬁé(58)

. cw -

- e e e o e !

Tropicel "Hoom

- -

Keceping Coanditions

- . -

Lebora-_ II0<J0°F ™~ yO°F. y0° F.
75-T24 RE  4Q% R <0k Ra
51,5 21,1 %046
1.0 1.20 1.20
1.35 1.5 1.5
550 240 250
570 500 550
550 515 510
510} 1.9 32,0
51.0 %1.8 %1.9
1.16 1.1y 1.10
1.1 1.15 1.12
1.75 1.55 1.20
1. 1.y 1.75
090 530 540
710 ol40 620
o0 550 950
550 540 640
560 540 . 550
540 540 570
51l.c 51.0 31.5
31,1 %1.5 %1.2
1.4z 1.50 1.01
1l.41 1.52 1.09
1.y c.ch 1.7
1.0 c2h 1.4
40 690 - 850
830 590 - 800
350, %80 270,%10 %50,3%0
350,230  %30,400 350,410
50,1 %049 30,8
50,1 50.1 %0.9
1.6 1.8 1.0
1.6 1.7 1.0
1.5 1.9 1.1
1.3 2,0 1.
640 0ne0 680
010 S IvIte 630
34,0 190 100
570 <50 550

Initizal Volues tory _
Todine Number 3049
Vacuun Oven Molsture 1.20
Decn & Stork Moisture (E.K.) 1.5
2-Day 70°. Gerdncr Vis, 540
7-Day T0°F. " " 570
1-Day 150°¢, ¢ " 510
Thrce Wccks

Gutcr Edge Iodine No. 4169y
Center Lodine No. %1.5
vuter Bd.c Vocuwn oven koisture 1.11
Center W " i 1.11
vuter Bdge Decn & Stork (B.K.) 1.75
Centecr Deun & Stork (E.K.) 1.65
Outer Ed e e~Duy 70%. Vis. 330
Center £2-Doy 70°% . Vise NT-48)
Quter Ed.c 7-Dy 70°% . Vies. 550
Cezntcr 7-Day 70% . Vis, 570
Quter Edge 150°, Vis, 570
Center 150% . Vie. 500
Tweclve wecks

Outcr Ed e Iodinc No. 31.6
Center Iodine No. 31l.5
Sutcr Edge Vacuum Uven folsturc l.ziy
C.nter " L 1.1y
Outcr Bdze Doon & Sterk (B.K.) 2.25
Center . W i 2.25
Outer Edge 2-Dry 77°% . Vis. 50
Center 2-Dey 77°F. Vis. 300
Cutcr Edge 1-Dry 150°F Vis. %70,%70
Center 1-Doy 150% . Vis, 350,420
Twenty Viceks

outer BEdge Iodine No. 31l.c
Center fodine Noe 51l.%
vutcer Edge Voe. Qven diolsture 1.3
Center " " u 1.7y
Qutcr Edge Dern & Sturk (E.K.) 1.7
Center i " " 1.7
Outer Ed.c e-Doy T7% . Vis. 4y0
Center c=Doy T7°. Vis, 510
OQutcer Edge 1-Dany 1509, Vis. 530
Center 1-Duy 150° . Vis, 1400
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Such fiberbourd packeges would obviously be unsit-
isfe ctory for Typp A Nep:lm whcere the soup mey be¢ exposcd for
gseveral aonths in ctwospheres of widely vorying humidity «nd
where no frecilities for redrying cun be cxpeeted to be oveila-
bles For this typc the only completely satisicctory puckoge
is & hermeticrlly-se-led mctel cane. This is now in use for
Nrpelm Type A :

Frevention of the Moisture Efgggﬁ

——— — et i e O e s

Until reccently, 1little ottention hns been given to
thc possibility of preventing the troubles tcauscd by molsture
shrptlone However, three dietinet nethode hieve been sug-

gcstcd s> frr for doing this:

1. Addition of o dehydroting o ent to the grsoline in
which the so1id soep is to be disperscd. 7This dechydreting
agant aust noturclly have no effect upon the ol formed even
«fte:r prolonged stonding. Phosphorus pontoxide, sodlium«, wnd-
c¢:lcium cerbidc, whilc satisfoctory temporeril;, huave becon
found to ciusce bretkdown of toe gel on long keceping. Galcium
chloride ond cileciun sulif:te avy be satisfictory. Surveillance

cgte uwith these motiricls cre under wWoy.

e Corting the dried porticles to slow down the rate of
dififusisn. It is coneceivuble thut ¢ thin loyer of porafiin
wax or othicr rol tively aolsturc-ispermenble, oosolinc=-soluble
motoriel distributcecd evenly over tiwe extoriosr of the porticles
raight slow down the rote o> water cbeorption to such un cxtont
thot the socps could be hendled with no great difficulty. Such
~olayer wmignt olso rssist in retrrding oxidotion o1 the so0lid
SSUP. Prcliﬁinzry cxperiaents conducted U AJD. Little, Inc.(3 v)
indiente that 10% of prroffin boscd on the wel _ht of the soup
is effective in rbducing the rate of acisturce pickup, whilce not
unduly prolonging the solvation tine of the gel. Thcse cxperi-
nents  arc being continued.

3e The cddition, prob-bly in thc course of macnufccturc,
of o artericl (capoble of choin formction by coordinstion ot two
points in its wmolcecule to the saep) which would coordincte pre-
ferentinlly with the carboxyl groups of the sorp aslceules, thus
preventing wetir moleculce frow brosking the chrins, This
possibility hes beon considered by the Shell (riup (15) aeinly
in conncetion with tihc <dditiosn of oxidation inhibitors. Fro-
liainsry results with 4 -ortho-toluiding sterric ccid (alphotol),
1% of which, buscd on the finedl sofp yicld, wos cddod to the

#Recent cxperimonts (37) indtecsate turt sodium aiey Do sutis-
feetory viti certsin soips.
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neutr=l soop solution, rencutrolized ond precipitated with

clum, sove o el with exccllent oxidetion stobility ond
increcsed stebility tov rd wetore This soop ond o blank wmode
cnd dricd simultencously to about % watecr content (CeoweSe
benzol distillation acthsd) were amude into 8% oels in strii hnt
run Zsoline. #Mobilosnster readings on the gels orc shown

below rnd the inhibitor cction on the solid sccp in Table VII C,
Pe 23. It will be seccen thet the 4lphetol not only ceted vs on
Inhibitor but ~ls. stubliliz.d the gel agalnst the woisture cf-
tect. IFurther work is being done.

3 days T7°F, & deys 77°%. 11 days T7°F.
1% ilphatol -— 505 500
Check 560 250 39

Oxid~tion

The main results of the oxidotion of ¥ prlm haove been
noted on prges12-20 « In this secetion it is proposed to go into
gretter det~1l on the methods for evelusting oxidetion ond
othcr work which has been done on the oxidrtion problem.

1. The UOP Test Bowb smethod (35), tnis metnod of testing
cluninua socp products Tor 5xfdafiia stubility hos boen rdepted
frouw thot usid in the testing of gesoslines ond consists of
subjectin, the svrp to the action oI oxygen in o bomb under
e¢levoted tempercture =nd pressurc. The UOP test boabs used(17)
were modificd to use @ 250 lb. sheet scfety dise to protcet the
pregsure recorder.

15 grem soop souples ore ploced in 8 »z. polished il
scaple. bottles snd inscrted in the cold boabs.e 4ir is dis-
ploced by odaitting oxyzon to 100 pes.i. ond rcleasing the
pressure. This 1s done twicc and tzne pressurce vrouht to the
desgirecd value, usuxlly 100 peseis. The boabs were tihen hested

€3 the rceouircd teaperature in o thoraostoticrlly controllced

011 bath 2nd ~1llowed to romoin until ¢ rapid cesorption of oxygen
securred s indicited on o chart (Figure 7), »r by rupturc of

the pop->fi disc. & correetion of 45 minutes is sublrocted from
the totol tinc to «llow for the heoting-up period.

The smmples necd in the bomb tests are wrde in o specisl
nonner € prevent sintering, which vhen it occurs, cruses no
satisfeetory induction period t. be obtoined. Yhe procedure
uscd is o8 followss
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I1lustrative Charts from the Accelerated
Oxidation Test Apparatus

Time vs. Oxygen Pressure (Psi. Gauge)

. FIGURE 7
7 .
/|
y
770 050N
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Curve A - Straight Napalm 135 min. standard IP.
' " B- Sample A + 0.01% UOP#5, 662 min. standard IP.
" ¢ to F ~ Sample A at 80°C and 25, 50, 75, and 100 psi. 02.
Variation of IP and violence of reaction with pressure.
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A one normal solution of basie aluminum sulfate
is 2dded slowly with very rapid stirring to an equal
amount of neutral one normsl soap solution. The
very fine precipitate produced at first remains dis-
persed until just before the end point when the per-
ticles cosgulete. After weshing and drying the soaps
still contain 3% to 10% free acids extrsctable with
ecetone. The socps of the lower figure are usable
directly in the bombs, but those contsining above 4%
free z¢id must be extracted with acetone before test-
ing. The scetone not only removes free acid but slso
neutral oil end alkyl phenols, The samples are then
screcned thirough »0 mesh and tested. It wes found
for these extracted Napalme trnat ¢ rclationship between -
the inducti.n period end the tempersturc, T in £ K, and
pressure, P in p.s.i. absolute, could be deduced, nemely:

log IP (mins.) = 5480/T - 13.0 (at &5 p.s.i.)
' log IP (mins.) = 2.021 - 0,55 log P (at 8y° C.)

¢.__The neat-Rise Method (Mackey or Modified siockey Test).

It wes éarly found thet " 8§64ps suscoptivle £o oxfdation wien
heated in ¢n oven &t 180° or «00° ¥, finclly showed & repid
rise in tempersturec tollowed by & drop (rigure 8). This op-
p ared to be caused by oan sutoecatalytic oxidation. This pro-
cedure, while satisfactory from the recscarch angle, is incon-
venient for routine luboratory cxamination of soaps. ror
this purpose both the Mackey test (Allens Comaercial Organic
Anelyees, 5th Edition Vol. 2 p. 759) &nd o« modified Mackey
test, the epparstus being shown in Figurs 9, werc used. It
wes found thet sorps which were known to oxidize readily gave
o tempercturc risc in from 45 to 90 minutes by these methods
while two Nuodex soecps, #15371 and ﬁ15§7u, which had been kept
for over six months cnd were known to be stable, shiiowed no
temperature rise uader thesc conditions even citer exposure

‘ to the heot test for 10 hours. It secmed, thercforc, that here
wes ¢valilable o Mpo-no- 0" test for dcteeting oxidation sus-
ceptibility in the sorps. bPor this gpurposc it scems to hzve
béen satisfactory clthough the teampersturc rise does not sppesr
to be significent when socps show sintering. rowever, on in-
duction period can be mcisured if thie sonps oxidize within a
reasonable lengtin of times 'the test 1s influenced by ¢ir
velocity =nd by the fincncess of the socp prrticles.

%, Feroxide Value. It hes boen found (10,18,19) tyqt
thosc soaps which oxidlze rcadily tend to show high peroxide
vilues (mge iodinc/gm. soup ) wien treated with potussium iodide.
i1he peroxide value cin also be used es 2 guide to whcther or no

the induction pcriod nns been exceeded. The proczdurc is as
follows:
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FIGURE 9
STABILITY TEST FOR X-/04 TYPE
THICKENERS AT /00 °C.

THERMOMETER
(400°c.)
/9-90 MM, SOXHLET
EXTRACTION THIMBLE
_ gy — il 50 om 24740 ¥ GROUND
(MIN. LENGTH GLASS JOINT
OF JACKET)
6 GRAM
® SAMPLE
STEAM
B
OUTLET
AIR INLET

e S
0.0/-0.02 CU FT. /MIN.
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Five grams (4 0«1 gm.) of thc soap is welghed
into an iodine fl&sk and 50 ml. of a aixture of
glacicl ncetic ocid =nd chloroform (50/40 by weight)
added, The flask is ahrken gently to avoid forma-
tion of lumps ~nd 3 ml. of a saturatcd aqueous
potassium iodidc solution is ndded. 4Yhe mixture is
sheken vigorously for 1.5 minutes (this must be csre-
fully timed), 100 ml. of woter is added, and then
titration is carried out in the ususl woy with thio-
sulfate solution using strrch as indicstor. The
peroxide number is defined os the number of mllli-
scroms of iodine liberated from potissium iodide by
one gréem of the acterial cnd amany be cslculseted from
the oxprossions

Peroxide numberr= 127 X volume (ml.) x normality
Wt. sample

it is convenient to use a standard thiosulfate solu-
tion of which the normolity is 0.0%Y4, in which case
the peroxide nunber mzy be read direcetly from the
burette if = five gram sample is uscd.

Unfortunately, the UOP boub method does not lend itself to
the routine investigotion of Nopalms because of the ncecessity
for scetone extraction of the scmplecs. Nevertheless, it hes
bsen uscd with greot success to prove tire preesence of inhibitors
In the N‘pblm end the effectiveness of ndding. inhibitors to (10
prevent the Napelm oxidation (pcgcs 15-20 )« & similor method )
hes been used in the CoWeS. Laboruatorics ot Columbic where =
25 grem scmple of the soap was senled up in an stmosphere of
oxygen in ¢ 100 ml. flask attached to 2 mercury manomcter
(initizal pressure 1 stmosphere)., with this -pprratus, it was
demonstrated that Steolate (stezratc-oleate) nnd Stecrate ~
Stnybelite sonops ore considerably more susceptible to oxide-
tion thrn the Naprlus.

Tatle XXI

o i s ot o b

Oxidation of Aluminum Soaps in Sbultq;gl_§g§(lo)
Soap induction Induction
Feriod 5% C.  Eeriod 45° C.
Steolate 16 hours 0.5 hours
Stcorate«Stoybelite S z !
apolm (Nuodex) - L )
Nepalm (McGean) - 152 "

It was {urther shown taat Nocpelms differed in their induction
pcriod, confirming the Snell tost,
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Wiith the temperature-rise method considerable data
have been accumulated and are shown in Table XXIT. It will
be seen that the oxidizability of Napalms varies widely and
at the present time no complete explansation of this can be
given.

There is no doubt that using the same fatty acids
the introduction of iron either as a soluble soap (naphthenate)
or in the alum is not deleterious to gel properties but
greatly decreases the induction period of the soap (Table V,
page 1li). At the same time, Napalm samples mede from dif-
ferent lots of naphthenic acids seem to possess variable sus-
ceptibility to the catalytic action of iron soaps. For example,
one sample remained unoxidized for 300 minutes in the UCP
bomb test in the presence of 0.05% 1lron without inhibitors.
The addition of 0.01% UUP #5 raised this tolerance to 0.1%.
Another sample broke down long before this time, although 1its

. iron content was only 0.004%.

It seems probeble that an acetone soluble iron de-
activator is present in Napalm since extraction of the soap
with that solvent reduced the stability in the presence of
0.025% iron to practically zero if uninhibited, and to 150
minutes with 0.01% UOP #5 added. This deactivator may or mey
not be identical with the neutral alkyl phenols.

It 1s certain that iron has an advercse effect in
many instances, clthough in isolated cases ho troukle has been
experienced with soaps of high iron content. ntil the whole
story is known, iron must be regarded with suspicion and should
be kept as low as possible in Wapalm by the use of substantially
iron-free alum and acids containing the minimum amount of 1ron.
Manganese, copper and cobalt are other alum impurlties which
should be avoided.,

. Another known factor which plays e considerable part
in the oxidizability of Napealm is the natural inhibitor present
in naphthenic acid. No progress has been made as yet in test-
ing different samples of naphthenie¢.aclds for this variable
so that a uniform product could be recommended for procurement.
It has been suggested that control might be secured by testing
a 50~50 mixture of the naphthenic acid in question and standard
oleic acid with an accelerated oxidation test of the Mackey
or UOP bomb type. Until some test of this type is devised, or
alternately a single raw meterial source and a constant method
of isolation is used, no certainty of this oxidation stability
of Napalm without adding artificizl inhibitors can be expected.
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Induction qu@q@g_@g_@g%ptggse Method(aﬁ)

—— - P LR

Induction  Temperature % Fe
Batch Number Period#  Rise °C.__  Content
TTTeTTEhtee o T “Hours N
Nuodex 88538 20 None 0.035
" 890« 3-A 22 None 0.049
" 85023 22 None 0.0%6
" 15%7h %0 None 0.060
" 15923 00 30°C. 0.160
u 16z42 00 250°C. 0.054
" 1530 -- 10°C. 0.05%
" 1530 -- 27°C. 0.192
“ 17016 -= 6°C. 0.210
" 16565 -- 5°C. 0.05%
" 87955 -~ Hone 0.004
" 8793 - None 0.015
o 8738, - None 0.0099
" 37385 -- None 0.008
“ 87896 - None 0.006
" 87392 -- None 0.0065
" 87907 -- None 0,0056
v 87905 - None 040009
" 87340 -- lone 0.01lyy
" 8%891 -- None 0.005%
McGean 684 20 one 0.0%1
" 1220 7.5 2°c. 0.015
o 760 2 3°C, 0.40%0
" 109l 2°C. Q.02
" 10%9 1 300, 0.018
" 1125 5.5 Leoc. 0.027
i 1169 6 5°C. 0.0%0
" leil 2 6.5°C. 0.025
Harmon 83y55-R 23 None 0.024
W R-10543 None 0.02
" R-11202 8 None 0.016
" 10X1186 9 None
" 10X11332B 9 None
Ferro 22 (dried at
160°F. ) 6.8 2°C. 0.025
i 22 {(dried at
185°F.) 3,7 2°C. 0.025
" 7 5.5 5°C. 0.019
Imperial 6-L~-43 5.5 7°C. 0.04L49
" NR5L 28 None 0.02%
" 91 35 None 0.0%
" NR111 2.5 5°C. 0.02
Pfister gO*A 20 None 0.10
" 9 2.5 2°C. 0,022
" 106 3% None 0.018
" N~z 32 -9l . 2 2°C. 0.020

% Where no temperature rise is indicated, time under induction
period 1s total time of heating. Uhere blanks appear data
are missing.
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Another source of variable oxidation susceptibility
lies in the oleic acid used. Investigation of sz number of
commercizl oleic acids indicates that they have widely dif-
ferent induction periods (Table XXIII). Aluminum soaps were
prepared from the different acids and dried in an inert at-
mosphere at 55°C. Mackey tests, colunns 7 and 8, were made
on both the soap and the acid. Peroxlde values were obtained
on the solid soaps at various times up to ¢2 days. The anti-
oxidant effect of the naphthenic acid is clearly indicated by
the peroxide values on soap 5-59B in the Table. It must be
concluded from these results that oleic acid used in the menu-
facture may 2lso be & factor in the oxldation of Neapsalm.

Certain detsails in the precipitation of the Napalm
have been shovn to affect the oxidation susceptibility of the
finished Napalm. The addition of insufficient excese alum
after the coagulation point produces Napalm which is more
susceptible to oxidation than that mede with the proper excess
of alum. Even with the proper excess of elum, insufficient
washing of the finished Napalm gives a product somewnat more
susceptible to oxidation than is properly washed Napslm.
Finishing of the product at too high & pH can also cause greater
oxidation susceptibility (Figure 5).

The Free Fatty Acid Content of Nepala.

It appears to be impossible to prepare AlX3%, where
X is a fatty a2cid radiczl by aqueous precipitation. No
matter how great an excess of sluminum is employed free fatty
acid alweys zppears to be present in the finsl soap. This
acid is extractable by & number of solveénts most of which also
appear to extract some aluminum soap, as shown by the ash of
the fatty acid extrect. The most satisfactory solvent from
the standpoint of freedom from aluminum sosaps of the free fatty
aclds appears to be cold acetone, (10,19) The smount of material
extracted depends upon:

1. The number and length of time of the extracts,
2+ The temperature of extraction,
3. The dryness of the acetone used.

It appears probable that continued extraction par-
ticularly with moisturs present in the ccetone tends to
hydrolyze the soap, libersting morc free acid which in turn
is removed by the solvent. Table XXIV shows results obtained
with a variety of treetments., On the basis of the above
results, the C.W.S. Leborectory at Columbia hss mode the follow-
ing suggestion for freec fatty ascid determination, results ob-
tained on a number of soups being shown in Table XXV.
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Table XXIII

—— o i oy o gy o

MMW Acid Source  Ip No. % Fe  Acid No.
mW; Elaine Oleic  Emery Glydy  0.027 1yl
ﬂmwwsdw red oil Procior 98.5  0.0%y 193
« Gamble
Canary Brand " $l.0  0.0015 200
red oil
1
@
¥  &retic red oil Welch 87.6  0.5% 1Yiy
Holme
Clark
Naphthenic obtained from -- -- 238
Nuodex
Cocoanut " -- -- 261
0il acids
Rosin acids hercules 135 - 162
(Staybelite)
Stearic acid Proctor 2. — 208
& Gamble
() no

Color

reddish
brown

light
straw

dark

red

brown

light
amber

amber

TeS.Rosin -

Stan.

X

Composition

Ve

67% oleic

Induction Periods of Commercial Oleic Acids and Their Aluninum mombmﬁ,ov

- —— —— o s iy - . AR O G - 0 e M wam om h an

Mackey Induction
Period of
Acid

B - o -

48 mins. 30 mins.

13.9% linoleic 47
lip.1% sat.acids
6v.8% oleic  u8,3y L5
19.7% linoleic 37,38
10.5% sat.acids
T4.3% oleic 73 50
1%3.5% linoleic 71
lc .5% sat.acids 78
8l.z2% oleic 22 2l
10.2% linoleic 21
8.6% sat.acids
- a a
- N“W Hmcw WHH.A
(max. tempe.
101° C.)
-——- a a
L9.T% palmitic a a
50.1% stearic

acid

rise in temperature in 48 hours.
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Yo.

womm

6-59 C Elaine Oleic

6-60 B Ruby red oil

6-60 ¢ Canary Brand

red oil

6-50 A Arctic red oil

6-59 B Naphthenic -

Blaein Oleic
50:50

31-22 B Cocoanut oil

acids (1)

31-22 A  Rosin acids

(1)

(Staybelite) (1)

®

Table XXIII Contd.

................. C_Aluminum Soaps, Days After Drying
(R S Lo . 6 ... 9 .10 11 21 . ae
Loy - - 22 - - - 97 - 123
28y - 55.7 - - - 96 - 203 ~
3.85 - 18 - - - 90 - 19% -
40.0 - 70.5 - - - 121 - 185 -
0.3 = - Oy = - - O.l4 - 0.5
9.15 1h.4 - - 16.9 15,9 - - - -
3.65  5.45 - -

5.95 720 - -

Test temperature 65° C.; in all other cases 25¢ C,

remmy)
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A Typicel Results of Acetone Extractions of Napalm(10) ]
, E Hrs. & Type Liters of % % Ash in TKeut. Eg. Size oH,T
B soap - .. Temp. ot ireatment Aoetone  Exbract  Extract of Bxtract Sample ()
&) N =
P uodex orig. 1.0% kg0 1,0° 16 Sox. - 20.8 IT  0.30 (1) <93 (1) 40 gms. R
R L& 1 i1 Lo° 15 ——— 2%.0 I —_——— . Hw...«,mO T
B+ B vac. dried 0.5% HeO 40° 16 ———- 26.0 I - -—- 15-26 4p)
HNH " orig. 1.0% . 14 o° 1o -—-- 27.9 I - -—- 15-20 ﬂmu
i hydrated 2.0 u Lo° 15 -——- 35,5 I -—— -—— 15-c0
152 I hydrated 2.6 u 40° 16 _— 2.5 T . - 15-20 03
ﬂKu R hydrated 2.5 H 1430° 16 - €l.5 II 0.3 (1) 286 (1) Lo !
i Orlg. using nf 40o° 15 -—— 2 I - —— 15
i BpO in acelone
& orig. 1.0% t Lo° 8% 48 27.0 I - - 15-20
McGean, orig. % HzO L0o° 8% N.ﬂw Nw.w I -—- - Hwnmo
W u Loe° 6 %.26 0.7 I --- -—- 15-20
g " driec¢ acetone Lo° 6 c.zb 17.9 I -—— -=- 15-20
S Nuodex, orig. 5o 1 wash 4.0 7.1 II .08 366 (5) 2000
& " after 5 extractions  }j5° g " L.o 0.7 II 7% (4) 238 2000
i, orig. y5e 1z 10.0 () 11.7 II .27 - 1000
t orig. z5° /L 4.0 (3) 7.2% II .03 39% (5) 2000
¥cGean orig. 25° /4 4.0 (3) 7.16 IT .03 540 (5) 2000

(A) Method I. Difference in weiohts of sample and residue.
Methed 77. Weight of extract.

l. Obtained on muwmed after % hours treatment.

m.stw<mmdm@moH‘demwmmomwODommob“smnbmgoswwpﬁmdswdswwwdmu after each step.
Plus 4 liters wow Smmwws on l'ilter.

Extract probakly conts ined suspended soap bmwdkowmm.

Not corrected for unszponifiable matter.

(6 gl G\
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Table XXV

— e . iy anp o e b

Summary of Results Using Proposed Method

ettt vt Yt s e e Am e 8 e e oy - L - - -

tor
Percentage Soap Extractable by Acetone 'O’
_.Soap___ Date  Run No. %_Extracted
McGean Lot 68 27/7/u43 1 6.6
i 2 6.2
L/8/u3 1 6.7
] 2 6 . 5
12/8/43 1 6.2
" 2 6.1
Nuodex Lot 89093 23/3/45 1 z.o
, e 9
27/7/143 1 7.1
it 2 7‘(3
McGean Experimental
normal ' - - L9
high excess caustic ---~ - .1
low excess caustic - - Te7
Steolates, 31-20-B=1 === 15.8
" 31-20~B-l -=- - 15.1
" 31~20~B=8 ==~ - 1445
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Method of Determination for Free Fatty hLci

—— s s et + .\ o - D A D rm A W A e D g —— . o b D - > i -

[fe8

l. Grind the soap in a aortar

2. To a fifteen (1Y) gram sample in zn iodine
flask adgd fifty (50) :«l. of dry acetone (dried over Drierite).
Aallow to stand fifteen (15) minutes with accasional swirling.
At the end of that time decant through e filter into a wei_.hed
250 ml. beaker. Repeat with a second fifty (50) ul. portion
of acetone, decanting throuch the same filter into the first
filtrate. Pinally, give the soep a quick wash with o fifty
(50) ml. portion of acetone, and decent the wash acztone
throu:h the filter.

5o Bvaporate the comubined filtrates on a stean
bath until scetone vapor i1s no longer detectable, avoiding
unncccssary overheating. Transfer the besksr to en oven cnd
heat at 65°C. tor forty-five (it5) minutes. Cool and weigh.
fests heve shown that the time of nectin., the extract a2t 65°
is not too criticsl. A4n sdditionsl neli hour of heating would
decrease tne weleht o a 1.0 gae extrect by about <0 ige  wu it

with Napalm no correlation hes vet been made of free
fotty ccid content with ocuoysicael properties, wlthough it is
known that the prescnce of & certein cmount of 1rcs zcid is
essentisl for eletion. Trus, & soop thorou.hly extrocted with
methyl 2icohol does not disperse in .esolinc unless o eacll
cusntity of o poler conpound is ~dded.

it is believed thet under certuin tivorable condi-
tions hydrolysis of trhe wet sluninum socp cin occur Guring
aryin,g or even durin. nﬂsthc. There is sowe evidence also

to show that prolon. ed eshing, of the solid soup ilves pels
off sorewhat lower Jon51SLcncy 43), The roelationship of
tais to freec cceild content hes, however, not been decisively
ErOVClie

Viscesity Concentretion elationship
Considerabl. work wes donc in the eorl
thes proklem on the rcle tlansqv Setm@yn the cone
geiie end thelr conece ntrotiond 5,5 duvelr of thils -aus
rcgardcd ts vitiected bocnuse no sttention weos pnid to the
nolsture content of the _¢ls used. hevertibcleess, the cencrcl
reietionship is clesrly shown in ki,ure 10, 1% in concentra-
tion over tn¢ ren_ s iroa S5p to lep piving sn incrense of cp-
proximntely 150—¢OO wrans in CJnSlSthCV Tie varisbility
due to the use of different sauples of i.}aln (incluain, their
different watcer contents) is ©lso clewr., It will e woen thot

B
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without adequate control of the moisture cnd other variables,
it is impossible to reproduce & solution to better than

+ 200 grams at the seme concentration. Tihis fuct hes been
responsible tor many of the disappointments and troukles
previously reported with Nepalm.

Recent data obtained st Edgewood (60) asllows for
this moisture effect and is summarized in Table XXVI. The
soaps and procedure used were the same as those for Tables
XVII-B and XVIII. It will be seen that the change in consis-
tency for 1% concentration change 1s reasoncbly uniform over
the renges of moisture content and concentration investi-
gated.

Further studles are plenned on the viscosity-con-
centration relationship in which moisture content will be
carefully controlled and the gasoline variable also inves-
tigated.

Table XXVI

Verirtion of Consistency with Concentration

/N Consistency per 1% Increase in Soap

Moisture A B C

A. Results after L8 hrs., at 77° F,

. o o A v -t —— - . ——— [y

o.% 210 160 150 120 1go
0. 100 190 200 170 180
1.2 60 200 170 170 170
1.6 Lo 190 140 IZO 1go
2,0 50 230 100 160 160

et it . o0 e . g - — - — v - s e e - .

0.4 180 140 180 160 220
0.8 130 160 230 170 2o
1.2 70 170 220 160 170
1.6 Lo 1230 180 160 150
2.0 50 90 130 140 120
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In this sectlon the background of the specifications
(CWS 196~1%1-107 its revision 107A and Directive 2014,
Appendix VIII) which has led to their formulation and the jus-
tification for the directions given will be considered.

Composition. This reads that the composition of the
materTal snall dpproximate equal parts of besic aluminum
naphthenate, aluminum oleate, and aluninum sosp of cocosanut
fatty acids. This was written at & time when it was still
not certain that the best ratio of acids was two of cocoanut
to one of naphthenic and one of oleic. Available evidence
strongly indicates that the specif'ication should now be '
changed to "The composition of the materisl shall approxi-

. mate one part of basic aluminum naphthenate, one part of
aluminum oleate and two parts of aluminum soap of cocoanut
fatty acidas". :

Sieve Size. The reoculrements of this sectlon safeguard
very rapidly ceusing premature geletion on mixing., Conversely,
large lumps solvate too slowly. As long as excessive Tines
are avolded, there appears to be no reason why the limits
should not be changed somnewhat 1f desired. ©No difificulties
in the actual determination using the appsratus suggested
have been recorded.

Aluminum Content. This was originally written when it
seemed fhaf "aluminum content might be some guide to gel be-
haviour, Sufficient evidence hias now accumulated, that good
gels can be obtained with socps of widely varying metzal con-

. tent, that this no longer holds. The use of slum solutions
containing wzter-insoluble nluminum compounds invslidat es the
test, because these are precipitatcd vwith the Napelm and must
be included in the eluminum anelysis.

Ash Content. Remarks similar to those made for aluminum
content &ré €Isc true here.

Moisturc Content. Data have already been given in Tables
II, XVIIand "XVIII €0 indicate tinat moisture is of primery
importance in determining the viscosity of the gel, particu-
larly in the <4 hour - 150° F, stability test. Sosps prepared
by different methods undoubtedly differ in thelr susceptibility
to moisture. Thus, three different soaps all showing 0.7%
molsture by the benzol distillation method gave viseosities
of 520, 380 and 700 in the 150° test. Nevertheless, most
soaps studied seem to show satisfactory behaviour at moisture
contents below 0.6%-0.8% by benzol distillation (CWS Method).
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There has been considoerable controversy tg to
the edequecy of the benzol distilletion acthod for the de-
termination of molsturc. The method first uscd in which ¢n
aainc wes cdded to breck the gel was shown to glve erroneous
results because Jof rcoetion between the amine ~dded and frec
fetty scid of the sowps The wnethod gives differcent rosults
sceording to the boiling point of the soulvent used (18 The
specificetion issued July 8th, 1lyy3, glves setisioscbory re-
sults when ncerated corefully as shown by Toble XXVII telow
winere - succeesive deterainntlions were run on the scae

30D,
Trble XXVII

- o en o v g e

— " - -_..—.-a._-————._-—.-_-———.—‘-.--«- m-..-*-..-.——-u-..--—

6 noter o Loter
Ho.o of From Opened From Unopencd
Lot Ns. Drums — _ DPruwa  Diti. _ Drus = Diff.
5L 12 .70 <75
58 .18 .70 .05
25 le -05 «50
] , 37 ez .55 .05
50 lC. o ;’_‘_‘) . EO
) . 5‘:) . 05 ’ 5 . OO
57 12 .70 o
.53 .07 4 .07
58 11 .70 .70
i ) .72 002 * 50 Irdo
59 J <15 +75
) ] .70 .05 <75 .00
50 . 1z .58 -50
.53 .05 .50 .00
51 12 32 923
) .73 No'n .50 .1%
62 12 .53 .75
. . .63 .00 .70 .05
= le <75 75
80 .05 .63 .12
5 12 .75 .55
.75 .00 .5 .05
55 12 .70 Y
.58 .0z .63 .00
66 12 «y5 .6%
) , .55 .<0 <75 .12
o7 1« . 3 .70
< T .05 e .0
68 11 .73 : 70 T
. <75 . 0% 0 .00
oY 11 «70 30
070 .20 .jO .10
70 5 .30 .78
.75 .05 .70 .08
1 p) <13 +53
) .70 .0% .55 .18
72 1 1.00
«50 010
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% Water % Later
No. of From Opened From Unopened
Lot No. Drums ~ __Drum ___ Diff. ~ __ Drum ___ DIff.
T3 1 <70
.15 .05
Average 0.72 «07% 0.65 .076

# Data from Kocky Mountain Inspection Laboratory through
Captaln W. Bauer.

Table XXVIII shows check results on the same soap
between different laboratories.

Table XXVIII

—— e S et o o e S e

Results with C.W.S. Benzol Distillation in Two Laboratories (10s33)

. - - - o — o — > . A m it oW R A 8 A W A M S S e e N e WS e W e A R R Ry

% E,0
hours in Ce¥ieS. Labs.

Soap Drying Ovens Harmon QQlor_Wks. QO{umbiq Uhivgﬁgigz
Harmon 12 2.l 2.2
R112149 1 2.6 .6
1 1.3 1.1
18 1.2 0.9
20 0.8 0.8
22 0. 0.4
ely O.E 0.%
29 O.l 0.2

Bastman Kodak — C.h.5. Leb.,Edgewood
Harmon - 0.55, 0.55 0.65

83955 R

Setting. No difficulties have been reported with the
officTal méthod for conducting this test,

— e - .y o A T

and stringiness characteristics of a good Napalm gel. Thus, 2
Napalm, if excessively oxidized, would falil to pass these tests.
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Nevertheless, as far as 1s known, no samnples nhave sver been re-
jected on the basis of these tests and their abolition would seem
desirable, If a stringiness or test fur length is still desired
thien substitution of the extensismeter (52) for the spatula test
would be indicated.

Stability at ~4O°F. This was originally inscrted to insure
that €Hé Nipalm gels would not show syneresis o»n stending for a
time couparsble to that expericnced in a bomber flight at -40°F.
N2 Napaln hes cever been found to fail this test. Furthermore, it
has been definitely shown (22) that this test dores not correspond
to> the results obtalned on long time low temperature storage such
as might be experienced in actucl use. It has been omitted in the
finsl specifications.

. Consistency. This 1s toe most Tundanental property of the
soap Sincé IT g3Verns behoviour in e11 its uses. Muck study hos
been devsted to finding the rigit consistency for each diffcerent
use (4, 5Syiiy). Although 21l c.oncentrations arc not yet fixed,
it appears that it may be necessary tu use Napalm at concentra-
tions uf (1) 4—5-1/2ﬁ, (2) 9%, and (3) 1%%. Since it would ob-
viosusly be unfolir to ask tne nenufacturer to test his ssap at
each »f thesc concentratiosns, 8p was chosen as a stendard test
concentration because it was tiie lowest concentration conteaplated
for use at the time the specification was written. This concen-
tration hos the cdvantoge that it is about aidway in the range of
those used in practice and alsoalllus repraducible readings to
be obtained readily on the Gardner, which 1s difficult at higher
s»>ap eoncentrations.,

From post experience it has become clear that there is no
. difficulty in the monufacture of o Napalm with & consistency
of from 500 to 800 grams, if the moisture content 1s suitably
contralled. At very low molsture contents, it is posslible to
obtain consistencies e¢onsiderably in excess of 800 grams but
such s»oaps would :ffer c-nslderable difficulties in azanufacture
and handling.

Considerable trouble hos been experienced in many places
in running the consistency tests. The steps in the test, there-
fore, will be cosidered in detail.

1. Preparatisn of the Gel. The »ificisl methiod, which mey
be called the open vessel mixing technique, hes recelved considera-
ble criticism becausc >f the possibilities of loss of s:lvent,
condensation of moisture due to the refrigeration etfect during
vaporization and gel heterogenelity dus to poor mixing, Pernaps
the most thorough study of different wmixing techniques was made
by Allen and Levine (25). Theyprepared gels by the open vessel
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nethod, by tuubling the s»11d ssap in gasoline in 2 quart jar, and
by tunbling followed by stirring with a perforated piston or
masher at the end >f either two hours . or 24 hours. Kesults are
shown in Table XXIX. It willl be seen that while there is little
indication of either loss of gasoline or moisture condensation,
there are signs that better mixing was obtained by uethods other
than the open vessel technique. Results on the 2 hour 150° test
were not obtalned, but it may be suspected that this wiuld tend
t> make the results more uniform from top to botton of the gels.
Similar results with respect to evap:ration were obtained by
Elliott ahd WeIntyre (46), who found tiat small gas losses in

gel preparation affect gel strength very little. Thus, in two
groups of z2ip hour 150°F. tests:

%% gas loss -- average strength 655 grams
it it 6}_" 1]

‘ N> gas luosg --

This 1s well within the error o>f Gardner reading.

The possibility of moisture condensation has been tested
at Eastmen K»dak, gels being prepared in constant humidity rooms
at 20% and 90% R. E. N> consistent differences could be found.

it avppears, therefore, that with reasonsble care good
results can be obtained with eny method »f gel preparation,
alcthough constant agitation and safeguards agnainst evaporation
are desirable.

2., Gel Transfer to Mobilometer. In the early days, be-
cause of Thé requircient ThAT thée B% Napalam gels be pourcd,
stored and evaluated in a capped aobilometer tube, the gel was
no%t disturbed between completion >f mixing and the first Gardner

. rine. It so>on becane evident that storage would hove to be aade
in tubes other than the mobilometer tubes and tic question arose

as to the dlffercnce in c.nsistency caused by the transier. Many
inspection laboratiries use a plunger or piston to transfer the
gel from the storage tube to the mobilometer. Table XXX shows
results obtained when this method of transference is used com-
pared to values obteined with the static storcd gel (£25). This
indicates that a slightly higher result is obtained whén the gel
1s undisturbed betwecn storage and nmeasureaent in twe mobilometer
by tre method described in Directive No. 201,

BT R R A o g

Effect of Cel Transfer on L8 Enpur Visc.sity (25).

. . A i o o i —— - o —— Yot o i

(Directive No. 201 Mcthod)

Gardner Visc;sities

e D e 8 wn R am e a ee W Ve W e e . -

Samplc A Sample B Average
Stetic Gel 730 grans 650 graas 710
Transferred Gel 560 560 660
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Table XXIX

—— ottt o e el

Uniformity of Gels(€5)

S ———" — i b o > A8 " - - - —

Open Vessel Mixing Technique Tumbling Technique
Gardner ' Gardner
Viscosity Vis.Deviation Viscosity Vis.Deviation
Sample  Top Bottom Test Average ™ TOp Botfom  TESE Average
grams grams
Type B Napalnm
Test 1 a.775 TZO 5 810 1795 15
b.775 765 10 T5 750 795 45 50
Test 2 a.760 720 0 740 800 60
b.715 730 5 52,5 720 730 10 35
Test 3 a,740 800 60 735 740 5
. b 775 740 65 62.5 775 755 <0 12,5
Average 757 763 755 769
Type A Napalm
Test I7a.8I0" 655 155 730 770 Lo
b.820 710 110 132.5 725 760 35 37.5
Test 2 a.805 715 90 750 730 20
b.820 745 75 82.5 ~== 730 -- 20.0
Test % a.775 710 65 ) 720 775 22 ,
b.780 730 50 57.5 730 730 0 2745
Average 802 711 731 749
| Tumbling 2 hour Mash ‘ Tumbling i Hour Mash
. Type B Napalm ‘
Test™I"&. 775 795 20 60 1785 25
b.775 775 0 10 10 780 20 27.5
Test 2 a.7%5 735 0 775 755 20
TI5 775 0 0 150 745 15 17.5
Test 3 a,775 785 10 725 765 Lo
b.765 760 5 Te5 765 780 15 2745
Average 767 771 761 - 768
Type A Napalm
Test~ I as760~ 775 15 680 755 75
b.7h5 L5 0 75 1950 755 p, Lo
Test 2 a,740 765 25 725 725 0
0. 745 750 5 15.0 695 750 55 27,5
Test 3 a.730 740 10 710 7%0 20
b.720 740 20 15,0 740 740 0 10.0
Average 740 753 L7 743
RESTRICTED
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3. The Gardner Mobilometer and Directive No. <0l. Owing
to the unUsual nature of the aluminum soap gels, discrepancies
were early found when measurements on the Gardner Mobilometer
were made by two different individuals. This raised considerable
discussion as to the best method of runnin, the instrument and a
great amount of work has been done (& ! It would seem unnecessary
to detail this, but the malin conclusions can be summarized. Pro-
viding the gel is worked once wuen it has been allowed to stand
undisturbed for some time, furtier working oflers no advantage
and in some cases may lead to the introduction of air into the
mobilometer. Among the many gels investigated, some appear to
increase in viscosity and some to decrease on vigorous working.
Short, or concentrated (10% or over) gels appear to increase in
viscoqity greatly on working. The latter become cut into small
jelly-like particles, which do not coslesce again except on long
standing.

BEvaporation is not a serious error, but does occur to some
extent durin. running of Gardner viscosities. Temperature of
determination has a small efitect es illustrated by the following
table.

Table XXX

g - oo -

Effect of Temperzture of Determination on Gardner V%Qcos1ty,5)

——— o g e, 2 W ot P M At gt R o NS A v i S e e e e m e AR s W e e e e e b BB e e m e - —

(8% Napalm Gel)

Time of ¥all (sec.)
Welgnt 58-60%.  TQ%. 3Q%.
850 - L2 --
800 1%.8 9.6 10.6
750 19.4 17.0 1.8
700 29.2 21.6 22.0
650 65.0 37.0 27.6
600 10 57 gg.z
550 187 79
500 -- 135 130
Ls0 -- -- 191
Consistency 600 540 515

The points covered briefly sbove were considered a2t great
length 1n prepering Directive No. 201 snd its modificztion <01lA.
Consequently, it 1s believed that i the directions . iven in <O0lA
are followed, no difriculty in securing reproducible results
should be experienced,
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i+ Effect of Storage Containers on Consistency Results. 1In
the early days of the Napalm program before the 150 . acceler-
ated test had been devised, storage of the gels after preparation
was usually done in glass Mason jars. W%ith good soaps, there was
considersble indication that this storage in glass was equivalent
to storage either 1in steel or glass jars containing steel. With
the introduction of the 150° F, test, the gzlass jars, while usable,
became of somewhat doubtful safety and many laboratories commenced
to use steel or brass tubes. It was later shown that brass tubes
were liable to give erratic results, particularly in presence of
smell amounts of moisture. Thus, & plece of polished brass placed
in the gel will begin to show a green color, which slowly spreads
out into the gel itself. Table XXXII below shows results on a
number of different storage containers. It will be seen that brass
gives lower values than either steel or glass and that e similar
result cen be obtained by adding 0.01% of copper &s copper nauph-
thanate. It must be concluded that (1) brass tubes azre unsuitable
either for the 43 hour or 150° storage test, (2) glass and iron
are very similer in thelr action on the gel when used as storage

. containers.

Teble XXXIZI

Lot e e 9 e e~

%ty(25)

Effcct of Storage Contalners on Gel Visco

s g oy - b - . . -

i

48 Hr. Gardner Viscosity 2l Ers. 150° F.

N Gerdner Viscosity
Storage Test Sample 4 Sample B Av. Sample A Sample B Av,
L4,8 hrs. 1 800 805 80 Y 80 88
Gless 2 320 780 Bog %78 20 %95
L8 nrs. 1 00 835 893 685 695 690
Brass (screw, 2 20 870 8 :
plug & gosket) / " 7e0 730 0

@ L8 hrs. 1 86 850 85 665 :

Brass (collodion 2 888 8%0 832 728 %%8 %Zg
and cap)
48 hrs. 1 3u5 85 3 ; 8
Steel (plug and « 340 828 828 EZB %28 %8%
gasket )
L8 hrs. 1 *10 80 8 800 80 )0
Gless ( plus 2 ggo 80 588 790 %90 ;30
0.01% iron)
i3 hrs. 1 820 8110 820 10 660 685
Glass (plus 2 745 755 750 20 620 620
0.01% copper} ‘

S 3 BB OB 8 & &
ass (plus 8 0 30 6
0.125% iron) °90 o715 °83
L8 hrs. 1 775 810 79 62 5 660
Gless (plus 2 755 760 753 678 538 735

0.125% copper)
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Table XXXIII

B

m—“——--—-—-m~———~_—~‘

L8 Ers., 77° F. 24 rrs., 150° F.
Storage Gerdner Viscosity. Gardner Viscosity.
L8 nours in Glass 800, 3z0 v 795, 770
305, 780 780, 32

2y nours in Glass 300, 800 750, 300
Lust, 860 Lost, 790
2 hours in Glass 855, 810 760, 735
Lost, 850 - Lost, 810

6. Reproducibility o»f Consistceney Test. Results belaw
(Teble XXXIV) obtained froa three di ‘ffcrent laborat .ries (b, 33,
L45) indicate tiat wits gyod teckhnique no diificulty siould be ex-
pericenced in repr)ducing readings " tie saue scap. In studyling
the gamce soap in two different laboretories, periaps tiie greatest
difiiculty, now tint the different Gardner iobilomcters have been
standardized st Bdgewodd, lies in the stondard test gassline

employed. Althougi cvery effort is made to moke this reproducible,

it moy be possible, due to tikis cause, to obtuln differences of
50 to 100 grams in consistency mcasurements.

RESTRICTED
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Run No.

B e e b

OO GO~ W o

~-8%~
Table XXXIV

——— o . -

Reproducibility of Specification Consistency Tests

Consecutive Gels Prepared from Harmon #339Y55R using $.0.D.
Test Gasoline (Pyrotechnics Division, Edgewood Arsenal).
Moisture content 0.5% Benzol Distillation 0.55% Vacuum

Oven. Stored in steel.

Compounding Consistency After

Temp. R.H. 1 hr. 150°F, 2L brs. 1507 F. 48 hrs. T7%F.
76° F. 71% 650, 680 600, 590 590, 610
75 77 0, 650 550, 560 600, 600
76 70 670, 660 580, 550 510, 590
75 78 550, 6606 530, 530 610, 610
77 o 630, 680 570, 550 590, 630
77 67 660, 630 570, 600 620, 610
79 7 670, 630 590, 5380 590, 610
75 g 680, 660 560, 550 570, 590
ful¢ p, 630, 630 550, 540 600, 550
77 81 670, 640 550, 550 500, 580

Consecutive Gels Prepared Using Standard 0il Development
Test (asoline (Eastman Kodak Co,). Stored in steel.

........... Ferro Batch #22

Run No. 24 hrs.150°%.  Run No. i hrs.150°F.
1 650 1 ugo
2 o0 2 180
E 620 3 90
630 I 500
2 610 5 480
650 6 1160

Ces Consecutive CGels Prepared by the Tumbling Techniquees

Stored in glass.(Nuodex).

Iype A _Iype B_
L8 Hour 150°F L8 Hour 150°F
Sample Viscosity  Viscosity Viscosity Viscosity

1 7%0 565 820 530

2 760 5&5 90 295

3 22 540 10 500
300 520 820 580

p) 765 560 8,0 520

6 785 575 735 570
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DETSRLINLPICE OF T CCHSISTENCY OP LHCENDIARY OILS

1, GUNERAL.

The purposs of this direotiws s to degoribe methode for the detiminas
tien of the eoncistemsy of lussndiary olle., Seetion II of this direotive
covers the Gardnanr mabilomotor zeshed which will be used for sll incesndiary
oile of the Napalsm typs, Sootisa III sovers the parallel plate methol which
will be used for incendiary oils, conteining inecbutylmetiicerylats pelymers
and sodium ealts of fatty soids, such ss Isoendiary 011, 1N, Type IIL.
(Co¥.S. Speeifioation Nc. 196-151-Mi5).

1l GARDRER MODILOMIYER M:THMO,
A, Dsearintion of the fnetrunent.
1. The mobilovatsr is widely ussd im testing leboratories a2zd oun
te purotssed fron most laborstory nﬂy honses., (Seo Noies, Paragrash D, 1)
The nodilemeter oonsists of & tude, ole diso, plunger rod, weight pap and
bearing, mounted on & muitable bage snd gupport. The pertinent dimensions
of the stardard ingtrumnt are as follows: ’

Dimmsnelons of Stanlard Gardner

NobileZaber &t E@ !rnm!; E"‘.&“'
Internsl dlsmetsr of tude 1,535 inches
Dismeter of dlas 1,505 inchos
Thickmees of diee 3/32 inch
Diazeter of holve in diee 0,250 ineh
Disnster of pluager rod inch

Diameter of bearing opeming 17/6L ineh

2, Cower. Bo tube covsr 16 supplied with the instruaamt for the
purpose of waping $he tabe coverod during the test, lowever, & suitudle
cover shall be mede of cercbesrd, sheet mstal, or thin wood and shall be
1arge onough $o cover th¢ cpem ead of the tube completely. The cover shall
have s central opening large enough to peruit easy pansegs of the ocollar em
the diee.

3 %ﬁbou Tuboo for storage of thickened fusl shall be
made of stesl, Thal ¢isseter siall be approximately the esme sise
or elightly larger than the external diamsber of the mcbilomster Subes used
for testing, 7The length of the tube svailable for storage siall b» siproxie
wately 10 inchos and the tube uhall be filled to sive s vold of 10 ¥ 2 percent,

wla
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The storage tubes shall be capped at both enda with rcaovable steel caps,
capadle of withstending a preasurs of 35 pe.6.i. Geskxrts of materials whioh
do not affest ths incendiary oil may be used (Ses Fotes, Paragraph D, 2).

B. Determination of coneistency,

1e Ia the detormination of the scnsistency cf Hapalm inosndiary

0il, ths following details, given in the order of their performance, should
receive partiocular attention:

as Fill the tude.
b, Aasezble the mobllcmeter.

0. Ma¥e 5 working strokes when measuring gels containing
loss than 9 peroent Nepelm thickemer. Teke loss than 1 mimute to aceomplish

the 5 strokes, For gels oontaining 9 peroent or mere of the Hapalm thiskener,
make only one working strode.

d. Jake tre Cirst run, usiaz a %otal weight of 50 grame in
#x0388 of the speocified upper limit of eoncisienoy.

@, R-duce the load by 50 grama on eash uoceceedicg run
(except ae 42 Peragraph 3, 1, €).

£, Continus this prosess until tho time of fall excveds 100
gooonds. If the time im Paragraph B, ), d exaeeds 10C seconds, iaorseca the

load by inorementa of 50 grame until a time of fald of lees than 200 e9sonde
is odtained.

2 A brief gursary of the conditionn stamdard for all rune made
in deteraining ccnsistonsy io as follarss

a» Start the oomplets strokm with the lewer mark on the
»lunger 1 # 1/4 inch sbowe the bearing.

b, Allow the 1oadsd pluppger ssscrmbly to desosnd until the
uppsr mark pasaes the upser curfaos of the bearing, Vithin 10 sescnds
shoreaftsr, remove the wiaights, push the dise deowa ¢c the bottom of the
ube, and withdrew the dlge untii the lowor mwi om tte plunger rod e
14 lﬁ& ineh abowe the bearing, wiping the roc on the upstroks, This preo-
oodure 19 to be used fer grle ocntaining les: than 9 perosnt Napaim, For
gels containing 9 percent cr more Nepelm, allew the lcmded piunger asgodly
o desoend until Gho upper mark pazces the uppeor surieoce of Gha beering.
within 10 scoondes thereafter, remove the weiglits, puck the dlso dcwm uniil
1% touchas the bottom of tho tuoe, then withdiww the diso until 1¢ etriles
she tube cover, wiping the roal on the upstroku, and Cinally push the
plungor down untii the lowsr merk 1s 1 + L/ :inch ebeve the bsariag.

Lo
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0 The time bLetween runs ghall be 60 4 10 seconds,

d. During the determination, and for at lsast 2 hours prior
thereto, the temperature of the gel shallbe 77 + 2°F,

3. Detalled ingtruotions. 7The imstruotions ocutlined above are
detailed ss foliows:

(W vmg the mobilemeter tube, ithen the oconsisteney of
an incendisry oil is %o measured, the cample ghould be traneferred fron
the gtorage tube to the mobilomoter tube et the time of tost. If the
mobilometer tube will £i¢ into the storage tube, transfer the oil as follows:
Remove one cap of the storage tube and incert the modilemeter tube, withous
ocep or base, intc the storage tude, base :nd firet, Pish down until the
base of the mobilcewter tube has reached the lower oap of the gtorage tube.
Remove the remaining oap of the storage tube end gerew the d.ae of the
nmobilometer tube into pince, (Vithdraw the nobilemeter tube oontaining the
thiciosned fuel sample and oap until the consistency determination is mede.

To return the sample ¢to the storage tube, gorew ons oap
of the tube leosely into place, 30 that the pascage of air is frecly per-
zitted, Remove the bav of the mobilometer tabe oontaining the ssmple and
ingert the lower end of tho mobilometer tube & short distanes into the open
end of the storage tude. By mesans of a solid dige on a rod, slowly push the
sample from the mobilomoter tube into the storage tube. After tho transfer

cf the sample s effeoted, sorew the remnining ctoramge tube cap into pluco
erd seocurely tighten both caps.

If tho diamster of the storape tube 12 approximately
tho sams as that of thes mobilometer tube, tlic sample may be trensferred
n a simider menner, exccpt that the tude frox which tis gel is removed
is held tightly over tho roseiving tube while the sample is extruced with
¢ digo on a plunger, The basy of the receiving tudbe #10uld be loosely
festoned until trancfer ig sasplets, to permii esozpo of alr, Care must
to teken pot (o ontrap air in the base of the zcbilomeder tube,

iny oonvenient mothed of tremsfer of the sample from the
storage to the mobilometer tude may be used, provided thet the exposure of

the zarmple to ewmporatior ig no greater than that in the procedures
deacribed adbocre,

The mobilometer tube shall be filled with the thielkened
fuel sample to a depth of not more than 1/2 inck below ths tcp of the tube,

be Assenbly of the mobilemeter. Upon reseipt of the madbil.
cester, the plunger rod -ﬁ'ﬂ be sorewed firzly irte place in the four-
hole disc and theresafter loft 4im place. To sszerble $he mebilomoter for

testing conslgtsnoy, pace ¢ho plunger rod thrcagh the sover arnd the bearing,
attach ¢he weight pan, srd fasten the bearing support o the modbilomoter

3o
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tbe, Clamp the bearing suppert to the mcbilometer tube at cuch & height
that the dise 1e 1 to 1-1/2 inchea above the bottom of the tube when the
upper mark on the plunger rol ie at tho dearing.

6, Working stroks., Foroe the plunger dcrm manually until the
dies toushes the ma‘:rm—m-. then withdrmr until the lower werk on

the rod 132 * l/h dinch adove tle besring. This procedure shall requirs net
more than 10 seconds., During the up etrore, hold a pjece of shoorbent

aloth or paper around the plunger rod to prevent Nepela oil from being
ocarried into the bearing, 7The presense of dried material om the rod, bsaring,
sower, dive or holog in dise will lead to errar in mesuremsnt. The sbove
presedure slall spply to the testing of gols con‘almirg lese than 9 peroent
Napalm thielmner. For gele containing & perscut Repaln or more, use e eimilar
proesdure, but foroe the plunger down manumlly until the dico atrikes the
bottom of the tube, then draw it up until i$ atrikes the tube cover, end
#ins1ly fores down until the lower mark on the rod is 1 + 3/ fneh sbove the
bearing,

4, laking the deternimation, Detormine the consisteney of
Rapala 01l ae follcwer

/1) Cash type of Nepalm oll hae a cpesified consieteney
ranze expressed in grame, In the first run in any determination, vee o
total weisht, eonsieting of the gua of the wo’zhde of the dise, plumger,
and woighs pan plng added weighte, of 50 gramc in exoces of &he upper limit
of eonsietensy spucified for ths type of Hapalm oil urder test.

{a) After working the sarple, grasp the plunger rod et
4he besring and pilace the reguired weipght on the pan. The imterwnl betwees
the end o the working etrow snd tho atart of the firet rum ehall de
50 + 10 snoonde. The weights may be placed sn the weight pan at any time
durTng thie interml. The placing of the disc no that the lower mark om
the plunger ie 1 ¥ 1/4 daeh ebove the bearing shall be ccnsidernd se the
apd of thv working sirodbs. Steré the zus dy rolsnsing the woightod plunger
assoably, thue applyirg tho lead to the oil.

15) ®han the run ie atarted Gho plurger assemdly moves
demnward, 9tart the sten watoh when the lowsr murk ot the rod passes the
urper gurfece of the bearing. ihen the upper mark pacesn the upper surfeos
of the benring, e:0p the wetoh, PRumove the weishte from the pan, foroe the
plunger down mapually until the diso toushes (he botlen of the tube, then
withdraw until tha lower mark on the rod 1s 1 + 3/4 irch ebowe tho besring,
wiping the red, as befors, on the upetroks. In the cuse of o3le ocontaiaing
9 peroent or more Napslm thickener, osrry the diso upxare until 1% strilwe
%hs tube cover, (wiping the rod) sud fimslly Cowm uniil the lower mark en
<he rod 13 1 + 1/4 inck ubow the bearing, No% mora than 10 eecende ehall
flepee be-woed stapping the =atoh and plaeing ! plurger assszbly im the
starting position (1 # 1/ inch above the benring), Tseord the tital meight
ueed in the run anc the olapsed time ehomn o2 ths stop watoh.

oo
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' O mlﬂ‘ 4he detorminmation.

(1) Hoeld the rod at the bearing, and place a weight,
50 grans 1ses than that used in the first run (exceptioms eee Paragreph
B, 1, £), oo the weight pen. Release the weighted plunger assembly 60 ¢ 10
sesonds afber ecmpletion of the first rum, Then finish the rum by performing
all the operations presorided sbove (See Faragreph B, 1, £),

£ ?l#“‘ rosults. The two succe:sivw loads, in grams,
giving Simes of ese and more 3han 100 scoonds raspeotively, shall be
noted. The losd required to give a time of ful) of 10) ssconds shall Ve
obtained from the two ioads so noted by limeer interpolstion. This figure,
corrseted by the proper ocorrection faotor for the tubs and instrument used
and seported to the next higher 10 grams, shell be oonsidered the oonsisbe
of the saterial urder toet, (Thus, 603 graums shall be reported as 20 pn-'%,

Co Standerdisation of the inmetrusent,

3. Esch mobilometor whioh is to be used for lssting Vapelm oile
suat be standardized to correct for dimsnsicmnl waristions, Altheugh some
nuchilcmetore are furnished with e stendard liquid for itandardization purposes,
ell mobilcmeters intonded for use om lgpalm oile muast Le standerdised uning
e Nepalm oil.

2. For the purpose of officlsl testing of tho sonsietency of
Yepslnm olls, a mebilometer, located at the Chemicel rarfare Service Zechnical
Command, has been designated ss the primary stapderd lastrument. Each
lsboratory engaged in the determimation of tho consistinoy of Fepelm oils
chall forweréd ome complste mobilmmeter to "Ccizending leneral, Chemioal
serfars Sorvice Technisan] Commend, Edgewood fresrel, ¥arylands Attenticis
Chief, Chemical Research Division®, for comparisor wita the primary standard
nobilometer using Bapelm ofls- The instrument will be staxped end returned
to the sender witl. & oorresotici. This inetrurent will be ussd as s secondery
etandard againet whioh all oorbiretinas of mobilcmeter tubss end digs-plunger-.
bearing assenblies shall be ocupared. DIroper correotisns shall be given %o
the several oombinations of tube and insatrument,

(alibration of mobilometers veins ceoondas standard.

Comparisone beiween a mobllometer to 0d ORIILIated And & deocndary standard
thall be zade as follova: Prepero semples of Inosndiary oils, containing
various pereentages of lapalm thickener in gnctolime, adceerding to the
procedure given in C,iW.3. Speoification Mo, 154+131-107, Stere the sazple
oil in & steel storage tube for 24 houre at 150 ¢ 2°F., then place the
gtorage tube in a water bath, at 77 + 2°F,, for at least 2 heure. Tranafer
the sanple from tho storage tube to the tube c¢f the nodilcmeter to de calle
brated and measurs the ocnsintency, at 77 + 2°F., as preseridted in
Paregraph B, 3. Then trunafer the samplo €o the cecondary standard instrument
end meagure the sonsistoncy. Ascertsin che deviation Jetwecn the comelisteney

Se
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obtained in the mobilometer to be calibrated and the aonaistsnoy cbtained in
the sscondary standard (See Faragreph C, 4). Ihis oxplstes ume set of
masurenents. Repsat the set of meaguremsnts, using 1 sacond sample of oid
similarly prepared, but tranafer the sample first to he secondary standerd
for msasuremsnt and £imally to the tude of the instrunent to bs calibrated,
Ascertain the deviation between the measurcments of this set as before.

¥aks not less than two sets of msasurements on cach oi' 4o samples of ciles
having ocnsistencies of about 500 grams, Repeat using samples of oils having
conaisternsies of about 650 gra=ms and again with oils of adout 800 grems com-

slatency. A total of not less than 12 sets of two mensurements each will
20 made,

[ Caloulaticn of correction. In making mot.gurements for oali-
dration purposes, interpolete the consistsncy to the rearsst grem rather them
to the next higher i0 grame ns gpecified in Paragrapnh B, 3, fo Caloulate the
moan of the devistiont obeirved betwosen ths trro woasurements in eaoh sed.
Rejret any deviation which differs by more than 25 grims from ths mean walue,
If more than two dsvictions are reojected, run additioral deteraminations end
rscaloulate the mean until at least 10 dsviationg aro obiained, all of whieh
are within 25 grams of their nsan, Roumd ofT the mean to the wearer 10 grams,
From the sorrection factor of the sevondary standard cnd tle moan deviatien,
ealoulnte and record the correcticn fastor of t::a mod’lometer bsing toected.
3o mobilometer with a oorrection factor greator tham < 30 grams s'all bs used
to teet the oconsistoncy of incendiary oilz,

Do HNotes.

le lModilumsters odtairsd from the NHonty A, (arduner Iabovatories,
Iac,, Hethesda, Marylend, have been foumd to l'd very tatlsfactory.

2. A non-swelling, non-exirsotsble mdber substituts gasmt
materiel, 3/32 to 5/3¢ inoh tllek, prosured fros Hydru=Chemiesl Co,,
335 S, lalm 58%., Aloen, Ohio, hne besen feund 4o W9 satlelfaetory.

111, PARALLEL PLATE WiTHOD, /

A. Desoription of the instrument,

1. Iwo picecs of plate gless ero raquired, esbout 9 by 9 inches
and 1/l ineh thiek, It s couveniont %o plase tuo pletes im an apenetop
shallow wooden bex or tray.

2o The top piess of glase, cuitably marked, ioc wolghed and o
weight prepared such that the total weight of the glace and the walght is

2000 grems, 1t in conwenient to malm this weight with e oirsuler haee,
5,0 an, in diametaer.

b
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3. A oirole is marked on the under side of the bottom plece of
glase, using s dianeter of 5.0 em. The cénter of the circle shall be at the
oenter of the glass plate. PFour straight lines are drewn through the center

o: l:;: oirole 4in such a manner as to divide the oirole into & equal sectors
[ .

L. For co.venience, & plug syringe, similar to that showm on
C.¥.8, Dﬂ'a".n‘ ¥o. ‘18‘&‘21' s rooomnended.

3. Determinstion of oonsistemay.

1. Clean both plates thoroughly, reroving eny incendiary oil
from previous tests by rubbing with bensone and drying.

2. Set the bottom plate, with meridngs oa the under side, in the
wooden box and place on a table in a level position.
' 3. Place 5.0 + Ol ml. of the incendiary oil to be tested in the
center of the oircle marked on the bottom plate. This mey be oonvenlently
OMoonpluhd by means of tho pluz eyringe (C.7.S. Drawimg Fo. AlB=6C-21).

L. Plabce the rear edge of the top plate nbove the rear edge of
the bottom plate. lowor the top plate on the inco:diary oil smoothly, then

place the prepared weight gently on the top plate, dirvctly above the oircle
on the bottom plate.

5. When the gol has sproad to & oirecle of & om. dismeter (up to
the oircle mark), start the atop watok.

6. Bagimning 55 seoconds after the stop watoh is started, make
8 light marks, as with India ink, on the top plate, marking the edge of
the oircle of incendiary oil at points on the radial lines drevn on the
botton plate. These rarkings xmust bo made in olockwisoc or ocunterolociorise
order und must be cempleted 65 sesonds after the stop watch was started.
kenovo the weight from the top plate.

o 7 lieascurs the distance, in oentinctors, betwesn the two warks
looated on each of the L inches drewn through <he osnter of the oirole.

C. Reporting results.

1. Aversge the ) dismetors messured in I13, B, 7 &dove.

2. The oconsistency of the inocendiary oil shall be reported eas the
averape dlameter, in centineters, of the oirole formed by the oil when tested
as presoribed in 111, B3, abevo.

CiiS Direotive No. 201A «7-
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WAPALY THICKEWER a. 61
A. APFLICABLE SPECIFICATICNS, ~t }? \ =
A

1

®Acl.  The Iatest issue of the following speoifisatiors and dirastive,
in effent on dats of imvitation for bids, shull form & part of
this specificztious

oA-la, QOovernmmutal publications.

Sieven; Standard, Testing « Pedsrel Speoification No. RE«8=260.
Ossolize, Test (For Napalm Thickener) = C.i.3. Specifioation
v Bo. 156-131-206.

Terne Flate (long Tsrmesa) - Felsral Speoification Bo. QR-T-191.

Army-Novy Gensral Specificoation for folmgirz and Peking for
Ovorsess Shipment « U. 8. fray Spocificatine Koo 100-14.

Marking, (utside Shippicg Centainore - Gonsral Specifioation -
C.%.8, Specifiontion Fo. 197-SL329,

Stain, Weter Soluble - Ordmence Desariment Specifiostion Mo. AXS-8L3.

8tain, 01l Type - Ordrence Lepariment Speaification Ue. AXS-883.

Oeneral Speoifioction, Frotecotive Coating imterials) Synthetic Iype -
Guertermaster Corps Tentative Speoifioation RCD ES<No. 050«

Detormivs tion of Conaistency of lacendinry Oils - C.lV.8e Dircotive
¥ec. 201.

-1b. tal e Air =
A-) Non-Goverimental rubliocation sze,%m;?ti._n’ visim, 1.2
Lethod of Test for Water in Fetrolsum Produots - ." it Figld
o AS.T.ke Dasignetions D9S-ld. R Crof=. Ho,
3. TYF. C—LF_M

031, 7his speoification covers aro type of thicroning agent for uss ir
the manufvoturs of flama thrower fusl and insendisry oil WP.

C. NATERIAL AFD WCRKFAFSELP.

oCel, waterisl. The mtorial shall ocneist of s copreslpiintsd mizture
o 5asTo aluninum soope of fatty aoids and yaphthenic aold (See
Paregrapk D=1 and Notze, RMrapreph Hel). To Mapalm thickener, onoe
submitted for noceptance ané rejooted by the Chenloai Werfare
Servios, shall bo resubmitted for acosptaace, nor shall it be ussd
%o admix with acoeptable Fapalm thickerer to maku & mizture or ocm-
bimation which will oconform with the requircasnts of this specifioation.

Ind Div 25 Oot L3 ele
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VATERIAL AND WORKVANSHIP (GOFT *0U).

0-2.

Viorkuanship. This matorizl shmll be made in f rennvr consistent

st oconmoreial practiocs in the maaufrcture of metallie
soape.

GENERAL REQUIREMENTS.

D=1,

Conposition. The materivl shull be 2 tasio aluminwa soap of
mcihthenio, olele and coconut fatty aolda. The sodiun acap uned
for the proparation of tla aluninum soep shall contain 0.10 to
0.15 percert of nlpha-narhthol. (Sce Kotor, Prrogrank Hel).

DETAIL REQUIRIAINTS.

E-lo

g’l‘o

¢E=1lb,

oL=10.

L=2,
E=2a.

oE=2b.

rhysical and chezdosl mgouirvments.

Aprearance. Thes wateriel shall be granulay.

S8ieve gire. Nonc of the matsrial uhall remain on ¢ Hoe ©

T. S. Standerd sieve and nn. moro than 25 poroexnt shall pass
through & Yo. 1:0 U. S. Standsrd slove.

Y¥olisturs. The meterlel :hell ocontsiin not wmore than 0.5 percent nor
Tess then O.)s percent mointure when tosted es presorived in
F‘Tﬂﬁr‘Ph Feb.

Perforsanoce.

Gel aharacteristics. 'he¢ matorial, whun mized with test gasoline
din tke proportions and ir aocordancve with the recthod prescribed
in Fe7a, shall produce a g el which shall have the charecteristiocs
preseribed in Payazraph FaTd.

Consistenoye. The ocoreistency of the gel, formaed &8 prescribed in
Foragraph g‘-?o (1), and tcatad as prescribed in leragraph ¥-7o, shall
be nct less than 500 nor more than 800 grame for oach of the 3 tests.

METHODS OF SAKPLING, iNSPECTION AND 1EST.

P.lo

F=2,

sfed,
.F.;g °

The matericl and work shall bo subjest at &ll tvimos to inspeotion
at thre place of renufectire, snd evory fueility shiell be afforded
authorized Goverrment ilucveotors for the prosecution of their work.

Lot sizsc. Tho size of 8 lot nhall be &z specifiedi in the invitation
Tor vids.

Betol size.

Unit beteh. A uzit tetoh shall ccnsist of the cuantity of aluminum

scép preoipitated in oae reactor ot one time. The bateh ehell be
precesged se o udt.

e e

195-131-1073 LESTRATCIED

ol T T T =7 o R E " .

SIS e B B T G g & o

ap—— B P



FESYRICTED
BETHODS. OF SAMFLIKG, DVIFCIION Al!»!‘ 7287 (0O¥T'D).

sF=3b. Blendsd Lotoh. If parts of wore than cie bateh sxe cakirsd %
: Tera & Blended batoh, tas blended batek oball eonsic’ of the
Quaatity of muterial mized 11 the blender at ome tim:.

oPelis EBEIE{-' Fos less thue 2 one-pound staples stell bt) te¥en fren

[ dh of Fapaln thickener for tost (scs Note). Lach seaple
shell ts placed indivilumlly in e olean, dry, alr«ti tt ocatairer,
sealed and ladeled Lo issure the idamtity of the oan.ls with tta
bateh represoutsd. Onc cf tha oniepovnd suzples ahs . to rouorved
2er 11 tects ctler thna the performrca tests Dpresc ibed in
Raragreph F-7. Tho other ociasepousd ssmile oy eaxple akall each

- oo svlmitted ton the porlormanoe crete. Hoto: The wifcradty ¢
o tatod of Hapaly thdckerer Jopenis upon tha prooost sf uted in
ite warufsoture., Frerer uniforzdty e inélested whe: all semplos,
repressnting o single raich, whon vestud lor eemniet wey, glve
oorsicteuolies whioh fnll within n range of° 10 gvaws. in esah
alant, the Goverrment lospector ssmll taks B Fmdy o werovad
sagples Irum e bater 8 M deans reconanry wntil vojor vaiformity
of the material rupufnitired in the plaat is ectndll dwed. The
izepeotor thall vhen precerite ths mumbar cf saaples [t nerer

- lees thoz iwe) to ba wnk:in fsom esob taseh trevsulte ' werufssticod
in tds plant sivg the fixme orocessing mothods. Xa o eees of
‘3lendod tatchee the inspeeter siwll talle net less tha: % seaplen
frem verlous poirds of coch of the £irst iwo blended Lxigtes. If

" 4b¢ £ sazples ohow pyojer untlorkity (wamuvistencies wrueing wichle
15¢ grems), all euceeeiivg Dlouded batcane sy bu rv vecorted by
2 one-poind samples privided no chengo ls asce in th) bleadiag
proocsc. ,

sF=5.  3itve sipe. Nas% 8 Ko,  U. 5. Standerl cleve (ede mld Sysciftsatica

! To. TRE35L) om & B, Lo U. 8. Stande=i ciove aquinwrd with a
roteiving pen.  ece 3 (O-gram sample in the Mo. © :ieve, cions,
piscs th: rwet of siewre 1a & standaprd widrsiing mac.ine (8eo Lotesz,
Paegrepn -2), swd viinte for 2 minutes nith o tiper 4n opnration.
Wolgk end osloulste purcemt of pegple sumsiniag on tw le. & siove
ant the peresst of nemjle passing ths So. LC slava.

2T Yoizture. Weigh out 5:pidly abovt LO.0 zroms of the cample ami
TrracliTely dioparce iz 500 & 10 mls of Lorscre in & -oundeiottom
liter rlask. Aftesr iz cample tas been dicprresod (wout b mimites)
dotermine ile molsturo cuntent of tho cuzpencion in rigcrdcanse witk
tho tethod cf Tent fo> huter in latroloun Ittduobs ~ 4.8.3.M
Desigmation: 06540, vith the felloming esoepticns nd crditiomal
deieile. E

(1) Use the entire 500 nl, of sveyencior inntend oo the 260 =..
T speoified.:

{2 Heat ¢he flosk by weaas of an oi) bath. 2he o aperulury o
the o1l bath chall bs L0 & 5.
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_ KETHODS OF SANPLING, IUSPECTION 4ND TEST (CONT'N).

F‘To
.F-ﬁ °

oF'=T0e

(3) Distill for 2 hours. Wesk down tha condenser Lile with
' three 10«ml. porticns of bengons, sorubling the tute at
the ssme tins with s atliff brush to loosen wate: dreplets.
Besume the clstilistion for an additionsl 1/2 hour, then
repeat tho vashin: snd sorubbing. .
() Proteot the top o the sondenser tubs by & GaCl> tube o
equiwvdlent, axcer: durlag the rinsing ard sorubling cperations.
(5) At a1l taimes durizn; the distilleiicn, walutalr the cil in
', tue bath st a lc7:) about 1/% fuoh Lelow the level of tae
susgension in %the liter flesk. ' :
(&) Make o blenk: detcrmiuation by subjecting 00 ml. of' bensen:
te the supe trestie:t as the suspmaicn and corceel 8ll
-detoruimilons soordingly. ] |
(7) Detorains the off.cisnoy of recovury by treutli: eluilesly
500 ml. bonseno to whieh 0.5 al. wuter has Yot 1 acdeds X
after ocorrevtior :‘or the blark, tha appsretus faiile to
reoover 0.50 4 .05 mle of water, wighten all ¢inneotions od
ropsat, the test. I datersdunticns ehall bo mele with appnratus
which has not demsnmetrated eatisfactory reccvery.

.hrﬁm« Teabue

Prepareation of gel for togh poses. iforn Zels containiag :
B.0 4 O.1 parocns Bape.n thiokenss shall be yrepered. Ary ¢alinble
mothed miy be used provided due consldamtion is glvan o prapes
proteotion egainst loes of gameline Ly ewuporatiun, sbacyptlon

of moisture by tho Nap:lm thiekensr or oy the ‘gol, ¢ egitavicen
for & cuffiolent longt: of thw to insure vaifonity of the
2icdshed gol. The foliowing method it roonemenduds

Weigh tho teat gavoline (C.M.8. Spuus Nee 150-D 4ieC0), B
within one gren, inte = glass frult jar of sviteble ssmoity, end
covey immediately. Wei.gl the sexplo (to within C.l :eaz) into n
Yetker. Trenafer quuntitatively and as rapicly ua pousitle o
the jar containing tte gescline. OClose “he jJar <ipghily srd alwie
vigorously. Stop sheizing fron tiwe to Giie to ohsoy o t2y sattling
of perticles of Fapalm i dokener. When 1o woro sotiling is Jbtorved
ooztinue to shnke or *ol) ths jer for & veried of tiia et lenaw
ogual ‘Yo the previous ukeking tima. A

Gel charaoterivtios. Yrapare aboat 300 grame of gol ina ore-
DIzt gleas Tralt jar (ssu Paragraph Fefi) nod store Cor 4& houyn
at roox temperstuve (63¢'e winisma)e Eaniine the gel se pre-
soiited in Faregraphs =75(1), F=7b(2), aud F-Tu(3). Fallure
of the gel to show the overacteristics desaribed ia irle -209%iexn
1s ar indication that txo thiskemsr 3¢ not suitable ‘or the use
interded. i b TR, :

F=Tb(1) The gsl shnall by fros rem lumps and of ualfem cous ietenoy.

1561312074 ! | e
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METHODS CF SAKPLING, TNSFECTION iRD TEST (CC¥1D).

F~To(2) Insert en umpniated wscdon stiok, 3/8 inch ir dlsuset.:, at
'right angles through the surisce of the hif~hour old 0l to &
. dopth of one lneh end drww once acrose a diameter. he sure
faves of the gel, parted by the stiok, shall adhere rithin
10 scoonds aefter ocntact with esoh othur, lenving ov.y & 1lirs
ant cot a tora surfacs.

FaTb(3) Gathor & lunp of the li3=hour odd gel us Lin end cf .o wotdea
stick and c(raw srwctlkly cway Srom the surince of the gel. The
berd or tands cf zel which follow the lw:p ghall not ussp sude

"donly 4n & direoiicn perpondicular to tho line of wmusier btut
shall sepasnts fron tho Zump by stringing down to & hread.

Burited in Parugoeph P-7., By the mobiloweter smethot dsseritad
in C.Ni«S. Direzative l'o. 201, a0 follown:

sPaTo, Corsistenoy. Tent tie conelateney of gols, propurec 3 pre-

wFeTe (1) Preparation of gols fcr vomsistemey testa. Frepera che seoesatry
‘ Zols in accondenie with leragraph Yefa. rfor the z 15te, pro=-

‘sorited in Paragieche F-Te(2), Fe70(3), and F-To(h). all of the
gel reguiresd for one caotermimatioa in enck of the 3 Costs aay ho
prepared at cao <ing {aleut 50 grams). Ihe duplicc.e doter-
nizations, rejuiied v occh of ths 3 teouts, pust be ~m cr
another preparetion cf guls in no oase shall duplics .o tasta
be run on 2 partious of the saxe prepayution of gol.

oF'~7¢(2) Ore hour teat. “ranefor & portion of the el to & & orage tube
it accordance with C.ii.8. Direotive ¥a. @Cl. Clume .o tude
tightly and, witkin ons rour after preparatioa of .. zel, placo tho
tute in a vataer tath ut 150° 4 699, for 00 % 5 minut iz. At e eand
of tiis time trarvafor the tase to A water hbath at 772 4 Z2°F. fur
ap acditieccel 2 to 4 hours. Merove thu tube Crem tF bath, dry
trs cuteide of tla tube thoroughly, uncep the tute, acetar e
oortents tc & maliloryuter tabe and detertiine the oox Lstsocy of
the gol in cocorimnes with C.¥.8. Dircvotive ¥o. 20). Rua this

" test in durliocatc (8ce Reragvaph P=70(i)). :

oFe70(3) Twantyefour hour test. Irannfer a periioz of theo ge! %o 3 zuozage
’ Tuto in Aocordence with Ce¥.8. Divcative Xo. 201. ¢ 'ose the twbe

tightly ans, within ¢ne Lour after prejeration of e gol, rince
<ts tube ir a vator bath at 1509 ¢ 5%, for &3 & L Fours. A% the
ard of this time. tranafer the tude tc & weter WBth vt 77° £ 27, for
an adaitiozal 2 {o lj hoexr. Rewows the tube from the bath, dry the
outside of the tube thorcughly, wiodp the iuby, trer . fer the ocntenis
tc & mcbilemeter tubs anc dosoyadias the vonelstenvy f the zol im
neaordenso with C.We8. Direotive Yoo 201, Rua thie eat in durlienie
(Se> Parnpzaph P-Te(1)). '

“5e
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SEYNODS OF S/SIPLING, IMGIFCTICN A¥D TST (COME'D). “

oP=To(lh) Fosty-eicht hour tegt. Tramsfer a rorticn of the gel So &
- BGere;e wWbe 11 tocordance with C.1.8. Direstlive Nos 201
* . Olese the tube tightly mad allew to stand at rook. Seuparatury
1 © (659 ., misdamm) for Bl & b hours. At the end of this Lize
trensfer the tube to & watar bath at 77° & E%F. for «t least 2
~howr. The total tiane of stornge, ineludding time inm the vater
vati, akall not excced 50 hours. tmiove the tube from the bata,
dry the outside of the tule thervuzhly, vnotp the tube, ¢t:ranslor
' the vontents to ¢ rwblilometer tute ani determine the comsistency
: of o gal in eocordance with CeiieS. Dirvetive No. 201, Run this
tost n duplicate (Ses Favegraph F-7a(1)- ' .

't;..?

w. ofeje(9). Gonccrdsnos of coiu:utmn_g tost results. The results on the
_ T duplicate runs Zcr eteh 3 ate prenorided in Farc.orapts
' © #afa(2), P=70(3), snd F=To(h), slnll azroe within 50 groams. 1€
thin condition is not aet, repes: the ccnsistency testn eonplately.

sp-To(6) Seporiire reauite. Avarage the “wo songistencies Iram emok tast.
. np.":&'l vorage oonsistancy for ench Lest to tho next highaat
multiple of 10 prams. The svera;o conslvteney a0 reported mrt
moel: the requirements prescribed in Aarapraph DeZbe

0. PACKAGLiG, MLUKING AUD JAFEIRG.

G=le Rogu’ rements fox prakaglag &ad preking will be szacified in the
“ 4{avitation for didn.  Unloee othurwise eecifiod, paoking shall
ba ¢ followss (Soc Rotes, Feragraph 4=5). . " .
o0=-ia(1) A packasing(for material to e u53d in flame thrower fusl)e.
i TS 1°6ha)) be packed in "squara” J0-gaugs, Class A terne
. . plate esns (Pederel Specification Rec. WUnT=191), approximtely
8«1/ by 5=1/2 by 9 inches high, heving o olzoular openiry,
anpreirately hel/R inches in diimeter, ia the head. The orna
s2ni. be peinted with iustoriess olive dxeb eanmel (Quartermaaier
s . Gogpr Teutative Spocification HQY K3-Ha. 680). After filling
0 with § 1bs ks o, # 1 og. of Fapalr talokener, net weight, the
top vpening ahell be closed end lermaticrlly. sealed vy scldering.
taoh oan shall then be stouoiled or labeisd with a waterproof
1akn) o8 follows: "Eix the coutoats o <hie pho¥age with 0
Y. 8. gallona of gasoline.” . e LT -

sd=1a(2) A pasking. “Eight £41led cans saall Do placed in a relled
, SRE 7oreppod Wood Loz with dcublo fure corrugated fiderbeerd,
" . 4aterlocking half-nlotted partitions as iwserior packiag. The
i ¥ 3, box thall compiy with the requirvments ci Ssetion VI ot U. &.
- A ' Azsy Speoification No. 100+, snd shall be spproximtely 23.1/2
_ by 17=1/2 by G inches high, ireide Adlmenilors. 411 woodan boxes
; * ghall be stained brown by a stein conformiyg to ths requiremente
~ of Ordmancs Departnent Spesifioniion No. AGG=8L3 or No. AXB-ER3.

.".

. ,'_‘ ' " 6w
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FACKING
slalbe

*0-1b(1)

85-20(2)

‘G"’ .

oli=l,

o8-3.

ReSTRIST
AFD LAGREING (COPTIL).

Teps I pro (for matesinl to ho wied In imowmadiary oll, FF).
‘fix%"ii.‘é‘ﬂ%au be pasked im JOO 4 1 Ib. unite, in e’ fol-
.loﬂ.r;; ecntainorus:

ulilkoad opening steel dmms, conplying with 1.C.C. Spaaificatior
¥o. ;7D, finished on tas ineide with 2 ouats of @ high quality,
Lvene/'ret, eorrosion resistent emmxcl nod lined with a sreped
sulfe te kraft licer.

Tied H0=1b. kpaCt paper bag plaocd 4n & 50-30-30 tisd naphalt
lnplrsted duplex kynft bag, the vhela be'ing enclesed inn pamffine
wimac Plber drun complylng with LeC.Gs Speaifiostion Ar. 21A.

WwriZag. All shiprents simll be myricad v preneribed ia G.W.3.
‘Tieal Mcotion Ho. 297-G4e329. L sddlticn, tho top and tottoz .
of @o ovntainer ehnll ba marked. in 2-1noh yellow latisrs,
e 9iY®.  In sacition the betul wmbe:c of the mtorial siall
ba stopoiled o= the tops of all sontainers. .

The :uoermended fermuls for Fapalm Shiokvnor is e follows:

fe  Orgnnic aclds mixtures
Tarse by weight
Cooonut atty Aelde A

¥sphthenio Aodl 25;
0lelo loid 25

e Aluminun comtent: S.l, to 5.8 paroent
By = stenderd viornting machize e reaat & ¥.5. Tyler Comptny,
Roe7t » Tosting 8iem Shakor, eingle ecceatrio “ype, dirscily
cor-i nted to @ mctor having a epsed of 1725 revolutioas por
alxa 0.

The following 1o furzished for the iaforration of thy comtrtotor:

Impurities in Xopelm thickener which mty umues rartial or.
ooxp.ata breskdovn of gels formed vith gnsolim, or ozldation
of tlu tidekenar, inolude sxoces watsr, lime, cavstic sodn,
soep: of sodiun, cnprer, lead, iron, manancde, and 200talt,

. pawid ved or shect aino and 1lcsd, leed rivrate, ruat praventativen

oHls.

185+131-1070

eor‘zining eainss, alochels enxd nll acids. Tetmethyl lend, on
the ¢ <her head, hes no injuricus sffsots.

A cne-pound sanrle of Hapaln thinkensr eimll bs telrez at randen
Pro: oaoh wook's production smd nhipsed —o the Chief, {echnical
Diviticn, Edzewood Arssmal, lerylazd, for survelllanse tosts.
The cumpls shall bo socompanied iy the rusults of the iospeotion
tostr on the bateh ropresonted by the samples
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RESENICY by

HOYTE (COWE'L).

olie5. . Each akiyment of Inpalm thickens: sliell be seccmpeniod 9y eopy
of Llo inepeation ..ut rosulis au eech tatok contaipad in the
shimont. _

lebe A3 wrisk procecing ¢ parareph vaxbor iudiontes that the
oorrvipondiry prrepraph in the previous ieaue wae revized or 2
B ragecraph adced,

li=7Te  The vue of this spuoifieation, whewever npplionble, ls mexdetory
on nll proouring epancies of the Amny.

H-5, BCIZo s This specifientinn, toguthor with sponifications and

dreurings pertaiuicg to it and berring o 'Notise' of similaur
- reeti.otions, is Sntended for usn only 4i» comneotion with pro-

oagozvmt by the itnited Statesz Goreriweat; ard shall aot be
rvepruduccd eithor wholly or iz purt sxzsent when authorized 4n
cornuistion with Gorermment prooureac=zt, ::or ba uged for sny cther
rarpcde exaept wren spsoificnlly autiori:ed by tie Chalaf of
Chexoal Werlare Sorvice, vtshington, 0. C.

Be9,  NOIX(:Hs This docunont canteing iaforsntion affecting the mtloal
dofuiae of the Tnited Statew within the eaning of tie @piovage
Ast (Je8-Cs 50332,32). Tha tranunivtion of this documant or the
reveintion of iis oontents in any mfoner to any urauthosired
paraci iu prohibitod.

Ceplon of this arsaifiocstion iy be obtnired bty peveonn suthorized to recolve
stme, fivm any o the fellowing Cherical Tariare Proourement Diatrioct Offices:
Fittaburgh, Chlor o, New Yorl:, Saz irannisco, Yost.n, Atlauta, Dallas or fronm
tto Chief of Croudon) Warfarv Servics, ¥eshingtos, D. G.

105=231-207A - ' =B @
RESTRICY:D



Te

8.
Je

10.

11.
1.
13.
1.
15.
16.

Appendix IX RESTRICTED

Literature Refereuces

stonthly Pro:ress Report. Ferro Drier and Cheuical Co.,
OEser=11=415, Problex CwS=cl, Septs 15, 1lyid.

Pyrotechnics Division, Technical Division, Edgewood arsenal.

Brougnton, 3., and Carver, E.K., OE%sr=538, "The Stability
of Incendiary Gels", June T, 1lyL3.

Bauer, R., anc carver, ©.K., OE:sr=533, Sasinen Kocak CoOs,
“The Effect of “oisture on X-=10y Soaps", Nov. 1y, ljle.

Betts, R.L., et al, OEUsr-354, 3,0, Standard 011 Develop-
saent Co., “"Characteristics of Aluminun Soap Gels of the
inpelm Type", narch 1y, lyls.

Monthly Frogress Reports, O%.sr=%54, 33J, otendard 011
Developnent Co.

Bauer, W.h., Capt. C.5, "Suusmary Keport on Viscosity
Characteristics oi lncendiery Oile 1n Gardner snd ftoruer
Viscosimeters", Chenlcel Hzzearca Division, hd _ewood
arsenal, dasch <0, 1lyy3.

C2S=NDRC Kevicw oI hluninum Somp ihlekencrs, illzabeth, k.J.
January <0, lyyye.

ifonthly Pro.ress leport, Otier=yl3, 5kcll Development Cos,
May 5, lyide

Letters of Septs 1y, Septe €y, oepte 23 asnd Oct. 1Yy, 1lyi3,
Jette, Esie, to rnottel, uneC., forwardin  hepulm Sumnaries
from C:S Laboratiries at (olunble University.

monthlg Pro ress heport, Oui{sr=577, iluodex Froducts Cos.,
Dece 23, 1943,

uonthly Progress Report, OEisr-=438, sastman kodak Co.,
Decs 15, 1lyle.

Montnly Pro;ress Report, OEdsr-5%3, Bastuan Kodak Co.,
Jan. 15, 1lyl3.

“onthly Progrese Report, OEtsr-33, Ferro Drier & Chemiecsl
Coe, ~arch 17, 1yh43.

«hnite, E.Re, OEisr-yl, Shell Development Go., "The
Inhibition of the uxidation ol napel. Soup", au ust <7, ly4%.

#inutes of C..5=NDRC Conierwnce on ihapalin, &dcewood arscnal,
August cTy 1943,

LSTRICTEN



17.
18,
1y,
20.
21,

22,

STRICTED

Rcloft, Morrell, Lowry and Dryer, Ind. Bnges Chen., »
1375 1y3e. =

Brouhton, G«, and Carvsr, E.K., OE<sr-538, Esstman Kodak
Co., #eworendua on aluminum Sospc prepared 1or CuS-NDRC
Conference at Bayway, iarch €3y Lyy3e

Private comaunication, £.6Gean Crealcal Co.

Prof. Jutte to Prof. hottel, Aug. 14, 143, Negalm
Summary No. be

Monthly Progrees Report, DEMer-538, Zaetmcn Kodak Co.,
Auguet le, 142,

Letter, Bctts, ReL., to Hysre, HeF., omm-—; s 3y0, Stan-
dard 01l Developrent Co. res Effact of Gesoline Rurlity on
Napalm Thickcned Fuels, July 31, 1943.
Baver, LWeie, Copts C.il., "Report on Chorscteristics of
Dried Lot :3y023 MNuodex Napoln in Varioue Gasolincs®
Cheaienl R.scorch Division, Edjewodd artencl, June 30, lyi3e

honthly Proircss Report, uBssr-83, lerro .Drier & Chemical
COoey July 15' 1,45.

tonthly Pro.ress ficport, OEisr-577, Nuodex Froducts Co.,
Septe 15, 1lykd.

#donthly Procress dvport, JEMsr-ylé, Shcll Development Co.,
April ey, 1yy3.

sonthly Pragress .cport, berro Drier and Chealcel Coey
T = Protlem Cu8ecl, auce 15, lyy3,

Corrcspondene. betwiun Standard vil Devclopacnt Coa,
Enstmen Koduk Co. cnd Chemicel (iesezrch Divieion, Edicwood
hrs.nal.

Private communication from narmon Cslsr .orks.

sionthly Progress Hcport, Shiell Duvclopment Coe, OE:isr-ylé,
- Problem C%8-10, ey 25, 1lyi3,

CeUsileRe Noo 36, Septe 25, 1943.

Griffin "Techniccl Mcthods of Lnzlyeis®, HeOrawe-Eill, 1
Pe 314, p. 369. ! el

Private communication, Eastman Kodak Co.
E«.K«Carver to Cole Rehohufferd, July 2e, iyy3.

RICTED



550:

37,
38,

39.
Lo.

1.

42.
43

45,
46.

48.

RESTRICTED
Honthly Progress Rcport, Ferro Drier and Chemicul Coe,
ORisr- I-ulg:..rune 8 1943 .

~ Prot. Jette to Prof. Hottsl, Septe ly, 1y43, Nepclm

Sumasry No. 1.,

Wonthly Pro.ress ncport; Steatord Univarsity,’ OEMsr-
11455, 8opts 15, 1y43e

Montkly Pro.ress Report, Eastmen Kodak Co., OEilar«538,
Septe 15 1943..

Lotter, Bacon, F., to Prot. hottel, Secpt. 13, '1943.

Prof. Jdette to Prot. Rottsl, .Septe <7, 143, hnpalm Sunicry #8
el " ] Septe 14, 1743 " " #5
o k) w, L] septe 1y, 1943 " v 42

Private con-urie~tion, Ferro Dricr ctnd Chenlorl Co., 4clern
Chemierl Co.

.

" Bauer, “eti., & Barnard, he,.TDMR 654, Ed.ewood irsecncl,
‘Auge 20, ly43e

VPx"I.vntu o maunieation Technicsl Division, Ed_cwood arscnal.

honthly Progress Report, Ferro Drier ond Chemlesl Co.,
OBMsr=11=41b, Au.e 15, 1943.

grat. dJotte to Prof. nottel, Secpte. ly, 143, Ncpalm Sumanary
Oe 5-

ilontn].{ Progress Rcport, Sestman Kodsk Co., OBdsr=533,
Sopt. 5' 1’“ .

Hanthl Pragpeu Keport, Fsrro Dricr and Chemical Co.,
OBiar= 1-‘.‘1 s Oot. €l, 19‘}5. .

usjor DeGray to Dr. Broughton.

Privete communiection from shell Development Cos
Broughton, G., and Corver, BeK., Eastmen Kodck Co.,
OBMsr-538, "First Report on Rhaaloglcel rropertiss of
Thickened Flulds™, Oct. 1Y, 1yliZ.

siemo to Chief, Technlcel Division, Ed.ewood irscnnl,
July <7, 1943, ;

Lettsr, Carver, E.K. to Kirkpatrick, E«C., July cl, 1Y43.

’

RESTRICTED



25
564

7.
58,

99

60.

RESTRICTED

Letter, hufferd, Rewe, to Brougnton, Gep, July ly, 1li45e

Wetleoufer, Vonnatta 2 ?uutth.bnum. Ind. Eage Chemiey
ancl. Edo. 11 ‘-}58 (1757

Privatc cumnunicstion, kerrc Dricr end Cheaictl Co.
Eastman kodek Test siethods, EKi=l, addendun I.

iontbly Progrcss Report, Esstman Kodek Cu., ORiisr-533,
vetober 15, 1yyde

Letter, Gufferdy Rele, to Byflcld, a., vctober 1y, 1l94e

j ... t i'a'.:-TFD






TSOIN FORM €9 A (13 MR 47)
Broughton, G

_Res¥itrcTED ] R-az-si-/

DIVISION: Ordnance and Armament (22):‘

f"?\fﬁg ﬁORIG. AGENCY !]MBE 3

ATI- 1e01

Byfield, A SECTION: Chemicals and Incendiaries (11) 2 - 0.S.R.D. - 2
CROSS REFERENCES: Thickness, Incendiary = P;oduction < |
(93930) T REVISION
AUTHOR(S) Bl
AMER. TITLE: The manufacture, properties and testing of Napalm soaps ';u; <"‘
FORG'N. TITLE: e
(ORIGINATING AGENCY: (,5.R.D., N.D.R.C., Div. 11, Washington, D, C,
TRANSLATION:
COUNTRY LANGUAGE [FORG'N.CLASS| U. S.CLASS.| DATE |PAGES| ILLUS. FEATURES
gLy Eng. Restr. Now'L3| 119 5% | tables, diagrs, graphs
ABSTRACT

Survey is submitted of the processes developed by various research agencies for the
manufacture of Napalm, a modified aluminum naphtenate scap for thickening incendiary

bomb gasoline.

The process, selected for use on the basis of this review, is described

in detail and shown to be adequate for the purpose for which it is intended.
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Napalm, a mixture of aluminum hydroxy soaps of oleic, naphtenic and coconut acid used
for thickening incendiary bomb gasoline, is manufactured by a three step process., In
the first step a mixture of the acids is reacted with aluminum sulfate solution in the
presence of aqueous caustic soda, In the second step the precipitate of soaps, formed
in the first step, is dewatered and dried, and in the third step the dried product is
packaged in special containers., Details are given of control methods, of the various
properties of Napalm, of the method of dispersing Napalm in gasoline, and of testing
the finished gel.
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ABSTRACT
Directives are given on the use of the Gardner mobilometer method of determining the con-
sistency of incendiary oils of the Napalm type, and of the parallel plate method for
determining the consistency of incendiary oils containing isobutylmethacrylate polymers
ir:d sodium salts of fatty acids, such as incendiary oil IM, type III, CWS Spec.# 196-131-
5.

Instructions include description of the two instruments and directions for their
assembly and maintenance.
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ABS
Copy is submitted of CWS Specification No. 196-151—107&, dated 25 October 1943, to
supersede No. 196-131-107, dated 19 November 1942. Specification includes Governmental
and non-Governmental publications and pertains to Napalm, a thickening agent for use in
the manufacture of flame thrower fuel and incendiary oil NP.
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