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

Forwarding report and noting:

"This report presents the findings and conclusions of a
reviewing committee appointed by Dr.,H. C. Hottel,
Chief, Section 11.3, 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 "Napalm." This product was origin-
ally developed under the Section's contract with
Harvard University (Dr. Louis F. Fieser, Official In-
vestigator, with Dr. E. B. Hershberg as Senior Assis-
tant) to meet the emergency caused by the non-avail".
ability of natural rubber for thickening gasoline for
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 producing4Napalm 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 assurethe production of Napalm of spec-
ification grade and that the troubles experienced in
the past are due chiefly to moisture and oxidation.

"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 prosecuted,

(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

Technical Division-of thw Chemicl Warfare Service, and
by some of the C.W.S. contractors 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 processes now in use are critically
presented with a detailed discussion of the important
process variables and the chemical reactions involved.

"The report also contains a detailed description of a

preferred manufacturing procedure. The reviewing com-
mittee recognizes that Napalm of satisfactory quality
has been and can be reliably made by other processes,
and that the availability of equipment must be a de-
termining factor in the practices of the different
C.VT.S. contractors.

"Acknowledgement is made of the assistance of the several

interested groups in the investigation and in the prop-
aration of this report. Through the cooperation of the
Technical Division of CAT.S., access was obtained to the
different manufacturers, who in turn were entirely
responsive to the requests for detailed information on
manufacturing 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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INTRODUC T I ON

Various war needs for a material to thicken gasoline
led to the development of an aluminum soap of oleic, naphthenic
and cocoanut o1I acids now known as Napslm. The manufacturing
process is one in which the water-insoluble aluminum ydroxy-
soapCs of oleic, naphtbenic and cocosnut acids are coprecipitated
from aqueous solution. NLen dr:ied, the coprecipitated soap is
granular, easily handled and rapidly dispe:sable in gasoline,
Because of its many advantaes, the coprecipiLation method is
now being used by all Nepalm manulacturers and tnerefore dis-
cussion in this report will be li:ited to this process.

Two types, of Napala are -rade, diflerin, only in
settin, time and in packagina; I~pe A, which should solvate

slowaly and be capable oi lon_, storable without ipairment in
properties, and Type B which normally has a shorter solvation
time. Control of setting time is achleved b- regulatinL the
density and size of the finished soap particles, and is accom-
plished mainly durin8 the dewaterin. operate,.on. T-J.ere appears
to be no chemical diiference bet,.een the two types of' soap.
The discussion in t.,is report aplies to the manulacture of' both
types of 'Napalm, operational variations for Type A bein. men-
t oned at the state here they occur.

Little viiculty was experienced in preparin, the
ILrEt batches of Napalm soap. iiowever, when atuemnpts were
made to produce 11apal-a on a lcrger scale, di1iiculties arose for
reasons which will become clear in the followin, paies.

A survey oZ the NEvpalm problei, fro- both research
and manufacturing aspects, has b->:n made by an No.D.R.C. group
w"th the help of the various C.vj.S. divisions. It is believed
that, given '5dequete technical supervision and satisfactory
raw materials, no difliculty in makin,> Nrpal%:m need be experi-
enced. Accordinly, it was decided to issue an N.D.R.C. re-
port concernn tLe msrfacturin question, a certain amount
of related research, and the properties of the product.

The new specilication (appendix IfI) calls ior only one type
of N&epslm, the r, striction on the settin o time of Ty7pe A
beint removed. This, however, although contemplated, was not
in eflect st the time th-is report ,,as written.

' Z_ mm
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Durin, the surve -', excellen-t coopceration &shso ,n
by all th'-e Napalm -,anuia.turers and tce verious 6ivisions of,

,,~.S. wh dsLe much information available. Tne collection
of' materia-l l'or this re port necessitated the ireec and opten dis-
cussion by the mv~nufauturers olr trneir proc( sscs. It is a
pleasure to record thct tne ass ;ribly of this rarterie, l was pos-
siole only in cons, quencc. of th,- coop,,re-tio± oi all j__oups in-
volved, includin8 -nanuf'acturcrs, Ir.d.. rsearch contractors,
E&nd d~. ilvisions.
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A. The Kechanism of the; Precipitcition

The pre-cipitation oi. the alumninuaa hydroxy-soaps of'
olei, ncrt.~ei: nd cocoanut acids mybe approxi.-ately

r~pr _sented as -follows:

4 i'JaOL + i J.-COU141 + Al,:: (SO0) = Z Iae-S 4 + LkR-COO)(Oh,)2 l

e- N aOTH + 4R-CO0~a + 1A1L (SO4 ) =5~4 3S0 + ~RCO~0iA

The final product vr',:n elled in Lgasolin- contains lon, molecu-
lar ch11,ains buIlt up b-y coordination betvveen alu-minira ato-ms !-nd
the cerboxylic 0xy.,C-n ctoms, and poss,.bly also by7 oxya~en bridce s
si,-Milnr to those found in sillcr: I-ls Th fina -l soa~p Ciso con-
tains fIrcre fctty acids esnd sodium- s.-lts occluded or possibly
loosecly held in thc- soap). (Sec rP-p:ndix I f r C. fore ae-tailed
discusa,: on of' t-_6 r.reciplteation c.L:,m-itry. )

.inalyscas show' tha-t :Inost sa,:tistactor,; soaps contAn
about 5.4 to 5. 3 ,.c E£lTllinu--a, an 1mount vmiich is in exces-,-s oi
trha aluminum dqui-valnt 0! tie cmeid ustd.. in ooder to .me
thesise- the-.c n,.c* sscr LddJitiDons1- lu, ixc-z as c.austic soda
("fre-e caustickt) ove-r and above_ th*;.t equlvalent to the. latty
acids used nust be pr,-serit. Expe-,.C .-,nt izaaic&1tee- theat sub-
stantially all the almnmwhicl, I s up;.,i,,6 in thu &lm up
to tb~o coa,,ulation point enters thim linal 1pruduct. Th,: re s ul t-
in,, sodium sulfatc; leaves the pre:cipita-tor in thea clea,&r liquor
cndL in subscqu.Lnt vshn.Unrk.act-d sodiumn soap in the product
ha-s b-en show.n to be har.irdul, (1) but the presence: of sodium
sulfi-te in -oderat_-eiramounts doe-.s not a.ppea~r to be, injurio-as..
The Famount of exc ,ss or "ifreol" caustic used in pre cipitctin,. a
soap ha,:s bee-n shown t aic the- strcngth oi aasln e oi
the Soap. Table I k~illustrates this point..

The- Effect of' Exccss Ca-,ustic Soda on Napalm Ge'l Strcn~thO(:)

Acid Ra;tio - 2 Cocoanut : 1 uleic : 1 ,vphthbenic
Acid No. of 141icdI~tty Alcids - 4 40

Gaerdner Viscosities
% reCaustic ~hrq 50 0 F. 43bhrs.._7 0 ,.

(100 0
55 300 370

65330 3 50

,-57 <100 540

RE STRICTED
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The maximum stren,,th appearb to occur r-t aFUTP4OTED
caustic. M ost manuiacturers are usind about th.-Ls fi~urE,, and
it is used, tnerefore, in the- recomm.ended batch procedure
describcd in Appendix Hi.

The precipitation process for the trisnuacture of
Ne.pa-L-i ha s be en v, -ri ed *by the M.anufactLure rs and at the p rc ent
time ther - *,rt thrce ba,,sic methods in use; these are referred
to as batch mcthods I and 11 and ttie two-streamn prccipitation
process. A brici discussion of these imrethods follows..

1. Batch 2vMethod I.

In this proccess the total amount oi ca.:ustic
re quir.A is -7dded to the 51x~cd acids, the alum. then
bceinEa added until the precipitation is coaplete.
This is the met.1,od used by the larLger number of' menu-
facturcers f7nd hr's bt-(n s6lected nas the: recommended0procedi.re- on the basis th~lt morc iforimation is
availablez on it thpn on an ? othe-r process. k more
detgiled discussion of' this -.,ithod (ray be; found in
Appendix II.

B. Etch 7vethod II.

T-his process differs from (1) in th-at only
enoujh caustic I.s adde:d to the inxed acids to produce
the stoichiometric "nk:utra~l' soa--p solu1.tion, the bal-
ince *b.inL added as soda ash to th ;,lumn solution.
lTlhe priecipita:-tion is bc~un at a loV;..-r ; "). t..,n in (1)
and a mor.- Lradue--l se-paration oi t-lumnin soap than in
Be-tch 1%Plethod I is obt, mo--d throujmout the, rlutn addi-
tion. This metiod is discussed in more detail in
Appendix Ii±1.

5.Two-StrEa'M Precipitation..

This continuous me thod is thec most desira-
tie ~ ~ 6 -r~ th_;~nei~ standpoint, but informeition

on plant operation is limaited. in e ssencc the pro-
codurea involve.s the &ddition, by controlle d stre.as,
o±_ the. ,;lun _-nd sodium soap solutions to a:- vessel
supplied wvith vioro-us abitlation. The alum eadd in
the first atage is insufficient to caus, coc.Lulation
of th,. soap, ,%nd tuhe reSultin,, milky solution ove~r-
flows into a- second vl-ssel alon& with anoth.-r Etrc~ern
of alum, solution to provide an excess of thlis re-
aLg.nt. The overflow Irromn this second vcsse l pa,-ss(.s
to a third to ollow timeT for co;Ipletion of. r&: ction,
whec the-, suspended precipitate flows to acon-
tinuous w,-shinY a nd dra-ining device.

REJ41STRICTIW.D
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Space requirements for equipiment used in
this process are less than for (1[) and (ij), and it
is believed that a satisfactory product may be ob-
tained. hiowever, iew plant operotin data are
available and the method is not sullic .ently under-
stood at this writin. to wari'ant a recommendation
as a standard process.

The actual precipitation cay be viewed as a simple
titration in which &lum is added to a basic soap solution, the
end point being judged by the coabulatlon of the precipitate.
Figure 1 shows a typical plot or ph vs. amount of alum added
for batch method I. Tiie lirst drop in the curve, at about
pH 10.5, occurs in the re ion where sodium aliminate decom-
poses and a.luminum hydroxide begins to precipitate. ile
lower, more distinct drop occurs at about the neutral point
and is caused by the coagulation of the basic aluxinma soa;,.
Laboratory results (-) show that about 75o o' tie soap is
precipitated belore tt.. coa~uletion, Out tlhe perticlee are
fine and it is possible that the pl measur',iaents are a com-
promise betveen the basicity of the particle end that o th-e
mother liquor. After coaulation, the mother liquor becomes
quite clear end the ph drops as more alun is added.

Piure 1 also shows a typical ph vs. alum plot for
batch method II. T±he initial plh is lowlr than for methlod I
since less free caustic is pri.sent in the sodiun soap solution.
The pH drops more graduolly in thls method ,iti, precipitation
proceeding throubhout almost the cntire oeer.tion. No sharp
coagulation point is found end it is proba-ble that less occlu-
sion of sodium soap or sodium salts occurs in the precipitate.
As described in Alpendix III, the iatereal ior:ned by method !I
may be of such fine particle size that ci-icanical eloneration
by filt_r-pr-ssin. or roller trc: t;cint may b. requird prior
to final comminution and sicvin,.

At the present timz. each mnnuiacturer has devised
a method lor iopalm production which suits his particular
equipment. Althouah all these .ethods ,all basically into
one of the three groups discussed above, bach ha.s sliaht varia-
tions which distinguish it iron the others. T±he precipitation
process involves a little-understood, hiily coi.,plex equili-
brium of sodium, acid, hydroxyl, aluminum and sulf te ion., and
time does not permit a complete investigation ol all the
variables involved. it is, therefore, necessary to Eccept the
results semi-empirically and attempt to control thi known
variables as closely as possible. 'Xh recommnded procedurc
gixen in this report is, thcrebore, not n cess :rily the bcst,
but is considered to be the sacst Aend most foolprooi at the
present time.

•R TRICT.D
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B. Dewaterin q ndDryin o_ the Precipitate

The processinb of the wet precipitate varies con-
siderably amnon, the various m-ianufacturers. After the pre-
cipitation is complete the slurry may go to suction filters,
filter presses or rotating screens, the type of equipment
apparentl, having little efiect on the product. if filter
presses are used, it is necessary to break up the filter
cake before and a.ain after dryinQ, in order to obtain an
acceptable grSin size in the product. In -eneral, it ap-
pears that the type of dewaterin; used prior to dryin, is
optional vvitn the manuiacturer and will depend on the facili-
ties ;vailable,

if Type A Nepalm is desired, it may be obtained at
this stage by passin , the w.t filter cake bet, ecn a pair of
steel rolls. In this way, th~e precipitete is milled to a
translucent, yellowish ricbon or sheet, ,nd the individual
small particles disapp-e.r. The riboon is then comminuted to
the desired pErticle size before drying. lhe t linlshed particle
produced in this way is dense, translucent and slow settin. as
compered w.ith the. granular, porous precipitate used i.or Typ. e h.

Th dryin., operation is on:. whict! reaires considera-
ble care. Dependent on particle sizo, free acid content and
initial moisture content, e;.palm soap ,ro temperature sensitive
in several respects, the most important bein, ar-lal oxida-
tion, moisture sensitivity, and fusion. As described in
pp.l _,oof this report, oxidation of N pel l'ffects the ellin
pro-.erties to a considerable de rceo and may finally give a
soap which is insoluble in g solinc. It is necessary, there-
fore, to avoid excessive drying t.mrcs or temperatures vwhich
would use up too much of tke induction period of the soap."et (50ko water) Npalm fuses partidlly durina the initial
sta6 ,s of dryin6, if t-.e temperature during the iirst six
hours exceeds about 1'50 F. The fusinL of dry i apalm is less
serious and can apparentl , be avoided is drinb tempe'i tures
do not exceed eO_ F. Laboratory data (3) show that the
equilibrin moisture of 1apalmn at a 6iven relative htuidity
decreases as the aryin, temperature'. increases, so that it is
advantageous to use as hih a drying ttrip.:raturc as possible
without causing undue oxidation or fusion. TainL all the
variables into account, the optimum dryin, temp.rature appears
to be e.bout lOO F., end tnis tempcratur- is now bein s used
by nearly all manufacturers. The finil moisturecoontent at-
tained is usually between 0.4 and 0.31o, (C.'vv.S. benzol distn).

RFISTRICTED
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The re arie three, ,nain typ.,s- of' drie,,rs in usfe at

present, ri-M-e1y, tray, crpron and contirwos belt, the, -±irst
beinL the m-rost comriora. Dryjin -, times vary fromr one. to twv.nty
or mor6 hours dcpcndinL on th.e ty1pte of equipmcent us.A1. 'ihe
shortest dr-,;inL time is used byt one manufacture r 1Aho e-mploys
.=;n apron ( r~,but the tempe:rature used i&- about :cOO"P;. Tray
driers rcquire, the lonjer drZyin, times with belt drie;rs fall-
in&. in bo1twcen. 1'-cecdless to say deLrcc of oxidetion doepends
bothoon time and on temper:;ture, both of .hich -must be kupt to
e mini-mum if a sat sf ector- product is to be obtained.

Unf ortunately, f ew drie:.r operlti.nE dcatv .-.xist .-nd
once -Evain th(e Empirical approaci is ne cessary. N'.palai appe.ars
to hbevL a short cosatdyn-aep rioJ: durin.~ iwhi oh the
surfa-.ce is we,;t (or bZehave--s as thou, :,h wet) inJ tevaporstAion tak.0s
picce rapidly, f'ollowed ty ac. lr±-~. period uuriri6 which
cvaporation tak- s pla.ce within the pErticlc a.,nd tin.,- vez por imust. dift.Lo to th,- Euricce. Durin., thelli.--t p-riod it is
advanta,.eous, ifh(ere possible.,, tocaJltatE, tht i'vpelm in order to
exposkz ncew suriac.s ,.-nd thcxre bx i-,ast-n dr-,iri: It is bel,]ievA,
th,-t th.. continuous belt dri,,.r ,ive-s some.-artic disturbsnc-s
is the belt 7s,: -s~s ove r supportinL rolls th-re byhotnn te
total dryin. timt:.

C. Facka.LinE,

Consid~crnolc dilfcult\v hbra b.eri e;xp-rienced by some-
m Pnutiactur-rc duc to & laek o! prce~c of th-. ,.xtre;fa
moisture susceptibility of* Aemm s di.,cucsed in p Q. 9-le
of this report, most soa-ps havinL ,rate ti-,m.n 0.6-0.8/" .m-oisture
givc 6gasoline tels of lowt, strenrith canu ,tcability. It has b .en
iound that Ncpalm soe,--s exhilbit reprod Iuciblc equillbr-.tr
moistur.. contents i ,ich de pend on t~liA. r-ltti-e humidhty oi, the
-tnos-,h re; e-nd thr -t th,-. time.F no-cusse--ry 1 or ,: s..ample substan-
tially to eu)ili-brnte, itseali vrith the atraosph-r(: .-ay be a
nnzttor of Anutus. It is nc-c,..sary, thcerl-' oro,, th .t care be
exo-rcised in hnndlin Napalm between the: driers Cnd the f'inal
peckv--Jn4,. Climc-tic conditij.ons dictate t-o a conside(:rable de-roe
the :amount of cre nece ssary. kor .--xamnplo, in cold dr-y w,,eatht-:r
it mnay b,:- possible to allow Npltotedf'or a. corsiderc-ble
poriod without s-erious dcm~,Conversely, ptu-ck-C~in-J in 1 ot
hum-rid w-athc-r n~esttskec:pinL to "a ~~nmmthe time O-
twee,,-n -leevinL the. drier ard. f in.a-l zecvlinL 01 t.e eckee.ih
packcVjAn., of not mAterjal is in ae(,mral considircd L~ood pra,.c-
tice, since in this way tsier. is les s crnc ior moisture-- Jb-
sorption.

RE~RIOJTED
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ThE PROPERTIES OF NAPALM

Since the purpose of this report has been to dis-
cuss the manufacture oI Napalm with its related difficulties,
no attempt will be made to cover all the properties of' Napalm,
e.g. rhe logy of the gels, for which other reports should be
consulted.1.(5,6,7,5).

The Moisture Effect

Little difficulty was experienced with aluminum
soaps in the early days when the evaluation depended largely
upon visual examination. However, when more quantitative
methods began to be employed, it soon became apparent that
unaccountable variations were obtained in 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 desorption of moisture was the
principal cause of the anomalies(o,g,). 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 relative
humidity, the moisture-relative humidity curve resembling that
of gelatin 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 which it is in equili-
brium (inert point).

Another difficulty, which at first tended to obscure
the relationship between consistency and moisture, is the
difference in values obtained by various methods of moisture
determination (3,I0). Undoubtedly, water is held in
several different forms in the soap and according to the
severity of the method of moisture determination used, different
values will be obtained (Appendix VI). It can even be formed
by reaction during determination. Best results thus far from
the standpoint of correlation with consistency data, appear to
have been obtained with the Dean and Stark method (benzene
distillation) and vacuum oven drying. The former, a modifica-
tion of which has been adopted as the official specification
method (Appendix VIII), utilizes readily available apparatus
but requires a large sample of soap and at low water-contents
lacks precision, being good to + 0.1% (pp. 75-76). The latter
is more suitable for use as a research tool, giving gpod re-
producibility and requiring only small samples. hevertheless,
whatever method is ndopted for moisture determination, the
relationship between moisture content and surrounding psychro-
metric conditions is apparent from the daita available.

11T ICTED
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Equilibrium at an-y Eiven reli~ztive humaility appears

to be attained fairly rapidly (k±i,6r c_., bein- pra, cticnlly
complete in ui,,ht hours in 1/3 or 1/4U ayr under Iaor-rial
C on vect 1on.

Th.,: wvter ,ebsorbed trcatly .,ffects the consistency
o4L the el~ formed ivhen the solid soap is dissolved in &,.so-
line. Table II showis re prese7ntative reSults ior two typical
so ep-. ,:nd FIves the coiriparative Gardne r nobilom.eter r6,a7din~s

of cls ua from so:7aps driEd or uquilibr_:7ted under differEnt
conditionsc. lhe ~:eaeof a larec number 01 te-Sts aaudo on
many so,-,ps at both Edaecwood i.irs,:nal fa-nd Eastmazlrn Kodak indi-
cated thrat thc. sbsorption of: 0.11o aoisture -metvsurcu" by the
V cuum oven me(,thod causes the consistency on the c-4 hour 150'
t(.. t (3% Lel)to drop approxim Ately 40-50 grams. Th recsons
for the: discre_:pancTy found in consisten,, byj dilfs_ r':.nt l ,bora-
tories_ now be~comes very ler AccordinL, to the pack c,! .n,_ fand
heandlin,, of the soaps between the tw,,o points :It-,-i-.,1ich they .,,ere
examine-d they -midht eithur gain or lose raoisture, thus rrae-i-
colly chanin- their viscosity charcacte-ristics.

The cause of the moisturz e ffect probably liz:s in the
prevention of the form-tion or possibly the brEa.inL of the

cop chains by prefcerential coordination of w*tr molecules
a)t th- points of cttachme nt betwee-n the individual units.
Osmotic -pressure moeasur,.rnecnts(l 8  iridictte that nonal !hpaLs
dispersed in gaEsolinte ha-s It: moleculatr wi,%,iht of 1600,000 to
c-00,000. It seems -proboble that the-se: iir~ olecules_ are.
built up in large pert by coordination of tnt. alumninun atoln
of eaFch soa p unit with one of the cerboxyl oxye-ens of' the ne.xt
unit. Such chains caun obviously oe Jbroken if a. molztculte to
which almnmcoordinates i-fore str,:nj:,' th!--.n the c'e-rboxyl
oxy~en is introduce d. This re be th:; case when polar com-
pounds such as wttr, &if. (1)or freec fatty acids of low
moleculpr -veiht -are- tdded. 1h;e- &luminum -.toms coor'dinate
preferentially with the am-ine or hydroxyl &groups, the a ,lumri-
num soop chains src. boroke n, with a re-sulta,-nt drop in -molcul;.r
V ,iht and consist(encys

In order to ovezrcome: the, effect QjL moisture: it ha,:s
be(-n found nelcessary to rek-ultte the. w.!t-.r content at the. point
of manu.Lacture. of the soa.p and also at tnato reacr-y uapalin
Type B before, us(, in the- fil-Ana plant. !I-Qla T-ypc e k
been protect-d by harm~tic.ully sealin,:_ in m-tal cans, the oa ly
type of pa,.ckagej which ca.n be e-xpected to withstand handling,
unde,-r atmosphe ric condit..Lons prevailing in thu tropics.
Table 111(a) shoias da~ta obtained on the tray drying. of a typi-
cal batch of' soap at the ilza;rnon Color 'Torks. It is apporent
thpt unless drying is carried to a sa-tis! Esctory moicturc- con-
tent, trouble will be explricnced. Simililr d . ta re ,,lso
shown in Table 111(b) indica-tin,, tha-t a- soeap can b,-- redried
after moisture pick-up without adve;rse e:Jffects other tha,.n
possible partial oxidactIon.

REWrN 'ITTED



F/CURE2 p._jT D
RATE'OF MOISTURE L IBR_"1A TIONV

0.8

: 0.6 Z - NC/ODEX /8032 SAMPLE

(i iZ - NUODEX /6032 SAMPLE b
2Y- COLGATE E-233826
2W-HARMON 89088

:izl0.4 7- NLIODEX 89088

0.2I--
A - SOAPS AS RECEIVED EXPOSED TO

0

0.8 B - SOAPS AS RECEIVED EXPOSED TO

___9 0_ 9O., 90 0/0 R. H.I DA TA OF TABLE XZ-M'

0 12 24 36 48 60 72

TIME IN HOURS RES~TRICTED
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Table II

The Moisture Effect (5)
Vac. Oven Moisture Gardner Consistencius

600 C. Benzol 48 hrs. ?4 hrs. 163 hrs.
1 m2mh. Dist. o 150. O

Dried 1 mo. in
Nitrogen 0.10 12L0 1350 1 50

Dried over P2 05  O.6 065 700 650 740
Dried in Vocuum 0.61 0.8 360 6?0 700
Equilibrated Pt

90OF-20/o RH 0.i9 1.1 670 3)0 650
*Equilibratsd Ft

35 0F-'5* R- 1.75 1.5 500 1O 55
Equilibrated at

)O°F-yo0o C 06 e. 7 135 100 80

Nuodex~15J(%Gl

Equilibrated at0 0F-eO/o RL o. 3 1.2 6oo 10o 530
Equilibrated at

'5 0F-15i% 1 .5 1.6 170 175
Equilibrated at

O°F- 0)'0 Rh .)7 -. 2 47 10 17

Nuodcx -A-15 574_( Gel)

Equilibr, ted at
/-0% O.h 1.L 0 7/0 70

Equilibrated at
95 0F-65% Rhi 1.45 1.6 580 400 540

Equilibrated at
;OoF-90/, RHi ) e. 43 140

Nuodexi_ H14- (10L Gel)

Eauilibrated *t
3OF-20% RH 1100 930

Enuilibrated at
-350F-65/0 R- 1.45 1.6 1000 770 1050

Equilibrated at
0 0F-)Ol Rh .97 .Q0 " 5 5c0

P 'rRICTED
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Table II(a)(10)

Effect of Drying Time on Consister1cy and Moisturc Content
.......... ar-mon Soap 7 Y

Benzol 2 hours ?4 hours 43 hours
Time Temp1. Moisture 1500 F. 150 70

12 160 0F. 2. Fluid Fluid i. luid
;- 2.6 It I- It

1.3 300 c0 1018 it 1i. -0 ?a80 0

It o.8 460 340 L50
2.- 0.3 o070 630 700

90.4 630 70 670
08 0.4 720 070 710

83.5 730 0 700
7 0.45 730 740

Transferred nt this point to lbor,.t ry oven.

Tr.DI e Iii (_b_)( ;- 5 )

Rcdryin& Time lo Water in ?4 hours 1500 F. 43 hours 770 F.
-t I500F. N p- m--... .. ... . . . .

Original --- 810, 760 340, 3e0
Original soap exposed to humid air (1) 13 hours at 30 0 F. 55b R-.L
()) 3hours 360 F. 7 o R.h.
None (1) 1. 475, 4 35 570, 530

(2) 1.1 535, 500 ie5, 66o

10 ains. k) 0.30 635, 650 7NO, 7 0

* a0 mins. (1) 0.3" 6)5, 700 T)0, 750
L) o. 7, 710, 730 735, 7)5

40 mins. 1) 0.D8 315, 7)0 3L3, 735
J0.63 80, 773 770, 795

60 Irins. (1) 0.55 3 5, 8y0 815, 815
(e) --- 770, 73i 7 0, 735

120 mins. (1) 0.53 3)0, :305 340, 330
--- 775, 7YO 7 5, 805

c40 mins. (1) 0.J45 3o, 350 340, 345

* Benzol distillation (C.X.S. method).

RESTRICTED
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The Oxid,-tion of N\Japalm

Bcea.use; 1iapclri contains oleic &acid, 'v,.-th its doubl UE
bond, it faicht be expected under suitcuble, conditions to be
susceptible to oxidation wvith consqutent ch .'n-,e in its pro-
perties. To a less(er cxtent c,: rtain fractlions of' the- cocoa!!nut
acids used -ma,-y contributce to t " - oxidti on susccptibility.
This was not at iirst noticed, but tattention wvas drawn to the
oxidation effect la-te in l 4,, when one manufaclturer -vats mai-kin,:,
Irapalrn Type A (the1n known as X-104-L) usinL c-5- nra htrnenic,
40%o cocoanut and 35/o oleic tacid. Thu.s:e werc precipita%;ted w .ith
a Victory' Ltrade a:lu:.inum. sulf Lrte f rom Ai--aric.an GCy'anamiide ,.-hich

anlyedupto04h iron. The sofps produced wEre very unstable,
in so:.ai ca-,ses lacke d solubility in gasoline. and on ,A 1st one
occasion took Jfire; in the tray drier. Invcesti,5ation showed
these chan,,:es to be duE to oxidation, stron,_ly exotrnerriic~ Ea nd
traceable by the drop in iodine nunib~r of, thL, soapkll-' 1 3).'
This rcas v~ithout doubt th e most oxa..crated forma of' Lhc oxida"-
tion trouble yct encountcre d, -lthou,_,h it ha:s becn found that,,
if kept lon- enoue,h under unf'avora,-ble conditions, all saunplecs
of Napal.m will oxidizo(5~s 14, 1)) Ship.ments of Naealn have
bcen received at a fillin- plaint with the_ soanp at the; cente r

oftebarli afsdsta ;te_ ow. ink to spontaneous oxidation.
Figurc 3 shows a photo&,ra,.ph 1 a, so!a.p which oxidized sponta--ne-
ously on kee ping on the laLborr tory shelf' under ordinary con-
ditions 2ror nine months. Cornplints hcv, also been received
from the Pacific a-,nd fro,.- Enlnd of iA paln Typpk. A which would
not 8o into solution in sinl).In the P.t-cific cr..se, the
iodine number of th,_ soa~p had dro._pced to .31 the norlma'.l velue
bein., -5 to 50; this iias undouctedly du,.. to hijri iron content,
naimely 0.4 %. 11,pclllm, Type A 'itny havke to be kept in storage
for many months be fore- us&. Type B is hot packud in lfa r,:e
barrels so tha-t th(u centur cools of'! slowly a nd the cxothzermic
oxida tion rea,.ction maly b, ,_cce le rated be~cause- the hceat cannot
be dissipate d. it is clathercf ore, tha-t il" prope'r control
is not ex-Cmrcised, oxidation ca-n be a L-rious problem.

Table IV indicates the chan,,e s in iodine numrber oc-
curring when typicfl soa-ps are-_ spre Ld out in 1/4 to l/ lyers
,.nd exposed to the &tmosphere. ft ir.ill bt. seen (top section
of table) tha.t oxidation doos not coinnencu meiaey i.e.
thcere is an induction pe riod, which is el shortened by an
increase in tempe.rature; or re la-tive humidity. 'iThe bottom Sec-
tion indicca:tes that a smnall drop in iodine, nunber (comrpare
lin.-es 1 -nd -.) does not apprecirbly afft.-ect the proporties of
the soap eithcr with rtespect to settin, time or consistency if
allowance is mede lfor the tond.ency oDf Itoriginxl sottps to dry

*when exposed to _,0% R.ii., rsnd theref-ore to produce more vis-
cous solutions. A larEe drop in iodine number, how -ever, caluses
very slow Lgelation with the f'ormation of' an infe-rior _el (comyr-
pare lines cand 5, or 5 rnd6)
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FIGURE 3

* 1

0

SAMPLE OF NAPALM WHICH
OXIDIZED DURING STORAGE AT

ROOM TEMPERATURE

(HORIZONTAL LINE INDICATES
ORIGINAL LEVEL OF SAMPLE IN BOTrLE)
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Such tests -s those- r;-Torte d in Ta'blce IV take

considerable time to run (ra m.,tter of' mronths) ,and hcnce- art,:
at little value for rcsearch work or I-ar use in, speciitica-
tions. For this rcue son se,;vcral cclrtdteSts far the
oxidation susceptibility at' hplr hNv been sue (ested a.nd
used.

1. -Th rju'p te st bomb ,,iehiod~lr)ce-
dure wus Lud,,ptodfroxrhl tiie hsofn tin~ t 17 nnd
consists of &ubjectin~ the soap to the acetion of oxycn ina
bo.mrb under elevated prcss-ure and teLmp.;ra ture-, 'The press:;.ure
in the boilb is recorded -utom,-,ticlly on ., cha.rt, asudden
dip indic-tin, oxy~cen iabsorption 2nd the end at- thec induction
period. Trouble is experienced whien sirit- rin. occurs becacuse
no slatisfactory induction period is obtain,::d For this rez,.-son,
it has b e(n necessary tn most c,,s.es to ext~re !t soa-,ps vith
acetone to r( novc tree-- f'5tty scidS -nd *-void Lhe-- sint .rin,,,.
This ace-tone~ extrcrction ronders theF t~st at' little practical1.
value tar ordinar)7 kwa~s ,se be-lowx), lthou~h -vL-lurblo
orientinr, knowlcdk.e has bee-n L.&incd by its us-e

2. The iackeir or modiiid i~akytest. In thi s
test ~ ~ k a ameJfY~ p is xp(5e at n e-levatcd temperv,-

ture.-. to r cujrrent of' eir ((eithe r forced or -aused byntul
convection) rand its tempcraturE followed (11). h\t first this
remaiins const-nt but at the-: end. ot ti-ie, induction pe-riod. shows
fa sharp rise followe, d by - decline; until tl-.1.: z-op a~iIt!,kos
the temper--ture at the surroundinLg ba-tch (i,ure 4) At 1000C.
the inductie-n periods of aa,.ny soa-ps arc: too 6:raa...t lover 70
hours) to bc followecd conveniently bl, this methodc. rnence, b.aths
of varyiniL te~riper.--turte we--re used, lc.0 to 1500 CG. c:ppeefrin to
be- the miost convenient. 1icverth,.l(ess, so-ps x Lich reknown to
be definitely7 unstable- to oxid-tion do shov rl UltepretUr . rise:-
at 10000. e-nd this riiy wiellseve theref'ore;, As a- "6o-no-,o"l
tcest tar control.

3.PeroxidE. vcalue. vdhen so-ps, w,.hich have passed
their induct i in ypJf 6dc; fC-di -solv,::d in chlorot arm 4end a--cetic
a-,cid ,-nd mlixe-d withn potasEsium iodide,, iodine. i-s lib,-ratced by
reaction of the iodide, with peroxidos Pr,:sent in the soapy and
ca~n be titre-tved vtith standaird sodium thiosultate solution.
Goad soo-ps show a:: loiw- peroxide -value (.1di/rtmSoa'p) ove.r
lonE periods of tim . wrhil, soa-..ps ,which exhIibit tctempcrtjure
rise on test (e-) iv,- a .hic,,h peroxide. volue. riiurc 5 (4))
shows results of iodinke and pceroxid . vLlu,:s on co rilbatch
of sorap, which ha~d been submitted to v! rio-ty of tre at!ments.
Curves I and III correspond to nor.m -1 production b5a-tchec,
which had been weshEd wpith woter end lmsolution, re--spectivtely.
It will be seen that the iodine 2nd peroxide value curvkes are
opposite in cha-recter, the lfe-tter 4,oin throuii,., a mffxiinm end
then decrcr-sincl. retntofC the w,.it pulp with caustic sodr-
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or an a nti-oxidant is s.een to cha-'nLe the inductio-n puriod,
curves II and IV, the relationship between iodine , value; and
peroxide value persistin6;. Recently, - specificetion te st
based on peroxide,- value r:s bnCetd(10). Obviously,
in usin,- the peroxide value test, cre -must be ta,?ke:n to as-.
certc-in on wrhich sidc of the maximum the v.-Iluc is situfted.

Vvith th; above tests it h-s been possiblc to trac'e
sorne of the f ctors- influencingi the oxida,.tion.

1. UsinL the san-e fcatt -.cids,, tie lclni th of the
induction p .riod ap--ea_-rs to be dependent upon tht soluble'
-ron contenit of the alum use--d in the precipitrtion (Table V).
Sor.ps with a hi ,h iron content usu&.113, but' niot invariLbly,
have a low Induction period(15). IaJns in quantities
grteater tha.n 0.0 _/o has aloo been found to b,: - ve.r: pow,.rful
oxidation cjtalyst(5) a-nd thereL is sorne evidence that copper
may a~lso serve in this c,_pracity.

Table V

The Effect of Iron on the Induction fl riod oi w,-.palrn(,

Induction Period Peroxide
on ,1ij)diiicd ,viackey Va-lue After

Iron Content !20 Ct Dryink

La b, batch made w~ith
pure a.lum 0.04 i e g,t i V 10

0.005

Lab. betch ma-de with 0. 4 :9.in6
Victory grade Rlum -- 60 9-

*La-b, ba tch ma de -vith rl.m, 0.30 75 3L .4
ferric sul.late added 0.08 d5

L. The in~duction pe ricd cLan be- lcn~then,.d by the
addition.o suitable -c-ntioxidanitz. IhE, Lht.ll Developme nt
Company ,u.inL. the oxidation test ,' 1 bov.- as a &uide,
have done cons idcrablt. vork a lon.g these -ir-s nd SuL-,,.ust that
UOP 5, ni-dilauryl pa.rs -phenylcne dsai,nc;' and , ,-ortho
toluidino-ste.,ric racid should all be s -tiaieJ~ctory in preventin6
the oxidc tion of i .p.-lm. durin, stor,-.6 for six months aet
130' F~. Litaite -d data on gel stren~tris of A_ .pal-1n& to which
these inhibitors have b, e(n -dded a-.rt -ho-vin in Ta.ble U/.

R EJZ1 IOTEJD



Tabe.VI RESTRICTED
Oxi&tion ctability Pnd SPecific-tirx Consisterncy Ttsts

on ~rn~niBatches ivlad6 at the C -l;)rni& ;fnk Ccxm *,., in. 51

V*,i1c. Ovcn Viscosity ViscositY 1500 IEP, lain.
Sapl at~, 4 hs.77 0F tab. Tcst ~t,,.n d -r d

Ca, lifornia Ink
B.,.tch 5

)4ap h tho 1 0.35 76o 5/o 1)5

Californi,, Ink
Batch 6
!4o inibitor 06330 730 7,-- ?

sintering

Calif~ornia Ink
Batch 8
1% /' NI,-phthol 0.638 750,770 705,730 sintered

CO)lif')rnia7, Ink
B,' tch 14
1A~ o-,..nyl phenol 0.55 ; 7L5,735 '705,630 >77 hrs.*,,

C::Ilifarnin Ink
Batch 302
0.0c% Lorene 1.05 535 555 >77 hr's.

RflfSTICTE D
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Table VII

Induction Pcriods ofVrious 1-101'.5)

fr(,ssurtc Induction
Tempr~tuc 0y~enp~s in.Prriod, mins.

As Exptrimcrits with .So.lid Arp&Lia

p- pl1m 100 100 e05
Acatone Extracted Ntcpl.1r 100 100 5
Alum-,inuxn Soap Tal1oi1 Ac'lids 80 100 1?-0
Above + pc1nExtra~ct '30 -10(0 *'"0
Unoxtracto-d pL±+ 0.01%

TJOP #5 spro.yed in 100 10 1470
Extrr,)ctud k-ip:lfil + 0.01/

UOP #5 spr-yod on 100 1-00 650

B. Inhibitors IntroducA" During vpar Pr.-prrcltio'n. Tests at
1000C. a.nd 100 p.s,,i.

%Inhibitor Induction
Addod Pcriod, mins.

N one 0 20
Eydroquinone 1 5
duPont #19 1 150
Lecithin 1
SF0 1 45
Rubber inhibitor co-,apo)sc~d

of~ phonyl &
naphthyl'1..mncs 1

S-i,phthol 1.- 07
., 4, 6-Tr im (thylph(mnol 1 9

0 , 4-Dime thy(lpheno 1 63o
;2 ,4, 5-ricith~lphcnol 1
r-,4-DI.triethl-6-butylphenol 1 70
3,5 3,5, 51-Tetranaethyl-4,4' -
dihydroxy diphen),l 1 17

Srvntolene : 53
UO P -4a5 1*51
Aerohib 1 D4
Flb)yd's base #L8 2 1
Ae rolube BU 1-4
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% Inhibitor Induction

Aidded Pe~riod, mins.

C. Inhibitors Introduced by Vrry 7in i-ethois

None 0 205
N-pheny). N t ..dihydro-

isophoryl turv 0.1 1 5

toluidino Ct :.ric :cid)-;*.; 1 500
, (poara-.,zaino anilinD)

st,.jric L:cid* 1 410
J pura-oxy;znilin3))

stcaric c id~-", 0. -5 1elr 5
N-oct ,decyl rurnn

pi~eno***0.1 830
.N-cilcaury1 pr.rcphen ltne

di.min*~ ~040?- 7.30 06-70C)

Considerable loss to) iaotho r liquor owint to solubility

of' inhibitor in st.me.

*0 Cprecipitated.

Spriayed on soap 6rranules.
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Of the llma-teria,,l s readily a.vailable, UOP '5 a_,nd ,-naphthol
,ppe-'r stsuitable.

5.Napnl,.- itself contains n..tural -ntio1.-xid.-nts.
Thus, (Tpble VIik), a scmpie A hpal hr~d -.n inducti.-n period
of e-05 minutes (line 1) wvhen testcd rcy tho TUuP toai >ae.(thod
a.t 10000. ,.nd 100 lb. oxy~en pre:ssure. ititte.r tl-ree extr,,c-
tions wvith live tifiEs its ;ihtoi acetone, thne induction
period fell t.o 5-0 m.inutes (line c.). Te.extr,.ct aite-,rreiol
otr f. tty/ .-cids wa;-s incorporcated into Mn clurninuoi soap mi ,dc
fromr ta~lloil aC.-cids in the s pe.-e proprtionr, at viich it wars re:-

ooved ro~ th il,namzly 1.* The induction pe;riod of
the. ta,,lloil sanpie wsthen i ound to.: be incre~ased tram~ 1l-O
(line 5) to &6Q ;iinutes (line, 4) at 3000. Land lJ0 lib. oxyicen
pressure. 'ThZe ccid-ircec acc.tone, C-xtract wa;rs lound to contoin
Lbout c::5 of ftull ran~e ,:lkcyl phe ,nols,, indicatina th-.t the-re rre
,~bout 0.L 1 of the. se in the *oihn:lIvp ;1 ir odor -nd
physics 1 properties indicat(e timt the ,y were intr .,duced vi.% the
naphthenic a-cid, in wvhich the y vere noted to) b(e prcs;:nt a
impurities. It is cloear, thcrelor ., that La1pEalio is sta biliZed
to oxidation by thc prcsence of imi-purities in the, ntiphttcnic
acid ,nd thr.' ve ha-ve, here v kno-vn, -out as et uncontrolle d,
sourco of variati -n in the, oxida-( tion sus ccptibilit\O :-)f, pln

Oxidation wo.uld be exjecttcd to b~e fuvored bysml
p,-rticle size, (3). There is some.i indicL-tion th, t thec oxida":tio)n
troubles in coranaerci'-l productin -t one pla-nt, -nd in trq-al
batches made by an N.D.R.G. contr ,-ctor weare duc to this causc.

At the prese-nt tim-,c- ti(.e inco-:!plcete knovled. c- of the
facor fvoinoxidizabilit M vlr iti on(, of' t e Yiost

se-rious d-nE-ers of the i±, p: elyr -prou~r. It is nov~n tht en
01 the- sor:,ps prcprrted cooiu.*c-rc- l show teiiperfaturz. ric-esr
w:ithin =-i.ht hours on the nodtii, d 11kackc y te,-,t a- t 1J0000. 'while
othcrs shoj.. no rise uander t'Icsu: co,)ndi-tionsc. :riro
suilicicent lonf_-tiime, -exposurc tes,-ts ha-:ve inow~Oe run to show.v-
v .r ,in- susce ptibilit- to oxida-tion und-1--r )rdin,, ry rae"pirn--
conditions. ILt is cler-r, thfer(AovE, tha-.t cm~ce pe
oi ii1palm,-. vary v..idczly in tileir oxid.4*.Lio,,n susceptibility -nd,
thezrel ore, not Zall will b,. suit,:-bl . : or itra ,± r iuture
uste -s Typ. pln 'r-e~oo hl he possicles
calluses, name--~cly iron co-nte~nt oi the §.l-Unlinu,.a sulfal-te, n.-etural
inhibitor content of' the naphti,,-e-nic acid a.rid particle siz,,
have bgen &uete for tht,: v-ricabilit ,,. tiere, is no i u--r-
a.nteue that oth,.r f actors iv y not ailso) be a.-t work. rr-limi-,
na-ry lj.:rk ,.;t the Colui~bin, University Ll-otorltorius Df CevoL. (10
indic,;tes that oloic acids va-ry wid-l-,, in thec-ir susce ptibilit,'
to oxidation. The Col, t-Plov-~etOaa3 lso believe
th!-t the linolinic Lcid content of' the oleic -cid used in
-Ixap2lm mranfscture may hav(e cons-iderable influence upon the-
oxidizabilit of" the iPp~~n
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The bovo points require furt~~cr elucidrtion. In

the qce--nti-ao, it see .dvLSf7.b1lc to bc, as ca,,utious -*.s possi-
ble, in the se lection ot rcw foral r i~paln n.nul., cturo.-
Althouji low iron content n,.y nt be esscntit.l. in all cfv'&s,
it would seem ref1_son'-ble: to use : cids hr-vin,,. cs lov. iron
.-nalysis fas possIble, -.nd to use_ iron-, L~~ns~,and
copper-frec -lumr. No :.thod hs -y _t been viorke;d out i'or
m.e- surin6 the n.,_tural inhibitor cint(. nt of the na-phthonic
arcid, but it ,,n) be necessaryt to use mcaphthcenic distilled
ct one sjurcc: and adjusted to -. aefinite, inhibito)r content.

Altrritivlysuificikent inhibitor suc1-s1~ nphbl
U~i , Ac t., iayhr-v.. t.) b- dd-d to) t,.k( ofr 0 all po5-,-:i-

ble nturr l intribito)r cri. tionz* £karticlc sizie is rclr -tive 11
efasily cjiatrill ed in the ;i,,nufacturinb opc-rations.

The Dispersion of1 ai

Al ipalia for its finol use miust bt. disp,:rs(,d in
L-solince or othr hydroc-.rboDn s-lvent. it v.05- -pp-r,.n.t vc:ry(
~rly tha ,t th,. solvent plcy(ed a tin dct.rinin, thte ra.te

-of s-zluti )n ot t~e so p, and the consistency, vdnd othze.r ch-.,1
,icteristics of' the LiLl ior.ziod. Cyclohmxa-n, ndrcaai
nydrocvrb.rns in .ntjrz 1. v rc bound to Livc; strzongor 1 es t h.an

Alpmic itras l,) utmrorthe, suttin6 - -.nd
dispersion tnsoiL the so!-1ps ~we:~kd7 ±ce.by the
n-rturc of' the hy droc:,,rbon used. ior this r _elson, thm stancdard
te-st gasoline., pre!p r.d. by St!-:ndvrd Oil Dcveljxnemnt, has

iasbeecn usied f~or specilicfwtion v,.:-.rk '--rd cop vt xpert -
*.--nts on dilbo,_ru.nt fip. te-~t r~.n; an d, . to re
place this by ,, sta-nderdizc;. naohtbat s~ th, t (_rror s d u ( t o
Cvfparntion, di.iiicultis In _-ta-ndardfiza.!tion ol the g,, solin ,,
etc . can be aiiazcd .

Tnvesti; ; ti,.-n- (-t Lstrncdard Oil .Develo-,,)-cnt and
~dg4sod rsc.el of'n z'ilywa rn. ±rotor

r solinas, includin,_ those_ whcich havc bcen use-d in th' bi -lling8
.pl-nts, i-ic-t no e oa:prr~ii nsivu corrQltio btenay 0
the ph--sic~r-l propc-rtic.s oi: t~c- h-, JtrDc.rbo)ns ,_nd triCe oih tht;

1 lC in llbl 'VIiI, co,,iprisin,. r~zsults on . o.ii 0 hya rD-
c- rhoDns ranuin, ftr~jn c ,cl)he x-ne t:---uins th, hydrocia-rbon
-ad no _%pprccirbl- eilcct on ..-1 visco.s-ity with th,. exception

0f± cy;clohtzx~:n(, which -,i,. ldcd &els of'ijw viscosit7y, rand
,r~a crck ,d 6r siliex.ich res ulted in ~csoi v,_ry l ow

c onosst enc y. 'Aeitnr of triu&, .atri s Is likcely to, b(V -fc
in practice. x' evrthul(ess, di~rnein &.-s-liii. qu .. litl,
aiht b-_ suilicient to ive un.Ac.1b _0 ls -&h pcc-Ibic. tion
L-,1i1ndnJi,t be of L extrt:n.m iirportancc in th6. ldlc oh, usE
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The deleterious effects of some co ,ercial gasolines
are illustrated in the followin6 table. All oC tese 4asolincs

represent commercial products which were submitted !or use at
Napalm j el comnpounding plants,

* , .Mobilometer Readings
" d r . ..- , ., . ..........t (3% Gel )

4 hrs. e4 hrs. Phenol*
Gasoline .7_0 F. 120 F. Content

p .p .m.

Standard 0i Development

Test Gasoline 770 630 --

A 760 63o 1.4
B 700 580 1.4
C 630 5o 23
D 32o 65o 4
E -7o 175 00

0 Determined by the method oi vetlauler, V anhatta and Quattlebaum
(56)

Gasoline B had an Aniline Point of 17i' . Present
speciiications limit this test to 1L0' F. maximum. All of the
other Aniline Points lay, between 55 and 1100 F. Some corre-
lation between phenol content and 6el performance may be noted,
though other effects, such as the hi , ,h Aniline Point of' Gasoline
B, also appear to be operatina,. This correlation is supported
by the fact that Gasoline E when vvalhed with dilute Na0h, rinsed
with water, and dried Lave a gel performance matchin6 that of
the Test 3asoline. Peroxides and acids, as vwell as the phenols,
wiould be removed by this trezatmnt, so it cannot be stated that
only phenolic compounds caused the original Lel instability1.

Another gasoline has been encountered which was so
corrosive that it discolored the brass Mlobilomrntr disc.
Actual TMobilonaeter readings are not available, but it can be
stated qoaliiatively that the -els were unstable. Treatment
with ammoniacal copper solution, to remove the active sulfur
compounds, gave a Easoline showino piropc-r &el stability. The
phenol content of this gasoline was zero.

Certain inhibitors of the type usually added to
gasoline were fo.ind to have little efiect on ,el consistency
(Teble IX).
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In contrast to consistency, the rate of solvatiLon
oil the ihwpa1,-,r was chan,-ed by at lceast C-1 Lactor oi thrtee in
passin,. throuL~h the ran~e oi diiierent .asoline:s (Table VIXT).
Limnitin, consideration to tim: reiular motor ,-asolin .s, the
salvation rate is predictcd by the aniline poiLnt.

It wns found that lonr time stora e at -. 0%O. was
atIfected by the g ,sol intc used (Table 'VIII), 1jith gasolinces
of' very hi,, anilinE point, syncresis occurred aiter several
.-aonths. f.,wever, &-.salin-s htE4vin, aniline points below 1 00
dia not show more then 4-5/o syneresis over a period aof three
months star&-1;e atP..

p pmp T E
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TnI TW'*LNG &b

Thc: object of tin1-- t1Lstin,,, procedure ior Pi,.pL~ca h:s
bucn to -.nck . tes-ts .a.v,-Al'Lb which 1,,ould insure. , SAislfactory
End product lor u,,e- in thL liiAd.

The idexl requir, aei(nts for ,. sAtisls1cctor5 thickcnin,.
L;:ent lor 62solin&- -rc;:

1. The- rhcolo,,,,ical behaviour of~ the Cl must be non-
i,.ewtonian and ps,;udoplv stic.

.e sticky wlv-th -,-ppri~ci,--blu strin, -must be for-med.
it zmust not be uslhJort" or creombly.

3. The Lgel must he..vc reproducible consi-stency .?t any
Liven concentration.

4. Thc cons-istency mu,,st not be too &,re!-tlN, -,ffocted by0 variitions in -gasoline quell ty.

5- -,!ixincg o f "t he thickenr with g,7)soline: to ,iv- a:. uni-
f orm cL 1-must b-e easy.

i'or Typc B use s

1. The cel :eust be- st-,tle: from -,.O to lc-0o F. ove-r 10%6

periods 01 im to e.llow -L-r variable. stora.,e conditions.

~.The l 1 m1u st b e st a ble ~nd i -n i te t -4 0

Ivor Type zi use-s

1. Thc; solid soap imust be, stebli ove-r lone, periods ,t both
low a-nd elvtdte-rme'raturcs E-Jvin,, a- srtisba&ctory 6(A JVhen
mixe d with. :ucrte-rmai,-stcr pool ,-a1soline.

In addition to thk.: routine- Lnalyticral t, -stE on the
solid sorap, which would dcscric its cht;.micel com,-position, it
sceun-cd v,. rN ncesssr to he-vfe some firm of consis~tency test
on tho ..el £ orm(-d in jasoline,. &Early wiork z-t iLa ',staan Kod,,kk,5 -)
rcnd Standalrd Oil Developme1 nt (5) had indicated;( thcat the
appare nt consistcey of the. Lgel v-vs clos-ly rel,:eted to its

p~irnnein s.ctuxl usc. '- ith this in mind, the spccii'ica-
tion C*.5 l1511 oa sud ll1j4 )L to d6Ecribc us closely
,?s possible the ±irst sf t i sa,'ctory sa-mple-s oi fic palm,~rgia~
known ras X-104). It wps btelioved to be unnecc-sa.ry to differ-

This is more,: function of the. &ssolin- than of' thce solid
thicke-ner cli-plo:y -d.

RE~~ BPIi~
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entiate between Napalm Types A Pnd B except for the specifica-
tion o a certain minimum settin6 time for Type A, desi.gned
to allow satislactry field mixin, (5). Since little was
known of the efiect 01 many variables in the manulacture, it was
believed necessary to include limits for aluminum content, a
test ior iree suliate, etc. on the basis of satisiactory re-
sults, the Gardner Viscosimeter was adopted as the standard
instrument ior meazarin, Ceel consistency. it was expected from
the scanty knowledge oi the soap available at thc time tlat
trouble mij-ht be exptrienced with the speciiications and fre-
quest revision would be necessary.

By the time ol the January meetinb on Napalrm at
Bayway (3 ), it had become clear that some. revisions 01 the
specific.'tions miht be required, and in particular that the
method for running gel consistency would require more investi-
getion 2nd very close specilicltion. To do this, a joint C ,S-
NDRC committee was formed and met several times at Ed~,ewood
to formulate adequate testinL methods. vitt respect to con-
sistency determinations, considerable work on ten Nap.alms at a
number of concentrations (7,1 , 8) led to the followine con-
clusions:

1. The G ardner instrument, of the viscosimeters
tried, yielded most consistently reproducible results.

2. At soap concentrstions above >?Y, reproducibility
is gre tly impaired. i or this reason 8% was picked as a
standard testin o concentration.

3. Providine the ,el is worked once, r producicle
readings are obtaincd at 8/ concentration. it is unnecessery
to work the iel ten times.

4. Check readings within O ,rems czn readily be
obtained on the szme ,el ii a ri ily standardized procedure
is followed.

As a result o this work, Directive io. :01 was
issued 4/e/43, followed by its revision ho. OlA, 7/1&/43.
(Appendix VIII).

As knowledge ol the properties o iapalm incrcased,
it became evident that some of th speciiic.:tions were of
little utility in 8uarantee in, good material. iience, certain
requirements el the original specification, e. . alumainuc and
sulfate contents, were removed. It also bccame clear theft
the most important danger to be guarded against was inadequate

RESTRIT12D
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stability or the gasoline Eel on 1k.,epin,. In this r 2-pect,
however, the drop in viscosity on kcpinflLroin two 3Ys to
scv(en dayrs was found to hevc. littlc sicnificvnce .M (5) urthQr-
mnore, th.. %veitin6 involve'd in the szv-n-deay tcst w--as troublce-
som.e to thce mCa-nufccturC.rs, ce,.usin,_ a ltrLge tie-up oi material

aaitnapproval. -oor this reason, the se-ve;n-d,-ay, 7701'. te-st
was dropL.,,d whcn rtvised speci.Lictions iv-rc issued 4coLS
In these, the 43 hr. 770.C' + r- hrs. 150o1"- test in a stcal
tuize was re:taincd, the -viscosity bein,. found to drop to a con-
stant level and decoeasc no iurthtr. This drop is btelievwed
to be equivale nt to that which the -el -w ould undiergo on stand-
-Ln for svrlmonths at room tc.m-pe raturc. This test, hovi-
Eovcr, still in-volved a weait oi two da,,ys at 7701,,. before tie one
dcy a7t 1500. it vw.as thou.,h-t th& t onc daiy at 150%P. applied
immedialtely arter :kieup thc :El wou~4 -,ivke similar re5sults
,nd this.:irs loa ob h as '4~~.Tble X indicates
neijl chanceo in cons-istcncy ,-.tcr c-4 hrs. at 1500%.
Ttable XI presEnts ,- coaiparison of the to ty7pes of' sjpcii'ic&-

tions .
Tablu X

TIUme and Consizte ncy aftEr_ Aorae a;-.t 150%.,*.53)
(patirs of numabe:rs ar( duplicAe t~sts, Gardne r rezvd-Ln~)

uoexicGesn Eakins Pfstr Nuodex

2 hrs. 150 0 F. 510,L',j 710,750 540,560 750,710 500,1430
4 hrs. fl500F1. 430,440. 740,750 540,530 7LO,730 470,430o 0
16 --- 560 --- 440 -- - 0

3.:0, 350 530, 550 5; 0,530"000 4.90,530 510
4/ 30,5150 5,,0,550 5 0,500 530,A00 4 0,5 O 560

90 50,L70 530,530 570,450 570,570 4V0pbO0 540
*48 hrs.770 F4* 030, 6 6 0 75P,300 540,550 740,700 040,D,0 010

163 hrs.77%. --- 040 --- ---- 040

XG Mvoisturc
Vac. Ove n 5
hrs. 550 C. - 0.40 0.65 050,~ --

C',LVS Eenzol 1-7 0.~ 1.1 0.6 0.6" 0.8

R E ,ST R10T El D
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Table XI

Go~ars on _of _1 0 -. -h,,, pin Tst

,Vac. Oven Moisture
(,4. hrs. D600 G.) 1.10 1-50

,S -:c. Oven --A-oisture
(5 hrs. 550 C.)

%o Moisturd CINS
Bkenzol 1-7 1.7

4i4 hrs. 770 P. 640,6 0 510, 5 5 0 '0,"10 -

04j8 hrs. 7701'- 040 640,6' 0 110,640 560,650 l

4.3 hrs. 770 .

e-4 hrs. 1500 b* 40 560 30,33o 370,350 570

;--4 hrs. 1500 I.510 510,510 540,5>0 )oO,350 510

,r hrs. 1500F. j65,710 550,550 500,500 510,4 )0 660

1683 hrs. 770 P-.- 6 0,6)0 530,530 640 540

The new spcciic :tions now allow testin, to be- comple:ted ira
vbout fifty hours -x"t-'r prep -ration of the soap. At the same
time thcxt this la, st chan~o w~as made, ax two-hour at 1500 F-. test was also introducud. it~was thouuht that this would indi-
cfato the maximum consistency attainableo by the perticular 6(e1,
but subsoquent studics do not confirm this.

As pointed out in the next sectiLon, 'the moisture con-
t,-nt of' the-- solid so,,'p has a. profound efftect upon its properties
in the -el.-tato. Neve rthaele s s, the detc'rm -inc-tion of m-roioture
in a -m.rtcrial of' this type is cxceedinj1y troublesome. In the
orit ,nal specific-tIons, the Dean and Sta, rk iethod lor de.'ter-
min-tion was adopted, it bein, thouj_-i.t t -a6t this m- ,asured ap-

proximctely the 'fo moisturve- of th soep. n investi~Ltion
cl.:arly showied the amlount oi wcx;t..r collecoted depe:nded upon the

toiin pIn of .tpe yvent useLd, thce lenth ol time. of dis-
tillation, etc. (lO4J ;40istur(e specliiczt-on conse:-qukently
was allowed to 1;:ps- for cxtimte. ,Iov,-r, with thj onset of
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humid summier weathcr it became clear that many nanufacturers
were allowin j soaps to pid.k up maoistur- bcforc or durin,
packsin, which subsuquently cau.sed failure in the 150'
consistency test. For this reason the new moisturc specifi-
cntion was introduced July 8, 1)43, a limit of 0.8% by benzol
distillation being set.

It will be evident fro;- the pr- snt specifications

(Appcndix VIII) that principal reliance for securing ,:)od

product is now placed upon (1) control of moisture content

ond (2) control of consistency cI.tcr exposure to one day ,at

1500 F. The intioduction of s test for oxidation suscepti-

bility into the specif ic tions !-sy be necessary, p;rticulrly
since reports of oxidized soa ps have been received rom over-
seas and from compoundin, plints.

RESTR ICTBD
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The Manufacture of' hapalm

Expansion of' Section A p3,ThE; AIechanism ofPecptain

A more complete represe;nta-tion ol" the hcapalm precipi-
tf*.tion proccss is Livcn by the followiink, equutions:

1) 6NEaR + kl, (SO4 )3 = 2AlR5 + 3Na-.SO4

2) 2NaOhi + 4NaR + Al ,(SO04)3 2Al(Oh)R; + 3 Na,-'O 4

3) 4NaOh + -NER + Al ,(SO4 )3 2A1l(OH)LR + 3NTh-..SO 4

hydrlyzeEquation 1 is the.ormtical, since aluminum sw..ps

4) A.lR5 + h2 0- Al1(0t-,)FIR -4 1

In th- acovt. equrtions, i.IR de-notes tne ziixture of
cocoanut, naphtfienic and olie *cids use-d in Napalri. in this
c se, the molecular wc!i.,.tat ofhii is aperoxiaiately L)3, end the
correspondin:1 aluminum conte nts of the thr-;e soa;;pE shov~n aLtove
are: AiR3, 3.74/o, Al(Ofi)R,:, 5.30/o, and A(h~i

Analyse s show that most satisfactory !N,-palfas contcin
bctw ,en 5.4 aLnd 5.3/o il. -1-n tc rmis of the abovue comlpounds, this
indic.-tEs a iixturc of Al(Oh)R,, a-.nd AlU)Rconta---ining betwcen

)7.8 and 37.31o til(0L)RL. Becausc of hydrolysis, all Napaims,
contain some frcc t-cid, so th, lactull ptercentabe of'A(0

*is probably- hi~hcr tha-n tha to indicated.

The 1'aR is lormud by the reaction of i' c0i and HR.
It will be s--en that Equat.t.ons 1. c, f-d 5 all involve a total
of 6 rriols of Na~h. In Equation 1, all 6NaV-K have bee-n con-
.-ertcd to ReR. In Equa-tion 2, 4-NaOii are pre-stnt as soup, end

2NaOH are freec; thus, the, ra,,tio of're to cornbined NaOh is
50h. In Equation 3, thu ratio is 2,0o 1'o riv e-,a mixture of
97.836 of the product of Eq4uation~ a, and of Equation 5,
the rartio of frce to combine d 1420 . can be cclculated to be
55.5%. 1-or 73%of' the produce of' Eq-u--ation e- and l.%of' the
product of,' E'u,,tion 5, the' ratio would be 3,. c-nce, the
range of !7luininum contents can bE. controllcd by the ratio of
free to combined Na~h, ovur the(; r,,n -e of 553to 6~g/. Success-
f ul ' -Pf: ;:n i-anutscturie actua-lly usts about 0JQ/O free calustic.
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Al(OE)R,, contains of the as solinc-solubl---- R,

while il (0hX~R containE 79.c-/o.R. i-xpressAd in onothelr vuy,
.Cil(Oh)R, cont Ans only 8-7/ o1 thcm 6csolint7-insoluL;lce l-,nd
OH, whit,. dl~h),R cont.Ans oi such ,,roups. hence-

1xl(Oi)Rk would bd expected to dive a:ckrmore ekbtnsible

Eel in ,pcsoline-, too weak for the- inte nded purposE;. 1id-(Oh) ,R,

how -ve r, would' 1lack solubilit-y, wj~ould be e xtreliely diiLiicult,
if not inoseeto Oic ~ t room temipe ri turc., -nd would
Live a loiT cxt,-.:nsibility ,el if dispa rsE d. The eiiixtur& ob-
tcamed by u in- f roml 53 to 0~ofe stic is thus L.bcl:.nce

of de sirable an~d unaesirable proptertiz,.: sufiicicnt Cxten.,-i-
bility End ael 2trcn,_th, ivith th, ,ability to disp, rse -,t rooma.
tepe:tr in -c solinu. The raLtio of' fmr. to cot:,nbin .d iJu
controls t.e citv proportion,,. of* I qu:- tion .nd 2iquLation
3, Lnd hencethz -cl str -n th of' the-, product (TCable-: I, p,- 4).-
It is qeen th,-t high r tios of free NC.Oh Liva- too Much zil(0L), H,

which will not ~e.4 , -nd he.nce tim E, strcn Sth dCecrerCees
if thc ra-,tio is tee hi h. The mxu stron.-th appec.rs to
occur s t about "#. frec ctaustic.

1, e- Fnd 3 indicate thrt 6 mobs of IThf
-re uscd in rll13%. --:s, r, frdls ss of the rpatio of' fvre, to
combined INaOE. 'F S,; 6.1o1s roquire, in iicascs, one mo.1 l 0
AlJSQ. ( if -:.c, jtty lacid vzrie rant t. r6,,eAcJon wi..ould be:

0"1 ~j 12 (S 2--1l(OHV- + 3.1a so

That is, once mu.l 01 -lum r, octs with 06 mobIs ol M\aQh, r(,-,rdle.:Iss
of the, nmount *xi, Ptty ,:cid .preDSenus TJhe quality 01 v~apailm
1forned is contrlli1 d by thca r tio 0- i'N,- nd . ntb h
ra-tio of'N~ sd alum. This is liurther borne- out by-a sccon-
da,,ry reaction v±Aich occurs .,.hen alum-i is added to 'A ! h:

6-) 8 I',.aME + 111 (30 )-- = : Ia l10 -i 7-Na el 4)L e /-OLt+4di2

Sodium alumi.. tl- f Dos wn.,n t~ ph i s --,bove 10. 6 11 ±~urn iin
hydroxide i,.il not form until tne pil drops belov. 10.6:

7) J n + 1i\a O + Ala(&O4 ) J04 5LS 4

Siarila:rly, N,1p,-.lni will not folrm, il fatty ,.-cid is pros.-nt, until
the, pH drops t ,low 10.6". if inH is prese-,:nt, thei- co~ibiau-F viith
theC XAl to form - soap. If' no HR is pre:s ,nt, the rz;action is
simil~r, except tha.-t theD pr -cipitatel is a, hydroxide .

RE"3TriIOTEDWI
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zvs stated in Section .':, thr. ctU4 1 precipit tion

misy be viewed -s t, titretion in w,.hich lu is Ldded to Naoii
and/or N a R. Fi ure I illustrte;s, this. Curve I was obtv-in-d
in the laboratory, usincl the plznt Solutions employed on a
la-rge sccale in Curve II, but without tho iL--tty acids. The
break at ph 10.9" occurs with lcss -.-.lum in Uurve II because
only the free Nauh forms thr. alumninate (Equation 6'). The
second bre-ak occurs whaen both free( Crid cotmbined NaOL, are.
neutralized. This is independenrt o:L the, ratio oi f'ret, to
co-mbined kv.0nr. Consequently, thez coZA _ulr;tion point occurs at
the same ph (about 7) regardle ss of' the retio of' free to
c omb ie d ±h .

Curve III shows data for ilet.,aod 11. c~er( tim-, Ire
Na~h (as Na,.C03) has be en added to th,. alumn. Teabse-nce of,
fret NaOHi in the_- sovp precludes an-y aluliinctc Zormst ori.
Nvpalra bobins to) pre cipita-t6 as soon as 1,;lumr. is added, while

*in ic~tieiod I, about 35,'/ of thta sluma is added bef'or the ph
drops below 10.6, und IYC-palm prccipitctes. The presence of'
the free I'Na0h (as carbonate) in th-. aludr explains the hi ,hcr
fin-J ph of Curve: III.

.Lt the pre_-sent time, there is evidcee th.-t the,
presence of' Al.(Oh)S04 in the alum solution used for precipi-
tation is -~n odded source of' hydroxyl 'ions, a-nd m.,ay the~refore
cffectiviely increa.e the ratio of' frce- to combi.ned caustic.
Vwork is in progress to clvrif'y this point.

0S
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J~ppcndix 11

Batch Mev,.thod -1

--,s stated cls~wh re in this rcport, this vntion
of thim copr,:cipitartion natedis bein- recomenraed as a:, st.,n-
dard process. The basis for this choice is the retrqua-ntity
of inforna tion available fro>.,n the mcnmufcucturers &rnployin6, this
-iethod, The following discussion will, th .rcfort, be cx-
pande d in considerable dketail in ordter that it trajsrve C a
plant procedure to any new manuft-cturers who might b,, ,:sked to
producc N,-plmn. -!.herc specific quantities ore aiven, they a.-re

a-eaes of the cectu-l quantitie-,s used by pres .nt iuecrrs
Fi~urc 6 shows r scii..aavtic flow cihc._t for , .O3 batcht of
Napalm tmnnufnctured by thc recoiTLnetnded procedurK;. Ta,,ble XII

a-V2! sumr~iry of m~oilquantitiels and ta'nk sizo-s lox' -ny
desirld sixce of batch of' YNap ,,lm with specici value s for
LO00y batch .

1. Rfaw I. ivatrials

a. :Icids

Va~ria-tions in cIid qua,.lity ha,,ve bcen f'ound to be
pe,.rtly responsible !or diircrenco s in the: cherLctor Di tn.- soap
produced. Close ,.dn_-m.nce to spe:cificcations b~regula'.r labora-
tory of'tin nof nw ship.ne,,nts is ,, pre_-r(3quisitt; of' satisia;-ctory
INap.alm production. it is -lso a-.dvis!a-blz1, to r_-t Ain s1-,-mples
(--bout 1 al)of' each nc~w batch for fut-urL rJ.frcnct if
nOcdessry. The fo)llovwin-, spe. cific.Aions have been found
suitable.

OSpciif ications Cocoanut Fatty --cids NE.phthenic .. cid Oleic U~cid

.acid numbe~r 16- 0 005 ~-e00
Iodine number below 15 below 10 85-)0
Iron belov., 0.O1o below 0.0l o below 0.011o
Lnsaponifiable e_/O .xiu below 36below 2%
Titre OF. 75-77 80ol ,oc

b. Caustic

Flcke or liquid caustic i-,ry be- used, the qu!cntities
r _,c om iended f or use in this re3port a-re b.-std an 1JO/O I'aOh
(7 7 5,17- Na0) The iron content should be kept bclow 0.01,.

R E ST RICT~
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c. Alum

5ar restrictions have been placed on the use of alum
made from aluminum hydroxide - "trihydrate", and so-called
"Victory" or " iar Grade" alums made from kaolin clay have been
offered as substitutes. There is no stron., evidence that the
"Victory Grade! material is not entirely satisfactory as lon6
as the iron content is below 0.01o and other netallic impuri-
ties are kept very low. ievertheless, it is highly desirable
that the old pre-war grade, made from trih.ydrate, be used in
order to avoid any possibility of trouble. Some "Victory
Grade" alums contain a certain amount of insoluble siliceous
residue, which settles during soltion, but appears to have
no effect upon ,el properties (27i. Acceptable slums contain
15•3-17.5%c AlLO3 and 43-47/7 S04.

d. -%ater

No diliiculties,with one possible exception, have
been traced to water supplies, and it is belie-ved that unless
extremely hard v,-ters are uaed, no attention need be eiven to
this factor.

a atiof Sodium Soa S ton.

The acids are mixed in the wteicht rctio of

Uleic acid 5
Naphthenic acid 5 0
Cocoanut oil
fetty acids 50

The mixing may be carried out in sualiicient 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. T±he average yield of' dry i*ok.palm m-ay be taken as 105
pounds per 100 pounds o mixed acids (57) and the average
density of the mixed acids is about 7.6" /gallon. The quanti-

ties of acids required for one ton of dr ' Napalm are

Naphthenic acid 476 pounds
Oleic acid 470
Cocoanut oil fatty

acids

Total i, J4 pounds a volume of
4 gals.

Therefore, a tank of about '00 gallons cepacity would be
suitable. a eaiiple of tne mixed acids is withdrawn for detcr-
mination of acid number.

R ESTRIOTED
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The required quantity of sodium hydroxide is calcu-
lated irom the acid number ol the mixed acids. This is indi-
cted in the following example of production of LOO&# of dry
NapaLn Irom mixed acids having an acid number of 40:

By definition, the acid number is the
milligrams of KOE required to nEutralize
one .ram of acid to an endpoint usin,
phenolphthalcin as an indicator.

NaOh required is 60% in excess of the
amount necessary to neutralize the
acids.

10x 2000 x .40 x.40  x 1.60 = 522 NaOh/ton dry Napalm.

The method of afding the caustic to the mixed acids will de-
pend on the particular manufacturer's facilities. A conveni-
ent nethod is to dissolve the caustic in vvater to a concen-
tration of about 10o by vweiht (565 6allons of water per ton
of dry Napalm to be produced) in a separate small tank. This
solution is then puinped or drained into the precipitator
tank, the acids added throuLh a cloth filter, and after 15
minutes aitation water is added until the proper total volume
is reached. -hc recozmended concentration of 1;tty acids in
the precipit,-tor tank prior to alum audition is one pound per
gallon. '±herefore, the sodium soap solltion should be diluted
to 1oO4 gallons before the alumni is added,

This dilution drops the percent of sodium soaps and
excess caustic in the solution to approximately 13/ by weieht,
a fi.ure ogred upon as about the opti..-um cy most manufacturers.
Lower concentrations of sodium soaps tend to produce 14apalms
which give weaker gasoline gels.

3. -kreparation of the Alum Solution.

The n.Lount of alum required is about 115% of that
necessary to supply sulfate equivalent to the sodium added
in the caustic. Actually the quantity of alumn solution added
may bc controlled visually by the occurrence of coagulation
(at about 100o of sulfate equivnlent), after which about l5b
excess is added,

RESTRI TED
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Assuming an alum containin, 47o 804, the v i,,ht
required is calculated as follows:

Basis: 1 ton dry Napalm
from (L) the weight of lNaOh to be used is 52e

.4o07 x 1.15 = 1535

The required amount of alum is dissolved in water to
a concentration of l56*, the temperature being held at about
1050 F. The solution is cooled to about O'z. and allowed to
clear by settlinL. i'or one ton of dry Napalm, the volume of
solution is then approximately:

1535 x 85 + 1555
151137 ,allons

The density of a 10$ alum solution is about 9.0 jj/ 6al.

4. The PFrecipitation.

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
the volume of alum solution or, for one ton of dry !Napalm,

1.5 (i 04 + 1137) = 4560 allons.

The additional -volume, while not absolutely essential, is
desirable to allow for a4 itation and possible foaminb. The
tank itseli may be ol wood or steel and must be equipped with
an a~itator ol sufficient power to kive rapid mixin,. i arrow
radial baffles (usually four in nmnPber spaced 500 apart) around
the inside of the tank h.ve been found to aid in obtainin8 the
degree of agitation desired. 1he alum feed lines should 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 liquid surface b y means of multiple pipes
or by shower heads placed near the aaitator blades. 'Lhe precipi-
tation tank should bra equipped with steam and compressed air
lines le cdinL to the bottom of the tank, temperature and level
indicators, and a dump -alve large enouL4h to avoid plu&,in- when
the precipitate is dropp.ed to the filters. It is necessary to
provide Ieans for access to the top ol the tank to enable the
operptor to observe the progress of the precipitation.

Up to 50% concentrations have been used successfully.

R ESTRICT R"D
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The agitation requirements of the prccipitetint tank

have not bjen correlated with batch size and information
available is of a qualitative nature, Insuificient egitation,
or too rapid alum addition results in local hiah concentrations
of alum surrounded by an alkaline solution, and premature pre-
cipitotion of large puffy a8,lomerates may take place. further-
more, towards thc end of the precipitation the coaulation may
be so sudden that the soap cake cannot cc broken up by the agi-
t tor and difficulty will be experienced in droppin6 the batch
to the filters. Inclusion of unreacted sodium soaps may take
place due to the sudden coaoulation and subs.qusnt washin, with
water may not remove these undesirable materials. Ovcra~itntion
on the other hand, usually results in finer particle size,
which, if densifyin6 squipmont is not available, will result in
a hijher purcentage of fines during screening and may increase
the oxidizability of the soap and decrease the time of scttin6.

Agitators may be either propeller or paddle types
depending on availability. Power requirements are of the order
of 15-20 I.P. for a L0001 batch of ihapalm made in a tank of
usual proportions. 6he actual power requirtments and speed
should be determined for the particular tank to be used.

The precipitation is carried out At 850F. and this
temperaturc should be held to within + 50 F. The alum is added
slowly with agitation, the rate of flow beine adjusted so that
the total time of addition is about one hour. By means of an
orifice in the alum line, the proper rate of addition miay be
insured without constant adjustment. Precipitation at first
occurs slowly, final con&ulotion (the "strike") taking place
after about 359 of the total alum is added. The precipitate
floats to the surince of the liquid which graduplly becomes
clear as th. alum addition is continued. wnen the required
excess of _-lum hos been added, the liquid is no longer turbid.

ahe precipitate should be washed until tho extraneous

salts arc reduced at 1east Es low as lb7. hc amount of water
necessary depends upon the method used lor washin,. Under poor
conditions of contact betweeen tho precipitAtt and the wash
wnter, adequate washinblas been socured by the use of a volume
of wash water equal to the volume of liquid present in the
precipitptin 6 tank at the end of the precipitation. This
water should be used in tvzo or more portions. The extraneous
ash may be estimated by determining the total ash and the
aluminum content oi the iapalm, correcting the total ash for
the alum:.inum oxide present.

In some cases it has been found that t washin b

operation with dilute alum solution before the wnter wash has
a beneficial effect (27,O). in cases where coagulation causes
a stiff cake to form, the inclusion of sodium soop may be
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-~ RE~iSTRICTED
la-rge cnd the alum washing will he-.lp by removin, or rtactinE,
with these undesirabl_- soaps. if an ,Ilum wa-sh is use~d, the
volume of' soluti on should be abDut on(. h lf the,-. volume of'
the finished 'tDtcif &nd the concl :ntr-.tLon should bc abo)ut 0#5-
1/%. The_ alum washinCg operatIon is carri.-d out pre1li.minary to
and in th!e sF!me manner -as the water wash, e xcept that a con-
ta ct timen of 15-50 minutes should be allowcd.

As discussed on pag8e I' of this report, the dlvtr
inL process varies conside-rably aJione, the diflierent manufac-
turers. Limilavo products reobteained using suction filters,
rota:ry scre-ens, a .nd filter pre. sse s wilth equipmecnt for br(; kin6
up the filteCr cake.

If' e quipment must be procured, -- rotAin., scr:eeLn is
probably the most c.onveniewnt and 1le:;. st expe: nsive of the0ven.rous methods. Th~ screen is si.Aila-r to those- use-d for
gra~vel v,-LshinL and consists of a cylindrical ope~n e-nded scree-n
of about ton zmcsh. 'The cylinder is mounted with its axis &t
,-n angle of about 50 with the hoLrizontal, and rotated a-t ZO-50
rpm. The. slurry is introduce-d at the uppe;r end of' th.e- cylinder
and travels to the lower end, the we~tzr le!-vint, throuLJa the
holes in thc- screecn. Vvat,,r spreys ae plP' ced -lonL, the Axis
of the cylindtcr and g.ood vvcshin action iL obteaine-d. A second
similar screean may be ploaced in s(er-,.is -ivith the, first to pro-
vide additionnl washing * In this ,way the vtrcontent min.y be:
reduced to about 50)% by- we iLht.

As diScusse-d on pag-e 6 of this r -port, typ . A or
slowe r scttin: 1 4-p:lm myb produce--d by -- so.rrie%,hat different
trea.-tment o.l the _ precipit,-t;.. 1he precipita'te is pv-rtiilly
de-c.aterod in a plate: and Iram.., filter pr-ss enMd the riesulting
c~ke is ied t:)L, ,:i of di'1r;t1lyrotr tint rolls. The
rolls atre of' the nEriel ty p, use d 1 or clay4 cruShin, or pa-:in-t
pij~me nt -iiillinL, -and mayt b, bo)ut 15 0 inches in di;:! t.-r
6Q',-rc-ed to ope r-Ae- e t e spC;Ud r, tio 31 Tho,_ut c~± larae
rceztwEen th-,- rills sh.Duld bu. ab~ut 1/1>'11 Tl; ribbo-n przoduc~d
is rcmo3v,:d Iron tho fast roll by a steel doct )1 tlid-- -and
paPsses to the comiainutin, *-rnachinz, -vhc-rc it is brokeni up to-
pass an a mesh scree--n. The -.q. .tcnial is then loa ded into the
drying trtays and is pr.ocesse-d ir-n the s,.,rau .v-'y cr.s Type B.

b. DryinL-.

TIhc dryin, opcr~ tion may bu carried _ut in vairious
types of equipment, and its choic(: depends on thu rela7.tive
avsilability of thez equipment to the Ma~nufacturer. 6ince tray
drie-rs ,:re most a!vailable their use will bL. discussed ,but
the dryin , principles are_ applicable to other type s of driers.
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The clewatcre d prccipitate is loa ded into driter trays

to -- depth o.-f sbout 3/4 of an inebl. The tray.s havc open, scree ned
bottoms c-)vored by muslin and norm.-lly are about 1" x 181 x ;O
in size.

The dricr tempeo -ture should be held rat L0 0 'F. with
.?ir velocities of c50 to 400 ft. p..r minute. Dependin8 upon
the equipment bei l., used fo-r size classifica:1tion, the N,-pa-ln
caln be 1-ir.ndlced succe-:ssfully on the screun w~hI:n the moisture
content has been reduced to some detinitc. fi~ure). It is
recommended that the mt.ialbe left in the: dkier only until
this fi. ure is re ached a.nd tip ri ha.ndled in the screcnin, ,-nd
blendin , equiprnent. Altcr this oeaonthe ma teriL-l is re-
place -d on the trays and the dryin-, coiatinue d until the moisture
content ha-s bcen reduced to belovv 0.870. ThouLh this in-va-lve s
loadind the trays twice, it ha,-s been f*ound tha. t the- passa~ce
throukj the screecn permits - more rfapid dryin6 ratu so th~t the
overall dryin, timt. is considera-bly shorte -r tha n it u-ould be if
accomplished in one oparration. lhe- screcnin6- and blendin.. should
have been accomtplishud at such a po-int that the; rcdr~inL, does
not chanc the particle size distribution. In this ca-se, re-
screcnin6. Lt the completion of' dryling- '-. unne cessaryr, a.-nd the
moterial c,.an be pikddirectly into the. final container.
This permits packing: the mn-tc rial vhile it is still varis,
reducinL rfl thu. dan,,er of rnoirsturcze pickup atrdryiin..

0-q
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Batch Method II

This mrethod differs ir~brtch mnethod i in that
the aluma solutio)n used for the precipitcation has b in par-
tia lly neutralized with sod&.a s.1n By this procedure a
uniform prucicitation of soa-.p is obtained thr..u, hout sub-
sta-ntially the eCntire period of almaddition.

There seems to be no conclusive: cvidence thCat the
products of the two batch. methods differ in quality, Sa,-t-
isfactory soa-ps may be madeo by eith,_r mtethod with equipment
rcquire-iients ,~bout thc sameu. At the present timc op~rLtin.,
da~ta fir this .iethod are ava ilable from only one -wLtnufocturer,
but it is planned to tr 7 the process oin aplant sc,,alie usin16
adifferent tmanufa-cture rfs equipment.

Appendix IV

Materials of Construction

There is little eviece that 'Uhe ilterials use d in
thce equipment f.)r -.. -nufacturin, Pal haxvro any !groat e-ffect
on the :iuality 0±f the product, s!om-,,e J nui'ect,.irers,. o f satis-
factory product usin8 iro)n :;nd others w-ooden or lead lined
tanks. As stated C-ls, where in this report, contaTiinvti:on by
iron, copper, -man~ancs e and cobalt are undesijibhte eand should
be avoided.

V-wood or stcel. tanks wi.,ll in Lten~ral be s tisf!a-cto-ry
if first ca rEfully cleaned to) re-move3 tracus if m.terials pre-
viously processed. Stee-l precipitato)r tanks become-ic coated wiAth
soap ftrthe lirst few batchEs and contamrin,-tion with iro)n
is thus prevented. LonL pe riods of fatty acid stora ,e in iro)n
conta-iners is undesirable since considerable contfamrina; tion may
take pl-cc. Similarly thu alum solution will dissolve iro)n
fro.1 the: wallls o)f stkel storage tank a-nd result in conta,,Imi-
nation of' the pr:oduct.

R E S TI~~~
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Process Coritr:oi

Adequate control of the _-,,anui,-cture of Napalm is
necessary not only to direct plant operation, but to fur-
rish. a record which may be referred to in case en unsatis-
fsctory batch is pro-duced. SamplinE end testin '. are ad-
vpantapgeous at numerous points in the process and these will
be disclissed briefly. it is advisable that a 1%L sheet be
prepered and the operator be required to supp,,.ly the necessary(
not at ions,

1. Raw - .ateri.,ls

All newt betcn;-es of rEaw aterials should be sfe.iqpl._d
and tested to b~e sure t.L,t tZ.6 iiieet specifications (see iaag
4 ). 4' S"L'.1ple ol. at least twoj quarts should be t,:ken froin

each new batch received and stireod for future refe rence if
necessary*

~.Mixed Acids

ti s a.-ple o)f mixed acids should be taken from each
batch miade up end the acid number determrined in the lea.b-rat.ory.
If' necessary the gimount of caustic added to the batch should
be adjusted to the acid numbrier lound (s(-e ps ' ). Similarly,
samnples of the rixed sodiu-m soapS should be titratc d(27) with
standa-rd acia to phenolphtlnelcin, oand t: eny oranee end-
points. The titration of' the sodium-- soa-p solutin m',ay be
carried out as followvs. A, 45 Ml. scuip1 the; soap so)lutio)n
is pipettei' into 500 Mil. 1lask. one hundred cal. of a
neutr, l zcd 50/6 alcohol ond 100 -cl. of' petroileum ether are
added. The soep solutio)n is titrEated with sttandardized one
nor-nal sulfuric acid, first to the ph.cno-_l phth,-A_ hin endproint,
then to the iiethyl orange endpoint. The latter endpol-nt ma1-y
be Judged b-y the claiity of the aaucous la yer as well as by
the color c1-.,sn1-e. The amonunt of acid necessary to give the
fo)rier is equivaltnt to the: free caustic present Pnd the-,-
diffe--cnce in the a-irmounts used to titrate to tibe two cndpoi)-nts
is equivale_,nt to the s-odiumn sop., s. The rctio, of course, is a.
measure D' the: £.re caustic and iria b( ; used as , c1-c4t on the

o~r.-tr nkinc, up the batct.0

3.__Prepparation of Ceustic -rnd Alum.r &oJlutions

Temperature and qua7ntities of mIate.rial used Ehould

be noted oin the operator t s lo&,-sheet.

RES3TI01-__D
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4. -Precipitation

The ib',g-she et should include - record of the tern-
pereture of the tank contGents, dilutio,.n level Leior6 c.Lua
addition, timE of dditi,)n arnd amount of' alum used and the
a..nount of water used durint, washing.,

5. Dryin,,

Notations should be mec of dryin, tei-rperature, (a
recorde r is desirablcz), time of initial dryin, -.nd rcdr~inL,
if any, yield, and if possible, artmosphceric tei-aperatur. ,and
rela:tive hturnidity prev~,!ilin... tiot sa-;mples should be tcken from
the drums into which the Napalni is p,,acked b -means of L. sam-
plin, thief,. This samplke should immrediately 'cc plactd in v.
mason ja-r and closed ti~lbtly to prevent maoisturc absorption.
A one-quart sa-mple of' cra'ch batch dricd should be kept by the
manufacturer for future rcfcr nce. Tihis sap~should be

kept in -: tig htly ca-pped maison Jar with arubuer scalint. rina.

RlbESb"T R10Th D
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Appendix 'V I ~T IO
Properties of aal

The iT--,.portance of' --,oisture and o,-xidqatio,-n have been
dcemo-,:nstr~qted :,lready in pF.-,es 3-o , ticre it is proDp ~skd
to take: upo in -,..re de--tail -methods o1 wrt.r deto3rllination, to
illustrate more fully the difference in boh~fviour of soraps
on noisturc Cabso)rption ,and to discuss mnore- dctq - Vailablo on
the oxidction probleim.

Detcrziinati:Dn of'vte in Npl

The-re cEan bo no d..ubt thi t water exists in i%1,tp&Ln
in two fomnaamely absorbed we ,tcr Ci-nd v,tcr )i' hydration,
the latt,-r probubl-y of sex,--ral t-ypes. In -dd,-t!Dn unde:r .-iore
or less drastic doh ',ydration co-nditions there is potentizal
w~tc r prese-'Cnt, which. ca ,n b,: e-,:o)lv(d in varyin. dc-,rce by
ciiemica.l re~action. i4o 1me,.7ns ha!s yEt been 1*ound I or a:n,-'lytically
differenticatin.. thl-e three1 - formis 01 watter, beca use to a certain
extent they :,:, all intcrconvertf.ble. rlfable XIII show~s rcsults
by diffecrent netbAh.ds on the sin sam,!ple ox lpam It is clear
that, dependent up-on the r-' ni 1yticcl cznaitions, --.ny m,.Oisture
content w..ithin liriits can be i.bt.t.inucl. In scle-ctin,. a iietrod
for mouedeterninctie)n, titerexorc, two, couisicrations
-rise: ki) the moisture content indxcte-d zho)uld co.rrespo)nd
toD the [ nount o)f' el breakdown f'o-und on the co)nsistency test,
(e.) the me-ithod should be simpl Dn .cur ny omn'

Table XIII

Moisture Determination by Different thdk)
Percent

Y,,e thod 1 rter Found 1Renmarks

1. Va, cuum-, drying, ,.t 10 01C, 1.0 Pro-ba-bly consists of
srna - m.prssre for cio:st ox cvds~rbcd
10 hours. wa,,ter tend sprt

ofi do)uble~dmlcus
of hydration.

~.Dean and L-tark with A bove wa ter plus that
tolucne or uCenzcnc (4i froi- a less~r degree
ho)urs). of hydrEatio.n -..nd somie

wa- tcr of' reaction due
to duraetion of projcess.

RE'c TRICpE4Im
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Percent

Mvethod 'vater Eound Remarks

5" Azeotropic distilla- L.5 EmployeJ. to avoid the
tion with dioxene. inevitable viater

hold-up in apparatus

and consequent lenb-
tnenin0 of time of
anal sis. Distilla-
ta.on over in 30 mins.
instead Of 4 hrs,
?iscner or acet~l
chloride :,ethodE used
to determine wat-_r in
distillate.

4. Fischer nethod as .l-).O Endpoints fade and
described in JACS 61, procedure i- time con-

407, (i 3). suinin6 due to lock of
dispersion ol sample
in solvent and re-
sultant slow reaction.

5. Fischer nodified by 3,7 Endpoint definite and
,elling sample lirst in fairly rapid. bater
toluene and then breaking value probebly in-
down to a liquid by addi- cludes some v ater of
tion of.pbI'dine. reaction due to ex-

tre.i-e dehydratin6 con-
ditions.

6. Iischer method on 1.L Total of '. and o.
residue ol dioxene dis- equals 5.
tillation,

7. Acetyl chloride- 1.j-.1 i-cetyl chloride treat-
pyridine method. JACS ment at; O0°C 5 to 40
57, 841 (135) ;Iodified. qins. duratAon.

1.1-1.2 Acetyl chloride treat-
ment e5°C 5 to 40
mins, duration.

4.0-4.2 Acetyl chloride treat-
ment at 3000 5 rains.
duration. Sample s
turned brown - ob-
vious decomposition of
soap.

TMESTRIOTED
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Notes: The vecuum oven met,;od showed some fatty acids and
e-unFal oil lost when the distillate vwas trapped by condensa-
tion in a tube surrounded by solid carbon dioxide. It may be,
therefore, that samples containin6, larbe amounts of fatty
acids would jive fictitious results due to oil distillation of
the latter. however, experiments at the C ,S Columbia Labora-
tory (10) indicate the water insoluble matter amounts only to
a few tenths of one per cent.

The -ter found by the benzol distillation method
varies both with the time of distillation and with the boil-
ina point of the solvent employed. 'ith standardized condi-
tions results are reproducible to + .1% (Tables XXIV and XXV
in Appendix VII).

The above Fischer method gives uncertain endpoints
unless the smole is Lirst gelled in toluene and then broken
down to a limpid f'luid by the addition of pyridine--.

The acetyl chloride nethod lives quite a rbitrar/ re-
sults depending upon the conditions imposed a.nd exhicits a
broad endpoint owino to precipitation oi aluinu.i aydroxide
during the caustic titration. T.tree titrationz are req-uired
ior each sample, a clank on trie reactants and solvent, a fatty
acid blank titre with ceustic alone, and the sa:nple. This
method must, therefore, b, considerec very unsatisfactory.

Consideration of the available ,ethods from the above
viewpoint selects vcuum dryinb a-:nd benzol distillation as the
easiest and least coplicated for use in practcee-. Tes
are .lso the nethods recoimnendad or materials ol t-.e type of
Napalm by Grifiin(3 ). There is no doubt (pp. 55-)8 ) that both
can be made to correspond to the viscosity readings to a con-0t
sidera le de -ree.

Colaate-P~liolive-Pect report t--at they "ave had considerble
succe.s in correlating Karl Fiaci.er .oistur,s st - viscositis.
It ap.e.r, th~t using a dead stop cricpoint met. od J repro-
duciblc results can be obtained (10,)3) but that diliercnt manu-
facturers' soaps ,?ve differcnt base moistures perha..s du: to
different ]:.ydroxyl or "bound" moisture content.

For a fuller discussion o! the various mct-.ods see (i0),



Consider, tion o v- e- Aparim,-nts I-..1Sed o.IOte D
'S,:st:,n ~o~-k roo nd tt. iOCL dieiGn 1 D1'i/Zi_,flD brou , -,.orkin,

t ~i eojGArLna tou~.viv tLsi Jntly c"-tt r corr _b.-
tion of'conaistcnCy rc sults is obtancd lvitx. v~u~ov.n

aibe du_-srii to tx,:_ 1'c-t t~ t c-,producic 1 ty is bctt r
vitr. til_ vlcicuwn o-ven aitiod and r .-rrcutit r --u ---rc L( s s lik(iljy
to i ,: o bt Iin. d . '.ith tpm bcnzol distiLll! tio)n ]1 _t._.0 r s~lts

~ ;rOULy 6,oudl only to + 0.1 Win t or r~ carcl- vvrk t~sis
sow~ictot)vck 'L 'rGori. Coprisol of vvcuL-ai ovc n a~nd CK

L nzo1 distilta-un v*usis :;ad ±n Tk..bl, s vi nj.

Exp.,rid. nts in winicI' c~pt of .i\-j-1:rli s Cliov.- .d to
pick-up or lost- knov~n count o1 ivztr &L ctr-tii~

nd:noiEsturc, cortc.nt iS ('4: c.w~.'r~iI'rrv o
pro-v d too _--ts a,2I+ki~ )). 1 n u,r c. , r-cLtr t im
Y.2-.rl 2-iScfncar, %icuumn ov(n nor bc~nzol distill --tioi r.tod chcck
t 'n, results obta-ink:d b -va..i -in ,:. 'Ia Dl -I o~.x. I
two. colu.,ins on tim ri. l t~c, c. ..n-,(- in *ao~rcot~nt found

b-w (.irEct v J-~ :n d b 2n- 1,v - J . it -ill L), noti. tu :u,

so- t-1n n , (,,rcvc.rs,. c,,s- It is b _lievid t. t t rc is
possiblity of intc~rn-,.l rco-rv snL( .int o± iltct o1-u. .ithin
th, r'lm ccouantiflL ir ths~pcculirr rc-sults-, wi1c".
not ': 7.t fully undk-rstood. Thble f_150so:llsr~~ tni._s
point- U v-cuu-n driud so s _,1ov! inrt pointsconi~rli
lov: r t'- n thoSzC of tl:. Eo' ps f.sr co ivo'-d.

Co:apirison of ;'oi:tur~ D I irtonimut viitf

:.-ictu: .l Los,, or Gsi-n of ..7t; b-v .Jhinf (1LO,34,5 1:)

~.r~.ljti ~ b v~ f5 >t er ?foalnd by
So cP - Tr--.triant ivL thod *:-n.. 1:i s ii~~ i-h Ii

V:. c. D r i d .t 1)00 0 4) .1 1.2 ..

Or jn. 1 Dse& tark 1.1
\V,.c. Dricd G 300 L (1) J 0.I0.

E1Uock x or.'Lincl Lrl11 .F ±mc c;r .
S,-m.plc V;cc. Dnicd Ot 30% ) c.30.41

Or! Lnl D mn F ' t r k U."'

T~uof~x Ori in Kr It S C.br 4.0
0/3 Dril:d Ct TFooi T_-mp.(c 5-5 0.5 0.7

Cir in; 1 4.0

Dr!TRIOTI t
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% Vater

o Viater Change
Analytical by % Water Found by

Soap Treatment Method Analysis Chan e "veihing

Nuodex Original Vac.Oven 60oC. 4 hrs , 1.29
18032 Cond. at 1 0 0 F.

eo R.. o.86 0.43 0.54

10 mm. hg.
Original Vac.Oven 60'c. 4 hrs. 1.74
Cond. at 1L20F.
20% R.h. I It o.3 0.81 0.97

10 mm. Hg.
Colgate Original Vac.Oven 600C. 24 hrs. 0.46
E-23826 Cond. at I 0OF. 0

20% R.h. 10 It I 0.34 m. Hg .. 27
i0 ra . g

Harmon Original Vac.Oven 60C. ;4 hrs. 0.76
83955 R Cond. at 120%F.

20 R.h. IV o.63 0.13 0.34
10 mm. hC.

Nuodex Original Vac.0ven 6000. L4 ]irs, 0.79
8033 Cond. at 1 0% .

?0o R.h. " " " 0.66 0.1 3  0.30
10 rn. tag.

Nuodex Original Vac. Oven 6000. '4 hrs, 1.17
1.303? Cond. at iO°F.

)o% R.h. It 4.85 .68 7.68
10 mm, rg.

Original Vac.Oven O0°0. c hrs. 1.66
Cond. at 90 0 F.
90Ab R.h. " 4-.45 .7 2.92

10 mnm. h6.
Colgate Original Vac.Oven 600C. ?4 hrs. 0.54
E-235,3-B Cond. at 90%.

90% R.H. i . /?1.6 1.08 1.18
10 mm. hg.

Harmon Original Vac.Oven 600c. 24 hrs. 0.74
83955 R Cond. at

OF.90% R.H. 11 i.84 5.10 3.14
10 rmn. Eg.

Nuodex Original Vac.Oven 600C. L4 hrs? 0,76
89083 Cond. at 900%.

90% R.H. I 2.28 1. 52 1.90

(1) Pressure 15 mim. in N2 stream

(2) Vacuum desiccation over P;05

,R,,,STRIC~J
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The Effect of Moisture on NapalRm

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 variation in moisture con-
tent and gel consistency thus determined. In the dynamic
method (I0 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 spy, the inert point will vary with the conditions
under which the soap was dried. Results by both methods are
summarized in Table XV:

Table XV

Moisture Content of _Napalmn and Relative humidity

I - Static Equilibrium Method(3 )

Vater Content (Vacuum Oven O4 hrso600 c. 10 mm._h t

Nuodex 1 0.89 1.45 2.97
0:91.75 5.0
0 9 (Sample equilibrated at O% Rh,

re-equilibrated at 20% Rh)

Nuodex 87905 1.04 1.75 5.25
1.02 (Sample equilibrated at 90/ RH,

re-equilibrated at 20% RH)

Harshaw Experimental
Batch 27 JP 0.4 0.9 1.7

5 0.6 1.1 1.

Ferro Batch #22
Dried at 1600 F. 0.9 2.1 4.56

Dried at 1350 F. 0.55 1.91 4.30

R-ESTRICTED
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II -Dyn-'mice Equilibrium i;'ethod (10)

Inert Points in Terms of*,' R.1L.

swr~p Condition 7Z 0 ----- r 5ture

iNuodex As Retc td. 1.2 45 44/
Lot %>023 Vu-c.Dried .4 ?l~P
Ic Ge n As Rec'd. 1.0 ~
Lot 34 Vac.Drie(d O.i' (7) (14?) (14?)

Time Dried

;c G e -n 13 hours 0. 6-
Lot 1100 e- 0.~ 34 5

0 Rcdri-d

(5) hours 7

harmon 0.4 LO
R11249~

Imperial
NR:) 0.5
Eakins
N-3-L981-182 0.4
P f i s t ,r? 

2 A t 7 O 0 o

(1) H2 0, determined -:ccordina. to C-,S Specificr~tion.
(2) This re-sult is -tuch too hi~h.
(5) A'Ill sr ial"s taken ifroii pl1:-nt driQ~r. Plknt prcr:ctic.7 is to

dry f or LO hours, thLen &rind 1---nd redry 10r 4 hours.

There is conside r: lbic indic:tion tha~t all soaps do
not have the same moisture contcant-rt~le.tivc hunidity cuarve
t ut ti-c t the: rl.tion is de:-perid( nt upon the condit".01ns of pre -
cipit,-tion, dryin,-, etc. 'This is redl'unde:rst,.nd,-.Ules i
Is know:n th,-t sot .ps from diif:[crent 'rManu- cturcrs Lave difierunt
,alurnin--. conte.nts, diflcr( int mounts ol. free. sodium s~~e
contain dibberent free, f;-.,tty acids, ctc.

RESngTRICTED
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vioisture is picked up or lost by iN.pe1l'n with con-

siderU blc rf-pidity (TLable XVI, ,_u~re ).In 6cn(erL.l, an
xpsrc of a few nminute.s is suiliciiVnt to altr ntol11

tbhz wcte conte nt of the soap unle~ss it is 1~t its inkrt
point. it is ol 6rctt import,.nce, thercrior., to ke~ep 5~rl

Of' Ncoalma intended for t3Et work in tiojbtly closEd 1,ass
bottle-s, c-nnin~. jtnrs vwith rubLer ringcs hvinte; been -I ound
veryv suitable for this purpose.,

Th:ble .XVI

R,,te of _Ch57n,-e of J',ois,;turc Content or1~li

I - SO,-ps Exposed to 6 5/% F, itcr "Uauilibriun 7t e-076~.
1/8"' LC.3'rs. i'>u~lConvection (3~4).R

T im e Fc-rro Driker I'erfo Drier INuocx
* xp~1BL-tch I ]ExPt'1. 6atch II

Initial i .oisturc Conte3nt (VLecraw jven C4 hars. o 0 C 103 mt. .) et
;_0%0 R.kl. 0.57/. 1.ll1l. 87

15 mins. o.36
18 1.45

50 0.- ) 31.
55 1.43
37 1.64
47 1.50

55 16
4 1.04

1.54 1.75

* 22 1.l-1.5 1.86
540 1.Lc2 1 .0 .5 l
1020 1.27 1.71 2.01
1450 1:2B .1~0
,-500 1.28 1.b)

Fin,-l TI.':oisturc Content (\ ,-cuufm Oven 4 hars. 5000. 10m. -)
/5/% R.h. 1.08 1.39 1.73



Tt'bl c XV I -Gont d

Il - kSoc-p Re-ccived BxOCLto j00 i .* C-/ R** /3layc.
1%'ture1' convoction

Loss in ei-t%
Duodd.x #183? Colj -tc h,-ron I uodcex

4.0 -,-ns. 0-27 090.12 0.)~ 00
75 0-40 .3 J L 01
3-1/2 hrs. 0-44q c).86 0.25 J0. 0.1
7-1/L hrs. 0.45 0. o 0-i-5 0.2-7
2:4 hrs. 0.54 0.)7 0.27 0.54 0.30

Init i 1 Joistur,- Con-u nt (,v:',cuu-.,a Ovcn 600c; ,2 hrs. 10 i.)
1.29 1.714 4 0 76 0.76

Final ?oi-tur(e Content (V.cuu.m- Oven 60%.- ?4 hrs. 10 iMM' h
1.36 0.83 0.34 o.63 o.0'6

III, - So--p- s Rceived Elxp sEA to )0'-.. : 0;o 1~ij /8" L-yers.
JNTfturc'ijconvoction (553.

Gc,-in in .i

15 1uins. 0.41 0.10 0.6 j -."8 0.37
1 hr. 0.16o 0. .56 0.73 0.61

63 h rs. 0.)A 0 1.13 1 4 1.16

00 hs 1.1 1.6605)07 .o

Fin-. Moisture Cont(ent (V cuu.a Ovcen 0%. '-4 hrs. 10 ra'e. hl.)
4.85 4.45 1 .6 0/.,384 :.e8

IV - So-zps Recceivud RxpoSEA to 50lo R.L-. haturL-1 Convcction(5.

G?.ILn in Mi~,,

Porous Nr-pa.1r Porous f'ic p!:1mr Ujtreous 1'j-pulm
1/3"Lryc - ~ ' L.~r1/3it Lu'yor

5 mins. 0.2c. 0117021
15 'ains. 0.1L.. 0140
50 J: D2  0.35 -0-b5
55 0.6 3o6

P7qTTRIOTED
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Table XVII-A summarizes the results available on

viscosity vs. moisture content for a large number of soaps.
It was concluded from these that about 0.1y% in vacuum oven
moisture* produces a difference of about 40 grams on the 4
hr. 1500 F. consistency te.st.

Table XVII-B gives recent data(0 0 ) for three re-
presentative soaps dispersed in New York Chemical Warfare
Service Procurement Division test gasoline. Compounding was
done at approximately 700 F. and 40% relative humidity.
Moisture was introduced into the samples by storage over water
at 700 F. and removed by drying in a forced draft tray drier at
680 C. Moisture contents were determined by the C.w.S. benzol
distillation, described in Specification #l6-1l-107 revised,
and by vacuum oven dryin, for four hours at 550 C. In Table
XVIII is shown the variation of consistency with moisture con-
tent for the three soaps determined by interpolation from
smoothed curves. Over the low moisture ran es the change in
consistency is aiain about 40-50 grams for 0.1% change in
moisture content.

It will be appreciated from Table XVII that proper
drying of Napalm in the factory is 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 is discussed on
pages 12-20) appears to do no damage as shown by experiments
at the Columbia University C.'V.S. Laboratory and at Ferro
Drier and Chemical Company (llo). The only effect appears
to be a small decrease in the fatty acid content, presumably
due to interaction with the free aluminum hydroxide in the
Napalm. Nevertheless, the induction period is shortened rapidly
with rise in temperature under oxidizing conditions, obeying
the Arrhenius relationship (pp. 63). That is, for a rise
in temperature of 10'C. the induction period would be halved.

The two methods in use at Kodak Park and Edgewood Arsenal
Technical Division are somewhat different, making these
figures only approximate.

RESTRITIJ
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V riction of' ViscositZ_ with 7,.Ioistunc Cortcnt (37 s

Id'oisturc Cont-- nt
V.-cuurnOcn1 C-Jti z -

10 nm'r. Distill,,,tion 49 hrs. e-4 hrs.
Soap 4 hr.~O0' (f't-,d) 77 0 P. 101

~t~wnXod -k Lcbor,.tory

Nuodc~x 1303L 1.1, 1.65 570 510
lrnp-ri7.1 r'~p, -r 0: 6 0. 70 550
.Evrnon 8385 0.3 123 0
t.,fr.nor 33- ))O 1.10 1.50 b 03 ,
ivcG ,;n Ba,,-tch tt 1.61 1.75 550 550
iCG( tri BAch D634 1.07 1.5 ~ 30 540.

* Pfistcr Ec1OD i. O0.-5 550 440
-uod(oX 33558 1.05 O.y) boo 5y0
Nuodcx 8)JL31i 1. 5 1.1 400 110
iuodox '3.0~0.7 ) 0.4 700 450
Ferro Bratch ~0.45 0.7 770 550

54 0.72 1.0 3,*6 o ),

M c&l - 7.n 7'D0 *60 1.1 o 0
cGt-:n 10 4 0.6 - 1.1 840 570

lvic.n 1J3) 0-5) 1.15 730 b20
i'-cGeL.n 11e-5 0.5 1.0 JO0 3s- 0

I<rr 6 0~00.35 '330 480
NuoC3O xl73)6/ 0.1± 0.k35 '700 5

0:6l 0.30 380 )L0
1.1b70 5 0

1.75 1.5 500 1 )0
3 o6 .7 105 100

1uodcx 37 )05 1.o04 1.0 050 4%O
1: 5 1. 230 ?-50

Nuodcx 15374 0. 1.2 3 0, 700
1,45 1.6 530 1400

hersh-w Expt'1. 0.4 S630 770
E-atch 27 JP 0.9 47065

1.7 30 L5
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Tcble XVII-A Contd. R S R O E
Vacuum oven
10 E-. ~. ;: hrs.

Ed&,ov,.ood C'.S L-boratory t J 55-0 - 2oI:.

KNuodcx 37335 3. 50
0.>2 450

0.70 610
Nuodex 87)37 1.72 Loo

1.4 550-
0.7 .30
1.06 53iO
0.20 02 Q

* Tuodox 97390%3
1.02 470

0.7 700
j.2 750

1V§CG, rn 7026 C 50
400

J. IL710

U. 7e0
!Nuodox 873)~1 1.55

1.40'0
1. 5c-3 )
0.)0 510
0.'31 540
0.5 0Looo
0.74 S o

* 0 .sL..-,Il -00 l.b ,nzOl 4 hrs. 0i1 bath 1 5-1500 6.

P '"17RICTE~D
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T-ble XVII-B

Har-tion RN>5 - ia-lzm Gels in Gc-zs-oinc (A)

3%o Gcls

% TA.oisturc By Gvrdner Consistcey in Grv-x-s -,ft,-r Stor-p- of
CVS.ZBC'nzol VWc.ovcn 1 L-r.Lu.t 150 0 p,' ~ 10 43 hr .ut77E

0.0 0.09 ~ 00 750 0
0.1 0.5350 740 85
0.06 0:5 6S50 550 50
1.4 1.660 ~ 140 10

48140 3o 140

/b Gels

0.0 J.O O>54 0 10."0
0.1 0.15 y3j 1j, 130

0.5>'a 770 7r-0 '300
1.4 1, 00 c70 ?-00 510

-r 8e00 1,-- 130

0.0 0-0) 1530 1 500
0.1 0.153 --- 1450 1 )O0

1.4 1.a6 --- 050 0
e53e-4 50 o00

C~liorn,:X Ink:k Nvpvl Gels in G-)solinc (B)

0.15 0.07 350 730 5000.5 0.27 770 770 3)o
0.7 0-59 770 5>071

1, 0 100 100

>/o G-: 1 s

0.15 0.07 >i50 )ao 1050o
0.5 )-,-7 >60o Y50 >70
0.7 0.5 350 810 )70
1.2 1.,-- 530 4,)0 550
L-5 e c40 170 --50

0.15 0.07 1420- 1500
0.5 0.27 - 1470 14 0
0.7 0-5) --- 1500 41
1.,. 1.L1 1100lo 1170

5 5 55A0 700
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M.cGcnj3 >pL1 Gc:.1s in C ,soliiz kC)

% 117oistur, . by G&'_rdnc-r Conslst~nc in Grrc-.us z-.ftc~r trg>of
C J S Bnso1 Vatc.Oven 11-hr. ,-t 15O 'hr.v-t 15O, tj

0.5 0.07 71.0 730 4
0.55 0.10 70700 :340
0.5 0.57 740 0>0 810

10: 4 5 .0 L[30 J0

0. ~0 170 00

vl G ,1s

0.5 0.07 t3o >iO jo
0.35 0.10 (330 40 1050

050.57 3130 1000bo
L.0 7: 4001.3 370 ~ 0

T,,,b 1 XV FI i

Vnri:t ion of Consistuncy Aith j-,oi~turc

Ran~c of h; O/; Do-cruas. in Consistuency pEcr 0.lbor in rieO in Soc-p

A B _C

I - Aftr4 hrs. ,A. 70F

* 04-0.3 40 37 35 i4,7 37 23 L7 -5
0.3-1.2 45 30 57 o07 75 77 4) 45

5' 0 40 3) 40 45 45 55
1-cO5 L 17 40 r-5 30 50 50

21f t k.t. r e-4 hr s. t _ 20 l

0.4-0.3 55 o 57 50 7 55 50
0.-. 5 70 37 45 47 45 40
i. 1. t. 50 40 50 4.') 47

1 .6-0 7 5 e3 3 5 5 553 40
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Bcc-use of: tnoo Jtr ro influe,,ncc of ,ioi tur6 on ; ,l

pro,- ertics, p.,ck,..jn,, of the soaps must becrollcoided
Thc- p .%ck ,in- probu~m is not so Lriportc:nt f1or T-ypt B so,,. c's
f'or Typ, since it is possible; to r,,r , thr- so p im~t
b :forc its usO, in the fillin, plL,.nt. It hr's boon slaowmf on ;'mn-y
occ ,ions th, t so:-.p rcdrZini6 h.:s no dlct ;rious -fi'ct on o
propertics providin~ th-. so7'p has sufficitent r,-si.sta-nck: to oxi-
dc'tion. Tarblce XIX illustrr-t;s this point.

Tablc -XIX

Re .dryinL of ~

Gf rdnhcr ViSCOitie:S Days '770-:.

Sjap 0Q 0  0 il

Nluodex 87356 j70 1J5 '300
h\uode,-x 87505 0 O 000

Vacuum Oven 43 hrs. 4 c4 hrs.

N'uodex.-1305

Ori .ina--l So-'p 1.540 515
Co nditioned ,.t

)F. / Rh 1.8 4-'0 5
Re dricd 0. -- 2

Nevel:rtheless, one lrr! p4L*c'kr jn. to-st bil-s be ,.n run on tl-oC
i'ibc-rb3o-rd drums coin-,only used to ship thepa 1frotbenu-
f' cturin., pl-nt to the fillin- pl nt. lh r :sults .r-. shoin
in Thble XX.
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To b1 -XX

Packaj~nL T,,.st on Lot 418302 (53
KccpinL. Ciiiditi-ons

D-,oa TO5c 0 OF. )O F.
Initica.l Vn'lues __ __

Io)dinc Nu,-aber 50.> 31.5 51.1 .
Valcuum Oven 'P.,oisturii 1.20 1lC.-0 1 .,-0 1.20
Dc -n & cta"rk Lotuc(E.K.) 1.5 1,55 1.5 1.5
2-Day 700F- Ge, rdncr Vis. 540 530 540 550
7-Dt'. 70 0 F. I %1570 570 000 550
1-D-- 150014.- I 510 550 515 510

0Outcr Ed-e Iodinc; No. 51. ~ 51.4 51.9 52-.0
C -nte r lodinc No. 51. 1. 0 ~ 1. 5 1.>
out :r E~dcj-; Vn-cu-um Ovcn ivoistur.. 1.11 1.16 1.14 1.10
O-ntcr It i V 1.11 1.14 1:10- 1.1
uutc~r Ed&,c Dc,-n &, StLark (E K.) 1:75 1.75 1.65 1.20
C elt cr Dcean & St I-rk (E. K.) 16~ 1.41.9 1.75
out ,r Ed y -Da 7001.' Vis. 630 6O> 630 640
Ccnt,-r 2 -DrY 700b' vise 62 710 o40 2
OutEr Ed, ,( 7-D.'-y 7 001; V i S. 5>0 040 5 0 6
Ca-ntcr 7-Day 700oL- 'Vis. 570 650O 540 690
0ut -,r Ed -el 1500± Vi s. 570 660 540 550
C ,ntcar 1500,L'- VUs. 500 540 540 570

Tv,.lc vc -11 ecks

Outer Ed,_,e lodin -. No. 31,.6 31.L 51.0 51.5
C*z Crnter Iodine No. 51.5 51.1 51.5 51.
Outcr Edrc Vacuurm Oven L""oi sturc 1.24 1 .4,- 1.50 1.01
C-natc.r ."~ 1.1> 1.41 1.5L 1.09
Out..r Bd;:e Dcan & Strrk (E.K.) 251. 5 1.
C --nt ( r 2..25 110 -e 1.4
Outer Ed e 2-Dfy '77, Vis 7584 > 50
Co:ntor 2-Dvfy 770 F- Vis. 300 330 690 800
Outer Edrge 1-Dm7 150OF Vis. 570,570 550,580 270,510 5>0,520'
Ge-ntcar 1-TDa'Y 150*-±. Vis. 550, 42-0 560,2-30 550,400 550,410

T~lwecn ty cc k s

Outer Ed c Iodie No. 31.L. 0.1 50.9 30.8
CEntt-r lidine No. 51. 501 p0.1  50.>
Outer Edge ac O'vmnAitr 1.5 1.6 1.8 1.0
Cont,-r 1.54 1.6 1.7 1.0
Outur Ed6e Det;,-n & St-ark (E.K.) 1.7 1.5 1.9 1.1
C nt-r 1.7It.1-7.0 1.4
Out 6r Ed'Le ?2-DcaY 770-L UVs. 4>0 640 4 20 680
Centf:r ei-D;aY 77 0v'. Vis. 510 010 440 630
Oute r Edge 1-Day 1500-L' Uis. 550 540 190 400
C tnt er 1-D.,y 150k - 'Vis. 400 570 250 5 0
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Such fiberboo-rd pfick,,.Les would o:bviously be; uns. t-

isffc-ctory f'or T ypo A"- i i hcrc th, soa,,p myb6 exposed for
sevferal :eonths in ,-t.tnsphQurcs of' widely vc -ryin,- huiniditZ/ find
v-hcre no f--cilities f'or re:dryin, C&:fl be c:xpcctud to be: .vr..illa-
ble. For this type- the only7 comiplete~ly stsctr ekg
i s - hiermeticfelly-so& led mcetal ca n. This is now in use for
Nr-p,-lm Typo A.

Frevcntloin of the Moisture: Effect

Until recently, little -. ttnti.Dn hras been giAven to--
the possibility of preventing the trublcs ,uscd by moisture
, -.b-rption. fiovovcr, threec distinct *,kethods '-v,- boen su6)-
Fgcstcd so f';-r for doinp, this:

1. A-ddition of -dchyd.re.tin,. e-,,nt to the oln in
vwhich the -olid soar:p is to be dispervsed. This dk-;h-,,drtin;:

p~nt r-iust n t urm.11y h, ve no eff Ect upL-,on the 6 - f -)m,'d t,-ven
L,'ft-r pr-)lon,,ed -t-'ndin, Phosphorus p,.ntoxide , sodiujilk, -nd
c: lciua cLrbide , wvhile, sa1-tisfaocto)ry tprilh-a-vc b-cn
foDund to c .use br---kdjwn of' th - 8(;l on lon,, kct-.pin,.. Ca-lcium
chloride e-nd c:-.lcium sulf, t... ei be: s-atisf crct )r.. S' urvi,:llance
te-stEs .th the se ntril undt.r K'

2. Cov,,tinL. the- drited p,, rticls to 3low dovvn th . rfa.t.. of
difiusim. It is cnc~ivt.-bl- t fio thin pl:r.r 'f f'rafin
wax or o.ther rll tiv(ely ;osu-.ip~rnoljso:lin .- sjluble

iarildistr' butcd evenly, ovev t'11e exter-,ior -) the-L pL-rticlcs
rit slow-) dow,.n ti. ra, te o f .b berption to) sucl- an e xtent
th;-t the soa.,ps coDuld be h,,rl.dlcd -vith no gr-,-t diffi culty,. Such

1l-y.r ;.Aji Jt lso -.ssist in rut.-rdin6 -)xid:-,tli)n )i th,. soilid
sp.Prcli.n-in,,ry .. xperL:.lcnts co-nducte(d .t Ai.D. Littlo, n,;

indicf-tc that 10%' of' p.-r!-ffin base-d on tlnl wei jht of thE sa
is offcctivc in reducingl the rote of m--oisture, pickuip, vvhil - not
undul- prolon-inr th- so)lv.ation teofthe gel. Therse experi-
innt s arc beinj,; co-ntinued.

~.Thea --ddition, prob-'bly in the co)urs., )f* ma-1nufecture,
of P r'r' (c;-p:',ble of cl'1!in £ ra'ition by, coordino-ti.; v t two
points in its -.1olecule; to thL scs)p) wv-hich. wo-uld coordin~ltc pr(;-
fcrenti.olly ,,.with the cfirbox-,l -,r.oup-, of the-- sou)p :nol--culos, thus

prevetingv~rter qnl culcs fmbr.rkin.g the ch-r in4. hi
possibility h-s bi-1en consL---idered by th,- Q(A .Ir-up (1 5 ) .:v,.inly
in connection with th .-. ~ddition of oxida.t-.,on inhbitors. Pre-
li-min'ry results vvith ')-orthj-t-)luidin-, stu.;ric -cid (X; lpho-tol),
1%of vihich, b,.scd )n the final so)-p yi.Ac, ,s adde-d t:o th,,

*Recc-nt experime nts (37) iridico-,tce thiet Esodium1 mt,, Qe satJs-
fa.-ctojry .t.. ce rt'-in s-,,LpS.

RESTRICTED



neutr,'1soa s.olutio)n, run,.:utr'-liz--d ,nd precipitai-ted with-1lra, Lavi c. -5el with excellent :.xid~tion st&. bilitY :'nd
incrlss.d str,,,bility7 to-)v rd it2_t:r This sD,-.p a~nd blank ade
,n d'*ried sinaultan, ously t-o about c. nt r ont.nt (C." ..S.
bcnzol distillrtion -Ioth,,d) vrrE- :a d, into 3%6 Lcls in str:.Ihit
run ,,solinc. ebomtroa.dins -Dn the. ,els -.rc shiown
be low -,nd the inhibito)r -,ction on thc solid -Se.p in Thbe II C,
p. 23. It will bo see.n, thv--t the. i1 lphvctol nAt Dnl acted !, s
.. inhlibito)r but -ls.- sto-biliz~d the L-Cl 1.Cins"t th c aoizturtj Cf-
±oct. urther vwork is bc-irE, do)ne.

OF' 77F 11 drys OF.

1%o iAlphcmtol -- 605 500
Chock 560 250 3

* Oxid-t io

The -.1ain results o)f thc o)xid,,ti,)n of 1i' fplU hr!.e beeon
no tecd on P,-6cs12 -20 C. In this seFction it is- propo)sed to j into

~rtrdet il on the metho-_-ds for cvolu?..tin- oxida-.ti.on .-nd
ethe-r work which has bee (n done o)n the3 oxid,.tion pol

1. The UOP Te st Bx;ab iviethod. (15). This .:eetthod of tstin,
aluo.inn ~oop rodcts~f id&~i~nst~ili , h- s b;~,n .'d .Ptcd

Irutjn.--"t uad In t-im- tcstin 8A os.lin±.s -.nd consists A)
sub j,:ctinL. thm. socp to ti. acio)f' oxy6(>n in a_ bo:,,-b andrer
e;lov,-tcd tem-Yp(eture_ a--nd pressure. The UOP test bo):iAbs uscd(17)
we re ,,i,)dif icd to use_ a -50 lb. sheect s-f(.Uet, disc toD proteoct the
pre.ssure rcorde.r.

15 gramn soe p scilsarc plraced in 8 -)z. polished Ail
s ;apl b-ttles a-nd ins,:rt(ed in the cold b,,.ubs. _;Air is dis-
pl-cdby 7.dittim-~ DXY; e:n to 100 p.s.i. : nd relcesinb the

prassure-. 1his is do:ne,, tw,,ice; and toe-,A pre.ssurc. brou,ht to the
desired value, usu::1lly 100 p.s.i. The b.-.ibzz werc t1-in hce- ttd
t:, the reaquircd tenperature in :1 th_.r.oiostatic:,l1, controllQcd

oi bth rnd -llowed to re-,inuin until rTipid c:sorption of jX-7cn

occ~orred vs indic: t ed on -'.cha.*rt (iiidure 7),.or bZy rupturu of
the pop-o-fi di.ac. co)rrection -of '45 minutes is suabtrr~icted fo
the_ t Atel tine- to llo f or th, e:- et inL- up pe ,riod.

The senplcs usc'd in the b-o.,-ib tests 7re mae-( in 5- speciral
-r.nne-r t_; prevent sinterin,, w..hich vhcn it occurs, c.r:%useus no ,

s.,tisf-ctry induction perio)d t- bo obtained. 4he pr)cedure
usc-d is -s followvs:

HEPSTRIIOTED-
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Illustrative Charts from the Accelerated

Oxidation Test Apparatus

Time vs. Oxygen Pressure (Psi. Gauge)

FIGURE 7

Curve A - Straight Napalm 155 min. standard IP.
tiB - Sample A + 0.01% UOP#5, 662 min. standard IP.
C Cto F -Saple Aat 80Cand25, 50, 75, andl100psi. 02.

Variation of IP and violence of reaction with prelssure.

RES T.RI CTEIulD
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A one normal solution of bssic aluminumn sulfate
is added slowly with very rapid stirring, to an equal
amount of neutral one norm*,l soap solution. The
very fine precipitate produced at first remains dis-
persed until just before the end point when the per-
ticles cocgulpte. After washin and drying the soaps
still contain 3% to 10% free scids extrectable with
acetone. The soaps of the lowiver figure are usable
directly in the bombs, but those containin&, above 6)o
free zcid must be extracted with acetone before test-
int. The acetone not only removes free acid but also
neutral oil and kikyl phenols, The samples are then
screened throuJi >O mesh and tested. It was found
for these extracted 1Napalms tnat a, r lationship between
the induction period and the temperature, T in 0 K, and
pressure, P in p.s.i. absolute, could be deduced, namely:

log IP (mins.) 5480/T - 13.0 (at 5 p.s.i.)
log IP (mins.) 3.021 - 0.56 10 P (at 83 ° C.)

a. The neat-Rise Method (Mackey or iModified Mackey Test),

heated in vn oven at 1300 or aOQ0 r'. finally showed a rapid
rise in temperature followed by a drop (iLure 8). This ap-
p ared to be caused by an autocatalytic oxidation. This pro-
cedure, while satisfactory from the research antlo, is incon-
venient for routine laboratory examination of soaps. zor
this purpose both the Mackey test (Allens Conaercial Organic
Analyses, 5th Edition Vol. 2 p. 759) and a modified i-'!ackey
test, the apparstus being shown in kUiEure 9, were used. It
was found thrt sorps which were known to oxidize readily gave
a temperature rise in from 45 to 90 minutes by these aiethods
while two Nuodex soaps, #15371 and ff15574 , which had been kept
for over six months and were known to be stable, salowed no
temperature rise under these conditions even r-ter exposure
to the heat test ror 10 hours. It seemued, tnerefore, that herd
was .v ilable a eo-no-,o" test for detectina oxidation sus-
ceptibility in the sou"ps. kor this purpose it seems to have
been satisfactory althouLh the tec.npereturc rise does not Lppcar
to be sinificent when soaps show sinterin, however, an in-
duction period can be measured i- "j the soaps oxidize within a
reasonable length of time. The test is influ nced by ,ir
velocity and by the fineness of th: soap p, rticles.

5. Peroxide Value. It has been found (l0,18,1) that
those soaps which oxidize readily tend to show high peroxide
vclues (mr. iodinc;/r, soap) wLen treated with potassium iodide.
''he peroxide v-lue can also be used as a guide to whcther or no
the induction period h1s been exceeded. The procdaurc is as
follows:
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FIGURE 9
STABILITY TEST FOR X-104 TYPE

THICKENERS AT 100 °C.

THERMOMETER

~-(400 oC.)

/1 9-90 AM. SOXHLET
= AM EXTRACTION THIMBLE

S AM

50 C.M. 24/40 " GROUND
(MIN. LENGTH GLASS JOINT
OFJACKET) "- G A

"crSAMPLE

STEAM
OUTLET

AIR INLET
0.0/- 0.02 CU. FT.IMIN.
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Five grams (+ 0.1 &a. ) of thc so-0p is ~im
into an iodine fl~sk and 50 ml, -Of a mixture of
pglacial acetic ,ccid -and chloroform (580/40 by we i ht)
added. The f'lask is ahfkun -ently to avoid formna-
tion of lumps and 3 mal. of' a sa-turated aqueous
potassium iodide solution is ,-dded. 1he mixture is
'Ehaken vigorously for 1.5 minutes (this imust be cfare-
fully timed), 100 ml. of wa~ter is added, Lind then
titration is carried out in the usual. wry with thio-
sulf'ete solution usinE sta ,rch as indicc-tor. The
peroxide numbcr is d.fined as the number of milli-
-,ras of' iodine libcrated from Pot:-ssium iodide by
on,-- g:_rcm of taE ma-terial -Land mybe ca!-,lcula-te-d from
th.1- uxprc.5sion:

Pe roxide rnumbr:. 2 Lxvoluml (ml. ) x normalityL
it. sample

it is convenient to usez a standlrd thiosulfate solu-
tion of' :;hich the norme-lity is 0-34 in which case
the peroxide nu -iber ma_ y be rea-d directl-y from the
burett(? ifL five ,,ra-m samplt. is usc:.d.

Unf ortunately, the UOP botlb method does not lend itself to
the routine investigation of; 1itpa)*lms bcause of the ncessity
for -.cetone extraction of the saols.icverthele ss, it h --s
b.-en usod with r.tsuccess to prove the pr:_s :nce of inhibitors
in the Napalm and the effectiveness of' addin., inhibitors to (0
preve nt the Napal1.m oxidation (pages 15-;-0 )- A similar mrethod 1 )
hfas been used in the C.X,:..S. Laboratorie s at ColumbiaC where, a
25 gr!am sample of' the; soa-p as sea,-led up in e n Q.tiosphere of
oxygen in a. 100 ml. fl!.sk attached to , mercury manometer
(initiaol pressure 1 ,tzno sphere). ,vith this c.pp1-r::tus, it was
demonstrated tha 't Steol-to (st(earate-oleate) and Stearate -

Sta, ybelite sotps a-rc: consider.ably moru susceptible to oxid-
tion than the N~apa. hs.

T atI XX I

Oxidation of Alurm.inum Soaps in $Ple ltsks(l0 )

Soap induction Induction
Pe.riod c.5O C. Period

Stcolate 16 hours 0.5 hours
Step,..rate-Staybelite 7- '
Napalm (Nuodox) 4-
Na pa~lm (McGcani) -- 1)2

It was f urthl .r tihown tfiaat Napalms differed in their induction
pe-riod, confirming. thez; Snoll t...st.
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With the temperature-rise method considerable data
have been accumulated and are shown in Table XXEI. It will
be seen that the oxidizability of Napalms varies widely and
at the present time no complete explanation of this can be
given.

There is no doubt that usinb the same fatty acids
the introduction of iron either as a soluble soap (naphthenate)
or in the alum is not deleterious to 6el properties but
greatly decreases the induction period of the soap (Table V,
page 14). At the same time, Napalm samples made from dif-
ferent lots of naphthenic acids seem to possess variable sus-
ceptibility to the catalytic action ol iron soaps. For example,
one sample remained unoxidized for 300 minutes in the UOP
bomb test in the presence of 0.05% iron without inhibitors.
The addition of 0.01% UOP #5 raised this tolerance to 0.1.
Another sample broke down long before this time, although its
iron content was only 0.004%.

It seems probsble 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 may
not be identical Uith the neutral alkyl phenols.

It is certain that iron has an adverse effect in
many instances, although in isolated cases to trouble has been
experienced with soaps of high iron content. Until the whole
story is known, iron must be regarded with suspicion and should
be kept as low as possible in Napalm by the use of substantially
iron-free alum and acids containinL the minimum amount of iron.
Manganese, copper and cobalt are other alum impurities which
should be avoided.

0Another known factor which plays a considerable part
in the oxidizability of Napalm is the natural inhibitor present
in naphthenic acid. No progress has been made as yet in test-
ing different samples of naphthenic.ncids 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 material source and a constant method
of isolation is used, no certainty of this oxidation stability
of Napalm without adding artificial inhibitors can be expected.
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Table XXII

Induction Periods by heat-Rise Method.(

Induction Temperature % Fe
Batch Number Period* Rise 0C. Content

.---------------------- ----------------

Nuodex 88538 20 None 0.035
890 3-A 22 None 0:049
89033 22 None 0.036
15374 30 None 0 .060
159 3  00 300C. 0.160

,, 16L4- 00 2500c. 0.054
. 16307 -- 100C. 0.053
U 163o -08 ?70. 0.19o

I oi6 -- 60c. 0.210
I 16565 -- 50C. 0.053
It 879-- None O.0044
t 87;-- None 0.015
1 87384 -- None 0.0099

87385 -- None 0. 0085
i 87896 -- None 0o0068
S 8739 -- None 0.0065
" 87907 -- None 00056

87905 -- None 0o0oo9
87-- k one 014
8781 -- None o.oo, 5

McGean b84 20 None 0.051
I 1220 7-5 2 0 C. 0.015
i 760 4 3°C. 0.030
" 10)46 20C. 0.24

1039 1 30c, o.o18
1125 5.5 0C ,0 .0o7

it 1169 6 "0c. 0.030
1 i-41 2 6.50C. 0. 02,5

harmon 83 55-R Z None 0.024
i R-10543 None 0. 03.
" R-11202 8 None 0.010

10 IXI186 9 None
0 OX1133B 9 None

Ferro 22 (dried at
160 0 F ) 6.8 20C. 0.025

It 22 (dried at

185 0 F. ) 397 20C. 0-0 5
" 67 5.5 5 0. 0.019

Imperial 6-4-43 o.5 70C 0. 049
" NR54 28 None 0.023

91 36 None 0.03
" NR111 Z•5 5 NC 00n

Pfister 30-A 20 None O0l
98 2.5 2 0C. 0'022

" 106 33 None 0.018
ti N3- 432-94 3 ? 0C. 0.020

* 'here no temperature rise is indicated, time under induction
period is total time of heating. V.here blanks appear data
are missinL.
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Another source of variable oxidation susceptibility

lies in the oleic acid used. Investigation of a number of
commercial 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 55c. Mackey tests, columns 7 and 8, were made
on both the soap and the acid. Peroxide values zere 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 6-59B in the Table. It must be
concluded from these results that oleic acid used in the manu-
facture may also be a factor in the oxidation of Napalm.

Certain details in the precipitation of the Napalm
have been shown to affect the oxidation susceptibility of the
finished Napalm. The addition of insufficient excess alum
after the coagulation point produces Napalm which is more
susceptible to oxidation than that made with the proper excess
of alum. Even with the proper excess of slum, insufficient
washing of the finished Napalm gives a product somewhat more
susceptible to oxidation than i.s properly washed Napalm.
Finishing of the product at too high a ph can also cause greater
oxidation susceptibility (FiuIre 5).

The Free Fatty Acid ContentoiUpam

It appears to be impossible to prepare AlX3, where
X is a fatty .acid radical by aqueous precipitation. No
matter how great an excess of aluminum is e.mployed free fatty
acid always appears to be present in the final soap. This
acid is extractable by a number of solvents most of which also
appear to extract some aluminum soap, as shown by the ash of
the fatty acid extract. The most satisfactory solvent from
the standpoint of freedom from aluminum soaps of the free fatty
acids appears to be cold acetone.(lOP19) The amount 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 moisture present in the acetone tends to
hydrolyze the soap, liberating more free acid which in turn
is removed by the solvent. Table XXIV shows results obtained
with a variety of treatments. On the basis of the above
results, the C.WV.S. Laboratory at Columbia hr.s made the follow-
ing suggestion for free fatty acid determination, results ob-
tained on a number of soaps being shown in Table XXV.

RESTRIcTED
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Table XXV

Summary of Results Usin. Proposed Method

Ior

Percenta_e Soap Extractable b1 Acetone(
1 0)

Soap Date Run No. %2_Extracted

McGean Lot 684 27/7/45 1 6.6
2 6.2

4/8/43 1 6.7it 2 6.3

12/8/43 1 6.2It 2 6 .1

* Nuodex Lot 89093 23/7/43 1 0

27/7/43 1 7.1

2 7V3

McGean Experimental
normal ---. 4.9
high excess caustic --- 4.1
low excess caustic --- 7-7

Steolates, 31-20-B-1 --- 15.8
31-20-B-4 - - 15.1
31-2O-B-8 - 14.5

RESTRICTED
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M1ethod of Determination for !- ree FattyjAcid

1. Grind tile soap in a mortar.

2. 'To a fifteen (15) ,rairn satruple in an iodine
flask add fifty (50) 1011- of dry, acetone (dried over Drierite).
"llo-v. to stand fifteen (15) minutes with accasional swl:rlinL.
At the end of that timie decant throug-h. a. filter into a weijhed
2,50 zil* beaker. Repeat with a second fifty (50) ~o~portion
of acetone, decantin , throuja the same filter into thle first
filtrate. Fin!a lly, give the sorrp a quick w~ash with c fi-fty
(50) 'ml. portion of acetone, and decant the wash acetone
throuzb the filter.

3- Eva-porate the co-Ibined filtretes on a ste_,-,
bath until qcetone vapor is no lon~er detecta-ble, avoidin.
unnecessary ovorheatin ,. Transfer tiE beaker to en oven rind
heat Oit '50C. for forty-five (45) !a-iu .Co~n V~LI0 Iests hevQ shown thct the timne of;nctn th _-xtrC-.ct c.at 050
is not too criticcl. An additional 11cl11 hour of' Ineatin, vould
decrease the weijit of a 1.0 g~.extroct by about _O YiL.

Oith Napalm no correlation La etbenmdeo fe

tty ucid colitent xi.'-th onsi lpoeris lthoul__ it is
known th,,at the prescnce oi . certain tamo ,_unt of irceo e.cid i s
, sent. L: for zeoin hs . oa p thorouthl 7 ext-racted vith
rhethyl elo oloes rnot Jispe: st in ~yoieunless ,, s'-1ll1
cuantity of a. polar coo,!pound is add

it is believed tha--t und,"er certa,,in rt. vurf.-ble; con-.di-
tions hycrol-1sis of tnz.we alumninuci soa.,p cfc.n occur cduring3

n,,in o r (,v n 61 ur in - s h inL T he.re i s ---o e v id enc L al1s o
to ;show t'hy _ t orolonled iw.-shin - of trh. silid soa p Jves tls
of sa-_Iovthat lowcj(.r -zorsi stency i43). 'The r(:.lationship of
t.7i.7 to free aci-d content ha:s, howeve r) no,,-t be~en decisively
p r' vo-,n .

ViocstyConcentration Retlat ion ship

Considerambl_ work wsdon in ti-: y.r dLay-s of
the probleur on the r:.lationship_ etvj( n th6 conLitr~ oftC
rLes -nd their- c-ncentr' tion(55. tLc iitutb

regarde s~ -iiae bo'ia n ttronws padto the
Aoisture conte-nt of the .(,ls u,,:, iert dc h eca
relptionaship is clearly shown in Ji,_ure 10, 1 in concl, ntra-
tio)n ove:r the ran;,- irom-- 6/,, to l~lo ajvin. an s-r~~eO p-
proximrte_-ly 150-L00 0 asIn cjnsist :nc-y. Thc. vari5-bility
due to the us; o)f diffimrcnt scoa- ple s of hplo(iricludin, their
differeont vL-L,citr contcnts) is -.lso clc,.r. It will Lc. -Secn tha-t

R E STR IC T E ID-
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without adequate control of the moisture and other variables,
it is impossible to reproduce a solution to better than
+ 200 grams at the same concentration. This fact has been
Fesponsible lor many of the disappointments and troubles
previously reported with Napalm.

Recent data obtained at Edgewood (60) allows 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 chanee in consis-
tency for l% concentration change is reasoncbly uniform over
the ranges of moisture content and concentration investi-
gated.

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

Table XXVI

Variction of Consistency with Concentration

L\Consistency per 17 Increase in Soap

Moisture A B C

CVVS Benzol 8 ~ ~ i % ~ 9 2 2
A. Results after 48 hrs. at 710 F.

0 Lio 160 160 120
o~t 100 i 0 200 170 1 0
1.2 60 200 170 170 170
1.6 40 l0 140 170 10
2.0 50 230 100 160 log

B. Results after a4 hrs. at 1500 F.

0.4 180 l0 180 160 220
0.8 150 16o 230 170 40
1.2 70 170 0 16o 170
1.6 40 130 18o 160 150
2.0 50 0 150 140 120
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Appendix VII

Testing and Specifications

In this section the background of the specifications
(CVS 196-131-107 its revision 107A and Directive ;01A,
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
materl' T'' F-7pproximate equal parts of besic aluminum
naphthenate, aluminum oleate, and aluminum soap of cocoanut
fatty acids. This was written at a 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 specification should now be
changed to "The composition of the material shall approxi-
mate one part of basic aluminum naphthenate, one part of
aluminum oleate and two parts of aluminum soap of cocoanut
fatty acids".

Sieve Size. The reouirements of this section safeguard
againFft-t pesence of a l.rge amount of fines, which solvate
very rapidly causing premature gelation on mixing. Conversely,
large lumps solvate too slowly. As long as excessive fines
are avoided, there appears to be no reason why the limits
should not be changed so'newhat if desired. No difficulties
in the actual determination usin, the apparatus suggested
have been recorded.

Aluminum Content. This was originally written when it
seemeJ-n-i imE-content might be some guide to gel be-
haviour, Sufficient evidence has now accumulated, that good
gels can be obtained with soaps of widely var,,ing metal con-
tent, that this no longer holds. The use of alum solutions
containing water-insoluble aluminum compounds invlidates the
test, because these are precipitated vith the I'apalm and must
be included in the aluminum analysis.

Ash Content. Remarks similar to those made for aluminum
contrfJare ' true here.

Moisture Content. Data have already been given in Tables
II, XVII E~g- V1!1 to indicate that moisture is of primary
importance in determining the viscosity of the gel, particu-
larly in the L4 hour - 1500 F, stability test. Soaps prepared
by different methods undoubtedly differ in their susceptibility
to moisture. Thus, three different soaps all showing 0.7%
moisture by the benzol distillation method gave viscosities
of 520, 580 and 700 in the 1500 test. Nevertheless, most
soaps studied seem to show satisfactory behaviour at moisture
contents below 0.6%-0.8% by benzol distillation (CVVS Method).

RESTIOED
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Thcre h-as bc~en c~nside:rabl e c;.ntr,)vrs ,- s t

the -.dequ,,-cy .Af the b,..nz31l disti11e ,ti.)n i AtLd f£ .r t~lu dk;-
ter~linr-ti~n if .nAstur(... The inoi-thid first used in vfich ,-n

*v:Anc w,& s ,:dded t: brea-k the LEcl was sh3wrl t, Iiv(: irrcr.Dn;-us
reuls e-use )f' r(- cti..n betw*,.en the a:in dded and frec

fratty acid A* the,- soa p. The 'Icth.Ad -ivces difIE r,:nt rmults
accordin, t'D the. b~ilinE p~int if th,, s~jvcnt use:,d (18) e
specifiection issued July 8th, l 45, Live;s scatisivact--r:7 re-
sults when nperated caIrefully as sh-)wn by Ta-ble XX~til bk~1,w
V-.e rc successivo detcr.-,nrnatlns wi re run in the sa,,:ic

Trblc XXVII

iRcpr.)ducibilitv :)f Bcnz:)l lvlisture Det ;r.riinati )ns~-

o tac e Utr
A' reiOp~id roniii Un.ipen,-d

LA I'i Drms Drma -- Dil'i Dru- - Difif.

54 0 .75
54 1 .18 .70 .05

55 :0 .5 .50
~37 .- 55 .05

5/6 -45
-5 05 ll .00

57 12 .70 4
.b5 .07 .07

53 11 .70 .70
.7L .02 .50
.9 75 .75

601 70 .05 .75 .00
0.2 53 .50

-53 .05 .50 .00

.04 ;o.15
62 12 :75 .7

123 .00 ~ 70 -05

.~o 05.075 .12
S412 80750

-75 .00 .5-05
125.70

.6312.68 .63 .00
6612.j5 .6

.75 .10 .75 .12
67 1L 08 70

.7; .05 .'3 .07
63 11 .73 .70

.75 .05 7 .00
11 70 .0

.o.20 .)0 .10
70 5 .80 .73

.75 -05 .70 .03
71 5 .75 .8

*.70 .05 :65 .13
72 1 1.00

.10 RESTRIOGIED
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% water % m ater

No. of From Opened From Unopened
Lot No. Drums Drum Diff. Drum Diff.

73 1 .70
•75 .05

Average 0.72 .073 0.65 .076

-Data from Rocky M,4ountain Inspection Laboratory through
Captain W. Bauer.

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

Table XXVIII

Results with C.V,.S. Benzol Distillation in Two Laboratories (10P55)

hours in C°.W.S. Labs.
Soap Drying Ovens Harmon Color Uks. Columbia University

Harmon 12 2.1 2.2
R11249 14 2.6 2.6

l1 1.5 1.1
18 1.2 0:9
20 0.8 0.8
22 0 o.4
?-4 0.4 0.5
29 0.4 0.2

Eastman Kodak C.1, .S._ Lab. .Edgewood

Harmon -- 0.55, 0.55 0.65

33955 R

Setting, No difficulties have been reported with the
officI Te--hod for conducting this test.

Characteristics of the Gel. This section was originally
writt-7-KT 'n-9iY tf -fl -6H-- formed should have the elasticity
and stringiness characteristics of a good Napalm gel. Thus, a
Napalm, if excessively oxidized, would fail to pass these tests,

RES TRIITED
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Nevertheless, as far as is known, no samples have ever been re-
jected on the basis of" these tests and their abolition would seem
desirable. If a stringiness or test f-r length is still desired
then substitution of the extensi,)oeter (5L) for the spatula test
would be indicated.

Stability at -400F. This was originally inserted to insure
that t not show syneresis on standing f)r a
time conparablc to that experienced in a bomber flight at -40 0 F.
No Napalmn has ever been found tD fail this test. Furthermore, it
has been definitely shown (22) that this test d)es not correspond
to the results obtained on long time low temperature storage such
as might be experienced in actual use. It has been omitted in the
final specifications.

Consistency. This is tne most fundai, ental property oI ti.e
s oap Thg -ffgverns behaviour in all its uses. uch studyi has
been dev.oted to finding the rig~it c. nsistency fo.r eacn different
use (4, 5-4). Although all c.tncentrations ar-c nt ret fixed,
it appears that it may be necessary to use Napalm at concentra-
tions of (1) 4-5-1/2/, (2) %, and (3) 151. Since it would ob-
viously be unfair to ask t- manufacturer to ti-st his sap at
each )f these concentrations, 8 o was chosen as a standard test
concentration because it was the lowest concentration c nte.mdplated
for use at the time the specification was written. This concen-
tration has the advantage that it is about miidway in the range of
those used in practice and alsoalJLtoxs repro ducible readings to
be obtained readily on the Gardner, which is difficult at higLher
soap concentrations.

From past experience it has become clear that there is no
*difficulty in the manufacture of a Napalm with a consistency

of from 500 to 800 grams, if the moisture content is suitably
controlled. At very low mioisture co ntents, it is possible to
obtain consistencies considerably in excess of 800 grams but
such soaps would offer c-nsiderable difficulties in -manufacture
and handling.

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

1. Preparation of the Gel. The olficial meth.od, which may
be calledthe open vessel miin technique, has received considera-
ble criticism because of the possibilities of loss of solvent,
condensation of mnisture due to the refrigeration eZfect during
vaporization and gel heterogeneity due to p.oor mixing. Perhaps
the most thorough study If different mixing techniques was made
by Allen and Levine (25). The prepared gels by the open vessel

~IffTRICTED
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Method, by tum-bling the solid soap in gasoline in a quart jar, and
by tu-mibling followed by stirring with a perforated piston or
masher at the end )f either two ho-rs or ?4 hours. Results are
shown in Table XXIX. It will 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 m:ethods other
than the open vessel technique. Results on the 24 hour 1500 test
were not obtained, but it may be suspected that this would tend
to make the results more uniform from top to bottom of' the gels.
Similar results with respect to evaporation were obtained by
Elliott ahd hIcIntyre (46), who found ti~at small gas losses in
gel preparation affect gel strength very little. Thus, in two
groups of 24 hour 150'F. tests:

3% gas loss -- average strength 657 grams
ND gas loss -- it 648

This is well within the error of Gardner reading.

The possibility of moisture condensation has been tested
at Eastman K-dak, gels being prepared in constant humidity r-oms
at 20% and 90% R. H. No consistent differences could be found.

It appears, therefore, that witil reasonable care good
reSults can be obtained with any method of gel preparation,
although constant a-itation and safeguards against evaporation
are desirable.

2. Gel Transfer to ivobilin-eter. In the early days, be-
cause of - -- Napalm gels be poured,
stored and evaluated in a capped :oobilometer tube, the gel was
not disturbed between com.pletion )f mixing and the first Gardner
r'an. It soon beca-ae evident that storage would have to be -adein tubes othe~r than the ,bioe tubes and tiic question roseas to the difference in c-,nsistency caused by the transier. Many

inspection laboratories use a plLuger -or piston to transfer the
gel fro:m the storage tube to the mobilometer. Table XXX shows
results obtained when this method of transference is used com-
pared to values obtained with the static stored gel (25). This
indicates that a slightly higher result is obtained when the gel
is undisturbed between storage and measurem:. ent in tne mo-bilometer
by the method described in Directive No. 201.

Table XXX.

Effect of Cel Transfer on 48 hour _Visc_sity (25).

(Directive No. 201 JIethood)

Gardner Visc sities

Sample A Sanple B Average

Static Gel 70 grams 6 0 graos 710
Transf'erred Gel 66oC 66o

7p-ri-r mt~OTJD
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Table XXIX

Uniformity of Gels (25)

Open Mixin Technique Tumbling TechniqueGa rdner Gardner . .........

Viscosity Vis.Deviation Viscosity Vis.Deviation
Sample Top Bottom Tes -ae a TO P 9ff I

grais grams

Type B Napalm

Test 1 a.775 770 5 810 795 15
b.775 765 10 7.5 750 7 5 45 50

Test ? a.760 7?-0 40 740 800 60
b.715 780 65 52-.5 7?0 730 10 35

Test 3 a.740 800 60 735 740 5
* b.775 740 65 62.5 775 755 20 12.5

Average 757 763 755 769

Type A Napalm
Test --.77- 655 155 730 770 40

b.920 710 110 132.5 725 760 35 37-5

Test 2 a.805 715 90 750 730 20
b.820 745 75 82.5 --- 730 -- 20.0

Test 5 a.775 710 65 720 775 55
b. 780 730 50 57.5 730 730 0 27.5

Average 802 711 731 749

Tumbling 2 hour Mash Tumblin ___4 hour Mash

.Type B Napalm
Tes-1-6-775 795 20 760 785 25

b.775 775 0 10 810 780 50 27.5

Test 2 a.735 755 0 775 755 ;0
b.775 775 0 0 730 745 15 17.5

Test 3 a.775 785 10 725 765 40

b.765 760 5 7.5 765 780 15 27.5

Average 767 771 761 768

Type A Napalm
T-e.o-7 775 15 680 755 75

b-745 745 0 7.5 750 755 5 40
Test 2 a,740 765 25 725 725 0

b.745 750 5 15.0 695 750 55 27.5
Test 3 a.730 740 10 710 730 20

b.720 740 20 15,0 740 740 0 10.0
Average 740 755 717 745
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3. The Gardner Mobilometer and Directive No. 0l. Owing
to the un %-ature luminumsoap gels, -dscrepancies
were early found when measurements on the Gardner Mobilometer
were made by two different individuals. This raised considerable
discussion a& to the best method of runnin0 the instrument and a
great amount of work has been done (?-8 It would seem unnecessary
to detail this, but the main conclusions can be summarized. Pro-
viding the gel is worked once wien it has been allowed to stand
undisturbed for some time, furt,er working olIers no advantage
and in some cases may lead to the introduction of air into the
mobilometer. Among the many gels investi.gated, some appear to
increase in viscosity and some to decrease on vigorous working.
Short, or concentrated (10% or over) gels appear to increase in
viscosity greatly on working.. The latter become cut into small
jelly-like particles, which do not coalesce again except on long
standing.

Evaporation is not a serious error, but does occur to so-re
extent durinc, running of Gardner viscosities. Temperature of
determination has a small effect ss illustrated by the following
table.

Table XXXI

Effect of Temper~rture of Determination on Gardner Viscosity(3)

(8% Napalm Gel)

Time of Fall (sec.)
59 1, o OP . 3 01lWigt .3 5S:op_, 70%'• 3o°o'•

850 4.2 --
800 13.8 9.6 10.6
750 19.4 17.0 14.8
700 29.2 21.6 2.0
650 .O 37.0 27.6
600 l0 57 4
550 187 )9 h.
500 -- 16 130
450 .... 191

Consistency 6oo 540 515

The points covered briefly above were considered at great
length in preparing Directive No. Ol and its modific:tion :01A.
Consequently, it is believed that if the directions iven in 401A
are followed, no diiiiculty in securing reproducible results
should be experienced.

P ' P9,TRICT ED
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4. Effect of StoraGe Containers on Consistency Results. In

the early-J7- ffhe -N-apalm- prog bgfo theI56 J-rer-
ated test had been devised, storage of the gels after preparation
was usually done in glass Mason jars. V ,ith good soaps, there was
considerable indication that this storage in glass was equivalent
to storage either in steel or glass jars containing steel. With
the introduction of the 1500 F. test, the glass 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
small amounts of moisture. Thus, a piece 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 a similar
result can be obtained by adding 0.01% of copper as copper n.ph-
thanate. It must be concluded that (1) brass tubes are unsuitable
either for the 43 hour or 150o storage test, (2) glass and iron
are very similar in their action on the Lel when used as storage
containers.

Table XXXII

Effect of StoraFe Containers on Gel Viscosity( 2 5 )

48 hr. Gardner Viscosity -4 hrs. 1500 F.
Gardner Viscosity

Storage Test Sample A Sample B Av. Sample A Sample B Av.

48 hrs. 1 800 805 803 795 780 788
Gl ass 2 320 780 $00 770 20 795

48 hrs. 1 00 835 8.3 685 695 690
Brs,:ss .(screw, 2 20 70 845 7 -'0 740 750
plug & gasket)

S 48 hrs. 1 865 860 865 65 685 675
Brass (collodion 2 880 870 875 7e0 710 715
and cap)

48 hrs. 1 345 865 855 75 795 785
Steel (plug and 340 8 0 80 760 75
gasket)

48 hrs. 1 80 85 87 790
Glass ( plus L 80 790 790 790
0.01% iron)

48 hrs. 1 820 o40 850 10 66o 685
Glass (plus ? 745 755 750 20 620 620
O.01% copper)

48 hrs, 1 820 80 80 610 645 628
Glass (plus 2 880 880 83o 690 675 683
0.125% iron)

48 hrs. 1 775 810 795 625 695 660
Glass (plus 2 755 760 76 695 755
0-12 5% copper)
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Table XXXIII S RO D
Eff~ect o~f S t-Dro -Bef ,re Specificatimn Tests (?-5).-

48 l-irs, 770 F. 24 xirs. 1500 Fi
StDoage Gardner V/isco-sity7. Gardner Vise sity .

43 ho~urs in Glass 800, 30 79-5, 770
305, 730 730, 0a

24 i-urs in Glass 800, 300 7)0, 300
Li)st, 8060 Li.st, 790

2 hours in Glass 855, 810 760, 735
LDst, 850 Lost, 810

o. Repr-)ucibility .-) Cinsistcey Test. Results below
(Th,-ble XXXIV) ot--D-fhied 1737-t tF-jdiif rEnt laborat ,rles ( 36,5,
45) indicate t.;bat ivit.-.-i , )d tocinnique no: dif'ficulty siao.,uld be ex-
p-.ri(enced in repr.xiucinr, readings -)n tc,:e sa..ie s )ap. In study ing
th,- saao,.i s'ap in tw,) diflfero3nt lab-)rat-ries, per.Lps tile greatest
diliculty, no)w te'!at tihe diffurent Gardner 1Jobilxactors have been
standardized rt E-d jw7d lies in th,.e strndard test gaso-line
empl-oyed. alth,)ugh- cvery effo-rt is m-,ade to- rmake this re'-pro ducible,
it may be' po)ssible,, due t,.. ti As cause, t) obtain differees of
50 to 100 gramis in consistency rmaasuremients.

R ~3RIOTED
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Table XXXIV

Reproducibility .of Specification _Consistency Tests

A. Consecutive Gels Prepared from harmon 83)55R using S.O.D.
Test Gasoline (Pyrotechnics Division, Edgewood Arsenl).
Moisture content 0.6, Benzol Distillation 0.55% Vacuum
Oven. Stored in steel.

Run No. Compounding Consistency After
Temp. R.H. 1 hr. 1500 F, 24 hrs. 1500 F. 43hrs. 770 F-

1 760 F. 71% 650, 680 600, 590 5)0, 610
75 77 640, 650 550, 56o 6oo, 6oo
7K 70 670, 66o 5 0, 560 610, 590

75 865o, 66 530o, 580 olo, blO
5 77 7 63o, 680 570, 550 590, 630

77 67 66o, 6'o 570, 6oo 6o, 61o
75 7670, 63 5 0, 530 59, 610
75 78 630, 66o 560, 550 570, 590

9 77 3 63o, 63o 550, 540 00, 50
10 77 81 670, 640 550, 550 600, 580

B. Consecutive Gels Prepared Usin , Standard Oil Development

Test Gasoline (Eastman Kodak Co.). Stored in steel.

Harmon 8,355-R Ferro Batch322

Run No. 24hrs.l5O°F. Run No. .h1rs-O%'.

660 1 4;0
640 240
620 3490
63o 4 500
610 5 48o
650 o 460

C, Consecutive Gels Prepared by the Tumbling Technique.
Stored in glass.(Nuodex).

TyPeA _Typoe B

48 Hour 150OF 48 hour 150OF
Sample Viscosit. Via iViscos_ Visco sit

S740 565 820 63o
7 55 595
o0 5 o 82o 580

81o'
575 50 340
675 55 5 570

RESTRICTED
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R ,SIRIOTS» 

MWMMfcllSI g g! CCTSMMICT g IMCmPIAKT OILS 

i,    oiaiiaui.. 

tht purpow of thU dlraetlvt la to doaorUM notlurf • for «w lot imlaa* 
tion of «ho oonaiitonoy of InoondUry olio.    Sootloa II of «bS* dlrootlTt 
oo-mn tho Owdiwr wbllawMr Mthed ■hloh will «• aood for all IneondUri 
olio of tho Sapala typo.    Sootloa III uvmra th» parallol plato aotbo'l ntileh 
»!U bo aood for InoaadStry olli, oontalnlos lniel>ctylae««OTyUto poljMT* 
ud ledlna aalta of fatty aoUo. auoh at iBoondlary Oil, 1». *&• HI. 
(0.1C.S. apaalfluatlea le. 19*5-151-lUSV 

11.    IkSDKEB t!3DIUMF.Tn> SBTBOO. 

A.   Doaortptloa of gg Initnaoat. 

1.   Ida adblUMtor i« vldoly and In tottlas labentorloa aol aaa 
ka purohaaad fron aoot laboratory mpply honaaa.    (Sao Botta, Paragraph D, 1). 
tha adbllaaatar aoaatata of a tnaa, U-kola dlao, planet red, oolcht BM> and 
baarlaj, aaoatad <■ a arltdblo baaa and auppert.   Tho perklaont dlaaaalaaa 
of tha itaafard isatnaiBt ara aa followai 

MggmUmu of ataadard dardnar 
llebllAiVr >V  <lflaifeoil Ar»oiial."»r;'l««t. 

lataraal AiaMtir of tUbo 1.555 inobaa 
Dlwetar of dUa 1.5« laeboa 
fhlakaaaa of dlaa J/JT inch 
Dlaoatar of holoa la dlaa 0.250 laah 
DlanatcT of plaaaar rod i/k inoh 
Dlaaatcr of baartac opanlne 17/W laoh 

8.   Oamr.   So tuba aanr la auppllad altfc tba Inatnnaat fa? tha 
Muaoaa of taaplas tha taba aotarad darlag tha to«t„   Uoaavar, a wltabla 
»otor ohall ba mda of aaMkaard, abaat aatal. or thin wood and ahall ba 
larn aaauch to oaiar tt.a cpaa aod ef the tub* ao«la«aly.   Iha aotar ahall 
hota a oantral apanlac largp anoa^ to ponlt aaay paaaav of tha oollar m 
tha dlaa. 

3.   Staraca Mbaa.   Nbaa for atoragi of thlaferaad foal «tall ba 
■oda of rtaainSTagrna dlaaatar a.iall ba appreaimtoly tho atM alia 
or tlluhtly lar^or than tha artaraal dloMtar of tha abbllwator tabaj uaad 
far taatlac.   tha laactfc of tlia tuba atallabla far ataragi f.*ll ba •■proal- 
.Italy lOtaahaa aad tho tnba aha'.l ba fllUd to itvo a TOU of 10 * ;• paroant. 

CVS Plraatlta le. 2014 
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RI^TKICTO) 

Tte ftorac* tiib«t ■hall b« Mpp«d mt both •ndn flth r«aov«bl« 9t««l ••pa* 
••p«bl« of irlt}i«toadiBg • prvsflBM of £ p»«»l«    OMta t« of notoriala whleh 
do not 9 r foot tJi« Inoondlory oil aoy bo uaod (SM lotf(t„ Porosrap^ D» &)> 

B»   P»b^ndao%ion of ooa»i«binoy> 

I.    In «ho dttormiMtloB of tho •oaolsbra^y of Hapala iaondiory 
oil, tho folloolos dotoila. gif»B la th« ordor of tholr porfonMMO, should 
roooi^i portlonlor •btontient 

a,    rill tho tab*. 

b«   AiM^bU the aobiloMter. 

••    Motoi 3 working ftrokoa vhon iMosurint gols ooatolBiBK 
IOM than 9 porotnt Hapala thiobnar*   Taba lota than 1 alnuta to Mooaplisb 
tho 5 atrobM.    For gola •ontalaiBg 9 paroont or aero of th» Hapala thiolanar. 
aaba only ono aorklng otrokae 

dt    Maba tho firat ma, uaiag a ':olal aaSg^t of $0 graaa la 
•SMaa of tho apaoifiad appar llait of ooaala-»aoy» 

•«    R 'duca tha load by 30 grana m oaah luoooodiag rua 
(aaoopt aa la Paragraph 3, 1, f )• 

f,   Continaa thia preooaa until >.ho tlao of fall oxo«o6a 100 
oaaondn.    If tho tiaa in Paragraph B, ?., d axnooda 100 aaaaada, inoroaaa tho 
load by inoroaonta of 90 grana until a tiae oi* fall of loaa than 100 aaoonds 
la obtainado 

2m   A briaf aunary of tho oonditionn ataadard for all ruaa wada 
In dotorainlng oonaiatanay ia aa follorrai 

a^    Start tha aoqploto atroba wioh tha lenar nark on tho 
plungar 1 ♦ l/k inah aboa* tha baaringr 

b«   Alloa tha loadad plungar aaacnbly to daaoond nntil tho 
uppor nark paaaaa tha upoor enrfboo of tho boarlng*   r ithin 10 aooanda 
thoroaftar, roaova tho ««ightav puab tha diao doaa te the botton of tho 
tuba, and althdrav tha diaa until tha laaar anrk on tha plunoar rod ia 
1 4 l/U inah aboao tho baaring, wiping tha ror. on tho npetrokao    Thia pro* 
••SIM is to bo used for gait oontaining looa than 9 paroont Hapala.    For 
gala oontaining 9 paraant or aoro Hapala, allcor tho leaded plnngor aaae^ly 
to daaoond uatil t}a upper aark paaaaa tha uppor aurxboo af the bearing, 
.ithln 10 aaoonda thor^aftsr, roaote the wolglta, path the diaa dona until 
It touoh*ia the bottom of the tnbev then wlthdtaar the diaa until it atrlbaa 
the tube war, wiping tlia rod on the npatrofcu. and finally paah tha 
plungar doau until tha lo*«r aark ia 1 ♦ ]/> : noh abcio tha bearing. 

4* 
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BBBBSBS 

o. Tbm tiam btWMH runt ihall b* 60 J^ 10 ivaocdn, 

d. During %)w d^tirraint-tion. ant for at Itsat 2 henn prior 
ttmto9 the tM^imtor* of tho eol ahall bo 77 > 2

0F, 

5* Potailod iaitruotloBO, Tho iBitruotiona outllMd oboto oro 
dotoilod ao Mlant 

o* yilliag tho ■obilcttar tubo. ffhon tho oootlstonoy of 
an UeoBdUry oin* ^o bo Moavrod. tlm  BK^I* chould bo tr»ief«rr»d froa 
tha otorosi tube to tho nob i loan ter tubo at tho tiae of to at. If tho 
r.obllcBotor tubo will fit Into tho atorofli tubo, tronafOr tho oil oo follooai 
Bo«of« OBO oop of tho otoroaa tubo and ioaort tho mobiloMtor tubo. «ltho»it 
oop or bcoe, into tho otoro«a tabo. boao <:ad firat* fMab dora until tho 
booo of tho Bobil(«»tcr tabo hoo rooohod tho lorer oop of tho otorogo tubo. 
Boaovo tho molBing oap of tho storege tubo and ooro* tho br>oo of tho 
awbilaaotor tubo into plaoo, Wlthdraar too nbbllaMtor tubo oontaining the 
thiataanad fuol aoaplo and oop until tho oonaiatanoy do lamination la aado. 

To roturn tho aoaplo to tbo rtcrage t.ibe, oorov one oop 
of tho tubo looooly into plaoo, ao that tho poacage of air ia freely por- 
mittod. Koroto the baoo of tho noblloaotor tubo oontolning tho aaaplo and 
inoort tho lower ond of tho nobilonotor tubo a ohort diatonoo into tho open 
ond of tbo atorage tub*. By aaana of a eolid diao on a rod. alooly puah tho 
aanplo froa tho ■bbileaatar tubo Into tho otorago tubo. After tho tranafor 
< f tho aonplo la affootod9 aoraw tho renrlnirf atorage tubo oop into plaoo 
ard ooouroly tighten both oapa* 

If tho dioaater of the otorago tubo ia opproaiaiatoly 
tho aaaa aa that of tho aobilanator tubo# tlw aa^le any bo tronaforred 
In a alailar nanner^ oxoopt that tho tubo frcsr v!\iah tie gal ia roaooad 
ia hold tightly oear t]io roooiTing tubo while tho aaopio io oxtrndod with 
a dioo on o plungar. the baoo of tho roooi-ving tubo aioald bo looooly 
fOotonod until tronafer io o«Mplet9v to pemit oeoapo if air* Core auat 
bo taken net to ontrop air in tha baae of the abbileDeber tubo* 

i^ny oon^oniont aethed of tranafor of ^ho aonplo froa tha 
atorage to tho aobllaaoior tubo nay bo ueodt provided thot tho oxpoauro of 
tho eonplo to OTnporation io no greater than that in fie prooodurf a 
doaeribod ebc/e-, 

tho abbileaotor tubo ehall bo filled with tho thiokenod 
ttiol eanytle to a depth of not aore than 1/2 inab below tha top of the tube* 

b» Aeoowbly of tho achilcaotor* I'pon ro'toipt of tho aobll- 
creter, tho plungMr^rod eheuld bo oorowad fimly into plaoo ia tho four- 
hole diao and thereafter loft ia plaoo* To aeteirblo fie aahiloBetor for 
teiting conaiotoney, pace tl\e plunger rod thrcigb tho ooeor and tho bearing* 
attach tho weitfit pan, tr.d faeton tho bearing aupport io tho abbileaatar 
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Mb*.   Cliuf «w b«*rlDc •upport to thu adbtloMtar tnb* at moh a htlr^t 
that tl:« diM li 1 ta l-l/fe Inohaa abw* «» boMoa of «ha «&• aMn tha 
nppar oar c an tha pluagtr rat la at tha baarlna> 

a.   aarblac atreba.   Faraa tha plangar dcm aaauaUr uatll tha 
dlaa teuahaa Via Lottea of lha tube, thaa wlthdnor aatll tha laaar aark ea 
Via rod I> * + l/» Inch abava tha baariaf.    Xhli proeadura ahall raqulra aak 
nora thaa 10 aaaenda.   Durlas Via up atraka, hold a pSaaa of abaartaat 
aleth or pap*' arouad tha ploacar rod ta prannt Hapala oil fren balag 
narrlad Into tha baarlae.    Iha praaaaaa of driad aatarial w tha rod, baarlai, 
aovar, dl .-a or belao la dlaa will laad ta orror la Maaaraaaat.   Iha abava 
praaaduro ahall apply ta tha taatlag of gala nontalalEf laaa thaa 9 paraaat 
Hapala thtakraar.    For gal* eoatalalBB 9 paraout Rapala or aota, naa a aiallar 
praaadata. bat faraa tha plmear doaa ■aaoally uatll tha dlao atrlka* tha 
befetw of tha tuba, tt on draw It up uatll It ntrlkaa tha tuba aavar, and 
flaallr faraa daaa uatll tha Icaar aark sa the ?ad la 1 ♦ ^t lath abova tha 
baarla^ 

d»   IMrtag tha dataralaatlea.   Doteralaa tha aaaalataaay of 
flapala all aa fallaaai 

'1)   BaA typa of Hapala oil baa a apoalflad aoaalatanay 
raact aapraaaad In gmu,   Ir tha flrat run In any tetatBlaatlaa, aaa a 
total val^it, aoaalatlaf of tha aua of the «af.islita of tha dlaa, plaagar, 
aad »algk ■. paa pliio aUad valuta, of SO prtma la axoaaa of tha appar llalt 
of aaaalatanay apaalflad far tha tjrpa of Hapala oil usdar taut, 

&)   Afbar anrklBs tha laapla,, graap tb* pluagtr rod at 
tha baarlns aad pluea tha raqalrad aateht on * iio pan     Iha iatarwl bataaaa 
tha and af tha aarkias atraka aad tha utart of tha first ma ahall ba 
60 4 10 aoasad*.    Iha aal^itt aay ba plaaad n: tha val^it paa at nay tla* 
durTne thla latanaU   turn plaolag of Via dlae no that tho loaar aark oa 
tha plUBQar la 1 •» l/U laoh tbov* tha baarlaj ahall be aoaaldarad aa tha 
aad of the aarkla'g atrekl.    Start tha raa by tolaaalnf tha aalghtod plunftr 
aaaaAly, ttiua applying tha laad to the oil 

'',?)   Rbaa Via run la atartad tho plui gsr aaaadbly aema 
doaaaart*    Start tha atap watoh whan tha loaar aark at tha rod paaaaa tha 
urpar aartbaa af Via baarlag,   -haa tho uppar aark pnraoo tha nppar aurfko* 
of tha banrlag, a'Mip tha aateb.   Eaaoat tha arl^ita fteti tha pan, foroo tha 
pluagar dqan aaaually until tha dlao touohaa <iia batata of tlia xaha, than 
wUhdraa until tho laaar aark on tha rod la 1 ^ l/U l»eb abova tha baarlng, 
rrlplag the rad, aa bafor*, at. tho upatrafcac    In tha avaa af olio ooataialag 
9 paraaat ar aara Bapala thloknar, earry tha dlaa ipurf oatll It atriiet* 
Via tuba oaaar,  (aiplag tha rod) aad finally iam usUl tha lonr aark aa 
-.ho rat 1 J 3. ♦ l/U laoh ibari tha baortag.   Hot nora than 10 aoooada ahall 
olapaa ba-woan atopplag tha watoh and plaalng •£■■> pViEgar aaaadbly la tho 
atartlag paaltlaa (1 + l/U Inah abovo tho boii' n;),   raeord tho total wsljht 
uaad In Via run and IJEa alapaad tina t'noaa oa tha atop watalw 

ens Mraatlaa So. SOU. KBSlEiCta) 



SRSTBXCTED 

••    BBdiMl ffel Attwaittioa, 

(1)   Hold tbt rod rt tht bMrlsg, MA ^UM « viilght, 
30 cnm toaa «m thot VM4 la the fin* ra (wMptioBi   MO Vmn>nh 
M9 lr f), on tho «ti^i% p«i«    MfltM %ht «•! ^t«d plur,g«r Mtaably 60 ♦ 10 
MMBta »fttr •w^la^ioo of «ho firtt nil.    Thoo fiaiili tho run by p jrfomlnc 
til <*• opofOtioM prooerlboa dboto (8oo ForofSfOfh B. 19 f )• 

f,   Booor%iag gglteg   ^^ t,f0 •uooo^iw looA«s la srun, 
giving tin«t ef fStl XOMMUSI mof t'.>an 100 •oaooda ro^pootiToly, tlmll bif 
sotod.   Iho lood rofuirod to gito o tlao off fidl off 103 ooooodo iholl bo 
obtain*! ffroa tho too loodo oo notod by llaoor iotorpoUtio^    Thii ffigaro, 
oorrootid by tho propor oorrootioo footor for tto tubo ond iaotruMBt uood 
ood wpBfftod to tho nost bis^or 10 groao, ofaoll bo ooosiidorod tho oontlatonoy 
off tho attorUl ucdor toot*    (Tbuo. 60$ proM aholl bo roportod oo 010 poao)* 

0»   atMdordiiotiop of tho iaotm—nt^ 

1«    Booh aobiloBBotor whloh it to bo uaod for tootiog B^pola olio 
raot bo otondordiiod to oorroot for diaoooioonl torUtioni.   Althcutfi OOM 
nobilcavtoro oro fterniabod with o otoadord Ilqaid for jtondordiiotion parpooot, 
oil aobiloBOtoro istoodod for uoo oo Btpalo olio onot bo otondordiiod unlng 
o HtpolB oil* 

2. For tho pai^ooo of offfioiol tootlog of tho oonoiotonoj of 
Upola olio, o MbiloMtorv loootod ot tho ChoaiooX • o^foro Sorrioo TOohniool 
Conood. hoa boon doiipottd oo tho prlmry atondord Liotrawst,    Bo* 
loborotory on^god in tho dotondnotion of tho oonoietmay of Vopols olio 
otell foroord OM oo^Uto losbilvotor to "Coaaondinc Jonorol, ChoniooX 
orforo Boroioo Toobnloo3 Cwonfl, Bdsooood Arfonol. BaryUndf Attontiom 

Chioff9 Choodool Rooooroh Dl-riiioB**. for ooaporioob «tt>i tho primry atondord 
seblloMtor uaing Kopola oilo.   Tho inatrtmaat vill bo atonpod ond roturnod 
to tho aondor wit:  o oorrootioa.    Thlo inttruvont will bo oood no o oooondory 
atondord ogaiaot whloh oil ooobiaotloao of ■Oblloaotor 'uboo and d iao^pIunQor« 
boorinc ooaoObllot aholl ba ociporod.   Propor oorrootiaao oholl bo givoa to 
tho aoaorol oonbinotlono of tubo oad Inotruaoat. 

3. i jilibrotioa of aobiloaattro nolng ccoond-fc^ itocdordc 
Cooporlaona boWraeo a mSSttSSS'SSr Co 5a oollbrotwd ond o aooondor}' atondord 
oholl bo isodo oo folloooi    Proporo oooploa of inoondiory oils, oentoining 
various poroonbofloe of Bapolo thiokanor in gatolinov oooording to tho 
proooduro giaon in C.ff.3. Spooifiootion Mo* Xi^l^l-lOf^   storo tho oooplo 
oil in o atool atoro^a tubo for SU houro ot 150 ^ 2*F.» thon pUoo tho 
otoroga tubo in o wotor both, ot 77 ^ e*F., for at looat 2 houro.    Tronaffor 
tho aoasplo froai tho otorofla tobo to tko tubo of tho awbilcaMtar to bo aoli* 
Iratod ond oooooro tlio oonoiatanoy, ot 77 ••' 8CP.» oo proooribod in 
I'arogroph B9 5*    Thon tranafar iho ao^lo to tho aaooodory otoadord inotnawat 
oad aaoauro tho oonoiatonoy.   Aaaortola tho dawUtiaa >otooon tho oooalatanoy 
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obUln^l la the adbileMtMr to b« oalibrattd aaa th« aoMitttnoy dbteiMd in 
tb» aMoadary ataaiava (Baa Parsgraph Cv U)a   thia aaif>l«taa aaa aat af 
■aaaaraatata*   lapaat tha aat of aaaaarawaata, uaiag n giaaad aaapla of all 
•inlUrly piaparada but traaafir tha tanpio firet ta   h« aaaasdavy standard 
far Btaauvamt and ffiaally ta tha tubo af tha iMtaumat ta ba aalibrotad. 
Aaaartala tha darlatiaa batwoon the aaaattraMiita af thia aat aa bafora. 
Mahi aat laaa than two aata af ■■aaurawaata an aaah ai* *ra aaoplaa af eila 
haviag aanaiataaaiaa af abaat $00 gfaaa*   Bapaat uainn aMplaa of alia haTiog 
aaaaiatanalaa af abaut 650 gnmm and agaia with oila nf abaat 800 
■latanoyo   A total of aat laaa than 12 aata of t*o ■«rkaaraaanta aaah trill 
ba 

Utt    Caleulatlcn of oorraotioa*    In mbiag ■ataarantnta for oali 
aration purpooao. mtQrpolftto tho oonolttvnoy bo tha t^aratt grwi rathur thaa 
ta tho noxt hishar 10 sroat aa apaoif iod la Paragraph Bt 3, U   Calaulatt tha 
aoaa of tha daviatiaat abacrrad batvaan tha tiro ataauraaonta la aaah aat^ 
Sajtat any dariatioa whiah diffara by aara thaa 25 grsoa from tha n»an talaa9 
If aara thaa tao dariatiaas ara raJaotadv raa additional datandnatiaaa aad 
rtoaleulata tha naaa until at laaat 10 darlatloai aro obtaiaod, all af ahiah 
ara aithia 23 graaa of thair aaaa.   Rouad off tha noai to tha naarar 10 gnaa* 
Froa tha oarraotion flaatar af tha Mooodary standard f nd ti<a asan dariatiaa^ 
aalaalata aad raaord tha oorraotion faotor of t •» aotof leaatar bting tsstad* 
la aabileastar with a oorraotion faotor graator tliaa * $0 graas s all ba usad 
ba tsst tha aonaiotaaoy af inaandiary ails* 

!•   IkibilcDStara obtainad froa tha Soary A. (tardaar laboratorlaa< 
Iaa*s Batfaaada, Msrylend. haia baaa foaad to ba vary tatisfaotory* 

2*   A noa«aaalliag9 noa-ac-braotsbla n»bbar siibatituta gaahat 
aatsrial, 3/J2 to 5/^B inoh tliielc, prooursd froa Bydrc »(niaaioal Co»y 
939 s. Uaia St«, AkraBp Qhia, baa basn found to ba saliafaatoryo 

1X2, PARALL8L PXA7B JIMUOD. 

I*    Paaariptiaa of th» instruaantk, 

1. Ara plaaaa af plata glass ara raquirad, sbout 9 by 9 iaahaa 
aad 2jk Inoh thialu It is aoaeaaiaat ta plaaa tha plataa in aa opsn-to? 
ahallaa waadaa baa or tray* 

2*   Tha top plaaa af glaas. suitably aarksd. ia aaig^ad aad a 
naight prrparad auah that tha total wai^jfc af tha glace aad tha waigjht ia 
2000 paaa*    It ia aontaaiont to aaks this aaight with a oiraular i)aaafl 
!»«0 sa» ia disaatar* 

Oirs Diraatiaa Ko. SOU 



LLSmCIILu 
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)•   A eirel« it i(*rk«d en the undar •Ida of the bottom plvoo of 
glmnn, utias a il«n<»Ur of 3.0 em,    Xho etfBtor of tho oirelo ahai: he at tha 
oantar of tho gloot platt.   Four otittieht liaoa ara dfvn throurh tha oontar 
of tho oirolo in auoh a   aaanor aa to divido tha oirola into 6 equal aoetora 
of U5a* 

U.    for ao^fonioaoof a plug ay ring*, aiadlar to that eh own on 
C«W.S. Draring 10• Alt-60-21, is raoonnandad • 

3. Ditoraiaation of oonoiatanoy. 

1. Cloaa both platoo thoroughly* ranoriBg any inoandiaxy oil 
froa nrevloua toato by rubbing with boatoao and drying* 

2, Sot tho bottom plato, with tar dnga on tho under aide* in the 
wooden box and   place on a table in a level position. 

5*    Place 9*0 + 0*1 nl. of the inoendlary oil to be teated in the 
center of the oirolo aarke'd oa the bottom plat a.   This nay be oonreniently 
aooomoliaVed by naana of the plug syringe (C.W.8. Drawlrg Ke. A1B-6C-81)- 

h*    Plo'oo tho rear edge of tho top plate above the rear edge of 
tho bottom plato.    Lower the top plate on the incendiary oil smoothly, then 
place tho prepared weight gently on the top plate• diraotly above the oirolo 
oa tho bottom plato. 

5. When the gel haa spread to a oirolo of 3 om. diaaeter (up to 
tho oirola nark), start the stop watch. 

6. Begixming 3$ seoonda after tho atop wateh is started^ sake 
6 light narks, as with Indi* ink, von the top plate, aarklng the edge of 
the oirolo of iasoadiary oil at points on the radial linee dxawn on the 
bottom plate.   These markings must be made in olookwise or oounterolookwiee 
order and must be oemploted 63 seoonds after the etop watch waa atarted. 
hauove the aoight from the top plate. 

7. learvre the distanoo, in oentinstora, between the tiro aarks 
looated on each of tho h inohso dxawn through  iho cantor of the oirolo. 

c.  Hsporting rosulta. 

1. Average the h diameters maasurod in III, B, 7 above- 

8. Tha oonsistenoy of the inoendlary oil aha 11 be reported a a the 
aveiage diameter, in oeotineters, of the circle formed b; the oil when tested 
as presoribed in III, 3, above. 

• 7 • CHS Directive Bo* SOU ' 
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AfntOVKS tar ouireat preeurumit, by erdar of the Uuof, ahMdoal Murfltn 8«r«laa> 

BtWHICTra 
CBU.1UAL ViAiUAi.!. UkVlOE 
tn.cincuioE 

A.    APFUCABLE SPEC1HOM1.-M 

M-l. 

So. lynjl-icyi 
W ootobar Ijfjg 
•UForsadlnc 
■o. igo-lJl-lOT 
19 itomtar l:U« 

MMLS niOKSatES fi^f' 
iii» tatatt laaua of tha folloalrc ipaolfi»tlet» aod airaotlto. 
In afrant an data of Inrltatioa ior blda, ahall I'ent a part of 
thla apaalfleatievi 

•A-la.     Oeaawmarttal pablleatlena. 

Slaver 1 Eteadard, Taatioj - Fadaml Bpaaiflaatlea «o. HK-*-«bo. 
Oaaallna, taat (Tar Sapalm Ihiakaaar) - C.n.3. B.iaalfioaUoc 

Be. ISfc-lJl-Mo. 
lanw PUta (Lone iarnaa) - FaV»ral Spaaifloatlon le. QS-I-l'Jl- 
An^-llaiy Saneral Spaalfleatlan far Axakaglns and Poking far 

Oraraaaa oMraant • 0. 8. /.riy Spaalfiaatloa Ka. 100-1U> 
UMklne. Oatalda Shipping Ceatalnara - daaaral Spaalflaatlon - 

C.VV.S. Spaalflaatlon To. \jT-<ii-T29. 
Stain, Batar Solubla - Ordainaa Dasartmant Spaalflaatlon Ho. AXS-OUj. 
Stain. Oil Typa • Ordcanoa tapar<aant Spaaifloatlon No. AAS-W}. 
Oanaiml SpaalfloatloB, rroteotlvj Coating iktarlalai Sjnthatia Typa - 

(ivatrtaraaatai- Cerpa Itstativa Spaaifloatlon HQO SB-Vo. 680. 
DatanlDittea of Conalatanar of luandlmry Olle - C.lf.8. Dlroatlva 

■c. 201. 

A-lb.     Ban-OOTaiMMntal rabllaatlec. 

batliod of taat for Tjator In fatsolsim Troduata 
A.S.T.U. Dsalgmtleni   vg^a. 

B.   ITPL. 

•3-1. 

"Icwfte. No. 

Vtala apaalflaatlon aovara ona typa of thlo ranlng agent far uaa It. 
tha Msutaatara of flana thrower foal and Insandiary all HP. 

0.    UAtLKUL AID HCKUAVSHIP. 

ac-l.       Matarlal.   Iba aaterlal akall aenalat of a oopraalpltatad nlstara 
of Uala aloalaiBB aaapa of fhtty aside and naphthanle acid (Baa 
mimgicpfc B-l and Retaa. hracraph H-l).   Do Bapala thiakaaar, otoe 
aubedttae far aaeaptanea and rajeotad by the OhanleaA 'tlarfare 
Barriaa. ahall taa raaubmittad far aeoairtauea, nor atoll it be uaad 
to adalx with aoaaptabla HafAla thlakanar to nalci a nlrtare or eon- 
biMtlon whleh will eonfom "Ith the raqulreaMnta of thla spoalfloati^a 

lad slv 25 Oat It} 
laap Dlr 29 Oat U3 

- 1 - 
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I'AIEHUL AW) WCEMAS8UIP (CCET^tfJT"^  

C-S. ftorlnafciMhlp. Ihi« satorial ohall b« Mdo la a raanor ooiMistvat 
wiih thm begt oo rmorelal pimotioa la tho Baauf^oturt of cttAllic 
■eapt. 

Ok    QBKUULL BEQUIRIK&n8. 

•D-l.       Coanoiltloa.   Tht nat«ri»l 9hf.ll he a toaaio aluninua toap of 
mpntboaio, ololc aad oocoaut fatty aolda.    Iho sodium loop unod 
for tho propoiatioa of tta aluaiaun ooap iliall contain 0.10 to 
0*1$ poroont of nlpha-narUthol. (Soo lotoi* laragraph B*l)* 

X.    DEUIL RKQOIRtLT.r.TS . 

*** •       Fhyaioal aad ohonAoal »aoaiivmnt>« 

K*la.     Appoaraaoo>   Xho aatorial ahall taa granular. 

•L-lb.     SIOTO olio.   Xoae of tlit oatorial shall raaain oa a Ho. o 
D« 8* staacard aioro aad not naro thao 25 poroont akall paat 
through a 8o« 1|0 U« S. Staadard slort* 

aS*lo«     Iteiaturo.   Tho oatorial thall ooatala not aero thaa 0.6 poroont aor 
laoa (BR CJi poroont wintiurt ahau toocod ao proaoribod In 
ntra^raph 7«6. 

£-£•       Btrfonaaaoo* 

i;-So,     Ool ohaiaotariotloo*   tht aatorial« ahon niaod with toot gaooliao 
B vne proportiodTand Ir aooordanoo with tho aethod praaoribed 
in f-TO, ohall produco a t•! whioh ahall haro tho oharaatoriatioo 
proaoribod ia Paragraph F-7b. 

•E-2b.     Coaaiatoaoy*   Tho ooDoittoaoy of tho gtl, fomed ca proaerihed ia 
Faxagrapii F*7O(1/« aad tcatod aa proaoribod ia ^tragraph r-7o* ahall 
bo not loaa than 500 nor aoro thaa 600 £***■ for oaoh of tho ) toata. 

r.   MBiHooe or &AKPUhot usf^cTiox /.no IESI. 

F-l. Tho aatorial aad work ohall bo aubjoot at all tiaoa to inapootion 
at tho plaoo of sanufaotiro* aad ovary fhoility ahall bo afforded 
authorised Ooveruaoat iarpootora for tho proaooutioa of their work* 

F-2.   Lot aiao. Tho a) so of a lot ahall bo aa apeoifioi la tho invltatioa 
for blda. 

•F-3.   Batah aise. 

•F-5a«  Onit batoh. A urit batah shall oousiat of tho quaatity of aluaiaua 
soap preoipitatod ia one reactor at oae tiao. The batoh ahall bo 
preoossed as a unit. 

• 2 - 
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MtSBOK OV SAiHLlKC, IUF?CttOb .HB TSSt (OOSt'D). 

*f'-3b.     BBM >**ifa   It pars* of aort tlMa euo tuitob t.rt   ■ xhlt^d tc 
NH I CSHMa butah, the blja<«a tatok •hall eonali . oi tin 
4iMotlty oi vutorl*! niaed ta tlra bloar.ar ftt OD* tin . 

•r-lc       awcllat.   Va-i leoa tltus P aaa-pojad tu«ilos atall I   t»'.-«o tttn 
•■oh Mwh of Ratals tfeUfcaaar tar taat (aaa Rota).    ..icii taapln 
aball ta plaead ladtii'islly la a olaaa, Jry, air-tl .'.t ncntoii.i*, 
Mtied aud labalad ts lasnra Urn Idaotlty af tAo nan Oi altfc tta 
tatoh rapraaautacl.   Onr. cf Bu cm-povnl ^usplaa ab*. '.. ba ravomd 
fcf all tazta etfcar tlma tha parfinaeau -UIIB ?reat Ibcd la 
.%<«ei«pVi f-7-   Tba a-.I: i. eaa-poaad aaaalc or aanple   fil.n each 
"Jt aulalttad to tha p«i-: r ra»aoa itata.   Motat    Tha biifcndty cf 
a tatab of Rapaln t; »••  -.-ar Hojtola ayi.i Urn prooaac ng uami la 
Ita maufaotiira*   Rn^ar unLTondty la jiciof tod vh» i all aanplna. 
ri'i:seKijr.j  a •'al,tc   ■.   i!i,   ihco «it. I ,.ir aoriria*     e» j gi^a 
oeralatasalai whlab fall within a raagu oi' 1; i) .;.-. orx .    in aaoh 
?l*al, tha OaTarnEsnt l^spaotor anall tnk» a* mity n ■; -'nuai" 
aatplaa trta *ni  batu.v  .a in Aaaaa rtc KI ;.,r; vntll   '."Oior ur.ij..r:aitj- 
of tto wtorlal •ui-.^n l.iod la tha pla.it ->• sctiA; liaci.   tha 
latpcator shall tiM-] ^■-■t oftia tha niaib.v.r cf aoai:lat   bit nvtur 
lata ttaa tm) to ba tnlrui frm aaah botoh ttaraafta ■ oemJaatieod 
la tta plast  isl-.;. ';fco tuaa preoaaalac aethoka.   ta .)>o was ol 
Uaa<ad wtohaa -tii* l.vptoxor aball tal:o net lacu th ji K aaaiplcn 
fKB wrioiia polr>ta os" i^ ch of tht first -.iio blanila£ :.».■! at M •   If 
th* 5 am&plaa ahna proiar uatfendty (doatiiataaaLaa  t| rutiae wt.Jilx 
ISC iraaa). all anoocavlsic bleaAal batajwe aay bu » i.atastvil \;i 
i cm-pe-jad aicplaa pr:via«d nc ohaaga la xmv* In thi bJ.aidlns 
prcocaa. 

»■■-■■?.      nvvt at«a.   Koa'; a Ke. u V. 8. Staadarl aitfrt (Mdv .wl Sraoiflmtlea 
To'. (iR-B-Ju.) en a v.r . h!. 5. S. Stand*:*! ciova •vilv ,id with • 
raevlTlng pan.    If.c • -e-graia aaaplc Jn tht Bo. 6     o-r. em..-, 
piict UM iwat of Ht-.-t in a ataadard rt"..:h- in<; am1 .t^w   •.Set I '•;•., 
|til«{(a.p(, 11-8), cjod i  c-.ta for S alairea* ni-ih da 1; .,p<r la o|'»iaMoa. 
<H>gb and oalault.tt puietst of aaapla i*n&lniae on t .u lio. 6 af.oia 
ant the paroaot t.f naciilu paaalag tha   .to. ttC alma. 

»*•<>.       Motatnua.   Vau* <*'  . ■ I'i.Uy about itO.u gnac of tfao i:ai-.?:.a aait 
TK-w-Irttly dlapana U .»0 Jt 10 ■!• o.; u,. icco la a  -oLBC-latv* 
lliar flaak.   Aftar '• .• naapla i.ia boon diiparaad (a wut >i aAautaa} 
d«i«ia5.« tha maliiura cntant ol tha aiuixaf Ion In     0' n-a^M itltfc 
thu tiathod cf tant for t..tar In Catro'oair Itcdaata • itOi.l.U 
OilIcnatlom   D^-bO, tlvh tha rclloalnj aiocptloai  .rd atidltlosal 
*tall». 

s 1) ! 

(1>   Uea tht acttit 9X> ul. cf raapansloi' Im taal a::  tfa« !00 a:.. 
atieoiflad. 

(B;    Heat tfca tl'.iK V wan* of an oil »U-.   Iha ti. tiraratura ff 
Urn oil tatfc tiuil) 14 ta* 5«0. 
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liLTHOOB OF UHPLXBO,'li*8riCIiai ^WD TEST (COTl*^). 

(3)   DUtlU Itov 8 hc« *.   «k«h doNS tiia AoBdanMir t.b« with 
tfcrw lO-nl. partioM of toBMM, •orubtlnc th* fcuU at 
tte Mat tint wit   ►. stiff bnwh to IOOCM «atov drepl«t«» 
BOSVM the Clatllahioa for in oAditioool 1/3 hvwt, thon 
lopcot tho Tushln   wad flonibblnc* 

00    Prateot tho top vf Hio anruenaor tubo by o CoOI? tvb* o:c 
oqoitolofttf oawf?- dwlac <*• rlwdne or.d lorttb.Jnr cpotrnteioai. 

(»i*   It oil thlai'O dtr .ar thf dUtUUUoaj xain«ais rbt cil ifc 
tho both ot o U-x 1 about 1/4 loolt b«loa Tho li ul oi tlio 
mMfOMion la tho litor fUtk. 

(6)   MOM a blaai: dotoi-alaatlon by oubjoctinp 9»ml, of booioiui 
to tho oaoo troot-^^iA as tho ooopwwlon and oor*aot oil 
dotaruimtirna Svt o-dlryly. 

(75    Doteralm tho off.ojoaoy of rooovory by troutli: cSailorly 
500 «1. beoMM tn i-feioh 0.53 «l. mtor hao boc 1 acdod.    Xi* 
of tor oorrottioa :'or t&w blank, tho oppoxatuo f »Ur. to 
reooror O.JO ♦ C.05 ol* of mtor, v.ightoa all t }nntotio.10 J4»d 
ropoot the tost.   Bo dotendoatlens shall be w > vith appiiatao 
obioh has oot do)u>Betxated oatiofartery rooover ^ 

F.7.       IhfftiMooo fosto. 

•F-T*.     ft-ogoiatlon of gel for test parpooos.   Uulfona gclo aoatolniac 
tX± B»l poroea^ laia a tKIoErooriKoll b« propored.   Aoy sliable 
■othed my bo oaed pra/idod doe ooooidniatien is glvm tc proper 
protootioo ocsinrt loo, off ^Oooliae by ewporatlua.  .beerrtl» 
of acistore by tho Bopt.lu thlokonor or 'ay the gol» c id rjlta-;i«n 
for a eufflolent lonct   :f tiwo to insure i:aifoni.ty of tto 
ficiihod eel.   tho fOl'-cnlns raotfaod U   womordudi 

Sfoish tho test ta^ollao (C.TI.6. Spoo. to. 19{>-3 Ji-Cte). tc 
within one gron, into w (Uoo fruit jar of ovitablo  iivpoolty, tvA 
ooror IsMdiatoly.   Re gJ tho saaplo (to within 0.1   yta) into n 
bosks r.   Tiaaofor qusa-^LtatiToly and ao xapicly as ptittiblf to 
tho jar ooataiaing the c«.soliao»   Clooe tho ^ar --igl  '-y »»d ahi.i.o 
Ticomoly.   Stop shsiiai: fron tioo to tixe to oboere any satiliag 
of partioloo of laspala tt iokoner.   «hoa ao aoro oottLMif; lo aboorrsi 
ooatlnoo to shakr or rvll tho jsr for a ooriei ox tS. «. at Uuor. 
ecual to tno proi-iouo uhsfcia^ tiao. 

«P.7b«     Ool oMtaoUriotaoo.    'Ycpare oboat JOO c«*« of e«l i» • ««- 
pfireTaao ffjlT'JSr ( o:  B^cagraph P*.^) and otore :er ttf houro 
at room tonpovatafo (6 ><T. sAaia»a).   tcsvmine the ftel as pro- 
oeribod la ftimgiaphs r-Tbd). P-7b(a), and ¥-7b^).    failure 
ef the ool to ohev the oVoraotoristieo deanribod la chic soo-ier. 
is or. iadiootien that  :hc thiokeiMr it not suitable te* tho uac 
istoadod. 

F-7b(l) tho fol ohall bo frot frcis luaps a»a of ualfona ooasiotoaoy. 

. 

_ 1. _ 19^13l-l(tth -I*. 
■ 

• ■;■■ 

:■ 

• 

■ 

■ . 

Bismucn J . 
■ 



-    -    ■ ■ 

■ 

UXtiOX CP •IJiPUHC^ XlttJftCTIO! iJID TEST (COM»D). 

K-7b(2) iMort 4ft uiipnis'v«d weodon •t&ok* 3/B inoh it dthnti.i?, at 
right ABfles tbmufb th» ■uriuo* of tbn liSohcur old ;ol to o 
teftb of ouo laOii oact di«« ODOO oorost a dionttor*    .'bo tor* 
ffcooa of tbo £tl, (ortod by tho ■tiok« shall aAoro fitfcia 
10 oeooodo af tor ocntaot with oaoh othur. loiivlqg or ty a 1 lr . 
and cot a tora ourfaeo* 

i,'-7t(3) Oathor a luap of tho U3«i.o«r old gol a-i U.o sad cf t .o voedoa 
stiok and draw ometlly «-«ay irvm. tho aurfaoe of th<  i;«l.   Iho 
band or bandt of gol which follow tho lunp shall not coap ou-.i- 
dorly in a uiroo-vica porpoadioular to tho 'iino of w:Sor^ but 
shall sopaiats fiwa tho iwap by airingfjic doan to a  Jirsad* 

•r«7o.     Ootaistonoy.   frt «lo eoaoiatonsy of f^ils, propaxon as pro* 
sorlbod in % mjiaph ?»7f» by tho wobiLoeEO-or usthoci cissoritsd 
in C./i.S. Mrsotivo l'o. S01« as fsllemif 

•F»7c(l) Preparation of g* la fcr ttonsiotsnsy bggrigh   Hvparo   dis nsoc.tsiry 
fSm in aoeoria».io with iwyagraph F-^h.   For tho * i 'Bts, pw- 
soribod in Patag-.ache F-?o(3}« P«7o(3)* and F-7o(U). nil of tho 
JQII required for ono coUmi»»tioa in oooh of ths 3 ^osta.aay bo 
prtp&rod at eno   Ins (abcus 190 gians).   Ihs duoiioa ^ <3otor- 
ainabionsc ra^wiis'i it*, or oh of ths 3 toa^s^ crust bo   'la en 
anothor prrpavatliMi cC gs-li in ao oass uhall du?l&oa> t«sti 
bo run en 2 portjooa of iho sane prsparation of f»l. 

. 

•r-7o(2) QLS ho'ir tcot«   Irantf^r a portion of tho (;o2 to a s .orags tubs 
tn aeoonanoo wiih C.n*S« Oirootiro Ho* 2C1.   Close  •ho tube 
tightly an-.:, nitfein one >our aftwr prepfi^a*:ioa of H    .;slt plac« th> 
tube in a water tath at 150° ± 59f, for oC ± 5 adnut o.   At it* oad 
of this time trsxafor the tuao to a aator bath at 77 >± S«F. for 
an acditiocal ? ^ o U hoars*    Ronovu tho tube froti tl i batbt dry 
■d-s cuteidt of tie tvbe thoroughly* unonp vhs tulo,   ;raaerer tie 
ooatsnts tc a aetiloxutsr tsiJo and detomlas the eon iereoo^ ol 
the gol in aeeort'anes with 0.7/.S* Diractive Ko* £01 •    itun th^s 
test in durlioatc. (See Ibtngraph f*7e(l))« 

•P-7e(3) gwsntyfour hour tost.   'Iranafsr a portion of tho g*   to a s'-osags 
tuts in aoeordaaco with c«d«K. Dirojtivn Ko. 201.   C oee the tube 
tifhtly anr., witfcin one boor after prefAxatica of tfc.   gol, plaee 
tfcs.tube in a water bota at 150».t 3*** for £\±h h ur*.   As the 
end of this tins- transfer the tnoo to a *ater bath at 77* ± S1"?- fir 
on additional 2 to U boor*   Reenws the tube froa the batha d:^ the 
outeide of the ttbe thorcughly* uaeap Hie tabs, trar. for the ocntena 
tc a ncbilcmocsr tubs and detondae the oousistsnoy • f ths gol in 
aeaordanto wi-* C.7.6. IMreotlwe lo« 2D1»   Kna this   «at in iturliease 
(Se» IWrarxapb P-7e(l))* 
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SWto-*     - 
mam* or um.xm, inwmw um tut (c<xtt<D). 

is 

•r-7c(U) fot^^iajfct hoar tatt«   trwttw a portica 6t 
T*>x\£ IMU 1^ Mcor&aw •lib n.«.a. Kr»«tl 
0lo«* tlw tub* tldxtl/ Md all«r to atoml ut i 

-.-. 

" 

' = . 

tho gfil to o 
rootivo ife* d3l» 

  _.] ftt roan t«poi*t«rD 
(65^., rtLflfcan) forliU jfe U b«m»,   At th» oo4 of thio ti«o 
tmt^^r tl>o tu&o to * wAmr bolti rt ??• J «• 'W "i^ig 2 
iwvrr,   tbo tobol tiao of •toi*6«. InrtwHx* t&M in «»•«»*•» 
bath, rtoll Q»t osoood 90 houtt.   Boiwro tho tub* from tfco bo^# 
toy tho ouboido of tho trto tbort«o^lf« WH*P ttot tabOi trouofor 
tKt naaUnto to • nobiloMtor ttfbo oaA dotendao tho omiolotosMy 
of tit© cal In ooeertfOMO with C.'.J.S, Olrtotlvo So. 801.   Hun -tiilo 
toot :* dupUooto (Soo ftruaroih P-^Cl)^ toot ..» dupl.r- ''•«  ''l'*:- ' ■?r-'''      ' :( -^ 

•s 

of-*<«n Qoaccrtaaoo «>f oofttiot«aoy toot jroool^.   »•'•f1"" ^l*?. 
lupnuRTw^-f^-eioh 5? iho ttoST p«r.0Pibod in l*»W*» 

thlo ooadltloa io not aofc. ropoo-: tKo oonoUtouo-/ toata oondotoly- 

: 

lo£vtiSo tJorSM ooaoiitonoy ftr eaoh toit to tho ao:rt hi&**t 
aaitlplo of 10 nmno.   Ibo oioiUi.o oonairtca^ oojoportoii mi* 
met tho ivtyaimonbo proooribod io ^tuirroph C-So. 

0.    mottdltt. flhOKIlB km MMCXRO. 

iaviltttioo for bids.   OBXOOO othorwiio a^ooifiodt paokiog ohoii 
ba tw follovoi    (£oo letoo* IbLrftj^rap'i a»5). 

■: . 

id) lyto A goobusingfror uotoriul to bo «»d to «••• 1ifn;r
JL

,?2ii 
pUtr OOXM (yodorel SpoolfiOiUon *>. QC^-W^Di oppro^iwtoly 
MA *» S-l/fe ^ 9 toctoof hi^, bOTing o oitouUr o^2j««» 
•pp'-. :dUtoly l*.Vfe iuohoo in dif^ttr. la ttoo ^^   »• ~»   v 
Jlr. hm minted with luotorloot oii»o dxub wmml (Q»»rUrm»toi' &m bo fioiated with luotorloof oliio dxub 
Oorpt' t^ntotlTo Bpooiflootlon m* M-la- 680).   Aftor fjllij* 

#»ith 5 lb. U ot. i: X 01. of Ifcpol* ISiloiwaor. ***•*&*>*** 
top cpoalBt *»»ll ba oloood ond ivamiUc^lly. ooulad ^r acldorine- 
tooh .Mrt-tlX than ba atoaoilM or luba «od with a wxtarproof 
I'xtn: M follooai   *lfix tbo aoutoata of %hia puoteeo witAi KT 
U. a. Mlloaa of ^)a*ollBO.,• 

•0-SA(«) tm A pMkiog.   Ei«>rt fillod oona a^U *o P^^Jj :Lk!!i
1•,l 

^TT:;foppoi wood boa with dwUo Ifc^o torrr^atod fioarbcerd. 
iatarlottkias hctlf-nlottad purtltioao 00 iaborior poolcUc.   tho 
hoa utaall ooapiy with tho raquir-aatta oi* SaoUoaJII •',u-J^,^ 
IJrr Spaoifiaattoii lo. lOO-XU. and ahall ho appioataatajy 23-^ 
bTlT-VS by 9 inchaa hifih. laoilo diaawiora.   All to^an bcxja 
thai:  be ataiwd b^oaa by a att-ip. w^^^J?.*^ i,,aUi^?? 
of 01 dauwa Dopartnwt dpoolfioation 9a. AXB^Us •» *»• AX8-E85. 

•: 

-:: 
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FAOKtm   J'O liJKIM  (CrttiU). 

•;- .t. tyei H tr okinr (for Mkta.Hal to 1w nwd fn InomdUiy nil. IF). 
WrBBStSSftlM hm }Hkt>i In :oo ;!. l :s. vnlti. lu Via fol- 
Imlxt; scnlAliwni 

«0-:b(l) "alUokd epaalas "to*! dn«», Miij>ly£as with I.O.C. SiM.jl««»tlot 
lu. -,711, fiaiahaA on *&• SiMtd* tiltli 2 otAta of • hlrfi i»llty. 
Iron. .Tw. oorroilnn rtaiatuit ««ael anA Uaad wllfc a wapad 
sulttta !a«rt llear. 

•9-lb(e) CiM *-lb. tamft |apar *»s >>«*"< *» » 3»-30-JO tiad otphalt 
iDr^ihtad «upl»x ki»ft b»5, tha fheln ba.BG anoleao* In a pataffln- 
-f.» ■■   tlbar dnai amvlylais with :..C.O. Sjwalfloatloa Si* SU. 

•0-a.       BtrUuc.   All ffclfnaata a)»U ba Mrical r.a pranaribad la C.W.S. 
■SiJaSiTottten »>• 197-A-529.    1" •MltUa, tho top oad beUea 
of a <i eoataincr ahall ba oarkad. In 2-ii.oi ye; low lot^aia, 
"KE-.;  OKT".    In odiilUsn tha batoh nunba:- o* tha mt^rUl akall 
ba   ■   esilee en thn top* of all nontalna:-*. 

lOIES. 

•B-:..       Tha :uaena»adad ttmaU, tor Tapiln t:ilolr.>inor ta aa foltara: 

ft.    Crpmle aatda olxtu/e: 
P>r« by Igygt 

Oeoonut llktty Aaida 9) 
KMithtrio toll 25 
Oloio loiA 8$ 

b«     Alwlnvtt ocataati j.v ta ^.S paroaat 

aa-a.       By -.i  itatidard vlomtlas aaohlaa :.* naaat a 1f.B. tylar Ooapaay, 
go- i ? loatlog ai.v-ra Stafcor, tin. U  toontrio  TTO. dlraeUy 
ooti  itrrt to a Bttor having o ap-iad of 17&5 ra<rolntloa« par 
aUcu-o. 

aB-3.       th« lullntdni-; la faniahad tor tha luifor*tlaa of tha oontiaotort 

Apiirittoa In Xapalii thlcfcnar ihic aay oauea ptrtial ar. 
aoiii.iito braakdom of tola fonad rtth {. aollivi. or oxidation 
of tlu tldOkaaar. inoluda asotaa tiator, llatt oacatia aodb, 
•oilM  of aodlwi, onppar. laai. Iron, mnjanraa, aad M'oslt, 
pja* tad or abaot sino and load, laad ni.rata, ruat praiantatlwo 
OJT ? Jriac awlnaa, aloabola and nil Mid •.   tatraatbyl l*«d, on 
tha > thor hand, hai no injaricua affaota. 

k e«  .pcnmd oamcla of Mapalr thtoktaitr ».«X1 ba taicaa at randois 
fre- oaoli wok's p?oduetton and ihipoad  to tfca Chlaf, ioohnUil 
Ditiiion, BdRawocd Araanal, l*»yland, fc- aurrolllaBoa toata. 
tha • av'xm al»ll bo aaaonpanlad "■» tsia ruaulta of the iaapaetion 
toa-si  en tha b:.tii!. repraaentod b;' tha aa»plo. 

■. 
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ftl;-5.     loch iihipMnt of Itipalm thiokM»:* ■hftll *« «ooc«F«c3l >d ay oopy 
of U ii iiiapcotlen taat rwilta «; eeoh bitek ooatalsjd in the 
ihlpumt* 

^T •<.,      4«i tit -jtriBk prococ^nf; * pAr*;,rafl: nusbtr iodlontta t*t the 
oorrt {peudlr.: pfirti^ph in th» pr«rions 1««IM wnt r«/i9«d or a 

rttrnrurnpU addofl. 

S«7*     tl« V.II« of this tpoaifieatioa* rtiiuewr ^pplionbl«« la oaadatory 
oa A.il pfoourln^ Cf;anoiea of the Amy. 

H-i,       POIlCSi   Shia apaoifiaatioo. tegother vl-th apooifiantioaa and 
dra-.:  igs par&alnit^ to it and bai.ring a 'Votlaa* of tiioilar 
ratt   .ot:cna, la Jixtardad for na<> only 1" oomurotlon with pro- 
rot at <mt \f the ttiitad Statoa Oo'Tarnsiaai; and uhall let tw 
rtpn iuocd althor wholly or in p rt i»ac rt nhon authariaod In 
ootiu itinn wivh Govanuxnt prcou.aix st, ;!or bo uaoi Tor any cthor 

A (r«)M 10 fxoapt »>€•»» apooiCicnlly autiori :ad by t&o Ciiif of 
^ Chasx-oal Marrara S«>rvioo« viaahin .t^n, f. C. 

B»9«       101U Bi   fhla doevnont oontalaa   ni'oiwxt .on affaetln^ *iio satlotAl 
3^1 o; .10 of tho Cnitad btataa vititin tba naanlng of t ia  aa oior »r-a 
lot    ]*8C« SCijljjS),   *:» trannniatien of thia deojaaat or tha 
ravo* ution of its oontonta in any aannar to any vnau'cho^ltad 
parat ;i ia prohibltod. 

• 

Cepiea of thia n  loifioation my ba obtairod by port oca author load to receiva 
awa* fma any o:   tlm following Chariaal ^ar'.a*« PfeourNBant Diatriot Offiaoai 
FStta>rirGbf Chlo* 50, Ikm Yoi*'... 3ac 7rannlaoo.  Cotton 1 Atlanta, CAllaa or fron 
tl.a Ghiof of Sloiiioa? Mrfarv 3orvteo« Waahjbgto?* D. 0. 
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ABSTRACT 

f EATURES 
tables , diagr s , gra phs 

Survey is submitted of the pr ocesses devel oped by various research agencies f or the 
manufacture of Napalm, a modified aluminum naphtenate soap for thickening incendiary 
b omb gasoline. The process , s elected for use on the basis of this review, i s de s cribed 
i n deta il and shown to be adequate for the purpose for which it is intended . 
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ABSTRACT . 
Napalm, a mixture of aluminum hydroxy soaps of oleic, naphtenic and coconut acid used 

for thickening incendiary bomb gasoline, is manufactured~ 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 
i n 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 vari ous 
properties of Napalm, of the method of dis parsing Napalm in gasoline, and of testing 
the finished gel . 
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ABSTRACT 

Directives are given on the use of the Gardner mobi1001eter 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 
and sodium salts of fatty acids, such as incendiary oil Ill, type III, CIVS Spec.# 1<;6-131-
145. Instructions include description of the two instruments and directions for their 
assembly a.nd maintenance. 
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ABSTRACT 
Copy is submitted of CWS Specification No. 196- 131-107A, dated 25 October 1943, to 

super s ede No. 196-131- 107, dated 19 November 1942. Specification i ncludes Governmental 
and non-Governmental publications and pertains to Napalm, a thickening agent for use in 
the manufacture of flame thrcmer fuel and incendiary oil NP. 
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