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Service Dircctivecs C'S 1C and 21

Endorsemont (1) From Dr. E. C. llottel, Chief, Scetion 11.3 to
Dre Irvin Stewart, Exccutive Scerctary of the llational Defursce

Rescarch Committec.
Forwarding report und notinga
“This report suppliments C.8.R.De Report lo. 2036, "The Manue

facturc, Proprrtice and Testing of Iapalm Soaps™ issued Movembir
17, 1943.

In thut carlicr report rccommerdations wire made concerning the
advisability of iavratigution of the cffcet of raw material pro-
pirtics in the .finishcd soap, fuvrtleor investirution of oxidution

inhibitors, ~nd invostigation of thc rolutionships umong gasolinc
quality, moisturc contens, concintrition tnd consistineyes Tha
presont supploement rcoports progress on thos: rucormendutions.

A\
WA study of the cffcet of rav mutirinls lcads to the folloving
coiclusions. Varying th. cerpesition of Mapslm from the
standard to 2111l ratio of cocoiivt to oluic to raphthenic neid
indi catcs that the viscosity of the ¢l irercascs primarily vith
incr:as.d olcio acids and to & lesser cxtent with dnercus:d
cocomtt scid ahove normal conporition. the ncid number of th:
coconut scid has born found importunt. Iron is an undezirible
impurity vien found in the alum but not in the woid.

"sincc iseie of the lust rcport 2ll Uupalm hus included an
oxidation inhibitor. *hig is found tc have no delctorioue
cffcot on consistouey wnd to oorstitute « defirite prot-ction
sruinst oxidution.

"Althourh Fapalm munufacture now .pp..rs to hc under sufficient
oontrol to puurant.c an uccoptibly amall varistion in quulity of
product from sny onc muinuficturcr, th: viscosititics of gols
produo:d from cquul corcuntritions of sonp of diffcer nt murue
fustur.rs vury considerubly. For the € per ecnt guls the rutio
of th.: stronpest to the wiikcst is reuphly 1.8; for the 4 per
ccant g71ls the variation is cven greutore There is still noed
for u dctormination of kow import.nt this wuriation is in usc of
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the gel in flane throvers. Consistency veries elso rith azing,
and the effect is rnost pronounced In yels of lov coucentration.
The consistency of 8 per cent gels varios 1.5 fold witk variations
in gasoline quelity; more concentratac els less sensitive to
gasoliae veriatious, nore ¢ilute ones nore sensitive.

®uantitative data shoving how 1ittle temperature affacts the
consistency of llemalm _els are rrasenied in Fii. 5 following

page 3L. This teqmerature-insansitivencss ne'es Hapaln the ouly
availohle flems throver fuel useful for lov temporciure onerction."
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This report constitutes a supplement to 0.8.R.D, 2036,
The Manufacture, Properties and Testing of Napelm Soaps"
issued November 17, 1945. A considerable amount of new data
has been obtained in the intervening months. Among these
are the effect of (1) veriations in raw materials, (2) the
addition of oxidation inhibitors, (3) the addition of drying
agents, (4) veriation in gasoline snd moisture content on

consistency, and (6) tempersture on dispersion and consistency.
Also presented are data on the Columbia~CWS oxidetion sus-
ceptibility test,

As before, we are indebted to C.W.S8., end in particular

Kajor deGrey, for thelr cooperation in the prepapration of

thils report,
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Ihe Lenufacture of Napalm

I. The Effect of Varistions in the Retios and Svecificeticns

A-%nmmun_mmm
During the early deys of Napalm manufacture, & coneid-

erable number of laboratory batchee were mede in en effort to
decide what ratio of aclids would give the best resulte. iiany
of the data are confused by the effecte of oxidstion and
moisture (which were not appreciated et the tine) and do not
lend themselves to & reliable analysis.

Recently data have become available (1) which shed
some light on the effect of veriertion of the three acids on
the aluminum soap produced. Nineteen laboretory batches of
Napelm were made by verying the percentege of esch component
acld ¢ 10% from the standard compoaition of 50% coconut,

25 oleic and 265 naphthenic. Iig. 1 showe on trianguler
coordinstes the varlietions involved in theese experimentsl
batches. Fig. 2 shows the complete dates on these betches,

Several interesting conclusions nery be drawn from
these date. HolGing ell varlisbles re nerrly coustent as
possible except the rercenteges of acids used, the strength
appesrs to be s primery function of the amount of oleic rcid,
with the coconut and nephthenic ecids contributing secondery
effects. If the 24 hour 150°F. mobilometer velues sre lotted
versus per cent oleic scid on semi-logesrithmic coordinstes,

e streight line correletion is found having the following
equetion: (2)

M = 397 log A + 110 vhere i» = 150°F, 24 hour mobilo-

meter consistency

. A = % olelic gcid.

A more detalled analyeis of the date (3) has been made by
considering the percentsge of erch scld as an unknown in the
following equetion:

m = gA + bB + cC where m = mobilemeter consistency,

4,B,C, = percentsges of oleic,

y coconut and nerhthenic ecids
respectively and a, b, c ere
constents.

Using the method of leeet squeres to solve the nineteen simul-
taneous equations involved, the following valuee of the con-
stants a, b and ¢ are obtrined:

RZSTRICTED
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a
b (coconut) 3 .
o (naphthenic) 11 _ 1.8

When used in the above equation, these constants permit the
calculation of mobilometer conslstencies ror these data show-
ing good agreement with experimental values. This analysis
mekes clear the predominant effect of the o0leié acid on the
mobilometer consietency. It should be emphasized, however,
that these constante apply only to the raw msterials and prep-
aration procedqure given in Fig. 2, but the mathematical ana-

lyeie should be generally applicable.

B. Variations in the Acid Value and Quelity of
conut, Naphthenic and Oleic Acids.

The effect of acid number and quality of the component
acids hae recelived conseidereble attention during the past few
months, and data are now svallable se the result of a large
number of laboratory preparations (4, 5, 6, 7)., The laboretory
technique hae been held conetent and the raw meterials veried
to ee great a degree as poseible with the samples aveilable.

A standard bstch formulation and procedure, correspondirg

closely to genersl plant practice, were selected and after

a sufficient number of betches had been made to assure reproducé-
bility and satisfactory gel~forming charscteristice, the

three acide were repleced, .one st a time, by other grades of

the same acide. Tablee I, I, and III show the results ob-
tained with various gresdes of ¢leic, naphthenic and coconut
acide. In each case all varirblee except the one being in-
veatigeted were held constant.

) From these data it seeme reasoneble to conclude thet
the quslity and acid number of the.oleic and nephthenic

s01ds (within the limite of the spec, suggested on p. 34

of 0.8.R.D, Report 2036) used have little effect on the con-
sistency of the firal gel. There 18 esome indicetion thet the
acid value of the naphthenic acid mey heve some influence,
but the effect is not clear from the amount of data avallsble.
With oleic acid poor results have been obteined with acids

of titre lower than 8 and as high as 15. On the other hand,
the acid value of the coconut scid ie definitely a factor in
deternining the thickening power of & Napalm soap. Providing
that the scid number of the coconut acid used 1s specified,
no difficulty should be encountered in producing satisfzctory
Napalm from a variety of oommerioially available scids.
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II. Zhe Effect of Iron on Consistency
A. {zgf5gxgrnt_l§nn_1n_1ns__59141
. Table 6, 6) shows the results of 'stenderd betches
of Nepalm in which iron was added to the acids used, and B gives
data on the addition of iron (as ferrio sulfate) to the slum
" both with and without..inhibitors (a-naphthol and aiphanil).
Up to 0.6% iron present in the aoids used in making, the batch
appears to have little effect on the oonsistency of the result-
ing gel, and it 1s probeble that the iron is preoipitsted as
ferri¢ hydroxide during the formation of the sodium soaps.

: Yhen iron is introduced with the alum used for pre-
cipitetion, the harmful effeot on consistency is apperent et
final iron contents greater then 0.1% (epprox. 0.16% based on
ths alum). The presence of 0.2% a-nsphthol (besed on weight
of finished Nepelm) does not eppesr to prevent gel deteriora-
tion. It is likely that the effect of iron noticed in these
drta is due to the dispersing action of the iron salt rather
than oxidrtion sinoe the lodine numbers given rre normsl.
Meximum permissible iron contents suggestec elsewhere (8, 9)
have renged from 0.0l to 0.03%; these fizures were arrived st
by oxidrtion experiients without teking epccount of the dis-~
persing effect. Since oxidestion is cetalrsed by amounts of
iron considerably smesller then the quantitiez necesssry to
osuse low gel consictencies by the dispersing c¢ffect, the !
former must be considered the more importent sid slum speci-
fioations should consider priverily thie fector.
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III. e 0 I [ g on Gel C e

The following table givee resultes for several lab-
oratory batches of inhibitor-containing Napalm (5, 6).

Table V

nhibitor _ _ _ _ 44 hre,, 24 hrs., 160°F._ _Noigture
1% alphanmil 866 60 0.47
0.3% " 810 765 0.30
None 795 766 0.45
0.05% u.-neehthol 805 7?70 0.58
0.10 800 780 0.35
0.3 " 790 780 0.33
0.80 " ~ 775 760 0.35
1.20 " 770 770 0.53

It appears thet the presence of oxidation inhibitore in Néphlm
hes no deleterious effect on the consistency of the resulting

gels.
RESTRICTED
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The Properties of Napelm

I. The Moisture Effect

No new findings of great importsnce have been made
recently on the moisture effect. MNevertheless, the conclu-
slons of the previous rerort have been confirmed end in some
cases extended by new work. Thls may be brlefly detesiled.

Several times in the past (10), 1t has been questioned
whether or not water taken up by Neprlm cen be redlstributed
within the molecule 1n some way on standing so that it becomes
inactive with respect to 1ts e€ffect on the consistency of the
gasoline gel. It wss also thought that moisture determinstlons
made by e variety of methods might chenge thelr relative velues
due to such rearrangement. To test this point, three soaps were
exposed to two relstive humidities, 120°F. - 20% R.H. end
85°F, - 656% R.H. for verying periods of time (13). Semples
were withdrawn snd kept in tightly closed bottles in the same
relative humidity rooms so.thst any smesll lesk would hrve no
effect, snd moisture determinations were mede by both vacuum
oven and benzene distilletions (15)., No differences whatever
in moleture oontent (in eny one series) could be observed.
Similer results were obtained with oonsistency meessurements.
(Full results sre given in Table XVI, Appendix I.) It must
be concluded, therefore, thet no detectable redistribution of
moisture within the Nepalm structure occurs on stending, at
least with the present available water end consistency deter-
minetion methods.

Data have been obtalned on the equilibrium moisture
contents at 20, 5C and 70% R.H. of typicel srmples of Napslm
from the verlous C.W.S, contrrctors (16). These, together with
consistency results on 4% and 8% gels in Standard Ol1l Develop-
ment test grsoline #14, ere shown in Table VI. It will be seen
thet there 1s considerable varistion in moisture oontent and
gel consistenoy, although in nerrly all cases the velues for
the semples #8 received were very close to those of the samples
conditioned at 20% R.H. This scems to indicate oompsretive
uniformity in packeging conditions &nd conteiners.

RESTRICTED
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C g es of T 1

Gardner Consistencies
% Gels a

Per Cent
Rel. Hum.
at which C.w.8. 2 days 24 hrs. 2 days
Sagple Conditioned Mojisture 77°F, _ 150°F._ 77°F.
Grams grams grams
Nuodex As rec'd. 7% 690 745 175
19889 20 +95 650 690 160
50 142 565 410 90
70 1.7 355 280 40
Eekins As rec'd. 65 540 385 80
N-3-2081 20 +45 - 640 360 110
431 60 7 530 320 70
' 70 1.0 370 240 27
Imperial As rec'd. o? 620 585 90
NR 232 20 7 620 540 78
50 «95 410 460 53
70 l.45 280 320 3l
McGean As rec'd., 75 770 620 215
462 20 «8 750 700 215
50 1.45 500 400 62
70 2.2 250 130 11 .
Ferro As .rec'd. T 745 680 228
184 20 740 640 235
50 1.0 590 112
70 345 540 37
Pfister As rec'd. 635 615 120
N-3-2432-'20 645 770 135
94 50 650 5056 70
70 440 530 65
Harmon As rec'd. 660 630 140
Rl12856 20 670 640 1556
50 530 455 73
70 270 250 20
Oronite As rec'd. ' 280 645 290
J=33-C 20 1110 645 330
60 860 715 1956
70 570 400 92
Calif.Ink As rec'd. 595 465 141
98 20 565 460 130
50 375 356 59
70 208 310 14
Colgate As rec'a. 740 570 140
N-3-2854~ 20 . 700 480 125
56 60 610 320 80
70 450 260 58
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Much of the variability in soap consistenoies must
be ascribed to the molsture effeot, but it is thought that
one of the methods previously suggested (8), namely, the addi-
tion of a small quantity of a dehydrating agent, may serve
to overoome this. Of the avallable dehydrating agents,
phosphorus pentoxide, magnesium perohlorate and calcium chloride
immediately caused breakdown of Napalm gels. OCalcium chloride,
while initially eatisfaotory, oauses breskdown of the gel after .
long time keeping, particularly et elevated temperature. Sodium
sulphate, caloium sulphate and alumina are not suffioiently
active leaving silice gel and magnesium sulphate s8 the most
promising materials for use (11, 12, 13, 14). Table VII
and Fig, 3 show results obtained with these materials. It
will be noted that the addition of these reagents makes the
drop in consistency on keeping at 150°F, practioally ze¢ro,
even after prolonged storage.

As a result of this work, experiments are now in
progress to compare the reletive efficienoies of magnesium
sulphate and silics gel, the minimum percentage of eech re-
quired snd the reduction in concentration of Napelm which
could be made in gels for any given purpose when a dehydrating
agent is present,

The form in which the dehydrating sgent should be
shipped is as yet doubtful. If packed in a separate hermeti-
celly sesled conteiner within the Napalm tin, the Napalm oould
suffer molsture deterioration yet the dehydrsti egent when
added to the gmsoline directly before mixing would pull it
up to strength. Mixing of the sagent with the soap 18 also a
poseibility. Preliminery results (19) indioete thet gels
made up from Napalm containini 8ilior gel were very sstisfao-
tory even after the Napelm-silicn gel mixture had been in
storage for two weeke.

" RESTRICTED
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v ' ; ts o Napalm®

— _ _Drying Agent** _ _ _ Dave at 150°F._ _Gardner Consigtency_
grams !
-None 1l 300
7 150

200
200> *
126

300
450

376
260
680
360

785
7656
780
650

1% CaCl; (anhyad)

4]

ONHKM QPO B P ONuH

1% Nay80, (anhyd)

1% "Drierite" (CaS0,)
1% Activated alumina
3% Activated alumina

1% Silica gel****
3% Silica gel

4
B. {Nuodex #89093, C.W.5. Moisture 1.1%.)
None hour 420
day 450
days . 480

1l
1l
2

hour 480
day 480
days 500

hour 460
day 610
days . 580

0. 5% CaSO.

0.5% Activated alumina

hour 610
day 6520
days 570

hour 530

day 540

days 650

*Nuodex #18032. Stored 90°F.-90% R.E, for 6 mos. in stendard

package. Voncuum oven moisture nrbout 1l.7%.

** Fcreenteyde brsed'on telght of gasoline.

**#31ight deterioration in top 1C-20% of gel. Gardner vis-
coeity in this region about 380.

wewsp .85 HaO,

sesss 9.1% HgO, RESTRICT:D

# Silica gelwwsss

0. 5% MESO‘
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II. m_anmmmumm
ork on the oxidation of Napelr has continued, parti-

oularly with reference to causes and prevention of oxidation
and the development of simple oxidizability tests.

Two further tests for susceptiblility to oxidation
have been suggested: (a) an adaptation of the Voorhees test
for gasoline 720), and (b) a peroxide value test on the soap
after heating for 24 hours at 80°C. in an atmosphere of oxygen (22).

The former has been tried on only a few samples of
Napalm, but appears quite feasible. Results are given in
Appendix I. The second has been given considerable study both
‘at Columbia University and Eastman Xodak. If its final form,
five grams (+ 0,1 gram) of the soap to be tested are weigheg
into a Midvale absorption bulb (Stetser-Norton modificatlion).
The bulb is placed in an oven or thermostat regulated to 80°C,
and connected with rubber tubing through a bubble counter to
an oxygen tank., The bubble counter contains 50% sulfuric acid.
A very slow stream of oxygen is passed through (about 50 rl.
per minute) for 24 hours. The bulb is.then disconnected, the
soap transferred to a 260 ml. iodine flasi and the peraxide
nunber (mg. iodine liberated per gram of soap) 1s determined
as follows: 60 ml, of glaclal ecetic acid - chloroform
(60-40 by weight) are added and the flaeck sheken gently to !
disintegrate any lumps which may have formed. Three ml. of
saturated potassium iodide solution are added, the mixture
sheken vigorously for 1-1/2 minutee® and then 100 nl. of water
are added. The solution 18 titrated with .0l normal sodiun
thiosulphate socluticn and the peroxide number calculested
according to the following equation. o

27 x _voiume

Peroxide No, = weight of sample

8inoe an oooasional erratic result is obterined, the test should
be run in dupliceste, although it is pernissible to connect

the two sanples in series for the oxygen treatiuent. The
peroxide number of the original untreated soap should also

be determined according to the srue method. esults on four
typical soaps sre shown in Table VIII below. .

RESTRICTZC
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Table VIII
Oxidation Susceptibility Teste: (22)
Change in Peroxide Number After 24 Hrs. Oxygen Treestment at 80°C.

Peroxide Peroxide Number After 24 Hrs.
80°C. under Oxygen

Imperisl #NR99
Imperial #NR29
Prister #3-2432-78
Prister #3-2432-78
Eakines #3-2981-182
Eakins #N3-2981-182
Harmon #R11242
Harmon #R11242
McGeen #684

McGean #684

Nuodex #89093

t - Sample taken from top of drum snd stored in a tightly
covered Jar. The Jer had been opened a number of tires
to secure samples for experigentel work.

29.5,
2009,
20.9,
1.8,
1.4,
0.9,
0.6,
0.5,
0.5,
0.5,

HEEDN
Koo

oo
O e OHM
O OH®KHC®

T AT TR T
o o BhChe

OOO0OOOOOKHKHM
@ ® o o 0 ® ® o 0 o o
DWWV WL OO

awn

b - Sample taken from bottom of drum especially for this test.

Surveillence Tests
Peroxide Numbers After Exposure to Air at 65°C.

Peroxide Number
o} 7 8 12 14 17 19 21 23 104
Sosp _ _ _daye doys deys dnys_dnye Qn%e_dgys. days days dayse_
Izperial 1.8 17.7 7.4 6.2 . 3.1
NR99
Prister 1,2 18,0 22.0 10.2 8.2 3.9
#3-2432-78
Eekine 0.2 1.5 2.3 2.3 5.3
#N3-2981-182 .
H'.mon 0-3 0-7 1-2 1.3 1.4
#R11242
McGean 0.4 1.8 2.6 14.6
#6884
Nuodex
#89093 0.2 0 0.6 0,7
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A more cémplete study of peroxide nunber, iodine number and
gelli pg;perties of Nepalm (Pfister #3-2432-78) is shown
in Table . '

Table IX
F Numbe e Nymber ge

of Nepelm* Exposed to Os gt 70°C., (225

Time Peroxide % . .
I, No. 48 hrs. 26°C. 1 hr.65°C. 24 hrs.66°C.

630
3507 4
35.2 630
34.3 670
33.6 —
32.2 700
32.2 680
30.9 710 - 6580
29.3 Crurbly (710) (650)
23.5 Too crumbly —
21.8 "
18.3 "
16.1 L
"
f

ooooool

60
76
82
84
102
110
116
124
132
166
180 .

*Prister Napaln #3-2132-78.

It will be seen that the soaps studied veried grestly
in oxidizability and thet the test appears to differentiste the
soaps satisfactorily. Furthermore, the iodine value and peroxide
velue appear to change sirultaneously, peroxide value incressing
to a naximum and then decreasing. This lret point is confirmed
by results of McIntyre and Elliott (18, 19) (Figure 4). The
properties of the gel eppenr to be little effectéd until the
iodine number hes fallen ebout ten pointe, ofter thet the gels
lose their string and becone exoessively orumbly.

. o
oK
. o

N1 0 2
O OR . O - CA RO H

®) OO | JOCTCOO®

20 = b= =
]

[T )
on
*
nn
o) O
ol

[\
n
.
-
!
I

14.6

(3]
(o]
L]
[
(o]
o |
i

As a result of these experinents, Birnbaum end Edzionds (22)
reconrended the following as » tentative specificrtion for
oxldstion susceptibility of Napalu.
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(a) A1l soape having an initial peroxide value
above 5 shall be rejected.

‘ (b) Arteér the 24 hours at 80°C, oxygen treatment, all
soaps with peroxide numbers
(1) below 1.2 shall be considered satisfactory,

(2) between 1.2 and 5 shall be marked for manu-
facture of the gels within two weeks,
and in no instances be ship.ed for type
A use, and

(3) over 6.0 ehall be rejected.

At Eastman Kodak a large number of soaps received from
the rilling plants and other sources have been tested for
oxidizability by three methode: namely, the Mackey (100°C.),
the Modified Mackey(130°C.) and the peroxide value test just
described (14). Simultaneously, long time keeping tests st
120°F,. -~ 20% R.H. have been msde following the iodine value of
the soaep. (Appendix I). -In general, the relation betwecen

these tests and long term oxidizability appeesrs to be good,
particularly. for the two month keeping times. The chief dis-
crepancies have been noted for the Eakins soaps, severel of
which showed induction periods and high peroxide.values after
the Mackey test, but which failed to show oxidntion after two
monthe' keeping. The peroxide value test, poselbly because
it was run on fewer soaps, shows almost prerfect correletion
if 1.0 rather than 1.2 be taken as the velue for rejection

of the coap.

Since the writing of O0.8.R.D. 2036 the addition of
alpha-nephthol to all soaps during manufacture is required
by C.¥.8. Speoification 196-131-107 A, The results of Tables V
and XI indicate that this material has no deleterious effect
on the consistency of gels made from sosps contalning it
and that it is beneficiel as an oxidetion inhibitor, as hss
been shown by experimente deteiled in the previous Napslm
report. Some results on e large scale betch containing
alphenil as an inhibitor are summorized in Teble X. It will
be seen thet to date, becesuse of the excellent stebllity of
the check, little distinotion between the various betches with
regard to oxidizability can be meade.
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Table XI (23) ehows the effect of a-naphthol on
the oxidation susceptibllity of four Napalme as determined
by the Columbia Test (22). Iodine numbers are also shown
for comparieson. It is evident thet ths inhibitor has a
bensficial effect on those soaps susceptible to oxidation
by thie test.

ble : C b WS Lab, Oxidstion Syeceptibility Test (23

Ferro Prister
(1) (2) (1) (2)
Peroxide No. Before 0.4 0.3 0.7 0.4
" " After 0.5 0.4 '1l.1 0.4
Jodine No. Before 27.1 26.9 30.6 27.9
" . After 27.9 26.6 g

(1) Without a-naphthol
(2) With " "

Table XII: The Effect of Metalllic Ions on Nepelm Oxidstion
Metal Salt Added ‘ Feroxide No.

Metal in Al 8o 24 hrs
Alum Solution Soda Soap Soln. % H Original 80°C, in 0%

.004% Mn(ous)
.009% Mn (ous
.018% Mn (ous
.045% Mn (ous

.02% Cu(ic;
,06% Cu(ic
.10% Cu(ic)

.005% Cr{ic)
.01% Cr(ic)

* o * o [ ]
[ ] L] [ ] [ ]
HPOOO
[ ] L] [ ]

(2 1]

[ ] -

PANOE PO G GGG
e
[ ] [ ]

00000 00O 00000
0000 00O o0O0O0O
PHRHEH OO® GG

FODHH ©O0t ©opn o

00000 OO0

.107% Pb(ous
.15% Pb{ous

According to Southern and Roth (9) alpha-nephthol ¢rcer not
protect completely agsinet the preesence of rcrnssnete r~ud iron
in the alum solution used for the precipitation. (Table XII)
On the other hand, Dickenson and Long (7) report that

0.2% alpha-naphthol 1s effective in reducing Napalm oxidation
in presence of iron (Table XIII). Nevertheless, it ie recom-
mended that sny alum used, even though alp..s-ueyitiicl Sr other
inhibitors be preesnt, should contsln as few meteiiic impurities
as posslble end in Lerticuler that the menganess content be
kept below .Ol» snd the iron content below .03:. Tric is con-
firmed by practicsel merufecturing difficulties which have been
experienced by one C./.8. contractor due to excesslve mengen-
ese in the slum used.

.05% Pb(ousi
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a-Na

Iron Inhibitor
Content Content,% Initial Arter Aging

of Alpha- Jodine 8 daye 19 days 36 days
Napalm,# Naphthol _ Value 120°F. _ 120°F. 120°F.

ool °

02 27.0 27.1 26.9
.06 27.5 26.9
.20 . 26.8 . 16.3
+60 26.4 12.2

02 27.3 27.0
05 27.4 26.9
«10- 27.4 2€.6
.20 28.6 29 26.5

.6
«60 27.7 29.9 25.8

Experiments et Ferro Enamel (Figure 4) indicate thst
poor weshing or too high a pH of the pulp after washing msy
be conducive to easy oxidation.

The effect of temperature on induction reriod is also
‘indicated by the Ferro (19) experiments, incresse of tempera-
ture from 160° to 195°F. cutting the induction period to ap-
proximstely one-querter of its initiasl value.

It had been thought that the quality of the oleic acid
used in making Napalm might play a role in its susceptibility
to oxidetion. This is probsply true, although the effect 1is
masgked when alpha-nsphthol 1s used #s8 an inhibitor. In a
series of experiments ot C.W.S. Columbia Leboratory (24), a
number of olelc acide were used for the preperstion of Nepalm.
The acide had widely varied susceptibility to Oxidation es
shown by the Mackey test, ae did their pure aluminum sorps;
however, the Napalms prepared therefrom showed no significant
difference in induction period. The reason Hr this undoubtedly
lies in the fact thet slpha-naphthol was used ss inhibitor
in all the experiments.

The inhibiting effect of the anti-oxidents present
in naphthenic acld hae again been ehown by Shell (25). Nix-
tures of oleic with 4, &, 16 and 24% of naphthenic acid hsd
induction periode of 2.5, 3.9, 5.3 and 7.5 hours, respectively.
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Fundanentel Properties of Napalm

Somo intorosting vorl has beoon carried on at Stanford
Univorsity (26,27). X-ray patteras of & numbor of nure soeps havo
baon invastigatod and couparod with that of Naralm, Nepalm and
sluminum dilaurate Al(OH)L2 show practically idonticacl diffraction
paitorns, supgesting that this soap mey well ho one of tho main
consitiuonts of Nanelm., 4n oxidizod saaplo of laupaln shous a somo-
vhet diffcrant pattorn indiceting a definite change has occurred,

Tho osriotic pressuro of aluminum dilaurato in 1% solution
in benzone has heon studiod., Tho rosults showed an unexpactodly
hizh temparaturo coofficiont. for tho osmotic nressuro of such
solutions. At 18°C, Tlo osmotic nrossure was sligltly loss thren
1 mm,, vhilc et 25° it vas ahout 75 mm, This indicates that tlo
dograo of association of tho eluminum dilaurato in benzonas variod
from about 30 et A409C, to over 6000 st 189C. Such a continuous
increasc in particlc sizo louding to the fornetion of pertieles with
a moleculer weight as rigli as one nillion, mist corresnond to a
continuous transition from a liouid sol or solution to e jelly
having en clastic structuro,

III, Tho Dispersion of Nupalm
Exporinonts aro hoing continuod at Standard 0il Dovelop-

mont on tho influiuncu of gasoline quality on el consistonecy.
While not yet comploto, the following prolininary statencnts nay
by mado (28),

1, The consistincr of lupalin rols variss with the
soap and gasolino,

2, Thorc is e chaiy~ in consistaney on aging vhich
is most pronouncad at lovor concontration., This
aling effoct is shown by all posolinos but it is
not so »roninont wit!: puro hyrocarbons,

3. A1l gols appear to ettnis: ¢ minimum consistoncy.
Tho prociso effect of oach of thoso variablos Las not ;'ot boon

ascortainod hut for thrne gnl consistenciss tho changs duo to
variations in gasolinc or hydrocarbon quallty is shovn in Tabls XIV,
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Table XIV

Variations in Consistoncy
(Grans Gardnsr) duc to
Gasolincs Pure Hydrocarbons
SRSV < £« PO > SO -} VN ) (- SN,
40 250 110 390
600 900 550 1060
1250 1700 1300 2230

It 1s apnaront that aging and gasolina quality ceuso a wide
variation in viscosity. Urdoubtedly, thn third variablc
(variation in soap) will furthor incronse this renge. Some of
the change duo to moixturo contont nay be lessoned by use of
dohydrating agonts (Table VII, Fig. 3).

It 1s as rot uncortain ho:r ;rent an offoct such a vuriation
has upon parformancc.,

Tho Tzstin: of liemaln
Thoro havo beou fow dovolowiunts of eny inportance in
knowlodgo concorning Hapalm tostin; and specifications, Con-
voundin;, tompersturo anparontly influoncas consistouey but
little (29) .

Further rosults hiave been obteined on the influsnez of
tonperaturo upon Gardnor consistaney., (Appondix: II),

Birnbeun snd Ddmonds (10) hava coqpercd the Earl Fiachar,
C.W.S, Bonzono Distilletion, end vecuun dryin; on a number of
soans, roechin;: the concluslon that no notlod is absoluto and
can bz roletod dofinitoely to & certein cofinits tyma of vatur
in trkc soan. Tho Karl Fisclhior motlod is roproduciblc for eny
sivon Napelm sand +4111 ;ive satislectory rosults, altlough they
w111 be hizhur thau those showm by bunsol distillstion.

& necw spacificetion, C. W, S. 196-121-206, has been issuad
covoering pasolinc for uss in tocting llapalnm accordin;; to the
mothods doseribod in €, W,S, 196-131-107A, This ;asolino is
dosigned to raplacs tho stundard tost gasoline proviously fure-
uishod by Standerd 0il Dovolonnnut Commany. Whilo a som:vhat
hichor boiling met-arial than tln nrovious tost gasoline, 1t gives
commarablo consistoncy rosults (Tablu XV), It doos not give tha
sano disporsion tinans, being slovwor, than thu ol staiderd whon
a soap is tosted for tris factor arcordin, to C'S 196-131-107,
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Table XV (23)

Com son of O New Standard Gasoline

Nuodex Batch #88955R

Gasoline Gardner Consistencles
_ 1 hv,, 150°F. _24 hrs., 150°E. 48 hrs 27°F
730

6 690 590
' 650 700

an. 4
Sept. 10 30D (0ld _ 640 700
" S0D {014 600 690

Jan. 17 Conoco (New) 640 680
LI N X 630 680
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APPENDIX 1.

Properties of Napalm

(a) ' ‘

It hae been questioned several times in the past whether
or not water taken up by Napalm can be redistributed on stand-
ing in some way within the molecule so that it " becomes in-
active with respect to its effect on the consistency of the
gel formed in gasoline. It has also been thought that such

unactivated® moisture might not show up in vacuum oven measure-~ °
ments, while it could be determined by the bengene distilla-~
tion method. With this in mind, the experiment reported in
Table XVI was devised. Three soaps were taken and exposed
to two relative humidities, 120°F. - 20% R.H. and 85°F., -

65% R.H., for varying periods of time. Samples were withdrawn,
kept in tightly closed bottles in the same relative humidity
roome 80 thet very small leaks would have no effect, and mols-
ture determinations were made by both vacuum oven and bensene
distillation methods. It will be seen that no differences
whatever in moisturé content could be observed. Similar results
were obteined with consistency measurements shown in the lower
part of the table, but these were not continued beyond the

third day becsuse of the labor involved. .

It can be concluded from this experiment that Napalm,
after reaching equilibrium, shows no further changes which

may become apparent through consistency or molsture content
determinations sven after long standing. An interesting side
light from this experiment wae the much lower susceptibility
of the Oronite soap to atmospheres of high relative humidities.
Thie msy possibly be due to the rotating cylinder uethod of
drying employed.
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(b) EH%MB_QMM_MME
he main results on the prevention of moisture deter-

loration of Napalm gels by the addition of dehydrating agents
have been described in the body of the report. Neverthelese;
Table XVII, showing the effioléncy of msagnesium sulphate, and
Table XVIII, showing some further results with silica gel

may be of interest. The latter table indicates thet it may
be poesible to .reduoce significently the percentage of Nrpalm
required in gels for any given purpoee. Thus, if 6% was for-
merly required for the flame thrower, 4% may be sufficient

to give the same Gardner consistency if a d:":ydrating agent
is present. Unfortunately, no direct oomparison of sillioa
gel and magnesium sulphate is ae yet availabtle, sinoe the
silica gel used in R. V. Little's (17) studies hac too high
a moisture content (0.1%) to be effeotive.

Table XVII: Magneeiun Sulphate
agoline on Qe onsistency

Hours Soap* Gardner Consistencies
Exposed to Cgs koisture . REdDe. B 4 rams 3 5
Content _ _ _% Ng80, 2 _days 9 days_ 16 days 50 daye
0.9 mome 520 5630 — 680 640

0.8 690 680 800 740
4 1.4 none 370 400 430 670

0.8 640 740 &850 760

*McGean #684.
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(¢) _xu%me_oum
he Voorhees test for the oxidation stebility of

%eaoline (30) osn apparently be ' adapted for use with Nepalm.
hree semples of Napalm, one of which ws known to oxidize
bedly on keeping, were examined with the results shown in
Table XIX, below.

T XIX (20): Oggdggggn of Napslm snd.the
oorhees Test .
— ————_Todipe Numb

: er
Induction After keeping
Period Before After 8t 120°F, for

— Hre, _ Oxjd., _Oxid. Orle. 1 mo. 2_mos.__
Pfister #M-3-

2432-94 ] 34.1 3l.0* 32.9 16.7 14.8
5.5 - 21.1.‘

Ferro No. 184 None 28.1 26.1"* 0.5 28,2 29.2
None -- .

Nuodex No. 19869 14 -

*4 hrs. 35 min.
** 71 hrs.

The unstable soap showed a definite induction period of about
five hours, while the stable sample continued to oxidize
slowly for 71 hours. A third soap on which no long time keep-
ing results are avallable gave an inductlon period of 14 hours.
There wss no apparent chsnge in the appesrance of the stsble
sample, while the unstable sample showed a slight chsnge in
color, a nd the Nuodex samj:le sintered somevhet. The results
sre tabulated above with iodine number before and sfter oxi-
dation, determined by the Hanus method. They indicete thst
the test has possibilities for measuring oxidetion stebility
of Napalm. Advantages compared with the metsl bomb test are:
more resdily avalilable glass equipment, simplified procedure,
and nore rapid temperature equilibrium.

Oxidizability tests have been run on a number of 8sosps
received from the rilling plants. liackey tests at 100°F,
and 130°C. were run on most of the soaps, together with a
peroxide value determination on the sosp residue after comple-
tion of the tests. Feroxide values were run on some of the
samples aooording to the method suggested by Birnbaum and
Edmonds (22). The results are summarized in Table XX. Also
given in the Table ere the lodine velues of the sorps, initial

RESTRICTED
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and after éxposure for 1, and 2 months 1in a thin leyer at
120° F, - 20; R.H It appesrs that any of the O0xidizability
tests of this table might be used to predict
long ternm behavior of the soap. the inclusion of
alpha-nsphthol as @ 1m batches
renders further stu .

tions unnecessary,
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APPENDIX II
Iesting and Specificatione

From time to time the question has been raised as to
whether the temperature of dispersion has any significant
effect upon gel consistency. In order to determine this, four
samples of Napalm, covering a dispersion range of fifteen
seconds to eight minutes at 70°F., were mesde up in stenderd
test gasoline at temperatures of 50, 70 and 90°F, To avoid
evaporation or condensation of moilstureat the low temperstures
8ll the gels were mede up in individurl sealed meson Jers end
sheken by hand before transferring to the iron pipes for spe-
cification meesurements. The consistency of the gels (&j)
was measured sccording to C.W.S. Specificstions efter 24 hrs.
at 150°F, and 44 hrs. et 77°F. The data are shown in Table XXI.

Iable XXI  (29)

G er Consistencies

24 hrs. 150°F, 44 hrs. 77°F.

Made up Made up lade up Mede up Made up Meds Wwp
Sample 90°F, 70°F. 60°F. S0°F. 50°F .
Tmperial NR 23 620 620 520 600 590"
Nuodex 19889 640 645 625 760 790
Eakins N-3-2081-431 355 385 378 480 475
Calir. Ink 98 415 465 395 576 ‘ 575

All of the semples stored at 7?7°F. checked within 50
grems Gardner over the 50° to 90° F. range of mekeup tempera-
tures. With one exception, good checks were asleo obteined
on the 150°F. test. The single low point may be due to tube
leakage. It seems probable, therefore, that over the range
of mixing temperatures normally encountered veriation irn dis-
persion temperature has but little effect.

Further results heve been obtsained on the variastion
of Gsrdner consistency with temperature (Fig. 5) (14). It
appears that variation with tempersture is not very pronounced,
thus giving Napelm one of its outstanding sdventagee over
other thickening agents.
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FIGURE S
TEMPERATURE ~-CONSISTENCY
VARIATION OF NUODEX BATCH NO, 19889

(S.0. 0. TEST GASOLINE)
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