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Forwarding report und noting 1 

"This  report SupplrmrntS C.S.'-.D. Report Fo.  2C36,   "The "'unu- 
facturc,  Prop'rtits and Testing of I apalm Roape" issued Fovcabcr 
17,  1943. 

"in that 1 arli r  r> port recommendations wc r-   mrido  concerning the 
advis ability of investigation of  the  effcot of raw material  pro- 
perties in the finished soap, further Investigation of oxidation 
inlibi+ors, ^nd investigation   of th    relationship! among gasoline 
quality,  Moisture   content,   cone ntration md consist, t.cy.    The 
present supplement reports progress or tho«    raoonuindatloni• 

* 
"A study of the effcot of raw material« loads to the follov/in£ 
conclusions.    Varying the   composition of !'a;;alm from the 
standard to  2|1|1  ratio of cocoi'.vt to olaic to r.aprthonle acid 
indicates that the viscority of the  gel Increases primarily with 
incr:-as..d oleic acids and to a lesser extent with increased 
coconut acid above normal oonpoeition.    4ic acid mother of th 
coconut acid has b<* n found Important.    Iron ir or. undesirable 
impurity when found in the   alum but not in th-;  acid. 

"sine:; isrio of th*.   lust report all rapalm has ineluded an 
oxidation inhibitor.     xhis  is fouiid to have no  dtilcterloua 
effect or consist-ncy and to  oorstitutc  a definite  prot-ction 
a^air.st oxidation. 

"Although I"apalm manufacture novr  ..pp...r«  to  be under sufficient 
oontrol  to ruarant; 0  an -cc.pt.hly amall .variation in quality of 
product from any one- manufacturer,  tli-   viSOOSitlties of g-'ls 
produc d from ~qual sonoontrations of soiip cf differ nt munu» 
fuoture rs vary considerably. For the G per cent gels th.   ratio 
of th    strongest to the weakest is roughly l.Oj for th-: 4 p.-r 
sent gels th'   variation is ever, greater.    Then   is still need 
for  a d- termination of how important t*-ir  variation is  in us., of 

REÜTRICTTO 
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the £ol in fls.no throvrers. Consistency varies also '.(ith a^ing, 
and the affect is Most pronounced in i;ols of lo'* concentration. 
The consistency of 8 per cent cols varins 1.5 fold with variations 
in gasoline quality; noro concentrator gait le3s sensitive to 
gasoline variations, norp dilute ones ncro sensitive. 

"Quantitative data shoving ho" little temperature affects the 
consistency of ilr.^alm ^.els aro preE.o:vi,ed in Fi;,. 5 following 
pago "}L.    This te-norcturo-insensitivonosc inc'cos Hawaii the only 
available fltne trrov/or fuel useful for low tonpjraturs operation." 
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Introduction 

ThiB report constitutes a supplement to O.S.R.D. 2036, 
The Manufacture, Properties and Testing of Napalm Soaps" 
Issued November 17, 1943. A considerable amount of new data 
has been obtained in the Intervening months. Among these 
are the effect of (1) variations in raw materials, (2) the 
addition of oxidation inhibitors, (3) the addition of drying 
agents, (4) variation in gasoline and moisture content on 
consistency, and (5) temperature on dispersion and consistency. 
Also presented are data on the Columbla-CVS oxidation sus- 
ceptibility test. 

As before, we are indebted to C.V.S., and in particular 
Major deGray, for their cooperation in the preparation of 
this report. RtSTHICTLD 
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I. The Effect of Variations In the Ratios and Spec 
of the Raw haterlalB Employed. 

A. Varlatlone In Ratios of Aclde 
During the early days of Napalm manufacture, a  consid- 

erable number of laboratory batches were made In an effort to 
decide what ratio of acids would give the best results, kany 
of the data are confused by the effects of oxidation and 
moisture (which were not appreciated at the tlr.ej and do not 
lend themselves to a reliable analysis. 

Recently data have become available (1) which shed 
some light on the effect of variation of the three aclde on 
the aluminum soap produced. Nineteen laboratory batches of 
Napalm were made by vprylng the percentage of each component 
acid ± 10/i from the standard composition of 50>« coconut, 
25,5 olelc and 25/-» naphthenlc. rig. 1 shows on triangular 
coordinates the variations Involved In these experimental 
batches. Fig. 2 shows the complete data on these batches. 

Several Interesting conclusions may be drawn from 
these data. Holding all variables as nearly constant as 
possible except the percentages of acids used, the strength 
appears to be a primary function of the amount of olelc acid, 
with the coconut and naphthenlc acids contributing secondary 
effects. If the 24 hour 150UF. moblloraeter values are plotted 
versus per cent olelc acid on semi-logarithmic coordinates, 
a straight line correlation Is found having the following 
equation: (2) 

k * 397 log A + 110 where h = 150°F, 24 hour- mobilo- 
meter consistency 

A = ß  olelc rcld. 
A more detailed analysis of the data (S)  has been made by 
considering the percentage of erch acid SB an unknown In the 
following equation: 

m » aA + bB + cC where m * mobilemeter consistency, 
A,B,C, * percentages of olelc, 

coconut and naphthenlc acids 
respectively and a, b, c are 
constants. 

Using the method of least squares to solve the nineteen simul- 
taneous equations involved, the following values of the con- 
stants f>,  b and c are obtained: 
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laid 
• (olelo) 
b oooonut) 
o (naphthenic) 

g hrf. lfiO°r. 
13.1 
6.1 
1.1 

8i hri.. 77°r« ifiLb 
■ftt 
5.8 
1.8 

6.0 
8.0 

77T. 

When used in the above equation, these constants permit the 
calculation of mobilometer consistencies for these data show- 
ing good agreement with experimental values. This analysis 
makes clear the predominant effect of the olelo acid on the 
mobilometer consistency. It should be emphasized, however, 
that these constants apply only to the raw materials and prep- 
aration procedure given in Fig. 2, but the mathematical ana* 
lysis should be generally applicable. 

B. Variations In the Acid Value and quality of 
Coconut. Naphthenic and Olelc Acids. 

The effect of acid number and quality of the component 
aoids has received considerable attention during the past few 
months, and data are now available as the result of a large 
number of laboratory preparations (4, 5, 6, 7), The laboratory 
technique has been held constant and the raw materials varied 
to as great a degree as possible with the samples available. 
A standard batch formulation and procedure, corresponding 
closely to general plant practice, were selected and after 
a sufficient number of batches had been made to assure reproduoa- 
bility and satisfactory'gel-forming characteristics, the 
three acids were replaced, one at a time, by other grades of 
the same acids. Tables I, II, and III show the results ob- 
tained with various grades of olelc, naphthenic and coconut 
acids. In each case all variables except the one being in- 
vestigated were held constant. 

From these data it seems reasonable to conclude that 
the quality and aold number of the. olelc and naphthenic 
aoids (within the limits of the ej.ac. suggested on p. 34 
of O.S.R.D. Report 8036) used have little effect on the con- 
sistency of the final gel. There is some indication that the 
aoid value of the naphthenic acid may have some influence, 
but the effect is not clear from the amount of data available. 
With olelc acid poor results have been obtained with acids 
of titre lower than 8 and as high as 15. On the other hand, 
the acid value of the coconut acid is definitely a factor in 
determining the thickening power of a Napalm soap. Providing 
that the acid number of the coconut acid used 1B specified, 
no difficulty should be encountered in producing satisfactory 
Napalm from a variety of commerlclnlly available acids. 

RESTRICTS 
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XX. ghf Eff at of Iron on Conalstenov 

A. Presence of Iron In the Aolda 
Table IvX (6, 6; shows the results of standard batches 

of Napalm in which Iron was added to the acids used, and £ gives 
data on the addition of Iron (as ferric sulfate) to the slum 
both with and without .Inhibitors (b-naphthol and alphanil). 
Up to 0.6ft  Iron present In the acids used In making,the batch 
appears to have little effect on the consistency of the result- 
ing gel, and It Is probable that the Iron Is precipitated as 
ferric hydroxide during the formation of the sodium soaps. 

When Iron Is Introduced with the alum used for pre- 
cipitation, the harmful effeot on consistency Is apparent at 
final Iron contents greater than 0.1% (epprox. 0.15? based on 
the alum). The presence of 0.2% a-naphthol (based on weight 
of finished Napalm) does not appear to prevent gel deteriora- 
tion. It Is likely that the effect of Iron noticed in these 
data is due to the dispersing action of the iron salt rather 
than oxidation since the iodine numbers given «re normal. 
Maximum permissible iron contents suggested elsewhere (8, v) 
have ranged from 0.01 to 0.03%; these figures were arrived at 
by oxidation experlients without taking account of the dis- 
persing effect. Since oxidation is catalysed by amounts of 
iron considerably smaller than the quantities necessary to 
oause low gel consistencies by the dispersing effect, the  ' 
former must be considered the more important and alum speci- 
fications should consider primarily this factor. 
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III. The Effect of Oxidation Inhlbitore on Gel Consistency 

The following table gives results for several lab- 
oratory batches of Inhibitor-containing Napalm (5, 6). 

Table V 

Inhibitor. i4_hrSj.,_770F. 
0. ljTalphanll       855 
0.3J«   M 810 
None 795 
0.05JJ a-nephthol     805 
n in     H 0.10 
0.30 
0.80 
1.20 

800 
790 
775 
770 

24 hrs.j. 150°F._ holeture 
750 ~ 0.47 
765 0.30 
755 0.45 
770 0.58 
780 0.35 
780 0.33 
750 0.35 
770 0.53 

It appears that the presence of oxidation Inhibitors In Napalm 
has no deleterious effect on the consistency of the resulting 
gels. 
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The Properties of Napalm 
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I. The Koleture Effect 
No new findings of great importance have been made 

recently on the moisture effect. Nevertheless, the conclu- 
sions of the previous report have been confirmed and in some 
cases extended by new work. This may be briefly detailed. 

Several times in the past (10), it has been questioned 
whether or not water taken up by Napalm can be redistributed 
within the molecule in some way on standing so thpt it becomes 
inactive with respect to its effect on the consistency of the 
gasoline gel.  It was also thought that moisture determinations 
made by a variety of methods might change their relative values 
due to such rearrangement. To test this point, three soaps were 
exposed to two relative humidities, 120°F. - 20% H.H. and 
85°F. - 65je R.H. for varying periods of time (13). Samples 
were withdrawn and kept in tightly closed bottles in the srme 
relative humidity rooms so that any small leak would hrve no 
effect, and moisture determinations were made by both vacuum 
oven and benzene distillations (15). Ho differences whatever 
in moisture content (in any one series) could be observed. 
Similar results were obtained with consistency measurements. 
(Full results are given in Table XVI, Appendix I.) It must 
be concluded, therefore, that no detectable redistribution of 
moisture within the Napalm structure occurs on standing, at 
least with the present available water and consistency deter- 
mination methods. 

Data have been obtained on the equilibrium moisture 
contents at 20, 50 and 70$ R.H. of typical samples of Napalm 
from the various C.V.S. contractors (16). These, together with 
consistency results on 4J8 and H;» gels in Standard Oil Develop- 
ment test gasoline #14, are shown in Table VI. It will be seen 
that there is considerable variation in moisture content and 
gel consistency, although In nearly all cases the values for 
the samples as received were very close to those of the samples 
conditioned at 20$ R.H. This seems to indicate comparative 
uniformity in packaging conditions and containers. 
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Table VI: Moisture Content and Consistencies of Typical Mapalms 

Per Cent 
Rel. Hum. 
at which    C.V.S. 

5ample_C£nältiongd_ Moisture 

Nuodex As rec'd. 
19689   20 

50 
70 

Eaklns As rec'd. 
N-3-2981 20 
431     50 

70 
Imperial As rec'd. 
NR 232  20 

50 
70 

McGean As rec'd. 
462    20 

50 
70 

Ferro As rec'd. 
184 20 

50 
70 

Pfister As rec'd. 
N-3-2432- 20 
94      50 

70 
Harmon As rec'd. 
R11265  20 

50 
70 

Oronlte As rec'd. 
J-33-C  20 

50 
70 

Calif.Ink As reo'd. 
96     20 

50 
70 

Colgate As rec'd. 
N-3-2854- 20 
56      50 

70 

.7* 
«95 

1.2 
1*7 
«65 
.45 
.7 

1.0 
.7 
.7 
.95 

1.45 
.75 
.6 

1.45 
2.2 
.65 
.55 

1.0 
1.45 
.7 
.7 

1.05 
1.30 
.7 
.75 

1.0 
1.2 
.5 
.45 
.7 
.95 
.7 
.8 

1.1 
1.55 
.4 
.5 ■ 
.75 
.95 

Gardner Consistencies 
8« Gels 43 Gels 

2 days 2 days 24 hrs. 
re_ 77°Fa _ 

Grams 
. 2S0°F._ 
grams 

_77°F.  
grams 

690 745 175 
650 690 160 
565 410 90 
355 280 40 
540 385 80 
640 350 110 
530 320 70 
370 240 27 
620 585 90 
620 540 78 
410 460 53 
260 320 31 
770 620 215 
750 700 215 
500 400 62 
250 130 11 ■ 
745 680 228 
740 640 235 
590 112 
345 540 37 
635 615 120 
645 770 135 
550 505 70 
440 530 65 
660 630 140 
670 640 155 
530 455 73 
270 250 20 
980 645 290 

1110 645 330 
860 715 195 
570 400 92 
595 465 141 
565 460 130 
375 355 59 
208 310 14 
740 570 140 
700 480 125 
610 320 80 
450 260 58 
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Kueh of the variability in soap consistencies must 
b« ascribed to the moisture effeot, but it is thought that 
one of the methods previously suggested (6), namely, the addi- 
tion of a small quantity of a dehydrating agent, may serve 
to overcome this. Of the available dehydrating agents, 
phosphorus pentoxlde, magnesium perchlorate and calcium chloride 
immediately caused breakdown of Napalm gels. Calcium chloride, 
while initially satisfactory, causes breakdown of the gel after 
long time keeping, particularly at elevated temperature. Sodium 
sulphate, calcium sulphate and alumina are not sufficiently 
active leaving silica gel and magnesium sulphate as the most 
promising materials for use (11, 12, 13, 14J. Table VIZ 
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. practically ZM*O, 
even after prolonged storage. 

As a result of this work, experiments are now in 
progress to compare the relative efficiencies of magnesium 
sulphate and silica gel, the minimum percentage of each re- 
quired and the reduction in concentration of Napalm which 
oould be made in gels for any given purpose when a dehydrating 
agent is present. 

The form in which the dehydrating agent should be 
■hipped is as yet doubtful. If packed in a separate hermeti- 
cally sealed oontainer Within the Napalm tin, the Napalm oould 
suffer moisture deterioration yet the dehydrating agent when 
added to the gasoline directly before mixing would pull it 
up to strength. Mixing of the agent with the soap, is also a 
possibility. Preliminary results (19) indicate that gels 
made up from Napalm containing sllicp gel were very satisfac- 
tory even after the Napalm-silica gel mixture had been In 
storage for two weeks. 
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Table VII  (11.   12.   17):     Effect of Dicing Agents  on flg Napalm» 

 Drying Jffjf* Vsgßjal 150°F._ _Garäne.r_Corifilsteiigy_ 
~ *~ grans 

None 

1% CaCla  (anhyd) 

lj? NaaS04  (anhyd) 

ljb "Drlerlte"   (CaS04) 

l£ Activated alumina 

2$ Activated alumina 

1% Silica gel»»*» 
Z% Silica gel 

flone 

0.5;"S CaSO« 

0.5;* Activated alumina 

0.5* Silica ge!•»•••• 

0.5* MgSO« 

»Nuodex #18032. Stored 90°F.-9üJ» R.H.  for 6 mos.  In standard 
package.    Vacuum oven moisture  «bout 1.7$. 

•• Krcentagi'E b/>eed'.&n trclghti of gasoline. 
»»»Slight deterioration In top lC-20je of gel.    Gardner vis- 

cosity in this region about 380. 
•»••5.ÖJJ H,0. 
•»••• 9.1JJ Ha0. RESTRICTED 

1 
7 

300 
150 

1 

■1 
700 
700»•• 
125 

1 300 

1 450 
i 

1 
5 
1 
5 

375 
260 
560 
360 

1 
1 
7 

Iture 1.1/4.; 
1 hour 
1 day 
2 days 

725 
765 
780 
550 

420 
450 
480 

1 hour 
1 day 
2 days 

480 
480 
500 

1 hour 
1 day 
2 days 

460 
510 
580 

1 hour 
1 day 
2 days 

610 
520 
570 

1 hour 
1 day 
2 days 

530 
540 
650 
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II. The Oxidation of Napalm 
Work on the oxidation of Napalm has continued, parti- 

cularly with reference to causes and prevention of oxidation 
and the development of simple oxidisabllity tests. 

Two further tests for susceptibility to oxidation 
have been suggested: (a) an adaptation of the Voorhees test 
for gasoline (20), 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 Kodak. In its final form, 
five grams ( + 0.1 gram) of the soap to be tested are weighed 
into a Mldvale absorption bulb (Stetser-Norton modification). 
The bulb is placed in an oven or thermostat regulated to 60°C. 
and connected with rubber tubing through a bubble counter to 
an oxygen tank. The bubble counter contains 50;» sulfurlc acid. 
A very slow stream of oxygen is passed through (about 50 nl. 
per minute) for 24 hours. The bulb Is then disconnected, the 
soap transferred to a 250 ml. iodine flask and the peroxide 
number (mg. iodine liberated per gram of soap) is determined 
as follows: 50 ml. of glacial acetic acid - chloroform 
(60-40 by weight) are added and the flask shaken gently to 
disintegrate any lumps which may hive formed. Three ml. of 
saturated potassium iodide solution are added, the mixture 
shaken vigorously for 1-1/2 minute» and then 100 nl. of water 
are added. The solution is titrated with .01 normal sodium 
thlosulphate solution and the peroxide number calculr.ted 
according to the following equation. 

Peroxide No. 127 x volume (nl.) x normality 
weight of sample 

•• 

Sinoe an occasional erratic result is obtained, the test should 
be run in duplicate, although it is permissible to connect 
the two samples in series for the oxygen treatment. The 
peroxide number of the original untreated soap should also 
be determined according to the spue method. Results on four 
typical soaps are shown In Table VIII be low. 
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Table VIZI 

Oxidation Susceptibility Teste: (22) 

Change In Peroxide Number After 24 Hrs. Oxygen Treatment at 80°C 

Soap Peroxide 
Number 

Peroxide Number After 24 Hrs. 
60°C. under Oxygen 

t Imperial #NR99 4.3, 4.3 
b Imperial #NR*9 5.9, 5.4 
t Pfleter #3-2432-78 1.6 
b Pfleter #3-2432-78 1.4, 1.5 
t  Eaklns #143-2981-182 0.3 
b Eaklns #N3-2981-182 0.3 
t Harmon #R11242 0.2 
b Harmon #R11242 0.2 
t KcG-ean #684 0.3 
b KcGean #684 0.3 
Nuodex #39093 0.2 

t - Sample taken from top of drum end stored In a tightly 
covered Jar. The Jpr had been opened a number of times 
to secure samples for experimental work. 

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

28.1, 28.8 
29.5, 28.3 
20.9, 13.1 
20.9, 12.8 
1.6, 1.1 
1.4, 1.0 
0.9, 0.6 

0.6, 0.5 
0.5, 0.4 
0.5, 0.5 
0.5, 0.5 

Surveillance Tests 

Peroxide Numbers After Exposure to Air at 65°C. 

Peroxide Number 
9  12  14  17  19 21      23    104 

SOPJP days dav_8_d£y£ djiys_djiy.B days days day.s_day,s dav.s_ 
Imperial 
NR99 
Pfleter 
#3-2432-78 
Eaklns 0.2 
#N3-2981-182 
Harmon 0.3 
#R11242 
McOean 0.4 
#684 
Nuodex 
#89093 0.2 

1.8    17.7 7.4 6 

1.2    18.0 22.0 10.2 

1.5 2.3 

0.7 1.2 

0.6 1.8 

0.3 

y 3.1 

8.2 

2.3 

1.3 

2.5 

0.6    0.7 

3.9 

5.3 

1.4 

14.6 

3.0 
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A more complete study of peroxide number, iodine number and 
gelling properties of Napalm (Pflster #3-2432-76) is shown 
in Table IX. 

Table IX 

Peroxi 

of Naoalra» Exeosed to 0» et 70' 0. (22) 

Time de ft 
Hrs. No. Ha0 Ia No . 48 hrs. 25°C. 1 hr.65°C. 24 hrs.65°C. 
0 1.1 0.8 35.7 59Ö 570 570 
4 1.2 0.8 35.7 630 610 540 
6 1.3 0.8 35.7 — -— — 
24 2.1 0.8 35.2 630 570 540 
30 2.4 0.8 ___ ___ — ___ 
36 3.5 0.7 34.3 670 610 590 
60 6.4 ___ 33.6 — ___ ___ 
76 7.4 1.0 32.2 700 620 540 
82 11.9 O.fa 32.2 660 630 640 
94 14.9 1.0 30.9 710 560 670 

102 17.2 ___ 29.3 Crunbly (710) (650) (640) 
110 23.0 0.8 23.5 Too crunbly — ___ 
116 22.2   21.6 it    ii ___ ___ 
124 20.2 0.8 16.3 N        II ___ ___ 
132 22.1 —_ 16.1 II    II —_ ___ 
156 20.1   14.6 II    II ___ — 
180 17.2 0.8   II    II     

•Pflster Napalm #3-2432-78. 

It will be seen thrt the soaps studied varied greatly 
in oxidlzability and that the test appears to differentiate the 
SOAPS satisfactorily. Furthermore, the iodine value and peroxide 
vplue appear to change simultaneously, peroxide value increasing 
to a maximum and then decreasing. This last point is confirmed 
by results of Mclntyre and Elliott (18, 19) (Figure 4). The 
properties of the gel appear to be little affected until the 
iodine number has fallen about ten points, after that the gels 
lose their string and become excessively crumbly. 

As a result of these experiments, Birnbaum and Edmonds (22) 
recommended the following as a tentative specification for 
oxidation susceptibility of Napalm. 
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(a) All soaps having an Initial peroxide value 
above 5 shall be rejected. 

' (b) After the 24 hours at 60°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 5.0 shall be rejected. 

At Eastman Kodak a large number of soaps received from 
the filling plants and other sources have been tested for 
oxldlzablllty by three methods: namely, the Maekey (100°C), 
the hodlfled Mackey(130°C.) and the peroxide value test Just 
described (14). Simultaneously, long time keeping tests at 
120°F. - 20# R.H. have been made following the Iodine value of 
the soap.  (Appendix I). In general, the relation between 
these tests and long term oxldlzablllty appears to be good, 

particularly for the two month keeping times. The chief dis- 
crepancies have been noted for the Eaklns soaps, several of 
which showed Induction periods and high peroxide values after 
the Hackey test, but which failed to show oxidation after two 
months' keeping. The peroxide value test, possibly because 
it was run on fewer soaps, shows almost perfect correction 
if 1.0 rather than 1.2 be taken as the vr lue for rejection 
of the losp. 

Since the writing of O.S.R.D. 2036 the addition of 
alpha-nephthol to all soaps during manufacture Is required 
by C.W.S. Specification 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 soaps containing It 
and that It Is beneficial as an oxidation Inhibitor, as has 
been shown by experiments detailed In the previous Napalm 
report. Some results on a large scale batch containing 
alphanll as an Inhibitor are summarized In Table X. It will 
be seen that to date, because of the excellent stability of 
the check, little distinction between the various batches with 
regard to oxldlzablllty can be made. 
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Table XI (23) shows the effect of a-naphthol on 
the oxidation susceptibility of four Napalms as determined 
by the Columbia Test (22). Iodine numbers are also shown 
for comparison. It Is evident that the Inhibitor has a 
beneficial effect on those soaps susceptible to oxidation 
by this test. 

Table XI:  Columbia CW3 Lab. Oxidation Susceptibility Test (23) 

Peroxide No. Before 0.4 
"    ■ After 

Iodine No. Before 27.1 
■    w After  27.3 

Ferro Pflster Eaklns Nuodex 
(1) (2) (1)  (2) (1)  (2) (1)  (2) 
0.4 0.3 0.7 0.4 3.4 o.g 0.2 0.4 
0.5 0.4 1.1 0.4 6.1 0.5 1.0 0.5 

26.9 30.6 27.9 39.1 37.6 25.2 27.7 
26.6 —  —  38.6 38.0 26.0 28.0 

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

Table XII:    The Effect of Metallic  lone on Napalm Oxidation 

Metal Salt Added 
$ Metal In Al Soap 

Alum Solution    Soda Soap Soln. $ Ha0 

Peroxide No. 
24 hrs  . 

Original    80°C.  In OS 
0.0 
0.2 
0.2 

32.5 
31.9 

0.3 
0.6 
0.9 

0.1 
0.1 
0.2 
0.2 
0.1 

According to Southern and Roth (9) alpha-naphthol <?cer not 
protect completely against the presence of r..rr«tnomt  pnd Iron 
In the alum solution used for the precipitation.  (Table XII) 
On the other hand, Dlckenson and Long (7) report that 
0.2$ alpha-naphthol Is effective In reducing Napalm oxidation 
In presence of Iron (Table XIII). Nevertheless, It la recom- 
mended that any alum used, even though alj...e-na;.:ti:cl or other 
Inhibitors be present, should contain as few metallic Impurities 
as possible and In .particular that the manganese content be 
kept below .01/« and the Iron content below .03/.;. This is con- 
firmed by practical manufacturing difficulties which have been 
experienced by one C.'J.S. contractor due to excessive- oangan- 
ese in the alum used. 

.004$ Mn(ous) 

.009$ Mn (OUB) 

.018$ Mn (ous) 

.045$ Mn (ous) 

0.3 
0.3 
0.3 
0.4 
0.3 

0.2 
0.1 
0.1 
0.3 
0.3 

.02$ Cu(lc) 

.06$ Cu(lc) 

.10$ Cu(lc) 

0.6 
0.5 
0.4 

0.2 
0.6 
0.8 

.005$ Cr(ic) 

.012 Cr(lc) 
.05$ Pb(ous) 
,10/i- Pb(ous) 
.15$ Pb(ous) 

0.4 
0.6 
0.2 
0.3 
0.4 

0.1 
0.1 
0.1 
0.1 
0.1 
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of Iron 

Iron Inhibitor 
Content Content,# Initial After Aging 
of Alpha- Iodine 6 days 19 days 36 days 

Napalm^ Naphthol Value 120°F. 120 °F. 120°E. 

.01 0 27.5 26.4 26.9 25.2 

.02 0 25.8 27.0 27.1 25.9 

.05 0 27.0 27.5 27.4 26.9 

.20 0 26.6 26.6 23.8 16.3 

.60 0 26.6 26.4 22.7 12.2 

.02 .2 27.1 27.3 26.9 27.0 

.05 .2 26.4 27.4 28.5 26.9 

.10 .2 26.6 27.4 26.6 26.6 

.20 .2 27.3 28.6 29.6 26.5 

.60 .2 27.1 27.7 29.9 25.8 

Experiments at Ferro Enamel (Figure 4) Indicate that 
poor washing or too high a pH of the pulp after washing may 
be conducive to easy oxidation. 

The effect of temperature on induction period is also 
indicated by the Ferro (19) experiments, Increase of tempera- 
ture from 160° to 195°F. cutting the Induction period to ap- 
proximately one-quarter of its Initial value. 

It had been thought that the quality of the oleic acid 
used in making Napalm might play a role in Its susceptibility 
to oxidation. This is probably true, although the effect is 
masked when alpha-nsphthol is used as an inhibitor. In a 
series of experiments at O.V.8. Columbia Laboratory (24), a 
number of oleic acids were used for the preparation of Napalm. 
The acids had widely varied susceptibility to oxidation as 
shown by the Mackey test, as did their pure aluminum soaps; 
however, the Napalms prepared therefrom showed no significant 
difference in induction period. The reason for thie undoubtedly 
lies in the fact that alpha-naphthol was used as inhibitor 
in all the experiments. 

The inhibiting effect of the antl-oxldants present 
in nephthenic acid has again been shown by Shell (25). fix- 
tures of oleic with 4, 6, 16 and 24> of naphthenlc acid had 
Induction periods of 2.5, 3.9, 5.3 and 7.5 hours, respectively. 

RESTRICTED 



RESTRICTED 

-21- 

Funda-icntcl Properties of Hnpalm 
Some interesting norfe !ins boon carried on at Stanford 

Univarsit?- (26,27). Z-ray patterns of a number of pure soaps have 
boon invostigated and coupared nith that of Napaln. Napalm and 
aluninura dilaurato A1(0H)I,2 show practically identical diffraction 
patterns, suggesting that this soap may well be one of tha main 
consitiuonts of Ilapalm. An oxidised sa'iplo of Napaln shows a some- 
what different pattorn indicating a definite change has occurred. 

Tho osnotic prossuro of aluminum dilaurato in ljS solution 
in bonzone has boon studiod. Tho results showed an unexpectedly 
high tcmpriraturo coefficient for tho O3notic prossuro of such 
solutions. At 18°C. Tie osnotic pressure war. slightly loss than 
1 mm«, while at 25° it was about 75 mm. This indicates that tho 
degree of association of tho aluminum dllaurato in benzene varied 
from about 30 at /flOC. to ovor 6000 at 13°C. Such a continuous 
increase in particle si so loading to tho formation of parti elos with 
a molecular weicht as high as one Million, must correspond to a 
continuous transition from a liquid sol or solution to a jelly 
having an elastic 3tructuro, 

III. Tho Dispersion of Napalm 
Experiments are lining continued at Standard Oil Dovelop- 

mont on tho influjnco of gasoline quality on jjol consistency. 
Whilo not yet eomploto, tho following preliminary statements may 
bo made (23). 

1, Tho consistence of IfapaL.a 
soap and gasoline. 

ils vari :s with the 

2. Thoro is t change in consistency on aging which 
is most pronouncod at lo"or concentration. This 
aging öffoct i3 s?:own by all gasoline but it is 
not so irominont with puro hyrocarbons. 

3. All gels appear to tttoln a minimum consistency. 

Tho proeiso effect of oach of theso variables has not yet boon 
ascertained but for throe gal conaistencils tho change duo to 
variations in gasoline or hydrocarbon quality Is shown in Tablo XIV. 
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Tablo XIV 

Variations in Consistency 
(Grans Gardmr) duo to 

Gasolinos     Puro Hydrocarbons 
 Uio< Max.. MiD. Max*.. 

iO        250     110     390 
600   900      550     1060 
1250   1700     1300     2230 

It is apparent that aging and gasoline quality causo a viido 
variation in viscosity. Undoubtedly, th-i third variable 
(variation in soap) will further increase this range Sorao of 
tho chango due to moixturo content nay bo lessened by use of 
dehydrating agonts (Table VII, Piß. 3). 

It is as yet uncertain ho- 

has upon pirforraancc. 
gror.t an offoct such a variation 

Tho Tf;stin,: of Ilr.ialn 
Thoro have boon fen dovelopläüntä of any inportance in 

knowlodgo concerning Ilapaln tostlng anc'. specifications, Co:.i- 
poundin,-. tcmnoraturo apparently influonc :s  consistency but 
little (29) . 

Further results havo boon obtainod on tho influence of 
tonperaturo upon Gardner consi.it-:r.cy. (Appendix II). 

Birnbaum and Edmonds (10) hava conparv.d tho Karl Fischor, 
C.T7.S. Bonzono Distillation, t.nd vacuum dryinrj on a num">er of 
soaps, roaehing tho conclusion that no method is absolute and 
can bo r-'lt.tod definitely to ■ certain definite t/pe of vatjr 
in the soap. The Karl Fisc'/.or method is reproducible for any 
given Napalm ana 'ill jive satisfactory rosults, altl ough thoy 
v;ill bo high ;r than those sho'.m ijy bonool distillation. 

A  now specification, C. U. S. 1?6-131-206, has boon issued 
covering gasoline for use in testing Ilapaln according to the 
methods doscribod in C.W.S. 196-131-107A. This gasoline is 
designed to r iplace tho standard test gasoline previously fur- 
nished by Standard Oil Development Company. Uhilo a somivhat 
higher boiling material than tho previous test gasoline, it gives 
conrmrailo consirtoncy rosults (Table XV). It does not give tha 
same disporsion ti'V'S, being slo"or, than thu old standard whon 
a soap is tested for t! is factor ancordin.. to C'B 196-131-107. 
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Table XV (23) 

Comparleon of Old and New Standard Gasolines 

Nuodex Botch #B8955R 

Date    Gasoline 

Dec. 6  Conoco (New) 
Jan. 4    ■    ■ 
Sept. 10 SOD (Old) 
■      SOD (Old) 

Jan. 1? Conoco (New) 
1   _ N II 

Gardner Consistencies 
1 Ü*A,_1500F. _24 Jjr^.j. 150°F._ J8_lirj.77lF 

690 590 730 
,680 650 700 
/690 640 700 
730 600 690 
660 640 6B0 
650 630 680 
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APPENDIX I. 

Properties of Napalm 

(a) Equilibrium of Moisture In Napalm 
It has 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 
eel formed In gasoline. It has also been thought that such 
"unactlvated" moisture might not show up in vacuum oven measure- 
ments, while it could be determined by the benzene 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. - 20jJ 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 
rooms so that very small leaks would have no effect, and mois- 
ture determinations were made by both vacuum oven and bemene 
distillation methods. It will be seen that no differences 
whatever in moisture content could be observed. Similar results 
were obtained with consistency measurements shown in the lower 
part of the table, but these were not continued beyond the 
third day because 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 moisture content 
determinations aven after long standing. An interesting side 
light from this experiment was the much lower susceptibility 
of the Oronite soap to atmospheres of high relative humidities. 
This may possibly be due to the rotating cylinder method of 
drying employed. 
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(b) Prevention of the Moisture Effect 
The main results on the prevention of moisture deter- 

ioration of Napalm gels by the addition of dehydrating agents 
have been described In the body of the report. Nevertheless, 
Table XVII, showing the efficiency of magnesium sulphate, and 
Table XVIII, showing some further results with silica gel 
may be of Interest. The latter table Indicates that It may 
be possible to reduce significantly the percentage of Nrpalm 
required In gels for any given purpose. Thus, If 5# was for- 
merly required for the flame thrower, 4/J may be sufficient 
to give the same Gardner consistency If a d: 'lydratlng agent 
Is present. Unfortunately, no direct comparison of silica 
gel and magnesium sulphate is as yet available, since the 
silica gel used in R. V. Little's (17) studies hac too high 
a moisture content (o.l/S) to be effective. 

Table XVII: Effect of Addition of Magnesium Sulphate to 
Gi asollne on Gel Consistency 

Hours Soap* Gardner Consistencies 
Exposed to  CWS Moisture grams 
_Air   _  Cojjtent  _ /LMgSO^ 2 dgys 9 days 16_dgys 50 dayf 
0 """      "0.9"       none    5i50    530    580 ~ 64Ü 

0.6     690    660    600   740 

1.4 none 
0.6 

370 
640 

400 
740 

430 
650 

570 
750 

*McGean #664. 
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(c) Oxidation of Napalm 
The Voorhees test for the oxidation stability of 

gasoline (30) oen apparently be adapted for use with Napalm. 
Three Bpmples of Napalm, one of which vas known to oxidize 
badly on keeping, were examined with the results shown In 
Table XIX, below. 

Table XIX (20); Oxidation of Napelm and the 
Voorhees Test 
 Iodine Number  

Induction After keeping 
Period Before After       at 120°F. for 
 Hr.Sj. _ Oxld.A _0xld._ Qrj.gT _l_mo._ 2 mos. 

34.1  31.0* 32.9  16.7  14.6 
Pflster m-S~ 
2432-94 

Ferro No. 184 

Nuodex No. 19869 

*4 hrs. 35 mln. 
•• 71 hrs. 

6 
5.6 

None 
None 

14 

31.0* 32.9 
21.1** 

28.1  25.1** 30.5  28.2  29.2 

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 available gave an Induction period of 14 hours. 
There was no apparent change In the appearance of the stable 
sample, while the unstable sample showed a slight change In 
color, a nd the Nuodex samj.le sintered somevhat. The results 
are tabulated above with Iodine number before and after oxi- 
dation, determined by the Hanus method. They lndlcrte thst 
the test has possibilities for measuring oxidation stability 
of Napalm. Advantages compared with the metal bomb test are: 
more readily available glass equipment, simplified procedure, 
and more rapid temperature equilibrium. 

Oxldlzablllty tests have been run on a number of soaps 
received from the filling plants, hackey tests at 100°F. 
and 130°C. were run on most of the soaps, together with a 
peroxide Value determination on the soap residue after comple- 
tion of the tests. Feroxlde values were run on some of the 
samples according to the method suggested by Birnbaum and 
Edmonds (22). The results are summarized In Table XX. Also 
given In the Table are the Iodine vplues of the soaps, Initial 
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and after exposure for 1, and 2 months in a thin layer at 
120° F. - 20>» H.H. It appears that any of the oxidlzablllty 
tests of this table might be used If necessary to predict 
long term behavior of the soap. However, the Inclusion of 
alpha-nephthol as an Inhibitor in all Napalm batches, probably 
renders further Btudy and adoption of a test for specifica- tions unnecessary. 
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APPENDIX II 

Testing and Specifications 

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 made up in standard 
test gasoline at temperatures of 50, 70 and 90°F, To avoid 
evaporation or condensation of moisture at the low temperatures 
all the gels were made up in individual sealed mason Jars and 
shaken by hand before transferring to the iron pipes for spe- 
cification measurements. The consistency of the gels (bfi) 
was measured according to C.W.S. Specifications after 2<t hrs. 
at 150°F. and 44 hrs. at 77°F. The data are shown in Table XXI. 

Table XXI  (29) 

Gardner Consistencies 

24 hrs. 150°F. 44 hrs. 77°F. 

Sample 
Made up Made up Made up Made up Made up Mad» up 
90°F.  70°F.   50°F.  90°F.  70°F." 50°F. 

Imperiai~Nl 232    ~ 62Ü 6*20" 525 605 " 625 59Ö" 
Nuodex 19689        640 645 625 760 805 790 
Eaklns N-3-2981-431  355 365 375 460 525 475 
Calif. Ink 98        415 465 395 575 570 575 

All of the samples stored at 77°F. checked within 50 
grams Gardner over the 50° to 90° F. range of mekeup tempera- 
tures. With one exception, good checks were also obtained 
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 variation in dis- 
persion temperature has but little effect. 

Further results have been obtained on the variation 
of Gardner consistency with temperature (Fig. 5) (14). It 
appears that variation with temperature is not very pronounced, 
thus giving Napalm one of its outstanding advantages over 
other thickening agents. 
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FIGURE S 

TEMPERA TURE-CONSISTENCY 
VARIATION OF NUODEX BATCH NO. 19889 

(S.O. D. TEST GASOLINE) 
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