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CONFIDENTIAL 
EXPLOSIVE COilFOSITIONS 

Report Submitted by 
D,  £.  MacDougaii, E. H. Eyster 

and C.  A. Y/eltman 
Explosives Research Laboratory ~ 

Bruce ton,  Pa. 
i^^^_        j 

1.  Arrangements A&v*5- i>#>An rn^rtp TO rn^iiuTaoTAire! niiuujr  01 .e^ir-ü        i 
at the duPont Eastern Laboratory. 

Samples of PEP-E continue to show no appreciable changes in 
plastic properties after 5-1/2 months1 storage at 60°C. 

Polar RDX PE mado with British lecithin oontinues after 2 months' 
storag ! at 60°C. to retain its plasticity. Under similar storage 
conditions plastic made with American soy-bean lecithin has bad- 
ly deteriorated in consistency. 

In the flame sensitivity test, it has been found that Tetryi-IPE 
has a rather high inflammability index (I.I.), and that RDX-IPE 
has a higher 1,1. than Polar RDX PE. On the other hand, PETN-IPE, 
like PEP-2, oannot even be burned in this test. 

Tests with the oal. 0.50 ball ammunition have shown that RDX 
and PETN-IPE's are definitely less bullet-sensitive than Comp- 
osition C-2 and PEP-2. 

2. Further bullet tests have confirmed the reduction in sens- 
itivity of Composition B produced by increasing its wax content 
to 4#. 

3. The relativ» insensitivity of the liquid explosive Methylite- 
20* has been further demonstrated by its ability to withstand with- 
out detonation the blow of a 125 lb. hammer falling through 5 ft., 
and orushing a half-pint oan of the explosive on a steel plate. 

4. Further attempts to initiate thin films of Torpex between 
metal surfaces have given no detonations capable of propa- 
gating to attached large charges. 

A further study of the contact angle made by the TNT-V/ax 
(Aristowax-Aiox) interface on aluminum has been made, with 
special reference to the hysteresis of the contact angle. 
It has been found that aluminum partioies cannot be completely 
covered by this wax in the presence of molten TNT. 

I 

i 

* A liquid explosive mixture developed at the EEL, consisting 
of 60$ Nitroglycerine (NG) and 20# dimethylphthalate (DMP). 
The Nitroglycerine contains 25-3G> of diglycerine tetranitrate 
(DGTN) as an anti-freezing agent. 
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5. Further experiments with Quaternary ammonium salts as .; 
amenta to improve the pourability of Ednatols have verified I 
the fact that they are effectiv , The particular salts used, * 
however, deccsnpose slowly in the slurry at 100&C, so search ] 
is being made for more stable salts. i 

It lias been found that the ncetons-extraet of commercial 
tanUMno    -Sao    uowr   or^r\A    puunt.    fnT*    1 mnrnvl nc    tbp    nOtlTflhl 1 i tv 

of Ednatois, and doe3 remain stable. The constituent of the 
mixture which is active has not been identified. 

1. Plastic Explosives 

(1) PEP-2 
Arrangements have been made for the shipment of 

2500 paper boxes, 2750 sheets of vegetable parchnent paper, 
and two drums of Crown E oil, to the duPont Eastern Laboratory 
for the manufacture of 5000 pounds of PEP-2«, 

(2) Storage Tests. 
(a) foP-2»"~ 

All of the samples of PEP-2 in various wrappings have 
been in 6Q*C storage for 5-1/2 months and still show no appreci- 
able change in plastic properties. 

(b) RDX Polar P.E. s\ade with British lecithin. 

After 2 months' storage at 60*C in closed and open 
containers, the sample of REX Polar PE made with British 
lecithin still shows no sign of deterioration. It has become 
firmer, but there is no evid«i e of surface cracking, as was 
seen after similar storage in s&mpies of similar plastic made 
with American soy-bean lecithin. This further confirms the 
difference in behavior of the British lecithin from Arachis 
nuts and the American soy bean product, with respect to storage 
stability of the RDX Polar plastic, reported in last month's 
report (PT-18, p.5). 

13) Insensitive Plastics. 

No further developmental work has been done on in- 
sensitive plastics (designated RDX-IPE or PETN-IPE). Further 
exudation tests of t he mixtures described in Division 8 Interim 
Report PT-17- p*5; are being carried out by the following 
method, which it is hoped will be r.;ore realistic than the standard 
method hitherto employed for plastics. A steel cylinder 1-1/2" 
I.D. by 1-5/8" O.D. is filled with the plastic and suspended 
over a watch glass which will catch any oil that drips out. 

■ 

j 
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Aftar various times of storage at 6-0*C, the oil which has 
dripped out will b© weighed, and. in addition, pcn^luxtü  of 
the plastic will be analysed for oil to determine any changes 
in concentration over the length of the sample * 

since the results of the standard exudation test were so 
high, attempts are being made to cut down the loss of oil. la 

»«»t.ftriB one suen attempt, very A1.Uö PETIT, luüda by 
Thi3 material was too solution of PETN in water was used. ..__  

fine to give a plastic with 19$ oil, but it lb  felt that a 
reduction of exudation may be effected by controlling the 
particle size. 

Other methods of reducing exudation, such as the bodying 
of the oil by the addition of soapj, are under consideration 
and will be explored. 

Some time has been spent preparing large batches of 
PJ£TN-IPE, RDX-IPE and Tetryl-IPE for rifle testing with in- 
cendiary ammunition. 

(a) Flame Sensitivity. 

The Inflammability Indices (see "Physical Testing*, 
this report,.Page 16)   of seven plastic explosives have 
now bssn determined. The insensitivities to flame of the 
insensitive plastios are of special interest in the following 
table. ,:' 

Explosive Inflammability Inde 

PETN-IPE 0 (will not burn) 
PEP-2 0 (will not burn) 
duPont PETN-Gelatln 50 
RDX Polar PE 13S 
RDX-IPE 162 
CWFOSITION C-2 178 
Tetryl IPE 195 
Composition C-2' 229 

Contrary to what might be expected, the RDX-IPE is more 
sensitive than the RDX Polar PE. This may merely be aue to 
the presence of bare crystals on the surface of the unrolled 
RDX-IPE. These crystals are not protected by a film of oil, 
and therefore may be ignited more readily. That this is 
reasonable is possibly also indicated by the fsct that the 
unrolled Composition C-2' has a higher Inflammability Index 
than the rolled Composition C-2, which is otherwise of rather 
similar composition. 

u 5 - CONFIDENTIAL 
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The Tetryl-IPE behaves a little differently from the other 
plastics, its reaction being more like that of a cast explosive . 
than that of a plastic.  In most instances, the material starts ,: 

burning, but continues to burn for only 15-20 seconds«  Suoh ' 
& reaction is not counted es a burning in determining the In- ] 
flammability Index* ■? 

(b) Bui I at San?? tl vi r.y (#.H„ Kogera ) 

Since even the ordinary RDX plastics, such as Composition C j 
and Composition C-2, and PEP-2 are insensitive to cal* 0.30 ball j 
«mimmition, an attempt to distinguish their sensitivities from j 
those of the RDX and PETIT in-sensitive plastics has been made, ♦ 
using cal. 0.50 ball ammunition.  The plastic samples were con- \ 
tained in 2," pipe-nipple containers. The following results have j 
been obtained. 

NE    EP    E    EC 

Composition C-2 10/4 5    1-- 
PEP-2 9/4 5 
RDX-IPE 10/10 - 
PETN-IPE 10/10 

This test shows clearly that the "insensitive plastics" are less 
bullet-sensitive under these conditions than the ordinary ones« ^ 
It is planned to supplement these tests with tests of all the im- | 
port-ant plastics, using 0.30 and 0.5G caliber Incendiary bullets. } 

2» Composition B. 

(1) The Use of Paraffin in Composition B. ~(L. Goodman) 

Standard exudation tests have oeen made to compare the 
amount of wax exuded at 60»C from Composition B samples made with 
paraffin with the amount exuded by commercial samples made with 
Aristowax-Alox.  The results were rather irregular and are being 
repeated. 

Bullet sensitivity tests of this type of Composition Bt 
using caliber 0.50 ball ammunition, are under way. 

(2) "Superwaxed" Composition 3, (0. Bolduan and W.H. Rogers). 

A Composition 3 whose composition was 60/40/3.8/0.2, 
RDX/TNT/Paraffin/Lecithin, has been  tested in the 1" pipe nipple 
assembly with cal. 0.30 ball ammunition, and gave 2 failures In 
20 trials (PT-18, p.9). In an effort to increase the precision 
of this sensitivity determination and, at the same time, be sure 
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the failures were independent of the preparation, 20 more samples 
were made  up and the containers numbered in the order of  pouring» 
Samples 1-9 wer« poured at about 90-95»C while 10-20 were poured 
at 85-90°c.  In this series there was onö failure (#12).  The 
results of all test3 on this composition arej - 

NE    EP    2    EC 
40     57     vj      X 

These results suggest that this material has been greatly de- 
sensitized by the extra wax. However, it is almost too in- 
sensitive to be well tested with the cal. 0*30 bullet teat* 
Samples are to be tested using the more appropriate cal. 0.50 
bulle t» 

3. Liquid Explosives. (L. Goodman) 

T o supplement earlier measures of the insensitivity of 
Methylite-20, a 125 lb*, pendulum-hammer was dropped from a height, 
of 5 ft. onto a half-pint paint can filled with the liquid ex- 
plosive. The can was completely smashed by the blow, but there 
was no evidence of detonation. 

4. Torpex. 

(1) Sensitivity and Propagation of thin layers of Torpex. 

(L* Goodman) 

Attempts have been made to detonate wedge-shaped Torpex 
charges by impact of a cal. 0.50 machine gun bullet« The charge 
used was cased in l/32" steel and had a thin portion which had 
the approximate dimensions 2n x 1" with about 2-4 mm* thickness 
of Torpex. The top of the charge was flared out to giT* a 
3" x 2M x 1" block of Torpex. This charge was fastened to a 

3/4" steel back plate and struck in the thin portion with a 
cal. 0.50 ball bullet, with no further cover plate than the 
1/32" case. In two trials no detonations were observed. Our 
experience with large charges of Torpex indicates that a thick 
layer of this explosive, so cased and struck with such a bullet, 
would in general detonate at least low order. 

Some experiments have oeen carried out to determine 
whether a block of Torpex connected by a thin layer of Torpex 
to a second block of explosive is detonated by sympathetic de- 

tonation or oy propagation through the thin layer when one of 
the blocks is set off, high order, by a detonator-booster 

I 
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assembly. When two blocks, connected by a layer of Torpex about 
2 mm. thick, 3" wide end 6i? long, have several steel plates 
protecting the second block from the first, detonation seems 
not to b« transmitted to the second through the thin Iay*y, 
Similar experiments are being mad« to determine the thick- 
ness of layer required to transmit the detonation for a distance 
of 6;\ 

(2) The V/ettlng of Aluminum in TNT by Wax.  (0. Bolduen) 

The contact angles of TNT and of Beeswax on aluminum nave 
been measured (PT-15, p.10) and a description of the physical 
state of the wax and aluminum particles in Torpex has  been 
given (PT-lk, p.10).  Values for the actual interfacial con- 
tact angle, TNT-%rax on aluminum, has not been previously given, 
and until this has been determined to be greater than zero 
on the wax side under both advanoing and receding conditions, 
the possibility of aluminum ^articles being completely covered 
by wax, even in the presence of T1IT, cannot be completely ruled 
out. Tuis interfacial contact angle has accordingly been 
measured, using Aristowax-Alox as the wax. 

A plate of polished aluminum was placed in a bath of 
Aristowax-Alox (10$ Alox).  Droplets of TNT were dropped onto 
it. T.;e shape of the droplets was observed.  The droplets were 
found to have a contact angle which was slightly less than 
90c on the wax side. 

The reverse of this condition was observed. A plate of 
aluminum was suspended horizontally in a bath of molten TNT. 
Di?oplete of wax were olaced underneath the aluminum. The drop- 
lets were observed to" have a contact angle slightly less than 90« 

SSoifiS ^sfani'foFt g^fic^rVasTHga&SPllf
0f2M!^nlSdogly 

slightly but there was no tendency to spread. Accordingly, 
neither the advancing nor receding contact angles are zero on 
the wax side. Tnerefore, aluminum cannot be completely covered 
with a layer of wax in the presence of molten TNT. 

5. The Effect of Surface-active Agents on the Pourabillty 

of Sdnatols.  (0. Bolduan) 

(1)  Quaternary Ammonium Salts. 

Further studies of the use of two quarternary 
ammonium salts, dimethyl benzyl stearyl ammonium chloride and 
iauryl pyridinlum bromide (PT-IS, p.137 indicate that the re- 
ported darkening of Ea*;atol slurries in their presence was due 
in part to the fact that the early experiments were performed 
in copper beakers.  In stainless steel the discoloration is 
much reduced but still present.  Trio visible improvement of 
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the viscosity of Ednatol slurries by such agents has, moreover, 
been confirmed Dy repeated tests. 

It was suggested that the darkening of the slurries is 
probably the result of decomposition of the quarternary ammon- 
ium salts, and subsequent reaction of their decomposition pro- 
ducts with TNT» In particular, it was pointed out that the 
benzyl Ri'oup ixil^liL w;jtxIuüto to tho iiictnbility cf dimethyl 
benzyl stearyl ammonium chloride. Samples of other quarternary 
ammonium salts are being obtained and prepared in a search for one 
which, will be more stable in the presence of TNT. 

(2) Lecithin. 

It has been found that the addition of a thin oil, found 
at the top of a can of soy-bean lecithin (Hachmeister), im- 
proves the pourability of Ednatol slurries greatly, and does 
not cause discoloration or deterioration of the behavior of 
the product in the 135*C thermal stability or 100*C vacuum 
stability tests. However, it was found that the addition of 
this lecithin thoroughly mixed, or of the thick fraction of 
this lecithin did not improve the pourability, but decreased 
it, in most cases, until the resulting slurries were worse than 
those with no additive«, The addition of this thick fraction 
caused a change in the texture of the slurry such that it re- 
sembled more closely the texture of a slurry to which the thin 
oil fraction had been added, but large aggregates were formed 
and the slurry became more "doughy". Other single-phase 
lecithin samples behaved in general like the thick fraction of 
the Hachmeister sample, and did not improve pourability. 

Accordingly, three different lecithin samples were sep- 
arated by acetone extraction into two fractions. The acetone 
residue consists mainly of lecithin and kephalin, while the j 
acetone extract contains most of the other constituents of the ! 
crude lecithin. An approximate analysis gave: ! 

Sample # Acetone 
  Extract 

a) Soy-bean lecithin 46 
(Hachmeister) 

b) Soy-bean lecithin 29 
(Bergstrom) 

c) Arachis nut lecithin - British 26 
(J.Bibby & Sons) 

It was found that the acetone extracts from each of these 
samples improved the pourability of 56/44 Ednatol slurries, 
while the acetone residues made their pourabilities worse. 

- 9 - CONFIDENTIAL 
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The active ingredient in this acetone extract is, as yet,       ? 
unknown.  Some of the possibilities are: I 

(1) Lecithin - This is insoluble in acetone but Is more 
1«  .:-.  i-w_  _„_ — . .. j> 
i w   tit   ui I \.i   ;.ij i..itnijv*ri  i-V.i 

decreased the pourability. 

(2) Trlglycerldes - soya bean oil which is mainly a 
trlglycerlde was tried. No effect on the pourability. 

(3) Fatty Acids - all lecithins have e.t least one un- 
saturated" fatty acid and usually cleic or linoleic acid. 
Oleic acid had no effect on the pourability. 

ik)  Mono - or dlglycarides - A mixture of monoglyceridas 
from cocoanut oil was triedT ffo effect on the pourability was 
observed. 

Moreover, none of these, except lecithin, increased the 
pourability of a slurry consisting of Haleite in nitrobenzene 
or benzene. Lecithin did aid these slurries, though it does 
not aid the slurry in TNT. 

The behavior of lecithin in molten TNT was observed. 
Lecithin which had been extracted with acetone was added to 
molten TNT. It formed a hard mass, appeared somewhat decom- 
posed and showed no tendency to dissolve. This suggested the 
possibility that a good dispersion of the lecithin is neoessary 
for its action.  To test this hypothesis, lecithin was dissolved 
in benzene, Haleite added, filtered off and dried. This leo- 
ithin-coated Haleite was added to molten TNT to form a 56# 
slurry. The resulting slurry was poorer than one with no agent 
and darkened considerably upon standing. Some lecithin was 
also dissolved in paraffin oil and in soya bean oil and then 
added to a 56%  slurry. No effect was observed. 

Accordingly, it appears that there exists, in the acetone 
extract of commercial lecithins, one or more materials which 
are good surface-active agents for the improvement of the 
pourability of Ednatols. 

- lb - CONFIDENTIAL 
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PHYSICAL TESTING 

Report Submitted by 

D. P. MacDougail and E. K. Ey9ter 
Explosives Research Laboratory 

Bruce tor., Pa, 

■*■• I^Pac^ and Mortar♦ R. Davia 

£urin i ■» 
*Cs the four-week period between February 14 and March 1 

1944, 9977 shots were fired on 300 samples in the various 
impact machines. Most of the samples tested were of local 
interest. Some time has been spent on the ^tooth-pick" 
design (Machine No. 13), in which the flat striker is sus- 
pended over the sample on the flat anvil by means of a 
splinter of wood, which breaks when the weight hits the 
striker. In this machine, the striker delivers a real 
blow to the sample without the spreading effect produced 
in the more conventional design when the striker is pressed 
against the sample preparatory to dropping the weight. This 
method has proven particularly useful in testing liouid ex- 
plosives. As the results are still in a preliminary stage, 
no figures will be reported at this time,"but a full report 
on this and the sandpaper design (Machine No. 12) will be 
given later. 

2. Bullet Sensitivity Tests. W. H, Rogers 

(l) Studies of the Effeot of the Container on Bullet 
Sensitivity, 

A series of experiments has been undertaken that has as its 
object the determination of the effect of the nature of the 
container - particularly its size - upon the sensitivity of 
an explosive to bullet impact. It is already known, of 
course, that very light containers such as cardboard or 
sheet metal give lower sensitivities than heavier containers 
such as pipe-nipples, but that when containers beoome so 
heavy that they are not perforated by the bullets, the sen- 
sitivity again decreases sharply. It would also appear, 
however, that large charges in such service containers as 
bombs and depth charges are more sensitive to bullet impact 
than the same explosives confined in small laboratory containers. 

To study the effect of size on container, within the weight 
limits which our testing facilities permit, pipe nipple con- 
tainers of various sizes have been chosen. To keep down the 
weights, the lower cap has been filled with paraffin, while 
the upper one, as usual, has been left empty. Now as the 

C 
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diameters of the pipe-containers change, their wall-thicknesses 
change «Ibo, but generally this is also the case v/ith muni- 
tions of a given type, so it does not seen to be a ffreat dis- 
advantage. Cast Pentolite (50/50) anä  perhaps also oast^ 
Composition B or 60/40 Cyclotol are to be used as typical 
ordinary explosives, v;hiie oast Torpex II will be used as 
a typical aluninized explosive. 

(a) Effect of Length of Container. 

The effect of increasing the length of the regular 1" pipe= 
nipple from 1-1/2" to 3" has been studied with cast Pentolitef 
and, more briefly, with cast 60/40 Cyclotol and Torpex II. 
In the latter two cases the data on 1-1/i:" long nipples 
were not obtained with the lower cap wax-filled, so there 
may be some doubt about the validity of the comparisons, 
although with Pentolite the results seem very little changed 
by substituting wax for explosive in the caps. The following 
results have been obtained: 

Pentolite. 50/50 Cast 

ln p.a., 1-1/2" Ion« 

lBp. n.,   3" long 

Cyclotol. 60/40, Cast 

1" p.n., 1-1/2" long 

1" P.n.i    3" long 

Torpex II. Cast 

1" p.n., 1-1/2" long 

1" p.n.,    3" long 

With Pentolite, the decrease in sensitivity with length 
is reasonably well verified, and the results with Cyclotol 
seem in agreement. It is not at all clear that the increase 
in sensitivity indicated by the results with Torpex II is 
real, more work is to be done on this subject. 

No. N.E. E.P. E. EJ^ 

20 6 
(30%) (25%) 

6 
(30%) (15%) 

40 30 
(75%) W.5%) 

2 
(5%) 

5 
(12.5%) 

186 100 
(54%) 

57 
(31%) 

17 
(9%) (6%) 

10 9 
(90%) 

1 
(10%) - 

• 

34 9 
(35%) 

25 
(65%) 

- - 

10 
(10%) (70%) (20%) 

- 

I 

v> 
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(b) Effect of Diameter of Container 

Tho effect of increasing the diameter is to be studied 
with 3" long nipples of 1", 3" and 5" pice, using the sane 
explosives as in part (a)a  The following results have 
\ „*-,   -\-x_i — „^. 
DOCH UU0U4HUU. 

Fentoiite. ?Q/|>0, oast    No%   N,St   £tF.   £.   -B.C. 

1" p.n., 3" long        40     30      325 
(75*)  (7.50) (5*)  (12.5%) 

3" p.n., 3" long        19     7     7*   4    1 
(37*)  (37*)  (21*)  (5*) 

* Three of these partials were merely flaring or burning. 

With the 3" nipples there was no indication that the bullet 
reached the back wall of the container with any force. 
Examination of the used 3" containers showed that the bullet 
was broken up completely, and tended to spread its effect 
over a larger and larger region as it progressed through 
the ex plosive. 

The 5" nipples are in preparation, and more work is scheduled 
with the 3" nipples, using Torpex II, 

(2)  Sensitivity of Plastic Explosives to Incendiary Bullets. 

Sensitiveness to incendiary bullet impact is bein-; investi- 
gated for plastio explosives. An assembly of 2" pipe nippies 
(empty) with both caps filled with PE is suspended so that 
the cal  .30 incendiary bullet enters the empty pipe nipple 
and only the incandesoent gases come in contact with the 
sample. This method of testing does not affect either PEP-2 
or Composition C-2, in 5 trials. 

E.G. N.E, B.P.  E. 

PEP-2 5/5 

Composition C-2 5/5 

Composition C (ERL) 4/3 one burning 

A more realistic test for determination of sensitivity to 
incendiary ammunition has been devised. A 3T,x3"x3f' box is 
filled with the plastic, and the open end is covered by a 
plate, sufficiently thick to set off vigorously the projectile, 

1 

I 
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Bulh cal.  0.3C end  cal.  O.5O incendiary Rnrnrnnition have 
been used on PEP-2.    V/ith  cal.  U.50 ammunition,   2  fires 
have been observed on the  ground,   and  there nay have  been 
a  small flash in each case but damage to the  containers 
was so li^ht  that it  is believed no detonation  occurred. 

N.£,       S.F. 

Cal. 0.30 incendiary Anmuni- 
tion 

PEP-2 - 3,,x3Hx3" boxes ~ 
3/I6" front plate 

Cal. 0.50 Incendiary Bullet 

10/10 

PEP-2 - 3"x3"x3H boxes -10/8   2* 
1/4" front plate 

♦Burned on the ground. 

Tetryl IPE vwill next be teated with incendiary ammunition 
to see whether more reaction will be evidenced, since Tetryl 
IPE, as determined by the flame-test, seems to be the most 
flame sensitive of all the plastics, with the exception of 
Composition C-2f. The tests will then be extendod to include 
Composition C-2, Polar REX PS, REK-IPE and PETN-IPE. 

(3) Routine Testing 

During the month other bullet tests of a more routine nature 
have been made, some of which have been summarized in th^ 
appropriate sections of the Explosive Compositions division 
of this report. For completeness they are all summarized in 
the following table. 

I,* 

r 
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3ullet Loading Container 
Result s 

explosive No. NE EP V SC 

Composition C-2 0.50 ball Head-packed 2M p.n. 10 4 5 1 
PEP—2 0.50 ball Hand»Daoked 2" p.n. 9 A 5 ~ - 
RDX-IFE 0.50 ball Hand-packed 2H p.n. 10 10 mm - « 

0.50 ball Hand-packed 2" p.n. 10 10 - - - 
bupe»rva xt*^ 0.30 ball Cast 1"   n.n- 2C 19 J. - - 

UllUJX     -Li. 0.30 ball Cast 1" p.n. 10 -.- 10 - «. 
Minol II 0.30 ball Cast 3x3x3" boxes 10 6 2 - _ 
75/25 Tetiytol 0.30 ball Cast 3x3*3" boxes 5 F, *» ■**• - — 

with 1/2" steel 
back plate 

f 
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3. Flame Sensitivity of Explosives,  G. A. Weltman 

During the past r.onth, work has been resumed 
men I o£  sensit;     ^  """'    "" 

n the measure- 
men I o£  sensitivity tu flame of various plastic explosives, 
using the methods already described in Division 8 interim 
Report PT-15, p. 16. 

WO t^ W « 
•4-    ^ ■♦- 4- ^.»-. ^ + »-.  ♦-.-,  /\ W o n ~ a  -*-K<->  flnno  * •->  n«(4u-n  +■«  b 7* 1 !"! £• 

more explosives on the scale of the mchine have been abandoned, 
Instead, for explosives which are off the scale, a stop-watch 
is used to determine the exposure time necessary for ignition* 
The results from this method are not as good as those using 
the rotating wheel, but are sufficiently good to order the 
explosives which are off the scale.  The results are expressed 
in terras of an Inflammability Index (I.I.) which i3 100 di- 
vided Dy the average of the minimum time of exposure which 
will give 10 burnings out of 10 trials and the maximum time 
of exposure which will give 10 non-ignitions in 10 trials, 
'■'•'he higher the I.I. the more sensitive the sample. The 
results on plastics follow. 

Explosive 
Max,Time 
sec.)=10 

(in 
W.F. 

Min.Time(in 
sec.J^IO F Av. I.I. 

PEP-2 Will not burn. 

PETN-Gelatin 1 sec. 3 2 50 

EDX-Polar FE -.643 s806 .725 138 

REK-IPE .537 .697 .617 162 

Composition C« -2 .537 .589 .563 178 

Tetryl-IPE .384 .643 .514 195 

Composition C- -21 .336 .537 .437 229 

Only one cast explosive has been completely tested in this 
machine. Others will be tested as time permits. 

Composition B I.I. 177 
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THE EFFECT OF HEAT ON CONFINED EXPLOSIVES 

Report Submitted by 
D. P. MaoDougali and G. K. Messerly 

Explosives Research Laboratory 
Bruoeton, Pa. 

Investigation Grous: E. 0. Broge and H. A. Strecicer 

In connection with the phenomenon of "cooking off," the study 
of the efiect of heat on confined explosives was continued.  This 
investigation was begun at the request of the Naval Bureau of 
Ordnance with the aim of eliminating, or minimizing the effects 
of accidents due to loaded shells being allowed to remain in 
overheated guns. The apparatus being used and the first results 
obtained were described in Division 8 Interim Report PT-18. 

The "explosion temperature" of various materials has been studied 
in small steel bombs equipped with two thermocouples. One is 
sealed into a 3/8" deep well in the bottom of the cylinder. This 
couple records the bomb temperature. The second thermocouple 
is led into the interior of the bomb through a hole in the pipe 
plug whioh closes the bomb.  This couple records the temperature 
of the charge in the bomb. It is insulated, and the seal 
made gas tight with a plastio porcelain oement (Sauereisen 
Cement #30). The arrangement is the same as that described in 
PT-18 for experiments ?77-81 with Tetryi as the oharge material. 
A photograph"of the bomb, showing the arrangement of the 
thermocouples, is shown in Figure l. 

The new data are given for each experiment in temperature-time 
graphs of the interior and exterior thermocouple readings. The 
data are also summarized in Table I. For each experiment an 
"explosion temperature" range is recorded in columns 7 and 8 of 
Table I, The lower limit of this range is defined as the temperature 
at whioh the heating rate of the oharge (the interior oouple) 
Just exceeds that of the bomb. It is the temperature at which 
peroeptible decomposition of the charge material begins. For 
the upper limit it was desired to piok a temperature at which the 
rate of decomposition of the sample was fairly rapid. This 
point has been arbitrarily picked as the temperature at whioh 
the heating rate of the charge is double that of the bomb,  It 
i3 realized that these two temperatures can not be very aoourately 
determined from the heating curves. However, they do allow a 
rough objective comparison to be made of the behavior of different 
explosives. 
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In column 9 of Table I is recorded the action of the charge on 
the containing bomb as an indication of the violence of the 
explosion. Several control experiments», in v.'hich 10 and 20 grans 
ox Tetryl were detonated in the bombs resulted in their 
fragmentation into thirty or more pieces.  On this basis, none 
of tho explosions observed were true high order detonations.  In 
ooiumn it) of the table are recorded the melting points for the 
sample in qu.esx.ion, obtained from 03RD Report #830, The values 
arc lv he  u^uipdred with tho breaks in the heating ciir^^a fp.-.nrded 
in e.olunn 3 of the table. Discussion of each compound follows. 

Tetryl - The heating curves for Tetryl wore given in the previous 
report. (PT-18, page 16 ft.)    For completeness, data on this 
material are included in Table I. Experiment rt-Bl  was made with a 
slower heating rate than usual."" No effect on the explosion 
temperatures resulted from this change. 

Ammonium piorate (Explosive D) - Decomposition apparently sets 
in very gradually for this material. The lower explosion 
temperature is poorly defined. The explosions were not violent. 
In each oase the plug was blown out, while the cylinder Itself 
was undamaged. Doubling the rate of heating has no effeot on 
the results. Heating ourves are shown in Figure 2. 

Haleite (EDNA, ethylene dinitramlne) - Explosion for this 
iubstano© occurs soon after decomposition sets in. Two early 
experiments were made In which the bomb temperature only was 
recorded» Again* one experiment with a heating rate about 
double the others did not affect the explosion temperature. 
Results are given in gigure 5. 

RDX (Cyolonite) - Two kinds of RDX were studied. The Baohmann 
material (R-1975) contains about 5# HMX (cyclotetramethylene 
tetranitramine) and shows a melting point break at 190° C, 
corresponding probably to the RDX-HMJC ©uteotio temperature. 
Rapid decomposition sets in when this point is reached. Heating 
curves for RDX-B are shown in Figure 4f 

Woolwich RDX (R-2106) contains little, if any, HLCC. Four out of 
the five experiments showed a definite melting point hold in the 
temperature-time curve at about 202°C. This is in quite good 
agreement with the melting point reported for Woolwich RDX 
samples. However, decomposition beoomes quite rapid before 
this point is reached, so that there is little practical difference 
in the behavior of the two materials. Heating curves are shown 
in Figure 5. 

Because of the masking effect of the melting temperature for both 
the materials, the explosion temperature limits are indefinite. 
It appears, however, that little decomposition takes plaoe before 
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190'C. for either of the samples.  At this point the decomposition 
of the Bachmann RDX becomes within several degrees very rapid, 
while the decomposition of the :.Vooiwich mJX  does not become 
equally rapid until it reaches the melting point, about 2Q2*C. 

PETN - This material shows no thermal evidence or decomposition 
until the melting point ia reached. At this point it is difficult 
t.n  say whether the increased heating rate of the charge is due to 
decomposition, or to the temperature lag produced by the melting 
of the charge.  The lower explosion temperature is thus around 
140°; the upper limit is indefinite. Results are given in Figure 5. 

TNT - The upper explosion temperature, the point at which 
decomposition becomes rapid, is fairly well defined. The lower 
temperature is indefinite=  Decomposition sets in gradually 
over quite a range of temperature. Heating curves are shown 
in Figure 7_. 

It i3 evident from the temperature-time records that no one 
temperature can be chosen as the "explosion temperature" for a 
particular explosive. A series of experiments is being carried 
out with the object of determining the highest temperature at 
which the 10 or 20 gra.a oharge can be held without exploding. 
The bomb is heated rapidly to a predetermined temperature, and 
the heater current then adjusted to hold it at that temperature. 
Two experiments of this kind have been completed with Tetryl 
as the charge material. In the first case 10 grams of Tetryl 
was held at 162 ♦ 3*C. for 82 minutes. No explosion occurred, 
but it was evident that slow decomposition was taking plao© 
both from the tarry appearance of the residue in the cylinder 
at the completion of the experiment and from the fact that the 
internal temperature of the oylinder remained about 5° above the 
external temperature during the period of heating. The second 
10 gram sample was held at 164 ♦_ 4°C. for 280 minutes. After 
this period of oonstant temperature, the cylinder was heated 
until at 305°C. a very mild "explosion" ooourred, resulting in 
no damage to the cylinder or plug. Apparently the residue of 
sample remaining after the prolonged period at 164°C. was less 
sensitive to further heating than the original Tetryl, which 
explodes reproducibly at about 175°C. 

In preparation for future experiments on the effect of heat on 5" 
Naval 3hells, it was necessary to find an inert substance which Lad 
about the same thermal conductivity when loosely packed as ammonium 
picrate at density 1.5, Measurements of the thermal gradient at 
different rates of heating for various substances, inoluding 
ammonium picrate, were made with two thermocouples placed a 
constant distance apart.  It was found that a 75/25 sodium 
acetate/sodium chloride mixture had the desired thermal oonduotivity. 
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Figure 1 

Cylinder and section, show- 
ing, thermocouple arrangement, 
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HIGH EXPLOSIVES SENSITIVENESS INVESTIGATION 

Report Submitted by 
R. W. Lawrence 

Hercules Fowder Company 
Wilmington, Delaware 

Senaitiveneas  to Friction 

Recent work with the friction pendulum disclosed that the 
extrapolated height of fall to produce 50# shots for layers 
of Oycionite through 325 mesh having zero thickness is inde- 
pendent of pendulum weight and striker size and shape. 
These results were obtained with anvils and strikers made 
of hardened tool steel. The average depth of the minute 
depressions in the surface, or the roughness, was usually 
11 microns. However, in one case the roughness was mad© 
30 microns and the extrapolated height of fall at zero thick- 
ness remained the same« 

Further determinations of the extrapolated height of fall at 
zero thiokness on hardened steel surfaces having a roughness 
of 30 microns have been made during the past month. 

At the same time the effect of pendulum weight on the height 
of fall for thick layers has been studied. For this the 
range of weights has been extended to 20 or 25 kg. 

gffeot of Layer Thickness 

The variation of height of fall with the thickness of layers 
of Cyolonite has been measured. The Cyclonite was the 
fraction screening through 325 mesh and the hardened steel 
anvils and 2 in. x 1/8 in. wheels had a roughness of 30 
microns. The weights added to the pendulum were 6, 10 and 
20 kg. and the angle of incidence was 4 deg. The results 
are listed in Table 1 and shown graphically in Figure 1. 
The dotted curve in Figure 1 is taken from Figure 1 of the 
preceding report (PT-18, following page 27). 

It is evident from the graph that the extrapolated height 
of fall at zero thickness is no longer equal to 4 cm. for 
different weights as has been the case until now. It is 
4 cm. for 4 kg. but becomes progressively less as the weight 
increases. Even at thick layers the height is less than 
4 cm. for 10 kg. and 20 kg. added weight. For the very heavy 
weights there seems to be little or no change in height of 
fall with layer thickness. 

(_■ 
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Measurements with less weight might show whether or not 
there is any range of weight in which the extrapolated 
height at zero thickness is 4 cm. of these surfaces« 

Effect of Pendulum height 

New weights were constructed so that the weight added to 
the pendulum could be made as auch as 20 or 25 kg. Measuxe- 
font.g of the height of fell for several weights wer« carried 
out on Cyclonite through 325 mesh using 2 in. x 1/8 in. 
wheels and 1 in. balls as strikers and hardened steel sur- 
faces roughened to 11, 25 and 30 microns. The amount of ex- 
plosive was about 20 mg./cm.^ and the angle of incidence 
4 deg. 

The results are given in Table 2. It was found that when 
the heights of fall were plotted against the reciprocal of 
the pendulum weight as in Figure 2, the curves seemed to be 
linear although the slope changed" at some point along each 
curve.  In some cases this break occurred near the high- 
weight end of the curve, in others, the low-weight end. 
However, for all five curves the region of low pendulum 
weight could be extrapolated to a height of fall of 4 cm. 
at infinite weight.  In the case of the 2 in. x l/8 in. 
wheels with roughness of 11 and 25 microns and the 3 in. 
balls with a roughness of 11 microns the linear portion 
which was extrapolated was quite long and the extrapolation 
was fairly definite.  In the case of the 2 in. x l/8 in. 
wheels with a roughness of 30 microns and the 1 in. balls 
with a roughness of 2$ microns, the linear portion in the 

cannot say definitely that it was linear. However, the 
points in this region do lie on or near a straight line 
through them from a height of 4 cm. at infinite weight. 

It will be recalled that 4 cm. was the value obtained pre- 
viously for the extrapolated height of fall at zero thickness 
for various strikers and weights when the roughness was 11 
microns and for a weight of 4 kg. when the roughness was 30 
microns. The striker size and the magnitude of the weight 
and roughness in those tests were in the range of values at 
the low-weight end of the curves in Figure 2.     It is note- 
worthy that the roughness values and weights of the curves 
in Figure 1 which do not extrapolate to 4 cm. at zero thick- 
ness produced results which in Figure 2 lie in the high-weight 
region of the curve and which do not extrapolate to 4 cm. at 
infinite weight. 
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Whether or not it is significant that for certain roughness 
and weight values the extrapolated height of fall at zero 
thickness is the same as the extrapolated height of fall 
tft.   <T.t»vn   t.h 1 r>Wri»sa    ia   +-h<o    aatna   »n   th«    ovt«on«! a-t-a/4    hal <rSt 

of fall for thick layers at infinite weight, further work 
TTIC V     "£ 9 11 I 

So much for the extrapolation of the low-weight 
the curves in Figure 2»     The direction of the c 
T* Q /*• 4 f-«N n 1 O -^ l-*iE 

the  lew-weight region. 
the region  of heavy weights 

wi" 

Thus extrapolation of t 
o infinite weight 

height of 4 CD. In fact, for the 2 in. x 
a roughness of 30 microns and the 1 in. ba 

parts of 
urves In the 

^\ ex, :ir*  fi .n  _t i k 

he curves in 
does not lead 
1/8 in. wheels 

roughness of 25 microns the curves definitely s 
polate to a height of zero at infinite weight, 
curves the indications are not so definite but 
and direction at the end of the measured region 
they also may extrapolate to zero height. 

na with a 
eem to extra- 
For the other 
their curvature 
suggest that 

As far as the results go, they seem to indicate that the 
break in the slope of the curves occurs at progressively 
smaller weights as the surfaces are made rougher and the 
areas of contact smaller. 

These results show that with very large weights initiation 
of explosion in thick layers of Cyolonite by frictional 
impact can take place with very little sliding motion. If 
the effect of the weight is through the increase in contact 
time which it causes, as pointed out in the preceding report, 
these resuiLS mean that the longer the duration or tne frlo- 
tional impact the less the relative velocity required to 
produce initiation. 

If this interpretation can be applied to cases of pure fric- 
tion and ether explosives, it helps to make more understand- 
able some of tho shots obtained from explosives in bolt 
threads, valves, etc. In those cases, the duration of the 
motion may be very long compared with impact times so initi- 
ation might occur with relatively low shearing velocities. 

Future Work 

More data would be desirable to elucidate the relation, if 
any, between the extrapolated height at zero thickness and 
the linearly extrapolated height at infinite weight. 

The effect of weight and layer thickness for other particle 
sizes and explosives will be studied. 

I 
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Experimental 

In these experiments the apparatus used v/as the Hercules 

Report on this investigation:  "A Method of Measuring the 
Sensitiveness of High Explcsivos to Frictional Impact", 
nenn TT« oiac 

The layers of explosive were made »vith the set ol gages 
-a - — -,— -« v - ■».     * r-.     TVP _ 1 '1   -^ -, — -  1 fc    mi, „  n,,.i „„J j.., ., „ - *    .  ,. ^\. 4. ,. i .. .. j 

iron Bruceton and was made by the Woolwich method. 

The nev; heavier weights were made of steel, weighed 5 kg., 
and measured 7-1/2 in« in diameter and 15/16 in. thick. 
They had a hole in the center and a slot for slipping them 
onto the pendulum the same as the weights with the original 
Bureau of Mines pendulum. Four of these weights were made up. 

The surfaces with a roughness of 30 microns were made by 
sand-blasting with No.10 corundum abrasive. The depth of 
the markings on the surface were not very much greater than 
those on the surfaces having a roughness of 25 microns as 
indicated by the figures 30 and 25. This, however, is not 
a complete description of the difference between these two 
surfaces. The horizontal distances between the peaks or 
depressions were about 5 or 10 times greater on the 30 than 
on the 25 micron surfaces. This apparently is responsible 
for the fairly large differences in heights of fall that were 
observed. This illustrates the difficulty in giving a quanti- 
tative measure of roughness which describes all the features 
of the surface important in initiation. 

Because of the statistical fluctuation in the results and 
the error in the thiokness for the thin layers, the figures 
in Tables 1 and 2  are the means of several determinations, 
in some cases 5 or 6. For the low heights of fall, especi- 
ally, the individual results seemed to scatter, the range 
being as much as 100$, 
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TABLE 1 

Effect of Layer Thickness on Sensitivity to 
Frictzonal Impact of Cycionite Through 325 Mesh 

Anvils - hardened Ste-tor steel 
'.'•heels - hardened Stau.or steel, 2 in, diameter, 

1/8 in. thick 
Surfaces - sand-blasted with No. 10 corundum, roughness 

■* 0 in JL 'Jz1 'ja ^ 
Angle of Incidence - 4 degrees 

Gage 
Thickness 
in Inches 

Layer 
ThioknesSp 

in mg./cm. 

Height of Fall 
for 5055 Shots - in cm 

6 kg.     10 kg. 20 kg. 

0.0008 1.3 4.2        3.1 1.5 

0.0020 1.7 3.8        2.4 1.9 

0.0026 1.9 3.9       3.3 i.3 

0.0039 2.3 3.4       2.5 1.6 

0.0063 3.3 3.7       2.3 1.5 

0.0079 4.7 4.5       2.5 1.6 

0.012 10.9 4.9       3.4 1.3 

0.016 17.3 5.6       4.0 1.7 
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TABLE 2 

siYect oi' Pendulum height on Sensitivity to 
Frictional Impact of Cycionite through 32 5 Mesh 

Anvils» wheels and balls - hardened Stentor steel 
Angle of Incidence - 4 degrees 
»_-  U -. V  -. - , J-   >"* ^.   -.      / - _ - -^ 

Added 
Weight 

2 kg. 

3 

4 

6 

10 

15 

20 

25 

Total 
Pendulum 
Weight 
= M 

Height of Fall for 50£ Shots  (cm.) 

2 in. x 1/8 in. wheels  1 In, Balls 
l/M   2PM   25M 11M 

-1 
3.7 kg.     0.27 kg.   13 

4.7 

5.7 

7.7 

11.7 

16.7 

21.7 

26.7 

0.21 

0.175 

0.130 

0.085 

0.060 

0.046 

0.038 

11.0 

10.7 

7.3 

4.9 

2*3 

19 

16 

13 

11 

8.5 

4.8 

4.6 

2.5 

32** 

24 

20 

15 

12 

9.7 

7.8 

6.0 

11.0 

10.4 

9.1 

7.7 

5.3 

2.5 

18 

14 

13 

11 

8.4 

5.9 

4.9 

4.7 

*0nly one  curve was drawn through these two sets of 
points in Figure 2 to avoid the  confusion of too many 
lines in the graph.    The error  introduced by this is 
not large and does not affect the  linearly extrapolated 
heights at  infinite weight, 

**This value was more or  less ignored in drawing the curve. 
It  seems  to be high when comparison is made with 27  cm., 
the result  of the  same measurement  given in Figure 2 
following page 16 of PT-17. 
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STUDIES 0? TrZE PREPARATION, STABILIZATION 
AND TESTING OF EXPLOSIVES 

Report Submitted by 
~F. H. :./©s the imer 

ixplcsives Research Laboratory 
Bruceton, ra. 

'me vheory of Thermal  Siauiliw Tes os 

(H. Kenkin) 

Introduction and Summary 

The Hercules Powder Co. has recently introduced an 
adiabatic ignition test for smokeless powder3.  They point 
out that thi3 new test is better than the 135°C. ignition 
test because under adiabatic conditions the time it takes for 
a sample of powder to ignite should be, and within the limits 
tested actually is, independent of the size of the sample. A 
further advantage of the test, and an advantage which has not 
heretofore been pointed out, is that thi3 test, in contrast to 
other thermal stability tests, is capable of a simple theoretical 
treatment, 

p 
In a recent report, Parlin, Duffy, Powell & Eyring t 

have derived the equations for the time-temperatures relation- 
ship in a purely thermal explosion.  The assumptions made in 
the derivation of Eyringfs equation are these; the ezplosive 
Is heated by the decomposition of part of the sample, and the 
rate of the decomposition inoreases (with a corresponding in- 
crease in the rate at whioh heat is produced) with increasing 
temperature. Since the explosion takes place in an extremely 
short space of time, it must necessarily be adiabatic. The 
equations derived by Eyring can, with certain modifications, 
be applied to the adiabatic thermal stability test, provided 
that the rate of decomposition increases from purely thermal 
causes (i.e., provided there is no autocatalysis). Of course, 
the equation would apply strictly only to the case where a 
non-stabilized explosive containing only one reactive group 
decomposes thermally to the final reaction products.  The 
equation must necessarily be modified to meet the actual, more 

A crude apparatus for adiabatic, thermal stability 
testing has been constructed at Bruceton, and a few orientation 
experiments carried out with NENO, N,Nf dinitrodi-  {ß  -nitroxy- 
ethyl) oxamide. This is one of a group of explosives for which 

! 

CONFIDENTIAL 

-29- 



I 

CONFIDENTIAL 
3 

the rate and activation energy of decomposition are known . 
A comparison of the adiabatio heating experiments with Eyring's 
enuation is Tirobably somewhat prernature. owing to the fact 
that the experiments are, at the present time, very crude._ The 
.^,,^^^0,,-t-    KQ+..*oon    +h^o-r"r   on^    p^priirpwt    spfims,    hOV/ever,    fuXlV 
+ „   ;.-.c(-!f,,-  <-'no  K.->T.O  i-Vio-t-.  a   r>riT-m 1«t.p> t.hfinrv for  the  ndiabatic 
test v.lll shortly be  available. 

"PT -«- ri «=> r 1 rr p n f, e 1 

Apparatus 

The present crude apparatus for adiabatic measurements 
consists of a thermostat, constructed of a large aluminum 
block. Holes have been bored in the blook, and in one of these 
holes a tube containing the explosive is suspended.  One Junction 
of a copper-constantan thermocouple is immersed in the explosive, 
while the other junction of the thermocouple is placed in 
another well in the aluminum block. The thermocouples are con- 
nected to a Fisher type 11-506-27L galvanometer. The temperature 
of the thermostat can be controlled manually, and it was so ad- 
justed that the galvanometer reading was always zero. In this 
way the temperature difference between the explosive and the 
thermostat was kept at less than 0.05°C, The "coefficient of 
thermal leakiness"4 between the explosive and the block, however, 
is unduly high, and the apparatus as it stands is far from satis- 
factory. 

Theory 

The following is a slight modification of Eyrlng's 

-30- 

I 
theory.2 

Let x be the concentration of primary reaction product, in m/1 
Let a be the initial concentration of explosive in m/1 
Then 

dx/dt = Z(a-x)e "A/T (1) [ 

where Z is the »collision factor", A is A H*/R ( A H* is the j 
heat o7 activation), T is the absolute temperature and t is the | 
time. Since the thermal stability test is concerned only with j 
the first few peroent of reaction, the equation is well approxi- j 
Si&tcu by j 

dx/dt = Zae"A/T (2) 

The temperature of the reaction at any time, t, is 
given by the equation 

T = To + * % (3) 
a C 

t 
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not  the  sajie as the heat of  explosion,  but  is rather that heat 
'.vhich  is  generated by v.-iu\tever incomplete decorcposition reaction 
nrrnv^  -?t  3.o--v temperatures.     Equation   (3)   can be transformed 
\ - +.«   ij i 

at 
-A/r 

/    A     \ 

where Tp - -i 

t = _1_ 
ZTT 

A/T    A/TO „    A*7 Te     -Toe  ,°  AS^   - AE^flJ        (5) 

v.-here E    (x)   is the exponential integral,    1    ej 

As a good first approximation4' this reduces  to 

dx 

h     = 
äZT; f 

A/Tf 

To e -T2 e 

VTJ 
(6) 

This is the fundamental equation relating time and temperature 
in the adiabatic thermal ignition test. 

Experiments v.'ith NENO 

A few experiments have been carried out with NENO at 
110'' and 120° C.  The available data have been summarized in 
Table 1 and a particular experiment has been plotted in Figure 1. 
Although the data -*re only approximate, the graph does illistrate 
the fact that the theory faithfully reproduces the shape of 
the experimental temperature-time curve, 

Table 1 

Temperature 

110° 

120° 

Time of Ignition (in minutes) 

Calc.       Found 

28 

13 

36, 38 

20, 20 
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The data needed for the calculation in Table 1 end 
Figure _1 were obtained as follows: The rate of decomposition 
er N.&WÖ has been measured-, for the liquid (or solution in TNT) 
at several temperatures in the range from 75° to 120»C.  The 
energy of activation is about 35,000 calories, and the decompo- 
sition has been found to yield about three moles of gas for 
each mole of NENO (as compared with 13 moles of gas, including 
steam, from the complete explosion).  The reaction has a rate 
Gunslaiil ul 4 A 1G~- sec."-, a.1  1CCC.  Equation (o) involves 
the activation energy for the decomposition of 1JENQ, and the 
"collision factor" which can be calculated from the activation 
energy and the rate constant. The only unknown in equation (6) 
is Tp. Thi3 constant can, however, be calculated from the 
initial temperature rise in the adiabatlc stability test, since 

Tp = Qp/C - m/k (?) 

where m is the initial temperature rise per second at any tem- 
peratuFe and k is the rate constant, in inverse seconds, for 
the decomposition at this aame temperature. At 110'C, m is 
about 0.0040 sec."1, and Tp is therefore of the order of""l000°C. 
The calculated temperature of explosion, T, of NSN0 is 3900°C. 
(using a value of 0.32 cal/g, calculated from Kopp's rule, for 
the specific heat and 1260 cal/g for the heat of explosion). 
The value of Tp is then about 25 percent of the value of T  , 
ana Q,p» the heat of the decomposition reaotion, is about 25$ 
of the heat of explosion. These figures seem entirely reasonable; 
since the chemical reactions involved in the low temperature 
decomposition of NEN0 are at present unknown, a definite con-        i 
firmation of the heat of the partial reaction cannot be obtained. 

i 
Since the values of A, Z and Tp have been obtained ! 

experimentally, there are no arbitrary parameters in equation (6). 
However, Tp is determined from the same data which is later 
compared to equation (6), and it is therefore possible to regard ) 
this quantity as a parameter. If this point of view is adopted, [ 
it is then necessary to point out that the value of T (about        } 
25$ of T— ) is a highly reasonable one. It should further be I 
pointed out that equation (6) is independent of the number of ' 
moles, n, of gas generated per mole of NEN0 in the low tempera- ; 
ture decomposition of the compound. The value of n appears in 3 

both Z and in Tp, but cancels out of the product AZTp, which j 
occurs in equation (6). More precise work in this fj.eld is -, 
now in progress. | 

OONFIDaJTIAL 

-32- 

( 



CONFIDENTIAL 

Alumlnized Explosives 

stves. The work can be divided roughly into two parts (A) 
theoretical ana (B) practical. 

(A),  It has bean postulated that aluminum acts in the presence 
of ammonium nitrate to reduce the nitro groups of the TOT in 
lünol, much as sine reduces nitrobenzene to pnenylhydroxylamin© 
in the presence of ammonium chloride.  Further, it seems altogether 
possible that aluminum reduces the nitro groups of the RDX 
either in Torpex, or in DBX, or in both.  This reducing action 
of the aluminum on the organic matter would be superimposed upon 
the reaction of the aluminum with ammonium nitrate to generate       j 
ammonia.  The aluminum used analyzes 97.3 percent aluminum, the 
rest presumably being a mixture of aluminum oxide and other 
metals. After a sample of wet Minol has been heated for 24 hours, 
the residual aluminum-aluminum oxide mix contained only 81.8 
percent aluminum. Further, during the reaction oolored products 
have been produced from the TNT. These products are now under        < 
investigation. 

(B), it has been postulated that the reactions between aluminum 
and TNT, ammonium nitrate and RDX can be eliminated by coating 
the aluminum with a thin layer of inert material.  It has proved 
possible to coat the aluminum with a thin layer of aluminum j 
phosphate or with some aluminum lakes. Work similar to that in j 
progress at Bruceton has also been reported from other j 
laboratories** >*. These lakes are prepared by treating finely • 
divided aluminum with acqueous solutions of appropriate dyestuffs. j 
Those dyes were used which are known to produce Insoluble 
precipitates with aluminum hydroxide. A pale purple aluminum , 
powder has been prepared using either alizarin or aurin i 
tricarboxylic acid.  Insufficient tests are at present available [ 
to show whether these samples of coated aluminum are more or j 
less resistant to attach by ammonium nitrate, TNT and RDQC than ' 
the uncoated material. A detailed account of this vork v*ill be j 
made in the next report. j 

CONFIDENTIAL 

-33- 

I 



CONFIDENTIAL 

Preparations and Testing 

f A «l-iiT.'- », 

icn of Cyclopentanone. 

In a previous report8 it has been shown that some 
sgj-npleg of cyclopentanonc are unsuitable for the synthesis 
"f Fiveri**.  A ?inipie and adequate procedure for the.  purli'icatic-a 
of ,i".;Font. <\ya~\ npftit-no^r„ -^mrl^ A-3443, follows. 

Crude cyclopentanone (-420 grams) v/as mixed with syrupy 
phosphoric acid (62 grams) and refiuxed gently for ten minutes. 
The mixture was then cooled to 50eC. and distilled under partial 
vacuum at 50-aO^C.  The distillate (398 grams) of wet cyciopenta- 
none was quite suitable for Fivone synthesis. 

Preparation of Sixone. 

A series of preparations of Sixone from cyclohexanone 
and formaldehyde has been carried out, using magnesium salts 
rather than calcium salts as catalysts.  The product consisted 
of a mixture of Sixone and Sixol, similar to that obtained when 
calcium hydroxide is used as catalyst; the yield in the most 
favorable case, however, is greater than that obtained pre- 
viously with calcium hydroxide as catalyst. In general, it can 
be said that magnesium hydroxide, magnesium carbonate and basic 
magnesium carbonate are less effective than magnesium oxide. 
The best prooedure so far found is given below. 

Purified cyclohexanone (50 grams), water (200 ec], 
37 percent formalin (155 cc), and magnesium oxide (5 grams) 
were stirred together, and then allowed to stand at room tem- 
perature with occasional shaking for 22 days. At the end of 
the reaction time the mixture was filtered, neutralized with 
dilute hydrochlorio acid, and evaporated to dryness.  The oily 
residue was taken up in 50 co. of acetone and the solution allowed 
to stand at room temperature. The crystals which separated were 
crude Sixone, 93$ of theoretical, m.p, 108-1149C. (m.p. of pure 
Sixone, 143°C.) 

i 

Nitroglycerine 

A total of 90 pounds of nitroglycerine was prepared 
at Bruceton for laboratory use. 

Stability Tests 

A total of 273 chemical stability te3ts was carried 
out. This included 137 thermal stability tests, 30 vacuum 
stability tests, 44 Bergmann-Junk determinations, and 62 

{ miscellaneous tests. ' 
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DEVELOPMENT OF LIQUID 2,LPL03IVES 

Report Submitted by 
W» E. Laws on 

Explosives Department, duPont Company 
Vileington, DelawarQ 

Liquid Explosives Based on DNT-TNT-Tetryl-P.A. 

Interim Report PT-18 under this heading indicated tnat a non- 
KG liquid explosive suitable for Hark 8 could not be developed 
with the ingredients considered ( DNT, TNT, Pi eric Acid, Tetryl, 
and PETN).  It was believed, however, that mixtures of DMT, 
TNT, and Tetryl sensitized with NG might have a number of worth- 
while advantages over the NG-dimethyl phthalate mixtures de- 
veloped at the E3L. 

Preliminary Tests with DNT-TNT-NG 
(Glycol Oil Mixtures) 

In preliminary tests it v/as found that Tetryl was sol- 
uble only to the extent of about 1 to 2%  in DNT-TNT mixtures 
containing 25 to 50$ NG, Consequently, two series of compo- 
sitions, the first comprising NG and HIT oil and the second I 
NG, DNT and TNT (ENT/TNT ratio - 7/3), were shot in 1-1/2 x i 
9 in. cans with U. S. Engineers (13.5-gr. PETN) caps to de- j 
terraine the minimum percentage of NG required for complete I 
detonation. It was found that 6Qfs NG was required for the " 
DNT oil series and L5%  for the DNT-TNT series.  To save time 
a 30?» glycol-NG oil was used in thesö tests even though it was j 
known that a polymer oil would be more desirable because of i 
its lower vapor pressures ! 

j 

On the basis of these results compositions containing 
(a) 50# NG, 35% DNT oil and 15%  TNT, and (b) 60$ NG and k0%  DNT 
were selected for further study. The results of these tests       ; 
are given in Table 1. Although both mixtures had good explosive 
properties, the melting point of the 32JT oil mixture (above -6*C)   l 

was too high. j 

ENT-TNT-NG Compositions j 
Made with. Polymer Oil j 

As the preliminary results indicated that DNT-TNT-NG ] 
mixtures might be very satisfactory for Mark 8, the orientation i 
experiments were repeated using the more desirable No. 3 NG r 
(31# polymer). ] 

i 
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In order to determine the-range of compositions suitable 
for Mark 8.   the  minimum percentage of NG v/as determined by 
underwater propagation tents, using 2-in. diameter hose, and 
the unper limit of NG v/as investigated by means of cap sensi- 
tiveness tests.  It was found that 503 NG (35 L*IT and 15 TNT) 
was required for propagation in 2-in. diameter (8-10 ft.lengths) 
under water.  On the other hand, the cap sensitiveness studies 
showed that a 60S NG composition {28 DNT and 12 TNT) was some- 
wiiüL luüii  sensitive than the ERL 80-20 and 75-25 NG-DMP mix- 
tures.  This NG composition gave consistent detonations with a 
ü. S. Engineers cap^{13.5-gr. PSTN) and consistent failures with 
a No. 6 Tetryl cap.  The 80-20 NG-DIIP mixture detonated once in 
three triels with a No. 3 fulminate cap and the 75-25 mixture 
gave one detonation out of ten triels with a No. 5 cap (FT-18). 
While it was not considered necessary to use more than 60ft NG, 
a few tests were made with 75ft NG composition; one detonation 
and three failures were obtained with a No. 1 cap. These re- 
sults indicated that the cap sensitiveness of the ERL 80-20 NG-DMF 
mixture probably would oe duplicated by a DNT-TNT-NG mixture 
containing 65-70% NG. 

Viscosity tests on a 55ft NG mixture {31.5 DNT and 13.5 TNT) 
at 0" and 20°C gave values of 211 and 45 oentipoisea, respeot-      j 
ively, as compared with 250 and 50 oentipoises reported by ERL      ; 
for their 80-20 NG-DxJP mixture. 

Mixtures containing 50 and 55ft NG were tested at willviile 
(in air) for propagation and velocity in 2-in. and 4-in. 
diameter hose. The 50ft NG mixture propagated at high velocity 
(6950 m./seo.) in 4-in. diameter (5-ft, length) and through about 
half of the 25-ft. length in 2-in. diameter, the seoond half of 
the 2-in, diameter charge propagating at low velocity. The 
55% composition propagated through 25 ft. of the 2-in. hose and 
5 ft. of the 4-in. hose at 7170 m./sec. and 7090 m./seo., 
respectively. 

No detonations were obtained in bullet tests with either 
the 55ft or 60ft NG mixture in open 4 x 4-in. cans backed by wood. 
Viith steel backing, however, the 60$ NG mixture gave one deton- 
ation out of three trials and the 55ft mixture gave two ignitions 
and one weak partial detonation out of ten trials. 

Details of all of the tests on 50, 55 and 60ft NG mixtures 
are given in Table II in comparison with similar data for the 
ERL NG-D1-35 mixture. On the basis of these results it is be- 
lieved that the .55ft NG (31.5 DNT and 13.5 TNT) composition 
should be entirely satisfactory for Mark 8, Its low impact, 
friction (sliding rod test), bullet and cap sensitivity as well 
as its low viscosity appear particularly desirable. On the 
othor hand, if a more powerful mixture were desired, 60$ NG and 
probably 65% could be used without making the mixture too sensitive, 
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Calculated Energies and 
Explosion Pressures 

The methods described in the Eastern Laboratory report 
"Theory of Detonation" were used to calculate the maximum 
available energy, the theoretical velocity and the detonation 
and explosion pressures of the ERE 80-20 and 75-25 NG-DMP 
mixtures, and the Eastern Labjratory 60-28-12 und 55*31.5-13«5 
TvG-DIJT-TNT mixtures,  The results of these calculations for a 
density of 1.5 are summarized in Table III. 

Ul ^kSSUiLu.n*t   that   all   ui    uuööc    coiuuüÄiLiu'na   wuuiu   nave    cue 
same density, the detonation pressure of the EL  55^ NG comp- 
osition would be the same as that of the ERL 80-20 NG-Di/lP 
mixture. However, its maiinum explosion pressure and available 
energy would be about 3> and &fi  lower, respectively, than for 
the ERL composition.  On the other hand, the EL 6Qjo  NG formula 
would have about the same energy and 4-5yy higner detonation and 
explosion pressures than the ERL 80-20 explosive.  Any of these 
compositions should be definitely superior to TNT.  tor example, 
the available energy and detonation pressure of the 55%  NG 
mixture would be 2250 and 52^o higher, respectively, than for TNT 
at a density of 1.4. 

Future Program 

Although no further experimental work is planned on 
NG-DNT-TNT liquid explosive mixtures, the 150°F storage tests 
will be continued. 

It is expected that the Laboratory will be called on to 
prepare several hundred pounds of the ERL 80-20 NG-DL-J? mixture 
for tests by the Navy at Stump Neck.  It is hoped that arrange- 
ments can be made for tests on the Eastern Laboratory 
55-31.5-13.5 or 60-28-12 NG-BNT-TNT mixtures at the same time. 
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PROPERTIES OF LIQUID MIXTURES OF KG (GLYCOL OIL), DN'T AMD TNT 

Fer cent \'G necessary for 

- / 
— i * x x/2x9M cans 

.■S«f»l ?» «S 

60 

y«i-iPi.iw/.?;jci-j.ca 

45 

NG ^19 > 
DNT (oil) 

Centralite I 

60 
40 

0.3 

Density 

Sensitiveness to snail arms fire -4x4" open cans 
(.30 caliber Springfield rifle) 

a. Wood backing 
b. Steel backing 

Mortar (T.v\) 

Viscosity at 0°C 

Freezing point 

Stability 

Drop Tests (10-lb. weight) 
a. Plain 
b. Filter paper 

Sliding Rod (10-lb rod) 
a. Plain 
b. Filter paper 

6 F 
2 F , 4 I, 0 D 

12.4 

55 Centipoiseä 

> -6-C 

48" - 0 D, 10 F 

48" - 0 D, 10 F 

60» - 0 D, 10 F 
60» - 0 D, 10 F 

50 
35 
15 
0.25 

1.44 

10 F 
4 F , 2 I, 0 D 

12.4 

72 Centipoises 

< -6°C 

No #as after 6 days 
at 150°F with or 
without pieces of 
rubber added 
48» - 0 C, 10 F 

48» - 0 D, 10 F 

60» - 0 D, 13 F 
60" - 0 D, 10 F 

Velocity (4"x5» rubber hose) - 2x8" Cast Pentolite Primer 
meters/second 
Distance fron Primer         1 2 1 
2-1/2' (12" spacers) 7170 6980 6980 
V 6850 6980 6850 
4! 6980 7530 7100 
4-1/2' 6980 6980 7100 

avg. 6945 7120 6980 

2 
7390 
6980 
7100 
7050 

7130 

I 
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"ABLE III 

THEORETICAL COLP*.iISO:.- OF £1L iJG-Dk? älXTüÄiS WITH 
E*STE3N LABORATORY ijG-DrJT-TüT 1-.IXTÜ3ES          

Cv;"-:orüion 

11« L 

Density (.»«jsuaied) 

A (kg.cal.A-g.) 
(Max. available energy) 

A/77 (T.V, units) 

P«10~3 (atm.1 
(Explosion pj'*j3sur'j) 

P2xlQ-3(at.T, ) 
(.I'^tcnction prccni::-») 

Theoretir-ai veLoc.ity 
(m./sa^) 

rss 

SO 
20 

75 60 55 

1.5 1.5 

9Q 

12 
1.5 

-#.*■• J 

13.5 
1.5 

1020 820 1010 935 

13*3 10.7 13.2 12.1 

88 73 92 85 

175 160 184 175 

7200 7000 7350 7150 
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Report  Submitted  by 
Gebhard  5tegerr,cr> 

University  of  Pit^cburch 

. -) n      y+f*) v*Xf     O ^      t" V "t  <"*      -?• i > r>   ^ ä •** ■ >c;-.red   in D: 
Interim Reports   P7-7,   pa^es  34  ff.   and  PT-10,   Daces 

r.thylenedl&ninediiiitrete   (SDDN ) 

bj*jL.*A.J JO        ; 1 W  < Origin of Sample 

ERL 
Bruce ton,Pa. 

Date of ,','ork 

2/15/44 

135.13 

>ensity   Cp 

1.42    0.30 

Keat  of  Ocirbustr.on Data 

•/yj 3/M 

2017.45 
2016.15 
2015.19 

375,29 

-'Ml 

374.70 

-AHR 

373.22 

-AH« 

157.29 

2016.26   ±   .79    = Mean 
(±     0.04^S        ) 

Remarks 

-AUB/M = Heat of  combustion  in       cal./g.       for  bomb process. 

-4UQ       =       '•     " " "  k.   cal./mole     " " " 

"AUR = " " " " " " / " at X Atra* constant v» 

- <dHR = '• " " " " " / " " 1 " " ? • 

-AHf  =  ir " formation  " "  " / "  " standard conditions. 

c 
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MeNSNA (N-mothyl-N-(i? nltroxyethyl) nltramlne ) 

UU— r-xu 3RL 
nniA-! 

rr>„..,_., T ,-, V^T :•• * T*\ m+~* f* * ^v+ 

C3Hr-rjFi-U       165.11 

Heat of Combustion Data 

"A ':B/tA 

2881.62 
2883,95 
2880-S3 

-A U: 

475.32 

1,52 

-AUR 

475.17 

0. .30 

~AHR 

473.94 

2-14-44 

-4Hf 

48.68 

2831.82   t  0.76  - Moan 
( ±       0.03>t      ) 

Remarks 

"* ÜB/M 

-/UB 

-AUR 

-ÜHR 

-AHf 

heat or combustion  in cai/g»  r°** Dorao process 

"       " » "    k.cal./mole  » " » 

"       '* " M     n     n    /    n     at ! Atm#  constant V. 

it       it it tt     ii     it      /    n     tt 2.     " n p, 

"       " formation    "     "    "    /    "     " standard conditions« 

L CONFIDENTIAL 

-u- 



v.* uiiip i\T       it V» • 

It-56-4-C 

Pantry1 

SRL 
DruCetOMj. Fa. 

Formula Mo 1. .V t. Densit y   c 

c 8^6° 11^ 6 •362. IS 1,83 0. 

Heat oi' Cc Jinbus tion Data 

-^U3/M -4UB -4uR -4HR 

2600.41 
2599.34 
2602.62 

941.95 940. 05 935.91 

CONFIDENTIAL 

Data Qi «Vork 

2/10/44 

M.P. 

-AHf 

24.34 

2600.79 ±  1.22 = Mean 
(±  0.05^   ) 

Remarks 

~4Uß/M = Heat of combustion in   cal./g»  for bomb process. 

"4UB =  »  "    "      » k. cal./mole  M  ••     » 

-4UR =  "   "    "      »  "   «  / »   at 1 Atm. constant V. 

-£HQ -       "   "     "       "  "   "  / *'   11  1  11     n       p# 

II 
f 

-£H< tt " formation  "  "  " / "  " standard condition: 
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STUDIES OF THERMAL STABILITY TESTS 

Report Submitted by 
R. C, Sidevrielci 

F* ' \   1 \    T~i\\ ^ <*  TT>^ 4 ^— r^ -v« r*  J +ir 

Vacuum stability rate studied have been continued on Haleite 
at several temperatures from which energy oi activation data 
DM*y   per*"Hpa    UB   cuiuuiaueu,       rue   rtn.e   ui    gaa   MW(,:iu(<iyfi   ana 
analysis of the evolved *as are shovm in the tables below and 
accompanying curves. 

Haleite: duPont lot 26 reorystailized (received from Picatinny). 
Dried one day at 100°C.  0.5 g. sample.  Temp, of test:  150eC. 
Evacuated 0.5 hr. at 120° before starting readings.  Figure I and 
curve b in Fi gure II» ~ 

eas sanrole taken at 

5 hrs. 

Oxygen 
Moisture (Note 1) 
Basics 
Total acidlcs 
NO 
N02 and C02 
CO 
flnmhyi a 1.1 h 1 «a 
N20 
Nitrogen 

034 
17.6 

0 
1.5 
0 
1.5 
0.4 
0.6 

63.7 
14.7 

7 hra, 

0% 
7.9 
0 
1.4 
0 
1.4 
1.2 
2.9 
58.8 
26.4 

11 hrs. 

0* 
3.9 
0.7 
1,1 
0 
1.1 
0 
2.5 

58.3 
33.0 

Haleite: Seme as above except temp, of test was 130°0. 

Gas sample taken at 

Oxygen 
Moisture (Note 
Basics 
Total aoidics 
NO 
COg and NOg 
CO 
Combustibles 
N20 
Nitrogen 

1) 

6 days 8 days 

0# 0% 
8.6 4.9 
0 0 
1.5 1.7 
1.5 1.7 
0 0 
1.8 4.8 
0 0 

63.3 59.4 
23.3 29.2 

I 

h 

L 
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Note 1. Under this heading is included a substance removed by 
either a KOK or T^O^ bead v/hicfc gives e. brovm coating on the 
bead. 

Other work has been done on filling in data and checking results 
on PETN and Fentolite incidental to the preparation of a formal 
report. 
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CONTROLLED DECOMPOSITION OF NITROCELLULOSE 

Report Submitted bv 
R. C. Elderfiald 

Columbig; University 

%J r-1  rip.i .-->■-• r> n-: 1 +• ■? n" JI the White Substance (WS) 

--rpc-rt the results of preliroinary experiments 
on the distillation of "."S with l'2)v KCi were mentioned.  A 
continuation of this work has shown that when  heated with 
12-13** HG1, W3 first evolves CO.'s, tixftn a volatile carbonyl 

compound, and finally furfural.  The non-volatile residue 
contains levulinic and oxalio acids. 

Products from the Distillate 

2.0 g. of WS (13A-71-26) was heated with 50 cc. of 13% HC1 and 
the exit gases passed through a train containing saturated 
barium hydroxide solution. After COg evolution had ceased, the 
system was swept out with C02 free air and the preoipitated 
barium carbonate collected, dried, and weighed. The le40 g. 
of precipitate found corresponds to 0,31 g. of COg or 15-1/251 
of the original weight of WS. A repeat experiment gave 
13-l/2# COß. 

1.0 g. of WS (7A-56-24) was distilled with 25 oc. of 13# HC1, 
water being added intermittently to Keep the HC1 at approximately 
the original concentration. The distillate was oollected under 
a oold saturated solution of 2,4-dinitrophenylhydrazine in 
dilute HC1. The latter became oloudy after the first few drops 
of distillate came over, and a precipitate formed on standing. 
The precipitation was not due to the COg evolved. Two re- 
crystallizations of the precipitate from dilute ethanol gave 
lemon yellow needles, m.p. 63-64*0.  The latter was not soluble 
in dilute sodium hydroxide. Analyses are in progress. 

The WS - HC1 distillation was continued until the solution 
being distilled began to change in color from lemon yellow 
to reddish brown, at which time the WS had almost completely 
dissolved. Up to this point the distillate gave a negative 
aniline acetate test for furfural. 

A fresh sample of dinltrophenylhydrazine was then placed in 
the receiver and distillation continued. Whereas the first 
precipitate formed had been yellow, the distillate now coming 
over gave an orange red precipitate,  Two recrystallization 
from dilute ethanol gave a dark red solid melting at 18£-184°C. 
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Mixed with synthetic furfural-2,4-dinitrophenylhydrazone, it 
malted at 183-185*C.  Huntress-I.Iuliiken (identification of 
?i.r-r- Organic Compounds, 58 (1941)) ^ives ca. 1856C as the 
PI.p. of mixtures of the yellow and red forms of the derivative, 

2,0 g. of WS was distilled vith 50 cc. Of 13& HCi at 30~35°C, 
i^~ä  i-, r.n. pressure.  Copious C02 evolution occurred, hut the 
..!~i;,-..-\pofn tier, of WS was niuch 3iov;cr then v;nsn the distillation 
VVHS rarrisd cut at atmesoneric Dressure as indicated by the fact 
tr??t 1*03 i;-. of ivS remained undxssolved after 30 cc. of solution 
has distilled over. 

The distillate gave a negative aniline acetate test for 
furfural, gave no precipitate with barium hydroxide, but did 
give a precipitate with 2,4-dinitrophenylhydrazine.  These 
observations point to the presence of the above mentioned non- 
acidic volatile car bony1 compound. 

i 
The V/S which remained undlssolved had about the sane base 1 
solubility as tne original WS, indicating that decarboxylation 
probably occurs simultaneously with the decomposition of the WS 
into water soluble components. 

Products from the Residual Solution 

The residues from several V/S - HCI distillations were charcoaled 
and neutralized with NaOH, After evaporation to dryness under 
reduced pressure, 50 00. of ethanol and 1 cc. of con. sulfurio 
acid were added and the whole refluxed for 4 hours. 

After filtration from the precipitated salts, the alcohol 
solution was concentrated under vacuum, 10 cc. of water added, 
and the solution again charcoaled. To 2 cc. portions at the 
lemon yellow filtrate were added 3 drops of phenylhydrazine in 
dilute acetic aoid. The solution immediately became cloudy, 
and precipitation ocourred on standing. Two recrystallizations 
from dilute ethanol gave buff-white crystals melting at 
103-106°C. Mixed with synthetic ethyl levulinate phenylhydrazone, 
they melted at 104-106°C. 

When a dilute calcium acetate solution was added to a sample 
of the charcoaled WS - HCI distillation residues, the latter 
immediately became cloudy, and formed a precipitate on standing 
overnight.  The precipitate rapidly reduced warm dilute acid 
permanganate. This was taken to indicate oxalic acid, although 
the latter has not been confirmed further. 

Tests on the Red Substance (RS) 

Our RS has an odor (other than that due to oxides of N) very 
similar to that of levulinic acid, and since the latter was 

r 

1 
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found as a V»'S - KOI decomposition product, it was sought (but 
,;P3 not as yet been identified) in ES. 

10 oc. of R5 (7A-56-26), previously concentrated in vacuo over 
c-uiiuric acidf was refiuxed fcr 4 hours with 50 cc. of ethanol 
and 0,5 cc. oi con. suifuric auiu.  The dark red solution was 
neutralized with sodiuia bicarbonate, filtered, and excess 
solvent and other volatiles removed under vacuux. 

The- resiiüül liquid (10 cc.} w«? diluted to 5C cc. with water, 
charcoaled and filtered.  The light yellow filtrate gave an 
iosediate precipitate with phecylhydrazine in dilute acetic 
acid. This yellow-orange preoipitate, after six recrystal- 
lizations from dilute ethanol, melted sharply at 165-6'C. , 
recalling the slightly lower melting phenylhydrazones 
{10A-63-26 and 21B-92-13) previously isolated from RS. An 
attempted preparation of the semicarbazone gave an almost white 
produot melting above 240°C. The phenylhydrazone of glyoxal is 
reported to melt at 169-170°C. (values to 180°C. are also 
given) while its semicarbazone melts at 270°C. Since ethyl 
levullnate (b.p. 205°C.) rather than glyoxal (b.p. 50»C.) was 
being sought, a considerable amount of the latter may have 
volatilized during concentration of the solution in vaouo.  In 
connection with the above see the last monthly report of 
M. L. Wolfrom (PT-18, page 54 ff.) 

Work on the problem to date tends to favor the view that WS is 
essentially a nitrio acid ester of a polygluouronic acid. 
Additional evidenoe for or against this hypothesis is being 
investigated, 

Decomposition of the White Substance by Water Alone 

Work has been continued on an examination of the products 
obtained on decomposition of WS on boiling with water without 
the addition of HC1. The evidenoe previously presented for 
the formation of oxalic acid under these cirouiastanoes has 
been confirmed. Last month a orystalline cadmium salt was 
obtained whioh furnished analytical figures approximating those 
of cadmium oxalate. This cadmium salt has nov been converted 
to calcium oxalate, which has been identified by permanganate 
titration and by the isolation of pure oxalic acid from It. 

In the last monthly report it was suggested that oxalic aoid 
itself might be a constituent of ~<3  rather than a decomposition 
product of it. This view has now been definitely disproved. 
An aqueous extract of WS was prepared by dissolving WS in the 
minimum amount of alcohol and pouring this solution into water. 
The resulting suspension was filtered from insoluble material 
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and the process repeated three times at the end of which 75$ of 
the V«'S was in solution.  This solution was then concentrated 
under reduced pressure with the temperature never rising 
above 30*C.  After making the concentrated solution einnioniaoalj 
calcium hydroxide solution was added, but no precipitate of 
calcium ozalate was found* We therefore conclude that oxalic 
acid IG i'ui'n;*-"l i'rcin. ..d ojixy on heating with water and is to be 
consiaertu n  üecj^pobiuio;; pr-juac~- Oi t:i^ utivtnsi, 

Wner. ammonium hydroxide; ia added to asi  aqueous sulutiun ut  Vi3 
prepared as above, there is immediate darkening of the solution 
and'some tarry arterial separates. After filtration of the 
tarry material -,   the d«rk colored filtrate was allowed to 
evaporate at room temperature during which a partly orystalline 
precipitate, presumably of an ammonium salt, separated.  Attempts 
to purify this and free it from contaminating tar have not 
been particularly successful.  Efforts along this line are being 
continued. 

I 

\ 
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CONTROLLED DiCOi^OSITION OF NITROCELLULOSE 

Report Submit "ted by 
M. L. Wolfrom 

Ohio State University 

Sursaary 

Aiiciiy-JCj u.L, reporter Tor iormaJ-dehyäe, giyoxai, formic acid, 
acetic uuia, ethyl acetate and water on R3 from sheets of NC, 
both lE.d# N ana 13.4$, N, treated with nickel and untreated. 

Material. 

Sheets of Nitrocellulose, both 12.6& N and 13.4% N, containing 
nickel v/ere prepared according to a procedure obtained from 
Captain Frazer, Aberdeen (letter dated January 31, 1944).  Samples 
of RS were then prepared In the usual manner. 

Experimental. 

1. The Preparation of NC Sheets Containing Nickel. 

Sheets of nitrocellulose impregnated with niokei were prepared by 
a procedure obtained from Captain J.  H. Frazer,2 Aberdeen. 

An accurate estimation of the water content of the nitrocellulose 
(NC) was made by determining the loss of weight when the NC was 
dried in a vacuum oven at 60° 0. 

A quantity of the moist NC was suspended in 2 liters of distilled 
water in a 4-liter beaker equipped with a mechanical stirrer and 
the slurry stirred for thirty minutes,  A solution of 0.5g. 
(0.0125 mole) of sodium hydroxide dissolved in 100 ml of water 
was added.  After stirring for ten minutes, a solution of 3.42 g 
(0.013 mole) of nickel sulfate hexahydrate (Ni.SO4.6H2O) dissolved 
in 200 ml of water was added and the slurry stirred for an 
additional thirty minutes.  The mixture was then washed four 
times with water by decantation, filtered, dehydrated with 
absolute ethanol and dissolved in ethyl acetate in the usual 
manner.  Sheets of NC thus prepared possessed a very faint green 
color. 

2. Estimation of Nitrous Acid in the Presence of Nitrates. 

Using the method of iüllsr1 a sample of (ca. 0.2 g.) freshly 
prepared trap HS was diluted to 50 ml. and mixed with three 
drops of dimethyl aniline reagent (8 g. dimethyl aniline and 
9 ml. concentrated hydrochloric acid diluted to 100 ml.) and 
one drop of concentrated hydrochloric acid. After standing for 
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thirty minutes, the yellov; color of the R3 solution was compared 
\/ith a. standard of sodium nitrite treated in the samo manner.  The 
content of nitrous acid was est.Wp.ted to be less than 0.13» in RS. 
Cider sauries of ES (one to four weeks at 4*0.) gave negative 

3.  Determination of CH.^-C Groups {Acetic Acid, IS then ol, 
^fiyT~*ce"täTe') ~—-~  

Usint the procedure oi Kuhn and Roth3 a 3cunplo of RS was analyzed 
for CH3-C feroups. 

A 500-mI. three-necked, round-bottomed flask was provided with a 
reflux condenser, dropping funnel and a tube extending nearly to 
the bottom of the flask for introducing dry air.  The air was 
passed through concentrated sulfuric acid (to which a little 
chromic anhydride was added), 40# sodium hydroxide and dry soda 
lime. 

A weighed quantity of RS (oa. 1 g.) was placed in the flask and 
100 ml. of ohromie acid solution (16.8 g. of ohromio oxide, 30 ml. 
concentrated sulfuric acid and 20 ml. of water) was added slowly 
from the dropping funnel. At the end of the addition the reaotion 
mixture was refluxed gently for two hours. A stream of dry air 
was slowly passed through the mixture to prevent bumping and to 
sweep out any carbon dioxide formed. The mixture was then cooled 
and hydrazine hydrate (50# aqueous solution was added very cautiously 
until a green tinge appeared. The mixture was neutralized with 40fi» 
sodium hydroxide followed by acidification with 85S& phosphoric acid. 

The mixture was then steam distilled at constant volume and the 
GH3-C groups determined as acetic aoid by titrating the distillate 
with standard base. 

4. Determination of Sthanol by Potassium Diohromate Oxidation.4 

The steam distillate of neutralized RS (ca. 0,2 g.), 25 ml. of a 
0.2 N potassium dichrcmate and 4.5 ml. ofcillute sulfurio aoid 
(1:5) were placed in a citrate of magnesia bottle and tightly 
stoppered. The bottle was heated by steam for six hours, oooled, 
and transferred to an iodine flask. A 25t solution of potassium 
iodide were added and allowed to stand for thirty minutes. The 
iodine was titrated with 0.1 N sodium thiosulfate, A blank 
determination was run, 

D.  Conclusions, 

It is to be noted (Table III) that glyoxal and formic aoid are 
present in approximately equimolar amounts, together with very 
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significantly smaller molar amounts of formaldehyde and larger 
39i ar Qji'-oiints of water. 

The nitrocellulose of 13.4;» nitrogen content produces a ssai*sr 
amount- of int«rm^die.t« decomposition products than the nitro- 
cellulose of Io»sr nitrogen content (12.S>) (Tables I and II). 
Thus, the former has proceeded xurcner toward tne st>age ox coiapxtsw« 

When nickel is incorporated in the nitrocellulose of lower nitrogen 

show a trend toward lower values (Tables II and III).  This effect- 
is not strongly marked but would appear tö~^be real.  Therefore 
the nickel would appear to promote more complete decomposition 
of the nitrocellulose. 

The determination of CH3-C groups in RS were carried out by the 
of Kuhn and Roth^ to determine the amount of ethanol present in 
RS.  The method is not quantitative in this application. However, 
when considered in light of the determination of ethyl acetate 
by saponification and the determination of acetic acid by 
distillation, it is evident that there is not an appreciable 
amount of «thanol present. Approximately 89# of the CH3-C groups 
determined as ethyl acetate and aoetic acid were found by the 
Kuhn-Roth method. 

The oxidation of the steam distillate of neutralized RS by the 
method of Poznanski t  which would convert the free ethanol and 
that combined as ethyl aoetate to aoetic acid, was not quantitative. 
The amount of potassium diohromate consumed corresponded to 80$ 
of the ethanol present as ehtyl acetate. 

Freshly prepared trap RS gave weak tests^ for nitrous acid (less 
than 0.1$). 

It seems apparent from our work that the significant components of 
RS are formaldehyde, glyoxal, formic acid and water. 
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Table I 

cat  Yields  in  ;";rar;s  of ; *S I TO."    jU-W   g   Ox    i.O 

-1 ^   Cst   M n.ii K 

Acetone 
3 ha of 

uickdl 
Ethyl        Catalyst 

Acetate        Sthyl Acetone 

Nicköx 
n _ » _ t ,4- 
Odtci_Ljf .il 

Acetate        Ethyl 

Trap 

Total 

16.0 

?L   0               26,7 

16.0           17.5 

40.9           U.2 

17-8 

18.5 

36.3 

11.5 22*2 

15.6 15.8 

27,1            38.0 

Table I£ 
Distribution of BS in Tube and 

millimols per gram 
Trap.    He 
of NC 

eordod as 

12.6SC N 
Ethyl acetate sheet 

13.4$ N 
Ethyl acetate sheet 

Plain           Nickel catalyst 
Tube     Trap      Tube       Trap 

Plain             Nickel catalyst 
Tube     Trap         Tube     Trap 

Glyoxal 
Formaldehyde 
Ponaic acid 
Water 

1.32 
0.56 
1.19 
1.80 

0.22      1.03        0.19 
0.01      0.68        0.00 
0.98      1.05        0.51 
1.90      1.19        1.26 

0.62 
0.46 
0.65 
1.42 

0.19          0.90      0.U 
0.05          0/57      0.00 
0.88         0.79     0.51 
2.55          1,45      1.80 

Table III 
Caojponents of RS Recorded as Millioolss (tube and 

trap combined) Per Gram of Nitrocellulose 

12.6* N 
Ethyl acetate sheet 

13.4* H 
Ethyl acetate sheet 

Plain Nickel Catalyst Plain Nickßl catalyst 

Formic acid 2.17 1,54 1.55 1.47 
Water 3.70 2.45 3.95 3.11 
Glyoxal 1.55 1.22 0.81 0.96 
Formaldehyde 0.56 0.68 0.50 0.57 

( 
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Percentage Composition by V/eieht  of 33 

I 
l< 

l 
9 

.i_,^>rt 

12.6* K 
At 13.4$ N 

-1          -.   1-   -     T*- St 0/i c sheet EtOAC  sheet. EtOAc sheet 
if 
ll •| 
"S 

j 

UTli* itfdCeu 

Tube 
Caxyai. 

Trap 
untreated 

Tube    Trap 
Ni ca 
Tube 

talyat 
Tub?; Trap Trap 

Formaldehyde 6.7 0.24 7,6 0 10.2    5.5 7.6 0 

Glyoxal 30.2 7.6 2?,5 6.3 25.0    6.7 23.3 5.2 

Formic acid 22.0 27.2 17.4 13.4 20.7 17.7 16.4 H.3 

Acetic acid 1.4 11.9 1.1 21,2 4.2    9.5 3.2 17.6 

Water 12.9 20.7 8.5 12.9 11.6 21.5 11.5 20.5 

Ethyl acetate 3.5 16,6 - - - - 

Nitric acid - ca..1.0 - - -       - - 

Nitrous acid - Co.i - - -       - - -    1 
nL     n 
(«♦ ( 71.7    60.9 

,~ ,                    i 
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STUDIES RELATING  TO 
THE   PREPARATION  AND   PROPERTIES   OF   MeNENA 

Report Submitted  Sy 

A T< r>i   - — - - - i - i 
n. ,     A >     Ui. vj.iiCj Hi ö O 

Cornel1  University 

1. MeNENA  was  prepared  very   satisfactorily   on a  larger   scale 
than heretofore.     Mo  disadvantages   in  a  large   scale   batch  pro- 
cess  seemed apparent. 

2. The   solubility of MeNENA  in a  solution corresponding to 
the   diluted and neutralized mother  liquor from procedure  XXIV1 

was determined. 

3. A  film reactor for use   in the   preparation  of  MeNENA,  DINA , 
and other nitroxyalkyl  nitramlnes wherein  the   Bamberger  reaction 
is employed  is under  construction.    A   preliminary  description 
of   the   apparatus  is  given. 

4. The   preparations  of  N-C/9;-nitroxyethyl) ethylnitramine  and 
N-(/3 -nitroxypropyl) methylnitramine  which are   related  to MeNENA 
and NENA are described. 

Discussion 

Experimente  on  the   Preparation of  MeNENA 

The   preparation  of MeNENA  on a  larger  scale   than carried  out 
previously  disclosed no difficulty of  operation and gave   86.9 
percent yields  of  MeNENA  (three  mole  run). 

The   preparation of  the  amine-nitric  acid solution  by the  con- 
current and  simultaneous addition  of  the amine  and nitric acid 
to an amine-nitric acid  solution was found to  be   very  advantageous 
in  controlling the  temperature   of   the  first  step  of   the   reaction. 

Solubility Data   on MeNENA 

The   solubility  of   MeNENA  in  a   solution   corresponding to  the  di- 
luted and neutralized mother liquor  from Procedure XXIV2 was 

1. Division 8  Interim Report  PT-18,   page   78  ff.) 

2. PT-18,   page   78  ff. 
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determined.  The solution contains theoretically 2.2 moles of 
sodiuiTi ac statr and Q.05 moles of sodium nitrate in 550 cc. of 
water waiter neutralization with sodium carbonate.  This corres- 
ponds te:c concentrations of 0,4 moles of sodium acetate and 
0,0-OS «racües of sodium nitrate in 100 cc. of water.  The solu- 
bility of MeNh^'A in this solution SPS determined by adding a 
welghei I £rnount of ?leNSNA and filtering off the undissolved 
raateri'1-1 after shaking for twenty hours «+-. ronm temperature. 
The scij.uhilillty was found to be" 0.088 g. of KeNEKA" per 100 cc 
of wat«'?.  Por Procedure XXTV this corresponds to a Iocs of 
product • of 0*48 g. of MBüSNA. or 0*6 per cent of the theoretical 
yield. 

Designccf Apparatus for a Continuous Process for MeNENA and 
Rulatel Compoun d s_.  

A filmr.rsactor is under construction.  This consists of a 
o-lncividlame ter, 4-foot long Pyrex tube which will be mounted 
on incliilned motor driven rollers.  Continuous feeds at the 
upper «nd of the tube will maintain a continuous film of 
reactifgg material on the inside surface of the tube.  The 
materiilJl will flow down the tube due to the incline and will 
flow o;ut the end and be quenched in a receiver containing ice 
and wawer. 

Further datailfj of construction and operation will be reported 
when tfe« apparatus has been put into actual use. 

Othar derivatives of NENA 

The syiutthasis of N-0fl~nitroxyethyl) nitramine (NENA) has been 
reported ajid the synthesis of N-(/3 -nitroxyethyl) raethylnitra- 
mine (HJSKSNA )4 has been described and the explosive properties 
of theses compounds ascertained. 

The pre? par-at ion of two derivatives related to NENA and MeNENA 
has beerun carried out for the purpose of obtaining data on 
their ««plosive properties.  These are N-(/S -nitroxyethyl) 
ethylni: Jtramine (EtNENA) and N-(/3 -nitroxypropyl) methylnitramins 
(Me2NEftAj.  3oth of these nitroxyalkyl nitranines are obtainable 
from tfcsa corresponding alkamine dinitrate, acetic anhydride 
and a A nil o> ride catalyst. 

3 PT-J?7,   page   65. 

4 Divis sion 8 Interim Report PT-17.  page   65 ff.; 
PT-;3 3,   page   64  ff. 

I 
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The preparation of EtNEUA was carried out according to the 
following: 

C2H5-NH-CH2CH20H   
HN03 y     C2H5-KH2-CH2CH2ONO2 

CoH^-NHo+-CHoCHoONOc>   fj£f£_^ CPH5-N-CH2CH2ONO2 

iiU3 NO« 

Me2iNiiNA  was   prepared  as   follows: 

CH3-NH-CH2CHOHCH3 

CH3-NH2+-CH2CHCH3 

NO3" 0N02 

HNO3 

AC20 

CH3-NH2 -CH2CHCK3 

N03"   0N02 

CH3-N-CH2-CH-CH3 
I     1 
N02  ONO2 

EXPERIMENTAL PART 

T\ » A-J — rf*  m»_ %TT^%T A 

Into a one-liter four-necked flask provided with stirrer, 
thermometer, and two dropping there was placed a solution 
consisting of 37.5 g* (0.5 mole) methyl ethanolamine and 
67.7 g„ (1.05 mole) of 98 per cent nitric acid.  This mixture 
was prepared a» described in Procedure XXIV§. There was then 
added concurrently and simultaneously 18.75 g. (2.5 moles) of 
methyl ethanolamine and 338.5 g. (5.25 moles)  of 98 per cent 
nitric acid. The temperature throughout the addition was 
kept at 10-15°C. 

The three mole mixture of alkamine dinitrate was transferred to 
a dropping funnel and added to a solution of 708 g. (6.6 moles) 
of acetic anhydride and 5.2 g. (0.066 mole) of acetyl chloride 
contained in a three -liter flask.  Moderate stirring was 
employed and the reaction maintained at 35°C. The addition 
required twenty minutes. After the addition the reaction was 

S PT-16, page 78 ff, 

Kj 
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r-tirred for fifteen minutes at the sa-.e temperature and then 
poured over 3300 cc.   of ice and water.  Me£EKA precipitated 
toid was filtered and washed with three 300 cc. portions of 
•,vnt«.r,  ~}-«T*« wq? ".bt°ir.ed 416 g. of the subctar.ce, molting 
at 57-33°C. 

Tho fllt.rKts containing the washings WHS neutralized with a 
C fi. T (!U"1 ftt Pt ri     A*Tifit IO t"-    ri f1     Q r*H "? l irr.     ,-■ a -r» r\/-. r-> o K 0 ft v-n«, v* Q ^ -I *•*«? t " 1 *"'    20    **•      Cf 

aä-i: tlcnal  product   was  obtained.     This   .vas  recryi;tallized  1'rcin 
* a -  »rn»* A HU'isi" ü;:U 

T„:isrs was ODtainea x* g* y_ secunu crop aö.is.m} ui.y« 
38-39°0s 

Total Yield:  86.9 per cent. 

Preparation of EtNENA 

Into a 500 cc. three-necked flask containing 67.7 g. (1.05 
moles) of 98 per cent nitric acid and equipped with stir-rer, 
thermometer, and a capillary-tipped dropping funnel whose end 
was immersed below the surface of the acid, there was added | 
44.5 g. (0.5 mole) of ethyl ethanolamine.  The contents of 
the flask was cooled externally and the temperature maintained      j 
below lOoC. during the addition. 

The amine-nitric acid mixture was transferred to a dropping 1 
funnel and added dropwise to a solution of 118 g. (1*1 moles)       I 
of 95 per cent acetic anhydride and 0.86 g. (0.011 mole) of ' 
acetyl chloride contained in a 500 cc, three-necked flask.        . 
Moderate stirring was employed and ths reaction was maintained 
at 35«C. After the addition of the amine-nitric acid mixture 
which required fifteen minutea, the reaction was kept at 35°C«      ! 

for an additional fifteen minutes.  After pouring the contents 
of the flask into 550 cc. of ice and water there was obtained 
an oil which was separated and washed successively with two 
100 cc. portions of 5 per cent sodium bicarbonate and two 
100 cc. portions of water.  After filtering, the pale yellow 
oil was dried by bubbling dry air through it.  There was 
obtained 73.4 g. (82 per cent of theoretical) of N-(/3 nitroxyethyl 
ethylnitramine melting at 4-5.5°C. i 

D|5 = 1.32; n|5 = 1.479. j 
Theoretical molecular refraction = 38.75. . j 
Observed molecular refraction =38.4. j 

C 
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Preparation of ^s2l<-m 

Th? preparation of Meo^NA,, M-(/? -ni troxypropyi) methylni tramine, 
*ü.i carried out paralleling the directions for the preparation 
of ITv'~»:;"-4- uair^ O.L the start!".5 rr.ar.arial me thyl idopropanoiamine» 

From 44.5 g. (0*5 r.ole } of the air.ins there was obtained 65.3 g. 
v'/i ^-ji- cc.ii.. o-f lh-_v.^;--"' t.i.r.r.I) r-f *;-•(.** .«i+r-Avyr^orivl ) mathvl- 
niirixino as a prf ? yellow oil, -p I tine at 22-23°G. 

Djb - 1.32; n25 = 1.478. 

Theoretical molecular refraction = 38.75. 
Observed molecular refraction = 38.5. 
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Report Submitted by 
K. L. Sariner 

Indians University 

Summary 

A study or the nitration of syn. diphenyl guanidine was 
hfikiiti. Tt is desired Lo obtain the hexanitro-derivative and 
higher derivatives in sufficient quantity for testing. 

Several nitrated intermediates have been obtained but 
their structure is uncertain because no analyses have been made. 

Experimental 

Nitration by acetic anhydride and 98fc> nitric acid at 0°C. 

To 20 cc. of 98$ KNO3 cooled to 10" was added with stir- 
ring 20 cc. of acetic anhydride containing a few drops of acetyl 
chloride, The mixture was cooled to 0°C and 5.3 g. (0.025 moles) 
of diphenyl guanidine was added portion-wise with stirring. 
The addition took 1 1/4 hours.  It was stirred 1/2 hours longer 
and then poured into an ice-water mixture. The solid yellow 
product was washed with ice.HpO, filtered, dried, and weijied 
7.0 g.  (The product just after filtering seemed to hold a great 
*-fc^& -k      \J J.        iruwvi        *»1.XVA.       M wt/iuv V*.       WW      Cli^UiWtfVl'l   f AUV       V.UMW       L» Jb W\»\tA\s W 

melted betv/een 80'» - 90°C and burned very fast leaving a black 
ash. It is soluble in hot acetone» hot water, hot 955* ethanol, 
and hot ethyl acetate but only slightly soluble in ether and 
benzene.  It was recrystallized from ethyl acetate by evapo- 
ration giving yellow crystals that melted 157-159°C with foam- 
ing and decomposed at 175-180°C. It burned very fast in the 
open fla^e. 

Nitration with 98% nitric acid and con, sulfurlc acid at 0eC. 

To a mixture of 8.5 cc. of 98> HITO3 and 21.9 cc. of 
con. HfeS04 was added 2.0 g. (0.011 moles) of diphenyl guani- 
dine at 0°C with stirring. After the addition the solution 
v/as kept at 0°C. 1/2 hour longer, then poured into ice and water. 
The yeilow solid that precipitated was v/ashed a few times with 
ice water and then dried in the air.  It weighed 4.5 g.  It 
melted 182°-164°C with decomposition when recrystallized by 
evaporation from ethyl acetate,  In an open flame it burned 
the same as the product obtained above. 

CQNFIDLI.-TIAL 
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i\ i v I* 3. \ on mixed acid at higher temperature 

constant 

A solution of b •», (0,024 -noies ) of diphenyl *uanidine 
'■?•» of con. sulfur is acid was aided dropvise over a 

■-■-riod to 15 co, cl luring nitric- acid^at- o5" - 40°C wit] 
  stirrine.  After the addition, the stirring is con- 
tinued l/£ hour, then the solution *;.as slov.'ly heated to 60ÖC 
and lett standing, at  room temperature averment-.  -LL ./-.•..- -.'um:, 
treated with ice and water giving a yellow solid which filtered 
and dried.  It weighed 7,g. and melted after crystallization 
fron ethyl acetate. lS2°-iS5c'C. 

To a mixture of 4 ce. of cone, sulfuric acid and 8cc. of 
fuming nitric acid was added 5 g, of the above crude product. 
The suspension was heated on a steam bath for 1 hour with con- 
stant stirring, then treated with ice and water. The dried pro- 
duct weighed 5 g.  It was crystallized fro:n ethyl acetate 
giving two crops of yellow crystals that melted at 1760-1780C. 
and 196°-200°C. with decomposition.  In an open flame the 
higher melting material burns faster and more completely. 

I 
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POLAROGRAPHIC INVESTIGATION OF EXPLOSIVES 

AH-J^' \^* ^  W W *^ -Jü i«U»JU   u; jr 

V *   Urn       i^^**{^CUiC 

Harvard University 

rclaro^raphic Investigation of Antisonous Sulfide 

that SbpS.3 can be dissolved in a hot solution that is 4 M in 
potassium tartrate.  After diluting fourfold tne solution yields 
a polarogram that comprises a fairly well defined anodic sulfide 
wave and a poorly defined cathodic antimony wave.  It was 
pointed out that antimony and sulfide each have a deleterious 
effect on the definition of the wave of the other. Furthermore 
it was shown that addition of ♦ 3 antimony to a sulfide solution 
decreases the diffusion current of the sulfide to a marked extent. 

To determine if the diffusion current of sulfide ion is directly 
proportional to th6 concentration of sulfide when the rntio of 
the concentrations of antimony and sulfide is kept constant, 
numerous experiment.« were performed in v?hioh various amounts of 
antimony sulfide were dissolved in the aUcaiine tartrate 
solution and the anodic sulfide diffusion ourrent was measured. 
Although a fair proportionality was obtained between the weight 
of SfcgSg taken and the magnitude of the sulfide wave, several 
difficulties aroao and erratic results were obtained frequently. 

of the sulfide ion during the solution of the antimony sulfide, 
which dictates that oxygen (air) must be excluded during the 
solution process. 

It was also noted that solutions of SbgSj in the alkaline tartrate 
medium slowly deposit a dark precipitate after standing for a 
few hours. Polarographio analysis of this precipitate showed 
that it contained antimony. 

Because of these complications we have decided to abandon 
attempts to determine sulfide directly from the polarogram of 
the alkaline tartrate solution of Sb2S3, and have begun 
experiments in which the sulfide will be separated from the 
entimony prior to its polarographic determination.  In the method 
now being developed samples of Sb2S3 are dissolved by boiling with 
the alkaline tartrate solution under reflux and in an atmosphere 
of nitrogen. When solution of the sample is complete, an excess 
of hydrochloric aoid is added, the solution is boiled gently, 
and the hydrogen sulfide is swept out with nitrogen and absorbed 

i 

u 

- 64 - CONFIDENTIAL 



CONFIDENTIAL 

in a solution of sodium hydroxide.  The reoeiving solution is 
then asde up to known volume and the anodic sulfide wave is 
rRcor-ecU  The hydrogen sulfide is swept out through a reflux 
condenser to prevent loss of antimony ohlorid© from the 

A! 4 -*■* A  o-A  *^ fl "1 ^ ** "*~ - ■****"* 

Tn« antimony is determined by diluting the residual solution 
-oluse in 1 U  hydrochloric acid, and recording a IÜ4 

c^*^^  ^y —   V**.*.N>  •-» ^ ^ »-* V .J. V H t 

Preliminary result-3 indicate that this procedure will lead to 
satisfactory determinations of both sulfide and antimonyf and 
that it will be applicable tö relatively SiLall quantities of 
sample. A complete description of the apparatus and analytical 
procedure will be given in next month's report. 

Tentative Plan of Analysis of Primers 

Sufficient information about the polarographic characteristics 
of the chief components of primers has now been obtained to 
justify starting on the analysis of typical primer mixtures. 
Provision is being made for the possible presence of mercuric 
fulminate, lead azide, and antimonous sulfide, mixed with 
oharcoai, sulfur, potassium chlorate, etc 

It is planned first to extract the sample with an ammonium aoetate   I 
solution, whioh will dissolve lead azide, mercuric fulminate,       J) 
potassium chlorate, and other watsr-soluble salts. After 
acidifying this solution with hydrochloric i*n\<\  the mercury 
and lead can be determined simultaneously from a single polarogram. 

Experiments have shown that Sb3S;j is sufficiently in ammonium 
aoetate solution to remain quantitatively in the residue for 
the first extraction, and hence it is planned to determine 
sulfide and antimony in this residue as described above. 

If lead thiocyanate and/or lead styphnat-e are present in the 
sample they will both dissolve in the ammonium acetate extract, 
and should thus be determlnable without much difficulty. 

It may also be possible to determine azide in the ammonium 
aoetate extract from its anodic wave with the platinum micro- 
electrode (See PT-18), provided that conditions can be arranged 
to avoid its decomposition. 

Since thiocyanate ion produces an anodio wave with the dropping 
eleotrode we expeot that it may al3o be possible to determine 
thiooyanate in the ammonium acetate extract. 
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Cuprous thiocyanate is also frequently present in primers and 
, --. i    *-   . 

it jri i'iiii'.' 'jA^'ii     »-x-i-L     a-i ^'J     licx ■* *-•     vv.'     *J«-j    luciuv   3 A^*V prevision 
performing the extraction v/ith ammonium acetate in a nitrogen 
atziosphere to avoid oxidation, of the cuprous copper, the cuprous 
thiocyanate will probably reniain quantitatively insoluble and 
probably can be determined along v/ith the antimony. 

"ill fit** v;5 11 not be deteminable polnrocraphicfillv, but it should 
wot iüL-rxiere. with the other determinations, 

taininfc all of these substances. 
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POLAROGRAPHIC EXAMINATION OF EXPLOSIVES 

Report Submitted by 
V. W. lieloehe 

»Jill V «X elt,y    Ox    iueuv.'nOAu 

In our last report (PT-18, page 92 ff.) introductory information 
_v.A,,4>     +.Vo     ~«+<«A    n-f    J<n>>omrlflm1na    a«     o     fltohlllTer    fOT    nitTO- 

cellulose was given. We reported the outline showing the 
transformations of diphenylaiaine as given by Davis and Ashdovm (1), 
A later referenoe gives a more complete picture of the changes 
oocurring. Beoker and Hunold (2) give the following series: 

1. dlphenylamine 
2. diphenylnitrosoamine 
3. 2- and 4-mononitrodiphanylamina 
4. 2- and 4-mononitrodiphenylnitroaoamine 
5. 2,4'- and 4,4»-dinitrodiphanylamina 
6„ 2,4'- and 4,4'-dinitrodiphenylnitrosoamine 
7. 2,4,4*-trinitrodiphenylamine 

These compounds were detected by color reactions in powder which 
had been hasted at 100*0.; 2.  (above) detected before heating 
started; 3. after heating one day; 5. after heating three 
days; and 7. after heating four days. This presents a more 
CompAACÄüeu pxo^ure wnaxi wmi* UOOUIXUBU ujr i/avXs ouu Äaauwwn. 

II. Change of solvent for the system. 

In the last report we indicated that our present work was to 
be done in 90 per cent alcoholic solutions. Nitration pro- 
ducts of diphenylaiaine have only limited solubility in such a 
system. In the examination of other solvent^water systems, it was 
found that dioxane-water combinations with as high as 50 per cent 
water gave good results. At present we have not obtained all 
of the products from the above series that we need. For this 
reason we used 80 per cent dioxane. This ought to provide a 
sufficient margin of solubility so that no change will be 
necessary when we begin work with other oompounds of the series. 
One disadvantage of using a system of this composition is that 
one is limited in the number of supporting eleotrolytes which are 
usable, Lithium hydroxide, sodium hydroxide, potassium hydroxide, 
lithium chloride, sodium chloride, potassium chloride and ammonium 
chloride were found to be of limited use because of the tendenoy 
to promite the formation of two layers in the dioxane-water 

1. Davis and Ashdown, Ind. Eng, Ohem. 17, 674, (1925) 
2. Becker and Hunold, Z.ges.Schiess u.Tprengstoffw.,35, 213, 

i^ (1938) and 33, 244, (1938) 
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system.  Kerz and Lorentz (3) give the solubilities of seme 
additional salts and organic acids in diozane-water systems, along 
with useful information on density, viscosity and surface tension 
laeäsurenents. 

Mention should bs mads of precautions in the use of corsner- 
oial dioxane. The usual product frequently contains small amounts 
nr £iycnl noetal and v.-ater. After standing, the glycol aoetal 
nyaroiy*;«^ and the liberated acetaiaenyae gives rise to rapid 
peroxide formation, Purification and proper storage eliainete 
this danger and render the dioxane entirely satisfactory for 
polarographic purposes. Purification of the dioxane used in 
the present work is described below. 

III. llaterlals. 

Dioxane: Six liters of commercial dioxane, mixed with 85 ail of 
hydrochloric acid (3P.G-. 1.175) and 600 ml of water, were re- 
fluxed for 18 hours while a slow stream of nitrogen was bubbled 
through the solution.  This was oooled and potassium hydroxide 
was added until an exoess was present and two layers had 
separated»  The upper dioxane layer was decanted and the potassium 
hydroxide treatment repeated; oontaot with the potassium hydroxide 
pallets was continued for one hour, with oooasslonal shaking. 
Dioxane was again deoanted into a clean flask and refluxed with 
metallic sodium for eighteen hours, a very  slow stream of 
nitrogen being passed through the solution during this period« 
The dioxane was then distilled from the sodium in the presence 
of nitrogen, collection of the distillate being nade in the 
absence of air. The product was stored under an atmosphere of 
nitrogen. See references (4) and (5). 

HCL —- reagent grade — polarographically checked. 
Ethyl aloohol — purification in previous report. 
Lithium ohloride — polarographically oheoked» 
N-nitrosodiphenylamiae — synthesis and reference in PT-1B, 
p-nitrosodiphenylamine — Eastman — white label, 
4-nitrodiphenylamina -- Eastman — white label. 

y \ 

(3) Herz and Lorentz, Z.  physik.chem. Abt. A 140, 406, (1929) 
(4) Hess and Frahm, Ber. 71B, 2627, (1938) 

(5) Fieser, Exp. in Organic Chem. Part II, 368, (1941) 
Heath Publishers, 2nd Ed. 
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IV.    H-Nitrosodiphenylamine, 

(a)    Acid solution in alcohol. 

TaV1A     T 

( 

K-Ki^i-usuuI^iiöaylasiiiie  in 90$ alcohol  {X,y Tolusie) 
Supporting electrolyte 0.1 M KC1 and C.4 M tiOl 
iöörcüi"jr  pressure - 58.3 Qü' 
Jy'm — 40.3 
Drop time at 1/2 wave potential 3*SC 
Hydrogen stress - 10 minutes 

mooIs/liter ma i^/ü 
1 «* • 
2. 
3. 

0.5 
1.0 
1.5 

3.27 
ft.78 

10,63 
8.7?. 
7; 3. a 

1/a wave -- 0.67 

4. 
5. 

2.0 
2.5 

14.40 
17.94 

?. SO 
7.18 

«it 1 inaol 

mean i^/o - 6.95 

(b) Alkaline solution in aloohol. 

Table II 

N-NitföeOdipuöc/iiuiuäö  Xu 60)» olöCüol   (by Toiuss) 
Supporting eleotrolyte 0.1 U NaQH «p* 0*25 K LiCl 
Iferoury pressure 58.3 cm 
P/m — 40.3 
Drop time at half wave potential 3«.s 

Hydrogen stream - 10 minutes 

mmols/liisr 

1. 0.5 
2. 1.0 
3. 1.5 
4. 2.0 
5.** 2.5 

1,76 
3.23 
4.93 
6.66 
8.31 

id/« 

3.52 1/2 wave « 1.17 

3129    id/Cm2/^1/6- 2.03 
3.33 at 1 mmol 
3*32 

mean i^/o - 3.34 
** This ourye shows a slight irmTiiiana 
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N-NitTOSoä 1 phenylaoine acid solution in dinsane« 

Table III 

N-Nitrosadiphenylamine 
80% dioxane by volume 
/-«     ' ._...<_.»    _T 4.„~-i.-+.„ A     O    \f   ISC' 

T? /—        _     i n    •* 

Drop tine  at half wave — 3,85 seo 

22iols /liter Die i&/<3 

1. 0.5 3.72 7.44     1/2 wave  = 0.67v 
2. 1.0 7.32 7.32 
3. l!o 11.07 7! 36    id/Cm2/3t1//6= 4.58 
4. 2.0 14.94 7.47 
5. 2.5 18.00 7.20 

mean i^/o =7.34 

VI.    P-Nltrosodipheiiylamine in dloxans.  acid solution. 

Table IV 

p-Nitrosodiphenylamine in 80# dioiane (by volume) 
Supporting electrolyte 0.2 M HC1 
Mercury pressure 58.3 om 
P/m — 40.3 
Drop time at half wave - 3.84 

mmols/liter ma 

1. 0.5 3, 57 
2. 1.0 7, ,32 
3. 1.5 11 ,10 
4, 2.0    . 15, ,30 
5. 2.5 18 .90 

id/o 

7.14 
7.32    1/2 wave » 0.67 

7^65    ia/Cm^t1/6- 4.62 
7.66 

mean i<i/o ■ 7.40 

VII.    4-Nitrodlphenylamine in dloxane in aold solution. 

When this report was prepared,  the curves for 4-nitrodiphenyl- 
araine showed a maximum o* some prominence.    Y/e have only now 
succeeded in removing this maximum by the use of eosin.    Data 
for the reduction will appear in the next progress report. 
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Addition to data of 

In the curve for th 
in the last report, 

.all wave is not a 

CONFIDENTIAL 

last report, 

e reduction of n-nitrosodiphenylamine given 
*" should be mentioned that the first 
part of the reduction of the above named 

The wave) reported for the reduction indicates a couvround. 
simple   one  bleu ^robess UTiucf 

*_' i.' r» v; x * i o i. v_' I i b * 

From data available at the moment, it seems evident that 
the important products of nitration-oxidation of diphenylamine 
will be reducible ajt the dropping electrode. The fact that the 
1/2 wave potential [for p-and n-nitrosodiphenylamine is 
essentially the samb will not interfere with our interpretation 
of state of preservation of the original powder. For this 
purpose it will not. be necessary to differentiate between n- 
and p-nitrosodiphen 
the stages listed 

rlamine but rather to differentiate between 
a Section I of this report. 

O - 71 - CONFIDENTIAL 



ATI-201 317    if- 
&6r&° } tf// 

National Defense Research Committee, Office of 
Scientific Research and Development, Dlv. 8. Washing- 
ton, D.C. 

PREPARATION AND TESTING OF EXPLOSIVES, by 
Ralph Connor.  Interim rept., 15 Feb-15 Mar 44.   71p 
lllus, tbs.   PT-19. 

JV> 
(Not abstracted) 

9 
DIVISION:  Ordnance (22) 
SECTION:  Ammunition & Explosives (1) 
DISTRIBUTION:  Copies obtainable from ASTIA-DSC. 

J\/Tf^ 4"^    SoDtm^r 2*^ 

SECUUTY INFOUiAnON 

1. Powder, Propellant 
2. Explosives - Testing 
3. Explosives - Stability 
I. Connor, Ralph  _,. 

j<" t<H'f 

Wkm ikla cacd ku Mttr«4 Its pwpo««, It ■•? 
U 4wxny4 la accwdMc« with APR »3-1. Amy 
Mg. M0>9 « OPN\V Int. MM. 

ARMED SERVICES TECHNICAL INFORMATION AGENCY 
DOCUMENT SERVICE CENTER 

6?o 



yg^ÄT^--^ *2^ 
^7    ',       7 y 

• 


