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I. SUMMARY

A.  This quarterly report is submitted under Contract N7omr—-45208 and
covers the period 1 Fetruary 1952 through 30 April 1952,% The objective of
the contract is divided into three phases:

1, Synthesis and physical etudies of new high-energy nitro
compounds as potential explosives.

2. Desensitisation of RIK with materials which will not lower
its oxygen balance appreciadly.

3. Development of bomb and shell casings made of an explosive
plastic,

B, The more important results and conclusions of the work repcrted
are presented below:

) bis(2,2-Dinitropropyl) nitramine has been prepared by the
Mannich condensation of 2,2-dinitropropanocl and ammonium acetate, followed by
post-nitration, This nitramine, propared independantly by the¢ Naval Qrdnance
Laboratary, is being evaluated as a competitor for Tetryl as a boorter
explosive,

2. N,3,3,5,5-Pentanitropiperidine has been synthesised by the
Mannich condensation of 2,2,4,L-tetranitro-1,5-pentanediol and ammonium
acetate, followed by post-nitration. This nitramine, an analog of RIX in
which two of the nitramino groups have been replaced by two dinitro methylens
groups, has & caloulated ballistic-retar value of 150.5 and a caloulated lead-
block valune of 165,

3. Dimethyl-4,lL,6,8,8-pentanitro-6-asa-undecanediocate has been
prepared ty the Mannich condensation of tym mols of methyl L,4-dinitro-5-
hydroxyvalerate with ammonium acetate, followed by post-nitration. This
nitramine has been hydrolyzed to the diacid and converted to the carresponding
diacid chloride and diisocyanate.

L.  3,3-Dinitro-1,5-pentane dinitramine has been synthesized
from 3,3-dinitro-1,5-pentane diamine,

Se 3,3-Dinitro-1,5-pentane-N,N-dinitro-N,N'-bis(trinitroethyl
carbamate) was prepared by the addition of two mols of trinitroethanol to
3,3-dinitro-1,5-pentane diisocyanate, followed by post-nitration,

"See also Aerojet Report No. 512 (i June 1951); No. 536 (ii Septembes 1551);
No. 562 (1l December 1951); No, 589 (13 March 1952),
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6. The following compounds were prepared and submitted to the -
Naval Ordnance Iaboratory for evaluation: methylene N, N'-dinitro-N,N'.
bis(trinitroethyl carbamate), 3,3-dinitro-1,5-pentane-N,N'-dinitro-N N'-
bdis(trinitroethyl carbamate), bis(2,2-dinitropropyl) nitramine, K-nitro-3,3,3-
trinitropropyl-2,2,2-trinitroethyl carbamate, 3,3-dinitro-1,5-pentane
dinitracine, N,3,3,5,5-pentanitropiperidine, bis (trinitropropyl)urea, and
N.nitro-bis-grinitropropyl)urea. The preliminary evaluation and the SPIA data
sheets on the first three compounds are recorded,

7. 2,2-Dinitrobutyl acrylate has been polymerized in dulk to
give an acetone-soluble polymer with a molecular weight of 100,00C; this value
is readily changed by the addition of chain-transfer agents.

8. The solution coating of RDX with fractions of poly 2,2-
dinitrobutyl acrylate of various molecular weights did not give satisfactary
desensitization. The impact stabilities were not improved by modifying the
coating with plasticisers. Nc correlatior between the compatibility of the
components of the coating mixture and the degree of desensitiszation was observed.

9. The emulsion polymerization of 2,2-dinitrobutyl acrylate in a
closed vessel gave an acetone-soluble polymer. Coating of RIX with this polymer
raised the impact stability to a value comparable to that of picric acid or
trinitrobenzene.

II, TECHNICAL PROGRESS: SYNTHESIS OF NEW HIGH EXPLOSIVES

A, INTRODUCTION

1. The present explosives program is directed toward the

synthesis of nesw, stable, high-energy polynitro compounds with a preferred
oxygen balance on the positive side or very near zero on the negative side,

2, This report deals with the preparaticn of nitramines, nitro-
carbamates, and nitrcureas. The Mannich reaction has proved to be extremely
useful in the synthesis of nitramines, Four new potential high explosives have
been synthesiszed.

B. PREPARATION OF NITRAMINES

1,  Preparation of bis(2,2-Dinitropropyl) Nitramine

a. Discussion
A study of the Xannich reaction for the preparation of
nitramines as potential explosives has been initiated, This is a general

reaction which could be applied to any nitro alconol (1) prepared by the Henry
condensation:

Page 2
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oM . Yo
H

(NO2) (NO2)
(1)

The nitro alcohol (I) could then undergo a Mannich condensation with ammonia
or a primary amine. Of most interest to the explosives program were the
compounds produced by the condensation of two mols of the nitro alcohol with
onhe mol of ammonia:

NO7 NO,
Zlé-ﬂizai ¢+ H-N-H —) HN-[CBZC':-R]

: A b,

(NOp) (NO)

(11)
This amine (II) could then be nitrated tc the corresponding nitramine (III):
NO, NG,
H s H )
(No2) (NO2)

(11) (III)

The preparation of the high explosive, HXX (IV), by this method is an excel-
lent example of the usefulness of this technique:

No, NOoMH), O
HO??-H + NO;% + 2020 —> HN. Gizc':-}lOg
NO, NO2 NO2 2
H)‘Oj
NO,
NOoN- Glzé-NOQ
02 J,
(1v)
Page 3
CONFIDENTIAL

s



e

CONFIDENTIAL

II Technical Progress, B (cont,) Report No, 621

One of the deficiencies of HOX is its poor thermal stability at h%ar teapera-

o
tures. It was believed that the methyl analog of HOX, NOpN- =Gl | (V1),

w2 |

L 2
although poorer in oxygen balance, should exhibit a much higher thermal stabil-
ity. Thus, with this compound in view, the first reaction studied under the
Mannich condensation was that Letween 2,2-dinitropropanocl and ammonia, It was
found that by warming an aqueocus solution of ammonium acetate with 2,2-dinitro-

propancl, reaction took place readily, with the formation of bis(2,2-dinitropropyl)

amine (v):
i NO2
2 m;:::.mzm . mm%-m; —> HN- Gﬁz!':-d-lj
N0, Nox J2

(v)

This amine (V), a white - ystalline soldd, mp 62 to 63°C, I.S. >100 cw/2 kg,
was readily nitrated with a mixture of acetic anhydride and 100% nitric acid at
SOC to bis(2,2-dinitropropyl) nitramine (VI), a white crystalline compound,

mp 187 to 189°C, I.S. = 20 ca/2 kg

NO, zI.OZ
HN | cH 0 i3 —%—’ Oz |t 2C-ciy
| N, J, s ko, |,
(v) (V1)

It was later learned that this nitramine had been prepared independently in a
similar mamner by the Naval Ordnance laboratary.

b, Experimental
(1) Preparation of bis(2,2-Dinitropropyl) Amine

A solution of 30 g (0,39 mol) of ammonium acetate
in 50 ml of water and 30 g (0,20 mol) of 2,2-dinitropropanol was placed in a
125-ml Erlenmeyer flask, The reaction mixture was warmed on the steam bath for
20 min. On cooling, 25.L g (90.US) of & cream-colared solid separated; the mp
was 55 to 60°C, Recrystallization from methanol and water raised the melting
point to 62 to 63°C, I.S. >100 cm/2 kg.

(2) Preparation of tis(2,2-Dinitropropyl) Nitramine
One hundred ml of 100% nitric acid was placed in

a 300-ml 3-necked flask, fitted with a mechanical stirrer and thermomet.ar.
The flask was cooled in an ize-22th and 100 ml of acetic anhydride was added

Fage CONFIDENTIAL
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dropwise, while the temperature was maintained at 5 to 10°C, To the solution
was added 7.4 g (0,026 mol) of dis(2,2-diritropropyl) amine. The solution
was stirred for 4S5 min at 5 to 10°C and poured onto ice, The resulting white
solid was collected, washed with water, and dried. The yield of bis(2,2-
dinitropropyl) nitramine was 7.5 g (87.5%), mp 175 to 180°C., Several re-
cryctalliuo:}m frca methanol raised the melting point to 187 to 189°C,

I.S5. = 20 2 kg.

Anal, Calc'd for CgHyoNeOjos $C, 22,09; SH, 3.09; SN, 25.77
Found: m. 22.52‘ m. 3.111; m. 5.77

Heat of Combustion, Hp, Predicted: 2600 cal/g
Found: 2597, 2560 cal/g

2.  Preparation of N,3,3 5, 5-Pertanitropiperidine

a, Discussion

The Mannich reactions of gem dinitro alcohols with
glycine and ethanolamine were investigated by Feuer and May* as a means of
obtaining nitro monomers which would be useful in the preparation of con-
densation polymers, Feuer and May reparted that the Mannich condensation ~f
2,2-dinitro-1,3-propanediol with two mols of glycine did act yield the
expected 3,7-diasa-5,5-dinitrononanedioic acid (VII), but instead, cyclisation
occurred and l-carboxymethyl-3,3,5,5-tetranitropiperidine (IX) was obtained:

No, No
[ B, - ameon = - Bomaed),
02 0y

(vir)
No, NOp 7]

e ot
o HCH O

L N°2/ \1‘02 A

(VIII)

’Iay. Ph.,D, Thesis, Furdue University, .ugust 1950,

CONFIDENTIAL Page 5
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3-Asa-8-hydroaxy-5,5,7, 7-tetranitro-octanoic acid (VIII) was postulated as the
intermediate in thre reaction., The same intermediate would presumably be ob-
tained in the reaction of 2,2,L,4-tetranitro-1,5-pentanediol with glycine, and,
as reported earlier,* this proved to be the case, It was of interest in the
explcsives program to determine whethar 2,2,4,L-tetranitro-1,5-pentanediol
reacted in a similar mamner with ammonium acetate or whethé:r a polynitramine
was formed., It was found that the pronounced tendency for the formation of a
six-member ring takes precedence over the formation of a linear polymer,
resulting in the formation of 3,3,5,5-tetranitropiperidine (X) from the con-
densation of 2,2,l4,Lh-tetranitro-1,5-pentanediol and ammonium acetate.

G2
102 oo '°1\c/ \ M2
aomzc':-mz?-mzm + NH),0COCH3 ——) /l <|:\
NO; NO? 02 NO,
Fa T2

I

(x)

As isolated from the ireaciion mixiure, compound (X) is an unstable orange

solid, mp 108 to 112°C(dec). Nitration of this crude amine (X) gave N,3,3,5,5-
pentnnitropipcy iy idine (XI), a stable white crystalline sclid, mp 120 to 125°C(dec.),
IS. =3 2 kg.

o CHp
VRN SV
"02/' |\Noz —1%‘%%!91-) noJ l |\uo2

mz\ /aiz S Giz\ /CH2
N
| ’l‘°2
(x) (x1)

Compound (XI) is of interest because it is a carbon analog of RDX in which two
nitramino groups have Leen replaced by two gem dinitromethylene groups. This
new nitramine has a calculated ballistic-mortar value of 150.5 and a calculated
lead-block value of 165,2,

’Acrojet Repart No, L99 (16 March 1951), p. 9; the samepiperidine compound (IX)
was obtained from this reaction.

Page 6
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b, Experimental
(1) Preparation of 3,3,5,5-Tetranitropiperidine

A solution of 4 g (0,052 mol) of ammonium acetate
in LO ml of water and 4 g (0,0l mol) of 2,2,L,4-tetranitro-1,5-pentanediol
was placed in a 125-ml Erlermeyer flask. The solution was warmed to 4O to 50°C
and after several minutes an orange solid separated. The reaction mixture was
cooled and the arange solid was collected and dried to give 2.0 g (53.7%) of
3,3,5,5-tetranitropiperidine, mp 108 to 112°C(dec.).

(2) Praparation of N,3,3,5,5-Pentanitropiperidine

A solution of 8 ml of 100% nitric acid and 8 ml
of acetic anhydride was cooled to 5°C, and O,4 g of 3,3,5,5-tetranitropiperidine
was added. The solution was kept at this temperature for 10 min and poured
onto ice. The white s0lid was collected, washed with water, and dried to
yield 0,3 g of product, vhich was recrystall'zed fy nm chloroform to give white
needles, mp 120 to 125YC(dec.), I.S. = 35 cmy'2 kg.

Anal, Calc'd far CeHglgOyo: %C. 19.36; S, 1.95; R, 27.10
Found: %C, 19.65; $H, 1.96; ®N, 26,72

Heat of Combustion, 4H,, Predicted: 2075 cal/g
Found: 2085 cal/g

2056 cal/g
3. Preparation of Dimethyl-l,l,8,8-tetranitro-6-azs-

undecanedioate
a. Discussion

In extending the scope of the Mannich reaction for the
preparation of useful intermediates for the explosives and the nitro polymer
programs, it was found that two mols of methyl l,lL-dinitro-S-hydroxyvalerate
condensed with ammonium acetate to form dimethyl-4,l,8,8-tetranitro-6-aza-
undecanediocate (XII):

NO, NO,
2cu302cw20123|;.c32m + NH),QCOCH3 —> HN- Gizl.i—ﬂizmzcoea*:c
NO, NO2 2
(XII) |

The amine is a white crystalline compound, mp 65 to 69°C, 1.5, >100 cm/2 kg.

Page 7
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b.  Experimental

A solution of 30,0 g (C.39 mol) of ammonium acetate in
75 ml of water and 30,0 g (0,135 mol) of methyl L,L-dinitro-S-hydrcxyvalerate
was placed in a 250-ml Erlemmeyer flask. The solution was heated on the steam
bath fe= 10 to 1S min. On cooling, a cream-colored solid separated, which was
collected, washed with water, and dried. The yield of dimsthyl-L,L,8,8-
muo.&.»wmu was 5.4 ¢ (88.6%), mp 65 to 69°C, I.8. >IWO

L. Pr of 3= 5,8,6- tro-6-ass-

a. Diumuign

Dimethyl 4,L,6,8,8-pentanitro-6-asa-undecanedicate
(XIII) was prepared by the nitration of dimethyl-L,L,8,8-tetranitro-6-asa-
undecanediocate (XII), using a mixture of acetic anhydride and 1008 nitric acid:

lll NO2 100% HNO, Loz 702
K- |OoL-C oG COp0H3|  —=——> N |GHoC-CHCHCOH
%0, . 5% hop .
(x11) (x111)

The nitramine is a white crystallinec compound, mp 91 to 92°C, I.S. = 100 cm/2 kg.
b, Experinental

A nitration mixture of 150 ml of 100§ nitric acid and
150 ml of acetic anhydride, cooled to 5 to 10°C, was charged with 5.4 g
(0.0598 mol) of dimethyl-L,L,8,8-tetranitro-6-aza-undecanediocate. The solution
wag stirred for 35 min at 5 to 10°C and poured onto ice., The white solid was
collected, washed wi%h water, and dried. The yield of dimethyl-L,l,6,8,8-
pentanitro-6-asa-undecanedicate was 17.6 g (62,74), mp 87 to 89°C, 1.5, =
100 cn/2 kg. Several recrystallisations from carbon tetrachloride raised the
melting point to 91 to 92°C,

Anal, Calctd for cwm%‘ ZC. 30.6’4; ﬂi. 3.“‘ “. 17.87
Found: ’co 30092; .’mo 30“3 “' 17.9!3

5.  Preparatjon 6,8,8-Pentanitro-6-aza-undecanedioic Acid

ac Discussion

Dimethyl-4,4,6,3,8-pentanitro-6-asa-undecanediocate (XIII)
was realily hydrolysed with concentrated hydrochloric acid to L,k,6,8,8-psnta-
nitroz(xas;-mdooamdiou acid (XIV), a white crystalline compound, mp 202 to
26% dec.).

Page 8
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Nop[ Moo WOa) - ¥0p :
R |CHaC-CHoCHC02CH 3 | e CH 26 CHCH ,C 0l
NO, 5 NG, »
(x111) - (xIv)

b, Cxperimental

A one-liter Erlemmeyar flask was charged with 85 g

(018 mol) of dimethyl-L,lL,6,8,3-pentanitro-6-aza-undecanedioate and 50C ml

of corcentrated hydrochlioric acid, The mixture was hsated on she steam bath
for 1,5 hr. The solid was collected, washed with water, amd recrystallized
from metnanol and water to give 50.C g (30,02) of U,4,6,3,8-pentaniwro-5-aza-
undecanedioic acid, mp 202 to 205°C(dec.).

Anal, Calc'd for CygHy)NeOy): %C, 27.16; %, 3.19; &N, 19,00

Pound: AC, 27.90; $H, 3,323 ®N, 18.79

6, Preparation of 4,4,5,8,5-F 1
oride

a. Discussion

L,4,6,8,8-Pentaritro-5-aze-undecanedioic acid (XIV)
was converted to the diaci? chloride (XV) with a mixture of phospharous
oxychloride and phospharous pentachloride.

NO NO NO NO

|2 I 2 POCly | 2 2
NO, 2 *02 2
(x1IV) (xv)

Compound (XV) , mp 152 to 155°%C(dec.), I.S. = 90 to 100 cm/2 kg, gave a poar
nitrogen and chlarine analysis; another sagple will be purified and sulmitted
for analyeis. The diacid chloride will be useful in condensation polymeriza-
tions. .

b. Experimental

A 50-ml Erlenmeyer f{lask was charged with 3.0 g
(0,0068 mol) of L,k4,6,8,8-pentanitro-6-aza~undecanedioic scid and 3 rl of
phosphorous oxychloride. Enough phosphorous pentachloride was added to zive
a solution when the reaction.mixture was warmed on the steam bath, The
solution was heated on the steam bath for 1C min and bensene was added to
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precipitate 2,0 g (61.L%) of white solid. The product was purified by dis-
solving in phosphorous oxychloride and repracipitating with hexane; the rmp was
152 to 155°C(cec.), and I.S. = 90 to 100 cn/2 kg.

Anal. Calc'd for CygHoNgOyoCla: £C, 25.06; %, 2.53; %N, 17.5L;
10712860126 C1, 1L,.8C ’
Found: £C, 25,43; €, 3,0L; I, 15,.38;

71, 13.8L

7.  Preparation of 3,3,5,7,7-Pentanitro-5-asa-nonane Diisocyanate

a, Discussion-

4,4,6,8,8-Pentanitere-5-asa-undecanedioyl cnloride (XV)
was converted to the diaside (XVI), which was decomposed to the =orresvonding
diisocyanate (XVII):

NOo[ MO Nai, W0zl 8% E
N | GiC-ataccoc) — 35 k:xg?.mgwgcm3'
X0, , HO, Y
(xv) (xv1)
ROy
—— b |Gigl-G,CHNCO
NO, ,
(XVII)

The diisocyanate is a white crystalline compound, mp 92 to 95°C(dec.), and will
be useful for condensation polymerizations and as an intermediate in the
preparation of trinitroethyl carbamates for the explosives program.

b. Experimental

A S00-m) S-necked flask, fitted with a mechanical stirrer
and thermometer, was charged with 12.5 g of crude L,4,6,8,8-pentanitro-S-aza-
undecanedioyl chlaride, 150 ml of glacial acetic acid, and 10 g of sodium azide,
The reaction minxture was stirred for 1 hr at 15 to 20°C; no heat of reaction was
evident, Lliethylene chloride, 150 ml, was added and the mixtire was washed witlh
vater, 1{ sodium bicarbonate, and water. The metiylene chlaride solution was
dried anc. concentrated in vacuo to give a white solid, mp 80 to 900C(dec.).

Dry chloroform was added to the solid and the solution was refluxed for 2 hr,
with the evolution of 0,5 liter of nitrogen gas. The solution was concentrated
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in vacuo, leaving a trowa solid, The prodict was dissolved in diexan and
reprecipitated with carben tetrachloride; Rocrystallisation from chlaroform
gave a white crystalline solid, mp 92 to 95°C(dec.).

Anal, Calc'd for CygHyNgOyp: %C, 27.53; %, 2.77; RN, 25.69
Pound: %C, 28.83; W, 3.22; M, 25,71

8. Pr tion of 3,3-Dinitro-1 Dinitramine

a, Discussion

. The great contribution of the nitramino group to the
explosive power of a compound is well illustrated in compounds such as
methylene dinritramine and ethylens dinitramine. It was of interest to prepare
similar dinitramino compounds containing additional nitro groups, and to
determine the physical properties and explosive power of such compounds.
Accardingly, 3,3-dinitro-1,5-pentans dinitramine was prepared accarding to
the following equations: '

NO, NO, COCH
‘l'-(mzcﬂzmz)g + (CH3C0)0 — GGl
*02 H .
(xvVIII)
oy 102 oo\ g Y2/
L ads "‘2“‘{ — (A
NOz Ko, 2 02 N2/,
(x1x) (xx)

3,3-Dinitro-1,5-pentane diamine was acetylated and nitrated to 3,3-dinitro-
N,N'=dinitro-N,N'-diacetyl-1,5-pentanediamine (XIX), Compound (XIX) was very
readily hydrolysed with ammonium hydroxide to give 3,3-dinitro-1,5-peantane
dinitramine, a white crystalline compound with the surprisingly low melting
point of 67 to 68°C, I.S. = 30 to 35 ca/2 kg, calculated ballistic-martar
value = 142, and the calculated lead-block value = 132,

b, Experimeuntal

(1) Preparation of 3,3-Diritro-N,N'-diacetyl-1,5-
pentanediamine
Two hundred ml of acetic anhydride was slowly

added to a solution of 121,7 g (0,63 mol) of 3,3-dinitro-1,5-pentanediamine
in 250 ml of dry bengzene, The reaction mixture was warmed on the steam bath,
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cooled, and filtered. The solid was triturated with warm water, cooled, and
filtered, to give 110 g (62,8%) of N,N'-diacetyl-3,3-dinitro-1,5-pentane-
diamine, mp 157 to 159°C,

(2) Preparation of 3,3-Dinitro-N,N'-dinitro-N,N'-
diacetyl-1,5-pentanediamine

- ST S ————— A —

A nitration mixture of 250 ml of 1005 nitric acid
and 250 ml of acetic anhydride was cooled to 5°C and 9€.4 g (0,36 mol) of 3,3-
dinitro-N,N'-diacetyl-1,5-pentanediamine was added., The solution was stirred
for 4O min and poured onto ice, Tae cream-colc'ed s0l’d was collected, washed
with water, dried, and recrystallized from chlorofcarm to give 65,2 g (go',.') of
3,3-dinitro-N, Nt-dinitro-N,N!-diacetyl-1,5-pentarediamine, mp 93 to 96°C,
I.S. >100 cm/2 kg, Two additional recrystallizations from chloroform raised

the melting point to 100 to 101°C.
Anal, Calc'd for CgHj)NgO10t %C, 29.51; B, 3.85; IN, 22.95
Pound: ’cn 29081” m. 3083; ﬂ'. 23067

(3) Preparation of 3,3-Dinitro-1,5-pentane Dinitramine

Twenty-five ml of 28% ammonium hydroxide was added
to 10,0 g (0,0027 mol) of 3,3-dinitro-N,N'-dinitro-N,N'-diacetyl-1,5-pentane-
diamine., The solid immediately dissolved with the evolution of heat to fam a
yellow solution. The solution was cooled and acidified with concentrated
hydrochlaric acid, causing a yellow oil to separate., The reaction mixture was
extracted twice with ether; the ether extracts were combined, washed twice with
vater, dried, and concentrated to give a yeliow oil, Addition of chlorofarm
caused the oil to crystallise to a white solid, The product was collected and
washed with methylene chlaride. The yield of 3,3-dinitro-1,5-pentane dinitramine
was 5.5 g (71.3%), mp 62 to 65°C. Two recrystallizations from anhydrous ether
raised the melting point to 67 to 68°C, I.S. = 30 to 35 cm/2 kg.

m. Calc'd for 0531&6%8 m. 21.28; ﬂl. 3.57; ﬂ], 29079
Pounds £C, 21.4O; Ad, 3,72; ®N, 30,L3
Heat of Combustion, oHp, Predicted: 2725 cal/g
Found: 2681 cal/g
c. PREPARATION OF NITRO CARBAMATES

1, Pr at of tro=-1 bis(trinitroethyl
car

a, Discussion
Wark on the preparation of nitro carbamates as potential
explosives has been continued, It has been found that two mols of t-initroethanol
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will add to 3,3-dinitro-1,5-pentane diisocyanate in the presence of baron
trifluoride etherate, to give 3,3-dinitro-1,5-pentans-bis(trinitroethyl

carbazate), a white crystalline solid, mp 96 to 970C, with an impact stability
of 35 cm/2 kg.

NO e o NOo H 1
' 2 o0 9°86ULAV | |

clz-(a_xgmzncon + HOGHC(NOR)3 —————> C- Eazmzlcwzc(ﬂoe):sJ
NO, 02 2

b, Experimental

A one-liter round-bottom flask fitted with a condenser
and drying tube was charged with 48.8 g (0,2 mol) of 3,3-dinitro-1,5-pentane
diisocyanate, 72.L g (0.4 mol) of trinitroethanol, LOO ml of dry alcchol-free
chloroform, and 52 ml (O.4 mol) of boron trifluaride etherate. The solution
was refluxed for 2l hr, cooled, and washed with four 250-ml portiocns of water.
During the final water-washing a cream-colored solid separated from the chloro-
farz solution, The product was collected, washed with chloroform, and dried to
give 75 g (61.8%) of 3,3-dinitro-1,5-pentane-bis(trinitroethyl carbamate),
mp 96 to 97°C, I.S. = 35 cm/2 kg.

2, atioa of 3,3-Dinitro-1 N, N'-dinitro-N,li'-
car o

a, Discussion

The nitration of 3,3-dinitro-1,5-pentane-tis(trinitro-
ethyl carbamate) with a mixture of 100% nitric acid and acetic anhydride at
SOC gave 3,3-dinitro-1,5-pentane-N,N'-dinitro-bis(trinitroethyl carbamate).
The product is a white crystalline compound, mp 151 to 152°C, 1.S. = 25 to 30
cm/2 kg,]z;ygen balance = -9,2, ballistic mortar value = 1LO, and lead-block
value = o

3 P

i HNO;
¢ ‘;*zwzlcwzcwom] =
ﬁo.‘,‘ ’ S

s

¢ l‘j‘z‘“‘z"“zﬁ*zc("%)} 2
NO2

b. Experimental

A nitration mixture of SO ml of 100% nitric acid and
SO ml of acetic anhydride was cooled in an ice bath and 5.0 g of 3,3-dinitro-
1,5-pentane-bis(trinitroethyl carbamate) was added, The reaction mixture was
stirred for 20 min and poured onto ice, The white solid was collected, washed
with water, and dried to give L.,9 g of product, mp 148 to 150°C, T
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recrystallisations from methylene chloride raised the melting point to 151 to
152°C, I.S. = 25 to 2C om/2 kg.

Anal, Calc'd far CyiH)oNy 505t #C, 18.97; &, 1.74; SN, 2.1k
Found: :C, 19,19; ®, 1,77; SN, 23,87

Heat of Combustion, &Hp Predicted: 176L cal/g
Found: 1776 cal/g

D. PREPARATION QOF NITRO UREAS

1, Preparation of bis(Trinitropropyl) Urea

a, Discussion

During the past quarter additional quantities of
bis(trinitropropyl) urea and N-nitro-bis(trinitropropyl) ures® were prepared far
evaluation by the Naval Ordnance laboratary. The starting material for these
syntheses was L,lL,Ub-trinitrobutyryl chloride:

(NO2) 30TH,CHZC0C) ——> (NOp) 30CH 2CHZCN3 ———> (HO,) 30CH 2CHNCO

1 e 0 8
——> C- [N-CH2CH2C(NO2) 3| ——> (NO2) 3CCH 5CH p— C-N-CHCH2C (NO2) 3

3,3,3Trinitropropyl isocyanate is a light-yellow liquid., However, in some of
the preparations a high-melting solid was obtained instead of this liquid,
This solid was thought to be the cyclic dimer or trimer of 3,3,3-trinitropropyl
isocyanate ™ It has now been shown that this high-melting solid is actually
the bis(trinitropropyl) urea farmed as a result of incomplete drying of the
azide solution prior to decomposition to the carresponding isccyanate.

b. Experimental

The solid formed in the preparation of 3,3,3-trinitro-
propyl isocyanate was recrystallized from chlaroform to give white nsedles, mp
170 to 171°C(dec.).

Anal. Calc'd far C7HoNg0O13: %C, 20,30; $H, 2.Lu3; #N, 27.05
Pound: %C, 20,LL; #H, 2.35; %N, 27.04

Heat of Combustion, AHy, Predicted: 2198 cal/g

Found: 2164 cal/g

*aerojet Repart No. 589 (13 March 1952), p. 10.
" aerojet Report No. 562 (14 December 1951), p. 12.
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E. PREPARATION OF SAMPLES FOR EVALUATION BY THE NAVAL ORDNANCE
LABCRAT(RY

1, The following samples were ;i'oplrod and submitted to Naval
Grdnance laboratory for evaluation:

a. Methylene N,N'—dinitro-bis(trinitroethyl carbamate),
22.5 g, mp 112 to 113°%C, I.S. = 25 to 30 cmy/2 kg.

b, 3,3-Dinitro-1,5-pentane-N,N'-dinitro-N,N'-bis(trinitro-
ethyl carbamate), 18.6 g, mp 151 to 1520C, I.S. = 25 to 30 cm/2 kg.

C. N-Nitro-3,3,3-trinitropropyl-2,2,2-trinitroethyl
carbamate, 13.6 g, mp 96 to 97°C, 1.S. = 30 cm/2 kg.

d. ts(2,2-Dinitropropyl) nitramine, 21.2 g, mp 187 to
189°C, I.S. = 20 cm/2 kg.

e. 3,3-Dinitro-1,5-pentane dinitramine, 3 g, mp 65 to
66°C, 1.S. = 30 to 35 ca/2 kg.

f. N,3,3,5,5-Pentanitropiperidine, S g, mp 119 to 124°C
(dec.), I.S. = 35 ca/2 kg.

. bis(Trinitr 1) urea, S g, 167 to 169°C(dec.),
I.S.-60to65cq,2 Kg. Kl g ™

h. N-Nitro-dbis(trinitropropyl) urea, S g, rp 79 to
81°C(dec.), I.S. = 30 to 35 cm/2 kg,

2. The conclusions reacned by tbe Naval Ordnance Labaratory
with respect to three of these compounds are as follows:

a, Methylene N,N'-Dinitro-N,N'-bis(trinitroethyl carbamate

This compound is of interest because of its high
density, good thermal stadbility, and swpius of available oxygen. On the other
hand, it would require extensive desensitization for pressed-charge applica-
tions, and could probadbly never be cast alone or in mixtures in which it is
dissolved when melted. The compound is unstable above its melting point or
when dissolved in liquid TNETB at 100°C, Its compatibility with wuxes at
elevated temperatures is being determined.

b. 3,3-Dinitro-1,5-pentane-N,N'-dinitro-N,N'-bis(trinitro-
ethyl carbamate)

Although this compound is thermally stable, the denrity
is not high enough, and the impact sensitivity is greater than that of PEIN,
It is, therefors, of no interest at the present time,

Da
4
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Ce bis(2,2-Dinitropropyl) Nitramine

Additional tests have been performed on this campound,
pr.pared both at NO(L and Aerojet., It is being «valuated as a competitor for
Tetryl as a booster explosive, The tests reported in Table I were designed to
follow the decomposition rate at elevated temperature. Tetryl decomposse

rapidly above its melting point (130°C), The stability shown for the ni’ramine
is remariably good,

F. THE ESTIMATION OF FXPLOSIVE POWER OF HIGH EXPLCBIVES

A simple method for the estimation of the explosive power of high
explosives has been formulated at Aerojet.® Recently, it has come to our
attention that simi)ar work has been performed b; BHandrick st the Arthar D,
Little Co,™ Handrick calculated the force (the product nRT) for explosives
by using a value for the explosion temperature T shich was obtained by a
process of iteration rather than by an approximation; in this way the power
of an explosive was calculated to be 100 times the ratio of its force to that
of INT. Close agreement was found in uearly all cases between this power and
the power observed in the ballistic mortar. These calculations confirm the
validity of the coarrelation between ballistic mortar value and force found at
Aerojet. For the survey purposes to which the correlation is being applied,
the approximate methods developed at Aerojet ame sufficiently accurate,

III. POLY 2,2-DINTTROBUTYL ACRYIATE
A. INTRODUCTION

The previous quarterly report®™* described the polymerization of
2,2-dinitrobutyl acrylate for use in the coating of RIX from emulsion and
solution, The nitro monomer was polymeriszed in emulsion and in bulk, giving
an insoluble polymer. When RIX was coated with this nitro polymer the results
were unsatisfactary and umreproducible. Impurities in the monomer probably
caused cross-linking, which would result in an insoluble polymer., This problem
was investigated, and the 2,2-dinitrobutyl acrylate was successfully
purified, Bulk polymerization of this new and pure monomer gave a high-
molecular-weight polymer which was acetone-soluble, It was desirable to deter-
mine the molecular weight of this nitro polymer and to ascertain the influence
of polymerisation additives on molecular weight in order to determine the effect
of coating RIX from solution with representative polydinitrobutyl acrylates of
various molecular weights,

*Aerojet Repart No. 512, p. 8.

**a. R. Handrick, "Calculation of Power" in Arthur D. Little, Inc. Report
"Fundamental Research on High Explosives," Abstract of Work Performed Under
Contract DA-19-020-CRD-12, July 1949 through October 1950, p. 27.

*** perojet Report No, 589, p, 1.
Aerojet Report No. 590, p, S52.
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B. DETERKINATION OF MOLECULAR WEIGHT
1, Standardisation of Viscometric Molecular Weights

a, The determination of the intrinsic: viscosity of a
polymer from its relative viscosity at various concentrations affords a speedy
method for the determination of molecular weight. Howevar, the method is not
absolute; its use with any polymer depends on standardization with fractions
of known molecular weights. This standardisation gives the constants of the
Staudinger equatios, which relates intrinsic viscosity to molecular weight.
Absolute values of molecular waight can be determined by oamotic jressure
measurements,

b. For purposes of standardisation, several specimens of
polymer were made in a bulk process, using different chain.transfer additives
and different conditions to give a variety of molecular weights. These
preparations are described in Table II.

- Ce. Intrinsic viscosities of these materials were deter-
mined, as shown in Table II. PFor the first tiree, viscosities were measured
in acetone solutions at several concentrations, and intrinsic viscosities were
derived by extrapolation; for specimen dl a msasurement at only one concentration
was made, and the intrinsic viscosity was calculated from this msasurement by use
of the Baker equation. (This equation had previously been shown to hold"

accurately far polydinitrobutyl acrylates.)

d. Concurrently, osmotic pressures were msasured with
Zimm-Myerson osmometers. Molecular weights were determined at different con-
centrations in acetone from the equstion "W = NRT, with the intention of extra-
polating tc zero concentration, at which this ideal relation is valid, However,
the calculated molecular weights showed no trend with concentration; accordirgly,
they were simply averaged for esach polymer. Molecular weights, for specimens
a and b were obtained in this manner, as shown in Table II, In spite of much
effort, tests on specimens ¢ and dl have so far given very erratic results,
However, this work is being continued, with the aim of providing corresponding
values of intrinsic viscosity and molecular weight for a sufficient number of
fractions to estadlish firmly the constants of the Staudinger equation.

2. The Influence of Polymerigstion Additives on Molecular Weight

a, To test the effects of various catalysts, retarders,
and chain-transfer agents on dinitrobutyl acrylate polymerization, and to
ascertain what range of molecular weights can be attained, a series of samples
was prepared for bulk polymerization. Each sample contained S g of a standard
dinitrobutyl acrylate. In the various formulations, other free-radical catalysts
were substituted for MAKP, or this catalyst was supplemented with chain-transfer
agents and retarders (tertiary dodecyl mercaptan, carbon tetrachloride, and
2,2-dinitropropane)., All samples were cured on the same schedule. The
appearance of the reaction products is described in Table III.

Page 18
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AR 11

PREPARATION QF POLY 2,3-OINITROBUTYL ACRYIATE AXD
RELATION OF INTRINSIC VISCOSITIES TO MOLECULAR WRIGHTS

(All msasurements made on acetons soluticas st 25°C)

Specimen Additives, THBA Basis Cure Preparation
a 1,08 MAKP ¢ 1,08 dodecyl S day» at L5°C (1) 10 g diseclved in 50 ml acetoms
marcaptan 2 daye at 60°C Precipitated from SO0 al smethanol

(2) Dissolved in 25 ml acetons

Precipitated from 500 ml methancl
® 1,08 MAKP « S78 CCY, 2 days at 60°C J timee:

10 g dissolved in 25 ml acetoms

Precipitated from 500 ml ssthanol
° 1,06 MAKP 2 days st 60°C 3 timess

10 g dissolved in 25 ml acetons

Precipiteted from SO0 ml methanol

a 1.08 MAKP 3 days at I5°C (1) lhhs g diseclved in SO0 ml acetans
3-3/L 4days at 60°C Precipitated from 750 ml msthanol
1 day at 85°C (2) Ppt. (1) aissolved in SO0 ml
acetons
Precipitated from 700 ml msthanol
(1.6 g yisldd)
Average
Speciasn Conc, Iﬁ Mg (] Osmomster Conc, dﬁ ¥ [
a 1,000 1417 0,365 A 1.l2 $7,000
0,600 1,238 c 63,000 62,000
0,200 1,075
A 0,83 65,000
c 62,000
b 1,000 1,666 0.5 A 1.620 78,000 79,000
0,600 1,366 c 74,000
0,200 1,11
A 1,108 82,000
Cc 83,000
A 0,618 77,000
e 1,000 1,908 0.720
0,600 1,500
0,203 1.154
da 1,000 2,305 0.88"
*Caloulaved from Baker equetices |7 =3 -‘\er°"5.1)
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III Poly 2,2-Dinitrobutyl Acrylate, B (cont,) Repart No, 621

b, Low-molecular-weight fractions were eliminated from
each product by dissolving 2.5 g (ar one-half of the gel phase) in 12 ml of
acetone, and reprecipitating the polymer from 360 ml of methanol while stirring
it rapidly in a Waring Blendor. Intrinsic viscosities of the dried, re-
precipitated polymers were determined; thesc results are also given in
Table I1I,

Ce. Differences of activity of the various catalysts are
reflected in the differences of molecular weight, Also, as would be predicted,
an increase in MAKP catalyst from 1 to 5,2 causes an appreciable lowering of
the molecular weight of the product., Carbon tetrachloride, mercaptan, and
dinitropropane all lower the molecular weight, as expected, and the effect
increases with increasing amounts. The range of values of intrinsic viscosity
suggests the possidility of fixing the molecular weight anywhere within a wide
range by a suitable sombination of additives.

IVv. DESENSITIZATION OF RIX

A, BY COATING FROM SOLUTION WITH POLY 2,2-DINITROBUTYL ACRYIATE AND
POLYMER I-A

1. Discussion

a, In desensitizing RDX by applying a coating from
solution, previous work had shown the need of a more effective coating and of
reducing the amount of surface-active agent used (LS of the RIX, in the best
preparations hitherto). Polydinitrobutyl acrylate seemed to hold promise as a
coating materisl sprlied in this way, Accordingly, a polymer of about 100,000
molecular weight was tested in the process, using those surface-active agents
which previous experience had shown to be best, However, even with X of
agent, the amount of desensitigzation achieved with 5% of polymer was small,

b. On this basis, two procedures were adopted. First,
the introduction of plasticisers into the coating was investigated., Second,
the application of polymers of different mclecular weights was studied, in the
hope that the physical properties of a polymer of another molecular weight
would provide superior desensitization,

Ce Some compatibility tests were performed for guidance
in the choice of plasticisers. It .s not known how compatibility is related
to effectiveness in desensitizing explosives. The results show that the
plasticiser which forms the most flexible compatible film with the polymer,
dioctyl sebscate, Jdoes not necessarily give ths best desensitization {cf.
results for dinitropropane). Since most of the surface-active agent has been
shown to be retained on the RIX surface, poosidbly the ternary system of
polymer-plasticiser-agent should be considered. A number of experiments were
performed with dinitropropans as a plasticizer, in an effort to odbtain a com-
patible film of fair mechanical pm-uperties., Such a film was obtained with the
formulation of polymer/DNP/glyceryl monoleate, S/L/2, but the desensitization
achieved with a coating of this composition was mediocre.
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IV Desensitisation of RDX, A (cont,) Report No. 621

d. In this connection it was alsc noted that the efficacy
of plasticizers appears to depend on the surface-active agents used. Thus,
dinitropropane appears to be better than Emery dimer acids with Span 85, but
worse with Prosol 307,

e. On the whole, no clear relation between compatibility
and desensitization has been demonstrated by these few results and none of the
results seem good snough to justify the further wark needed to establish
positively the presence or absence of a relation, inasmuch as all values of
impact stability were well below 100 cm/2 kg.

b Representative polydinitrobutyl acrylates of various
molecular weights were tested as coating materials, Impact stabilities of all
the products were poar, even though 10f polymer was used. In the sawe formu-
lations, polymer I-A gave distinctly better desensitisation.

2. anm

a, A sample of pure dinitrobutyl acrylate was polymerized
in bulk using 1 MAKP catalyst, and cured accarding to the following schedule:

3 days at LS°C
2-3/4 days at 60°C
1 day at 85°C

The resulting polymer, a tough, amber-colored mass including some bubbles, was
dissolved in several volumes of acetone, The polymer was reprecipitated by
slowly adding 1 volume of solution to 30 volumes of methanol, stirred rapidly
in a Waring Blendar, and the solvent was dried under vacuuam,

b, Viscosity measurements led to a value of intrinsic
viscosity, [\'z] » of 0,592, and tne osmometric molecular weight was approximately
100,000,

c. This polymer was used for coating RDX, with the results
shown in Table IV, All impact stabilities reported here apply only to the
"original” material (a friadle crust or small globules) which resulted from the

drying operation,

d. The first tabulated values are for the polymer alone
(S% of RIX), using various amcunts of Span 85 &s surface-active agent, £~
single test of the compatibility of polymer and Span 85 is also described.

e, The latter part of the table shows the results of
attempts to improve the coating with various plasticisers. (Alsc included are
a few data on the plasticization of polymer I-A,) With three of these
materials, dinctyl sebacate, dinitropropane, and Emery dimer acids, tests were
performed for both coumatibility and desensitisation.
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V Desensitisation of RDX, A (cont,) Report No. 521

£, The effect of adding a small amount of methocel (methyl
cellulose) was tested. This compound is used at the Naval Ordnance Test
Station, Inyokern, as a dispersing agent., Comparisor of the results with those
obtained for the same formulations without methocel shows that the improvement
is negligible:

e — - —————

I.3.

Slurry Medium, per 1,00 g RIX Coating So*-tion cm/2 kg
15 ml water ¢ S ml acetone ¢ 0,050 g Poly DNBA in . ml 35 to LO

0.010 g Span 85 + 0,005 g EtOAc

methocel
15 ml water ¢ S ml acetone ¢ 0,050 g I-A in ¢ ml BtOAc L0 to LS

00010 ("4 Spl.n 85 * 0.% (4 %

methocel

8o To test the relation of the molecular weight of poly-
dinitrobutyl acrylate to effectiveness in desensitisation, different prepara-
tions, including an emulsion polymerisstion product and several of the bulk
pulymers described in Table II, were applied as coatings. To compensate for
the reduced amount of surface-active agent used, 10f of polymer (based on RDX)
was taken in each case, The results, given in Table V, show that none of the
polydinitrobutyl acrylates are particularly effective in desensitisation. A

few applications of polymer I-A in similar formulations show this polymer to be
distinctly better,

B. BY COATING FROM EMULSION WITH POLY 2,2-DINITROBUTYL ACRYLATE

1. Emlsion Polymerisation of 2,2-Dinitrobutyl Acrylate

a. Discussion

(1) The emulsion polymerisation of the new, pure 2,2-
dinitrobutyl acrylate was studied using the same type of recipes that were
employed in the previous work. The polymerisations were first carried out on a
small scale in test tubes and screw-top bottles which were rotated end over end
in a water bath at 4S5OC, When 5% Nonisol 210 was used as ths emulsifying agent
and 0,25 MAKP as the catalyst, the pclvmerisation took place very slowly and in
poor yield (36 to L6K), but the polymer that was obtained was acetone-soluble,

(2) 1In order to conduct the work on a larger scale,
the remaining emulsion polymerisations were carried out in a three-necked flask,
The flask was fitted with a mechanical stirrer and the polymerisation was run

in a nitrogen atmosphere., However, the results obtained in this type of vessel
were entirely different from those obtained using the apparatus described in
Paragraph (1), above. In all cases the nitro polymer obtained was acetone-
insoluble; the reason for this is not yet apparent, FRurther studies will be
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V Desensitisation of RIX, B (cont.) Repart No, 621

e VAR

TABLE V

EFFECT OF MOLECULAR WEIGHT OF POLY 2,2-DINTTROBUTYL ACRYIATZ

OM RDX DESENSITIZATION

(In all preparations, slurry consists of 1,00 g RIX in 1S ml water ¢ 5 ml
acetone ¢ surface-active agent; ccating solution contains 0,10 g polymer

in 2 ml ethyl acetate)

Surface-Active Agent
ooalo g Span 85
0.040 g Span 85

0.010 g Span 85

0,010 g glyceryl mono
olesate

0.010 g glyceryl mono
oleats

0.010 g glyceryl mono
olsate

0,010 g glyceryl mono
oleate

0,010 g glyceryl mono
oleate

0,010 g Span 85

0,010 g glyceryl mono
oleate

0.010 g Prosol 307

Polymer

Baulsion Poly DNBA

Bmulsion Poly DNBA
(C“tw m. - M)

Emulsion Poly DNBA
Emulsion Poly DNBA
(coating temp., = 609C)
Poly INBA, () = 0,230
Poly DNBA, (/) = 0,362

Poly DNBA, (%) = 0..96

Poly DNBA, () = 0.598

Poly DNBA
(not reprecipitated)®

1-A

LA
LA

* [ = 0.275 after reprecipitation,

CONFIDENTIAL

Impact Stability

/2 kg

30 to 3%

SS to 60
IS to SO

3 to 4o

S5 to 60

¥ to Lo

¥ to ko

55 to 60

Lo to US
65 to 70

kO to IS
60 to &5
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made to prepare a soluble polymer. The preparation of Nonisol 210 and MAKP in
the flask was not satisfactory, as poor emulsions were obtained. When 7,5%
Tween LO and 1% (NH),)2S208 were used at LSOC, gnod emulsions containing 68.4%
polymer (N-261) were obtained in LB hr, The addition of additives such as
2,2-dinitropropans, lecithin, and CR-39 (croes-linking agent) caused a decrease
in the rate of polymerisation.

b. Experimental
The experimental results are summarised in Table VI,

2. Coating of RIX
a. Discussion

I.. the coating of RIX with the emulsion of poly 2,2-
dinitrobutyl acrylate, three significant factars emerged:

(1) The coated samples of RIX with the highest impsct
stability were obtained from the emulsion containing the acetone-soluble
polymer (N-252-1 and K-252.J).

(2) It was found that it was not necessary in
cases to add methanol to precipitate the polymsr from the emmlsion onto the RIX,
Apparently, the mere mixing of the aquecus slurry of RIX, Span 85, and the
emulsion, causes the polymer to precipitate from the emulsion onto the RIX,

(3) It was shown that RIX could be coated with less
than the 2,58 Span 85 which has normally been employed, Thus, using 5% 2,2-
dinitrobutyl acrylate and 0.5 to 2.5% Span 85, coated samples of RIX were ob-
tained which had an impact stability of >100 cm/2 kg (RDX = 34)., In order to
tring these values down to a measurable range, the determinations of impact
stabilities were repeated by placing the samples on 5/0 sand paper. The coated
RIX samples then had an impact stability cf about 30 to 35 cm/2 kg as compared
with RIX = 28, picric acid = 35, trinitrobensene = 30 to 35, TNT = 67, and
composition A = 50 to 55. The samples were pressad at 15,000 psi and the impact
stabilities were lowered, from >100, to 70 to 100 cm/2 kg, The RIX coated with
the insoluble nitro polymer gave low impact stabilities, irom 30 to 100 em/2 kg.
The addition of 1f of plasticisers such as 2,2-dinitropropane, dioctyl sebacate,
and Emery dimer acids during the coating process did not serve to increase the
impact stability,

b. Experimental
(1) Precipitation Using Solvent
/pproximately 100 ml of water was placed in a

500-ml resin pot, fi ted with a mechanical stirrer, and the 2,2-dinitrcbutyl
acrylate emlaion was woighed into the pot by difference. Knowing the

Page 26
CONFIDENTIAL



..: ot
¥, o
- p—— ..-..-«-——-—M
Lo

Maa..z3332203, 03,3323, 83231
Meseat 82880 €sv%983%aan0an ’.:‘sa’:’_ ‘ ; "
9999939993999 09 139 ' s "'i"

, I

CONFIDENT. AL

o

e

Rligastial

T

Heiaiasteiid
iy
gi:giilli! gii
[T
;;iidﬂ}}nn
Lyt
firifi
il
i
T
sgiditideicns

he N7

|

|
|
|
\




CONFIDENTIAL

V Desensitisation of RDX, B (cont,) Report No, 621

corvertration of the emulsion, the amount of 2,2-dinitrobutyl acrylate that had
been »iled could then be calculated. The Span 85 was weighed into the pot by
differe-ce, stirring was started, and the calculated amount of RDX was added
through a2 powder funnel. The slurry was stirred for 10 min and an equal

volume of methanol was added, The mixture was stirred for an additional two
minutes atel filtered., The coated RDX was washed with methanol and dried in vacuo.

(¢ Solvent Precipitation Without the Use of Solvent
This procedure was identical with that described
atove, except that no methanol was added to the rasaction mixture. The coated

RDX was washed with water and dried in vacuo over potassium hydroxide for 24 hr.
The experimental results are summarized in Table VII,
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Repart No, 621
SPIA/M3

fets Questicnreire ca
COti POUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES
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COMPOUND: Metigylene N, N'-Dinitro-N N*
Name Information submitted by:

Empir or Activity Aec paration
Structure: ( L Persoa Hﬂ;"‘ﬁ'\rmﬂ‘_. ene
l'l \02 ﬁ !'l i q? Date J‘T'i_!_._l"?
C- | B—C-0-C-C—NOy | |
H Hiop | a(4c0)z « ZH0GC(C,)) —> Gl KO, N0p);3
2
Preparation reaction(s): HNO rloz -1
;53 i 23,9 Ispurity from
1. Quantitative amalysis($ by veight) mrq.

Calculated { formula BUR T
By determination ﬁ g __gg_ I mol%

2. Buraing properties:(conpsred to nitrocellulase, under mitroges et stacepheric preseures)

TlReter? olowe? residus? otc.)

3. Stabllity and Seasitivity: Piet eny greghe ca Discuse msthods wped shen they very
ssparete shest fran referenmces. GCive tempereture used.
(Soo soparete sheet if necssssry.)

et S
a. lmpact Sensitivity 2

b. Thermal Stabtlity OSRD 3401 p.8
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7. Specific impulse (Igp) cale:

8. Physical form of compound (viscous 11ruid, erystellise type, otc.) White prismatioc cryptals

9. Simple microscope analysis datx:
(erystal studies)

o 1 or T 0o
10. Deasitylte (l:l:).“) 4 e:’- -(:::: oh::.:lv “M) sethods you use. )gnle-’.
11. Index of retractiom (of°*°-) 13. Color __ White _ 13. Odor
14. pH at 38°C. 6 (Wsthod referemce UBD 3401 o.{, or JSRD %968, Ins wed, Lo,
salvest o wed, pil indiestor mner or Deckmn -M)M
meter, 0,003 in acetons-water (3.8 volf water)
leg ¢
HEEEEEERED=E
g L- | /i’
8 | _
£
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E; \ il
§ N
L ¥ :
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17. I&w&wuw C.
18. Neat of Vaporisation g-cal./gm BTU/B.
19. Heatof Fusiox 7 (est,) g-cal./gm 13 (est.) BTU/B.

30. Melting poiat __ 110,9 °C. at 0,08 impurity
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SPIA /M3
Under we are considering the sdility of teo compovads to be in intimste comtect (Note
$758 p. 21-22) over o long perisd of time without sdverse effects on either the chemicsl or physiesl
nroverties Jf sither meterisl. These tests ¢ill bly be of veried extent. Thay sight de eame of

the followings (#' Stenderd stadility teste. (D) Simole cdservetions of exudstiocs or sepsretiom et
eadient ar scceiereted temoereture. {o) Prepare thin sheets (.025° thick, 1° equere) of the plesticised
saterial, Separete the shoets with strine of cigerette peper or cerbom paper end camprees the steek ia

8 O oinm, After severel deys note the olly collection on the ceper. Plesse give referenmce to or
desaride vrocedure used. Item 28 1s to Indicste results when the comoound is in contect with ecome meteri-
8l oti..r then ethyl cellulose, nitrocellulose or rubder,

25. Compatadility with ethyl cellulose:
36. Compatabdility with nitrocellulose: -
37. Compatability with rubber:
38. Compatabliity with
30. Polymerising properties of the new compount:
(a) By itsel
(b) In mixtures (ith sAditives)
(c) Iakiditing action on polymerisation of:
Thiockol
Methacrylate
Other compounds
30. Awailability
a. Amount now available ? _En__llw,mm‘
b. Whea was available mater trst
¢. Amount prepared at that time ?
d. Is large production feasible ?
¢. Plant capacity in existance, Ibs/day ?
1. Outline steps for a quantity production method
V1., Additional information: (texicity, hesst’s, detericretion, axygea belemce, detomstion rete, explesive
i a te : . , dote o t
:.cr. 030 gml’ln water oﬁ rwl"'m' reperts, books, ste. that refer to tde
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fote Questionmaire ea
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND UTHER EXPLOSIVES
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By Experiment By Calculation — u.m:‘a
e o f t oot e el
R i R g et g cal/gm
e. nmaemmﬁ) 2560, 2597 cal/gm 2600 Aerojet . .
(et 250, H20 liqul 0.

7. Specific impulse (Igp calc: Ib-sec/Id
8. Physical form of compound (viscous 11nuid, crystelline tyvs, ete.) White, tabulsr crystals

9. Simple microscope analysis data:
(crystel studies)
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|
T 111
L

,
1

11. Index of refractio (af’") 12. Color White 13. Odor None .
I o T S I D N, TR
pH meter, 0,010M in acetone-water (3.8 volf water)
Leg
a ® > = ¢ \ o
g P IR l I I D R R !
L IS IS SN W WS (N E G S V4 S
I | | ! | | -?_!
]
3 1T 1
| e i B
' / . {
‘ Ry, |
) ' 1 T —
£ . AL
-E vy { |
E
b

5 1 =T
f ' ' | 7 i | } ‘ !
A ' . L] o
| | ¢ ! { | ! |
'ENEENANEREESEEE R RN
_ 7,455 SSRGS SN SN N SRS U G W S [
33 [ R i’ T — ;
i Col 1 I R O O S O |
17. ftion
ol p, 3 desmrrit mmpy v
18. Heat of Vaporisation g-cal./gm BTU/D.
19. Heat of Fusiox g-cal./gm BTU/B.

20. Melting polat 187 <.
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31. Freesing point vs. Time Curve: (Plesse msrk the coordinctes with scele valuss thet apply to the compound
under etudy.)
i
T !
!
, i
u {
) !
" :
£ |
: S :
«
&
b 3
w f
L {
TIME
22. Solubllity of new compound:
<0.1 /100 ml K30 at 25°C. 8/i00 ml HgO at .
5.5 §/100 ml at 2 .
. 2ane aater used as sclveat)
<0,1 /100 ml ___toluene at__ % .

(nsms saterial used ss sclvest)
Visconity of th: new compound and its solutions

NEW COM POUND SOLVENT VISCOPEITY ot TEMP. METEHOD USED
. $ Centiveises <. veforense
ia eolutiea ns hwll.
a. 100 PO 2¢
b. __1® ol
CQ f ese . ‘) , o !,
d.
e.
£, =
Abllity to ise nitrocellulose: Ad: ity to plasticiss !s to be & gemsrel summery of the results of

y of the camncund under study shea it is in er istimste aixture sith
nitrocellulose, Por exasple, msks ¢ mixture by thorcugh extemsive mixing sad rolling, using 408 by st.
o? the 1we compound en 60F by wt. of the stender’ N.C. Use es stenderd N.C. o blend having 13.15%
nitrogen end 30-50 poise viscosity Setermined by the csovillary tube method, et 25°C,, an ¢ mirture of
108 ¥,C., 108 ethyl slcobol end 80K scetome, by wt. which hee been mixed by 24 houre relling im o suitedls
eomteiner. Items to comsice™ regerding nee campound might Smclude: its scludility, effects am the
siztuye by sge, hest, light, enu Zoisture. Does it seperete or erystallise? Dess it form bubbles by
Aecamposition? Doss the mixture shrink om ste:d4ing? DNoss the ccmpaund effeet flaxidility or pliability
of the mitrocellulese?
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Usder we are coneidering the ibility of two campounde to be i iatiaste eantact {Bcts
D S Pe over ¢ long :.1:‘ of time without sdverse effects om eithsr the chemicel or physicel
orcoerties of either meterisl, tests will bly be of veried exteat. Thay uight de ecme of

the followings (o) Stenderd stadility teste. () 8imale cdservetions of exudetiocs or sepsretica st
esbient or accelerstad temperetwre, L) Prepere thin sheste (.025° thiek, 1° squere) of the plssticised
saterial, Semrete the sheete with etrive of cigsrette peper or cerdom paper end camprees the steek in

o "C° olswmp. After severel deoys note the oily collection or the meper, Plesse give referemce to or
Gescride orosedure wsed. Item 28 1s %0 iIndicete results when ihe compound 1s in contect with scme meteri-
sl other than ethyl cellulose, nitrocellulese or rudder,

$8. Compatabdility with ethyl cellulose:
30. Compatabdility with attracelluloss:
37. Compatabllity with rubber:
38. Compatabdility with
2. properties of the new compow .t
() By itself
(®) Ia mixtures (vith sAditives)
(c) lahibiting actior on polymerisation of:
Thiokol
Methacrylate
0. A Cther compounds
© " a. Amoust sow available? Research quantities
b. Whea was avallable material first prepared?
¢. Amount epared at that time?
d. Is large production feasible ?
e. Plant cepacity in existanco, ba/day?
f. Osutline steps for a quantity production method
31. Additional iaformation: (Sexinity, kessfve, deteri wvetica, oxygea belamce, detamtion rete, explesive
pemer, ?mhﬂ a-m! oﬁ. ﬁlntuw. reparte, Gste besks, ste. that refer to ths
Page 8
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Tets Questionmeire o
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed charec eved ths study of
ﬂ.\ - q“h' : &o‘ as & :::z“i:.n\“?ulu‘;;‘ llr“ “! .&2’ lm.no I is 20b m
ohN ‘ ) h “ A ‘:l. h:}.m 1.' -3":’.331-
as is avalladle :. vo P uho amotclnohnl
R m_ﬂm ey i, a3 “mf;..**""

aatica oa agoraues, fo 1 - ddlu m h“-
Sieitted e ‘mun. .s Vil be revrittes ics yub !“u

Sa sheets for your ezporiasa M!u.

5.

-

¥

¥

g = Saggestioas ¢ vensat of s R o - ﬂ:s"“
i Tioeiiel Tos b itesn, .....:‘:o.::.?s..... o0 Toras axe *

B

' 3,3-Dinitro-1,5-pentane-N,N'-dinitro-N,N°-
O e’ bis(trinitrosthyl carbamste) N

submitted by:
e — ey ey T S
str (configuretica

SRR e

¢~ |C-C- 0-£-C-NO2 s, [(-ﬁzalzl'co] + ZHOCH,C(NOp) 3 —) {,- mzalgl-cozmzc(loz);]
NO, ¥ H NOZ %0,
Preparation reaction(s): HNO4 l!l02 702 i

H RN CCCH2C (N05]
et

-2

WA o g

i. Quaatitative amalysiz($ by weignt)

02
oo $E OF EF AT

3. Buraing properties:(coapsred to nitrocellulase, under mtrogen et etscspheric pressure:)

B

k. TrReter? oToww? residue? ote.)
i 3. Stability and Sensitivity: Pl exy grephs o Discuse methcds used whem they very
separete sheet froe refersnces. Give wapereture used.

(Use separete shuet if mscesesry.)

Name of test

a.
b. Thermal Stability
c. Vacuum Stabiiity

d. Temperature of Explosion
e.

Temperature
L 65.5°C Pi t ch paper)
&a@*&@ e o e

h.

"Mmm lc.,m)

a. Tetryl, 32 ca

4. Heat of formationx (AR) T éé Kg. calories at 38°C., 1 atm. pressure per mol
> O
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Method
umobn or nlm Sepasesc

By EBxperiment By Calculation
s. ar plos w(ﬁ) - cal/gm
. 1776, 1 T84
‘ (.tdzs" 220 uv&) 158 cal/em _1
7. Specific impulee (1.o) cale: B-sec/BD

Tapert oo faTE

9. Simple microscope analysis datx:

mﬁm W(ﬂum 11ruld, crystallise tyve, ote.) _“_“LJELQ?M

(erystal studies)
10. Deasity{Ssere method) 6 gm/cmd.  (Wicro or other method)

1n on seperite shest eny unique methods you use.)
1), Index of refractiom (af’"*) 12. Color _White

gm/cm3.

13. Odor None

14. nuat. (Wethod reference QBD 3401 o.4, or GSED 5968, xmn 1.0,
salvest o wsed, 38 indiestor mver or Deckmen )il weter.) &
P meter, 0,0 in acetone-water (3.8 volf water)
g ¢
" - - L4
E P P R 4
t — 1 T B 1 S |
{ | ’ | ] _‘-I | : i | /'
B ] | 1T f
| } :
i T i
= T T ™ S
: I .
g _.; I : | IL
ﬁ fENE i |
R° I i ,
X # g — -
? | :l | !
l
it T | [ I
R ;
T e T
- S S S L | - -
L I N IR i o ,
| -5~ g s i ==y s t
Gl I | | |
17. Bolling decomposition
(....,E’.'."'.&'.. tempereture is m', .
18. Heat of Vaporisation g-cal./gm BTU/B.
10. Hoat of Fusion g-cal./gm BTU/
#, Meiting poinc _iZ3-i3h4 <.
Page 10
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)

unfor otedy.

Freesing poiat vs. Time Curve: (Plesse merk the ccordimetes with sesls valuse thet apply to the cempound

s,

9, JYNLVEIINIL

TIME

22. Solwbility of new compoundt:

o

) o

§/100 ml HgO at

<0,  §/100 ml Hg0 at 38°C.

<.
<.

u_
at__ 2%

used a8 sslvest)

aase m
/100 ml

Victosity of the asw compound aad its solutions:

96 §/100 ml
0

METEOD USED
€, veforonse

VIBCOSITY ot TEMP.
Cemtivedsece

SOLVENT

u ihive

e
-
A .

32
. S

ad

 PT em 23
il

—
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Uader 90 are considering the ebility of teo cempounds o be in intizate cootact (Note
osKD $ Pe 21 over & long perisd of time without edverse effects on either the chesicel ov physicel
oropertice of either mesterisl, These tests will bly be of varied exteat. They might be same of

the following: (o) Stenderd stadility teste. (b) Simole cbesrvetions of exudetiocn or sepsvetioce st
esbient ar acceleretad temovereture, ie) Prepara thin sheete (.025° thiek, 1° squsre) of the plasticised
wsterial, Separete the sheats with strice of cigerette peper or cerbaon psper end compress the steck i

8 T° clsmp. Aftor severel deys nacte the oily collectiun on the vepsr., Plesse give reference to or
desaridbe orocedurs used., Ites 78 1s to Indicete results when the compound is in contact with soms meteri-
31 other then ethyl oellulcee, nitrocellulose or rudber,

Compatability with ethyl cellulose:

Compatability with attrocellulose:

Compatabdility with rubber:

Compatadility with

Ny-cﬂsuu properties of the new compound:

8 ;’M (vith esAditives)

(c) Imhibiting actim™a on polymerisation of:
Thiokol

Methacrylate
Other compounds

Awailability

8. Amount sow available ?
b. Whea was available mater

¢. Amount prepared at that time ?
d. Is large production feasible ?
e. Plant capacity in existance, bs/day?
f. Outline steps for a quantity productiun method

1. Additional infwmation: (texieity, Mmseide, Mmu-. oxygea belamce, detomstion rete, explesive

pover, sase is wter, ote.

) .M. ots \Qb, ote. that refer to the

Page 12
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