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Ie SULMARY

A. This quarterly report is subtmitted under Contract N7onr-L6208 and
covers the period 1 November 195¢ threugh 31 January 1953.% The objectives of
the contract are threefold:

1. Synthesis and physical studies of new high-energy polynitro
compounds as potential explosives.

2. Desensitization of RDX with materials which will not lower
its oxygen balance appreciably.

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

B. The mere important results and conclusions of the work reported are
presented below:

1. Four new aliphatic polynitronitramines have been synthesized
by use of the Mannich condensation.

a. 3,3,5,7,7-Pentanitro~5-aza-nonane and L,L,6,8,8-penta-
nitro-6-aza-undecane were prepared by the condensation of ammoniunm acetate with
2,2-Cinitrobutancl and 2,2-dinitropentancl, resjectively, followed by postnitra-
tion,

be The condensation of 3,3-dinitro-l,S5-pentanediamine with
two moles of trinitroethanol, followed by postnitration, gave 1,1,1,3,6,6,9,
11,11,11-decanitro-3,9~-diaza~-undecane. This compound has a czlculated bal-
listic-mortar value of 155 (RDX = 150) and a calculated lead-block value of

Ce The condensation of Liethylene diamine with two moles
of trinitroethanol, followed by postnitration, gave 1,1,1,3,5,7,7,7-octanitro-
3,5-diaza-heptane. Tnis compound has an oxygen balance cf +10.L, and when
acjusted to zero oxygen balance with 12.3% TNT, it has a calculated ballistic-
mortar value of 156,.3 and a czlculated lead-block value of 195.5.

2. 3,3,3-Trinitropropyl amine nitrate was prepared by treating
3,3,3-trinitropropyl isocyanate witn dilute nitric acid. This salt has a
calculated ballistic-mortar value of 1l and a calculated lead-bleck value of
171,

3. Tvwo new heterocyclic nolynitre ccmpounds have been synthe-
sized: :

a, 1,2,5-tris(31,3!,3'=Trinitropropyl-hexalydro-1,3,5~
Lriazine was prepared by tie rordensation nf tihree moles of 3,2,3-trirnitrpropyl
amine with three iroles of formalcehydes

¥Previous work on this sontract, was coverod in Aernjct Reports lo. 512, 538,

562, 589, 621, 637, and 660,
CONFIDENTIAL Page 1
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be By the condensation of 1,1,1,6,6,11,11,11-octanitro-
L,8-diaza-undecane and formaldehyde, a compound was obtained which was
postulated to be 1,3-bis(3',3',3'-trinitropropyl)-5,5-dinitro-hcxahydre-
1,3~-diazine. This compound has a calculated ballistic-mortar value of 157
and a calculated lead-block value of 153.

L, The following samples were prepared and submitted to the
Naval Ordnance Laboratory for evaluation:

a.  1,1,1,L,6,6,8,11,11,11-Decanitro-h,8~diaza~undecane

b, 1,1,1,3,6,6,9,11,11,11-Decanitro-3,9~-diaza~undecane

Ce 1,1,1,3,5,7,7,7-Octanitro-3,5-diaza~-heptane

d. 1,1,1,3,6,6,6-Hept anitro-3-aza-hexane

e N-3',3',3'-Trinitrogropyl-3,.,5,5-tetranitrcriperidine
f. 3,3,3-Trinitropropyl amine nitrate

ge 3,3,5,7,7-Pentanitro-5-aza-nonane.

The evaluation of six of these compounds, together with three compounds sub-
mitted last quarter, has been completed and is included in this report.

Se The investigation of new surface-active agents for use
in desensitizing RDX has been continued. Values of hydrophile-lipophile
balance (HLB) were compared with percents adsorbed on RDX from acetone-water
for a large number of wetting agents supplied by the Atlas Powder Company.
It has been found that high adsorption correlates fairly well with low HLB,
Some of these new Atlas wetting agents show promise for use in the desensi-
tization of RDX. :

1T, TECHNICAL PROGRESS: SYNTHESIS OF NEW HIGH EXPLOSIVES

A, INTRODUCTION
1. The present explosives program is directed toward the
synthesis of new, stable, hizh-energy polynitro compounds with a preferred
oxygen balance on the positive side or very near zero on the negative side.

24 This report deals mainly with the synthesis of aliphatic
polyritronitranines and heterocyclic polynitro compoundse.

Page 2
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Be PREPAFATION OF ALIPHATIC POLYNITRONITRAKINLS

1, Preparation of 3,3,5,7,7-Pentanitro-5-aza-nonare and
L,bL,0,8,8-Pentanitro~6—-aza-undecane

8e Discussion

(1) The preparation of 2,2,k4,6,6~pentanitro-L-aza-
heptane by the Mannich condensation of 2,2-dinitropropanol and ammonium
acetate, followed by postnitration, has been previously reported.* This
reaction has now been extended to the synthesis of the next higher homologs,
3,3,5,7,7-pentanitro-5-aza-nonane and L,4,6,8,8-pentanitro-6-aza-undecane.

It was hoped that ty increasing the carbon chain in this manner a waxy material
might be obtained which would be suitable for the coating of RDX. However,
these new nitramines are not waxy, but crystalline.

(2) Two moles of 2,2-dinitrobutanol condensed readily
with amponium acetate to form 3,3,7,7-tetranitro-S5-aza-nonane (Ia), a white
crystalline compound, mp 66 to 67°C, I.S. =>>100 cm/2 kg. Nitration of (Ia)
with a mixture of 100% nitric acid and acetic anhydride gav: 3,3,5,7,7-penta-

nitro-5-aza-nonane (IIa), a white crystalline compound, mp 106 to 1C7°C,
I.5. =>100 Cm/2 kg.

v (3) similarly, two moles of 2,2-dinitropentanol con-
densed with ammonium acetate to form U,L,8,8-tetranitro-6-aza-undecane (Ib), a
white crystalline compound, mp 100 to 100.5°C. Nitration of (Ib) with a
mixture of 100Z nitric acid and acetic anhydride gave L,kL,6,8,8-pentanitro-
6-aza-undecane (IIb), a white crystalline compound, mp 101 to 103°C.

NO NO. | 0.
| 2 |2 . HNC 2
2RCCH,OH + 1H) 0COCH,——| RCCH,,| = NH ——3 3| RecH.| w0
|2 3 2 A020 |2 2
MO 0 20
2 2 2 - 2_ 2

(Ia), R = CH3CH2 (I1a), R = CH3CH2
(Ib), R = CH,CH,CH, (1Ib), R = CH,CH,CH,

b. Experimental
(1) Preparation of 3,3,7,7-Tetranitrc-5-aza-nonane

(a) A nmixture of 30.0 g (0.183 mole) of
2,2-Cinitrobutanol, 50 ml of water, and 30.0 g (0.37 mole) of ammonium acetate

’ -

*Aerojet Report No., 021, pe 2.
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was heated on the steam bath for 20 minutes. The reaction mixture was cooled,
and the product was collected and dried, giving 28.0 g (99%) of a cream-colored
solid, mp 57 to 61°C. Recrystallization from isopropyl alcohol gave white
plates, mp 66 to 67°C, I.S. =100 cm/2 kg.

Anal. Calc'd for CgH, NcOg: %C, 31.07; #H, L.89; ¥N, 22.65
Found: ¢C, 31.06; %, L.98; &N, 21.73
(2) Preparation of 3,3,5,7,7-Pentanitro-5-aza-nonane

(a) A mixture of 100 ml of acetic anhydride
and 150 ml of 100% nitric acid was cooled to 5°C, and 18 g (0.0582 mole) of
3,3,7,7-tetranitro-5-aza-nonane was added. The solution was poured onto ice
to give a white solid. The nroduct wag collected, w~ghed with water, and dried
in vacuo over potassium hydroxide. The yield wzs quantitative, mp 97 to 99°C.
EE;rystaLljzation from chloroform gave white plates, mp 106 to 107°C, I.S. > 100
2 kg.

Anal. Calc'd for CgH N0 .: %C, 27.12; #H, 3.98; #N, 23.73
Found: #C, 27.17; #, 3.72; &N, 22.Th
Heat of Combustion, AHp, Predicted: 3290 cal/g
Found: 323k cal/g
(3) Preparation of 2,2-Dinitropentanol

(a) In a 200-ml 3-necked flask, fitted with a
mechanical stirrer, tnermometer, and dropping funnel, was placed 1L.8 g (0.1
mole) of 1,l-dinitrobutane and LS ml of water. A solution of L.2 g (0.1 mole)
of 95% sodium hydroxide in 15 ml of water was adced drcpvise, keeping the
temperature at 25°C by external cooling. A quantity of 8.1 g (0.l mole) of
377 formalin was added dropwise, the reaction mixture was stirred for L5
minutes, and a solution of 5.1 g (0.05 mole) of concentrated sulfuric acid
in 10 ml of water was added dropwise at 25°C. The solution was extracted with
methylene chloride, aid Lhe extract was dried and concentrated to give 11.6 g
of oil,

(L)  Preparation of L,L,8,8-Tetranitro-6-aza-undecane
(a) A quantity of 11.6 g of 2,2-dinitrupeitanol
was warmed on the steen bath for 20 minutes with a solution of 11,6 g of am-
monium acetate in 100 ml of water. On cooling a solid precipitated, which was
collected, washed with water, and dried to give 6.2 g of a yellow solid, o
mp 81 to 65°C. Recrystallization from ethanol rave white rods, mp 100 to 100.5 C.
Anal, Calc'¢ for CIOH19N508= 'gC’ 3;-61; 'Y’H, 5.68; %N, 20.77
Found: #C, 35.78; #H, 5.58; #, 19.75

Page L
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(5) Preparation of L,L,6,8,R-Pantanitro-6-aza~undecane

(a) To a solution of 100 ml of 100% nitric acid
and 100 ml of acetic anhydride, cooled to 5%, was added 6.2 g of crude
L,k,8,8-tetranitre 6-aza-undecane. The solution was poured on ice and a white
solid preripitatea. The product was collected, washed with water, and dried
to give 5.8 g of white solid, mp 65 to 70°C. Two recrystallizations from
carbon tetracnloride aised the melting point to 101 to 103°C.

Anal. Calc'd for C, H, gNcO, ¢ €C, 31.L2; <M, L.75; #N, 21.99
Found: #C, 31.70; %H, L.8S; 4N, 21.22

2. Purification of 1,1,1,4,6,6,8,11,11,11-Decanitro-L,3-diaza-
undecane

a. Discussion

(1) The preparation of 1,1,1,4,%,6,8,11,11,11-deca~
nitre-l,8-diaza-undecane (III) has been previously reported.® This compound
was purified bg recrystallization from hot concentrated nitric acid; the mp
was 135 to 137°C dec. It has now been found that a purer compound, mp 157 to
159°C dec., with a better analysis can be obtained by recrystzllizaticn at
mom temperature from 100% nitric acid ana water, or methanol and water.

b. Experimental

(1) 1,1,1,4,6,6,6,11,11,11-Decanitro-b,8-diaza~
undecane was purified bv dissolving in 100%¢ cistilled nitric acid at room
temperature and adding just enough water to cause precipitation. This pro-
cedure gave a white crystalline solid, I.S. = 5§ to 10 cm/2 kg, mp 157 to 159°C
dec. A similar purification from methanol and water did not raise the melting
point,

- f, 4 .
Anal. Calc'd for CoH oMy 00507 %) 17.77; #H, 1.99; #N, 27.6L
Found: ’C, 18.29; 74, 2.02; IN, 27.LO
Heat of Combustion, LHp, Predicted: 20LL cal/g
Found: 1982, 1984 cal/g

3. Preparation of 1,1,1,3,6,5,9,11,11,11-Decanitro-3,9-diaza~
undecane

3, Discussion

(1) The Mannich condensation of 3,3-dinitro-1,5-
pentaneciamine with two moles of trinitroetiianol gave 1,1,1,6,6,11,11,11-

octanitro-3,9-diaza-undecane (IV). Nitration of (IV) with a mixture of 100%
nitric acid and acetic anhydride gave 1,1,1,3,6,6,9,11,11,11-decanitro-3,9-

diaza-uncecane (V).

*aerojet Report No. 66C BN FIDENTIAL
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No, 0,
| en_cunm,oHc1| + 2HOCH.C(NO, ). —2NBOH H, CH,NCH,.C (NO. )
i gUHoNH s HBLL pC(NOy) 3 —— [_ U NCR NG, ) 5
O —_— —~ <
2
(I‘V)
si/m«oB
yo,- Mo,
O— | OH i NCH,C (N0, ) ,
NO,
(V)

(V) is a white crystalline compound, mp 170 to 175°C cec., I.S. = 10 to 1§
cm/2 kg, with a calculated lead-block value of 177 and a calculated ballistic-
mortar value of 155,

(2) Compound (V) is isomeric with 1,1,1,4,6,6,6,11,11,11-
decznitro-li,8-diaza-undecane (III):

0> = NO, NO, - WO, ’ '“l
C—{ CH,.CH....CH.C(} c—|CH.N
| OH, G, CH, (v0,) 5 , | LHZI\CHZCH C(NO )3—J ,
NO No
2 2
V) (111)

This preparaticn provides another means* for comparing the properties of the
Nenitro~-N-trinitroethyl grouping with those of the N—nitro-V—trin1tropropy1

grouping.
b. Experimental

(1) Preparation of 1,1,1,6,6,11,11,11-Octanitro-
3,9-diaza-undecane

(a) A solution of 26.5 g (0.1 mole) of
3,3-dinitro-1,5-pentanediamine dihydrochloride, 36.2 g (0.2 mole) of tri-
nitroethanol, and 100 ml of water was placed in a S00-ml 3-necked flask,
fitted with a mechanical stirrer. A solution of Ul ml of L.,8777N scdium
hydroxide (0.2 mole) was added dropwise from a burctie. The addition of

*See also Aerojet Report Nc. 660, p. 8.
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the base caused a yellow solid to precipitate. The product was collected,
2 washed with water, and dried to give 3L g of yellow solid, mp 93 to 95°C dec.

(2) Preparation of 1,1,1,3,6,6,9,ll,ll,ll-Decanitrof
3,9-diaza-undecane

(a) A solution of 250 ml of 100% nitric acid
and 250 ml of acetic anhydride was cooled to 5°C, and 3L g of 1,1,1,6,6,11,11,11~
octanitro-3,9-diaza-undecane was added. The solution was poured on ice,
causing a white solid to precipitate. The product was collected, washed with
water, and dried to yield 27.8 g, mp 110 to 11LOC dec. Two recrystallizations
from hot 100% distilled nitric acid raised the melting pcint to 170 to 175°C
dec., I.S. = 10 to 15 cm/2 kg,

Anal. Calc'd for CoH,,N) ,054: 4C, 17.77; 4, 1.99; %N, 27.6L
Found: %C, 18.11; %H, 2.00; #N, 27.3L
Heat of Combustion, AHp, Predicted: 20LL cal/g

Found: 1956, 1978 cal/g

b, Preparatio» of 1,1,1,3,5,7,7,7-Octanitro-3,5-diaza-heptane

- Discussion

(1) The condensation of 3,3,3-trinitropropyl amine
with trinitroethanol, 2,2-dinitro-1,3-propanediol, and 2,2,b,Ll-tetranitro~
1,5-pentanediol has been described previously.® The present phase of the work
is a study of the condensation of methylene diamine with these polynitro-
alcohols,.

(2) It has been found that methylene diamine will
condense in an anhydrous medium with two moles of trinitroethanol to give
1,1,1,7,7,7-hexanitro-3,5-diaza~-heptane (VI), a bright~yellow solid, mp 100 to
105°C dec. Nitration of (VI) with a mixture of 100% nitric acid and acetic
anhydride gave 1,1,1,3,5,7,7,7-octanitro~3,5-diaza~heptane (VII):

CH2(NH20HCI)2 + 2HOCH2C(N02)3 + 2NaOCOCH

? 3 N
O, |NCH,C(NO,) .JJ2

3

(VI)
HNO3
\LAC2O

[No,
CH ’ﬁcu G(NO,)
' rl ’
2072 '3,

(Vi)

*Aerojet Report No. 660, ppe. 3-7.
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(VII) is a white crystalline compound, mp 84 to 85°C, I.S. = S to 10 cm/2 ke,
with an oxygen balance of +10.L. When adjusted to zero oxygen balance with
12.3% TNT, (VII) has a calculated ballistic-mortar value of 156 and a calculated
lead-block value of 196,

(3) The condensation of methylene diamine with bi-
functioral alcohols such as 2,2-dinitro-1,3-propanediol and 2,2,L4,lU-tetranitro-
1,5-pentanediol gave gummy products, indicating that polymerization took prece=
dence over the formation of the desired cyclized compounds. For the present
such compounds will not be investigated further, but the investigation may be
resumed if new methods of conducting such reactions are discovered.

be Experimental
(1) Preparation of Methylene Diamine Dihydrochloride*

(a) Methylene diformamide, 63.6 g (0.623 mcle),
was dissolved in the minimum amount of concentrated nydrochloric acid at 12°€C
to give a clear solution, After the solution was permitted to s‘and overnight,
a white crystalline solid separated, which was collected and dried in vacuo
over potassium hydroxide, yielding 31.1 g (L1.8%), mp 230 to 2LCSC dec,

(2)  Preperation of 1,1,1,7,7,7-Hexanitro-3,5-diaza-
heptane

(a) In a one-liter 3-necked flask, fitted with
a sealed mechanical stirrer, reflux condenser with drying tube, and dropping
funnel, was placed 21.0 g (0.176 mole) of methylene diamine dihydrochloride ard
600 ml cf methanol. On refluxing, a clear solution was obtained. The sclution
was cooled to room temperature, and 63.9 g (0.352 mole) of trinitroethanol was
added. A solution of 28.9 g (0.352 mole) of anhydrous sodium acetate in 300 ml
of methanol was added dropwise. The yellow solution was allowed to stand over-
night and concentrated in vacuo at LO°C. The vellow solid residue was ex-
tracted with absolute ethanol and acetone, leaving 20.l4 g of sodium chloride
(theoretical = 20.6 g). The extracts were concentrated in vacuo, leaving
61.0 g (93.1%) of yellew solid, mp 100 to 105°C dec., I.S. = LO cm/2 kge

(3) Preparation of 1.1,1,3,5,7,7,7-Octanitro-3,5-diaza-
heptane

(a) A nitrating mixture of 250 ml of 100% nitric
acid and 250 ml of acetic anhydride was cooled to 5°C, and L8.8 g (0.131 mole)
of 1,1,1,7,7,7-hexanitro-3,5-diaza-keptane was added. The solution was stirred
for 15 minutes and poured onto ice. A white solid separated in about one hour;
it was collected, washed with water, and dried in vacuo over potassium hy-
droxide, yielding 1L.8 g (2L.Lu%), mp 75 to 79°CT Recrystallization from
cyclohexane raised the melting point to 8L to 85°C, I.S. = 5 to 10 cm/2 kg.

*Knudsen, Ber. L7, 2699 {191L).
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Anal, Calc'd for C.HN %C, 12.99; #H, 1.31; #N, 30.31

10%6°
Found: 5C, 13.ul; $H, 1.23; &N, 30.L45

Heat of Combustion, LHp, Predicted: 1L27 cal/g
Found: 1L23 c21/g
Ce. PREPLRATION OF 3,3, 3-TRINITROPROPYL AMINE NITRATE

1. Discussion

ae 3,3,3-Trinitropropyl amine hydrochloride has been pre-
pared by treating 3,3,3-trinitropropyl isocyanate with concentrated hydrochloric
acid.™ Because of its favorable oxygen balance it was of interest to synthesize
the corresponding nitrate salt and evaluateits physical properties.

b. 3,3,3-Trinitropropyl amine nitrate was prepared by
treating 3,3,3-trinitropropyl isocyanate with 35% nitric acid. The nitrate
salt is a white crystalline compound, mp 130 to 133°C dec., I.S. = 90 cm/2 kg,
with a calculated ballistic-mortar value of 1L3,7 and a calculated lead-block
value of 170.9.

2e Experimental

3. A mixture cf 6.6 g (0.03 mole) of 3,3,3-trinitropropyl
isocyznate witk 50 ml of 35% nitric acid was heated on the steam bath for three
hours. The solution was concentrated in vacuo to :ive a white solid. The
product was collected, washed vith ether, and dried, yielding 6.6 g (85.7%),
mp 130 to 133°C dec., I.S5. = 90 cm/2 kg. Recr:stallization from a mixture of
ethyl acetate and ether did not raise the melting point,

Anal, Calc'd for C N0y : 4c, 1L.01; 3H, 2.7h; N, 27.2L
Found: %c, 1L.09; #H, 2.80; N, 26.58
Heat of Combustion, LHp, Predicted: 1706 cal/g
Found: 165kL, 1659 cal/g
D. PREPARATION OF HSTERUCYCLIC FOLYNITRO CO: POUNDS

1. Preparation of 1,3,5-tris(3',3',3'-Trinitropropyl)-hexahydro-
1,3,5-triazine

e Discussion

(1) In continuation of the study of the reactions of
3,3,3-trinitropropyl amine, the rcondensation of this amine with formaldehyrie

*Aerojet Report No. 660, p. 2.
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was investigated. It was found that three moles of 3,3,3-trinitropropyl amine
condensed with three moles of formaldehyde to form the cyclic trimer, tris-

1,3,5-(3'",3'",3'-trinitropropyl)-hexahydro-1,3,5-triazine (VIII),

CH

NaAc 2N
3(N02)BCCHZCH2NH2 HCl + 3CH20—1——> (NOZ)BCCH cu N q;cxzcﬂzc(moz)3
cnz\ /cnz
N
! H.C(NO..)
CH,CH,C(NO,) 4
(VIII)

(VIII) is a yellow crystalline compound, mp 121 to 123°C dec., I.S. = 9 cm/2
kg, with a calculated ballistic-mortar value of 1L0 and a calculated lead-
block value of 130,

b. Experimental

(1) In a 300 ml three-necked flask, ritted with a
mechanical stirrer and dropring funnel, was placed 3L.5 g (0.15 mole) of
3,3,3-trinitropropyl amine hydrochloride, 75 ml of water, and 12.1 g (0.15
mole) of 37% formaldehyde. To this solution was added dropwise a solution of
12.3 g (0.15 mole) of sodium acetate in SO ml of water. A yellow solid was
immediately precipitated, which was collected, washed with water, and dried,
to give 30.7 g (99."%) of product, mp 118 to 123°C dec., I.S « = 9 cm/2 kg.
Recgystallization from a lar;ie volume of methanol giave yellow plates, mp 121 to
123°C dec.,

Anal. Calc'd for C,,H gN 4C, 23.31; 7TH, 2.93; %N, 27.19

12M8M2%1 8¢
Found: %C, 23.78; %H, 2.88; AN, 27.21
Molecular Weight, Calculated: 618

Found: 600, 570

2. Preparation of 1,3~bis(3',3!',3'-Trinitropropyl)-5,5-dinitro-
hexahydro-1, 3~-diazine

a, Discussion
(1) It has been shown that the condensation of

3,3,3-trinitrepropyl atine with formaldehyde gave 1,3,5-tris(3',3!,3'-trinitro-
propyl) -hexahydro-1,3,5-triazine (Section II,D,1), while the condensation of
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3,3,3~trinitropropyl amine and 2,2-dinitro-1,3-propanediol yielded 1,1,1,6,6,
11,11,11~-octanitro-L, 8—diaza-undecane.* This work prompted a study of the
condensation of 1,1, l 6,6,11,11,11-octanitro-k,8-diaza-undecane (IX) with
formaldehyde, The product obtained from this condensation, according to its
analysis, was postulated to be the desired 1,3-bis(3!,3',3'-trinitroprooyl)-
5,5-dinitro-hexahydro-1,3-diazine (X).

NO,

o-—Lugo@2 + 2 (NO,) JCCH,CH

2 2

/
NH_ oHC] —2Na0H ¢

N
272 /

H2 ?H2

C
|

(N02)BCCH CH ? NCH CH C(NO
H

5

2

2772 2 2)3

(N02)BCCH20H2N‘\\ //NCH CH C(NO:_,)3

2
CH2

(X)

(X) is a yellow crystalline compound, mp 119 to 121°C dec., I.S. = § to 10
cm/2 kg, with a calculated ballistic-mortar value of 157 and a calculated lead-
block value of 153.

b. Experimental

(1) In a 300-ml three-necked flask, fitted with a
mechanical stirrer, was placed 12.L4 g (0.075 mole) of 2,2-dinitro-1,3-propane—
diol, 3L.5 g (0.15 mole) of 3,3,3-trinitropropyl amine hydrochloride, and 75 ml
of water. To this solution wus added dropwise 30.7 ml of L.8777N sodium hy-
droxide solution (0.15 mole). After stirring for 15 minutes a yellow solid had
separated. The water was decanted and the product was water-washed by decanta-
tion. The solid was dissolved in 200 ml of hot methanol, cooled to 30°C, and
12,1 g (0.15 mole) of 37% formalin was added. The reaction mixture was stirred
for one hour; at this time 16,2 g (N.8%) of Jight—yallow £alid had separated,

*Aerojet Report No. 660, p. S.
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mp 11k to 118°C dec. Evaporation of the methanol solutinn gave a trace of
brown solid. Recrystallization of the product from chloroform gave yellow
rods, mp 119 to 121°C dec., I.S. = 5 to 10 cm/2 kge

Anal. Calc’d for C]OHj.uNloolé: %C, 22565; %H, 2.66; ;(_N, 26.1‘2
Found: %C, 22.95; ZH, 2.65; IN, 26.72

E. PREPARATION OF SAMPLES FOR EVALUATION BY THE NAVAL ORDNANCE
LABORATORY

1. The following samples were prepared and submitted to the Naval
Crdnance Laboratory for evaluation:

ae 1’1 ,1 » h’6,6, 8’ 11’ 11 ,11,-Decanitm-h,a-diaza-undecar]e »
2 g, mp 157 to 159°C dec., I.S. = 5§ to 10 cm/2 kg,

b. l,l,l’ 3,6;6,9,ll,ll,ll-DecanitrO-'B,9-diaza-undecane,
7 g, mp 170 to 175°C dece, I+S. = 10 to 15 cn/2 kg

o Ce 1,1,1,3,5,7,7,7-Octanitro-3,5-diaza-heptane, 1 g,
mp 85 to 86°C, I.S. = 5 to 10 cm/2 kg,

o de 1,1,1,3,6,6,6-Heptanitro-3-aza-hexane, 5.7 g, mp 1uL
to 145°C, I.S. = 1 cm/2 kg,

ge N-(3t,3!,3'-Trinitropropy®}-3,3,5,5-tetranitropiperidine,
5 g, mp 1L to 1L6°C dec., I.S. = 25 cm/2 kg.

R fo 3,3,3-Trinitropropvl amine ritrate, L.3 g, mp 132 to
13L°C dec., TI.S. = 90 cm/2 kge

Ceo 3,3,5,7,7-Pentanitro~-S-aza-nonane, 2 g, mp 107 to 108,
I.S. > 100 cm/2 kg.

2. The conclusions reached by the Naval Ordnance Laboratory with
respect to three of the compounds submitted last quarter and six of the compounds
submitted tnis quarter are given below. The date are summarized in Table I and
the SPIA data sheets in the appendix.,

a. 1,1,1,3,6,6,6-Heptanitro-3-aza-hexane (A52-11)

(1) AS52-11 is a primary ex.losive slightly more sensi-
tive to impact than eitner mercury fulminate or lead azide. It possesses moder-
ate thermal stability. As a primary explnsive it is not initiated readily by a
hot wire, which makes it unsuitable for use in electric d=tonators. The com-
r~und is being further evaluated as a primary ex;:losive for stab initiatien,
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AS2-12 and AS52-13 are isomeric, A52-12 containing the
3,3,3-trinitropropylnitramino grouping and A52-13 the 2,2,2-trinitroethyl-
nitramino yroucing. Unfortunately, both compounds melt, with decomposition,
sli;htly above 100°C, and as might be expected, were unstable at 100°C, al-
though AS52-13 appearec to decompose at a much faster rate and also to possess
a lower ignition temperature than A52-12., The difference in impact sensitive-
ness is within the range of experimental error and has little significance.

d. N—O',BL,B'-Trinitropropyb—},3,5,S-tetranitropiperidine
(A52-1L)

AS52-1L is the third derivative of 3,3,5,5-tetranitro-
piperidine which has been evaluated. Unfortunately, all the derivatives were
very unstable thermally.

ee 3,3,3-Trinitropropyl Amine Nitrate (AS52-15)

A52-15 possesses poor thermal stability and is quite
sensitive to impact.

f. 3,3,5,7,7-Pentanitro~-5-aza-nonane (AS52-16)

AS52-16 has good thermal stability and is not very
sensitive to impact,

g. 1 ] 1 » 1 ,h’6,6’8 ,11, 1'1, ll—DeC arlitm-h, 8-(‘.1323—1111(160&!16
AS53-1)

h. 1,1,1,3,6,6,9,11,11,11-Decanitro-3,9-diaza-undecane
(A53-2)

i. 1,1,1,3,5,7,7,7-Octanitro-3,5-diaza-heptane (A53-3)
The sensitivities of AS53-1, A53-2, and AS3-3 are such
that their ap, licstion is questionable. The poor thermal stability of AS3-3

now seecns %o be typical of trinitroethyl nitromines at temperatures above their
melting points.
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IITI., DESSNSITIZATION OF RDX

A, EVALUATION OF SURFACE~-ACTIVE AGENTS
1. Discussion

ae A new test of surface activity was employed to evaluate
a large number of surface-active agents for possible use in the desensitization
of ROX. To determine which agent is best, it is necessary to decide what dis-
tincuishes a good surface-active agent for this application. Apparently this
question cannot be answered in terms of fundamental physical quantities. As an
indirect approach, a test nay be selected whose results are believed to corre-
late with good surface activity, a large number of agents may be subjected to
this test, and it may be determined whether the agents known to be good are
distinguished by the test.

b. The extent of adsorption on RDX, under conditions com-
parable to those of actual use, seemed to provide such a test. Previous work
in coating with nitropolymers from solution using Span 85, known to be a good
surface-active agent, had shown that several percent of Span 85 (on basis of
RDX) was needed to produce optimum results, and that most of the Span was ad-
sorbed on the RDX, with only a small amount left in the liquid phase.

Ce Preliminary experiments in a medium of ethanol and
water have been described in Report No. 660. They showed that Span 85 gave
a relatively high adsorption (25% average) in comparison with, for example,
Tween 20 (6%). However, it was desirable to enlarge the spread of values be-
tween guod and bad agents, in order to obtain greater distinction.

d. In the work of tne current quarter, the change was
made to a medium of acetone and water. 1In the new medium, values of the ad-
sorption of Span 85, while not satisfactorily reproducible, were larger on the
average than the amounts adsorbed from ethanol and water, However, for some
other agents the values of adsorption were consistently reproducible. For a
broader view of the usefulness of the test, it was apgslied, in this new form,
usine the acetone-water mecdium, to a group of 37 other surface-active agents.
uost of these were experimental materials of various chemical tvpes rovided
by the Atlas Powder Company. The percent of each agent adsorbed on RDX from
the acetone-water medium was measured, as was the impact stability of RDX plus
the adherent agent.

€e To show the effect of concentration cf curface-active
agent on its distribution between liquid and solid in this test, other trials
were made with about 1/2 and 1/5 the amounts of agent used in the standard pro-
cedure. Unfortunately, the agents tested were Span 85 and one other of similar
behavior, and poor reproducibility obscured the meaning of the results.

f. A comparison was also made betwecn the values of per-
cent adsorbed and the values of "hydrorhile-lipoghile balance" (HLB) for all
agents from the Atlas Powder Company for which these figures are available.
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Ee In a separate experiuent the amounts adsorbed on RDX
from a water-acetone—ethyl acetate medium of Span 85 alone were compared with
the amounts adsorbed in the presence of precipitating polyurethane I-A. The
auounts were similar, and possibly ldentical within experimental error.

2. Conclusions

a. Consideration of tne results of the standard adsorption
test with acetone-water for the whole body of agents showed them to fall into
fairly distinct groups, distinguished as fullows:

% ,  Inpact Stability

Type Behavior in Medium Adsorbed cn/2 kg
(1) Several types Solution ‘ 3-16 20-50
(2) Several types Suspension L-30 30-L5S
(3) Esters Suspension 16-91 35~ >100
(L) Esters Suspension + separate 85-99 > 100
oil phase

¥Recovery of original agent, which is 5% of RDX.
**30 cm/2 kg for RDX.

be Probably tue best agents lie in Group (3), which in-
cludes Span 85 and Prosol 307, among others. It is believed that the separa-
tion of a distinct oil layer noted in agents of Group (l) shows tosc high &
lipophilic tendency and is a disadvantage.

Ce Trials showed that the reproducibility of the test,
using three agents from Group {3), was very poor (16 to 73% adsorbed for Span
85). Trials with single agents from each of the other groups showed the re-
producibility to be good.

de The poor reproducibility of the test for compounds in
Group (3) misht be considered to result from a delicate balance between the
tendency to remain suspended and the tendency to adhere to RDX, with a small
influence sufficing to swing the balance either way. In Groups (1) and (2) the
former tendency predoninates, and in Group (L) the latter.

€. Considering the relation of impact stability to percent
adsorbed, there is a narrow margin between negligible and sizable desensitiza-
tion within the adsorption range covered by agents of Group (3). This transi-
tion occurs at an adsorplion of about hO% in the standard procedure (i.e., for
adsorption of about 2% of the RDX, on an absolute basis), This relation
appears to be independent of the chemical or physical nature of the agents.
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f. These data emphasize the fact that in work to date on
coating RDX with nitrorzolymers, a large share of the desensiti.ation has been
provided by the surface-active agent. The need for new and better nitro-com-
pound coatings is emphasized.

ge The percentage adsorbed correlates roughly with the
tlas hydrophile-lipophile balance., All compounds for which the standard pro-
cedure gives adsorptions of 15% or greater have low HLB values, i.e., less than
6. All evidence to date indicates that these are the most useful compounds.
(On the other hand, two compounds shcw lov HLB values combined with low per—
centages adsorbed,)

3e Experimental

a, The adsorption of 0.15 g of surface-active agent on
3.00 g RDX from a medium of S ml acetone plus 10 ml water was determined, for
38 surface-active agents, by the method described in detail in Report No. 660.
Froa each experiment, portions of RDX plus adherent agent were set aside, dried,
and tested for impact stability with the Bureau of Mines espparatus. Allowance
was made for the removal of these portions in the celculation of percents ad-
sorbed., Results of these experiments are surmarized in Table II.

be For several of the agents - Span 85, G-949, Prosol-307,
G-1226, G-2266, and G-1071 - the experiment was repeated once or more to test
the reproducibility ¢f the method. Results of these replicate experiments are
also summarized in the taltle,

Ce The effect on adsorption of diminishing the amount of
surface-active agent from 5% of the RDX (in the standard procedure of a, above)
to 2-1/2 and 1% was investizated. A few results obtezined with Span 85 and
G-9L9 are given in Table III,

d. Values of the hydrophile-lipophile balance (MLB) for
many of the agents listed in Table II were provided by the Atlas Powder
Company. Table IV lists these HLB values, comparing them with percentages ad-
sorbed from Table 1T,

e In a separate exgeriment, 0.033 g of Span 85 was dis-
solved in 10 ml acetone iii A 100 ml flask. To this was added 30 ml water, and
2,00 g RDX was suspended in the mixture. It was stirred for 5 minutes, and
0.10 g polyurethane I-A dissolved in L ml ethyl acetate was added slowly over
an interval of 15 minutes. The solid phase was separated and dried, and the
adsorted Span 85 was recovered by the ucual extraction procecures. The amount
adsorbed was 86%, In a parallel experiment, similar in every respect except
that ethyl acetate alone, with no dissolved polymer, was added, the amount ad-
sorbed was 73%.
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TABLE T1
ADSORPTION OF SURFACE=-ACTIVy *7T%TS ON RDX
(Adsorption of 0,15 g agent on 3,00 g RDX ‘rom 2 mediun of S ml acetone ¢ 10 ml water)
AFpearance of £ 1.s.’
Ban Agant Type Physical Porw Agont in Medium Adeorbed ca/2 kg
11/7/1  Atlss G-3910 Polyuxyethylens fatty alcohol ¥luid suspension Solution S 20-25
11/7/2  Atlss G-391S  Polyoxyethylemo fstly aicohol Fluid suspension Solution 3 %)
11/7/3  Atlss 3-3920 Polyoxysthylene fatty alcohol Mush Solut ion 7 25
11/12/1 ®ori2 X Polyoxyethylens fatty alcohol Liquid Solution 7 b
11/13/1 Brij 35 Polyoxyethylene fstty alcohol Wax Solution 6 35-Lo
11/1L/1 Atlas G-1590 Polyoxyethylene alkyl aryl attar Liquid Solation 8 35-L0
11/5/2  Atlas 0-1065 Polvoxysthylene sortitol ester Liquid Solution 6 0-35 ..
1}/}&/2 Atles G-1071 Polyoxyethylsne sorbitol ester Liquid Suspension + o1} 90 >100 (X0)
1/2/1 91 -_—
1/2/2 8s =
11/17/1 Atlas G-1077 Polyoxysthylane sorbitol ester Liquid Suspension 1L 35-Ls
11/17/2 Atlas G-1083  Polvoxvethylene sorbitol ester Liquid Solution ? 0-35
11/17/3 Atles G-1085 Polyoxyethyrlene sorbitol ester Liquid Solution or suspension 9 X
11/17/h Atlas G-1086  Polvoxyethylene sortitol ester Liquid Solution or suspension 9 35-Lo
11/18/1 Atlas G~1087 Polyoxysthylere sorbitol ester Liquid Suspension 6 30~35
11/18/2 Atlas G-1095 Polyoxyeihylene =orbitol ester Liquid Solution 8 30-35
11/21/1 Atlss 31096 Polyoxysthylsnme sorbitol ester Liquid Solution 1 30-5C
11/21/2 Atlas C=2139 Polyoxyethylene fatt: acid Liquid Susper.sion X LO-LS
11/2h/1 Atlas 5-21L0  Polyoxyethylans fatty acid Liquid Suspe :sion 12 35-L0
11/2L/2 Atlas G 21h2  Polyoxyethylens fatty acid Liquid Solution 3 35-L0O
11/2L/3 Atlss G~21Lli  Polyoxyathylens fatty acid Mash Solution S 30-35
11/2L/h  atlas G-2266 Polyoxyethylene fatty-acid aster Mush Suspension 9 3-35
1/2/3 S .
1/2/b 3 -—
117/2L/S Atlas 0-2269 Polyoxyethylane fatty-acid ester Wax Solution S Lo
11/2L/6 Atlas (=-1216 Pclvoxyetl.yiene tall oll Liquid Suspension 6 DEE
11/25/1 Atlas G-1226 Polyoxyethylenc tall oil Liquid Solution S S
1/5/1 L —
1/5/2 i -—
11/25/2 Atlas G=123L Polyoxyeti:ylens recinoleate Liq:dd Solution Lo-LS
11/25/3 Atlas G~1280 Polyoxyethylene recinoleste Wax Solution L 30-35
11/25/L  Atlas G-2T1 Cationtc Liquid Solution or suspension 6 Lo~-Ls
11/26/1 Atlas 5-263 Cstionic Liquid Solution L 35
(e alight precipitate)
11/25/2 Atlas G-650 Scrbitan ester Ligitd-mush Suspension 6 Lo
11/5/2  Atlas o-9L? Sorbitan e<ter Liquid Suspension 73 >10¢
1219/L 37 35-W0
12/23/2 L3 -
11/2A72  Atlsas G-992 Sortitan ester Liquid Suspens: L 0~35
11/25/L  Arlacel C Sorbiter cster Liqiid Surpens? - 8 30-~3%
11/28/1 NNO Sorbitan ester Liquid Suspension 11 30-35 .,
11/3/1  Span 85 Sorbitan ester Liquid Suspension 61 100 (25)
12/18/1 16 -
12/19/2 21 -—
12/22/2 63 120
12/22/3 37 35-50
12/22/L 17 L5-50
11/28/2 Atlas C-13865  Polyorvethylene fatl: amine Liquid Solution S 0-L5
11/5/3  Atlas G~-3785  Polyoxythylene fatty amide Liquid-cash Solution 16 35-L0
11/2273 Atlas G-3300  Alkyl aryl silfonate Liquid Solution 3 35-lo
11/5/1  Proscl 307 1yclycol ester Lig.id Sus ersion 72 >100
2 > 100
11/6/1  Prosol DO 106 Polvslycol ester Liquid Suspension ¢ oil 99 >100
®For RDX, X0 ca/2 k.
**0n 5/0 sandpaper.
TASIE TIX
EFFECT OF DECREACING THE AMOUNTS OF SURFACE~ACTIVE AGENTS ON THEIR
ADSORPTION ON RDX
(adsorption on 3.00 g RDX froa s mediur cf S ml acetone ¢ 10 ml water)
£ Agent Afpearance of <
Run Agent Type (RUX Basis) Agsnt in ‘edium Adaorbed
12/18/2 Span BS Sortitan ester 2.5 Suspenaion 10
12/23/1 1L
12/18/3 Spen 85 Sorbitan ester ca. 1 Suspension 7
12/19/1 =99 Sorbitan aster 2.5 Suspension 33
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TABLE IV

HYDROPHILE-LTPOPHILE BALANCES OF SOM< S'URFACE-ACTIVE AGENTS,
AND THEIR RELATION TO AMOUNTS ADSORBED ON RDX (FROX TADLE I)

% 5
Agent HLB Adcorbed Agent =~ HLB Adsorbed

G-3910 12.2 5 G-21k2 11.1 3
G-3915 1L.1 3 G=-21LL 15.0 5
G-3920 15.2 7 G-1215 8.4 6
G-1055 8.5 £ £ 1226 12,5 S
G-1071 5.3 £5-91  G-128L 13.5 L
G=1077 8.0 1L G-1236 1L.0 L
G-1083 13.8 7 G-263 35-Lo L
G-1085 1l.3 9 G-650 2.5 6
G-1086 10.2 9 G~-9L9 3.7 37-73
G-1087 9.2 6 G-992 2.7 L
G-1095 12.h 8 - _— -
G-1096 11.hL 11 Arlacel ¢ 3.7 8
G-2139 S.1 30 Span 85 1.8 16-63
=210 8.0 12 -3865 13.9 S
- -— —_ G-3300 11.7 3

Be THS COATTG OF RDX
1. Discussion

a. Two samples of desensitized RDX, S-23L and S-235, pre-
pared last quarter,® have been evaluated by the Naval Ordnance Laboratory. The
RDX was densitized using a 10% coating, applied from solution at 85°C, of a co-
polymer containing 907 2,2-dinitrobutyl acrylate and 109 2-nitrobutyl acrvlate
with 2.5% Span 85 as a wetting agent. The impact sensitivities of A-23L and
§-235 were found to be 56 and L3 centimeters, respectively. The sensitivity of
Composition A by this procedure, in which a 2.5-kilogram weipht was used, was
59 centimeters. The detonation rate vs dencity curve for e ach of these samples
will be determined by NOL.

b, A new batch of RDX, Wabash Lot No. 119, has been re-
ceived. The desensitization was carried out in the same manner as was used on
$-23L and S-235, but the results were not as good. The new RDX coated with
the co-polymer gave a vlue of 25 %o 30 cm/2 kg on 5/0 sandpaper, as compared
with the previous values of 30 to 50 cm/2 kg. This may be attributed to the
fact that the average particle size of the new batch of RDX is smaller than that
of the old.

*Aemjet Report No. 6&, Pe 360
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Ce Six new compounds, 3,3,7,7-tetranitro-5-aza-nonane,
3,3,5,7,7-pentanitro-5-aza-nonane, i,U4,8,8-tetranitro-6-aza-undecane,
L,h,6,8,8-pentanitro-6~aza-undecane, dimetayl L,L,12,12-tetranitro-7,9-diaza-
6-keto-pentadecanedioate, and 5,5~dinitrovalerolactone were tried as coating
agents for RDX, using Span 85 as a wetting agent. Some desensitization was
achieved, the best result being obtained with 3,3,5,7,7-pentanitro-5-aza-
nonane, which gave an impact stability of 30 to 35 cm/2 kg on 5/o sandpaper.

de In the evaluation of new surface-active agents (III,A)
some promising new wetting agents were discovered. Four of these Atlas wetting
agents were tosted in the coating of RDX with poly 2,2-dinitrobutyl acrylate.
The impact stabilities of the coated samples ranged from 60 to 100 cm/2 kg,
which was an improvement over the runs in which Span 85 (I.S. = 60 to 65 cm/?2
kg) was used. These new wetting agents will be evaluated further, particularly
in the case of the co-polymer of 2,2-dinitrobutyl acrylate and 2-nitrobutyl
acrylate.

2e Experimental

ae In a 500-ml resin pot, fitted with a mechanical stirrer,

dropping funnel, and thermometer, was placed 50 ml of water. Stirring was
started, the water was heated to 85°C on the steam bath, and the wetting agent
was added. After two minutes the RDX was added., In five minutes a solution

of the coatinz agent in 25 ml of methyl isobutyl ketone (acetone was used as

the solvent in S-256 and S$-257) was added dropwise. After all the solvent had
been removed by azeotropic distillation, the coated RDX was collected, washed
with water, and dried. The experimental results are summarized in Table V.

IV. DEVELOPMENT OF BOLB AND SHZLL CASINGE JADE OF AN EXPLOSIVE PLASTIC

The third objective of the explosives program is the development of bomb
and shell casings made of an explosive plastic. Thus, if a nitropolymer were
used for the casing instead of metal, the explosive plastic would contribute
toward the force of the explosion rather than being merely dead weight, Up to
the present, this phase of the program has received little ypriority, since it
is dependent on the :rogress made on the synthesis of nitropolymers which have
physical and mechanical properties suiteble for use in a bomb or shell casing.
Until the middle of last year, the only nitrogolymers prepared were too low in
molecular weight to possess enouch physical and irechanical strength for use as
explosive plastics. Recent work on the nitropolymer program has shown that the
use of chelated metals as catalysts in polyurethane formation has made it pos-
sible to obtain nitropolymers with a molecular weight of 50,000 which have con-
siderably improved physical and mechanicsal properties.® At this point it is
nostible to initiate some work on Phase Three of the explosives program, and
in the future the development of explosive plestics will be reported,

e CR——

*perojet Report No. 663, p. 13.
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TABLE V
DESEKRSITIZATION OF RDX
£ 1.5., cm/2 kg
Sample Coating % Wetting Wetting Temp Water/RDX 5/0
No. Agent  Coating  Agent Agent °C  Ratio Regular Sandpaper
s-2Lo 1 10 Span 85 2. 85 2.5/1  55-60 -
s-2l1 2 10 Span 85 2. 85  2.5/1 100 30-35

s-2L2 90% DNBA3 .

10¢ MNeAl 20 spam 85
5-2L35 DNBA 10 Span 85
s~2L6 DNBA 10 Span 85
s-2Lk  2C% DNRA

104 127BA 10 Span 85
S-2L7 10% INBA 10 Span 85
S-2L5 80% DNBRA

85 2.5/1 100 25
85 2.5/1 60-65 -
85 2 [ 5/1 &-65 S 1

85 2,5/1  >100 20-25
85 2.5/1 >100 25-30

PR NN
L] ®
i wvwn v v
o
w

20¢ iINBA 10  Span 85 2. 85 2.5/1 >100 25-20
s-248 20% iNBA 10 Span 85 2 2.5/1 >100 25-30 ‘
S-2L9 20% MNRA 10 Span 85 2. 85 12.5/1  >100 25-30
$-250 6 10 Span 85 2. 85 2.5/1 >100 25-30
5-251 7 10 Span 85 2% 85  2.5/1 >100 25-30
S-252 DNBA 10 Atlas G-1077 2. 85 2.5/1 75-80 -
5-253 DNBA 10 Atlas G-2139 2. 85 2.5/1 75-80 -
s-25h DNBA 10 Atlas G-9L9 2. 85 2.5/1 1CO — '
$-255 DNBA 10 Atlas G-3785 2, 85 2.5/1 85-90 - ,
$-256 8 10 Span 85 2 85 2.5/1 60-65 -— i
s-257 9 10 Span 85 2. 85  2.5/1  90-95 -

13,3,7,7—Tetranitro-S-aza—nonane.

23,3,5,7,7-Pentanitro-S-aza—nonane.

32,2-Dinitrobutyl acr.late,

h2-Nitrobutyl acrylate.

sStarting with S-2L3 a new batch of RDX, Wabash Lot No. 119, was used.
L,L,8,8-Tetranitro-6-aza-undecane
7h,h,6,8,B-Pentanitro-é-aza-undecane.

8Dimethyl L,kh,12,12-tetranitro-7,9-diaza-8-keto-pentadecaneaioate (Aerojet Report
in press).

95,S-Dinitrovalerolactone, Klager, J. Org. Chem. 16, 161 (1951).
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Tete Questionmuire on

COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXDPLOSIVES

Listed below ars the characterisiics vhich are believed to de of importance in the study of a compound
which may possibly be used as a constituent of solid propellants or other explosives. It is not expected
that all tﬁil information will be available for every compound, For sxample, with a compound ahow&:g poor
stabilidy, it is probably not advisadble %c investigate that compound farther., After placing such informati
as is avallable for a compound which you have prepared or testsd om ore of these forms, s it tec SOLID
PROPELLART IRFORMATION AGENCY, Anj . 8621 Georgia Avemne, Silver Spring, Maryland. Ais additional infor-
mation on the same or new compounds acoruas, forward it on a similar Yorm at a later data. The iaformation
submitted on these forms will be rewritten and published SP'A in loose-leaf manual form. These forms
may also be used as work or data sheets for your experimental studies. Extrs copies are available upoa
request from SPIA. Suggestismz for improvemen: of thess forms are invited, If lmsufficient space has been
provided for any item, attach sepsrate sheets.

COMPOUND:
Namel,1,1,3,6,6,6-Heptanitro-3-aza-hexane Information submitted by:
Empirical formula BEHZNR(T], Activity Aerojet Engineering Corporation

Structure: (configuration) - Person M,B, Frankel a;% L,T, Carleton
NO ate U December, 19

12
(N02)3CCH20H2NCH20(N02)3 ? .
(NO,) ,CCH,CHoNHp *HC1 + HOCHZ(NOp) ey (NO) J0CH,CH,NCH,C(NO7) 4 —>

NOo

Preparation reaction(s): _ )
(NO;SCCHECHQNCHQC QOQ) 3

1. Quantitative anaiysis:($ by weight)

Carbon Hydrogen Oxygen Nitroge
Calculated from formula _1h,93 1.50 SS{gIl 27,8

By determination 18.23 1.50 28,13

3. Burning properiies:icompared to nitrocelluloss, under nitrogen at atmospheric pressure:)

(Taster? slower? residue? otc.)

3. Stability and Sensitivity: Plot any graphs on Discuss methods used when they vary
separate sheet from referencea. Give tempersture used.
(Use separate sheet if neceassry.)
Name of test _ Recommended method
a. Impact Sensitivity NOL ~Ceaanoatss 2¢5-kg weight
b. Thermal Stability GOSRO 340! p.8
¢. Vacuum Stability NOL osabrdHtdxmmo 48 hr at 100°C
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition NOL osEDdifione
f.
g. Impact Stability Bureau_of Mines Bull., No., 346, p. 72; 2-kg weight
h.
RESULTS OF ABOVE TESTS
Relerenc(e compound New Compound test resulis
designation-TNT, Tetryl, N.C., etc.)
a. Tetryl, 32 cm/2.5 kg T 6.0 cm/2.5 kg
b,
go 2,98 oc/g
e. 130°C
f:
}g‘. BDX, 30 cn/2 kg 1-2 om
4, Heat of formation: (AH) + -28.1 Kg. calories at 26°C., 1 atm. pressure
{indlcate sIgn)
Page 1
Appendix
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By Experiment By Calculation Method
Dourl‘\ul or reference. Seprrete
of ex lOSlM( ) sheoel if necessary.
E :: sor, ugo licuied cal/gm.
Heat of combustion (H.) 1609 cal/gm 1611 Aerojet Report No., L17A
(st 259C, H30 liquidc) .

Specific impulse (Igp) calc: lb-sec/1b

Physical form of compound (viscous 1inuied, crystalline tyoce, etc.) White needle-shaped
crystals

8. Simple microscope analysis data:
(crystal studiwe) 3
10. Density{Macro method) _ 1,83 Em/c 3 (Micro or other method) _ om/cm3.
M lein on seperste sheet any unique methods you u.n.)g
11. Index of refractiom (n3°*C*) 12, Color 13. Odor None
14. pH at 25°C. (Method reference OSRD 3401 o.4, or OSRD 5968, Indicste method used, i.e,
solvent end concentratlions used, pH indicetor vever or Beckman pH weter.)
0,0077M in acetons/water (S5/1 volume ratio)
|
s
]
[}
]
1
| _ P __ ,:'ﬁ.
= o L
Litravielst ibeerpiies Spestram of 1.1,%,),6,6,6-Neptanitre- }ass-bemane 1s Phbasel
17. Bolling point, or decomposition temperature: C.
(underline which tempsreture is reported)
18. Heat of Vaporization: g-cal./gm BTU/Ib.
19. Heat of Fusion: g-cal./gm BTU/Ib.
20. Melting point _ Uil-1S <,
Page 2
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21. Freezing point vs. Time Curve: (Plesse merk the coordinetes with scsle values thet spn'y to the compound
under study.)
1
O -
L ]
w
[+ 4
D
-
-4
[+ 4
W)
o
=
w
-
TIME
22. Solubility of new compound:
£0,1 €/100 ml Hz0 at 25°C. /100 ml Hy0 at .
120 §/100 ml acetone at .
“(name material used as solvent)
| 0.6 €/100 ml toluene at C.

{name material used as solvent)

1,1,1,3,6,6,6-Heptanitro-3-asa-hexane Suspended in White Mineral 01l
Time=12 min

|
\ l"agQB
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Under tability we are considering the sbility of two compounds to be in intimete contsct (Note

OSKD 5758 p, 21-22) over s long period of time without sdverse effects on either the chemicsl or physicsl
vroverties of sither msteriel. These tests will probebly be of veried extent. They might be same of

the follow'ngs (e) Stenderd stedbility tasis. (b) B8imple cbservetions of exudetion or sepsretioam st
sabisnt or accelerstad temnersture. (c) Prepsre thin sheets (.025* thick, 1" squsre) of the plasticized
waterisl, Sepsrete the sheets with strivs of cigerette paper or csrbon paper snd compress the stseck in

s "C® clsap. After seversl deays note the oily collection on the vsper., Pleese give reference to or
describe vrocedure used, Jtam 28 s to Indicste results shen the compound is in contect with some meteri-
el other than ethyl cellulose, nitrocellulose or rubber,

Compatability with ethyl cellulose:

Compatability with nitrocellulose:

Compatability with rubber:

Compatability with

Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures (vith sdditives)
(c) Inhibiting action on polymerization of:

Thiokol
Methacrylate
Other compounds

Availability

a. Amount now available? Research quantities
b. When was available material first prepared?
¢c. Amount prepared at that time?
d. Is large production feasible ?
e. Plant capacity in existance, lbs/day?
{. Outline steps for a quantity production method

Additional informztion: (texicity, hasaids, deterioretion, oxygen belance, detonation rete, explosive
power, eass of hydrolysis by water, etc., List references, reports, dsta books, etc. that refer to the
ea 0 d

yren DATARES ™ 1

D

Page L
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Tate Quesationmaire on
COMPCUNDS FOR USE AS INGREDIERTS OF PROPELLANTS AND CTHER EXPLOSIVES

iisted below are the characteristics wizich are believed to be of importance in the study of a compound
whick may gossib}y be used as a constituent of solid propellante or other explosivee. It is not expected
that all this iniormation will be available for every oompound. PFor example, with a compound shoui:g poor
stabilidy, it is probadly not advisable to investigate that compound farther. After placi:g euch informatior
as is avallable for a compound uhi;h ou have prepared or tested on one of these forms, s it to SOLID
PROPELLANT INTORMATION AGENCY, A1¢4Jﬂﬂ, 8621 Georgia Avenne, Silver Soring, Maryland. As additional iafor-
zation on the sams or new .ompounds accrues, forward it on a similar Zorm at a later date. The information
submitted on thess forme will be rewritten and published SPIA in lcose-leaf manual form. Theee forms
rey also be used as work or data sheets for your experimental etudise. Extra copiee are available upon
request from SPIA, Suggeetions for improvement of these forms are invited. If lmeufficient space has been
provided for any item, attach separate eheets.

COMPOUND:

Namel,l,1,L,6,6-Hexanitro-l-aza-heptane Information submitted by: )
Empirical formula CHN-075 Activity Aerojet Engineering Corporation
Structure: (configuration) A Person M,B, Frankel and L,T, Carleton

1302 #02 Date
(NOZ) BCCH20H2N0H290H3 " S
Vo WO § 1% mwo, {22
(NOZ)BCCHZCHZNH2°HCI + HOCHQCCH3 —_— (NOZ)BCCHZCHZNCHZ?CH3 —_— (N02)300H20H2NCH2(13CH3
Preparation reaction(s): NQ. NO’Z NOA
(5 <

1. Quantitative analysis:(% by weight)

Carbo H N
Calculated from formula 1391..11.{ men ?iy.gfg 21g.c’4g2en

By determination 19,90 2.52

2. Burning properties:(compered to nitrocellulose, under nitrogen at atmoepheric pressura:)

{Faster? elower? residus? etc.)

3. Stability and Sensitivity: Piot any graphs on Discuss methods used when they vary
separate sheet from referencee, Give tempersture used.
(Gse separate sheet if necessary.)
Name of test Recommended method
a. Impact Sensitivity NOL™ CSBDotias 2.5-kg weight
b. Thermal Stability OSRD 3401 p.8
¢. Vacuum Stability NOL QeBBottkrAR L8 hr (or less) at 100°C
d. Temperature of Explosion OSRD 340i p.6
e. Temperature of Ignition NOL »08BRBfxtkpt
1.
g. ITmpact Stability Bureau of Mines Bull, No,. 3ub, p. (2; ¢-kg weight
h.
RESULTS OF ABOVE TESTS
Reference compound New Compound test results
(dosignnt}on—TNT, Tetryl, N.C., etc.) .
a. Tetryl, 32 cm/2.5 kg 17.h em/2.5 kg
b,
g. 230 ¢c/g in 25 hr
:. 210°C
€ BDX, 30 cm/2 kg ~35=00 cm/? kg
h. e i
4. Heat of formatim: (AH) + 18,7 Kg. calories at 26°C., 1 atm. pressure
(Indlcste 8ign)
Page 5
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11,

14,

17. Boliling point, or decomposition tempera
18. Heat of Vaporization: g-cal./gm
19. Heat of Fusion:
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By Experiment By Calculation Method
p.:::nt:;n.::.:ohm. Separete

Energy of explosion (Q) cal/gm i

ot <50C, Hy0 liquid
Heat of combustion (H.) 2298 cal/gm 2232 Aerojet Report No, 417A

(st 250°, K50 l1quid)
Specific impulse (Igp) calc: lb-sec/lb

Physical form of compound (viscous linuid, crystslline tyve, etc.) Crystalline in faintly
orange plates,

Simple microscope analysis data:
(crystal studies)

Density{dacro nethod) 1.§ im/cm:’, (Micro or other method) gm/cm3.

1sin on sepsrste sheet any unique methods you use.)
Index of refraction: (n%5°c') 12. Color 13. Odor None

pH at 25°C. !“!I (Method reference OSRD 3401 r,4, or OSRD $968, Indigste wethod used, i.e,

solvent snd concentretions used, pH indicetor oever or Rackman [H me.er.) ecC

meter: 0,0014M in acetone/water (5/1 volume ratio)

N

A W
Tiwrevislet ibearpiion Specires of 1.1,1.4,6, 0 Bemani wre-b-ass-haplans 1s Flosss]

e: _ Decomposes on melting .
(underline which tempereture is nmus\;’ ©

BTU/Ib,

g-cal./gm BTU/Db.

20. Melting point 109-109.5 +

Page 6
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1. Freezing point vs, Time Curve: (Pleass merk the coordinetes with scale vslues that spply to the compound
under study.)

5 1 i ,
. ] 1 ! I l
O
D) ! l ]
w - T l 4
(v d ]
o !
2|
a I
@ |
W
a. {
2 )
w 4 |
2 I
EENES IV SRR _T
_ 1
TIME '
22. Solubility of new compound:
<0,1 g/100 ml H30 at 25°C. /100 ml H,0 at .
200 /100 ml acetone at 25 °C.
(name material used as solvent)
4.0 /100 ml toluene at 25 .

(name material used as solvent)

w—— *{J\,f“\ R IO N SRS TS SRR AR 1
e SRR sain L8 X TUBERY. : SO IR ETE MIET - AT SN ST
s 5f\ N 1 “ o P b ls il 22 f/\"in- 7 //“\\w
R T N R e T T e
:“'n""‘“" - | '.f\...' § J \ v e v : ,r :
Sl I ¥ _‘v’_i,_(‘, / sh | v
s iy |
- —_— 1 iy
e - by -\
e sl o o . ol
SR Wors Loagh o Myogne
1,1,1,L,6,6~-Hexanitro-L-asa-heptane Suspended in White Mineral 011
Time=12 min
Page 7
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Under b
OSRD 5758 p. ?1-22
nroverties of either msterial. Theee teats will
the following: (e¢) Stendard stability teets.
smbient or ecceleretad temcersture,
ssterisl,
s "C*® clsep.
descridbe procedure used,
sl other then ethyl cellulose, nitrocellulose or rubber,

we ere considering the ability of two compounds t2 be in *ntimste contact (Note

over & long period of time without sdvarss effects on either the chemical or physicel
robably be of varied extent.
(b) Simole cbservetions of exudetico or sepsrstioo st
(c) Prepsre thin sheets (.025* thick, 1% aquere} of the plasticized
Seperete the sheets with etrioe of cigsrette peper or carbon paper and compress the steck in
After severel deys note the oily collectiocn on the veper,

Report No, 682
SPIA/M3

Thuy might be scme of

Pleese give reference to or

Jtem 28 18 to indicete results when the compound §8 in contact with some meteri-

23. Compatability with ethyl cellulose:
26. Compatability with ritrocellulose:
27. Compatability with rubber:
28. Compatability with
29. Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures ("ith sdditives)
(c) Inhibiting action on polymerization of:
T hiokol
Methacrylate
Other compounds
30. Awailability
a. Amount now available? Research quantities
b. When was available material first prepared?
c. Amount prepared at that time?
d. Is large production feasible ?
e. Plant capacity in existance, 1bs/day?
f. Outline steps {or a quantity production method
31. Additiona! information: (toxicity, hesatds, detorioretion, oxyger belance, detomstion rete, explosive
power, esse of hydrolyeis by weter, etc. Liet referencee, reports, dsta books, etc, that refer to the
compound, )
—Calculated Tead-Block Value = 162 - 8
_ Hethod 01 XeXo]ét Reporv N5, 512,
Talculated Ballistic Wortar Value = 153 I
Page 8
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Nets Questionmeire on
COMPOUNDS FOR USE AS INGEEDIENTS OF PROPELLANTS AND QTHER EXDLOS

Listed below are the characteristics which are believsd to be of importance in the study of a cempound

= ch mey gossibly be used as a constituent of solid propellants or other explosivas. It is not expected
that all this information will be available for every compound. For example, with = cc=pcund showiag poor

stability, 4t is probdably not advisadble to investigate that compound farthar. Aftex placi such informatior

as is avallable for a compound whigh you have prepared or tested on one of these forms, se it to SOLID

PROPELLANT INFORMATION AGENCY, APIJJH%, 8421 Georgia Avenne, Silver Soring, Marylani. Ar additional infor-

psation on the same or new compounds accrues, forward it on a similar Zorm at a later date. The ianformation
submitted on these forms will be rawritten end published by SPIA in loose-leaf suisual form. These foras

vay also be used as work or data shests for your experimental studies. Extra covies are availablse vpon
request from SPIA. Suggestiors for improvement of these forms are invited. If lnsufficient space has been

provided for any item, attach separate sheests,

COM rOUND:

Namels 1, 1, 3,6, 6-Hexanitro-3-aza-heptane Information submitted by:
Empirical formula CgHoN707 5 Activity Aerojet Engineering Corroration
Structure: {confipuration) i Person M_B, Frankel and L,T, Carleton
?02 bI‘O2 Date
CHB?CHQCHQNCHQC( NOQ) 3
No., NO2 NOo H NO» NO2
2 NsOH, . ! | s NP |
CH3CCH2CH2NH2-HCI + HOCH C(NOQ) —_ CHBCCHQCHQNCHQC(NOQ) —_— CHBCCHQCHQNCHQC(NOQ)
| Preparation reacglon(s): 3 | 3 | 3
NC) NO5 NG
1. Quax;tltatlve analysis{f by weight)
Carpon Hydrogen Oxygen Nitrogen
Caiculated from formula 19.35)- B 2.1?5 51.%3 26.’45
By determination 20,18 2.53 26.LL

2. Burning properties:{compsred to nitrocellulose, under nitrogen at etmoepheric preesure:)

(Fester? slower? residue? ete.)

3. Stability and Sensitivity: Plot sny graphs on Discuss methods used when they vary
separate sheet from references, Give temperature used,
(Uee sspar. e sheet if necessary.)
Name of test Recommended method
a. Impact Sensitivity NOL ™~ osra<zes 2.5-kg weight
b. Thermal Stability OSRD 3401 p.8 I j
¢. Vacuum Stability NOL TSRIDITIKHAE 48 hr {or less) at 1I00UC
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition NOL x0sRax3300axs o
f.
g. Impact Stability Bureau of Mines Bull, No. 346, p, 72; 2-kg weight
s RESULTS OF ABQVE TESTS
Reierence compound New Compound test results
. (dos}@ntsgp-;rm‘, Tatryl, N.C., etc.) .
a. Tetryl, 32 cm/2.5 kg 19.6 cm/2.5 kg
h, A s
c. >350 cc/g 1n 2-1/2 hr
d.
:. 173°C
g RDX, 30 em/2 kg ' 25 cm/2 kg
4. Heat of formation: (aAH) + -39.8 Kg. calories at 25°C., 1 aium. pressure
(Indicats algn)
Page 9
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Repost No, 682
SPIA /M3

Method

D-oorlt\ul or roeforence. Separete
oheod Lf necessary.

Aerojet Report No. L17A

By Experiment By Calculation
95 of explosion (
E'm sor, ugo licuits) cal/gm
6. Heat of combustion (H.) 221 cal/gm 2232
(st 2500, H0 l1quid)
7. Specific impulse (Igp) calc: Ib-sec/1b

8. Physical form of compound (viscous 117uid, crystelline tyoe, etc.)

Yellow, prismtic crystals

9. Simple microscope analysis data:

(crystal studiss)

10, Density{sscro method) 1.74 m/cm3. (Micro or other method; _
xnlein on sepnrste sheet sny unique methods you use.

11. Index of refractiom (n25°C-) 12, Color

14. pHat25C. 3.7 (Msthod reference OSRD 3401 0,4, or OSRD 5968,
solvent ond concentratlors ussd, pH indicetor oeocer or Beclman pH meter,)

0.020M in acetone/water (5/1 volume ratio)

13,

—  gm/em3.

Odor none .

Indicete method used, 1,0,

o
A
N
=2t

an
- 4

2] =

b,
Clirovielet ibewrption Speminm of 1.1,1,).6,6-8maalire- 3-sse-Teptans 13 Bidane]

17. Boiling point, or decomposition umpent\yre: decomposes on melting .
(underline which tempersture is revorted

18. Heat of Vaporization: g-cal./gm BTU/Db.

19. Heat of Fusion: g-cal./gm BTU/b.

20. Melting point 105-107 <,

Page 10
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g SPIA /M3
31. Freezing point vs. Time Curve: (Plesss mark the coordinetes with scsle velues that spply to the compound
under study.)
}
O
[ ]
w
[+ 4
o |
-
<
@x
W
a
=
w b—
-
TIME
22. Solubility of new compound:
<0.1 g/100 ml H90 at 25°C. /100 ml Hy0 at ..
120 /100 ml acetone , at 25 C.
"(name material used as solvent)
1.2 g/100 ml toluene at _ 25 c.

{name material used as sclvent)

. = 5 — [ © e Gl B m iage e e e - ————
= i
The% v

11252

[rvay]

b L A& Semat Lo S-etee
ottt RS I
sl ol

2 haril wus

= B ewes it sasmba | 1

Come Cob - - o
. Baiy Sigem

i - -~

[

tel se, Cw e,

th owed Sy oem e
e saee s et

1,1,1,3,6,6-Hexanitro~3-aza-heptane Suspended in White Mineral 041
Time=12 min
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30.
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CONFIDENTIAL

Report No., 682
SPIA/NM

Under tebility ee sre considaring the ebility of teo compounde t2 be in intimete contect (Note

OSRD 57% P. 21-22; over ¢ long period of time without adverse effects on either the chemicel or physical
proverties of efther mater.sl. These tests will probebly be of veried extent. They might be eame of

the following:s (s) ‘Stenderd stedility teste. (b) Simole observetions of exudation or separation et
smblent or ecceleretad temversture. i(c) Prepsre thin sheete (.025" thick, 1® equare) of the plasticized
saterisl, Sepsrste the eheets with etrive of cigurette psper or cerbon psper and compress the ateck in

a2 °C® clamp, After several deys note the oily collection on the vepsr. Pleese give reference to or
deecribe vrocedure used., Item 28 1s to indicate reeults when the compound is in contact with scae moteri-
el other then ethyl cellulose, nitrocellulose or rubber,

Compatability with ethyl cellulose:

Compatability with nitrocellulsse:

Compatability with rubber:

Compatability with

Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures ("ith edditives)
(c) Inhibiting aciion on polymerization of:

T hiokol
Methacrylate
Other compounds

Availability
a. Amount now available? Research quantities
b. When was available material {irst prepared? :
¢. Amount prepared at that time?
d. Is large production feasible?
e. Plant capacity in existance, lbs /day?
f. Outline steps for a quaniity production method

Additional information: (toxicity, hesetds, deterioretion, oxygen belance, cetonstion rete, explosive
power, oo;o of hydrolysie by water, etc. List referencee, reports, dsta dooks, etc. that refer to the
CQW.

Calculated Léad Block valu® ™ 167 =
PR 0 2
Caltulavss BEITIETIT Mortar valtue 1537 €15 o R
- y —¥

Page 12
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Nate Questionmeire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

listed “elow are $hs characisristics which are believed to be of importance in the studiy of a compound
-which mnay Koasibly be used as a constituent of s0lid propellants or other explcsives. It is not expected
that all this information will be available for over¥ coxpound, For example, with a compound shoui:g poor
stsbility, it is prodably not ndvisable 3o investigate that compound farther. After placing such informatior
as is available for a compound which vou have prepared or tested on ons of these forms, se i? to SOLID
PROPELLAKT IEFORMATION AGENCY, AFI?JHU. 8621 Georgia Avenue, Silver Spring, Maryland. As additional infor-
metion on the ssma or néw compeunds zccruss, forward it on a simijar form at a later date. The information
sudnitted on these forms will be rewritten and published by SPIA in loose-leaf manual form. These forms
Bay also be used az work or data sheets for your experimental studies. Extra copies are available upon
request from SPIA. Suggestions for improvemant of lhess forms are invited., If insufficient space has been
provided for any item, attcch separate shests.

compounDd: N-3',3', 3'-Trinitropropyi-
Name 3,3,5,5-tetranitropiperidine Information submitted by:
Empirical formula CgH1oNg01y Activity Aerojet Engineering Corporation

Structure: (configuration) Person M,B, Frankel and L,T. Carleton

NO» _CHo_ NO Date , 19513
2 2Ng” 2 Wozﬁ_{shmarv

/] N '
N0y | | NO2 (NOy ). CCHyCHoNH, “HC1 + CHp~ CCHyOH! LN
CHp CH, J |
<N e NO2
| - 2
CHoCHpC{NOy )3
I
Quanu(tative analysis:(% by weight)
Carbon Hydrogen Oxygren Nitrogen
Calculated from formula 21.73 2.25 50.85 25 .3ﬁ
By determination 21,33 2,29 24,52

3. Burniny properties:{compared to nitrocellulose, under nitrogen at stmospheric pressure:)

(Taster?  slower? residue? etc.)

3. Stability and Sensitivity. piot eny graphs on Discuss methods used when they vsry
separate sheet from references. Give tempersture used.
(Use separste sheet if necessary,)
Name of test .. Recommended method
a. Impact Sensitivity NOL 0SRaX310% 2,5~kg weight
b. Thermal Stability OSRD 3401 p.8 )
¢. Vacuum Stability NOL 08 400axTs 48 hr at JOOOU
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition OSRD 3401 p.6
f. Impact Stability Bureau of Mines Bull, No, 346, p, (2 (2-kg weight)
g.
h.
RESULTS OF ABOQVE TESTS
Reference compound New Compound test results
(dssiguation-TNT, Tetryl, N.C., etc.)
a. Tetryl, 32 cm/2.5 kg 29 cm/2 kg
b
c. 230 eg/g
d.
e. N
1. RDX, 30 cm/? kg 25-35 cm/2 Kg
g-
h.
4. Heat of formation: (AH) + -60 Kg. calories at 25°C., 1 atm. pressure
{Indicele sign)
Page 13
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By Experiment By Calculation Method

muvltuo- or reference. Separte
sheeld Lf mecessary.

5. E of explosion (Q)
erqﬁ’" Hgo 1{cuid cal/gm

. Heat of combustion (H 2338 cal/gm 2392
(st 259, K0 nqunf)

6 Aerojet Report No, L17A
7. Specific tmpulse (Igp) calc:
8

Ib-sec/lb
. Physical form of compound (viscous 11~uid, crystslline tyce, otc.) _Prismatic white crystals

9. Simple microscope analysis data:
(crystel studies)

10. Density{¥scro nthod)l.702 im/cmli, (Micro or other method) ___ gm/cm3,
y‘ xnlair on separate sheet any unique methods you \.\.se.)g
11. Index of refractiom (n2°°-) 12. Color _white 13. odor _acid .

14, pH at 25°C. 2.L (Method reference QSRD 3401 0.4, or OSID 5968, Indicste method used, i,e,
solvent end concentretlions ussd, pH indicstor vsver or Beclman pH meter,)

meter in 0,03LM acetone/water (5/1 volume ratio)

| | i
' of.
o ; o o 340
. ™
Bt 30, YeoTrindtreprepyl-), 1, S, S-tetruattrepiperidine o letdanel

17. Boiling point, or decomposition temperamre. decomposes on melting <
(undsrline which tempereture is revorted) :

18. Heat of Vaporization: g-cal./gm BTU/Ib.

18. Heat of Fusion: g-cal./gm BTU/Db.

20. Melting point 1Ll-146 <. (d)

Page 1L
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2l. Freezing point vs. Time Curve: (Plsese mark the coordinates with scsle values thet apply to the comporad
under study.)

-+

—

TEMPERATURE °C

TIME
22. Solubility of new compound:
<0,1 g/100 ml H20 at 25°C. g/100 ml Ho0 at C.
3.5 /100 ml toluena at__ 2% ‘c.
¢ nane material used as solvent)
220 g/100 ml acetone at 29 C.

(name material used as solvent)

N-3%,2¢, 3¢'-Trinitropropyl-3, 3,5, 5«tetranitropiperidine
Suspended in White Mineral Oil
Time=12 min

Page 15
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25.

a1.

as.

30.

31,

CONFIDENTIAL
Report No. 682
EPIA /M3

Under tability we sre considering the sbility of two camoounts i ve in intimete contsct (Note

OSRD 5758 p, 21-22) over s long period of time without sdverse effccts on either the chemicsl or physicsl
nroverties of either materisl, Theee tests will probably be of varied extent. Thbay might be same of

the followings (s) Standerd stebility tests. (b) Simole observetions of exudstion or separatica st
sndient or sccelerstad temversture. {c) Prepsre thin sheets (.025% thick, 1® squere) of the plssticized
saterisl, Separete the shests with strive of cigerette psper ¢ cerbon paper snd compress tae stack in

8 %C® clamp, After several dsys note the oily collection on the veper, Plesse give reference to or
descridbe orocedure used, Item 28 is to indicste results wien the compound is in contect with some materi-
8l other than ethyl cellulose, nitroceiluloss or rubber.

Compatability with ethyi celluiose:

Compatability with nitroceilulose: _

Compatability with rubber:

Compartability with

Polymer-izing propsrties of the new compound:
(a) By itself
(b) In mixtures ("ith sdditives)
(c) Inbibiting action on polymerization of:

Thiokol

Methacrylate

Other compounds

Availabili

a. Amo?ﬁxt now available? Research quantities
b. When was available material first prepared?
¢. Amount prepared at that time?
d. Is large production feasible ?
e. Plant capacity in existance, Ibs/day?
f. Outline steps Ior a quantity production method

Additional information: (toxicity, hesatds, deteriorstion, oxygen belance, dstonstion rets, explosive
pomer, u;o of hydrolysis by wster, stc. List references, reports, dete books, etc. that refer to the
CGM.

“Talculated Lead BISEE VEIUE * 15% =
)2

Page 16
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Nats Questionneire on

MPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Liste. below are the characteristice which are bslievad te be of importance fr the study of a compound
whick may $ossibly be used as a constituent of solid propellants or other explosives, It i mol axpected
tha®; all this 1nforwation will be available for every compouni. For exampla with a coupound sho\d:g poor

o

stability, it is probably not advizable to investigate that coampound farther. After placing such informatior
as is available for a compound whi ou have prespared or testel on one of these forms, ssnd it to SOLID
PROPELLAN] INFORMATION AGENCY, LP‘L7 , 8621 Georgia Avenne, Silver Spring, Maryland. "As additional infore
mation or the sx=2 5T new uuupouuul accrue#, iorward it on a similar furm at a later date. The information
submitted on these forme will be rewritten and vublished by SPIA in loose-leaf manual form. These forms

zay also de used as work or aava sheeis for your axpevinental studies. Extra coples are avajilable upon
requeat from SPIA. Suggestione for inprove-ont of theee fcrms are invited. If imsuificient space has been
provided for any item, atiach eeparate sheets.

COMPOUND:
Name 3» 3» 3=Trinitropropyl Amine Nitrate Information submitted by:

Empirical formula CaH7Nc0q Activity Aerojet Engineering Corporation

Structure:(configuration) =~ Person M. B, F Ankg_l_agd_L‘L_j_uleton
Date MW. 1953

(NOp ) ;CCHpCHZNH, -HNO 3

(NO7) ;CHpCHoNCO + HNO3 + Hp0 —— (NOp),CCHpCHpNHj -HNO3 + COp

Preparation reaction(s):

1. Quantitative analysis:(% by weight)

Carbon Hydr(Lgen Oxgvgen Nitr o&in
Calculated from jormula 1k4,01 2.7 56.01 21,
By determination 1L .09 2_.80 26,58

2, Burning properties:(compared to nitrocellulose, under nitrogen at stmospheric pressure:)

(Poster? slower? residue? etc.)

3. Stability and Sensitivity: plot any granhs on Discues methods used when they vary
separates zheet from re’.rences., Give tempersture used.
(Use separate sheet i1f necessary.)
Name of test Recommended method
a. Impact fensitivity NOL  208RDX%396 2.5-kg weight
b. Thermal Stability OSRD 3401 p.§ ] N
c. Vacuum Stabllity NOL osmDcszaxyin LU hr at ITCOYC
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition OSRD 3401 p.§ . , .
f. Impact Stability Bureau of Mines Buli, No, 56, p, (2 (2-KEg weight)
g.
h.
RESULTS OF ABOVE TESTS
Referenre compound New Compound test results
(deeignat on-TNT', Tstryl, N.C., etc.)
a. Tetryl, 32 cm/2.5 kg 10 cm/2.5 kg
h.
c. >30 cc/g
d.
e.
f. BDX, 0 cm/? kg 30-40 em/2 kg
g.
h.
4. Heat of formation: (4H) + =95 Kg. calories at 25°C., 1 atm. pressure
{indIcete sign)
Page 17
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By Experiment By Calculation Method )
nneﬁ‘un or reference. Separete

5. Energy of explosion (Q) i SRestitf ssedsey
Tet®¥sor “Hbo o catgm

6. Heat of combustion (H.) 1657 cal/gm 1706 Aerojet Report No, Ll7A

(st 250C, H»0 l1quid)

7. Specific impulse (Igp) cale: lb-sec/Ib

8. Physical form of compound (viscous linuid, crystelline tyve, etc.) White crystals

9. Simple microscope analysis data:

{crystsl studiss) 1.774
10. Density{tacro method) 1, ﬁm/cm:’. (Micro or other method) ___~ _ gm/em3,
Y( xnlsin on sepsrste sheet eny unique .sethoos you uscs.)g

11. Index of refraction: (n%sw:..) 12. Color white 13. Odor _ none .

14. pH at 257, 3.3 (Method reference OSRD 3401 0.4, or OSRD $968. Indic hod used, {.e.
pHoolvent ond concentrations ussd, pH indicator oeder or Beckman 1H meter.) 'yeh%&nn .Ph
meter in 0,C31M acetone/water (5/1 volume ratio)

&
A, s
1, L »Prizitropweyl Acise Sitrete ia Btheasd
17. Bolling point, or decomposition temperature: decomposes on melting . I
{underline which tempereture 1s revorted)
18. Heat of Vaporization: g-cal./gm BTU/bb,
19. Heat of Fusion: g-cal./gm BTU/I.

20. Melting point 132-134 ¢, (d)

Page 18
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TEMPERATURE °C.

22. Solubility of new compound:

32

<0.1

170 .

SPIA /M3

21. Freezing point vs, Time Curve: (Plsase mark the coordinates with scels values that apply to the compoumd

Y T T
|
{
]
TIME
g/100 ml H20 at 25°C. g/120 ml 820 at .
g/100 ml toluene at 25 C.
"{pane material used as solvent)
g/100 ml acetone at 2v C.

= Red:

“{name material used as solvent)

3,3, 3-Trinitropropyl Amine Nitrate Suspended in White Mineral 04l

Blues

¥hite Mineral 0il
Time*12 min

CONFIDENTIAL
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25. Compatability with ethyl cellulose:
26. Compatability with nitroce'lulose:
27. Compatability with rubber:
28. Compatability with
239. Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures ("{th sdditives) -
(c) Inhibiting action on polymerization of:
Thiokol
Methacrylate
Other compounds
30. Availability
a. Amount now available? Research quantities
b. When was available material first prepared?
c. Amount prepared at that time ?
d. Is large production feasible?
e. Plant capacity in existance, ibs/day?
{. Outline steps for a quantity production method
31, Additional information: (toxicity, hasatds, deteriorstion, oxygen belsnce, detonstion reta, explosivs
power, oase of hydrolysis by water, etc. List references, reports, dsts books, etc, that refer to the
compaund. )
“Calculated Lead BIock value * I/I
P HETHGA Of KEY0j8T REPOrt KU, 517, P. O
[) 8 3 postes
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Under bility we are considering the ability of two compounds to be in intimete contsct (Note
OSRD 5758 p, 21-22) over s long period of time without adverae effects on either the chemicsl or physicel

nrovertiea of either materisl., Thess tests will 'probebly be of veried extent. They might be acme of

the following: (a) Standsrd stebility tests. (b) Simole cbservetions of exudstion or separstion et
smbient or accalerated temvernture. (c) Prepsre thin ehsets (.025" thick, 1* squsre) of the plasticized
seterisl, Seperete the sheets with strive of cigarette peper or csrbon paper snd compress the steck in

» °C*® clamp. After seversl dsys note the o!ly collection on the cepsr. Plesse give reference to or
descridbe orocedure used. Item 28 13 to Indicete results when the compound 1s in ccntect with some meteri-
sl other than ethyl celluiuvse, ni%rocelluloss or rudver,
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Nate Questionneire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the characteristics which are balieved to be of importance in the study of a compound

“which may gossibly be used as a constituent of solid propellants or other explosivee. It is not expscted
that al)l this information will be available for every compound. For example, witi a compound zhowiag poor
stabili¥y, it is probadbly not advisable to investigate tbat compound farther. After placing such informatior

as is available for a compound which you have prepared or teasted on one of thess forms, send 4% to SOLID
PROPELLANT NFORMA®ION AGENCY, APL/JHU, 8621 Georgia Avenue, Silver Spring, Maryland. As additional infor-
zation on the same or new compounds accrues, forward it on a si=ilar Torm at a later_date. The informetion
subnitted on these forms will be rewritten and published by SPIA in loose-leaf manual fora. These forms
may also be used as work or data sheets for your expsrimental studies. Extra copies are availadle upon
request from SPIA, Suggestions for improvement of these forms are invited. If lnsufficient space has been
provided for any item, attach separate sheets,

COMPOUND:

Name3s 355, 7s T=-Pentanitro-5-aza-nonane Information submitted hy: . .
Empirical formula Ca11, 84010 Activity Watmn
Structure: (configuration) |~ NO» Person M, B, Frankel an LT, Tleton
) Date 6 February, 1953
CH3CHzCGCHp | ~KNC)
NOp |
2 —_ —
N0 NO HNO, N0, |
» =) | ~CCH -NNO
QCHBCHQCCHQOH + NH)JOCOCHJ —_— lCH3CH2(IICH2 | NH A—c%cg iCH3CH2(|1 2 2
Preparation reaction(s): 5 NG| I NO» |
NO C 2e = "2 o
1. Quantitative analysis:(f by weight)
Carbon Hydrogen xygen Nitrogen
Calculated from fQrmula 27,12 3.9 hg.i 23.5?6 —
By determination 27.117 3,72 22,71 _
2. Burning properties:(compared tc nitrocellulose, under nitrogen at atmospheric pressure:)
(Taster? slower? residue? etc.)
3. Stability and Sensitivity: Plot any graphs on Discuss methods used when they vary
separate sheet fron references. Give tempersture used.
(Use separate sheet if necessary.)
Name of test ’ Recommended method
a. Impact Sensitivity NOL ~ oSsEBOMEX 2.5-kg weight
b, Thermal Stability OSRD 3401 p.8 \
c. Vacuum Stability NOL OSRBXINTY <0 08 hr at 100°C
d. Temperature of Explosion OSRD 3401 p.8
e. Temperature of Ignition _ OSRD 3401 p.6
f. Impact Stablility Bureau of Mines Bull, NG, SHST?‘Z_(, R =Ry weight)y—
£.
h.
RESULTS OF ABOVE TESTS
Referenc(e compound New Compound test results
designation-TNT, Tetryl, N.C., etc.)
a. Tetryl, 32 cm/2 kg ' 80 em/2.5 kg
h,
g. 1.64 ¢c/g
. )
1. RDX, 30 cm/? kg 25-30 cm/2 kg
g.
h.
4, Heat of formation: (AH) + -85 Kg. calories at 36°C., 1 atm. pressure
(1ndicste algn)
Page 21
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5. Energy of explosior (Q)
?otgkof‘. xgo llcuiS S

CONFIDENTIAL
Report No. 682

6. Heat of combustion (H.)
et 253, K0 liquidc)

SPIA /M3
By Experimeint By Calculation Method
B ey dvassts
cal/gm i
3234 - cal/gm __ 3290 Aerojet Repart No. L17A
lb-sec/lb

7. Specific impulse (Igp) calc:

8. Physical form of compound (viscous li~uid, crystallinc tyoce, otc.)

Flaky white crystais

9. Simple microscope analysis data:

(crystel studise)

10. Density{Mscro nethod) 1,707 §m/cm3.

11. Index of refraction: (n3%°C)

14. pH at 25°C. .8

solvent and concentrations
meter in O,0L1M acetone

(Micro or other method)
1sin on sepsrate sheet any unique methods you use.)

12. Color white 13. Odor none .

gm/cm3.

(Method reference OSRD 3401 n,4, or OSRD 5968, Indicate method used, 1.e.
ed, pH in(?eotor oever or Bec i weter.) with
7;atcr (5/1 volume ratio

—wy o

e W
% %S5, T, T-Pow et ia N
17. Bolling point, or decomposition temperature: °C.

(underlina which tempereture is revorted)

18. HKeat of Vaporization:

g-cal./gm

19. !lieat of Fusion:

BTU/Ib.

g-cal./gm BTU/b.

20. Melting point 107-108
Page 22
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31. Freezing point vs. Time Curve: (Plesse mark the coordinates with scsle values thet apply to the compound
under study.)
Y N A N S
* | P !
T T T T
P i 1 |
« i [ |
@ |
& T
= - |
w t
et '
|
4
TIME
22. Solublility of new compound:
<0,1 g/100 ml H0 at 25°C. g/100 ml Hy0 at .
2.3 g/100 ml toluene at 25 c.
(name material used as solvent)
67 g/100 ml acetone at__ 25 °C.

(name msterial used as solvent)

sl e

Were Longit & abgonee

3,3,5,7,7=-Pentanitro-5-aza-nonane Suspended in Waite Mineral 0il
Time=1?2 min
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Upder g%gugsug* we sre considering the sbility of two compoiiids to be in intimste contact (Note

OSRD 5758 p. ?1-.2) over s long period of time without sdverss effects on either the chemicel or physicel
nroosrties of either meterial. Thess tests will probably be of varied sxtent. They might be some of

the followings (a) Stenderd stsdility tests. (b) Simole ocbservetions of exudation or separatice st
emdient or sccelerstad tesmversture., (c) Prepsre thin sheets (.025* thick, 1® aqusre) of the plasticized
usterisl., Sepsrate the shests with strive of cigarette psper or cerbon paper and compress the stsck 1n

e °C® clsmp, After seversl deys note the oily collection on the veper, Plesse giveé reference to or
describe vrocedure used. Ttem 28 i3 to indicete results when the compound 1s in contect with scme meteri-
el ovther then ethyl cellulose, nitrocellulose or rubber.

Compatability with ethyl cellulose:

Compatability with nitrocellulose:

Compatability with rubber:

Compatability with

Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures ("ith sdditives)
(c) Inhibiting action on polymerization of:

T hiokol
Methacrylate
Other compounds

Availability
a. Amount now available? Research quantities
b. When was available material first prepared?
c. Amount prepared at that time?
d. Is large production feasible ?

e. Plant capacity in existance, lbs/day?
f. Outline steps for a quantity production method

Additional L formation: (toxicity, hasatde, deteriorstion, oxygen bslance, cetonstion rste, explosive
power, u;o of hydrolysis by weter, etc. List refersnces, rsports, dets books, etc, that refer to the
eompound,

—Talcilated Tead BIRE VAIUE ~ 112

v

|

Fage 2k
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Tate Queationnmeire on

COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the characteristics which are hslleved tc e of izportancs im the study of a compound
©

c 0s3ibly be used as a constituent of solid propellants or other sxplosives. It is nol expected
that aﬁvtgh lnf.gmtion will be avaiieble for eve poogpou.nd. For example, with a compound shovl:gopoor

stabiliéy, it is probably not advisable to investigate that compound farther. After placing such informatiox
as is avallable for a compound whi ou hava prepared or tasted on ome of these for=s, sead it to SOLID
PROPELLART IRFORMATIUN AGENCY, JHU, 8621 Georgia Avemne, Silver Spring, Maryland. As additional infor-
zmation on the same or naw cimpeunds acormes, forumrd it of 2 sizilar 2orm ot & later daté. Zhc information

subnitted on these forms will be rewriiten and publill.:;dv“ SPIA in loose-leaf menual form. These foras
Bay also bs ussd as work or data sheets for your experimental studies. Extra conies are available upon
request from SPIA, Suggestions for improvemant of these forms are invited. If insulfficient space has been

provided for any item, attach separate sheets.

coMpounp: 1r1,1,4,6,6,8,11,11, 11-Decanitro-
Name U, 8~-diaza-undecane Information submitted by:

Empirical formula S ) Activity Aerojet Engineering Corporation
Structure:(configurationNC2 I?'Og Person M,B, Frankel and %.T. Crgrletcm
1

C— CHZNCHQCHQC(NOQ);’ Date 6 February 1953

0, Mo [ H mo, W02 [ 1%
H n i"u L M
2(NO2) 3C0H,CHoNHp +HCL + HOCH,CCHoOH ZX2005 G CHNCHpCHpC(NOp) 5 | o3y S CHoNCHCHpO(NOZ) 5
%repara lon reaction(s): | L | 2¥ ; _
o3 Nozt Wy —— I

1. Quantitative analysis:(f by weight)

C tr
Calculated from formula 173:‘%0 Hid'l;?eﬂ ﬁa.yggn g’ . &eﬂ -

By determination 18,29 2,02 27,40

2. Burning properties: (compered to nitrocellulose, under nitrogen st atmospheric pressurs:)

(Taster? slower? residue? etc.)

3. Stability and Sensitivity: p1ot any graphs on Discuss methods used when they vary
separate sheet from references, Give tempersture used.
(Usc separate sheet 1f necessary.)
Name of test Recommended method
a. Impact Sensitivity NOL RSRIXREH 2,5-kg weight
b. Thermal Stability OSRD 3401 p.8
c. Vacuum Stability NOL DERTXI4OOECL0 1% hr at I00°C
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition OSRD 3401 p.6
1. Impact Stability pureau of Mines Bull, No, 345, p, 72 {Z2-kg welght)
g.
h.
RESULTS OF ABOVE TESTS =
Relerenc(e compouud New Compound test results
designation-TNT, Tetryl, N.C., stc.)
a. Tetryl, 32 em/2.5 kg o 10 em/2.5 kg
h,
c. 1,80 ce/g
d.
e,
1. RDX g =10 ¢cm/2 kg
g
h.
4. Heat of formation: (AH) + =50 Kg. calories at 36°C., 1 atm. pressure
{indlicets 8ign)
Page 25
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By Experiment ‘ By Calculation Methort
PRIty Seveee

S. Energy of explosion (Q) o .

Vot ug%) licutd SilEmas e
6. Heat of combustion (H;) 1983 cal/gm 20Ul Aerojet Report No. L17A

(at 259", H50 1iquid)
7. Specific impulse (Igp) calc: Ib-sec/1b
8. Physical form of compound (viscous 11nuid, crystalline tyoe, etc.) _Whita crystals
¢. Simple microscope analysis data:

(crystal studies)
10. Density{Mscro method) 1.81 m/cm3. (Micro or other amethod) gm/cm3.

1lein on sepsrate sheet sny unique methods you use.)

11. Index of refraction (a3°°C*) 12. Color white 13. Odor hnone
14. pH at 25°C. 6.5 {Method reference OSRD 3401 0.4, or OSRD SGAR, TnAdrete method used, & e,

solvent and cobcentretlons used, pH indicetor oever or Beckman mH meter.) _With Bockgp_pﬂ
meter, 0.0071d in acetone/water (5/1 volume ratio)

" ¥ —p 2

\.LLE.L‘.G.U.L\.!I*“:\;’:.HI.M is Bihasel

17. Bolling point, or decomposition temperahsn: decomposes on melting .

(underline which tempsreture is reported .
18. Heat of Vaporization: g-cal./gm BTU/Ib.
1. Heat of Fusion g-cal./gm BTU/Db.
20. Melting point: 157-159  *¢.(d)
Page 26
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21, Freezing point vs. Time Curve: (Plesse merk the coordinates with scele values thet spply to the compound
. under study,) 1

TEMPERATURE °C.

TIME

22, Solubility of new compound:

<0.1 g/100 ml H20 at 25°C. g/100 ml H,0 at C.

) <0,1 /100 ml toluene at s C.
"{oame material used as solvent)

110 g/100 ml _ acetone a5 c.

- (nase saterial used as solvent)

1,1,1,4,6,6,8,11,11,11-Decanitro-4, 3-diaza Undecane Suspansion in White Mineral Oil
Time*=1l2 min

Page 27
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Urder gﬁggmug* we erv considering the sbility of two compounds to be in intimete contect (Note

CSAD 5758 p, 21-22) over s long period of time xithout edverse effects on either the chemicel or physicsl
nroverties of either materisl, These tests will prodably be of veried sxtent, They aight be some of

the following: (s) Stenderd stability testa, (b) Simole obssrvations of eyudstion or sepsrstion st
esbient or sccelersted temversture. (c) Prepsre thin shests (.025* thick, 1" scusre) of the plasticized
waterial, Sepsrets the shests with strins of cigarette paper or cerbon paper snd camprese the steck 1o

s °C*® clamp. After geveral days aota tha oily collection on the vsper, Piease give reference to or
descridbe vrocedure ussd, Item 28 1s to indicete results when the compound is in contect with some moteri-
8l other than elhyli cellulose, nitrocelluloss or rubber,

Compatability with ethyl cellulose:

Compatability with nitrocellulose:

Compatability with rubber:

Compatability with

Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures (With sdditives)
(c) Inhibiting action on polymerization of:

Thiokol
Methacrylate
Other compounds

Availability
a. Amount now available? Research quantities
b. When was available material first prepared?
¢. Amount prepared at that time ?
d. Is large production feasible?
e. Plant capacity in existance, lbs/day?
{. Outline steps for a quantity production method

Additional information: (toxicity, hasaide, deterioretion, oxygen bslancs, dstonstion rets, sxplosive
power, n;o of hydrolysis by wetsr, etc, Liet refsrsnces, reporte, detes books, ste. that refer to the
Camo
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Tete Quesiionmire om

COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

vabilisy
s i

-t AV eyt

mation on the same or new compounds accrues, i
submitisd on these forms will be rewritten and published b{ SPIA in loose-leaf manual forz.
may also be used as wourk or data sheets for your experimen

Suggestions for improvement of these forms are invited.

request from SPIA.

. sw are the characteristics which are balieved to be of importance in the study of & compound
* which may gossibly be used as a constituent of solid propeliants or other explosives.
that all this information will be availatle for onr{ compound.
s it is probably not advisadle to investigate
as is avallable for a compound which you have prepared or tested on one of these forms, se
PROPELLART IETORMATION AEEEC‘Z, LPIjJH{}. 8621 Georgia Avenne, Silver Spring, Maryland. As a.dgttignl:l inic;r;
e informstio

These forms
al studies. Extra conies are available upon
17 lnsufficient spacse has bacu

Yor example, with & compound nh.ovi:g
that compound farther. After plecing such info

forward it on a siwmilar #orm at a later date,

provided for any item, attach separate sheets,

comMpPOUND: 1,1,1,3,6,6,9,11,11,11-Decanitro-

Name 3,9-diaza-undecane

Information submitted by:

Empirical formula

Col12N12Un0 ActivityAercjet Engim

Structure:(configuration)

e t
202 i NOo — Person M, B, Frankel aqg L.T. Carleton
! Date 0 Febhruerw 10

Ao o L o

LCHQCHQNCHzC (N0p) 3 l \

NO, NO, H No, NO,
O |CHoCHoNHpoHC1|  + 2HOCH,C(NO,) . 2Mal, ¢ ' 03 '
‘ 2UH2NH? 2 2)3 s tr—-'CHzCHgN(mzC(NOQ)B lc—zﬁ.ﬁ C"r—— iCHQCH21‘{(:1-12C(1‘!02)3 ,
NOo > NO; 7 17 NO5 ©
1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen
Calculated from formula _17.77 1,99 62,60  27.6h
By determination 18 .11 2.00 _27.3h

2. Burning propertlesz(cmpared to nitrocellulose, under nitrogen at stmoepheric pressure:)

{Pester?

3. Stability and Sensitivity: Piot any graphs on
separate sheet

Name of test

a. Impact Sensitivity

b. Thermal Stability

c. Vacuum Stability

d. Temperature of Explosion
e. Temperature of Ignition
f. _Impact Stability

g.

h.

reasidue? etc,)

Discuss methods used when they vary
from references. Give tempersture used.
(Use separate sheet if necessary.)

Recommended method

slower?

NOL osmmoctrx 2.5-kg weight
OSRD 340! p.8

NOL Gafdadfimdo L8 hr at 1009C
OSRD 3401 p.6
OSRD 3401 p.6

Bureau of Mines Bull, No, 346, p, 72 (2-ko weight)

RESULTS OF ABOVE TESTS

Reference compound

New Compound test results

(designation-TNT, Tetryl, N.C., etc.)

a. Tetryl, 32 cm/2,5 kg 11 cm/2.5 kg

h.

c. 20,6 cc/g

d.

e.

f. RDX, 30 cm/2 kg 10-15 cm/2 kg

g.

h.

4. Heat of formation: (AH) + -60 Kg. calories at 26°C., 1 atm. pressure
(Todlcste sign]
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By Experiment By Calculation Method
Durl‘\::“: n.{:’nuo Separete
S. E of explesion : e
'ﬁng- xg%) ncui(d cal/gm
6. Heat of combustion (H 1967 cal/gm 2 Aerojet Repart No. L17
(st 2500, Hy0 uquaf) ¢ Obl .
7. S8pecific impulse (I5p) calc: Ib-sec/Ib

Fiysicai forn of compound (viscous linuid, crystslline tyoe, otc.) _White cryatals .

9. Simple microscope analysis data:

(crystal studies)

10. Density{Mscro method) _1,8Y4 im/cma' (Micro or other method)
lain on eeperste sheet sny unique methods you use.)

11. Index of refractiom (n3°°C-) 12. Color _ white 13. Odor

gm/cm3.

14, oH at 25°%C, 2.2 (Method reference OSRD 3401 o.4, or OSRD 5968, Indicete method used, 1.e,
solvent #nd coocentrations used, pH indicstor vener or Beckman H meter.) With Beckman pH
meter in 0,011M acetone/water (25/1 volume ratio)

Lérl

1.1.2,3.6,6,7,,1,10,10-

117. Boiling point, or decomposition tempon e decomposes on melting c.
(underline which temperature is revorte

18. Heat of Vaportzation: g-cal./gm BTU/Ib,

19. Heat of Fusion: g-cal./gm BTU/Ib,

20. Melting point 170-175  “c. (d)

CONFIDENTIAL
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21, Fre: :ing point vs. Time Curve: (Please merk the coordinstes sith 3cele values that epply to the compoumd
» \uﬁ.l‘ .tw.)
|
O
L ]
Wl
[+ 4
>
-
<l
("4
W
a
=
[V
-
TIME
22. Solubility of new compound:
<0.1 €/100 ml Hp) at 25°C. €/100 ml H,0 at C.
' <0.1 g/i00ml _ toluene at ___ 25 . |
“{name metaria) used as solvent)
50 g/100 ml acetone at 25 C.

(name material use” as solvent)

134,004,010, 1, LSt e
" it Sdiates St
(et ol

: 1,1,1,3,6,6,9,11,11,11-Decanitro-3, 9-disza~undecane Suspended in White 01l
Time=12 min
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Under ggngnit we sre considering the sbility of two rumpounds to be in intimste contact (Note

OSRD 5758 o. ?1-."7“ over s long period of time without sdverse effects on either the chemicsl or physicel
Droier ..a. oi either materisl, These tests will probebly “e of vsried sxtent. They sight be same of

the following:s (8) Standerd stsbiliiy tesis, (b) 8imole observetiuns of exudation or separatioo st
sabient or sccelersted temoersture. (c) Prepsre thin shsets {.025" thick, 1" square) of the plasticized
aste~isl, Seperete the sheets with strins of cigarette peper or carbon paper snd compress the stsck ino

s ®C® clemp. After several deys note the olly collection on the never. Pleasa give reference to or
descridbe orocedure used. Item 28 4s to indicete results when the compound is in contsct with scme meteri-
8l other than ethyl cellulose, nitrocelluloss or rubber,

Compatability with ethyl cellulose:

Compatability with rubber:

Compatability with

Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures (®ith sdditives)
{c) Inhibiting action on polymerization of:

Thiokol
Methacrylate
Other compounds

Availability
a. Amount now available? Research quantities
b. When was available material first prepared?
¢. Amount prepared at that time?
d. Is large production feasible ?

e. Plant capacity in existance, 1bs/day?
f. Outline steps for a quantity production method

Additional information: (toxicity, hasstds, deteriorstion, oxygen belancs, cetonstion rete, explosive
pomer, u;o of hydrolysis by waier, etc. Liet refsrences, reports, dats books, etc. that refer to the
ecompound,

Calculated lLead Block Value = I7( Y
Lalculated Ballistic Mortar Valye
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Tete Queationmeire on

COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the characteristics which are believad to bs of imporiance in the etudy of a compouad

08sibly bs used as a constituert of 20144 propellantz or cther explosivss. It

wkich ==
that aﬁytgh informaticn will »e awvallable for svery compound., ¥or example, with a compound shovi:? poozx
it is probably not advisadble to investigate that compound farther. After placing cuch info

stability
as is avallable for a compound which you have prepared ox tested on one of these forss, s
PROPELLANT INFORMATION AGENCY, LPIj U, 8621 Georgis Avenne, Silver Soring, Maryland. As

is not expected

raation
it to SOLID
additional ianfore

nation on the sams or new compounds accruss, forvard it on = similar Torm at a later data. The information
subzittsd on thees ferms will be rewristtss and pubdlished by SPIA in loose-leaf mamual form. These forms
say also be used as work or data sheste for your expsrissntal studies. Extra copies are available upon
ragusst from SPIA. Suggestions for improvement of thesxe forms are invited. If insufficient space has been

providsd for any itom, attach separate sheets.

COMPOUND: 1,1,1,3,5,7,7,7-Octanitro-3,5-

Name djggza-heptana . Information submitted by:
Empirical formula C:HAN-;_ AT Activity Aerojet Engineering Corp wation

Structure: (configuration) P‘oz -,' Person %.B__Mgl_ggLL.L_Quﬂ_eton
Date February 19

[

H HNO.

3
c

i,

i
‘ CHQE{HQ-HC]JZ + 2HOCHQC(N02)3 + 2NaOCOCH3 —> CH2—|_NCHQC(N02)3_52 7\-—26-) CHp- HGHQC\E‘OQ)B )

Preparation reaciion(s):

1. Quantitative analysis:(£ by weight)

Carbon Hydrogen Oxggen Nitrogen
Calculated from formula 12,99 1.31 55,39 30.
By determination _13.hk 1.23 _30.U5

2. Burning propertles:(cmparsé to nitrozellulose, under nitrogen at stmospheric pressure:)

(Taster? slowwx:  resicue? etc.)

3. Stability and Sensitivity: piot any graphs on Discuss methods used when they vary
separate sheet from references. Give tezpersture used.
(Use separate sheet 1f necessary.)
Name of test Recommended method
a. Impact Sensitivity NOL osanosass 2.5-kg weight
b. Thermal Stabiiity OSRD 3401 p.8
c. Vacuum Stability NOL CsBboiriczn 4B hr at 1006C
d. Temperature of Explosion OSRD 3401 p.8
e. Temperature of Ignition OSRD 3401 p.6 N J o
f. Impact Stability Bureau of Mines Bull. No, 3Ib, b, 72 (2=-kg weight)]™
g.
LTS OF ABOYE TESTS
Reference compound New Compound test results
(designation-TNT, Tetryl, N.C., etc.)
a. Tetryl, 32 cm/2.5 kg 5.0 em/2.5 kg
h,
c. 230 ce/g in 2 hr
d.
e.
f- DX, 30 on/2 kg 510 a2 kg
g.
4, Heat of formation: (AH) + -318 Kg. calories at 267C., 1 atm. pressure
cate algn
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SPIA /M3
(4
By Experiment By Calculation Method
boovtt\tn‘x.n&m Separate
5. E of explosion
RO Les it cal/gm ,
6. Heat of combustion (H 1423 cal/gm __ 1127 Aerojet Report No, 417A
(st 259C, Hy0 uquuf)
7. Specific impulse (Igp) calc: Ib-sec/1b

8. Physical form of compound (viecous 1inuid, crystalline tyoe, etec.) F].AH white cxystals

8. Simple microscope analysis data:
(eryetsl studies)

10. Density{Macro method) __ 1,87 i (Micro or other method) m/cm3.
a%e hin on sepsrste sheet any unique method: you use. )g
11. Index of refractiom (n35°C-) 12. Color __ white 13. Odor ___ pone .
3.8, deu'easing
14, pH at 25°C. qui (Method reference OSRD 3401 0,4, or OSRD 5968, (:ri%'i; gegoc used, ...
solvent e concentrstions used, pH indicetor vever or Beckman B meter. )

meter in 0,01LM acetone/water (S/1 volume ratio)

e ———

¥
f
1
|
[
e i |
l.l,\.),s.‘l.‘l.‘lwlr:;.:duww 1o Rthame)
17. Bolling point, or decomposition temperature: “C. .
(underline which tewpsresturs is revorted) i
18. Heat of Vaporization: g-cal./gm BTU/Ib,
19. Heat of Fusion: g-cal./gm BTU/Ib. .
20. Melting point 8L4-85 .
Page 3L
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SPIA /M3 :

Pl

3l. Freezing potnt vs. Time Curve: (Plesse merk the coordinstes with scele values that spply to the compousd

under study.)
i
. I 1
I
0 I
: ; 1
[ ]

¥ 1 |
= | |
< J

@

W

o

-

w

-

TIME
22. Solubility of new compound:
<0.1 g/100 ml H0 at 25°C. /100 ml Hp0 at . ;
L2 g/100 ml ___ tolu at 25 °C.
(oame material used as solvent)
480 g/100 ml ___acetone at 25 C.
° {name material used as solvent)

Wore Longth o Mxipms

Red: 1,1,1,3,5,7,7,7-Octanitro-3,5-diaza-heptane, Saturated Solution in CcC1y,
Green: Solvent CCl),
Time=12 min

AT IA !ll"l\r\r", T (
UL\.J oare i \l‘ .- : ‘Jr Page 35
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SP14
Under comgtlbilg% we are considering the sbility of two compounds to be in intimate contsct ( s
OSRD 575¢ g, 21—2? over s long period of iime without sd<=rse effects on either the chemicsl ¢ iuic.
oroperties of eivher materisl., These tests will probadly be of varied extert. They might be s .
the following: (a) Standerd stability tests. (b) simvle observations of exudation or separst 1 ¢
sebient or acceleratead tempveraturs. (c) Prepare thin sheats (.025" thick, 1" squsre) of the pl Lot
raterial, Separate the sheets with strive of cigsrette psp.r or csrbon paper snd compress the Ik iz
8 "C¥ clemp, After severel days note ths oily collection on the veper, Fleass give rsference - o
dencribe orocecur= used., Item 28 is to indicete results when the compound 1s in contsct with ¢ * msieri-
el othsr than ethyl cellulose, nitrocellulose or rubber,
25. Compatability with ethy!l cellulose:
26. Compatability wiih nitrocellulose:
27. Compatability with rubber: o
28. Compatability with )
48. Polymerizing properties of the new compound:
{a) By itseif _
%) In mixtures (7ith sdditives)
(c) Inhibiting action on polymerization of:
Thiokol ~
Methacrylate o
Other compounds
30. Availability .
a. Amount now available? Research quantities L -
b. When was available material first prepared? R i
¢. Amscuiit prepared at that time? o
d. Is large production feasible ? o S
e. Plant capacity in existance, lbs/day? - - - _
f. Outline steps for a quantity production method _ L
31. Additional information: {toxicity, hszards, Geteriorstion, oxygen balance, cetonstion rme. - plosive
power, esse of hydrolysis by water, etc., Lis* rsferences, reporits, dats books, etc., t'.% sfer to the
compound, ) =
—_Oxygen Balance = +10,h 2
When_adjusted to zero oxypen balance with 12.3% INI, the calcd. ! @ _lead
block value is 196 and the calculated ballistis mortar value I~ &
(Method of Aernjet Beport No, 512, p. 8.} .
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