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1. SUMMARY

A.  This quarterly report is submitted under Contract N7onr-i46208 and
covers the period 1 August through 31 October 1952,% 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 wi materials which will not lower
its oxygen balance appreciably,

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

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

1. Five new high explosives, all nitramines, have been
synthesized by use of the Mannich condensation:

a. The condensation of 3,3,3-trinitropropyl amine and
trinitroethanol, followed by postnitration, gave N-2,2,2-trinitroethyl-
N-3,3,3-trinitropropyl nitramine,

b, The condensation of two moles of 3,3,3-trinitropropyl
amine with one mole of 2,2-dinitro-1,3-propanediol, followed by postuitration,
gave 1,1,1,4,6,6,8,11,11,11 ~decanitro-i, 8-diaza~undecane,

C. The condensation of 3,3,3-trinitropropyl amine with
2,2,,U-tetranitro-1,5~pentanediol gave N-3,3,3-trinitropropyl-3,3,5,5-
tetranitropiperidine,

d. The condensation of 3,3,3-trinitropropyl amine with
2,2~dinitropropanol, followed by postnitration, gave N-3,3,3-trinitropropyl-
N-2,2-dinitropropyl nitramine,

¢. The condensation of 3,3-dinitrobutyl amine with
trinitroethanol, followed by postnitration, gave N-3,3-dinitrobutyl-N-2,2,2.
trinitroethyl nitramine,

f. Samples -f N-2,2,2-trinitroethyl-N-3,3,3-trinitropropyl
nitramine, N-3,3,3-trinitropropyl-N-2,2-dinitropropyl nitramine, and N-3,3-
dinitrobutyl-N-2,2,2-trinitroethyl nitramine have been submitted to the Naval
Ordnance Laboratory for evaluation,

"See also Aerojet Reports No. 512 (14 June 1951); No, 538 (11 September 1951);
No. 562 (1l December 1951); No, 589 (13 March 1952); No, 621 (6 June 1952);
No. 637 (17 September 1952).
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2. The use of the heat of explosion per urit weight is proposed
as a criterion of explosive power to supplement the predicted lead-block and
ballistic-mortar values, This criterion has the advantage of being the
quotient of two terms, each of which (within certain ranges of oxygen balance)
has a constant value for any structural alteration, independent of the
unaltered portion of the molecule, The contribution to the molar heat of
explosion and molecular weight have been tabulated for a large -number of
structural groups,

3. The heat of explosion per unit volume has veen calculated
for a large number of high explosives, The change in the heat of explosion
per unit volume for some structural changes has also been calculated,

L, A method of predicting the crystal density of explosive
compounds is under development, and is based on:

a, The addition c¢f increments of liquid molecular volume
for structural components

b, A general relation between calculated liquid denslties
and experimental crystal densities,

A trial of the method with many explosive compounds shows good agreement of
actual and predicted values in most casns, although a few disagreements remain
unexplained,

S. RDX has been desensitized with a 10f coating of a co-pclymer
of 2,2~dinitrobutyl acrylate (90%) and 2-nitrobutyl acrylate (10%), The
25-g¢ samples with an impact stability of LS to 50 em/2 kg on 5/0 sandpaper
(Composition A = 55 cm/2 kg) have been submitted to the Naval Ordnance
Laboratory for evaluation,

II. TECHHNICAL PROGRESS: SYNTHESIS OF NEW HIGH EXPLOSIVFS

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

2. This report deals mainly with the synthesis of nitramines,
prepared by means of the Mannich reaction,

B. PREPARATION OF 3,3,3-TRILIITROPROPYL AMINE HYCROCHLMRIDE
1. Discussion

3,3,3~Trinitropropyl amine hydrochloride is a valuable
compound in the explosives program, since it might be used as an intermediate

Pape 2
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for the preparation of 3,3,3-trinitropropyl nitramine and Mannich-type con-
densation products., This compound was synthesized by refluxing a chloroform
solution of 3,3,3-trinitropropyl isocyanate with concentrated hydrochloric
acid, The hydrochloride salt, obtained in 87% yield, is a non-hygroscopic
white crystalline solid (mp = 161 to 163°C dec,, I.S, = LO cm/2 kg).

2. _Ei:m_erimental

A mixture of 29,7 g (0,126 mole) of 3,3,3-trinitropropyl
isocyanate, 50 ml of dry chloroform, and 120 ml of concentrated hydrochloric
acid was refluxed for 3 hr and evaporated to dryness in vacuo, The white
solid was collected, washed with methylene chloride, and dried in vacuo over
potassium hydroxide, ‘fhe yield of 3,3,3-trinitropropyl amine hydrochloride
mas 25,5 g (87.7%), (up 161 to 163°C dec,, I.S. = UO cm/2 kg). A sample was
recrystnllized three times from nitromethane - ethylene dichlaride,

Anal, Calc'd for C3H7N,04C1: %C, 15.63; #H, 3.06; #N, 2L Lo; %1, 15,38
Found: %C, 16,0h4; #H, 3,05; &N, 2U.3L; %1, 15,57

C.  FREPAPATION OF N-2,2,2-TRINITROETHYL N-3,3,3-TRINTTROPROFYL
NITRAMA™

1. Discussion

a, The study of the preparation of nitramines as potentisl
hizh explosives has been continued, One of the most powerful high explosives
prepared to date is HOX, or bis(trinitroethyl) nitramine (I), The main dis-
advantages of HOX are its poor thermel stability at high temperatures and lox
impact stability, It was therefore of interest to prepare some simple carbon
analogs of HOX, such as N-2,2,2-trinitroethyl-N-3,3,3~trinitropronyl
nitramine (II) and bis(trinitropropyl) nitramine (III):

1 i o
N l:CHzc(N()? ) 3]2 (NO2) ;CCHCHpNCHoC (N0 ) 5 NECHZCHQC(NOQ )3]2

(1) (11) (111)

Although compounds (II) and (III) would not possess as faverable an oxygen
balance as (I), it was expected that their melting points would be higher
(thus probably giving better thermal stability at higher temperatures), and
their impact stabilities should be improved,

b, The method of synthesis of N-2,2,2-irinitvoethyl-
i1=3,3,3-trinitropropyl nitramine (II) is illustrated in the following equations:

Page 3
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. )
(1\102)3(1(.‘.11201{2N'H2 HC1 + H&HZC(NO ’3 + NaOH

l

(N02)3CCHQCH2NCH20 (N0, )3

HNO
A02

I
(No,L,)1'qu,‘.CHZM::xzc:(1\102)3

(11)

C. The liannich condensation of 3,3,3-trinitropropyl anine
hydrechloride and trinitroethanol was easily carried out by adding dropwrise
the stoiziiuvzeirac amount of sodium hydroxide solution to an aqueous solution
of the reactants, The product immediately separated as a yellow oil which
erystalliced when the reaction mixture was cooled, The yield of N-2,2,2-
trinitroethyl-N-3,3,3-trinitropropyl amine was 79% (mp 64 to 65°%, 1,3, =
15 em/2 k).

d, N-2,2,2-Trinitroethyl-N-3,3,3-trinitropropyl
nitramine (IX) was prepared from the corresponding amine by nitration with a
mixture of 100% nitric acid and acetic anhydride at 30°C, This new nitramine
is a white crystalline solid (mp 14k to 159G, I.S, = 1 cm/2 kg)., As ex-
pected, the melting point is higher than that of HOX (mp = 96°C) tat,
surprisingly, it is much more sensitive to impact than HOX. Compound (II) has
a positive oxygen balance of +i; when adjusted to zero oxygen balance with 5%
INT, the calculated lead-block value is 194 (RDX = 157), and the calculated
ballistic-mortar value is 154 (RDX = 150),

2. ExErimental

a, Preparation of N-2,2,2-Trinitroethyl-N-3,3,3-
trinitropropyl Amine

An 83-ml quantity of 1,136N sodium hydroxide solution
(2.1 mole) was added dropwise at room temperature to a stirred solution of
23,1 g (0,1 mole) of 3,3,3~trinitropropyl amine hydrochloride, 18,1 g
(0.1 mole) of trinitroethanol, and 150 ml of water, A yellow oil immnediately
separated, and on cooling in an ice-bath the oil solidified to « velloew solid,
The product was collected, washed with water, and dried, ' The yield of
1=2,2,2-trinitroethyl-N-3,3,3-trinitropropyl amine was 28,2 g (79%), (mp 62 to
65°C, I.5. = 15 em/2 kg)., Recrystallization from chloroform gave yellow
neadles (mp 6L to 65°C),

Paje I
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Anal, Calc'd for CgHyl70yp: %C, 16,815 #H, 1,98; #N, 27,5
Found: %C, 17,49; #H, 2.11; 2N, 27.55

b. Preparation of N-2,2,2-Trinitroethyl-l-3,3,3-
trinitropropyl Nitramine

A 150-ml quantity of 1007 commeicial nitric acid was
placed in a 500-ml three-necked flask, fitted with a mechanical stirrer,
thermoneter, and dropping funnel, The flask was cooled in an ice-bath and
150 ml of acetic anhydride was added dropwise, keeping the temperature below
10%¢, N=-2,2,2-Trinitroethyl-il-3,3,3-trinitropropyl amine (28,2 g) was added
to the mixed acid, Solution did not occur until the temperature was raised
to 309C. The solution was filtered free of a small amount of solid and
poured onto ice. The white solid was collected, washed with water, and dried
in vacuo over potassium hydroxide to give 27 g of the nitramine (mp 115 %o
1225C).” Four recrystellizations from chloroform gave white needles (mp 1Ll to
150c, 1,5, = 1 em/? kg).

Anal, Calc'd for CgHgNgOy): %C, 14.93; #H, 1,50; &N, 27,86

Found: #C, 15,23; %H, 1.60; 2N, 28,13
lieat of Combustion, AHp, Predicted: 1611 cal/g
Found: 1609 cal/g

D,  FREPARATION OF 1,1,1,4,6,6,8,11,11,11-DECANTIRO-U, 8-DIAZA-
UNDECANE

1, Discussion

Upon continuation of the study of the Mannich condensations
of 3,3,3-trinitropropyl amine, it has been found that two moles of the
amine will condense with one mole of 2,2-dinitro-l,3-propanediol to form
1,1,1,6,6,11,11,11-octanitro-l, 8-diaza-undecane (IV), Nitration of (IV)
with a mixture of 1007 nitric acid and acetic anhydride gave the compound
1,1,1,4,6,6,8,11,11,11~decanitro-li, 8-diaza-undecane (V).

Page 5
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! 2(1102)3CCH20H2NI{? dCl + HOux.:7. !-'?OH

NO,

2taQl
12| ¥ ‘
?-—- CHZI\!CPIZCI-IaC(NO2 )3_]2
N02

()
HNi
Ac2

)
C— CHoNCH,CH,C(N0,), \
N0,

V)

(V) is a white crystalline compound (mp 135 to 137°C dec,, I.S, * 10-15
em/2 kg) with a calculated lead-block value of 177 and a calculated ballistic-
nortar value of 155,

2. Experimental

a.  Preparation of 1,1,1,6,6,11,11,11-~Octanitro-i, 8-
diaze-undecane

A solution of 8,3 g (0,05 mole) of 2,2-dinitro-l1,3-
propanediol, 23,0 3 (0,10 mole) of 3,3,3-trinitropropyl amine hydrochloride,
and 50 ml of water was placed in a 300-uml three-necked flask, fitted with a
mechanical stirrer, A solution of 88 ml of 1,136l sodium hydroxide (0,10
mole) was added dropwise from a burette, The addition of the base caused
a yellow solid to precipitate, The product was collected, washed with water,
and dried to give 21.7 g (83.8%) of tan solid (mp 70 to 80°C dec,),

b,  Preparation of 1,1,1,l4,6,6,8,11,11,11-Decanitro-li, 8-
diaza-undecane

A solution of LO ml of 1007 nitric acid and 40O ml of
acetic aahydride was coeled to 5°C, and 4,1 g of 1,1,1,6,6,11,11,11~
octanitro-li,B-diaza-undecane was added, On warming to room temperature the

Page 6
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solid dissolved, The solution was poured on ice, causing a cream-colored,
pummy solid to precipitate, The product was collected, washed with water, and
dried, to yield 2,4 g, Several recrystallizations from concentrated nitric
acid gave white needles (mp 135 to 137°C dec., I,S, = 10 to 15 cm/2 kg).

Anal, Calc'd for CoHjoNyoOpg: %€, 17,775 %H, 1.99; &, 27.64
Found: $%C, 18.39; %H, 1.99; #N, 28,24

E.  PREPARATION OF N-3,3,3-TRINITROPROPYL~3,3,5,5~TETRANITROPIPER IDINE

1. Discussion

a, The preparation of 3,3,5,5~tetranitropiperidine (VI)
by the Lannich condensation of 2,2,k,lU-tetranitro-l,5-pentaneciol and ammonium
acetate, and the conversion of (VI) to N-2,2,2-trinitroethyl-3,3,5,5-tetra~

nitropiperidine (VII) has been reported previously.*

H
M0y M2 e Hop / 2\0 /02 HOCH,C(NO,) 3 Noz\c /Cﬂz\c Parc:

i

]
HOCH,COH,CCH, OH ) \ p \
Yo, Ho, wof ! , NG, N3 , ‘ NO»
CHQ\ /CHQ CHg\ /Hg
N N
| {
H cnzc(No;_.)3
(vI) (VII)

b, It has now been found that a similar condensation
occurs between 2,2,l,U<tetranitro-1,5-pentanediol and 3,3,3-trinitropropyl
amine, vith the formation of il-3,3,3-trinitropropyl-3,3,5,5-tetranitro-
piperidine (VIII):

N0, NOp - NO,  CHp  NOp
oot ot de, 0 + (N0,) ccnci ey 8%y % N
HOCH,COHAGCH, O+ (NO, ) JCCIT G NH, V. A\

10, NO, NO5 ’ ’ NOp

cH Clip
2/
'
cnzcnzc(x\'og)3
(VI

A coriparison of the properties of (VII) and (VIII) is shovm belows:

"herojet Report No, 637, p. 2.
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2! Calculated Calculated
{ I.S.  lead-Block Ballistic-Mortar
£ mp, °C dec, cm/2 kg Value Value
7 ¥-2,2,2-Trindtroethyl-
3,3,5,5-tetranitro-
piperidine 163 to 168 20 170 153

%-3,3,3-Irinitropropyl-
3,3,5,5-tetranitro-
piperidine 142 to 1l 25 154 ,5 151.5

2. Experimental

A mixture of 4,6 g (0,02 mole) of 3,3,3-trinitropropyl amine
hydrochloride, 5,68 g (0,02 mole) of 2,2,L,li-tetranitro-1,5-pentanediol, and
60 ml of water was warmed to 359C to effect solution. A solution of 176 ml
of 1,136N sodium hydroxide (0,02 mole) was added from a burette, causing a
cream-colored s0lid to precipitate, The mixture was stirred for 30 min and
cooled to 5°C, The solid was collected, washed with water, and dried; the

o R X

R yield was 3.3 g (mp 89 o 93°C dec,), Three recrystallizatiorsfrom concen-
: trated nitric acid gave white plates (mp 142 to 1BLOC dec., I.S. = 25 em/2 kg).
! Anal, Calc'd for CgHioNgOlh: %C, 21.73; #H, 2.28; 2N, 25,34

Found: #C, 21,333 %, 2,29; !, .52

F. THE INFLUENCE OF THE N-NITRO-N-TRIWITROETHYIL GROUPING O THE
STABILITY OF HIGil EXPLOSIVES

1. The llaval Ordnance laboratory has reported that all of the
seven high explosives containing the structure (N02)30CH2¥y tended to be
NO,

very sensitive to impact and to possess poor thermal statility.* Inasmuch as
sccondary nitramines are generally quite stable thermally, the NOL workers

3 postulated that the instability of these seven compounds may be due to a
3 combination of the close proximity of the powerfully negative trinitromethyl
{ aroup to the nitramine group with a corresponding weakening of the bond in

the lattcr, together with the steric strain in the molecule,

2, In order to test the validity of this correlation between
chemical structure and stability and to try to determine whethar the MN-nitro-
l~trinitroethyl grouping is practical for a Service explosive, the present

; work was aimed at synthesizing two isomeric compounds, only one ~i{ which would

1 contain the N-nitro-N-trinitroethyl grouping. For this purpose K-3,3,3=-
trinitropropyl-N-2,2-dinitropropyl nitramine (IY) and N-3,3-dinitrobutyl-N-

i 2,2,2~trinitroethyl nitramine (X) have been prepared (see II, G and II, H):

“NavORD Report 21l8, 6 June 1952,
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?02 NO NOp ¥°2

i (NO) BCCHQCHZNCHQC}C}@ cn3c}cr{2cngncnzc(noz)3

NOo NOp

] () (x)

These compounds have been submitted to the Naval Grdnance Laberatory for
evaluation, The resuit of this study may throw some light on the relztion of
chemical structure to stability.

G. PREPAPATION OF N-3,3,3-TRINITROPROFYL~N-2,2-DINITROPROPYL
NITRAMINE )

1, Discussion

The condensation of 3,3,3=trinitropropyl amine and 2,2-
dinitropropanol gave N-3,3,3-trinitropropyl-N-2,2-dinitropropyl amine (XI),
an amber ¢il, lilration of this oil with a mixture of 100% nitric acid and
acetic anhydride yi:lded N-3,3,3-trinitropropyl-N-2,2-dinitropropyl nitramine

(X11):
?02 ? NO2
(NO2) 3CCHRCHANHp *HCL + uocug?cm Naoi, (N02)3ccuacnznc32icng
NO, 0
(x1)
HNO
AC23
1oz 10z
(NO,) 300H20H2N0H2?0H3
N0z
(x11)

(XII) is a cream-colored solid (mp 109 to 109.5°C dec,, I.S. * 35 to Lo
cm/2 ki) with a calculated lead-block value of 162, and a calculated bal-
listic~mortar value of 153,

2, Experimental

A 17,6-m1 quantity of 1.136N sodium hydroxide solution
(0.02 mole) was adde:] from a burette to s solution of 4,6 g (0,02 mole) of

Page ¢
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3,3,3-trinitropropyl amine hydrochloride, 3,3 g (0.022 mole) of 2,2-dinitro-
prooanol and 40 ml of water, The yellow oil was extracted with methylene
chloride, dried, and concentrated to give 7,3 g of amber liquid. The liquid
was taken up in 50 ml of acetic auhydride, and the solution was added dropwise
to 50 ml of 100% nitric acid av 5°C, The acid solution was poured on ice,
precipitating a cream—colored solid which was collected, washed with water,

and dried, The weight was 5.1 g, and the mp was 93 to 103°C dec, A sample
vas recrystallized three times from carbon tetrachloride o give cream-
colored plates (mp 109 to 109.5°C dec., I.S. = 35 to L0 em/2 kg).

Anal, Calc'd for CgHgN70y2: #C, 19,l1; #H, 2.Mk; &N, 26,42

Found: #C, 19,90; ZH, 2,52; #N, 26,91
Heat of Combustion, AHp, Predicted: 2232 cal/g
Found: 2298 cal/g

H, PREARATION OF N-3,3-DINITROBUTYL-N-2,2,2-TRINITROETHYL
NITRAIONF

1, Discussion

The condensation of 3,3-dinitrobutyl amine*and trinitro-
ethanol gave N-3,3-dinitrobutyl-N-2,2, 2-trini troethyl amine (XIII), a yellow
cil, Nitration of this oil with a mucture of 100¢ nitric acid and acetic
anhydride yiclded N-3,3-dinitrobutyl-N-2,2,2-trinitroethyl nitramine (XIV),

TOZ ¥02 H
C!I3£|‘CH2CH2N1{2°HC]. + HOCHQC(N02)3 NaOH, CH3?CHZCH2NCH20(N02)3
Hi0y NO,
(X111)

HiOy
A020

op  NOp
cu3?cuzcxzucnzc( NO2 )5
NO,
(X17)

(XIV) is a cream-colored solid (mp 105 to 107°C dee,, I.S, = 25 cm/c kg) with
a calculated lead-block vaiue of 162, and a calculated ballistic-mortar

valu- of L3,

“Aerojet Rerort No. 638, p. 101,
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2. Eerrimental

A 132-ml quantity of 1,136N sodium hydroxide solution
(0.15 mole) was added from a burctte to a solution of 30,0 g (0,15 mole) of
3,3-dinitrobutyl amine hydrochioride, 27 g (0.15 mole) of trinitroethanol, and
100 ml of water, The oil was exiracted with methylene chloride, dried, and
concentrated to give 38,5 g of amber Yiquid, The liquid was dissolved in 200
Ll of acetic anhydride and the sclution was added dropwise to 200 ml of .100%
nitric acid at 5°C. The solution was then poured on ice, giving a yollow oil
vhich c¢rystallized slowly, The soiid was collected. washed with water, dried,
and recrystallized from chloroform te give 16,6 g a1 cream-colored solid
{mo 80 to 95°C dec,), A sample was recrystallized four times from chloroform

to give cream-colored needles (mp 105 to 1079C dec., I.S. = 25 cm/2 kg).
Anal, Calc'd for CgHoN7Cyp: #C, 15y =M, 2.ld; aN, 26,2
Found: %C, 20,18; ¥H, 2,53; #N, 26l
Heat of Combustion, 8H,, Predicted: 2232 calfg
Found: 2229 cal/g

I, ATTEY.PTED CONDENSATICN OF 3,3,3-TRINITROPROFYL AXDE HYDRGCHLORIDE
WITH ETHYL OXAIATE AND POTASSIUM CYANATE

1, Discussion

The successful condensation of 3,3,3-trinitropropyl amine
hydrochloride with the foregoing nitroalcohols prompted an investigation into
other condensation reactions in which this amine might be utilized, Con-
sequently, the condensation of 3,3,3-trinitropropyl amine hydrochloride with
ethyl oxalate and potassium cyanate was studied with the expectation of
forming substituted amides which might have value as potential explosives
after postnitration:

i
(NO2) 4CCHRCHoNH]p *HCL + (COpEL)p —mmemey chNcuzcngc(noz)3 ’

0
1/
(NOZ) 4CCH,CHpNH ¢HCL + KOCN ) (Noz)Bccnzcnch./xmg

Tne first condensation gave a yellow-red solid snd the second u yellow ail,
I'itration of these products yielded water-soluvle materials,
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2. Experimental

a, Condensation of 3,3,3-Trinitropropyl Amine Hydro-
chloride and Ethyl Oxalate

A 17 ,60-ml quantity of 1,136N sodium hydroxide
solution (0.02 mole) was added dropwise at room temperature teo & solution
of 4,6 g (0.02 mole) of 3,3,3-trinitropropyl amine hydrochloride in 15 ml of
water and 1.16 g (0.01 mole) of ethyl oxalate in 10 ml of methanol, After
a short time a yellow-red oil separated which solidified on cooling, The
solid was collected, dried, and added to 50 ml of an equal mixture of 100%
nitric acid and acetic anhydride, When this solution was voured on ice,
there was no precipitation of solid,

b, Condensation of 3,3,3-Trinitropropyl Aiidne Hydro-
chloride and Potassium Cyanate

When 2.3 g (0,01 mole) of 3,3,3-trinitropropyl amine
hydrochloride was mixed with 0,83 g (0.01 mole) of 97,6% potassium cyanate
and 10 ml of water, a yellow oil was precipitated, Addition of this oil to a
nitrating mixture of 100% nitric acid and acetic anhydride gave water-soluble
rroducts,

J. ATTEMPTED PREPARATION OF NITRAMIDES BY THE ADDITION OF ACIDS
TO ISOCYANATES

1. Introduction

Aliphatic isocyanates react with organic acids to form acid
anhydrides, which lose carbon dioxide to yield substituted amides:*

HO O "0
A Wi
RHCO + R1COpi ——3 RNC-CCR! ———3 RNC-R! + COp

It was of interest to determine whether this reaction could be applied to
the preparation of substituted amides wherein R and RY contained polynitro
groups, litration of these substituted amides would give nitramides of high
explosive power, The addition of L,bL,L-trinitrobutyric acid and N-trinitro-
ethyl-li-nitroglycine to 3,3,3-trinitropropyl. isccyanate was studied with the
expectation of preparing the following compounds:

*Naegell and Tyabji, Helv. Chim, Acta 17, Su7 (193h),
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(NO2)3CCHCHRNCO + (NO2) 3CCHaCHRCORH )

HO
\
(NO2) ;CCHZCHNCCHCHC(NOR ) 5 + COp

NGz
|
(0 ) 4CCHCHNCO + (NOp)3CCHNCHCOH mmmecd

HQO NO»
\l le
(N02)3CCH20H2NCCH2 HéC(NOz)B + COg

2. Discussion

a, When a chloroform solution of 3,3,3-trinitrepropyl
isozvaiiate and u4,b,Lh-trinitrobutyric acid was warmed, a vigorous evolution of
gas occurred and ¢ white solid precipitated, However, this product was not
the expocted amide Lut rather bis(trinitropropyl) urea, Naegeli reported that
the main product from the reaction of aromatic isocyanates and organic acids
was disubstituted ureas,

b, There was little evidence of reaction between 3,3,3-
trinitropropyl isocyanate and N-trinitroethyl H-nitroglycine,

3.  Experimental

a, A solution of 6,6 g (0,03 mole) of 3,3,3=-trinitro-
nropyl isocyanate, 6,6 g (0,03 mole) of L,UL,L-trinitrobutyric acid and 50 ml
of dry chloroform was warmed to reflux temperature, Gas evolution commenced,
and after 15 min a white solid separated, Refluxing was continued for 2 hr,
and the solid was then collected and dried; the weight of crude product was
8.1 g. A sample was recrystallized three times from ethylene dichloride to
pive long white needles (mp 162 to 16U°C dec., I.S5. " 25 em/2 kg).

Anal, Cale'd for C7HyoNgO73s #C, 20,30; #H, 2,u3; &N, 27.05
Found: %C, 20,97; %H, 2.62; &N, 28,47

b, A solution of 6,6 g (0,03 mole) of 3,3,3-trinitropropyl
isocyanate, 8,5 g (0,03 mole) of N-trinitroethyl N-nitroglycine, and 100 ml
of dry chloroform was refluxed for 22 hr, The yellow solutiocn was filtered
free of 5,9 g of unreacted acid and evaporated, leaving 6,2 g of an oranye oil
vhich could not be crystallized.

Ylec, eit,
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K. ATTEMPTED FREPARATION OF N-TRINITROETHYL UREA
1. Discussion
In continuation of the work on the preparation of nitramides,

work was initiated on the synthesis of N-nitro-N!-trinitroethyl urea, The
method of approach was the following:

ﬁ OH,0 ﬁ HC(NO, )
NHoC-NHy ——=—) NH,CNHCH,OH -———---)
0 O, H OH

rmz,c--»mccnzc(1\102)3 — NOgNCNCHzC(NOg)B

The addition of nitroform to an aqueous solution of N-methylol urea caused a
solid to precipitate, However, .the analysis of this product did not corre-
spond to that of the expected Notrinitroethyl urea, indicating that this is

not a straighiforward reaction, Therefore it will not be investigated further,

2. Experime imental

a, In a 150-ml beaker was placed 30 g (0,5 moie) of urea
and 10 ml of water (pH = 8,1)., A quantity of 40,6 g (0.5 mole) of 37%
formaldehyde was added dropwise, and a small amount of barium hydroxide was
added during the addition to maintain the pH at 7 to 8, After the addition,
carbon dioxide was added to precipitate the barium hydroxide, and the pH
dropped to 6, The reaction mixture was filtered and evaporated to dryness
in a desiccator, The white solid oblained was recrystallized from ethanol,
and the yield of N-methylol urea was 26,0 g (57.8%), mp ca 80°C,

b,  When 15,1 g (0.1 mole) of nitroform, 9,0 g (0,1 mole)
of H-methylol urea, and 50 ml of water were mixed, there was an immediate
precipitation of a yellow solid, The reaction mixture was warzed to 60°c,
cooled, and filtered, The product was washed with water and dried to give
9.1 g of white solid, A sample was recrystallized three times from acetone-
water; the mp was ca 230°C,

Anal, Cale'd for C3HsNs07: C, 16.15; #H, ".26; 2N, 31.39

Found: #%C, 19,69; #H, 2,50; &N, 30,00
L.  ATTEMPTED PREPARATION OF 2-ACETAMIDO-U,L,U<TRINITROBUTYRIC AC
1, Discussion
4,4, -Trinitrobutyric scid, prepared by the addition of
nitroform to acrylic acid, has been very useful in the synthesis of high-

rnerpy compounds, Ln analofous compound of even higher energy content is

Fage 14
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2-nitramino-li, b, U-trinitrobutyric acid, which might oe prepared in the
following manner:

CHp=0C0ZH + HO(NOg)y ———  (N0p)CCilaCHiGORH
NHCOCH3 NHCOCH3

— (1102)300}12('::1002:{ —) (NOg)JCCHg?HCOQH

N N
/ \ /\
NO,  COCHj3 NOp" H

However, the nitroform addition to 2-acetamido acrylic acid did not take
place,

2. Exggrimental

In a 100-ml 3-necked flask, fitted with a mechanical stirrer,
thermometer, and dropning funnel, was placed 2,58 g (0,02 mole) of 2-acetamido
acrylic acid and 75 td of methanol, A solution of 3,02 g (0,02 mole) of
nitroform in 10 ml of water was added, On warming to L0®C, a clear yellow
solution was obtained, The solution was stirred for 2 hr and evaporated to
dryness, leaving 1,5 g of 2-acetamido acrylic acid,

M. PREPARATION OF 2-NITROBUTYL ACRYIATE
1. Discussion

2-Nitrobutyl acrylate was desired as a coating agent for
RDX, The preparation of this monomer was carried out in two wayst

a., The esterification of 2-nitrobutanol at LOSC with an
excess of acrylic acid and sulfuric acid gave a 427 yield of 2-nitrobutyl
acrylate,

b, The esterification of 2-nitrobutanol in refluxing
benzene with acrylic acid and a cata)ytic amount of sulfuric acid gave 2-
nitrobutyl acrylate in yields of 53,4 to 74,5%. One run was made in which
the 2-nitrobutanol was water-washed before use, and the yield of ester in this
case was 52%,

2, Experimental

a, In a two-liter three-necked flask, fitted with a
mechanical stirrer, thermometer, and dropping funnel, was placed 119 g
(1 mole) of 2= ttrobutanol and 268 g (4 moles) of glacial acrylic acid

Page 15
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stabilized with methylene tlue, A 3hli-g quantity (3,37 moles) of concentrated
sulfuric acid was added dropwise, keeping the temperature below L0OC, After
addition was complete the temperature was maintained at LOOC for 16 hr, The
solution was poured onto 1200 g of crushed ice, The lgyers were separated,
and the water layer was washed vith two 250-ml portions of benzene, The
or;anic layers were combined, washed with five 250-ml portions of water, three
250-ml portions of 5% sodiun. bicarbonate, and two 250-ml portions of water,
The solution was dried over sodium sulfate concentrated, and distilled, The
yield of 2-nitrobutyl acrylate was 73 g (h %), bp 81 to 88oc (2 mm), n%g

1.1660, Bulk polymerization of this monomer gave a soft, rubbery polymer,
partially soluble in acetone,

b, In a two-liter three-necked flask, fitted with a
Dean-Stark water trap and reflux condenser, was placed 119 g (1 mole) of 2-
nitrobutanol, 108 g (1.5 moles) of glacial acrylic acid stabilized with
wethylene blue 500 ml of benzene, and 2 ml of concentrated sulfuric acid,
After LO hr of refluxing, 22 ml of water was removed, The solution was
filtered, diluted with 250 ml of benzene, and washed with five 250-ml portions
of water, three 250-ml portions of 5% sodium bicarbonate, and two 250-ml
portions of water., Tire solution was dried over sodium sulfate concentrated,
and distilled, The yieid of 2-nitrobutyl acrylate was 129 g (7h S5%), bp
77 to 79°C (2 mm), nDS 1.h60,

Anal. Calc'd for C7HyjNoy: #C, L8.55; %H, 6,10; &N, 8,08
Found: %C, u8.,3l; %H, 6.50; M, 7.95

Bulk nolymerization of this monomer with 1% methyl amyl ketone peroxide for
hd mx at h59C gave a soft, rubbery polymer that was insoluble in acetone,

R PREPAUWUTION OF 2-WITROISOBUTYL ACRYIATE
1, Discussion

a, In connection with the synthesis of nitrobutyl
acrylatrs for use as coating, agents for RDX, 2-nitrolsobutyl acrylate has
nov heen prepared,

b. The esterification of 2-nitroisobutanol in refluxing
berzene with acrylic acid and a catalytic amount of sulfuric acid gave a
59, yield of 2-nitroisobutyl acrylate,
2. Experimental

In a two-liter three-necked flask, fitted with a Deen-Stark
4noer trap and reflux condenser, was placed 119 g (1 mole) of 2-nitroisobutanocl,
a7 + (1.2 moles) of glacial acrylic acid stabilized with methylene blue, 300 ml

Pare 16
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of benzene, and 2 ml of concentrated sulfuric acid, After 10 hr of refluxing,
21 1l of water was removed, The, reaction mixture was diluted vith 300 ml of
benzene, washed with water, 5% sodium bicarbonate, and water, then dried,

concentrated, and distilled, The yield of 2-nitroisobutyl acrylate was 102 g

(59%), bp 72°C (1 micron), ngs 1,hl66,

Anal, Calc'd for C7HpaNOy: #C, L8,55; #H, 6,40; %, 8,08
Found: %C, L7,98; &H, A,u8; 2N, 8,24

0. PREPARATION OF 2-NITRO-2-ETHYL~1,3-DIACRYLOXYPROPANE

1. Discussion

2-Nitro-2-ethyl-1,3-diacryloxypropane was desired for copoly-
merization with 2,2-dinitrobutyl acrylate in the program on the degensitization
of RDX, This monorer was synthesized in 56,65 vield by the esterification of
2-nitro-2-ethyl-l, 3-propanediol in refluxing benzene with acrylic acid
and a cctalyilic cmount of concentrated sulfuric acid,

2. Exrerimental

In a two-liter three-necked flask, fitted with a Barrett-
type water separator and condenser, was placed 149 g (1 mole) of 2-nitro-2-
ethyl-1,3-propanediol, 216 g (3 moles) of glacial acrylic acid (stabilized
with methylene blue), 750 ml of benzene, and 2 ml of concentrated sulfuric
acid, The solution was refluxed for 30 hr, filtered, washed with five 250-ml
portions of water, three 250-mi portions of 5% sodium bicarbonate, and two
250-ml portions of water, then dried over sodium sultate, concentrated, and
distilled, The yield of 2-nitro-2-ethyl-l 3-aiacryloxypropane was 1h6
(46.85), bp 1359C (10 microns), nD5 1,

Anal, Calc'd for C31HigNOg: £C, 51.36; %H,. 5.88; ®N, 5,45
Found: %C, 50,93; #l, 5,98; @, 5,47

P, PREPARATION OF SALPIES FCR EVALUATION BY THE NAVAL ORuNANCE
LABORATORY

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

1, N-3,3,3-Trinitro ropyl-N-Q,Z,2~trinitroethyl nitramine,
2 ¢ (mp 1k tolhf‘°c 1.5, = 1 cr 2 kgl

2, N-3,3,3-Trinitropropyl-N-2 2—din1tro§ropyl nitranine,
2.7 ¢ (mp 109 to 109.5°C dec., I.S. = 35 to L0 cm/2 kg

Page 17
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3. N-3,3-Dinitrobutyl-N-2,2,2~trinitroethyl nitramine, 3.0 g
(mp 105 to 1079C dec,, I.S. = 25 cm/2 kes

L, Two 25-g samples of RDX with a 10% coating of a co-polymer of
2,2-dinitrobutyl acrylate (90%) and 2-nitrobutyl acrylate (10%) (I.S, = U5 to
50 cm/2 kg on 5/0C sandpaper),

111, HEAT OF EXPLOSION AS A CRITERION OF EXFLOSIVE POWER

A, DISCUSSION

S IS 2 WSS P A

1, A need exists for a method of comparing quickly the explosive
yovier of structures, In reports of this series, explosive compounds are
rated bty predicted lead-block and ballistic-mortar test values, However,
these properties have the disadvantage that each must be calculated separately,
by a rather cumbersome procedure, for all structures under consideration,

2. Moreover, neither of these properties, nor any other, is
accepted as a unique measure of explosive power, Thus, for survey work, it
would be convenient to use some additional property providing a quick
visualization of tha gain or loss of power resulting from a particular

structurai alteration,

3. Use of the heat of explosion per unit weight as a supple-
mentary criterion is now proposed, It is a linear function of the predicted
lead-block value,* 1In addition, it has the advantage of being the quotient
of two terms, each of which (within certain ranges of oxygen balance) has a
constant value for any structural alteration, independent of the unaltered
portion of the molecule, For example, the effect of oxidizing a hydroxyl
group to a carboxyl group can be shown by simple combination of pairs of
values of AHg and AM, taken from a table, If AHg is plotted as ordinate
against AM as abscissa, a structural change is represented by a line of
constant magnitude and direction, and complicated changes can be represented
by a vectorial addition of several such lines, If HE/H, the slope of a straight
line passing through the origin, is higher at the final point than at the
initial point, the over-all change has improved the explosive power,

B, CALCULIATION (F HEATS OF EXPLOSION

A e ——

1. Constancy of increments of Hg follows from the expressions

Hp = 108E - 308 C + 575 0 + 98 COp™"

*Aerojet Report No, 512, p. 11. )
3
mid.. p. 13.
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111 reat of Explosion as a Criterion of Explosive Report No, 650
Fower, B {(cont,)

and

AE’-I{.(QQP-%.OC-33.9H+O.3 (0 + M*

FTollowing the assumption that decomposition of an explosive compound contain-
ing carbon, hydrogen, nitrogen, and oxygen takes place in such a way as to
oxidize successively all C to CO, all H to H20, and then CO to COp, there

are three conditions of oxygen balance of interest:

a, A1l ¢ —> CO, some H —> Hp0
b. All C —> €O, 211 H —> H0, some CO —3 COp
Co Excess oxygen present

A particular structural changze produces constant values of AQ (as predicted
by the Kharasch method), AC, 4H, and AN which are independent of the remainder
of the molecule, Changes in O and CO; depend on the condition of oxygen

balance which prevails as well as on the nature of the structural change, but
are constant within any condition,

2, Values of AHg for a number of structural alterations are
given in Table I, These values were calculated from the equation and from the
Kharasch method of predicting Q.** They are tabulated for each of the three
conditiong; values for transitions from one condition to another are inter-
rnediate, The corresponding figures for AM, the change in molecular weight,
are given in an adjoining column, and in some instances, values of the ratio
Mifp /A, For the purposes of comparison with the tabulated values of AHg/oM,

thz heat; of explosion of good high explosives are recalled to be about 1,2 to
1.6 keal/g,

3, The table shows strikingly that substitution of oxygen-rich
groups is most effective within condition b,

*Aorojet Report No, 538, p. 22,
“*perojet Reports No. 345, L17A,
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Power, B (cont,)

TABIE I
HEAT OF EXPLOSION ACCOMPANYING STRUCTURAL ALTERATIONS

Change in olar Heat of
Explosion, AHp, kcal, Under
Following Conditions*
Alteration a b c

substitute for K in saturated
aydrocarbon structure:

Max{imum
M AHE/AM, kcal/g

Primary +18,7 +28, -38.8 +16 +1,78
SecondargHOH +12,2 +22.g -35.3 +16 +1,38
Tertiary OH +9,2  419,0 48,3 416 41,19
Aldehyde O(for 2 H's) +3L4.4 +54.,0 -80,5 +14 +3,86
Carboxylic COOH -9.2 40,6 +0,6 +k
Primary amine NHp 45,4 +0.5 b2 45
Primary amide CONH2 =224 27, +73,7 <43
Nitrile CN 4,1 0.8  +100,2 +25
dethyl group CH3 -36.3 -55.9 +1k6,0 +k
Phenyl group CgHg -158,5 -236,9  +705.3 +76
Nitrate ONO2 +156,5 +190.8 8 61 +3,12
Nitro NO +110,7  +135,2 =33,1 +U5 +3,00
(NO2)2 for 2H +22T 4 427604 60,1 +90 +3,07
(02)3 for 3H +353,1 #1266  -78,2 4135 +3,16
Substitute nitramine NO7 for H:
O~ primary amine N +116,8 <1413 27,0 5 +3,14
On secondary amine N +115,2  +139,7 -28,6 445 4,11
On primary amide N 21,7 +166,2 2,0 445 +3,69
On secondary amide N +135,2 41597 -8,6 45 +3.
On carbamate N "'130.3 "']5&08 "13 .5 41‘5 +3.
On 1lst or 2nd urea N +131,8 41563 12,0 +5 +3,48
On 1lst or 2nd substituted
oxamide N +aho3 #1648 =3,5 45 +3.66
sert into saturated hydro-
carbon chain
methylene CH2 "36;3 "SS ) +1h600 "’m
Ether © "'25 02 +35 oo -32 03 *16
Carbonyl CO -8, -8,3 +58.9 +28
Ester CO0 +7,3 +17.1 +17.1 +4b
Amine NH +12,0 +T,1 +16,8 +15
Amide CONH 15,9  -20,8 +80,1 43
Carbamate NHCOO +,7 +146 1l 459
Urea NHCOWNH 17,0 -26,8 +107,8 458
leaction:
ROH + HOR! ——> ROR! + Hy0 +3.5 +3.5 +3,5 -18
RCOOH + HOR! ~—> RCOOR! + Hp0  +13,5  +13.5 +13,5 -18
RCOOH + HpNR' —> RCONHR!' + Ho0 43,5 +3.5 +3.5 ~18
iCO + HOR!' ~-3 RNHCOOR! 26,6 -26 .6 «26,6 0

“Gee Paragraph III,B,1,
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IIT Heat of Explosion as a Criterion of Explosive Report No, 660
Power (cont.) "

C. EXAMPLE

1, An example of the use of the method is the calculatipn’ of

the changé of Hg/M when a carbonyl group is substituted for a methylene group
in RDX, This is shown below:

1%2 102
N N
Hy”  CHp o’ \cag
ozm!r rlmo? oamk fwo,
N\.” \./
c C
i o
Hg, keal M
RDX 15} 222 Hg/M = 1,221 keal/g
Remove 1 methylene group 455.9 -1
Substitute 2 H for 2 NOy groups -279.4 -90
Remove 2 sec, amine (NH) groups -14,2 -30
Insert 1 urea group -26.8 +58
* Substitute NO2 groups on
2 urea Nis +312.6 +90
319.1 236 Hg/M = 1,352 keal/g

Thus, considering Hg/M as s measure of power, there is noticeable improvement,

2,  As this example illustrates, only the oxygen balance of* the
initial and final compounds must be considered (in this case, condition b),
It can be shown that values of Alii for this condition should be used for
each step, even if the step givea an intermediate product in another condition
{such §w CoHYN202, in condition a, resulting after removal of two nitramine
grouns),

IV, HEATS OF EXPLOSION ON A VOLUME BASIS

A, DISCUSSION

1, Hitherto, explosive power has been rated in terms which have
the dimensions of energy divided by weight, However, many practical ecriteria

Page 21
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IV .vats of ixplosion on & Volume Basis, A {cont,) Report Mo, 56¢

depend ou the eneryy available per unit volume, Table Il lists ihe lheats of
explosion converted to a basis of unit volume for some of the "selected high
explosives"® and for new high explosives made at Aerojet cn this program, All
conpounds for which crystal densities (for solids) or liquid densities were
available are included, Yalues of heats of explosion for the Aergjet come-
pounds were calculated from the equations of Reports No, 512 and 538, uaing
experimental rather than predicted heats of combustion,

2, The table shows that, in general, the factors that increase
neat of explosion per unit weight also increase density, su that the orders
of effectiveness of these explosives are not greatly different, whether they
are rated in kilocalories per gram or kilocalories per milliliter., The table
4130 illustrates the fact that several of the new compounds are apreciably
more poweriul, on the basis of these properties, than the standard explosives,

3. It is of interest to consider together the three quantities
dz, Mv, and M; Hg is molar heat of explosion, Mv is molecular volume, and M
is molecular weight, Each is a sum of terms which are (within certain
Limitations, for Hg and Mv) constants characteristic of the structural com-
ponenus, for each of these quantities, & change in structure produces a
change vhich is independent of the unaltered portion of the molscule,

L, In making chemical changes to imp.ove performsnce, an
stterpt is made to increase, simultaneously, the values of Hg/M, Hg/Mv, and
‘v, These goals are inconsistent, and the inconsistency should be recognized,

5.  Confining attention to Hg/Mv, it is possible to tahulate
values of AHp and AMv for the substitution or insertion of structural groups,
and to take the ratio Aiy/AMv as a measure of improvement, Table III is a
sartial list of these quantities, taken from other sections of this report,
Values of &y are those calculated for condition'b, in which all H has been
orxidized to Hp0, and some CO has been oxidized to C02, These values are
subject to the conditions discussed in other sections, and are additive
terms only, taking no account of interactions, Table III, much more
than Table II, shows strikingly how an increase in the number of plosophoric
Sroups increases the heat of explosion per unit volume much more than it in-
creases the heat of explosion per unit weight (ef, Table I),

“See Table I, iteport No, 512,
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IV Heats cf Explosion on a Volume Basis, A (cont,) Report No, 660

TABLE II

HEATS OF EXPLOSION O WEIGHT AND VOLUME BASIS

(Heat of explosion in kcal/g = Hg/M;
heat of explosion in koal/ml = (Hgd)/M)

\
Compound E??::i;:l Hy %E%% M gfnzzzi kg§{§g (gggifégl
(Selected high explosives from Aerojet Report No. 512, p. 9)
Nitroglycerine C3HgN30g 32,7 227,1 1.591* 1,509 2,40
PETN CgHgN, 012 LWh1,7 316.,2 1,77 1,397 27
ROX C3HEN60g 21,2 2222 1,816 1,221 2,22
X ClHgNg03 3u9.5 296.2 1,92 1,180 2,27
DiPEHN C1oH14N6019 566.8 5243 1,63 1,081 1,76
EDNA CoHgN, 0y 15,6 150.1 1,71 0,970 1,66
Tetryl C7HgNgOg 250.2 287,2 1,73 0,871 1,51
TNT CTHgN306 W3.3 227,01 1,654 0631 1.05

(Aerojet explosive compounds from reports of this series)

1,1,1,3,5,5,5-Heptanitro~

pentane CgHgN703), 579.8 387.2 1,74 1,497 2,60
N-Nitro-N-3,3,3~trinitro

propyl 2,2,2-trinitroethyl

carbamate CeHeNgO016 639.8 bLu6,2 1,805 13k 2,59
Methylene N,N!'-Dinitro-N,N!-

bis(trinitroethyl carbamate) C7HgNio0pg  673.6 550.2 1.89 1,22b 2,32
bis(2,2-Dinitropropyl)

nitramine CeHioNeO10  333.3 326,2 1,73 1,022 1,77
3,3-Dinitro~1,5~pentane-N,N!-

dinitro-N,N'-bis(trinitro-

ethyl carbamate) Cy3H1oN1200) 910,2 696,3 1,76 1307  2.30
N,3,3,5,5-Pentanitropiperidine CgHgNgO10 bih,1 310.2 1.83 1,335 2.
N,2,2,2-Trinitroethyl-

3.3,5,5-tetranitropiperidine C7HgNgO1) 580.9 L28,2 1,60 1,357 2,k
3,3-Dinitro-1,5-pentane~

dinitramine CsHyoN608 258.8 282,2 1,67 0,917 1,5
bis(3,3,3-Trinitropropyl) urea C7H1oNgOy3  U453.1 a2 1,72 1,094  1.88
N-flitro-bis(3,3,3-trinitro-

propyl} urea C7HgNgC18 605,6 U59,2 1,75 1,319 2,31
1,1,2,2-Tetranitratomethyl-
1,2-dinitroethane CeHglig016 668.8 L20,2 1,88 1,592 2.93
*Liquid,
Page 23
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IV Heats of Explosion on a Volume Basis, A (cont,) Report No, 660

TABIE III

CHANGES IN HEAT OF EXPLOSION PER UNIT VOLUME
FOR SOME STRUCTURAL CHANGES

81, /A (atv)
Change flig, keal aMv, ml keal/ml
Substitute for H in aliphatic
hydrocarbon structure:
Nitro N02 +135.2 "’8 .5 "15 09
(NGp), (for 2H) 276 1 +30,5 +9.1
(N02)3 (for 3H) +126 .6 +51.L +8.3
Nitramine NHNO, +141.,8 +13,5 +10,5
Nitrate ester ONOp +190,8 +19,0 +10,0
iethyl CHj -55.9 +16,3 =3k
Phenyl C¢Hg -236,9 56,7 4,2
Amine NHp 0,5 +2,1 +0.2
Ingsert into aliphatic chain:
Nitramine NNOo +146,8 +13,5 +10,9
Amine NH 47,1 +2.1 43
Amide NHCO . -20.8 +12,8 -1,6
Carbamate NHCOO +1.6 +21.8 +0,3

V. THE, PREDICTION OF CRYSTAL DENSITY FROM STRUCTURE

A, INTRODUCTION

1. Crystal density is an important criterion of acceptability
of new explosives, because of its effect on such practically important properties
as loading density and detonation velocity, Quantitatively, it is desirable -
that new explosive compounds prepared on this program have crystal densities
of 1,8 or greater,

2, An accurate prediction of the crystal density of a compound
vwhose synthesis is being considered would thus have considerable -alue, and
the development of such a method of prediction was undertaken, Because there

Page 2L
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V The Predictiuz of Zrystal Density from Repert No, 660
Structure, A (cont,)

is knowm to be a regular dependence of molscular voiume on structure in msany
liquid compounds, it seemed best to start by developing this relationship
for the (hypothetical) liquid state, Crystal density could then be related
to liquid density in a separate operation,

B, THE REIATION OF LIQUID MOLECUIAR VOLUME TO CHEMICAL STRUCTURE

1. Additive Terms for Structural Components

a. For an alkyl aromatic hydrocarbon of formula Cchp the
molecular volume at 250C is expressible by the following equation:*

Mv = i 06c + 10,20h + 12,06 + L4O,2R (1)

in which v is specific volume, or reciprocal density, and R is the number of
aromatic rings. (Actually, the equation is more general, and applies to
olefinic and naphth2nic hydrocarbons as well, A five- or six-membered saturated
ring contributes notuing to Mv and it is only necessary to substitute L40,2/3
times the number of double bonds, whether olefinic or aromatic, for L0.2R to
make the equation generally applicable,)

b. It seemed likely that this equation could be extended
to compounds containing functional groups by the addition of further constant
terms characteristic of these groups., To test this supposition, 1liquid
densities were compiled from Beilstein for several homologous series of the
form RX or RXR!, A plot of Mv vs number of carbon atoms was then constructed
for each series, In each case, the equation could be adjusted to fit the
points closely by the addition of a suitable constant term, Thus additivity
of molrcular volumes holds well in each case,

C. The increments for certain other structural groups
could not be evaluated in this way because of the lack of data, and another
procedure had to be followed, The term for the gem dinitro group, for example,
had to be evaluated by comparing molecular volumes of such pairs of compounds
as 2,2-dinitrobutyl acrylate and n-butyl acrylate, (Basic data were taken from
Beilstein, SPIA publications, Aerojet reports, etc,) In each instance there
was close agreement of results from several pairs, and the value chosen as
representative was accepted with confidence,

d, A1l increments of molecular volume obtained to date are
~2ollected in Tabdle IV,

By correction of an expression for Mvzo, see R, M, Deanesly and L, T. Carleton,

J. Phys, Chem, L6, 859 (19L2),
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V The Prediction of Crystal Density from Report No, 660
Structure, B (cont,)

TABLE IV
INCREXENTS OF xOLECULAR VOLUME FOR FUNCTIONAL GROUPS
My = -4,06c + 10,20h + 12,06 + Z(additive terms) + Z(interaction terms)

Group . Additive Term
Saturated hydrocarbon 0
Alkyl mononitro +18,7
dinitro {N0»)2C +50,9
trinitro (N02)3C +82
primary or secondary amine -8,1
nitramine +13.,5
carbamate +15,7
secondary amide 46,7
nitrate ester +29,2
(5ingle) Aromatic ring +10,2
mononitro +22 ,2
primary amine 45,5
secondary amine 4.3
C-Allyl piperidine ring ~3.3
H-Alkyl piperidine ring +0,7

Interaction Trwn

Nitrate ester on the same
or adjacent C atoms +2,0

Nitrate ester and nitro on adjacent
C atoms +3.6
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V The Prediction of Crystal Density from Report No, 660
Structure, B {cont,)

2, Interaction Effects

a, For compounds containing several functional groups, ore
may write

Uv = 4 ,06c + 10,20h + 12,06 + Z additive terms (2)

in which the summation includes separate contributions from all the functional
groups, However, results of this calculation sometimes disagree with the
experimentally determined molecular volumes of complex structures, For example,
data are fairly plentiful® on liquid explosives containing two or more nitrate
ester groups, and for compounds containing neighboring nitrate groups,

dencities are consistently lower than values predicted from (2),

b. Good agreement may be secured, however, by assigning
an interaction term to the occurrence of nitrate groups on the same C atom
or on adjacent C atoms, Acsignment of a value of +2,0 for each such interaction
results in the following good agreement between experimental and predicted

- densities:
Liquid Density, g/ml
Compound Predicted Experimental

Methylene glycol dinitrate 1,555 1.53
Fthylene glycol dinitrate 1,Lh7 1,L8
1,2-Propanediol dinitrate 1,367 1,376
Nitro glycerine 1.594 1,591
oc-Methyl glycerine trinitrate 1,518 1,50
1,2,Lh-Butanetriol trinitrate 1,538 1.520

C. Table IV gives the term for interaction between
nitrate groups, and another term for the interaction between a nitrate ester
group and a nitro group on adjacent C atoms (based on the liquid density of
only one compound, trimethylol nitromethane trinitrate™*), The absence of
interaction terms for other structures does not mean that these termas do not
exist, but only that basic data for their evaluation are lacking.

d. Accordingly, the calculation of liquid densities from
the equation '

¥OSRD Mo, 201ls: "Compilation of Data on Organic Explosives"; Picatinny Arsenal
Technical Report No, 17110: "Properties of Explosives of Military Interest,"

oorD No, 201k,
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V The Prediction of Crystal Density from Report No, 660
Structure, B (cont,)

bv = 4,06c + 10.20h + 12,06 + Z(additive terms) + I(interaction terms) (3)

is recommended, The values of Table IV should be used insofar as they apply,
with the recognition that there may be other interaction effects, still un-
known,

C. THE RELATION OF CRYSTAL DENSITY TO LIQUID DENSITY

1, The next step needed is a conversion of calculated liquid
densities to crystal densities, The literature contzins a few careful studies
of the increase of volume of organic compounds on melting, Whether or not this
quantity can te related to constitution remains to be determined, In any case,
a simpler treatment is to plot measured crystal density vs predicted liquid
density for a large number of explosive compounds, to determine whether all
points can be represented by a single line,

2. An ’nitial search of the sources cited previously disclosed
17 compounds, differing widely in constitution, for which crystal densities
h1ad been measured and molecular volumes could be calculated from the equation,
When crystal densities were plotted against predicted liquid densities for
these compounds all points except three clustered about a unique straight
line, with a maximum scatter of 0.08 g/ml. This comparison of measured
crystal densities with values from the line is shown in Table V and Figure 1,

3. The three discrepant compounds are m-nitro phenyl dinitro-
methane, erythritol tetranitrate, and dulcitol hexanitrate, In these cases,
it may be considered that either the quoted experimental values are in error
(e.g., by a confusion of loading density with crystal density) or the method
of prediction itself is faulty., The extreme irregularity of the density of
the firsl casts doubt on the experimental value given for this compound., On
the other hand, the method of prediction may be at fault in the other two
cages, particularly because of the similarity of the compounds, Possibly the
treatment of interaction among nitrate groups suggested above may be in-
adequate for cases of large numbers of adjoining groups,

L, In any case, on the basis of the many points showing fair
agreement, provisional use of Equation (3) and of the line of Figure 1 for
predicting crystal densities of new compounds is recommended. Undoubtedly
the method can be refined and extended as more experimental data become
available,
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V The Prediction of Crystal Density from Report No, 660
Structure, C (cont,)
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Figure 1

Relation Between Crystal Density and Liquid Density
Predicted from Equation for Explosive Compound:s

D. EXAMPLE
Use of the method may be illustrated by calculating at length the
crystal density of tetryl:
Structure: (N02)3 @ N(NOp) CHj C7HsNg0g

Molecular Weight = 287.2

1,06c = <284
+10,20h = 451,0

+12,1

Additive terms for @ ring +10,2

for 3 NOp groups on @ ring +66,6

for sce, amine on ¢ ring o3
for substitution of NO» for H on N +11,4 (13,5 - 10,2 - (—B.Iﬂ

Mv = 157,2 ml/mole

Thus, liquid d = 287,2/157,2 = 1,827 g/ml
and from the line of Figure 1,d = 1,85 g/ml (experimental,1,73)

This disagreerment is excessive, and is discussed below,
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V The Prediction of Crystal iensity from Report No, 660
Structure (cont,)

E. INADEQUACIES OF THE METHCD

1.  In its present state, the method is not so much faulty as
incomplete,

2. In the example cited above, the disagreement between
neasured and predicted crystal densities seems to indicate that all con-
tributions to liquid molecular volume have not yet been accounted for,
Consistently low values of Mv for allied compounds suggest that interaction
terms are needed for some or all of the combinations of neighboring functional
groups in the trinitrophenyl aminc structure.

3. Similar attempts to predict crystal densities of some N-
nitroamides and N-nitrocarbamates and some two-ring compounds were likewlse
unsuccessful, Thus, great caution is needed in applying the method to
structures for which it has not yet been proved,

L, Extension of the treatment to these cases is hampered by
the scarcity of experimentally determined liGuid densities of compounds con-
taining the appropriate structures, However, it may be possible to use
crystal densities to evaluate the contributions to Mv, This possibility will
be investigated in the future,

VI, CO-POLYWERIZATION OF 2,2-DINITROBUTYL ACRYIATE, 2-NITROBUTYL ACRYIATE,
KID P-NITRO-2-ETHIL~1, 3-DIACRYLOXY PROPANE

A, EMULSION CO-POLYMERIZATION
1. Introduction

In the early preparations of poly 2,2-dinitrobutyl acrylate
by emulsion, before a satisfactory method of purification of the monomer had
been achieved » ~aft and rubbery polymer was obtained, Polymerization of
the purifi:d mo.cwer gave a much harder polymer, which was less suitable for
coating RDX, The impurities in the 2,2-dinitrcbutyl acrylate which caused
the polymer to be solter were thought to be 2-nitrobutyl acrylate and 2-nitro-
2-ethyl~1,3~diacryloxypropane,* These two compounds were synthesized, so
that they could be co~polymerized in varying proportions with 2,2-dinitrobutyl
acrylate to determine whether this same soft polymer, which was originally
obtained, could be reproduced.

2. Discussion

a, The emulsion polymerization of 2-nitrobutyl acrylate
wag carried out in the same manner that has been described for 2,2-dinitrobutyl

*perojet Report llo, 622, p. 58,
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VI Co-Folymerization of 2,2-Dinitrobutyl Acrylate, Report No, 660
2-Nitrobutyl Acrylate, and 2-litro-2-ethyl-l,3-
diacryloxypropane, A (cont.)

acrylate.,® Poly 2-nitrobutyl acrylate, obtained in a quantitative yield, is a
soft, rubbery, acetone-insoluble polymer, in contrast with poly 2,2-dinitro-
butyl acrylate, which is a hard, acetone-soluble polymer,

b. In the emulsion co-polymerizations of 2,2-dinitrobutyl
acrylate and 2-nitrobutyl acrylate, increasing the percencage of the latter
from § to 20% gave a softer, acetone~-soluble polymer,

c. In the emlsion co-polymerizations of 2,2~dinitrobutyl
acrylate, 2-nitrobutyl acrylate, and 2-nitro-2-eihyl-l,3-diacryloxypropane, the
volymer precipitating from the emulsion was acetone-insoluble,

d. The previous work indicated that poly 2-nitrobutyl
acrylate or a co-polymer of 2,2-dinitrobutyl acrylate (80 to 90%) and 2-
nitrobutyl acrylate (10 to 20%), prepared by the emilsion technique, were
softur than poly 2,2-dinitrobutyl acrylate itself, Thus, either of the latter
two systems might be morve suitable for the coating of RDX, It was found that
the addition of 2-nitro-¢-ethyl-l,3-diacryloxypropane increased the hardness of

the polymer,
3. Experimental
The experimental results are summarized in Table VI,
B. BULK CO-POLYMER IZATION
1, Discussion
The bulk polymerization of 2-nitrobutyl acrylate and 2-nitrobutyl
acrylate (5 to 20%) with 2,2~dinitrobutyl acrylate (80 to 95%) has resulted in
a soft, gumry, acetone-soluble polymer which should be well suited for the

coating of RDX from solution, The addition of 2-nitro-2-etinyl-l,3-diacryloxy-
propane gave a harder polymer which was acetone-insoluble,

2, Experimental
The experimental results are summarized in feble VII,

*Aerojet Report Ne, 637, p. 25.
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Roport Ko, 66C

- JUiobtutyl lcr, late, and 2-'itro-2-sthylel,l3-

VI Ca-Folyrerization of 2,2-Dinitrobutyl Acrylate,
w.1cr. Joxypropance, B (cont.)
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VI Co~-Polymerization of 2,2-Dinitrobutyl Acrylate, Report No, 660
2-Nitrobutyl Acrylate, and 2-Nitro-2-ethyl-l,3-
diacryloxypropane, B (cont.)
TABLE VII

BULK POLYMERIZATIONS(1) oF rvma, DNBA, (2) mwp ravea, (3)
DNBA AND MNBA AND DIAC(W)

Composition

Solubility
DNBA MNBA DIAC Time  Temp in
;4 g i3 hr oc Acetone Remarks
— 100 — 1ko us Soluble Polymer very soft and gummy
95 5 — 1o us Soluble Polymer very soft and gummy
90 10 — 1ho Ls Soluble Polymer very soft and gummy
85 15 — 1ho Ls Soluble Polymer very soft and gummy
80 20 — 1ho u5 Soluble Polymer very soft and gummy
89 10 1 72 45 Insoluble  Polymer firm but soft
87 10 3 72 hs Insoluble  Polymer very soft and easily
crumbled
85 10 5 72 L5 Insoluble  Polymer firm and solid

(1)411 samples catalyzed with 1% MAKP, cured in test tubes flushed with Np.
(2)pypr = 2,2-Dinitrobutyl acrylate.

% )MNBA = 2-Nitrobutyl acrylate,

(h)DIAC = 2-Nitro-2-ethyl-l,3-diacryloxypropane,

VII, DESHNWSITIZATION OF RDX

A, BY COATING FROM EMULSION
1, Discussion

a, The emulsion coating of RDX with poly 2,2-dinitrobutyl
acrylate has not significantly raised the impact stability eof the RDX., Inasmuch
as poly 2,2-dinitrobutyl acrylate is a hard polymer and poly 2~nitrabutyl
acrylate is a soft and rubbery polymer, it was thought that the latter polymer
or a co-polymer of the two would be better suited for coating.

b, The impact stability of RDX coated from emulsion with
poly 2-nitrobutyl acrylate or a co-polymer of 2-nitrobutyl acrylate (5 to 20%)
and 2,2-dinitrobutyl acrylate (80 tc 95%) ranged from 30 to 65 cm/2 kg, thus
showing no improvement over the previous work, Howsver, it is believed that
the inherent difficulty in applying a uniform coating is due to the emulsion
technique rather than to the coating agent employed, This is borne out by the
more successful results obtained when these same coating agents were applied
from solution (see VII,B).

2. Experimental
The experimental results are summarized in Table VIII,

rage 3l
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17 Jessnxitisation of RDX, A (comt,] Report %o, (60
3 TABLE V11T
DESLNSTTIZATION OF RDX
1 Polymer
- Yeter  emdSa (en23g)
Saaple Costing Folymr Polymer Span=3%  Tewp to s/0
Aoy Hethod Agent Soarve X ) o RDI Mstlo _ REC Sandpapar Remarks
[ . 520 2 Bevsvez - 10 3 90 N > ¥ to 100 Small, soft pellete
1 ST v ~ 10 i £, W Y - Smull, hard pellets
$ Send (2) - 10 N 50 to §5 - Small, hard pellets
3 5o 9 83 - [} 1759 Lo ta L§ - 23al1, hard peliets
: 5010 (L) - b 2 b5t %0 - Looks 1die X
5011 {5) - 10 N 65 o ¢ - ooks 111w ROX but softer
500 Browwaz-258 - 10 72} &S to 50 - Smill pellete
4 DNIA-T5%
sa2.0 vot o6} pan 10 L3 250 DO J0te)S  Saall pellets
108 sl polvoer
5.2 90T DNRA 7.5 2.8 100 us largo pallets
108 MNBA
; 5003 £0% DA 10 1,0 1295 5t 30 Large pellets
K 206 W
50 XD s 1,0 100 - 2aall, sven pellots
s-227 wink s 25 >100 )5S to bt 3olventeto-polymer ratie L7/
amors ¥55 VDA 10 1 >0 b J Solvent-to-polymer retiec 15/1;
51 WKBA ssall peliets
5229 90% D¥BA 10 1 > 1) Solventeto-polymer retis 15/1j
108 XVBA saall pellats
; 5030 Vg 0GR S ? 100 a0 'omn\-u-poxy-r ratlo )0/
3 2 small pollets
] =23 S0L DNBY s 2 >0 » Solms-w-pnl;-r ratio J0/13
3 10T Wi small pelle
5233 10 25 >uo X Polymr ratic nm small pellets
S W 25 >0 ) Tolymer retio 12/1; large pellets
§-247 2.5 >0 bs Polymer ratio 6/1; small pellets
57 25 >i00 20 Polyasr ratio 10/13 ssall pellets
: qal 7 28 >0 1) Polymsr ratio 25/1) smail pellets
5212 B DWBRA he295 1 %0 2N 50 %o 55 - Yery caled
5-21h MWRA %297 1 80 2h 30 to 35 - Yory caimd
V19 .41 N-298 1 ] 2N 60 to 65 - Somswhat eaked
a=214 WA ¥=297 1 20 N 50 %0 SS - Looks 1ike RDX
=17 MNBA | ] 1 20 Hp 60 to 65 - Looks 1ike NUX
5-218 958 DNEA °-299 1. Labiamt 2,571 )5 to o - Looks 1ile ADY
5% WGTA
52219 508 DNIA N-300 H 15 to 20 - Looks 11k RDX
105 MNBA
7220 658 DNRA N-301 15 %o 20 - Leoks 1ike RDX
155 MM
=1 801 UNBA N3 bRV - Leoks 1ie ADX
20% WMNBA
G082 891 oY ¥-309 l 100 ) Small, Nuffy partioles
103 08
15 biacl®)

Winteetnyl ik, 6,8, 8pantanitroundecadions

{2 Dimmtugl &,14,6,6,8, 0 msknitroundorsnedicate

Uh, 1y 8,8, 8-Pentand trouxdocans

("bmw‘ L,h,8,8, Sepentani tro-b-asa-adacaned Losto
(27 2 01niteapeopane

(“"xmu « 2,2-Dlattrobuty] serylate

(T'wemg ¢ 2.81trodatyl scrylate

Hibu-': * 2.Mitro~2-ethyl-l, )-discryloxypropens

wethad &

T a 500 -al resin pot fitted with mechanicsl stirrer, Uermoseter, and drepping fusnal Ose sdded SO mi mater, SAirring was started, and
the watar van hestor to 859C wity, the alene bath, fipan 85 wes adéed, asd stlyvnd 2 min; 20 g mx wes added, ard stirred 5 min, e
palywer pas Gloenolesd in 1) ml mthyl jsotuly' wetone end added dropuiee through A dropping funrel, Stirrims e-: ~ wtinued until the
sidition v coplete énd ALl of the seivant had heem distidizd ssectropicclly, 3a | asanis of nur Yre o “od intermitisntly o
wap the woler Lewel ur, The DY wea filtered arf, watler-wsched, and drisd,

Wrinod 3

Ir & S00-a1 resin pot {itted with techinical stirrer, thermomster, snd dropping fwrmel was plsced 50 al water, Stirring was etarted and
the span 85 war added and starTed epprcximately 2 min, 20 g of RDX wss then added, and stirred S sin, The ewmilaton oy then added from
s piwite (dropriss) o the sapldly sticping slurry, The sizture was allowed o atir S min after addition was complets, The RDX was
then f{ltered off. sssiwd with uater, ani drted,
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E vII Descnsitization of RDX (cont,) Report No, 660

B. BY COATING FROM SOLUTION
1, Diecussion

a, RDX was coated at 80 to 90°C with a solution of a co-
polymer of 2-nitrobutyl acrylate (5 to 20%) and 2,2-dinitrobutyl acrylate (80 to
$53), 1sing the same technique employed for the preparation of Composition A,
The impact stabilities of the coated RDX samples were greater than 100 cm/2 kg,
and ranged from 25 to 50 cm/2 kg on 5/0 sandpaper (Composition A = 55 cm/2 kg).
The best results were obtained using a 103 coating of a co-polymer containing
90% 2,2-dinitrobutyl acrylate and 10% 2-nitrobutyl acrylate with 2.5% Span B85 as
a wetting agent, The percentage of Span 85 used was critical; with amounts less
tlnn 2.5%, poorer desensitization was obtained, Microphotographs of this
coated RDX and RDX itself are shown in Figures 2 and 3, respectively, The rate
of addition in the co-polymer solution or its concentration in the aqueous RDX
slurry at any given time appears to be critical in determining the particle
size and impact stability of the coated RDX, That is, if the concentration of
the co-polymer in the slurry is high, the coated RDX particles agglomerate with
the formation of large pellets, Two 25-g samples of coated RDX (S-234 and
5-235) were submitted t: the Naval Ordnance Laboratory for evaiuation,

b. The effectiveness of the solution coating of RDX with
dimethyl 4,k,6,8, 8-pentanitro-undecanedioate, dimethyl L,4,6,6,8,8-hexanitro~
undecanedioate, ﬁ,h,6,8,B-pentanitro-undecane, dimethyl ﬁ,ﬁ,6,é,é-pentanitro—
6-aza-undecanedioate, and 2,2-dinitropropane was determined,* In no case *318
there any sipgnificant increase in the impact stability of the RDX,

2, Experimental
The experimental results are summarized in Table VIII,
C. COATING WITH NONOMERS A*w POLY\ERIZING
1, Discussion

a, Viork of the previous quarter* had shown a promising
degree of desensitization of RDX, achieved by coating with dinitrobutyl acrylate
monorer and curing the coating,

b, Further investigation showed that these products had
poor impact stabilities when tested on sandpaper, However, the method warranted
additional study, and a systematic program of experiments was w.‘srtaken, The
series was devised to vary, on the one hand, the identity of the monomer or
monomers, and on the other hand, the mode of applicaticn,

c. Samnles were prepared in which dinitrobutyl acrylate,
mononitrobutyl acrylate, and a mixture of dinitrobutyl acrylate and acrylic acid

*Aerojet Reports No, 621 and 638,
*JAerojet Report No, 637,
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VII Desensitization of RDX, C (cont,) Report No, 660

Figure 2

RDX + 10% Co-po r of DNBA(90%) and MNBA(10%)
I.5. = U5 em/2 kg on 5/0 Sandpaper (35X)

Figure 3
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VII Desensitization of RDX, C (cont,) Report No, 660

(for co-pelymerization) were applied, each under several different conditions.
Lononitrobutyl acrylate was selected for trial because it has recently become
available in pure form. Acrylic acid is of interest because there is much
evidence of the affinity of hydroxyl groups - and presumably of carboxyl groups -
for RDX; a co-polymer contajining the latter group might give a more tenacious
coating than the dinitrobutyl acrylate homo-polymer, If this co-polymer were

to give good desensitization, other co-polymers of hydroxy acrylates should ba
investigated,

d, The monomers were applied either undiluted or dissolved
in cyclohexane or in ethanol, The selection of these solvents was based on a
combination of several factors, Each dissolves the monomers, and each precipitates
ou, palymer above a certain molecular weight, This limiting molecular weight
appears to be much lower for cyclohexane than for ethanol, Finally, the ethanol
itself has a high heat of wetting RDX and a low free energy of wetting;*
presumably both values are low for cyclohexane,

e, It should be noted that the tendency of a solute to wet
the surface nreferertially, displacing the solvent, is not determined simply
by a comparison of free <nergies of wetting of pure solute and pure solvent,
In such a system, the theirodynamics of demixing each component from the solution
mist also be taken into account,

f, Paralleling each preparation, whether with monomer alone
or with monomer solution, another was set up in the same way except for the
addition of 1% Alox 600 wax (RDX basis) as a surface active agent, This agent
was selected because of its success in other RDX coating applications and
because, following the experience with Span 85, commercially available esters
of long-chain acids are suspected of retarding polymerization,

g. At the outset, it was not known what concentrations of
mononer in the solutions would precipitate an adequate amount of polymer for
coating, To ;ive some measure of the amounts necessary, blank preparaticns of
monomer solutions, containing no RDX, were set up alongsids the coaling prepara-
tions, It would have been preferable to investigate this effect first, but to
save time it vas necessary to perform the experiments simultaneously, A series
of experiments were first performed at one concentration, 0,15 g/2 ml solvent;
after this was completed, the amounts of polymer produced were seen to be
probably inadequate in many of the samples, Thereupon ano'her series, in which
the concentration was quadrupled by doubling the solute weights and halving
the solvent volumes, was set up, However, the extents of pclymerization in all
these blank solutions were too erratic to be v. vy informative,

h. Impact stability tests were performed on all products
of the various treatments of RDX, The results showed:

(1) No observable variation with the monomer

"Evans Research and Development Corporation Progress keport II, "Studies on
Surface Pronerties of High Exnlosives "
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V1I Desensitization of RDX, C (cont,) Report No, 660

(2) Possible variation with the mode of application,
However, in any case, such poor improvement of stability resulted that the
effect of this factor is not worth further investigation,

i, These results also show that for some samples more than
one value of the height for 50% shots is obtained on the impact tester, This
effect will be discussed at length in a later section, However, it must de
mentioned here because it casts doubt on some of the high values of impact
stability reported earlier for specimens made by curing monomers directly on
RDX.

Je Thus, the principal conclusion from this series of
measurements is that results of using this technique were unilormly poor.,
2, Experimental

a, lmpact stabilities of samples of RDX desengitized by
coating aith diniirobutyl acrylate monomer and curing * were redetermined on
5/0 sandpaper in tue Bureau of Mines machine, The results are:

Impact Stability, cm/2 kg

. Coating Surface Preparat.'ion Previously Reported On_Sandpaper
|
10% DNBA - 80 to 85 30
11¢ DNBA 3.1% Silicone fluid 95 to 100 30 to 35

over 1,0%¢ Span 85

b, In other preparations, mixtures of dinitrobutyl
acrylate with methyl acrylate and n-butyl acrylate respectively, were applied
to the surface of 1l-g portions of RDX (with no surface active agent), The
ingredients were introduced into small vials and mixed by thorough rolling,
The monomer-coated RDX was transferred to test tubes, and the coating was
cured for two to three days at LS, then for two to three days at 65%C. The
products were vacuum treated for at least three days to remove unreacted
monomer, and then tested for impact stability, with the following results:

i

Coating Impact. Stability, cm/2 kg
105 of 50/50;7 DNBA/iA 50
10% of 50/50% DNBA/n-BA 50

"as previously described in Aerojet Report Mo, 637,
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VII Desensitization of RDX, C (cont,) Report No, 660

c. For further study of this technique, a systematic set
of preparations was made. The following monomers were selected as coating
meterials:

(1) 2,2-Dinitrobutyl acrylate
(2) 2-Nitrobutyl acrylate

(3) 78,0% 2,2-Dinitrobutyl acrylate + 22,0%
acrylic acid

d. Using 1-g quantities of RDX in each preparation, each
of these starting materials was applied in each of the fcllowing ways:

(1) To RDX, dried in the usual mamer by rolling
in a vial for several hours: 0,10 g monomer

(2) As in (1), with 1Z (RDX basis) Alox 600 wax
added

(3) To RDX freshly vacuum-dried after washing twice
. with methanol and three times with hexane: 0,10 g monomer

(4) In ethanol solution, 0,15 g/2 ml, in a glass tube
filled with nitrogen and sealed off

(5) As in (4), with 1% Alox 600 wax added
(6) In cyclohexane solution, 0,15 g/2 ml
(7) As in (6), with 1% Alox 600 wax added
(6) In ethancl solution: 0,30 g/l ml
(9) As in (8), with 1% Alox 600 added
(10) In cyclohexane solution: 0,30 g/1 ml
(11) As in (1), with 1% Alox 600 added
e, All prenarations were cured three days at Lsoc, and those
containing solvent were mixed by continuous agitation during chis peried, then
cured for three additional days at 65°C, All samples were then dr‘2d under
vacuum for at least six days, after opening the tubes of samples c.ntaining
solvent and decanting off the solution phases,
f. Using the Bureau of Mines impact tester, impact
stabilities were determined on the products, Results are given in Table IX,
in cases of more than one height for 50% shots both high and 1o values are
given,
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V1I Desensitization of RDX, C (cont,)

TABIE IX

O M P A AL e D e Pe s Al e e SR T

Repor%t No, 660

DMPACT STABILITIES OF RDX DESENSITIZED BY COATING WITH MONOMERS AND CURING

(3) 784 Dinitrobutyl acrylate
22% Acrylic acid

(1) Dinitrobutyl acrylate
(2) 2-Nitrobutyl acrylate

Impact Stabilities, cm/2 kg

crystals.,

the two concentrations,
After the curing period, tney were observed for signs of polymeric

(a) and (b) are two heights obtained for 50% shots on impact,

hode of Application per 1,0 g RDX (1) (2) (3)
1 0,10 g monomer on RDX ggg bs to 50 55 to 60
30
2 0,10 g monomer on RDX + 1c Alox 600 wax 60 60 to 65 65
3 0,10 g on specially dried RDX 50 55 to 75 60 to 65
4 0,15 g monower/2 ml ethanol Ls 35 to ko Lo to LS
S 0,15 g monomer/2 wl ethanol + 1% Alox
600 wax Lo to LS 30 to 35 LO tols
6 0,15 g monomer/2 ml crclohexane Lo to 50 55 to 60 Lo
7 0.15 g monomer/2 ml cyclohexane + 1%
Alox 600 wax 60 30 35 to Lo
6 €,3C g monomer/l ml ethanol lost 55 to 60 >100§;g
L5 to 50
9 0,30 g monomer/1 ml ethanol + 15 Alecx >95§g§' L5 to S0 >100§§;
600 wax Lo to L3
10 0,30 g monomer/l ml cyclohexane U5 to 50 35 to 4o L0 to U5
11 0,30 g monomer/1 ml cyclohexane + 1% >100§;g <20 20
Alox 600 wax

g. The products were usually sticky masses of separable

h,

tions,

precinitates, with the following results:
Monomer S 2

C.15 g/2 ml ethanol:

0,15 /2 ml cyclohexane:

0.1u g/l rml ethanol: Marked

0.3% /1 ml cyclohexane: Marked

)

Marked
Slizht
Slight
Marked

CONFIDENTIAL

However, in some of the preparations using 0,30 g monomer/1l ml
solvent/g of RDX, polymerization took rlacc to such an extent that the products
were intractable lumps,

In addition, blank preparations were set vp, in which
each monomeric starting material was dissolved in each solvent, st each of
These were cured along with the RDX coating prepara-

3)

Slight
Slight

Little or none

Marked

T e




~ - o - - P Ll o H
. - r [ - e Sl TN L SRR TR T :
MMXMR:XL";RMFHH\!-)rnﬂlw‘il-ﬂ-n-.lhnuq..r MR AT W T AR AT s T Ruran A .W?.’f!‘aﬂ‘x ".': »

CONFIDENTIAL

VII Desensitization of RDX (cont,) Report No, 660

| D, REVALUATION OF SURFACE ACTIVE AGENTS, AND PROPOSED FUTURE WORK

i 1. Discussion

L a, On the whole, the best consistent results in desensitiz-
ing RDX appear to have been obtained by coating from solution, either cold, or

4 by the method of preparing Composition A, Results from these methods show

3 large variation with the materials used, suggesting that further improvement

: is possible by the use of still better materials,

s

b, Either the nitro-compound coating or the surface active
agent, or both, can be changed, There has been comparatively little time for
the development of new coating materials. On the other hand, many surface
active agents are commercially available and ready for immediate trial, The
& Atlas Powder Co, has recently provided about three dozen agents for evaluation,
o It is reasonable to experiment first with varying the agent rather than vary-.

ing the coating material, and under present plans, these evaluations will be
rerformed rnoxt,

. c, The choice of an evaluation test is a problem, Measure-
zments of heats and free energies of wetting give fundamental results, but define

only part of the practical operation, in not taking account of the thermo~

dynamic effects of demixing from the liquid system, Moreover, the coating

operation is complicated by the fact that two substances are denosited simul-

3 taneously on the crystal surface, On the other hand, & direct test could be

K zade by preparing specimens of desensitized RDX in a standardized procedure,

. varying only the agent used, and meacaring impact stabilities, This procedure

5 has the disadvantage that it rates surface active agent-coating combinations,

W and these ratings may not be parallel for different coatings, It is also

subject 1o any criticisms applying to the particular impact test employed,

KL, d. The almost complcte adsorption of Span 85 in an experi-
N aent on coating RDX by the solution process was described earlier.* (The
i adsorbed Span was recovered by extraction,) This suggests the use of extent
i3 of adsorption as a means of rating surface active agents, The method seems
free from objection, but whelher it gives results that correlate with
desensitization remains to be determined,
: e, A few trials vere made of the adsorption of agent on
o X from & standard aqueous medium, The amount of Span 85 adsorbed was
A apnreciable and reasonably reproducible, Span 85 has been, in general, the
K oest surface active agent used to date, In contrast, adsorption of two other
. acents was almost negligible, A large number of agents will be characterized
B¢ in this way, but first an attempt will be made to change the exyc.simental con-
[/ ditions in order to enlarge the spread of adsorption by raising tne percentage
R cdcorbed that is possible with "good" agents,
- *rerojet Report No, 589,
.
: Pare L2
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VIl Desensitization of RDX, D (cont,) Report No, 660

2, Experimental

a, In a prelinminary experiment, it was established that
Span 85 applied to dry RDX can be recovered quantitatively by Soxhlet
extraction with carbon tetrachloride, followed by stripping the extract of
solvent,

b,  Approximately 0,15 g of agent was weighed into a 100-ml
round-bottomed flask, and dissoived in exactly 5 ml ethanol, The solution was
agitated with a glass stirrer and 10 ml water was pipetted in, Depending on
the agent, a clouded suspension or a clear solution resulted, Then 3,00 g
dry RDX was added, and the slurry was stirred for 5 min, It was transferred
to a vacuum filte:r funnel without washing, and the colid was filtered for
10 min, to remove most of the adherent liquid, It was subsequently vacuum-
dried in a desiccator for at least an hour,

Ce The dried solid was weighed into an extraction thimble,
and Soxhlet-extracted for 1,5 hr with carbon tetrachloride, The extract was
filtered (to remove RDX) into a tared flask of special conical shape, which
was then attached to a shart distillation column, Solvent was distilled
off under a partial vacuum, with special pains taken to expel the last
traces by finally removing the flask, heating in an oven at 80°C for 1 hr,
and then cooling irn a desiccator under vacuum, The flask was weighed again
to give the weight of residue, The percentage recovery was calculated by
correcting for the loss of solids in transferring.

d, The table below gives the amount of surface active
agent adsorbed on RDX, expressed as percent recovered, for Span 85 {three trials,
to test reproducibility) and two other Atlas surface active agents,

Agent Appearance in Ethanol-¥Water Recovery, %
Span 85: sorbitan trioleate Milky suspension 29, 21, 24
G-3910: a polyoxyethylene fatty Faintly cloudy, foamy
aicohol solution 3

Tween 20: polyoxyethylene
sorbitan monolaurate Clear, foamy solution 6

E, THE OCCURRLNCE OF MULTIPL ' IMPACT-STABILIIY VALUES
1. Discussion

a, Other workers® in the field of impact stability
deternination have reported instances in which a substance gave one low height

* NavorD Report 85-L46: "Final Report on Comparison Test of Impact
Sensitivity of hilitary Explosives," p, 35,
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VII Desensitization of RDX, E (cont,) Report No, 660

for SOf shots, then a region of small-percentuge shots above this height, and
a second height for 50% shots much greater than the first, Similar behavior
seems to be evidenced in the work described in Paragraph VI,C, and double
values of impact stability are reported on several samples, )

:

b. A careful study of this effect was made on separate
samples prepared by spreading monomeric dinitrobutyl acrylate on the surfacs
of F™{ and curing. In the impact test, weighed charges were used and ten
trials, in contrast to the usual six, were made at each height, The results
showed that there was no continuous increase of the tendency to shoot with
increasing height, Instead, a plot of percentage shots against height
indicated one apparent maximua (though short of 50% shots) in the neighborhood
of 50 cm, followed by a dip in the curve, and then another rise at about 80
cm, followed by another dip,

c. This tendency to show a maximum at a low as well as a
high scale reading is undoubtedly present in many samples prepared by this
technique. In some cases the first maximm is pronounced; in others it does
not rise avove 5U5 siots, and may escape detection, In any case, it is
obviously unsatisfactory to characterize one of these materials by a single
value of the height of 3% shots,

2. Experimental

Ten percent of catalyzed dinitrobutyl acrylate monomer was
added to 3 g RDX, and the mixture was rolled in a vial for several hours to
assure uniform coating, It was then cured for four days at 45°C and two days
at 65°C, and finally vacuum-treated for five days to remove light fractions,
Vieighed samples (20 + 3 mg) of the product were tested for impact stability
on the Burcau of iiines machines at intervals of 10 cm, making 10 trials at
each height, The results are given below:

lleight, cm 30 Lo 50 60 70 80 90 100
Z Shots: 10 20 35 15 35 35 30 10

VIII, SAFUTY FRACTICE

A, DISCUSSION

1, For the most part, t'» safety shields that have been employed
in this laboratory® are the standard Fisuer safety-glass shields, The shields
are composed of two 30 x 1l in, layers of laminated safety glass totaling
0.25 in, in thickness, and are mounted in an aluminum frame which i3 secured by

*perojet Report No. 468 (15 September 1950), p, 60.
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two metal bases, Past experience has indicated that this type of shield does
not offer adequate protection to the personnel working on highly ex-

plosive compounds, This difficulty can be overcome by the use of 0,5~ to
1,0-in.=thick bullet-resistant laminated plate glass, composed of three

to five layers,® However, these thick shields are very heavy and rather
difficult to move, and thus are best used where they can be permanently
mounted,

2. A new type of safety shield has now been designec which will
offer the same protection as the very thick shields mentioned above and also
possess the advantage of being much lighter in weight and thus much more
easily adaptable for general laboratory use, This shield, Figure l:, consists
of the standard metal form containing two parallel channels one inch apart,
Two sheets of the standard 0,25-in, laminated safety glass are inserted in
the parallel channels, The efficiency of this type of shield is due to the
one inch of air space provided between the two sheets, The force of the
explosion is thus greatly dissipeted by the time the shock waves hit the
second shield, This was substantiated by the following experiments, which
were carried out at a distance of L in, from the shield,

a, The effect of a No, 6 and No, 10 blasting cap on the
front shield is shown in the upper left and upper right of Figure 5, The
rear shields were unaffected,

b, The explosion of 5 ml of Jetex (nitromethane sensitized
with amine) with a No, 8 blasting cap caused complete penetration of a single
shield, whereas with the double shield, the front shield was shattered but not
penetrated, and the rear shield was hardly affected, This is shown in Figures
S and 6,

c. The effect of the explosion of 10 ml Jetex on the
doutle shield is shown in Figure 7, The front shield was shattered but not
penetrated,

3. The use of this new type of safety shield is recommended for
tix -following reasons:

a, It offers adequate protection for work with highly
explosive compounds, in the form of a lightweight shield which is convenient
and easy to handle,

b,  The metal forms can conveniently be made to any de-
sired size and the safety glass ordered to fit, Replacement of shattered
shields is merely a matter of sliding one shield out of the channel and
putting another in,

*Taylor and Johnson, Chem, Eng, News 30, No, Lk, 3 November 1952, p. U668,
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Figure b
New Safety Frame with Double Channels

Figure 5
Upper lLeft - Fron% shigld after explosion of No, 6 blasting cap; rear shield
unaffecte
Upper Right - Front shield after explosion of No, 10 blasting cap; rear shield
unaffected

Lower Left - Single shield after explosion of 5 ml Jetex

Lower Rijht - Front shield after explosion of 5 ml Jetex, very little effect
on rear shield
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Figure 6

Close-up View of Single Shield After Explosion of 5 ml of Jetex

Figure 7
- Front shield after explosion of 10 ml Jetex

Right - Rear shield after explosion of 10 ml Jetex
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