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b 8 SUMMARY

A, This quarterly feport is submitted under Contract N7onr-46208 and
covers the period 1 May through 31 July 1553.% The objectives of the
contract are threefold:

-

1, Synthesis and physical studies of new high-energy polynitrs
compounds &8 potential explosives,

2, Desensitisation of RDX with materials that will not
lower the oaygen bahnce appreoiably,

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

B. The more important results and conclusions ar
1, Seven polynitrocarbsmates were synthesized:

a., 2,2,9,9-Tetranitro-li-oxa-5-keto-6-asz-decane (I)
from 3, 3-dinitroh1ty4. iaocymte lnd 2,2-dinitropropancl,

b, 1,1,1,8,8-Pentanitro-3-oxa-li-keto-5-asa-nonane (II)
from 3;3-dinitrobutyl isocyanate epd 2,2,2-trinitroethancl,

co  2,2,9,9,9-Pentanitroi-oxa-S-keto-S-asa-nenane (III)
from 3,3, 3-trinitropropyl isocyanate and 2,2-dinitropropanol,

d. 1,1.1,8 8,15,15,15-Octanitro-ii, R-diua-s.ll-dilcoto-
6,10-dioxa-pentadecans (IV) from 3 3,3-trinitropropyl isocyanate and
2,2-dinitro-1,3-propanediol ,

s. 1,1,1,8,15,15,15-Heptani tro-3,13-dioxe-l, 12-diketc-
S,8,11-trisza~pentadecane (V) from 3-nitrasa-l,5-pentans diisocyanate and
2,2,2=trinitroethancl,

S g 1,1,1,8,8,10,12,12 19.19,1"-Undectnitro-3,17-dioxa-
4,16-d1keto~5,10, 1S-tr1na.-nonadecmo (VI) from 3,3,5,7,7-pentani tro-S-uza-

1 Q..nnv\nn. rl"'l-nn}rnnnfg ond 9 9 _trindtrnoathanal

Vv wiwmiave g

€. 1,1,1-Trini tro-3-oxa-li-keto-5-asa-hexans (VII) from
methyl isocyanate and 2,¢,2-trinitrosthanol,

*Previous work on this contract was coversd in Aerojet Reports No, 512, 5385,
562, 589, 621, 637, 660, 682 and 711,
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Seven postnitrated polynitrocarbamates were preparsds

a,
by the nitration of I,

b,
by the nitration of II,

Ce
by the nitration of III,

d,

2,2,6,9, 9-Pentani tro-li-oxa-5-keto-6-aza-decane (VIII)
1,1,1,5, 8, 3-Hexani tro-3-oxa-l-keto-S-asa-nonane (IX)
2,2,6,9,9,9-Reaxani tro-li-oxa-E-kets-S-23a-nonans (X}

1,1,1,4,8,8,12,15, 15, 15-Decani tro-s, 12-di asa-S, 11-dike to-

6,10-dioxa-pentadscane. (XI) by the nitration of IV,

1,1,1,5,8,11,15,15, 15-Nonanl tre-3, 13-dioxa-li, 12-diketo-

5,8,11~triase-pentadecane (XIX) by the nitration of V, -

1,1,1,5,8,8,10,12,12,15,19, 19, 19-Tridecani tro-

3,17-dioxa-4,16-diketo~5,10,15-trdazsa-nonadecane (XIII) by the nitration of

VI,

1,1,1,5-Tetrani tro-3-oxa-li-keto-5-csa-haxane '

(XIV) by the nitration of VII,

3.

L,

Page 2

Four aliphatic polynitronitrates were prepared by the '
nitrvation of the corresponding alcohols: .

8,
b,
6

S

d,

L,4-Dinitro-1,7-heptanedinitrate (XV)

' 14,46, 8, 8-Pentant tro-1, 11-undecanedinitrate (XVI)

L,k4,6,6,8,8-Hexani tro-1,11-undecanedinitrate (XVII)
l(s il';i 6, g »8-Pentanitro-6-asa-1,1l-undecanedinitrate

8ix polynitroamine salts were prepared by treating the
corresponding isocysnates with dilute nitric or hydrochloric acid,

a,

W

e

Ce

_d.

3,3-Dinitrobutyl ammonium nitrete (XIX)
3.3-Din1tro-1.5-i>entane diammonium dinitrate (XX)
3-Nitrasa-1,5-pentane diammonium dinitrate (XXI)
3,6-Dinitraza-1,8-cotane diemmonium dinitrate (XXII)
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e, 3,3,5,7,71-Pentani tro-S-aza-1, 9-nonane diammonium
dinitrate (XXIII)

S b 3,3,5,7,1-Pentani tro-S~asa~1. 9-nonane diammoniunm
dihydrochlorids (XXIV),

? 5. The following =z=zmples were prepared and submitted to the
Naval Ordnance Laboratory for evaluation as potential explosives:

s, 1,1,1,5,8,8-Hexanitro-3-oxa-li-ietc-S-ase-nonans

b, 1,1,1,5,7,9,9-Heptamitro-3-oxa-ii-ksto-5,7-diaga-
decane

c. U,4,6,8,8-Pentenitro-1,11-undecanedinitrate

d. 4,.,6,6,8,8-Hexanitro-1,11-undscanedinitrate

e.  U,4,6,8,8-Pentanitro-6-asa~1,11-undscanedinitrate
f. 2,2,6,9,9-Pentanitro-li-axa~5-keto-6-asa-decane

g. 2,2,6,9,9, %umitmda«us-bto-éma-nm

i ) ' 1,1,1,4,8,8,12,15,15,15-Decand tro-ii, 12-di asa~
5,11-diketo-6, 10-dioxa-pentadecam

1. 1,1,1,4,13,16,16,16-0ctani tro-l,13-diasa-
b.l?-dimto-b.ll—dioxa—&-buadocy::u

3. 1,1,1,5.8.11,15,15,15~-Nonani tro-3,13-dicxa-
L,12-diketo-5,8, n-triunnpent;deomo

R . 1.1.1.5,8 8 10 12 12.]5.19.19.19-?!‘16-00&01‘5!‘0—
3,17-Gioxa-li, 16~-diketo-5,10, ﬁ-tnuamonadocme

b . 3,3-Dinitrobutyl ammonium nitrate

m, 3,3-Dinitro-~l,S5-pentane diammonium dinitrate
. n, 3-Nitrasa-l,5-pentane dimoniun dinitrate
Oe 3,6-Dinitrasa-l,8-octane diammonium dinitrate

p. 3,3,5,7,7<-Pentanitrc-5-asa-1,9-nonane diammonium
dinitrate,

The preliminary svaluation of some of these compounds i3 described,

Page 3
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6.  SPIA data sheets have been completed su the following

compounds:
' s,  1,3-bis(3',3',3'-Trinitropropyl)-5,5-diritro-
hezahydro-1, 3-diasine
; b,  1,3,5-tris(3',3!,3'-Trinitropropyl)-hexahydre-

1,3.5‘“1“1!”

G, 2,2,5,7,7,9,12,12-0ctanitro-5, 9=diasa-tridecans

d, 2,2,4,7,7,10,12,12-Octani tre-l, 10-diasa~tridecans

e,  N,N'-bis(3,3,3-Trinitropropyl) oxamide

£,  N,N'-Dinitro-N,N'-bis(3,3,3~trinitropropyl) oxsmide

g. 1,1,1,5,8,8-Baxanritro-3-oxa-li-keto-5-asa-ncnane

h, 1,1,1,5,7,9,9-Heptani tro-3-oxa-li-keto-5,7-diasa~
decane,

II, TECHNICAL FBOGRESS: SINTHESIS OF NEW HIGH EXPLOSIVES
A, INTRODUCTION

0% The present axplosives program is directed toward the
synthesis of new, stable, high-energy polynitro compounds with a preferred
oxygen balance on the positive side or very near sero on the negative side,

2, This report describes the synthesis of aliphatic polynitro-
carbamates, polynitronitrates, and polynitroamine salts,

B, PREPARATION OF ALIPHATIC POLYNITRCCARBAMATES

15 Discussion

a, The preparation of aliphatic polynitrocarbamates for
evaluation as high explosives has beer previously reported,” This work has
now been extendsd utiliszing the new isocyanates and alcchols prepared on

ths nitropolymer program, The following aliphatic polynitrocarbamates were
synthesiszed,

*Aerojet Reports No. 562, 589, and 621,

Page L
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; (1) 2,2,9,9-Tetranitro-i-oxa-5-keto-b-asa-decans
{I) from 3,3-dinitrobutyl 1aocyamto and 2,2-dinitropropancl: ‘

0 Mo, H 10
CHyCCH,CE,NCO + nocn&cn)——). cxx,ic_mzcuz{cozcxzéﬁu;
5 T

: (2} 1,1,1,8,8-Pentanitro-3-oxa-i-keto-5-asa-
! nonane (II) from 3,3-dinitrobutyl isocqyanate ard 2,2,2-trinitroethanolt:

H
” ”e '
, agE CH,¥C0 + nocu,c(noz)B—a cxg& 800,CH,C(N0,) 5
2 2

II

‘ (3) 2,2,9,9,9-Pentanitro-li-oxa-5-keto-6-asa~
‘ nonane (III) from 3,3, 3-trinitronropy1 isocyanats and 2,2-dinitropropanol: ~{

(uoz)3ccaacn.‘,mu + Hwﬂzgzﬁg—% (“02)3“32"“2*‘“ %‘%722“3
N,

III

4 () 1,1,1,8,8,15,15,15-Cctandtro-l,12-diaga-
] £,11-diketo-6,10-dioxa-pentadscane (IV) from 3,3,3-trinitropropyl
isocyanate snd 2,2-dinitro-l,3-propanediols

L ri{f-’“z‘a > (mz)f““zc :':"’°2°“2‘I“?

Pege
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(5) . 1,1,1,8,15,15,15-Heptani tro-3,13~di axa-
L, 12-diketo-5, 8,11-triasa~pentadscane (YS from 3-nitrasa-l,S-psntane diiso-
cyanate and 2,2,2-trinitroethanol:

0y : H
n'i—[cnzcnzmojz + 2HOCH,C(NO,)y———> riEsch?kozcsec(mz)Jz
v

(6) 1,1,1,8,8,10,12,12,19,19,19-Undecani tro-
3,17-dioxa-l,16-d1keto-5,10,15-triass-nonadecane (VI) from 3,3,5,7,7-penta-
aitro-5-asa-l, $-nonane diisocyanate and 2,2,2-trinitroethanol:

Pl Xe 0 K, ¥
waigaz%mi + 2HO0R,0(00,)——> —l‘_”‘ziﬁ“zmzm%%cmz)gl
2 2 <

w©

(7) , 1,1,1-Trinitro-3-oxa-li-keto-5-asa-hexane
(VII) from methyl isocyanate” and 2,2,2-trinitroethancl:

H
CHNCO + HOCH,C(N0,),;——> cn,kozmzc(uozb
I
2, Experimemtal

The genaral nracedura smployed was to reflux for about
8 hr equivalent quantitiss of the isocyanate and alcohol in dry, alcohol-
free chloroform with a catalytic amount of ferric acetylacetonate, The
sclution was then evaporated to dryness in vacuo lsaving a quantitative
yield of product, Compounds IIX, V, and VI are white crystalline solids
and Compounds I, II, IV and VII are oils, No attempt was made to purify
the oils, inaamuch as they could be satisfactorily nitrated to give the
desired poatnitrated polynitrocarbamatan, The res:lts are summarised in
Table I,

*Gollucei, Can, J, Research 238, 111 (194S),

Page 6
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c. PREPARATION OF POSTNITRATED ALIPHATIC POLYNITROCARBAMATES
h IR Discussion
a, The following postnitrated aliphatic polynitrocarbamates
were prepared by the nitration of the nitrocarbamates described in Section I,B '
with a mixture of 100% nitric acid and acetic anhydride at 5 to 10°C,

: ; (1) 2,2,6,9,9-Pentanitro-li-oxa-5-keto-S-aza-decans
VITI):

I‘O
CH 0012{208.2&00 Cﬂzé(ﬂ; Ao O CHBéCﬂz%ﬁcg ¥
1‘132 e & AOZ
I VIII

(2) 1,1,1,5,8,8-Hexanitro-3-oxa-li-keto=
S-azz~nonane (IX):

X, & .
%E:Hzcuzm%cnzc(ma); Ac20 %#“”2“"2 20,0 (N0, )
Ko,
I o

(3) 2,2,6,9,9,9-Hexani tro-li-oxs=5-keto-6-aza~nonane (X):

P2 mo. 2
(No, )3ccn2cnz§c° Cﬂgic% Aczé (Nog)gc%cﬂz&ac“%“a
2

TII X

() 1,1,1,h4,8,8,12,15,15,15-Decani tro-lt, 12-d:laza-
5,11-diketo-5, 10-dioum-penta.decane (XI):

10,
[m o °“2_| ¢ —T——> [_“°g)3°°“2°“2“ o mﬂ —20

v

‘gl
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() 1,1,1,5.8,11,15,15,15-nani tro-3, 13-di oxa=
L 12-f_ltknto-5 8,11-triasa~pentadecane (xI1):

N o T

v XII

{6) 1,1,1 5 8,8,10,12,12,15,19,19,19-Tridsceni tro-
3,17-dioxa-y 16-4mmo-s.1o. 15-%risza-nonadecane (XIII):

NO., H

lr 2 L\ o lan \—] m% mal- F Pz Py Fy
~ L..zg;av..z.wvzw.?vvw ,il A 020 / ;‘—Luzu‘;uzuu?m L U §J2

VI III

(1) 1,1,1,5-Tetranitro-3-oxa-i-keto-5-asa-
hexans (XIV):

cnsﬁco,,cnzc( ¥0,) 3—A—§ cuBucozcnzc(

"w
VI I

2, Experimental |

a8, The gsnsral procedure used was to cool the 100%
nitric acid to O to 5°C and add the acetic anhydride dropwise, keeping the
temperature below 10°C, The solid nitrocarbamate was added portiomrise at
S to 109C, (Ten ml of 100% nitric acid and 10 ml of acetic anhydride was
used per gram of nitrocarbamate,) The solid dissclved readily, and the
solution was stirred for 20 min at 5 to 10°C and poured on ice, The white
solid was collected, washed with water, and dried in vacuo over potassi

hydroxide,

b, In the instances in which the nitrocarbarats was
an oil (Compounds I II, IV, and VII), the oil was dissolved in the acetic
anhydride and the solution was added dropwise to the 100% nitric acid,
keeping the temperature at 5 to 10°C,

Pags 9
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I Technical Progress, C (cont,) Report No, 737

C. The experimentsl results are summarised in Table II,
D, PREPARATION OF ALIPHATIC POLYNITRONTTRATES

1, Discussion

a, A& rumber of polynitrodiols have been synthesized con
the nitrogolymar progran as intermediates for the preparation of condensation
polymars, * was of interest to the explosives program to convert these
polynitrodiols to the corresponding polynitrodinitratas and evainate these
compounds agy high explosives. Accordingly, the following nitrates were

: L,l-dinitro-1,7<heptane-dinitrate (XV), U,k,6,8,8-pentanitro-
1,11 -undecanedinitrate {XVI), L,L,6,6,8,8-hexanitro-i,l1-undecanedinitrate
(XVII), and 4,4,6,8,8-pentanitro-5-asa-1,11-undscanedinitrate (XVIII),

s ff-lﬁﬂz%"”]

v
m = 73 to Tu% mp = 27 o 28%

s Ppid,

V1
mp = 109 %o 110°C mp = 73 to 75°C
o2 aE] moy oz~ 1%
B —90—[ ¢ wo:l
*’%Eu%}%% , x'nz%k:z%% 2|,
XVII
mp = 125 to 125,5° mp = 100 to 101°C

*Aerojet Reports No, 563, 638,
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NO, ~ NO NO 0
o 1% HNO 2 Iz
1"—[%?%%%0;_1 > hjong mzcﬂzcﬂzm;l ]
No, N0, (
IVIII
mp = 106 to 108°%C mp = 133 vo 135°C

b. Generally nitrates have a lower melting point than the
corresponding alcohols, This is confirmed by the behavior of Compounds XV, XVI,

. and XVII, which melt 25 to 36 degrees lower than the diols from which they were

prepared, However, Compound XVIII melts 27 degr:ies higher than the corresponding
diol, a significant factor which must be attributed to the presence of the
nitramino group, This iz of interest because it is believed that there is a
correlation between the melting point and thermal stability of an explosive, the

* higher-melting compound being more stable provided that other factors are the same,

: C. Nitration of 3,3-dinitro-1,5-pentanediol (mp 71 to 72°C),
2,2,4,b4,-tetranitro-1,5-pentanediol {mp 97 to 99°C), and 2,2-dinitro-1,3-propane-
diol {mp ca, 140°C) gave oils which were not investigated further,

2, Experimental

The general procedure was to add the solid polynitrodiol by
portions to a tenfold excess of 100f commercial nitric acid at ice-bath tempera-
ture, The acid solution was stirred for 15 min at 5 to 10°C and poured on ice,
The white solid was collected, washed with water, and dried in vacuo over
potassium hydroxide, The results are summarized in Table IIT,

ez I

ALIPW.TIC POLYZITROVNTTRATES
Calculated Calculated

— . Heat of mumb.g:lmx !mx;ucw
Compoupd. _L_ml_sﬂ"_ﬂ:;‘_f_'& —_5'-_;__: _5'._'_'@%'@ o KB _QIEE'E&)_.
E‘é’aza’m&z W7 2728 athenad G, RO, 293 3,8 17.95 27174251850 10) xs 120 132
2
i ]
!—LG,E.‘%@\.—:H g3 - Methamal | € R.R0.. 26,25 3K 1948 26,79 3641918 - 126 v?
2
ﬁ i 2 sh 20 2L,%h 264 2600
azbz‘w,cazaoz i 95,2 100002 Metikanol Cphstalys 22,09 2,54 20 52,9 19 ] pil] M) .
PLE
i i‘;’:"'z“z"“z, $5.0 LS lethmned  OyM G 23, 3,20 2222 23,88 2,96 2215 2727 M s he
2
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E, FREPARATION OF ALIPHATIC POLYNITROAMINE SALTS
s Diacuasiog_

s, Treatment of 3,3,3-trinitropropyl isocyanate with
35% nitric acid readily gave a quantitative yield of 3,3,3-trinitropropyl
‘ smmonium nitrate.* This nitrate salt was of interest for evaluation as a
potential high explosive and also as 2n intermediate for the production
of Mamnich condensaticn products, This work suggested the conversion of the
isocyanates prepared on the nitropolymsr program to the corresponding
nitrate salts, Aocordingly, the following nitrate salts were prepared:

(1) 3,3-Dinitrobutyl Ammonium Nitrate (XIX):

w

102 2
L CHy0CH,CH,NCO + HNOy + Hy0 ——— CH,CCR,CH,NH, -HN0; + CO,
,. k- 2
t m
4
I . (2)  3,3-Dinitro-1,5-Pentane Dismmonium Dinitrate (XX):
4
- : .
i :';020 G uca + 2HNO, + o——-)zoz[ a0, + 200
— 3 — L + 4
: L.H2 2 J2 3 2H2 &O e 24"2 ¢ :
é %0 . N

x

! (3) 3-Nitrasa-i,5-Pentane Dismmonium Dinitrate (XXI):

i&["“z"*‘z"cﬂe + 2HNO, + 2H,0 --—-)‘;oiEnecnzmzomagz + 200,

X1

) S o '
- Aerojet Report No, 662, p, 9.
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II Technical Progress, E (cont,) . Report No, 737

() 3,6-Dinitraze-1,3-Octane Diammonium Iinitrate
(Xx11):

zgz . - ¥0,
Eﬂz "2"“2"%2 2Oy + 20 ——> tﬂf%%mz-ﬂogz + 200,
XXIT

(s) 3,3,5,7,7-Pentanitro-5-asa~-1,9-nonane Diammoniwm
Dinitrate (XXIII):

NO, No,
tl;xz{:cﬁzcnzma + 2H¥O; + 2H,0 ——) ?loil;mzécﬁzcﬂzmz Hm;l + 2C0,
“ W, e : L ¥, =l
XXIII

The 3,3,5,7, 7-p°ntmitro—5-u&-1,9-mnam diammonium dihydrochloride (XXIV) was
also prepared,

2,  Experimental
‘ The general procedure was to heat the isocyanate with a
tenfold to fiftesnfold excess of 358 nitric acid or concentrated hydrochloric

acid on the steam bath for 3 hr. When uhe solution was cooled. or concentrated

if necessary, a quantitative yield of the polynitroamine salt soparated, The
results are summarised in Table IV,

F, PREPARATION (F SAMPLZS POR EVALUATION BY THE NAVAL CRDNANCE
IABGGATORY

1s The following samples were prepared and submitted to the
Naval Ordnance laboratory for avaluation:

a, 1,1,1,5,8,8-Hexani tro-3-oxa~li-ksto-5-asa-nonane

b, 1,1,1,5,7,9,9-Heptanitro-3-oxe-l-keto-5,7-diasa~decane
o,  U,4,6,8,8-Pentanitro-1,11-undecane-dinitrate

d, b,4,6,6,8,8-Hexanitro-1,11-undecans-dinitrate

e.  U,4,6,8,8-Pentanitro-6~asa-1,11-undecans-dinitrate

£, 2,2,6,9,9-Penianitrcdi-oxe-H-keto-b-asa~decane

Page Ui
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II Technical Progress, F (cont,) Report No, 737

g. 2,2,6,9,9, 9~-Hexani tro-li-oxa-5-keto-6-aza-nor.ane

h. 1,1,1,4,8,8,12,15,15,15-Decani tro-li,12-diaza-
5,11-diketo-6,10-dioxa-pentadecane

i. 1,1,1,4,13,16,16,16=Octanitro-li,13-diaza-5,12~-diketo-
6,11-dioxa~8-hexadecyne

j. 1,1,1,5,8,11,15,15,15-Nonanitro-3, 13-dioxa-li, 12-di keto-
5.8,11-triaza-pentadecane

'\. 1.1.1.5.8 8 8,10 1(.12 ]5.19, 19,19-Tridecanitl‘0-
3,17-dioxa-li, 16-diketo-5,10, 15-tr1aza-ncnadecane

s 3,3-Dinitrobutyl ammonium nitrate

m, 3,3-Dinitro-1,5-pentane diammonium dinitrate

n, 3-Nitraza-l,5-pentane diammonium dinitrate

o. 3,6-Dinitraza-1,8-octane diammonium dinitrate

Pe '3,3,5,7,?-Pentanitro-—S-aaa—l,9-nonane diammonium dinitrate

2 The results of the preliminary tests by the Naval Ordnance

Laboratory on Compounds A53-11 to A53-21 are summarized in Table V, As with most
of the polynitrocarbamates, these compounds have good thermal stability and fair
to good density,

3. SPIA data sheets, which are presentsd in the appendix, have
been completed on the following compounds: .

a, 1, 3-_\2.3(3 1,31,3'-Trinitropropyl)-5,5-dinitro-hexahydro-

1,3-diazine

b, 1,3,5-tris(3',3!,3'-Trinitropropyl)-hexahydro-
1,3,5-triazine I

c. 2,2,5,1,7,9,12,12-0Octanitro-5, 9-diaza-tridecane

de  2,2,4,7,7,10,12,12-0ctani tro-4,10-ddazatridecans

e. Nt,Ntbis(3,3,3-Trinitropropyl) oxamide

f,  N,N'-Dinitro-N,N'-bis(3,3,3-trinitropropyl) oxamide

g. 1,1,1,5, 3, 8-Hexani tro-3-oxa-l-keto-5-aza-nonane

h. 1,1,1,5,7,9, 9-Heptani tro-3-oxa-l-keto-5, T-diaza-decane
Page 16
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Y
WOL PRELINIRARY 78STS ON KIGH EXPLOSIVES
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| o}
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F[%E’Q’G’m;]z (Qaas k) — - - - - 126 w
15313

PR,  we o, o 0 L L L w w
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! - HO2
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1 (R0y) 100,52, 100, (Clase 5)
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E o E’ e (nz)’]z (Clasa S) (Class II)
2 . .
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I1I, DESENSITIZATION OF RDX

A, INVESTIGATION OF COMBINATIONS OF POLYDINITROBUTYL ACRYIATE,
PLASTICIZERS, AND SURFACE-ACTIVE AGENTS

1, Discussion

a, In the mveatization of new coatings for RDX by the
method of preparing composition A, a systematic test of various combinations of
a plasticiger and a surface active agent with polydinitrobutyl acrylats is in
progress, This study has a duei purpose:

(1) Correlation of the compatibility of such
combinations with their desensitizing effect,

(2) Pointing out new, promising combinations for
further consideration,

For the plasticizers, four commercially used compounds, along with 2, 2-din1tro-
propane, were chosen, TIhe surface-active agents wers seven ester-t*fpe
materials szlected as the best of the many agents tested in the past, ZEach
combination was made up and tested for compatibility, As the next step,
specimens of RDX coated with the same combinations are being prepared, and their
impact gtabilities determined,

b. Every attempt was made to insure uniform, reproducible
conditions, Fixed proportions were used throughout, The polyms: had been
worked up by reprecipitating, to eliminate light fractions that can themselves
provide a plasticizing action,

Ce Present results are too sketchy for correlation of
compatibility with desensitizing action, With respect to the second purpose,
these results have already confirmed the softening action of several plasticisers
in improving the efficacy of polydinitrobutyl acrylate coating, The results have
also confirmed earlier observations” that some altirnate surface-active agents
are as good as or better than Span 85,

d, Some further experiments were performed with the aim
of 1ncreaaing the softness of the coating and at the same time increasing its
oxygen baiance \Wluﬂ incrsasing vay.a..voivv 3‘-’-.\-..{;‘2‘\ ““4"" ""1" Atlas 0-278<
s.irface-active agent, these experiments employed the copolymer of dinitrobutyl
acrylate and mono nitrobutyl acrylate for increased sofiness, and also varisd
the amounts of the constituents, These experiments show the possibility of
appreciably raising the oxygen balance with increased amounts of 2,2-dinitro-
propane, They also indicate that 1¥ of G-3785 surface-zctive agent performs
as well as 2,54, and has the advantage of higher oxygen balance, However, none
of the coating formulations gave as gocd desensitizetion u3 is atiained with
Composition A,

*Aerojat Report No,. 682, et smeq,
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2,  Experimental

a, Specimens composed of polydinitrobutyl acrylate,
plastirizer, and surface-active asgeni were made up in the ratio 8:2:3,3,
This ratio gives a cocntent of surface-active agent slightly in excess of
the amount ordinarily used in coating; the actual coating compositions v
are thus bracketed between apscimens containing surface-active agents and
those containing none, These specimens were dissolved in acetone and
the solutions were dropved on a glass plate, The solvent was evaporated
and the residual filmes were inspected and compared, The three qualities
selected for rating the films were opacity, separation, and fragility,
The results are given in Table VI,

t. A parallel experiment was begun, in which RIX
is coated with the same combinations of polydinitrobutyl acrylate,
plasticizer, and surface-active agent in the ratio 8:2:2.,9¢ RDX. The
procedure was the previously described adsptation of the process for
making Composition A,* except that the amount of RDX used was reduced
0 1,0 g, and the other smounts were reduced proportionately, The
products were evaluated by measuring impact stabilities on the Burean of
Mines apparatus with the 2-kg wejght, using tha bare anvil =nd also

(gmetims) 5/0 sandpsper, Results of ithese tests are shomn in Table
ViI, i

Co Some additional coating tests were performed

‘using similar materials but falling ocutside the experimental pattern

described above, Results of these tests are given in Table VIIX,

Oxygen balances of these formulations were calculated, and are also
tabulated here,

d, A1l polymers used had been thorecughiy cured,
and then worked up by reprecipitating twice from acetone solution in
msthanol, This treatment removed fracticns of low molecular weight,

*Aerojet Report No, 682, p. 21,
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TABIE VI

COMPATIBILITIES OF SYSTEMS OF POLYDINITROBUTYL
ACRYIATE, PIASTICIZER, AND SURFACE-ACTIVE AGENT

Films contain 8 parts FONBA

2 parts plastioiser '
3.3 parts surface-active agent

Note: A2l samples were inspected for opacity (first column of numerals);
separation (second cclumn); and fragility (third column), and
rated by a 1-2-3 system, where 1 denotes least, 2 medium, and

3 most, .
. Surface-Aciive Agent
Plusti- §g¢n %i=c,  Prosol
ciser o 5 Mono 0 307 =919 0-1077 G-213¢ 03785

- 1,,3 2,3,3 3,23 3,3 233 3,23 3,23 3,13
DOS 3,,3 3,3,3 333 3,33 233 323 333 31,3
B  3,1,1 3,3,3 3,23 3,23 233 3,23 3,23 221
DOP 2,12 2,3,3 323 3,23 233 3,23 3,23 3,23
TC? L,1L,1 23,2 1,1,3 1,23 13,2 22,3 3,22 3.1,2
DNP 1,1,2 2,3,2 3,2,2 3,1,2 1,3,3 3,2,2 3,2,2 3.’1;5

DOS is dioctyl sebacate
DBS is dibutyl sebacate

DOP 15 dsctyl phthialate

TCP ia tricresyl phosphate
DNP is 2,2-dinitropropane

Page 20
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IITI Desensitiszation of RDX, A {cont,) . Report No, 737

TABIE VII

IMPACT STABILITIES OF SYSTEMS CGMPOSED OF POLYDINITROBUTYL
ACRYIATE, PIASTICIZER, AND SURFACE-ACTIVE AGENT

Results in parentheses determined on 5/0
sandpaper; others on bare anvil,

Impact Stability of Systems COntaum)g
The Fo Surface-Active Agente, o=/2 kg
Plasti- Span %. Prosol

cizer -~ 8 Momo 0 307 G949 -G-1077 G-2139 0-3785
- 3540 85 -— >ﬁ<5x-> SOtg - - - 90-100
DOS - — - — - - - -
DBS 6075 D100 - - - — e 100

(15-20)
DOP - - - - - - - -
CP 80-85 7580 <55 - - - - >9

DNP 5055 2100 - 5560 - 75-80 - >95,>100

Polydinitrobutyl acrylate, plasticiszer, and surface active agent in the

‘ratio 8:2:2.5% RDX,

Reference: RDX = 40 (10-15)
compo A‘Bo > 100 (hS‘SO)

*Large variations among separate prepsrations,
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TABIE VIiI

MISCELIANEOUS DESENSITIZATION EXFERIMENTS

Report No, 737

e
Coating Balance

Run

6/13/A 5% PONBA/SS DNP/1X G-3785 L2 5100
6/18/2 5% PONBA/S% DNP/2.5% 0-3765 S 32 100
6/A8/3 7,5% PDNBA/7 5% DNP/2 5% G-3785 -3 >100
s/ 8% Copolymer/2% DBS/2 5% G-3785 =37 >100
6151 6% Copclymer/2% DBS/2¢ DNP/0-3785 -3 >100
' RDX -22 ko

— Comp, A-3 <3 >100

Copolymer made from S0¥ dinitrobutyl acrylate and SOX mono-

nitrobutyl acrylate,

10-15
10-315

*Qxygen balances calculated by assuming & reasonable average formula for all
surface-active agents,
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o e

B, SURFACE-ACTIVE AGENTS CONTAINING NITRO GROUPS

1. Discussion

a, Previous trials of many surface-active agents for °
use in coating KDX have indicated that certain agents are most efficacious.”
These had the common feature of haing eatars of nolyols and oleic acid, or
other long-chain fatty acids, In fact, such sgents by themselves can
provide good tempcrary desensitisation (temporary becavse of the drainage
of liquid coatings), These results sugzested the use of similar compounds
conbaining substitutsd nitro groups, aither as surface-sctive sgents or as

[ ¥
coatings per ss,

T L anad

b, The first compound whose syathesis was attempted was
the monocarbamate of 3,3,3-trinitropropyl isocysnste and glycerol mono
oleate; this product was a viscous liquid which could not be crystallised,
This circumstance, along with the mixed nature of the original cleate, might
well lead to a mixed product, and analysis confirmed that the product was
considarably different from the simple monccarbamats, The product was
subjected. to the adsorption test described in Report No, 682. in which the . .
B . amount adsorbed on RDX from an acetone-water system is measured under i

. standardized conditions, Next, a coating % was performed, using
the method of preparation of Composition A, ™ Application of 10% of the
product alone gave a coated specimen whose impact stability was aprroximately
2s good as that of Composition A, Yhen used as a surface uctive agent, in
, conjunction with polydinitrobutyl acrylate coatirg, the product was comparable A
; to the agents now in use, T

= iy e

, Ce The preparation of chemically similar solid campounds
4 will be attempted next.

2% E_xggrimantal

) a, The reaction between glycerol mono oleate and
3,3,3-trinitropropyl isocyanate was carried out in the same mamner as
described in II,B,2, The product was a viscous liquid:

Anal, Cale'd for monocarbamate G,chyqij0yy: 3C,-32,16; R, 7.53; &, 5.7
Found: J%C, T0lLi; $H, 7.54; #N. 8,55
scherojet Reports No, 589, 682,
Aerojet Report No, 682, p, 21,
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III Desensitisation of RDX, B (cont,) Report No, 737

b, The product wes subjected to the standard adsorption °
test for surface-active agent, Results, oompared with the values for Spsn 8s,
. which is known %o be & good s\n'f.‘ace-act‘.va agent, are shown below:

Adsorption of 0.]5 g Agent en 3.00 g RDX from a Mediunm
of § =l Acetons and 10 ml Water

Appearsnce of Agent in S‘ Timact
Medium Adsorved Stab k
Carbamate Suspension and oil layer 81 65-15
Span 85 Suspensicn 52-62 >100%%

aor carbamste alcne, >100; for RDX, 30,
Va.lne for RIX from a different iot,

Co The new material may be too oily, from its behavior in
the tast; the coating on the RDX was noticed to be somewhat uneven. This

degres of desensitisation is fair though not as good, per unit amount ;c-!;orbed;
6‘3 that obtained with the best surface-active agents described in Report No,
24

d, Using the standard coating procedure, 10% of this
product was applied to RDX, In another experiment it was used in conjunction
with polydinitrobutyl acrylate, replacing toth the plasticiser and the sirface-
active agent used in the systematic experiments described in the precedins

section, Impact stabilities of the products were measured; the resulis a:es

Coating
10% Carbsmate

8% FDNBA/L 5% carbamate
— RDY

. Comp, A-3 >100 Lolis

e, The RDX used in these experiments was Wabash L-119,
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COSTIDEITTIAL SPIA/M3

t9ts Questionmeire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listad belov ars the characteristics which are believed $o de of iaportance ia the shudy of &
which may possibly he used as a constituent of solid propeilamte or otlg. explosives. I% is mot =

shat ™ ormat be labdle ¢ o . Yor m11¢ vith a poor
-msﬂ{y s is mbuitg; :Puln:d e 3¢ u&'mp that anﬂ farther. After p mulnlu
as is available for a omd vhi oa _have propared or tes on one of these forws, . i% 40 SOLVD
PROTELIANT INFORMATION A A Aﬂ?h 8831

3 GCeorgia Avemme, Siliver Spring Ihqhnd. As additiomal Lufos-
- mation om the same or new compounds acdrues, !orzﬁ it om 2 e!eilae_ge!e at later date. The Saformaiica
SUdEL§5eE on Shese forms wiil e rewritien and pubiisned ¥y 554 im Jevse-ieal mmsal form. mu fozne

may also 3¢ used as work or daia sheets for your sxperimca’ studies. Extrs copies are availadle wpom
request from SPIA, Suggestions for improvement of thsse forms are invited., If ticiend space has deen
. provided for any ites, attash separate theets.

coaspoump: 1,3-bis(34,144,3 '-Trinﬁ{rgp_g;py}‘r);
Name Eé-?ﬁﬁitro =hexahydro-l1, az Information submitted by:

Empirical for LT : STV T —  Activity , ation
Structure:{configure’.ion) 1 (t-i(lJz),mwn I Garleton

“Date 1983
c 1 Angust

-
B
E W
B o n CHy CHy
— i1 TTCHACE A (0 y ? 4 HCE Y
E c o, HICH, U, 3(H0 AR + CH,0— (H0p) yCCHL,CH! i 7 1CH,, CH, C( 102)3
£ 110, Pregaration reaction(s): T Chy
“k
” 1. Quantitalive analysis(X by weight)
b Carbon Hydr Oxygen Nitrogen
Calculated from formula _22,05 2 .gn 25 12
By determtnaticn 22.55 2,09 2A. 12

3. Buring ;r_oporuon:(eaﬁﬂd t0 nitrocellulase, under nitrogen at atacspheric pressure:)
(TasterT olowerT reeifue? ate.)

3. Stability and Sensitivity: Plct any grephe on Discuss methods used when they vary
separate sheet fram refzronces. Give tempereture used.
(Use sepurste sheet if necesssry.)
Name of test Recommended method
a. Impact Sensitivity NOL GBGomeK  2.5-lgt weisht
©. Thermal Stability OBRD 3401 p.8
€. Vacuum Stability 0L I _hr at BOSG
d. '"empersicre of Explosion OSRD $401 p.6
s. Temperature of Ignition HOL
{. Impact Stability = Eureay of Mines Bull, Mo, 06, p, 2 (2-kg weizht]
'.
h.
DRAUAS U ABOYR TRSID
Reference compong____ New Compound test results
(Mtcnuloo-zlr, Tetryl, N.C., o%c.) _ " L
u. Tetrvl, 32 cm/2.5 kg , —20 cm/2.5 ke
8
.. 12350
f. BDX, 30 cm/2 kg 25230 cm/2 Xp
i.
h.
4. Heat of formatioe + ~20 . caluries at 36°C., 1 atm. pressure
AW 2 s ’ e
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Report No, 737
CONFIDENTIAL 8PIA /M3
By Expsriment By Calculation Method
BRI Sorerse
b Eie Rt =
7?7
e. no?:‘dz ;:mﬁi? .,?,’a‘,’ 2637 eal/gm 2637 Aerojet Report No, U17A
7. Specific impulse (Igp) calc: Ib-sec/Ib
..

Physical form of compound (visocus 11nuid, crystalline tyve, ste.) nNeedle-shaped crystals

9. Simpie microscope analysis data: _
(orystal studies) s

Thme 8_So0a as oV W™ FOA g

18, Dausilyisscro maihod) %ﬁ;‘ {Micro or 0‘.?‘!' methed) __ ‘m/cm’,
in on sepsrete sheet sny unique methods you use.)
11, Index of refraction (n27°C)

12. Color _ynllow 13. Odor Nena .

i4, ps at 35°C. 2=’:|_.. (Method reference GHED 3401 0,4, or OSRD 5968, Indicate methosd weed, 1,0,
solvent e ¢ . used, pH indicstor veocsr or Beckman pil weter.)

_meter, 0,054 ¥ in acetone/water (5/1 volume ratio)

N
|
\
e
3.0 —
-
k
!
’.U
1,0
{ 4&1
250 300 wn
vxu;:;m Avsorption SthA&-tm.)'-mnwwn-

. Molting polat 119-121  C. (d)
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Report No, 737
CONTIDENTIAL SPIA /M3

31. Freesing point vs, Tims Tirve: (Plesse merk ;b coordinutes with scels values thet spply to the compownd
under study.

PRI Sym—

TEMPERATURE °C.

TIME

22. Solubility of new compound:
£0.1 §/100 ml B30 at 38°C, __g/100 m} Hge0 at <.

. 160 £/100 R s___ 26 %
) oane material as =olvoat)

L3 §/160 mi %E'ﬁ“_- at 25 C.
; Deme ma a8 solvent)

SECTROPHOSOMITER
{ Bt~ S e PO <P SO OO . e T P U, .  n o T
o ] 0 %’T ’lf' i1t " E —[I“ EBBEE H 11 -
3035 1 3 TT11 T
3* Srimtres ‘T‘ e Sa s =e - b‘[if‘.; : - : -+t 1 -
% e,3°. I : 1 i e
gaes | PR A T o T ] Saihnaa
Reventet 10 shite mimrl l SRR I & T rrT K111 r:s-—-'—-' T ‘-}%AI 1 il ! HEN
l DT I BN O U BB R § ot Ea } hAERREEE {: 15
1 -.u‘.nu -.x.n: ,_1_:_._5_ 1 ¢+II_,_'- REEL A | RPE, 8 H T H #';'1 '}J' Tt -
T T 1 T
o ——h— = TiT T {1 E111 T S was
B [ ™ [ ‘T"i"'| —~++ 41+ + 4+ N - - _lL B
' = Hh i i
4 voul X B t
' t_'— _ ATt FECEEL B BE
L] 1] - - - . - - - “e . e - ]
; A, 8. WA ) s ot &
1
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Report No, 737

CONTIDENTIAL SPIA/M3
Under we sre considering the sbility of two caompounds to be in intimete contsct (Note
OSRD 5758 p, 21-22) over s long period of time without advarss sffscts on either the chemicel or physicsl

vroperties of either meterisl, Thess tests '111 robably be of veried extent.

They night be scme of
the followings (s) Stenderd stadiifty tests.

8imvle cbservations of exudstion or ssparstiom st
sabient or sccelsreted temvereinre, (c) anro thin sheets (.,025" thick, 1® squere) of the plseticised
materisl., Seporete the sheets with strioe of cigerette psper or cerbon paper snd oompress the s’sck in

8 "CO® clsmp. After seversl deys note the oily collection on the veper. Plesse givs refsrénce to or
doscride vrocedure used, Item 28 is to indicete results when the compound is in contect with some meteri-
sl other than ethyl cellulose, nitrocelluloes or rubber,

25. Compatability with ethyl cellulose:

26. Commatability with nitrocellulose:

37. Compatability with rubber:

38. Compatability with :

29. Polymerising properiies of thc new compound:
(a) By itsel
(b) In mixtures (vith sdditives)
(c) Inhibiting action on polymerisation af:
Thiokol
Methzcrylate
Other compounds
$0. Awvallability
a. Amount now available? ear titie
b. When was available mater irst prepar
¢. Amount propared at that time?
d. Is large production feasible?
e. Plant capacity in existance, ibe/day?
f. Outline steps for a quantity production method

8i.  Additional information: (voxteity, hessids, deterioretion, cwysen belsnce. detomation rete, avnloaiwe

power, eass of hyérolysis by weter, stc. List references, reports, dets dooks, ete, that refer to the
cw.

—
Calculated Tead-Riock Value = 153

Caloulafad Ballistic Wortar Value
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Report No, 737 T
CONFTIDENTIAL SPIA/MS g €

Tets Questionreire oca
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

u.m below are the charscterisilias wvhich are believed %0 de of importance is the stuly of & oe:z:-‘
tm ‘quth Yo ma n a oom;lhu- at -olu ycopow or other explopivee., IV is mob expeched
14

33 uﬁ '.‘31. to.utf 1 " °2" i fmxi:. Aao: pml -315&’3“

or n o ba npn.“l oy so-».. on one of these f2=ms, eeni 4% 4o SOLID
Jﬁ “3: Ob’onu Avemis, 8ii-or Syring, lh.lx:ui. ‘as additiomsl infor-
en ponu acorues, forward i% om & similsr Yovm 8¢ & laler hte. s Safosmation
hMM on :l.szn forms \dﬁ Yo rewritton nnl mbl4 A i 2e9w- ferns
my alse do u as work or data sheets for ycu uxou studies. oom lo "u
request from §P lnuuum for hu of 3hese forus are invuel. d has b
. provided for w tm. attasch ssparate shedli.

COMPOUND: 1,3,5-tris(3',31,3'-Trinitropropyl)-
Name hexzhydro-1,3,5-triazine Informatioa submitted by:

Empirical formula gnmg.._'-‘ﬁifqg___ Activity Aarojet-General Corporation
Structure:{cnfiguration) I’f’ Person leton

3Nalc CH2
3 (N02 ) 3CCHzCHz‘N {C1l + 3C‘f90 _— (Nﬁa )] 3C\,HZCH N I\'CHZChzc (H’Cg ) 3

CH C
Preparztion reaction(s): I {T'/ H2
4

1. Quaatitative analysix($ by weight) CHZC%C(N%)B
Carbon Hydrogen Uxygen Ritrogen
Calculated from formula 23 31 2.93 il
By datermination 23,78 2.58 27,21

3. Burning propeities:(coupsred to nitrocellulose, under nitrogen st stscepberic pressures)

(Tastert slowr? rosiduel ete.)

3. Stability and Sensitivity: Pict any grephes on Dhen::'nmwmmynry
rate sheet fren orences. Give tempsreture used.
pop= (Tee serarate sheet if ascesmary.)

apa=t Rezaltiy . e

a. Impast tivity NOL 2,5-kz weight
b. Thermal Stahility OBRD 340l p.8
€. Vacuum Stability NOL CEtExsesiciomm at 80°C
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Igniticn NOL VNN

f. Impact Stability, Bureau of Minea Bull, No, 348, p. 72 (2-kg weight)

‘.
k.
RESULTS OF ABOVE TESTS
Reference compowad New Compound test results
(Seeignation-THT, Tetryl, N.C., eto.)

A, Tatwsl W hm/’) ; L 2 pd

y > , 20 c2/2.5 kg

:- ~axpladad in 1 by

.. 14L00C

f. RDX, 30 cm/2 kg 1520 enf2 kg

&.

| %

4. Heat of formation: (AN) + -l Kg. calories at 35°C., 1 atm. precaure
Talloate algn)
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Report Yo, 737 25
CONFIDENTIAL SPIA /MY /
By Experiment By Calculation _— uomog'
g )] 4 .? oP 90! n;.u. Sopesate
cy oy e '
8. Heatof Aqrojat Report No, 437
o 2:%&&@ 2748 cal/gm __ 2812 A A
7. Specific impulse (igp) calc: D-sec/B
s

. Physical form of compound (viscous 1iruid, crystslline type, ete.) Crystalline Solid

9. Simple microscope analysis data:
(oryatal studies)

10. Denctty{tacro wmethod)

m/emd.  (Mlers oo cther methed) gm/cmS.

12 on sepsrete shest eny umique methods you use,)

1,6
0.

11. Index of refraction (af>"°*)
16, pHat2sC._ 6,2

solvent end ¢

13. Color Yellow 13. Odac None .

(¥ethod reference OSRD 3401 o.4, or OSRD 5968, Indicete method used, i.e,
oos used, ¥ indicetor ever or Beckman N meter.)

__pH meter, 0,060 ¥ in acetone/water (5/1 volume ratio)

20. Melting potnt:

Pags 6
Appendix
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Log €

2,0

1.0

8%

250

300 0
A

+ Wy
Vltraviolet Absarption S of 1,3,%= P LS 128
) hexahydro-1,3, la'uk- m !‘gu

Trinitroprogyl

120-122 v.(q)
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Report Wo, 737 F :
CONFIDERTIAL SPIAAS .-
¥ 31. Freezing point va. Time Curve: (Plesse mavk the coordinstes vith sceir veluss thet apply to the compound
*g under study.)
|
(3]
. ]
i & ‘
¥ e |
i a
«
- 2
- 3
(<
TIME
i
: 23. Solubliity of new compound:
<0,1 §/100 ml B30 at 25°C. g/100miBOat <.
! <5 §/100 mi at__ 25 % il
' nane mater usad as eolvent)
| 0,2 g/100 mi . at 25 .
i ' (oame ST e—y
; |
g A
i
‘
el JC O T T _rovoboodC W0 VO S, Jovvdors. JrbedUP. SRR
= = SRS . o 5 :
34353 k _ﬁ \ - ]

PR A P4 ERRE DR 25 BEANE EET /“!F."_'
1 Sempuded i white winsrsl - : i 1 h !

! - i N 1A & :
[ F ) \VA v %
e =1 N
LI L : o bl % i
my. » »
- SARI 3 N R | O i T T 3l
N J 280,
-.u-m ; ] 4 'm'-'m- r L ] L] L] n mll‘m.ll - 1] T
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_ Report No, 737
CONFPIDENTIAL SPIA /NS

Under gﬁg&g}ﬂ;g we ore considering the edility of two compounde to bs in intimste contact (Note

OSRD 5758 p., 21-22) over ¢ long period of time =ithaut sdverse effecte on either the chemicel or phyeicsl
oroperties of either materiel., Thess teete will probebly bs of varied extont, They night be some of

the following: (s) Stendard s2atility tests, (b) 8imvle cbgervetione of exudetion or eeparstion et
smbient or eccelersted tempsrcture, %c) Prepure thin sheets (,025% thick, 1" squere) of the plaeticised
msterial, Sersrste the sheete with etrive of cizerette eper or cerbon paper end compreee the stack in

® °C® clamp, After eeveral day: nols the olly eolleetion on the vaper., Plsces give refercnss te or
descridbe procedure used, Item 28 42 to indicete reeults when the compound is 4n contect with some meteri-
¢l cther thsn ethyl cellulose, nitrocellulose or rubber,

Compatability with ethyl cellulose:

Compatability with nitrocellulose:

Compaiabiiity with rubber:

Compatability witk

Polymerising properties of the new compound:
(2) By itsolf
(o) In mixtures (Vith eAditives)
{c) Inhibiting action on polymerisation of:

Thiokol

Methacrylate
Cther compounds

Awnailanility
2. Amownt now available? earch titie
b. When was available mater irst prepar
¢. Amount prepared at that time?
d. Is large production feasible ?
e. Plant capacity in existance, Ibs/day?
{. Outline steps for a quantity production method

Additional information: (toxicity, hassids, deterioreticn, oxygen belsnuce, detomstion rete, sxplosive

power, n;o of hydrolysis by =ster, etc, List refarences, reports, dete bocks, ete. that refer to the
°w. .

Calcolatad Tead-Dlock Valie * 130

N

. - o S— Mathod c¥ Karojef Repork Wo, B12, p, 8
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Report No, 737

L3S

CONFIDENTIAL SPIA /M3

Tets Questionmire o
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

u-m belevw are the shoracteristics which are believed %0 bs of imporSance ia the stuly of a
ut Pe used as a constituent 3! solid propanmc or othey cxplodnc. 1% is 208 um

-uu Q is m.ﬁ; 3".3‘-::» 3‘:19.13::.::.“ s .hﬁ oe‘:xo:l ‘:ﬁor ,33.2’ mmtu

as is uvuh-blo a e ot bave prepared or feras 1)
PROPELIANY AP108 %‘ o, seal 8631 Goosgia Av.oa Silver l;m el. ‘As adAitiomal infore
-aation on Sane oF DV Compounds umn. forvard tﬁ e -huu 2T m uu. The iaformatioca
sudalsieod on hess forms will b5 saumitten and pudhdd ia leoss-leaf forn, se forms
Teqisst free Soli. '.::‘,‘.’ Sicas for iaprovesses of thess "‘“t:;‘ e hp o T io1ens rpace Mhe

s 0 ° ss forms are (LT
provided for any item, attach separets sheets. ;

COMPOUND: 2,2, 5 9,12,12-0Octanitro-
Namse 8 .r!.demne Information submitted by:
e e “‘""'W
Smc\eu\ﬂgnnuu; 13 DParasn 3 o on Lovn ton
Date .J_Anzu-t 3 i
N N NO, NO
I?oz IC’Z i 1{02 C é HNO3 102 l:u ,'m?: [ (lchat-]
z -EJHZOEE] + 2(31130(:!1201-12111-I2 oHCl — C 0}12NCH2 H &CHB —_ -.«..2..-..2| 1
NO
% Preparation &w 2

1. Quantitative analysis(S by weight)

Carbon Hydrogen Oxygen Ni
Calculated from formula _ 2. 3 ?F 29 .E
By dstermination 2 q L P

TV

3. Stability and Sensitivity: slot sny graphe on Discuss methods used when they vary
separste sheet fraa references. Give tempersture used.
(Use separate sheet if mecessery.)
Name of test Recommended metnod
2. Impact Sensitivity NOL GEEEE 2 Sy
b. Thermal mmty OSRD 3401
¢. Vacuum Stabiiity NOL

d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition NOL mxﬂxﬁ
i i B £ Minea e, o 7 o

L8 he ot 800C

DEANLTR OF AROVE TESTS '
Rdorom conponq_.:; New Compound test resuits

SSSLFRLSS-THD, Totsyl, M2, ote.)

.. .I.e&ml..}_gmL.S_.Lca , 3T em/2.5
:. 2.2 sc/g

o: —

f. EDX, 30 on/? kg _Jﬁ_mlin

A of for mation: -02 -
4. Heat of for (Al)zu_ Kc.uloﬂuatu'c 1 atm. precsure

Page 9
Appendix

2. Burning m;;m(enp-nd to altrecellclcss, under =EiToges ot stmsspheste pressures) ]
(Fastert oslower! rveidue? etc.) )
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-t B Report No, 737
i . CONFIDENTIAL SPIA /M3
By Experiment By Calculation Moﬁu‘i )
P hmﬂtlr o B n’uo. Bipasete
S. Enersof 20 ey cal/gm
e. e 7 Aerc . i
llo?:‘da fm «%’ 2897, 2913 cal/gm __ 2879 ercjst Repert ¥o, U1?
T. Speciiic impulse (I5p) calc: b-sec/I>
8. Physical form of compomd (viceous 1imuid, crystallice type, ote.) _Fipe orystals
9. 8Simgpls microscops analyais data:
{srystal stustas) ) 1.676 e : ,
. Density{ls thod) 1. : i other Dethod) . 8
B orome NOI, m/cm Y npl:: ::.n.t urv‘:unqu nethode you un.)‘m/‘:ms
11. Index of retractios (uf°C-) 12. Color _White 1. Odor _ None 2
14. pHat233%C. F.0 (Method veference GHRD 3401 ©.4, or OSRD 5968, Indicate metho? wsed, 1.e.
solveat end ccooentTuticns Wwed, pB indicator mever or Beckmsm i weler.)
metar, 0,030 M cato ter volume ratio)
| l
|
| .
|
<l
4.0
! ‘\ -
N
3.8
\
w \\
[ k]
3.0 AN
i
+
[ i
| 2.5
' 7% 3% 3%

A ®

Jltzaviclet Absorption Speotrum of 2, ?.5,1,1,9,u.12-0omm
S,9=lasa tridecans in Aostonitrile

i

20. Melttug potat 137-143  *.(d)

Page 10
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Report No, 737
SPIA /83

Freesing point v, Time Curve: (Plesse merk the coordimeies with 86512 velucss thet apply to the compewnd
under study.)

CONFIDEXTIAL

TEMPERATURE “C.

86itilils of nsw Compons

<03 £/100 mi Ha0 at 38C. 8/100 mi Eg0 &t .

3], g/100 ml &jﬁag at___ 25 .

3 om0 ma a8 salvent)

<n 1 /100 ml £an . at 22 .
T il o) as weTeety

Wom Masben b ¢

WRCTROPHONOMEITIR [ — — - - - e -
r‘t NaC) M - . _A‘. . rlIAI'-A ' 'T‘A'l‘l T - T vy
. I iaa bbb IR R AR T IRERSERER — =W E R
e e e H &
| T -_'l_,/"‘\ et EDGE B T e EEEEF snnXP=la
IRl — R0 5 B FESRENENE \ R _:.1;.5. A <+t 1 I.{J_..)ch_l-'} 344
et B 3 $e Y v DagAl A LAY et e e
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T M et L oate ;o JllFi i -4 ISR THREE BRE ¥ /0 4 152 O O
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Report No, 737 |
CONFIDEMTIAL speahee g
Under we ore considering the ebility of two compounds to be in intimmt: Guisvact (Note
OSRD 5758 p. 21-22) over s long period of time without sdvorse effects on either the chezicel or physicel
reczsriiss of sither meterisl. Theee tests will probedly be of variel sxtent. They might be same of
the following: (o) Standerd stedility tests. (b) Simvle cbzervetions of exudstion or ssperation et
sabient or sccclerated temparsture, (¢) Prepere thin sheets (.025% thick, 1° squeze) of the plasticised
saterial, Seperate the sheete with strive of erimrette pecer or cerdon psper snd compress tae steek in
8 °C® clamp, After seversl Jdeys nowe the oily collsction on the vepur., Plsees give reference to cr
deecridbe procedure used., Item 28 s to indicste results when the compound 1s in contect with acme meteri.
8l other than etlyl cellulose, nitrocelluloss or rubber,
35. Compatability with ethyl cellulose:
36. Compatzbility with nitrocellulose:
2%7. Compatsbilite with rubber
38. Compatability with H
29. Polymerising propertiss of the new compound:
(a) By itself
(®) In mixtures ("ith e#ditives) .
{c) Inhibiting action on polymerigation of:
Thiokol +-
Methacrylate
Other compnounda
30. Awailatility

a. Amount now available? _hnﬂjg_a%_gmmaa
b. When was available material first prepar

e. Amount prepared at that time?
d. Is large production feasible?

e. Plant capacity in existance, Ibs/day?
1. Outlize steps for a quantity production method

3. Additional information: (texieity, haseids, deteriorstion, cxygen L2lance, dstomation rsis, explosive
power, n;o of hydrolysis by weter, ste. List references, reports, detsi books, etc, thai refar to the
GWQ
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CORSIDENTIAL SPIA /M3

Tets Questionmire oa
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Lhtﬂl n-..ml uo She characterizkics which are believed S0 bde of isportance in the study of a omﬂ

ossi md. as a constituent of solid propellamnts or other mls&no. I% ie nob expe
'll Yo availab T (1
ST e R B S By B i v gl e,
as ic ulfhb le for a eﬁl o have prmud or tes on oa. ot foerns, 1% 4o BOLID
INPORMATION JIB “31 Georgia Avemne, Silver Spring iand. As additiomal infor-

'-ﬂiu on the same m{‘ 56 te. iaformsti
submitted on these gr: a‘i' 1 b tr..-.-utn and pud t-gu % ".u" o::-  §rl "m i sc forms -
Say aiso Do used as work or data shaets for your ctul nn‘tu. l:tn !u l ln-
nquus froa SPIA, Suggestions for improvemeat hese forts are iavited, del has boen
P ded for any iles, aiteeh =eparaje sheets,
COMPOUND: Z,2,4,7,7,10,12,12-Octanitro-

Name U,10-diaza tridecane " information submitted by:

Empirical iccmula ]]H] 8N1n01£ Activity

Structure: (configuration) IV Person ton

Dm _l_jzna&dﬁ

102 T2 onaon |02 i - “"2 ¥, ¥, -I
;:5— |Ot Ol .ncg * 2cn3ccn201{ —> c CH,,CH, CHZECH] H{‘HZNGH don _i
o, O, Ko, .

2
Preparation reaction(s): -

1. Quaatitative analysiz(g by weight)
Carhon 2yirogen Cxygen lgnrzrn

Calculated from formula _z g: 52
By detorminaticn _2 3.3%

3. Burning properties:(caapored to nilrocellulose, under nitrogen st stacepberic pressure:)
= (TsterT  oiowe:  roeiduet etc.)

3. Stability and Sensitivity: piot say graphs oo DNMacuss methods used when they vary
ssparete sheet fraa referencea. Give tempsreture used.
(Use separute sheet if necusssry.)
Name of test Recommended method
a. Impact Sensitivity NOANN. ). 2.0-ko waicht
b. Thermal Stability OBRD 3401
¢. Vacuum Stabliiy NOL LR hr at 10000

d. Temperature of Explosion OBRD 3401 p.6
e. Temperature of Ignition NOL mxﬁ
f. Impact Stab{lity ~__  Bureau of Mines Bull, No, 30, p, {2 (2-kg weight)
‘.
h.

—BESULTS OF ADOVE TESTS
Reference compound_____ New Compound test rcsults
(designatiop-TNT, Tetryl, N.C., eto.)

a. Tetryl, 32 cm/2.5 kg , Lt _cm/2.9 kg
»n
c. 0.7 eelo
d. Ehine
..
. RDX, 30 cm/2 kg
5.
A
Heat of formation: { -104 . calories at 25°C., 1
4. \Amgm_. Kg C., 1 atm. pressure o

&

mr %__..«
‘3 )4 o




7. Spaciiic impulse (Igp caic -sec/Ib

3. Physical form of compound (visezus 1inuid, crystelline type, otc.) __Fine cryvstals

i, Simple microscope analysis data:
(erystsl studiss)

1,708
105 Density (Ss coiss et Wﬁfu B e Sl ey
*C. )

11. Index of reiractios ( 13, Color White 13. Odor _YNone
14. pHat 28C. 6

(ethod reference GSED 3401 0.4, cr OSZ0 5968, Indtvete method weed, 1.e,
solvent 85 GOBS wed, pi indicstor wmever or Beockwia il meter.)

o)

o il

A, y
mmﬂou,z. ;bmu SO

20. Melting polat _206-208  C.(q)
Page I
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By Exparime=t By Calculstion . Msﬁ:::
=== of sxplosion 32! (ruo"n-q. . Sopasnte
A ey ¢ cal/gm
6. Hsat of combustion ,.’) 2830, 2825 eal/gm 2878 Aerojet Report No, L17A
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21. TFreesing point vs. Time Curve: (Plscee mark ;.u ocoordinstes with scele waluws that spply to ¢he compeund
under study.

S
L ]

g w

£ x
2

] <
¥
=

T

TIME

22. Bolubility of new compound:
f 40,1 /100 ml H30 at 35°C.

___ #/100 m] Bg0 at <.

1L g/100 ml “m’i_ 31,'& — at o5 <.
S8E0 DA a5 PoAVene)

£0,1 g/100 ml ﬂ“ﬁ at___ 25 o
(name wa as salvent)

e et . Sy P 34
.
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Report No, 737
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Under ity we sre ccnsidering the sbility of two ceapsunds to be in intimste contact (Note

OSKD 5758 p, 21-22) over a long period of time without sdvers¢ sffects on either the chemicel or physicel
oropartiss of sither meicrisl., Thess teste will ?wbo!:iy bz of varied sxtert. They might be scae of

the followings (s) Standerd stebility %eeic. 8iavle cbservations of exudstion nr sepsrstion st
embient or scceierated tempereture, (o) P!Q‘mro thin sheate {.025* thiek, 1" squsrs) of the rlasticized
uaterisl, Sepsrate the shests with strive of cigarette pepe> or cerbon paper snd compress the stack in

8 %CF clamp. After sewersl deays note the oily collection on the veper. Plssse give refsrence tc or
Ss1eribe vrocedure used, Item 28 {s %0 Indicete resuiie when the compound s in contect with some moteri-
8l other than sthyl cellulosw, nitrocelluices or rutber,

Compatability with ethyl celluloze: _

Compatability with nitrocellulose:

Compatability with rubber:

Compatability with

Polymserizing propertiss of the new compound:
(a) By itseM
(b) In mixtures (With sdditives)
(c) Inhiditing action on polymerization of:

Thickol
Maethacrylate
Other compounds
Awvatlability
&. Amount now available? Regearch q__%antities
b. When was available material first prepar
¢. Amount prepared at that time?
d. Is large production feasible ?
e. Plant capacity in existance, Ibs/day?
1. Outline steps for a quantity production method

AMIM-—.I l-ln.-..ln-o IO.—C-CO-' hasnoda  debtaviamation svwosn halanse Jatanetfn vate m\m.n

——e-y ——p g -p et S ST —~— -

power, oass of hmolynin by water, nte. List references, raports, deta books, cta. that u;or to tie
eompound,

Page 16
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Nets Quosti onmaire oce
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOBIVES

Listed below ars the Mtortuuu Moh are believed $o0 be of importance in the study of & oa-{:ul
which w uig}y Yo used as & f solid -repolhwu or obther oxplosives. I% is mob expec
ormation 11 h snu-blo or eve. ompound. For le, vith a

i
::-}x‘i:‘ A8 5 Totably mst adviable o tavertipale mt ocaound farther: “After p secl omation
3 . P & O epared suast forms, so 301ID
PROPELLANT TRICENAFION SCERCT, APL) Il sesy cﬁuu Avesme, Silver Spriag, Maryland. 'As odditicael infor
makion on %ae same oF nev ooupoul aoorues, !o !t eu a sinilar Tors nt tor date. The informatbion
- sobmitted on these forms will de row“m publishe 714 42 l@ou-lu! aaaual fora. se foras
;:y :i:ot‘::.\xgéuu work ::iue.‘w $é for ya‘ax ;: guﬁ; oiwix:s;“gtn “?&203:’.‘.4 ::u lo wa
,,33“.,; for any ih:u Rmﬁ':.p::.%?’.ﬁm b Sl T Tt FPess Ao Ee
COoMPOUND: N,N'-bis(3,3,3-Trinitropropyl)-
Name oxami Information nubmmed br
Empirical formula~_CRA gNAR L Activity Ae :
Structurs: (comfiguretion) v Person M
Date
T 59
(N0, ;CCH,CH,NH, + C1CCCL—» |(NOp);CCH,CHON-C | -+ 2(NOp) ;COH,CH,NH, <HC1
Preparation reaction(s): 4

1. Quantitative analysis($ by weight)
Carbon Eydrogea Ca7gen N“-;ﬁm‘
8 J 2III

Calculated from formuls 3 2,2
By determination 2.32

2, PBuea ;.-c;,-arQa;:(:ap.r:e %o nitrocellulose, under nitrogen st stacepheris oressare:)

WToster? slower? rTesidue? etc,)
3. Stability and Sensitivity: P1ot sny grephs on - Discuss methods used when they very
separete e>=2t from refsrences. GCive %:apereture used.
(Uee separste sheet if necessery.)
Name of test Recommended method

a. Impact Sensitivity NOL GEGDSRX  2.5-kg weight
. Thermal Stability OBRD 3401
¢. Vacuum Stability NOL 48 hr at 100°C
d. Temperature of Explosion OBRD 3401 p.6
e. Temperature of Ignition NOL
f. Impact Stability Bureau_of Mines, Bull, Wo, 305, p, 72 {2~kg weipght)]
‘o
h‘
—RESULTS OF ABOVR TESTS
Reference compound New Compound test results
(designaticn-TNT, Tetryl, l.c.. sto.) . P
a. Tet 2 cm/2. U5 em/2,5 kg
| §
<. —O.3l cc/e
d.
e, 21500
f. BDX, 30 cm/2 kg . —1i3=
g
h. on—
4. Heat of formation: (af) + _ -145 Kg. caloriss at 35°C., 1 stni. pressure
(1od16ete olgn)
e Page 17
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Report No, 737 =
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By Expsriment By Calculation Mathod !
-m'”‘um et Sesmons 4
Bqarsy,of explogion cal/gm
6. Heatof 21 eal 217 Aerojet Report No, 4l7A
(at 250rs 10 u«sﬁ’ 216 fom 2115 e 0, 41
7. Specific impulse {Iyp) cale: D-sec/D
s. mucfl form of comnound (viscous 1icuid, crystelline type, ete.) Fine, needje-shaped
-—-a —13
9. 8!mple murozopo analyiis data:
\\u;-—. Svalive)
10, e theg) 1,6 na ther method
Desatyliens methad) o g N A rees St R e T T T e
11. Index of refractiom (af*"*) 12, Color _White iS. Oder _Nope .
14, pHat25C. 5.6 (Nethod reference QURD 3401 ov.i, or OSKD 5968, Indicete method weed, i.e.
gclvent 3sd © used, P& indicetior wever or Bockmsn il moter,)
_pH meter, 0,087 M in acetcns/water (5/1 volume ratio)
|
I
6.0
\ =
\
N\
3.0 .
N ™
N i
™
" N
X AN
N
2.0
i N
N
\«.\\
1,0 |
i
1A% |
PN 350 1

A, »

» "
Tltraviolet A on tram of W,0'-315(3,3,3-Trint )
beorptl Sv;:h ¥ -342(3,3, ) troprogyl)

20. Melting poiat  195-197  <c, (d)

Page 18
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21. Treesing point va. Tims Curve: (Please mark the coordinutes with scsle velues thet apply to the compowsd
under study.)
o
[ ]
w
3
=
=l
<
4
X
-3
w
-
TIME
22. Solubility of new compcund
£0,.) £/100 m] H20 at 25°C. g/i00 mi Hqb at <.
17 g/100 ml acetons at 25 <.
(name 3atecisl =2ad as solvent)
0.3 §/100 m1 tala at___ 25 <.
(name -m Si as solvent)
rconoraas  we e e e r]‘r'ﬂ'ﬂ“!ﬂ“.'ﬂ“:]'ﬂ,.."". . . O SO, -
Camm—— Vs W s e 2B EREE L
savn L — / ! \ PEGRS SHSHY auil V. i {I’.— I
LIt ratrarens! 17N trifidy A [
=l § i P TRAS IR r_!
; TN AFAY, 1, .
LI ST — I M
[ X O, ’:—‘ ' -
| I S B S
(- e - ] l
'"J 2§ St CENRE ] ILANR £ = SIS P ] (R o [
: * » h ] ] ] [ [ 0 " " ] n e -_mJas.
R, kb | WAY] LIMNSTH M WMCROMNE WA LIHMSTH N LACROMY
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Under 3 we sre¢ conpidering the sbility of two compounds to be in intimete contact (Note

OSRD 5758 p. 21-22) over s long period of time without sdveree effects on either the chemicel or physicel A
nroperties of sither materiel, Thess tests will orobably be of varizd sxtemt. Thew might be some of 4
the followings (e) Stsadard stedility tests. (b) Simole cbservetione of exudetion or sepsration et

embiont or eccelerstad temmersture, (c) Prepsre thin sheets (.025% thick, 1® squere) of the plasticised

asterisl, Seperate the sheets with strivs of cigsrette paper or cerbon paper snd comprees the steck is

a "C® clamp. After ssversl Jeys note the oily collection on the oceper, Please give reference to or

describe vrocedure used. Item 28 1s to indicats results when the compound is in contsct witn some meteri- 1
8l other than sthyl cellulcee, nitrocellulose or rutoer,

B e

25. Compatability with ethyl cellulose:

A s < AR ST

3¢. Compatability with nitrocellulose:

37. Compatability with rubber:

T Y AL - S B Pty Py TR

Compatability with

F 29. Polymerizing propatties of the new compound:
: (a) By itself
(d) In mixtures {vith sAditives)
(¢) Inhibiting action on polymerization of:
Thiokol
Methacrylate
GCibér compounds ~
$0. Awvzilability
2, Amount now available? Research quantities
b. Whken was available material first prepared?
¢. Amount prepared at that time ?
d. Is large sroduction feasible?
e. Plant capacity in existance, Its/day?
f. Outline steps for a quantity production method

<

5 , 81, Additiona) information: {toxieity, Masards, Csteriaration, oxygen balance, dstcmatlon rste, expleaive
- pomer, u;a of Lyfrolysis by water, #tc, Liat references, rwports, dete dooks, sto. that refer to the

- compound,

g

BT € e O e
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Tete Questionmeire oa
COMPOUNDS FOR USE AS INGREDIEZNTS OF PROPELLANTS AND OTHER EXPLOSIVES

o

R

Listed below ars Ahe characteristiocs hich are delieved $0 beo of hporbuoo in the study of & oenz::ﬂ
i ‘l.:h w“i:ltb}r be “v:fl‘b:m““-‘ 5% l:}:‘ propeilants g other & lo‘ --“::-. I8 is 304 expeo
$ha ormat 3.1 le for oompound, omeul 3-:”
stabil L 4 l? ro g not ad . le %o nvui §o%e Shat farther. Aﬁu P .ﬁ 54 iom
as 4 lable for a cml ou_have prepersd or les ou of Shese forss, 4% b
TFRUEMALION APM 3::-:3. Avemne, sunr $ nl. As sdditiomnl infor-

1
" me{ion om the same or new compownds -omn forvard it oa & s&dxu ;en at a later_date. iaforsatiocn
submitted on tbaes forms wiii »e revcsdten and yublisched b{.?u oose-ud nsanal form. se forms
may gleg e nsed 22 wmek a» dats sheete Zay yenr exravimen nmn. Extra scvies are cvallable wpon
nqnost from SPIA. Suggestioms for lqron.uo of ihon forus are invited. If insufficieat cpace has deem
- previdad for any sm atiach ssparzte sheets.

COMPOUND: « N N'-Dinitro-N,N'-m(B,B,B-trinitro-

Name 1) oxamide Information submitted by:
!mmﬂ%m Activity gzgjgj’ﬁneral Corporation
Structure: (configuretion) VI Person 3B, Frankaland L.T. Carleton
Date Augnat. 1953
HOv mua. r NC,
IMUVJ = ‘-
I(r'oa) 50CH 20“2“_‘2 5o, l(_noz) 5CCHCHN — € |

Preparaticn reaction(s): 55% VI

1. Quantitative analysix(g by weight)
Carbon Hydrogen Oxyzen — Nitrogen

Calculated from formula gg ﬁ 1 2% %6 :32
By determinution 2184

3. Burning roporu.s:(enpnd to nitrocelluloses, under nitrogen et etmcspheric pressurs:

“XTester? elowe? residue? etc.)

3. Stability and Sensiiiviiy: »iot sry grephs on Discuse methods used when they very
ssparute sheet from references, Give tempereture used.
(Use separste sheet if necesasry.)
Name of test Recommended method

a. lmpact Sensitivity NOL ~ EEmOmR 2,5-kg weight

b. Thermal Stability OBRD 3401 p.8

¢. Vacuum Stablifty NOL L8 wr at 100°C

d. Temperature of Explosica OBRD 340i p.6

#. Temperature of Ignition NOL

f. Impact Stubility = Bureau of Mines, Bull, No, 346, p, (2 (2-kg weijght)

Goalie g natbiloit S Si b i s S R

h.
m!g}‘?ﬂ AP A DA TWOTE
Rdcranc(o compound Naw Compoemd tast resuits
designation=THS, Tet2yl, N.C., eto,)
s Tetrvl, R om/f2Ske 9 em/2,5 kg
| 8
. : 040 cc/e

o 557

f. RDX, 30 cm/2 ke 10 em/Q kg

‘n Py 2

h.

4. Heat of formation: (afl) + =90 Kg. calories 2t 35°C., 1 atm. pressuss
Todlsete slgn)

Page 21
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ail, Frecszing point va. Time Curve: (Plesse merk ;.ho ecoordinetes with saels Telues thet apply to the compeund
under study.

TEMPERATURE °C.

TiIME

j 22. Soludbility of new compounc:
I <0,1 /100 ml Ha0 at 35°C. £/100 ml Hg0 at .

00 mi acetone at 2g <.
- 89 o1 mT-u -wfi_ used 8 sciveat) o

7 Ke) £/100 mi ?}y‘em at 25 <.
rewe 9 as solveat) i

1
. T
1 1wl T W PO ORI . . TV, - UL T S JVOVOUY. AOPIUUTIR. JUE.

e ; 1 T ]

L L
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Report No, 737
CONFPIDEXTIAL SFIA /MY

Under gﬁ”&&* we sre considering %he ebility of two compounds to be in intimste contect (Note

OSRD 5758 p. 21-22) over ¢ long period of time without sdverse effucts on either the chemical or physical
orovertiee of either materisl, Thise teste will probebly be of varied extent. Thay might de scme of

the following: (s) Stenderd stabiiity teste. (bg Ricole cbservetions of cxidetion or seperation at
amblent ar sccelereted tempereturs. (c) Proepsre thin eheets (.025° thick, 1* square) of the plasticised
asterial, Sepsrete the sheets with sirics of cigerette psper or cerdbon peper snd compress the stack ia

8 X© alsmp. After severel days note the oily collection on the oaper. Pleese give reference to or
deacride procsdure uset, Item 28 s to indicate rerults when the campound &z i; conitect with some meteri-

el other then ethyl celluloes, nitroceliuiose or rubber, .

Compatability with ethyl cellulose:

Compatability with nitrocellulose:

Compatability with rubber:

Compatability with

Polymerising propertics of the new compound:
(a) By itself

() In mixtures (vith edditiver) @

(c) Inhibiting action on polymerization of:
Thiokol
Methacrylate

Other compounds
Avallability

. Amount now available? Regearch quantities
b. When was available material ’irst prepar
¢, Amount prepared at that time?
d. Is lirge production feasible ?

e. Plant capaciiy In existance, Ibs/day?
f. Outline steps for a quantity production method

Additions] information: (texieity, hassida, detsrioretion, cxyseh belance, detomstion rete, cxmlosive
power, u;o of hydrolysis by water, etc, List references, reports, dsta dooks, eto. thut refer to the
4 :

TalcuIEted TEaa=P100K VaIuE 116
Palcniated BaTTIstic-Yortar Value

of Zeroiet Heport, No. 512. p. .0

B

Vil S A T V0 0 0 A Wt Savu | b B S oL S S

'r«-« s sior IS AR



6
!
§
|

'

t

Report No, 737 PR
CONFIDINTIAL BPIA/MS :

fets Questionmeire on
COMPOUNDS FOR USE AS INGREDIENTA CF PROPELLANTS AND JTHER EXPLOSIVES

-M buov u-o the oharacteristios whioh are elieved 40 be of {mportance in tke of a oa-zonu
uud. as a oonsiituent of solid pnponme P obtaeF sxple V‘iu a% is =ot =52

M > y
-msﬂb e S s e L To e S mapora farebes: "Atber m*-'.:x't::...::u.

as s swniichie orto ound wvhigh you have pivpared or tested o ome oOf mu fom i% 40 SOLI
PROPELLANT INFORMATION ﬁm , 8831 Georgia Avemmo, Silver t; hl! addi
* mation on the same or nev oo-poulo umu forvard {8 on o olnuu ra 85 2 later uu. The imformatioa
\ugm on tkess forms will de rewrilten and published A i M oaansl form. se fosme
28y 5235 b0 used as work or data sheeis for your orinen muac,. a eogsce are available spon
request froa 3PIA, Suggesiions for imsprovemeat of these foras are intttod. inse?2iciend spens hes desa
- providad for any item, a’dtach separate shoots,

coirorNp: 1,1,1,5,8,8-Hexani tro-3-oxa-li-keto-

o T SR e VR TR

Nuno 5-aza-nonane irformaiion aubmitied by:
Empirical formuls C7HON7OT Acttvity Aerojet-General Corporation
Structure:(configuration)  VII Person J.'..B._E:ankgé_a.nd_u._ﬁaﬂaton
Date 1 _August 1993
0, No, H moy 1% 1% L
CH3CC52CH2NCO + HwH2C(N02) —_— CH3CCH20PL,NCO C‘IzC(NOz ) 3 _— bh3bbr12bn2nw2\m2\:\ 1i0g) 3
NO NO NO

2 2 VII

2  Preparation reaction(s):

1. Quantitative 2aalysix(f by weight)
Carbon Hydrogen Oxygen mtr?an

Calculated from formula 20.25 2,19 23,62
By determination 20,23 2.21 ___zg:E
3. Burning properties:(conpsred {0 nitrocellulose, under nitrogen st ateospheric pressures)
Faster? slowe! residve? etc.)

3. Stability and Sensitivity: rict eny graphe on Discuss sathods used whon they vary j
separate sheet from veferences. Give tempereture used,
(Use separute shest if necesesry.)
Name of test Recommended method
a. Impact Jensitivity NOL ~ OSoaEeY _2.5-kg weight
b. Thermal Stability OBRD 3401 p.§ -
¢. Vacuum Stabiliiy NOL XSO EAD ot hr at JOO% 1
d. Temperature of Explosion OBRD 3401 p.6 &
o. Tempersture of lition  NOL DRI OR 1
€. e b
- i
DPSIIT TR AF ARAWRE TERTR ‘
Reference compownd____ New Compound tsat results 2
(designaticg-TiT, Tetryl, N.C., eto.)
a. _Tetryl., 32 em/2.5 ke : em/2.5 K
| 8
c. 050 cc/g )
d.
e. 22350
‘o i
‘.
h.
4. Heat of formation: (AN) + =132 Kg. calories at 36°C., ! atm. pressure
[$C T )
Page 2%
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By Calculation -t loﬁg
} * oy 2550, Sepasade

b % st s‘.?‘c.‘?;’o' nm(ﬁ)
6. Heat of combustion 2007

(st 2500, Ma0
. Speciiie izpuise (Igp cale:

cal/gm ___ 2032 Aerojat Report No, L17:
B-ssc/D

8. Physical form o sompound (visoous linuid, erystelline 4yps, ote.) _Crvatalliins sqlid

9. Simpie microscope analysis data:

(erystal ciuties)

10, Densitz{%scro msthod) mz_mua. {iforo or other method) __________ gm/em3,
‘q{m‘) in on separete shest sny uniqus methods you use.)

il. Index of refractiont (af’ v* )

4. pHatasc. 4.5 (sethod

13. Color _White 13, Odor _ Hope .

reference OSXD 01 o.4, or OSRD 5968, Indicete method weed, i.e.
solvest sid comcentreticers wsed. nll falicstor sever or Biackmen il meter.) mmwx)
¥ith Beckpan pil meter, 0,009 X in acetone/water (%/1 volume ratio)

RN SIS N S

L %] \

[
/
A

’Qo

Log €

2.0

1.0

0

b

p 1]
h M

Ultraviolst Abeerption Spectrva et 1,1,1,5,8, S-Roxeanitro Jeaxe-
Uoknto-s-azaenonane in Ethanol

39. Melting point 107-108 _ °C.

Page 26
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Report No, 737

CONFIDENTIA SFIA /M2
31, Freesing point va. Time Curvs: (Plecse merk the cosrfimtoo with 300l0 wiwes that epply to ibe coarewmd

?: usler study,)
i

¥

i

i

|

TEMPERATURE °C.

32, 2olubility of new compound:

e o At e e

]wh g/100 ml

40,1 £/100 ml H30 at 25°C. £/100 ml Hgb at

0 g/100 ml *ggﬁnp at 29
\Eass =atarial pesd as snlvest)

TIME

t."ffﬂ

t0, at 29
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Onder Y we sre considering the ebility of tes campounds to be in intimste contect (MNote

OSMD 5758 p, 21-22) over o long period of time without sdverse effects on eithsar ths chemical or physiesl
vroperties of either materisl., These tests will probetly be of varied extent. Thay might be scme of

the follomings (s) Standerd stadbility teets. (b) Bimvle chserwstions of saudstion or separstion et
ssbient or sccelcratad tempursture. (c) Prepsre thin sheets (,025% thick, 1% square) of the plasticised
materisl, Sepsrete the sheete with etrivs of cigeretis peper or cerbon paper end compress the gtack in

a %GO clamp, After severel Says note the olly collection on the vaper. Please give reference to ov
describe vrocedure used. Item 258 1s to indicaie resulta shen the comoound is in eontact with scme metveri-
8l other than ethyl celluless, nitrocellulose or rudber,

35. Compatability with ethyl ceilslc=e:

26. Compatability with nitrocellulose:

27. Compatability with rubber:

28. Compatability with 3

20. Polymerising properties of the new compound:
{a) By itsel
(b) In mixtures (Yith eAditives)
{c) Imhibitine action on polymerization of:

Thiokol
Methacryiate
Other compounds
30. Awvailability
a. Amount now available? ngmwtities
b. When was available material first pregar

¢. Amoumt prepared at that time?
d. Is large production feasible ?

e. Plant capaciiy ia existance, Ibs/day?
f. Outline stepe fcr a quantity production method

31, Additionai information: (texicity, huseids, deterioretion, oxygen belence, Cetomstion reie, expiceive
pomer, ease of hydrolysis by weter, ste, List references, renorta, dsts books, eta. that refer to the
campound,

Talcninted Teaiafiock Yalie = 15—

X Yethod of Aeralet Nepork No. 512, . B
TElcniatad BalTistic-Tortas Value = 1)
)

Page 28
Lppendix

e




.
=§‘

foreer +

3

k- ]

- ——— e ~y - - - =

-

Eeport No, 737
CONTIDENTIAL SPIA/MS

Teta Questionmeire ca
COMPOUNDS FOR USE AS INGREDITNTS OF PROPELLANTS AND OTHER EXPLOSIVES

u-m hlov ars fhe characteristics which ars believed to be of importance in the study ot [

h used us a constituent f solid prcp-um- g cther ldzplouuo. I8 is 25t 2vpes

‘mi‘ik : h “n ‘:!t_‘?ﬁ.ﬁ.u‘lz:am-{o.tht emou:l“. A5 u. 4 ) ": -3":!.’.&%&
L - ....-.

m&‘é&gﬁuﬁﬁ&"m o e g sy o K K

Ahu.

ui. ‘As uuur..n infore

mation om sane Dew pounds acorues, forward it imilar ;ou a8 u uu. 2he iaformation
subulided om thegs g.*u vggg be reuwritien inl.yluhtol“yiﬁ! loou-xod' fora. se forme
any also ¥s used ss Wk or deta sheets for your erinsntal -wu.-. Extre “P“ are availadle mroa

zequéat from EPIA. Suocesilices for improvemant of these for=: are inviled,

£fiolent cpacs 152 besa

PacTided for any item, attach separate sheets.

coapouND: 1,1,1,5,7,9, 9-Heptani tro-3-oxa-li-keto-

0,

l.

4.

Siability and Sensitivity: 1t eny graphe on

t X

Name 5.7-diaza-decane Information submitted by:
Empiri-al forms: HERRTR Acttvity Aerojet-General Corporation

Structure: (configuretion)  yTTT g:l'm J.‘..E._Ezankné_md_lu.uaxleton
t¢ 1 _Anpgust 1953

¥
2 IiIO2 1}102 };I HNOB 11102 }102 N0,

o N
CH; cn2 cnz\lco + Hmﬂzc(r\o.,) -—> CH,CC ""'—IZNC}:a‘ICO cnzc(Noz) —_ CFBCCH 1\:0}12‘100201{20(\102)3
0,

fio
O2 2 T

Preparation reaction(s):

Quantitative analysis(E b7 weignt)
Carbon Hydrogen Oxygen N
Caleulated from formula 1.9, 2 :Eé
1.3%

By determination 1

Burning wop.rﬁoa:(emud to nitrocellulose, under nitrogen st stscsjberic pressuss:)

(Tastert slowee? residue? etc.)
Discuss methods used when they vary

ssparets sheet from referenves. Giva temperesture used.
{Cse separato sheet if necesascy.)
Name of tast Recommended method
a. lrapact Sensitivity NOL ~ IS mj_ght
b. Thermal Stability ORRD 3401 p.8
€. Vacuum Stabdility NOL AT L8 hr at_ 10000
d. Temperature of Exnlogivn OBRD 340! p.6
e. Temperature of Iznition NOL
!’
‘.
h,
DG T NP ARNWE TERTA
Reference compoumd New Cozpound tast results
{deeigmatica-THT, Totryl, #.C., eto.)
a. Tetryl 32 eom/2.9 kg _M‘s_lﬂ
y s e v
c. . ~1.01 cc/g
d. .
e. 219°¢C
‘.
‘.
h,
Heat of formation: + ~118 . calories at 28°C,, 1 atm. ure
(o) + =0 Kg ,» 1 atm, press
i Page 29
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By Exreriment By Caicuiaiion Method
y =PI Soeee
“rqso' H=0 nqu(dq.) SR
‘ 4 ad o whinon ‘.p \) 7 . 7 1 ;
, xo%:‘ 25::’ ke = g 1785 eal/gm 1798 Aerojet Report No, L17A
7. Specific impulse (igp) cale: _ B-sec/D

8. Physical form of compound (viscous 1i0uid, cryotallive type, ete.) _Flaky crymtess

9. Simple microqgopo snalysis data:
{eryatal stadive)

D.:mﬂy(h thoé} (us othe thod) s N o
o= ‘L’ ? ‘/cin on -ep-r:: ::eo'- o;y.:!ﬁqee methads m m"gn/cnﬁ
11. Index of refraction (é’w 12, Color _White i3, Odor __ Nome

14, pHat 35C. 3.5 {Method refercnce GSND 3401 v.4, or OSKD 5968,

Indicete method weed, 1.0,
solvent o ccmoentretions used, pii intiastor tever or Becimen ' meter,)

5.9 \\\
\
\
" N
\
N
<X
N e

w )0
ki

2,0

# RN Y

: Ao M .
Uitraviclet Absorption Spoctrumn of 1,1,1,5,7,9, 9feptanitro
! S, 1-diasa-decans in Metherwl

20. Sisltieg polmt: _340-3h) - °C.
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21, P:aeging point va. Time Curve: (Pleese merk ;,ho coordirates with soelc valuse that eaply to the cospeund
undery stufdy.

T S “_mw.’”wmﬁm"‘ s Lo it
TENMPERATURE °C.

TIME

22. Solubility of new compound:
’ <01 g/109 ml Hg0 at 38°C. §/100 mi Hg0 at <.

16 §/150 m!? at 29 .
i : (name ﬂﬁ woed a8 solwat)

0,1 g/100 m} taii at 28 Te
_ {name -gﬂ E";l' a8 solvest)

i T
H
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Under 1&2&3&1&{ e A7e eouidoring the sbility of tro camnounds to be in intimets contaet (Mote
OSAD 5758 p. 21-22; OVer & iuuw peripd Of vime withiout BGierss eZv¥acis on either the chemicsi o physicsl

tvropertiss of sither material, These tests will prziavly be of varied extent. They might De same of

tie followings (8) Stsnoerd stadility tests. (b) 8isvle cbservetions of exudsticz cr ssparstico st
subisnt or accalersted tespersture, (¢) Propare thin sheets (.025* thick, 1% aquere) of the plasticised
miterial, Serarete ihe sheeis with etrivs of cigazrette psper or cerbon paper snd compress the stsek in

8 %3 olamwp, After seversl deys note the oily collection on the vepsr. Plsass give refsrence to or
23cuslile orossdurs used, I%E 28 45 40 iadicete resulls when Lhe compound is in contect with some meieri-
ol other than sthyl ceilulose, nitrocellulose or rutoer,

..... A%

2%, Commatahtites <2 gl ceilulose:

36. Compatability with nitrocellulose:

237. Compatability with rubber:

3. Compatadbility with

29. Polymerizing properties of the new compound:

(s) By itsel

(b) In mixtures (vith additives)

{c) Inhibiting action on polymerization af:
Tlulokol

Methacrylate
Other compounds

$0. Awvailability
a. Amount now available? Research quantities
b. When was available material first prepared?
¢. Amount prepared at that time?
d. is iarge production jeasible?
e. Plant capacity in existance, Ibe/3ay?
f. Outline steps for a quantity production method

Ni. Additional information: (toxicsty, haseids, detericretion, oxygen balarce, detcmetion rete, explosive
power, u;o of hyérolysis by wetsr, ete, list references, reports, dsta books, ate, that refer to the
eampound

Caloalated Ihad-Blnﬁk yalue
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DISTRIBUTION LIST
ADDRESSER NO. OF COPIES
Commanding Gsimsral
Aberdeen “roving Ground
Naryland
Attn: Ballistic Research Laboratcrins
ORDBO-BLY 2
Department of the Armyr
Office, Chief of Ordnance

i Washington 25, D. C.

- Attn: ORDTU 2
s

Department of ths Army
4 Office, Chief of Ordnance :
4 Washington 25, U, C. =
. Attn: ORDIX-AR 2

Officer in Charge

Office, Ordnance hesearch

2127 Myrtle Drive : y
Duke University 1
Durham, North Carolins 3 :

e L s

Commanding Officer

Picatinny Arsenal

Dover, New Jersey

Attn: Library 2

b ls b 2ol

Commanding Officer
Redztore Arseml
Huntsvills, Alabama

R A T SR Ty

- e

Attn: ORC Techtinical library é
I
Department, of the Air Force
fg. USAR, DCS/D
Washington 25, D. C.
Attn: AFDRD-AR i
Department of the Air Forca i
i Hg. USAF, DCS/D
i Washington 25, o. C.
i - Atin: APIRD.AC.DY R , 3
i Col. raul F. Nay 1 i
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Commanding Cermsral
Wright-Patterson Air Force Bese
Dayton, Ohio

Attn: WCEGH-2

Commarsding General
¥right-Pattercon Alxr Force Base
n, Cuio

Attn: WCNEN-3

£, 0. Box 210
Curberland, Maryland
Attn: D, L. G. Bomer

Armour Research Fourdation of
T1linnie Institute of Technology
Technology Centsr

Chicago 16, Illirois

Attn: Dr. L, V. Griffis

Atlantic Research Corporation
812 North Fairfax Street
Alexardrie, Virginia

Attn: Dr. &, C. Scurlock

U. 8. Bureau of Mines
L4800 Forbes Strest
Pittaburgh 13, Pa.

At¢n: Dr, Bermard lewis

Rsaction Motors, Inc.
Rockaway, New Jersey
Attn: P, F. Wintermts
Fwperiment; Inserporated
P. 0. Box 1-T

Richmond 2, Virginie
Attn: J. W. ullen IX

Dr. A. 'a. mll
Hercules Expariment 3tation
Wilmington, Delaware

Jet Propulsion Laboratery
LS0OG Oak Grove Drivas
Passdena 3, valiforida
Attns Dr. Iovis ¢, Dag
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ADDRES SEB NO. OF COPIES

B. F. Qocdrich Company
) Rssearch Centar
! Brecksvills, Ohio

Attn: Vice President/Research 1

Arthur D, Little. Inc.

30 Memorial Drive

Cambridge L2, Mass.

Attn: Dr. C. S. Keevil 1

Arthar D. Littls, Inc.

30 Ksmorial Drive

Cambridge L2, Mass. S

Attn: Dr. ¥. C. Lothrop 1

s,

Shell Development Company
Emeryville, California :
Attn: F. G. Bollo 1l

Thiokol Corporation

Elkton laboratories

Elkton, ilaryland

Attn: D, 9. Karshner 1

University of Minnesota T
Oak Street laboratories
2013 Undiversity Averue
Minneapolis, Minnssote
Attn: Prof. B. L. Crawford, Jr. 1

National Fireworks Ordnance Corp.
West Hanover, kassachusetts
Attn: Mr. S. J. Porter 1

Dr. Harold Shechter

Bapartment of Chemistry

Ohio State University

Columbus, Ohlo 1

-
Ohio State University

Resesrch Foundation

Columbus 10, Ohis

Attn: Pref. ¥, L, #glfrom 1

Phillips Petrolsum Compaxy
Bartlesville, Oklahoma ‘ .
Attn: Mr. J. P. Alden 1
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Preisot Squid
Princeton University
Princeton, New Jersey
Attn: Librarian

Purdus University
Dept. of Chamistry
lafayetite, Indiana
Attn: Dr. Hemry Feuer

Rohm and Haas Company
5000 Richmond Street
Philadelphia 37, Pa.
Attn: Dr. J. F. Kincaid

Rohm &axi Hazs Company
Kedsione Arsenal Resaerch Div.
Huntsville, Alabams

Attn: Dr. Clayton Hugsett

Solid Propellant Information Agency
Applied Physics Laborsitcry

The Johns Hopkins University
Silver Spring, Maryland

Attn: Mr. Ross H., Petty

Standsrd 0il Company
Research Deparumant

P. 0. Bax y31

wniting, Indiana

Attn: Dr. W. H. Bahlke

Office of the Chief of Ordnance

Departmsnt of the Army

Washington 25, D, C,

Attn: OCRDTA Explosives and Demolition Section

Undversity of Louisville
Depariment of Chemistry
Iouisvilis 3. XKentucky
Attn: Dr. R. H. WHley

U, S. Ruther Company
Gensral Laboratories
Market and South Streete
Passaic, New Jorsey

‘Attn: Dr. P, O. Tawrey
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Western Cartridge Company
Bast Alton, Illimnis
Attn: . R, L. Womer 1

British Joint Ssrvices dssion

Technical Services

1800 K t."aet. N. W.

ﬁuhington. D, C.

Attn: Dr. L. Prillipe L

Department of ths Navy

Bureau of Aaromutica

q..shingts.. c). U- Ce.

Atta: SI-5 3

Department of the Navy

Bureau of Ordnance

Washington 25, D. C.

Attn: Ad3, Technical Library 1l

Department of the Navy

Bureau of Ordnance

Vashington 25, D. C.

Attn: Section Re2d 1

Compander

U. 5. Naval Ajr iiissile Test Center

Point sugu, California

ittn: Technical Library 2

Comsanding Officer

U. S. Naval Air Rocket Test Station

Lake Denmark

Dover, New Jersey

Attn: ‘Technical Library 1l

et e oD e —

wumnuu.&ug Officer

U. S. Naval Powder Factory

Indien Head, Meryland

Attn: Research and Development Dept. 2

Commarder

U. S. Raval Proving Ground

Dghlgren, Virginia

Attn: 1. 1. Division 1l
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Comnarxier

U, S. Naval Ordnance Lahoratory

Thite Oak

Silver S xing, haryland

Attn: Iibrary 2

Pupp——— L et 4

Sommarder

€. S. Naval Ordnance Test Station

iInyokern, China Lake, Califormda

Attn: Technical iibrary Branch 3

Director
Naval Ressarch Laboratory
‘Vashington 20, D. C.
Attn: Chemistry Divisicn,
Code 3230 1l

e

]

! Department of the Navy

{ Office of Naval Research

i Waslington 25, D. C.

{ Attn: Code Y429 1

! Commanding OfCicer

! Office of Naval Research

{ Branch Cffice

| 8uli North Rush Street

! Chicago 11, Illinois

' Attn: 18J0. &, C. Laug 2
!

I
!
!

Or. Elizabeth F. Rilsy

Department of Chemistry

Cnio State University

Columbus 10, Ohio 1

Dr. E. R. Buchman
; Califormia Institute cf Technolomy
‘ Pasadena, California

[ 2

Dr. Josaph Vi. Lang

i Director of Ressarch :

1 General Aniline and Film Corporation

1 Central Research Laboratory

‘ lincoln and Coa). Stree’

Esston, Fonnsylvania 1

Dr. Jercms lartin
Commercial Solvants Corporation i
Terre Haute, Indiana 1
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Purdue University
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Dr. T. L. Brownyard
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Washington 25, D. C.

Dr. D, V. Siclrman
Explosives Division

Naral Ordnance Laboraiory
%hite Oak

Silver Spring 19. Maryland

Dr. ¥iiliam ¥, Sager
Dspartment of Chemistry
Qanrge Washingten University
Washington. D. C.

Dr. N. L. Drak~

Dopartment of Chemistry
Undversity of Maryland
College Park, Marvland

Dr. A. V. Tobolsky

Frick Chemical Laboratory
Princeton University
Princeton, New Jersey

B. F. Goodrich Chemical Company
Engineering Experimental Station
Avon Lake, Ohio
Attn: Dr. Yiolfe

Cormanmding Cfficer

Cherical Corps Chemical and Hadiological
Laboratories

Army Cheuilcal Center, Marylard

Attng Tachmeal Library

Sureau of Asronautics
Departuwent of the Navy
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Evars Research arnd Jevelooment Corp.
250 East L3rd Street

New York 17, New York

Attn: Mr. E, J. Hewitt

Commanding Gensral
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ttn: Technical Iibrarian

National Bureau of Standards
Ordnance Developmsnt Division
Washington 25, D. C.
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Ios Alamos Scientific Laboratory
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