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ince some success has aiready been achieved in the reduction of muzzie
flash by the incorporaticn of compounds containing a high percentage of ni-
trogen such as dicyandiamide and nitroguanidine in propelient compositions
it was considered desiresble to extend this approach and to investigate other
substances with coapsratively high nitrceen content. , In order to facilitate
this investisation it was arranged thal certein selegted hydrazine deriva-
tives be prepared at the Polytechnic Instilute 1lyn under Picatinny
Arsenal Contract No. ¥=762-0rd,-A28) ixt¥en coopournis were delivered for
further atudy, and tae-wd{{iCcsl coapounds were synthesized at the Arseral.

(/The mbstitation of hydrazine radicals for amino radicals in amconia
derivatives produces substances wish ¢ N

Consegquently a large portion of Une zempowsls stud.=d were chosen so as to
form members of homologous series with a progressive increase in the number
of hydrazine groups. It was found that progressive substitution cf hydra-
zine radicals {or amino and imiro srours in puanidine causes, within the
homologous serles, an increase in sensitivity to impact, in brisance and in
sensitivity to iidtiation, and a decrease in explosion temperature. The
stability of these carbonic acid derivates, however, was not affected by the
presence of hydrazine radicals. It was noted that the stability increased
qualitatively, in this series, the higher the mslting point. &

= .

y =Y es 2 - s = -~ -t
lLeraciy higher nitronasn content,

Although the water solubility and stability of the majorl\g'of the coa~
pounds studied are such as to make them suitable for incorporation in pro-
pellent compositiona, cyanuric hydrazide and 5-amino tetrarzole are of the
greatest interest because of their hich nitrogen content. It is recommended
thal powders containing these two substances be prepared in order that their
effectivensss as flash eliminating agents may be determined,

It was noted that guanidine perchlorste has propertiqs which render it
of interest as a possible replacement for asmonium nitraté/explosive composi-

tions and t'at certain diamino~and triasinoguanidine saltd are of possible
interest as “"cool” sxplosives.
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Compounds of High Nitropen Content in Propellent
POIic!‘.

DITRCDUCTION:

1. Some sulcess has already been achieved in the develcpment of f[lash-~
less propellent powlers by the incorporation ¢f nitroguanidine or of dicyan-
diamide, both of which compounds are characterized by the fact that ‘hey
possess a comparaltively high nitrogen content, and 3 low carbon o~ ‘ent,
vhen flashlessness is obtained from powders contsining such ~~ns3' .’ ients, the
smoke affects are favorsble due to ths reduced xmount of caru n. It there-
fore sppeared desireable to extend this approach and 0 {nvest_.gate other
substancee with comparatively high nitrogen content as possible lnzredients
in propellent powiers.

2. As a starting point it was decided %o investigate hydrazine deriva-
tives of carbonic acid and relatod compounds. £ the explosive and stability
characteristics of severai members of the variocus homwlogous series which
fall wmithin this group could be obtained, an estimate of the utility of this
class of compounds as possible propellent ingredients could be made. In order
to facilitate such an evaluation it was arranged, Picalinny Contract No. W
762-0rd.-6264, that certain selected derivatives of hydrazine be prepared at
the Polytechnic Institute of Brooklyn under the direction of Profeswor G. B.
L. Smith, Twenty-one cocpounds were prepared of whith sixteen were delivered
to this Arsensl for further study. The work done at the ?Pclytachnic Instituta
of Brooklym also included the dstermination of certain physical properties
such as the melting poinb and water sclubility of these materials 23 well as
a prelizinary evaluation of their stability. The prepnratjcn of thesa coo=
pounds i3 described in Refcrence D. In additinsp 4r t52 substances prepared
under Professor Saltn's dirnction, Lwn oiher ~oawends, guzoitine percniorste
and cyanuric hydrazide were prepared al this Arsenas. This report cowvera the
axplosive and stability charecteristics of these coapounds.

OBJECT:

3. To determine the explosive and stability characteristics of certain
selected compounds of high nitrogen content in order to estimate their utility
as ingredients’ of propellent coapositions.

4. The physical properties of the compounds studied are rccorded in
Teble I; the explosive and stability characteristics of these materials are
rtcordcd 1n Table II.

SCn.itﬁvity to inpuct LBurelu of. Uines App‘r\tun vsing a 2 Kg.
welghd

. e s.a-itillty to I.puct Tost value for triaainoguanidine
ptrehlnrtto 1s siallar to that of sercury fulminate (5 ca.). The values
obtained in this test for guanyl aaide nitrate and for asodicarbamidine
- dinitrate are close 2o that of FETN.(1?7 ca.). The values for triaxino-
guaridine, tor-nldohydt,nitrogunnyl-h:dra:onc, scetaldshyde~nitroguanyl-
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hydrazone, diaatnoguanidine nitrate wrd guanicine perchlzretae sre slightly
sreater than Lnat for wetryi (<6 ca. ). The vasdes {or Lhe compousd (rom .
nitroacincgaanidine and nitrouns acld, cysnuric hydraszide, hyirazoticar-
bazide, a:uxtlcarhazide, sxinoguaniding plerate, dlaminuruanidine pilcraia,
trisnminoguanidine plerste, diguanacole oxalate, and S=-amirwtelrazole
tlace these substances in the 3a2e clasas a8 INT (100 £ cm.) with respect
to sensitivity to iapact.
b. @risance

Oiguanazole oxalate, cyanuric hydrazide and hyirazodicartaaide
could not de initiated in the 35and Tretl, oven whon tetryi, was employed
%0 booster the mercury fulalrate initiating charge., Azocdlcarbamide and
S~am{nctetrazole requirod both tetryl and mercury fulminate to crush 1,7
and 4.7 grams of sand respectively, The brisance values of nitroasino=
guanidine, foraaldehyde nitroguanylhydrazons, acetaidehyde nitroguanyl-
hyZiragene, azodicarbamidino dinitrate, diasinoguanidine picrate, ard
triaminoguanidine picrate sre siztlar to that of T™NT. Triaminoguanidire
| perchlorate, guanidine perchiorste and guanyl aride nitrate are comparable
to tetryl in their brisance values.

¢c. Stabliity
: Kydrazadicarbamide, guanidine perchlorate, asinrcoguanidine

picrate, diamincguanidine picrate, triaminoguanidin: picrate, diamino-
guanidine nitrate, triaminoguanidine nitrate, diguanazole oxalate, cywnur.c
hydrazide snd 5-amino tetraczole gave balues in the 12075, vacuum Stability
Test which indicate them %o be comparatively stable. . The {oliowing com
pourds gave valuns indicating thcm to be stable in =ithcr the 100°C.
Heat Test or the 10C%C. Vacuum Stability Test, but produced an exsessive
amount of gas in the 120°C, Vacuum 3tabiiity Twst: Kitroaminosuamidine,
{ormaldehyde nitroguanylhydrazone, acetsldenyds nitremianylhyirazene,
azodicarbamide, szodicarbamidine dinitrate, e compound {rom nitrcanminoe
guanidine snd nitrous acid srd trisiiinocausaidine porihlarave,  Quaryl
aaide nitrate showed a large weight loss in the 10C9C. Heat Test, and
therefcre was not =ubjectud to Vacuum Stability Tecstas, ‘
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5. Hydrazine, amnonia and witcr may all be looked upon as parox;t Bub-
stances of systcas of compounds in which. the ~NriNHy, =NH» and <OH groups may
be consid.red analognus. In effect, this means that a wfde variety of func- ,
tiornal groups may be attached to these radicals to give coampounds which ae
related to hydrerine and ammonia, respectively, in the same manner that ordi-
nary oxygeh Compounds-are related to water, as for instance:

HH © Ry L RNERH, T b

ROH ) BNH, RN, - - o :
whore R is alkyl, afyl, acyl, metal, non-mdtal, etc. Just as water is capable
of effecting reactions of hydrolysis, so ammonia and hydragine.are ¢apable of
scting’as tolvolytic agents to effect Peactions of ‘amdonolysis and hydrasinoly-
sis, respectively. In the-cave of derivatives of carbonic acld, these con- ’
siderations becocs apparent by reference to the folléwing diagramatic represen-

tation 1llastrating t.hou*gch_t_.i\'omhipc:" {Refarence A)

]
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Hydrasine umlypnpuod byt.heoxidat.ioa otamonhwlt.h hypoehloritox
al!-r 3 I lm-—-—)lzﬂ;‘ f llCl ;‘ xzo

“*ma yiom orthilrueuoaulowmmehocoatotnydndne atpusnt

12 cosparatively high, It ic understood, however, that new smthetic methods
have been developed uhich dll materially reduce the price of hydracine and
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; Hydrazinoljall \
l- . T ems e M e Amed e — e — - “”/
¢ Hydrolyall
carbonie H cit NINH,y mm triamiro
. acid Ce0 . ._._. Ca0 . —.. C=0 - C-N‘.HZ gusniiire
b - ™ NHWH,  NHH, LHRiHg
;s‘: \ ’
Vo ~ 7 / -
!' 4 \\ \ /‘ ' 4
- AN \ NH R
: Ty, o tad FI2H2 cp»“ )
b s, Mo, 020 NHNH Cail ¥ .8 &
; "‘33 -’a( NH- senicar a.ido NHMNH, 9:{5 ‘p*;i
“' 0)' NH 7 P -~
E‘ o ,.«8 -.\de W
& R NHp NHENHy |
= N / <.
f" \ / : - "
B - N KHp o
o CalH
iy v RHo
. owanidine
: * Hydrazice is a potential source of compounds of high nitrogen content sirce
it contains 87.5% nitrogen. It is obvioua that the partial or complete re-
. placemert of amino radicals in compou 4s such as urea and geanidine by tha
hydrazino ,coup will give substances with still higher nitrugen contents as
{liustrated by *he following table:
Aconia ccapound Nitrogen Hydrazine coapound Nitrogen j
- percentage percentage »
Urea nggmz 46,65 Semicarcazide HNGNHNHp 55.97
' : :
F Carbonyirasice HANHRNINH, 62.19 ;
! Guanidine ﬂ;agxmz 7.4 Aminoguanidine HZNEI’}NHZ < 15.62 ;
‘ Ho . . i
b Dilninogmnidinc Hzmcmmz 78.60 !
i
‘Tr"aﬂinogmni.dim !I i



CORFIDINTINL

thus nake prectical the considerstion of hydrazine derivatives 82 ingreilents
“In prepellent cocpesitions and in explosives, JSance hyiratine will form
hydrazolc acid upon treatment with nitrous scid and other oxidizing agents,
its avallability st a lowered price would be of considersble interwst to trhe
Cruénarce Deparisant.

6. The following table illustrates the effect of increasing the numer
of hydrazine linkages in carbenic acid derivatives on the Sensitivily to
Iapact Test wvalues:

Sensitirsity to Lapact Test

Comnound. Formula Bureau of Mines Apparit- s, - kg.w.gcm
Guanid:ine nitrate C(NHC )3 NO3 1004 (Ref 7
Dianincopuanidine P, '

nitrate H2C (NHAH,) 5 NOy Lo
Trianircguanidine _ .

nitrate SWNHIH, 1y NOy 28

Aminoguar.dine H" -

plcrate HRAWHC (NHR) o CeH20pi5 1004
.Diaminogianidine hf - '
_ picrate HNC(NHN 2)2 CoH 07 5 80
Triaminoguanidine - v
picrate C(NHNRé)3 CeHzOM3 30
Guanidine y -

perchlorate C(NH2) 3 C10, L0
Triaminoguanidine A =

perclilorate. C(I\E%‘.‘.\’hz)3 C10, 7

Nitroguanidine HNCNHNOy 47 (Ref.C)

N
. Nitroamiroguanidine HANHZNHNCy 34
H

From the above data it may be seen that introduction of hydirazine radicels
into the suanidine molscule increases the sensitivity to impact within a given
homologous series. This is a structural effect which has not been recognized
heretofore. It is probable that the essential feature of this increased sen-

sitivity to impact involves the presence of a ¢nvalent nitrogen to nitrogan

iinkage in each hydrazine radical. A pertinant comparison involving a nitra-
mpine rather than a hyirasine radical may be made with guanidine nitrate and
nitroguanidine, listed abave, in which the formation of a nitrogen covalent
bend in the latter compound increases the sensitivity to impact.

7. A qualitative relationship betwéen the number of hydrasine radicals
attached to the central carbon atoa of carbonic acid and Sand Test character-
istics may be noted from the following data:
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Compound Formua Brisance, Millinolar
grans sand crushed brisancs, Sand
upon initiation with crushed per 0,001
. 0.0 gm. He(Qiciq mola

Quanidine -

nitrate - C(NH§)3 N53 None (Ref.B) -
Diaminoguanidine .

nitrate HgiH(NHNHé)Z NO3 27.8 10.5
Aninoguanidine -

plerate azunnc(unf)z CeHa0M5y 6.3 (21.1)2 L.8 (23.7)8
Uleninmeuanidine Y A :

p..irate quc(nmu{)z Cerzo 5 4046 30.5
Triaminoguanidine L ‘ '
Guanidine .

perchlorate c(nué); 10, . 5146 20.6
Triaxinoguanidiné }{‘ - ’

pcrchloraste C(NKN 2)3 10, 51,0 26.2

& itroguanidine HNGVHNO, 33.4 (Ref.C) 8.7

K
Nitroaminogusnidine H;g\'m-ﬁgmoz kh.5 - ) 13.2

L1nitiated with 0.25 go. Hg(NC), ard 0,25 ga. tesryli.

The only apparent exception to ths generalization that an increass in hydra-
sine residues causes a increase in sand crushed is found in the cass of guan-
idine and triaminoguanidine perchlorates. - This anomaly is elininated, how-
ever, if comparison is msde on an equimolar basis rather than a weight basis;
inspection of the millimolar brisance values clearly shows that molecules for
acleculs triaminoguanidine perchiorate crushes mors sand thmn gmidine pachorets,
Mention should also be made of the fact that the oxygen balance of the guan=-
idine derivative is more favorable than that of the triaminoguanidine deriva-

~ tive, this effect obscuring the increased brisance cofiferred by hydrazine

racdicals. As in the -case of sensitivity to impact, it is probable that the
psrtinent considerstion in the case of brisance {s the inérease in covalent
nitrogen to nitrogen linkages, and reference is again made to the increased
brisance of nitramines as opposed to amine nitrates. Although the sffect of
hydratine redicals 1s not as striking in the cese of ssnsitivity to initiation
as with berisance, nevertheless several interesting cbservations zay te made,
Dismino and triaminbguanidine picrates can be initiated by mercury fulminate

 alone, but aainoguanidine picratd with but one nitrogen to nitrogen

requires both tetryl and mercury fuluinste to effect complete initiation, A

" further compariscn may be made with nitroguanidine, which requires a tetryl
" booster for initiaticn (Ref.C) and nitroaminoguanidine which can be initiated

by asrcury fulminate slone. The foregoing generalisations should aid mate-
rially in predicting brisance, sensitivity to initiation and sensitivity to

, -5
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CONFISERTIAL
impact. of compounds containiny nitrogen o nitropen links.

8., The stability data for the salt type derivatives of carbsnic acid,
given in the following table, indicate that despite Lhe increased senaitivity
to irovact, brisance and ssnsitivity to initiation conferred by the introduction
of hyiraz;ne residues, only a slight decrease in stability iz produced by Lhre
presence of this radical. <

loss in weight
afser 90 hours

at 80°C. and Vacuum Stability Tests kelting

9C hours at 100°C. 120°¢. point,

100°¢. 3 . cc._gas hrs cc. hrs, °c,
Cuanidine nitrate . - - - 0.23 4O (RexB) 212
Diaminoguanidine nitrate Nil 0.77 Lo 1.92 40 DUZIVAN
Triaminogzuanidine nitrate 0.31 - - 1.06 40 216-217
Aninoguanidine picrate *Nil 0.20 L0 0.37 40 183-184
Diaminoguanidine picrate D.19 0.02 40  0.48 4O 138-170
Triaminoguanidine picrate .. 0.70 0.43 LO  1.45 4O 170-172
Guanidine perchlorate - 0.36 L0 1.16 40 240
Triaminoguanidine perchlorate 3.53 0.682 L0 AR 23 128

Betermined at the Polytechnic Institute of Brooklym.
21.00 gm. sacple used.

Within the nitrate and picr&te series it may be seen that a slight increase
in gas evolution in the 1209C. Vacuum Stability Test is obtained as hy-drz-
zine is onresslvely introduced. The test values of all cf these derivatives,
bcvafr, indacate thom Lo be of acceptable stabildty. Triaminogusnidine per-
cnlorate is uei‘rively less stable than guanidine perchlorate, but it is to
gointed out that the melting point of triaminoguanidine perchlorate is
287C., being much closer to the temperature of the test than in the case of
guanidlue perchlorate. kany explosives are unstable near their melting points,
tetryl being an example of thia type of behavior. It appears mcre reasonable
to assign the major cause of the comparative instability of triaminoguanidine
perchlorate to its low melting point rather than to the presence of hycrazine
radicals. Inspection of the data in the above tablgrindicates that, within
a given series, the member with the lowcst melting point produces the nost gas
in the 120°C. Vacuum Stability Test; the melting point however, bears no re-
lationship to ths number of hydrazine residues present.

9. The following data for nitroguanyl hydrazine derivatives indicate
that although the sengitivity to. impact, brisance and s:asitivity to initia-
tion of nitroaminoguanidine are not materially changed by condensation with
carbonyl coampounds, the stability characteristics are affected by hydrazone

%~
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Nitremiani- Nitroaaino= Formflichyic  Acelalde~  acetone

dine gusnidine nitroseanyl- nitro= nitrew
. hydrazone gusnyle Faonyl-
hpdr: cone hyira-
e
HAIGNHNO H;}‘Cn"HCNENCZ CE‘.?JECZ{RJOZ CHBCH‘R-'JT"}’J-'CZ (Ci’.;)z Cs
NH NH LH NH Ni%0g
hht
Sensitivity
to ILapact,cm, INg U ETA ES)
Brisance 3.4 LL.5 L5.4 Lol
Sensitivity
to Initistion, _ .
&m. Hg(QC), 0.25 .25 C.23
Vieight Losa after ' .
90 hours at 80°C.
and 90 hours at . .
10c°c.R 0,60 9.1 2.0 5.4
100°C, Vacuum Stability Test: :
cc. gas . 0.8$ .69
hours L0 : L
1209C. Vacuum Stability Test: :
cc.. gas 0.37 114 114 11,
tours 40 Lo . s 2
Melting point,®C. 247 . 185 . . 165 120 14C

2ata froam Ref.C.
EDetermined at the Polytechnic Institute of Jrocklym.

£1.00 gu. sample uscd,

It is evident that replacement of an amino greoup in nitroguanidire by a hydra=-
zine group to form nitroaminoguanidine causes 1 reduction in stability as
mcasured by the 120°C. Vacuum Stability Test. The formation of the aydrasone
linkage still further reduces the stability of this type of compound. The
mempers of this series with the lowmr mclting points are the least stablie
thermally, Just as in the case cf ths salt type derivatives oeniicned pre-
Viousl)'. ) : : .

10, The remaining ‘compournds studied form only incomplete serics of alse
bear no structural relation to one another. Diguanazola oxalate a cyclic
coapound, and hydrazodicarbamide, szodicarbaxmide and asodicarbaaidine dinje
trate, open chain compounds, may sil be considuored to be symeetricsl disubsti-
tuted hydrazines, the hydrazine group in the latter two being oxidized. The
following data indicate the effoct of combination with thu njirate ion in de-
creasing the stabllity characteristics of this typs of compound shen compared
with the aon-ionic suybstances or the ocmalate compound. . '

e - .
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Jlauaraziie ¥ r180- Az Heirnzo Az0
ull;.ﬂ:’ - 140 x'*v.-.. le 4icirdasidc dicirtaai- dicirramie .
J' Fa 'oe, r‘i w‘..or-' ‘ae HZ H\."-?-‘\H‘ dine dini~ Jdine 2ird-
3"““‘:!.‘ o 4§ 8 4 Ty, trate |
-
W72 Q HJ"&‘«“‘)z (Ot 4 e ),
2::23 2iv'3
Sensitivity
t> Ingact, 95 10 £ 95 £ 18
Brigance Nil 138 .73 42,58

10072, Vicuua
Statility Test,

cc. Lin LV hrs. .0.40 0.30 0.73 he 57
12097, Vacuua : .

tability Test,

¢c. in L0 hrs. Ce55 .36 5.60 10,775

loss in weight
after 7C hours at
80°C. an3190 hours

.‘ lm.- 0031 : 008’ 0039 21.76 0.66
Melting point,°C. Ower 250 N R3I=226 13 179.5 *
-xmuued with 0,25 ga. Hg(QNC)3 and 0.25 ga. tetryl. .

Blnitiated with 0.30 ga. Hg(a‘c)z.
£1.00 &%, sazple,
Geterained at Polytechnio Institute of Brooklyn.

it is of intercel to nota that oxidation of the hydrasine radical in hydra-
gviitarsandde e 1 70 "ro-..m fnduces sliant «.xplos.ve rroperties, -ut red-rs
tue pon it isr soenegnt sty Loss a‘ﬂ*’ , 18 in2izat.d by the 120 "Co Vicuua
Stab:iliiy T2st valucs, mo ox.xd:!.io’x of a3 hydrazine linkage %0 an ato group,
however, produces the opposite eff-ct on stability in the case of hydrazodi-
carbamiiine di~israte which is much less stable than azodicarbamidine dinitrate,
Ins;ection of tie abcve Jata reveals that in tne cise of the disutstitited
hydragine derivatives listed, & low pelting point is characteristic of the
less stable substances, suz:esting again that this physical property rather
than the presence of s hyirazine group largely deterzines the stabilily of
these camprunds. Cyanuric hydrazide, which is & trihyirazino symmetrical 1,
3, S-triagine, is indicated on the basis of the explosive and stability tests
(Tadle 1II) to be non—explosive and to have excellent stadility., It is inter-
esting to note that trinitromslaaine which may dbe considered to be trinitro-
amino sympetrical triazine is cbout as brisant as TNT and is stable in the
134.5°C. Heat Test (Ref.3). In the case of these two triazine derivatives,
4% least, the {:xtroduction of substituents containing & covalent nitrogen to
nitrogen linkage has hot caused lmpairment of tne stebility, Evidently the
sffect of three hydrazine residues upon the cyemuric group is not sufficient
to cause cysnuric hydrsside to be brisant. The compound S—emino tetresole,
wiich bears oo direct structursl relstionship to any of the other compourds
studied dut is obtainadle by diazotisation of aminogusnidine shows a reaarkable
stability with a 120°C. Vecuum Stability Test value of 0.09 cc. in 40 hours.
Tais value suggests that reasonadle gtatility my be expected from other mem-
-8
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bers of the tetrescle seties.

11, Prelizminary tests of guanyl azide nitrate at the Polytechric In-
stitute of Brooklyn indicated » to be unstable, its weight loss after %

hours at 80°C, being i2.81%. Since guanyl atide may be isomerized to S-azino

tetrasole, and thus bears a direct synthetic relationship %o this coapound,
it was considered of interest to deternine the explosive prcpertias of its
nitrate. The brisance value of 55.2 {ur puanyl aside nitrate shows that this
compound approaches FEIN in this characteristic, The instability of thie
compound may be compared with the rather low stability of szodicarbanidine
dinitrate which may be considered %0 be 3 diguanyl nitrate linked to iwo
doubly bound nitrogen atoms, Five of the twenty-cne compounds prepared at
the Polytechnic Institute of Brooklyn were considered to be unsuitable for
further investigation. Of these, hydrazodicardbaaidine dinitrate and acetone
aitroguanylhydrazone have already been mentioned, The preparation of urea
azide was undertaken in view of the interesting properties found for 5-azino
tetrazols and guanyl azide nitrste. The compound when prepared, however, was
found to undergo decomposition at room tempersture with the evoluition of
hydragoic acid. The benzaldehyde derivative of triazinoguanidine, a trihydre~
zone, 1ad a weight loss in 90 hours at 80°C. of 8,9%, thus further confirming
the thermsl instability found for this type of derivative in the case of the
nitroguanylhydrazones. In the course of the preparation of triaminoguanidine
perchlorate it was found that s diperchlorate was also formed. This type of
compound was unanticipitated, ard as far as is known i{s the only csse where
triaminoguanidine functions as a diacidic base. Because of its low melting
point (85-90°C.) and large water golubility no additional tests were mede with
this substarce,

12. The following 4data indicate the effect of progressive introduction
of hydrazine radicals into the carbonic acid moleculs upon the Dacoapogiticn
Texperatu-sa; it ie slso of interest to notec tnat the relation cetwosn thie
temperature and tne melting point of the explosives 13 much less weil Zelined
than ths relation between stability and aeiting point.

Five second
) ) o " Decomposition Tea-

. Comound | . —peraturs L°c. Nelting Point 9C.
Guanidine nitrate =~ - C 3058 o 222
Diaminoguanidine nitrate ) 290 o 142-14d
Triaainoguanidine nitrate 260 - a627
Aainoguanidine picrate ‘ . 290 - ’ 133=184
Dianinoguanidine picrate - /. ¢ | 188-190
Triaminoguanidine picrate T ‘ - 218 . ' © 170-172
Guanidine perchlorete - = . ° : . 365. - 2L0
‘h‘hd.nogmnidim poreblmt‘ . 20 - - 128

Nitroguanidine . : O B 2'75 (Ref.C) 247
Nitroaminoguanidine .~ = . | e 185

I ,‘_,A,
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valua, It 13 to be mentiocned, however, Lhat none of the substances in the
foregoing list Lave a Jansgerously low decomposition temperaturs, and indeod
the only substance studied with an excessively low value {8 g.ianyl szide
nitrate witii a value of 140°C,

13, Some orelialnary consideration has beon given to Lthe possible use
of the various saterials studied ss irn:redients of propellicntl composillions,
Aside from tha special requirement cf the pregent investi-stion trat s &onm-
pound must have a high rnitrogen content, there are certain rseneral requiresen’s
for insfredients of propellants. - Firstly, the compound must not be unstable,
nor must it render nit -ocellulose unstable., Secondly, it must not be sppre-
clably water soluble, since in the water-dry treatment used in the manulac-
ture of smoksless powler, substances which are soluble in waler may be leached
from the powler. If it is considered that a loss in the 100°C. Heat Test of
less than 1,00 is satisfactory, then 41l the compounds studied, with the ex-~
ception of guanyl sride nitrate, are of sultable stability. Because of their
coagarstively larpe 1209C.. Vacuum Glabiiity Test values the nitroguanylhydra-
2ones of formaldehyde and acetaldshyde and azodicarbamirdine dinitrate aay
be too unstable, but this conclusion cannot be definitely established in the
absence of knowledge of the relationship between stability of additives and
of smokeless powder containing dhe same additives. Formaldehyde and acetalde-
hyde nitrogusnylhydrazones being organic in nature are interesting in that
their water solubility is low and their solubility in organic solvents is
apprecisvle, These aldehyde derivatives may be expected to be physically
conpatible with nitrocelluloce and ray exort some plasticizing action since
they would probably behave as hydrogen bonding agents (Ref.F). Guanidine
ard triaminoguanidine perchlorates, dianino and triaminoguanidine nitrates
would be eliminated from consideration on the basis of their water solubility.
The picrstes of amino, diamino ard triaminoguanidine do not contain sufficient
ndtrogen Lo warrant their consideration for the present purposs, the nitropen
content of trisainc:zanidine pleratc being 37,3%; these materisis were inverta-
gated in onler trnah dati loncerning the oxpiosive characteristics of another
homclegous series of hydrazine derivatives mizht be obtained and becauge of
possible utility as high exglosives rather than as propellent ingredients,
This then leaves for consideration the following compounds: The reaction pro-
duct of nitrous acid and nitroaminosuanidine, nitroaminoguanidine, formaldehyde
and :cetaldehyde nitroguanylhydrazones, diguanazole oxalate, cyanuric hydragide,
5-anino tetrazole, hydrazodicarbamide, azodicarbamide, azodicarbamide and
azodicarbamidine dinitrate. Of these substances cyanuric hydraside with 73,6%
nitrogen and 5-amino tctrazole with 82,3% nitrogen appear to be of considerably
greater interest than the other substances, all of which have a saaller ni-
trogen content. A further sdvantage which 5-aaino tetrazole poseesses is that
it has a saall brisance {Table II) which is probably iidicative of its ability
to incresse the baliistic potential of a powdcr containing it. Its large
negative heat of formation («57.1 K cnls.gorundort it of interest as 2 pro-
pullent ingredient, since conasiderably more energy could be obtained from it
than from nitrogunidine with a heat of formation of 18,0 K eala. ‘

. lNitrogunidine and dicyandiaaide both contain four atoas of hydrogen
and four atoms of nitrogen per soleculs. " If consideralfon of possible high
nitrogen ccapounds is restricted to those with no more stoas of hydrogen than

nitrogen 30 that no more ssmords will be formed then 1s the case with dicyan-

. -l0m
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dlamide or nitroguanidine, then the number of availsble coapounds is reduced
to & large extent, -To reduce the posaibility of smoke being fcrmed, it
appears reascnable o consider only those compounds with one cr two carten
atozs, since dicyandiamide has but two csrbon stoms per molecile. A perysal
of the foroula index of Beilstein's Handbuch der Organischen Chexie rcveals
that *“2 majority of substances which contsin better than 60% nitrogen, and
whic1 contain no more hydrogen atoms than ritrogen atoms are cycilc and bee
long to sither the triazole or tetrazole series. The [ollowing czmpourds are
representatives of these classes: telrawcle, S-saino telrazole, 5-cyano
tetrazale, hyirszimm tristole, guans:zole and methyl tetrszoie, Ths only non~
gaseous substances meeting these requirecents which btelong to the open chain
series are compounds such as carbonic acld diaczide CQNg and cyanazide, beth

of which, are extrecely sensitive and unstable. It is true that guanidine,

an open chain coapound contains 717 ritrogen, and derivatives such as anino,
diamino and ‘riaxino guanidine will _ontain still higher percenta:es of ni-
trogen. None of these conpounds, however, can exist in the {rea stats due

to their strongly basic nasture, and are available only in ths fora of salte,
Thus the nitrogen percentage will be reduced, unless the anion containa ni-
trogen also. The azldes of this series are unknown except for guanidine azide
(Ref.I). A further difficulty with guanidine derivatives in general is their
water solubility, guanidine szide being soluble to the extent of 159.2 gm. per
100 gm. of water, Thess difficulties will be present alsc with anidines, such
a8 azodicarbanmidine, which also 9xist as saile. Thus Lie Jost proalsing type
of cormpeund for future study appears to be cyclic hydrazine or hydrazoic acid
derivatives which fall chiefly within the triazole and tetrazole classes.

Of those compounds investigated during the present study $-amino telrazole

and cyanuric hydrazide best meet the requireaents developed above,

Although the orinmary object of this investigzation was concerned with

1€
A s
the ~czsille usze of the compounds studied as propellent ingreadients, it wae
"~

!

grngidered 10 be oI nterest to evaluste these hieh nitregen compouris as iigh
explosives. [he 3and [eost value ¢f Sriaminoguanidine perchlorate {Table II),
places it in the same class as Haleite and tetr;yl, bul its extreae sensitivity
to impact and its instability {n the 120°C. Vacuwn Starility Test ailitate
againsl Its consideration as 8 military axplosive. Since guaridine perchlorate
has a better oxygen balance than trianinoguanidine perchlorate, and in view of
the uss of perchlorste compounds in commercial explosives, it wa3s believed of
interest to investigate its explosive properties, despits the fact that it

“does not fall strictly within the class of high nitrogen cozpounds under con-

sideration. The possibilities of guanidine perchlorste have been mentioned
previcusly, it having been described by Stettbacher (Ref,G) as being superior
tc pieric scid. The brisance vaius of 51.6 found for guanidine perchlorate
shows that it also is comparable with Halelts and tetryl. Its Seneitivity

to Impact Test value of 4O qa. indicates that it is oot unduly sensitive and
its 120°C. Vacuum Stability Test valus of 1.16 cc. in 4O hours is sufficiently
low o that its stability may be considered satisfactory. Its aelting point,
20°C., precludes its use 23 & cast explosive by itself...The chief ot jection
to the use of this explosive ls its water solubility, Since this sane cbjiec~
$ioe 227 be raleed sgalnat snxanium nitrate, and aince aixtures of guanidine
perchlorate and 'NT. would be, far more brisant than Ametols of the sase coa~

position, aixtures of this axplosive with INT aight be more acosptabls that:

Anatols. Bhould the cost of guanidine salts and perchioric acid become suffi-
ciently low, the further investigation of this compound would appear to be de-
. i ‘.' -\"..u-

CORPIDENTIAL

-y

AEING ihe tPr rat s b il SR o - e penr s

[ e



e e s N — et ——— e ¢

. e reeesns s e —

COMF DNTIAL

sirable, For purposes such as bursting charpes {or chemicsl shell or otler
uses where the ignition of flammable matcrials is not derired, an =xplosmive
which attains a comparatively low temnerature on explcosicn ls irdicated. A
cool explosive which al the sace time is brisant would be particiliar.iy use-
ful, Nitroruanidine has bern used as an ingrediont of ceol expinsives as
also has guanidine picrate (Ref.H). It appears reasonable to ass oo Lhat
other nitrogencus derivativvs of carbonic acid such ag thoss consilered In
tho present investligallon may also be of interest as cool explcsives. The
following compounds are rsascnably stable and are sufficiently brisant to
warrant consideration for this purpose: HNitroaslnosuanidine, diazino ard
triaminoguanidine picrates, triaminoguanidine nitrate and guanidine perchlor-
ate, .

CONCLUSICNS:

16. It is conciuded that progressive introduction of hydrazine radicals
into the carbonic acid molecule causes, within s homologous series, an ine-
croase in sensitivity to impact, brisance, sensitivity to initiation and a
decrease in decomposition temperature. No decrease in stability attributable
to the presence of hydragine groupings is occasioned by an'increase in tre
number of these groups preseat in carbonic acid derivatives. The stablility
of these compounds increases gualitatively, the higher tiz melting point.

"17. It is concluded that the follewing cocpounds are sufficiently stable
ard sufficiently insoluble in water for inclusion in propellent ccmpositions:
The rcaction product of nitrous acid and nitroaminoguanidine, nitroamino=
granidine, formaldehyde and acctaldehyde nitroguanylhydrazones, diguana:zole
oxalate, cyanuric hydrazide, %-.amino tetrszole, hydrazodicarbamide, azodi-
carbaride and zindicarbaniding dindtrate, Gf these substances cyanuric
hrirazide with 72.¢% nitrogen and S-amino tebtraznle with 82,3% nitrasen sppear
to Le ol congldorys s evoater Lateirest than the otijer zubstances since all
others have a smaller nitrogen content,

18, It is corcluded that ruanidine perchicrate offers szome proalse as
8 high explosive, because iis brisance is of the seme order of magnitude as
Haleite and tetryl, its stability is satisfactory and it is not unduly sen-
sitive to impact. It is also concludod that the nitrates and picrates of
diamino and triaminoguanidine which have brisance valueas close to that of INT,
offer promise as cool explosives., . .
: : \
T N . ’ ‘ .
19. It.is recommended that powders containing 5-aairo tetrazole, and
cyanurio hydreside be prepared to determine whether f{lasilessness with
-inmproved smoke effocts cap be attained by the use of these high nitrogen
compourds, If this object is achieved, then powders containing octher com~
pounds of high nitrogen eout.nt, ohould be p'epnred ‘

- 3°b It is rnco-mnndcd thnb the c:plos&vo lnd ctabtlity eh-r-ctariltica
of other high nitrogen compounds, particuiarly those of ths triapcle and
tetrasole series, dDe dm u anom smoke uﬂ flash effect are db-
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tained by incorporating in propeilent powders the compounds mentioned in the
precesding psrsgraph,

AR e A e e,

21, The preparation of guanidine perchlorate was accomplished as follows:
To 18 grams of guanidine carbonate dissolved in 4O cc, of water was added
slowly with stirring 17.3 cc. of 70f perchioric acid. After filtration, the
solution was evsporated to dryness on the stean vath and was recrystallisz.d :
from & aixture of 100 ce. absoluts alcohol and 50 cc, of benzene., Ti.e yield '

was near.y quantitative, ;
1

22. Cyranuric trihydrazide was prepared by the following procedure: .
Cranuric cnloride (64.7 grams) was partly dissolved in 250 ce. of acetonitrile |
and to this mixture was added with cooling in an ico bath and stirring i50 ;
cc. of 85X hydrazine hydrate and 100 c¢c. of alcohol. The white precipitate :
which was formed was collected on a Bichner funnel, washed with three 100 cc,
portions of alcchol and two 100 cc. portions of water., f[he yield after dry~ ;
ing was 57.5 grams or 95.8%. . v

23. The Sensitivity to Impact, Explosion Temperature, Vacuua Stability, :
100°C, Heat and Sand Tests were perforaed according to procedures standa=d ,
at this Arsenal, except that in the Explosion Temperature and Vacuum Stability
Tests of triaminoguanidine perchlorate sizaller size samples than standard i

were used as indicated in the footnotes to Table II. !

1

ks
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